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Background and objectives: Breast cancer is the second

most common of death in female. ESA plays an important
role in signaling pathway of breast cancer. The levels of
ESA expression associate with prognosis, resistance of
therapy and short survival time. At present, there is no
data of the expression levels of cancer stem cells in breast
cancer patients in Srinagarind hospital.

Methods: The data of breast cancer patients (247 cases
in total) in Srinagarind hospital collected during 2003-2016
were analysed. Formalin-fixed paraffin-embedded (FFPE)
breast cancer tissues were investigated for the levels of
ESA expression in 45 cases of triple negative subtype
by immunohistochemistry. TIS score and H-score were
performed to determine the levels of ESA expression.To
evaluate the relationship of ESA expression levels and
average survival time, the data were analysed by using
univariate analysis and multivariate analysis.

Results: Age, BMI, TNM staging had influence on average
survival time. Patients with age more than or equal 41
years, obesity or TNM stage IV has high fatality risk.
The levels of ESA expression in triple negative subtype
had overexpression but it was not significantly different
between two age groups (= 41 years vs 21-40 years).
Conclusions: Age, BMI and TNM staging negatively
related to average survival time in breast cancer patients
and the effects were different in each subtype of breast
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cancer. Patients with triple negative subtype had
overexpression of ESA.
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Introduction

Breast cancer is heterogenous disease with different
biological characteristics, histological features and
clinical manifestations and the result in different
treatment outcome found in different subtypes of
breast cancer. Therefore, many breast cancer patients
have tumor recurrence after the complete course of
treatment. Currently, it is generally believed that
cancer stem cells are responsible for resistance of
treatment in many cancers including breast cancer'’.
Cancer stem cells, which have special characteristics
in terms of indefinite proliferation, self renewal and
multiple lineage differentiation, play an important
role in distant metastasis, disease progression and
tumor recurrence’. These cells also have better DNA
damage repair process compared to normal cells and
can efflux chemotherapeutic drugs resulting in avoiding
from drug toxicity. Consequently, cancer stem cells
can survive from chemotherapy and radiation leading
to resistant to treatment and tumor recurrence. These
cells can be identified by using surface markers, which
specifically bind to cancer stem cell population but not
other normal cells.

Presently, the expression of several surface
markers is purposed that they can effectively indicate
cancer stem cell population such as CD44", CD24™"
ESA" and ALDH1™°. In this study, ESA marker was
used to identify cancer stem cells in formalin-fixed
paraffin-embedded (FFPE) tissues of breast cancers.
ESA plays an important role in signaling pathway of
breast cancer that associates with ability of proliferation,
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migration and invasion of breast cancer cells’”.
Additionally, high levels of ESA expression correlate
with poor prognosis, resistance of treatment and short
overall survival rate studied in both in vivo and in vitro™.
The different expression levels of each surface marker
for cancer stem cells are detected in different subtypes
of breast cancer. Therefore, it is important to know the
characteristics of ESA expression in different subtypes
of breast cancer. This information possibly indicates the
prognosis and response of treatment and also provides
useful data for choosing appropriate treatment option
for individual breast cancer patients. At present, there
is no data of the expression levels of cancer stem cells
in breast cancer patients in Srinagarind hospital.

Methods

Samples of the study

Breast cancer patients included in this study were
247 cases, who were treated in Srinagarind hospital
during 2003-2016. All breast masses surgically
removed from patients were pathologically diagnosed
by 2 independent pathologists. Formalin-fixed
paraffin-embedded (FFPE) breast cancer tissues were
obtained from 45 triple negative breast cancer patients
for investigating the levels of ESA expression. This
study was approved by Khon Kaen University Ethics
Committee for human experiment research (HE601142).

Demographic data

The medical records of breast cancer patients, who
were treated at Srinagarind hospital during 2003-2016,
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were reviewed from OPD card to obtain the clinical data
comprising age, BMI, TNM staging, performance status,
comorbidity, pathological findings, tumor biological and
treatment. Clinical data were analysed using STATA
version 14.0 and average survival time and hazard
ratio were also analysed.

Immunohistochemistry technique

ESA expression was investigated by using
well-established immunohistochemistry technique. For
primary antibody treatment, ESA was detected using
1:300 ESA; clone moc-31 (Pathology Ware International
Co., Ltd) and UV HRP multimer (goat anti-mouse IgG,
goat anti-mouse IgM and goat anti-rabbit) (Ventana
Medical systems, Inc.) was used as the secondary
antibody.

Score analysing of ESA expression levels

To determine the levels of ESA expression, two
standard methods were used; total immunostaining
score (TIS)" and H-score'. The score of ESA
expression was determined by two independent
pathologists. The details of each method are described
below.

- Total immunostaining score (TIS)

IHC slides of breast cancer tissues stained with
ESA were examined under the light microscope to
investigate the percentage of positive staining of
ESA and intensity of staining and 10 fields of ESA
staining breast cancer tissues were evaluated. Total
immunostaining score (TIS) is the levels of ESA
expression, which was calculated by a proportion
score (PS) multiplying with intensity score (IS) [TIS =
PS x IS]. PS is levels of positive staining of ESA, which
are classified into 5 grades; 0 = no staining of ESA,
1 = ESA staining <10%, 2 = ESA staining 10-50%,
3 = ESA staining 51-80%, 4 = ESA staining > 80%
of total cells. IS is the levels of ESA staining intensity,

which are classified into 4 grades; 0 = no staining,
1+ = weak staining (weak staining < 60% or moderate
staining < 30% of total cells), 2+ = moderate staining
(weak staining > 60% or moderate staining 31-70%, or
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strong staining < 30% of total cells), 3+ = strong staining
(moderate staining >70% or strong staining >30% of
total cells). Finally, the results of multiplying between PS
and IS were determined. If the results of multiplying are
greater than 4, the expression of ESA was indicated as
overexpression. Conversely, if the multiplying results are
less than or equal 4, the expression of ESA was defined
as weak expression.

- H-score

Slides were analysed under the light microscope
to investigate the levels of ESA expression in breast
cancer patients. Similar to TIS, 10 fields of breast
cancer tissues were examined. For H-score, the levels
of ESA expression was evaluated from the percentage
of positive staining of ESA (0-100%) multiplying with
intensity score (IS), which is mentioned earlier in
TIS methods [H-score = % of staining x IS]. H-score
classifies ESA expression levels into 3 levels; low ESA
expression (H-score = 0-100), moderate ESA expression
(H-score = 101-200) and high ESA expression (H-score
=201-300).

Statistical analysis

Statistical comparisons of the significant difference
of the demographic data of patients from each subtype
of breast cancers were performed by using Student’s
t-test. Prognostic factors, which significantly affected the
average survival time of each breast cancer subtype,
were analysed by using univariate and multivariate
method. For comparing two different age groups of
triple negative subtype, Fisher's exact test was used.
The data have statistical significance when p value is
less than 0.05

Results

The average age of breast cancer patients was 49
years. Interestingly, breast cancer was found at early
age of life and the youngest age of patients was only 24
years whilst the oldest age was 82 years. The majority
of breast cancer patients were in the age > 41 years
and obese. Importantly, the results showed that almost
30% of patients were found at the age less than 40
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years. Most of patients presented with the performance
status of 0 at the first diagnosis. For menopause status,
most of breast cancer patients had pre-menopause
status approximately 70% and 56% of breast cancer
patients had no other co-morbidities. The pathological
findings showed that almost 98% of breast cancer
patients had invasive breast cancer and approximately
half of breast cancer patients had stage Il of disease
at diagnosis. The characteristics of tumor biological
marker expression were varied. Half of patients had
positive estrogen receptor (ER) expression whereas
positive progesterone receptor (PR) expression was
detected only 36%. More than half of patients had
negative HER2 expression while only 17% of patients
had positive HER2 receptor expression. For treatment
options, most of patients received chemotherapy
(80.97%) and hormonal therapy (76.83%) whilst less
than 40% of patients were treated with radiotherapy.
The average age and average survival time was not
significantly different compared among 4 subtypes.
All variables studied in this project comprising BMI,
performance status, pathological indings and staging
of disease were not significantly different compared
between 4 subtypes.

Prognostic factors for analysing average survival
time are shown in Table 1 and analysis of hazard
ratio of each prognostic factor influencing on average
survival time are also shown in Table 2. The data
showed that age factor in luminal A and triple negative
breast cancer subtype significantly had an influence on
average survival time. The age more than or equal 41
years group had short average survival time and high
fatality risk compared to the age group ranging between

ATUATUNS YT 2560;32(6) * Srinagarind Med J 2017; 32(6)

21-40 years. For BMI factor, BMI of patients only
in luminal B subtype significantly had an influence
on average survival time. Obese group had short
average survival time and high fatality risk compared to
non-obese group. For stages of breast cancer factor,
the average survival time of patients in luminal A and
luminal B subtypes was significantly different compared
among 4 stages with in each subtype. The trends of
average survival time were decreased with increasing
stages and stage IV had high fatality risk compared to
stage |. For HER2 group, the results were not complete
because there were too small number of cases (only
6 patients) for analysis which are presented with grey
color in Table 1.

ESA expression was investigated in 45 cases of
triple negative subtype by using immunohistochemistry
technique. The results showed that the average levels
of ESA expression was 73% and most of triple negative
breast cancer patients has moderate to high expression
of ESA. The levels of ESA expression in this study were
evaluated by using TIS score and H-score. For TIS score
analysis, most of triple negative cases had ESA over
expression. Old age, which had worse survival time
compared to younger age group, had over expression
of ESA compared to the younger age group. However,
these results were not significantly different among
these two age groups (p = 1.000) and the results are
shown in Table 3 and Figure 1. For H-score analysis, the
results showed that the majority of triple negative cases
had moderate ESA expression and the results revealed
no significant difference of ESA expression between the
younger and older age group of triple negative subtype
(p = 0.683) (Table 4 and Figure 2).
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Table 1 Prognostic factors influencing on the average survival time investigated in 4 subtypes of breast cancer

patients in Srinagarind Hospital.

luminal A luminal B HER2 triple negative
Average Average Average Average
Variable - p- -
survival 95% CI survival 95% CI - survival 95% CI survival 95% CI p-value
time (mo) time (mo) time (mo) time (mo)
Age 0.007 0.06 0.04
21-40 148.63 137.09-160.17 111.20  94.15-128.26 134.73  99.82-169.63 134.91 118.37-151.47
=41 110.29 87.59-132.10 142.07  121.17-162.96 88.12 55.51-120.73
BMI 0.21 0.01 0.089
Non-Obese  146.55 131.69-161.40 128.05 110.78-145.33 93.49  48.45-138.53 11546 91.67-139.26
Obese 135.78 119.72-151.85 101.36  79.73-122.99 154.23 154.23 142.66  123.83-161.50
Staging TNM 0.004 0.001 0.124
Stage | 1562.40 142.30-162.50 124.54  79.69-169.40 97.51 57.81-137.20
Stage Il 145.07 132.03-158.10 131.97  117.58-146.35 138.72  120.99-156.44
Stage Il 119.27 93.68-144.86 104.03  79.51-128.56 99.78  60.55-139.01
Stage IV 36.9 39.26 11.01-67.52 98

Table 2 The hazard ratio of prognostic factors significantly influencing on average survival time of 4 subtypes of

breast cancer patients in Srinagarind Hospital by multivariate analysis.

luminal A luminal B triple
Variable
HR 95% ClI p-value HR 95% ClI p-value HR 95% ClI p-value
Age 3.404 1.41-8.23 0.007 0.375 0.13-1.07 0.069 2.984 1.05-8.45 0.04
BMI 1.759 0.73-4.25 0.210 2.194 1.06-4.53 0.033 0.427 0.16-1.14 0.089
TNM staging 2.760 1.37-5.55 0.004 2.373 1.42-3.95 0.001 1.74 0.86-3.53 0.124

Table 3 Levels of ESA expression determined by TIS score studied in 2 different age groups of triple negative

subtype.
All case (n=45) Age 21-40 (n=39) Age >41 (n=6)
TIS score p-value
N % N % N %
Weak expression 13 28.8 12 30.8 1 16.7 1.000
Overexpression 32 711 27 69.2 5 83.3

Table 4 Levels of ESA expression determined by H-score studied in 2 different age groups oftriple negative

subtype.
All case (n=45) Age 21-40 (n=39) Age >41 (n=6)
H- score p-value
N % N % N %
Low 12 26.7 11 28.2 1 16.7 0.683
Moderate 28 62.2 23 58.9 5 83.3
High 5 111 5 12.9 0 0
528 AIUATUNTIIYAT 2560;32(6) * Srinagarind Med J 2017; 32(6)
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Figure 1 ESA expression determined by total immunostaining score (TIS). This Figure shows the representative

results of ESA expression found in triple negative subtype patients. Triple negative subtype patients with weak

ESA expression had TIS=2 (PS=2 and IS=1) as shown in Figure A. Triple negative subtype patients with ESA over
expression, which had TIS=12 (PS =4 and 1S=3), are shown in Figure B (Original magnification X600).

Figure 2 ESA expression determined by H-score. This Figure shows the representative results of ESA expression

in triple negative subtype of breast cancer patients based on H-score analysis. Figure A shows low ESA expression

of breast cancer patient (H-score =50) and moderate ESA expression (H-score = 120) is shown in Figure B. High

ESA expression (H-score= 300) is shown in Figure C (Original magnification X 600).

Discussions

The main findings of this study are the relationship
between prognostic factors (age, BMI and TNM
staging) and average survival time that were studied
in 4 subtypes (luminal A, luminal B, HER2 and triple
negative subtype) of breast cancer. Old age, obese
or advanced TNM staging of disease had negative
influence on average survival time of breast cancer
patients. Additionally, in triple negative subtype, which
had poor average survival time, had overexpression of
ESA.

For age factor, previous studies found that breast
cancer patients under the age of 40 years had poor

ARUATUNTIIYANT 2560; 32(6) * Srinagarind Med J 2017; 32(6)

prognosis, high mortality rate, high recurrence rate
and'®" low cumulative 5-year relative survival ratio
(RSR) compared to older age group'. In this study,
average survival time of breast cancer patients was
studied in 2 different age groups and the results showed
that age group more than or equal 41 years had short
average survival time and high fatality risk compared
to the age group ranging between 21-40 years and the
results were significantly different in luminal A subtype
and triple negative subtype. These results possibly
indicate that younger age breast cancer patients has
better average survival time and low risk of fatality
compared to older age patients. This might be because
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younger patients had good performance status with
good health status. Consequently, these patients can
well recover after treatment and have a chance to
receive aggressive treatment resulting in having more
effectiveness of treatment outcome compared to older
age breast cancer patients, who have more comorbidity
and decreased immune response. The results were not
consistent with the previous studies because young age
breast cancer patients included in the previous studies
mostly had advanced stage with aggressive subtypes
such as triple negative or HER2 subtype and delayed
diagnosis and treatment resulting in worse prognosis
but young age breast cancer patients included in this
study had good performance status with no comorbidity.
Additionally, some previous studies proposed that
there was no significant difference in overall survival
time compared between younger and older age breast

cancer patients™"’

. Therefore, there is still controversy
about age factor influencing on prognosis of breast
cancer. It might depend on many factors involving in
the status of patients, which affects the outcome of
treatment.

For BMI factor, several studies revealed that
high BMI related to poor prognosis, increased distant
metastasis, increased risk of mortality and short survival
time'®". Our results showed that obesebreast cancer
patients had short average survival time and high
fatality risk compared to non-obese patients. This might
be because breast cancer patients with obesity have
increased risk of insulin resistance, cardiovascular
risk, risk of cancer development and poor response
of neoadjuvant chemotherapy. It was proposed
that prolong period of obesity results in changing
abnormal adipose tissue distribution, cytokine and
lipid secretion profiles®. Expansion of adipose tissues
leads to fat accumulation and increases free fatty acid
(FFA). FFA is a source for cancer development and
associates with oxidative processes and activates
pathway of insulin resistance”’. Additionally, previous
studies about inhibition of fatty acid synthase revealed
that this could reduce capacity of cancer cell

22,23

proliferation”". In addition, increasing adipose tissues
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result in increased aromatase enzyme, which leads
to increased converting androgen, androstenedione
and testosterone to estrogens leading to increasing
risk of breast cancer™. Another pathway of adipose
tissue involving in cancer promotion, when adipocytes
have interaction with immune cells and this leads to
inflammation and subsequently contributes to adipose
tissue dysfunction, which influences on tumor promotion

and progression®?°

. However, this factor is preventable.
To increase effectiveness of treatment and decrease
treatment resistance, breast cancer patients should be
suggested to control weight and have normal weight to
have better prognosis and survival time.

TMN staging is certainly one of important
prognostic factor in many cancers including breast
cancer because advanced stage of disease correlates
to worse survival time and poor prognosis. In China,
previous studies found that TNM staging significantly
had influence on 5-year overall survival rate in breast
cancer patients. The results showed that at early TNM
staging, patients had longer survival time compared to
the late staging®’. These results were consistent with
data studied in Thailand and the results presented
that the 5-year survival rate had decreased when the
staging had risen®. In this study, the results showed
that TNM staging significantly had an influence on the
average survival time only in luminal A and luminal B
subtype. Therefore, patients with stage IV had shorter
average survival time and high fatality risk compared
to patients with the early stage of disease. Advanced
stage of breast cancer has aggressive disease with
distant metastasis. Additionally, advanced stage
normally has large size of tumor with spreading to
lymph nodes and metastasising to multiple distant
organs. Consequently, patients with advanced stage
certainly have poor response of treatment resulting
in short survival time compared to early stage of
disease. Therefore, patients should be aware about
the abnormality of breast and come to see the doctor
as early as possible when abnormal signs or symptoms
are detected. When the disease is detected at the early
stage, patients will receive early treatment and the

Srinagarind Med J 2017; 32(6)
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disease is not aggressive with no spreading resulting
in good prognosis and treatment outcome.

For ESA expression, many previous studies revealed
that ESA plays an important role in many cancers such
as breast cancer, hepatocellular carcinoma, renal
cell cancer, colon cancer and pancreas cancer™>”.
In our studies, triple negative breast cancer patients
had high expression levels of ESA and higher levels
of ESA expression were detected in the older age
group compared to the younger age group but the
data were not significantly different. The important roles
of ESA in cancer cells are inducing cell proliferation,
differentiation and migration via specific mechanism’®.
The previous study proposed that ESA can promote
cancer metastasis via inhibiting the expression of
cadherin, which mediates cell adhesion®’. Therefore,
this results in cancer aggressiveness, poor prognosis
and short survival time. This is consistent with our
study that triple negative subtype had worse average
survival time after luminal B subtype. About 80% of
basal-like breast cancer characteristics are similar
to triple negative breast cancer and one of distinct
characteristics of basal-like breast cancer is having
high molecular weight of basal cytokeratin,”” which has
a link to the origin of ESA. Therefore, both basal-like
breast cancer and triple negative breast cancer have
the majority of characteristics in common. Triple
negative subtype possibly also has basal cytokeratin;
consequently, this might result in the high expression
levels of ESA in triple negative subtype®. Additionally,
triple negative subtype has a high chance to presentin
patients with obesity'*; therefore, this factors certainly
lead to aggressive tumor and poor prognosis that
were mentioned earlier in BMI part. In addition, there
is no target receptor for treatment resulting from no
hormonal receptors detected in triple negative subtype
and has overexpression of ESA, which enhance cancer
aggressiveness, metastasis and resistance of treatment.
Therefore, it is very interesting to study further in triple
negative subtype of breast cancer to deeply investigate
the specific characteristics and develop effective
treatment in this subtype.

ATUATUNS YT 2560;32(6) * Srinagarind Med J 2017; 32(6)

Conclusions

The results revealed that age, BMI and TNM
staging were significant factors correlating to average
survival time. Old age, obesity or advanced stage of
breast cancer patients associated with worse average
survival time. For triple negative subtype, these
patients tended to have overexpression of ESA with
poor average survival time. Older age group of triple
negative subtype, who had poor survival time, had
overexpression of ESA. Therefore, overexpression of
ESA possibly correlates with poor prognosis of breast
cancer patients.

Limitation and Suggestion of this study

1. There is too small number of breast cancer
patients included in this study. Especially, when breast
cancer patients were classified into 4 subtypes, there
were only 6 patients classified as HER2 subtype in this
study.

2. Cohort study should be performed via
multicenter study to include more number of breast
cancer patients; therefore, the data can be analysed
more effectively and have statistical significance.

3. This study is pilot study of ESA expression in
breast cancer patients in Srinagarind hospital. The
effects of different ESA expression levels (weak and
overexpression) should be studied further in aspects
of tumor aggressiveness, tumor metastasis, lymph
node metastasis, tumor recurrence rate and treatment
response. Further study should be performed to prove
the influence of ESA expression in prognosis and
treatment outcome of breast cancer patients.
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