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Background/aim

Breast carcinoma is a worldwide, heterogeneous disease that affects even the
young patient population. The receptor tyrosine kinase mesenchymal—epithelial
transition factor (c-Met) is suggested to be associated with reduced survival in
cases of breast cancer. Few studies have specifically addressed the association
between the c-Met and molecular subtype of breast cancer. This study aimed to
evaluate the c-Met expression in estrogen receptor (ER)-negative breast cancers
with different subtypes and its relation to the standard prognostic indicators.
Patients and methods

We examined the expression of c-Met in triple-negative and human epidermal
growth factor receptor 2 enriched (i.e. ER-negative) breast cancers. Sixty formalin-
fixed paraffin-embedded breast cancer surgical specimens were studied by
immunohistochemistry. Prognostic indicators were analyzed with Cox models
adjusted for clinical and pathological factors.

Results

Sixty-nine percent of cases were positive for Met. The reported mean Remmele
score was 7.80+4.32. A significant positive correlation was observed between the
tumor type, nodal status, multicentricity, and ductal carcinoma in situ (P<0.05).
However, correlation with the Remmele score was borderline as regards the grade
(P=0.065) and lymphovascular invasion (P=0.059).

Conclusions

Most of ER-negative breast carcinomas showed median to maximum Met
expression and were associated with worse prognostic factors. So it can be
used as a prognostic marker.
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Introduction

expression, and human epidermal growth factor
receptor 2 (HER-2) expression [4]. Breast cancer

Worldwide, breast cancer is considered the most
common cancer among females. According to the
estimates of the GLOBOCAN 2018, breast cancer
account for 11.6% of the reported malignancies. The
number of newly reported cases in 2018 was 2.1
million. It is a leading cause of death with a death
rate of 626 679 (6.6%) [1]. According to the
International Agency for Research on Cancer
(IARC) in 2019, 35.1% (23 081) new breast cancer

cases were reported among Egyptian females[2].

Breast cancer is considered to be a heterogeneous
disease and thus tumors with similar morphology
and clinical stage may have diverse molecular
changes imparting diverse prognostic outcomes. In
breast cancer patients, the disease stage is the main
prognostic factor [3].

Other important prognostic factors include cancer
histological type, tumor grade, steroid receptor
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immunohistochemical and molecular subtypes should
be identified as they convey different clinical, biologic,
and therapeutic implications [3].

Testing selected immunohistochemical and molecular
markers and their association with the standard
prognostic indicators may impart an aid to reclassify
subgroups of breast cancers. This may also help to
introduce new treatment strategies to improve the
clinical outcome of estrogen receptor (ER)-negative
patients [5].

A potential candidate biomarker is the tyrosine kinase
receptor mesenchymal—epithelial transition factor
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(c-Met), which has a key role in cell oncogenesis and
angiogenesis. Previous studies documented its role in
tumorigenesis [6]. Amplification of the c-Met gene is
documented in the early stages of breast cancer as well
as in metastatic disease [7,8].

Currently, c-Met is under investigation as a potential
targeted therapy for several human cancers, as a result
of its key function in tumorigenesis [9-12]. However,
these are limited in breast cancer [13].

In their meta-analysis, Yan e al. [6] suggested that c-
Met overexpression has a significant correlation with
poor relapse-free survival and overall survival in
Western breast cancer patients. This correlation was
insignificant in Asian patients. However, studies were

deficient in Africa [6].

The purpose of this study was to determine c-Met
expression levels and their correlation with the ER-
negative subset of breast carcinomas in Egypt. We aim
to delineate the immunohistochemical and clinical
associations including its prognostic significance in
ER-negative tumors. We also aim to shed light on
the possible role of subsequent cytogenetic studies in
the development of c-Met inhibitors, targeted therapy
in this subset of patients.

Patients and methods

Cases

The present study obtained 60 paraffin blocks
retrospectively with their clinical history including
the age of patient and operative findings.
Pathological findings include the size of the tumor,
its histologic subtype, tumor grade according to
Nottingham modification of the Bloom—Richardson
system presence of ductal carcinoma in situ (DCIS)
and specification of its type and its percentage from the
tumor bulk, axillary lymph node status, and remarkable
lymphoplasmacytic reaction [14].

Tissues

Sixty formalin-fixed paraffin-embedded breast cancer
surgical specimens were selected based on their
negativity for ER. The samples were retrieved from
the National Research Center and private practice
archives. The submitted specimens were either
modified radical mastectomies or conservative breast
surgeries. Serial sections of 5pm thickness were
prepared from each paraffin block; one of them was
mounted on a glass slide and stained by hematoxylin
and eosin for histological evaluation. Cases of
infiltrating breast carcinoma were stained for ER;

ER-negative cases were selected for our study and
were further stained with the c-Met receptor,

progesterone receptor (PR), and HER-2neu.

Ethical approval

The present study was conducted with the Code of
Ethics of the World Medical Association, according to
the principles expressed in the Declaration of Helsinki.
This study has been approved by the local Ethics
Committee of National Research Centre under
approval number 18/134. The used materials were
derived from archived tissue samples embedded in
paraffin blocks. The blocks and required data were
collected from the patient reports after approval of the
head of the laboratory and were anonymized.

Immunohistochemistry

Histologic sections were studied by
immunohistochemistry with ER, PR, HER-2, and
c-Met using a standard avidin-biotin—peroxidase
system.

The sections were deparaffinized in xylene, and then
were hydrated through a series of graded alcohols
(95-70%), distilled water, and phosphate-buffered
saline (at pH 7.6). The slides were then retrieved by

immersion in protein kinase.

Then the endogenous peroxidase activity was inhibited
by incubation in 3% hydrogen peroxide (H,O,) for
5min. After washing with Tris-buffered saline, the
sections were incubated with the primary antibody for
1h at room temperature.

The antibody clones that were used were: those for the
ER (ID5 Biogenex, USA Office 48810 Kato Road,
Suite 200E, Fremont, CA, USA), the PR (PR 88
Biogenex), and HER-2 (EP1045Y Biogenex).
The antibody clones that were used were c-Met
(Novus bio NBP2-44306SS). The sections were
washed in Tris-buffer and incubated with the
avidin—-biotin—peroxidase system (DAKO,
Produktionsvej 42, 2600 Glostrup, Denmark) for
30min. The peroxidase reaction was detected by
the addition of diaminobenzidine tetrahydrochloride.

The PR score was based on the proportions and the
intensities of the stained nuclei [5,6]. The HER-2
scores were based on the intensities and proportions of
cells that showed membrane staining. Strong HER-2
staining of 3+ is reported when uniform and intense
membrane staining of more than 30% of invasive tumor
cells is noticed. A negative HER-2/neu result is
reported for immunohistochemical staining of 0 or

1+ [5,7].



c-Met expression was recorded as regards the
percentage of expression and intensity of expression.
Immunoreactivity score for c-Met was performed using
the Remmele score (0-12), that is by multiplying the

intensity score by the percentage of staining score:

(1) Intensity: a scale from O (negative) to 3
(maximum), (O=negative, 1=minimum,
2=median, and 3=maximum). c-MET was
scored as positive if any minimum or maximum
cytoplasmic and/or membranous carcinoma cell
staining was observed [8].

(2) Percentage: a scale from 1 to 4, (10%=1; <40%=2;
<70%=3; >70%=4).

(3) Remmele score=intensity score x percentage [15].

Statistical analysis

Data were coded using SPSS (Statistical Package for
the Social Sciences, Chicago, Illinois, USA), version
25. Data was recorded using mean, SD, median,
minimum, and maximum in quantitative data and
using frequency (count) and relative frequency
(percentage) for categorical data.

Comparisons between quantitative variables were done
using the nonparametric Mann—Whitney tests test for
independent samples for comparing two groups and
Kruskal-Wallis for comparing more than two groups
[16]. P values less than 0.05 were considered as
statistically significant.

Results

Patient characteristics and clinicopathological
parameters

A total of 60 ER-negative breast cancer surgical
specimens of infiltrating breast carcinoma were
included. Description of the tumor characteristics is
presented in Table 1. The age of the patients ranged
between 32 and 70 with the mean age being 48.02+9.25
years and a median of 50 years. Of the patients 49
underwent modified radical mastectomies (81.7%).

The mean tumor size was 4.29 cm (T2). Infiltrating
ductal carcinoma  was the predominant
histopathological type reported in 41 (68.3%) cases,
while the mucinous type was only reported in two
(3.3%) cases. Grade II tumors constituted 76.7% of
the cases and 23.3% were of grade III. None of the

reported cases was of grade I.

The histopathological evaluation showed a large
proportion of patients (50 cases) with desmoplastic

reaction, while DCIS was noticed in 36 (60.0%)
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Table 1 Clinicopathological parameters of estrogen receptor-
negative breast carcinoma

Count Column (%)

Operation

CBS 11 18.3

MRM 49 81.7
Tumor type

IDC 41 68.3

ILC 12 20.0

Medullary 5 8.3

Mucinous 2 3.3
Tumor size

T 15 25.0

T2 23 38.3

T3 22 36.7
N stage

NO 20 33.3

N1 5 8.3

N2 14 23.3

N3 21 35.0
Grade

Il 46 76.7

1] 14 23.3
Multicentricity

Yes 12 20

No 48 80
Inflammatory cells

Yes 28 46.7

No 32 53.3
Lymphovascular invasion

Yes 13 21.7

No 47 78.3
Desmoplasia

Yes 50 83.3

No 10 16.7
DCIS

Yes 36 60.0

No 24 40.0
PR

+ve 23 38.3

-ve 37 61.7
HER-2

+ve 30 50.0

-ve 30 50.0
c-Met intensity

-ve 7 11.7

Minimum 11 18.3

Median 17 28.3

Maximum 25 41.7

DCIS, ductal carcinoma in situ; HER-2, human epidermal growth
factor receptor 2; IDC, infiltrating duct carcinoma; ILC, infiltrating
lobular carcinoma; Met, mesenchymal—epithelial transition factor;
PR, progesterone receptor.

patients. On the other hand, a minority of cases
showed multicentricity in 20% of patients (12 of 60
patients), lymphoplasmacytic infiltrate was noted in 28
(46.7%) cases while lymphovascular invasion was

reported in 13 (21.7%) of the 60 cases.
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The nodal stage was classified as NO in 20 (33.3%)
cases, N1 in five (8.3%) cases, N2 in 14 (23.3%) cases,
and N3 in 21 (35.0%) cases.

Immunohistochemical results

According to the Remmele score, the recorded
maximum score was 12, mean score was 7.80+4.32
with the median being 8 (Fig. 1). All cases were
confirmed to be ER-negative nuclear staining on
restaining the tissue sections; 23 cases showed
positive nuclear staining for PR (38.3% of the cases)
as shown in Fig. 2.

Half of the cases showed positive membranous
overexpression in HER-2neu (score +3) and 50% were
HER-2neu negative (scores 0 and +1). None showed
weak overexpression (score +2) (Fig. 2 and Table 2).

The membranous staining of c-Met was expressed in
88.3% of cases with gradual intensities minimum,
median, and maximum as 18.3, 28.3, and 41.7%,
respectively (Table 1). c-Met expression using
Remmele score and c-Met expression percentage are
represented in detail in Table 2 and Table 3,
respectively.

The association between Remmele score of Met
expression and the clinicopathological prognostic

Figure 1

parameters is listed in Table 2, which showed that
88.3% of the examined ER-negative cases was c-Met
positive. The correlation between Met expression with
PR and HER-2 was nonsignificant (P=0.164 and
0.096, respectively). A significant positive correlation
was observed between Remmele score and some of
prognostic variables as the tumor type, nodal status,
multicentricity, and DCIS being (P<0.001, P=0.025,
P<0.001, and P=0.001, respectively). However,
correlation with the Remmele score was borderline
as regards the grade (P=0.065) and lymphovascular
invasion (P=0.059).

On the other side, the majority of cases (70%) showed
median to maximum reactions for c-Met. The
intensity of c-Met expression was assessed. A
significant correlation was noticed between the
percentage of c-Met expression - in isolation from
the intensity - in association with a grade (P=0.010)
and lymphovascular invasion (P=0.022), as shown in

Table 3.

A significant positive correlation was observed
between Remmele score and some of prognostic
variables as the tumor type, multicentricity DCIS,
and nodal stage. However, correlation with the
Remmele score was borderline as regards the
nuclear grade and tumor size (Fig. 3).

Photomicrography of c-Met membranous immunostaining with Remmele scoring: (a) DCIS, Remmele score 8; (b) tubular carcinoma, Remmele
score 12; (c) infiltrating duct carcinoma NOS, Remmele score 8; (d) LCIS, Remmele score 6; (e) lobular carcinoma, Remmele score 12; (f)
infiltrating duct carcinoma NOS, Remmele score 6 (Met immunohistochemical staining, x100). DCIS, ductal carcinoma in situ; Met,

mesenchymal—epithelial transition factor.




Figure 2
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Photomicrography of ER, HER-2, PR expression: (a) ER negative, (b) HER-2 negative, (c) HER-2 positive; (d) PR negative; (e) PR medium
positive; (f) PR positive (ER, HER-2, PR immunohistochemical staining, respectively, x100). ER, estrogen receptor; HER-2, human epidermal

growth factor receptor 2; PR, progesterone receptor.

Discussion

Breast cancer is a highly heterogeneous disease. Present
clinical classification of breast cancers is based mainly
on the expression of ER, PR, and HER-2. These are
categorized into four groups, ER+/PR+/HER-2-, ER
+/PR+/HER-2+, ER-/PR-/HER-2+, and ER-/PR-/
HER-2- [triple-negative breast cancer (TNBC)].
Molecular subtypes are luminal A, luminal B, HER-
2 enriched, triple-negative/basal-like, and normal-like.
ER and HER-2 also serve as prognostic markers and
direct therapeutic strategies [17,18]. Among these
intrinsic  subtypes, HER-2 overexpression and
TNBC are of particular interest due to the
aggressive clinical course they follow and the lack of
standard targeted hormone therapy [19].

The tyrosine kinase c-Met fosters a complex invasive
growth pathway promoting cell proliferation, survival,
invasion, and angiogenesis. In the last decade, a
significant number of research articles have described
c-Met overexpression and its suggested pathway and
role in the progression of breast cancer [6,20-29].
However, studies in Africa are still deficient.

In breast cancer, molecular studies highlighted the role
of c-Met deregulation on carcinogenesis and the
development of aggressive phenotypes, as suggested

of mammary-invasive
harboring Met
mutations [30]. Noteworthy, the discrepancies in the
methodology and scoring systems used for the c-Met
analysis hinder, to some extent, the comparative
analysis among them [6].

by the higher incidence

carcinomas in mouse models

c-Met shows mainly a membranous expression in the
resting epithelial cells. Following hepatocyte growth
factor stimulation the receptor is internalized with a
predominantly cytoplasmic/perinuclear expression.
Thus, c-Met overexpression is observed in the
cytoplasm as well as the membranes of cancer cells
and DCIS as in the majority of tumors derived from the

epithelium [31].

Previous study has observed the expression of c-Met in
both cancer and normal breast tissue. However, in the
majority of histological specimens, the expression of
the c-Met protein was more intense in cancer
compared with the surrounding physiological
mammary gland tissue [29].

According to one of some relevant studies, across all the
subtypes of breast cancers, c-Met is overexpressed in
14-53.6% of the cases [6]. Also in a previous one that
studied 924 invasive breast cancer cases and proved that

Met was expressed in 41.8% [32].
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Table 2 Correlation between mesenchymal-epithelial transition factor expression by Remmele score and prognostic variables

Prognostic variables

c-Met expression by Remmele score

Mean SD Median Minimum Maximum P value
Tumor type
IDC 6.93 4.29 8.00 0.00 12.00 <0.001*
ILC 12.00 0.00 12.00 12.00 12.00
Medullary 8.00 0.00 8.00 8.00 8.00
Mucinous 0.00 0.00 0.00 0.00 0.00
Operation
CBS 6.91 4.32 6.00 0.00 12.00 0.441
MRM 8.00 4.33 8.00 0.00 12.00
Tumor size
T1 6.40 5.19 4.00 0.00 12.00 0.525
T2 8.43 3.63 8.00 0.00 12.00
T3 8.09 4.32 8.00 0.00 12.00
N stage
NO 5.35 4.50 4.00 0.00 12.00 0.025*
N1 7.60 4.98 8.00 0.00 12.00
N2 9.43 2.41 8.00 6.00 12.00
N3 9.10 417 12.00 0.00 12.00
Grade
1] 8.39 4.01 8.00 0.00 12.00 0.065
1l 5.86 4.87 8.00 0.00 12.00
Multicentricity
Yes 10.60 1.96 12.00 8.00 12.00 <0.001*
No 6.40 4.51 6.00 0.00 12.00
Inflammatory cells
Yes 7.75 4.1 8.00 0.00 12.00 0.792
No 7.84 4.56 10.00 0.00 12.00
LVI
Yes 9.54 4.48 12.00 0.00 12.00 0.059
No 7.32 4.19 8.00 0.00 12.00
Desmoplasia
Yes 7.88 4.10 8.00 0.00 12.00 0.917
No 7.40 5.50 10.00 0.00 12.00
DCIS
Yes 6.33 4.20 6.00 0.00 12.00 0.001*
No 10.00 3.54 12.00 0.00 12.00
PR
+ve 717 3.47 8.00 0.00 12.00 0.164
-ve 8.19 4.77 12.00 0.00 12.00
HER-2
+ve 8.90 3.39 8.00 3.00 12.00 0.096
-ve 6.70 4.89 8.00 0.00 12.00

DCIS, ductal carcinoma in situ; HER-2, human epidermal growth factor receptor 2; Met, mesenchymal—epithelial transition factor; PR,
progesterone receptor. *Significant difference at P value less than 0.05 using Kruskal-Wallis test.

In the present study, we measured c-Met intensity,
percentage, and the Remmele score. On using the
Remmele score, we identified more significant
correlations between the cancer subtypes and among
the other prognostic indicators (grade, nodal
metastasis, and multicentricity).

In the current study, the immunoreactivity for c-Met
protein was evaluated in 60 patients, seven (13.3%)
cases of whom did not stain for c-Met protein. Our

results were different from those achieved by Lengyel
et al. [23], who used the same scoring system, Remmele
score, evaluating the c-Met expression in a group of 40
patients with breast cancer and axillary lymph node
involvement. They showed minimum
immunoreactivity for this protein in 69% of patients
and a maximum one in 31%. Another previous study
also evaluated the percentage of cells, as well as the
intensity of c-Met immunoreactivity; however, they
used a scale other than Remmele score. Their results
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Table 3 The correlation between percentage of mesenchymal-epithelial transition factor expression and the prognostic variables

Prognostic variables c-Met expression % P value
Mean SD Median Minimum Maximum

Tumor type
IDC 66.83 31.66 80.00 0.00 100.00 0.030*
ILC 85.83 5.15 90.00 80.00 90.00
Medullary 74.00 8.94 70.00 70.00 90.00
Mucinous 0.00 0.00 0.00 0.00 0.00

Operation
CBS 67.27 26.11 70.00 0.00 90.00 0.443
MRM 69.39 31.32 80.00 0.00 100.00

Tumor size
T 55.33 36.23 60.00 0.00 90.00 0.065
T2 71.74 24.24 80.00 0.00 100.00
T3 75.45 29.88 90.00 0.00 100.00

N stage
NO 55.00 32.20 60.00 0.00 90.00 0.008*
N1 62.00 34.93 80.00 0.00 80.00
N2 79.29 9.97 80.00 70.00 100.00
N3 7714 32.43 90.00 0.00 100.00

Grade
I 75.00 24.74 80.00 0.00 100.00 0.010*
1 49.29 38.52 70.00 0.00 90.00

Multicentricity
Yes 90.50 8.26 90.00 80.00 100.00 <0.001*
No 58.25 31.53 70.00 0.00 90.00

Inflammatory cells
Yes 69.64 33.83 80.00 0.00 100.00 0.374*
No 68.44 27.25 80.00 0.00 100.00

LVI
Yes 76.92 34.49 90.00 0.00 100.00 0.022*
No 66.81 28.98 80.00 0.00 100.00

Desmoplasia
Yes 71.40 27.70 80.00 0.00 100.00 0.386
No 57.00 40.29 80.00 0.00 90.00

DCIS
Yes 65.28 33.51 75.00 0.00 100.00 0.520
No 74.58 24.13 80.00 0.00 90.00

PR
+ve 69.57 22.05 70.00 0.00 100.00 0.225
-ve 68.65 34.65 80.00 0.00 100.00

HER-2
+ve 76.67 14.93 80.00 50.00 100.00 0.631
-ve 61.33 38.93 80.00 0.00 100.00

DCIS, ductal carcinoma in situ; HER-2, human epidermal growth factor receptor 2; Met, mesenchymal—epithelial transition factor; PR,
progesterone receptor. *Significant difference at P value less than 0.05 using Kruskal-Wallis test.

were contradictory to the present study as 25 and
75% of breast cancer tissues showed maximum and
weak immunoreactivity for c-Met protein, respectively

[33].

Other studies describing the pattern of c-Met
expression in breast cancer tissue, depended on the
percentage of cells with positive immunohistochemical
staining for c-Met, and multifaceted cutoff limits were

used [24]. Ocal et al’s [27] study used the image

analysis system (area percentage) to evaluate the
point of maximal c-Met expression.

We think the selected method of scoring and analysis
for c-Met in breast cancer tissue by assessing both the
percentage of stained cells and the intensity of
expression following the Remmele scoring system is
precise. It also provides more detailed information
about the pattern of immunoreactivity. However, it
limits the possibility of comparing our results with
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Met, mesenchymal—epithelial transition factor.

those yielded by other authors, as few evaluated both
the percentage of stained cells and the intensity of
expression.

The analysis of c-Met expression among different
clinical subtypes of breast cancer shows a significant
correlation between the levels of c-Met expression.
Mucinous Met
expression. There is a significant correlation between
c-Met expression and histological type of carcinoma.

carcinoma showed a negative

However, the correlation is nonsignificant among
breast cancer subtypes on considering the percentage
in isolation from the intensity. This explains the
contradictory results concerning c-Met expression in
the various studies, as the methodology in analyzing the
c-Met expression differs from one study to another

[22,30,33,34].

In our study, there is a significant correlation between
c-Met expression and histological type of carcinoma,
and lymph node status, which came with a previous
study that claimed that lymph node status is the best
prognostic indicator of breast cancer and reported
higher c-Met expression in metastatic lymph nodes

than the primary tumor [23].

In the examined ER-negative cases, 88.3% were c-Met
positive. However, on using Remmele score the
correlation with HER-2/neu is insignificant. On
analyzing the intensity of c-Met with HER-2/neu,
the correlation is borderline. Lindemann ef a/ [21]
also did not observe the correlation between c-Met and
HER-2/neu expression. Other researchers in their
meta-analysis reported that in HER-2/neu-positive
breast carcinomas, c-Met might not be associated
with prognosis [6].

A previous study declared that c-Met showed high
expression in ER-negative and ER-negative/ HER-2
negative cancer [24]. The c-Met overexpression was
reported to be observed in a wide range from 3.8% in a
cohort of 78 ER and HER-2-positive invasive breast
cancer to 70.4% in a study of 257 patients with invasive
breast cancer regardless of the hormone receptor status

or the HER-2 status [35,36].

The result of Xixi Z. e al. [20] confirmed that c-Met
overexpression was independent of the hormone
receptor status. However, another study established
that there was no significant difference of c-Met
expression between the TNBC and the non-TNBC
group, which indicated that c-Met could be a target for



breast cancer regardless of the hormone status [37].
Also, it was proved that c-Met might act at the early
stage of breast cancer, and its expression on
postoperative pathology to predict prognosis and
guide postoperative treatment [6].

Conclusion

There is a variable relationship between c-Met and
established prognostic factors, possibly reflecting the
complexity of HGF/c-Met signaling. Crucially, we
have shown an association between c-Met and ER-
negative breast cancer that is independent of other
prognostic factors and biomarkers associated with
this aggressive subtype of breast cancer. So, it can be
used as a prognostic marker for breast carcinoma.
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