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breast cancers into five subtypes: luminal A, luminal B, HER-2 overexpressing, basal-like, and normal
breast-like. Although clinical differences between subtypes have been well described in the literature,
etiologic heterogeneity have not been fully studied. The aim of this study was to assess the associations
between several hormonal and nonhormonal risk factors and molecular subtypes of breast cancer.

Methods: This cross-sectional study consisted of 1884 invasive breast cancer cases. Variables studied
Breast cancer . . . . . .
Risk factor included family history, age at first full-term pregnancy, number of children, duration of lactation,
Molecular subtypes menstruation history, menopausal status, blood type, smoking, obesity, oral contraceptive use, hormone
replacement therapy and in vitro fertilization. The odds ratios (OR) and 95% confidence intervals (CI)
were estimated using multivariate logistic regression analysis.
Results: Thousand two-hundred and forty nine patients had luminal A, 234 had luminal B, 169 had HER-2
overexpressing and 232 had triple negative breast cancer. The age of >40 years was found to be a risk
factor for luminal A (OR 1.41 95% CI 1.15—1.74; p=0.001) and HER-2 overexpressing subtype (OR: 1.51,
95% CI: 1.01-2.25; p = 0.04). Women who were nulliparous (OR 1.48, 95% CI 1.03—2.13; p = 0.03) or who
had their first full-term pregnancy at age 30 years or older (OR 1.25 95% CI 0.83—1.88; p = 0.04) were at
increased risk of luminal breast cancer, whereas women with more than two children had a decreased
risk (OR 0.68, 95% CI 0.47—0.97; p = 0.03). Breast-feeding was also a protective factor for luminal subtype
(OR 0.74, 95% CI1 0.53—1.04; p = 0.04) when compared to non-luminal breast cancer. We found increased
risks for postmenopausal women with HER-2 overexpressing (OR 2.20, 95% CI 0.93—5.17; p=0.04) and
luminal A (OR 1.87, 95% CI 0.93—3.90, p = 0.02) breast cancers, who used hormone replacement therapy
for 5 years or more. Overweight and obesity significantly increased the risk of triple negative subtype
(OR 1.89 95% CI 1.06—3.37; p=0.04 and OR 1.90 95% CI 1.00—3.61; p = 0.03), on the contrary, decreased
the risk of luminal breast cancer (OR 0.63 95% CI 0.43—0.95; p=0.02 and OR 0.50 95% CI 0.32—0.76;
p=0.002, respectively) in premenopausal women. There were no significant differences between risk
of breast cancer subtypes and early menarche, late menopause, family history, postmenopausal obesity,
oral contraseptive use, smoking, in vitro fertilization, blood groups and use of hands.
Conclusions: Reproductive and hormonal characteristics (breastfeeding, parity, age at first full-term birth,
hormone replacement therapy) were associated with luminal subtype, compared to non-luminal breast
cancer, as consistent with previous studies. Obesity and overweight increased the risk of triple negative
subtype, particularly in premenopausal women. Older age and use of hormone replacement therapy
were related to the risk of HER-2 overexpressing breast cancer. Our data suggest a significant hetero-
geneity in association of traditional breast cancer risk factors and tumor subtypes.

© 2012 Elsevier Ltd. All rights reserved.
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among women. According to the GLOBOCAN 2008, the crude as
well as age-standardized incidence and mortality rates of breast
cancer in Turkey per 100,000 were 10.6; 28.3 and 6.4; 12.4 (10,065
new cases and 4311 deaths), respectively.!

Age, family history, early menarche, late menopause, nulliparity,
late age at first full-term pregnancy and use of hormone replace-
ment therapy (HRT) are well-established risk factors for the devel-
opment of breast cancer.? It has been suggested that risk factors
which are associated with estrogen receptor (ER) and progesterone
receptor (PR) positive breast tumors involve mechanisms related to
endogenous hormone exposure, whereas the etiology of ER and PR
negative breast cancers may be non-hormonal 3>

Breast cancer is characterized by its molecular and clinical
heterogeneity. Studies profiling gene expression have classified
breast cancers into five distinct subtypes: luminal A (ER positive
and/or PR positive, human epidermal growth factor receptor 2
(HER-2) negative), luminal B (ER positive and/or PR positive, HER-2
positive), HER-2 overexpressing (ER negative, PR negative, HER-2
positive), basal-like (ER negative, PR negative, HER-2 negative,
cytokeratin 5/6 positive and/or epidermal growth factor receptor
positive) and normal breast-like tumors (unclassified).®” Basal-like
and normal breast-like tumors both have a triple negative pheno-
type (ER negative, PR negative, HER-2 negative), although
approximately 70% of triple-negative tumors are basal-like.®

Clinical differences between these breast cancer subtypes have
been well described in the literature. Five-year breast cancer
specific survival rates are 65—94% for luminal A, 83—-92% for
luminal B, 39—71% for HER-2 overexpressing tumors, 51—93% for
basal-like tumors, and 44—91% for normal breast-like tumors.®
However, data regarding differences in the associations between
well-established breast cancer risk factors and molecular subtypes
are limited.

Few studies have explored the associations between common
breast cancer risk factors and the molecular subtypes of breast
cancer.”?~ 1! Most epidemiological studies found some differences
in risk factor profiles according to ERPR status, although specific
findings have not been consistent across studies.*'>!3 Thus, the
majority of these studies had small sample size with less than
optimal receptor data availability (usually <60% of cases) or limited
numbers of cases with triple negative or HER-2 overexpressing
breast cancers. A better understanding of the etiology of triple
negative tumors, which account for 10—20% of breast cancers, is
particularly important because they include most clinically
aggressive tumors.>!3

The main aim of this study was to assess the associations
between several hormonal and nonhormonal risk factors and
molecular subtypes of breast cancer defined by ER, PR and HER-2
status.

Materials and methods

This retrospective cross-sectional study consisted of 2005
women diagnosed with breast cancer between 1983 and 2011 who
have been followed up in Department of Medical Oncology at
Hacettepe University, Institute of Oncology.

Cases with missing data of ER (n=45), PR (n=45) and HER-2
(n=78) were excluded as we were unable to classify these cases
as luminal, HER-2 overexpressing, or triple negative. Women
diagnosed with breast carsinoma in situ that were neither ductal
(n=43) nor lobular (n = 10) were also excluded. After exclusion of
cases with missing data of ER, PR, HER-2 status and cases of
carcinoma-in-situ, 1884 cases of invasive breast cancer were
eligible for analysis.

Medical doctors conducted a face-to-face interview with each
patient at the time of the diagnosis. Patients were asked detailed

information on family history of breast and/or ovarian cancer, age
at first full-term pregnancy, number of biological children, duration
of lactation, menstruation history and menopausal status. Addi-
tional informations were collected on age at breast cancer diag-
nosis, blood type, smoking and use of hands. Use of oral
contraceptives, HRT and in vitro fertilization were also inquired.

Before statistical analysis, risk factors were classified as follows:
age at diagnosis (<40, >40 years), family history (no, yes), age at
first full-term pregnancy (nulliparous, <30, >30 years), number of
children (0, 1, >2 children), breastfeeding (no, yes) and age at
menarche (<12, >12 years), menopausal status (pre-, peri, post-
menopause), age at menopause (<55, >55 years). Early menarche
was defined as first menstruation occurring before the age of 12
years and late menopause was defined as menopause at age of 55
years or more.? Data on HRT and oral contraseptive use classified as
(no, <2 years, >2 to 5 years and >5 years), in vitro fertilization (no,
yes) and smoking (no, yes). Body weight and height recorded
accurately at the time of admission. Body mass index (BMI) was
calculated as BMI = weight (kg)/height? (m?), and classified into
three categories: (i) normal body weight (BMI: 18.5—24.9 kg/m?);
(ii) overweight (BMI: 25—29.9 kg/m?) and (iii) obese (BMI
>30.0 kg/m?), using criteria of World Health Organization.!*

Data on ER and PR status and HER-2 expression were obtained
from medical record review. ER and PR status were assessed by
immunohistochemistry (IHC). The nuclear staining in more than 5%
of tumor cells were considered as positive. Expression of HER-2 was
also determined immunohistochemically. HER-2 positivity (a score
of 3+) was defined as strong complete membrane staining in more
than 10% of tumor cells; scores of 0 and 1 were considered negative,
and fluorescence in situ hybridization was done for all 2+ tumors.
Finally, tumor subtypes were classified as luminal A (ER positive
and/or PR positive/HER-2 negative), luminal B (ER positive and/or
PR positive/HER-2 positive), HER-2 overexpressing (ER negative/PR
negative/HER-2 positive) and triple negative (ER negative/PR
negative/HER-2 negative).®

Statistical analysis

Differences between subtypes with regard to demographic
reproductive and characteristics and common breast cancer risk
factors were examined using one-way ANOVA for continuous
variables and Pearson chi-square tests for the categorical variables.

We analyzed three major groups (luminal, HER-2 over-
expressing and triple negative breast cancer). Multivariate logistic
regression analysis was used to estimate odds ratios (OR) and 95%
confidence intervals (95% CI) for the association between risk
factors and each breast cancer subtype. One-sample Kolmogorov—
Smirnov test was performed to check the normal distribution of
variables. All variables were normally distributed (p >0.05). We
selected both HER-2 overexpressing and luminal subtypes as the
referent while evaluating triple negative breast cancer (comparing
triple negative and non-triple-negative patients), triple negative
and luminal subtypes as the referent while evaluating HER-2
overexpressing breast cancer, and triple negative and HER-2 over-
expressing subtypes as the referent while evaluating luminal breast
cancer (comparing luminal and non-luminal cases). We also eval-
uated luminal tumours separately by luminal A and luminal B,
using logistic regression analysis. When a significant risk factor was
determined for luminal breast cancer, we re-analyzed for four
groups (luminal A, luminal B, HER-2 overexpressing and triple
negative breast cancer), comparing luminal A to non-luminal A and
luminal B to non-luminal B. Molecular subtypes were considered
as outcome variables and risk factors were considered as explan-
atory variables. The approach was comparable to performing
a series of simple binary logistic regression models. We evaluated
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confounding between each of the risk factors. Final multivariate
analyses for hormone therapy use and BMI were adjusted for the
type of menopause. P values to test for heterogeneity of effects
between tumor subtypes were also obtained using logistic regres-
sion analyses.

All data was entered and analysed using Statistical Package for
Social Sciences version 15.0 (SPSS, Inc., Chicago, IL, USA). Appro-
priate statistical analysis was carried out with a two-sided level of
0.05 and 95% CI.

Results

A total of 66.3% (n = 1249) of the patients had luminal A, 12.4%
(n=234) had luminal B, 9.0% (n=169) had HER2 overexpressing
and 12.3% (n=232) had triple negative breast cancer. The odds
ratios and 95% Cls of demographic and reproductive risk factors by
tumour subtypes were given in Table 1.

Age. The mean age of the patients with luminal A subtype was
49.1 +£11.7 years, luminal B was 46.2 + 11.8 years, triple negative
was 47.7 +12.1 years and HER-2 overexpressing breast cancer was
49.7 +10.9 years (p = 0.002). To investigate a possible association
between young age at diagnosis and breast cancer subtype, we
divided patients into two groups (<40 years and >40 years). The
age of >40 years was found to be a risk factor for luminal A (OR 1.41
95% ClI 115—-1.74; p=0.001) and HER-2 overexpressing subtype
(OR: 1.51, 95% CI: 1.01—-2.25; p=0.04).

Family history. Four hundred and forty two (23.5%) patients had
breast and/or ovarian cancer history in the family. Association with
family history of breast cancer did not differ significantly across
molecular subtypes, although the highest proportion of patients
with family history was observed in triple negative group (27.3%;
p=0.11).

Parity, age at first full-term pregnancy and breast-feeding. 13.2% of
the patients were nulliparous. When luminal subtype compared to
non-luminal breast cancer, nulliparous women had an increased
risk of luminal breast cancer (OR 1.48, 95% CI 1.03-2.13; p =0.03),
whereas patients with more than two children had a decreased risk
(OR 0.68, 95% CI 0.47—0.97; p=0.03). Women who had their first
full-term pregnancy at age 30 years or older were also at increased
risk of luminal breast cancer (OR 1.25 95% CI 0.83—1.88; p = 0.04).
Overall, 85.1% of the women had breastfed their babies, with
a mean duration of 12.9 +9.9 months. Breast-feeding was also
noted to be a protective factor for luminal breast cancer (OR 0.74,
95% ClI 0.53—1.04; p =0.04). When we analyzed luminal tumours
separately by luminal A and luminal B subtype; we observed
similar and significant findings in reproductive factors for both
luminal A and B breast cancer (p < 0.05).

Early menarche and late menopause. The mean menarche age
was 13.32 +1.37 years (range, 9—21 years). A total of 27% of the
patients had menarche before age 12 years. There was no difference
in risk of developing breast cancer among subtypes (p=0.86).
Overall, 45.1% of the patients (n = 845) were postmenopausal and
23% (n=193) of these were 55 years and over. There was no
significant difference between risk of breast cancer subtypes and
late menopause (p = 0.39).

Oral contraceptive use. Four hundred and sixteen (22.6%)
patients had a history of oral contraceptive use with a mean
duration of use of 26.3 months. 254 women had used for <2 years,
96 women had used for 2 to 5 years and 66 patients had used for 5
years or more. We observed no significant difference in oral con-
traseptive use among breast cancer subtypes.

Hormone replacement therapy (HRT). A total of 15.7% of the
patients (n = 288) had a history of HRT use. The mean duration of
therapy was 24.1 months. 9.9% of these had used for <2 years, 3.2%
had used for 2—5 years and 2.6% had used for 5 years or more.

Women who had used HRT >5 years were at an increased risk of
luminal A breast cancer (OR 1.73 95% C1 0.92—3.26; p = 0.02). There
were also elevated risks for HER-2 overexpressing and luminal B
breast cancer with borderline p values (OR 2.02 95% CI 0.92—4.41;
p=0.05 and OR 147 95% CI 1.14—-2.55; p=0.06, respectively).
When we stratified by menopausal status (peri- and post-
menopausal women), there was no significant association
between HRT use and risk of perimenopausal breast cancer.
However, we found significant increased risks for women with HER-
2 overexpressing (OR 2.20,95% C10.93—5.17; p = 0.04) and luminal A
(OR 1.87,95% C1 0.93—3.90, p = 0.02) breast cancers, who used HRT
for 5 years or more, in postmenopausal women. There was no
significant impact of HRT use on triple negative breast cancer,
regardless of menopausal status.

Smoking. A total of 17.0% of the patients were smokers. The
percentages of smokers among subtypes were similar (p =0.93).
We observed no significant association between smoking and
breast cancer subtypes.

Obesity. Body mass index was calculated for 1630 patients. A
total of 32.9% of the patients were normal weight, 36.8% were
overweight, 30.3% were obese. Obesity was associated with
a significant increased risk of triple negative breast cancer (OR 1.58
95% CI 1.02—2.44; p=0.01) and decreased risk of luminal subtype
(OR 0.70 95% CI 0.52—0.94; p=0.02). When we stratified by
menopausal status, we found no association between obesity and
tumour subtypes in postmenopausal women. However, there were
strong associations in premenopasual women. Overweight and
obesity significantly increased the risk of triple negative subtype
(OR 1.89 95% CI 1.06—3.37; p =0.04 and OR 1.90 95% CI 1.00—3.61;
p=0.03), on the contrary, decreased the risk of luminal breast
cancer (OR 0.63 95% CI 0.43—0.95; p=0.02 and OR 0.50 95% CI
0.32—0.76; p = 0.002, respectively).

In vitro fertilization. Sixty-six patients (3.6%) had a history of
in vitro fertilization before diagnosis. There was no significant
difference of in vitro fertilization history among breast cancer
subtypes.

ABO blood groups. The blood groups were known for 1441
patients. The most frequent blood types were A (43.2%) and
0 (33.1%), respectively. We found no difference between ABO blood
groups and molecular subtypes of breast cancer.

Use of hands. 85.1% of patients were using right hand, 4.1% were
using left hand and 0.9% were using both. No significant association
was found between breast cancer subtypes and use of hands.

Discussion

Demographic and reproductive factors varied significantly by
tumour subtypes in the present study. Compared with other
subtypes, triple negative and luminal B cases were more likely to be
younger at diagnosis (p =0.002). Kwan et al. found that patients
with luminal B and triple negative disease were younger than
patients with luminal A.> Many studies reported that young age
was associated with triple negative (basal-like) breast cancer and
older age was related to hormone receptor positive tumors. 45911
The incidence of breast cancer increases with age, doubling about
every 10 years until the menopause, when the rate of increase
slows dramatically.? In this study, older age was found to be a risk
factor for luminal A and HER-2 overexpressing subtype.

Nulliparous women had an increased risk of both luminal A and
B breast cancers, while women with more than two children had
a decreased risk, when compared to hormone receptor disease.
Several studies suggested that reproductive factors which are
related to endogenous estrogen and progesterone exposure, are
strongly associated with the risk of hormone receptor positive
breast cancer.'>!>1® An epidemiologic meta-analysis of breast
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Table 1
The odds ratios and 95% confidence intervals of demographic, reproductive and non-hormonal risk factors by breast cancer subtypes.?
Risk factor Luminal breast cancer Luminal A breast Luminal B breast HER-2 overexpressing Triple negative breast
(n=1483) cancer (n=1249) cancer (n=234) breast cancer (n=169) cancer (n=232)
OR (95% CI) P OR (95% CI) P OR P OR P OR P
Age
<40 years 1 077 1 0.001* 1 <0.001* 1 0.04* 1 0.16
>40 years 0.96 (0.74—1.24) 1.41 (1.15-1.74) 0.56 (0.42—0.75) 1.51 (1.01-2.25) 0.80 (0.59—1.09)
Family history
No 1 088 1 0.60 1 0.27 1 0.07* 1 0.16
Yes 1.02 (0.78—-1.32) 1.06 (0.85—-1.32) 0.82 (0.59—-1.169 0.68 (0.45—-1.03) 1.24 (0.91-1.70)
Blood type
A 0.91(0.61-1.35) 0.90 0.92 (0.66—1.28) 0.72 0.75(0.46—-1.23)  0.06* 1.27 (0.71-2.26) 0.93  0.96 (0.58—1.56) 0.85
B 0.94 (0.63—1.38) 1.04 (0.75—1.44) 0.78 (0.48—1.26) 1.14 (0.64—2.03) 0.99 (0.61-1.61)
AB 0.98 (0.67—1.44) 0.88 (0.65—1.21) 1.19 (0.76—1.85) 1.09 (0.62—1.91) 0.95 (0.59—1.51)
0 0.79 (0.46—1.35) 0.87 (0.55—-1.38) 0.69 (0.33—-1.43) 1.10 (0.49—-2.46) 1.31 (0.69—-2.48)
Use of hand
Right-handed 0.80 (0.40—-1.61) 0.68 1.19(0.70—2.04) 0.28 0.34 (0.15-0.79)  0.05* 0.95(0.37-242) 097 1.52(0.59-3.94) 0.52
Left-handed 0.93 (0.23—-3.71) 1.11 (0.70—-1.76) 0.75 (0.41-1.38) 1.01 (0.45—-2.25) 1.73 (0.74—4.03)
Age at menarche
Menarche >12 years 1 0.56 1 0.40 1 0.89 1 0.41 1 0.98
Menarche <12 years 1.07 (0.83—1.39) 1.09 (0.88—1.36) 0.97 (0.71-1.34) 0.85 (0.57—1.25) 0.99 (0.72—1.36)
Age at menopause
Menopause <55 years 1 0.99 1 0.87 1 0.85 1 0.49 1 0.54
Menopause >55 years  0.99 (0.88—1.12) 0.97 (0.70—-1.35) 0.95 (0.56—1.61) 0.94 (0.79-1.11) 1.04 (0.90—-1.21)
Age at first full-term pregnancy
<30-years old 1 0.03* 1 0.04* 1 0.01* 1 036 1 0.19
>30-years old 1.25 (0.83—-1.88) 1.14 (1.08—-1.30) 1.57 (1.08—2.30) 0.96 (0.55—1.69) 0.71 (0.41-1.22)
Nulliparous 1.48 (1.03—2.13) 1.44 (1.05-1.91) 1.59 (1.01-2.46) 0.67 (0.39-1.15) 0.72 (0.46—1.12)
Number of children
0 1 0.03* 1 0.01* 1 0.03* 1 037 1 0.22
1 0.79 (0.50—1.26) 0.60 (0.36—1.08) 0.66 (0.39—-1.11) 1.49 (0.76—2.89) 1.05 (0.58—1.89)
>2 0.68 (0.47—-0.97) 0.59 (0.38—0.71) 0.66 (0.45—-0.97) 1.46 (0.85—-2.50) 1.37 (0.87-2.15)
Breast-feeding
No 1 0.04* 1 0.03* 1 0.04* 1 024 1 0.27
Yes 0.74 (0.53—1.04) 0.71 (0.56—0.98) 0.69 (0.48—0.96) 1.34 (0.81-2.21) 1.26 (0.83—1.92)
Oral contraceptive use
No 1 071 1 0.56 1 0.96 1 049 1 0.76
Yes (0—2 years) 0.89 (0.65—1.23) 1.01 (0.77—-1.32) 1.04 (0.70—-1.55) 1.21 (0.78—1.88) 1.01 (0.67—-1.51)
Yes (>2—5 years) 0.92 (0.51-1.66) 1.24 (0.81-1.90) 1.00 (0.53—1.86) 0.68 (0.29—-1.58) 091 (0.47-1.74)
Yes (>5 years) 1.26 (0.73—-2.16) 1.33 (0.79-2.23) 0.83 (0.37—-1.84) 0.66 (0.23—1.84) 1.41 (0.72-2.74)
HRT use
No 1 0.03* 1 0.02* 1 0.06* 1 0.05* 1 0.39
Yes (0—2 years) 1.04 (0.51-2.12) 1.51 (1.09-2.10) 1.04 (0.66—1.65) 0.50 (0.25—1.01) 0.87 (0.54—1.41)
Yes (>2—5 years) 1.06 (0.55—-2.02) 1.17 (0.67-2.01) 1.14 (0.53—2.44) 0.94 (0.37-2.41) 0.95 (0.42-2.12)
Yes (>5 years) 1.45 (0.96—2.19) 1.73 (0.92—-3.26) 1.47 (1.14-2.55) 2.02 (0.92—4.41) 0.30 (0.07—1.25)
In vitro fertilization
No 1 050 1 0.65 1 0.26 1 098 1 041
Yes 1.24 (0.65—-2.34) 1.12 (0.67—-1.86) 1.45 (0.75—-2.83) 0.98 (0.42—-2.32) 0.70 (0.30—1.64)
Obesity®
Normal weight 1 0.02* 1 0.64 1 0.55 1 054 1 0.01*
Overweight 0.81 (0.61-1.09) 0.90 (0.71-1.14) 1.11 (0.79-1.57) 1.08 (0.75—-1.54) 1.37 (0.89-2.12)
Obese 0.70 (0.52—0.94) 0.98 (0.76—1.26) 0.92 (0.63—1.33) 1.22 (0.84—-1.77) 1.58 (1.02—-2.44)
Smoking
No 1 098 1 0.18 1 0.54 1 088 1 0.88
Yes 1.03 (0.73-1.37) 1.19 (0.91-1.55) 0.88 (0.59—1.31) 1.03 (0.66—1.60) 0.97 (0.65—1.43)

CI, confidence interval; OR, odds ratio; HRT, hormone replacement therapy.

2 The ORs and 95%Cls were found by comparing triple negative to non-triple-negative; luminal to non-luminal and HER-2 overexpressing to non-HER-2 overexpressing

cases.

b Normal weight (BMI: 18.5—24.9 kg/m?); overweight (BMI: 25—29.9 kg/m?); obese (BMI >30.0 kg/m?).
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cancer concluded that nulliparity and delayed childbearing were
associated with increased risk of ER positive but not with ER
negative breast cancer.!> There were no significant associations
between reproductive characteristics and risks of HER-2 over-
expressing and triple negative breast cancers in our study, as
consistent with previous studies. The Polish Breast Cancer Study
(PBCS) found a strong reverse risk of parity for luminal A tumors
and reported that increasing parity did not show protection against
HER-2 overexpressing and triple negative subtypes.® The Carolina
Breast Cancer Study (CBCS) also found no association between HER-
2 overexpressing subtype and reproductive characteristics.®

Women with first full-term pregnancy at age >30 years also had
significantly elevated risk of luminal breast cancer, when compared
to hormone receptor negative cases. The Breast Cancer Association
Consortium (BCAC) reported that, being parous was associated with
a 16% decreased risk and each additional live birth was associated
with an 11% decrease in risk, while each five-year increment in age
at first birth was associated with a 7% increase in risk.”” Previous
studies showed that pregnancy has a dual effect on risk of breast
cancer; it transiently increases the risk after child birth (short-term
effect) by stimulating the malignant cell transformation but
reduces the risk in later years (long-term effect) by inducing the
differentiation of normal mammary stem cells.'8

The effect of breastfeeding is controversial in breast cancer. In
the present study, breast feeding was noted to be a protective factor
for luminal A and B subtypes. No protective effect was observed for
triple negative or HER-2 overexpressing breast cancers. Similar to
our results, Phipps et al. reported that women who breastfed for at
least six months experienced a lower risk of luminal disease.!’ On
the other hand, Kwan et al. found no differential associations of
breastfeeding among subtypes.> The mean duration of breast-
feeding was 12.9 4+ 9.9 months for our patients. A meta-analysis of
breastfeeding and breast cancer risk, by the Collaborative Group on
Hormonal Factors in Breast Cancer, showed 4.3% of relative risk
reduction for every 12 months of breast-feeding. The protective
effect of breastfeeding may be associated with the complete
differentiation of breast cells and the shorter exposure to endoge-
nous sex hormones, which are reduced during lactation-induced
amenorrhea.'

The mammary gland undergoes regional proliferation, differ-
entiation, and programmed cell death in response to the hormonal
fluctuations of the menstrual cycle. Early age at menarche and late
age at menopause are associated with high cumulative exposure to
ovarian hormones.?® This extended period is susceptible for breast
cancer development as the undifferentiated breast tissue is
exposed to mitogenic estrogen and progesterone.?! In the study of
BCAC, each one-year increase in age at menarche was found to be
associated with a 4% (95% CI 2—5%) decrease in breast cancer risk."”
Early menarche has been more strongly linked to ER and PR posi-
tive tumors,>%1216 however, we observed no significant difference
among breast cancer subtypes and early menarche or late meno-
pause, as consistent with the results of a previous meta-analysis of
10 studies.”®

A total of 15.7% of our patients had a history of HRT use with
a mean duration of 24.1 months. The Million Women Study re-
ported that the risk of breast cancer for current users of combined
formulations was duration dependent, ranging from a 45% relative
increase for less than 1 year of use to a 131% relative increase for
more than 10 years of use, with excess relative risk of 117% for 5—10
years use.’? We observed that postmenopausal women who used
HRT for more than 5 years had a significantly increased risk of
luminal A breast cancer. Holli et al. reported a preponderance of
oestrogen receptor positive tumour in HRT users.?*> Phipps et al.
found that current use of estrogen plus progestin hormone therapy
was associated only with risk of luminal breast cancer (OR 1.7, 95%

CI 1.3—2.1) and women with triple negative breast cancer were
more likely to have never used HRT.'>!" In our study, triple negative
disease was the only subtype which use of HRT showed no increase
in risk.

In our study, 22.6% of the women had a history of oral contra-
ceptive use. We found no significant difference between breast
cancer subtypes and oral contraseptive use. Cotterchio et al. re-
ported that use of oral contraceptives was not significantly asso-
ciated with either hormone receptor positive or negative breast
cancer risk.!? Data regarding the effects of oral contraceptives on
the risk of breast cancer is conflicting. Some studies have found no
association between oral contraceptive use and breast cancer
risk,>?4 however, other studies have showed modest increase in
risk among women who were currently using oral contraceptives,
or who had stopped using them in the preceding 10 years.”> We
also found no significant difference among cases with history of
in vitro fertilization.

Obesity and overweight were associated with a significant
increased risk of triple negative breast cancer and decreased risk of
luminal subtype in premenopausal women. As similar to our
findings, Cotterchio et al. suggested that obesity was associated
with an increased ERPR negative and decreased ERPR positive
breast cancer risk in premenopausal women.!? PBCS reported that
increased BMI among premenopausal women reduced the risk of
luminal A and B breast cancer, whereas no protective association
was seen against basal-like or unclassified tumors.® Kwan et al. also
observed that premenopausal triple-negative cases tended to have
higher BMI, which was in agreement with the basal-like cases in
the CBCS.>® It has been suggested that among postmenopausal
women, the conversion of androgens to estrogens in adipose tissue
may increase breast cancer risk and may preferentially lead to ERPR
positive breast cancer risk.!® However, Cotterchio et al. found no
significant difference among subtypes in postmenopausal
women,'? as consistent with our findings.

In obese premenopausal women, the hormonal milieu is
different and obesity has been associated with low serum
hormone-binding globulin, hyperandrogenism, hyperinsulinemia,
increased insulin-like growth factor-I and high serum leptin levels
suggesting a pathway not mediated by endogenous sex
hormones.®27 Leptin exerts stimulatory effects on ER-negative
breast cancer cell proliferation, invasion and angiogenesis, where
estrogen action is not a factor, both directly and by way of induction
of vascular endothelial growth factor (VEGF) and heparin-binding
epidermal growth factor-like growth factor (HBEGF) and hepato-
cyte growth factor (HGF) expressions. The data suggests an inter-
action among obesity, adipokines, triple-negative tumors, and poor
prognosis compared with other types of breast cancer.?®

A total of 17.0% of the patients were smokers. The proportion of
smokers were similar among subtypes (p = 0.93). We observed no
significant association between smoking and breast cancer
subtypes. There was not enough consistent evidence to determine
whether smoking plays a causal role in breast cancer. However, an
elevated risk of breast cancer in former smokers (9%) and current
smokers (16%) was observed in a recent large prospective study of
postmenopausal women.>%30

A total of 23.5% of our patients had breast and/or ovarian cancer
history in the family. We found no significant difference in family
history among breast cancer subtypes. However, family history was
associated with decreased risk of HER-2 overexpressing breast
cancer with a borderline p value (p = 0.07). Previous studies found
no association between family history and HER-2 status®’ whereas
others showed a lower percentage of HER-2/neu positivity in
agreement with our data.3"32 PBCS reported that family history of
breast cancer did not differ significantly for subtypes, whereas the
greatest increase in risk was found for basal-like tumors.? Although
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no statistically significant difference was observed, the highest
percentage of patients with TNBC were observed in patients with
family history (27.3%; p =0.11). Some studies found that tumors of
patients with family history are more likely to be ER/PR negative,
particularly in BRCA-related tumors, but most of the studies found
no significant difference as consistent with our results.?'33 In
contrast to our findings, Phipps et al. observed that luminal cases
were more likely to have a first-degree family history of breast
cancer."!

This study does have some limitations. First, our study was not
designed as a case-control study, which made it difficult to quantify
the exact risk for the development of breast cancer subtypes.
However, Beg et al reported that, case-case analyses among tumor
subtypes are a useful exploratory tool to examine etiologic
heterogeneity.>* In addition, there are case-case studies evaluated
differences among breast cancer subtypes, like our study, in the
literature.>® Second, we had no IHC data on cytokeratin 5/6
expression and epidermal growth factor receptor to further classify
triple-negative tumors into basal-like and normal breast-like. We
grouped together all triple-negative tumors, thus, previous findings
did not indicate substantial differences in the epidemiologies of
basal-like and normal breast-like triple-negative tumors.58°
Another limitation was that, we had no data on past or current
use of oral contraceptives and HRT, although durations of use were
recorded.

In summary, consistent with prior reports, reproductive and
hormonal characteristics (breastfeeding, parity, age at first full-
term pregnancy, HRT use) were associated with luminal breast
cancer, compared to hormone receptor negative disease. Obesity
and overweight increased the risk of triple negative subtype,
particularly in premenopausal women. Older age and HRT were
the only variables associated with the risk of HER-2 over-
expressing breast cancer. Some of the modifiable factors were
related to the development of a specific breast cancer subtype.
Maintaining a healthy weight may reduce the number of poor
prognostic triple negative tumors. Higher parity and longer
breast-feeding could reduce the risk of luminal breast cancer.
Potential risks and benefits should be considered before deciding
to treat with HRT for decreasing the risk of HER-2 overexpressing
breast cancer.

The application of the cellular systems biology approach to
cancer diagnostics has prognostic and predictive value for patient
stratification. In addition to the basic immunohistochemistry
measurements, combination with clinical and pathological data
the quantitative measurements of biomarkers (NF-«kB, CD3¢,
B-catenin, NKG2D, STAT, P21, p53, etc.) may determine the risk
factors of molecular subtypes, assess risk of recurrence, survival
and predict responses to specific therapy options.>®> Our data
suggested a significant heterogeneity in association of common
breast cancer risk factors and tumor subtypes, however, our
findings should be replicated in a population-based case—control
study.
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