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Abstract

Body mass index and risk of
breast cancer molecular
subtypes in Korean women: a

case control study

Seok Hun Jeong

Interdisciplinary Program in Cancer Biology

Seoul National University

College of Medicine

Background: Obesity has been suggested as a risk factor for
postmenopausal breast cancer. However, the effects of obesity on
developing different subtypes of breast cancer remain unclear,

particularly for premenopausal women.
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Methods: This study aims to evaluate the association between body

mass index (BMI, kg/m2) and risks of the subtypes including

Luminal A (ER and PgR + and HER2— and Ki—67<14%), Luminal

B—HERZ2 negative (ER + and HER2 — and (Ki—67=14% or PgR —)),

Luminal B—HER2 positive (ER + and HER2 + and any Ki—67, any

PgR), HER2—express (ER— and PgR— and HER2 + ), Triple

negative (ER— and PgR— and HER2 — ). Based on a community—

based case—control study design, a total of 101,274 female breast

cancer patients (35—80 years old) diagnosed between 2003 and

2010 were individually matched by age to healthy women (1:2 ratios

of cases and controls). Odds ratios (ORs) and 95% confidence

intervals (CIs) were estimated using multivariate logistic regression

with normal weight (BMI 18.5—22.9) as the reference group of

exposures.
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Results: For post—menopausal women, breast cancer risk of Luminal

B—her negative type increased in the obese II group (BMI=30) (OR:

3.22 CL: 2.41-4.31), which showed similar results for other

subtypes. For pre—menopausal women, being underweight (BMI

<18.5) was related to increased risk of Luminal A (OR: 1.23 CIL:

1.09-1.39). In addition, the obese II group (BMI=30) was more

likely to develop basal—like breast cancer (OR: 1.63 CL: 1.29—-2.05).

For those with BC family history for pre—menopausal women, being

underweight (BMI <18.5) was related to increased risk of HER2

express (OR: 2.41 CI: 1.21—4.80) and Triple—negative (OR: 1.98 CI:

1.22-3.22).

Conclusions: Our findings suggest that BMI can be an important

predictor of the breast cancer subtypes for both post— and pre—

menopausal womerl.
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L. Introduction

1. Background

Breast cancer has been reported as the most common female cancer
in the developing and developed countries. [1, 2] In particular, the
incidence of female breast cancer in Korea has been increasing since
1999 and 47.7 age—standardized incident cases per 100,000
populations were reported as one of the leading primary cancer sites
in 2014. [3] Breast cancer is one of the most common cancers in
women 35—64 years of age in Korea. Considering relatively young
ages of diagnosis and growing burden of the disease, breast cancer is
the foremost public health concerns in Korea. However, further
evidence is needed to stratify the risk of subtypes of breast cancer
according to the estrogen receptor (ER), progesterone receptor (PR)

and human epidermal growth factor receptor 2 (HER2) status and
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promote targeted prevention strategies.



2. Obesity and breast cancer molecular subtype

It has been well known that obesity a significant risk factor for

postmenopausal breast cancer. [4—6] In contrast, obesity is a

controversial factor for premenopausal breast cancer. According to

previous studies, the risk of breast cancer increases with obesity, [7]

some are irrelevant, [8] and some decrease. [9, 10]

Among the various potential mechanism explaining the relationship

between obesity and breast cancer, estrogen hypothesis suggests

that obese postmenopausal women have a lack of sex hormone

binding globulin (SHBG) in serum and increase the bioavailable

estrogen concentration. [11] However, in obese premenopausal

women, the menstrual cycle is long, irregular, and has many

anovulatory cycles, resulting in reduced total estrogen exposure. [12]

Breast cancer risk factors by molecular subtypes are known to vary

3



according to menopausal status and ethnicity [13]. For example, in

Asian women, the frequency of Luminal A is low and the frequencies

of Luminal B and HERZ—expression are high compared to white

women. [14] A meta—analysis of recent Asian women has shown

that the risk of breast cancer increases with weight gain in hormone

receptor—negative subtypes. According to a case—control study in

the same paper, the risk increased significantly in pre—menopausal

women when body weight was increased in Triple negative breast

cancer (OR = 2.51 95% CI = 1.53—4.12). [15] Also, the higher the

waist—to—hip circumference, the greater the risk of breast cancer in

triple—negative subtypes. In particular, triple negative subtypes have

been linked to the BRCA1 pathway. [16]

Although premenopausal women have been reported to have

different breast cancer risk according to subtypes and BMI, most

4 1



have been studied in the West and lack data in Asia. [17]



3. Objectives

For the purpose of this study : First, analyze association with BMI on

the risk for each BC subtype and hormone receptor among

premenopausal and postmenopausal women Second, analyze the

effect of BC family history on the relationship between BMI and each

BC subtype and hormone receptor among premenopausal and

postmenopausal women. We used data from a large multi—center

case—control study, which allowed us to we classify the subtypes,

Luminal A, Luminal B HERZ positive, Luminal B HERZ negative,

Triple negative and HERZ express type.



II. Materials and methods

1. Study design and study population

For case ascertainment, we used the Nationwide Korean Breast

Cancer Society Data (KBCS) [18]. The data collection was started in

1996 and it includes nationwide 102 general hospitals with over 400

beds (41 university hospitals and 61 surgical training hospitals).

From 2001, an online cancer registration program has been launched,

and physicians at participating hospitals have been able to directly

enter patients’ information via the web—based database system.

The definition of the case group is that the female breast cancer

patients who were recruited between 2003 and 2010 have no loss of

BMI and hormone receptor.

For controls, we used the data of the Health Examinees Study

(HEXA), a subset of Korean genome and epidemiology study
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(KoGES). [19] It has been previously described in detail. In brief,

HEXA is a community—based cohort, and study subjects were

recruited from 2004 to 2013 for people aged between 40 and 75.

Among the total of 173,357 subjects, 114,063 were the women. In

order to reduce the period bias, the control group was restricted to

those who were recruited until 2009. Excluding 506 breast cancer

patients, 75,648 were included for the eligible subjects for the

control group.

Age at enrollment was used to match cases and controls to exclude

age—related effects of breast cancer development. The matching

method was G—match algorithm of SAS 9.4, and case: control was

matched 1: 2 based on age £5 years. Finally, a total of 101,274

case—control data were generated with 33,758 cases and 67,516

controls for the final analyses. This study was approved by the

8



Institutional Review Boards of Seoul national university hospital

biomedical research institute (IRB number: 0909—048—-295).
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2. Data collection

The required items to be filled out are the patient's unique resident

registration number as a personal identifier, gender, age, surgical

procedure and cancer stages based on the United States Joint

Committee on Cancer classification. Additional items including

information about potential risk factors of breast cancer, such as BC

family history, lifetime duration lactation, duration of hormone

replacement therapy (HRT), duration of oral contraceptive (OC) use,

age at first birth, number of births and age at menopause, which

were acquired based on personal interviews. The clinical, pathologic

and laboratory findings were also recorded as biological markers,

estrogen receptor (ER), progesterone receptor (PR),

immunohistochemistry (IHC), fluorescence in situ hybridization

(FISH), Ki—67 antibody percent. The information related to patients’

11 1



treatment procedures were also collected.

Those who with missing values in BMI or hormone receptor (ER,

PR) were excluded. In order to match the control group with the

enrollment time, 33,758 individuals who were entered from 2003 to

2010 were finally selected.

For both cases and controls, anthropometric factors were measured

at enrollment. BMI was calculated using the measured body weight

(kg) divided by the squared height(m). and it was -classified

according to the WHO Asia—Pacific standard BMI as underweight

(<18.5), normal (18.5—22.9), overweight (23—24.9), obese I (25—

29.9) and obese II (30 or more). [20]

12



i. Molecular subtype

This study is a nationwide data and it does not control all the

machines or drugs used in Immunohistochemistry in each hospital.

Based on the results of ER, PgR, Cerb2—FISH, Cerb2—1IHC, and Ki—

67 performed at each hospital, HER2 was determined to be positive

for Cerb2—FISH positive or Cerb2—IHC 3+.[21] In addition, the Ki—

67 index was determined to be high for 14% or more of tumor cells

were immunostained according to the guidelines of ‘St Gallen

International expert Consensus’ . The subtype were classified into

Stypes: Luminal A (ER and PgR + and HER2— and Ki—67<14%),

Luminal B-HERZ2 negative (ER + and HER2 — and (Ki—67=14% or

PgR —)), Luminal B—HERZ positive (ER + and HER2 + and any Ki—

67, any PgR), HER2—express (ER— and PgR— and HER2 +), Triple

negative (ER— and PgR— and HER2 —). [22] When the ki67 value

13 1



was measured, it could be classified as Luminal B—HER negative, but

it was included as Luminal A when it was missing.
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3. Statistical analysis

We did imputation of missing values of reproductive factors (age at

menarche, number of children, first full-term pregnancy age,

duration of breast feeding, duration of OC, duration of HRT,

menopausal state) in missforest methods (R version 3.3.1). [23, 24]

descriptive analyses, continuous variables such as age, BMI, duration

of OC, lifetime duration lactation, duration of HRT were analyzed by

t—test to compare mean difference by groups in Tablel whereas we

used analysis of variance (ANOVA) test in Table 2. Categorical

variables such as BC family history, past history of hysterectomy,

past history of oophorectomy and past history of cancer were

analyzed by Chi—square test (or Fisher’ s exact test) to compare

differences between groups. The risk according to BMI for each

subtype of breast cancer was stratified by menopausal state. The

15 1



odds ratios (ORs) and 95% confidence intervals (95% Cls) were

calculated using multivariate logistic regression models adjusted for

age, BC family history, age at (menarche, first full—term pregnancy),

number of children, past history of (hysterectomy, oophorectomy),

duration of (breast feed, OC, HRT) adjustment. All statistical

analyses were performed by SAS version 9.4. (SAS Institute Inc,

Cary, NC, U.S.A).
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ITI. Results

1. Baseline characteristics of study participants

Baseline characteristics of the 101,274 women in the study were

described in Table 1. There were statistically significant differences

in risk factors (age, BMI, age at menarche, first full—term pregnancy

age, number of full—term birth, duration of breastfeeding, duration of

HRT, duration of OC, status of familial breast cancer, medical history

(hysterectomy, oophorectomy, ovarian cancer and thyroid cancer))

related to breast cancer, but these statistical differences seem to be

due to the large sample size. From Table 1, BMI has the same mean

value but standard deviation(SD) is different by 0.3 between BC

cases and control. For age at menarche, the difference for mean

value i1s 0.1 and for SD is 0.1. The number of full—term pregnancies

and lifetime duration of lactation were higher in the control group,

17 1



while the BC family history and duration of OC were higher in the

patient group.

- 2 A St



Table 1. The selected characteristics of study population in the Korea Breast

Cancer Study (KBCS), 2003 — 2010

BC cases Controls
(N=33,758) (N=67,516)
Mean (SD) Mean (SD)
Age 48.9 (9.0) 51.5(8.2)
BMI (Kg/m®) 23.6 (3.2) 23.6 (2.9)
Age at menarche (years) 15.1 (1.8) 15.2 (1.8)
Age at FFTP' (years) 26.4 (3.6) 26.0 (3.4)
Number of FTP' 2.1(0.9) 2.3 (1.0)
Breastfeeding duration’ (months) 15.8 (17.0) 22.0 (25.3)
OC use (months) 4.7 (13.0) 4.3 (15.8)
Age at menopause’ 49.1 (4.9) 48.9 (5.0)
HRT use’ (months) 4.9 (16.4) 6.1 (17.0)
N (%) N (%)
BC Family history* 2,540 (7.5) 1,097 (1.6)
Nullparous women 729 (2.2) 775 (1.2)
No experience of breastfeeding’ 8,644 (25.6) 11,695 (17.3)
Hysterectomy 2,707 (8.0) 7,154 (10.6)
Oophorectomy 1,013 (3.0) 4,485 (6.6)
Past history of ovarian cancer 24 (0.1) 15 (0.0)
Past history of thyroid cancer 515 (1.5) 460 (0.7)

Affiliation: BC, breast cancer; BMI, body mass index; FETP, first full—term
pregnancy; FTP, full—term pregnancy; OC, oral contraceptives; HRT, hormone

replacement therapy

1. Among parous women

2. Among breastfed women

3. Among postmenopausal women
4. Among first- and second-degree relatives
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2. Objective #1: association with BMI on the risk for

each BC subtype and hormone receptor among

premenopausal and postmenopausal women.

The risk of BC stratified by premenopausal and postmenopausal

women according to BMI, pathologic subtype, presence of hormone

receptor, and expression of HERZ is shown in Table 2 and 3. In

premenopausal obese II women, the risk increased only in the

Basal—like subtype (OR = 1.63 95% CI = 1.29—2.05). In the other

subtypes, a partial increase showed in obese I (HER2— Luminal B,

OR = 1.19, 95% CI = 1.02-1.39, HERZ Express OR = 1.34, 95% CI

= 1.17—1.52), but not in obese II premenopausal women. On the

other hand, there was no significant result of any subtype in the

underweight group. In the obese II postmenopausal women, the risk

of breast cancer increased regardless of the subtype. The subtypes

20



with the highest risk were HER— Luminal B (OR = 3.22 95% CI =

2.41—4.31) and the lowest subtype was HER2 Express (OR = 1.66

95% CI = 1.33—2.07). The difference was almost double (p—

heterogeneity in obese II postmenopausal women = 0.001). The

difference in the presence of hormone receptors in obese women

was significant among premenopausal women (HR+ OR = 1.23 95%

CI = 1.07-1.41, HR— OR = 156 95% CI = 1.33-1.84) (P-

heterogeneity = 0.029). On the other hand, there was no difference

In postmenopausal women according to the presence of hormone

receptors. (HR + OR = 2.14 95% CI = 1.91-2.39, HR— OR = 2.01

95% CIl = 1.77—2.28) (P—heterogeneity = 0.468).

21



Table 2. Association between body mass index (BMI) and each pathological subtype of breast cancer® in
the Korea Breast Cancer Study (KBCS), 2003—2010

BMI2 Luminal A HER2- Luminal B HER2+ Luminal B HER?2 Express Triple-negative
(Kg/m”)
OR (95% CI)*

Total women

<18.5 1.23 (1.09-1.39) 1.26 (0.97-1.65) 1.35(1.11-1.65) 1.21 (0.97-1.50) 1.37 (1.15-1.62)
18.5-22.9 1.00 1.00 1.00 1.00 1.00

23-24.9 0.95 (0.90-0.99) 1.02 (0.91-1.14) 0.99 (0.91-1.08) 1.04 (0.96-1.13) 1.05 (0.98-1.13)
25-29.9 1.19 (1.13-1.25) 1.35 (1.21-1.50) 1.13 (1.04-1.24) 1.19 (1.10-1.29) 1.36 (1.26-1.46)
=30 1.57 (1.41-1.74) 1.89 (1.52-2.35) 1.29 (1.06-1.57) 1.38 (1.15-1.66) 1.98 (1.72-2.29)
Premenopausal women

<18.5 1.18 (1.03-1.36) 1.18 (0.88-1.60) 1.18 (0.94-1.50) 1.07 (0.81-1.41) 1.15(0.93-1.41)
18.5-22.9 1.00 1.00 1.00 1.00 1.00

23-24.9 0.95 (0.89-1.02) 1.05 (0.91-1.21) 1.02 (0.91-1.14) 1.09 (0.97-1.24) 1.14 (1.03-1.25)
25-29.9 1.05 (0.98-1.13)” 1.19 (1.02-1.39)” 1.08 (0.96-1.22)" 1.34 (1.17-1.52) 1.39 (1.26-1.54)
>30 1.07 (0.90-1.28)® 1.17 (0.81-1.69)® 1.06 (0.79-1.42)® 1.17 (0.84-1.61)" 1.63 (1.29-2.05)%
Postmenopausal women

<18.5 1.02 (0.78-1.34) 0.92 (0.47-1.81) 1.54 (1.03-2.29) 1.14 (0.79-1.65) 1.29 (0.91-1.83)
18.5-22.9 1.00 1.00 1.00 1.00 1.00

23-24.9 1.09 (1.00-1.17) 1.22 (1.02-1.47) 1.08 (0.94-1.24) 1.05 (0.94-1.18) 1.09 (0.97-1.22)
25-29.9 1.53 (1.42-1.64)” 191 (1.61-2.26)” 1.37 (1.20-1.56)” 1.21 (1.08-1.34) 1.46 (1.31-1.62)
>30 2.37 (2.07-2.73) 3.22 (2.41-4.31) 1.77 (1.35-2.32) 1.66 (1.33-2.07) 2.48 (2.05-3.00)

1. Total BC was classified to 5 subtypes by the expression status of the ER, PR (Immunohistochemistry), HER2
(FISH), and Ki—67 index (based on the guidelines by the St Gallen International Expert Consensus’ ). The
classification criteria of 5 subtypes were as follows: Luminal A (ER and PgR + and HER2— and Ki—67<14%),
Luminal B—HER2 negative (ER + and HER2 — and (Ki—67>14% or PgR —)), Luminal B—HER2 positive (ER +
and HER2 + and any Ki—67, any PgR), HER2—express (ER— and PgR— and HER2 +), Triple negative (ER— and
PgR— and HER2 —). Korean BC cases were composed of Luminal A 30.8%, Luminal B (HER2-) 12.4%, Luminal B
(HER2+) 9.6%, HER2 Express 11.5%, Triple Negative 15.9%, and Unclassified BC 19.8%.
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2. Unconditional logistic regression model adjusted for age, BC family history, age at menarche, number of
children, hysterectomy, oophorectomy, first full—term pregnancy age, breast feeding duration, oral contraceptive
duration.

3. [Light gray shade] Each subtype in the obese I (BMI of 25—29.9 Kg / m?) had a statistical heterogeneity in
association (P—heterogeneity < 0.001 in total women; <0.001 in premenopausal women; <0.001 in
postmenopausal women)

4. [Dark gray shade] Each subtype in the obese II (BMI of =30 Kg/ m? had a statistical heterogeneity in
association (P—heterogeneity=0.001 in total women; 0.059 in premenopausal women; 0.001 in postmenopausal
women).

5. [Solid lines] Both ORs between premenopausal and postmenopausal women in each obese [ and obese II had
statistical heterogeneity in association (P—heterogeneity <0.001 and <0.001 for Luminal A; <0.001 and <0.001
for HER2—Luminal B; 0.009 and 0.012 for HER2+Lumina B; 0.006 for Basal—like (Obese II only), respectively)
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Table 3. Association with body mass index (BMI) on the risk of each BC subtype by hormone receptor

(HR) or HER2 status in the Korea Breast Cancer Study (KBCS), 2003—-2010

BMI HR+
(Kg/m®)

HR-

HER2+

OR (95% CI)*

HER2-

Total women

<18.5 1.24 (1.13-1.37) 1.27(1.13-1.43) 1.27 (1.12-1.43) 1.25 (1.13-1.37)
18.5-22.9 1.00 1.00 1.00 1.00

23-24.9 0.99 (0.95-1.03) 1.04 (0.99-1.09) 1.01 (0.96-1.07) 1.00 (0.96-1.04)
25-29.9 1.24 (1.19-1.29) 1.28 (1.22-1.34) 1.20 (1.14-1.27) 1.28 (1.23-1.33)
=30 1.68 (1.54-1.83) 1.82 (1.65-2.01) 1.60 (1.44-1.78) 1.80 (1.65-1.95)
Premenopausal women

<18.5 1.19 (1.06-1.33) 1.15(0.99-1.33) 1.17 (1.01-1.35) 1.18 (1.05-1.32)
18.5-22.9 1.00 1.00 1.00 1.00

23-24.9 0.99 (0.94-1.05) 1.08 (1.01-1.16) 1.04 (0.97-1.12) 1.02 (0.96-1.07)
25-29.9 .10 (1.04-1.17)" 1.28 (1.19-1.37) 1.17 (1.09-1.26) 1.16 (1.10-1.23)
=30 1.23 (1.07-1.41)’ 1.56 (1.33-1.84)’ 1.36 (1.14-1.61)’ 1.33 (1.16-1.52)’
Postmenopausal women

<18.5 1.08 (0.88-1.33) 1.14 (0.90-1.43) 1.19(0.93-1.51) 1.06 (0.87-1.29)
18.5-22.9 1.00 1.00 1.00 1.00

23-24.9 1.07 (1.01-1.14) 1.05 (0.98-1.13) 1.04 (0.97-1.12) 1.08 (1.01-1.14)
25-29.9 1.43 (1.35-1.52)” 1.29 (1.21-1.38) 1.26 (1.17-1.35) 1.44 (1.36-1.53)"
>30 2.14(1.91-2.39y 2.01 (1.77-2.28)° 1.81 (1.57-2.08)" 2.24(2.01-2.49)"

1. Unconditional logistic regression model adjusted for age, BC family history, age at menarche, number of
children, hysterectomy, oophorectomy, first full—term pregnancy age, breast feeding duration, oral contraceptive

duration.

2. [Light gray shade] Each subtype by HR status in the obese I (BMI of 25—29.9 Kg / m?) and obese II (BMI of
>30 Kg/ m?) had a statistical heterogeneity in association (P—heterogeneity=0.001 in premenopausal women;

0.023 in postmenopausal women)
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3. [Light gray shade] Each subtype by HERZ status in the obese I (BMI of 25—29.9 Kg / m?) had a statistical
heterogeneity in association (P—heterogeneity=0.029 in premenopausal women; 0.023 in postmenopausal
women)

4. [Dark gray shade] Each subtype by HER2 status in the obese II (BMI of =30 Kg / m?) had a statistical
heterogeneity in association (P—heterogeneity=0.005 for Obese [ postmenopausal women; 0.018 for Obese II
postmenopausal women)

5. [Solid lines] Both ORs between premenopausal and postmenopausal women in each obese [ and obese II had
statistical heterogeneity in association (P—heterogeneity <0.001 and <0.001 for HR+; 0.016 for HR— (Obese II
only); 0.012 for HER2+ (Obese II only); <0.001 and <0.001 for HER2—, respectively
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3. Objective #2: the effect of BC family history on

the relationship between BMI and each BC subtype

and hormone receptor among premenopausal and

postmenopausal women.

Table 4—7 shows the stratified analysis according to BC family

history. There was no statistically significant difference between the

two groups and this might be because of the small number of people

with BC family history. However, some unusual patterns were found.

First, the risk of breast cancer significantly increased in the HERZ

subtype (OR = 2.41 95% CI = 1.21—4.80) and Basal—like subtype

(OR = 1.98 95% CI = 1.22—3.22) in pre—menopausal women with

BMI less than 18.5. Premenopausal women with basal—like subtypes

showed the opposite risk when stratified by BC family history. As

noted above, there was an increase in underweight women with BC
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family history, but not in underweight women without BC family

history (Triple negative OR = 1.16 95% CI = 0.96—1.40). On the

other hand, in obese II premenopausal women with basal—like

subtypes with BC family history did not show any significant effect

(OR = 1.14 95% CI = 0.53—2.47), but risk for obese II women who

did not have BC family history increased (OR = 1.66 95% CI =

1.32—2.10). In obese II postmenopausal women, the risk of breast

cancer increased regardless of BC family history. However, there

were some differences by subtypes and also some subtypes showed

significant risk (HER2+ Luminal B OR = 1.04 95% CI = 0.32-3.40,

HER2 express OR = 1.69 95% CI = 0.75—-3.78).
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Table 4. Association with body mass index (BMI) on the risk for each BC subtype! among total women
classified by breast cancer (BC) family history in the Korea Breast Cancer Study (KBCS), 2003—2010

(1?17112) Luminal A HER2- Luminal B HER2+ Luminal B HER?2 Express Triple-negative
g/m

OR (95% CI)*
BC Family history+
<18.5 1.40 (0.80-2.44) 1.19 (0.41-3.48) 1.08 (0.43-2.73) 2.11 (0.94-4.73) 1.66 (0.85-3.22)
18.5-22.9 1.00 1.00 1.00 1.00 1.00
23-24.9 0.95 (0.74-1.21) 1.15 (0.75-1.77) 1.08 (0.74-1.57) 0.96 (0.65-1.41) 1.17 (0.86-1.59)
25-29.9 1.17 (0.92-1.49) 0.87 (0.54-1.39) 0.93 (0.63-1.40) 1.38 (0.95-2.00) 1.44 (1.05-1.97)
=30 2.32 (1.40-3.83) 2.29 (0.99-5.32) 1.18 (0.49-2.83) 1.45 (0.65-3.25) 2.55(1.36-4.78)
BC Family history—
<18.5 1.21 (1.07-1.37) 1.27 (0.96-1.68) 1.37 (1.12-1.68) 1.15 (0.92-1.45) 1.32 (1.10-1.58)
18.5-22.9 1.00 1.00 1.00 1.00 1.00
23-24.9 0.96 (0.91-1.01) 1.02 (0.91-1.15) 0.99 (0.91-1.08) 1.05 (0.96-1.14) 1.05 (0.98-1.14)
25-29.9 1.19 (1.14-1.26) 1.40 (1.25-1.57) 1.15 (1.05-1.26) 1.18 (1.08-1.29) 1.36 (1.26-1.47)
=30 1.53 (1.37-1.71)’ 1.87 (1.49-2.35)’ 1.30 (1.06-1.59)’ 1.38 (1.15-1.66)’ 1.97 (1.70-2.29)’

1. Total BC was classified to 5 subtypes by the expression status of the ER, PR (Immunohistochemistry), HER2
(FISH), and Ki—67 index (based on the guidelines by the St Gallen International expert Consensus’ ). The
classification criteria of 5 subtypes were as follows: Luminal A (ER and PgR + and HER2— and Ki—67<14%),
Luminal B—HER2 negative (ER + and HER2 — and (Ki—67>14% or PgR —)), Luminal B—HER2 positive (ER +
and HER2 + and any Ki—67, any PgR), HER2—express (ER— and PgR— and HER2 + ), Triple negative (ER— and
PgR— and HER2 — ). Korean BC cases were composed of Luminal A 30.8%, Luminal B (HER2-) 12.4%, Luminal
B (HER2+) 9.6%, HER2 Express 11.5%, Triple Negative 15.9%, and Unclassified BC 19.8%.

2. Unconditional logistic regression model adjusted for age, age at menarche, number of children, hysterectomy,
oophorectomy, first full—term pregnancy age, breast feeding duration, oral contraceptive duration.

3. [Light gray shade] Each subtype in the obese I (BMI of 25—29.9 Kg / m?) and obese II (BMI of =30 Kg / m?)
had a statistical heterogeneity in association (P—heterogeneity=0.003 and 0.002 in family history— group,
respectively)
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Table 5. Association with body mass index (BMI) on the risk for each BC subtype! among
premenopausal and postmenopausal women classified by breast cancer (BC) family history in the Korea

Breast Cancer Study (KBCS), 2003—2010

BMI Luminal A
(Kg/m®)

HER2- Luminal B HER2+ Luminal B

OR (95% CI)*

HER?2 Express

Triple-negative

Premenopausal women

BC Family history+

1.32(0.52-3.34)

0.74 (0.27-2.03)

241 (1.21-4.80)°

1.98 (1.22-3.22)

1.00

1.00

1.00

1.00

0.88 (0.53-1.46)

1.04 (0.71-1.54)

1.07 (0.66-1.73)

T.11 (0.83-1.50)

0.87 (0.50-1.52)

0.89 (0.57-1.39)

1.31(0.79-2.15)

1.20 (0.87-1.66)

1.75 (0.63-4.87)

1.25 (0.50-3.13)

0.83 (0.20-3.41)

1.14 (0.53-2.47)

[.18 (0.86-1.61)

.21 (0.95-1.54)

1.01 (0.75-1.36)°

1.16 (0.96-1.40)

1.00

1.00

1.00

1.00

1.03 (0.89-1.20)

1,00 (0.89-1.13)

1.08 (0.95-1.23)

I.11 (1.00-1.23)

1.20 (1.03-1.40)™

1.08 (0.95-1.22)°

1.32 (I.15-1.51)

1.38 (1.24-1.54)

<18.5 1.21 (0.81-1.79)
18.5-22.9 1.00

23-24.9 0.77 (0.62-0.96)
25-29.9 0.95 (0.76-1.18)
=30 0.93 (0.54-1.61)
BC Family history—

<18.5 1.19 (1.03-1.36)
18.5-22.9 1.00

23-24.9 0.95 (0.89-1.02)
25-29.9 1.05 (0.98-1.13)™
=30 1.06 (0.90-1.28)"

1.15 (0.79-1.68)™

1.05 (0.77-1.42)

1.20 (0.86-1.66)’

1.66 (1.32-2.10)™

Postmenopausal women

BC Family history+

0.19 (0.06-0.64)°

2.15 (0.67-7.08)"

0.17 (0.08-0.38) ™"

0.22 (0.11-0.43)™

1.00

1.00

1.00

1.00

1.12 (0.65-1.94)

0.82 (0.48-1.41)

0.79 (0.49-1.28)

0.94 (0.61-1.45)

0.85 (0.48-1.53)”

0.90 (0.53-1.52)°

1.30 (0.85-1.97)

1.38(0.93-2.05)

<185 222 (1.19-4.16)°
18.5-22.9 1.00

23-24.9 0.90 (0.68-1.19)
25-29.9 1.37 (1.07-1.76)"
>30 3.09 (2.07-4.61)"

2.36 (0.96-5.79)"

1.04 (0.32-3.40)"

1.69 (0.75-3.78)"

3.30 (1.81-6.04)"

BC Family history—

<i8.5 0.95 (0.72-1.26) 1.03 (0.52-2.00) 1.52 (1.00-2.30) .19 (0.83-1.72) 1,35 (0.95-1.91)
18.5-22.9 1.00 1.00 1.00 1.00 1.00

23-24.9 1.06 (0.98-1.15) 1,17 (0.96-1.42) 1.06 (0.91-1.22) 1.03 (0.92-1.15) 1,07 (0.95-1.20)
25-29.9 142 (1.32-1.53)  L.81(1.52:2.16)7 _ 1.28(L.12-1.47) 1.10 (0.98-1.23)° 1.36 (1.22-1.52)
>30 2.06 (1.79-2.38)7 291 (2.15-3.93y  1.61(1.22-2.13) 1.45(1.15-1.82) 2.21 (1.82-2.69)"




1. Total BC was classified to 5 subtypes by the expression status of the ER, PR (Immunohistochemistry), HER2
(FISH), and Ki—67 index (based on the guidelines by the St Gallen International expert Consensus’ ). The
classification criteria of 5 subtypes were as follows: Luminal A (ER and PgR + and HER2— and Ki—67<14%),
Luminal B—HER2 negative (ER + and HER2 — and (Ki—67>14% or PgR —)), Luminal B—HER2 positive (ER +
and HER2 + and any Ki—67, any PgR), HER2—express (ER— and PgR— and HER2 + ), Triple negative (ER— and
PgR— and HER2 — ). Korean BC cases were composed of Luminal A 30.8%, Luminal B (HER2-) 12.4%, Luminal
B (HER2+) 9.6%, HER2 Express 11.5%, Triple Negative 15.9%, and Unclassified BC 19.8%.

2. Unconditional logistic regression model adjusted for age, age at menarche, number of children, hysterectomy,
oophorectomy, first full—term pregnancy age, breast feeding duration, oral contraceptive duration.

3. OR was estimated by the Cochran—Mantel—Haenszel equation with Yates'  correction

4. [Dark gray shade] Each subtype in the underweight (BMI < 18.5 Kg / m?) had a statistical heterogeneity in
association (P—heterogeneity <0.001 in BC Family history+postmenopausal women)

5. [Light gray shade] Each subtype in the obese I (BMI of 25—29.9 Kg / m?) and obese II (BMI of =30 Kg / m?)
had a statistical heterogeneity in association (P—heterogeneity <0.001 and 0.037 in BC Family history—
premenopausal women; <0.001 and 0.002 in BC Family history— postmenopausal women)

6. [Solid lines] The four ORs among BC family history+ premenopausal and postmenopausal women and BC
family history— premenopausal and postmenopausal women in underweighted group (BMI < 18.5 Kg / m®) had
statistical heterogeneity in association (P—heterogeneity <0.001 for HER2 Express; <0.001 for Basal—like,
respectively)

[Solid lines] The four ORs among BC family history+ premenopausal and postmenopausal women and BC family
history— premenopausal and postmenopausal women in obese I group (BMI of 25—-29.9 Kg / m?) and obese II
group (BMI of =30 Kg/ m?) had statistical heterogeneity in association (P—heterogeneity <0.001 and <0.001 for
Luminal A; 0.001 and 0.002 for HER2— Luminal B, respectively; 0.043 for Basal—like (Obese II only))
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Table 6. Association with body mass index (BMI) on the risk of each BC subtype by hormone receptor
(HR) or HER2 status among total women classified by breast cancer (BC) family history in the Korea
Breast Cancer Study (KBCS), 2003—2010

BMI

(Kg/m?) HR+ HR- HER2+ HER2-
BC Family history+
<18.5 1.47 (1.13-1.90) 1.82 (1.33-2.49) 1.59 (1.10-2.28) 1.59 (1.25-2.02)
18.5-22.9 1.00 1.00 1.00 1.00
23-24.9 0.87(0.77-0.98) 0.97 (0.83-1.14) 0.95 (0.80-1.12) 0.89 (0.79-0.99)
25-29.9 1.03 (0.92-1.17) 1.20 (1.03-1.41) 1.09 (0.92-1.29) 1.10 (0.98-1.23)
=30 1.97 (1.57-2.47) 2.20 (1.66-2.91)° 1.94 (1.42-2.67) 2.11 (1.71-2.62)
BC Family history-+
<18.5 1.24 (1.12-1.37) 1.26 (1.11-1.42) 1.26 (1.11-1.43) 1.24 (1.12-1.37)
18.5-22.9 1.00 1.00 1.00 1.00
23-24.9 0.98 (0.95-1.02) 1.03 (0.99-1.09) 1.01 (0.96-1.06) 1.00 (0.96-1.04)
25-29.9 1.24 (1.19-1.29) 1.28 (1.22-1.34) 1.20 (1.14-1.27) 1.28 (1.23-1.33)
=30 1.66 (1.52-1.81)° 1.80 (1.62-1.99)* 1.58 (1.42-1.77) 1.77 (1.63-1.93)

adjusted for age, family history of breast cancer, age at menarche, number of children, hysterectomy,

oophorectomy, first full—term pregnancy age, breast feeding duration, oral contraceptive duration.

2. [Solid lines] The four ORs among BC family history+ premenopausal and postmenopausal women and BC
family history— premenopausal and postmenopausal women in obese II group (BMI of =30 Kg / m?) had

statistical heterogeneity in association (P—heterogeneity for HR+; 0.167 for HR—; 0.188)
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Table 7. Association with body mass index (BMI) on the risk of each BC subtype by hormone receptor
(HR) or HER2 status among premenopausal and postmenopausal women classified by breast cancer (BC)
family history in the Korea Breast Cancer Study (KBCS), 2003—2010

BMI HR+ HR- HER2+ HER2-
(Kg/m®)
OR (95% CI)*

Premenopausal women
BC Family history+
<18.5 1.20 (0.89-1.63) 1.84 (1.32-2.57) 1.48 (0.98-2.21) 1.41 (1.08-1.85)
18.5-22.9 1.00 1.00 1.00 1.00
23-24.9 0.87(0.74-1.01) 1.04 (0.85-1.28) 1.01 (0.81-1.26) 0.89 (0.77-1.04)
25-29.9 0.93 (0.79-1.10) 1.13 (0.90-1.40) 1.01 (0.79-1.29) 0.99 (0.85-1.16)
=30 1.32 (0.92-1.89) 1.50 (0.95-2.37) 1.61 (1.00-2.61) 1.29 (0.91-1.82)
BC Family history+
<18.5 1.20 (1.06-1.35) 1.14 (0.98-1.32) 1.17 (1.01-1.36) 1.18 (1.05-1.33)
18.5-22.9 1.00 1.00 1.00 1.00
23-24.9 0.99 (0.94-1.05) 1.08 (1.00-1.15) 1.04 (0.97-1.11) 1.01 (0.96-1.07)
25-29.9 1.11 (1.04-1.17) 1.27 (1.19-1.37) 1.17 (1.09-1.26) 1.16 (1.10-1.23)
=30 1.22 (1.06-1.40) 1.56 (1.33-1.84) 1.34 (1.13-1.60) 1.32 (1.16-1.51)
Postmenopausal women
BC Family history+
<18.5 1.71 (1.02-2.88)’ 0.37 (0.09-1.50)~ 1.02 (0.42-2.52) 1.31(0.74-2.32)
18.5-22.9 1.00 1.00 1.00 1.00
23-24.9 0.97 (0.80-1.18) 0.97 (0.75-1.25) 0.94 (0.72-1.23) 0.99 (0.82-1.19)
25-29.9 1.23 (1.02-1.48) 1.33 (1.06-1.69) 1.20 (0.93-1.54) 1.30 (1.09-1.56)
>30 2.85(2.10-3.85) 2.91 (2.00-4.22) 2.27 (1.47-3.50) 3.20 (2.41-4.23)°
BC Family history+
<18.5 1.04 (0.84-1.29) 1.16 (0.92-1.46) 1.18 (0.92-1.51) 1.04 (0.85-1.27)
18.5-22.9 1.00 1.00 1.00 1.00
23-24.9 1.07 (1.01-1.14) 1.05 (0.98-1.13) 1.04 (0.97-1.13) 1.07 (1.01-1.14)
25-29.9 1.44 (1.36-1.53)7 1.29 (1.21-1.38)7 1.26 (1.17-1.36) 1.45 (1.37-1.53)
>30 2.11 (1.89-2.37) 1.97 (1.73-2.25) 1.79 (1.55-2.07)° 2.21(1.98-2.46)™
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at menarche, number of children, hysterectomy, oophorectomy, first full—term pregnancy age, breast feeding
duration, oral contraceptive duration.

2. OR was estimated by the Cochran—Mantel—Haenszel equation with Yates’correction

3. [Light gray shade] Each subtype by HR status in the underweight (BMI < 18.5 Kg / m?) had a statistical
heterogeneity in association (P—heterogeneity =0.045 in BC Family history+ postmenopausal women)

4. [Light gray shade] Each subtype by HR status in obese I (BMI of 25—29.9 Kg / m?) had a statistical
heterogeneity in association (P—heterogeneity =0.015 in BC Family history+ postmenopausal women)

5. [Dark gray shade] Each subtype by HER2 status in the obese I (BMI of 25—29.9 Kg / m?) had a statistical
heterogeneity in association (P—heterogeneity=0.003 for postmenopausal women)

6. [Dark gray shade] Each subtype by HER2 status in the obese II (BMI of =30 Kg / m?) had a statistical
heterogeneity in association (P—heterogeneity=0.022 for postmenopausal women)

7. [Solid lines] Both ORs between BC family history+ premenopausal women and BC family history—
premenopausal women in underweighted group (BMI < 18.5 Kg / m?) had statistical heterogeneity in association
(P—heterogeneity = 0.01 for HR—)

8. [Solid lines] Both ORs between BC family history+ postmenopausal women and BC family history—
postmenopausal women in the obese II (BMI of =30 Kg / m® had statistical heterogeneity in association (P—
heterogeneity = 0.016 for HER—)
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IV. Discussions

Our results have shown that obesity can play an important role in

increasing breast risk differently depending on the tumor subtype

(Luminal A, Luminal B her positive, Luminal B her negative, Triple

negative/basal—like and HER2 type). In our study, the association of

BMI and breast cancer subtypes were different according to their

menopausal status. This supports that histological classification is

appropriate for understanding etiology.

The results of previous studies on the risk of BMI and breast cancer

subtypes according to menopause state are very limited. In a case—

control study (Polish Breast Cancer Study (PBCS) n=804 invasive

cases) (16) in Poland, except for the triple negative subtype, the

tendency to protect the obesity was not statistically significant, but

obesity of triple negative (p—heterogeneity = 0.003) was observed
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as a risk factor compared with luminal A. Also case—case of Carolina

Breast Cancer Study (CBCS) study (n = 1,424 in situ and invasive

cases) (13) showed that pre—menopausal obesity was found to be a

risk factor for basal subtype like compared to luminal A subtype, but

there was no statistically significant difference in other types. The

Life After Cancer Epidemiology (LACE) (n=2,544 invasive cases)

[25] study also showed significant differences compared to luminal

A subtype in the premenopausal and obese triple negative subtype.

In addition, the subtypes (luminal B, HER2 expression) showed

higher OR than luminal A subtype, but not statistically significant. On

the other hand, there was no difference in postmenopausal women

between groups. In the Washington State (WS) (n=2,386) case—

control study [26] of postmenopausal women, it was not statistically

significant, but it suggested that there is a heterogeneity among the
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subtypes in the postmenopausal women.

Our results are similar to previous studies in premenopausal women

with basal—like subtype. However, postmenopausal women with

HERZ expression have different results. There was a significant

difference in the risk of breast cancer due to BMI before menopause

and the BC risk tended to increase as the obesity increased in the

HERZ2 expression (p—trend = 0.03) and basal—like subtype (p—trend

= 0.02). And in basal-like subtype, OR was 1.63 in obese

premenopausal women (BMI>30). In the postmenopausal obese

group, ORs of HER2 negative group (luminous A, B (HER negative)

and basal—like) were higher than HER2 negative group (Luminal B

(HER positive) and HERZ2 expression). Obesity was a risk factor in

all subtypes after menopause, but BC risk in Luminal B subtype

(HER positive) was also found to increase in underweight.
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Our result is that there is a clear heterogeneity in the risk of
developing breast cancer before and after menopause, which is
consistent with previous studies. It is associated with BMI and
hormone receptors (ER, PR, HER2) in breast cancer patients. [27—
33] There are many known hypotheses about the development of
breast cancer, but it can’ t be denied that estrogen concentration in
blood is important. In fact, obesity in postmenopausal women has a
high activity of aromatase enzyme that converts androstenedione
into estrogen in adipose tissue and maintains a high level of estrogen
level. [34] However, there is not sufficient evidence for other
receptors and its related molecular biologic mechanisms.

The strength of our study is the nationwide large—scale data. In fact,
there are 91,651 female breast cancer outbreaks among Korean

women between 2003 and 2010 [35] , and this study is highly
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representative, because it is the result of 33,758 which is 36.8% of

the entire female breast cancer outbreaks in Korea between 2003

and 2010. Therefore, it is thought that generalizability is relatively

high in Asia race with breast cancer risk distribution similar to Korea.

The anthropometric factors were measured at enrollment, which

may minimize recall bias for exposure status. In addition, the data

included comprehensive medical and epidemiologic data based on a

standardized study protocols.

The limitations of this study are as follows: First, the data did not

include lifestyle factors including physical exercise, smoking and

drinking. Missing information for genetic testing such as BRCA

mutation information, were not evaluated. Second, most of the

previous studies were conducted on Westerners such as Americans,

Caucasians, and African Americans. This study was conducted for
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Koreans only, and the results may be different. [36] Third, despite

age matching, the age difference was 2.6 years old. This is because

the average age of the control group is higher than the average age

of the cases, and the control group of the lower age was not

sufficiently available. Fourth, the unclassified is an equivocal with

[HC 2+. According to the guideline [37], additional FISH should be

done to distinguish the HERZ2 receptor. But we have not been able to

do it in our study. Sixth, about one—third of the patients in the

country were used, but data collected from hospitals with over 400

beds could lead to selection bias.
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V. Conclusion

In summary, we used a case—control analysis to assess the

association between BMI and breast cancer subtypes to observe

significant heterogeneity of association by tumor subtype. Our

findings indicated that obesity can be an independent predictor of all

breast cancer subtypes in post—menopausal women, while both

underweight and obesity can accelerate the selected subtypes among

pre—menopausal breast cancer patients. These different associations

by subtype can support that breast cancer is a heterogeneous

disease defined by presence of hormone receptors with distinct

etiologic pathways. Future studies will need to focus on analyzing

other known risk factors besides BMI and identifying the molecular

biologic causes.
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Supplementary table 1. The selected characteristics of breast cancer (BC) cases according to molecular
and pathological classification® in the Korea Breast Cancer Study (KBCS), 2003 — 2010

. HER?- HER2+ Triple- .
(I?g%/[nllz) Luminal A Luminal B Luminal B HER?2 Express negative Unclassified
N=10,390 N=4,182 N=3,232 N=3,883 N=5,380 N=6,691
Mean (SD)
Age R530) 504 (0.4) RBI(R3) 50.7 (3.9) 5093 B339
BMI (Kg/m?) 3532 238(33) 23.4(3.3) 3732 238(3.3) 23.6(3.3)
Age at menarche
(e 15.0 (1.7) 15.3 (1.8) 15.1 (1.8) 15.3 (1.81) 15.2 (1.8) 15.2(1.8)
Z
fg‘feeal?;)FFTP 26.6 (3.6) 263 (3.7) 26.4 (3.6) 26.0 (3.5) 26.1 (3.5) 26.5 (3.6)
Number of FTP? 3.1(09) 32 (1.0) 7.1(09) 33 (1.0) 32(1.0) 2.1(09)
Breastfeeding
preastlopding <) 14.6 (16.6) 17.1(17.5) 15.5 (16.9) 18.5 (17.2) 16.1 (16.8) 15.5 (17.9)
OC use (months) 35(12.9) 56 (147) 51(133) 5014 57(12.7) 36125
Age at menopause” 439 (5.2) 293 (47) 9.1 (4.9) 396 44 3917 39152
HRT use® (months) 47(16.7) 6.1(17.6) 49(16.7) 6.0 (173) 4.6(15.9) 47(15.3)

Affiliation: BC, breast cancer; BMI, body mass index; FFTP, first full-term pregnancy; FTP, full-term
pregnancy; OC, oral contraceptives; HRT, hormone replacement therapy

1. Total BC was classified to 5 subtypes by the expression status of the ER, PR (Immunohistochemistry), HER2
(FISH), and Ki—67 index (based on the guidelines by the St Gallen International expert Consensus’ ). The
classification criteria of 5 subtypes were as follows: Luminal A (ER and PgR + and HER2— and Ki—67<14%),
Luminal B—HER2 negative (ER + and HER2 — and (Ki—67>14% or PgR —)), Luminal B—HER2 positive (ER +
and HER2 + and any Ki—67, any PgR), HER2—express (ER— and PgR— and HER2 + ), Triple negative (ER— and
PgR— and HER2 — ). Korean BC cases were composed of Luminal A 30.8%, Luminal B (HER2-) 12.4%, Luminal
B (HER2+) 9.6%, HER2 Express 11.5%, Triple Negative 15.9%, and Unclassified BC 19.8%.
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Supplementary table 2. Association between body mass index (BMI) and each pathological subtype of
breast cancer in the Korea Breast Cancer Study (KBCS), 2003—2010. Analysis results from sources

without imputationx.

BMI HER2- Luminal B HER2+ Luminal B HER?2 Express Triple-negative
(Kg/m®)
N=3,256
OR (95% CI)’
Premenopausal women
<18.5 1.24 (1.06— 1.09 (0.84— 1.20 (0.94- 1.10 (0.87— 1.16 (0.93—
) 1.45) 1.43)
18.5-22.9 1.00 1.00
23-24.9 0.92 (0.85- 1.04 (0.92- 0.97 (0.86-— 1.10 (0.97- 1.14 (1.03—
) 0.99) 1.26)
25-29.9 0.97 (0.89- 1.17 (1.03— 1.00 (0.87— 1.33 (1.16— 1.38 (1.24—
) 1.05) 1.53)
>30 0.93 (0.76— 1.28 (0.96— 1.00 (0.73— 1.16 (0.83— 1.60 (1.27-
- 1.13) 2.02)
Postmenopausal women
<185 1.00 (0.73—- 1.18 (0.80— 1.561 (0.97— 1.15 (0.79- 1.30 (0.91-
) 1.37) 1.85)
18.5-22.9 1.00 1.00
1.09 (0.99- 1.00 (0.88— 1.07 (0.93—- 1.02 (0.91- 1.06 (0.95—
23249 1.19) 1.19)
25-29.9 1.46 (1.34— 1.37 (1.23- 1.32 (1.14- 1.09 (0.98- 1.35 (1.21—
) 1.60) 1.51)
>30 2.35 (2.01- 1.81 (1.46— 1.67 (1.27- 1.45 (1.16— 2.25 (1.85—
B 2.75) 2.72)

1.Unconditional logistic regression model adjusted for age, family history of breast cancer, age at menarche,



number of children, hysterectomy, oophorectomy, first full—term pregnancy age, breast feeding duration, oral
contraceptive duration.
* Excludes subjects without menopausal data in the selection process of data

* Excludes 6,691 subjects for unclassified
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Supplementary table 3. Association with body mass index (BMI) on the risk for each BC subtype! among
premenopausal and postmenopausal women classified by breast cancer (BC) family history in the Korea

Breast Cancer Study (KBCS), 2003—2010. Analysis results from sources without imputationx.

BMI2 Luminal A HER2- Luminal B HER2+ Luminal B HER?2 Express Triple-negative
(Kg/m")
N=6,272 N=2,462 N=1,839 N=2,361 N=3,256
OR (95% CI)’

BC Family history +
Premenopausal women
<18.5 1.39 (0.91-2.12) 1.10 (0.48-2.55) 0.84 (0.30-2.33) 2.47 (1.24-4.94) 2.03 (1.24-3.30)
18.5-22.9 1.00 1.00 1.00 1.00 1.00
23-24.9 0.83 (0.66-1.04) 0.72 (0.46-1.14) 1.05 (0.69-1.57) 1.06 (0.66-1.72) 1.12 (0.83-1.50)
25-29.9 0.91 (0.71-1.16) 1.03 (0.67-1.60) 0.83 (0.51-1.35) 1.28 (0.78-2.12) 1.19 (0.86-1.64)
=30 0.79 (0.41-1.50) 1.67 (0.72-3.88) 1.37 (0.55-3.44) 0.80 (0.19-3.32) 1.10 (0.51-2.38)
Postmenopausal women
<18.5 2.28 (1.09-4.76) 1.27 (0.40-4.10) 1.61 (0.38-6.81) - -
18.5-22.9 1.00 1.00 1.00 1.00 1.00
23-24.9 0.95 (0.69-1.32) 0.87 (0.59-1.29) 0.91 (0.52-1.60) 0.78 (0.49-1.26) 0.93 (0.60-1.43)
25-29.9 1.40 (1.04-1.88) 1.07 (0.74-1.56) 1.00 (0.57-1.74) 1.28 (0.84-1.95) 1.37 (0.92-2.03)

=30 3.89 (2.51-6.03)

1.60 (0.79-3.26)

0.79 (0.19-3.33)

1.68 (0.75-3.77)

3.28 (1.80-6.01)

BC Family history -

Premenopausal women

I.11 (0.85-1.46)

1.25 (0.97-1.62)

1.05 (0.77-1.41)

.13 (0.91-1.42)

1.00

1.00

1.00

1.00

1.04 (0.92-1.17)

0.95 (0.84-1.08)

1.09 (0.95-1.24)

1.12 (1.01-1.24)

1.17 (1.03-1.33)

1.00 (0.87-1.14)

1.31 (1.15-1.50)

1.37 (1.23-1.53)

1.23 (0.91-1.66)

0.97 (0.70-1.35)

1.16 (0.83-1.62)

1.61 (1.27-2.04)

.12 (0.75-1.67)

1.45 (0.92-2.29)

[.18 (0.81-1.71)

1.33 (0.94-1.90)

1.00

1.00

1.00

1.00

1.00 (0.88-1.13)

1.08 (0.92-1.25)

1.02 (0.91-1.14)

1.06 (0.94-1.19)

1.40 (1.25-1.57)

1.34 (1.15-1.55)

1.09 (0.97-1.22)

1.35 (1.21-1.51)

<18.5 1.26 (1.08-1.47)
18.5-22.9 1.00

23-24.9 0.91 (0.84-0.98)
25-29.9 0.97 (0.89-1.05)
=30 0.92 (0.75-1.13)
Postmenopausal women

<18.5 0.91 (0.65-1.27)
18.5-22.9 1.00

23-24.9 1.08 (0.98-1.19)
25-29.9 1.47 (1.34-1.60)
=30 2.26 (1.93-2.66)

1.83 (1.46-2.28)

1.73 (1.30-2.31)

1.43 (1.14-1.81)

2.19 (1.80-2.67)
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1.Unconditional logistic regression model adjusted for age, age at menarche, number of children, hysterectomy,
oophorectomy, first full—term pregnancy age, breast feeding duration, oral contraceptive duration.
* Excludes subjects without menopausal data in the selection process of data

* Excludes 6,691 subjects for unclassified
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Supplementary table 4. Association with body mass index (BMI) on the risk for each BC subtype! among
postmenopausal women classified by use of hormone replacement therapy (HRT) in the Korea Breast

Cancer Study (KBCS), 2003—2010. Analysis results from sources without imputation.

HER2— Luminal

HER2+ Luminal

BMI Luminal A B B HERZ2 Express Triple—negative
2
(Kg/m®)
N=2,271 N=1,255 N=729 N=1,304 N=1,405
OR (95% CD)*
Postmenopausal women with never HRT used
<185 1.13 (0.75- 1.35 (0.81— 1.35 (0.69—- 1.09 (0.63— 1.10 (0.66—
: 1.71) 2.26) 2.67) 1.89) 1.84)
18.5—-22.9 1.00 1.00 1.00 1.00 1.00
93-94.9 1.14 (1.01- 1.04 (0.88- 1.25 (1.01- 1.18 (1.01- 1.12 (0.96—
: 1.29) 1.24) 1.55) 1.38) 1.31)
95-99.9 1.66 (1.48- 1.59 (1.36— 1.50 (1.22- 1.21 (1.03- 1.51 (1.31—
: 1.86) 1.86) 1.85) 1.41) 1.74)
>30 2.93 (2.40- 2.31 (1.74- 2.16 (1.47- 1.91 (1.43- 2.75 (2.16—
- 3.56) 3.07) 3.16) 2.54) 3.50)
Postmenopausal women with ever HRT used
<185 0.85 (0.55— 0.93 (0.54- 1.51 (0.87— 1.13 (0.70- 1.44 (0.91-
: 1.32) 1.61) 2.63) 1.83) 2.29)
18.5—-22.9 1.00 1.00 1.00 1.00 1.00
93-94.9 1.09 (0.97- 1.02 (0.97- 1.01 (0.83— 0.93 (0.80— 1.05 (0.89—
: 1.24) 1.20) 1.24) 1.08) 1.23)
95-99.9 1.38 (1.23- 1.30 (1.12- 1.29 (1.07- 1.08 (0.93- 1.27 (1.09—
: 1.55) 1.51) 1.56) 1.26) 1.48)
>30 1.97 (1.58- 1.48 (1.09- 1.38 (0.92- 1.13 (0.81— 1.78 (1.33—
- 2.45) 2.01) 2.07) 1.57) 2.37)

1.Unconditional logistic regression model adjusted for age, BC family history, age at menarche, number of
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children, hysterectomy, oophorectomy, first full—term pregnancy age, breast feeding duration, oral contraceptive
duration.
* Excludes subjects without menopausal data in the selection process of data

* Excludes 6,691 subjects for unclassified

: Rk



VI. References

Torre, L.A., et al., Global cancer statistics, 2012. CA Cancer J
Clin, 2015. 65(2): p. 87—108.

Siegel, R.L., K.D. Miller, and A. Jemal, Cancer statistics, 2016.
CA Cancer J Clin, 2016.66(1): p. 7—30.

Jung, K.W., et al.,, Cancer Statistics in Korea: Incidence,
Mortality, Survival, and Prevalence in 2014. Cancer Res
Treat, 2017.49(2): p. 292—305.

Setiawan, V.W., et al., Breast cancer risk factors defined by
estrogen and progesterone receptor status: the multiethnic
cohort study. Am J Epidemiol, 2009. 169(10): p. 1251-9.
Sweeney, C., et al., Risk factors for breast cancer in elderly
women. Am J Epidemiol, 2004. 160(9): p. 868—75.

Kawai, M., et al., Adiposity, adult weight change and breast
cancer risk in postmenopausal Japanese women: the Miyagi
Cohort Study. Br J Cancer, 2010. 103(9): p. 1443-7.

Wada, K., et al., Body mass index and breast cancer risk in
Japan: a pooled analysis of eight population—based cohort
studies. Ann Oncol, 2014. 25(2): p. 519—24.

Galanis, D.J., et al., Anthropometric predictors of breast
cancer Incidence and survival in a multi—ethnic cohort of
female residents of Hawaii, United States. Cancer Causes
Control, 1998.9(2): p. 217—24.

50 1



10.

11.

12.

13.

14.

15.

16.

Michels, K.B., K.L. Terry, and W.C. Willett, Longitudinal study
on the role of body size in premenopausal breast cancer. Arch
Intern Med, 2006. 166(21): p. 2395—402.

Weiderpass, E., et al., A prospective study of body size in
different periods of life and risk of premenopausal breast
cancer. Cancer Epidemiol Biomarkers Prev, 2004. 13(7): p.
1121-7.

Thomas, H.V., et al.,, Re’ Reversal of relation between body
mass and endogenous estrogen concentrations with
menopausal status. J Natl Cancer Inst, 1997. 89(5): p. 396—8.
Henderson, B.E., et al., Do regular ovulatory cycles increase
breast cancer risk? Cancer, 1985. 56 (5): p. 1206—38.

Millikan, R.C., et al., Epidemiology of basal—like breast cancer.
Breast Cancer Res Treat, 2008. 109(1): p. 123—-39.

Clarke, C.A., et al.,, Age—specific incidence of breast cancer
subtypes. understanding the black—white crossover. J Natl
Cancer Inst, 2012. 104(14): p. 1094—101.

Li, H., et al.,, BMI, reproductive factors, and breast cancer
molecular subtypes: A case—control study and meta—analysis.
J Epidemiol, 2017. 27 (4): p. 143—151.

Foulkes, W.D., LE. Smith, and J.S. Reis—Filho, 7Triple—
negative breast cancer. N Engl J Med, 2010. 363(20): p.

1938—48.

51 1



17.

18.

19.

20.

21.

22.

Yang, X.R., et al., Differences in risk factors for breast cancer
molecular subtypes in a population—based study. Cancer
Epidemiol Biomarkers Prev, 2007. 16(3): p. 439—43.

Ahn, S.H., et al., Poor outcome of hormone receptor—positive
breast cancer at very young age I1s due to tamoxifen
resistance: nationwide survival data in Korea——a report from
the Korean Breast Cancer Society. J Clin Oncol, 2007. 25(17):
p. 2360—8.

Kim, Y. and B.G. Han, Cohort Profile: The Korean Genome
and Epidemiology Study (KoGES) Consortium. Int J
Epidemiol, 2017. 46 (4): p. 1350.

Organization, W.H., The Asia—Facific perspective: redefining
obesity —and its treatment. 2000, Sydney: Health
Communications Australia.

Goldhirsch, A., et al., Strategies for subtypes——dealing with
the diversity of breast cancer: highlights of the St. Gallen
International Expert Consensus on the Primary Therapy of
Early Breast Cancer 2011. Ann Oncol, 2011.22(&): p. 1736—
47.

Goldhirsch, A., et al., Personalizing the treatment of women
with early breast cancer: highlights of the St Gallen
International Expert Consensus on the Primary Therapy of

Early Breast Cancer 2013. Ann Oncol, 2013. 24(9): p. 2206—

52 1



23.

24.

25.

26.

27.

28.

29.

23.

Stekhoven, D.J. and P. Buhlmann, MissForest——non—
parametric missing value imputation for mixed—type data.
Bioinformatics, 2012. 28(1): p. 112—8.

Stekhoven, D.J., missForest: Nonparametric missing value
imputation using random forest. Astrophysics Source Code
Library, 2015.

Kwan, M.L., et al., Epidemiology of breast cancer subtypes in
two prospective cohort studies of breast cancer Survivors.
Breast Cancer Res, 2009. 11(3): p. R31.

Phipps, AL, et al.,, Body size and risk of luminal, HERZ2—
overexpressing, and triple—negative breast cancer In
postmenopausal women. Cancer Epidemiol Biomarkers Prev,
2008. 17(8): p. 2078—-86.

Colditz, G.A., et al., Risk factors for breast cancer according
to estrogen and progesterone receptor status. J Natl Cancer
Inst, 2004. 96 (3): p. 218—28.

Huang, W.Y., et al., Hormone-—related factors and risk of
breast cancer in relation to estrogen receptor and
progesterone receptor status. Am J Epidemiol, 2000. 151(7):
p. 703—14.

Ray, A., K.J. Nkhata, and M.P. Cleary, Effects of leptin on

human breast cancer cell lines in relationship to estrogen

53 1



30.

31.

32.

33.

34.

35.
36.

receptor and HERZ status. Int J Oncol, 2007.30(6): p. 1499—
509.

Suzuki, R., et al.,, Body weight and postmenopausal breast
cancer risk defined by estrogen and progesterone receptor
status among Swedish women: A prospective cohort study.
Int J Cancer, 2006. 119(7): p. 1683-9.

Potter, J.D., et al., Progesterone and estrogen receptors and
mammary neoplasia in the lowa Women's Health Study: how
many kinds of breast cancer are there? Cancer Epidemiol
Biomarkers Prev, 1995. 4(4): p. 319—-26.

Enger, S.M., et al., Body size, physical activity, and breast
cancer hormone receptor status. results from two case—
control studies. Cancer Epidemiol Biomarkers Prev, 2000.
9(7):p. 681-7.

Biglia, N., et al., Body mass index (BMI) and breast cancer:
impact on tumor histopathologic features, cancer subtypes
and recurrence rate in pre and postmenopausal women.
Gynecol Endocrinol, 2013. 29(3): p. 263—7.

McTiernan, A., et al., Adposity and sex hormones In
postmenopausal breast cancer survivors. J Clin Oncol, 2003.
21(10): p. 1961—6.

Korea statistics agency.

Renehan, A.G., et al., Body—mass index and incidence of

54 1



cancer: a systematic review and meta—analysis of
prospective observational studies. Lancet, 2008. 371(9612):
p. 569—78.

37.  Wolff, A.C., et al, American Society of Clinical
Oncology/College of American Pathologists guideline
recommendations for human epidermal growth factor
receptor 2 testing In breast cancer. Journal of clinical

oncology, 2006. 25(1): p. 118—145.

A& HuEe G4 3 o XolA] fHker g3 gelow 7 ake] 9l

A= A& o ylolyl =3 S-nHlolo ﬁE’d/ﬂo oAl Hid3
T T o w & T o | T =1 = o=

ol

Far 53] w7 A geE Ao B8 AAolot

W 2 A AR ZIEE Akl tiE R 2003904 2010
d Afololl mh® 3541014 800 olEte] dt= oIS Al
gz2S 1:28 it & 101,27499] ARE o]gste] AA
FA (BMI, kg/m2) et AlF ¢t o} Luminal A (ER and

PgR + and HER2—- and Ki—67<14%), Luminal B—HER2

55 1] 2 11
| wll

.
o
1

1



negative (ER + and HER2 — and (Ki—67=14% or PgR —)),

Luminal B—HER2 positive (ER + and HER2 + and any Ki—67,

any PgR), HER2—express (ER— and PgR— and HER2 + ),

Triple negative (ER— and PgR— and HER2 — ). 7+2] #&A]

M

e,

Ak A7 F ool E A Fekel okgel ek Qo] awn)

HBMI=30)Y w fHEY Aol SV Ao YER=d),

1 % 7P 3A 57FsE oS HER—Luminal B o]t} (OR: 3.22

Cl: 241-4.3D #4d A M= AATBMIK18.5 U

Luminal A (OR: 1.23 CI: 1.09-1.39% Z7}stx, 1 x=H|qE

(BMI=30) o|4]= Triple negative o}gollA FHket o] =7}

st o7 BFEUrt (OR: 1.63 CL 1.29-2.05). et 74

A= A 9WAE A AAE oA o] HER2 express ©}3 (OR:

2.41 CI: 1.21-4.80) ¥} Triple negative ©}F3 (OR: 1.98 CI: 1.22—

3.22) ] S1go] SR Ao AEEITh

A ALPATE AT U ok Ax=A A7 A, 97

o
o 5=

6



FQol: 9k, W) o, ujw, AAHAF

8 W: (2016—22022)

o7 J&ﬂ k._l 1_'_” l-jll_ =



	I. Introduction
	1. Background
	2. Obesity and BC molecualr subtype
	3. Objectives

	II. Materials and methods
	1. Study design and study population
	2. Data collection
	i. Molecular subtype
	3. Statistical analysis

	III. Results
	1. Baseline characteristics of study participants
	2. Objective #1: association with BMI on the risk for each BC subtype and hormone receptor among premenopausal and postmenopausal women.
	3. Objective #2: the effect of BC family history on the relationship between BMI and each BC subtype and hormone receptor among premenopausal and postmenopausal women.

	IV. Discussions
	V. Conclusion
	VI. References
	초    록


<startpage>16
I. Introduction 1
 1. Background 1
 2. Obesity and BC molecualr subtype 2
 3. Objectives 4
II. Materials and methods 5
 1. Study design and study population 5
 2. Data collection 8
 i. Molecular subtype 10
 3. Statistical analysis 11
III. Results 13
 1. Baseline characteristics of study participants 13
 2. Objective #1: association with BMI on the risk for each BC subtype and hormone receptor among premenopausal and postmenopausal women. 15
 3. Objective #2: the effect of BC family history on the relationship between BMI and each BC subtype and hormone receptor among premenopausal and postmenopausal women. 21
IV. Discussions 29
V. Conclusion 34
VI. References 40
초    록 45
</body>

