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Table 3 Adjusted geometric mean hormone levels® of three populations with stratification by body mass index”

Japanese living in Japanese Brazilians living in Sao  Non-Japanese Brazilians living in P for
Nagano, Japan Paulo, Brazil Sao Paulo, Brazil difference

Estradiol, pg/mL
Low (BMI < 25) 9.5 14.2 15.0 <0.01
FF <0.01 Reference 0.60
High (BMI =25) - 8.2 122 14.5 <0.01
Pe <0.01 Reference 0.06

Bioavailable estradiol, %
Low (BMI <25) 224 287 17.9 <0.01
P <0.01 Reference <0.01
High (BMI > 25) 256 325 234 <0.01
P <001 Reference <0.01

Estrone, pg/mL
Low (BMI < 25) 225 404 321 <0.01
P <0.01 Reference <001
High (BMI 225) 232 384 342 ' <001
P <0.01 Reference 0.19

Sex hormone-binding

globulin, nM/L
Low (BMI < 25) 76.6 62.8 85.8 0.03
P~ 0.04 Reference <001
High (BMI 225) 596 438 595 0.03
IS 002 Reference 0.02

Androstenedione, ng/mL
Low (BMI < 25) 0.64 0.63 091 0.03
Pr 090 Reference 0.02
High (BMI 225) 0.76 0.51 1.05 <0.01
FF 003 Reference <0.01

DHEAS, pg/dL
Low (BMI < 25) 519 647 487 021
P 013 o Reference 0.11
High (BMI 225) 54.6 52.2 434 0.29
P 081 Reference 032

Testosterone, ng/mL
Low (BMI < 25) 0.01 0.07 0.13 <0.01
F <001 Reference 0.27
High (BMI 225) 0.04 0.15 0.18 <0.01
P <0.01 Reference 0.69

Free testosterone, pg/mL
Low (BMI < 25) 0.18 032 0.31 <0.01
P <001 Reference 0.90
High (BM!I =25) 0.26 046 048 <0.01
P <001 Reference 0.85

BMI, body mass index; DHEAS, dehyroepianrosterone sulfate; *Adjusted for age (continuous), age at first menarche (continuous), age at menopause (continuous),
number of births (0, 1, 2 or 3, 4+), age at first birth (222, 23 to 26, 227, nulliparous), height (continuous), BMI (continuous), smoking (never smokers, past

smokers, current smokers), alcohol drinking (nondrinkers, occasional drinkers, regular drinkers) and physical activity in the past 5 years (no, <2 days/wk, 23 days/
wk); PThe total participants in the low and high BMI groups were 199 and 156, respectively; P values for comparison with Japanese Brazilians living in Sdo Paulo,

Brazil.

proportion of participants with levels below the LOD
was relatively high for testosterone (24%) and free tes-
tosterone (69%). Our findings for testosterone and free
testosterone should therefore be interpreted cautiously.
Third, since our study included only a small number of

Japanese Brazilians (n = 44), the findings might be due
to chance and should be interpreted with caution.

We found higher circulating levels of estrogen and
androgen in Japanese Brazilians than in Japanese, which
were not accounted for by differences in the prevalence
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Table 4 Adjusted geometric mean hormone levels by breast cancer risk factors and lifestyle-factors®

Breast cancer Participants, Estradiol, Bioavailable Estrone, Sex Androstenedione, DHEAS, Testosterone, Free

risk and n pg/mL estradiol, % pg/mL  hormone- ng/mL ug/dL  ng/mL testosterone,

lifestyle binding pg/mL

factors globulin,

nM/L

Family history

of breast cancer
No 327 139 22.7 326 66.2 0.84 527 0.09 0.34
Yes 36 138 212 316 746 0.80 514 0.05 036
P for 0.90 0.18 0.57 0.12 0.66 0.83 0.08 040
difference .

History of

benign breast

disease
No 339 139 226 325 66.9 0.84 529 0.09 0.34
Yes 23 143 220 335 69.0 078 521 0.08 0.31
P for 0.69 068 067 0.75 061 092 0.72 038
difference

Age at first

menarche, yr :
<12 101 13.7 229 316 66.7 0.83 495 0.08 033
13 or 14 166 139 22.2 324 652 0.83 54.8 0.09 0.34
15+ 96 139 226 336 69.7 0.85 533 0.08 0.35
P for trend 081 081 0.18 0.51 078 043 0.99 0.60
P for 0.70 047 0.30 0.24 0.68 0.29 0.83 0.39
trend® :

Age at

menopause, yr
<48 116 140 230 326 64.5 0.89 57.0 0.08 034
49 to 51 108 14.0 220 331 702 0.78 516 0.09 0.34
52+ 139 136 225 321 67.0 0.80 485 0.09 033
P for trend 047 065 068 057 0.20 0.05 0.66 075
P for 0.80 0.06 093 0.02 0.32 0.51 059 1.00
trend® :

Parity
Parous 326 138 220 323 675 0.80 484 0.08 033
Nulliparous 37 137 233 329 67.2 0.87 580 0.10 034
P for 0.89 0.28 0.73 0.95 042 0.11 051 0.86
difference

Number of

births®
1 32 137 206 328 69.6 077 437 0.10 030
2o0r3 219 134 222 316 67.8 0.79 439 0.08 032
4+ 75 14.7 223 332 65.8 0.86 56.0 0.08 035
P for trend 0.27 0.26 0.71 0.55 038 0.046 076 0.20

Age at first

birth®, yr
<22 79 132 213 315 709 0.80 44,0 0.09 0.31
2310269 138 139 21.5 331 68.1 0.78 46.7 0.07 033
27+ 109 147 223 331 64.3 0.84 52.2 0.10 032
P for trend 0.09 0.29 052 0.16 047 0.11 040 089
P for 0.10 032 0.53 037 0.58 039 047 081
trend®

Breast-feeding®
No 27 143 232 335 634 0.82 46.9 0.09 033

Yes 296 137 219 322 67.6 0.81 47.2 0.08 032
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Table 4 Adjusted geometric mean hormone levels by breast cancer risk factors and lifestyle-factors® (Continued)

P for 059 033 053 047 0.87 096 0.85 087
difference

Height, cm
<1509 107 138 223 322 694 0.84 54.7 0.09 034
151 to 126 143 221 334 67.2 081 519 0.08 034
156.9
157+ 124 137 23.2 322 63.8 0.85 51.7 0.09 034
P for trend 083 0.31 099 0.16 091 054 071 0.86
P for 062 0.07 0.65 0.01 033 0.96 047 0.72
trend®

BMI, kg/m?
<249 199 133 209 311 753 0.77 51.1 0.07 030
25t0299 116 145 24.2 322 60.2 0.79 484 0.09 034
30+ 40 155 264 384 512 1.15 65.3 016 0.50
P for trend 0.01 <0.01 <0.01 <0.01 0.01 0.21 0.01 <0.01
P for <0.01 <001 <0.01 <001 <001 013 0.01 <0.01
trend® ’

Smoking
Never 310 132 243 320 629 0.80 535 0.09 035
smoker
Past 37 136 237 324 62.3 0.77 514 0.06 0.38
smoker
Current 14 149 200 332 76.3 0.94 528 012 0.29
smoker
P for 048 0.06 091 0.28 055 095 043 0.28
difference

Alcohol

drinking
Nondrinker 266 140 220 327 69.9 085 494 0.10 034
Occasional 39 1441 235 324 63.7 0.82 59.1 0.08 0.34
drinker
Regular 58 135 222 324 67.1 0.83 498 0.08 034
drinker
P for 0.76 048 -~ 097 042 0.89 0.29 0.48 0.98
difference

Physical activity

in past 5 years
No 231 140 22.5 328 66.7 0.84 522 0.1 034
<2 days/ 63 138 221 321 675 079 506 0.05 033
wk
>3 days/ 68 135 233 321 66.8 0385 55.8 0.07 035
wk
P for trend 046 048 0.58 0.95 097 0.56 0.02 060

DHEAS, dehyroepianrosterone sulfate; BMI, body mass index; *Adjusted for age {(continuous), ethnic group (Japanese, Japanese Brazilians, non-Japanese Brazilians
(Caucasian, mixed, Black), age at first menarche (continuous), age at menopause (continuous), number of births (0, 1, 2 or 3, 4+), age at first birth (<22, 23 to 26,
227 yr, nulliparous), height (continuous), BMI (continuous), smoking (never smokers, past smokers, current smokers), alcohol drinking (nondrinkers, occasional
drinkers, regular drinkers) and physical activity in the past 5 years (no, 2 days/wk, 23 days/wk); bContinuous variables; ‘Among parous women only.

of known breast cancer risk factors. This hormonal pro-
file in Japanese Brazilians is consistent with the higher
incidence and mortality rate of breast cancer in this
population [4-6]. For instance, the age-adjusted inci-
dence per 100,000 population for breast cancer among
first-generation Japanese Brazilians from 1969 to 1978
was 24, while the incidences among Japanese from 1973
to 1977 were 12.7 in Osaka and 17.5 in Miyagi [4]. The
standard mortality ratio for breast cancer among first-

generation Japanese Brazilians from 1999 to 2001 on the
basis of age-specific rates for Japanese in 2000 was 139
[5].

We also found higher circulating levels of bicavailable
estradiol and estrone in Japanese Brazilians than in non-
Japanese Brazilians, although levels of estradiol, testos-
terone and free testosterone did not significantly differ
between the two populations. In the Multiethnic Cohort
Study, Japanese Americans had significantly higher
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estradiol levels than Caucasians and a slightly higher risk
factor-adjusted incidence of breast cancer [10,18].
Although previous studies have shown lower incidence
and mortality rates of breast cancer among Japanese Bra-
zilians than among non-Japanese Brazilians [4-6], our
findings suggest that the recent incidence and mortality
rates among Japanese Brazilians might be similar to or
higher than those of non-Japanese Brazilians.

The significant difference in sex hormone levels
between Japanese Brazilians and Japanese might be
determined by long-term exposure to environmental
and lifestyle factors in Brazil. These differences were
observed even after adjustment for known breast cancer
risk factors, including BMI, which is a major determi-
nant of estrogen levels in postmenopausal women.
Although diet is one environmental factor that substan-
tially differs between Japan and Brazil, the present study
did not take into account dietary factors because we
used different FFQ in the case-control studies in Nagano
and Sdo Paulo. Given that the report from the World
Cancer Research Fund and American Institute for Can-
cer Research in 2007 showed no convincing or probable
dietary risk factors for breast cancer [19], however, the
difference in sex hormone levels between the two popu-
lations might not be explained by dietary factors only.

We observed an increase in estrogen and androgen
levels and a decrease in SHBG levels with increasing
BMI. Our findings are in general agreement with those
of previous studies, and these associations have been
consistently observed among both Asian and Western
populations [10-13,15]. On the other hand, the deter-
minants of sex hormone levels in postmenopausal
women have not been firmly established, notwithstand-
ing a relatively large number of epidemiological studies
[10-14,16]. In the present study, we found a higher
level of SHBG among women who had a later age at
menopause and among shorter women. We also
observed a higher level of DHEAS among women who
had more births and a lower level of testosterone
among physically more active women. In addition to
the lack of consistency in these findings between the
two study sites (that is, the study in Nagano vs. the
study in Sdo Paulo), our findings are inconsistent with
those of previous studies, which found no significant
associations among age at menopause, height and
SHBG level, for example, or number of births and
DHEAS level [12-14]. Higher physical activity levels
were associated with lower levels of both estrogen and
androgen [11,16], while another study reported no
such association [10]. Given this lack of consistency
with previous studies, our findings might be explained
by multiple comparisons.
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Conclusions

We found that levels of estrogen and androgen in Japa-
nese Brazilians were higher than those in Japanese and
similar to or higher than levels in non-Japanese Brazi-
lians. Our findings may explain the previously observed
increase in the incidence and mortality rate of breast
cancer among Japanese Brazilians.
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Objective: This trial is conducted to investigate the benefit of trastuzumab monotherapy
compared with a combination therapy of trastuzumab and chemotherapy in women
over 70 years with human epidermal growth factor receptor type-2-positive primary
breast cancer.

Methods: Inclusion criteria are the following: histologically diagnosed as invasive breast
cancer and received curative operation for primary breast cancer; Stage |, llA, 1I1B or IIIA/MO;
and baseline left ventricular ejection fraction is >55%. Patients are randomized to receive
either trastuzumab (8 mg/kg loading dose, 6 mg/kg every 3 weeks for 1 year) plus chemother-
apy selected from regimens specified on the protocol or trastuzumab monotherapy. The
primary endpoint is disease-free survival. Secondary endpoints are overall survival, relapse-
free survival, safety, health-related quality of life, comprehensive geriatric assessment and
cost effectiveness.

Results: Patients recruitment has been commenced in October 2009. Enrollment of 300
patients is planned during the 4-year recruitment pefiod.

Conclusions: We hereby report the study concept.

Key words: breast cancer — Phase III — elderly — HER2/neu — trastuzumab — monotherapy

TAn abstract was presented in part at 2010 Breast Cancer Symposium,
Washington, DC, 1—3 October 2010.
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710 Trastuzumab without chemotherapy in elderly

INTRODUCTION

Trastuzumab with chemotherapy is the standard treatment as
an adjuvant systemic therapy for human epidermal growth
factor receptor type-2 (HER2)-positive primary breast cancer
(1—4). Overexpression of HER2 has also been associated
with potentially more aggressive tumors; therefore, trastuzu-
mab is a key drug in the treatment of HER2-positive primary
cancer. However, monotherapy of trastuzumab as an adju-
vant treatment without concurrent or preceding chemother-
apy is not conducted in clinical practice since its benefit has
not been investigated as well as elderly patients (5). It has
clinical significance to demonstrate the benefit of trastuzu-
mab monotherapy without toxicity induced by chemother-
apy, especially in elderly patients. Chemotherapy is not
always a standard therapy in elderly patients based on the
analysis of Early Breast Cancer Trialists’ Collaborative
Group (EBCTCG) because of limited data (6). Careful moni-
toring is necessary for elderly patients due to toxicity,
cardiac toxicity associated with anthracycline-containing
chemotherapy (7,8), increasing in acute myeloid leukemia
(AML) after adjuvant chemotherapy (9).

This trial is conducted to investigate the clinical position-
ing between trastuzumab monotherapy (H group) and a com-
bination therapy of trastuzumab and chemotherapy (H + CT
group) based on a randomized controlled trial in women
over 70 years with HER2-positive primary breast cancer.

DIGEST OF THE STUDY PROTOCOL

PURPOSE

This study is conducted to investigate the clinical positioning
between trastuzumab (Herceptin) monotherapy (H group) and
a combination therapy of trastuzumab and chemotherapy (H +
CT group) based on a randomized controlled trial in women
over 70 years with HER2-positive primary breast cancer
(Fig. 1). Our hypothesis includes the following two points:

HER2-positive eiderly patient
Age: 70-80 years okd
Stage : 1{pT=1cm), §1A, IIB, A /MO
HER2 : IHC 3+ or FISH+

Randomization

: o Tmﬁwmﬂb(f; e tCT '

B jm stor's choice fron }

Figure 1. Study schema. Evaluation of trastuzumab without chemotherapy
as a post-operative adjuvant therapy in HER2-positive elderly breast cancer
patients: randomized controlled trial [RESPECT (N-SAS BCO07)].
HER2, human epidermal growth factor receptor type-2; IHC, immunohisto-
chemistry; FISH, fluorescence in sifu hybridization; PTX, paclitaxel; DTX,
docetaxel; AC, doxorubicin and cyclophosphamide; EC, epirubicin
and cyclophosphamide; CMF, cyclophosphamide, methotrexate and
S-fluorouracil.

(i) H group is non-inferior to the H 4+ CT group in disease-
free survival (DFS).

(ii) H group is superior in safety and health-related quality
of life (HRQOL).

StuDY SETTING

This study is a multi-institutional prospective randomized con-
trolled trial with 56 participating centers as of 31 August 2010.

STtUuDY SUPPORT

This study was funded by Comprehensive Support Project
for Oncology Research (CSPOR) of Public Health Research
Foundation. All decisions concerning the planning,
implementation and publication of this study were made by
the executive committee of this study.

ENDPOINTS

The primary endpoint is DFS. Secondary endpoints are
overall survival, relapse-free survival, adverse events,
HRQOL, comprehensive geriatric assessment and cost-
effectiveness analysis.

EvLigBILITY CRITERIA
Incrusion CRITERIA

(i) Histologically diagnosed as invasive breast cancer and
received curative operation for primary breast cancer.

(ii) Stage I [tumor size (pT) >1 cm), IIA, IIB or ITTA/MO;
female between 70 and 80 years old.

(iii) Primary cancer is HER2-positive (either 34 overexpres-
sion or positive by fluorescence in situ hybridization).

(iv) Baseline left ventricular ejection fraction is >55%
measured by echocardiography or multigated acquisition
scan within 4 weeks before registration.

(v) Performance status (PS) 0—1.

(vi) Sufficient organ function meeting the following criteria
within 4 weeks before registration:

(a) Leukocyte >2500 mm®

(b) Neutrophil >1500 mm>

(c) Platelet >100 000 mm?>

(d) Serum total bilirubin <2.0x the upper limit of
normal (ULN)

(e) Alanine aminotransferase (glutamic pyruvic transam-
inase) or aspartate aminotransferase (glutamic oxaloacetic
transaminase) <2.5x ULN

(f) Serum creatinine <2.0x ULN

(g) Alkaline phosphatase <2.5x ULN

(vii) No previous endocrine therapy or chemotherapy for
breast cancer.

(viii) Signed written informed consent.
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Excrusion CRITERIA

(1) Active multiple primary cancer (synchronous multiple
primary cancer and invasive cancer of other organs).

(i1) Post-operative histological axillary lymph node metasta-
sis >4.

(iii) Axillary lymph node is not histologically evaluated.

(iv) Histologically confirmed positive margin in breast con-
servation surgery (evaluation of margin status is based on
the policy of site). :

(v) History of drug-related allergy which could hinder
planned treatment.

(vi) Any history or complication of the following cardiac
disorders.

(vii) History of congestive heart failure, cardiac infarction.
(viii) Complication requires treatment such as ischemic
cardiac disorder, arrhythmia and valvular heart disease.
(ix) Poorly controlled hypertension (e.g. systolic arterial
pressure >180 mmHg or diastolic blood pressure

>100 mmHg).

(x) Poorly controlled diabetes.

(xi) Continuous visit to a medial institution is considered dif-
ficult due to deterioration of activity of daily living.

(xii) Difficult to participate in the trial because of psychiatric
disorder or psychiatric symptoms.

(xiii) Ineligible to the trial based on the decision of an
investigator.

PATIENT ASSIGNMENT

The CSPOR Data Center will confirm patient eligibility, and
treatment will be automatically assigned according to the
assignment adjustment factors for eligible patients. The fol-
lowing five variables will be used as assignment adjustment
factors: age (70—75/76—80), PS (0/1), hormone sensitivity,
lymph node metastasis and hospital.

TREATMENT
COMBINATION THERAPY OF TRASTUZUMAB AND CHEMOTHERAPY ARM

The loading administration dose of trastuzumab is 8 mg/kg
of body weight, and the maintenance dose is 6 mg/kg every
3 weeks for 1 year. Chemotherapy is selected from regimens
specified on the protocol based on the decision of a phys-
ician or a patient.

(i) Paclitaxel (PTX) 80 mg/m* weekly administered every
week for 11 cycles.

(i) Docetaxel (DTX) 75 mg/m? every 3 weeks for four cycles.

(iii) Doxorubicin (A) 60 mg/m2 and cyclophosphamide (C)
600 mg/m? every 3 weeks for four cycles.

(iv) Epirubicin (E) 90 mg/m? and cyclophosphamide (C)
600 mg/m? every 3 weeks for four cycles.

(v) Cyclophosphamide (C) 75—100 mg orally from days 1 to
14, methotrexate (M) 40 mg/m2 on days 1 and 8 intrave-
nously, and 5-fluorouracil (F) 500—600 mg/m2 intrave-
nously on days 1 and 8, every 4 weeks for six cycles.

Jpn J Clin Oncol 2011;41(5) 711

Administration of trastuzumab initiates after completion of
chemotherapy as a sequential combination. However, conco-
mitant administration is allowed when combining trastuzu-
mab with PTX, DTX and CMF.

If the hormone receptor is positive, hormone therapy
is indicated. In the case of after breast conservative
operation, irradiation for breast is indicated after
chemotherapy.

TrasTUzUMAB MONOTHERAPY ARM

The loading dose of trastuzumab is 8 mg/kg of body weight,
and the maintenance dose is 6 mg/kg every 3 weeks for 1 year.

If hormone receptor is positive, hormone therapy is indi-
cated. In case of after breast conservative operation,
irradiation for breast is indicated after surgery or concurrent
with trastuzumab.

STRATIFICATION FACTORS

(i) Age at registration: 70—75/76—80

(ii) PS: 0/1

(iii) Hormone receptor status: positive/negative
(iv) Pathological nodal status: positive/negative
(v) Institution

STATISTICAL ANALYSIS
Mu4iN ANALYSIS AND ASSESSMENT CRITERIA

To evaluate the clinical position of each treatment, the esti-
mated hazard ratio is compared with a threshold hazard ratio
of 1.69. Concretely, the threshold will be used to determine
whether the H + CT group is equivalent (not inferior) to the
H group with regard to DFS. As an aid to interpret the trial
result, we will estimate the three posterior probabilities
between and outside the following two thresholds: ‘the
upper threshold of hazard ratio (1.69) to select the combi-
nation therapy of trastuzumab and chemotherapy’ and ‘the
lower threshold (1.22) to select the monotherapy of trastuzu-
mab’, using the posterior distribution of log hazard ratio
based on a non-informative prior.

SampLE S1ze AND FoLLow-up PERIOD

The primary endpoint will require 120 events in total, given
a power of 80% and a threshold hazard ratio of 1.69. Giving
that the 3-year DFS probability in the study population is
68% and assuming that the survival time follows the expo-
nential distribution, a total of 260 patients will be necessary
for 3 years of follow-up after 4 years of registration to assess
the 120 events. Therefore, the target number of registration
was determined to be 300 since exponential distribution of
survival might not be shown because of the elderly popu-
lation and dropout patients were expected.

This study has been started from October 2009 and com-
pletion is scheduled in October 2016 with a registration
period for 4 years and a follow-up period for 3 years.
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REGISTRATION OF THE PrROTOCOL

The protocol was registered at the website of the University
Hospital Medical Information Network (UMIN), Japan (pro-
tocol ID UMIN000002349), on 1 September 2009. Details
are available at the following address: https:/upload.umin.ac.
jp/cgi-open-bin/ctr/ctr.cgi?function=brows&action=brows&
type=summary&recptno=R000002854&language=E.

And also registered at ClinicalTrials.gov (protocol ID
NCT01104935), on 6 November 2009. Details are available
at the following address: http:/clinicaltrials.gov/show/
NCTO01104935.
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ISOFLAVONE, ESTROGEN BIOSYNTHESIS GENES, AND BREAST CANCER

We tested the hypothesis that polymorphisms in cytochrome
P450c17«a (CYP17), aromatase (CYP19), 17 8-hydroxysteroid de-
hydrogenase type I (178-HSD1) and sex hormone-binding globu-
lin (SHBG) genes may modify the association between isoflavone
intake and breast cancer risk. We conducted hospital-based, case-
control studies in Nagano, Japan and Séo Paulo, Brazil. A total
of 846 pairs (388 Japanese, 79 Japanese Brazilians, and 379 non-
Japanese Brazilians) completed validated food frequency question-
naires. Four single nucleotide polymorphisms (SNPs) in CYP17
(rs743572), CYP19 (rs10046), 173-HSD1 (rs605059), and SHBG
(rs6259) genes were genotyped. We found no association between
the 4 SNPs and breast cancer risk. In combination analyses of
isoflavone intake and SNPs, an inverse association between intake
and risk was limited to women with at least one A allele of the
rs605059 polymorphism for all 3 populations, albeit without sta-
tistical significance. For the rs6259 polymorphism, the inverse as-
sociation was limited to postmenopausal Japanese with the GG
genotype (odds ratio [OR] for highest vs. lowest tertile = 0.50,
95% confidence interval [CI] = 0.29-0.87; P for trend < 0.01), and
to non-Japanese Brazilians with at least one A allele (OR for con-
sumers vs. nonconsumer = 0.21, 95% CI = 0.06-0.77). We found
no remarkable difference for the rs743572 and rs10046 polymor-
phisms. Our findings suggest that polymorphisms in the 178-HSD1
and SHBG genes may modify the association between isoflavone
intake and breast cancer risk.

INTRODUCTION

Soy foods, a traditional staple dish in Asian countries, are a
primary source of isoflavones such as genistein and daidzein,
which are classified as phytoestrogens. Because breast cancer
risk is substantially lower in Asian than Western countries (1),
the contribution of high isoflavone intake to low breast cancer
risk has been hypothesized (2). A recent meta-analysis sup-
ported this hypothesis and found a small decrease in breast
cancer risk with higher soy intake (3). In contrast, a more re-
cent meta-analysis indicated that the risk reduction was limited
to Asian populations (4). This discrepancy might reflect differ-
ences in exposure levels and genetic factors between Asian and
‘Western populations.

Several mechanisms by which isoflavones may reduce the
risk of breast cancer have been proposed (5,6). The most promi-
nent and thoroughly investigated are those mediated via estrogen
receptors, which owe to the similarity in the chemical structures
of isoflavones and the human estrogen hormone, and the for-
mer’s consequent binding affinity to estrogen receptors (6,7).
Isoflavones can therefore act as estrogen agonists and antago-
nists competing for estradiol at the receptor complex (5). It has
also been suggested that isoflavones may influence breast can-
cer risk by altering the biosynthesis, metabolism, and bioavail-
ability of endogenous hormones. In this regard, isoflavones
have been shown to inhibit aromatase (CYP19) (8-10) and
17 8-hydroxysteroid dehydrogenase type I (178-HSD1) (10-12)
and to increase the synthesis of sex hormone-binding globulin
(SHBG) (13,14). These findings in turn suggest that isoflavone
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' might interact with these genes in the development of breast

cancer.

Few studies have investigated whether genetic variants of
genes involved in the biosynthesis, metabolism, and bioavail-
ability of endogenous hormones modify the association between
phytoestrogen exposure and risk of breast cancer (15,16). Mc-
Cann et al. (15) reported that the risk-reducing effect of lignan
intake on breast cancer was observed among premenopausal
Caucasian women with at least one A2 allele of polymorphism
in the cytochrome P450c17« (CYP17) gene but not among those
with the A1A1 genotype (15). A similar result was found in a
population-based case-control study in Germany in which an
inverse association of plasma enterolactone and lignan intake
with breast cancer risk was found among premenopausal women
with the A2A2 genotype in the rs743572 polymorphism of the
CYP17 gene (16). To our knowledge, however, the possible
joint effect of phytoestrogen exposure and polymorphisms in
the CYP19, 178-HSD1, and SHBG genes on breast cancer risk
has not been investigated.

Here, to test the hypothesis that polymorphisms in the
CYP17,CYP19, 178-HSD1, and SHBG genes might modify the
association between isoflavone intake and breast cancer risk, we
conducted hospital-based case-control studies in Nagano, Japan
and S#o Paulo, Brazil, targeting 3 populations with substantially
different intake of isoflavone and distribution of polymorphisms
in the CYP17, CYP19, 178-HSD1, and SHBG genes, namely
Japanese living in Japan, Japanese Brazilians living in S&o Paulo
and non-Japanese Brazilians living in Sdo Paulo.

MATERIALS AND METHODS

Study Subjects

These multicenter, hospital-based case-control studies of
breast cancer were designed to determine lifestyle factors and
genetic susceptibility to the risk of breast cancer and to compare
potential risk factors among Japanese living in Nagano, Japan
and Japanese Brazilians and non-Japanese Brazilians living in
S@o Paulo, Brazil. Eligible cases were a consecutive series of
female patients aged 20 to 74 yr with newly diagnosed and histo-
logically confirmed invasive breast cancer. Cases were recruited
between 2001 and 2005 at 4 hospitals in Nagano and between
2001 and 2006 at 8 hospitals in Sdo Paulo. A total of 405
cases (98%) participated in Nagano and 83 Japanese Brazilians
(91%) and 389 non-Japanese Brazilians (99%) in Sao Paulo. In
the Nagano study, eligible controls were selected from medical
checkup examinees in 2 of the 4 hospitals and confirmed not
to have cancer. One control was matched for each case by age
(within 3 yr) and residential area. Among potential controls,
one examinee refused to participate and two refused to provide
blood samples. Eventually, we obtained written informed con-
sent from 405 matched pairs. In the study in S&o Paulo, eligible
controls were preferentially selected from cancer-free patients
who visited the same hospital as the index cases. One control
was matched for each case by age (within 5 yr) and ethnicity.
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Among potential controls, 22 patients refused to participate
(participation rate = 96%). Eventually, we obtained written in-
formed consent from 472 matched pairs (83 Japanese Brazilians
and 389 non-Japanese Brazilians). The study protocol was ap-
proved by CONEP (Comisséo Nacional de Etica em Pesquisa),
Brasilia, Brazil and by the institutional review board of the Na-
tional Cancer Center, Tokyo, Japan.

Questionnaire V

Participants in Nagano were asked to complete a self-
administered questionnaire, whereas those in S3o Paulo were
interviewed by trained interviewers using a structured question-
naire. The two questionnaires contained closely similar ques-
tions concerning demographic characteristics, medical history,
family history of cancer, menstrual and reproductive history,
anthropometric factors, physical activity, and smoking habits.
For dietary habits, we used a semiquantitative food frequency
questionnaire (FFQ) (136 items for the Japanese version and
118 items for the Brazilian version), which was developed and
validated in each population (17-19). In the FFQ, participants
were questioned on how often they consumed the individual
food items (frequency of consumption) as well as relative sizes
compared to standard portions. Daily food intake was calcu-
lated by multiplying frequency by standard portion and relative
size for each food item in the FFQ. Daily intakes of genistein
and daidzein were calculated using a food composition table
of isoflavones developed previously (20,21). Isoflavone intake
was defined for this study as the sum of genistein and daidzein
intake. Other nutrients were calculated using the Japanese Stan-
dard Tables of Food Composition (5th ed.) for the Japanese
version (22) and the United States Department of Agriculture
(USDA) food composition tables for the Brazilian version (23).
For some Japanese-specific foods in the Brazilian version, the
Japanese Standard Tables of Food Composition was used.

The validity of isoflavone intake estimated from the Japanese
version of the FFQ was evaluated in a subsample of the Japan
Public Health Center-Based Prospective Study by comparing the
estimated intake according to the FFQ to that in 4 consecutive
7-day dietary records, one conducted in each the 4 seasons.
Spearman’s correlation coefficients between energy-adjusted
genistein and daidzein intake estimated from the FFQ and from
dietary records were 0.59 for genistein and 0.60 for daidzein
(18). For the Brazilian version, the validity of isoflavone in-
take estimated from the FFQ was evaluated in a subsample of
the control group of this case-control study by comparing the
estimated intake according to the FFQ to that in two consecu-
tive 4-day dietary records, one each in two seasons. Spearman’s
correlation coefficients between energy-adjusted genistein and
daidzein intake estimated from the FFQ and from dietary records
were 0.76 for genistein and 0.76 for daidzein (19).

Genotyping
Genomic DNA samples were extracted from the peripheral
blood using Qiagen FlexiGene DNA Kits (Qiagen K.K., Tokyo,
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Japan) according to the manufacturer’s protocol. We selected 4
single-nucleotide polymorphisms (SNPs) in CYP17 (rs743572),
CYP19 (rs10046), 178-HSD1 (rs605059), and SHBG (1s6259);
these genes were the most frequently studied SNPs in rela-
tion to breast cancer risk (24-31). Genotyping of the 4 SNPs
was performed by a commercial laboratory (Genetic Lab, Inc.,
Sapporo, Japan) using the TagMan SNP Genotyping Assays
developed by Applied Biosystems (Foster City, CA; Table 1).
Cases and matched controls were analyzed in the same well
by laboratory personnel who did not know the case-control sta-
tus. As quality control assessment, we genotyped 6 SNPs of 4
genes (N-acetyltransferase 2 [NAT2], CYP17, CYP19, and cy-
tochrome P450 2E1 [CYP2E1]) in our laboratory using about
24% of the samples in this study. The concordance rates between
Genetic Lab. and our laboratory were varied between 97.6% and
99.5% among the 6 SNPs. In particular, the concordance rates of
rs743572 and rs10046 polymorphism were 98.3% and 97.6%,
respectively.

Statistical Analysis

We excluded subjects who reported extremely low or high
total energy intake (<500 or >4,000 Kcal) or had no DNA sam-
ple, leaving 388 pairs of Japanese, 79 pairs of Japanese Brazil-
ians, and 379 pairs of non-Japanese Brazilians for use in these
analyses. Comparison of baseline characteristics between cases
and controls was evaluated by the Mantel-Haenszel test using
matched-pair strata in each population. Genotype frequencies
were tested for deviation from the Hardy Weinberg equilibrium
with the chi-square test. Dietary intake of isoflavones was ad-
justed for total energy intake by the residual method and divided
into median or tertile categories based on control distribution for
Japanese and Japanese Brazilians, respectively. Because of the
small proportion of consumers, non-Japanese Brazilians were
categorized into nonconsumers and consumers of isoflavones.
Using a conditional logistic regression model, we calculated
odds ratios (ORs) and 95% confidence intervals (CIs) of breast
cancer for isoflavone intake, SNPs, and the joint effect between
isoflavone intake and genotypes. An unconditional logistic re-
gression model was used for stratified analyses according to
menopausal status. Linear trends for ORs were tested in the lo-
gistic regression model using the exposure categories as ordinal
variables. Tests for the interaction were performed based on the
difference between two likelihood ratios of the models with and
without the interaction terms between isoflavone intakes and the
SNP of interest. The following variables, selected mainly based
on the basis of comparison of baseline characteristics between
cases and controls, were adjusted for as potential confounders:
menopausal status, number of births, family history of breast
cancer, smoking status, moderate physical activity in the past 5
yr, and vitamin supplement use. We did not include a history of
benign breast disease as a covariate since we regarded it as an
intermediate variable in the causal pathway between isoflavone
intake and breast cancer. All P values reported are 2-sided, and
significance level was set at P < 0.05. All statistical analyses
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TABLE 1
Single-nucleotide polymorphisms (SNPs) in CYP17, CYP19, 178-HSD1, and SHBG genes and their allele frequency®

Minor Allele Frequency Among Control Groups

Non-Japanese

SNPrs  Amino Acid Major/Minor  Japanese Living Japanese Brazilians Living  Brazilians Living in
Gene Number Change allele in Nagano, Japan in S&o Paulo, Brazil Séo Paulo, Brazil
CYP17A1 15743572 5'-UTR T/C 0.45 0.50 0.39
CYP19A1 rs10046 3’-UTR C/T 0.43 0.44 0.42
HSD17B1 15605059  Ser312Gly G/A 0.47 0.49 0.48
SHBG 1s6259  Asp327Asn G/A 0.12 0.17 0.10

*Abbreviations are as follows: CYP, cytochrome P450; 174-HSD1, 17 8-hydroxysteroid dehydrogenase type I; SHBG, sex hormone-binding

globulin.

were performed with SAS software version 9.1 (SAS Institute,
Inc., Cary, NC).

RESULTS

Characteristics of cases and controls were described in a pre-
vious report (32) (data not shown in table). For Japanese, the
proportion of premenopausal women, current smokers, and vi-
tamin supplement users was higher in cases than in controls;
and cases tended to have a family history of breast cancer and
history of benign breast disease. Cases were less likely than
controls to breast-feed, be physically active, and eat vegetables.
For Japanese Brazilians, cases were less likely than controls to
give birth and be physically active and more likely to eat veg-
etables and fruits. For non-Japanese Brazilians, the proportion
of premenopausal women and current smokers was higher in
cases than controls, whereas the proportion of physically active
women and vitamin supplement users was lower. Isoflavone
intake substantially varied among populations, with mean in-
takes (mg/day) in control subjects of 46.2 for Japanese, 23.5 for
Japanese Brazilians, and 4.4 for non-Japanese Brazilians.

The distribution of SNPs in the CYP17 (rs743572), CYP19
(rs10046), 178-HSD1 (rs605059), and SHBG (rs6259) genes is
presented in Tables 1 and 2. Among controls in each popula-
tion, genotype frequencies of each SNP were consistent with the
Hardy Weinberg equilibrium except for the rs743572 polymor-
phism in non-Japanese Brazilians (P = 0.04). The prevalence of
the minor allele in the rs743572 and rs6259 polymorphisms was
somewhat higher in the control group of Japanese and Japanese
Brazilians than in that of non-Japanese Brazilians. None of the
individual SNPs was associated with the risk of breast cancer
for any of the 3 populations (Table 2). In stratified analyses by
menopausal status, none of the adjusted ORs showed statistical
significance for all 4 SNPs in any of the 3 populations except for
ORs for premenopausal women with the CC vs. TT genotype of
the rs743572 polymorphism (OR = 2.88, 95% CI = 1.30-6.37)
and for postmenopausal women with the CT vs. CC genotype of

the rs10046 polymorphism (OR = 0.61, 95% CI = 0.40-0.95)
among non-Japanese Brazilians (data not shown).

In a previous report, we found a nonsignificant inverse asso-
ciation between isoflavone intake and the risk of breast cancer in
postmenopausal Japanese but a statistically significant inverse
association for Japanese Brazilians and non-Japanese Brazil-
ians (32). Analyses of combinations of isoflavone intake and
the rs605059 polymorphism in the 178-HSD1 gene revealed
that the risk of breast cancer only decreased with increasing
isoflavone intake for women with at least one A allele for post-
menopausal Japanese (OR for highest vs. lowest tertile = 0.62,
95% CI = 0.28-1.39; P for trend = 0.03), Japanese Brazil-
ians (OR for highest vs. lowest median = 0.74, 95% CI =
0.28-2.00), and non-Japanese Brazilians (OR for consumers
vs. nonconsumers = 0.51, 95% CI = 0.28-0.94), although no
statistically significant interaction was found (P for interaction
= 0.49, 0.15, and 0.33, respectively; Tables 3 and 4). For the
1$6259 polymorphism in the SHBG gene, the significant inverse
association was limited to women with the GG genotype for
postmenopausal Japanese (OR for highest vs. lowest tertile =
0.50, 95% CI = 0.29-0.87; P for trend < 0.01) and Japanese
Brazilians (OR for highest vs. lowest median = 0.38, 95% CI
= 0.16-0.89; P for interaction = 0.06 and 0.32, respectively).
In contrast, the association was limited to women with at least
one A allele for non-Japanese Brazilians (OR for consumers vs.
nonconsumer = 0.21, 95% CI = 0.06-0.77; P for interaction
= 0.16). We found no remarkable difference in the association
between isoflavone intake and breast cancer risk by polymor-
phisms in the CYP17 and CYP19 genes.

DISCUSSION

In these case-control studies of Japanese, Japanese Brazil-
ians, and non-Japanese Brazilians, we found that an inverse
association between isoflavone intake and breast cancer risk
only appeared among women with at least one A allele of
the rs605059 polymorphism in the 178-HSD1 gene. More-
over, an inverse association was limited to women with the GG
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TABLE 2
Odds ratios (ORs) and 95% confidence intervals (Cls) of breast cancer according to polymorphisms in CYP17, CYP19, 178-HSD1, and SHBG genes?®

Japanese Brazilians Living in Sao Paulo, Non-Japanese Brazilians Living in Sdo Paulo,

Japanese Living in Nagano, Japan Brazil Brazil
No. No. No.
Case  Control OR? 95% CI Case  Control OR*® 95% CI Case Control ORP 95% C1

CYP17A1 gene (rs743572)

TT 111 122 1.00 17 23 1.00 135 130 1.00

TC 189 182 1.30 (0.91-1.86) 48 33 2.34 (0.93-5.88) 185 200 0.94  (0.69-1.29)

CC 38 84 1.42 (0.92-2.18) 13 23 0.53 (0.17-1.64) 59 49 1.08 (0.68-1.71)

TC 4 CC 277 266 1.33 (0.95-1.87) 61 56 1.53 (0.68-3.45) 244 249 0.97 (0.71-1.31)
CYPI9AI1 gene (rs10046)

CcC 118 125 1.00 24 22 1.00 133 121 1.00

CT 188 194 1.05 (0.73-1.51) 41 44 0.97 (0.43-2.16) 179 200 0.82  (0.59-1.13)

TT 82 69 1.30 (0.82-2.05) 14 13 1.02 (0.39-2.72) 67 58 1.01 (0.65-1.57)
CT+1TT 270 263 1.12 (0.80-1.57) 55 57 0.99 (0.47-2.09) 246 258 0.86  (0.63-1.17)
HSD17B1 gene (rs605059)

GG 108 109 1.00 21 18 1.00 103 101 1.00

GA 199 187 1.04 (0.71-1.53) 36 45 0.84 (0.37-1.95) 187 187 0.98 (0.70-1.39)

AA 78 88 0.87 (0.54-1.38) 13 16 1.19 (0.39-3.65) 84 88 0.94  (0.62-1.43)

GA +AA 277 275 0.99 (0.68-1.43) 49 61 0.93 (0.43-2.00) 271 275 0.97 (0.70-1.34)
SHBG gene (rs6259)

GG 304 303 1.00 62 55 1.00 317 306 1.00

GA 80 78 0.89 (0.60-1.33) 17 22 0.59 (0.25-1.39) 57 71 0.74  (0.50-1.09)

AA 4 7 0.28 (0.06-1.30) 0 2 — e 5 1 5.77  (0.64-51.71)

GA + AA 84 85 0.83 (0.56-1.22) 17 24 0.53 (0.23-1.22) 62 72 0.80  (0.54-1.17)

2Abbreviations are as follows: CYP, cytochrome P450, 178-HSD1, 178-hydroxysteroid dehydrogenase type I; SHBG, sex hormone-binding globulin.

Conditional model adjusting for menopausal status (premenopausal, postmenopausal), number of births (0, 1, 2, 3, 4, 5+), family history of breast cancer (yes, no), smoking
status (never, past, current smokers), moderate physical activity in the past 5 yr (no, less than 3 days/mo, 1-4 days/wk, more than 5 days/wk), and vitamin supplement use (yes,
no).
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TABLE 3

QOdds ratios (ORs) and 95% confidence intervals (Cls) of breast cancer for combinations of dietary intake of isoflavone and polymorphisms in CYP17, CYP19,
17B8-HSD1, and SHBG genes among Japanese?®

All Subjects

Premenopausal Women

Postmenopausal Women

Isoflavone Intake (mg/Day), Tertile

Isoflavone Intake (mg/Day), Tertile Category Isoflavone Intake (mg/Day), Tertile Category Category
1 2 3 P for Trend 1 2 3 P for Trend 1 2 3 P for Trend

CYPI17A1 gene (1s743572)
TT
No.® 51/40 29/39 31/43 28/19 13/16 10/11 23/31 16/23 21/32
OR® 1.00 0.76 0.67 0.22 1.00 0.57 0.59 0.62 1.00 0.79 0.54 0.20
95% CI) (0.37-1.57) (0.32-1.43) (0.21-1.53) (0.19-1.84) (0.32-1.98)  (0.23-1.30)
TC+CC
No.? 100/89 89/90 88/87 5147 39/27 35/15 - 49/42 50/63 53/72
OR® 1.14 1.06 1.03 0.76 0.85 112 1.55 021 0.98 0.78 0.65 0.19
(95% CI) (0.64-2.03) (0.61-1.86) (0.56-1.91) (0.40-1.81) (0.50-2.51) (0.63-3.79) (045-2.10) (0.37-1.64) (0.31-1.36)

P for interaction = 0.78 P for interaction = 0.18 P for interaction = 0.91
CYPI19AL gene (rs10046)
CcC
No.b 46/36 36/46 36/43 28/19 15/15 18/11 18/17 21/31 18/32
OR® 1.00 0.62 0.53 0.14 1.00 0.68 0.88 0.67 1.00 0.77 0.49 0.09
95% CI) (0.30-1.26) (0.25-1.14) (0.26~-1.80) (0.32-2.45) (0.31-1.90)  (0.19-1.27)
CT+TT
No. 105/93 82/83 83/87 51/47 37/28 27115 54/46 45/55 56/72
OR*® 0.78 0.79 0.75 0.72 0.66 0.81 1.05 0.24 1.10 0.90 0.75 0.16
(95% CI) (0.43-1.42) (0.43-1.45) (0.39-1.43) (0.31-1.39) (0.36-1.82) (0.42-2.64) (0.49-2.46) (0.40-2.03) (0.34-1.66)

P for interaction = 0.35 P for interaction = 0.52 P for interaction == 0.81
HSD17B1 gene (rs605059)
GG
No.? 39/40 28/36 41/33 20/23 14/19 17/7 19/17 14/17 24/26
OR*® 1.00 0.96 1.51 0.31 1.00 0.80 2.76 0.13 1.00 1.02 1.02 0.82
(95% CI) (0.44-2.11) (0.69-3.30) (0.31-2.11) (0.89-8.58) (0.36-2.91)  (0.40-2.57)
GA + AA
No. 111/89 88/90 78/96 59/43 38/24 28/18 52/46 50/66 50/78
OR*® 1.31 1.13 0.80 0.08 1.50 1.76 1.44 0.92 1.19 0.89 0.62 0.03¢
(95% CI) (0.71-2.41) (0.62-2.06) 0.42-1.51) (0.70-3.19) (0.77-4.01) (0.58-3.59) (0.52-2.70) (0.40-1.98) (0.28-1.39)

P for interaction = 0.12 P for interaction = 0.14 P for interaction = 0.49
SHBG gene (rs6259)
GG
No.? 123/104 90/103 91/96 57/55 38/32 36/17 66/49 52/71 55179
OR® 1.00 091 0.81 0.30 1.00 1.13 172 0.12 1.00 0.64 0.50 <0.01
(95% CI) (0.59-1.39) (0.51-1.30) (0.61-2.12) (0.82-3.61) (0.37-1.11)  (0.29-0.87)
GA + AA
No.b 28725 28/26 28/34 22/11 14/11 9/9 6/14 14/15 19/25
OR® 0.81 0.71 0.77 0.94 1.75 1.17 0.92 0.15 0.28 0.79 0.59 0.24
(95% CI) (0.41-1.62) (0.38-1.35) (0.40~1.48) (0.74-4.15) (0.46-2.95) (0.32-2.68) (0.10-0.85) (0.33-1.87) (0.28-1.25)

P for interaction = 0.92

P for interaction = 0.26

P for interaction = 0.06

2Abbreviations are as follows: CYP, cytochrome P450, 178-HSD1, 178-hydroxysteroid dehydrogenase type I; SHBG, sex hormone-binding globulin.
PNo. of cases/No. of controls.
“Conditional model adjusting for menopausal status (premenopausal, postmenopausal), number of births (0, 1, 2, 3, 4, 5+), family history of breast cancer (yes, no), smoking
status (never, past, current smokers), moderate physical activity in the past 5 yr (no, less than 3 days/mo, 14 days/wk, more than 5 days/wk), and vitamin supplement use (yes,
no). For stratified analyses according to menopausal status, an unconditional model adjusting for age, area, number of births (0, 1, 2, 3, 4, 5+), family history of breast cancer

(yes, no), smoking status (never, past, current smokers), moderate physical activity in the past 5 yr (no, less than 3 days/mo, 1-4 days/wk, more than 5 days/wk), and vitamin
supplement use (yes, no).

9ORs and 95% Cls with statistical significance are written in bold.
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Odds ratios (ORs) and 95% confidence intervals (CIs) of breast cancer for combinations of dietary intake of isoflavone and
polymorphisms in CYP17, CYP19, 178-HSD1, and SHBG genes among Japanese Brazilians and non-Japanese Brazilians®

M. IWASAKIET AL.

TABLE 4

Non-Japanese Brazilians Living in So Paulo,

Japanese Brazilians Living in S8o Paulo, Brazil Brazil
Isoflavone Intake (mg/Day), Median Category Isoflavone Intake (mg/Day)
1 2 Nonconsumers Consumers
CYPI7AL1 gene (1s743572)

TT
No.b 11/12 6/11 121/110 14/20
OR® 1.00 0.47 1.00 0.73
(95% CI) (0.10-2.09) (0.33-1.60)
TC 4+ CC
No.b 34/27 27/29 222/208 22/41
ORS¢ 1.93 0.86 1.00 0.494
(95% CI) (0.65-5.72) (0.31-2.38) (0.73-1.38) (0.27~0.91)

CYP19A1 gene (rs10046)

ccC

No.b

OR°®

(95% CI)

CT+TT

No.b

OR¢

(95% CI)

HSD17B1 gene (rs605059)
GG
No.p
OR®
(95% CI)
GA + AA
No.b
ORS¢
(95% CI)

SHBG gene (rs6259)
GG
No.b
OR®
(95% CI)
GA + AA
No.b
OR®
(95% CT)

P for interaction = 0.96

15/10 9/12

1.00 0.46
(0.13-1.58)

31/29 24/28

0.89 0.48
(0.33-2.41) (0.16-1.42)

P for interaction = 0.83

13/12 8/6
1.00 1.78
(0.32-10.07)
27127 22/34
1.93 0.74
(0.61-6.14) (0.28-2.00)

P for interaction = 0.15

38/27 24/28

1.00 0.38
(0.16-0.89)

8/12 9/12

0.29 0.29
(0.08-1.04) (0.07-1.21)

P for interaction = 0.32

P for interaction = 0.43

120/104 13/17

1.00 0.63
(0.27-1.44)

223214 23/44

0.88 0.46
(0.62-1.23) (0.25-0.84)

P for interaction = 0.73

91/86 12/15
1.00 0.81
(0.36-1.86)
2477230 24/45
1.04 0.51
(0.73-1.47) (0.28-0.94)

P for interaction = 0.33

285/258 32/48
1.00 0.64
(0.38-1.06)
58/59 4/13
0.88 0.21
(0.58-1.34) (0.06-0.77)

P for interaction = 0.16

2Abbreviations are as follows: CYP, cytochrome P450, 178-HSD1, 178-hydroxysteroid dehydrogenase type I; SHBG, sex hormone-

binding globulin.

®No. of cases/No. of controls.

°Conditional model adjusting for menopausal status (premenopausal, postmenopausal), number of births (0, 1, 2, 3, 4, 5+), family
history of breast cancer (yes, no), smoking status (never, past, current smokers), moderate physical activity in the past 5 yr (no, less than 3
days/mo, 1-4 days/wk, more than 5 days/wk), and vitamin supplement use (yes, no).

d0ORs and 95% CIs with statistical significance are written in bold.



