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Abstract Amplification of HER-2/neu gene in breast cancer carries poor clinical prognosis, but its detection is important
in managing the disease. Immunohistochemistry (IHC) is used traditionally to assess the HER-2/neu status, but this technique
requires high quality tissue samples. Serum HER-2/neu provides an alternative non invasive option to the assessment of
Her-2/neu status. To establish the reference range values of serum HER-2/neu concentration in multiethnic Malaysian
women and to evaluate the association between serum HER-2/neu with the clinicopathological parameters. The study
population comprised of 40 patients with breast cancer, 40 with benign breast disease (BBD) and 102 healthy volunteers. The
serum- HER-2/neu concentration was measured and tissue samples from breast cancer patients were evaluated for
HER-2/neu by immunohistochemistry (IHC). The mean (SD) for breast cancer, BBD, and healthy volunteers were
11.11(2.22), 8.73(2.57) and 7.88 (3.35) ng/ml, respectively in contrast to the manufacturer defined reference range of
15ng/ml. The The serum HER-2/neu concentration displayed no significant correlation with the clinicopathological
parameters. No statistically significant association was noted between serum HER-2/neu concentration and tissue HER-/neu
(p>0.05). Serum HER-2/neu cut off values though provided by the manufacturer was noted to be lower in our cohort, hence
should ideally be determined in each population. Serum HER-2/neu assay though non invasive and cost efficient, may not yet
be considered as an alternative or comp lementary marker to tissue HER-2/neu at this time.
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protein levels by the degree of tissue staining which is
1. Introduction subjectively scored from 0 (negative) to 3+[7] FISH method
has greater accuracy which detects the amount of genetic
material present in the tissue, however the technique requires
a high degree oftechnical expertise and it is costly[8]. Both
methods require tissue sampling which is an invasive
technique. A new alternative diagnostic marker now exists in
the form of an immunoassay which is targeted towards the
circulating extracellular domain (ECD) of HER-2/neu in
blood specimens[8]. The ability to assess a patient’s
HER-2/neu status from blood samples offers a dynamic test
which can be performed at any time before or after surgery.
amp lification of HER-2/neu can be successfully treated with Therefore, a considerable impetus exists to better define
trastuzumab[3,4]. HER-2/neu is a human epidermal growth (... HER-2/neu concentration. In this study, we
factor receptor-2 oncogene that is important for cell  egaplished reference range in 3 group of population (breast
proliferation in breast cancer patients. It is shed from cancer  ¢3ncer, BBD and healthy volunteers (control group). We also
cells into the blood streamand it can be detected about 18%  reyjewed the need to establish a different reference range in
with primary breast cancer and over 50% in metastatic breast  ifferent ethnic group in Malaysia among Malay, Chinese
cancer[5,6].Traditionally, HER-2 / neu status is assessed by  and Indian. Apart from that, we evaluated the association of
immunohistochemistry (IHC) and fluorescence in situ  gerum HER-2/neu concentration with age, menopausalstatus,
hybridisation (FISH). IHC is used to detect HER-2/neu  races, tumor histology, grade, ethnic group and tissue
receptor status (estrogen receptor,ER and progesterone
tmalathi@um.cdu.my (M Thevarajah) rec§ptor,PgR) and t%s sue HER-2/neu status. We al.so
Published onlincat http://journal. sapub.org/emd reviewed the correlation between serum HER-2/neu with
Copyright © 2013 Scientific & Academic Publishing. All Rights Reserved tissue HER-2/neu.

Breast cancer or malignant breast neoplasm is the
commonest cancer in women aged 15-49 years in
Malaysia[1]. It is the leading cause of cancer death among
women of all ethnic and age groups in Malaysia[l].
HER-2/neu positive breast cancers tend to be more
aggressive than other types of breast cancer. The
overexpression of HER-2/neu on primary breast cancer has
been associated with poor patient prognosis and an overall
decreased survival[2]. Tumors with overexpression or

* Corresponding author:



2 Alicezah MK et al.:

2. Materials and Method

2.1. Patient Population and Study Design

This is cross sectional study conducted by the Department
of Pathology, Surgery and Oncology, University Malaya

Medical Centre (UMM C) from July 2010 until January 2011.

A total of 40 patients of newly diagnosed breast cancer were
selected fromthose with biopsy proven ductal carcinoma and
subjected for mastectomy. A preoperative (baseline) blood
sample was collected a day prior to surgery which was
processed at the Division of Laboratory Medicine, UMMC.
The tissue specimens were sent to histopathology laboratory
UMMC for histopathological examination (HPE). Patients
with recurrent breast cancer or breast cancer on therapy
(neoadjuvant therapy) were excluded from the study. In
addition, 40 patients of benign breast cancer (BBD)
including fibroadenoma and breast cyst were recruited in this
study. The patients were selected among those who were
subjected for lumpectomy. As per breast cancer patients, a
baseline blood test was taken prior surgery.

A group of 102 healthy volunteers were arbitrarily
selected among the UMMC staff. Data on patient’s age,
menopausal status, site of lesion, ethnicity and
histopathological report including grade of tumor, receptor
status (ER, PR, HER-2/neu) were collected from patient case
file. This study was approved by the medical ethics
institution, University Malaya Medical Centre and the
patients had signed informed consent on recruitment.

2.2. Biochemical Analysis

The blood samples were collected into a plain tube which
was immediately centrifuged to separate the serum and
stored at-20 C until analysis. Serum Her-2/neu
concentrations were measured by a two site sandwich
immunoassay using direct, chemiluminescence technology
on the fully automated analyser, (ADVIA Centaur, USA).
The lite Reagent is composed of the monoclonal mouse
antibody, TA-1, labelled with acridinium ester. The
Fluorescein Conjugate Reagent is composed of the

monoclonal mouse antibody, NB-3, labelled with fluorescein.

A direct relationship exists between the amount of HER-2
present in the patient sample and the amount of relative light
units (RLUs) detected by the system. Two levels of control
serum were assayed daily for quality control measurement.
The within run precision had a coefficient variation (CV) of
6% for low level and 10.5% for high level control
respectively. The between run precision had a total CV of
9.6% while the within run precision CV ranged from 6.7% to
6.9%. The total CV claimed by anufacturer had a range of
3.2-5.7%., while the within run CV was under 5.6%.

2.3. Immunohistoche mistry Analysis

2.3.1. Tissue HER-2/neu analysis

Immunohistochemistry staining of specimens was carried
out on formalin- fixed paraffin embedded breast cancer
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tissue using Polyclonal Rabbit Anti- Human c-erbB-2
Oncoprotein(Code A0485; DakoCytomation Denmark A/S).
Scoring of tissues HER 2/neu was based on the Hercep Test
criteria. The immunoreaction was scored as ; 3+ if >10% of
tumour 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 incomplete in 10% cells and if membrane staining
was absent or present in < 10% of cell. Tissue HER-2/neu
was considered positive when the tumour scored as 3+ or 2+.
Otherwise, tissue HER-2/neu was considered negative when
the tumour scored as 1+/ 0.

2.3.2. Estrogen and Progesterone Receptor Status Analysis

Estrogen(ER) and progesterone receptor (PgR) status
were determined via standard immunohistochemistry on
archived formalin-fixed, paraffin-embedded tissue. ER was
detected using rabbit monoclonal antibody, clone SPI;
(diluted 1:100-1:400, NeoMarkers For Lab Vision
Corporation). PgR was detected using monoclonal mouse
anti human progesterone receptor antibody; PgR636 (diluted
1:600, NeoMarkers For Lab Vision Corporation). Positive
immunostaining was recorded for ER and progesterone
receptor as nuclear staining: 1+ (10% of cells positive), 2+
(11% to 50% positive), and 3+ (greater than 50% positive).
Appropriate positive and negative controls were tested
simultaneously with the test slides

Slides were independently interpreted by multiple surgical
pathology residents with an experienced pathologist on call.

2.3.3. Statistical Analysis

Data were analysed by using Statistical Package for Social
Sciences (SPSS) /version 18.0 software for Windows. The
reference range was established as mean + 2 SD. The mean
of each data set (breast cancer, BBD and healthy volunteers)
and mean of each ethnic group (Malay, Indian, and Chinese)
were evaluated by analysis of variance (ANOVA. The X,
test was used to assess the association between serum HER-2
neu concentration with clinicopathological parameters and
tissue HER-2/neu. The p value <0.05 was considered
statistically significant.

3. Results

Table 1 summarized the mean (SD) of serum HER-2/neu
concentration in the healthy volunteers (n=102), BBD (n=40)
and the breast cancer patients (n=40). Analysis of these
means by ANOVA test showed significant differences in
between the 3 data set means (p<0.05). The post hoc analysis
with bonferroni correction showed a significant difference
between breast cancer patients with healthy volunteer and
BBD patients. However, no significant difference was noted
between the BBD patients with healthy volunteers (p >0.05).

The serum HER-2/ neu concentration of the multi ethnic
Malays, Chinese, Indian and other native minority healthy
volunteers, BBD and the breast cancer patients are seen in
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Table 1. No significant difference between each ethnic
populations, (p >0.05) were found by ANOVA analysis in
the 3 different populations showed.

Table 1. Mean serum HER-2/neu i different patient populations and
ethnicity
. . HER-2 /neu levels
Patient Population Mean (SD) p-value
Healthy volunteers 120 788 (3.35) *
Malay 64 7.66 (2.82) 0.103
Chinese 27 759441
Indian 10 946 (246)
Other 1 14.10 (0)
Benign Breast "
Disease (BBD) 40 8.73(2.57)
Malay 19 8.74(2.01) 0.165
Chinese 10 745337
Indian 6 10.35 (3.07)
Others 5 928 (0.73)
Breast cancerpatients | 40 11.11 (2.22) *
Malay 14 10.55 (3.31) 0.849
Chinese 22 11.43 (5.43)
Indian 4 11.11 (4.46)

*result of di ferent ethnic groups were compared by ANOVA test which showed
p <0.05. Post hoc analysis with bonferroni correction showed significant
difference in between breast cancer patient with BBD patients and healthy
volunteers

Table 2. Breast cancer and patient characteristics (n=40)

Characteristic No ofPatients, n %
Median age, years 40(32-74) 51
Histology
DCIS 4 10.0
IDC 36 90.0
Grade (IDC)
I 10 27.0
11 14 38.9
111 12 30.0
Menapausal Status
Premenopausal 11 27.5
Postmenapausal 29 72.5
Type
Local 27 67.5
LABC 13 325
Sites
Right 22 55
Left 18 45
Receptor Status
(cut-off>10%)
ER positive 22 55
ER negative 18 45
PgRpositive 20 50
PR negative 20 50
Serum HER-2/mneu
(manufacturer)
> 15 ng/ml 5 12.5
<15 ng/ml 35 87.5
(local population)
> 7.88 ng/ml 25 62.5
< 7.88 ng/ml 15 37.5
Tissue IHC
Positive 13 325
Negative 27 67.5

The main clinicopathological characteristics of breast
cancer patients (n=40) are summarized in Table 2. The
median age for the breast cancer group was 51 years (range
32-74). The majority of patients were above 45 years old
(70%). More than half the cases (22 patients, 55%) were
dominant by Chinese ethnicity. Malays were the second
largest second largest racial group (14 patients, 35%) and
followed by Indians (4 patients, 10%). The majority of
patients (n=35, 85.7%) had histopathological diagnosis of
infiltrating ductal carcinoma (IDC), while the remaining
patients (n=5, 14.3%) were found to have histological
diagnosis of ductal carcinoma in situ (DCIS).

"f['able 3. Correlation between serum HER-2/meu and clinicopathological
actors

Serum
Characteristic Sergn;ER—Z/rlleu HER-2/neu p-value
88 ng/m >788 ng/ml
n % n %
Menopausal
status
7 17.5 4 10
Premenopausal 9 225 20 50 0.06
Postmenopausal
Ethnic
Malay 4 10 10 25
Chinese 11 27.5 11 27.5
Indian 1 25 3 7.5 0338
Histology
DCIS 4 10 1 25
IDS 12 30 23 57.5 0.051
Grade (DCIS)
I 3 8.6 6 17.1
11 6 17.1 8 229
1 3 86 | 9 | 257 | 0631
Receptor status
ER Negative 10 25 12 30 0436
ER Positive 6 15 12 30 ’
PgR Negative 9 22.5 13 325 0519
PgR Positive 7 17.5 11 27.5 )
Tissue
HER-2/neu 5 125 | 8 20
Negative
1+ 8 20 6 15 0288
2t 1 25 6 15 ;
34 2 5 4 10

DCIS, ductal carcinoma in situ, ER, estrogen receptor; PgR, progesterone
receptor X test, statistically significant if p< 0.05

Serum HER-2/neu concentration at the manufacturer
defined level of 15 ng/ml was increased in only 5 (12.5%)
out of the 40 breast cancer patients (Table 2) including 3
from tissue Her-2/neu positive group (Table 4) and 2 from
tissue Her-2/neu negative group (n= 13). In comparison 25
(62.5) out of the 40 breast cancer patients and 14 fromtissue
Her-2/neu positive group (Table 4) and 10 from tissue
Her-2/neu negative group (n= 13) had serum HER-2/neu
concentration levels of >7.88 ng/ml At 15 ng/ ml of serum
HER-2/neu concentration, the specificity was 98.6% and the
sensitivity was 12.5% (Figure 1)
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Table 4. Correlation between tissue HER-2/neu statuses with serum
HER-2/neu concentrations

Tissue HER-2/neu status
Serum HER-2/meu | Positive, Negative, value
(ng/ml) n n P
<788 13 3 0.130
>7.88 14 10
<15 24 11 0.702
> 15 3 2

*Tissue HER-2/neu status : positive if IHC 3+ and 2+, X test, statistically
significant if p< 0.05

The relationship between serum HER-2/neu concentration
and clinicopathological factors summarised in Table 3
showed no significant difference were between serum
HER-2 neu concentration of 7.88mg/ml and the
clinicopathological parameters (p>0.05)
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Figure 1. Receiver Operating Curve (ROC) of serum HER-2/neu
concentration in 40 patients with primary breast cancer

4. Discussion & Conclusions

The demographic data of breast cancer patients shows that
the median age was 51 years which was younger compared
to previously published studies[9,10]. A younger median age
of 44 years for breast cancer also reported in a similar study
done in Korean population[11].

In this study, it was shown that amongst the different
ethnic groups in Malaysia, the Chinese had a higher
incidence of breast cancer. This result was supported by data
from the Second report of the National Cancer Registry and
Penang Cancer Registry which had reported a similar higher

incidence of breast cancer among Malaysian Chinese[12, 13].

Similarly, in our neighbouring country, Singapore; it had
been reported that the Chinese ethnic group was at higher
risk to develop breast cancer compared to the Malays and
Indians[14].

The mean of serum HER-2/neu concentration in breast
cancer patients was the highest followed by the benign breast
disease patients, and the healthy control group. This result is
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expected as about 18% of primary breast cancer can have
elevated serum HER-2/neu. In terms of HER-2/neu gene
amp lification, it is noted that about 20-30% of breast cancer
patients can have this protein overexpression[15,16,18].

Malaysian is a multiracial population which is dominated
by Malays, Chinese and Indians. By taking account of the
multhiethnicity of the Malaysian population, we tried to
established reference range for each ethnic group. However,
we did not find any significant difference among the ethnic
group, thus we conclude that a single reference range can be
used for all ethnic groups of Malaysian.

The cut off value of serum HER-2 at 7.88ng/ml was found
to be lower when compared to the recommended
manufacturer (Siemens) kit insert at 15 ng/ml[15].. We
attributed the low cut off value could be related to
geographical significance as we noted from other similar
work done on the Korean population also yielded lower cut
off value of 10.2 ng/ml[11].

In other studies, there was a correlation between serum
HER-2/neu with clinicopathological parameters[17,19,21] .
However, in this study, no significant correlation was
established. Possible contributions to the negative
correlation could be due to the relatively small sample size
that caused statistically no significance result.

Few studies have evaluated the association between tissue
HER-2/neu status (IHC) and baseline serum HER-2/neu
levels[20]. The targeted molecular domains and protein
function are different from the IHC method recognizes
intracytoplasmic domains of the entire HER-2/neu receptor,
while the serum HER-2/neu assay measures the extracellular
domain (ECD) of the HER-2/neu receptor by using two
mAbs recognizing two independent epitopes[22]. However,
in this study, the serum HER-2/neu concentration did not
show significant correlation with tissue HER-2/neu.

In conclusion, the clinical utility of the serum HER-2 neu
is still lacking and more research is needed to gather more
information regarding this marker. Serum HER-2/neu assay
cannot yet be considered as an alternative or comp lementary
marker for tissue HER-2/neu.
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