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Abstract. To date, no comprehensive prognostic or predictive 
marker profiling analysis has been performed in association 
with the age of patients with breast cancer. In the present 
study, 632 breast cancer tissue samples were analyzed for 
expression of estrogen receptor (ER), progesterone receptor 
(PR), human epidermal growth factor receptor 2 (HER2), 
B‑cell lymphoma (Bcl)‑2 protein, HER2 gene amplification, 
proliferation [as evaluated by proliferating cell nuclear antigen 
(PCNA) and Ki‑67 index], tumor grade, histological type and 
molecular subtype. The data revealed correlations with the 
age of patients. A statistically significant positive correlation 
was identified between patient age and expression of ER 
(P<0.0001). There was no significant association between 
patient age and PR, HER2 protein expression, HER2 gene 
amplification or PCNA. A significant negative correlation 
between age and Ki‑67 expression (P<0.0001) as well as 
grade of tumor (P=0.007) was identified. The spectrum of 
molecular subtypes differed according to age (P=0.0003). 
The highest incidence of aggressive triple‑negative and 
HER2‑positive breast cancer was present in patients aged 
between 20 and 39 years. Luminal A subtype was the most 
frequent cancer subtype in patients from age 40 onwards, 
where proliferation activity declined with age and expression 
of hormone receptors increased along with Bcl‑2 expression. 
Aggressive forms of breast cancer were more common in 
younger patients. Prognostic and predictive markers have 
a complex age‑specific distribution. The findings of less 
aggressive luminal A and B subtypes in older patients, and 
the positive correlation with ER, PR and Bcl‑2 expression 

reveal the potential efficacy of Bcl‑2 as a marker of hormone 
responsiveness in these patients.

Introduction

Breast cancer is a heterogeneous group of diseases that develops 
from the mammary gland. It varies in morphology, biological 
characteristics, behavior and response to therapy (1). However, 
the complex associations between various tumor characteris-
tics and patient age at the time of diagnosis have not yet been 
elucidated. A large number of risk factors for breast cancer 
have now been identified. These include: Geographic varia-
tions; race and ethnicity (2,3); prolonged exposure to exogenous 
estrogens post‑menopausally (including hormone replacement 
therapy used in the prevention of osteoporosis) (4‑7); obesity 
(due to estrogens produced by the adipose tissue)  (8‑10); 
alcohol abuse (11); genetic inheritance (mutations in breast 
cancer 1 and 2) (12‑14); lack of physical activity (15); ionizing 
radiation to the chest (depending on radiation dose, age and 
time following exposure) (16‑19); and early age at menarche or 
late age of pregnancy and menopause (20).

It is also established that the incidence of breast cancer 
increases with age. The number of elderly patients with breast 
cancer is increasing and the majority of females who succumb 
to breast cancer are >65 years old (21). However, older patients 
are more likely to present with tumors that are estrogen 
receptor (ER)‑ and progesterone receptor (PR)‑positive and 
human epidermal growth factor receptor 2 (HER2)‑negative, 
and these tumors are associated with improved prognosis 
and clinical outcomes (22,23). By contrast, younger patients 
with triple‑negative and HER2‑positive breast cancers have 
an increased risk of relapse within 5 years of diagnosis (24). 
Breast cancer that arises in young females is associated with 
reduced survival and higher incidence of unfavorable prog-
nostic and predictive tumor markers (25‑28).

Using gene expression analysis, breast cancer is able to be 
divided into six intrinsic molecular subtypes: Luminal A (ER+ 
and/or PR+, HER2‑ and Ki‑67 <14%), luminal B (ER+ and/or 
PR+, HER2‑ and Ki‑67 ≥14%, or ER+ and/or PR+ and HER2+), 
HER2‑enriched (ER‑, PR‑ and HER2+), basal‑like/triple‑nega-
tive (ER‑, PR‑ and HER2‑), normal breast‑like and claudin‑low 
[cluster of differentiation (CD)44+ and CD24‑ or low] (29,30). 
Molecular subtyping using four biomarkers (ER, PR, HER2 
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and Ki‑67) and dividing tumors into four subtypes (basal 
cell‑like, HER2 positive luminal A and luminal B) also 
provide clinically useful information concerning the biology 
of tumors and their clinical behavior. Therefore, they have 
been proposed for use in determining the efficacy of therapy 
and surveillance strategies (31‑37).

To the best of our knowledge, no comprehensive prognostic 
or predictive marker analysis has been performed to date in 
association with age in patients with breast cancer. The present 
study therefore aims to correlate the comprehensive basic 
clinicopathological data with age.

Materials and methods

Patients and diagnostic tests. The present study analyzed the 
age‑specific presence of prognostic and predictive markers 
in a sample of 632 formalin‑fixed, paraffin‑embedded breast 
cancer samples obtained from core‑cut biopsies or mastecto-
mies performed at the Department of Clinical and Molecular 
Pathology, University Hospital, Palacky University (Olomouc, 
Czech Republic) between January 2010 and April 2014, using 
standard immunohistochemistry (IHC) and fluorescence in situ 
hybridization (FISH). The present study was approved by the 
Ethics Committee of the University Hospital and the Faculty 
of Medicine and Dentistry of Palacky University. Informed 
consent was obtained from patients for the use of their tissues. 
The median patient age was 65 years (range, 26‑95 years). 
Sections of breast cancer samples (5‑µm thick) were used for 
examination of ER and PR expression, HER2 protein expres-
sion, markers of proliferation [including proliferating cell 
nuclear antigen (PCNA) and Ki‑67], and B‑cell lymphoma 
(Bcl)‑2 and HER2 gene amplification. The clinicopathological 
data were obtained from the primary pathology reports. All 
findings were verified by two independent pathologists of the 
Department of Clinical and Molecular Pathology, University 
Hospital, Palacky University.

Immunohistochemistry (IHC). The protocol for IHC was as 
follows: Slides were deparaffinized, exposed to heat‑induced 
antigen retrieval in a microwave oven for 15 min at 121˚C 
in a 10 mM sodium citrate buffer (pH 6.0; cat. no. C8532; 
Sigma‑Aldrich; Merck KGaA, Darmstadt, Germany), and 
endogenous peroxidase activity was blocked by incubation 
with a 5% hydrogen peroxide blocking solution (0.01  M 
PBS, pH 7.4, containing 0.01% thimerosal) for 10 min. The 
sections were incubated with diluted primary antibodies for 
60 min at room temperature (RT) and subsequently with the 
secondary antibody Dako EnVision+ Dual Link System‑HRP 
(cat. no. K4061; Agilent Technologies, Inc., Santa Clara, CA, 
USA) for 60  min at room temperature. The Dako Liquid 
DAB+ Substrate Chromogen System (cat. no. K3468; Agilent 
Technologies, Inc., Santa Clara, CA, USA) was used for the 
visualization according the manufacture's protocol. Sections 
were then counterstained with hematoxylin, dehydrated, 
cleared, mounted and covered. IHC evaluation of ER expres-
sion was performed using monoclonal mouse anti‑human 
primary antibody, clone 1D5 (cat. no. M7047; dilution, 1:20; 
Dako; Agilent Technologies, Inc., Santa Clara, CA, USA). PR 
expression was determined by monoclonal mouse anti‑human 
antibody, clone PgR 636 (cat. no.  M3569; dilution, 1:100; 

Dako; Agilent Technologies, Inc., Santa Clara, CA, USA). The 
proliferative markers PCNA and Ki‑67 were detected using 
monoclonal mouse anti‑PCNA, clone PC10 (cat. no. M0879; 
dilution, 1:1,500; Dako; Agilent Technologies, Inc.) for PCNA 
and monoclonal mouse anti‑human Ki‑67 antigen, clone MIB‑1 
(cat. no. M7240; dilution, 1:200; Dako; Agilent Technologies, 
Inc.) for Ki‑67. Bcl‑2 was determined by anti‑Bcl‑2 oncop-
rotein, clone 100, which reacts with Bcl‑2 alpha oncoprotein 
(Cat. no. AM287‑10M; dilution, 1:10; BioGenex; Fremont, CA, 
USA). Hormone receptors (ER and PR), PCNA, Ki‑67 and 
Bcl‑2 were evaluated using the histological score (H‑score) 
as follows: Percentage of positive cells x intensity of staining 
(1, 2 or 3). The age distribution of the analyzed markers was 
evaluated. Due to the small number of patients aged 20‑29 and 
90‑99 years, the 20‑29 years group was combined with the 

30‑39 years group and the 80‑89 years group was combined 
with the 90‑99 years group for statistical evaluation. HER2 
protein expression was determined according manufacturer's 
protocol using the in vitro diagnostic certified kit HercepTest™ 
(Dako; Agilent Technologies, Inc., Catalogue No. K5204). The 
expression of HER2 was scored on a qualitative scale from 0 
to 3+ according to the Dako manual (Agilent Technologies, 
Inc.) and the guidelines for HER2 testing in breast cancer from 
the American Society of Clinical Oncology (ASCO)/College 
of American Pathologists (CAP) (38). A score of 0 or 1+ was 
assessed as negative, 2+ as moderately positive and 3+ as posi-
tive (uniform intense staining of >30% of invasive tumor cells). 
IHC with HercepTest™ and anti‑hormone receptor primary 
antibodies were performed on the invasive breast cancer tissue 
samples.

Fluorescence in situ hybridization. The HER2 gene status 
was assessed using FISH analysis, which was performed 
according to the manufacturer's protocol on formalin‑fixed, 
paraffin‑embedded tissues. Locus‑specific identifier 
HER2/neu (Spectrum Orange™) and chromosome 17 centro-
mere (CEP17; Spectrum Green™) probes (cat. no. IM_001; 
IntellMed, Ltd., Olomouc, Czech Republic) were used for 
gene/chromosome copy number enumeration. The signals 
were observed and counted using fluorescence microscopy. At 
least 100 non‑overlapping nuclei were selected in each sample. 
Cut‑off levels were determined according to the ASCO/CAP 
recommendations. A HER2/CEP17 ratio of >2.2 was consid-
ered as positive (38,39).

Statistical analysis. The data were evaluated using IBM SPSS 
version 22.0 (IBM SPSS, Armonk, NY, USA). The correlation 
analysis for ER, PR, PCNA, Ki‑67, Bcl‑2, HER2 protein (using 
IHC) and HER2 gene (using FISH) expression with age and 
tumor grade was performed using the Spearman's rank corre-
lation coefficient. The associations between ER, PR, PCNA, 
Bcl‑2, Ki‑67, grade, HER2 protein and HER2 gene with histo-
logical type and molecular subtype were evaluated using the 
Kruskal‑Wallis test. Mann‑Whitney U‑tests with Bonferroni 
correction were used for pairwise comparisons. The data 
distribution was presented using box graphs. To examine the 
correlations between HER2 protein expression and molecular 
subtype or between histological type and molecular subtype, 
Fisher's exact test was used. P<0.05 was considered to indicate 
a statistically significant difference.
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Results

Age‑specific associations with hormone receptors. The 
present study identified a significant positive correlation 
between age and ER expression, between ER and PR expres-
sion and between Bcl‑2 expression and molecular subtypes 
(all P<0.0001). By contrast, an inverse association between 
ER expression and the grade of tumor (P<0.0001), amplifica-
tion of the HER2 gene [all P<0.0001; odds ratio (OR), 1.003; 
95% confidence interval (CI), 1.000‑1.005] and the markers 
of proliferation PCNA and Ki‑67 (P<0.0001) was detected. 
No statistically significant correlation between age and PR 
expression was identified; however, there were positive asso-
ciations between PR expression and the expression of HER2 
protein (P=0.001), Bcl‑2 protein (P<0.0001) and molecular 
subtypes (P<0.0001). By contrast, there were inverse asso-
ciations with tumor grade (P<0.0001), PCNA (P=0.004) and 
Ki‑67 (P<0.0001). The highest levels of ER and Bcl‑2 expres-
sion were observed in patients aged 70‑79 years old, whereas 
PR expression was highest in patients aged 30‑39 years old 
(Fig. 1).

Age‑specific associations with HER2 protein expression. A 
statistically significant positive correlation between HER2 
protein expression and PR expression (P=0.001), amplification 
of the HER2 gene (P<0.0001; OR, 1,290; 95% CI, 1.000‑1.665) 
and tumor grade (P=0.0002), and a negative correlation 
between HER2 expression and Bcl‑2 expression (P=0.003) 
were identified. No statistically significant negative correla-
tion was identified between age and HER2 protein expression 
(P=0.159).

Age‑specific associations with proliferative markers. A 
significant negative correlation was identified between age and 
Ki‑67 expression (P<0.0001). Ki‑67 also exhibited an inverse 
association with Bcl‑2 (P<0.0001), and was associated with 
tumor grade (P<0.0001), HER2 protein expression (P=0.032), 
HER2 gene amplification (P=0.007), PCNA expression 
(P<0.0001), histological type (P<0.0001) and molecular 

subtype (P<0.0001). No significant associations between age 
and PCNA expression were identified.

Age‑specific associations with Bcl‑2 expression. A statisti-
cally significant positive correlation between Bcl‑2 and 
hormone receptor expression and molecular subtype was 
identified. High levels of Bcl‑2 expression in luminal A and 
luminal B subtypes were observed in comparison with the 
HER2+ and triple‑negative breast cancer (TNBC) molecular 
subtypes. The significant correlation between Bcl‑2 expression 
levels and hormone receptor expression, demonstrates that 
Bcl‑2 is a potential effective marker of breast cancer hormonal 
responsiveness. By contrast, an inverse association was identi-
fied between Bcl‑2 and HER2 protein expression levels and 
proliferative markers.

Age‑specific associations between tumor grade and histolog‑
ical type. A statistically significant positive correlation between 
tumor grade and HER2 protein expression (P=0.0002), Ki‑67 
(P<0.0001) and molecular subtype (P<0.0001) was identified. 
Conversely an inverse association was detected between tumor 
grade and hormone receptor (ER and PR) expression levels. 
In the present study of 632 breast cancer tissue samples, the 
following distribution of histological types was observed: 
Invasive ductal breast cancer [invasive cancer of no special 
type according to the WHO Classification of Tumors of the 
Breast (1)], 82.0%; in situ ductal breast cancer, 9.7%; invasive 
lobular breast cancer, 5.8%; breast cancers with poor prognosis, 
including metaplastic and micropapillary breast cancer, 0.5%; 
medullary breast cancer, 0.3%; and other types of breast cancer 
with improved prognosis (tubular, mucinous, cribriform and 
papillary; 1.7%) (Table I). The highest incidence of invasive 
and non‑invasive ductal breast cancer cases was observed in 
patients aged 60‑69 years (mean age, 65 years). The occur-
rence of these types of breast cancer was predominant also in 
younger patients (<50 years old), and these two histological 
types exhibited the highest levels of HER2 expression. The 
incidence of invasive lobular breast cancer increased between 
the ages of 50 and 70 years.

Figure 1. Mean histological score (H‑score) of PCNA, Ki‑67, PR, HER2, Bcl‑2 and ER in age decades. PCNA, proliferating cell nuclear antigen; PR, proges-
terone receptor; HER2, human epidermal growth factor receptor 2; Bcl, B‑cell lymphoma; ER, estrogen receptor.
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Age‑specific associations with molecular subtypes. The 
distribution of molecular subtypes was as follows: 35% 
luminal A, 25% luminal B, 1% luminal C, 14% HER2+ 
and 25% TNBC. The highest incidence of TNBC and 
HER2‑positive breast cancer was detected in the youngest 
patient groups (20‑39 years old). However, in patients aged 
≥40 years old, the luminal A molecular subtype was most 
commonly observed (Table II and Fig. 2). The age of patients 
with luminal A breast cancer was statistically significantly 
higher compared with that of patients with the HER2+ and 
TNBC molecular subtypes (P<0.0001). Statistically signifi-
cant positive correlations between molecular subtypes and 
ER expression (P<0.0001), PR expression (P<0.0001), Ki‑67 
expression (P<0.0001), PCNA expression (P<0.0001), tumor 
grade (P<0.0001), histological type (P<0.0001), expression 
of HER2 protein (P<0.0001), and amplification of the HER2 
gene (P<0.0001) and the Bcl‑2 proto‑oncogene (P<0.0001) 
were also observed. Those breast cancer cases that were 
identified as luminal A molecular subtype were exclusively 
composed of the most favorable histological types in terms 
of prognosis, including mucinous, tubular and papillary 
cribriform breast cancer. Luminal B molecular subtype 
cancer cases had a significantly higher grade than luminal A 
cancer cases (P=0.001) and a significantly lower grade than 
HER2+ cases (P<0.0001). The distribution of invasive and 
non‑invasive ductal breast cancer [invasive ductal carcinoma 
(IDC) or ductal carcinoma in situ (DCIS)] between molecular 
subtypes was more heterogeneous (IDC: 35.8% luminal A, 
24.7% luminal B, 10.9% HER2+ and 27.9% TNBC; and 
DCIS: 26.7% luminal A, 26.7% luminal B, 33.3% HER2+ 
and 11.7% TNBC). In the IDC and DCIS groups, the highest 
incidence of HER2 positivity was identified. The overexpres-
sion and amplification of HER2 were significantly higher in 
HER2+ and luminal B molecular subtypes compared with the 

other molecular subtypes. The distribution of invasive and 
non‑invasive lobular breast cancer was divided between the 
luminal A (53.3%), luminal B (33.3%) and HER2+ (13.3%) 
subtypes. The expression levels of Ki‑67 and PCNA were 
significantly higher in the HER2+ and TNBC molecular 
subtypes than in the two luminal subtypes.

Discussion

The present study aimed to elucidate the associations between 
common clinicopathological characteristics of breast cancer 
and the patient age distribution. The results revealed that 
these prognostic and predictive markers have an age‑specific 
distribution. More aggressive breast cancers were observed 
primarily in younger patients (20‑39 years old), whereas the 
breast cancer types with improved prognosis were associ-
ated with older patients (≥40 years old). Proliferative activity 
declined with age, and the expression of hormone receptors 
and Bcl‑2 increased with age. Young females exhibited 
tumors with a higher grade and HER2+ and TNBC molecular 
subtypes. To the best of our knowledge, no comprehensive 
analysis of all these characteristics has been performed to date, 
and there are limited previous studies concerning this subject. 
Diab et al (22) described the association between increasing 
age at the time of diagnosis and HER2 protein expression in 
patients with breast cancer who were ≥55 years old. Benz (25) 
compared the biology of early‑onset with late‑onset breast 
cancer, and demonstrated that late‑onset tumors develop more 
slowly and are biologically less aggressive than early‑onset 
tumors. Anders et al (40) revealed that young females have 
lower ER positivity, larger tumors, higher levels of human 
epidermal growth factor receptor 2 expression, higher‑grade 
tumors, lymph node positivity and a tendency towards reduced 
disease‑free survival.

In the present study, the age of patients with luminal A 
breast cancer was significantly higher compared with that 
of patients with the HER2+ and TNBC molecular subtypes. 
Furthermore, de Kruijf et al (41) also identified a statistically 
significant association (P=0.02) between patient age and 
tumor molecular subtype with luminal tumors being more 
frequently identified in elderly patients, whereas HER2+, 

Table II. Age‑associated distribution of molecular subtypes.

Age, 	 Luminal 	 Luminal 	 Luminal 	 HER2, 	 TNBC, 
years	 A, %	 B, %	 C, %	 %	 %

20‑29	   0.00	   0.00	 0.00	 33.00	 67.00
30‑39 	 12.50	 25.00	 4.20	 25.00	 33.30
40‑49 	 31.00	 17.30	 0.00	 15.50	 36.20
50‑59 	 30.00	 28.60	 2.00	 12.30	 22.10
60‑69 	 40.80	 26.00	 0.00	 13.60	 19.60
70‑79	 45.90	 16.50	 0.00	 10.60	 27.00
80‑89 	 46.40	 32.20	 0.00	   7.10	 14.30
90‑99 	 33.30	 16.70	 0.00	   0.00	 50.00

HER2, human epidermal growth factor receptor 2; TNBC, 
triple‑negative breast cancer.

Table I. Age‑associated distribution of tumor histological 
types.

	 Number	 Mean	 Histological typea

Age, 	 of	 age,	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
years	 patients	 years	 1	 2	 3	 4	 5	 6

20‑29	     4	 29	     4	   0	   0	 0	 0	   0
30‑39	   30	 36	   25	   4	   1	 0	 0	   0
40‑49	   79	 46	   66	   8	   4	 0	 0	   1
50‑59	 158	 56	 130	 16	   8	 0	 1	   3
60‑69	 203	 65	 163	 25	 10	 2	 0	   3
70‑79	 111	 75	   88	   7	 11	 1	 1	   3
80‑89	   41	 84	   36	   1	   3	 0	 0	   1
90‑99	     6	 93	     6	   0	   0	 0	 0	   0
Total 	 632	 61	 518	 61	 37	 3	 2	 11

a1, Invasive breast cancer of no special type according to the WHO 
classification (formerly termed invasive ductal cancer); 2, in  situ 
ductal breast cancer; 3, invasive lobular breast cancer; 4, breast cancer 
with a poor prognosis (metaplastic and micropapillary); 5, medullary 
breast cancer; 6, other types of breast cancer with a good prognosis 
(tubular, mucinous, cribriform and papillary).
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basal‑like and unclassified subtypes were more commonly 
detected in younger patients. A similar trend was described 
in the study by Park et al (33), in which poor patient outcomes 
were associated with an increased frequency of triple‑nega-
tive/HER2 subtypes and more aggressive clinical behavior 
in young patients, in contrast to ER‑positive tumors in older 
patients. Jenkins et al (42) examined the association between 
age and subtype, and recurrence‑free, disease‑specific and 
overall survival in older females. In this previous study, the 
incidence of luminal subtypes increased with age and had 
improved outcomes compared with those of basal‑cell like 
and HER2‑enriched subtypes. Prat et al (43) reported that 
HER2‑positive breast cancer cases had a higher frequency 
compared with the HER‑negative types of breast cancer of the 
HER2‑enriched subtype (47.0 vs. 7.1%) and a lower frequency 
of the basal‑like (14.1 vs. 23.4%) and luminal A (10.7 vs. 39.0%) 
subtypes. In this previous study, the HER2 gene and protein 
expression levels were statistically significantly higher in the 
HER2‑enriched and basal‑like subtypes compared with those 
in the luminal subtype.

In the present cohort of patients, the distribution of partic-
ular molecular subtypes was 35% luminal A, 25% luminal B, 
1% luminal C, 14% HER2+ and 25% TNBC. The expression 
of Ki‑67 and PCNA was significantly higher in HER2+ and 
TNBC subtypes compared with that in either luminal subtype. 
By contrast, Ihemelandu et al (26) classified breast cancer 
into four molecular subtypes (basal cell‑like, HER2/neu, 
luminal A and luminal B) and analyzed the prevalence and 
clinicopathological associations for these molecular subtypes 
in pre‑ and post‑menopausal African‑American females. The 
luminal A type was the most prevalent (55.4%), whereas 
the basal cell‑like form was the most prevalent in the age 
group <35  years old, and also exhibited an age‑specific 
bimodal distribution, with a peak in patients aged <35 and 
51‑65 years old (26). The basal cell‑like and HER2+ subtypes 
had a stronger association with a more aggressive clinical 
course than the luminal A subtype (26). Park et al (33,44) 

revealed that luminal A tumors were well differentiated and 
more frequently co‑expressed hormone receptors than the 
luminal B type. Patients with TNBC tumors were younger at 
the time of diagnosis and had larger, more undifferentiated 
tumors with a higher proliferation rate and frequent visceral 
metastases (33).

A previous study made notable progress in aiding the 
understanding of the role of the pro‑survival protein Bcl‑2, 
which has an important role in regulating the pro‑apoptotic 
effector proteins Bcl‑2 homologous antagonist/killer and 
Bcl‑2‑associated X protein, and also neutralizes a group of 
sensor proteins, including Bcl‑2‑like protein 11, which are 
triggered by cytotoxic stimuli such as chemotherapy (45). 
The correlation between Bcl‑2 expression and patient 
outcome has been the focus of a number of studies on 
primary breast cancer and, paradoxically, Bcl‑2 was iden-
tified to be a marker of improved prognosis  (45) across 
molecular subtypes (46‑49). The explanation for this paradox 
may be that Bcl‑2 is an estrogen‑responsive gene (50) or that 
high levels of pro‑apoptotic Bcl‑2 trigger mitochondrial 
priming (51). However, a previous study reported that Bcl‑2 
expression is an independent factor predicting poor prognosis 
in patients with hormone receptor‑negative breast cancer or 
TNBC who did not undergo adjuvant therapy, particularly 
in post‑menopausal females (52). The present study reveals 
high expression levels of Bcl‑2 in the luminal A and luminal 
B subtypes of breast cancer in comparison with that in 
the HER2+ and triple‑negative molecular subtypes. These 
results are concordant with those from Seong et al  (53), 
which also described a significant association between 
Bcl‑2‑positive tumors, and a younger patient age, early stage, 
lower grade, positive expression of ER and PR, and negative 
expression of HER2. Patients with Bcl‑2/ER/PR‑positive 
and HER2‑negative tumors in this previous study also 
exhibited an improved prognosis (53). A significant correla-
tion between Bcl‑2 expression levels and hormone receptor 
status demonstrates that Bcl‑2 is a potential effective marker 

Figure 2. Graphical presentation of age‑associated distribution of molecular subtypes. HER2, human epidermal growth factor receptor 2; TNBC, triple‑negative 
breast cancer.
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of hormonal responsiveness in patients with ER/PR positive 
breast cancer.

The present study provides a comprehensive look at natural 
relations between levels of the most important breast cancer 
prognostic and predictive biomarkers and the age of the 
patients. It was demonstrated that there was an age‑specific 
distribution in the breast cancer patient population, and 
therefore suggested the significance of age as an additional 
factor for an increase in the reliability of estimation of disease 
progression. The present study seeks to encourage oncologists 
to recognize Bcl‑2 expression in estrogen receptor positive 
breast cancer samples as a reliable indicator of the functional 
estrogen driven axis for patients being considered for hormonal 
treatment.
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