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Abstract: Breast cancer is a heterogeneous disease with molecular subtypes that have biological distinctness and
different behavior. The objective of this study is to evaluate the value of molecular subtypes in breast cancer man-
agement according to a retrospective analysis of breast carcinoma molecular subtypes, histopathological grade,
and TNM stage. A retrospective study of 475 paraffin-embedded tissues of breast cancer samples from the First Af-
filiated Hospital of Guangxi Medical University was performed. Expression of ER, PR, Her-2 and Ki-67 was analyzed
to classify molecular subtypes of breast cancer by immunohistochemistry. The differences of molecular subtypes of
breast cancers in regard to TNM staging and pathological grade were analyzed using x?tests. Values of P<0.05 were
considered statistically significant. The frequency of luminal A, luminal B, HER2-positive luminal B, triple negative
and non-luminal HER2-positive subtypes were: 35.5%, 22.5%, 13.1%, 15.2% and 13.7%, respectively. Among the
five subtypes of breast cancer, the distribution of pathological grades showed a significant difference (P<0.001).
There were significant differences in the distribution of TNM staging among the five subtypes of breast cancer
(P<0.001). In addition to traditional prognostic indicators such as TNM staging and pathological grade, molecular
subtype may aid clinical practice and research into breast cancer. Different molecular subtypes will lead to different
prognosis and therapeutic option. Molecular subtyping is essential for breast cancer management.

Keywords: Clinicopathological classification, histopathological grade, tumor-nodal-metastatic staging, breast

cancer

Introduction

Breast carcinoma is a heterogeneous disease,
including five clinicopathological subtypes with
different biological behavior, clinical risk factor,
natural histories, response to individualized
therapy and prognosis [1]. Breast cancer is
classified into 5 subtypes using the expression
of four markers (estrogen receptor (ER), proges-
terone receptor (PR), human epidermal growth
factor receptor-2 (HER2 and Ki-67): luminal A
(ER-and/or PR-positive/HER2-negative /low Ki-
67), luminal B (ER- and/or PR-positive/HER2-
negative/high Ki-67), HER2-positive luminal B
(ER- and/or PR-positive/HER2 overexpression/
any Ki-67), non-luminal HER2-positive (ER and
PR absent/HER2 overexpression), and triple
negative (ER and PR absent/HER2-negative)
[1]. TNM staging and pathological grade are tra-
ditional prognostic indicators and basis of indi-
vidualized treatment. The discovery of several

clinicopathological subtypes of breast carcino-
ma has led to a better understanding of molec-
ular biology and has produced an effect on the
risk assessment of recurrence and clinical
treatment of breast cancer. The significance of
this study is to uncover the associations be-
tween breast cancer molecular subtypes and
traditional prognostic indicators (TNM staging
and pathological grade).

Materials and methods
Patients

523 patients were diagnosed with breast can-
cer between January 2013 and May 2014 at
the First Affiliated Hospital of Guangxi Medical
University. All patients underwent surgical
resection or ultrasound-guided core needle
biopsy and the final diagnosis was obtained
from the analysis of clinicopathological find-
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Table 1. Distribution of histopathological grade and TNM stage among the various breast cancer

subtype
Total cases Luminal A Luminal B IuHr:iiilJrB Trlplﬁvr;ega— nog—ét;gral P vaules
N (%) N (%) N (%) N (%) N (%) N (%) N (%)
Total (n (%)) 475 (100) 169 (35.6) 107 (22.5) 62(13.1) 2 (15.2) 65 (13.7)
Histologic grade
I 166 (34.9) 122 (72.7) 25(23.4) 13 (21.0) 4 (5.6) 2(3.1) <0.001
Il 188 (39.6) 47 (27.8) 62 (57.9) 34 (54.8) 18 (25.0) 27 (41.5)
I 121 (25.5) 0 (0) 20 (18.7) 15 (24.2) 50 (69.4) 36 (55.4)
Tumor stage
0 61(12.8) 30(17.8) 6 (5.6%) 11 (17.7%) 2 (2.8%) 12 (18.5%) <0.001
IA 109 (22.9) 48 (28.4%) 21(19.6%) 12(19.4%) 16 (22.2%) 12 (18.5%)
I B 77 (16.2) 30(17.8%) 20(18.7%) 8(12.9%) 12 (16.7%) 7 (10.8%)
A 120 (25.3) 33 (19.5%) 31(29.0%) 16 (25.8%) 27 (37.5%) 13 (20.0%)
B 52(10.9) 10(5.9%) 19 (17.8%) 9 (14.5%) 7 (9.7%) 7 (10.8%)
A 24 (5.1) 7 (4.1%) 5 (4.7%) 3 (4.8%) 4 (5.6%) 5(7.7%)
1B 17 (3.6) 6 (3.6%) 2 (1.9%) 2 (3.2%) 2 (2.8%) 5 (7.7%)
Inc 12 (2.5) 3 (1.8%) 2 (1.9%) 1(1.6%) 2 (2.8%) 4 (6.2%)
v 3(0.6) 2 (1.2%) 1 (0.9%) 0 (0) 0 (0) 0 (0)

ings. Patients who did not undergo breast sur-
gery for metastatic disease (n=6) or who under-
went surgery at another hospital (n=22) were
excluded from the analysis. 20 patients with
HER2 (2+) were excluded for rejecting the FISH
test. The remaining 475 patients, including 5
patients with bilateral tumor, constituted the
study. Before inclusion, all patients signed
informed consent .The samples were otherwise
anonymous and without any identifying person-
al information. Our study was approved by the
Ethics Committee of the First Affiliated Hospital
of Guangxi Medical University.

Cancer staging

All patients were evaluated by complete physi-
cal examinations, chest X-ray, bilateral mam-
mography, and ultrasonography of the breasts,
axilla, cervical region, and abdomen before sur-
gical resection, core needle biopsy, and neoad-
juvant therapy. TNM stage was assessed
according to the 7th edition of the American
Joint Committee on Cancer (AJCC) staging
manual.

Pathology analysis
475 embedded paraffin blocks of breast carci-

noma taken from the First Affiliated Hospital
of Guangxi Medical University. Samples were
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stained histologically to determine histological
grade, which was classified into low, moderate
and poor grade according to criteria modified
by Elston and Ellis [2]. The status of ER, PR and
HER2 were detected by methods of immunohis-
tochemical (IHC). ER/PR expression is defined
positive if it is stained in >1% of nuclei of the
total tumor cells [3]. As to HER2: + negative, ++
uncertain, and +++ positive. Cancers with
Her-2 scored 2+ should be additionally evalu-
ated by fluorescent in situ hybridization (FISH).
In this study, breast cancer is classified into
five groups as follows: luminal A (ER-and/or
PR-positive/HER2-negative /low Ki-67), luminal
B (ER- and/or PR-positive/HER2-negative/high
Ki-67), HER2-positive luminal B (ER- and/or
PR-positive/HER2 overexpression/any Ki-67),
non-luminal HER2-positive (ER and PR absent/
HER2 overexpression), and triple negative (ER
and PR absent/HER2-negative) (Goldhirsch et
al.,, 2011).

Statistical analysis

The differences of molecular subtypes of breast
cancers in regard to TNM staging and patho-
logical grade were analyzed using x? tests.
Values of P<0.05 were considered statistically
significant. The SPSS 17.0 software package
(SPSS, Chicago, IL, USA) was used for statisti-
cal analysis.
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Table 2. Difference of histopathological grade accord-
ing to breast cancer subtype

Landmark of subtype Compared subtype x?values P values

<0.001
<0.001
<0.001
<0.001

<0.001
0.690

<0.001

<0.001

<0.001
0.690
<0.001
<0.001

<0.001

<0.001

<0.001
0.111

<0.001
<0.001
<0.001

25 (23.4%) of Grade |, 62 (57.9%) of Grade
Il, and 20 (18.7%) of Grade lll. Among 62
HER2-positive Iluminal B tumors, 13
(21.0%) were of Grade |, 34 (54.8%) of
Grade Il, and 15 (24.2%) of Grade lll. The
histological grade in 72 patients with the
triple negative subtype was Grade | in 4
patients (5.6%), Grade Il in 18 (25.0%),
and Grade Il in 50 (69.4%). The 65 non-
luminal HER2-positive tumors included 2
(3.1%) of Grade |, 27 (41.5%) of Grade Il,
and 36 (55.4%) of Grade Ill. The propor-
tion of tumors histopathologically classi-
fied as Grade | in the patients with luminal
A tumors was the highest compared with
the other subtypes. Among all subtypes,
the proportion of tumors histopathologi-
cally classified as Grade lll in the patients
with triple negative subtype was the high-
est (Table 1).

Among the five subtypes of breast cancer,
the distribution of pathological grades
showed a significant difference (P<0.001)
(Table 1). The distribution of pathological
grades in patients with the luminal A
tumor exhibited statistically significant
differences from the other subtypes: lumi-
nal B (P<0.001), HER2-positive luminal B
(P<0.001), triple negative (P<0.001) and

Luminal A
Luminal B 75.977
HER2+ luminal B 70.700
Triple negative ~ 160.387
Non-luminal HER2+ 138.712
Luminal B
Luminal A 75.977
HER2+ luminal B 0.741
Triple negative 47.226
Non-luminal HER2+ 29.427
HER2+ luminal B
Luminal A 70.700
Luminal B 0.741
Triple negative 27.943
Non-luminal HER2+ 17.456
Triple negative
Luminal A 160.387
Luminal B 47.226
HER2+ luminal B 27.943
Non-luminal HER2+ 4.400
Non-luminal HER2+
Luminal A 138.712
Luminal B 29.427
HER2+ luminal B 17.456
Triple negative 4.400

non-luminal HER2-positive (P<0.001).

Results
Clinicopathologic subtypes

In the study, luminal A tumors showed the high-
est percentage (35.6%, 169 of 475), followed
by luminal B (22.5%, 107 of 475), HER2-positive
luminal B (13.1%, 62 of 475), triple negative
(15.2%, 72 of 475), and non-luminal HER2-
positive (13.7%, 65 of 475) tumors (Table 1).

Pathological grade and clinicopathologic
subtypes

Based on histological grade in breast cancer,
Grade Il is the most common grade (39.6%,
188/475), in comparison with Grade | (34.9%,
166/475) and Grade Il (25.5%, 121/475). In
term of pathological grading, the 169 luminal A
subtype tumors were of Grade | in 122 (72.2%),
Grade Il in 47 (27.8%), and Grade lll in 0. The
107 luminal B subtype diseases consisted of
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The distribution of pathological grades in
patients with the luminal B tumor showed
statistically significant differences from that in
patients with the triple-negative or non-luminal
HER2-positive subtype (P<0.001), whereas th-
ere was not a statistically significant difference
between that in patients with luminal B and
HER2-positive luminal B subtype (P=0.690).
The distribution of pathological grades in
patients with the HER2-positive luminal B
tumor was also significantly different from th-
at in patients with the triple-negative or non-
luminal HER2-positive subtype (P<0.001). Th-
ere was not a statistically significant differen-
ce between the distribution of pathological
grades in patients with the triple-negative and
non-luminal HER2-positive subtype (P=0.111)
(Table 2).

TNM stage and clinicopathologic subtypes
The majority of the patients was Stage Il A

(25.3%, 120 of 475), followed by Stage | A
(22.9%, 109 of 475), Stage | B (16.2%, 77 of
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Table 3. Difference of TNM stage according to breast

cancer subtype

Landmark of subtype Compared subtype

x? values P values

Luminal A
Luminal B
HER2+ luminal B
Triple negative
Non-luminal HER2+
Luminal B
Luminal A
HER2+ luminal B
Triple negative
Non-luminal HER2+
HER2+ luminal B
Luminal A
Luminal B
Triple negative
Non-luminal HER2+
Triple negative
Luminal A
Luminal B
HER2+ luminal B
Non-luminal HER2+
Non-luminal HER2+
Luminal A
Luminal B
HER2+ luminal B
Triple negative

21.442 0.006
7439  0.468
19.418 0.007
11.146 0.168
21.442 0.006
7816  0.437
5160 0.779
16.674 0.023
7439 0.468
7816  0.437
10.736  0.132
4.072  0.794
19.418 0.007
5160 0.779
10.736  0.132
15.771  0.023
11.146 0.168
16.674 0.023
4.072  0.794
15.771 0.023

negative subtype was Stage O in 2
(2.8%), Stage | Ain 16 (22.2%), Stage | B
in 12 (16.7%), Stage Il A in 27 (37.5%),
Stage Il B in 7 (9.7%), Stage Ill A in 4
(5.6%), Stage Il B in 2 (2.8%), Stage Il C
in 2 (2.8%), and none had Stage IV. The
65 non-luminal HER2-positive tumors
consisted of Stage 0 in 12 (18.5%), Sta-
ge | Ain 12 (18.5%), Stage | B in 7
(10.8%), Stage Il Ain 13 (20.0%), Stage Il
B in 7 (10.8%), Stage Ill A in 5 (7.7%),
Stage Ill B in 5 (7.7%), Stage Ill C in 4
(6.2%), and none had Stage IV (Table 1).

Among the five subtypes of breast can-
cer, the distribution of TNM staging
showed a significant difference (P<O.
001) (Table 1). The distribution of TNM
staging in patients with the luminal A
tumor exhibited statistically significant
differences from the distributions in the
luminal B (P<0.001) and triple negative
subtypes (P=0.007), but not the HER2-
positive luminal B (P=0.468) and non-
luminal HER2-positive (P=0.168). The
distribution of TNM staging in patients
with the luminal B tumor showed statisti-
cally significant differences from that in
patients with non-luminal HER2-positive
subtype (P=0.023), but not the HER2-
positive luminal B (P=0.437) and triple

475), Stage 0 (12.8%, 61 of 475), Stage Il B
(10.9%, 52 of 475), Stage Il A (5.1%, 24 of
475), Stage Ill B (3.6%, 17 of 475), Stage Il C
(2.5%, 12 of 475), and Stage IV (0.6%, 3 of
475). The 169 luminal A subtype tumors were
of Stage 0in 30 (17.8%), Stage | Ain 48 (28.4%),
Stage | Bin 30 (17.8%), Stage Il Ain 33 (19.5%),
Stage Il B in 10 (5.9%), Stage lll A'in 7 (4.1%),
Stage lll B in 6 (3.6%), Stage lll C in 3 (1.8%),
and Stage IV in 2 (1.2%). The 107 luminal B
subtype diseases consisted of Stage O in 6
(5.6%), Stage | Ain 21 (19.6%), Stage | B in 20
(18.7%), Stage Il A in 31 (29.0%), Stage Il B in
19 (17.8%), Stage lll Ain 5 (4.7%), Stage lll B in
2 (1.9%), Stage Il Cin 2 (1.9%), and Stage IV in
1 (0.9%) . The 62 HER2-positive luminal B
tumors consisted of Stage 0 in 11 (17.7%),
Stage | Ain 12 (19.4%), Stage | B in 8 (12.9%),
Stage Il Ain 16 (25.8%), Stage Il B in 9 (14.5%),
Stage lll A in 3 (4.8%), Stage Ill B in 2 (3.2%),
Stage Ill Cin 1 (1.6%), and none had Stage IV.
The TNM stage in 72 patients with the triple
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negative subtypes (P=0.779). The distri-
bution of TNM staging in patients with
the HER2-positive luminal B tumor was not sig-
nificantly different from that in patients with the
triple-negative (P=0.132) or non-luminal HER2-
positive subtype (P=0.794). There was a statis-
tically significant difference between the distri-
bution of TNM staging in patients with the tri-
ple-negative and non-luminal HER2-positive su-
btype (P=0.023) (Table 3).

Discussion

Breast cancer is a heterogeneous disease with
different biological behavior, epidemiological
character, natural histories, response to treat-
ment and prognosis. In the past, the manage-
ment of breast cancer was essentially based
on histopathological grade and TNM stage,
which had achieved some consensus [4]. Bre-
ast cancer including five molecular subtypes
has different biological behavior, natural histo-
ries, response to individualized therapy and
prognosis [1]. Our study showed that frequency

Int J Clin Exp Pathol 2015;8(7):8500-8505
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of luminal A, luminal B, HER2-positive luminal
B, triple negative and non-luminal HER2-
positive subtypes were: 35.6%, 22.5%, 13.1%,
15.2% and 13.7%, respectively. This result is
concordant with other studies [5]. In the study,
we observed that 72.2% of patients with lumi-
nal A tumors belonged to histopathological
grade I. The luminal A subtype is significantly
associated with low grade cancers [6]. The indi-
cator of Ki67, a nuclear antigen expressed in
proliferating cells, reflects the proliferation rate
of malignant tumors. Low Ki67 index is the
main reason, which luminal A cancers have low
grade tumors and the best prognosis. In our
study, the distribution of pathological grades in
patients with the luminal A tumor exhibited sta-
tistically significant differences from the lumi-
nal B (HER2-negative) subtypes. The Ki-67
labeling index is main indicator used to differ-
entiate between the luminal A and luminal B
(HER2-negative) subtypes, which require differ-
ent treatment options and also have different
prognosis [7]. However, 18 luminal A subtype
tumors with histopathological grade lor v II, had
TNM staging Il disease, or worse. This may be
due to delay from patients. Luminal A patients
are less responsive to chemotherapy. Luminal
A breast cancer with high-grade tumor differen-
tiation and a low degree of malignancy, in most
cases, can be successfully treated with endo-
crine therapy alone, in addition to high bulk dis-
ease (e.g., multiple positive nodes) where che-
motherapy may be used as supplementary
treatment. Another research in China found
that luminal A cancers have the best prognosis,
whereas Her-2+ cancers have the poorest [8].
The study showed that the patients with HER2
gene amplification tumors, including non-lumi-
nal HER2-positive and HER2-positive luminal B
subtypes, were classified as Grade Il (48.0%,
61/127) and Grade Il (40.2%, 51/127). The
HER family of receptors and their associated
signal-transduction pathways play a dominant
role in cell growth and survival. HER2 amplifica-
tion was found to be correlated with a poor
prognosis in breast cancer [9]. HER2-positive
tumors tend to be larger than HER2-negative
tumors, present more commonly with lymph
node involvement, and are more likely to be
associated with a short disease free survival.
Adjuvant trastuzumab reduces the risk of recur-
rent HER2-positive disease by roughly 50%
[10]. HER2-positive disease appears to be par-
ticularly sensitive to anthracyclines. In the
study, we observed that 94.4% of patients with
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triple negative breast cancers (TNBC) were
classified as histopathological Grade I, or
worse. 11.2% patients with TNBC were classi-
fied as Stage IIl. This result is in agreement with
recent observations that triple negative tumors
are aggressive [11, 12]. TNBC is a heteroge-
neous breast cancer modality, and has only
partial overlapping features with basal-like (BL)
breast cancer [13, 14]. The BL subtype was the
most frequently observed (about 75%) in TNBC
[15]. TNBC with a particularly aggressive bio-
logical course, is strongly associated with dis-
tant recurrence, visceral metastases, and dea-
th in comparison with the other subtypes [16].
Our study showed that the distribution of the
histopathological grades in patients with the
triple negative subtype was significantly differ-
ent from those in patients with the luminal A,
luminal B, or HER2-positive luminal B subtypes.
Anders et al [16] observed that TNBC recur-
rence often appears within 3 years of initial
diagnosis, and 5-year death rates appear to be
increased after diagnosis. The median survival
of advanced TNBC is at most 12 months, much
less than that of other advanced breast cancer
subtypes [17]. At present a lot of new targeted
therapies are actually under study, but the
efforts are not reaching the hoped results.

This clinicopathological subtypes study of
Chinese breast cancer confirmed that the lumi-
nal subtype of breast cancer tend to have a bet-
ter prognosis in comparison with the non-lumi-
nal subtype because the luminal subtype is a
hormone receptor-positive. Therefore, it is more
sensitive to hormone therapy. The Her-2 posi-
tive and triple negative subtypes of breast can-
cer have a poorer prognosis and are more apt
to early and frequent recurrence and metasta-
size. Her-2 positive subtype has a better prog-
nosis than triple negative subtype, because it
can benefit from trastuzumab. In addition to
traditional prognostic indicators such as TNM
staging and pathological grade, molecular sub-
type may aid clinical practice and research into
breast cancer. Different molecular subtypes wi-
Il lead to different prognosis and therapeutic
option. Thus, molecular subtyping is essential
for breast cancer management.
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