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Abstract

Purpose Genetic variants and traits in metabolic signaling
pathways may interact with obesity, physical activity, and
exogenous estrogen (E), influencing postmenopausal breast
cancer risk, but these inter-related pathways are incom-
pletely understood.

Methods We used 75 single-nucleotide polymorphisms
(SNPs) in genes related to insulin-like growth factor-I (IGF-
I)/insulin resistance (IR) traits and signaling pathways, and
data from 1003 postmenopausal women in Women’s Health
Initiative Observation ancillary studies. Stratifying via
obesity and lifestyle modifiers, we assessed the role of IGF-I/
IR traits (fasting IGF-I, IGF-binding protein 3, insulin, glu-
cose, and homeostatic model assessment-insulin resistance)
in breast cancer risk as a mediator or influencing factor.
Results Seven SNPs in IGF-I and INS genes were associ-
ated with breast cancer risk. These associations differed
between non-obese/active and obese/inactive women and
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between exogenous E non-users and users. The mediation
effects of IGF-I/IR traits on the relationship between these
SNPs and cancer differed between strata, but only roughly
35% of the cancer risk due to the SNPs was mediated by
traits. Similarly, carriers of 20 SNPs in PIK3RI, AKTI/2,
and MAPKI genes (signaling pathways—genetic variants)
had different associations with breast cancer between
strata, and the proportion of the SNP—cancer relationship
explained by traits varied 45-50% between the strata.
Conclusions Our findings suggest that IGF-I/IR genetic
variants interact with obesity and lifestyle factors, altering
cancer risk partially through pathways other than IGF-I/IR
traits. Unraveling gene—phenotype—lifestyle interactions
will provide data on potential genetic targets in clinical
trials for cancer prevention and intervention strategies to
reduce breast cancer risk.
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Introduction

Breast cancer is the most commonly occurring cancer in
women and the second most common cause of cancer-related
deaths in the United States [1]. The insulin-like growth factor-
I (IGF-D)/insulin resistance (IR) axis demonstrates strong
associations with breast cancer [2-5]. Total and/or free
bioavailable IGF-I proteins are associated with higher breast
cancer risk and worse cancer survival in premenopausal and
postmenopausal women [6-8]. In postmenopausal women,
high insulin levels have been associated with a twofold
increase in breast cancer risk [9, 10], and homeostatic model
assessment-insulin resistance (HOMA-IR), reflecting high
blood levels of insulin and glucose, is positively associated
with breast cancer in this population [11].

High IGF-I levels and IR (characterized by hyperinsu-
linemia and hyperglycemia) activate the IGF/insulin recep-
tors, which are overexpressed in breast cancer. This
overexpression results in the enhanced anabolic state neces-
sary for cell proliferation, differentiation, and anti-apoptosis
via deregulating or overactivating multiple downstream sig-
naling pathways, including the phosphatidylinositol 3-kinase
(PI3K)/protein kinase B (Akt) and mitogen-activated protein
kinase (MAPK) pathways [12—-14]. Thus, high IGF-I levels
and IR contribute to overexpression of relevant receptors and
multiple abnormal cellular signaling cascades, and therefore
may be associated with carcinogenesis.

Considering the relationships between IGF-I/IR traits and
cancer risk, the IGF-I/IR-related genetic variants (e.g., single-
nucleotide polymorphisms [SNPs]) that may influence high
IGF-1, insulin, glucose, and HOMA-IR levels are possibly
associated with increased risk of breast cancer. However, epi-
demiologic studies of these relationships among post-
menopausal women are limited and have presented inconsistent
findings [15-22], mainly due to different sets of covariates; lack
of consideration of adjustment of relevant phenotypes and of
interactions with lifestyle effect modifiers; and different races/
ethnicities. In addition, the genetic alterations of IGF-I/IR sig-
naling pathways lead to altered gene expression and protein
function and are found in more than 70% of breast cancers [23].
Thus, the genetic variants that are related to IGF-I/IR signaling
pathways are plausibly associated with increased risk of breast
cancer, although population-based studies to examine these
relationships have been limited [12, 24-27].

Breast cancer risk, particularly in postmenopausal women,
is elevated among obese women [2, 28—30], and obesity status
and obesity-related lifestyle factors such as inactivity are
accompanied by elevated circulating IGF-I levels and IR traits
[2,5,19, 20, 28, 29, 31-33]. Further, previous in vitro studies
have revealed obesity—IGF-I/IR-related gene signature—
breast cancer pathways, suggesting that genetic variants
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related to IGF-I/IR traits and their signaling pathways interact
with obesity and jointly influence cancer susceptibility [3, 34].

Additionally, in postmenopausal women, endogenous
estrogen (E) interacts with IGF-I/IR traits and their sig-
naling pathways as well as their target genes in a syner-
gistic cross-talk mechanism, resulting in the enhanced
anabolic state necessary for tumor growth and development
[2, 4, 28, 34, 35]. Likewise, oral exogenous E in this
population has been postulated to interact with circulating
levels of IGF-I/IR and their transduction pathways to affect
cancer risk. However, unopposed E (i.e., E alone) has a
different effect than opposed E (i.e., E + progestin [P]) has
on IGF-I production. Because of the first-pass effect
induced by oral E, resulting in suppressing hepatic pro-
duction of IGF-I, E-only users have lower IGF-I levels,
followed by increased IR [36, 37] and lower risk of breast
cancer than non-users [38—40]. Owing to non-proges-
terone-like effects, E4+P users (compared with E-only
users) have different IGF-I levels, IR traits, and breast
cancer risk [40-43], although the mechanisms are unclear.

In this case—cohort study among postmenopausal
women, we evaluated the effect of IGF-I/IR traits (circu-
lating levels of IGF-I, IGFBP3, insulin, glucose, and
HOMA-IR) on cancer in two different roles: mediator (in
relation to IGF-I/IR trait-related genetic variants) and
influencing factor (in relation to IGF-I/IR signaling path-
way-related genetic variants). We first focused on the
mediation effects relating the genetic variants of IGF-I/IR
traits (exposure) and breast cancer (outcome) and on the
role of IGF-I/IR traits (mediator) in this association
(Fig. 1). We first evaluated the magnitude of the total effect
of the genetic variants of IGF-I/IR traits on breast cancer
(i.e., the overall genetic effect, without considering the
effect of IGF-I/IR traits). We then evaluated how this total
effect is partitioned into indirect (through pathways medi-
ated by IGF-I/IR traits) and direct effects (through path-
ways of other than IGF-I/IR traits). This approach allowed
us to test the hypothesis that the genetic variants of IGF-1/
IR traits are associated with increased risk of breast cancer
and that the relationships depend on IGF-I/IR traits.
Because IGF-I/IR traits are not mediators in the relation-
ship between IGF-I/IR signaling pathway-relevant genetic
variants and breast cancer, we examined the effect of IGF-
I/IR traits as an influencing factor (Fig. 2).

Given that obesity status, physical activity (PA), and
exogenous E influence both IGF-I/IR and their genetic
factors and, through this complicated mechanism, are
associated with breast cancer, we evaluated how the
pathway of IGF-I/IR’s genetic variants, IGF-I/IR traits, and
breast cancer is influenced by obesity, PA, and exogenous
E. Unraveling these complicated gene—phenotype-lifestyle
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C

X (SNPs in IGF-I/IR traits genes) >
Total effect

¥ (Cancer risk)

e Cis atotal effect (overall genetic effect, without considering the effect of IGF-I/IR traits),
expressed via HR.

M (Mediator: IGF-I/IR traits)
[Fasting levels of total and free IGF-I, IGFBP3, glucose, insulin and HOMA-IR]
a b
Indirect effect (=8b[=C-C'])

C!

X (Independent variable: SNPs)
Direct effect

> ¥ (Outcome variable: Cancer risk)

e ('is adirect effect (cancer risk associated with IGF-I/IR traits-relevant genetic variants through
pathways other than IGF-I/IR traits), expressed via HR after accounting for mediator.

e a*b (=C-C") is an indirect effect (cancer risk associated with IGF-I/IR traits-relevant genetic
variants through pathways mediated by IGF/IR traits).

Fig. 1 Diagrams of total, direct, and indirect pathways of SNPs in
IGF-I/IR trait genes, IGF-I/IR traits, and breast cancer risk. (HOMA-
IR homeostatic model assessment-insulin resistance, HR hazard ratio,

IGF-I insulin-like growth factor-I, IGFBP3 IGF-binding protein 3, IR
insulin resistance, SNP single-nucleotide polymorphism)

(Influencing factor: IGF-I/IR traits)
[Fasting levels of total and free IGF-I, IGFBP3, glucose, insulin and HOMA-IR]

/N

X (Independent variable: SNPs)

> ¥ (Outcome variable: Cancer risk)

Proportion explained by IGF-IR traits of risk for breast cancer that are related to IGF-I/IR signaling
pathway-related genetic variants was computed:

[(HRwilhoul IGF-V/IR traits — HRwilh IGF-I/IR lrails) / (HRwilhoul IGF-V/IR traits — 10)] X 100

where HR it 1GF-11R raits denotes the HR for the effect of SNPs on breast cancer after adjustment of IGF-

I/IR traits.

Fig. 2 Pathways of SNPs in IGF-I/IR signaling pathway-related
genes, IGF-I/IR traits, and breast cancer risk (HOMA-IR homeostatic
model assessment-insulin resistance, HR hazard ratio, /GF-I insulin-

interactions will provide insights into the role of the IGF-1/
IR axis in the development of breast cancer.

Materials and methods

Study population

This study included 1003 postmenopausal women enrolled in
ancillary studies of the Women’s Health Initiative

like growth factor-I, /GFBP3 IGF-binding protein 3, IR insulin
resistance, SNP single-nucleotide polymorphism)

Observation Study (WHI-OS) between October 1, 1993 and
December 31, 1998. Details of the WHI study’s design and
rationale have been described elsewhere [44]. Women were
eligible for the WHI study if they were 50-79 years old,
postmenopausal, planned to live in an area near the clinical
centers for at least 3 years after study enrollment, and were
able to provide written consent. The ancillary studies were
designed for a nested case—cohort study within the WHI-OS.
In this study design, non-cases were randomly selected from
the parent cohort, forming a subcohort which was
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representative of the underlying population. For the purposes
of our study, we initially included 1491 women who reported
their race or ethnicity as non-Hispanic white and were eligible
for the breast case—cohort study (Figure S1). Of those 1491
women, we finally included a total of 1003 women (breast
cancer cases = 539, controls = 464). As of February 29,
2004, the ancillary studies completed the selection of women
with a mean follow-up of 77 months [10]. This study was
approved by the institutional review boards of each partici-
pating clinical center of the WHI and the University of Cali-
fornia, Los Angeles.

Data collection and cancer outcome variables

Standardized written protocols had been used to ensure
uniform data collection. At baseline, self-administered
questionnaires were completed by participants on demo-
graphic (age, education, family income, and family histories
of DM or breast cancer) and lifestyle (PA, smoking status,
and alcohol intake) factors and their medical (heart failure
and hypercholesterolemia) and reproductive histories (oral
contraceptive and exogenous E use [E-only and E+P users],
history of hysterectomy or oophorectomy, ages at menarche
and menopause, and history of pregnancy). Anthropometric
measurements (height, weight, and waist and hip circum-
ferences) were measured at baseline by trained staff. These
variables were originally selected for this study on the basis
of aliterature review for their associations with IGF-I/IR and
breast cancer; after multicollinearity testing and univariate
and stepwise regression analyses, they were finally deter-
mined to be analyzed.

Cancer outcomes were determined using a centralized
review of medical charts, and cancer cases were coded
according to the National Cancer Institute’s Surveillance,
Epidemiology, and End Results guidelines [45]. The outcome
variables were breast cancer and the time to development of
breast cancer. The time from enrollment to breast cancer
development, censoring, or study end-point was recorded as
the number of days and then converted into years.

Genotyping

Ten genes (Tables S1.1-6) were selected based on the
biological significance of their gene products, or whether
epidemiologic and/or experimental data support an asso-
ciation between the gene and the levels of IGF and insulin
or between the gene and risk of cancer [12, 15-22, 24-27].
For each gene, HTSNP2 (http://www-gene.cimr.cam.ac.uk/
clayton/software/stata) searched all possible subsets of
SNPs that best captured the full haplotype information.
Specifically, the selected SNPs had a minimum allelic
association of 0.8 with the unselected SNPs within an
LD block. A total of 75 SNPs from 10 genes were
identified.

@ Springer

The MassARRAY system (Sequenom, Inc., San Diego,
CA), based on mass spectrometry, was used for genotyp-
ing. Quality assurance was conducted according to a
standardized protocol, with a missing call rate of <1%, the
number of discordant calls <3%, and Hardy—Weinberg
Equilibrium of p > 107,

Laboratory methods

Fasting blood samples had been collected from each par-
ticipant at baseline by trained phlebotomists. Serum con-
centrations of glucose and insulin were measured by the
Medical Research Laboratories (Highland Heights, KY)
using assays with sensitivities of 0.5 mg/dL and 0.26 pIU/
mL, average coefficients of variation (CVs) of 4.2 and
3.4%, and correlation coefficients of 0.95 and 0.98,
respectively. The HOMA-IR was estimated as glucose
(mg/dl) x insulin (L[U/ml)/405 [46]. Serum total and free
IGF-I and IGFBP3 were measured using enzyme-linked
immunosorbent assays (Diagnostic Systems Laboratories,
Webster, TX) with sensitivities of 0.01, 0.015, and 0.04 ng/
mL, average CVs of 8.2, 11.2, and 3.6%, and correlation
coefficients of 0.96, 0.9, and 0.9, respectively.

Statistical analysis

Differences in baseline characteristics and allele frequen-
cies, stratified by potential modifiers, were assessed using
unpaired two-sample  tests for continuous variables and y>
tests for categorical variables. If continuous variables were
skewed or had outliers, Wilcoxon rank-sum test was used.
With the regression assumptions met, multiple linear
regression was performed to estimate effect sizes and 95%
confidence intervals (Cls) for the exposure (IGF-I/IR-re-
lated SNPs with additive, minor-allele dominant and
recessive models) predicting the outcomes (IGF-I/IR traits:
fasting total and free IGF-I, IGFBP3, glucose, insulin, and
HOMA-IR levels) (Tables S2.1-2). The Cox proportional
hazards regression model designed for case—cohort data
(assumption test was done via a Schoenfeld residual plot
and rho) was conducted to obtain hazard ratios (HRs) and
95% Cls for IGF-I/IR traits and IGF-I/IR-related SNPs in
predicting breast cancer.

A total and direct effect size of IGF-I/IR trait-related SNP
(exposure) on breast cancer (outcome) was produced from the
HR for IGF-I/IR trait-related SNP on cancer in the Cox model
that included all covariates, without (total) and with (direct)
IGF-I/IR traits (mediator). The mediation effect size was
produced via a traditional statistical method [47, 48]: the
percentage change in the HRs by comparing a model that
includes all covariates with a model that includes all covari-
ates and the mediator. In addition, the effect of IGF-I/IR traits
on risk for breast cancer that is related to IGF-I/IR signaling
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pathway-relevant genetic variants was estimated using the
same algorithm as that of mediator, but it was interpreted as an
influential factor (Figure 2). To evaluate the role of obesity,
PA, and exogenous E as effect modifiers on the IGF-I/IR
genetic factor—IGF-I/IR trait—cancer relationship, we used a
stratification approach. A two-tailed p value <0.05 was con-
sidered statistically significant. The R statistical package (v
2.15.1) was used.

Results

Participants’ baseline characteristics and allele frequencies
of 75 SNPs by obese status, level of PA, and exogenous E
use are presented in Supplementary Tables S1.1-6 and
S3.1-6. The participants had been followed up through
February 29, 2004, resulting in 539 breast cancer cases
(52% of non-obese and 56% of obese women).

Breast cancer risk associated with IGF-I/IR trait-
related SNPs mediated through IGF-I/IR traits,
stratified by obesity status (BMI, waist, and w/h),
level of PA, and exogenous E use

We partitioned the total effect of IGF-I/IR trait-related SNPs
on breast cancer risk into direct (not via IGF-I/IR traits) and
indirect (via IGF-I/IR traits) effects. Each SNP in this analysis
was mediated via fasting levels of total and free IGF-I,
IGFBP3, glucose, insulin, and HOMA-IR. For each SNP with
mediators, the IGF-I/IR trait-SNP—cancer association was
evaluated, stratified by obesity status (BMI <30 vs. >30;
waist <88 cm vs. >88 cm; and w/h <0.85 vs. >0.85), level
of PA(MET >10vs. <10) (Table 1), and by exogenous E use
(non-users vs. E-only or E4P users) (Table 2).

Among 19 IGF-V/IR trait-related SNPs, 7 SNPs in IGF-
I and INS genes were significantly associated with breast
cancer risk (Tables 1, 2). Overall, the SNP—cancer associa-
tions differed between non-obese/active and obese/inactive
women, and between exogenous E non-users and users. In
both strata, the SNP—cancer risk effect was stronger in each
SNP for a direct effect than an indirect (mediation) effect
regardless of the mediator, but the mediation effects differed
between non-obese/active and obese/inactive women and
between exogenous E non-users and users.

Carriers of the IGFIrs10860865 T and the IGFI1s978458 T
alleles had increased breast cancer risk among the non-obese
(BMI <30, waist <88 cm) and inactive groups. The media-
tion (IGFBP3 level) effects on these SNP—cancer associations
in the non-obese groups were minimal, compared with those
(roughly 35%) in the obese groups. The mediation (insulin and
HOMA-IR levels) effect in inactive women was also minimal,
whereas in active women the mediation effect was moderate,
roughly 45% (Table 1).

Carriers of the IGFI rs5742671 A and the IGFI
rs1520220 G alleles had associations similar to those found
in the inactive group of carriers of the IGFI rs10860865
and the IGFI rs978458, showing that they had an associ-
ation with increased breast cancer risk in inactive women.
Similarly, the mediation effects in those carriers on the
SNP-cancer association were minimal in inactive women
and smaller than those in the active women (roughly 40%).

In contrast, carriers of the INS rs689 T allele had
decreased breast cancer risk in non-obese women
(waist <88 cm), and the mediation effects of insulin and
HOMA-IR in this group were negligible. Notably, these
carriers among exogenous E non-users (Table 2) had an
increased risk of breast cancer, with roughly 60% of cancer
risk attributable to this variant that was mediated via
HOMA-IR levels.

Breast cancer risk associated with IGF-I/IR
signaling pathway-related SNPs and IGF-I/IR traits,
stratified by obesity status (BMI, waist, and w/h),
level of PA, and exogenous E use

Because IGF-I/IR traits are not mediators of the relation-
ship between SNPs in IGF-I/IR signaling pathway genes
(in this study, the IRS1, TCF7L2, PIK3RI, AKTI/2, and
MAPK]I1/3 genes) and breast cancer, instead of the media-
tion effect of the traits, we estimated a proportion
explained by the traits as an influencing factor for the SNP—
cancer relationship (Fig. 2). For each SNP, the proportion
was estimated using the traits, stratified by obesity status,
level of PA (Table 3), and exogenous E use (Table 4). Of
the 56 IGF-I/IR signaling pathway-related SNPs, 20 SNPs
were significantly associated with breast cancer risk.
Opverall, the association between the SNP and cancer dif-
fered by obesity, PA, and exogenous E use. Further, the
proportion of the SNP—cancer association explained by
traits differed between those strata.

In relation to the SNPs in the PIK3RI gene, carriers of 4
SNPs (rs12657050 T, rs171649 A, rs831123 G, and
rs7707370 C alleles) had increased risk of breast cancer in
obese women (BMI >30 kg/m?), with roughly 40% of
breast cancer risk owing to each genetic variant that was
explained by traits (Table 3). In addition, carriers of
another 4 SNPs in the PIK3RI gene (1s706711 A,
rs1664577 G, rs3730089 A, and rs251404 T alleles) also
had increased risk of breast cancer in obese women with
w/h >0.85. About 50% of breast cancer risk associated
with each genetic variant was dependent on traits
(Table 3). Interestingly, carriers of the PIK3R1 rs831123 G
allele, in whom increased cancer risk was found in women
with BMI >30, had an association with increased breast
cancer risk in non-users of exogenous E (Table 4); how-
ever, the effects of total and free IGF-I on the SNP—cancer

@ Springer



Breast Cancer Res Treat (2017) 164:475-495

480

9T'1S (T9T-SL°0) or'l (¥€£'7-89°0) 91 D/L A 8SH8L6SUI-ADI
66'1Y (60°€—85°0) ve'l (982150 ¥T'1 DIV A 1L9THLSSHI-ADI
£6°6¢ (LL'T-8L°0) L¥'1 0S'T-1L°0) €e'l /L 769809801 SUI-AD]
[9AQ] urnsuy
J(S¥S = u ‘01< LAN) dnoi3 aanody
9Ty (S9T-LL0) ! OvT-1L°0) 0¢'l D/L A 8SY8L6SUI-ADI
340) (I8°0-1+°0) 85°0 08°0-T+'0) LS'0 D/L A 8SH8L6SYUI-ADI
69°S€ (65°€-09°0) L¥'1 (ST°€-95°0) Se'l /D A 0220TSTSHI-ADI
0¢'1T (0L'T-9L°0) A (¥S'T-€L°0) 9¢'T O/L A $9809801SUI-4D]
¥0°0 (LL0-0+°0) SS°0 (LL0-0+0) §S°0 /L A $9809801SUI-ADI
[9AS] 2soon[nH
LS'TE (SLT=TS0) 611 (€6'295°0) 8T'1 o A 1L9TPLSSHI-ADI
[0AQ] [-4D] [e10],
LO'T9 (8S°7-81°0) 111 (T6'7-95°0) 8C'1 13744 A 1L9TYLSSHI-ADI
[0A9] ¢d €01
J(S¥S = u ‘01< LAW) dnoi3 2anoy
62T F1€-80'T) ¥8'1 Lre-0rD 98'1 D/L A 8SH8LE6SUI-ADI
66'C @re-+0'm 08’1 91°€-S0'T) €8'1 /L 769809801 SUI-AD]
[0AQ] £dADI
(69L = ) 68'0> omer y/m
8€°0 (L6°0-¥S'0) €L°0 (86°0-SS°0) €L°0 V/L d 689SYUSNI
[9A9] ¥I-VINOH
120 (L6°0-SS°0) €L°0 (86°0-SS°0) €L°0 V/L d 689SUSNI
86'C (T6'1-20'T) o1 F6'1-€0'T) 1 LD A 9¥Y9STLSII-ADI
[9AQ] urmsuy
(799 = u) wd 88> IsIE M
(43! (6'€-91'T) 0T (Ise-L1'D) €0'T O/L A 8SY8L6SUI-ADI
vL0 (88'T-L0'T) 1 (88'T-L0'T) Wl oV d ¥129S¥I-45D1
61°C (8S°€-ST'T) €0°C (19°€-91'T) S0'T /L A 69809801 SUI-4D]
[0A9] ¢d €A1
(99L = u) 0¢> TN
% 1D %56 ¥H 1D %S6 9H

auouitoy ysno1y) NS 03
UOTB[I UT YSH IOJURD Isealq

109139 10211pu]

auourioy uey) 1oyo skemyjed
ySnoryy NS O} UOIR[AI UI YSLI JOOUEBD IseAIg

JANS 0} UOTIB[aI UI YSLI JOOUBD JSLaIq

RLCITEREENT|

QPR [BI0L,

dnoi3 oA1or/259q0-UON

J[o[[e Iaylo
/AI31[® 1934

¢ dNS

[9A9] Ayanoe [eorsAyd pue snjels A31seqo AqQ pagnens SL Jodued Jsealq pue SGNS JUBAS[I-Y[/[-ID] Ueam)aq dIysuorne[ar 9y} U0 SQUOULIOY JO 109JJ9 (JO2IIpul) UONBIPIIA [ d[qBL

pringer

A's



481

Breast Cancer Res Treat (2017) 164:475-495

6v'¢ (LE'6-66'0) So¢ (67°6—€0°'T) €I'e o A 1L9THLSSAI-ADI
[0A9] €d9ADI
o(LSy = u ‘01> LAIN) dnois aanoeu]
e (¥’ 1-60°0) ¥€0 69 1-¥1°0) 61°0 O/L A 8SH8L6SAI-ADI
09°0¢ (0€'1-01°0) Se0 (SL'T-ST°0) 150 /L A $9809801SAI-1D1
[9AS] €dADI
(€T = u) G8'0< omeI Y/m
01°1¢ (€L’ T-69°0) 60T (6L T-2L0) €'l V/L d 689SUSNI
[9A9] UI-VINOH
€8'6C (PL'1-69°0) 60'1 (6L 1-2L0) €'l V/L d 689SUSNI
19°0¢€ (F81-2L0) STl (€6'1-9L0) wl 10 A 9rP9E1LSAI-ADI
[9AQ[ urnsuy
p(0T€ = u) WO §Y< ISTEA
L8'9¢ (ST 1-80°0) €0 LL1-v10) 050 O/L A 8SY8L6SHT-ADI
18°6¢ (STT—89°0) 14 (T1'2-59°0) LTT oIV d v129S¥I-491
0°LE (17 1-80°0) €0 @L1-v10) 6%°0 /L 59809801 SHI-401
[0A9] €d9ADI
(9€T = ) 0€< TN
% 1D %56 9H 1D %S6 9H
auoutioy y3noryr NS 03 auoulioy uey) 1Yo skemyjed
UOTIB[AI UT YSLI J90UeD ISeaIg y3noryl NS 03 uone[aI ur YSLI JQ0ULD Jsearg ANS 01 Uone[aI Ul YSLI I90URD JSearg
,)09]J9 1031Ipuy PRREICREEN(g| q}O?° B0,
J[9[[e Iaylo

dnoi3 aanjorUI/aS9q0)

/AI31[® 1994

¢ dNS

99°v9 (69°T-9L°0) vl (P€'T-89°0) 9T'l J/L q 8SY8L6SUI-ADI
0r'9r (I11°¢-85°0) el (98'T-¥5°0) YTl DIV A 1L9TYLSSUI-ADI
10°61 (€8'T-6L°0) 0S'T (0S'T-1L'0) ee’l D/L 9809801 SdI-4D1
[9A9] II-VINOH
% 1D %56 dH 1D %56 dH

auouLioy y3noryr NS 03
Uome[ax UI YSLI JOOUERD ISeaIg

,109}J9 10a11pU]

auoutioy uey) 1Yo skemyjed

ysno1y) NS 0) UOTIB[AI UI YSHI JOJUeD Jsedlg

dNS 01 Uone[al ul JSL JIAoURD Jsealq

199330 1001

4199330 TE10L,

dnoi3 aa1)0B/952q0-UON

Jo[[e Ioylo
[RIPIIR 1934

¢ dNS

penunuod T dqe],

pringer

as



Breast Cancer Res Treat (2017) 164:475-495

482

8y = u)

QATJORUI IO (G = U) 9ATIOE SB [9A9] Vd £q Poynens ‘S[oA9] YI-VINOH 2lqerreae i syuedronied (84 = u) 9AIIOBUL IO ($£G = U) QATIOR Se [0AJ] YV AQ POUTIEns ‘S[OA] UINSUT A[qB[TBAR [JIM
syuedronted (GG = ) 9ATIORUL IO (TS = U) QAR SB [0AJ] Vd AQ PIyNeNs ‘S[oA] 9s0on[3 o[qefteae yim sjuedionted (86 = ) 9ANORUI IO (4G = U) QAR SB [9AJ] Vd Aq PAYIIRNS ‘S[OA]
[-4DI [e103 d[qefrea s syuedioned (L6y = u 01> LHIN) 2ANdRUL 10 (¢FG = # }0T< LHIN) 9ATOE St [9A9] (V) Aanoe [edrskyd £q paynens ‘S[oas] ¢dgA0T dlqe[rese Yim siuedonred |
(0T€ = u uId 8< ISIEA) 389G 10 (799 = U ‘WO 88> ISIEAM) 9S9qO-UOU SB SOUSIRJUINOIL IS[EM AQ PAYIIRNS ‘S[OAS] YI-VINOH 10 ulnsul S[qe[IeAe (i sjuedonred

Quowwoy 10J SUNUNOJOE (109JJ0 1091IP) YIIM PuE (J01J9 [€103) JNOYIIM SYH Y} Uaam1aq a3ueyo [euontodoid oy) eia pewns? 199139 102I1pY]

pasnfpe jou sem [N ‘ORI /M IO QOUQIQJWNIIID

ISTEM BIA POUIIBIIS USUM $9JBLIBAOD © St paisn(pe o1om ‘S9[qeLieA IOYIPOUI JO9JJ0 SB Pajen[eAd jou uaym ‘(asn uaSomse snousagoxa pue ‘TNG ‘Aianoe [eorsAyd) so[qerieA IoyIpow 109)j9
{([Aoueu3aid jo A103S1y pue ‘osnedousuwr pue dyoreudwW Je sage ‘Awo3oa10ydoo 10 Aw03o219)sAY Jo A10ISTY pue 2A1IdooeNU0d [BI0] A10ISTY 2ATIONPOIdaI pUR ‘OyeIul [OYOI[E ‘snie)s JUnjows ‘TOAd
sqrid Sutrmbar [o123so[0Yd YSIY ‘10 o[ 1L ‘IOOUED ISEAIq 10 SMI[OUI SAAQRIP JO SALIOISTY ATIUIEf ‘QuioduT AIuie) ‘uonesnps ‘a5e) sajerreod £q pasnlpe sem uoIssoISor AeLEANM
(9AIS$9001 Q[9[[B-IOUTW (Y PUB JUBUIWIOP J[[[B-IoUTW (] ‘dANIppe ;1)) yorordde sisk[eue NS © seredIpur aweu JNS Yy 01 paydene SeJ,

oner diy-03-1stem onnt y/m ‘wstydiowAjod apnos[onu-9[3uIs JNS WUS[eAINba drjoqeIaul J7py ‘@due)sisal urnsur yy ‘¢ urajoxd Surpuiq-1ooe}

MOIS NI[-UINSUL EJFAD] ‘[-10)08] YIMOIS NI[-UI[NSUI -,/O] ‘OBl PIBZRY Y ‘90URISISAI UINSUI-JUSWISSISSE [OPOW J1IBISOWOY Y[-VWOH ‘[BAISIUL 0USPYUOD [ “XIpUl ssewl Apoq NG
JuedyIusIs A[[eonIsne)s aIe 9o

PIOq UuI S1oquIny] ‘papn[out are Jediaunod si1 10 dnoi3qns SIy) Ul J093J9 J0IIPUL JO %0 < PIM SINS Y3 ‘dnoi3qns Joy)Io Ul Jodued Yiim Uoneroosse juedyiudis A[jeonsnels Suiaey sgNs Suowry

9¢'L (vL-6v'T) €€°€ (86'9-H'T) LTE O/L A 8SY8LO6SHI-ADI
¥0'8 STII-91'D) 09°¢ 0s°01T-0T°T) or'e o A 1L9TPLSSHI-ADI
168 (10°L-0¥'T) €I'E (95°9-+€'T) 96'C /L A $9809801 SUI-AD]
[A9] YI-VINOH
70T arL-sv'n 1€ (86'9-++'1) LI'E O/L A 8SY8L6SUI-ADI
(S @TLOT-2I'D) 9°¢ 0S°0T-01°1) or'e DIV A 1LITYLSSHTI-ADI
(A 0L'9-s€'1) 10°€ (95°9-+€'T) 96'C /L A $9809801S¥I-4D1
[9AQ] urnsuyp
o(LSH = u ‘01 > LAN) dnois aandeu]
6€°LT r'8-59°1) vL'E (€6'9-€v'T) ST'E O/L A 8SY8L6SUI-ADI
96°0¢ (85 T-€L°0) LOT (29 1-SL°0) 011 D/L A 8SH8L6SYUI-ADI
66°C1 Ts—+01) 76'C (S¥'L=560) 99'C o A 0TC0TSISAI-4DI
0S°1¢ (80°8—9S°T) SS°€ (Is'9-€€'1) ¥6'C /L 59809801 SUI-AD]
LO0E (LS T-€L°0) LOT (09'1-5L°0) 011 /L A $9809801SYUI-AD]
[2A9] 3as0dNn[H
96°1 (rr'6—20'1) e (98°6-+0°'1) ST'E oV A 1L9THLSSHI-ADI
[0AQ] [-4D] [e10],
% 1D %S6 ¥H 1D %S6 ¥H

auouLioy y3noryr NS 03
UOTJB[I UI YSII J90URD Jsealg

,109}J9 10a11pU]

auoutioy uey) 1Yo skemyjed
ySnoiy) NS 03 UOTIB[I UI YSH JOOUED JSearg

dNS 01 Uone[al ul JSL JIAoURD Jsealq

199330 1001

4199330 TE10L,

dnoi3 aanjorUI/S9q0

J[9[e Iayjo
/RI°ITe 304

¢ dNS

penunuod T dqe],

pringer

A's



483

Breast Cancer Res Treat (2017) 164:475-495

QuowwIoy 10j SUNUNOOOE (109)J2 1091IP) YIIM PUE (3OJJ9 [8103) INOYIIM SYH Y} Uaam1aq a5ueyo [euontodoid oy) eia pajewns 19§39 10211py]

paisnipe jou sem [JAG ‘Onel /M IO 9OUIIJUINIILD
ISTEM BIA POUIIBIS USYM $QJBLIBAOD B SB paisn(pe a1om ‘S9[qeLIeA ISYIPOUI JO9JJo SB Pajen[eAd jou uaym ‘(asn uaSomse snousagoxa pue ‘TNG ‘Aianoe [eorsAyd) so[qelieA IoyIpow 109)j9
¢{([Aoueu3aid jo A103S1y pue ‘osnedousuwr pue dyoreudwW Je sage ‘Awo)oaroydoo 10 Aw0)0219)sAY Jo A10ISTY pue 2A1IdooeNU0d [BI0] A10ISTY 2ATIONPOIdAI pUR ‘Oyejul [OYOI[E ‘snie)s Junjows ‘TOAd
s[iid Surrmbaxr [0131590YD YSIY “IAS SIN[IB] 1Y ‘ISOUED JSBAI] IO SIII[[SUL SAIQRIP JO SILIOISIY A[Iurey ‘owooul A[Iure) ‘Uoneonpa d5e) sajeLea0d £q pajsnipe sem uorssaidor JeLRADNN

(9ATSS903I J[3[[-IOUTUI 1Y PUB {JUBUIWUOP S[[[B-IOUIW (] 9ADIPPR ;1)) yoroidde SisA[eue JNS © S9IeOIpUl Jweu NS 9Y) 0 payoene Sef, ,

wsydiowAjod aprjosonu-9[3uIs JNS ‘unsagord g ‘ooue)sisar urnsur yy ‘¢ urajold Surpuig-1o3oey

YIMOIS AYI[-UINSUT CJGJD] ‘[-1030e] YIMOIS SYI[-UI[NSUI J-,/O] ‘ONEI PIBZEY Y ‘90URISISAI UI[NSUI-JUSWSSISSE [9POW dNRIS0WOY Y[-VAOH ‘Ua501)sd snouagoxe 7 ‘[EAIIUI dOUIPYUOD )

jueoyrudIs A[[eonsne)s aIe adej pjoq

ur sIoquIny ‘papnpout are 1ediojunod sir 1o dnoiSqns SIy) UT 109139 J02IIPUL JO %€ < M SINS oyl ‘dnoiSqns ISyIIe ur Jodued jim UONRId0SSE JueoyIuSis Afeonsnels Suiaey sqNS Suowry azon

€9 (€¥'1-92°0) 19°0 (0S'1-8T°0) $9°0 V/L q 689SUSNI
[2A9] ¥I-VINOH
(18¢ = u) s1osn J+49
w6l (8€'T-C0) 8¢°0 (€€ 1-vT°0) LSO V/L d 689SUSNI
[9A9] ¥I-VINOH
(687 = u) s1asn A[uo-g
% 1D %56 dH 1D %56 dH
auouLioy yInoiy) auoutioy uey) 1ayjo skemyjed
dNS 01 uone[al ul Ysu I90ued Jsearg y3noxy) NS 01 UOTIB[I UI YSLI JOJURD Isealq dNS O3 UOTB[aI UI YSH JIJURD Jsearg
,109)J9 1031Ipu RRCIICR LM (g Q}9RH° B0,
Jo[[e Jaylo
dnoi3 1osn) J31311R 1091 « dNS
¥9°8S (re'8—S0°'T) 96'C (L1'9-18°0) yTe V/L q 689SUSNI
[2A9] ¥I-VINOH
(LEE = u) SI9SN-UON
¥9°8¢ (re'8-50°'1) 96'C (L1'9-18°0) YTe V/L d 689SUSNI
[9A9] ¥I-VINOH
(LEE = u) SIOSN-UON
% 1D %56 dH 1D %56 dH
auouLioy yInoiy) auoutioy uey) 1ayjo skemyjed
dNS 01 uone[al ul Ysu I0ued Jsearg y3no1y) NS 01 UOTIB[I UI YSLI JOJUBD Isealq dNS O3 UOTB[aI UI YSH JIJURD Jsearg
,109)J9 1031Ipu RRCIICR LM (g QR8I B0,
Jo[[e Jaylo
dnoi3 1esn-uoN JAI31[® 1994 « dNS

(s1osn J+4 1o

SI9Sn A[UO-F "SA SI9SN-UOU) snje)s UIF01sd sNouAFoxd AQ paynens YsL Iooued JSealq pue SGNS JUBA[AI-YJI/[-D] Ueamiaq dIysuorie[a1 Yy} uo SAUOULIOY JO 10939 (J02IIpUl) UONRIPIIN T d[qelL

pringer

A



Breast Cancer Res Treat (2017) 164:475-495

484

9L0 Lo
VIN 7T0) o 7o) 0 DIL ¥ 0SOLS9TISATIENId
(1744 (444
€8T SO'T) ST 90°1) PS'1 /L LD ¥rLy6vTSALLIV
[0A9] YI-VINOH
aci (oz'1
060 79°0) 880 ¥9°0) L80 1D M OLELOLLSATAENId
(60'1 (601
wo ¥L'0) 060 ¥L°0) 060 1D 1D OLELOLLSAIIENId
Lo QLo
LTO 7T0) 0 t44(1)] 0 D/L ¥ 0S0LS9TISATIENId
€T (4 %4
€€'€ SO'T) SS'1 L0°T) LS'T /L A vrLy6vTSALLIY
0ze (Tee
60°¢ SO'T) ST 90'T) pS'T /L 1O ¥rLy6rcSALINY
[9AQ] urnsuy
©S'1 (0s'1
609 €L°0) Y0l €L°0) SO'1 /D A €TIIE8SATYENId
[9AQ] 9s00N[D)
(8¢'1 (et
ELTI 6L°0) ¥0'1 6L°0) $0'1 oV A 6V91LISAIAENId
8Tl 81
99°0 68°0) SO'1 $8°0) SOl ONN LD 6¥9ILISHIIENId
080
9T'€ 70 w0 (LL'0~TT'0) o D/L ¥ 0SOLSOTISAIHENI
[0A9] £d9ADI
p(99L = u) 0e> N4
% 1D %S6 qJdH 1D %<6 qJdH

wououtioy Kq paure[dxa NS pue Iooued
Jsealq uaamlaq drysuonerar jo uontodold

auoutioy Kq paisnlpe JNS 03 UOIB[AI UT YSLI JoOULD JsBalg NS O} UOIR[AI UI YSLI JOOUED JSLalq

dnoi3 oA1oE/259q0-UON

S[IIE 10YI0/ARI[E 1093

¢ dNS

[9A9] Ayanoe [eorsAyd pue snjels A31seqo £q pagnens [sL Iodued 1sealq pue sgNS juead[ar-Kemyred Surfeusis Y/[-ID] Ueomiaq diysuorne[ar Yy} Uo SQUOWLIOY JO 109JJq € d[qel

pringer

A's



485

Breast Cancer Res Treat (2017) 164:475-495

SL1 (eL1
10°L £€8°0) 0Tl 8°0) 611 D/D A 16LE8TTSAIIIVIN
(LL1 (SL1
LEL #8°0) 'l £8°0) 0Tl VD ¥ 99699CCSAINdVIN
(€€l (re'1
VIN SL0) 001 9L°0) 10'1 oIV A 981+0£TSATLIV
(YA (YA
09'6 98°0) €01 98°0) 70’1l oIV 1D 981+0€CSATLIV
[9A9] €d€ADI
;(69L=1) §8°0 S oney u/m
(6+'T (7544
€59 90°D) €91 or'm L9'T J/L A rLy6yTSALLIY
[A9] JI-VINOH
(6+'C (7554
96 L0'T) €91 orn L9T D/L A vrLy6rSALLIY
[9AQ] urnsuy
e (44
48! 80°T) €9'1 L0°T) 91 JIL A vrLy6rTSALINY
(ST (g€
€Tl 90°T) 8S'T 90'T) LS'T /L 1D ¥rLy6rcSALIYV
©8'1 (€L1
€709 89°0) Il 99°0) LO'T DIL A OPLY6YTSATINY
(8¢'1 (se'1
LSTE 68°0) Il L8°0) 801 V/L 1O OvLy6rCSALIYV
[9A9] €d€ADT
S(€L9=U) WO 88> ISTEA|
aci (oz'1
L90 79°0) 880 #9°0) L80 1D M OLELOLLSATAENId
% 1D %56 qdH 1D %S6 qdH

wououtioy Kq poureidxe NS pue Iooued
Jsealq ueamidq drysuonefar jo uontodoig

auourtioy Kq parsnfpe JNS 0} UOTIB[OX U YSLI JOOUBD )Searg

JdN'S 0} UOTJB[AX UT YSLI JOOUEBD )Searg

dnoi3 aAnoR/252q0-UON

S[a[e 19UI0/A[RNIE 10315

¢ dNS

penunuod ¢ Jdqe],

pringer

A



Breast Cancer Res Treat (2017) 164:475-495

486

(ss'1 (0s'1
0T 02°0) S0 61°0) ¥S°0 /D A LLSY991SHIHENId
(98°0 (s8°0
00 SE°0) SS°0 9¢°0) SS°0 O/L ¥ TEY86TTSAINIVIN
(96°0 96°0
€0°0 €9°0) 8L°0 €9°0) 8L'0 O/L LD CEF86TCSAINdYIN
[2A9] JI-VINOH
(Te'1 (og'1
6T'1 8L°0) 101 LLO) 001 DIV LD 6800€LESATYENI
(s8°0 (s8°0
690 S€°0) SS°0 9€°0) SS°0 O/L ¥ CEF86TTSAINIYIN
96°0 96°0
810 £€9°0) 8L'0 €9°0) 8L'0 D/L LD TEY86TTSAINdYIN
[9AJ] urnsuy
o1 (s9'1
620 02°0) 850 12°0) 850 1D A LLSY991SA[dENId
(s8°0 (s8°0
90 SE°0) SS°0 SE'0) $S°0 O/L ¥ CE86TTSAINIVIN
(86°0 (860
61°0 $9°0) 08°0 $9°0) 08°0 O/L LD TEV86TCSAINIVIN
[0A9] [-D] 901
(se'1 (9¢'1
96'1C 9L°0) 01 LLO) 01 o A T1L90LSHTYENId
91 (@91
€011 ¥8°0) 8I'1 £8°0) oIl LV 4 S0S0196SUINd VN
(L6°0 (L6°0
01°0 +9°0) 6L°0 $9°0) 6L°0 O/L LD CE86TCSAINdVIN
% 1D %S6 qdH 1D %S6 qdH

wououtioy Kq poureidxe NS pue Iooued
1sB01q UaMIaq drysuonerar jo uoniodoig

auourtioy Kq parsnfpe JNS 0} UOTIB[OX U YSLI JOOUBD )Searg

JdN'S 0} UOTJB[AX UT YSLI JOOUEBD )Searg

dnoi3 aAnoR/252q0-UON

S[a[e 19UI0/A[RNIE 10315

¢ dNS

penunuod ¢ Jdqe],

pringer

A's



487

Breast Cancer Res Treat (2017) 164:475-495

09'Ly (€sC 0S°0) 48! (TLe S50) €Tl DIl LD hLY6vTSALINY
[9AJ] urnsuy
L9°6T (so0's €U0 6€T (Crad 00'1) L0'T /9 A €TIIE8SATIENI
[9AQ] 9s0oN[D)
9 ¥ (Levy (299 €T (Iv'e 10D S8l o A 6¥91LISATYENId
66'0L LT L0'T) wi (14 £6'0) wl OV LD 6V9ILISUIYENId
¥6'6€ ((zad S40) 6¢'1 (s8¢ o) 8T'1 /L ¥ 0S0LS9TISATYENId
[9A9] €d€ADT
p(9€T = W) 06< TN
% 1D %<6 qdH 1D %<6 qdH
wououtioy Kq poure[dxa NS pue Iadoued JseaIq 2uUoULIOY dNS

udamiaq drysuonerar jo uontodoig

£q paisnfpe NS 03 UOTJE[SI UI SII JOOUED JSealg

01 UOTB[AI UT YSII JOOUBD JSLalq

dnoiny aAnoRU[/ASOqO)  [O[[R JOYI0/[R[[R 1091 « dNS
81 (ss'1
crey 9L°0) 90'1 08°0) 48! /L a ¥I120E11SYLLIY
[A9] JI-VINOH
(2 (ss'1
YLIS 9L°0) 901 08°0) Tl /L A vIZ0ETISALLYY
[9AQ] urnsuy
Lee (961
LO'6S 0 €S'T 06°0) €e'l 2D A 0SS666SSATIIVIN
(881 Le'1
¥E'SY 09°0) LO'T ¥9°0) 4! V/L A OVLY6YTSALINY
[9AJ] T-4DI 221
5(02S = u ‘01< LAW) dnois aAmdY
(CTa (oz'1
Iy 12°0) 150 0T°0) 6t°0 D/L A vOvISTSATIENId
% 1D %56 dH 1D %S6 JdH

wououtioy Kq poureidxe NS pue Iooued
1sB01q UaMIaq drysuonerar jo uoniodoig

auourtioy Kq parsnfpe JNS 0} UOTIB[OX U YSLI JOOUBD )Searg

JdN'S 0} UOTJB[AX UT YSLI JOOUEBD )Searg

dnoi3 aAnor/252q0-UON

S[a[e 19UI0/A[RNIE 10315

¢ dNS

penunuod ¢ dqe],

pringer

A



Breast Cancer Res Treat (2017) 164:475-495

488

S9ve (€0 0D €0 (9¢¢ £6°0) 9Ll oIV A 981+0€TSATLIY
¥L'8S (£9T $0'T) S9'1 (s1e £6°0) 1 IV LD 98TH0ETSATIIY
[9A9] €401
J(€€T = u) 68°0< oney y/m
81°6C e 95°0) 01’1 (e 65°0) Pl D/L d vrLy6rTSAIIIY
[9A9] YI-VINOH
€9°0 are S5°0) 80T (Ice 65°0) Pl /L a vrLy6rTSALIYY
[9AQ[ urnsuy
78°0S (6T £9°0) 0Tl Lre 65°0) €'l D/L a vrLy6rTSALIIY
90°St (€0'C ¥9°0) PI'T L6t 19°0) 60T DL LD vYLy6rTSAIINY
ST9 (180 LT°0) LEO 9Lo 91°0) SE0 JIL A OVLY6YTSALLIY
s8¢ 001 05°0) 0L'0 (L6°0 81°0) 89°0 V/IL 1D ObLY6vCSALINY
[9A9] €dEADI
S(6T€ = u) WD §Y< ISTEA\
0T'€s 09°L SET) A 6T's rn a4 1D M OLELOLLSHIYENId
9t'8C (rLY 15°0) SS'1 (ogv L¥0) ! D/L ¥ 0SOLS9TISATIENId
96'9¢ (Lst 15°0) PI'T (TLe S5°0) €1 J/IL LD vhLy6rTSALINY
[0A9] JI-VINOH
08'€S (Ts'L LET) 1€ (6T's o a4 1D ¥ OLELOLLSATIENId
68°C¢ (€€°€ 9T'T) S0'T (08T (2199 6LT 1D 1D OLELOLLSATYENId
0€'1¢E Ly 15°0) 961 (ogv L¥0) 1 D/l 0SOLS9TISATIENId
8L'€E (tee 75°0) (4! r9¢ 09°0) 871 DIL A vrLy6rTSALIYY
% 1D %S6 qdH 1D %S6 qJdH
wauoutioy Kq paure[dxo NS pue Iaoued Jsealq 2uouLIOY ANS

uoomjeq drysuonear jo uontodoig

Aq paisnfpe NS 01 UOne[aI Ul YSLI J9OUEBD Isealg

0) UOIIR[AI UI YSLI JoJued Jsearq

dnoin eAnoRU/ASAqD  O[R[[E JOYIO/S[S[[E 10T

¢ dNS

penunuod ¢ dqe],

pringer

A's



489

Breast Cancer Res Treat (2017) 164:475-495

18°0 (L6'0 LT0) IS0 L6°0 LT0) 150 V/L A OPLY6YTSATINY
[0A9] T-4D] 921
5(8¢y = u ‘01> LAW) dnoi3 aanoeuy
WL (0€°0ST ST EL'ET (96°6L 88°0) 8€'8 J/L A YOv1STSATIENId
$9'89 (%441 0€'D) 09°C1 (€679 96°0) 88°L /D A LLSYI9ISATYENId
I7ve (80°¢ ¥L°0) 761 ¢y L9°0) oLl O/L ¥ CEr86TTSAINIVIN
So'ly (6£C S8°0) Wl (T1e 6L°0) 0¢'l D/L 1D TEY86TTSAINdYIN
[0A9] YI-VINOH
€16¢ [(£%9 80'T) 0T (Sre L6°0) SLT DIV LD 6800€LESATIENI
€L°GE 1¢ ¥L°0) S6'1 (T4 L9°0) oLl O/L ¥ TEVP86TTSAINIVIN
88°CS Lre 98°0) 9’1 (Tre 6L°0) 0€'l O/L LD CEP86TTSAINdVIN
[OA] urnsuy
8€'€L (€€°LL ST'D) 6 (Iesy 9L°0) LSS LD A LLSY9IISHTIENId
1+'89 (L89 S8°0) we oLy 1L°0) ¥8'1 O/L A TEY86TTSAINdVIN
SOvE (54 €8°0) 8¢l (60T 6L°0) 8T'1 O/L LD CE86TCSAINdVIN
[0AJ] T-4D] 921
991 (487 or'n €1'T (ec¢ ¥6°0) LL'T o A T1L90LSATAENId
SH0€ (€8°0 $1°0) SE'0 901 ¥T°0) 050 LV ¥ S0S0196SUINdVIN
€0'9¢ (24 16°0) A (€14 68°0) 9¢'l O/L LD CEF86TCSAINdVIN
L¥'0€ (69°0 11°0) LT0 (98°0 81°0) 6€°0 DD A 16LE8TTSAIIIVIN
6L'6C [(7X)] o) 670 (T6°0 61°0) wo VIO ¥ 99699TCSUINdVIN
% 1D %S6 qdH 1D %S6 qJdH
wauoutioy Kq paure[dxo NS pue Iaoued Jsealq 2UOULIOY dANS

uoomjeq drysuonear jo uontodoig

Aq paisnfpe NS 01 UOne[aI Ul YSLI J9OUEBD Isealg

0) UOIIR[AI UI YSLI JoJued Jsearq

dnoin aAnoRU/ASOQO

S[I[E 19YI0/ARI[E 10x3T

¢ dNS

penunuod ¢ dqe],

pringer

A



Breast Cancer Res Treat (2017) 164:475-495

490

(8% = u) 2AnORUI JO (4G = U) JATIOE SB [9AJ] Vd Aq paynens ‘S[oad] YI-VINOH 2lqereae yim syuedonred (844 = u) 9ANORUI 10 (66 = U) ATIOR St [9A9] V4 AQq payne:ns ‘s[oAd[
urnsut o[qeqreae yum syuedionred (gey = u (0] > LHIN) 2ABoRUL 10 (076 = ¥ {0 < LHIN) AR Sk [9A9] (Vd) A1anoe [ea1sAyd £q paynens ‘S[oAd] [-4D] 21) dqe[ieae yim sjuedonied o
(977 = u) 9s9q0 10 (9G/ = u) 9S9QO-UOU SB /M AQ PIYIENs ‘S[oA9[

AI-VINOH 21qefreae yim syuedonred ¢(9gz = u) 95990 10 (9G/ = u) 959q0-UOU st Y/m Aq paynens ‘S[oAd] urnsur a[qe[reae yim sjuedronred (ygg = u) 95990 10 (¢, = U) 9S9q0-UOU SB Y/m
Aq pagnens ‘S[Ad] [-I0] 991) d[qe[reae yim syuedonied (gez = u (680 < U/M) 95990 10 (69L = U 1G8'() > U/M) 982qO-UOU SE U/M Aq paynens ‘S[PAd] ¢ddIDI d[qe[reAe |im sjuedonmed |
(0ts = u) asaqo

10 (799 = U) 9S9QO-UOU SB IOUIJWNIILD ISTeM AQ paynens ‘S[aAd] YI-VINOH 2lqe[eae ym syuedionted ((ggg = u) 9590 10 (799 = ) 959¢O0-UOU SB dJUIIQJUINIIID ISTem Aq Paynens ‘S[oAd]
urnsut a[qe[rear yim syuedionred ((6g¢ = u ‘W g8 < ISTBM) 9GO 10 (/9 = U ‘WD 88 > ISIBM) 959GO-UOU SB JOUAIQJWINIIID ISTem AqQ paynens ‘S[PAd] ¢Jg4D] d[qe[ieae yum syuedionred
(7€ = u) 9s9q0 10 ()G, = U) 9S9QO-UOU Sk [INF AqQ PIyIens ‘S[oAd[

AI-VINOH 2lqe[ieae yum syuedronted {(geg = u) 95990 10 (0GL = U) 952q0-uou se [INFG AqQ paynens ‘s[oAd[ urnsul a[qe[rese ym syuedonred {(y¢g = u) 95990 10 (€9, = U) 952qO-UOU SB
IIN9 £q paynens ‘s[oad] 0s00n[3 d[qe[rear Yirm sjuedonred {(9¢z = u ‘¢ < TINE) 98990 10 (99, = u ‘0¢ > [INEF) 952q0-UoU se JINF Aq paynens ‘S[PAd] ¢ gD 2[qe[ieat im syuedionied |
SIZIS 109JJ3 0M) UIIMIQ JUAIRPIP 9% (0] < 10 SIZIS

199JJ9 [[BWUS U39M]Q OUAIDJIP 9%(S < I9YIIS 0) NP YN SUOULIOY J0J SUnunodde (199JJ9 19911p) Yiim pue (193JJ3 [2101) INOYIIM SYH dY) Ul OUISJJIP BIA PAJRWNSI sem d3ueyd [euontodold
paisnipe jou sem JJAG ‘Onel /M IO 9UIIJUINIIID

JSIEM BIA PAUIEIS USUM $QJBLIBAOD B SB Paisnipe oIom ‘so[qeLiBA ISUIPOW 1091 SB PAJBN[BAd J0U Uaym ‘(asn uadonsd snouadoxo pue ‘[N ‘Ananoe [eorsAyd) ssjqeriea IoQIpow 109JJ9
¢{([AoueuJaid jo A103sTy pue ‘esnedousur pue oyoreudw je sage ‘Awojoaroydoo 10 Aw0joa19)sAY Jo A103STY pue oAnidooenuod [e1o0] A103s1y 2A3oNpoIdar pue ‘@xejur [OYod[e ‘sniels Junjouws ‘ToAd
s[[id Sutnmbar [01)s9[0Yd YSIY I9AD 2IM[Ie) MESY “IOOUED ISBAIq IO STUI[[W SAIQRIP JO SALIOISTY AIurey ‘dwioou A[Iure) ‘uoneonps ‘ae) sajelreaod £q pajsnlpe sem UOISSAISal AJelIBANNA

(9ATSS2091 J[3[[-IOUTUI 1Y PUB {JUBUIWUOP S[[[B-IOUTW :(] dADIPPR ;1)) yoroidde sisA[eue JNS © SoIedIpur aweu NS 9y} 0 payoene Jef,
onel diy-03-1srem onna y/m ‘wsiydiowAjod opnoa[onu-9[3uls JNS ‘WuseAInba orjoqeow 77 ‘9oueisIsal urnsul yy ‘¢ uroroid Surpuiq-1ojoej
[IMOIS NI[-UTNSUT £JGJO] ‘[-1030B] YIMOIS OYI[-UI[NSUL [-.7O] ‘Oel PIBZEY Y ‘90UrISISAI UI[NSUI-JUSWISSISSE [OPOW ONJBISOSWOY Y-VWOH TeAIUI 20UPYUOD [ ‘XIpul ssewl Apoq JNg

JueoyIugis A[[eonsnels aIe 9oy pjoq
ur sIequiny] “papnjout are 1redioyunod sir 10 dnoi3qns s1y) UT JOJJO JOAIIPUL JO %0 < PIM SINS 2y} ‘dnoI3qns JoyIre Ur JI90ULd YJIM UONEBIOOSSE JuedyIusIs A[[eonsnels Juiaey SqNS Suoury 2JoN

600 (280 LE'0) §S°0 (280 LE'0) £€°0 O/L a yIT0ETISYLLY Y
[9A9] YI-VINOH

¥0°0 (z8'0 LE0) §S°0 (z8'0 LE0) £S°0 O/L d vITOSTISALLYY
[9A9] urnsuy

9¢'¢ 901 o) L9°0 art S¥0) 1.0 o9 A 0S5666SSAIIdVI
% 1D %S6 qJdH ID %56 qJdH
wououttoy Kq paurefdxe NS pue Iodoued 1sealq auouLoy ANS
uoomiaq diysuonerar jo uoniodoid £q paisnfpe NS 01 UOTJE[I U YSII JOOUEBD JSearg 0} UOTE[aI UI YSII JOOUueD Jsealq

dnoin aAmoru/es9qQQ  S[R[TE JOYIO/AIR[E 10N . dNS

penunuod ¢ dqe],

pringer

A's



491

Breast Cancer Res Treat (2017) 164:475-495

[9AS] T-ADI [BI0L

as-et (€6'6
9I'se LE'T) STV €I'D 9¢°¢ LD ¥ 8SSL689ISUIYENId
[9A9] £d9ADI
% D %S6 qdH 1D %56 qdH

Juoutioy Kq
paure[dxd JNS pue Iooued jsealq
uoamiaq drysuornyerar jo uontodoig

auourioy Kq pasnfpe NS 0) UOTE[AI UT YSLI JOued jseald NS O} UOIB[I UT YSII JOOUBD 1Sealq

o(#8C = u) dnoig 1osn d+d  [e[[e 1YIO /3[3[[E 109HH « dNS
LT (191
v6'L 80°0) 8¢°0 80°0) S0 [97A4 A 90ereSATYENId
[9AQ] urnsuy
(€T°¢ @8re
96’1 €01 €8'1 €01 18T /9 LD €T 1€8SATENId
(S6°0 (S6°0
00 8€°0) 09°0 8€°0) 09°0 v a SP8TEEHSUTLIV
[9A9] [-dDI 91
08¢ (ss€
[N or'T $0°T 90°T) p6'1 29 A €TIT1E8SATAENId
Tre (sTe
1€°6 1o S6'1 LO'T) LS'T 2D LD €TIT1€8SATIENId
0s'1 Lyl
S TT0) LSO TCT0) 950 10 A 8SSL6SIISATIENId
[9A9] T-4D] [eI0L
LSO Ot'1-12°0) 950 (L' 1-2T0) 950 10 A 8SSL689ISATIENId
[0A9] €dEDI
% 1D %56 qdH 1D %S6 JIH

Juoutioy Kq
paure[dxa JNS pue Iooued jsealq
usamiaq diysuonerar jo uontodoid

auourioy Kq pasnlpe NS
0 UOIB[aI UT YSLI JOoUueD Jsealg

dNS 01
uomne[al ur 3SLI Jadued jsealyq

vﬁovm = u) dnoig 1esn-uoN

S19I[® 19YI0/A[I[E 10T

¢ dNS

(s1osn J+4 "SA SI9SN-UOU) 9sn USS0NSI sNOUAFOXd AQq paynens “YSL I0Ued Jsealq pue SGNS Jueadjai-Kemyied Sureudis Y/I-IO] ueamiaq dIysuorje[ar ay) uo sauowioy Jo 10914  dqel,

pringer

A



Breast Cancer Res Treat (2017) 164:475-495

492

(187 = u) s19sn d + H 10 (Lg§ = ) SIOSN-UOU St asn 7 snouaSoxe £q poynemns ‘S[oAd] UInSul o[qe[reAe im sjuedronred

{997 = u) s1osn g + g 10 (7€ = U) SI9SN-UOU S 3sn F snoud3oxd Aq paynens ‘S[oAd[ [-40] 221J [qe[reae yim syuedronred (87 = u) s1asn  + F 10 ([H€ = u) SISN-UOU SB 3sn g SNOUIFoxd
Aq peynens ‘S[PAJ[ [-40] [v103 d[qe[reae yna sjuedonred (487 = u) s1sn g + F 10 (Opg = ) SIOSN-UOU St 3sn J SnousSoxa AQ paynens ‘s[ad] ¢dd4DI oqe[ieat yim sjuedonied |,
suowrIoy 10 SUNuUNOdoE (199139 1091IP) YIIM PUE ()99JJ0 [8101) INOYIIM SYH O} UT JOUAIRJJIP BIA PAjewinsd sem oSueyd [euontodord

paisnfpe 10U sem [N ‘Onel /M IO JDUIFWNOID

JSTeM BIA POUNENS USYM ‘QJBIIEAOD B SE PI)Snipe oIom ‘so[qelieA JOYIPOW J09JJo St Pajen[ead jou uaym ‘(osn uoSonse snouaSoxd pue ‘TING ‘A1anoe [edrsAyd) so[qerrea IogIpouwr 109130
‘([AoueuJaid jo A103STY pue ‘esnedousur pue ayoreuaw je sage ‘Awojoaroydoo 10 Awr03oa19)sAY Jo A103STY pue aA1Idaoenuod [e1o0] A103s1y 2AT30oNpoIdal pue ‘axejur [OYoo[e ‘snyels Junjows ‘IoAd
s[[id Surrmbar [010)$9[0YD YSIY IOAS dIM[IE} MBS “JOOUED ISBAIG JO STII[[OW SAIGEIP JO SALIOISIY A[Iurey ‘duwoour A[Iuej ‘UOnEdINps ‘a3e) sajereaod Aq pajsnipe sem UOISSAISaI SJRLIBANNA
(9ATSSOI9I J[o[[E-IOUTUI 1Y PUE {JUBUTWOP S[[[e-IOUTW (] dADIPPE ;1)) yoeoidde sisA[eue JNS © SejedIpur awreu JNS U} 0) payoene Sef,

wstydiowAjod oprjosronu-o3urs

dNS ‘unsadord g ‘aoue)sisar urpnsur yy ‘¢ urdjoid Juipurq-10Joej Yimois aNI[-UInsul Jg40] ‘[-10108] IM0I3 I[-UI[NSUI /-,/H] ‘Onjel pIeZey Y ‘Ud301ISd SNOUdSOX 7 ‘[BAIIUI QOUIPYUOD [)
jueoyrusis A[[eonsne)s aIe 9oej pjoq

ur sIoquInN ‘papn[out are 1edrojunod sir 1o dnoxSqns STy} UT J09JJ0 JOIIPUT JO %€ < M SINS o) ‘dnoISqns IoyiIo Ul IodUued [Iim UOTIBIN0SSE JueoyIuSis A[feonsnels Suiaey sqNS Suowry azon

(T9°L18 @rves
Se0¢ ¥T9) 9IL L9'S) S0'SS [37A% A 90EreSATIENId
[9AS] urnsuy
80°C 00T
84St 09°0) Tl 85°0) 80°1 O/ LD €TINE8SATIENId
(S6'T (98'1
¥T'6€ 99°0) P11 $9°0) 01'1 v A SH8TEEHSATLIV
[OAS] [-dDI 91
17 (L0T
LS'SS 09°0) vl LS0) 60’1 /9 A €TI1E8SHIAENId
(€2¢C ()
11°8¢ 69°0) vl 99°0) 8I'1 O/ LD €TIIE8SAIIENId
(STHI (€6'6
YAYY s 99°f €I'D 9¢°€ 1D ¥ 8SSL689TSUTYENId
% ID %56 qJdH ID %56 qJdH

JuouLioy Kq
paure[dxa JNS pue 190oued Jseaiq
uoomiaq drysuonrerar jo uontodord — auouiioy Aq paysnipe NS 03 UOTIE[I UT YSII JoOoUeD jsealg  JNS 03 UONE[OI UI YSII JOOUED Jsealg

p(#8C = u) dnoi3 1asn J+d  9[R[[e 1oYI0 /A[9[[E 199 « dNS

penunuod  Aqe],

pringer

A's



Breast Cancer Res Treat (2017) 164:475-495

493

relationship in this group were minimal. On the contrary,
carriers of the PIK3RI rs16897558 C and the PIK3RI
rs34306 A alleles had an association with increased breast
cancer risk in E+P users, with roughly 35% of the SNP-
cancer association explained by traits (Table 4).

A few SNPs in the AKT] gene were significantly asso-
ciated with breast cancer (Tables 3, 4). Carriers of the
AKTI 152494744 T allele in non-obese women (BMI <30
and waist <88 cm) had increased risk of breast cancer,
with minimal effects of insulin and HOMA-IR levels in
those women (Table 3). Further, carriers of the AKTI
rs2494740 T allele had decreased risk for breast cancer in
viscerally obese (waist >88 cm) and inactive women, with
minimal effects of the traits on the SNP—cancer association.
Additionally, carriers of the AKTI rs4332845 A allele had
an association with decreased risk of breast cancer in non-
users of exogenous E; no effect of free IGF-I level on the
SNP—cancer relationship was found in this group (Table 4).

Five SNPs in the MAPKI gene were associated with
breast cancer risk (Table 3). While carriers of rs2266966
G, 152283791 C, and rs9610505 A alleles had an associa-
tion with decreased breast cancer risk in obese women with
w/h >0.85, carriers of rs2298432 T allele had decreased
cancer risk in non-obese women with w/h <0.85. Further,
the former three carrier groups had a modest effect (30%)
of IGFBP3 level on the SNP—cancer relationship, com-
pared with the latter carrier group which had no trait effect.

Discussion

Population-based studies evaluating the association
between the genetic variants of IGF-I/IR traits/signaling
pathways and breast cancer are relatively few; information
on the functionality of those SNPs associated with breast
cancer is thus limited. To our knowledge, this is the first
study to evaluate in postmenopausal women the association
between these genetic variants and breast cancer by parti-
tioning the genetic variant—cancer association into the
pathway through IGF-I/IR traits and pathways through
other than the traits. Additionally, we assessed the role of
obesity with different adiposity measures (overall vs. vis-
ceral obesity), PA, and exogenous E use as the effect
modifiers.

Among the 75 IGF-I/IR-related SNPs we evaluated, 7
(of the 19 related to IGF-I/IR traits) in /GF-I and INS genes
and 20 (of the 56 related to IGF-I/IR signaling pathways) in
PIK3R1, AKT1/2, and MAPK]1 genes were associated with
breast cancer risk. These SNPs’ associations with cancer
risk differed between non-obese/active and obese/inactive
carriers and between exogenous E non-users and users,
indicating that the IGF-I/IR-related SNPs’ interactions with
obesity, PA, and exogenous E use influence cancer risk.

For seven SNPs in IGF-I and INS genes, the mediation
effects of IGF-I/IR traits differed between the strata, but
the direct effects on cancer risk in both groups accounted
for a majority of the total effect: only roughly 35% of the
cancer risk associated with those SNPs was mediated via
IGF-I/IR traits. This suggests that the traits are not the main
mediators through which IGF-I/insulin-related SNPs are
associated with increased breast cancer risk; thus, further
study is warranted.

In particular, carriers of genetic variants in the IGFI
rs5742671 and the IGFI rs1520220 had increased breast
cancer risk. The IGFI variants are related to glucose
metabolism and are highly expressed in the liver, con-
tributing to hepatic IR [49]. IGFI encodes IGF-I, which is
well known to increase cancer risk [50, 51]. Previous
studies of these genetic variants in relation to breast cancer
are limited and showed inconsistent findings. For example,
previous studies revealed no significant relationship of
cancer risk and prognosis with the rs5742671 [52] and
rs1520220 [5] variants; the rs1520220 variant had signifi-
cant association with breast cancer risk [17] and breast
tissue density [53]. In our study, these genetic variants’
carriers had an association with breast cancer, but only
among the inactive women, suggesting that obesity and the
related lifestyle factors play a role in modulating the effect
of these variants on carcinogenesis. Interestingly, the
mediation effect of IGF-I/IR traits on the SNP—cancer risk
association was negligible in this group, indicating that
different pathways exist through which obesity and rele-
vant lifestyles interact with these genetic variants and
cancer.

The PI3K/Akt pathway leads to metabolic activity,
including glucose uptake and decreased apoptosis, and the
MAPK pathway leads to mitogenic activity [54]; both are
main signaling cascades in controlling cellular process
promoting carcinogenesis [55, 56]. PIK3RI, AKTI1/2, and
MAPK] genes are the key components of these pathways
[26, 55, 57-59], but the studies of their genetic variants in
relation to cancer have been limited [12, 24-27].

A previous study [26] showed an interaction between
MAPKI genetic variants and obesity and related lifestyle
factors on breast cancer. Consistent with the results of that
study, we found that carriers of the genetic variant in
MAPK] 152298432 had decreased breast cancer risk only in
non-viscerally obese women, indicating that IGF/IR axis
cellular pathway-related carcinogenesis in this variant
intermingles with visceral adiposity. In addition, the car-
riers of several variants in PIK3RI and AKTI genes, when
stratified by E+4P use status, had decreased or increased
cancer risk in non-users and increased risk in E+P users.
This suggests that estrogen’s cross-talk with target genes
downstream of signaling pathways affects cancer risk
[2, 4, 28, 34, 35] and that the extent of this influence may
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be SNP specific and dependent on the type of estrogen
usage [36-43], but the mechanism is unclear.

We did not conduct any subtype analyses of breast cancer
cases due to insufficient statistical power. Also, because we
conducted analyses to generate new hypotheses, we did not
include any multiple testing adjustments in our analyses. We
acknowledge that with many analyses, we might have a few
false-positive results. Our findings from the mediation
approach and proportion explained by traits of the SNP—
cancer risk association should be interpreted statistically.
Finally, because our study was conducted using data from
only non-Hispanic white postmenopausal women, the gen-
eralizability of our results to other populations is limited.
Despite these possible limitations, however, the potential
impact of our findings clearly warrants further study.

In conclusion, our findings suggest that in post-
menopausal women the IGF-I/IR axis has a potential role
in the risk for breast cancer. Obesity, PA, and exogenous E
modulate the IGF-I/IR genetic variant—cancer risk associ-
ation through pathways other than IGF-I/IR traits. Further
studies are needed to explore these complex mechanisms.
Our results provide insight into gene-lifestyle interactions
and suggest data on potential genetic targets for use in
clinical trials for cancer prevention and intervention
strategies to reduce breast cancer risk in postmenopausal
women.
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