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Abstract

Background: Human epidermal growth factor receptor 
2 (HER-2) is an important prognostic and predictive factor 
in women with breast cancer (BC). The importance HER-2 
extracellular domain (ECD) in serum is not yet determined. 
The aim of this study was to explore the correlation between 
serum ECD and tissue HER-2 expression and to compare ECD 
levels with clinical and pathological features in primary BC 
patients.

Methods: In this prospective study only patients with 
stage I–III BC were included. Serum ECD levels were mea-
sured by ADVIA Centaur automated assays before surgical 
resection of the tumor. Serum ECD >15ng/ml was consid-
ered to be positive.

Results: Eighty patients with breast tumors were includ-
ed. Stage I–III BC was diagnosed in 64 patients, Ductal car-
cinoma in situ in 9 and benign tumors in 7 patients. HER-2 
overexpression was observed in 8 of 64 patients (16.4%). 
Mean value of serum ECD was 10.9 ng/ml (range: 6.7 to 
21.5). Four (6.2%) of the 64 patients had high ECD levels and 
in 60 (93.8%) patients lower levels of ECD were found. No 
significant relationship was found between ECD levels and 
tissue HER2 overexpression.  ECD was higher in women aged 
> 40 than in women aged < 40. No significant relation was 
found between ECD and all clinical and pathological fea-
tures.

Conclusion: The sensitivity of HER2 ECD for the di-
agnosis of HER2 overexpression in primary breast 
cancer is poor. No significant correlation was found 
between ECD levels and tissue HER2 expression, clini-
cal and pathological characteristics of primary BC. 
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Introduction

Breast cancer (BC) is the most common malignancy in Euro-
pean, North American and Israeli women [1,2]. A multimodal 
therapy is used for the treatment of BC which includes: sur-
gery, radiotherapy, chemotherapy, hormone therapy and an 
increasing number of biological targeting therapies. BC rate 
of cure depends on many factors; tumor size, lymph nodes 
metastases, distant metastases, age of patients, ER and PR 
status, and HER2 expression [3-6]. HER2 has also a predic-
tive value for treatment with biological targeting agents as 
trastuzumab and lapatinib when it overexpressed in BC [7]. 
The c-erbB-2 oncogene encodes a 185 kilodalton (KD) epi-
dermal growth factor receptor-like membrane glycoprotein 
(HER-2) with tyrosine kinase (TK) activity [8]. Gene amplification 
and overexpression of HER-2 occurs in approximately 20-25% 
of breast carcinomas [9]. The most commonly used method for 
the detection of HER-2 in tumor tissue is immunohistochemi-
cal (IHC) test, fluorescent in situ hybridization (FISH) test, chro-
mogenic in situ hybridization (CISH) test and other methods [6]. 
The extracellular domain (ECD) of HER-2, such as the ECD of other 
HER family members, is marked by two consensus, cysteine-rich 
motifs [10]. It may be cleaved, shed from the surface of BC cells 
and released into the serum [11]. This ECD fragment is gener-
ated by proteolytic cleavage of full-length HER-2 by tissue met-
alloprotienases (TMPs) [11-13], which results in shed ECD and a 
membrane-bound, N-terminally truncated HER-2 fragment with 
in vitro TK activity (p95 HER-2) [14,15]. ECD production is in-
creased by TMP activators and is decreased by TMP inhibitors in 
vitro [13,16]. Biochemical studies using immunoprecepitation, 
Western blot procedures MoAb specific for the HER-2 oncopro-
tein, demonstrated that the ECD is a glycoprotein with a molec-
ular weight between 97 KD and 115 kd [11]. It was shown that 
the circulating HER-2 ECD could be detected in the plasma of 
healthy subjects and may be elevated in patients with primary 
breast cancer (PBC) and metastatic breast cancer (MBC) [16,17]. 
These observations were confirmed in serum samples [17]. 
HER-2 ECD levels can be measured in serum. While determina-
tion of tissue HER-2 by IHC or CISH is a one-time event, serum 
ECD can be measured any time during follow-up [12,15].

Serum HER-2 ECD levels may predict tumor HER2 status as 
detected by IHC. The utility of serum ECD values as baseline 
and during therapy as a potential marker for both evaluation 
of HER-2 overexpression and as a potential marker for tumor 
response or progression is currently a matter of debate [18]. 
The ECD can undergo shedding in up to 30% of cases, while el-
evated ECD concentrations are observed in 3-12% of primary 
breast cancer PBC patients [19]. Mostly there was no concor-
dance between ECD serum levels and HER-2 expression in PBC 
tissue [18]. This issue is not totally clear nor accepted in the 
literature.

High ECD serum levels may be associated with poor prog-
nosis and may also be used as a detective marker for biological 
targeting therapy of BC [11]. There is no consensus in the lit-
erature about the concordance between serum ECD levels and 
HER-2 expression in PBC tissue. Some observations suggest that 
alteration in serum ECD could be useful in diagnosis and follow-
up of BC. Other studies showed no correlation between ECD 
serum levels and HER-2 overexpression in tumor tissue [18,19].

The aim of this study to explore prospectively the concor-
dance between circulating HER-2 ECD levels in serum and HER-2 
overexpression measured by IHC and CISH in tumor tissue of 
women with PBC (primary, localized non-metastatic disease). 

The second aim is to compare ECD levels with clinical and path-
ological characteristics. This would have important clinical im-
plications because ECD would then provide a convenient surro-
gate for HER-2 tissue diagnosis especially in recurrent disease.

Patients and methods

Patients Population and Samples Collection

Ethic committee approval was achieved for this study. Patients 
provided written informed consent before enrollment. Blood 
samples from 100 newly diagnosed women who underwent sur-
gery because they were thought to have operable breast cancer 
without metastases were taken prior to the operation. Only true 
cut biopsy or fine needle aspiration was permitted before sur-
gery for tumor resection. Blood samples were centrifuged with-
in 20 minutes after blood collection at 350 rpm for 10 minutes 
at room temperature. After centrifugation, serum was stored in 
minus 70˚C until measurement. Women were operated at Ziv 
Medical Center between January 2008 and December 2010. 
Staging was done according to the American Joint Committee 
on Cancer (AJCC) classification [20].

Estrogen receptor (ER), progesterone receptor (PR) and 
HER2 status were assessed at the time of surgery on FFPE tissue 
blocks of the primary tumor. Recorded clinical and pathologi-
cal features for each patient include age, histology, ER and PR 
status, tumor stage, tumor grade and hormonal therapy in the 
past. HER-2 evaluation in tissue samples was done by IHC and in 
cases of HER-2 plus 2 CISH test was done.

IHC

IHC testing was performed using the HercepTest (DakoCyto-
mation, Carpinteria, CA), following the manufacturer’s instruc-
tions. Briefly, this procedure includes deparaffinization and re-
hydration steps, followed by an epitope retrieval step in which 
the tissue sample is incubated in EDTA buffer solution at more 
than 95°C for 20 minutes. The slide is then subjected to a series 
of alternating washes in Phosphate buffered saline buffer (PBS) 
and incubation steps beginning with first a peroxidase-blocking 
reagent for 10 minutes and followed by a polyclonal antibody 
to HER2 (A0485; Dako) applied at a 1:200 dilution in PBS to sec-
tions and incubated for 60 min at room temperature further fol-
lowed by a visualization reagent (dextran polymer) conjugated 
with horseradish peroxidase for 30 minutes , and finally with a 
3,3'-diaminobenzidine chromogen solution for 10 min. After a 
final wash, the slide is counterstained with hematoxylin.

Tumor cells with circumferential membranous positivity were 
considered as HER2 protein over expression, and scoring was 
performed according to the manufacturer's recommendations 
by pathologists that had experience in breast pathology and im-
munohistochemical interpretation of HER2 testing. According 
to the Hercept Test criteria, immunoreaction was scored as: 3+ 
if >10% of tumor cells showed strong and complete membrane 
staining, 2+ if membrane positivity was moderate and complete 
in >10% cells, 1+ if membrane positivity was weak and incom-
plete in >10% cells and 0 if membrane staining was absent or 
present in <10% cells. Tumors scored as 3+ were considered 
HER2 positive (overexpressed) while tumors scored as 0/1+ 
were designated as HER2 negative. In 2+ tumors evaluated by 
IHC, CISH analysis was carried out.

CISH

CISH allows detection of gene amplification, chromosome 
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translocation and chromosome number using conventional per-
oxidase reactions under bright field microscope on FFPE tissues 
(4–5 mm thickness). The essence of CISH is the ability of labeled 
nucleic acid probes to hybridize, in situ, to specific sections of 
complementary nucleic acid in the sample. Probe hybridization 
results may be visualized within the context of the surrounding 
tissue morphology. Therefore, pathologists can view tissue mor-
phology and gene aberrations simultaneously [17]. The Zymed’s 
84-0146 SPoT-Light1 HER2 CISHTM Kit was used. CISH staining 
results may be clearly visualized with a standard bright field mi-
croscope and a 406 dry lens. Tumors with HER2 gene amplifica-
tion typically appear as a large peroxidase-positive intranuclear 
gene copy clusters, as numerous individual peroxidase-positive 
small signals, or as a mixture of clusters and individual gene 
copies. Tumors with normal HER2 gene status typically exhibit 
two signals or dots per nucleus.

Serum HER2 ECD assays

For serum HER2 ECD concentration testing the ADVIA Cen-
taur automated assays is used. ADVIA Centaur HER2/neu assay 
is two-site sandwich immunoassay using direct, chemilumines-
cent technology. The Light Reagent is composed of the mono-
clonal mouse antibody TA-1, labeled with acridinium ester. 
The Fluorescein Conjugate Reagent is composed of the mono-
clonal mouse antibody, NB-3, labeled with fluorescein. These 
two monoclonal antibodies are specific for unique epitopes on 
the ECD of HER2/neu. The Solid Phase is composed of purified 
anti-fluorescein monoclonal mouse capture antibody, which is 
covalently coupled to paramagnetic particles. The sample is in-
cubated with Fluorescein Conjugate Reagent and Light Reagent 
simultaneously for 5.5 minutes. After this incubation, the Solid 
Phase is added and the mixture is incubated for an additional 
2.75 minutes. After this final incubation, the immuno-complex 
formed is washed with water prior to initiation of the chemilu-
minescent reaction.

A direct relationship exists between the amount of HER2/
neu present in the patient sample and the amount of relative 
light units (RLUs) detected by the system. For quality control of 
the ADVIA Cenatur HER2/neu assay, HER2/neu equivalent qual-
ity control material will be used. According to the target value 
sheet for the suggested Expected Values.

Statistical analysis

All analyses were carried out using SPSS Data Analysis Pro-
gram (ver. 17.1). A Students T test was used to assess for dif-
ferences in serum ECD levels between the groups. Chi-squared 
contingency tables were used to assess an association between 
detection of ECD in serum and tissue. Chi-squared test was also 
used to assess the association among clinical–pathological fea-
tures and the expression of HER2 tissue or the levels of HER2 
ECD.

In order to determine high and low levels of HER2 ECD in the 
serum 2 cutoffs for positivity were taken in consideration, 15ng/
mlas accepted by most studies in the literature and 12ng/ml for 
comparison [12,19,21] .

Results

A total of 80 women were included in this study. In 20 wom-
en no malignant or benign tumors were found. All patients have 
a localized tumor in the breast; 64 women (80%) with invasive 
BC, 9 women (11.2%) with Ductal Carcinoma in situ (DCIS) and 
7 women (8.8 %) with benign breast disease. Pathological distri-

bution presented in (Table 1).

Pathology                                                    No. of pats. %

Malignant diseases

Invasive ductal Carcinoma (IDC) 58 72.4

Invasive lobular Carcinoma (ILC) 4 5.0

Metaplastic carcinoma 1 1.3

Mucinous carcinoma DCIS 1 1.3

Ductal carcinoma in situ (DCIS) 9 11.2

Benign diseases

Atypical ductal Hyperplasia 2 2.5

Intraductal Papillomatosis 1 1.3

Sclerosing adenosis 2 2.5

Lobolar calcification 2 2.5

Table 1: Pathological distribution of the patients

Among the 64 patients with BC; 19 (29.7%) patients had 
stage I, 36 (56.3%) had stage II and 9 (14%) had stage III disease. 
Mean age at diagnosis was 57.9 years (range: 31-87). Forty nine 
(77.5%) women were Jewish and 15 (22.5%) were Arabs (Table 
2). Forty six (71.9%) had ER positive and 42 (65.6%) had PR posi-
tive. Histological grade I was found in 15 (23.4%) tumors, grade 
II in 33 (51.6%) and grade III in 16 (25%) of the tumors.

Table 2: ECD levels compared to clinical and pathological char-
acteristic in 64 patients with invasive breast cancer.

Characteristic N % Serum ECD levels SD

Ethnicity

Jew 49 76.6 10.8 3.1

Arab 15 23.4 11.4 2.0

Mean age

<40 years 22.2 9.6 4.2

>years 77.8 11.0 2.4

Staging

1 19 29.7 11.7 2.2

2 36 56.3 10.4 2.8

3 9 14.0 11.2 3.9

Grade

1 15 23.4 11.7 2.1

2 33 51.6 10.8 2.8

3 16 25.0 10.3 3.8

Tumor size

T1 38 59.4 11.0 2.2

T2 20 31.3 11.2 4.0

T3 4 6.2 9.7 2.9

T4 2 3.1 8.3 1.9



Nodal involvement

Yes 19 29.7 11.0 2.7

No 45 70.3 11.2 3.2

PR

positive 42 65.6 10.7 3.7

negative 22 34.4 11.7 2.6

ER

positive 46 71.9 11.0 2.6

negative 18 28.1 10.6 3.2

Her-2

positive 8 12.5 10.3 2.8

negative 56 87.5 11.0 2.7
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Tissue HER-2 status: HER-2 was detected in the 64 tumor tis-
sues of the BCs by IHC test and/or CISH test according to HER2 
algorithm recommendations. Forty four patients were HER-2 
IHC 0/1+; reported as negative and 6 (%) patients with 3+ re-
ported as HER-2 positive. Fourteen patients with HER2: 2+ by 
IHC were retested by CISH and 2 of them had HER-2 amplifica-
tion by CISH and reported as HER-2 positive. A total of 12.5% of 
patients had overexpression of HER-2 in tissue tumor samples 
(Figure 1).

Figure 1: Tissue HER2 status and test used for detection. IHC: 
immunohistochemistry, CISH: chromogenic in situ hybridization.

Serum HER2 ECD status: The mean value of ECD was 10.9 
ng/ml  ( range 6.7 - 21.5 ng/ml). With a cutoff value of 15 ng/
ml  4 (6.2%) of the 64 patients with BC had preoperative HER-2 
ECD high levels while 60 (93.8%) patients had ECD low levels (< 
15 ng/ml). (Figure 2).

Figure 2: The distribution of HER2 ECD values.

Every point represents one different serum sample. The 
values were ranged between 6.7 and 21.5 ng/ml. At the 15ng/
ml cutoff, 4 samples were positive 

Comparison between serum ECD levels and tissue HER2 
status: The bivariate distributions of patients with tissue HER2 
status and serum ECD levels are shown in table 2. We observed 
high serum ECD levels in one (12.5%) of 8 patients with tissue 
HER-2 positive and in 3 (5.4%) of 56 patients with tissue HER2-
negative status. No concordance between high ECD levels and 
tissue HER-2 status was found (P: 0.446) (Table 2). Mean value 
of ECD in serum of patients with positive HER-2 in tissue was 
10.3 ng/ml (range: 6.9- 16.) and 11 ng/ml (range: 6.7-21.5) in 
patients with negative HER2 in tissue (P: 0.380).

Discussion

Mostly tissue samples for HER2 evaluation are taken from 
the primary tumor. In MBC generally HER2 detection is done 
by using formalin embedded paraffin blocks. Rarely a biopsy is 
done from the metastatic sites for HER2 evaluation, although 
a discordance was reported to be up to 25% between HER2 
overexpression in the primary versus metastatic tissue in the 
same patients [22,23].

ECD evaluation is done from serum of patients in any period 
and stage of the disease and in some studies from long stored 
blood samples. Concordance between serum ECD levels and 
HER2 in tissue may makes this test useful for treatment decision 
in primary or metastatic disease without the need for biopsy 
for HER2 evaluation. The presence of ECD protein in the serum 
is dependent upon leakage of the protein into the circulation. 
This process may to be influenced by a number of physical 
factors including protein production and release from the cell, 
tumor architecture, cell orientation, and development of tumor 
vascularity [21-23].

In PBC, HER2 ECD has been detected in up to 30% of 
patients [16,17], but the clinical significance of circulating ECD 
is uncertain and the relationship of baseline HER2 ECD levels 
with tissue HER2 overexpression in primary tumors has been 
little studied. The role of ECD in patients with PBC as prognostic 
factor also is not well defined. The percentage of elevated 
serum levels ECD are extremely variable in PBC patients at the 
time of diagnosis. In our study, high ECD levels were observed in 



6.2% (4/64) (cutoff of 15 ng/ml) of  PBC patients; similar to the 
results reported by other authors [24,25]  (Table 2).

Tumor burden is important because normal cells and tumor 
cells which not have HER2 overexpression contain also HER2. 
If bulky tumor or bulky metastases are present (big tumor 
burden) ECD levels may increase (false positive) although HER2 
is not overexpressed in tumor tissue [26]. Concordance or 
discordance between ECD levels in serum and HER2 expression 
in tumor tissue in PBC can be more representative since tumor 
size is smaller and patients have no macroscopic metastases. 
Most, if not all of the ECD could be excreted by the primary 
tumor [25,27].

The similar prevalence rates of serum and tumor tissue 
HER2 positivity among patients with early BC suggest that 
there might be a strong correlation. This would have important 
clinical implications, as  ECD would then be used for follow-up 
and treatment decision with trastuzumab when biopsy is not 
available from the primary tumor and metastases. However 
most studies found no correlation between serum ECD and 
tissue HER2 status among women with newly diagnosed BC 
[27-29]. The percentage of elevated serum ECD levels are 
extremely variable in PBC patients at the time of diagnosis 
[29-34]. Few studies showed an association between high ECD 
levels and tissue HER2 status. HER2 ECD levels were moderately 
concordant with tissue HER2 status [33]. Data from 63 clinical 
studies incorporating serum HER2 ECD measurements are 
inconsistent [34]. Comparison of results between studies is 
problematic because of an absence of standardization in the 
studies reviewed; 15 different cutoff s were used to distinguish 
between normal and raised serum concentrations, with at least13 
different assay techniques [34]. The number of patients and the 
stage of their breast cancer varied substantially. Furthermore, 
some studies were designed prospectively, whereas others 
were retrospective. Consequently, any general conclusions 
drawn from existing data are made in the context of substantial 
inter-study variation, and a comprehensive systematic meta-
analysis to account for these variations is unlikely to resolve 
the question of the usefulness of HER2 ECD measurements 
[28-34]. The discordance between ECD and HER2 in tissue may 
be attributable in part because in some studies serum was 
collected pre while in others postoperatively. In some studies 
ECD was determined in long stored blood samples (can be years) 
of patients participated in different treatment studies [35].

In the recent study no concordance was found between 
serum ECD levels and HER2 overexpression in PBC. Mean ECD 
value in serum of patients with HER2 positive tissues was 10.3 
ng/ml and in patients with HER2 negative tissues was 11 ng/
ml. Our study is a prospective one and all blood samples were 
taken one day before biopsy or excision of PBC, immediately 
centrifuged for 10 minutes and stored in a minus 70 C until the 
ADVIA Centaur automated test was done, in order to avoid all 
technical deficiencies mentioned above in other studies.

We found poor sensitivity of HER2 ECD for the diagnosis of 
HER2 positive PBC. In addition some proportion of HER2 negative 
tumors can produce ECD. We used a cutoff of >15 ng/ml of ECD 
positivity as accepted by most studies in the literature.

For comparison we also repeated our calculations using a 
cutoff of >12ng/ml. No change in ECD concordance with HER2 
tissue was observed using these different cutoffs. Based on 
this study there is no evidence to support the use of ECD to 
determine HER2 status in PBC. The question remains opened 
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regarding the use of ECD in MBC.

Moreover, in our study, levels of ECD were not associated 
with several factors related to tumor aggressiveness, such as 
stage of primary tumor, tumor size, lymph node involvement, 
poor histological differentiation, ER negativity and PR negativity. 
Interestingly there was a trend for higher mean ECD levels in 
Arab women with PBC compared to Jewish women with PBC 
(p=0.097). It was reported that BC have more aggressive features 
in Arab versus Jewish women in Israel [34]. This may explain this 
trend, since other studies found an elevated number of patients 
with high ECD (>15ng/ml) in stage III BC and in tumors with 
poorly differentiated histology [33].

In the recent study ECD was detected in 9 women with ductal 
carcinoma in situ. Mean ECD level was 10.4 ng/ml (range: 7.7-
14.2). In 7 women with benign breast disease mean ECD level 
was 10.7 ng/ml (range: 6.7-12.6). There is no consensus in the 
literature on the importance of HER2 elevation in tissue or 
serum in patients with DCIS or benign breast diseases.

It appears that elevated ECD serum levels were seldom 
detected in early stage BC even though the primary cancer tissue 
was HER2 positive. Elevated serum ECD before resection of the 
PBC may be used as a prognostic factor and for monitoring of 
response to treatment [36-40].

Conclusion

There was no concordance between ECD levels in serum 
and HER2 expression in cancer tissue in patients with PBC. 
The sensitivity of ECD for the diagnosis and follow up of HER2 
positive primary BC is poor. No correlation was found between 
ECD levels and the different clinical and pathological features 
of  PBC tumors. Due to our results HER2 ECD cannot be used to 
determine HER2 status in primary BC.
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