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Purpose: B-cell lymphoma 2 (BCL2) is an antiapoptosis protein
and an important clinical breast cancer prognostic marker. As
the role of BCL2 is dependent on the estrogen receptor (ER)
status, this effect might differ according to molecular subtypes.
The aim of this study was to evaluate the relationship between
the prognostic outcomes and BCL2 expression among the mo-
lecular subtypes. Methods: We retrieved the data of 1,356 pa-
tients who were newly diagnosed with malignant breast cancer
between November 2006 and November 2011. Immunohisto-
chemistry was used to measure ER, progesterone receptor, hu-
man epidermal growth factor receptor 2 (HER2), Ki-67, and
BCL2 expression. We classified breast cancer into five molecu-
lar subtypes based on the 13th St. Gallen International Expert
Consensus, including luminal A, luminal B (HER2-negative), lu-
minal B (HER2-positive), HER2-overexpression, and triple-nega-
tive subtypes. We analyzed the clinicopathological features and
assessed the correlation between BCL2 expression and clinical
outcomes, such as relapse-free survival (RFS) and disease-spe-
cific survival (DSS) according to the five molecular subtypes.

Results: A total of 605 cases of breast cancer (53.8%) showed
BCL2 expression. BCL2-positive expression was associated
with young age (<50 years, p=0.036), lower histological grade
(p<0.001), low Ki-67 level (< 14%, p<0.001), hormone receptor
positivity (p<0.001), HER2 negativity (p<0.001), luminal breast
cancer (p<0.001), and low recurrence rate (p=0.016). BCL2-
positive expression was also associated with favorable 5-year
RFS (p=0.008, 91.4%) and DSS (p=0.036, 95.6%) in all the pa-
tients. BCL2-positive expression in luminal A breast cancer re-
sulted in significantly favorable 5-year RFS and DSS (p=0.023
and p=0.041, respectively). However, BCL2 expression was not
associated with the prognosis in the other subtypes. Conclusion:
The prognostic role of BCL2 expression in breast cancer is sub-
type-specific. BCL2 expression differs according to the molecu-
lar subtype and is a good prognostic marker for only luminal A
breast cancer.
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INTRODUCTION

B-cell Lymphoma 2 (BCL2) is an antiapoptotic protein be-
long to the BCL2 family [1,2]. The role of BCL2 differs de-
pending on its interaction with other members of the BCL2
family [1-3]. BCL2 is expressed in solid tumors, such as breast,
prostate, colorectal, lung, stomach, and ovarian cancers [1,2].
BCL2 family proteins, including BCL2 and BAX, are ex-
pressed in normal mammary tissue [2,4]. Of the BCL2 family
proteins, BCL2 is upregulated by estrogens in breast cancer,
through a direct consequence of transcriptional induction [4].

Correspondence to: Byung Joo Chae

Division of Breast-Thyroid Surgery, Department of Surgery, Seoul St. Mary’s
Hospital, College of Medicine, The Catholic University of Korea, and Cancer
Research Institute, The Catholic University of Korea, 222 Banpo-daero,
Seocho-gu, Seoul 06591, Korea

Tel: +82-2-2258-6109, Fax: +82-2-595-2822

E-mail: bichae@gmail.com

Received: April 24,2016  Accepted: July 6, 2016

© 2016 Korean Breast Cancer Society. All rights reserved.

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/

Therefore, BCL2-positive expression in breast cancer may be
considered a sign of estrogen receptor (ER) functional activity
and is associated with the outcomes [2,4-7]. Recent studies
have suggested that BCL2 is a reliable prognostic marker, par-
ticular for hormone receptor (HR)-positive breast cancer [6,7].

Patients with BCL2-positive expression in breast cancer
have a better prognosis considering the overall survival and
relapse-free survival (RFS) [8]. BCL2-positive expression is
associated with better outcomes of metastatic and early breast
cancer treated with either hormone therapy or chemotherapy
[9,10]. Some studies have consistently reported an association
between BCL2 expression and better survival in patients with
triple-negative breast cancer (TNBC) [11-13].

The mechanism for the differences in prognosis remains
unclear, but BCL2 expression is dependent on the ER status,
so the different roles of BCL2 appear to be dependent on the
molecular subtype. In this study, we investigated the role of
BCL2 as a prognostic marker according to the 13th St. Gallen
immunohistochemical classification [14].
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METHODS

Patient selection

In this single-center trial, a cohort of patients with biopsy-
proven invasive breast cancer who underwent surgical treat-
ment and adjuvant treatment was reviewed retrospectively
from the hospital’s breast cancer enter database and the patient’s
medical records. A total of 1,356 patients were newly diagnosed
with malignant breast cancer in the Department of Surgery,
Seoul St. Mary’s Hospital, The Catholic University of Korea
College of Medicine between November 2006 and November
2011. This study was approved by the Institutional Review
Board of Seoul St. Mary’s Hospital (KC 15RISI0804).

The exclusion criteria were the presence of noninvasive car-
cinoma (e.g., ductal carcinoma in situ), distant metastasis at
diagnosis, and any other malignancy. Patients underwent sur-
gical treatment received adjuvant chemotherapy, and/or en-
docrine therapy, and/or radiation therapy according to stan-
dard protocols.

RFS was defined as the time from the first diagnosis of
breast cancer to first recurrence including locoregional recur-
rence and distant recurrence. Disease-specific survival (DSS)
was defined as the time from the first diagnosis of breast can-
cer to death due to breast cancer.

Immunohistochemistry and assay methods

Immunohistochemistry (IHC) for ER (SP1, prediluted;
Roche Science, Mannheim, Germany), progesterone receptor
(PR; 1E2, prediluted; Roche), human epidermal growth factor
receptor 2 (HER2; 4B5, prediluted; Roche), Ki-67 (MIB-1,
prediluted; Roche), and BCL2 (124, 1:50; Dako, Carpinteria,
USA) was performed on whole tissue section slides using
BenchMark ULTRA (Ventana Medical Systems Inc., Tucson,
USA). A positive ER and PR status was defined as an Allred
score (AS) of >3. ITHC or fluorescence in situ hybridization
was performed to evaluate HER2 status. A positive HER2 sta-
tus was defined as an IHC score of 3+. If the IHC score was
2+, the sample was retested with single-probe silver in situ hy-
bridization. The amplification ratio was defined as the HER2
gene locus copy number relative to the chromosome 17 centro-
mere copy number, and an amplification ratio of >2.0 was
considered positive. The Ki-67 level was classified into three
cutoff points according to the expressing cell ratio (<14%,
14%-19%, and >20%). BCL2 expression was assessed using
the percentage of positively stained cells. BCL2 expression was
positive when >10% of the cells stained positive for BCL2.
This cutoff value was used considering the statistical guide-
lines for prognostic factors reported previously [15,16]. A sin-
gle pathologist interpreted all the THC results.

http://dx.doi.org/10.4048/jbc.2016.19.3.252

253

Classification of intrinsic molecular subtypes using the 13th
St. Gallen International Expert Consensus

IHC was used to classify the tumors into five different mo-
lecular subtypes [14]: (1) luminal A: all ER and/or PR positive,
HER2-negative, Ki-67 low (<14%); (2) luminal B (HER2
negative): ER positive, HER2 negative, and at least one of: Ki-
67 high (=20%), PR negative or low (<20%); (3) luminal B
(HER?2 positive): ER positive, HER2 positive, any Ki-67, any
PR; (4) HER2-overexpression: HER2 positive, ER and PR
negative; and (5) TNBC: ER and PR negative, HER2 negative.

All cancers were staged according to the seventh edition of
the American Joint Committee on Cancer staging manual.

Statistical analysis

Clinical and pathological features were assessed using
the Student t-test, the chi-square test, and Fisher exact test.
Cumulative survival probabilities were estimated using the
Kaplan-Meier analysis. The log-rank test was used to compare
differences between survival rates. A multivariate analysis was
performed using the Cox proportional hazards model. All
variables were described as the hazard ratio and 95% confi-
dence intervals (CIs). A two-sided p-value <0.05 was consid-
ered significant. The statistical analyses were performed
with IBM SPSS software version 18.0 for Windows (SPSS Inc.,
Chicago, USA).

RESULTS

A total of 1,356 patients were enrolled in our study. After
excluding 208 patients who satisfied the exclusion criteria, and
24 patients who had unknown molecular subtypes or un-
known BCL2 results, 1,124 were finally included in the statis-
tical analysis (Figure 1). The patients was classified into five
groups based on the molecular subtype from the 13th St. Gallen
International Expert consensus, including luminal A, lumi-
nal B (HER2-negative), luminal B (HER2-positive), HER2-
overexpression, and TNBC (Figure 1). The mean patient age
was 51.01+9.98 years, and the mean follow-up was 107.62+
0.56 months. The clinicopathological characteristic and IHC
results are summarized in Table 1.

BCL2 expression as a prognostic factor

Of the 1,124 patients, 519 (46.2%) were BCL2-negative and
605 (53.8%) were BCL2-positive. The clinicopathological char-
acteristic according to BCL2 expression are summarized in
Table 1. BCL2-positive expression was associated with young
age (<50 years, p=0.036), histological grade (p<0.001), low
Ki-67 level (<14%, p<0.001), HR positivity (p<0.001),
HER2 negativity (p<0.001), p53 negativity (p<0.001), epi-
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1,356 Breast cancer center patients
(Nov 1, 2006-Nov 30, 2011)

232 Exclusion
196 Ductal carcinoma in situ
—> 12 Distant metastasis
24 Unknown molecular subtype
or BCL2 results
460 (40.9%) 417 (37.1%) 108 (9.6%) 139 (12.4%)
Luminal A Luminal B HER2 overexpression TNBC

157 (37.6%)
HER2 negative

260 (62.4%)
HER2 positive

Figure 1. Flowchart of the patient cohort included in this study. Exclusion criteria was noninvasive carcinoma (e.g., ductal carcinoma in situ), distant
metastasis at diagnosis, and any other malignancy. Different frequency of BCL2 positive expression was observed depending on the molecular sub-

types.

BCL2 =B-cell lymphoma 2; HER2 = human epidermal growth factor receptor 2; TNBC =triple-negative breast cancer.
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Figure 2. Kaplan-Meier analysis of 5-year relapse-free survival (RFS) and disease-specific survival (DSS) for B-cell lymphoma 2 (BCL2) positive and
BCL2-negative patients. Patients expressing BCL2 have longer 5-year RFS (A) (p=0.008) and 5-year DSS (B) (p=0.036) compared to patients with

no BCL2 expression.

dermal growth factor receptor (EGFR) negativity (p<0.001),
cytokeratin 5/6 (CK5/6) negativity (p<0.001), and the lumi-
nal type of breast cancer (p < 0.001). Patients with ER-positive
breast cancer were classified into two groups: low and high
expression. Low ER-positive expression was defined as an AS
between 3 and 5, and high ER-positive expression was defined
as an AS between 6 and 8. High ER-positive expression was
association with BCL2-positive expression (Table 2). How-
ever, there was no significant difference in the RFS and DSS
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according to the AS for ER.

BCL2-positive breast cancer was significantly related with a
favorable 5-year RFS (p=0.008; BCL2 negative vs. positive,
86.3% vs. 91.4%) and 5-year DSS (p=0.036; BCL2 negative
vs. positive, 95.6% vs. 98.0%) (Figure 2).

Different prognostic effect of BCL2 expression based on

molecular subtypes
Different frequency and prognostic effects of BCL2-positive

http://dx.doi.org/10.4048/jbc.2016.19.3.252
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Table 1. Clinicopathological characteristic according to B-cell lymphoma 2 expression

All patients (n=1,124) All patients (n=1,124)
Characteristic BCL2 negative ~ BCL2 positive p-value Characteristic BCL2 negative ~ BCL2 positive p-value
(n=519) (n=605) (n=519) (n=605)
No. (%) No. (%) No. (%) No. (%)
Mean age (yr)* 51.46+1069 50.19+10.33  0.045 ER <0.001
Age () 0.036 Negative 207 (43.7) 40(6.6)
<50 202 (42.8) 332 (54.9) Positive 292 (56.3) 565 (93.4)
>50 297 (57.2) 273 (45.1) PR <0.001
Breast operation 0.821 Negative 294 (56.6) 114 (18.8)
Breast conservation 294 (56.6) 339 (56.0) Positive 225 (43.4) 491 (81.2)
Mastectomy 225 (43.4) 266 (44.0) HER2 <0.001
Axillary operation 0.634 Negative 312 (60.1) 444 (73.4)
No 3(0.6) 5(0.8) Positive 207 (39.9) 161 (26.6)
SLNB 307 (59.2) 341 (56.4) KI-67 (%) <0.001
ALND 209 (403 250 (42.8) <14 214(41.4) 383 (63.4)
T stage 0.037 214 301 (58.2) 218(36.1)
T1 318 (61.3) 415 (68.6) Unknown 404) 4(09)
T2 179 (34.5) 170 (28.1) P53 <0.001
— 262 2069 Negative 177 (34.2) 229 (37.9)
N stage 0211 Positive 130 (25.1) 67 (11.1)
N0 331 634 421 695) Unknown 212 (40.6) 309 (51.1)
N1 120 (23.1) 123 (20.3) ECFR , <0.001
2 261 263 Negative 327 (63.0) 537 (88.8)
N3 23 (4.4 04(4.0) Positive 185 (35.6) 49 (8.1)
Unknown 7(1.4) 19(3.1)
Unknown 3(0.6) 5(0.8) CK5/6 <0.001
Stage 0011 Negative 352 (67.9) 367 (60.7)
! 241(46.4) 340(56.2) Positive 114 (22.0) 50 (8.3)
I 206 (39.7) 199(82.9) Unknown 53(10.2) 188 (31.0)
i 69(13.9) 61(10.1) Molecular subtypes <0.001
Unknown 3(0.6) 508) Luminal A 133 (25.6) 307 (54.0)
Muttiplicity 0.092 Luminal B (HER2 negative) 64 (12.3) 93 (15.4)
One 434 (836) 506 (83.6) Luminal B (HER2 positive) 107 (20.6) 153 (25.9)
Two 41(7.9) 63 (10.4) HER?2 overexpression 100 (19.3) 8(1.3
More than three 44.8.5) 36 (6.0) TNBC 115 (22.2) 24.(4.0)
Histologic grade (Nottingham <0.001 Neoadjuvant chemotherapy 0.025
Histologic Score system) No 455 (87.7) 565 (91.7)
Wel 114.(22.0) 224 (37.0) Ves 64123) 50(83)
Moderately 245 (47.2) 301 (49.8) Adjuvant chemotherapy 0.028
Poorly 160 (30.8) 80(13.2) No 21 (4.0) mr
LV 0.0M Yes 498 (96.0) 592 (97.9)
No 326 (62.8) 422 (69.8) Unknown 0 2003
Yes 188 (36.2) 182 (30.1) Recurrence 0.008
Unknown 5(1.0) 10.2) No 452 (87.1) 554 (91.6)
Perineural invasion 0.126 Yes 67 (12.9) 51 (8.4)
No 493 (95.0) 573 (94.7) Death 0.036
Yes 19(3.7) 30 (5.0 No 496 (95.6) 590 (97.5)
Unknown 7(1.3) 2(03) Yes 23 (4.4) 15 (2.5)

BCL2=B-cell lymphoma 2; SLNB=sentinel lymph node biopsy; ALND=axillary lymph node dissection; LVI=lymphovascular invasion; ER=estrogen receptor;
PR = progesterone receptor; HER2 =human epidermal growth factor receptor 2; EGFR = epidermal growth factor receptor; CK5/6 = cytokeratin 5/6; TNBC =triple-
negative breast cancer.

*Mean+SD.
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Figure 3. Kaplan-Meier analysis of 5-year relapse-free survival (RFS)
and 5-year disease-specific survival (DSS) for B-cell Lymphoma 2
(BCL2)-positive and BCL2-negative luminal A breast cancer patients.
Patients expressing BCL2 have longer 5-year RFS (A) (p=0.023) and
5-year DSS (B) (p=0.041).

Table 2. Correlation between B-cell lymphoma 2 expression and es-
trogen receptor positive expression

ER positive patient (n=857)
BCL2 BCL2

Characteristic ! - p-value
negative (N=292) positive (1=565)
No. (%) No. (%)
ER <0.001
Low expression (AS 3-5) 42 (68.9) 19(31.1)
High expression (AS 6-8) 250 (31.4) 546 (68.6)

ER=estrogen receptor; BCL2 =B-cell lymphoma 2; AS =Allred score.

expression were observed depending on the 13th St. Gallen
IHC classification. BCL2-positive expression was more com-
mon in luminal A and luminal B breast cancer than in other
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Table 3. Univariate and multivariate Cox regression analysis for relapse-

free survival in luminal A breast cancer

Univariate analysis Multivariate analysis
Clinicopathological
variable Hezardratio o Hazard ratio value
©@%c)y P @%c) P
Age (yr) 0.002 0.033
>50 Ref Ref
<50 2.63(1.33-5.21) 3.92 (1.12-13.77)
Tumor size (cm) 0.004 <0.001
<2 Ref Ref
>2 2.81(1.39-5.69) 2.54 (1.21-5.29)
LN metastasis 0.015 <0.001
No Ref Ref
Yes 2.80 (1.40-5.62) 5.22 (1.68-16.18)
Y 0.015 0.014
No Ref Ref
Yes 2.79 (1.39-5.60) 1.30 (1.13-6.17)
Histologic grade 0.029 0.018
Well Ref Ref
Moderately 2.73(1.10-6.77) 1.56 (1.38-7.81)
to poorly
BCL2 expression 0.013 0.025
Negative Ref Ref
Positive 0.20 (0.05-0.82) 0.07 (0.01-0.72)

Cl=confidence interval; Ref=reference; LN=lymph node; LVI=lymphovascular

invasion; BCL2 = B-cell lymphoma 2.

Table 4. Univariate and multivariate Cox regression analysis for disease-

specific survival in luminal A breast cancer

Univariate analysis Multivariate analysis
Clinicopathological : -
variable Hazard ratio : Hazard ratio ’
(95% C)) p-value (95% C)) p-value
Age (yn) 0.012 0.850
>50 Ref Ref
<50 1.78 (1.37-3.53) 1.09 (0.43-2.76)
Tumor size (cm) 0.048 <0.001
<2 Ref Ref
>2 1.40 (1.29-3.57) 2.46 (1.19-5.09)
LN metastasis 0.016 0.027
No Ref Ref
Yes 2.50 (1.24-5.04) 3.92 (1.12-13.77)
Y 0.007 0.191
No Ref Ref
Yes 1.23(1.11-3.51) 1.75 (1.43-4.05)
BCL2 expression 0.037 0.021
Negative Ref Ref
Positive 0.77 (0.39-0.89) 0.59 (0.21-0.73)

Cl=confidence interval; Ref=reference; LN =lymph node; LVI=lymphovascular

invasion; BCL2 =B-cell lymphoma 2.

subtypes (Table 2).

The prognostic significance of BCL2-positive expression for
5-year RFS and DSS was demonstrated in luminal A breast
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Figure 4. Kaplan-Meier analysis of 5-year relapse-free survival (RFS) and 5-year disease-specific survival (DSS) for B-cell lymphoma 2 (BCL2)-positive
and BCL2-negative breast cancer patients. BCL2-positive luminal B, human epidermal growth factor receptor 2 (HER2) overexpression, and triple-
negative breast cancer (TNBC) breast cancer patients have no longer 5-year RFS (A, C, E, and G) and 5-year DSS (B, D, F, and H) compared to pa-
tients with no BCL2 expression.
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cancer (RFS, p=0.023; DSS, p=0.041) (Figure 3). BCL2-posi-
tive expression showed a more favorable prognostic effect
than that of BCL2-negative expression in luminal A breast
cancer (Figure 3).

BCL2-positive expression tended to result in a longer 5-year
RFS and DSS in luminal B (HER2-negative; RES, p=0.989;
DSS, p=0.198), luminal B (HER2-positive; RFS, p=0.481;
DSS, p=0.896), and HER2-overexpression breast cancers
(RFS, p=0.236; DSS, p=0.511) (Figure 4). However, BCL2-
positive expression tended to result in a shorter 5-year RFS
and DSS in TNBC (RFS, p=0.735; DSS, p=0.181) (Figure 4).

Multivariate analysis revealed that tumor size, lymph node
metastasis, and BCL2 expression were independent prognos-
tic factors for RFS (hazard ratio, 0.53; 95% CI, 0.29-0.97;
p=0.015) (Table 3) and DSS (hazard ratio, 0.59; 95% CI,
0.08-0.73; p=0.021) in luminal A breast cancer (Table 4).

DISCUSSION

According to the results of this study, the frequency of
BCL2 expression differs among the molecular subtypes of
breast cancer and it has a favorable prognostic effect. BCL2-
positive expression results in a better prognosis considering
the 5-year RFS and DSS, compared to BCL2-negative expres-
sion, and it is associated with a younger age, lower histological
grade, low Ki-67 level, HR positivity, HER2 negativity, p53
negativity, EGFR negativity, CK5/6 negativity, and the luminal
A and B breast cancer subtypes. The results also show that
BCL2 expression has different prognostic roles according to
the five molecular subtypes in the 13th St. Gallen Internation-
al Expert Consensus. BCL2-positive expression is an independ-
ent favorable prognostic marker for only luminal A breast
cancer and is a significant factor in both univariate and multi-
variate analyses. On the other hand, BCL2 expression does
not show a prognostic relationship for the other subtypes.

The prognostic role of BCL2 is first described in non-
Hodgkin’s lymphoma, and BCL2-positive expression is asso-
ciated with a favorable prognosis in many solid tumors in-
cluding breast cancer [17,18]. The mechanism of BCL2 as a
prognostic factor in breast cancer remains unclear [2,19].
Many studies have suggested that interactions between BCL2
and ER modulate the prognostic effect [20-22]. Moreover,
BCL2 expression is upregulated in response to estrogens, and
so BCL2 is considered an estrogen-related protein [10,20-22].

This study focuses on the different interactions between
BCL2 and ER according to the breast cancer molecular sub-
types. In the present study, BCL2 was expressed in 52.8% of
the patients, which is similar to the results of previous studies
[17,23,24]. The frequency of BCL2-positive expression dif-
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fered according to the molecular subtype. BCL2 was ex-
pressed in 54.0% of luminal A, 40.7% of luminal B, 1.3% of
HER2-overexpression, and 4.0% of TNBC subtypes. BCL2-
positive expression is increased in luminal breast cancer, and
decreased in the HER2-overexpression, and TNBC subtypes.
Seong et al. [17] reported a similar pattern of BCL2 expres-
sion, i.e., of 1,304 patients with breast cancer, 54.4% patients
expressed BCL2. By subtypes, BCL2 expression was observed
in 74% patients with HR-positive and HER2-negative, 10.7%
patients with HR-positive and HER2-positive, 2.8% patients
with HR-negative and HER2-positive, and 12.5% patients
with HR-negative and HER2-negative breast cancer [17].

We also observed that BCL2 expression was significantly
associated with low proliferative factors and ER and PR posi-
tivity; therefore, BCL2 expression can be used for predicting
an overall good prognosis in patients with breast cancer. In
particular, BCL2-positive expression has a positive correlation
with the high expression of ER, as shown in the results of this
study. Similarly, Dawson et al. [25] revealed that increased
BCL2 staining intensity predicts a better prognosis in breast
cancer. In contrast, Yang et al. [26] investigated patients with
early breast cancer who underwent breast conservative sur-
gery with radiotherapy and found that BCL2 expression cor-
relates with ipsilateral breast recurrence. Yang et al. [26] specu-
lated that BCL2 played an important role in the poor tumor
response to radiotherapy and suggested that the conflicting
result was possibly due to radiation, which affects the apop-
totic function of BCL2.

In our study, BCL2 had different prognostic roles depend-
ing on the breast cancer molecular subtype. BCL2 expression
was a favorable prognostic factor for 5-year RFS and DSS in
luminal A breast cancer, which agrees with the results of pre-
vious studies [17,18]. Seong et al. [17] suggested that BCL2
expression is an independent, favorable prognostic factor in
patients with HR-positive and HER2-negative breast cancer.
In addition, Chen et al. [18] reported that patients with lumi-
nal breast cancer with high BCL2 expression have better out-
comes compared to those with other breast cancer subtypes.

To the best of our knowledge, although there is no signifi-
cant difference, patients with luminal B (HER2-negative and
HER2-positive) and HER2-overexpression breast cancer with
BCL2 expression tend to have good prognosis. This obser-
vation is supported by the results of previous studies that
showed that BCL2 is inversely correlated with proliferative
markers, such as Ki-67, and HER2-overexpression, and hence
plays an antiproliferative role despite its antiapoptotic effect
[27,28]. In luminal B (HER2-negative) breast cancer, which
expresses a high Ki-67 level (threshold >20%), BCL2 expres-
sion is high, but BCL2 plays an antiproliferative role, resulting
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in a more favorable outcome compared to that of breast can-
cer with BCL2-negative expression. A low frequency of BCL2
expression (25.3% and 1.3%, respectively) was detected in lu-
minal B (HER2-positive) and HER2-overexpression breast
cancer, respectively, which was consistent with the finding in
another study [28]. The strong inverse correlation between
BCL2 and HER?2 expression may be associated with non-sig-
nificant prognostic value of BCL2 in luminal B (HER2-posi-
tive) and HER2-overexpression breast cancer.

Our result shows that BCL2 expression tends to be associat-
ed with a worse prognostic effect in patients with TNBC (5-
year RFS, p=0.735; 5-year DSS, p=0.181). TNBC also has
low BCL2 expression. This result agrees with those of previous
studies reporting that low BCL2 expression is associated with
good outcomes of TNBC [2,11,23,29]. Bouchalova et al. [29]
investigated 187 patients with TNBC, 164 of who were treated
with anthracycline-based adjuvant chemotherapy. They sug-
gested that high BCL2 expression is a significant independent
predictor of poor outcomes in patients with TNBC [29]. In
contrast, Dawson et al. [25] reviewed 490 patients with stage I
to IIT TNBC and concluded that BCL2 expression is related
with better survival. Abdel-Fatah et al. [30] showed that low
BCL2 expression resulted in a poor clinical outcome in 390
patients with TNBC. Although the role of BCL2 in TNBC re-
mains controversial, most studies have concluded that BCL2
expression is lower and is associated with a poor prognosis.
Eventually, there was no statistically significant relationship
between BCL2 expression and TNBC and HER2-overexpres-
sion breast cancer in our study. Therefore, we can assume that
BCL2 does not have a prognostic role in HR-negative breast
cancer because this protein depends on estrogen and the ER
pathway.

This study had some limitations. First, because our study
was retrospective, selection bias may have been present. Sec-
ond, as we used an IHC staining method, the results may be
affected by intratumoral heterogeneity and interobserver het-
erogeneity. However, this is the first study to identify the dif-
ferent clinical effects based on BCL2 expression according to
the molecular subtypes from the 13th St. Gallen International
Expert Consensus. We used single-institutional data and ob-
tained results based on coherent treatment protocols pre-
scribed by two clinicians and standardized measurements of
BCL2 performed by a single pathologist at a single institution.
We also analyzed recurrence and survival to determine clin-
ical significance of the breast cancer.

In summary, BCL2 expressed different frequency and
played different prognostic roles according to breast cancer
molecular subtype. BCL2 is an independent favorable prog-
nostic marker for only luminal A breast cancer.
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