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Bcl-2 is a highly significant prognostic marker of hormone-
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Abstract B-cell lymphoma-2 (Bcl-2) is one of the most
important anti-apoptotic genes. Although Bcl-2 promotes
tumor cell survival in vitro, previous studies have shown
conflicting results regarding the association between Bcl-2
and breast cancer survival. The aim of this study was to
assess the prognostic significance of Bcl-2 according to the
molecular tumor subtype in primary invasive breast cancer
patients. The relationship between immunohistochemical
Bcl-2 expression and overall survival was analyzed in 2399
primary invasive breast cancer patients treated by curative
surgery. Patients were classified into four subtypes based
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on hormone receptor (HR) and human epidermal growth
factor receptor-2 (HER2) status: HR+/HER2—, HR+/
HER24, HR—/HER2+, and HR—/HER2—. A total of
1304 patients (54.4 %) had Bcl-2 positive (4+) tumors by
immunohistochemistry. Bcl-2 (4) tumors were sig-
nificantly associated with a younger age (<50 years), early
stage, lower grade, positive expression of HR, and negative
expression of HER2. In the HR4+/HER2— group, patients
with Bcl-2 (4) tumors showed a significantly better prog-
nosis (p < 0.001). In contrast, there was no significant
prognostic effect of Bcl-2 expression in other subtypes. In
multivariate analysis, Bcl-2 positivity remained an inde-
pendent, favorable prognostic factor in the HR+/HER2—
subtype (hazard ratio, 0.609; 95 % confidence interval,
0.424-0.874; p < 0.007). The prognostic significance of
Bcl-2 expression differed according to the molecular sub-
type of breast cancer. The expression of Bcl-2 was an in-
dependent, favorable prognostic factor in breast cancer
patients with the HR+/HER2— subtype.

Keywords Bcl-2 - Hormone receptor - Human epidermal
growth factor receptor-2 - Breast cancer - Molecular tumor
subtypes

Introduction

Breast cancer is a heterogeneous disease that shows var-
iation in morphological features, molecular characteristics,
clinical course, and response to treatment. Because of this
clinical diversity, the identification of accurate prognostic
factors in breast cancer is important to allow an indi-
vidualized approach to patient management. The conven-
tional prognostic factors in breast cancer are
clinicopathologic parameters such as tumor size and lymph
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Table 1 Clinicopathologic characteristics and treatment details of
patients

Risk factors Total (n = 2399) no. (%)

Age (year)

<50 1410 (58.8)

>50 989 (41.2)
T stage

T1 1060 (44.2)

T2 1165 (48.6)

T3 129 (5.4)

T4 45 (1.8)
N stage

NO 1266 (52.8)

N1-N3 1133 (47.2)
Stage

I 732 (30.5)

I 1147 (47.7)

I 520 (21.7)
Histologic grade

Gl 333 (13.9)

G2 1089 (45.4)

G3 802 (33.4)

Unknown 175 (7.3)
Hormonal receptor

ER+ and/or PR+ 1533 (63.9)

ER— and PR— 866 (36.1)
HER2

Negative 1820 (75.9)

Positive 579 (24.1)
Molecular subtype

HR-+/HER2— 1277 (53.2)

HR+/HER2+ 256 (10.7)

HR—/HER2+ 323 (13.5)

HR—/HER2— 543 (22.6)
Bcl-2 expression

No 1095 (45.6)

Yes 1304 (54.4)
Breast operation

Mastectomy 1720 (71.7)

Breast conserving surgery 679 (28.3)
Chemotherapy

None 65 (2.7)

Administered 2334 (97.3)
Endocrine therapy

None 721 (30.1)

Administered 1678 (69.9)
Radiotherapy

None 1467 (61.2)

Administered 932 (38.8)

ER estrogen receptor, PR progesterone receptor, HR hormone re-
ceptor (ER or PR), HER2 human epidermal growth factor receptor 2
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node status, and molecular markers such as hormone re-
ceptor (HR), human epidermal growth factor receptor-2
(HER?2), and Ki67. Although such factors provide useful
prognostic information in breast cancer patients, they are
insufficient to accurately predict the risk of recurrence [1—
4]. In the past decade, gene expression profiling has pro-
vided more reliable prognostic and predictive information
[5-7]. However, even if the efficacy of this approach is
accepted, it might not be widely applicable due to its high
cost and technical difficulty. In contrast, immunohisto-
chemistry (IHC) is relatively inexpensive and widely
available in most clinical laboratories. Therefore, there is a
clear need for novel prognostic markers using IHC in
breast cancer.

B-cell lymphoma-2 (Bcl-2), the protein product of which
can be assessed by IHC, is one of the most important anti-
apoptotic genes. The Bcl-2 family includes at least 30
kinds of protein and is divided into three different sub-
classes based on structural and functional features: anti-
apoptotic regulators such as Bcl-2 and Bcl-xL, pro-apop-
totic regulators such as Bax and Bak, and newly identified
anti-apoptotic proteins such as Bcl-2L.10 (BOO/DIVA) and
Bcl-2L12. Interactions between these groups of Bcl-2
family proteins determine whether apoptosis is induced in
cells [8-10].

Recently, the potential prognostic importance of Bcl-2
expression in breast cancer has been reported in several
studies [11-17]. However, the role of Bcl-2 as a prognostic
factor in breast cancer continues to be debated. Most pre-
vious studies reported that Bcl-2 expression was associated
with a favorable prognosis [11-15], although others
demonstrated associations between Bcl-2 gene expression
and poor clinical outcomes such as chemoresistance, re-
currence, or metastasis [16, 17]. These conflicting results
might be explained by the heterogeneous nature of breast
cancer, which is reflected by its classification into distinct
molecular subtypes, each of which is associated with dis-
tinct clinical outcomes. In clinical practice, molecular
classification using estrogen receptor (ER)/progesterone
receptor (PR)/HER2 expression is routinely used to predict
prognosis and to decide upon a treatment strategy.

In this study, we investigated the prognostic value of
Bcl-2 based on each molecular subtype in primary invasive
breast cancer patients.

Patients and methods
Database and study patients
Between January 1999 and September 2007, a total of 2399

primary invasive breast cancer patients who underwent
curative surgery were retrospectively analyzed. The



Breast Cancer Res Treat (2015) 150:141-148

143

clinical and pathologic data were obtained from a database
at the Korea Cancer Center Hospital Breast Cancer Center.
The database includes age at surgery; cancer stage ac-
cording to the 7th edition of the American Joint Committee
on Cancer Staging Manual; histological grade using the
Elston and Ellis modification of the Scarff-Bloom-
Richardson grading system; expression of ER, PR, and
HER?2; treatment characteristics; and patient outcomes.
This study was approved by the Korea Cancer Center
Hospital Institutional Review Board (K-1307-002-033).

IHC and classification of molecular subtype

Expression of ER, PR, HER2, and Bcl-2 using IHC was
evaluated by a pathologist immediately after surgery in
each case. Positive staining for ER or PR was defined as
staining of at least 10 % of nuclei in ten high-power fields,
and HER?2 positivity was defined as 3(4+) on IHC staining
or HER? gene amplification by fluorescence in situ hy-
bridization. Bcl-2 expression was detected using a strep-
tavidin—biotin peroxidase complex IHC technique. Bcl-2-
postivity was defined as the presence of cytoplasmic
staining in >10 % of malignant cells, following the prac-
tice used in most previous studies [11, 12]. Patients were
classified into the following 4 molecular subtypes based on
tumor expression of ER, PR, and HER2: (a) HR+/HER2—
(ER- and/or PR-positive and HER2-negative), (b) HR-+/
HER2+4 (ER- and/or PR-positive and HER2-positive),
(c) HR—/HER2+ (ER-negative, PR-negative, and HER2-
positive), and (d) HR—/HER2— (ER-negative, PR-nega-
tive, and HER2-negative).

Statistical analysis

Analysis of clinicopathologic characteristics according to
Bcl-2 expression was performed using Student’s ¢ test and
the chi-square test. For survival analysis, overall survival
(OS) was defined as the time from the first diagnosis of
primary breast cancer to death from any cause. The Ka-
plan—Meier method with the log-rank test was used. The
Cox proportional hazards model was used for multivariate
survival analyses. In all tests, values of p < 0.05 were re-
garded as statistically significant.

Results

Clinicopathologic characteristics

A total of 2399 patients with a median age of 47 years
(range, 22-87 years) were included in this analysis. The

median follow-up period was 99.7 months (range,
2.2-171.9 months). The clinicopathologic characteristics

and treatment details of patients are summarized in
Table 1. There were 1553 patients (63.9 %) with HR+
tumors, and 579 patients (24.1 %) with HER2+ tumors.
Positive Bcl-2 tumor expression was identified in 1304
patients (54.4 %). More than half of the patients (1277,
53.2 %) had HR+4/HER2— type tumors, whereas 256
(10.7 %) had HR+/HER2+, 323 (13.5 %) had HR—/
HER2+, and 543 (22.6 %) had HR—/HER2— tumors.
Mastectomy was performed in 1720 cases (71.7 %) and
breast-conserving surgery (BCS) in 679 (28.3 %) cases.
Most patients (2334, 97.2 %) received chemotherapy, 1647
patients (68.7 %) underwent endocrine therapy, and 917
(38.2 %) patients underwent radiotherapy.

Bcl-2 expression and clinicopathologic variables

There was a positive Bcl-2 tumor expression in 1304 pa-
tients (54.4 %). The associations between clinicopatho-
logic characteristics and Bcl-2 expression are summarized
in Table 2. Bcl-2 expression was significantly associated
with younger age (p = 0.001), early-stage disease
(p < 0.001), lower tumor grade (p < 0.001), HR positivity
(p < 0.001), and HER2 negativity (p < 0.001). HR+/
HER2— type tumors most frequently expressed Bcl-2
(p < 0.001). There was no significant association between
Bcl-2 status and lymph node metastasis in this analysis.

Bcl-2 expression and survival outcome

During the follow-up period, 339 patients died (14.1 %).
Bcl-2 expression in breast cancer was significantly related
to a favorable prognosis (p < 0.001) (Fig. 1). When stra-
tified by molecular subtype, patients in the HR+/HER2—
group with Bcl-2 positive tumors had a significantly longer
OS (p < 0.001). There was no significant prognostic effect
of Bcl-2 tumor expression in patients with other molecular
subtypes (Fig. 2). The clinicopathologic variables affecting
OS in each molecular subtype are summarized in Table 3.
In the HR+/HER2— group, younger age (p < 0.001),
early-stage disease (p < 0.001), lower tumor grade
(p < 0.001), and Bcl-2 expression (p < 0.001) were all
significantly associated with better 5-year OS. When the
multivariate model included Bcl-2, age, tumor size, lymph
node metastases, and histological grade, Bcl-2 positivity
remained an independent, favorable prognostic factor for
the HR+/HER2— subtype (hazard ratio, 0.609; 95 %
confidence interval, 0.424-0.874; p < 0.007) (Table 4).

Discussion

In the present study, we found that Bcl-2 tumor expression
was a favorable prognostic indicator in breast cancer
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Table 2 Clinicopathologic Bel-2(4) (n = 1304) no. (%) Bel-2(—) (n = 1095) no. (%) p value
characteristics according to Bcl-
2 expression Age (year)
<50 810 (62.1) 600 (54.8) 0.001
>50 494 (37.9) 495 (45.2)
T stage
T1 642 (49.2) 418 (38.2) <0.001
T2 588 (45.1) 577 (52.7)
T3 58 (4.5) 71 (6.5)
T4 16 (1.2) 29 (2.6)
N stage
NO 705 (54.1) 561 (51.2) 0.176
N1-N3 599 (45.9) 534 (48.8)
Stage
I 456 (35.0) 276 (25.2) <0.001
I 603 (46.2) 544 (49.7)
I 245 (18.8) 275 (25.1)
Histologic grade
Gl 258 (19.8) 75 (6.8) <0.001
G2 649 (49.8) 440 (40.2)
G3 304 (23.3) 498 (45.5)
Gx 93 (7.1) 82 (7.5)
Hormonal receptor
ER+ and/or PR+ 1105 (84.7) 428 (39.1) <0.001
ER— and PR— 199 (15.3) 667 (60.9)
HER2
Negative 1129 (86.6) 691 (63.1) <0.001
Positive 175 (13.4) 404 (36.9)
Molecular subtype
ER estrogen receptor, PR HR+/HER2— 965 (74.0) 311 (28.4) <0.001
progesterone receptor, HR HR+/HER2+ 139 (10.7) 117 (10.7)
hormone receptor (ER or PR), HR—/HER2+ 36 (2.8) 287 (26.2)
HER?2 human epidermal growth HR—/HER2— 163 (12.5) 380 (34.7)

factor receptor 2

patients, and that among patients with HR+/HER2-tumors
it was a strong independent prognostic factor for OS. We
also found that Bcl-2 expression was strongly associated
with ER and/or PR positivity, young age, small tumor size,
early-stage disease, low histologic grade, and negative
HER-2 status.

Bcl-2 is one of the most potent anti-apoptotic proteins
expressed on the outer mitochondrial membrane. Overex-
pression of Bcl-2 inhibits apoptosis induced by various
cytotoxic stimuli, including cytokine deprivation, irra-
diation, and chemotherapeutic agents [8—10]. Some studies
have demonstrated that Bcl-2 overexpression results in
enhanced tumorigenicity and metastatic potential by in-
creased cell invasion and migration in vitro [19, 24].
Fig. 1 Cumulative Kaplan—Meier survival curve showing that pa- Therefore, Bcl-2 has been regarded as a potentia]
tients with Bcl-2-expressing tumors survived longer than those with  therapeutic target in cancer. Phase II and III clinical trials
Bcl-2-negative tumors have been conducted to evaluate the antisense

p<0.001
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Fig. 2 Overall survival curves for patients with Bcl-2-postive and Bcl-2-negative tumors by molecular subtype; a HR +/HER2 — , b HR +/

HER2 + , ¢ HR —/HER2 + , and d HR —/HER2—

oligonucleotide oblimersen, which down-regulates Bcl-2
mRNA and Bcl-2 protein, together with other anticancer
drugs to treat chronic lymphocytic leukemia, acute myeloid
leukemia, multiple myeloma, small cell lung cancer, non-
Hodgkin’s lymphoma, and melanoma [20, 21]. However,
Bcl-2 expression has been paradoxically associated with a
favorable prognosis in many solid tumors, particularly in
breast cancer [11, 22, 23]. These conflicting results have
been consistently demonstrated in many previous studies
on Bcl-2 expression in breast cancer [11], although the
reason for this inconsistency remains unclear. It is not even
known whether Bcl-2 positivity is simply a surrogate
marker for other indicators of a favorable prognosis such as
ER-positive and HER2-negative staining, or if Bcl-2 di-
rectly regulates molecular mechanisms and cellular pro-
cesses enhancing a favorable prognosis. Previous work
suggested that Bcl-2 may have a similar role to that of ER
in promoting tumor growth, but despite this, it is actually
associated with a better prognosis [25]. It has also been
hypothesized that Bcl-2 might inhibit cell proliferation
regardless of its anti-apoptotic effect [26], which was
supported by clinical research showing that Bcl-2

expression was inversely related to that of Ki-67 [18]. An
in vitro study of the effect of Bcl-2 expression on the
growth of several solid tumor cell lines has suggested that
it may exert a distinct biological effect in different cell
types [27]. However, there are still significant unsolved
questions concerning the exact mechanism by which Bcl-2
might exert its protective effect in breast cancer.

In an effort to better understand the relationship between
Bcl-2 expression and its paradoxical effect in breast cancer,
we focused on the molecular heterogeneity of this disease.
The heterogeneity of breast cancer is well established at the
histological level and in terms of clinical outcome, and as a
result, it has been classified into clinically meaningful
groups showing a relationship with survival, disease re-
lapse, and response to treatment. At the molecular level,
Perou et al. identified four breast cancer subtypes on the
basis of gene-expression profiling, which are related to
different biological and prognostic features [28]. While
microarray analysis is known to be the most accurate
method for determining the subtype of breast cancers, IHC
can be an important alternative method as it is more cost
effective and readily available in most surgical pathology
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Table 3 Risk factors associated with overall survival according to tumor subtype

Risk factors HR+/HER2— HR+/HER2+ HR—/HER2+ HR—/HER2—
5-year survival p value 5-year survival p value 5-year survival p value 5-year survival p value
rate (%) rate (%) rate (%) rate (%)
Age (year)
<50 933 <0.001 83.0 0.793 79.2 0.853 85.3 0.161
>50 84.1 82.4 71.7 80.8
T stage
Tl 95.2 <0.001 85.1 0.447 90.4 <0.001 94.8 <0.001
T2-T4 83.7 81.5 70.7 77.4
N stage
NO 95.1 <0.001 87.8 0.051 923 <0.001 92.4 <0.001
N1-N3 83.2 78.7 63.2 72.6
Histologic grade
G1-G2 91.1 <0.001 82.4 0.871 82.8 0.055 81.3 0.564
G3 81.5 82.1 73.5 83.8
Bcl-2 expression
No 83.5 <0.001 82.1 0.782 77.0 0.098 85.0 0.178
Yes 91.5 83.5 88.9 80.4

HR hormone receptor, HER2 human epidermal growth factor receptor 2

Table 4 Multivariate analysis of factors associated with overall
survival in patients with HR+/HER2— tumors

Hazard ratio 95 % Confidence interval p value
Lower Upper
Age (year)
<50 1.0 - - <0.001
>50 2.436 1.706 3.479
T stage
T1 1.0 - - <0.001
T2-T4 2.346 1.525 3.608
N stage
NO 1.0 - - <0.001
NI-N3 2991 1.973 4.534
Histologic grade
G1-G2 1.0 - - 0.022
G3 1.545 1.066 2.238
Bcl-2 expression
No 1.0 - - 0.007
Yes 0.609 0.424 0.874

laboratories. It has been also shown that the molecular
classification by IHC corresponds reasonably well to mi-
croarray-based classification of breast cancer [29]. In this
context, we investigated whether Bcl-2 is a prognostic
marker within the different molecular subtypes of breast
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cancer. Our results showed that Bcl-2 is a significant in-
dependent prognostic factor in HR+/HER2— subtype
breast cancer (hazard ratio, 0.609; p = 0.007), but not for
other subtypes. The HR+/HER2— subtype is generally
considered to have a low risk of recurrence, and some
patients with this subtype and negative lymph nodes may
avoid chemotherapy [30]. Microarray-based gene expres-
sion profiling including MammaPrint and Oncotype DX is
presently used in clinical practice to help identify patients
who can safely avoid adjuvant chemotherapy and its po-
tentially harmful side effects [6, 7]. However, due to their
prohibitive cost, they have not been routinely used in
clinical practice. In contrast, IHC analysis of Bcl-2 protein
expression is a simple, well-validated, inexpensive, and
widely available method, and Bcl-2 analysis in HR+/
HER2— tumors could provide more accurate prognostic
information and help to determine whether adjuvant or
salvage chemotherapy should be administered.

This study has several limitations, the most important of
which is its retrospective nature and single-institution basis
using previously recorded clinical data. Another limitation
is the lack of a standardized measurement of Bcl-2, as Bcl-
2 status was evaluated in each case after surgery by several
different pathologists. However, the results of our study are
particularly meaningful because it included a large number
of patients to investigate the prognostic significance of Bcl-
2 and revealed that Bcl-2 is a powerful prognostic marker
in patients with HR+/HER2-tumors.
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In conclusion, while it is debatable whether Bcl-2 has
significant prognostic value in breast cancer, our results
demonstrate that Bcl-2 expression is associated with a fa-
vorable prognosis, and that it is a potent independent
prognostic factor in patients with HR+/HER2-tumors. We
believe that identifying Bcl-2 expression in HR+/HER2—
subtype tumors can help to guide more tailored therapies.
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