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Prognostic Significance of Basal Markers in Triple-negative Breast Cancers
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Purpose: We have investigated the prognostic significance
of the expression of basal markers for triple-negative (estro-
gen receptor-negative, progesterone receptor-negative and
human epidermal growth factor receptor-2-negative) breast
cancers (TNBCs). Methods: An immunohistochemical study
was performed on tissue microarrays constructed with 643
invasive breast carcinoma samples. We subclassified the
TNBCs into basal phenotype (BP) and non-BP groups by
the use of four different criteria according to the immunprofiles
for cytokeratin5/6 (CK5/6), epidermal growth factor receptor
(EGFR), vimentin, c-Kit, p63 and P-cadherin. The criteria
consisted of criterion 1: CK5/6+ only, criterion 2: CK5/6+
and/or EGFR+, criterion 3: CK5/6+ and/or EGFR+ and/or
vimentin+ and criterion 4: one or more marker(s) positive
among the six basal markers. Each of these criteria, as well
as the status of each individual marker, was evaluated to
estimate prognosis for TNBC patients. Results: Of the breast
carcinomas, 165 cases (25.7%) were TNBCs. As compared
with the non-TNBCs, TNBCs were associated with a larger

tumor size (p=0.001), higher histological grade (p<0.001)
and shorter overall survival (OS) (p=0.002) and disease-free
survival (DFS) (p=0.05). Lymph node status, tumor size and
expression of EGFR or c-Kit were independent prognostic
factors for patients with TNBC. As compared with the non-
BP, BP as defined by criterion 2 was an independent poor
prognostic factor for OS and DFS among patients with a
lymph node metastasis (p=0.044 and p=0.01) and among
patients who received anthracycline-based adjuvant che-
motherapy (p=0.009 and p=0.01, respectively). Conclusion:
Patients with TNBCs showed a poorer prognosis as com-
pared to patients with non-TNBCs. Selected group of the
basal-like breast cancers (BLBCs) defined by the immuno-
histochemical profiles of basal markers showed survival
differences from non-BLBCs in subgroups of TNBCs with a
homogeneous clinical finding.
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INTRODUCTION

Breast cancer is the most common malignant tumor
found in women worldwide. (1) Among Korean women,
breast cancer continues to increase in incidence, and it
became the most common sporadic cancer identified in
2002, (2) although the age—standardized incidence rate
per 100,000 Korean women is lower than the world ave—
rage (26.2 vs 37.4).(1,8) Breast cancer is well known as

a heterogeneous disease, with variable morphological
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and clinical features. In recent years, breast cancer has
been classified into five subgroups according to gene
expression profiles: luminal A, luminal B, normal breast—
like, human epidermal growth factor receptor—2 (HER2)—
overexpressing and basal-like.(4,5) These subgroups
show significant differences in overall survival (OS); pa—
tients with basal—like and HERZ2—overexpressing cancers
have the shorter survival times compared with hormone
receptor positive cancers, Most basal—like breast cancers
(BLBCs) are estrogen receptor (ER)—negative, progester—
one receptor (PR)—negative, and HER2-negative (triple
negative) at both transcriptional and translational lev—
els.(6,7) Not only BLBCs but also normal breast—like
cancers represent a triple negative (TN) phenotype. (8)
Therefore, a triple negative breast cancer (TNBC) can be
further classified into two groups, BLBC and non—BLBC.
Many studies have defined a BLBC by immunohistochem—
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ical analysis because gene expression analysis at the
mRNA (transcriptional) level has limitations when applied
to formalin—fixed, paraffin—embedded tissue samples in
a routine clinical setting. Expression of basal cytokera—
tins (CK5/6, CK14 and CK17),(7,9-26) epidermal growth
factor receptor (EGFR),(6,7,19-24) c—kit,(23) p63, (13,19,
25) and P—cadherin (19,25) has been used to define a BLBC
in many studies. Recently, expression of vimentin, (7,21)
laminin, (21) fascin, (22) caveolin—1 (27) and aB—crystallin
(28) has emerged as promising markers for a BLBC. In
addition to the expression of these basal markers, some
investigators have required TN status, or ER—negative
and HER2-negative status for defining a BLBC, (21, 23—
26) whereas other investigators did not consider hormone
receptor and HER2 status. (9—18) The different definitions
have resulted in diverse breast cancers that have been
classified as BLLBCs with different prognostic significance.
Several studies have demonstrated that expression of
basal cytokeratins is a poor prognostic factor.(11,14,18)
However, when compared with ER—negative and non—
BLBCs (9,26) or with grade—matched non—BLBCs, (16) a
BLBC was not associated with a poorer prognosis.
TNBCs account for 11-32% of all invasive breast carci—
nomas. (29-34) Particular emphasis has been placed on
TNBCs as there are limited treatment options for the
cancers when compared with hormone receptor—positive
or HER2—positive breast cancers and as they are closely
related to a BLBC. There have been a few reports des—
cribing prognostic markers or therapeutic strategies for
TNBCs. (32-34) In this study, we have evaluated expres—
sion of basal markers (CK5/6, EGFR, vimentin, c—Kkit,
p63, and P—cadherin) in TNBCs by immunohistochem—
istry to investigate the prognostic significance of the
expression of basal markers and to know whether each
selected subgroup of breast cancers by basal phenotypes

(BPs) has clinical significance for TNBCs,

METHODS

1. Sample collection
For this study, we included 690 patients with primary

invasive breast carcinoma who were treated at Yeungnam

University Hospital between January 1987 and December
2003. We constructed tissue microarrays (TMAs) in our
laboratory using a dermal punch biopsy needle with a 2.0
mm diameter. Two cores were taken from each tumor.
Immunohistochemical screening for ER, PR, and HER2
was performed on the TMA slides. Finally, we could ana—
lyze 643 cases because of tissue loss during processing.
Among them, 165 (25.7%) cases were TNBCs. All patients
with a TNBC received axillary node dissection during
surgery, and 154 (93.3%) out of 165 patients with a TNBC
received adjuvant chemotherapy, including 95 patients
that received anthracycline—based chemotherapy (5—
fluorouracil and cyclophosphamide and either epirubicin
or adriamycin). The median follow—up period of the pa—
tients was 66 months (range, 6—-230 months), The patient
age at initial diagnosis, tumor size, histological grade, (35)
status of a lymph node metastasis, presence or absence
of vascular invasion, local recurrence and presence of a
distant metastasis were obtained from medical records
and pathology reports. This study was approved by the
Institutional Review Board of the Yeungnam University

Hospital.

2. Immunohistochemistry

Immunohistochemical staining for ER, PR, HER2, CK5/
6, EGFR, vimentin, c—kit, p63 and P—cadherin was per—
formed on TMA sections. Briefly, 4 yum—thick tissue sec—
tions were cut from the TMA blocks and were mounted
on poly—L-lysine—coated slides. Sections were depar—
affinized in xylene and were then hydrated in a graded
alcohol series. Heat—induced epitope retrieval was per—
formed in a microwave oven for 12 min or with an auto—
clave for 10 min in ethylene diamine tetraacetic acid buff—
er (pH 8.0) or sodium citrate buffer (pH 6.0). Endoge—
nous peroxidase activity was inactivated by incubation
of the sections in 4% H,O, for 5 min. After rinsing the
sections in phosphate—buffered saline, the tissue sections
were then incubated with primary antibodies (Table 1) for
60 min at room temperature, and then visualization of
positive staining was achieved with use of a DAKO En—
Vision Plus—HRP detection kit (DAKO, Carpinteria, USA)

according to the manufacturer's instructions.



Tumors were considered positive for expression of ER
and PR when nuclear reactivity was observed in =10%
of tumor cells at any intensity. Expression of HER2 was
judged based on a staining score range of 0—3 by use of
the Herceptest score and cases with a score of 3 were
considered as positive, (36) The staining results for ex—
pression of CK5/6, EGFR, vimentin, ¢—Kit, p63 and P-
cadherin were considered as positive when tumor cells
stained undoubtedly for each marker in >1% of the tumor
cells. Normal breast, colon, endometrium, liver, lung,
prostate, spleen and stomach tissues incorporated into
the tissue arrays were used as positive and negative
controls for the immunohistochemical stains. Pulmonary
carcinoma and gastrointestinal stromal tumor samples
were used as positive controls for EGFR and ¢—Kit im—

munostains, respectively.

3. Criteria for defining a BLBC and a non—BLBC in TNBCs

As there is no consensus for defining a BLBC, we ap—
plied four different criteria to classify TNBCs into BLBC
and non—BLBC subgroups. The criteria for a BLBC in—
clude the following: criterion 1, a TNBC with positive
expression of CK5/6: criterion 2, a TNBC with positive
expression of CK5/6 and/or EGFR; criterion 3, a TNBC
with positive expression of CK5/6 and/or EGFR and/or
vimentin; criterion 4, a TNBC with positive expression
of one or more marker(s) among CK5/6, EGFR, vimentin,
c¢—Kit, p63 and P—cadherin. These BLBCs and non—BLBCs
classified by each criterion were then compared in relation

to the patient survival.

Table 1. Antibodies used in this study
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4, Statistical analysis

Statistical analysis was performed using SPSS 13.0
statistical software. The chi—squared test was used to
evaluate correlations between TN status and the clini—
copathological parameters in whole breast cancers. The
mean age at diagnosis between TNBC and non—TNBC
patients was compared using the t test. Survival analyses
were conducted for OS and disease—free survival (DFS).
DFS was defined as time to any type of recurrence, dis—
tant metastasis, or death relating with breast cancer.
The survival difference between patients with a TNBC
and a non—TNBC was analyzed using the log—rank test
and survival curve was calculated using the Kaplan—
Meier method. The survival differences between patients
with a BLBC and a non—BLBC were calculated with the
Cox proportional hazards model. Multivariate analysis
with Cox proportional hazards regression was also used
to evaluate any independent effect of prognostic factors
on OS and DFS. A p—value of <0.05 was considered to

indicate statistical significance.

RESULTS

1. Comparison of clinicopathological features between
TNBCs and non—TNBCs
Table 2 shows the main features of the TNBCs as com—
pared with the non—TNBCs concerning different clinico—
pathological parameters and immunohistochemical results.
The TNBCs showed a larger tumor size, higher histological
grade and more frequent disease relapse (presence of local

recurrence or distant metastasis) than the non—TNBCs,

Antibody Clone Source Dilution Pretreatment

ER 1D5 Zymed 1:50 Autoclave (Citrate, pH 6.0)
PR PR-2C5 Zymed 1:60 Autoclave (EDTA, pH 8.0)
HER2 Zymed 1:100 Microwave (Citrate, pH 6.0)
CK5/6 D5/16B4 Zymed 1:100 Autoclave (EDTA, pH 8.0)
EGFR 31G7 Zymed 1:100 Pepsin

Vimentin V9 DakoCytomation 1:40 None

c-Kit DakoCytomation 1:50 Microwave (Citrate, pH 6.0)
p63 4A4 DakoCytomation 1:50 Autoclave (Citrate, pH 6.0)
P-cadherin 56C1 Novocastra 1:50 Autoclave (Citrate, pH 6.0)

ER=estrogen receptor; PR=progesterone receptor; HER2=human epidermal growth factor receptor-2; CK5/6=cytokeratin5/6; EGFR=epidermal

growth factor receptor.
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The frequencies of lymph node metastasis and vascular
invasion were lower in the TNBCs than in the non—TNBCs,
but the differences were not statistically significant. No
differences were found between patients with TNBCs and
non—TNBCs in relation to age and stage. Patients with a
TNBC had reduced OS (p=0.002, Figure 1) and DFS (p=0.05).
About 94% (30/32) of total deaths have occurred among
patients with a TNBC within the first 6 yr after the diag—
nosis, while 72% (28/39) of total deaths have occurred

among patients with a non—TNBC in the same period.

2. Immunohistochemical results

Basal markers that were rarely expressed in non—TNBCs
were frequently expressed in TNBCs (Figure 2). Positive
staining for CK5/6 in 38.2% (63/165) cases, EGFR in 21.2%

Table 2. Comparison of tumor characteristics between TNBCs
and non-TNBCs

TNBC (n=165) NOMTNEC )
n (%) =) value
n (%)
Age (mean, yr) 46.7 47.3 NS
LN status NS
Negative 90 (54.5) 224 (47.3)
Positive 75(455) 250 (52.7)
Tumor size 0.001
pT1 56 (33.9) 238 (51.1)
pT2 98 (59.4) 202 (43.3)
pT3 11(6.7) 26 (5.6)
Stage NS
| 39(23.6) 134 (29.1)
Il 90 (54.5) 216 (46.9)
Il 35(212)  111(24.1)
\% 1(100) 0(0)
Histological grade <0.0001
1 5(3.2) 94 (21.9)
2 21(13.5) 144 (33.6)
3 129 (83.2) 191 (44.5)
Vascular invasion 71(43.3) 239 (51.6) NS
Local recurrence/ 34 (20.6) 64 (13.4) 0.027
Distant metastasis
Expression of basal markers
CK5/6 63(38.2) 3(0.6) <0.0001
EGFR 35(21.2) 5(1.0) <0.0001
Vimentin 50 (30.3) 13(2.7) <0.0001
ckit 24 (14.6) 10 (2.1) <0.0001
p63 15(9.1) 9(1.9) <0.0001
p-cadherin 76 (46.1) 156 (32.6) 0.023

TNBC-=triple-negative breast cancer; LN=lymph node; CK5/6=cyto-
keratin5/6; EGFR=epidermal growth factor receptor; NS=not significant.

(35/165) cases, vimentin in 30.3% (50/165) cases, c—Kit
in 14.6% (24/164) cases, p63 in 9.1% (15/165) cases and
P—cadherin in 46.1% (76/165) cases for the TNBC samples
was determined. For the non—TNBC samples, positive
staining for CK5/6 in 0.6% (3/478) cases, EGFR in 1.0%
(5/478) cases, vimentin in 2.7% (13/478) cases, c—Kit in
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Figure 1. Kaplan-Meier survival curves of patients with TNBCs
(n=165) and non-TNBCs (n=478). Patients with a TNBC had
significantly reduced OS compared to those with a non-TNBC,
especially within the first 6 yr.

TNBC-=triple negative breast cancer; OS=overall survival.

Table 3. Univariate analysis of patient outcome according to
the clinicopathological parameters and basal marker expre-
ssion in the TNBC patients

Disease-free survival
HR (95% CI) p-value
4.7 (2.1-10.4) <0.001

Overall survival
HR (95% Cl) p-value
5.1(2.2-11.9) <0.001

LN metastasis

Tumor size <0.001 0.001
pT1vspT2 12(05-29) 1.2(0.5-2.6)
pT1vspT3 6.1(2.2-17.0) 5.6 (2.1-15.3)

Histological grade NS NS
1&2vs3 1.0(04-27) 0.7(0.3-1.7)

Vascular invasion 3.2 (1.5-6.7) 0.003
Expression of basal markers

27(1354) 0007

CK5/6 1.1(05-2.2) NS 1.2(0.6-2.3) NS
EGFR 22(1.1-47) 0026 35(1.86.9) <0.001
Vimentin 0.8(0.3-1.7) NS  09(04-19 NS
ckit 27(1.2-6.0) 0017 26(1.256) 0015
p63 1.1(0.3-3.6) NS 15(0.5-4.2) NS
p-cadherin 15(0.7-3.0) NS 1.4(0.7-2.7) NS

TNBC=triple-negative breast cancer; LN=lymph node; CK5/6=cyto-
keratin5/6; EGFR=epidermal growth factor receptor; HR=hazard ratio;
Cl=confidence interval; NS=not significant.



2.1% (10/474) cases, p63 in 1.9% (9/476) cases and P—
cadherin in 32.6% (156/478) cases was determined.

3. Prognostic value of the clinicopathological and immuno—

histochemical markers in the TNBCs

Based on univariate analysis, lymph node status, tumor
size, and vascular invasion were significantly associated
with OS and DFS in patients with TNBCs. Among the
six basal markers, expression of EGFR and c¢—Kit were
associated with shorter OS and DFS (Table 3). The use
of multivariate analysis including lymph node status,
tumor size, vascular invasion, and expression of EGFR
and ¢—Kit showed that lymph node status and tumor size
were independent prognostic factors for OS and DFS in
TNBCs. Expression of ¢c—Kit was associated with shorter
OS and expression of EGFR was associated with shorter

DFS on multivariate analysis in TNBCs (Table 4).

4, Prognostic significance of a BPs defined by the
immunoprofiles in the TNBCs
By criterion 1, 63 (38.2%) cases among 165 TNBCs were
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Table 4. Multivariate Cox regression analysis of factors asso-
ciated with overall survival and disease-free survival in the TNBC
patients

Overall survival Disease-free survival

HR (95% Cl) p-value HR (95% Cl) p-value

Whole TNBCs
LN metastasis 3.6(1.3-10.3) 0016 34(1.39.0) 0013
Tumor size 4.7(1.8-128) 0.002 6.6(2.4-18.4) <0.001
(T1&2vs T3)
Vascular invasion 1.5(0.6-3.7) NS 1.3(0.6-3.1) NS
EGFR 2.0(0.9-4.6) NS 36(16-82) 0.002
c-Kit 26(1.1-63) 0032 20(09-47) NS
LN-positive TNBCs
Tumor size 40(16-96) 0002 4.1(1.799) 0002
(T1&2vs T3)
BP (criterion2*)  2.3(1.0-5.0) 0.044 28(1.36.1) 0.01
Anthracycline chemotherapy
received TNBCs
LN metastasis ~ 10.4(1.4-78.7) 0.023 12.4(1.7-93.3) 0.014
Tumor size
(T1&2vsT3)  4.6(1.6-129) 0.004 35(1.39.8) 0.016
BP (criterion 2*)  3.8(1.4-10.1) 0.009 3.4(1.3-86) 0.01

TNBC-=triple-negative breast cancer; LN=lymph node; EGFR=epider-
mal growth factor receptor; BP=basal phenotype; HR=hazard ratio;
Cl=confidence interval; NS=not significant.

*TNBC expressing CK5/6 and/or EGFR.

Figure 2. Representative immunohistochemical results. Some tumors showed strong and diffuse, cytoplasmic or membranous staining
for (A) cytokeratins/6 and (B) EGFR. (C) Vimentin was expressed in both tumor cells and stroma cells in some cases. (D) c-Kit immuno-
reactivity was observed in tumor cell cytoplasm. (E) p63 immunostaining was observed in tumor cell nuclei in a minority of cases. (F) P-
cadherin immunoreactivity was characterized by strong membranous staining. Original magnification, X 200.

EGFR=epidermal growth factor receptor.
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Table 5. Univariate analysis of patient outcome according to the basal phenotypes in different patients’ groups

Overall survival

Disease-free survival

HR (95% ClI) p-value HR (95% ClI) p-value
BP by criterion 1*
Whole TNBCs (n=165) 1.1(05-2.2) NS 1.2(0.6-2.3) NS
LN negative group (n=90) 1.0(0.2-45) NS 0.8(0.2-3.1) NS
LN positive group (n=75) 15(0.7-3.5) NS 1.9(0.9-4.1) NS
Stage Il group (n=90) 1.7(0.5-5.2) NS 1.3(0.5-4.0) NS
Anthracycline chemotherapy group (n=95) 1.3(0.5-34) NS 1.3(0.5-3.1) NS
BP by criterion 2'
Whole TNBCs 15(0.8-3.2) NS 19(0.9-3.8) NS
LN negative group 2.3(0.4-11.9) NS 2.6(05-12.7) NS
LN positive group 2.0(0.9-4.4) NS 2.5(1.1-5.5) 0.019
Stage I group 2.0(0.6-6.7) NS 2.2(0.7-7.2) NS
Anthracycline chemotherapy group 2.8(1.1-7.6) 0.037 2.5(1.0-6.4) 0.047
BP by criterion 3°
Whole TNBCs 1.2(0.6-2.5) NS 1.8(0.8-3.7) NS
LN negative group 1.3(0.3-6.9) NS 3.6(0.4-29.4) NS
LN positive group 1.8(0.8-4.0) NS 2.2(1.0-5.0) NS
Stage Il group 1.8(0.5-6.6) NS 3.3(0.7-14.7) NS
Anthracycline chemotherapy group 2.4(0.9-6.8) NS 2.1(0.8-5.4) NS
BP by criterion 4°
Whole TNBCs 1.6(0.8-34) NS 2.3(1.1-5.2) NS
LN negative group 1.3(0.3-6.9) NS 3.6 (0.4-29.4) NS
LN positive group 2.4(1.0-5.6) NS 3.1(1.3-7.4) NS
Stage Il group 1.8(0.5-6.6) NS 3.3(0.7-14.7) NS
Anthracycline chemotherapy group 3.1(1.09.4) NS 2.6 (0.9-7.3) NS

BP=basal phenotype; TNBC=triple-negative breast cancer; LN=lymph node; HR=hazard ratio; Cl=confidence interval; NS=not significant.

*Criterion 1, TNBC expressing CK5/6; 'Criterion 2, TNBC expressing CK5/6 and/or EGFR; ‘Criterion 3, TNBC expressing CK5/6 and/or EGFR and/or
vimentin; *Criterion 4, TNBC expressing one or more markers among CK5/6, EGFR, vimentin, c-kit, p63 and P-cadherin.

classified as BLBCs. Alternatively, 80 (48.5%) cases by
criterion 2, 98 (59.4%) cases by criterion 3 and 131 (79.4%)
cases by criterion 4 could be defined as BLBCs, respec—
tively. We evaluated whether there is a prognostic differ—
ence between BP and non—BP groups in TNBC cases.
We performed the same statistical analysis for four dif—
ferent populations of BP and non—BP groups that were
generated by the four different criteria. The TNBCs were
grouped based on stage (stage II group), lymph node
status (lymph node negative and positive groups) and
treatment option (patients who received anthracycline—
based chemotherapy), and then further analyzed to de—
termine if the BP has prognostic significance for each
specified subgroup of TNBCs. We could not perform
survival analysis in patients who did not receive chemo—
therapy due to limited number of patients. In univariate
analyses, patients with a BP defined by any criterion

did not show any difference in OS and DFS from patients

with a non—BP in the entire population of TNBC pa—
tients. However patients with a BP defined by criterion
2 did show shorter DFS than patients with a non—BP in
lymph node positive group and shorter OS and DFS in
anthracycline chemotherapy group (Table 5). In multi—
variate analyses including tumor size, lymph node status,
and BPs, the BP defined by criterion 2 was an independ—
ent poor prognostic factor for OS and DFS among pa—
tients with a lymph node metastasis (p=0.044 and p=
0.01) and among patients who received anthracycline—
based adjuvant chemotherapy (p=0.009 and p=0.01, re—
spectively) (Table 4).

DISCUSSION

Molecular profiling of cancer using cDNA microarrays
has led to a dramatic impact on the understanding of

breast cancer. Among molecular subtypes defined by
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expression analysis, the BLBCs have recently received
significant attention. As most BLBCs are ER—negative
and HER2—negative, the term TNBC has previously been
substituted for BLBC.(29) Although there is overlap bet—
ween TNBCs and BLBCs, a TNBC is not synonymous
with a BLBC.(8)

In our study, TNBCs were observed in 25.7% of invasive
breast cancer cases. In another study performed in Korea,
the frequency of TNBCs was 30.5%.(23) These frequen—
cies were similar to those found in African—American
women (24.6-31.6%)(24,31) and were slightly higher than
the frequencies in Caucasian women (10.8-23%),(24, 30,
31,33) Japanese women (15%)(34) and Asian—Pacific Is—
landers living in the United States (11.7%).(31) This finding
raises the possibility of a similarity in the manifestation
of TNBC between Korean and African—American women,

TNBC had been found frequently in premenopausal
women (<50 yr) in Western countries. (24,30-32) In our
study, the mean ages at diagnosis were 46.7 yr and 47.3
yr for patients with TNBC and non—TNBC, respectively.
The median age at diagnosis of invasive breast carci—
noma is 46 yr in Korean women and age—specific inci—
dences show peaks for patients in their forties and sharply
decrease after that.(3) However, in Western countries,
age—specific incidence rates increase sharply with age up
to the time of menopause, and still increase at a slower
rate after that age.(37) This international variation in
age—specific incidence of breast cancer may explain why
no age difference is observed between patients with a
TNBC and non—TNBC in Korean women. There was also
no age difference according to the basal marker expres—
sion in patients with a TNBC.

There are conflicting results on the prevalence of lym—
ph node metastasis at the time of diagnosis in patients
with a TNBC., (30,32) Recent studies have found no asso—
ciation between triple negativity and lymph node meta—
stasis. (33,38) Our study showed lower frequencies of
vascular invasion and lymph node metastasis in patients
with a TNBC compared with patients with a non—TNBC.
We believe that our findings are well matched with pre—
vious reports (9,10,15,23) that have shown lower lymph
node positivity in BLBC as most BLBCs described in these
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studies were actually TNBCs.

From the point of view of a pathologist, the aggres—
siveness of TNBCs can be predicted by absence of hor—
mone receptors, a larger tumor size and a high histolo—
gical grade. Patients with a TNBC showed poorer sur—
vival than those with a non—TNBC, but the survival dif—
ference decreased over time. These results are similar
to those of the previous studies (30,32) and suggest that
patients with a TNBC have significantly shorter survival
following the first metastatic event and that long term
survivors with a TNBC may have comparable survival
to patients with a non—TNBC.

While a BLBC was initially characterized by gene ex—
pression profiling, most recently published studies have
used immunohistochemistry to define a BLBC in routine
clinical samples (formalin—fixed and paraffin—embedded
tissue). As there has been no international consensus on
the immunohistochemical characterization of a BLBC, a
wide variety of definitions have been used to classify
BLBCs. Expression of various combinations of markers
such as basal cytokeratins (CK5/6, CK14 and CK17), EGFR,
c—Kit, p63, and P—cadherin have been used to define a
BLBC.

Among these markers, the expression of at least one
of the basal cytokeratins (CK 5/6, Ck14 or CK17) was the
most commonly used definition of a BLBC. Therefore,
at first, we classified TNBCs into BLBCs and non—BLBCs
based only on basal cytokeratin expression (Criterion 1).
We used CK5/6 because it was the most sensitive basal
cytokeratin (15,23) and basal cytokeratins showed high
concordance rates for staining among them. (34) The im—
munohistochemical panel proposed by Nielsen et al.(®)
was ER—, HER2—, CK5/6 and/or EGFR+ and had a spe—
cificity of 100% and a sensitivity of 76% for detecting a
BLBC defined by gene expression analysis. We tried this
panel for identification of BLBCs (Criterion 2). Livasy et
al. (7) observed the immunophenotypic profile of 18 breast
carcinomas that had been defined as a BLBC by gene ex—
pression analysis. They reported that the most consistent
immunophenotype for BLBC is ER—, HER2— vimentin+,
EGFR+, CK8/18+ and CK5/6+. Criterion 3 in our study

was derived from their results. Criterion 4 reflects all
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basal markers that have been used to define BLBC in
other studies. We determined cutoff points for positive
expression of basal markers as at least =1% of tumor
cells positive as this is the level of positive staining that
has been used previously in many published reports. (6,
18,21-24,26)

Many investigators did not consider hormone receptor
status or HER2 status in selecting a BLBC or BP.(9-15,
17-19) The number of markers used can affect the fre—
quency of a BLBC and the particular markers used can
result in selection of a different group of breast cancers.
Therefore, BLBCs classified in many other studies are
likely to be heterogeneous groups of breast cancer rather
than a distinctive subgroup with a homogeneous immu-—
nophenotype. We considered TN status as a prerequisite
for defining a BLBC because gene expression analysis
and immunohistochemical profiles have shown that most
BLBCs were ER— negative and HER2— negative. (6,7)
Therefore, we compared BLBCs with non—BLBCs within
all of the TNBCs in relation to patients survival to ex—
clude influences of hormone receptor and HER2 on tumor
characteristics. In our results, patients with a BP defined
by criterion 2 had shorter OS and DFS than patients with
a non—BP among patients treated with anthracycline—
based adjuvant chemotherapy and patients with positive
lymph node(s). The poor prognosis of the selected group
with BP is conferred almost entirely by the subset of
tumors that are positive for EGFR as it was associated
with patients survival in the univariate analysis.

Recently, Rakha et al.(33) reported that BP is the only
independent prognostic marker in node—negative TNBC
group. This contrasts with our result because we have
found prognostic significance of BP in the node—positive
TNBCs. These contradictory results with regard to the
prognosis of BP may be caused by different immunohi—
stochemical definitions (CK5/6+ and/or CK14+ in Rakha's
study and CK5/6+ and/or EGFR+ in our study) and selec—
tion bias of the cases. In addition, both studies did not
show strong correlations between BP and prognosis (for
DFS, p=0.02 in Rakha's study and p=0.01 in our study).

BLBC and TNBC are known to respond better to che—
motherapy than non—BLBC and non—TNBC.(11,29) The
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influence of chemotherapy on the survival of patients
with a BLBC has been evaluated in several studies. Some
of the studies showed no survival difference between
BLBCs and non—BLBCs among patients received adjuvant
chemotherapy, (13,22) but other studies showed shorter
OS and DFS in BLBC patients as compared with non—
BLBC patients who received adjuvant chemotherapy. (14)
In our study, TNBCs expressing CK5/6 and/or EGFR
exhibited less benefit from anthracycline—based adjuvant
chemotherapy and this result is concordant with a recent
study. (39) As we defined BLBC with a more specific de—
finition and specified chemotherapy regimens, our results
suggest that selected group of BP may predict response
of anthracycline—based adjuvant chemotherapy in pa—
tients with a TNBC. Poor outcome in patients with a TNBC
expressing EGFR or ¢—Kit in our study suggests that
EGFR and c¢—Kit could be therapeutic targets for these
patients. However, further studies are needed to validate

our result because the statistical significance is marginal.

CONCLUSION

Our results revealed that patients with TNBCs have
poorer prognosis than patients with non—TNBCs and
there is a significant degree of heterogeneity in BLBC
as defined by immunohistochemical analysis of basal
markers. Selected group of BLBCs by immunohistochem—
ical profiles showed survival differences from non—
BLBCs in subgroups of TNBC with a homogeneous cli—
nical background. The use of basal markers in routine
clinical practice can identify a subgroup of TNBCs with
aggressive behavior and predict response of anthra—

cycline—based chemotherapy.
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