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Purpose: Human epidermal growth factor receptor 2 (HER2)-
positive luminal B type comprises estrogen receptor (ER)-positive
and HER2-positive cancers, and HER2-negative luminal B type
comprises ER-positive cancers showing a Ki-67 labeling index
>14% or progesterone receptor (PR) expression of <20% ac-
cording to the St. Gallen consensus 2013. The current study
aimed to classify intrinsic subtypes according to the St. Gallen
consensus 2013 and determine the differences in clinicopatho-
logical parameters and survival outcomes among the molecular
types, especially among the luminal types. Methods: Assessment
of molecular types was performed for 267 invasive ductal carci-
nomas. The differences in clinicopathological parameters, dis-
ease-free survival (DFS), and overall survival (OS) among the
molecular types were analyzed. Results: The luminal B type was
the most prevalent, at 44.9%, followed by the luminal A, triple-
negative (including basal-like type), and HER2 type, at 21.7%,
18.7%, and 14.6%, respectively. There were statistically signifi-
cant differences in size (p=0.003), nodal status (p=0.046), histo-
logic grade (p<0.001), p53 (p<0.001) and cyclooxygenase 2

(COX-2) positivity (p=0.002), recurrence (p=0.001) and death
rates (p=0.036), DFS (p=0.002), and OS (p=0.039) among the
molecular types. Significant differences in size (p=0.009), nodal
metastasis (p=0.019), histologic grade (p<0.001), p53 positivity
(p=0.001), and PR expression (p<0.001) were noted between
the luminal A and B types. Among the luminal B type cancers,
the distributions of ER and PR scores showed significant differ-
ences (p=0.003, p=0.003). p53 positivity in the luminal B type
cancers was related to shortened DFS (p=0.034). In luminal type
cancers, COX-2 positivity was related to longer DFS (p=0.026).
Conclusion: Different management guidelines should be consid-
ered for the luminal A and luminal B breast cancer types. Posi-
tive p53 expression in luminal B type cancers and negative COX-
2 expression in luminal type cancers seem to be related to poor
clinical outcome.

Key Words: Breast neoplasms, Ki-67 antigen, Molecular type, Progesterone
receptors

INTRODUCTION

The molecular classification of breast cancers into luminal A
type, luminal B type, human epidermal growth factor receptor 2
(HER2)-positive or negative, and basal-like or triple-negative
types is widely used. This conception of the molecular types of
breast cancers was first introduced in 2000 by Perou et al. [1].
These molecular types correlated with prognosis and response
to therapy, and thus had taken on clinical importance [2]. This
classification of breast cancers based on gene expression pat-
terns could be used as a prognostic marker for to overall sur-
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vival (OS) and disease-free survival (DFS) in patients who had
received uniform therapy [3].

In the St. Gallen consensus 2009 [4], the luminal A type was
considered as the largest group, showing positive estrogen re-
ceptor (ER) and negative HER2 expression and the luminal B
type comprised those cancers positive for both ER and HER2
expression [5-7]. ER and progesterone receptor (PR) statuses
are important predictors of the response to hormonal therapy.
The luminal A type is regarded as a low-risk group that shows
a good response to endocrine therapy compared to the lumi-
nal B type, which is generally of higher grade and has a higher
proliferative rate. Cancers that fail to express either ER or PR
have a less than 10% likelihood of responding to hormonal
therapy but are more likely to respond to chemotherapy [8,9].

Different treatment guidelines according to the Ki-67 index
for ER-positive breast cancers were suggested in the St. Gallen
consensus 2009 [4]. Cases with a high Ki-67 index (>30%)
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were managed with both chemotherapy and hormonal ther-
apy, and cases with a low Ki-67 index (< 10%), with hormonal
therapy alone; management of cases with an intermediate in-
dex (16%-30%) was not certain. New surrogate definitions
and different guidelines for the management for luminal A
and B types were suggested in the St. Gallen consensus 2011
[10]. The cutoff point between “high” and “low” values for Ki-
67 of 14% was the one best correlated with the gene expres-
sion definition of the luminal A type. A high Ki-67 labeling
index, > 14%, was used as the new surrogate definition for the
HER2-negative luminal B type. In the St. Gallen consensus
meeting 2013, another surrogate definition, decreased PR ex-
pression, was added for the HER2-negative luminal B type,
with a PR expression cutoft point of >20% corresponding to
the luminal A type (Table 1) [11].

In the St. Gallen consensus 2009, the importance of mark-
ers of proliferation was emphasized and it was suggested that
these markers be applied to help guide the choice of adjuvant
chemotherapy in the treatment of patients with hormone re-
ceptor-positive breast cancers [4]. After that, the importance
of the Ki-67 labeling index among patients with hormone re-
ceptor-positive breast cancers [12,13] and the prognostic im-
pact of the Ki-67 index according to its cutoff value [14,15]
were reported. However, there were many limitations associ-
ated with the Ki-67 labeling index, related to differences in
cutoff values and interpretation methods, interobserver vari-
ability, and heterogeneity of Ki-67 expression [16]. The vary-
ing results of immunohistochemical stains for Ki-67 may be
due to a lack of consensus concerning methodology [17].

In the current study, we aimed to classify intrinsic molecu-
lar types of breast cancers according to the St. Gallen consen-
sus 2013 [11] and determine the differences in clinicopatho-
logical parameters and survival outcomes among the molecu-
lar types. We applied the new criteria of the St. Gallen consen-
sus 2013 to reassess the molecular types and then compared
the differences in clinicopathological parameters such as age,
tumor size, lymph node metastasis, histologic grade, p53 and
cyclooxygenase 2 (COX-2) expression, recurrence and death
rates, DFS, and OS among the new molecular types, especially
between the luminal A and B types. In addition, we evaluated

Table 1. Surrogate definitions of the luminal type breast cancers

Hyo Jung Ahn, et al.

the differences in ER and PR expression between the luminal
A and B types and the differences in recurrence and death
rates, DFS, and OS according to p53 and COX-2 expression in
the luminal type cancers.

METHODS

A total of 267 cases of invasive ductal carcinoma, regardless
of histological type, were selected from the surgical pathology
files of Busan Paik Hospital, from the period of January 2010
to December 2011. Clinical and pathological data including
the expression of ER, PR, HER2, Ki-67, cytokeratin 5/6
(CK5/6), and epidermal growth factor receptor (EGFR) were
recorded.

Clinicopathological data comprised age at diagnosis, tumor
size (2.0 cm vs. >2.0 cm), lymph node metastasis (negative
vs. positive), and histologic grade (low; intermediate, or high,
according to modified Bloom-Richardson criteria).

Patients underwent surgical therapy with either breast con-
serving surgery or modified radical mastectomy, after which
they received adjuvant therapy according to the National
Comprehensive Cancer Network guidelines. We employed
several chemotherapy regimens, including epirubicin and cy-
clophosphamide (100 and 600 mg/m” every 21 days for four
cycles); fluorouracil, epirubicin, and cyclophosphamide (500,
100, and 500 mg/m” every 21 days for six cycles); and doxoru-
bicin and cyclophosphamide (60 and 600 mg/m? every 21
days for four cycles) followed by four cycles of paclitaxel (175
mg/m?) or docetaxel (75 mg/m?) according to molecular type
and axillary nodal status. Trastuzumab was administered to
patients with tumors larger than 1 cm or positive axillary
nodes who had HER?2 overexpression. Tamoxifen (20 mg/day
for 5 years) or aromatase inhibitors were given to patients
with positive hormone receptor status. Radiotherapy was given
to patients undergoing breast conserving surgery or those
with advanced disease stages.

The median follow-up period was 33 months (29 to 53
months). Thirty-one patients experienced the recurrence of
breast cancer, regardless of local or systemic involvement. As
of the last follow-up, a total of nine deaths were reported, in-

Surrogate definitions

Subtype
Before St. Gallen consensus 2011

St. Gallen consensus 2011

St. Gallen consensus 2013

Luminal A type
HER2-positive luminal B type
HER2-negative luminal B type

ER & PR (+) & HER2 ()
ER & PR (+) & HER2 (+)

ER & PR (+) & HER2 (-) & Ki-67 (<14%) ER & PR (+) & HER2 (-) & Ki-67 (< 14%)
ER & PR (+) & HER2 (+) & Any Ki-67
ER & PR (+) & HER2 (-) & Ki-67 (214%) ER (+) & HER2 () & Ki-67 (= 14%) or PR (<20%)

ER (+) & HER2 (+) & Any Ki-67 or Any PR

ER=estrogen receptor; PR = progesterone receptor; HER2 =human epidermal growth factor receptor 2; Ki-67 =Ki-67 protein.
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Differences of Clinical Outcomes in Luminal Type Cancers

cluding one breast cancer-associated death. Of the remaining
eight deaths, one was not related to breast cancer and the
causes of the others could not be identified.

Approval for the present study was obtained from the Insti-
tutional Review Board (IRB) of Busan Paik Hospital (IRB
number: 13-172).

Assessment of molecular types

Immunohistochemical stains were performed using the
VENTANA BenchMark ULTRA and ultraView Detection Kit
(Roche Diagnostics Corp., Tucson, USA). Paraffin-embedded
tissue sections were de-waxed in xylene and rehydrated in a
graded alcohol series. Antigen retrieval was carried out in
Tris-EDTA buffer (pH 8.0) except for the retrieval of EGFR,
which was conducted in protease 1, for 36 to 52 minutes. The
primary antibodies used were ER (1:90; Novocastra Laborato-
ries Ltd., Newcastle upon Tyne, UK,), PR (1:170; Novocastra
Laboratories Ltd.), HER2 (Ventana Medical Systems Inc.,
Tucson, USA), Ki-67 (1:280; Dako, Glostrup, Denmark),
CK5/6 (1:100; Dako), EGFR (1:90; Invitrogen, Camarillo,
USA), p53 (1:150; Dako), and COX-2 (1:160; NeoMarks,
Fremont, USA). Visualization using DAB (Dako) and a coun-
terstain with hematoxylin were conducted.

The expression of ER and PR was recorded as an immuno-
histochemical score of 0-8, similar to the Allred scoring sys-
tem [18] based on the sum of intensity scores (1, weak; 2,
moderate; 3, strong) and proportion scores (1, <1%; 2, 1%-
10%; 3, 11%-33%; 4, 34%-66%; 5, = 67%). Sixty-seven cases
showing a PR score of 4-6 were re-examined to apply the cut-
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off point of 20% for decreased PR expression. HER2 expres-
sion was graded on a scale of 0 to 3+ according to the American
Society of Clinical Oncology guidelines [19], and a score of 3+
was regarded as positive for HER2. A fluorescence in situ
hybridization result for HER2 gene amplification was also
included if performed. Expression of CK5/6 and EGFR was
interpreted as positive if more than 10% of the tumor cells
showed cytoplasmic or membranous expression.

The Ki-67 labeling index was determined as follows: We se-
lected any three foci in low-power fields, if the staining was
homogenous, or we identified a hot spot and then selected
three areas in a high-power field if the staining was heteroge-
neous. A three-step assessment was performed. The first step
involved a visual assessment to label a low index in an area
showing less than 10% expression and a high index in an area
showing more than 30% expression. The second step was
manual counting of “indeterminate cases” using only visual
assessment. At least 500 cells were counted. The last step was
to categorize each case as having a low or high labeling index
using a cutoff value of 14% (Figure 1), based on the suggestion
of the St. Gallen consensus meeting 2013 [11].

Molecular types of breast cancers were classified based on
ER and PR status; expression of HER2, CK5/6, and EGFR;
and the Ki-67 labeling index [11]. The criteria to determine
the luminal types are shown in Table 1. In this study, luminal
B type cancers were described as B1, B2, and B3 according to
the following criteria: luminal type B1 was HER2-positive,
with ER-positive and any PR status or Ki-67 labeling index,
and luminal types B2 and B3 were HER2-negative, with a

Figure 1. Immunohistochemical stains for Ki-67 in the breast cancers. Low labeling index (< 10%) (A), intermediate (10%-20%) (B), and high labeling
index (>20%) (C) based on Eye-10 method (x 100).
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high Ki-67 labeling index >14% and any PR status (B2) or
any Ki-67 labeling index and PR expression of <20% (B3), re-
spectively.

We also reviewed immunohistochemical stains for p53 and
COX-2. Expression of p53 in more than two-thirds of tumor
cells was regarded as p53 positivity (Figure 2A) [20], and dif-
fuse (>50%) and strong expression for COX-2 was regarded
as COX-2 positivity (Figure 2B) [21].

Statistical analysis

The differences in clinicopathological parameters and recur-
rence and death rates among the new molecular types and be-
tween luminal A and B types were analyzed using the chi-
square test or Fisher exact test (SAS 9.3; SAS Institute Inc.,
Cary, USA). In addition, differences in ER and PR expression
between the luminal A and B types were also analyzed using
the above-mentioned tests. For age, the Wilcoxon rank sum
test or Kruskal-Wallis test was used. The Kaplan-Meier method
and log-rank test were used to analyze OS and DFS. A p-value
less than 0.05 was considered to indicate statistical significance.

Hyo Jung Ahn, et al.

RESULTS

Distribution of molecular types

The proportions for each of the molecular types were 21.7%
for luminal A, 44.9% for luminal B, 14.6% for HER2, and
18.7% for triple-negative, based on the criteria according to
the St. Gallen consensus 2013 (Table 2).

The distributions of the luminal A and B types was changed
according to the criteria for surrogate definitions for molecu-

Table 2. Changes in distribution of the molecular types of breast cancers

Surrogate definitions based on St. Gallen consensus

Before 2011 St. Gallen 2011 St. Gallen 2013
No. (%) No. (%) No. (%)
Luminal A type 149 (55.8) 76 (28.5) 58 (21.7)
Luminal B type 29 (10.9) 102 (38.2) 120 (44.9)
HER2 type 39 (14.6) 39 (14.6) 39 (14.6)
Triple-negative type* 50 (18.7) 50 (18.7) 50 (18.7)

HER2 =human epidermal growth factor receptor 2.
“Including basal-like type.

Figure 2. Immunohistochemical stains for p53 and cycloxygenase 2 (COX-2) in the breast cancers. More than two-thirds of the tumor cells is regard-
ed as p53 positive (A, x40), and diffuse (>50%) and/or strong reaction is regarded as COX-2 positive (B, x 100).
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Differences of Clinical Outcomes in Luminal Type Cancers

lar types of breast cancers. When the criteria from before the
2011 St. Gallen consensus meeting were applied, the propor-
tion of the luminal A type cancers was 55.8%, but that figure
decreased to 21.7% based on the criteria according to the St.
Gallen consensus 2013. In contrast, the proportion of luminal
B type cancers showed an increase from 10.9% to 44.9% when
the criteria from the St. Gallen consensus 2013 rather than the
criteria from before 2011 were applied. There were 29 luminal
B type cancers (24.2%) of the HER2-positive type (B1) and 91
luminal B type cancers of the HER2-negative type. The HER2-
negative cancers included 73 cases (B2) showing ER-positive
status, any PR expression, HER2-negative status, and a high
Ki-67 labeling index (= 14%) and 18 cases (B3) showing ER-
positive status, HER2-negative status, any Ki-67 labeling in-
dex, and low PR expression (<20%). The HER2 type com-
prised 39 cases (14.6%), and the triple-negative type included
50 cases (18.7%) (Table 2).

Differences in clinicopathological parameters and clinical
outcomes according to molecular types

No significant differences in age were noted among the pa-
tients with the various molecular types. There was a statisti-
cally significant difference in tumor size (p=0.003), with tu-
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mors larger than 2.0 cm being more common in the triple-
negative type than in the other types. Lymph node metastasis
was commonly seen in the triple-negative type (48.0%), lumi-
nal B type (42.7%), HER2 type (33.3%), and luminal A type
(24.1%), in decreasing order, and the difference among these
was statistically significant (p=0.046). A high histologic grade
was more frequently noted in triple-negative and HER2 types
than in luminal types, with a statistically significant difference
(p<0.001). Positive p53 and COX-2 expression was noted in
66 cases (27.3%) and 172 cases (64.4%), respectively, and this
was significantly different (p < 0.001 and p=0.002, respectively)
among the molecular types.

Recurrence was observed in 31 of 261 cases (11.8%), and
death was noted in nine of 265 cases (3.4%). The recurrence
rate was the highest in the HER?2 type (25.6%), followed by
the triple-negative, luminal B, and luminal A types at 20.8%,
6.8%, and 5.3%, respectively. In contrast, the death rate was
the highest in the triple-negative type (10.2%), compared with
the rates of the HER2 (2.6%) and luminal A and B types (1.7%
and 1.7%, respectively). Among the molecular types, the recur-
rence rate (p=0.001), death rate (p=0.036), DES (p=0.002),
and OS (p=0.039) showed significant differences (Table 3,
Figure 3A, B).

Table 3. Differences of clinicopathological parameters according to the molecular types based on St. Gallen Consensus 2013

Total (n=267)  Luminal A (n=58) Luminal B (n=120) . HER2 (n=39) TN (n=50) s
No. (%) No. (%) No. (%) (e No. (%) No. (%) T
Age (yn* 56.30+10.61 56.15+10.75 56.39+10.63 0.984 54.23+10.13 57.94+10.96 0.511
Tumor size (cm) 0.009 0.003
<20 167 (62.5) 47 (81.0) 74 (61.7) 22 (56.4) 24 (48.0)
>2.0 100 (37.5) 11 (19.0) 46 (38.3) 17 (43.6) 26 (52.0)
LN 0.019 0.046
Negative 160 (61.5) 41(75.9 67 (57.3) 26 (66.7) 26 (52.0)
Positive 100 (38.5) 13 (24.1) 50 (42.7) 13(33.3) 24 (48.0)
Grade <0.001 <0.001
Low 50(18.7) 32 (55.2) 18 (15.0) 0 0
Intermediate 116 (43.4) 23 (39.6) 73 (60.8) 10 (25.6) 10 (20.0)
High 101 (37.8) 3(5.2) 29 (24.2) 29 (74.4) 40 (80.0)
p53 0.001 <0.001
Negative 194 (72.7) 58 (100.0) 101 (84.2) 17 (43.6) 25 (50.0)
Positive 66 (27.3) 0 19(15.8) 22 (56.4) 25 (50.0)
COX-2 0.288 0.002
Negative 95 (35.6) 13 (22.4) 36 (30.0) 16 (41.0) 30 (60.0)
Positive 172 (64.4) 45 (77.6) 84 (70.0) 23 (59.0) 20 (40.0)
Recurrence 0.689 0.001
No 230 (88.2) 54 (94.7) 109 (93.2) 29 (74.4) 38(79.2)
Yes 31(11.8) 3(6.3) 8(6.8) 10 (25.6) 10 (20.8)
Death 0.983 0.036
Alive 256 (96.6) 57 (98.3) 117 (98.3) 38(97.4) 44 (89.8)
Dead 9(3.4) 1(1.7) 2(1.7) 1(2.6) 5(10.2)

HER2 = human epidermal growth factor receptor 2; TN =triple-negative type; LN =lymph node; COX-2 = cycloxygenase 2.
*Between the luminal A type vs. luminal B type; TAmong the molecular types; *Mean +SD.
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Figure 3. Comparison of disease-free survival (DFS) and overall survival (OS) with respect to the molecular types of breast cancers. Statistically
significant differences among the molecular types of DFS (A) and OS (B) are seen, but no significant differences of DFS (C) and OS (D) between the
luminal A and B types.

Table 4. Distribution of estrogen receptor and progesterone receptor scores in the luminal type breast cancers based on St. Gallen Consensus 2013

Luminal A (n=58) Luminal B (n=120) . B1 (n=29) B2 (n=73) B3 (n=18) "
No. (%) No. (%) p-value No. (%) No. (%) No. (%) p-value
ER score 0.163 0.003
<3 7(5.8 3(10.3) 3(4.1) 1(5.5)
4-5 2(34) 9(7.5) 1(3.4) 5(6.8) 3(16.7)
6 8(13.8) 19 (15.8) 11(37.9) 8(11.0) 0
7-8 48 (82.8) 85 (70.8) 14 (48.3) 57 (78.1) 14 (77.8)
PR score <0.001 0.003
<3 0 27 (22.5) 8(27.6) 14(19.2) 5(27.8)
4-5 362 37(30.8) 12 (41.4) 15 (20.5) 10 (55.6)
6 11 (19.0) 16 (13.3) 3(10.3) 10 (13.7) 3(16.7)
7-8 44 (75.9) 40 (30.0) 6(20.7) 34 (46.6) 0

B1=HER2-positive luminal B type; B2 =HER2-negative luminal B type showing Ki-67 (>14%) and any PR; B3= HER2-negative luminal B type showing any Ki-67
and PR <20%; ER=estrogen receptor; PR = progesterone receptor.
*Between the luminal A and B type; "Among subgroups of the luminal B type.
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Differences of Clinical Outcomes in Luminal Type Cancers

Differences in clinicopathological parameters and clinical
outcomes between luminal A and B types

A high histologic grade was more common in the luminal
B type than in the luminal A type, and the difference was sta-
tistically significant (p <0.001). There were also statistically
significant differences in tumor size (p=0.009), nodal metas-
tasis (p=0.019), and p53 positivity (p=0.001), but no signifi-
cant differences in age, COX-2 positivity, recurrence and
death rates (Table 3), and DFS and OS between the luminal A
and B types (Figure 3C, D).

No significant differences in ER expression were noted be-
tween the luminal A and B types (p=0153). However, there was
a significant difference in PR expression (p <0.001); decreased
PR expression, with a score <3, was noted in 27 out of 120 lu-
minal B type cancers (22.5%). Within the luminal B type, the
distributions of ER and PR scores were significantly different
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among the B1, B2, and B3 subtypes (p=0.003 and p=0.003,
respectively). Cases showing a high ER score of >7 were less
common among the HER2-positive luminal B type (B1) than

Table 5. Comparison of recurrence and death rates according to p53
and cycloxygenase 2 expressions in 178 cases of the luminal type
breast cancers

No. No.
No.  ofrecurrence  p-value  ofdeath  p-value
(%) (%)
p53 0.072 0.545
Negative 156 8(5.2) 3(1.9
Positive 19 3(15.8) 0
COX-2 0.187 0.279
Negative 49 5(10.2) 0
Positive 125 6 (3.5) 3(1.7)

COX-2=cycloxygenase 2.
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Figure 4. Comparison of disease-free survivals (DFS) and overall survivals (OS) according to p53 expression in the luminal type cancers, and in the Iu-
minal B type cancers. Shortened DFS is noted in p53 positive luminal type cancers (p=0.084) (A), and in p53 positive luminal B type cancers
(p=0.034) (C), but there were no significant differences of OS in the luminal type cancers (B) and the luminal type B cancers (D).
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among the HER2-negative luminal B type (B2 and B3) (Table 4).

Positive p53 expression was noted in the luminal B type
(10.7%), but not in the luminal A type. The recurrence rate in
p53-positive luminal type cancers was 15.8%, compared with
5.2% in p53-negative luminal type cancers (p=0.072). The
death rates also showed no significant differences according to
P53 expression in the luminal type cancers (p = 0.545) (Table 5).
p53-positive luminal type cancers showed relatively shortened
DES, compared with p53-negative luminal type cancers, al-
though the difference was not significant (p=0.084); likewise,
no significant differences were found in OS according to p53
expression (Figure 4A, B). p53-positive luminal B type can-
cers showed significantly shortened DFS (p=0.034), but no
significant differences in OS (p=0.565) (Figure 4C, D).

COX-2 positive luminal type cancers demonstrated a rela-
tively lower recurrence rate of 3.5%, compared with 10.2% in
the COX-2 negative luminal type cancers, but there were no
significant differences in recurrence and death rates according
to COX-2 expression (p=0.187 and p=0.279, respectively)
(Table 5). COX-2 negative luminal type cancers displayed
significantly shortened DFS compared with COX-2 positive
luminal type cancers (p=0.026), but there was no difference
in OS according to COX-2 expression (p=0.643) (Supple-
mentary Figure 1A, B, available online). In luminal A and luminal
B type cancers, there were no significant differences in DFS
(p=0.370 and p=0.383) and OS (p=0.643 and p=0.367)
according to COX-2 expression (Supplementary Figure 1C-
1E, available online).

DISCUSSION

In our study, the proportions of each of the molecular types
were 21.7% for the luminal A type, 44.9% for the luminal B
type, 14.6% for the HER2 type, and 18.7% for the triple-nega-
tive type based on the criteria according to the St. Gallen con-
sensus 2013. The luminal A type was the most common sub-
type according to the criteria used before the St. Gallen con-
sensus 2011 (55.8%), but the luminal B type was the most
common based on the application of the criteria of the St.
Gallen consensus 2013 (44.9%). The proportion of the lumi-
nal A type decreased from 55.8% to 21.7%, while, in contrast,
that of the luminal B type increased from 10.9% to 44.9%
based on the changes in the St. Gallen consensus criteria from
before 2011 to 2013.

The distribution of molecular types, especially the luminal
type cancers, changed after the application of a cutoft value for
a high Ki-67 labeling index of >14% and low PR expression
of <20% for HER2-negative luminal type cancers. Braun et al.
[5] used a combination of a cutoff value of 20% for the Ki-67
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labeling index and 10% for PR expression for the luminal B
type cancers, but the distribution of the molecular types was
similar to that in this study; luminal B type was the most com-
mon at 50.6%, and the proportions of the others were 33.2%
for the luminal A type, 8.8% for the HER2 type, and 7.4% for
the triple-negative type.

The main reason for attempting a distinction between tu-
mors of the luminal A type (more endocrine-sensitive, indo-
lent, better prognosis) and the luminal B type (less endocrine-
sensitive, more aggressive, worse prognosis) was recognized
to be the differing implications regarding the utility or futility
of adjuvant cytotoxic therapy between these groups [11].

Recently, modified definitions for the HER2-negative lumi-
nal B type were reported [22], and luminal type cancers show-
ing both a Ki-67 labeling index of 14%-19% and PR expres-
sion of <20% or showing a Ki-67 labeling index of >20%
were regarded as being of the luminal B type. Braun et al. [5]
reported slightly different cutoff values for the Ki-67 labeling
index and PR expression for HER2-negative luminal breast
cancers. They classified the luminal type cancers into low- and
high-risk types (luminal A type/luminal B type), based on a
combination of a cutoff value of 20% for the Ki-67 labeling in-
dex and a value of 10% for PR expression, due to the intratu-
moral variability in Ki-67 immunohistochemical stains.

The Ki-67 labeling index is important in the definition of
luminal A and B types, and it is a useful marker to predict
prognosis and relative responsiveness or resistance to chemo-
therapy or endocrine therapy. It is also used to estimate resid-
ual risk in patients on standard therapy before, during, and af-
ter neoadjuvant therapy [8]. A quantitative Ki-67 visual im-
munohistochemical score was first applied for the classifica-
tion of luminal B type breast cancers in 2009 [23]. The optimal
threshold of Ki-67 immunohistochemistry, 14%, was deter-
mined against an important distinction in the underlying bi-
ology of breast cancers. Researchers defined the luminal A
subtype as ER- and/or PR-positive, HER2-negative, and a low
Ki-67 labeling index (< 14%), and the luminal B type as ER-
and/or PR-positive, HER2-negative, and a high Ki-67 labeling
index (>14%).

An international panel of investigators devised comprehen-
sive recommendations regarding preanalytical and analytical
assessment as well as interpretation and scoring of Ki-67, with
the goal of achieving a harmonized methodology, through
between-laboratory and between-study comparisons [16].
However, there were many limitations associated with the Ki-
67 labeling index, related to the differences in cutoff values,
heterogeneity of Ki-67 expression, interpretation methods, tu-
mor region selection, counting method, subjective assessment
of staining positivity, and interobserver variability [16,17]. The
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Eye-10 method using visual assessment of the percentage of
Ki-67 positive cells in 10% intervals at a glance in micrographs
taken at 100x and 200x fields including the hot spots was
suggested by Hida et al. [24]. This method can exclude obvious
high and low Ki-67 cases, leaving a “gray zone” around the
cutoff point. In daily practice, combining the Eye-10 method
and manual counting is a relatively simple and accurate way
to assess the Ki-67 labeling index because it is not easy for a
pathologist to count 1,000 cells to evaluate the Ki-67 labeling
index in every single case.

In our study, we used a combination of the Eye-10 method
and manual counting for the gray zone (10%-20%) to assess the
Ki-67 labeling index, and a cutoff value of 14% for the Ki-67 la-
beling index and a cutoff value of 20% for decreased PR expres-
sion were applied for HER2-negative luminal B type cancers.

Quantitative PR gene and protein expression were found to
be significantly higher in the luminal A type, and the presence
of more than 20% PR-positive tumor cells had a statistically
significant value for predicting survival differences in the lu-
minal A type, independently of endocrine therapy adminis-
tration [25]. In the St. Gallen consensus meeting 2013 [11],
another surrogate definition, PR expression of <20%, was
added for the HER2-negative luminal B type.

Patients with ER+/PR+ tumors experienced much more
benefit from adjuvant tamoxifen therapy than those with
ER+/PR- tumors [26]. Through a quantitative analysis of ER,
PR, and HER2 in 1,595 tumors, Konecny et al. [27] reported
that relatively low levels of HER2 were associated with a
marked decrease of PR, but not of ER expression, thus causing
tumors to be ER+/PR-, and amplification of HER2 genes ulti-
mately led to the loss of ER expression and resulted in ER-/
PR- breast cancers. Furthermore, three times as many ER+/
PR- tumors as ER+/PR+ tumors expressed HER-1 and more
than 50% showed HER2 overexpression, and loss of PR ex-
pression in ER-positive cancer might be a surrogate marker
for increasing growth factor receptor tyrosine kinase activity,
which results in lower PR expression and tamoxifen resistance
[7]. Kim et al. [28] reported that the loss of PR expression was
correlated with high HER2 expression and that loss of PTEN
was associated with specific loss of PR expression but not with
changes in ER levels; they suggested that ER+/PR- breast
cancers should be treated with a combination of endocrine
therapy and growth factor signaling inhibitors.

In this study, there was no significant difference in ER ex-
pression but there was a significant difference in PR expres-
sion between luminal A and B types. None of the luminal A
type cancers showed decreased ER or PR expression (score
<3), but the luminal B type cancers revealed decreased ER
and PR expression (score <3) in 7 cases (4.4%) and 27 cases
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(20.9%), respectively. Among 120 luminal B type cancers,
there were significant differences in ER and PR expression.
These findings might be related to the complicated criteria for
the luminal B type, consisting of HER? status, Ki-67 labeling
index, and decreased PR expression. Tumors showing high
ER scores (= 7) related to good response to hormone therapy
were less common among the HER2-positive luminal B type,
compared with the HER2-negative luminal B type. Therefore
different guidelines for management should be considered for
the lJuminal A and B types, especially according to the sub-
group of the luminal B type.

There were statistically significant differences in tumor size,
nodal status, histologic grade, p53 and COX-2 expression, re-
currence and death rates, DFS, and OS among the molecular
types according to the St. Gallen consensus 2013. Braun et al.
[5] also reported similar differences in tumor size and histo-
logic grade among the molecular types.

Compared with the luminal A type, the luminal B type
showed larger tumor size, more frequent nodal metastasis,
high histologic grade, and a higher p53 positivity rate, which
suggests that luminal B type cancers might be more aggressive
biologically. However, no significant differences in recurrence
and death rates, DFS, and OS were observed between the lu-
minal A and B types, which is probably related to the relatively
short follow-up period and the small number of cases enrolled
in the current study.

In this study, p53 positivity was defined as nuclear expres-
sion in more than two-thirds of the tumor cells, similar to the
report of Yemelyanova et al. [20]. They suggested that two im-
munohistochemical staining patterns, strong and diffuse ex-
pression, expression in more than 60% of the tumor cells, and
a complete lack of expression were correlated with the pres-
ence of a TP53 mutation in ovarian carcinomas. Coates et al.
[29] reported the interaction between p53 expression and ER
status in node-negative breast cancer, and p53 expression was
associated with a worse prognosis in the ER-positive luminal
types. In the current study, positive p53 expression was noted
in the luminal B type (15.8%) but not in the luminal A type,
and p53-positive luminal type cancers showed a higher recur-
rence rate (p=0.072) and shortened DFS (p=0.084) com-
pared with p53-negative luminal type cancers, with borderline
statistical significance. p53-positive luminal B type cancers
showed significantly shortened DFS (p=0.034). These results
suggest that p53 expression would be a helpful marker to dis-
criminate between the luminal A and B types and that p53-
positive luminal B type cancers are related to worse clinical
outcomes.

COX-2 is involved in the conversion of arachidonic acid to
prostaglandins, which stimulate aromatase and increase the
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production of estrogen. High COX-2 expression, in more
than 50% of the tumor cells, was common in hormone recep-
tor-positive types, but was not found to be associated with
breast cancer-specific survival or distant DFS [21]. In the cur-
rent study, a cutoff value for positive COX-2 expression of
>50% of tumor cells with strong intensity was applied. No
significant differences in COX-2 positivity between the lumi-
nal A and B types, and no significant differences in recurrence
and death rates or OS among the luminal type cancers were
noted, similar to the results of Dhakal et al. [21]. However,
COX-2-positive luminal type cancers showed significantly
longer DFS than COX-2-negative luminal type cancers.
Among the luminal A and luminal B type cancers, there were
no significant differences in DFS and OS according to COX-2
expression. These findings suggest that COX-2 positivity in
luminal type cancers might be an ancillary factor for predict-
ing good clinical outcome.

In conclusion, our study found statistically significant dif-
ferences in tumor size, nodal metastasis, histologic grade, p53
and COX-2 expression rates, recurrence and death rates, DES,
and OS among the molecular types of breast cancers reclassi-
fied according to the St. Gallen consensus 2013. The luminal
B type might be more aggressive than the luminal A type,
even though there were no significant differences in DFS or
OS. Positive p53 expression in luminal B type cancers and
negative COX-2 expression in luminal type cancers might be
an adjunct tool for the estimation of poor clinical outcome as
these findings were related to shorter DFS. However, there
were some limitations in this study related to a relatively short
follow-up period and a small study population. Therefore,
further research regarding the treatment will be needed in a
large series with sufficient follow-up data.
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