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Abstract
Breast Cancer Risk Factors and Associations with Bxast Cancer Tumor Characteristics in
High Risk Populations
Meghan E. Work
Background: Estrogen receptor (ER)- and progesterone recep®)-fegative (ER-PR-) breast
cancer is associated with higher grade and pooogmpsis compared with other breast cancer
subtypes. High parity, coupled with lack of breastfing, has been associated with an increased
risk of ER-PR- cancer. The mechanism of this egjglis unclear, and may be obfuscated by ER
and PR correlation with each other as well as gthegnostic tumor characteristics.
Methods: Using population-based and clinic-based ascertaiasds and controls from the
Breast Cancer Family Registry, | examined repradacisk factors, including parity,
breastfeeding, and oral contraceptive (OC) useelation to ER and PR status, using
polytomous logistic regression (for the populatimased data) and the method of generalized
estimating equations (GEE) (for the clinic-basetajlas well as the pseudo-conditional
likelihood approach, which accounts for correlabetcome variables.
Results: High parity & 3 live births) combined with lack of breastfeedin@s positively
associated with ER-PR- tumors (odds ratio [OR]=19%P% confidence interval [CI] 1.10-2.24,
population-based cases vs. controls) relative tigpauty. There was no association with ER-
PR- tumors and parity in women who breastfed (OB3;05%CI 0.71-1.22) relative to
nulliparous women. Associations with ER-PR- carneere higher across all races/ethnicities
among women who did not breastfeed compared withevowho did. Population-based and
clinic-based data were generally in agreement (O&R&25% CI 1.09-3.91, clinic-based cases

vs. controls, relative to nulliparity). When adgedtfor the correlation of PR-status and grade, to



ER-status, the association between high paritykttddreastfeeding and ER- status, was
maintained. OC use before year 1975 was assoaiatieén increased risk of ER-PR- tumors
(OR=1.32, 95% CI 1.04-1.67, population-based d=tses vs. controls) relative to never use of
OCs. For women who began OC use in 1975 or laggetivas no increased risk. Analysis of
OC use in clinic-based data agreed with the finglioigthe population-based data.
Conclusions:My findings support that there are modifiable fastior ER-PR- breast cancer,
and that breastfeeding in particular may mitighteihcreased risk of ER-PR-cancers seen from
multiparity. The mechanism of both risk and riskigation may operate primarily through the

estrogen, rather than progesterone, pathway.
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Chapter 1—Risk Factors and Breast Cancer Tumor Chaacteristics: A Review

1A. INTRODUCTION
It is estimated that nearly 237,000 women in thé@é&dhStates were diagnosed with breast cancer

in 2014 (the most recent year numbers were availarid more than 42,000 women died from
the diseasespurce:U.S. Centers for Disease Control and Prevent\hile age-specific rates

of invasive breast cancer in women 45 and aboveedsed between 1999 and 2003 [1], these
rates stabilized by 2008, and the rate in 2016exagcted to be similar to 2008 [2]. Meanwhile,
rates among women under the age of 40 have indatigatly[3]. Mortality from breast cancer
has been reduced in recent years, with increasggéening leading to early detection and
treatment, and innovations in treatments for tlsease resulting in longer survival times.
Despite overall reductions in mortality, dispastia mortality among African-American and
Caucasian breast cancer patients have persistegvandncreased, such that African-American
women are more likely to die from their breast @riban Caucasians [4]. Studies have
indicated that this disparity may partly occur doelifferent incidence of breast cancer
“subtypes” among African Americans and Caucasisnsh that African-Americans have higher
rates of breast cancer subtypes that are moreameisie treatment and are associated with poorer
prognosis [5-8]. In addition, the increasing incide of breast cancer among younger women is
of concern because these women more commonly greg@rtumor characteristics, such as
high tumor grade and ER- and/or PR-negativity, Whiender the tumor less amenable to

currently available treatments and are associatddpsorer prognosis [9-11].

Previous research into breast cancer etiologydextified a host of breast cancer risk factors,
some of which are strong predictors of breast aanmgeare of low prevalence in both the
general and breast cancer population (includingtefactors such @88RCAlandBRCA2

mutation and first-degree family history), and ethihat may be considered intermediate, but
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modifiable, markers of breast cancer risk, suchraast density. In addition to these stronger
factors, which confer greater than 2-fold risk réhare a number of established risk factors of
high population prevalence that appear to have staddividual effects on breast cancer risk,
including reproductive factors such as nulliparégsly age at menarche and late age at first
birth, lack of breastfeeding, and use of exogermumones, including oral contraceptives and
hormone replacement therapies [12, 13]. Because fagter breast cancer risk factors are
typically found to be modest in effect (conferri@ fold increased risk), it can be difficult to

rule out bias as an explanation for associatiomg fadings are often inconsistent across studies.
This may be because, rather than being a singatdy ebreast cancer is a heterogeneous
diseasewith different etiologic factors contributing tosgiase causation to a greater or lesser

degree depending on breast cancer type.

Due to greater understanding of tumor biology ahith® importance of tumor markers, breast
cancer, like many other cancers, is rarely regaedea single homogenous disease, not only in
terms of treatment and prognosis, but also wherenstahding cancer risk. The current paradigm
for many cancers, including breast cancer, is torere risk factors for cancer subdivided by
tumor characteristics or biomarkers, rather thaa sisgle entity. In breast cancer, most such
studies have focused on defining breast cancendyumor characteristics of estrogen-receptor
(ER) and progesterone receptor (PR) expression egihning in the early 2000s, by human
epidermal growth factor receptor 2 (HER2) exprassas these tumor characteristics are
relevant for determining treatment options and eapcognosis and proliferation rate. Tumor
grade is a characteristic that is less commonlyngxad according to risk factor; however it is an
important prognostic characteristic that has beenahstrated in some studies to differ

according to risk factor [5, 14]. High tumor graukes been associated with self-reported family



history of breast cancer [15], and in breast canoecurring among those wiBRCAlor

BRCAZ2positivity [16].

1B. BACKGROUND

1.B.1 Overview of Breast Cancer Subtypes

In the past 20 years, an increasingly abundamatitee has surfaced to describe how known risk
factors for breast cancer may differ among theedgifit “subtypes” of breast cancer as defined
by ER and PR status, by grade, and by moleculaygebilf risk factors differ among subtypes,
then breast cancer should not be considered agle slisease entity whose development is a
result of the same set of causal partners, bueratmould be considered a heterogeneous
condition. Indeed, from a treatment perspectivis, division is already accepted: women who
are both ER and PR negative are not treated wjtlvadt hormonal therapies such as tamoxifen,
which are ineffective in such women, while womeran$ ER/PR status who have breast cancer

that presents as HER2+ are successfully treatédtuistuzumab [17, 18].

1.B.2 Breast Cancer Subtypes by Hormone ReceptqorEgsion

ER and PR status are the most widely studied markdyreast tissue [19]. While clinical and
pathologic differences between breast cancersettfay ER and PR status are established,
epidemiologic studies that have compared risk fadiar receptor positive vs. receptor negative
tumors have had ambivalent findinigs some individual risk factors. However, they bav
established that risk factors for ER and PR stdtudiffer by subtype, indicating the
heterogeneous nature of breast cancer. Previodiestihe majority of which are case-control,
typically compare ER+ breast cancer cases, anccises, to controls, or consider ER and PR
status jointly to arrive at four ER/PR- definedsd#dications, ER+PR+, ER+PR-, ER-PR+, and

ER-PR-, which are typically compared to a controlup that serves as a common referent
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group. Less commonly, a case-only analysis is cciedi where ER+PR+ will serve as the
reference group to which the other categories angpared. Because ER+PR- and ER-PR+ cases
are less common, analyses are often underpowefedltstatistically significant findings in

these classifications. Some clinicians believe #mgthormone positivity (ER+, PR+, or positive
for both) should be analyzed as a group againsetiado are both ER and PR negative, however
data have indicated that those who are positivedtin markers have better treatment outcomes

than those positive for only one marker [20, 21].

1.B.3 Breast Cancer “Molecular” Subtypes

The understanding of HER2 as an important tumokerahat aids in determining optimal
patient treatment, and the combination of this ravkith the presence of ER and PR
biomarkers, has resulted in the designation of fmalecular subtypes”, originally determined
by intrinsic expression, but correlated with ER,, BRd HER?2 status as follows: Luminal A (ER
and/or PR+, HERZ2-), which typically comprises 08686 of the population; Luminal B (ER
and/or PR+, HER2+), which accounts for about 12%e population, HER2+ (ER and PR-,
HERZ2+), which accounts for less than 10% of theuytetpon, and triple-negative (ER-, PR-, and
HERZ2-) types, which accounts for about 15% of thpytation [5, 22]. Although sometimes the
term “basal-like” is used interchangeably with keimegative cancer, whether a tumor is basal-
like is determined through tissue microarray otHt€ surrogate of CK5/6 CK14 and or EGFR
expression, while determination of ER, PR, and HBR@ativity occurs through
immunohistochemistry [23]. While there is overlapt all triple-negative tumors are basal-like;
the correlation between triple-negative and bakealdreast cancers is 70-80% according to
studies [24, 25]. The term “triple-negative” wik lused throughout this dissertation to connote

that the subtype is determined immunohistochenyic@ihe respective importance of various



risk factors, treatment effectiveness, and canatrome differ across these types [5, 6, 22, 26-

30]. Figure 1-1represents the categorization of breast cancemaiecular subtypes.

1.B.4 Other options for classifying tumors

Although used less frequently, there are other@prate sub-classifications of breast cancer for
the purposes of examining risk factors by subtypenors can be classified by histologic type
[31-34], or by other intrinsic features that arsasated with prognosis, such as tumor grade or
tumor size, or features of the cancer, such agpoesof positive nodes or cancer stage.
However, these latter two features are largelyipeted on when the tumor is diagnosed, rather
than features that are intrinsic to the tumor,>sm@ning risk factor associations with a
characteristic such as stage may be complicatéddbgrs associated with when the tumor is
diagnosed (such as healthcare-seeking behavibgrritan an intrinsic function of the tumor.
Lymph node status is positively correlated withdgrand tumor size, however the relationship
with ER and PR status is less clear; one studgatdd that 46% of ER and PR positive tumors
had positive nodes, while 53% of tumors that wdRealid PR negative had positive nodes,
indicating any correlation between ER and PR ardhhmay be weak or nonexistent [35].
Additionally, expression of other receptors on tutssue may be of value for classification;
expression of cell-cycle proteins, for exampleggsociated with poorer prognosis, and risk

factors for cancers that do and do not exprese thedeins may differ [36].

1.B.5 Tumor Grade

In this dissertation, | will examine tumor grada,important prognostic feature of breast cancer.
Grade has been demonstrated to independently affeghosis, regardless of tumor size or
number of positive nodes (which represent othegmostic indicators) [37]Tumor grade

classifies cancer cells according to their appesramder a microscope (how abnormal they
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look compared to normal breast tissue) and howkéutbe tumor is likely to grow and spread.
The Scarff-Bloom-Richardson system is the most comigpe of classification system used,
and will be used for the data in this dissertatlarthis scoring system, pathologists observe
three features of the cancer cells to determinetigrade: (1) the frequency of cell mitosis, (2)
tubule formation (the percentage of cancer compos$é&dbular structures) and (3) nuclear
pleomorphism (also known as nuclear grade), whestdbes the change in cell size and
uniformity. Each of these features is assignedaes@nging from 1 to 3 (with 1 indicating a
more normative situation, e.g., slower mitosis,detubular structures, more uniform cells, and
3 indicating a more radical situation). The scaresach the cell’s features are then added
together for a final sum that ranges from 3 to Quior with a final sum of 3, 4, or 5 is
considered to have a tumor grade of 1 (i.e., wiéfikiebntiated). A sum of 6 or 7 is Grade 2, or
moderately differentiated, and a sum of 8 or 9rigd® 3, considered poorly differentiat@@ble

1-1 describes the components of tumor grade.

1.B.6 Breast Cancer Subtypes: The Role of Familystdiry

Family history is a well-established breast camisde factor, typically conferring a two-fold
increased risk of breast cancer for women withaffected first-degree relative [38, 39]; this
association can increase to a four-fold risk formea with 3 or more affected relatives [38].
Family history has been associated with all suldygfeoreast cancer defined by hormone
receptor status, both ER+ and ER-, PR+ and PR-4[0-8,7]. Therefore, family history appears

to be a consistent risk factor for breast cancersacsubtypes.

There has been little exploration of how familytbry may modify the effect of risk factors on

different tumor subtypes. This may partially re$toin the fact that, in average risk populations,



only 5-10% of cancer patients will have a posifivet-degree family history of breast cancer,

limiting the power to conduct sub-analyses on pessweith family history.

Familial breast cancer (FBC) is defined as eitlmeast cancer that occurs among patients
carrying mutations in the two known breast cancasceptibility genesBRCAlandBRCAZ or

that which occurs in cases with family history loé¢ disease, that do not carry a known
susceptibility gene (typically in a first of®degree relative). While as many as 90% of persons
carryingBRCAmutations will ultimately be diagnosed with breasst related cancer [48], most
FBC patients do not carry mutations in these gdfeamination of how breast cancer subtypes
and other tumor characteristics associate withlfahistory, particularly among those who are
notBRCAlor 2 positive, has been limited, and available stubege taken different approaches

to examine this issu&ee Table 1-2)

Perhaps a more important question regarding tleeafolamily history on breast cancer risk is
what role environmental risk factors play in brezstcer risk in the presence or absence of
family history. In my comprehensive review (seeol| | have separated studies of “high-risk”
women and risk factors for breast cancer definetubyor subtype, from studies of “average-
risk” women. Included within the higher-risk groape studies that examine risk factors by
tumor subtype among women with a first-degree famigtory of breast cancer. If we can
understand how breast cancer risk factors affektin the presence of family history, women
may be better able to make decisions that allowdduction in overall risk. If, in addition, we
can understand the role that these risk factossipléhe etiology of subtypes with prognostic
ramifications, in the presence or absence of famsgyory, we could further tailor behavioral
modifications to reduce the risk of those typebrefast cancer associated with poorer survival,

such as ER-PR- or triple-negative breast cancers.
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Previous studies that have examined environmengalsb cancer risk factors among women with
a family history of BC include the Minnesota Bre@sincer Family Study, a study of 544 case
families that found evidence that family historydifees the association between adolescent
obesity, alcohol consumption, and OC use, and boaaser risk. However, this study did not
examine hormone-receptor defined subtypes of boeaster. Other studies have compared
strengths of associations between risk factorsbaedst cancer for women with a family history
compared to those for women with no family histgl§], but again, these associations have
been examined using the outcome of invasive brzaster as one homogenous condition, rather

than via receptor-defined subtypes.

This review will separate studies that examine waoiehigh risk of breast cancer based on
factors such as family history, age at diagnosid, BRCAlor BRCAZ2status from studies that
examine risk factors in average-risk populationgopulation will be considered to be “high
risk” if the examined population is premenopausatansists entirely of women age 55 or
younger, consists of BRCAlor BRCAZ2positive population, or has a first-degree farilgtory
prevalence of breast cancer of 20% or more of dpeiation (the 20% mark is similar to the
first-degree family history proportion within thepulation-based sites of the Breast Cancer
Family Registry, the population examined in thisséirtation). The review will primarily cover

known reproductive and hormonal risk factors fardst cancer.



1C. COMPREHENSIVE REVIEW OF CURRENT LITERATURE ON R ISK FACTORS

AND BREAST CANCER TUMOR CHARACTERISTICS

1.C.1 Literature Search Criteria of Risk Factor As®ciations with Tumor Characteristics

1.C.1.a Literature Search for reproductive andmonal risk factors associated with molecular
subtype or similar

To date, there has been one systematic reviewpobdective risk factor associations with
“molecular” subtypes, defined immunohistochemicafyER, PR, and HER?2 status [30], as well
as a review that included the association withaépctive risk factors and HR+, HER2+ and
triple negative cancer subtypes [50] and some wes/{govering etiology, genetics, treatment,

prognosis) specifically of the triple-negative sy [23, 51-53].

For the purposes of this dissertation, | conduetéterature review of all publications examining
risk factor relationships with the molecular sulggp.uminal A, Luminal B, HER2+, and Triple-
Negative breast cancer. Because the term “triptginee” breast cancer did not appear until
October of 2005 [23], this comprehensive reviewnariilly covers literature published between
October 1, 2005, and September 1, 2017. Priorisadtite, there were a few publications that
examined risk factors in relation to HER2 expressmamlependent of ER/PR status [26, 54, 55],

and these publications are included in the review.

A PubMed search using the terms:

“molecular subtype” [Title/Abstract] OR (“molecuidiTitle/Abstract] AND “subtype”[Title])
AND ("breast neoplasms"[Title] OR ("breast"[TitlAND "neoplasms"[Title]) OR

("breast"[Title] AND "cancer" [Title]) OR "breastacer" [Title]) AND ("women"[MeSH



Terms] OR "women"[Title/Abstract] OR "female"[Titlbstract]) AND (“risk” [Title/Abstract]

or “odds”[Title/Abstract] or “rate’[Title/Abstracj]AND “English’[lang]

yielded63 studies. After excluding clinical trials and steslthat dealt with prognosis, treatment,
survival, recurrence, genetic factors/polymorphisamel studies that examined risk factors
outside of the scope of this dissertation (e.g. magraphic density, diet, non-steroidal anti-
inflammatory use), or publications that were comtaen letters13 studies remained for
inclusion in the literature review. | then repladkd term “molecular subtype” in the above
search with “triple-negative” and limited the sdato title, which yielded additional pertinent
studies, then changed triple-negative to “basa*lkhich yielded? additional pertinent studies.
Replacing “triple-negative” with ER-PR-HER2- yiettlao additional pertinent studies, and
replacing “triple-negative” with “luminal” yieldedo additional pertinent studies. Finally, |
conducted a search that incorporated each riskrfatinterest separately, to capture any

remaining studies that had been missed, for example

“triple-negative” [Title/Abstract] OR (“molecularfTitle/Abstract] AND “subtype”[Title]) AND
("breast neoplasms"[Title] OR ("breast"[Title] ANDeoplasms"[Title]) OR ("breast"[Title]
AND "cancer" [Title]) OR "breast cancer” [Title])MD ("women"[MeSH Terms] OR
"women"[Title/Abstract] OR "female"[Title/AbstragtAND (“parity "[MeSH Terms] or

“parity "[Title/Abstract]) AND “English”[lang]

For each search, the relevant risk factor, sucpasty” (the bolded term in the search string
above) was inserted, and “luminal” was substitdtedtriple-negative” such that 2 searches
were conducted for each risk factor. This processigd a total o1 additional relevant papers.

In total, | found 13+8+2+1134 studies that met the initial criteria for reviethe References
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section of each study was examined to yield aduhligtudies for review, however no additional
studies were found. | additionally limited the mwito those studies with a total sample size
(cases and controls, where relevant) of 500 or reobgects, as studies with a smaller overall
sample size are likely to be underpowered to detesbciations in rarer subtypes (are likely to
have fewer than 50 cases of HER2+, for exampldk difiterion eliminated 4/34 studies,

yielding a body o880 studies for review.

1.C.1.b Literature Search for reproductive and honal risk factors associated with ER and/or

PR Status

The 30 studies ascertained above are the basifoofmation on risk factor associations with
breast cancer classified by ER, PR, and HER2 statoishe molecular subtypes denoted in
Figure 1-1 | additionally reviewed the literature to ascierggapers on risk factors associated

with breast cancer defined by ER, PR, or joint ER#®atus.

A comprehensive review on this topic was publisime2004 by M. Althuiset al, in the journal
Cancer Epidemiology Biomarkers and Prevention [} additional review, specifically for
breastfeeding, was published in 2015 by F. Islkeinail, in Annals of OncologyFinally, a review

of reproductive risk factors for HR+ tumors as wasdlHER2+ and triple negative tumors was
published in 2014 (Andersaat al, Breast Cancer Research and TreatmeAtsummary of these
reviews, and an additional literature review ofpalblications examining risk factor relationships
with ER status, PR status, and joint ER/PR statidighed between Feb. 1, 2004 (the last date
of inclusion for the Althuis review) and SeptemheP017 was combined with the review of
molecular subtypes. Specifically for breastfeedsigce a recent review has been published, a

review is included only for articles published afiee last date of paper inclusion for the Islami
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review (8/27/14). In order to identify articles pished on ER/PR, or joint ER/PR status between

the dates specified, a PubMed search using thesterm

(estrogen[Title/Abstract] OR progesterone[Title/&lbst] AND receptor[Title/Abstract] AND
breast[Title/Abstract] AND cancer[Title/AbstractND parity[Title/Abstract] ) AND
(risk[Title/Abstract] OR odds|[Title/Abstract] ORtefTitle/Abstract]) AND (English[lang] AND

("2004/02/01"[PDAT]: "2017/09/01"[PDAT]))

was conducted. The bolded term (“parity” in therapée above) was replaced with each risk
factor of interest, and a separate search rundfchn eésk factor (parity, breastfeeding/lactation,
age at first birth, age at menarche, oral contriepse, hormone replacement therapy) of
interest, as well as for factors that may additilgrize examined or adjusted for in the model
(age, race, menopausal status, education, bodyindess[BMI], smoking, alcohol use). Papers
that classified breast cancer using the “molecsiédtypes” rather than just ER and PR status
were examined separately and reviewed using theriernoted in sectioh.C.1.aabove. This
method yielded 02 studies for “parity” 42 studies for “breastfeeding” or “lactation”, 47 dtes

for “contraceptive”, 85 studies for “menarch@9 studies for “age at first birth” arttb0 studies
for “exogenous hormone” or “hormone replacementapy’. After excluding studies that dealt
with prognosis, treatment, survival, recurrenceegie factor/polymorphisms, studies that
examined risk factors outside of the scope ofdigsertation (e.g. mammographic density, diet,
non-steroidal anti-inflammatory use), studies thate redundant across searches, and comments
or letters, the search terms above yielded a tdtab pertinent studies (including reviews).

These 56 studies are distinct from those foundguia molecular subtype search terms.
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Papers meeting these criteria were then examinddteymine if they consisted of a sample of at
least 500 subjects, and bibliographies examingakeld additional studies. Five of fifty-six
papers included fewer than 500 subjects, howevemnfihese papers (Largegttal, 2005 and
Jiaet al, 2015) examined risk factors and ER status in woBteyears of age or younger. Thus,

| did not exclude these papers because they exdmihgh risk population. Examination of
bibliographies yielded two additional pertinenteneinces. Thu®5 papers on ER/PR status

published since thalthuisreview are included in the comprehensive review.

1.C.1.c Literature Search for reproductive andrmonal risk factors associated with tumor

grade

Tumor grade is under-examined in terms of its r@fato typical breast cancer risk factors. No
previous review of risk factor associations witmtr grade exists. To search for literature
associating risk factors of interest with tumordgal conducted a literature search in PubMed

using the following search terms:

Breast [Title/Abstract] AND cancer [Title/Abstra&dND “parity ” [Title/Abstract] AND grade

[Title/Abstract]

“Parity” was replaced in consecutive searches thiéhother risk factors of interest, as was done
for the previous searcheBhirteen total pertinent studies examining tumor grade veovad.

The bibliographies of these studies were examiaaaeid additional references, revealing one
other pertinent reference, for a totalldfstudies. Because of the overall paucity of papethkis
field, I did not limit the sample size for inclusi@f papers examining the association with

relevant risk factors and grade.
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1.C.2 Findings of Review

The results of the review of hormonal and reprodeatsk factors for average-risk populations
are summarized by risk factor of interest in Tabl@ The results of the comprehensive review
for high-risk population are summarized in Tabld. While the table of study findings of
average-risk populations includes summary acrodspieustudies,Table 1-4 of high-risk
populations, describes results of individual stadie my knowledge, the below review is the
first to review the literature regarding breastaarisk factors and tumor characteristics,
specifically within higher-risk populations, as Was$ the first review of risk factors on tumor

grade.

1.C.2.a Risk Factor: Parity

ER, PR, and joint ER/PR statuBhe results of the Althuist alreview found that any parity,
compared with nulliparity, reduced risk of ER po&t but not ER negative, tumors in most
instances, with risk estimates ranging from 0.5¢{6@npared with controls), and the greatest
reduction in risk found for multiparous women [1%he review’s findings regarding whether PR
status is affected by parity appear to indicaté B+ women are more likely to be nulliparous
[19]. Of the studies in average-risk populationbl@ined since Althuis that examine ER status,
ten have supported that parity reduces ER+, buERstbreast cancer when compared to a
control group [56-65]. The review of HR+ cancersrid that an inverse association between
parity and HR+ breast cancer was present in 12 at@dies [50]. Only lwasalet al examined
PR status alone, and found it unrelated to paiy.[Four studies, by Nichokt al
(premenopausal women), #tal (women under age 36), Largegital (women under age 35)

and Bertrancet al (African-American women under age 45) examinedtyand ER status in a
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high-risk category of women [55, 67-69¥lichols and Bertrand found results regarding ER-
status similar to those found in average risk pagpoihs, while Jia found increased likelihood of
ER+ tumors, with higher parity, and Largent fourtdassociation between parity and ER status

(Table 1-3 and Table 1-4)

Regarding joint ER/PR status, Alth@sal found equivocal results in regards to parity, hosve
some of the differences in findings may have begibatable to differences in age distribution
of the population studied, or selection bias asgediwith missing receptor status [63]. Since
2004, the additional studies that have examineddlagion between parity and joint ER/PR
status, including one meta-analysis [70], have lhst@und that parity is associated with
reduced risk of ER+/PR+, but not ER-/PR- can&ere(Table 1)3In three studies, higher parity
was associated with an elevated risk of ER-PR-@amehen compared with controls [71] and
compared with ER+PR+ cases [65, 72], while a fawlist indicated that parity did not differ by
joint ER/PR status [41, 73]. One study examinedyh hisk population, women <50 years of age
[27]. In this population, the protective effectpErity was confined to ER+/PR+ cancers

(compared with controls), and increased with ealthtinal pregnancy.

Molecular subtypeThe first published paper to examine the assatidietween parity and
“molecular subtype”, by Millikaret alin 2007, found that “basal-like” breast canceteonfused
synonymously with “triple-negative” cancer, was ipigsly associated with parity, in contrast to
the findings for Luminal A cancer, where parity wastective [6]. Since Millikan’s publication,
many additional studies have confirmed or suppadttede findings [28, 59, 65, 74-80], while
several studies have found no overall differerggsdociation with parity and molecular subtype

[80-84]. A review article was published in 2016, igfhindicated that parity was protective
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against developing the Luminal breast cancer s@styacross 12 studies, of 15 evaluated [30].
For the HER2 subtype, one study indicated no aasoniwith parity [30]; however a case-only
analysis indicated increased risk of HER2+ canegh increased parity, compared with
Luminal A cancer [85]. While Kwagt alfound no overall association between parity and
molecular subtype, case-only analysis found thahemwho had three or more children and

never breastfed were at increased risk for triglgative or HER2+ cancers [81].

Only one study examined the association betwedty@ard molecular subtype in a high risk

population, although others limited their analysesertain ethnicities that are at higher risk for
triple-negative cancer specifically [6, 76, 79].eT$tudy of high-risk women (younger than age
45) only examined triple-negative cancer compaoeabin-triple negative cancer; there was no

association between parity and triple-negative eaf3].

Grade: | found five studies that examined the associabioparity and tumor grade [54, 86-88],
all of which had slightly different findings. In Buet al, nulliparity was more strongly associated
with grade 3 tumors, compared with grade 1,2 tumehdle Albrektseret aland Somasegat

al found no overall association between parity (wliparity) and tumor grade, but Albrektsen
found that among parous women, higher parity was@ated with more undifferentiated
tumors, a component of tumor grade. In the twoistudonducted in a high risk population,
Largentet aland Jieet alfound no association between parity and gradeomen diagnosed

with breast cancer prior to age 35 [54, 69].

1.C.2.b Risk Factor: Age at first birth

ER, PR, and joint ER/PR statuBhe results of the Althuist al review found that a later age at
first live birth was more consistently observed EBR-positive rather than ER-negative tumors,
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with older ages in ER+ women associated with rikn@ates ranging from 1.4 to Z/6able 1-

3). Another review in 2014 confirmed these findings, iR+ tumors [50]. Of the studies
published since the Althuis review, five studiesrid a positive association with late age at first
birth and ER+, but not ER- breast cancer, whileelstudies found no such association. Althuis
et alfound no elevated risk specifically associatedhWAR expression [19]. Additional studies

examining PR status have not found any associatitmnPR status and age at first birth [65, 89].

In the review by Althuis, among studies that assg@$sint ER/PR expression, there was a
modest increase in hormone-receptor (HR) positiuenbt HR negative tumors among women
with an older age at first birth. Most studies psitéd since the review support this finding. A
meta-analysis published in 2006, which used marti@tame studies reviewed in the Althetis
al paper, found that women in the oldest age atlirth category were on average at 27%
increased risk of ER+PR+ cancer, but age at firtt lvas not associated with ER-PR- cancer
[70]. Five additional studies support this findimg;luding one in a case-only analysis of a high
risk population [27]. However, other studies foyasitive associations with ER-PR- cancer [63,
71, 90] or with ER+ PR- cancer [73] and late agirstt birth. Studies of high-risk populations

have been inconsistent in regard to age at firgh bhnd ER/PR statu3 &ble 1-3.

Molecular subtypeMillikan et alin 2007, found that “basal-like” breast cancer wasitively
associated with a younger age at first full-termgoancy, while Luminal A cancer was
associated with older age at first full-term pregna[6]. Since Millikan’s publication, three
additional studies and a meta-analysis have coafirthese findings [30, 59, 74, 80], however
four studies have either not found an associateiwéen age at first birth and molecular subtype
[81-83] or found an association with late age ahband HER2+, but not ER+, breast cancer

[75]. Of two studies that examined the associadbetween age at first birth and molecular
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subtype in a high risk population, one found arense association between age at first birth and
triple-negative breast cancer, and one found nocésson between age at first birth and subtype
[68, 91]. Given the lack of agreement in findintjg relation between age at first birth and

molecular subtype is unclear.

Grade: In Buttet al,there was a statistically significant positiveasation between late age at
first live birth and grade 3 tumors. In Albrektsetral, later age at first birth was associated with
fewer high grade tumors, compared to earlier agiesatirth. In the study of women <age 35,
Largentet alfound that early age (<20 years) at first fullstgpregnancy was positively
associated with tumors of higher grade, refutirgfthdings by Butt in an average risk

population [54], while Ji@t alfound no association between grade and age tbiitk [69].

1.C.2.c Risk Factor: Age at menarche

ER, PR, and joint ER/PR statu3lder age at menarche was not associated withichdil ER or
PR status in the studies reviewed by Althuis in2@hd age at menarche was not related to
breast cancer risk at all, in a higher-risk popatatHowever in case-only analysis, PR
negativity was inversely associated with early agmenarche, compared to PR+ status [65].
Where ER and PR status were defined jointly, ER+/B&hcer was inversely associated with
older age at menarche, with risk estimates ranfgorg 0.5 to 0.8, compared with menarche at
younger ages, but was not associated with any heemegative cancers (ER-PR+, ER+PR, ER-
PR-)[19]. Since the Althuis review, a meta-analysid 3 additional studies, including one that
studied women under the age of 50, found thatdgéeat menarche was not differentially
associated in hormone-receptor positive cancdarguyh late age at menarche was associated

with decreased breast cancer risk overall [2776373, 92, 93]. In contrast, Ceii alfound late
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age at menarche was inversely associated with Biiot ER- tumors[57], Rosenbezgal
found that earlier menarche (< age 12 years) wssceged with ER-PR- cancer [41] and
Setiawaret al, in the Multi-Ethnic Cohort study, found that latge at menarche15) was
associated with a protective effect against ER+RiR#not ER-PR- cancers [40], as did Réte

al, in their cohort study [61].

Molecular subtypeMillikan et alfound no association between age at menarche aletubar
subtype of breast cancer, in case-only analyseg\f]itional studies have confirmed the
Millikan findings [74], found a positive associatibetween early age at menarche and the
HER?2 subtype [82] and a positive association betvesely age at menarche and Luminal
subtype, but not other subtypes [72, 80]. A 2014exe indicated that younger age at menarche
increased risk for HR+ breast cancer in about #udies reviewed, but was rarely associated

with HER2+ or Triple-negative breast cancer [50].

Grade:In the only study of an average-risk populatiar/yeage at menarchei1) was
associated with a two-fold increased risk of medarhigh grade tumors, compared to low
grade tumors [94]. In the study of the high riskplation of incident cases 35, age at

menarche was not associated with grade [54].

1.C.2.d Risk Factor: Breastfeeding

ER, PR, and Joint ER/PR statusthuis found that ER or PR expression was nded#ntially
associated with breastfeeding [19], rather, in nstgdies breastfeeding has been associated with
a decreased risk of all types of breast canceceSMithuis, a recent review and meta-analysis,

by Islamiet al, covering 27 studies, demonstrated that breastfgadas inversely associated
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with ER-PR- breast cancer, but not consistentlgisgly associated with ER+PR+ breast cancer

[95].

Molecular subtypeThe initial study of risk factors in relation tocohecular subtypes, by Millikan
et alfound an important interaction between breastfegdnd parity in relation to molecular
subtypes, namely, that women who were multiparautslial not breastfeed were at increased
risk of triple-negative cancer [6]. Probably agauit of this finding, most studies that followed
Millikan’s have included breastfeeding as a risétda of interest, and have sometimes included
an interaction term that pairs breastfeeding amdyp#\ cohort study confirmed Millikan’s
findings [81], as did a case-control study in ahhiggk population [96], and the review and meta-
analysis by Islamet aldemonstrated an inverse association between feedstg and triple-
negative cancer [95]. However other studies haWed#o find a differential association between
breastfeeding and molecular subtypes (some didaimdverall inverse association between
breastfeeding and breast cancer) although thedestdid not examine breastfeeding and parity
jointly [29, 59, 74, 83]. In a pooled analysis, atedy found that breastfeeding reduced risk of
both Triple-negative and Luminal A subtypes, buon African-American women [79], while

a case-only study among a racially diverse grouparfien found that longer breastfeeding
duration was positively associated with LuminacBmpared to Luminal A, breast cancer, and
not associated with HER2+ or Triple-negative breasicer, compared to Luminal A cancer
[85]. A recent meta-analysis found that breastiegavas strongly inversely associated with
luminal breast cancer, not associated with the HE&type, and significantly inversely
associated with triple-negative breast cancer [&Gtudy in high-risk women, age 20-44, also
indicated that breastfeeding was associated wiérge risk of luminal and triple-negative breast

cancer, but not HER2+ breast cancer [91].
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Grade:Only two studies have examined breastfeeding aticel to tumor grade. In these studies

breastfeeding was not associated with tumor graded7].

1.C.2.e Risk factor: Oral contraceptive use

ER, PR and Joint ER/PR statdshe Althuis review found modest evidence of a pasi
association with oral contraceptive use and ER-otusubtypes, while a more recent cohort
study found an inverse association of OC use antl &Rcer [74]. However, studies examining
OC and joint expression of ER and PR were incongius the Althuis review [19]. In studies
published more recently: OC use has not been ia$sdavith estrogen receptor status or joint
estrogen/progesterone receptor status in two styodiblished since Althuis [27, 41] while other
studies have demonstrated a borderline protectieeteagainst ER+PR+ cancer in an Asian
population [98], and a positive association for @@ on ER-PR- cancer in African American
women [99]. Among high risk populations, Beabeal found that recent OC use was positively
associated with ER+ breast cancer [100] , whilerBedet al found no association between OC

use and ER+ or ER- cancer, among young African Azaerwomen [67].

Molecular subtypeMillikan found no association with oral contrageptuse and molecular
subtype, a finding confirmed in more recent anay|3d, 96]. In a detailed examination of OCs,
that examined not only use but duration, time sus® and age at first use, Maal also found

no associations between OCs and molecular subbgle$tudies of OC use and molecular
subtype that yielded findings, demonstrated that ege was protective against Luminal B,
compared with Luminal A, cancer [81], and amongngwomen age 20-44, that long duration
of OC use %15 years) was associated with increased risk gietnegative, but not HER2+,

breast cancer [101].
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Grade: In the only two studies known to examine OC usgtamor grade, one found that
“never-users” of OCs had higher grade tumors tleer-users” but also that each additional
year of OC use conferred increased risk [102], evttik in the other, which was conducted

among women <35 years old, OC use was not assoaidtie tumor grade [54].

1.C.2.f Risk factor: Hormone replacement therapy

ER, PR and Joint ER/PR statddhe Althuis review found among older studies ideld in the
review, there was no association with hormone cgpteent therapy and breast cancer risk [19].
However, among more recent studies in the reviealuding the Nurses’ Health study,

previous, but not current use of combined HRT wss®aiated with increased risk of ER+, but
not ER- tumors [42], and increased risk of ER+P&wdrs, but not hormone negative tumors
[103]. Among studies published since the Althetigl review, hormone replacement therapy has
been almost exclusively associated with ER+, or BER+ tumors, but not ER- or ER-PR-

tumors [40, 41, 104-106].

Molecular subtypeFew studies have examined HRT use in relationdteaular subtype. In two
studies [82, 106], combined HRT therapy was astetith Luminal A and B types, as would
be expected given these types are also ER/PR\msiwo studies using case-only analyses
where Luminal A was the reference population shodiffdring results, with one having null
findings [6] and the other demonstrating an inverssociation between HRT use and Luminal B

and HER2+ cancer types, compared to Luminal A typ&k

Grade: In one study, current, but not former use of HR&s positively associated with low

grade tumors; findings did not vary by regimen [[L05
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There are few studies of high risk populations BRI use, primarily because HRT use

generally occurs among a postmenopausal (and tdesand less high-risk) population.

1.C.3 Summary of Literature on other Factors: AgeRace, Menopausal Status, Body Mass
Index, Smoking and Alcohol Use

For this dissertation, | will primarily concentrata hormonal and reproductive risk factors.
However, other factors that are known or suspetctdet associated with breast cancer, and
which differ in prevalence according to breast earstubtype, will need to be examined and/or

adjusted for.

The following is a brief summary of the literatuoedate on the associations between age, race,

menopausal status, smoking, and alcohol use, aa$tcancer tumor subtypes.

1.C.3.a Age at Breast Cancer Diagnosis and Tunbty®e

ER- and PR- tumors, and higher grade tumors, a@&caded with a younger age at diagnosis.
This association can somewhat be explained byttbeger association of ER-, PR- and high
grade withBRCAlor 2 positivity, which is associated with early ageancer onset, as well as
the fact that, even withoBRCAlor 2 positivity, breast cancers that occur in youngem&n
are often of a more aggressive type, which cornedpto ER and PR negativity, HER2
positivity, and high grade [107]. Additionally, wam in younger ages may have had less
exposure to factors positively associated with ER+Rancer, such as hormone replacement
therapy, which is typically not prescribed to premgausal (younger) women, thus a greater

proportion of their cancers may not be hormoneiseas
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1.C.3.b Race and Tumor Subtype

Many studies have examined racial differencescerdance of tumor subtypes, and this topic in
itself would qualify for a systematic review. Masich studies have demonstrated that African-
American women tend to have a higher incidenceRFMHAR- breast cancer, and the first studies
that elucidated triple-negative breast cancer destnated that African-Americans experience
higher incidence of triple-negative breast canbat tlo white women [5-7, 108, 109]. However,
it is less clear whether this is an intrinsic agstoan with race, or rather reflects different
distributions of risk factors that are associatétth wiple-negative breast cancer, among African-
Americans compared to other races [56, 110]. Anathgr races and ethnicities examined for
this review, there does not appear to be diffeatmcidence of any hormone-defined tumor

subtype by rac&.C.3.c Menopausal Status and Tumor Subtype

Certain risk factors for breast cancer are diffeedlly important depending on a woman’s
menopausal status. For example, hormone replacdheapy, which is almost exclusively used
among women in peri- and post-menopause, can tipaay be examined among a
postmenopausal population. HRT use is associatédBR+ and PR+ tumors, and with low
grade, and postmenopausal women are also morg tkkblave ER+, PR+ and lower grade
tumors than premenopausal women. BMI also acteréifitly depending on a woman'’s
menopausal status. Postmenopausal obesity isy@bgiissociated with breast cancer, and
appears to be most associated with ER+/PR+ canbéde premenopausal obesity does not

appear to be associated with breast cancer atllifL1].
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1.C.3.d BMI and Associated Characteristics and dug8ubtype

As just noted, the role of obesity in breast camtedogy differs depending on whether the
cancer occurs pre- or post-menopause. Obesity mezhatithe time of diagnosis (i.e. current
BMI) may also not reflect the role of excess weighthe development of cancer. Various
studies have examined not only current BMI (BMtted time of cancer diagnosis) but also
weight at age 20, weight gain in adulthood, andofi@cwith which obesity is associated, such as
metabolic syndrome [40-42, 112-115]. Studies reedly Althuiset aldid not find any
association with premenopausal obesity and careferedi by hormone receptor status [19].
High body mass index has been associated with BER#fBmors, but not ER-/PR- tumors [40-
42, 116], particularly among women who gained aificant amount of weight in adulthood
compared with women who gained little weight [413]L High BMI was found to be associated
with triple-negative breast cancer in one poputajiil4], but not another [109], and metabolic
syndrome, but not obesity alone (which is a compboémetabolic syndrome) was associated
with triple-negative breast cancer in another stddyp]. One study that examined the
association between BMI and grade found that BMplasitively associated with higher grade
tumors in a premenopausal population [117]. HighlBRd obesity has also been described
consistently as a risk factor in male breast camvekich is predominantly of the “Luminal”

subtype [118].

1.C.3.e Smoking and Breast Cancer Tumor Subtypes

Smoking is not consistently associated with breaster, and has been looked at in a very
limited fashion in regards to breast cancer defimgtlimor characteristics. In such studies,

smoking has not been differentially associated it specific subtype defined by tumor
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characteristic. Studies reviewed by Althatsal did not find any differential association with
smoking and cancer defined by ER or PR expresdi®j One other recent study that examined
this association also did not find any differentelhtion between smoking and breast cancer
defined by ER or PR subtype [116]. A study of pastopausal women found no association
between smoking and triple-negative breast caridgd][ Only one study has examined the
relation between smoking and grade, and foundstmaking was associated with tumors of

higher grade in a postmenopausal population [120].

1.C.3.f Alcohol and Breast Cancer Tumor Subtypes

It is acknowledged that there is an associatiow&en alcohol and overall breast cancer risk,
and many, but not all, papers support an assogibgtween this risk and ER+ status. Papers
differ in regard the importance of PR status. Albtet alfound that there was no consistent
association between alcohol use and hormone-desnletypes of breast cancer [19]. Since the
Althuis review, additional publications have nardlied the relationship. A 2005 cohort study
demonstrated a positive association between aleg®bnd ER, but not PR, status [121]. A
meta-analysis published in 2008 demonstrated acias®n between alcohol consumption and
all ER/PR defined subtypes except ER-PR- [122hdstmenopausal populations, alcohol was
positively associated with ER+PR+ cancer, but ietER- or ER-PR- cancer [123, 124]. A
study of women with triple negative breast canteveed a reduced risk for drinkers compared
with non-drinkers [119]. No known studies have eisd the association between alcohol use

and tumor grade.
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1.C.4 Literature regarding Risk Factors and Correldgion of Tumor Characteristics

Most previous research regarding risk factor amd&ircancer tumor characteristics has been via
case-control design, and the examination of thecison between the risk factor(s) of interest
and the outcome of breast cancer performed usilygomaous logistic regression, where the
outcome of breast cancer is divided into severtal@itcomes defined, for example, by ER or

PR status. However, because ER status is correlatiedR status, along with other
characteristics of the tumor, such as tumor gridaeay be unclear whether the risk factor
associations found with ER or PR status are etioddly related to development of ER+ or ER-
cancers, PR+ or PR- cancers, or whether theséaasirs are etiologically related to a factor

correlated to ER or PR status, such as tumor grade.

Therefore, an alternative analytic technique hasrged for examining the association of
multiple tumor subtypes by specific risk factorisitechnique is known as the pseudo-
conditional likelihood method, and it is an offsthobd polytomous logistic regression [125, 126].
This type of regression allows for the adjustmdrdarrelated tumor characteristics, when
examining a risk factor’s association with a carmeicome more specifically defined by the
presence or absence of a tumor marker. Additioetaild on this method are described in
Appendix 1. To date, few publications have utilizeis method in examining breast cancer [14,
127], however a number of publications have usedrtbthod as a platform for examining

colorectal cancer [128-130].

Among the breast cancer studies, in a study pudadigh 2006, Garcia-Closas and colleagues
examined the relation among various tumor charisties (though not defined by ER/PR status)

and several risk factors of interest. The relabetween the risk factors and tumor characteristics
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such as grade, tumor size, and nodal status was ctearly elucidated when the correlated
tumor characteristics were adjusted for using theshextension of polytomous logistic
regression that can account for multiple diseaseomoes [125]. These case-only analyses
demonstrated, for example, that late age at firét lvas associated with larger tumor size (> 2
cm) vs. small tumor size, and this finding remaisgphificant even after adjustment for tumor
grade and nodal status. While late age at fir¢h buias also associated with positive (compared
with negative) nodal status, the association dichiotd after accounting for tumor grade and
tumor size, indicating that the unadjusted findingse likely due to the correlation between
large tumor size and positive nodes [14]. In anoinevious study that utilized the pseudo-
conditional likelihood method, the investigatorsestmined that ERxlevels (e.g., ER positivity)
were inversely associated with BMI among premensalwomen, but this relationship was not
maintained when adjusting for BRlevels, PR levels, and HER2 levels; however, IiHgh

levels (i.e., PR positivity) were positively assaeid with high BMI among post-menopausal
women, and this relationship was maintained wheustidg for the other marker levels [127].
High HER2 levels were associated with high BMI agnpnemenopausal women, however this
trend became significant only after the other me&xKER e, ER, PR) were adjusted for [127].
These studies indicate that risk factors may havapparent association with a specific tumor
characteristic, such as ER status, but in reatéyagsociated with a different, but correlated

characteristic, such as tumor grade or HER2 status.

1.C.5. Literature Review: Summary and Conclusion

While we have made great strides improving treatroéand reducing mortality from breast
cancer, there is still much that is not understalaut the etiology of breast cancer, how

different subtypes of breast cancer develop and pditgerns of biomarker expression exist.
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Understanding more about why some cancers develdg@iic characteristics or express certain
biomarkers, which have major implications for bteascer treatment and prognosis, is
important in quantifying breast cancer risk, esacamong family members of those with
breast cancer, and modifying behaviors that manease a person’s risk of developing a high-
mortality or difficult to treat tumor. Among famdi as well as sporadic breast cancer, better
understanding of risk factors that lead to certaincer subtypes may allow for behavior

modifications that reduce risks, or for enhancezl/entive behaviors.

1.D. RESEARCH GAPS AND DESCRIPTION OF AIMS

While the literature on risk factor associationghvareast cancer tumors defined by ER- and PR-
status is abundant, several gaps in research refiesh few of these studies have been
performed in a higher breast-cancer risk populasoich as among younger women, women
with a family history of breast cancer or womenipes for BRCAlor BRCA2 Second, despite

a preponderance of literature on risk factors aieddt cancer hormone receptor status, some risk
factors remain under-examined, and do not accauritdw various risk factors, such as oral
contraceptive use or breastfeeding prevalence,haag changed over time. Third, almost no
studies have accounted for the fact that hormooepter status correlates with other tumor
characteristics, such as tumor grade, obfuscatiegausal pathway through which risk factors
may function to cause specific subtypes of diselaisally, no studies to date have explored the
relationship between risk factors and tumor charstics in the context of a family-based

design.

Analyses as part of this dissertation examine ¢tHewing specific Aims, intended to address the

current gaps in knowledge. This dissertation ad@®shese gaps by analyzing data by subtype

29



in a large high-risk breast cancer population Bheast Cancer Family Registry, that includes
both population-based and sibling controls. Thdyamawill primarily concentrate on the
hormonal and reproductive factors of parity, briegsting, and oral contraceptive use, and will
explore potential cohort effects for OC use, partyd breastfeeding behavior, and cancer
subtype. Analysis will also be performed in botinaalitional case-control as well as a family-
based design, using women who have personal olidmiperience with breast cancer, to
examine within family differences. Risk factors Mae examined by both joint ER/PR status and
molecular subtype, and by the important progndatitor of tumor grade, and tumor
characteristics will be adjusted for one anotharasiwo-stage regression approach, to account
for the correlation among ER status, PR statusgaade, or ER status, PR status, and HER2

status.

Specific Aim 1:To understand the role of select reproductive amartonal risk factors in a

high-risk breast cancer population with significdamily history of breast cancer, using
population-based data from the BCFR, by evaluatimggassociations among selected breast
cancer risk factors, and estrogen and progesteregeptor status, in breast cancer cases versus
unrelated controls, using polytomous logistic reggien, and considering role of family history

and age cohort effects.

Main analyses and findings for Specific Aim 1 areluded in Chapter 2.

Specific Aim 2To evaluate the associations among select reproguand hormonal breast

cancer risk factors and breast cancer estrogen pnogiesterone receptor status, using clinic-
based data from the BCFR, by comparing the ristofgaroportions in breast cancer cases

versus related controls, utilizing the methodsaffomous logistic regression, as well as
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generalized estimating equations that accounttierdorrelation between cases and familial
controls; while considering the role of family list and BRCA1/2 status, in terms of risk factor

effect on outcome.

Main analyses and findings for Specific Aim 1 areluded in Chapter 3.

Specific Aim 3To evaluate the associations among breast canskrfaictors and breast cancer

tumor characteristics, including ER and PR statdER2 status and tumor grade, using
population-based and clinic-based data from the BRCBy comparing risk factor proportions
among cases who do and do not exhibit various tuwharacteristics (case-only analysis), using
binomial logistic regression as well as a regressapproach (pseudo-conditional likelihood

approach) that accounts for the correlation amongor characteristics.

Main analyses and findings for Specific Aim 3 areluded in Chapters 2 and 3.

A comparison of the findings in the population-lthaead clinic-based data sets is included in

Chapter 4.

Additional methodology information and tables areluded in Appendix 1.
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Figure 1-1: Classification of invasive breast carncgubtypes according to

immunohistochemistry marker profile, using ER, PRhd HER?2 status

All tumors

ER and/or PR+:
Luminal

HER2- HER2+
Luminal A Luminal B

65-68% 11-12%

ER- and PR-:
Non-Luminal

HER2+
ER2+ type Triple-negative

(Adapted from: Blows F, et al, 2010)[131]
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Table 1-1: Components of Tumor Grade

Total Feature Score*

Tumor Grade

Features of Cells

3-5 Grade 1 Well-differentiated (appear normalwgny
slowly, not aggressive)

6-7 Grade 2 Moderately-differentiated (semi-normal,
growing moderately fast)

8-9 Grade 3 Poorly-differentiated (abnormal, grayvin

quickly, aggressive)

*The total feature score is summed from 3 companéa} Tubule Formation (score range 1-3), (b) Turkfitotic
Activity—rate of cell division (score range 1-3)) Nuclear Grade—Cell size and uniformity (scoraga 1-3)
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Table 1-2: Breast Cancer Subtypes among those \Wimily History of Breast Cancer:
Summary of Literature

Study

Topic

Findings

Allen-Brady K, et al,
1JC 2005

Ductal or lobular breast
cancer and risk of BC in
relatives

Morphology-specific relative risks showed that tietes of
probands with lobular breast cancer had an incceask of
lobular cancer (FRR=4.51), as well as an increais&df
any breast cancer (FRR=2.47), compared to firstegeg
relatives of cases with any histology (FRR=1.832[L

Melchor, L et al,

Patients witrBRCA1positivity most often present with a

BRCAstatus and molecular “basal-like” pathology (associated with ER, PR &ittR2

subtype among those with

negativity); familial patients that are lBRCAlor 2 positive

Oncogene2008 familial BC most often present with a “Luminal A” pathology fasiated
with ER or PR positivity and HER2 negativity)[45]
Women with a first-degree family history of breaahcer
are more likely to have ER+/PR+ and ER+/PR- tunfous
Welsh ML et al,

Breast Can Res Trea

2009

Degree of family history

t and ER/PR status

not ER-/PR-) tumors, compared with women with noifa
history, while women with a"? degree family history only
are not at increased risk for any ER/PR -defineadotu
subtype.[47]

Mavaddat N, et al,
Breast Cancer Res
2010

ER status and familial
relative risk (FRR) in
relatives

In a study that computed familial relative risk {&Ror
breast cancer by subtypes (defined by ER, PR, &R
status), there was no difference between breasec&RR
for relatives of patients with ER- breast canceEB# breast
cancer [133].

Phipps, et alBreast
Cancer Res Treat
2011

Family history of breast
cancer in first degree
relative and risk of triple
negative BC

Having a first-degree family history of breast canwas
associated with an increased risk of triple-negalireast
cancer [46]

Jiang X, et alPloS
One2012

Family history and breast
cancer hormone receptor
status

In a Spanish cohort, women with a family historyboéast
cancer were non-significantly more likely to have-BR-
tumors than women without family history, but oifly
diagnosed prior to age 50 [44]

Ricks L, et alJ.
Community Genet
2014

Family history of cancer
and BC clinicopathologica
features

Self-reported family history of any cancer was agsged
with high grade, and ER-PR- breast cancers [15]
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Table 1-3. Reproductive and Hormonal Risk Factorsesiations with Breast Cancer Tumor
Characteristics in Average risk populations: Sumnyaof Studies by Risk Factor

Outcome Studied Publication Publication | Summary of Findings References
Type Date(s)
Parity
. Parity vs. nulliparity reduced risk of [19]
Review 2004 ER+ OR 0.5-0.8
. o . [56, 57, 59, 60,
i Parity vs. nulliparity reduced risk of
ER Status Original 2005-2014 ER+. but not ER- BC 62, 63, 65]
research Risks associated with parity and numbei#1: 661
2006, 2007 | of births did not significantly differ by
hormone receptor status
Review 2004 PR+ women more likely than PR- to be [19]
PR Status nulliparous
ggglega:l:h 2007 PR status not associated with parity [66]
Anv HR Status Review 2014 Increased parity associated with [50]
y decreased HR+ cancer
Review 2004 Consensus finding not reached [19]
Each additional live birth further [70]
Meta-analysis 2006 reduced risk of ER+ PR+, but not ER-
PR- cancer
é(tjlrt]t ER/PR Parity (vs. nulliparity) inversely [40, 58, 63, 65,
atus 2005-2016 | associated with ER+/PR+, but not ER{ 71, 90, 98]
o IPR- cancer
ggglega:l:h 2011 2013 | Higher parity associated with elevated [65, 71, 72]
' risk of ER-PR- cancer
2005, 2011 | Parity did not differ by joint ER/PR [41, 73]
' status
Increasing parity positively associated| [5,40,45-48]
N 2007-2011 | with triple-negative breast cancer,
Original protective against Luminal A cancer
research
2008-2010 No differential association between [21,49,50]
parity and molecular subtype
Molecular
Subtype Nulliparity associated with increased | [30, 80]
risk of Luminal subtype in Asian
Meta-analyses | 2016 populations; parity protective against
Luminal subtype
Review 2014. 2016 Increased parity positively associated [50]
' with TNBC in 3 of 13 studies
o 2009 Nulliparity more strongly associated (86]
Grade O”Qma|h with Grade 3 vs. Grade 1, 2 tumors
researc
2010, 2016 Parity not associated with tumor grad el87, 88]
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Age at First Birth

Later age at first live birth more
. consistently observed for ER-positive
Review 2004, 2014 than ER-negative tumors; with risk [19, 50]
ER Status estimates ranging from 1.4 to 2.6
Original Later age at first birth positively 8 62 64 65
research 2007-2013 | associated with ER+, but not ER-, bre a% 4’] A
cancer
Original Later age at first birth not differentially
ER Status research 2005-2007 | associated with ER+ vs. ER- breast [55, 63, 89]
cancer
Review, . . )
PR Status Original 2004-2011 tF)’iI;\’thstatus not associated with age at fi rs[tlgy 65, 89
Research
Review Modest increase in HR positive but not
2004 HR negative tumors among women with19]
an older age at first birth
Meta-analysis, Women with older age at first birth were
original 2005-2011 at increased risk of ER+PR+ cancer, buf40, 41, 58, 70,
Joint ER/PR research age at first birth was not associated with73, 98
g
Status ER-PR- cancer
Original 2008 Positive association between late age aEQO]
research first birth and ER-PR- cancer
Original 2013 No association between age at first birtfhz]
research and ER/PR defined subtypes
2007-2011 Positive association between late age at
Original first birth and Luminal A breast cancer
resgarch positive association between early ageg §6, 59, 74]
first birth and triple-negative breast
Molecul cancer
Su%tecuear Original 2008-2011 | No differential association between (75, 81-83]
yp research molecular subtype and age at first birth '
2016 Positive association between late age|at
. first birth and Luminal A breast cancer
Meta-analysis . ; . ; [30]
no association with Triple-negative
cancer
Original 2009 Late age at first birth associated with [86]
research higher grade tumors
Grade — - . - . .
Original 2010 Earlier age at first birth associated with [87]
research higher grade tumors
Age at Menarche
. Age at menarche not differentially
Review 2004 associated with ER status [19]
ER Status Original 2008, 2011 Age at menarche not associated with E:F[)BS, 94]
research status
Original 2014 Early age at menarche positively 57]
research associated with ER+, but not ER- cance[r
PR Status Review 2004 Age at menarche not differentially [19]

associated with PR status
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Original

Late age at menarche inversely

research 2007, 2011 associated with PR+ breast cancer [65, 89]
ER+/PR+ cancer inversely associated
with older age at menarche, with risk
Review 2004 estimates ranging from 0.5 to 0.8, [19]
compared with menarche at younger
ages, but not associated with HR
negative cancers
Joint ER/PR Late age at menarche decreased risk of
status Meta-analysis | 2006 all subt_ypes of brea§t cancer, but [70]
protective effect statistically
significantly greater for ER+PR+ cancer
. i Late age at menarche not differentially| [63, 73, 92, 93,
Original 20052015 | 4 ssociated with ER/PR status 98]
research Late age at menarche inversely
2009, 2013 associated with ER+/PR+ cancer only [40, 61]
N 2007, 2011 No relation between molecular subtype [6, 74]
Molecular Original and age at menarche
subtype research 2008 Early age at menarche was positively 82]
associated with HER2+ disease
Original Early age at menarche was associated
Grade 9 2008 with a two-fold increased risk of [94]
research . :
medium/high grade cancer
Breastfeeding
Review 2004 B_reastfeedlng associated with reduced [11]
risks of all types of breast cancer
ER Status 5 P tod with red
Meta-analysis | 2005 reastfeeding associated with reducec [70]
risks of all types of breast cancer
Original Breastfeeding inversely associated with
ER Status research 2008 ER+, but not ER- cancer [62]
. Breastfeeding not differentially
PR Status Review 2004 associated with PR status [11]
. Breastfeeding inversely associated with
Review 2015 ER-PR- breast cancer [95]
. - Breastfeeding associated with reduceg
Joint ER/PR Original 2005-2011 risk of all cancer subtypes, no [58, 63, 90, 98]
status research . ) o
differential association
Original 2005, 2011 No association between breastfeeding [71, 73]
research and cancer subtype
Original 2010 Brea}stfeedlng inversely associated Wlth[sg' 83]
research multiple molecular subtypes
Original Having multiple children and not
9 2007, 2009 | breastfeeding associated with increased6, 81]
research . . )
Molecular risk of triple-negative cancer
Subtype Pooled . :
analysis, Meta] 2016, 2017 Brea_stfeedlng repiuced r|sk_ of both [30, 79]
) Luminal A and triple-negative cancer
analysis
Review 2015 Breastfeeding inversely associated Wlth[95]

triple-negative subtype
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Grade Original 2014 Breastfeeding not associated with grage  [97]
Research
Oral Contraceptive Use
OCs positively associated with ER-
Review 2004 cancer in earlier studies, no association[19]
ER Status in more recent studies
Original 2011 OC use of >10 years associated with [74]
research reduced risk of ER+ cancer
PR Status No studies of average risk populations
. OCs not differentially associated with
Joint ER/PR Review 2004 joint ER/PR status [19]
status igi iti i i -
Original 2010 OC use positively associated with ER [99]
research PR- cancer
Original 2007-2011 OC use not differentially associated wn%, 59, 74]
research molecular subtype
Molecular oc — tod with Teduced
subtype Original OC use associated with reduce _
2009 incidence of Luminal B compared with| [81]
research :
Luminal A cancer
Never OC use positively associated with
Grade Original 2008 hlgher_grf';lde tumors.(case-only [102]
research analysis); long duration of use also
associated
Hormone Replacement Therapy
Past use of combined HRT associated
ER Status Review 2004 | with increased risk of ER+, but not ER}- [19]
tumors
PR Status Original 2009 Current HRT use associated with PR+ [104]
research ductal tumors
Past use of combined HRT associated
Review 2004 with increased risk of ER+PR+ tumors|, [19]
Joint ER/PR but not hormone negative tumors
status
Original 2006-2011 Use of combined HRT associated more[40, 98, 104,
research strongly with ER+PR+ subtypes 105]
Original Combined HRT associated with
research 2007, 2008 Luminal A and B subtypes [6. 82]
Molecular
Subtype Original Combined HRT associated with reduced
g 2009 risk of Luminal B cancer compared with[81]
research ;
Luminal A
Grade Original 2008 Currept use Qf HRT positively [105]
research associated with low grade tumors
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Table 1-4. Reproductive and Hormonal Risk Factorsesiations with Breast Cancer Tumor
Characteristics in_high risk populations: Summary &tudies by Risk Factor

N

i

Parity
Study Outcome Population Studied | Publication | Summary of Findings
Studied Date(s)
Nichols, HB et al Premenopausal, _ o _
[55] ER Status Chinese and 2005 Parity vs. nulliparity reduced risk of
I[_ég]gent, JAetal| e status Women <35 years | 2005 Parity not associated with ER+ or ER
old cancer
Jia, X et al [69] ER Status Women<35 years 2015 Parity positively associated with ER+
old cancer
Bertrand, KA et African-American Nonsignificant (NS) trend for inverse
al[67] association between high parity and
ER Status women <45 years | 2016 - L
old ER+, NS trend for positive associatiof
between high parity and ER-
Ma, H et al [27 . i iati i
[27] Joint ERIPR | Women <50 years | o - parity association was confined to
Status old ER+/PR+ cancers (compargd with
controls) , and increased with each
additional pregnancy
Dolle JM et al No association between parity and
[68] gﬂ\gf&maé \(;\I/(;)men <45 years 2009 TNBC; inverse association between
yp high parity and non-TNBC
Gaudet, MM et al Molecular Women<56 vears Nulliparous women at 3-fold risk of
[96] Subtvpe old =20y 2012 Luminal A and B cancer, no increase
yp risk of triple-negative or HER2
Li, Cl et al [91] Molecular Parity similarly associated with ER+,
Subtype Women age 20-44 2013 HER2+, and triple-negative breast
cancer
Largent, JA et al
[54] Grade \(;\I/(;)men <35 years 2005 Parity not associated with tumor grad
Nagatsuma AK et Grade Premenopausal 2013 Recent parity (but not overall parity)
al [139] women associated with higher tumor grade
Jia, X et al [69]
Grade Womens35 years 2015 Parity not associated with tumor grad
old y 9
Age at first Birth
E'g]h ols, HB et al Eﬁrr?eesgogsgsal, Late age at first birth associated with
ER Status Vietnamese 2005 both ER+ and ER- tumors
Largent, JA et al ER Status Women <35 years | .. Age at first birth not associated with
[54] old ER+ or ER- tumors
Bertrand, KA et African-American Positive association between later ag
al [67] ER Status women <45 years | 2016 at first birth and ER- cancer; NS

old

inverse association between late age

at

first birth and ER- tumors
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Ma H et al [27]

Women <50 years

Joint ER/PR old 2006 Age at first birth only associated with
status ER+PR+ tumors
Dolle, IMetal | \jolecular Women <45 years | . No association between age at first
[68] Subtype old birth and TNBC or non-TNBC
Li, Cl et al [91] Molecular Age at first birth inversely associated
Subtvpe Women age 20-44 2013 with triple-negative breast cancer, nof
P associated with HER2+
Largent, JA et al Grade Women <35 years | .. Early age at first birth associated with
[54] old higher grade tumors
Age at Menarche
Nichols, HB et al Premenopausal . .
[55] ER Status Chinese and 2005 ﬁge at menarche not associated with
. reast cancer
Vietnamese
Bertrand, KA et African-American NS trend to inverse association
al, [67] ER Status women <45 years | 2016 between later age at menarche and bpth
old ER- and ER+ cancer.
Ma H, et al [27] Joint ERIPR | Women <50 years Late age at menarche not differentially
2006 associated with hormone-receptor
Status old .
positive cancers
Gaudet, MM et al| volecular Womens<56 years | .., Age at menarche associated with
[96] Subtype old reduced risk of Luminal B cancer
Largent, JA et al Women <35 ; ;
years Age at menarche not associated with
[54] Grade old 2005 tumor grade
Breastfeeding
Largent, JA et al Women <35 ; ; ;
years Breastfeeding associated with ER-
[54] ER Status old 2005 cancer only
Bertrand, KA et Alrican-American Ever breastfeeding inversely associated
al, [67] ER Status \(/)vlc(;men <45years | 2016 with ER-, but not ER+, breast cancer
Nichols HB et al | ER Status, PR| Premenopausal . . .
[55] Status, HER2 | Chinese and 2005 Breastfeeding not associated with ER-,
. PR-, or HER2- cancer
Status Viethamese
MaH, etal [27] | joint ER/PR | Women <50 years 2006 Breastfeeding inversely associated with
Status old both ER+PR+ and ER-PR- cancer
Gaudet, MM et al| yolecular Women<56 years | .. Breastfeeding inversely associated with
[96] Subtype old Luminal B, TNBC, HER2+ subtypes
Li, Cl et al [91] Molecular Breastfeeding inversely associated with
Women age 20-44 2013 Luminal and TNBC, but not HER2
Subtype
cancer
Largent, JA et al
[54] Grade \(;\I/(;)men <35 years 2005 Breastfeeding not associated with grade
Oral Contraceptive Use
Bertrand, KA et Alrican-American Ever use of OCs and recency of use not
al, [67] ER Status women <45 years | 2016 y

old

associated with ER+ or ER- cancer
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Beaber ER, et al

Recent OC use positively associated

[100] ER Status Women aged 20-49 2014 with ER=+ risk

MaH, etal [27] | joint ERIPR | Women <50 years 2006 OC use not associated with ER+PR+/|or
Status old ER-PR- cancer

Gaudet, MM et al| volecular Womens<56 years | .., Oral contraceptive use not associated

[96] Subtype old with molecular subtype

Beaber, EF et al Lifetime duration of OC use farl5

[101] Molecular i years associated with increased risk of
Subtype Women aged 20-44| 2014 all BC, risk magnitude greater in

TNBC subtype
Largent, JA etal Grade Women <35 years | .. Oral contraceptive use not associated

[54]

old

with grade

HRT Use

No high risk populations studied
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Chapter 2
Select Reproductive Risk Factors and Risk of Estragn and Progesterone Receptor-Defined

Breast Cancer in Population-Based sites of the BreaCancer Family Registry

2.A. INTRODUCTION

Breast cancer is a heterogeneous diseatie different etiologic factors contributing tosgiase
causation to a greater or lesser degree depengdmghreast cancer type. In the past 20 years, an
increasingly abundant literature has surfaced semilge how known risk factors for breast
cancer may differ among the different subtypesrefbt cancer defined by estrogen-receptor
(ER) and progesterone receptor (PR) expressionl[,440-43, 54, 63, 65, 70, 73, 81, 90, 121-
123, 127, 136-149]. The bulk of literature has agged most reproductive factors and hormonal
risk factors, such as parity, age at first birtig xogenous hormone use, with hormone positive
(ER+ and/or PR+) cancers. For example high pdotyer age at first birth, and higher age at
menarche have been associated with reduced risR#fand PR+ cancers [19, 27, 40, 55, 58,
63, 65, 70, 71, 90, 98], and postmenopausal exagemarmone use (hormone replacement
therapy, or HRT) is positively associated with E&l PR+ breast cancer [19, 40, 98, 104, 105].
By contrast, ER and PR negative breast cancer ([BR-Rhich is positively associated with
African American race, younger age at onset, highar grade, and poor prognosis compared
with ER+PR+ cancer [3, 5, 108, 109, 146, 150],h@sdemonstrated the same associations with
reproductive and hormonal risk factors. For examgde at first birth appears to be unrelated to
ER-PR- cancer, and high parity has been assoamtedncreased, rather than decreased risk, in
many studies [6, 27, 40, 41, 65, 70, 71, 73, 81, B&astfeeding is one of the few factors
consistently associated with a reduction in bothittme receptor positive and negative breast

cancer by a majority of studies [19, 27, 58, 7Q,98). For ER-PR- or triple-negative (ER-PR-
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HER2-) cancer, in particular, breastfeeding maygaie the increased risk of ER-PR- cancer

associated with multiparity [6, 71, 81, 151].

Many studies that have previously examined thdiogldetween reproductive and hormonal

risk factors have failed to consider secular trandbese factors, and how changes over time
may subsequently affect assessment of risk. Fanpbe usage of oral contraceptives (OCs) has
changed dramatically over time due to both histdewents and changes in women’s
reproductive practices. Because OCs did not beawiakey available until 1961, women in

older cohorts likely did not have access to OCseeiat all, or prior to childbearing, whereas
younger cohorts had access upon reaching repreduage, and were more likely to use OCs
prior to first full-term pregnancy. Prior to 19716Cs contained a higher dosage of both estrogens
and progestins, leading to concerns about incre@sletbr female cancers [152, 153]. In 1975,
estrogen and progestin content in OCs was reducetbst industrialized countries, including

the United States, Canada, and Australia. Therefdder cohorts using OCs would primarily
have received higher doses of exogenous hormotg, ater cohorts received primarily the
low-estrogen/progestin doses. The overall propoemiowomen using oral contraception, and

average duration of use, has also increased awer ti

Previous studies have supported that year of OGQhedere or after 1975) is an important
variable in assessing breast cancer risk, howéesetstudies have not examined year of use by
ER or PR status, or whether changes in duratigimang of use before or after pregnancy by

successive cohorts affect risk [153, 154].

While literature examining reproductive risk fact@nd breast cancer subtypes defined by ER
and PR status is abundant, relatively few studse® meported risk of oral contraceptives in a

high breast cancer risk population. Potential fégtors may be different for younger, higher risk
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populations, and understanding how risk factorsradt in these populations has potential for
risk prediction. Whether risk factor associatioogrid in average-risk populations extend to
women to women at high risk of breast cancer ig aefgical for prevention, as there are few
prevention options available to these women apan fisk-reducing surgeries and
chemoprevention; options that are particularlyicifit to consider during childbearing age. This

is especially true in the case of ER-PR- canceere/few modifiable risk factors are known.

Additionally, few studies have examined whetheredpctive and hormonal risk factors differ
according to tumor grade [54, 86-88, 94]. Tumodgralassifies cancer cells according to their
appearance under a microscope (how abnormal tle&yclompared to normal breast tissue) and
how quickly the tumor is likely to grow and spre&worly differentiated tumors are more
aggressive, are often less amenable to treatmedritare poorer prognosis compared with well
differentiated tumors, even after accounting fagstand nodal status, thus it is of value to
understand if modifiable risk factors are assodiatéh high grade tumors. One study has found
nulliparity to be more strongly associated withHaggrade tumors [86]. In the only study
conducted in a high risk population, Largehtl found no association between parity,
breastfeeding, or oral contraceptive use and grad®men diagnosed with breast cancer prior

to age 35 [54].

In this chapter, | evaluate associations betweenvkrand suspected reproductive and hormonal
breast cancer risk factors and breast cancer,aaed by ER and PR status, using population-
based data from the Breast Cancer Family Regispegifically concentrating on parity,
breastfeeding, and oral contraceptive use, to at@lrhether the reduction in risk from
breastfeeding in the presence of high parity, whias been described in the literature, extends

to higher risk women, and to potentially clarifyetiole of OCs on breast cancer risk, where the
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literature to date has been ambivalent. | congidssible age-cohort effects by examining year
of birth in relation to OC use, parity, and breastfing, to understand whether possible age
cohort effects can explain previous equivocal figdi | also evaluate the data by race, to
evaluate whether higher prevalence of ER-PR- cannespecific races (particularly among
African American women) could be partially explaingy environmental factors that may differ
by race (such as breastfeeding). | also examinagdbeciation of these factors with breast cancer
risk in women with a first-degree family historg, determine how risk factors may change in the
face of a strong genetic predetermination for dreascer. Finally, | use a statistical method that
accounts for correlated outcomes, to assess teet@f risk factors on individual breast cancer
tumor characteristics that are correlated with @mather, in order to better understand the
possible etiology of risk factors on ER- and PRuted subtypes, and their relation to correlated

tumor characteristics such as grade.

2.B. MATERIALS AND METHODS

Study Population

In 1995, the National Cancer Institute funded sbelinational sites establishing the Breast
Cancer Family Registry (BCFR), a resource for gersttidies of breast cancer. Six participating
sites from the United States, Canada, and Austastartained families either from population-
based cancer registries (in the San Francisco®agrea, Ontario, Canada, and Melbourne and
Sydney, Australia) or from clinical and communigttengs (producing clinic-based families in

New York, NY, Philadelphia, PA, and Salt Lake CityT) [155, 156].

Most families were enrolled in the BCFR from 19983Q. During the period 2001-2005, several
sites continued to recruit (1) families known tgsgateBRCAlor BRCA2mutations, (2)

families with multiple cases of breast or ovarianaer, (3) selected relatives of previously
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enrolled families, (4) families of Ashkenazi Jewslcestry and (5) families from specific racial
and ethnic groups [155]. The recruiting criteriadach population-based site are detailed in a

previous publication, [155], and summarizedppendix Table Al:1

A total of 5,732 women with a first primary invasibreast cancer (2,038 from San Francisco,
2,553 from Ontario, and 1,141 from Australia), h&aeen enrolled in the population-based sites,
5,087 of whom completed the epidemiology questioen®f those recruited, questionnaire data
were obtained for 76%, 72%, and 75% of eligibleesasom Northern California, Ontario, and
Australia, respectively. In addition, 3,013 popigdatbased controls (634 in San Francisco, 1711
in Ontario, and 668 in Australia), have been eehland 2,997 have completed the
epidemiology questionnaire. The overall populati@sed study sample size is 5,087 female

cases with a first primary breast cancer, and 2i88&lated controls.

Of the 5,087 cases, 4,011 (79%) of women have ERifRmation available and were therefore
eligible for analysis, including 1,994 cases fromrtiern California, 1,088 from Ontario, and
929 from Australia. | used data from all 2,997 pagpion-based controls that completed the
epidemiology questionnaire. For the majority of tla¢a collection period, pathologists did not
ascertain HER?2 status of breast tumors, becaus@kER not recognized as an important
prognostic marker, nor was there targeted therapiadble for HER2+ patients. As a result, only
a subsample of the BCFR population had HER2 daddadole for analysis. Minority cases were
targeted for HER2 examination in California, ansbiset of women (both white and minority)
had HER?2 data available from the Ontario site. HER2us was not available for cases from the
Australia site of the BCFR. Data are thus availandHER?2 status for a subgroup of women
from Northern California and Ontario (N=79&)ppendix Figure Al-2epicts cases who did and

did not have ER/PR or HER2 data available.
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Case Ascertainment

At each of the three study sites, incident breaster cases were identified through population-
based cancer registries. In San Francisco are@atatio, women likely to be at increased
genetic risk of breast cancer were oversampledaaks from local population-based cancer
registries with specific indicators of genetic reskd a random sample of cases without these
indicators were invited to participate. In North&alifornia, cases aged 18-64 years between
January 1, 1995 and December 30, 2000 were redrifitieey met one or more of the following
criteria: diagnosis before age 35, bilateral breastcer with diagnosis before age 50, prior
ovarian or childhood cancer, or a history of breagarian, or childhood cancernl first

degree relative. Cases not meeting these critegra vandomly sampled at 5% for non-Hispanic
whites and 20% for cases of other race/ethnicityoment of cases diagnosed between
October 1, 1998 and December 30, 2000 was limge¢dddse who self-identified as African-

American, Hispanic, Chinese, Japanese or Filipina.

In the Ontaricsite, cases aged 18-69 years between January@ abh@9December 31, 1998
were included if they met one or more of the folilogvcriteria: Ashkenazi Jewish heritage,
diagnosis before age 36, prior breast or ovariacea first- or second- degree relative(s) with
breast or ovarian cancer, first- second- or thedrde relative(s) with early age at diagnosis for
breast or ovarian cancer (before age 36), mulpgleary breast cancers, or male breast cancer;
or 3 or more first degree relatives with any conabiom of breast, ovarian, colon, prostate,
pancreatic cancers and/or sarcoma. Cases not mdegise criteria were randomly sampled at

25%.

In the Australia sites, all women diagnosed witvasive breast cancer from 1996-1999, aged

18-39 years, and residing in Melbourne or Sydndfietime of diagnosis, were identified. In
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Melbourne, women aged 40-49 years and 50-59 yeams randomly sampled at 41% and 25%,

respectively, while in Sydney, both age groups wanelomly sampled at 28%.

Control Ascertainment

The study investigators randomly sampled unrelatedrols from the general population living
in the catchment area of each of the regional cameggstries, and controls were frequency
matched to cases by 5-year age groups; in NortBalifornia, they were additionally frequency
matched by race/ethnicity. In Ontario and North@atifornia, controls were identified through
lists of randomly selected residential telephonepers. In Ontario, of 2,688 eligible population
controls, 1,706 (64%) completed the risk factor tamdily history questionnaires and comprise
the Ontario control group. In Northern Californ@&% (623) of 930 eligible controls completed
the family history and risk factor questionnairasgd comprise the Northern California control
group. In Melbourne and Sydney the population astwere randomly selected from electoral
rolls (for which registration is compulsory for dduin Australia) by use of proportional random
sampling based on expected age distribution ofdises. Of 898 controls selected, 668 (74%)

completed the family history and risk factor quesstiaires and comprise the Australia control

group.

Risk Factor Data Collection

Cases and controls completed structured questimmassessing breast cancer risk factors and
family history of cancer (family history was assasshrough a telephone questionnaire, and
breast cancer risk factor information was ascegtathrough an in-person interview for the
cases, while breast cancer risk factors and fahistpry were ascertained through a mailed
guestionnaire for the controls). In addition toailed family history of cancer, information was
collected on established and suspected breastraasicéactors, including oral contraceptive
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use, menopausal hormone therapy use, age at menpesity, age at first childbirth,
breastfeeding history, smoking history, alcohol, gskication, body mass index (BMI), and

menopausal status.

Tumor Marker Data Collection

For 2351 cases, BCFR study pathologists ascert&Rednd PR status from patient tumor tissue
using immunohistochemistry and/or pathology reposisg a standardized protocol and
pathology reporting forms. For the remaining cgdesl660), ER and PR status were provided
by the relevant Cancer Registry for that populatarthrough patient medical records. For
California cases with HER2 status available (N=78&) information on HER2 status was
provided by the California Cancer Registry (N=63%)patient medical records (N=159). The
distribution of risk factors did not differ betweeases that did or did not have ER/PR data

available for review (data not shown).

Where tissue samples were available, BCFR pathsibbgkamined sections from histologic
slides and/or paraffin tumor blocks and categorizedors as ER or PR positive>10% of

tumor cells stained positive. This cutoff for posty was typical for samples collected and
examined at the time of data collection, althougirent practice classifies positivity at greater
than 1% tumor cells stained positive. Where tissamples were not obtained, pathologists
reviewed pathology reports and medical recordsracdrded the ER and PR status listed on the
report, or, if information existed on the percehtells staining positive, employed the same
requirements that10% of cells staining positive resulted in a defom of ER or PR positive.

For ascertaining HER2 status, pathology reporta@dical records were used to ascertain status,
and when tissue was available, study pathologistsexamined histologic slides or paraffin

tumor blocks and characterized tumors as HER2igesit negative. Immunostaining for HER2
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was considered positive when strong intensity ainfm@nous staining was present in the
majority (>50%) of cancer cells. Current procedm@e commonly defines breast cancer as

HER2+ when strong intensity of membranous staimmngpsitive in >30% of cancer cells.

Of the cases, 2486 were ER+PR+, 920 were ER-PR-w@%e ER+PR-, and 208 were ER-PR+,
using the classification methods described abo¥é¢h®sub-population for whom HER2 data
are available, 470 are classified as Luminal A (EERél/or PR+, HER2-), 119 as Luminal B
(ER+ and/or PR+, HER2+), 67 as HER2+ (ER- and PIER2+) and 142 as Triple-negative

(ER-, PR-, and HER2-).

Statistical Analysis

| conducted a case-control analysis using ER andt&fas to define the cases, using unordered
polytomous logistic regression, resulting in 4 BRd PR-defined groups (ER+PR+, ER+PR-,
ER-PR+, ER-PR-) which were each compared to th&eaogroup. | additionally used binary
logistic regression to examine case/case diffegrammparing ER-PR- cases to ER+PR+ cases.
To determine whether risk factor associations ceffieoy age cohort, for risk factors of interest
(parity, breastfeeding, oral contraceptive usajdtgied women on the basis of birth year into
four age cohorts: birth year 1926-1939, 1940-4%0199, and 1960-1981. To examine role of
family history, |1 conducted stratified analysesdshen first-degree family history. For the sub-
population where HER2 status was available, | cotetlicase-only analysis comparing Luminal

B, HER2+ and Triple-negative cases to the refeséhtiminal A cases.

Using multivariable unordered polytomous regressamljusted for age, race/ethnicity, and study
site, | compared known or suspected breast carstefactors, including OC use (neverp

years, > 5 years), starting date of OC use (hewsruse prior to 1975, all use in 1975 or later);
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age at menarchell, 12> 13 years); parity (nulliparous, 1-2 live birthg live births); age at
first birth (continuous); lifetime breastfeedingrdtion (never, <12 monthg,12 months);
combined parity and breastfeeding (nulliparous,chiftiren never breastfed, 1-2 children ever
breastfed> 3 children never breastfed 3 children ever breastfed); smoking history (never
smoker, former smoker, current smoker), BMI (combias), education (< high school, high
school or higher), alcohol consumption (< 7 dripks week> 7 drinks per week, current non-
drinker), history of> 1 first-degree relative with breast cancer (y®3, and menopausal status

(pre- or postmenopausal).

The key variables of interest were parity, oraltcaceptive use, breastfeeding, and a combined
breastfeeding/parity variable. The multivariabledelancluded these variables and was adjusted
for age, site, race, and any of the variables niot¢lde previous paragraph that was found to be
significant in at least one ER/PR grouping (ER+PBR;+PR-, ER-PR+, ER-PR-) compared

with a control group, was strongly associated \aitiisk factor of interest, such that it
confounded the association between that factottf@mdutcome when added to a regression, or
for which there was strong evidence in previowesditure of an association between the risk
factor and breast cancer. | considered a risk fdotbe a confounder if the suspected confounder
changed the effect measufg ¢f the risk factor of interest on the outcomell®p6 or greater, or

if a preponderance of previous literature suppoatedssociation. A risk factor was considered
significantly related to the outcome if the 95% ftd@nce interval did not include the value of

“1”. All statistical tests were two-sided.

Because the nature of various reproductive and twafrisk factors has changed over time, |
examined effects using four “cohorts” defined bittbiear, to identify whether associations

with oral contraceptive use, parity, and breasifggtehavior, demonstrated in the overall
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sample remained when examined within birth cohltatexamine the significance of this
change, | created in interaction term between géhirth and the risk factor of interest (i.e. oral
contraceptives) and tested whether the interatgions was significant (p-value 0.05). For all
cohorts, the interaction term for oral contraceptige was significant in a polytomous logistic
regression (data not shown). | then conducted poigus logistic regression with two case
groups (Any ER or PR positivity, designated HR+d &R-PR-) and one control group, stratified

by age cohort.

To examine these tumor characteristics after adauyfor their correlation with one another, |
examined ER, PR, and the additional tumor chanstiteof grade in case-only analyses using
binary logistic regression, comparing ER- tumor&Rt+ tumors, PR- tumors to PR+ tumors,
and high-grade tumors to low-grade tumors (whege grade was considered grade 3, and low-
grade was considered grade 1,2). | then accountdtd correlation between these factors by
simultaneously adjusting for the correlation of &Rtus to PR status, for example, to see how

findings changed.

All statistical analyses used SAS Version 9.2 SafeMSAS Institute, Cary, NC) or MATLAB.

2.C. RESULTS

Table 2-1summarizes frequencies of demographic characteyistsk factors and (for the cases)
tumor characteristics, for controls and breast eanases categorized by joint ER/PR status. The
distribution of ER and PR status was very simitaoas sites (ER+PR+: 64%, 60% and 61%,
ER+PR-: 9%, 10%, and 11%, ER-PR+: 5%, 8%, and 4 FER-PR-: 22%, 21%, and 24% for
Ontario, Australia, and California, respectivelyuedprimarily to oversampling for non-white

race and positive family history among the casases consist of a higher proportion of non-
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whites, and are much more likely to have a famisgdry of breast cancer, than controls. Cases
regardless of hormone status had a higher ratallyparity and were less likely to breastfeed

than controls, reflecting differences in known Istezancer risk factors.

Appendix Table A1-@ummarizes demographic, risk factor and tumor dtanatic frequencies,
for cases categorized separately according to embgnt ER status, PR status, and grade. ER-,
PR-, and high grade cases were more often youmglepr@menopausal, and were much for
likely to beBRCAL1+.ER- and high grade cases were more likely to lngeel OCs for more

than 5 years, and less likely to have used HRT.

Parity & Breastfeeding

Table 2-2presents the multivariable adjusted ORs for the@asgon of parity and breastfeeding,
and a combined parity/breastfeeding variable oh béagast cancer subtype, categorized as either
ER+PR+, ER+PR-, ER-PR+, or ER-PR-, compared wectintrol group, and also includes the
findings for parity and breastfeeding from caseyarialyses comparing ER-PR- cases to

ER+PR+ cases.

High parity &3 live births) was associated with an increasddaf€€R-PR- cancer (OR=1.59,
95% CI 1.15-2.18, vs. nulliparity) and 1-2 liveths was associated with a borderline increased
risk (OR=1.33, 95% CI 1.00-1.76). When stratifigdnbenopausal status, high parity was
associated with increased risk of ER-PR- canceremenopausal women only (OR=1.50, 95%

C11.04-2.17, 1-2 live births; OR=1.68, 95% CI :2466,>3 live births, vs. nulliparity).

Breastfeeding was associated with a reduced risll bfeast cancer subtypes, but most strongly
with ER-PR- cancer (OR=0.72, 95% CI 0.57-0.91 <Ighths of breastfeeding vs. never,
OR=0.52, 95% CI 0.40-0.68,12 months of breastfeeding vs. never), with eveigr risk
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reduction found in postmenopausal women (OR=0.8% €1 0.21-0.54>12 months of
breastfeeding vs. never). Breastfeeding >3 montdsmon-significantly inversely associated
with ER-PR- cancer, and a breastfeeding variatfi@el continuously was significant,
indicating that additional months of breastfeedimay confer additional benefit (data not

shown).

When combined with breastfeeding behavior, thesiased risk of ER-PR- breast cancer
associated with high parity was only found in woméro had children but did not breastfeed
(OR=1.57, 95% CI 1.10-2.243 live births, no breastfeeding, vs. nulliparitgase-only
comparisons (with ER+PR+ tumors as the referest sthowed increased risk of ER-PR-
tumors for parity combined with a lack of breastieg (OR=1.59, 95% CI 1.19-2.13, 1-2 live

births, and OR=1.69, 95% CI 1.20-2.38, live births vs. nulliparity).

Oral Contraceptive Use
Table 2-3presents the multivariable adjusted ORs for eaehdbh cancer subtype, compared with
the control group, for OC use and OC start daté,aso includes the findings for OC use for the

case-only comparisons comparing ER-PR- cases t&’RRtases.

Oral contraceptive use was not associated with RRHPeast cancer (OR=1.13, 95% CI 0.89-
1.44 for use >5 years vs. none). However, firstaf9eCs prior to 1975 was positively
associated with ER-PR- cancer (OR=1.32, 95% CI-1.6%), but not with hormone receptor

positive cancers. First use in 1975 or later wdsassociated with ER-PR- cancer.

OC use was inversely associated with ER+PR+, ER;+&RI ER-PR+ breast cancer, with OR
estimates statistically significant for ER+PR+ can@©C use >5 yrs vs. none: OR=0.83, 95%
C1=0.69-0.98). Inverse associations with hormomepéor positive subtypes were stronger when
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OC use began in 1975 or later (OR=0.59, 95% CI-0.48, ER+PR+; OR=0.52, 95% ClI, 0.36-
0.76, ER+PR-, OR=0.34, 95% CI, 0.21-0.56, ER-PRi#)dings for OC use pre or post-1975

did not differ for cancer diagnosed pre- or postopausally (data not shown).

In case-only analysis, there was a stronger aggmtibetween OC use and ER-PR- cancer
compared to ER+PR+ cancer (OR=1.35, 95% CI=1.00; DO use >5 years vs. none). Case-
case differences also existed for OC use pre- si-p@75, with statistically significant positive

associations for ER-PR- cancer compared with ER+&dR¢€er.

Role of Family History

Breastfeeding remained significantly associateth ®iR-PR- cancer, compared with controls, in
cases with a first-degree family history of brezstcer (OR=0.51, 95% CI 0.28-0.94), and the
inverse association between breastfeeding andtiraaser, did not differ among those with and
without a family history of breast cancer, for BR/PR-defined subtypes. By contrast, parity was
positively associated with ER-PR- cancer, compaigia controls, only among ER-PR- cases
withouta first-degree family history of breast cancer €24, 95% CI 1.16-2.33;3 live births
vs. nulliparous). There was no such associatioleR1#PR- cases with a family history
(OR=1.11, 95% CI 0.54-2.2%3 live births vs. nulliparous). Oral contraceptige was also not
associated with ER-PR- cancer in caséh a family history of breast cancer (OR=0.68, 95% ClI
0.40-1.15, >5 yrs of OC use, vs. none), but wasa@ated in thosavithoutfamily history

(OR=1.33, 95% CI 1.01-1.75, >5 yrs of OC use, wna).

Differences by Race/Ethnicity
African-American women (OR=1.71, 95% CI 1.22-2.40) Hispanic women (OR=1.43, 95%

Cl1 1.02-2.00) were more likely to be ER-PR- thanHPR+, compared with non-Hispanic White
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women. | found that the trend for the combinedtgasreastfeeding measure held across
race/ethnicities, with associations for ER-PR- eargher among parous women who did not
breastfeed than among women who did, for non-Hispafhites, African Americans, Hispanics,

and Asian Americang={gure 2-1).

In-depth Exploration of Selected Risk Factors hyBCohort

Appendix Table Al-8escribes the frequency and prevalence of riskfaetithin cases and
controls in four cohorts defined by birth yeartbiyear 1926-1939, birth year 1940-49, birth
year 1950-59 and birth year 1960-81. Cases fronoltdtest cohort (birth year 1926-1939) had
the lowest mean duration of OC use, and the higtregtortion of OC users who commenced
using OCs after their first live birth. The alsallthe lowest mean age at first live birth, and the

highest parity, of all age cohorts.

Figure 2-2depicts the changing nature of oral contraceptsaover time, and shows in a forest
plot the association of OC use with breast canskr by hormone receptor status, within each
birth-year-defined cohort. Because findings weredifberent based on categorical duration of
OC use £5 year, > 5 years), these measures were combitednnoral contraceptive
“Never/Ever” dichotomous variable. Additionally, ERR+, ER+PR-, and ER-PR+ cases were
combined into a single “hormone positive” (HR+) gudup, for comparison to the control group
and the ER-PR- group. | found that among thoskerotdest cohort (Cohort 1), who had the
least experience with OCs, OC use was not assdaiatk either HR+ or ER-PR- cancer, and
ORs were similar between the case groups. Inthel@est cohort (Cohort 2), for birth years
1940-1949, OC use was associated with ER-PR- cacmepared with controls (OR=1.53, 95%
Cl 1.04-2.24), but was not associated with HR+ eano the cohort encompassing birth years

1950-1959 (Cohort 3), OC use was not associatddER-PR- cancer, but was inversely

56



associated with HR+ cancer (OR=0.66, 0.48-0.91haft®2 mostly commenced use of OCs
prior to 1975, whereas Cohort 3 commenced using liaftsbefore and after 1975. Among ER-
PR- patients in Cohort 2 who used OCs prior to 1897 OR was 1.55 (95% CI, 1.04-2.29),
while among those in Cohort 3 who used OCs pridrds the OR was not statistically
significantly elevated, but for those whose firsed OCs in 1975 or later, both for HR+ and ER-
PR- cases there was an inverse association betw@€arse and risk, compared with controls

(Appendix Table Al1-4; Figure 212

Because the oldest cohort tended to use OCs afitelie birth, while younger cohorts tended

to begin use prior to first live birth, | examinethether OC use differed according to whether
use had begun before or after first live birth (veonwvho had used OCs but were nulliparous
were excluded from analysis). Not accounting fax eghort, first use of OCs after first live birth
was associated with ER-PR- cancer (OR=1.35, 95% 1.12), compared to never use, but was
not associated with HR+ cancer. This estimate wasger among women in age Cohort 2 (birth
year 1940-49) and significant regardless of hormexeptor status (OR=2.12, 95% CI 1.35-3.33
for ER-PR- cancer, OR=1.45, 1.06-1.99, HR+ cander) not significantly associated with other
cohorts. | also examined whether first use aftst five birth was associated with breast cancer
risk, in women who began using OCs prior to 197&m@&encement of OCs after first live birth,
rather than prior to first live birth, was assoethtvith an increased risk of ER-PR- cancer
(OR=1.71, 95% CI 1.28-2.28) in women who commengeslprior to 1975, which includes a
large proportion of the women in the 1940-194%bawhort. In women who commenced use in
1975 or later, the manner in which they used O@#ofke or after first live birth) was not

associated with breast cancer risk for either HRER-PR- women.
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Parity and breastfeeding association with ER andtaRis were also examined by age cohort.
These findings are containedAppendix Table Al-4.found that parity is protective against
ER+PR+ cancer among older women only, but thigsimarily an age/menopausal status effect
rather than an age cohort effect. In addition,glteyes not appear to be a cohort effect for
breastfeeding. Rather, breastfeeding appears podbective for all cohorts, and more strongly

inversely associated with ER-PR- cancer in all wome

Differences by Molecular Subtype

Because only a small sample of cases had HERZadaikable, findings by molecular subtype
are shown irAppendix Table A1-3n case-only analysis, high parity was associatil an
increased risk of HER2+ and triple-negative breasicer (OR=2.85, 95% CI 0.97-8.52, for
HERZ2 vs. Luminal A cancer; OR=2.72, 95% CI 1.3355or triple-negative vs. Luminal A
cancer), whereas breastfeeding was inversely agedaivith triple-negative cancer (OR=0.48,
95% C10.28-0.81, < 12 months of breastfeedingiese; OR=0.56, 95% CI1 0.31-1.0412
months of breastfeeding vs. none). Parous womendichnot breastfeed were more likely to
have HER2+ (OR=3.37, 95% CI 1.21-9.40, HER2+ vsninal A, for 1-2 live births, no
breastfeeding; OR=3.01, 95% CI 0.92-9.8 live births, no breastfeeding) or triple-negativ
cancer (OR=2.44, 95% Cl 1.24-4.82, triple negawweLuminal A, for 1-2 live births, no
breastfeeding; OR=2.10, 95% CI 0.93-4.76 X& live births, no breastfeeding) compared with
nulliparous women. OC use of > 5 years, comparett@r, was positively associated with
triple-negative cancer (OR=1.73, 95% CI 1.03-2.88)was OC use that began prior to 1975

(OR=2.17, 95% CI 1.10-3.94).
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Pseudo-conditional likelihood findings

Tables 2-4A and 2-4Bresent the multivariable ORs for ER+ vs. ER- tisn&®R+ vs. PR-
tumors, and Grade 3 tumors vs. Grade 1,2 tumoarshéokey risk factors of interest: oral
contraceptive use, parity, and breastfeeding. &Boln é¢umor characteristic, the first (left-hand)
column represents the multivariable OR unadjusteddrrelation with the other tumor
characteristics, and th@%qright-hand) column represents the multivariabR, @djusted using
the pseudo-conditional likelihood approach, to aotdor the correlation among tumor
characteristics (i.e., ER status is adjusted fosRus and grade, PR status is adjusted for ER

status and grade, and grade is adjusted for ERsstad PR status.)

Parity: Parity was positively associated with ER- statosppared to ER+ status, in a
multivariable model unadjusted for PR status amdigOR=1.45, 95% CI 1.11-1.89, 1-2 live
births vs. nulliparous; OR=1.61, 95% CI 1.19-2313 live births vs. nulliparous); and in a
pseudo-conditional likelihood model adjusted for #&us and grade (OR=1.43, 95% CI 0.98
2.09, 1-2 live births vs. nulliparous; OR=1.53, 98%1.00-2.33> 3 live births vs. nulliparous).

Parity was not associated with PR status or grade.

Breastfeeding:Breastfeeding for 12 months or longer was assatiatth a reduced risk of ER-
cancer, compared to ER+ cancer, and PR- cancerartechjp PR+ cancer (OR=0.65, 95% ClI
0.49-0.85, ER- vs. ER+, OR=0.72, 95% CI 0.55-0FR; vs. PR+). However, in models
adjusted for ER status and grade, breastfeeditgripiwas no longer associated with PR status
(OR=0.90, 95% CI 0.64-1.26, fer12 months of breast feeding vs. never), indicatipgarent
inverse associations between breastfeeding witn&gtivity are likely due to this factor’s

correlation with ER-negativity
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Oral contraceptive useThose who used oral contraceptives for greater Shyaars were more
likely to be ER- compared with never users (OR=198% Cl 1.00-1.59Table 2-4B. Once the
model was additionally adjusted for PR status aadeg using the pseudo-conditional likelihood
approach, ER status was no longer associated With<e greater than 5 years (OR=1.07, 95%
C10.77-1.50). OC use greater than 5 years waseted with high grade (OR=1.41, 95% ClI
1.15-1.86) and remained associated with high gremlapared to low grade, cancers after
adjustment for ER and PR status (OR=1.37, 95% @3-1.73). OC use was also positively
associated with grade, when OC use began in 19/&esr in models both unadjusted and
adjusted for ER and PR status. PR status alon@etasssociated with oral contraceptive use in

any model

2.D. DISCUSSION

Effects of Reproductive and Hormonal Risk Factors

In this population-based study, which was enrichéld women at higher than average
population risk for breast cancer (due to oversargmf cases with early-onset breast cancer
and/or a family history of breast cancer), | fouhdt the factors of oral contraceptive use, parity,
and breastfeeding differ for different subtyped&iast cancer defined by ER/PR status, that the
effects of these risk factors can change over tand,that they can differ depending on whether

cases have a family history of breast cancer

| found that high parity was associated with ameased risk of ER-PR- cancer, compared with
controls, and that breastfeeding for a total daratf>12 months reduced this risk.
Breastfeeding for a total duration of 12+ months weotective against cancer regardless of
hormone status, however findings differed when cammg the case groups to one another, such

that breastfeeding was more strongly protectivensg&R-PR- cancer than ER+PR+ cancer.
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Previous studies have found that duration of bfeeding, coupled with parity level, is an
important factor for risk of triple-negative (ER-PHRER?2-) breast cancer [81, 108, 151]. When |
examined this combined variable for ER-PR- can(tiee, majority of which is likely to be triple-
negative) | also observed that multiparity, comdiméth no breastfeeding, was associated with
an increased risk of ER-PR- cancer, and triple-tnegggancer, but not with hormone receptor
positive cancer. Thus the positive associatioruhtbbetween high parity and ER-PR- cancer, is
mitigated by breastfeeding, such that women whorariparous are no longer at increased risk
of ER-PR- cancer if they breastfeed. | found th& &ssociation for ER-PR- cancer was similar
across race/ethnicity, and that breastfeeding measely associated with ER-PR- cancer among

those with and without first degree family histafybreast cancer.

Studies that examine joint ER/PR status have lgmrdgionstrated an inverse association
between parity and ER+/PR+ cancer risk, but notfER+isk [40, 59, 70, 71, 90, 98]. A
minority of studies has found no differential effe€ parity on cancer risk by hormone status
[41, 73, 89]. In studies examining higher risk wama 2006 publication by Met alin women
under age 50 found that the protective effect otpavas confined to ER+/PR+ cancers, and
that the protective effect increased with eachtamithl pregnancy [27], while another study, of
premenopausal women in China and Vietnam, fountiniceeasing parity (compared with
nulliparity) was protective against ER+ cancer, hoit significantly associated with ER- cancer
[55]. In a study of very young women, 35 years ander, ER status was not associated with
parity. Thus, the bulk of research in this areashagyested that any parity versus nulliparity, and
multiparity compared with uniparity, offer protemti against ER+ and PR+, but not ER-PR-,
breast cancer. While my analysis did not find asoastion between parity and reduced cancer

risk for hormone receptor positive breast cancdid ifind this to be true among postmenopausal
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women with 1-2 births. | also found a positive asation between parity and ER-PR- cancer,
similar to the findings of Yang et al, in their easnly analysis [65], and reflecting similarities t
findings among studies that examined triple-negdhireast cancer [6, 74]. Research has shown
that following pregnancy, women experience a temsincrease in breast cancer risk that peaks
approximately 5 to 6 years postpartum, and that b, the increased risk following
pregnancy diminishes, such that a crossover inatskirs and women who have had their first
birth below age 35, have a lower breast cancerthiak age-matched women who have never
given birth [157, 158]. One potential mediator utglag the poor prognosis of breast cancer
diagnoses following pregnancy is postpartum mamrgkmd involution [157]. Upon

pregnancy, the epithelium extensively proliferatemeet the demand of lactation. Following
lactation, or pregnancy if lactation does not octiie mammary gland undergoes the process of
postpartum involution to return to a state morpgalally resembling the relatively simple ductal
network of the pre-pregnant gland. Support for pattim involution eliminating lactationally-
competent lobules in women is demonstrated by tiservation that the epithelial content in the
breast following pregnancy becomes indistinguisbdtadm that of nulliparous women within

18 months postpartum [157]. Evidence shows thatmauting mammary gland has similar
characteristics to tumor-promotional microenviromtse indicating that the process can result in
tumor proliferation [159]. This may be one of thegesses by which multiparity in the absence

of breastfeeding increases risk of some subtypésealst cancer.

This research confirms earlier findings that bressting decreases risk of breast cancer,
regardless of hormone receptor status. A recemtwesupported that ER or PR expression was
not differentially associated with breastfeeding][fand most other studies have confirmed this

finding for both ER/PR-defined subtypes [27, 58, &2, 90, 98], and subtypes defined by ER,
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PR, and HERZ status [59, 83, 96]. Some studies $laven, as this one did, that the inverse
association with breastfeeding is stronger for EFR;PR-, or triple-negative breast cancer [6,
54, 81, 96]. When examined in tandem, this reseeoafirms earlier research demonstrating
that high parity, coupled with lack of breastfeeqirs associated with increased risk of ER-PR-
cancer, while high parity in the presence of bifeasling is not associated with risk [6, 81].
Thus, among parous women, breastfeeding can retikcef ER-PR- cancer and represents a
modifiable factor. One mechanism by which breaslifegg may mediate the effect of recent
parity on breast cancer is to delay and slow tloegss of mammary gland involution.
Proliferation of epithelial cells occurs during gnancy; in the absence of breastfeeding, the

involution of these mammary cells can occur rapidly

It has long been hypothesized that high- and I@k-breast tumors are distinct breast cancer
subtypes with distinct risk factor profiles [6, 18®1]. In this study, the increased risk found for
ER-PR- cancer among women with high parity was arity confined to women who did not
breastfeed. Fifteen years ago, the Collaborativei@on Hormonal Risk Factors in Breast
Cancer determined that breastfeeding is proteeijanst breast cancer above and beyond the
protection conferred by parity [162]. Hypothesizexdential protective mechanisms include the
removal of estrogens via breast fluid, excretiogatinogenic agents through breast milk, delay
in ovulation associated with breastfeeding, andietidn of terminal differentiation of breast
epithelial cells[163]. It has been shown tB&CAlmutation carriers, who are typically
diagnosed with ER-PR- cancer, were less likelyeteetbp breast cancer if they breastfed for at
least one year, compared with BRCA1 mutation cegneého did not breastfeed; there was no
association with breastfeeding among BRCA2 mutatamiers, who usually have ER+

tumors[164]. It is hypothesized that full-term pnegcy followed by failure to breastfeed or
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short duration of breastfeeding could result iemé&bn of initiated progenitor cells (that would
have died or differentiated during lactation) anese retained cells could presumably develop
into “basal-like” breast tumors, which are ofteracdcterized, and usually defined, by ER- and

PR- negativity.

Oral contraceptive use

Overall, oral contraceptive use greater than 5syeas associated with a reduced risk of
hormone receptor positive breast cancer, and wiaassociated with ER-PR- cancer. Additional
analysis revealed that, In particular, oral cordgpive use was associated with a decreased risk
of ER+ canceonlyif date of first use occurs in year 1975 or latenjle OC use prior to 1975 is
associated with increased risk of ER-PR- cancereMjear of birth was considered, | found that
OC use was positively associated with ER-PR- caimcetomen from the 1940-49 age cohort
only, most of whom began using oral contraceptpres to 1975, and that OC use was
inversely associated with women born from 1950-1%b@ this association was only maintained
among women who began using oral contraceptivé91® or later. In addition to changes in
OC formulation, timing of use associated with pasikéemed to be important in the association
between OC use and HR+ or ER-PR- cancer. Oveiralluse of OCs after first childbirth was
associated with an increased risk of ER-PR- cam@eer an increased risk of both HR+ and ER-
PR- cancer in the cohort born from 1940-1949. Eadublished studies reported positive
associations between ER-PR- breast cancer and ©&@awewed in [19], whereas most recent
studies have demonstrated, like this study, noadivassociation between ER-PR- breast cancer
and OC use [27, 98], (although some studies haehezl different conclusions [99]). | found
that OC use in 1975 or later was inversely assediatth ER+PR+ breast cancer, and a positive

association between OC use and ER-PR- breast camnsdimited to women who initiated use
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prior to 1975. Analysis of year of initiation as iamportant variable in evaluating the association
between OC use and breast cancer risk has becomgecoramon [12, 165, 166], but has not
regularly been examined in previous research oru§€#Cand breast cancer risk by hormone
receptor status. Data on OC use and breast casken BRCAlmutation carriers, including
some from the BCFR study sample[153, 154, 167]eltiamonstrated no increased risk with OC
use initiated after 1974 (alBRCA1tumors are usually ER-PR-), and examination ofu €
among women with family history of breast cancemfd increased risk of breast cancer only
among women who began OC use prior to 1975 [18&rdfore, among these higher risk
populations, findings were similar to those in nmalgsis, and may be an important factor in
explaining why previous research regarding OC uskbseast cancer risk has yielded
conflicting results. In this study, findings weliengar for any hormone-positive (ER+ and/or
PR+) subtype, and only different for the ER-PR-etyindicating that any etiology related to OC
use may be through both estrogen and progesteetaiea mechanisms. It is unclear why OCs
used prior to 1975 would be more strongly assodiat¢h ER-PR- cancer, and with high tumor
grade. Studies of synthetic progestins used inamairaceptives have generally found that the
proliferative actions of progestins used in oraltcaceptives are mediated through the estrogen
receptor [168, 169] which does not explain why E&acer is more likely to be affected, unless
the estrogen receptor is effectively “turned of§’fuch proliferation. Typical estrogen doses
used in the 1960s were more than double the desesin the 1980s, and progestin doses were
also higher and included different types of progssthan current OCs[166]. Biologic and
clinical evidence support a role for exogenousogsin effects on carcinogenesis mediated
through estrogen-recepterERn) receptor, yet evidence supports that receptaggeddent

pathways may also exist [170]. This connection watjuire further investigation.
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The inverse association between OC use and horpumitve breast cancers found in this study
is inconsistent with most other published studneg have found either no association between
OC use and hormone positive breast cancers oritiveagssociation, although a recent study in
a Chinese population found a protective effect amen who were hormone positive [98] as did
a study using data from the Women'’s Health Ini&{i74]. Most previous studies of OC use and
breast cancer risk have not examined findings byests’ birth years. A previous study of
Icelandic women that examined OC use by birth y@and an increased odds of breast cancer
for longer duration of OC use among women withhoyears after 1950, but did not separate the
cancer by hormone status [171]. Women who were between 1940-1949 and used OCs
experienced increased risk of ER-PR- cancers, wiolmen born earlier or later did not. The
reason for the increased risk among this cohortayspto be explained by the fact that most of
these women used OCs that were manufactured prid®%5, which contained high doses of
estrogen, and may also be due to the nature inmth&ewomen used OCs, with approximately
half of this cohort initiating OC use after firstiifterm pregnancy, rather than before. Women
born prior to 1940, in our study, would have uséZs@n a similar manner, and been exposed to
OCs that had the high estrogen content. Howevesgtivomen did not experience an elevation
in risk. This may be because OC use was less conamadiof shorter duration among these
women, or could be due to the selection procesédefr women into the BCFR sample. Many
older women were recruited into the study if thay family history of breast cancer, and it is
possible that family history served as a competisigin these women, rendering OC use less
important as a causal factor. | also found thahebirth cohort of 1950-59, women who used
OCs had reduced risk of breast cancer, and thigrwasn both HR+ and ER-PR- cancer. The

reduced risk only occurred in women who initiated @se in 1975 or later, indicating that
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change in estrogen and/or progesterone contenCsfdDthat time likely explains the protective
effect. The protective effect does not carry ifte youngest cohort of women, whose average
age at cancer diagnosis was only 32. In these wpooempeting risks, primarily genetic in
nature, likely drive breast cancer diagnosis, $haeh OC use may be unimportant in risk of early

breast cancer.

Pseudo-conditional likelihood findings

| found, similar to other studies, that high paxitgs positively associated with ER-, compared
with ER+ cancer [55, 62, 65, 89], and that breasliiey was inversely associated with ER-,
compared with ER+ cancer [91], associations thaewmaintained after adjustment for PR status
and grade. | found that there was no associatitim RARR status and parity, after adjustment for
ER status and grade, in contrast with the few stuthat have examined PR status individually
in relation to parity, which found that nulliparityas inversely associated with PR negativity
[65, 89]. Like most previous studies, | found ns@sation with parity or breastfeeding, and
tumor grade. Most studies examining ER status fawed that parity is associated with a
reduced risk of ER+ cancers [19, 58, 63, 65], witjreater reduction found in multiparous
women. Parity is postulated to confer protectioaiagt breast cancer through four mechanisms:
it increases differentiation in mammary gland tessnduces changes in circulating hormone
levels, parity decreases mammary stem cell actigitgd decreases levels of estrogen receptor in
the breast [172]. Decreasing levels of estrogeeptecs, and inducing changes in hormone
levels, in particular, would represent plausiblechnisms by which parity would decrease ER+,

but not ER-, breast cancer.

In comparisons of ER- vs. ER+ cases, PR- vs. PRes;and low grade vs. high grade cases,

after simultaneous adjustment for the other tunharacteristics, apparent associations between
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ER- and PR-, and OC use, in fact seemed to berdbyehese tumor characteristics’ correlation
with high grade. It appeared that OC use was asuacwith high grade, rather than low grade
tumors, although after adjustment for ER- and R&us, this was only the case when OC use
was initiated in 1975 or later. Only two previowgdes have examined OC use and grade. One
study (which studied extremely young women) foundassociation between OC use and grade.
However a study in a small sample of cases (N=Ztb&hd that while “never users” of oral
contraceptives had higher grade cancers, longidaraf use was also positively associated with
high grade [102]. Other data on OC use and tumaracheristics have been ambivalent. The
Collaborative Group on Hormonal Factors in Breaat¢er found that “ever users” of OCs had
tumors that were less clinically advanced [12]; boer other studies have demonstrated that OC
users have poorer prognosis tumors [173, 174]. i&ecaf conflicting literature, the biological

process by which OC use might result in high tugrade are unclear.

Methodologic Considerations

Comparison group:For this analysis, | used population-based costaslthe common referent
group. | did not observe some established assongmbetween hormonal and reproductive
factors and hormonal status. For example, whilatgreage at menarche is associated with a
reduced risk of hormone positive breast cancerastratudies (See Review, Chapter 1). | did not
find this to be true in this study. Similarly, Iddnot find high parity to be inversely associated
with ER+PR+ cancer, except among postmenopausakwpwhile most studies have found
parity to be protective against this subtype evenrag younger women (Review, Chapter 1). In
the BCFR sample, differences have been observedbatpopulation controls and sister
controls in some risk factors that are possiblypeisded with participation in research [175].

Specifically, BCFR population-based controls argerlikely to have been highly educated, and
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have fewer births and higher average age at firdt, lthan are sister controls. Because high
education, low parity and older average age atliirth are established breast cancer risk
factors, cases were not less likely to be nulliparor have higher average age at first birth than
population controls, however, they were more likelype nulliparous and have higher average

age at first birth than sister controls [175].

For all the analyses reported in this chapteretusoth an unordered polytomous regression
model, and a binary logistic model for the purposlesase/case comparisons. For the case/case
analysis, my inferences would not be affected bydifierential participation in the control
group. For example, when comparing ER-PR- casE®RtePR+ cases in terms of parity, | found
that ER-PR- cases were significantly more likelyh&we three or more live births than ER+PR+
cases, with ORs that were similar to those foundrnmdomparing ER-PR- cases to population

controls.

Case Selectionfhe BCFR sample of cases is not representativé wbanen with breast

cancer; they are younger, more often ethnic andlragnorities, and more often have a family
history of breast cancer. As a result, the distrdruof the different ER and PR-defined subtypes
might not be representative of these subtypessamaple of cases unselected for these
characteristics. For example, among older caseth far before 1940), more than 40% had a
first-degree family history of breast cancer, pnittysbecause many women who were older
when were diagnosed with breast cancer were retjtorbave a family history of cancer in
order to be included in the study. Regardlesspthpose of this analysis is to examine risk
factor by tumor subtypes specifically in a highkrmopulation, therefore comparisons to

“typical” populations are neither expected or olueaversus comparisons to other high risk
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populations. To this end, my findings do refleatdings that examine younger, more ethnically

diverse populations.

For the analysis of molecular subtypes, the poatiffered from the overall study sample in
that it comprised mostly racial/ethnic minority easrom Northern California and Ontario, as
few non-Hispanic whites were enrolled in the BCHRerayear 2000, when HER2 data became
available in the cancer registries. Due to thasédtions, | conducted a case-only analysis and
acknowledge that findings are preliminary, althotiggy are in agreement with those of other

studies.

Selection BiasFor only a subgroup of cases was pathological alataormonal status available
for review. If these women were not representativall eligible cases, one or more findings
could be biased, with the direction of the biasedihg depending on the differences between
those who participated and had pathology for re\aed those who did not. Distributions of
parity and other risk factors for my sample andehgre case sample were similar (data not
shown), improving the likelihood that cases with &Rl PR data available are representative of

the distribution of these hormonal subtypes forahtire case sample.

Case definitionsBCFR pathologists used common laboratory procedane conducted a
centralized pathology review to categorize casdsRasPR+, ER+PR- ER-PR+, and ER-PR-.
Unlike many previous studies, investigators didneb¢ on data from cancer registries for ER/PR
classification. A recent study has demonstratetird@stry-provided data may undercount the
rarer ER/PR combinations (ER-PR+ and ER+PR-), hatidentralized pathology review should
be considered a gold-standard when classifying tarop hormone receptor [176]. Thus, a

centralized review is considered a strength ofgtusly. The criteria for defining women as ER+,
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PR+, or HER2+ were more stringent for this analytsian criteria typically used today. This
may limit the ability to compare this study’s fimgis, to similar analyses in patients who have

been classified as HR+ or HER2+ under less stringgteria for positivity.

Information bias: The possibility of recall bias exists becauseiecebn participants’ recalls of
their exposures. However, the purpose of this amalyas to determine whether risk factor
associations differed by subtype, using controla @smmon comparison group. Because it is
unlikely that cases report exposures differentlgelabon their ER, PR, HER2 status, or grade, it
is unlikely that OR estimates would be affecteddxall bias of exposures that are differential

by subtype.

Multiple comparisons:l conducted multiple comparisons with different egpres and
outcomes, and used detailed constructs for expesidraterest (creating multiple categories for
constructs) making it likely that one or more fingls are due to chance. However, | did restrict
my comparison to selected breast cancer risk faetod specifically examined whether key

findings were robust.

Summary

Overall, | found that multiparity is associatedwén increased risk of ER-PR- cancer, but this
risk is reduced by breastfeeding, such that mulbypsiwomen who breastfeed are no longer at
increased risk, regardless of race. Breastfeedadgahprotective effect on both hormone-positive
and ER-PR- cancer, but was more strongly proteeianst ER-PR- cancer. Although
childbearing practices and breastfeeding incidemezeduration have changed over time, neither
of these factors appears to be associated witlhharceffect. | also found that oral contraceptive
use was positively associated with ER-PR- canchramong women who had begun use prior
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to 1975, and risk differed according to age cohar timing of use (before or after first live
birth). In this study, which examined a high rigkpplation using centralized pathology review, |
confirmed previous findings regarding the role dgnancy and breastfeeding in ER-PR-
cancer, found that these findings are maintainedsadifferent race/ethnicity, and shed new
light on the role that oral contraceptive use mayehplayed in both HR+ and hormone-negative
cancer in both older and younger women. | alsorgeted that parity and breastfeeding appear
more specifically related to ER status, rather tABnstatus an grade, however OC associations
with ER and PR negativity, may in fact reflect as@ciation with high tumor grade. These
findings add to increasing evidence that risk fexcthffer depending on hormone receptor,
confirm that such cancers need to be considersderate entities, and provide preventive
opportunities, in the form of breastfeeding promotiagainst ER-PR- breast cancer. In the
United States, initiation of breastfeeding haseased steadily since the 1970’s and the average
duration of breastfeeding is also increasing (Saustirgeon General’s Call to Action to Support
Breastfeeding, Dept. of Health and Human Serviz@%1). Recent trends examining SEER
incidence data suggest that rates of ER-PR- becaaser are decreasing and will likely continue
to decrease in the coming years[2]. African-Ameariaamen have lower rates of breastfeeding
than other racial/ethnic groups (McDowell, M.M., N6 report, 2008), and also have higher
rates of ER-PR- breast cancer, suggesting thaowvimuy breastfeeding rates across all

populations is essential.
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Table 2-1: Demographic and Tumor Characteristics BR/PR status, Breast Cancer Family
Registry Population-Based Sample

Controls ER+PR+ ER+PR- ER-PR+ ER-PR-
N=2997 N=2486 N=397 N=208 N=920
N (%) N (%) N (%) N (%) N (%)
Age (Ut s.d.) 47.6+10.3 47.1+9.3 48.6+9.8 43.848.0 49.8
Race
White 2487 (86) 1542 (62) 222 (56) 158 (76) 506) (55
Black 96 (3) 221 (9) 45 (11) 16 (8) 131 (14)
Hispanic 72 (2) 229 (9) 46 (11) 7(3) 113 (12)
Asian 165 (6) 445 (18) 79 (20) 23 (11) 149 (16)
Other 82 (3) 35 (1) 5(1) 4 (2) 14 (2)
Site
Ontario 1706 (57) 705 (28) 95 (24) 50 (24) 238)(2
Australia 668 (22) 562 (23) 75 (19) 93 (45) 199)(
California 623 (21) 1219 (49) 227 (57) 65 (31) 3483)
First degree
family history
No 2732 (91) 1761 (71) 291 (73) 161 (78) 673 (73
Yes 263 (9) 714 (29) 106 (27) 45 (22) 244 (27)
Menopausal
Status
Pre 1566 (55) 1431 (60) 172 (46) 149 (76) 574 (65
Post 1262 (45) 951 (40) 205 (54) 47 (24) 310 (35
Education
< High school 908 (30) 710 (29) 114 (29) 56 (27) 89232)
> High school 2082 (70) 1740 (71) 275 (71) 150 (73 602 (68)
OC Use
Never 646 (22) 648 (27) 124 (32) 49 (24) 198 (23
< 5 years 1117 (37) 948 (39) 129 (34) 71 (34) 8 (
> 5 years 1216 (41) 847 (35) 131 (34) 86 (42) (@83
Date of first OC
use
Never 646 (22) 648 (27) 124 (32) 49 (24) 198 (23
Before 1975 1435(48) 1165 (48) 167 (43) 97 (47) @
1975 or later 898 (30) 630 (26) 93 (24) 60 (29) 36K
Time of last OC
use
Never user 646 (24) 648 (30) 124 (36) 49 (27) 8 (
<10 years 457 (18) 340 (15) 42 (12) 42 (23) 151 (20
>10, <20 years 704 (26) 613 (28) 80 (23) 52 (29) 9 ()
> 20 years 926 (34) 604 (27) 98 (28) 39 (21) 202 (27
HRT Use
Never 2081 (70) 1756 (74) 264 (70) 175 (88) a9 (
Former 246 (8) 199 (8) 37 (10) 9 (5) 59 (7)
Current 663 (22) 424 (18) 74 (20) 16 (8) 111 (13
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Age at
menarche
<11 406 (14) 528 (22) 64 (16) 43 (20) 183 (21)
12 711 (28) 590 (24) 100 (26) 44 (21) 215 (24)
> 13 1760 (68) 1317 (54) 225 (58) 125 (59) 482 (55
Parity
Nulliparous 531 (18) 565 (23) 95 (24) 51 (25) 121)
1-2 1334 (45) 1015 (41) 166 (42) 71 (34) 391 (42
>3 1132 (38) 906 (36) 136 (34) 86 (41) 338 (37)
Age at first 24.8 25.1 25.0 24.7 24.6
birth
Breastfeeding
duration
Never 1203 (40) 1105 (45) 194 (49) 95 (46) 443 (5
<12 mos. 991 (33) 764 (31) 113 (29) 51 (25) 237 (
> 12 mos. 803 (27) 595 (24) 86 (22) 60 (29) 187 (21
Smoking
Never Smoker 1542 (52) 1474 (60) 230 (59 120 (58 555 (61)
Former Smoker 919 (31) 611 (25) 99 (25) 47 (23) 00 @2)
Current Smoker 533 (18) 387 (15) 63 (16) 39 (19) 56 (17)
BMI 25.9 26.0 26.0 24.7 26.6
Tumor Grade
1,2 NA 1546 (74) 220 (67) 60 (39) 154 (20)
3 NA 554 (26) 109 (33) 93 (61) 628 (80)
BRCAL1 status
Status missing NA 801 (32) 117 (29) 72 (35) 274 (30
BRCAL positive NA 16 (1) 4 (1) 6 (3) 69 (8)
BRCAL negative NA 1669 (67) 276 (70) 130 (62) 5683)(
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Table 2-2:Association Between Parity and Breastfeeding, an#&st Cancer Classified by

Hormone Receptor Status and Menopausal Status, Bteaancer Family Registry
Population-Based Sites

ER+PR+*
N=2174

ER+PR-*
N=341

ER-PR+*
N=179

ER-PR-*
N=791

ER-PR- vs.
ER+PR+

OR (95%Cl)

OR (95%Cl)

OR (95%Cl)

OR (95%Cl)

OR (95%Cl)

Parity (number of live
births)

Nulliparous 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)
1-2 0.80 (0.65-0.99) | 0.93 (0.64-1.35) | 1.20 (0.71-2.02) 1.33 (1.00-1.76) 1.62 (1.24-2.13
>3 0.93(0.73-1.17) | 0.97 (0.64-1.49) 1.50 (0.85-2.65)1.59 (1.15-2.18) 1.66 (1.23-2.25
Breastfeeding
duration (months)
Never 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)
<12 1.04 (0.87-1.23) 0.84 (0.61-1.16)  0.66 (0.41-1.0%)0.72 (0.57-0.91) 0.70 (0.56-0.88
>12 0.80 (0.66-0.98) | 0.69(0.48-0.99)  0.57 (0.35-0.94)0.52 (0.40-0.68) 0.64 (0.50-0.84
Parity and
breastfeeding (BF)
Nulliparous 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)
1-2 live births, never BF 0.80(0.63-1.00) | 0.92(0.62-1.38)  1.49 (0.86-2.6() .3010.96-1.75) [ 1.59 (1.19-2.13)

> 3 live births, never BR

0.90 (0.68-1.19)

0.95 (0.58-1.54)

1.01(0.49-2.06

) 1.57 (1.10-2.24)

1.69 (1.20-2.38

1-2 live births, ever BF

0.78 (0.64-0.93)

0.73 (0.52-1.05)

0.63 (0.38-1.05)

0.88 (0.68-1.14

1.12 (0.87-1.45)

> 3 live births, ever BF

0.82 (0.67-0.99)

0.72 (0.50-1.04)

1.00 (0.64-1.56)

0.93 (0.71-1.22

1.09 (0.84-1.42)

PREMENOPAUSAL WOMEN

Parity (number of live
births)

Nulliparous 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)
1-2 0.86 (0.65-1.15) | 1.14 (0.78-2.54)  1.27 (0.66-2.42)1.50 (1.04-2.17) 1.73 (1.21-2.48
>3 0.96 (0.69-1.33) | 1.12 (0.57-2.21) 1.62 (0.81-3.26)1.68 (1.10-2.56) 1.70 (1.14-2.55
Breastfeeding
duration (months)
Never 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)
<12 1.05(0.81-1.35) | 0.86 (0.51-1.46)  0.75 (0.42-1.35)0.74 (0.54-1.02) | 0.70 (0.51-0.96)
>12 0.76 (0.58-1.01) | 0.88(0.50-1.54)|  0.68 (0.36-1.19)0.61 (0.43-0.87) | 0.80 (0.56-1.13)
Parity and
breastfeeding (BF)
Nulliparous 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)

1-2 live births, never BH

0.80 (0.59-1.09)

1.43 (0.76-2.67)

1.62 (0.83-3.18)

1.56 (1.06-2.32)

1.94 (1.32-2.85)

> 3 live births, never BR

1.05 (0.70-1.58)

1.08 (0.45-2.62)

1.04 (0.41-2.62)

1.49 (0.87-2.55

1.35 (0.89-2.29)

1-2 live births, ever BF

0.84 (0.67-1.06)

1.23 (0.75-2.01)

0.79 (0.44-1.41)

1.03 (0.75-1.40

1.21 (0.89-1.64)

> 3 live births, ever BF

0.80 (0.63-1.01)

0.99 (0.58-1.68)

1.20 (0.72-2.00)

1.13 (0.81-1.56

1.37 (0.99-1.89)

POSTMENOPAUSAL WOMEN

Parity (number of live
births)

Nulliparous

1.0 (ref)

1.0 (ref)

1.0 (ref)

1.0 (ref)

1.0 (ref)
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1-2

0.66 (0.47-0.93)

0.54 (0.33-0.91)

0.62 (0.25-1.54)

0.84 (0.52-1.33)

1.26 (0.81-1.9

0]

>3

0.84 (0.58-1.21)

0.77 (0.44-1.34)

0.82(0.30-2.2

8)1.11 (0.68-1.85)

1.30 (0.80-2.11

Breastfeeding
duration (months)

Never 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)
<12 1.08 (0.83-1.39) | 0.83(0.54-1.26)  0.56 (0.24-1.30)0.75 (0.53-1.07) | 0.70 (0.49-0.99)
>12 0.91 (0.67-1.27) | 0.49 (0.29-0.83) | 0.37 (0.13-1.03) | 0.34 (0.21-0.54) 0.37 (0.23-0.58
Parity and
breastfeeding (BF)
Nulliparous 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)

1-2 live births, never BH

0.70 (0.48-1.00)

0.58 (0.34-0.98)

0.73 (0.29-1.85)

0.80 (0.39-1.30)

1.13 (0.72-1.81)

> 3 live births, never BR

0.75 (0.50-1.14)

0.70 (0.38-1.28)

0.61 (0.19-1.67)1.12 (0.66-1.92)

1.46 (0.88-2.44

1-2 live births, ever BF

0.65 (0.46-0.91)

0.38 (0.22-0.65)

0.24 (0.08-0.72)0.57 (0.35-0.93)

0.88 (0.55-1.41)

> 3 live births, ever BF

0.86 (0.62-1.20)

0.51 (0.31-0.85)

0.44 (0.17-1.10)

0.54 (0.83-0.88)

0.60 (0.38-0.97

Note: Odds ratios (OR) and 95% confidence inte(@), adjusted for age, race/ethnicity, study @& use, HT

use, BMI, menopausal status, age at menarche, dnchéion. ORs ifold are statistically significant.
*Compared with population-based controls
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Table 2-3:Association Between Oral Contraceptive Use and Bite@ancer Classified by
Hormone Receptor Status and Menopausal Status, Btg@ancer Family Registry
Population-Based Sites

ER+PR+* ER+PR-* ER-PR+* ER-PR-* ER-PR- vs.
N=2174 N=341 N=179 N=791 ER+PR+
OR (95%Cl) OR (95%Cl) OR (95%CI) OR (95%Cl) OR (95%CI)
OC use
Never 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)
<5 years 0.97 (0.82-1.15) | 0.73 (0.54-0.99) 0.67 (0.44-1.04) 1.16 (0.92-1.47) 1.18 (0.94-1.49
> 5 years 0.83(0.69-0.98) | 0.74 (0.55-1.01) 0.79 (0.52-1.20) 1.13 (0.89-1.44) | 1.35 (1.07-1.70)
Year of first OC
use
Never 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)

Before 1975

1.06(0.91-1.25)

0.80 (0.59-1.07)

1.12(0.73-1.73)

1.32 (1.04-1.67)

1.28 (1.03-1.60)

1975 or later

0.59 (0.48-0.73)

0.52 (0.36-0.76)

0.34(0.21-0.56)

0.82 (0.63-1.08)

1.36 (1.06-1.75)

OC use
(Premenopausal)
Never 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)
<5 years 0.97 (0.76-1.22) 0.65 (0.41-1.05) 0.62 (0.37-1.04) | 1.00 (0.73-1.38) 1.05 (0.78-1.41)
> 5 years 0.75(0.59-0.94) | 0.83(0.52-1.31) 0.67 (0.41-1.11) 0.98 (0.72-1.33) | 1.31(0.97-1.77)
OC use

(Postmenopausal)

Never

1.0 (ref)

1.0 (ref)

1.0 (ref)

1.0 (ref)

1.0 (ref)

<5 years

0.89 (0.69-1.14)

0.77 (0.51-1.15)

0.58 (0.25-1.32)

1.38 (0.95-1.99)

1.50 (1.05-2.15)

> 5 years

0.89 (0.68-1.16)

0.63 (0.41-0.98)

0.76 (0.35-1.67)

1.23 (0.83-1.81)

1.36 (0.96-1.98

Note: Odds ratios (OR) and 95% confidence inte(@) adjusted for age, race/ethnicity, study sgatity,
breastfeeding, HT use, BMI, menopausal statusaageenarche, and education. ORdwid are statistically

significant.

*Compared with population-based controls
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Table 2-4A:Associations between parity, breastfeeding and ddiemor characteristics: case-
case analysis and pseudo-conditional likelihooddings, Population-Based sites of the BCFR

ER- (vs. ER+) PR+ (vs. PR-) Grade (3 vs. 1,2)
OR (95%Cl) OR (95%Cl) OR (95%Cl) OR (95%Cl) OR (95%Cl) OR (95%Cl)
Logistic PCL Logistic PCL Logistic PCL
Parity
Nulliparous 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0ffre 1.0 (ref) 1.0 (ref)

1-2 live births 1.45(1.11-1.89) 1.43 (0.98-2.09) | 1.26(0.98-1.61)  1.00 (0.72-1.40).09 (0.85-1.40)  0.93 (0.70-1.22)
> 3 live births 1.61(1.19-2.17)  1.53(1.00-2.33) 1.32(0.99-1.75)  0.97 (0.73-1.30)  1.22 (0.92-1.62)1.01 (0.74-1.39)

Breastfeeding

duration
Never 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1ref) 1.0 (ref)
< 12 mos. 0.68 (0.54-0.85)  0.67 (0.48-0.92)  0.78 (0.63-0.97)0.97 (0.73-1.29)| 0.95(0.77-1.17) 1.14 (0.90-1.45)
>12 mos. 0.65 (0.49-0.85) 0.70 (0.48-1.03) | 0.72 (0.55-0.92) 0.90 (0.64-1.26)| 0.81 (0.63-1.04) 0.97 (0.73-1.28)
Parity and
Breastfeeding
Nulliparous 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)

1, 2 live births, no  1.42 (1.07-1.89) 1.47 (0.98-2.20) | 1.19(0.91-1.55)  0.93 (0.65-1.33).07 (0.82-1.40)  0.91 (0.68-1.23)
BF
>3 live births, no ~ 1.62 (1.15-2.27) 1.54 (0.95-2.48) | 1.39 (1.01-1.92) 1.08 (0.70-1.66)| 1.20 (0.87-1.66)  0.98 0.69-1.4]1)
BF

1, 2 live births, 0.96 (0.74-1.25) 0.94 (0.65-1..36] 0.97 (0.76-1.24)0.99 (0.72-1.36)] 0.99 (0.78-1.25) 1.00 (0.77-1.80)
some BF
> 3 live births, 1.03 (0.79-1.35) 1.08 (0.74, 1.56 0.95 (0.74-1.22)0.87(0.62-1.21) | 1.06 (0.83-1.36) 1.07 (0.82-1.40)
some BF

Note: All ORs adjusted for age, race, study sitiejcation, oral contraceptive use, bmi, age at fivisth, age at
menarche , menopausal status, and other factotfseiable. ORs ibold are statistically significant.
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Table 2-4B:Associations between oral contraceptive use aneéddiumor characteristics:
case-case analysis and pseudo-conditional likeliddmdings, Population-Based sites of the
BCFR

ER- (vs. ER+) PR+ (vs. PR-) Grade (3 vs. 1,2)
OR (95%Cl) OR (95%CI) OR (95%CI) OR (95%Cl) OR (95%CI) OR (95%CI)
Logistic PCL Logistic PCL Logistic PCL

OC Use

Never 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1ref) 1.0 (ref)

<5 years 1.12 (0.90-1.41) 1.12(0.81-1.54)  0.981(Q.23) 0.86 (0.65-1.13) 1.21 (0.99-1.49) 1.20 (0.96-1.51)

> 5 years 1.26 (1.00-1.59) 1.07 (0.77-1.50) | 1.13(0.91-1.40) 0.96 (0.72-1.28).41 (1.14-1.74) 1.37 (1.08-1.73
OC Use 1975
Never Used OCs 1.0 (ref) 1.0 (ref) 1.0 (ref) 1e5)(r 1.0 (ref) 1.0 (ref)
Used OC before 1.21 (0.96-1.52)  1.23(0.89-1.70 1.02 (0.82-1.25)0.84 (0.64-1.11), 1.21 (0.98-1.49) 1.16 (0.92-1.46)
1975
Used OC 1975 or 1.12 (0.86-1.45) 0.89 (0.61-1.30 1.13 (0.88-1.44)1.05 (0.75-1.45)| 1.46 (1.15-1.86) 1.49 (1.15-1.94
later

Note: All ORs adjusted for age, race, study sideication, parity, breastfeeding, bmi, age at fbgth, and menopausal status;
ORs inbold are statistically significant
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Chapter 3: Select Reproductive Risk Factors for Brast Cancer defined by Estrogen and
Progesterone Status Within a Familial Breast CancePopulation

3.A. INTRODUCTION

The past two decades have transformed what we lbowt tumor biology and tumor markers
for breast cancer, and the current paradigm fomaxag risk factor associations with breast
cancer prevalence is to examine risk factors osagis outcome subdivided by relevant tumor
characteristics or biomarkers. In breast canceststodies have focused on defining breast
cancer by the tumor characteristics of estrogeaptec (ER), and/or progesterone receptor (PR)
expression, and more recently by human epidernaatiyrfactor receptor 2 (HER2) expression.
Tumor grade is a characteristic that is less contynexamined according to risk factor, however
it is an important prognostic characteristic tha been demonstrated, in some studies, to differ

according to risk factor [5, 14].

The bulk of published studies have analyzed averaggopulations, and associated most
reproductive and hormonal risk factors, such agyage at first birth, and exogenous hormone
use, with hormone-positive (ER+ and PR+) cance9s2Z¥, 40, 55, 58, 63, 65, 70, 71, 90, 98].
By contrast, ER and PR negative breast cancer ([BRwhich is positively associated with
younger age, high tumor grade, and poor prognasigoared with ER+PR+ cancer, does not
demonstrate the same associations with reproduatidgenormonal risk factors [6, 27, 40, 41, 65,
70, 71, 73, 81, 98], although breastfeeding isafrtbe few reproductive risk factors consistently
associated with a reduction in both hormone recqpisitive and negative breast cancer in a
majority of studies [19, 27, 58, 70, 90, 98]. Exalans of risk factor associations with ER- and
PR-defined breast cancer are less common in hgihpopulations, therefore findings have been
less consistent across studiesg Table 1% Whether breastfeeding is protective against ER-

PR- cancer in populations at high risk of breasteais critical for prevention, as there are few
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prevention options available for these women afpam risk-reducing surgeries and

chemoprevention.

Previous studies have also supported that anotbdifiable factor, oral contraceptive (OC) use
is either positively associated, or not associategith breast cancer, however, most studies have
failed to examine year of commencing use of OQggards to effect on risk, even though
previous studies have supported that year of OGsuse important variable in assessing breast
cancer risk [152, 153], as estrogen and progesticentrations were higher in older
formulations of OCs (prior to 1975). Similar to astfeeding, few studies have examined the

role of oral contraceptive use in higher risk pepioins, by ER- and PR- status [67, 100, 101].

Additionally, few studies have examined risk facesociations with breast cancer tumor grade.
Tumor grade classifies cancer cells according &g tppearance under a microscope (how
abnormal they look compared to normal breast tisand how quickly the tumor is likely to

grow and spread. Poorly differentiated tumors apeenaggressive, less amenable to treatment
and have poorer prognosis compared with well dfieated tumors. While few studies have
examined whether risk factors differ accordingumor grade, because prognosis differs for high
and low grade, increased understanding of theafotkfferent risk factors into the etiology of

high or low grade tumors could be of value in deiamg cancer prevention measures.

In Chapter 2 of this dissertation, | focused onmeixation of breast cancer risk factors defined
by joint ER and PR status, as well as moleculatygd@s, using data from the population-based
sites of the Breast Cancer Family Registry, andgog on the risk factors of parity,
breastfeeding, a combined parity-breastfeeding oreaand oral contraceptive use, with a

control group serving as the primary reference graw the analysis from Chapter 2, | found
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that, within the population-based cohorts of theFBChigh parity (3+ live births) without
breastfeeding was positively associated with ER48Rwors (odds ratio [OR] =1.57, 95%
confidence interval [Cl], 1.10-2.24), but not wER+PR+ tumors. Breastfeeding was associated
with a reduced risk of all breast cancer subtypasmost strongly with ER-PR- cancer
(OR=0.52, 95% CI 0.40-0.68,12 months of breastfeeding vs. never). High pavityen

coupled with breastfeeding, was no longer assatiatth ER-PR- cancer (OR=0.93, 95% ClI
0.71-1.22). Compared with controls, oral contraiseptOC) use prior to 1975 was associated
with an increased risk of ER-PR- cancer (OR=1.32 %I 1.04-1.67), but not HR+ cancer. For
women who began OC use in 1975 or later there wasaneased risk conferred by OC use.
Findings differed according to whether cases didiomot have a first-degree relative with
breast cancer, as well as by pre- or postmenopatatak. Cases-only analyses of individual
tumor characteristics indicated that high paritgt Areastfeeding were specifically associated
with ER status, while OC use was associated wittotugrade, no risk factor correlated

specifically with PR status after accounting for &Rtus and grade.

In this chapter, | will repeat the analyses froma@lier 2 using cases and controls from the clinic-
based sites of the Breast Cancer Family Regisitigs(sn New York, NY, Philadelphia, PA, and
Salt Lake City, UT). The clinic-ascertained casé®idfrom the population-based cases in that
they were recruited through breast cancer cliratisar than identified through cancer registries.
The clinic-based sites also recruited family mempeather than unrelated individuals, to serve
as the control population. Because the controlseda¢ed to the cases, analysis will be
performed using both traditional polytomous logisggression, as well as using the method of
generalized estimating equations (GEE) which actsofam the correlation occurring due to

family relationships among the members of the ddtdsvill then use the clinic-based datasets
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to examine parity, breastfeeding and oral contrieepise according to independent ER status,
PR status, and tumor grade, and then adjust fardtrelation between ER and PR status, and
grade, to determine how correlation among thesetwmaracteristics may affect the
interpretations of the differential role of etioleg on tumor characteristics. The two aims of this
Chapter are therefore to 1) Determine whetheritiedrfgs regarding breastfeeding, parity, and
oral contraceptive use found in Chapter 2 are @s®@rved in a clinic-based population and 2) to
use a novel statistical approach, the pseudo+statifkelihood method, to ascertain what effect
correlation of various tumor characteristics witte@nother has on interpretation of findings, in
a clinic-ascertained population. As in the previohapter, the primary risk factors of interest

will be parity, breastfeeding, the combination afify and breastfeeding, and oral contraceptive

use.

3.B. MATERIALS AND METHODS

Study Population

In 1995, the National Cancer Institute funded sieinational sites establishing the Breast
Cancer Family Registry (BCFR), a resource for gersttidies of breast cancer. Six participating
sites from the USA, Canada, and Australia ascestbiamilies either from population-based
cancer registries (San Francisco Bay, CA, Ont&anada, and Melbourne and Sydney,
Australia) or from clinical and community settinggoducing clinic-based families in New

York, NY, Philadelphia, PA, and Salt Lake City, JT55]. The sample for this analysis is taken

from clinic-based sites.

The three clinic-based sites enrolled families wiithitiple or early-onset cases of breast or
ovarian cancer identified through community corgaatd clinical settings including screening

centers, family cancer clinics, surgical and meddceology offices. Probands were defined as
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the first family member enrolled in the Breast Ganeamily Registry and may or may not have
had a personal history of breast or ovarian carlagibility for women was based on one or
more of the following criteria: two or more relas with a personal history of breast or ovarian
cancer, a woman diagnosed with breast or ovariaceraat a young age, a woman with a history

of both breast and ovarian cancer, or kn®@RCAlor BRCA2mutation carriers.

Case and Control Ascertainment

At each of the three study sites, incident breaster cases were identified through clinical and
community-based settings. There were 1647 clinseddamilies with an affected proband,
including 1379 females with a primary invasive lstazancer (the remaining families had
females with a'? breast cancer or males with breast cancer) ame ¥here 1187 clinic-based
families without an affected proband, including 3¥émales, for a total of 2834 probands. Of
the total probands, 2666 completed the epidemiotpgpstionnaire, and 2641 provided a blood
or mouthwash sample. Of 8264 relatives, 4604 coteglthe epidemiology questionnaire, and

3973 provided a blood or mouthwash sample.

All sites used common questionnaires on familydmstand epidemiologic risk factors. The
family history questionnaire was completed by thabpnd (initial person contacted in the
family; this person was not required to have breaster in the clinic-based sites) and obtained
information on vital status, dates of birth, datésleath, and dates of cancer diagnosis for all
first-degree relatives, and more distant relativel a personal history of cancer. The risk factor
guestionnaire was completed by participating prdsand relatives and sought information on
demographics, personal history of cancer, breabbaarian surgeries, radiation exposure,

smoking and alcohol consumption, menstrual andnanegy history, breast feeding history,
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hormone use, weight, height, and physical actiigtails of the recruitment criteria can be

found inAppendix Table A1-1

A total of 2627 women with a primary invasive biteeancer (1458 from New York, 725 from
Philadelphia, and 444 from Salt Lake City) haverbeerolled in the clinic-based sites and
completed the epidemiology questionnaire. In addjtB794 familial controls (2124 in New

York, 882 in Philadelphia, and 788 in Utah), haeerbenrolled and completed the epidemiology
guestionnaire. The overall clinic-based study sanspe is 2627 female cases, and 3794 related

female controls.

Of the cases, 32% of women have both ER and PRmafiton available and were therefore
eligible for analysis, including 522 cases from Néwrk, 150 from Philadelphia, and 178 from
Salt Lake City. Because this is a familial studgttimcludes previous generations, many of the
cases were diagnosed with breast cancer prior36,khd ER and PR data for these cases was
not commonly ascertained (N=1,719 66% of sampteaddition, several cases (N=30, 2% of
sample) were described to have “mixed” ER+/- or RR#mor structure, and were excluded. |
used data from all 3794 related controls that cetepl the epidemiology questionnaire.

Appendix Figure Al-Bescribes the ER and PR missingness data in fudétail.

Risk Factor Data Collection

Cases and controls completed structured questi@massessing breast cancer risk factors and
family history of cancer. In addition to detaileahfily history, information was collected on
established and suspected breast cancer risk$aatoluding oral contraceptive use, hormone
replacement therapy use, age at menarche, paggyatdirst live birth, breastfeeding history,

smoking history, alcohol use, education, body nadsx, and menopausal status.
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Tumor Marker Data Collection

BCFR study pathologists ascertained estrogen amgkpterone status and tumor grade from
patient tissue and/or pathology reports examin@tyus standardized protocol and pathology

reporting forms, or through data available from pleetinent tumor registry.

Eligible cases had data available on ER statug&hdtatus through either pathology samples
(tumor samples) or pathology reports/medical reganchilable for central review. The
distribution of risk factors was no different betmecases that did and did not have pathology
data available for review. However, clinic-basedesawho were diagnosed prior to 1995 were
much less likely to have ER/PR information avakatblan cases who were diagnosed in 1995 or
later (86% of the 1521 cases diagnosed prior t® 8@ not have ER/PR information available,
compared with 49% of the 982 cases diagnosed ib d8fater). HER2 data were not available

for the clinic-based sample. Details of missingreegsavailable i\ppendix Figure Al1-2

For cases for whom tissue samples were obtaineBRBfathologists examined sections from
histologic slides and/or paraffin tumor blocks aadegorized tumors as ER or PR positive if
>10% of tumor cells stained positive. Where tissarages were not obtained, pathologists
reviewed pathology reports and medical recordsraadrded the ER and PR status listed on the
report, or, if information existed on the percehtells staining positive, employed the same
requirements that10% of cells stained positive resulted in a defnitof ER or PR positive.

This cutoff for positivity was typical for samplesllected and examined at the time of data
collection, although current practice classifiesitus as ER or PR positive when greater than 1%
of tumor cells stain positive. Of the 843 case$hWR/PR clearly coded as positive or negative
(and not of “mixed” status), 436 are ER+PR+, 2®lER-PR-, 100 are ER+PR-, 53 are ER-

PR+.
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For tumor grade, BCFR pathologists reviewed pathpoleports and medical records to
determine the tumor grade. Tumor grade was miseid§% of the population with known
ER/PR status, including all Philadelphia-based sasm herefore for analyses including ER,
PR, and Grade, only 524 subjects were availablaratysis, all from the New York and Utah

sites.

Statistical Analysis

| conducted both case-control and case-case anakisng several statistical techniques. To
examine the association of risk factors with ER#&us, | used unordered polytomous
regression, resulting in 4 ER- and PR- defined sugas, which were compared to a common
control group. In the case-control analysis, ER+RRd ER-PR- patients were compared with
familial controls. Because of the low incidenceedi+PR- and ER-PR+ subtypes, the findings
for these subtypes are not reported in the Resedson. In the case-only analysis, | additionally
compared ER-PR- tumors to ER+PR+ tumors as theardfo assess case/case differences.
Case-control analyses and were conducted usinggodytomous logistic regression and GEE.

Case-only analysis was conducted using binomiastiogegression and GEE.

To examine these tumor characteristics after adauyfor their correlation with one another, |
examined ER, PR, and the additional tumor chanstiteof grade in case-only analyses using
binary logistic regression, comparing ER- tumor&Rt+ tumors, PR- tumors to PR+ tumors,
and high-grade tumors to low-grade tumors (whege rade was considered grade 3, and low-
grade was considered grade 1,2). | then accountdtd correlation between these factors by
simultaneously adjusting for the correlation of &Rtus to PR status, for example, to see how

findings changed, using the pseudo-conditionalilib®d regression approach [125].
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For the analysis, | concentrated on examining dleing known or suspected breast cancer
risk factors, adjusted for age, race, study sitst-fegree family history (Yes/No), and
menopausal status: oral contraceptive ase years, < 5 years, never), timing of oral
contraceptive use (any use prior to 1975, all dtex 4975, never); Parity (nulliparous, 1-2 live
births, 3 or more live births), and a combined btigeding/parity measure. Findings were
additionally stratified by first-degree family hisy status, and examined among cases that were

positive forBRCA1/BRCA2nutation.

The multivariable models were adjusted for thealags of interest as well as for age, site, race,
family history of breast cancer, and menopausalst®ther variables, including age at
menarche<11, 12> 13), age at first birth (continuous), smoking (Be$moker, Former
Smoker, Current Smoker), BMI (continuous), edugatio high school> high school), alcohol
use (<7 drinks per weeky drinks per week, non-drinker) were evaluatecemisthey were
strongly associated with a risk factor of interssich that they confounded the association
between that factor and the outcome when addeddgrassion. | considered a risk factor to be
a confounder if the suspected confounder changedftact measurd] of the risk factor of
interest on the outcome by 10% or greater, ompifegponderance of previous literature supported
an association. A risk factor was considered sicguitly related to the outcome if the 95%

confidence interval did not include the value of.“1

Menopausal status was missing in for 138 case2@&hdontrols. In order to estimate

menopausal status for these subjects, cases atrdlsamere coded as menopausal if they had
experienced bilateral oophorectomy, or if they wage 51 or older, at the time of diagnosis for
the cases, and at the time of interview for therod Subjects who were younger than 51 and

had not had a bilateral oophorectomy were codgeaenopausal. Analyses including this
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estimation of menopause did not significantly alter study findings, compared to analyses
excluding these subjects, but allowed for inclusabthese cases in analysis to improve study

power.

All statistical analyses used SAS Version 9.4 SaferMSAS Institute, Cary, NC), and

MATLAB.

3.C. RESULTS

Table 3-1summarizes demographic, risk factor and (for tees) tumor characteristic
frequencies by joint ER and PR status. The coppllation was young, with a mean age of 44,
similar to the ages of ER-PR+ and ER-PR- casesydwiger than ER+PR+ and ER+PR- cases.
Controls and cases that were ER- were more oftememopausal compared with ER+ cases,
likely due to a lower mean age. ER+PR+ and ER+RReg were more likely to be never users
of oral contraceptives. Nearly 30% of controls weudliparous, compared to 17% of ER+PR+
and 12% of ER+PR- cases. The low relative ageettmtrols may indicate that some were
nulliparous primarily due to young age. As paritgyang controls was low, a full 50% had never
breastfed. Because controls were all familiallated to a cas&RCA1positivity among

controls was high, at 7%, higher than that for ER+RAand ER+PR- cases. ER-PR+ and ER-PR-
had the highest rates BRCAlpositivity, at 11 and 22%, respectively. ER-PR# &R-PR-

cases were also characterized by high tumor gréthé (ER-PR+, and 82%, ER-PR-).

Appendix Table Al-Summarizes demographic, risk factor and tumor dtanatic frequencies,
for cases categorized separately according to gmgnt ER status, PR status, and grade. ER-,
PR-, and high grade cases were more likely to lneger and more likely to HBRCA1positive,

and were more likely to have ever used oral coppiees and less likely to have ever used
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HRT. Cases who were ER- were more often premenapdbases who were ER- and had high

grade tumors more often had a first-degree famdiohy of breast cancer.

Parity and Breastfeeding

Table 3-Zpresents adjusted ORs for parity, breastfeedind)jaatombined parity/breastfeeding
variable, comparing ER+PR+ cases to controls, ERe&¥®s to controls, and ER+PR+ cases to
ER-PR- cases (Data are not shown for ER+PR- cas&R-PR+ cases, due to low sample size
for these subtypes). Data are analyzed using lbgiktic regression, and the method of
generalized estimating equations (GEE), which actsofor correlation of the data points

resulting from using familial controls.

Both ER+PR+ and ER-PR- cases were significantlyenhi&ely to be parous than were controls,
however for ER+PR+ cases, these findings werefsignt only for 1-2 live births, not for 3 or
more live births, while ER-PR- cases were signiftgamore likely to be parous than controls,
regardless of number of live births (OR=2.10, 9504 27-3.48, ER-PR- vs. control, 1-2 live
births vs. none; OR=2.10, 95% CI 1.16-3.81, ER-t”R-controls>3 live births vs. none). GEE
findings were similar to those using logistic resgien. Although point estimates were higher in
ER-PR-, compared with ER+PR+ cases, the associbdéitween parity and increased likelihood
of ER-PR-, rather than ER+PR+ breast cancer, wasigmificant (OR=1.37, 95% CI 0.72-2.59,

> 3 live births vs. nulliparous, ER-PR- cases vs+ER+ cases).

A non-significant inverse association was foundueein ER-PR- cancer and breastfeeding,
compared with controls, in logistic regression (QR9, 95% CI 0.45-1.1312 months of
breastfeeding vs. never), and GEE (OR=0.69, 95%.43-1.10>12 months of breastfeeding

vs. never). No association with breastfeeding wasd for ER+PR+ cases. The association
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estimate remained, when comparing ER-PR- patierelkt+-PR+ patients (OR=0.60, 95% CI
0.35-1.02, ER-PR- compared to ER+PR%*2 months of breastfeeding vs. never). When
breastfeeding analysis was limited to parous woardy, the association persisted and was
statistically significant (OR=0.56, 95% CI 0.35-0,ER-PR- vs. controls, parous women only,
>12 months of breastfeeding vs. never). Using a @oatbparity/breastfeeding variable, parity
coupled with lack of breastfeeding, was signifitgassociated with ER-PR- breast cancer
(OR=1.75, 95% CI 1.00-3.04 1-2 live births, no Istézeding vs nulliparity, OR=2.07, 95% ClI
1.09-3.332> 3 live births, no breastfeeding vs. nulliparityideelevated, though not statistically
significantly, among women with ER+PR+ cancer. Ag@arous women who breastfed, there
was no longer a positive association between pantyER-PR- cancer, however an association
emerged for ER+PR+ cancer, only among women wiHite births (OR=2.11, 95% CI 1.34-

3.33, for 1-2 live births + any breastfeeding, mslliparous).

Because the finding that parity was positively agged with ER+PR+ cancer was unexpected,
given that most literature supports an inverse@aton, or no association, between ER+PR+
cancer and parity, | examined the association bEtviER and PR status and parity, in relation to
the timing between diagnosis and interview, to usided whether the positive association could
be associated with cancer survival, rather thai@émce. Additionally, findings excluding
BRCAlandBRCAZ2positive cases were examined, to determine wheétlegpositive association
between parity and cancer was related to the pcesgiBRCAland 2+ cases in the case dataset,
and time since last birth was examined, to detegnfirecent parity was elevating risk, as risk of
breast cancer is typically elevated within thetfesveral years after childbirth [172]. Details of
these findings are available Appendix Table A1-1 found that when including only those

cases interviewed within 2 years of diagnosis, tihate was no association between parity and
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ER+PR+ cancer (OR=1.04, 95% CI10.65-1.67, 1-2 livih® vs. nulliparity). The association
between parity and ER-PR- cancer was maintaineatdeégss of time between diagnosis and
interview. OmittingBRCAland2 cases from analysis, did not change point estsmate
interpretation, and time since last birth analgds® did not materially affect point estimates

(data not shown).

In further analysis, to determine whether risk-ba@tssociations differed depending on whether
cases had a first-degree family history of breaster, cases were stratified by whether they had
at least one first-degree relative with breast egnes. none. Among cases with a first degree
family history, the positive association betweenER- and ER+PR+ breast cancer and parity,
diminished and became non-significant. Among castsno first-degree family history, parity
was more strongly associated with both ER+PR+ dRdPR- breast cancer (OR for 3+ live

births: 3.06, 95% CI 1.46-6.42, for ER-PR- withfiret-degree family history vs. control).

Among cases with a first-degree family history, itineerse association between ER-PR- breast
cancer, and at least 12 months of breastfeedirngne more negative (OR=0.51, 95% CI 0.24-
1.07), while breastfeeding was not inversely asgediwith ER-PR- cancer among those with no

first-degree family history of breast cancer (OR0.95% CI 0.50-1.63Figure 3-1).

Additional analysis of ER+PR+ and ER-PR- cases waeBRCA1positive orBRCA2positive
indicated that among cases that WBRCCAlor 2 positive (compared witBRCAlor BRCA2
positive controls), parity was more positively asated with ER+PR+ tumors, than it was with
ER-PR- tumors, although findings were non-signiiicdlostBRCA1lpositive women are ER-
PR-, whereas mo&RCA2women are ER+. Breastfeeding appeared to be moteqgbive
amongBRCAL1/2+cases, then among all ER-PR- cases (OR=0.35, 9994.¢-0.93BRCA1/2+

cases VSBRCA 1/2+controls, at least 12 months total breastfeedsmguone)Table 3-4).
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Oral Contraceptive Use

Table 3-3presents adjusted ORs for length and starting gfearal contraceptive use, comparing
ER+PR+ cases to controls, ER-PR-cases to contmSER+PR+ cases to ER-PR- cases. Data
are analyzed using both logistic regression and.&ERl contraceptive use was associated with
ER-PR-, but not ER+PR+, breast cancer (Logisticaggjon, OR, 1.49, 95% CI 1.00-2.21; GEE,
OR 1.50, 95% CI 1.01-2.23 OC Use > 5 years vs. NeVais association was also significant
when comparing ER-PR- cases, to ER+PR+ cases (OR=95% CI 1.17-3.06, OC use >5
years vs. never). In analysis of starting yearsef, WWC use was positively associated with ER-
PR- cancer (but not ER+PR+ cancer), among casesisgtboral contraceptives prior to 1975
(OR=1.60, 95% CI 1.08-2.37). Among cases who ugged &iter 1975, there was no association
with OC use and ER-PR- cancer, and there was @eddudds of ER+PR+ cancer (OR=0.56,

95% C1 0.41-0.78). Findings did not differ signditly according to logistic regression or GEE.

As with the parity and breastfeeding variable, drmned whether the relation between OC use
and ER-PR- or ER+PR+ breast cancer differed byljanmstory of breast canceFigure 3-J).

In cases with at least one first-degree relativih Wreast cancer, the association between OC use
prior to 1975, and ER-PR- breast cancer, becamesigmificant, while it became more positive

in those without a first-degree relative with btezencer (OR=1.88, 95% CI 1.06-3.33, for ER-

PR- cases vs. controls, OC use prior to 1975, exemuse).

As with parity and breastfeeding, the associatievben OC use and ER- and PR- defined
breast cancer was also examined amBRGA1/BRCA2«ases, verslBRCA1/2+controls.
AmongBRCA1/Z cases, >5 years of OC use, was positively agsocveith ER-PR- cancer ,

but not with ER+PR+ cancer (OR=3.53, 95% CI 1.386Y..similarly, use prior to 1975 was
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associated with ER-PR- cancer am®RICALl/2+cases, compared with controls (OR=3.43,

95% Cl 1.52-7.75)Table 3-3.

Pseudo-Conditional Likelihood findings

Tables 3-5A and 3-5Bresent the multivariable ORs for ER+ vs. ER- tisn&®R+ vs. PR-
tumors, and Grade 3 tumors vs. Grade 1,2 tumarshéokey risk factors of interest: parity and
breastfeedingTable 3-5A, and oral contraceptive usgaple 3-5B. For each tumor
characteristic, the first (left-hand) column re@m@s the multivariable OR unadjusted for
correlation with the other tumor characteristias] ¢he 29 (right-hand) column represents the
multivariable OR, adjusted using the pseudo-cooudi likelihood approach, to account for the
correlation among tumor characteristics (i.e., ERus is adjusted for PR status and grade, PR
status is adjusted for ER status and grade, amtk gsaadjusted for ER status and PR status.).
Because grade was not available for the Philad@lpased cases, the sample for this case-only

analysis includes cases from New York and Utah.

Parity: Parity was not associated with an increased riskER- status, compared to ER+ status,
in a multivariable model unadjusted for PR status grade, or in a pseudo-conditional
likelihood model adjusted for PR status and grade was it associated with PR status in either
the adjusted or unadjusted models. However, pamty associated with high grade (grade 3) vs.
low grade (grade 1,2) tumors, in a model unadjuie&R and PR status (OR=1.90, 95% ClI
1.00-3.59, 1-2 live births vs. none and OR=1.96x95l, 0.95-4.01, 3+ live births vs none), and
in a model adjusted for both ER and PR status (OR=25% CI 1.08-4.38, 1-2 live births vs.

none and OR=2.23, 95% CI 1.02-4.863 live births vs. none).

96



BreastfeedingBreastfeeding for 12 months or longer was assatiatth reduced odds of ER-
cancer, compared to ER+ cancer, and PR- cancerarethfo PR+ cancer, in multivariable
models unadjusted for PR status and grade (OR=9598,Cl 0.28-0.84, ER- vs. ER+,
OR=0.58, 95% CI 0.35-0.97, PR- vs. PR+). Howevemultivariable models simultaneously
adjusted for PR status and grade, breastfeedingnavamnger associated with ER status. In
models adjusted for ER status and grade, breastfipads no longer associated with PR status,
although the point estimate remained similar toldiggstic regression model. Breastfeeding of
any duration was associated with reduced oddsgbf ¢miade, vs. low grade cancer (OR=0.54,
95% CI 0.32-0.91, breastfeeding <12 months vs. mawve OR=0.40, 95% CI1 0.21-0.73,
breastfeeding12 months vs. never), and this association remaafted adjustment for ER and

PR status.

Oral contraceptive usdn the multivariable models ifiable 3-5B cases who used oral
contraceptives were more likely to be ER-, rathantER+ compared with never users
(OR=1.56, 95% CI 1.02-2.485 years use vs. never, OR=1.74, 95% CI 1.09-2 .3 Fears use
vS. never), however once the model was additioraaljysted for PR status and grade using the
pseudo-conditional likelihood approach, ER statas wo longer significantly associated with
OC use, although point estimates changed only nailygmOC use prior to 1975 was associated
with ER- vs. ER+ cancer, compared with never ufe<075, 95% CI 1.15-2.67); upon
adjustment for PR status and grade, this assogiboame non-significant, although the point
estimate remained similar (OR=1.90, 95% CI 0.9%B.By contrast, OC use in 1975 or later
was positively associated with PR-, vs. PR+ statos)pared with never use (OR=1.78, 95% CI

1.11-2.84), this association also became non-sogmif, but the point estimate remained similar,
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after adjustment for ER status and grade (OR=B8% CI 0.92-3.83, for PR- vs. PR+ cancer).

OC use was not associated with cancer grade iditiie-based population.

3.D. DISCUSSION

Parity and Breastfeeding

In the clinic-based population of the BCFR, comguli®f breast cancer cases and familial
controls, | found that high parity was positivebsaciated with both ER+PR+, and ER-PR-
tumors, and breastfeeding was only associatedredthiced odds of ER-PR- cancer. Having
children and not breastfeeding them was assocvwitbdan increased risk of ER-PR- tumors.
This risk was mitigated by breastfeeding in the EIR-tumors, but not in the ER+PR+ tumors. |
found that the effect of these risk factors cafediflepending on whether cases have a first-

degree family history of breast cancer.

Analysis of the nature of the association betwelRrBR+ cancer and parity indicated that
among cases who were interviewed between 0-2 ydt@rsdiagnosis, there was no association
between parity and ER+PR+ cancer, with odds ratmse to 1. When time between diagnosis
and interview was between 0-5 years, the associagbween ER+PR+ cancer and parity
became positive, but was still non-significant. Ywhen all cases, even those interviewed more
than 10 years after diagnosis, were included ircé#se group, was the significantly positive
association between parity and ER+PR+ breast canamtained, indicating that among the
ER+PR+ cases, parity is likely associated with &ireancer survival, rather than breast cancer
incidence. By contrast, parity was positively ass@d with ER-PR- cancer, regardless of the
timing between diagnosis and interview, indicatinig association between parity and ER-PR-

status is more likely to reflect risk of incidenge., may have an etiological basis).
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Most studies support that parity is inversely agged with ER+ breast cancer risk, whereas,
after accounting for time between diagnosis anerunéw, | found no association between ER
positivity and parity. Studies reporting an inveassociation between parity and ER+PR+
cancer often contain a preponderance of postmesapawmen [19, 58], whereas the BCFR
clinic-based sample has a high proportion of prespansal women, particularly among
controls. Studies of younger, primarily premenopauwsmen have found conflicting results

regarding ER+ and parity, including several studied have found no association [54, 69, 91].

Many studies have reported a positive associatawden parity and ER- breast cancer,
particularly when parity is combined with a lacklwéastfeeding [5, 56, 65, 67, 71, 75, 82, 177].
Most studies have found breastfeeding to be prigteotgardless of subtype, while this study
does not show an inverse effect of breastfeedingR®APR+ cancers. However, some studies
have indicated that breastfeeding confers greatteqtion against ER-PR-, or triple-negative
cancer, and can mitigate the positive risk contelg parity [81, 95, 108, 151]. The
Collaborative Group on Hormonal Risk Factors indteCancer has determined that
breastfeeding is protective against breast carm®reaand beyond the protection conferred by
parity [162]. Hypothesized potential protective ima&gisms include the removal of estrogens via
breast fluid, excretion of carcinogenic agentsuigtobreast milk, delay in ovulation associated
with breastfeeding, and induction of terminal diffietiation of breast epithelial cells [163]. In
addition, as mentioned in Chapter 2, involutiom@mmary tissue occurs after breastfeeding,
but in the absence of breastfeeding, may occuresqustpartum; this process has been

associated with tumor development in animal breaster models [157].
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Oral Contraceptive Use

Overall, oral contraceptive use was associated avitimncreased risk of ER-PR- breast cancer,
however, by further defining OC use by startingry&ause, | found that this increased risk was
only present in women who began their oral confrage use prior to 1975. After 1975, OC use
was not significantly associated with ER-PR- breasicer, and was shown to be protective
against ER+PR+ breast cancer. Earlier publishedlegueported positive associations between
ER-PR- breast cancer and OC use (reviewed in[dlgreas most recent studies have found no
overall association between ER-PR- breast canaeO&huse [19, 27, 67, 73, 96, 98, 177]. A
few studies have found, as this one did, an invasseciation between OC use and ER+PR+
cancers [74, 81]. Analysis of year of initiationaasimportant variable in evaluating the
association between OC use and breast cancerasskdtcome more common [12, 165, 166], but
has not regularly been examined in previous rebeamdOC use and breast cancer risk by
hormone receptor status. OC use both before aadth# year 1975 was associated with an
increased risk of ER-PR- cancer, among cases whe werviewed soon after diagnosis. This
could indicate that, among cases for whom use oedwafter 1975, recency or total duration of
use may be positively associated with ER-PR- camsehas been found in an additional study of
young, triple-negative breast cancer cases [10ddlitlonally, analysis in Chapter 2 indicated an
age-cohort effect regarding OC use and ER-PR- cambe same age-cohort effect could be
operating in this sample, although smaller samigke is this population did not allow for an age

cohort analysis.

It is unclear why OCs used prior to 1975 would bwerstrongly associated with ER-PR- cancer.
Studies of synthetic progestins used in OCs hawergdly found that the proliferative actions of

progestins used in OCs are mediated through thEL&R 178], which does not explain why ER-
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breast cancer is more likely to be affected, unlesER is effectively “turned off” by such
proliferation. Typical estrogen doses used in @0k were more than double the doses used in
the 1980s, and progestin doses were also highenahdied different types of progestins than
current OCs [166]. Biologic and clinical evidenegport a role for exogenous estrogen effects
on carcinogenesis mediated through estrogen-receERa) receptor, yet evidence supports

that receptor-independent pathways may also ekr€i][

Role of family history

In this population with a high proportion of botases and controls with a first-degree relative
with breast cancer, it was feasible to examineifigsl stratified by family history. It should be
noted that those cases and controls without adegtee relative with breast cancer, often have
one or more ' degree relative with breast cancer, so cannobhsigered to have non-familial
breast cancer. Parity was more strongly assocwitddpositive risk of breast cancer, among
caseswvithouta first-degree family history of breast cancertipalarly among ER-PR- cases.
Breastfeeding was inversely associated with bresster, only among ER-PR- casgéth a
first-degree family history of breast cancer. An@ Qse (prior to 1975) was associated with
increased risk of ER-PR- breast cancer, amongwothenwith and withouta first degree
relative with breast cancer, but the associatios mare negative among those without first-
degree family history. After 1975, OC use was ptve against ER+PR+ cancer, only among

womenwithouta first degree relative with breast cancer.

Some studies have indicated that for women wittinailfal risk of breast cancer, the role of
environmental risks (such as childbirth) in conitibg to breast cancer etiology may be

minimized [44, 47]. In cases without a predispogenetic risk of breast cancer, environmental
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factors may play a heightened role. My analysismased a relatively young sample of women,
some of whom were of childbearing age, and expeeiém cancer diagnosis within 5 years of
childbirth. For cases with no genetic predispositi@cent childbirth might be considered
causative (along with other factors) to breast eaetiology [179]. However, for cases with an
existing predisposition, breast cancer diagnosssyatung age may coincide with recent
childbirth, but childbirth may have less of a caigarole. This assumption is supported by the
findings, that breast cancer molecular subtypeibigion is not different in those with
pregnancy-associated breast cancer, when famiigriziss considered [180], and that those with
family history have not been found at increasekl eisbreast cancer, within10 years of
pregnancy [181]. This may be why, among cases fivghdegree family history, parity was less

associated with increased odds of breast cana@ar,among cases without.

Stratification by first-degree family history inishanalysis demonstrated the value of
breastfeeding for women with a first degree afféctdative (and thus a likely genetic
predisposition to breast cancer) in possibly maddithis risk. It has been shown in a recent
meta-analysis thd&RCAl1mutation carriers, who are typically diagnosechviiR-PR- cancer,
were significantly less likely to develop breastoer if they breastfed for at least one year,
compared witBBRCAlmutation carriers who did not breastfeed; thers m@association with
breastfeeding amorBRCA2mutation carriers, who usually have ER+ tumor2[18he
conclusion of the meta-analysis was that breastigad inversely associated wiBRCA1(but
notBRCA3J carrier status, however, it could in fact be thatastfeeding is inversely associated
with ER-PR- status, regardless of carrier statusméh who wer@RCA1positive made up 13%
of all clinic-based cases in this analysis, but 2#&R-PR-cases, and breastfeeding was found

to be protective against ER-PR- breast cancer ¢haesvereBRCA1/2positive, indicating even
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amongBRCA1/2positive women, there is some differential pathwaotentially involving
breastfeeding, by which cases become estrogentoeaaprogesterone receptor negative, rather

than positive.

In other analyses of parity aBRCAL/2carriers, including the meta-analysis, parity basn
unassociated witBRCA1status [182, 183]; this study also found thattgamias unassociated

with ER-PR- status, which would be largely madeotiBRCAlcases. Parity has been positively
associated in a few studies wBIRCAZ2status oBRCA/2status [184, 185]. These analyses did
not classify cases by ER or PR subtype, potentiaBylting in a finding confounded by
heterogeneity of tumor characteristics. Age incaecourves for breast cancer tend to be younger
for carriers oBRCAlor 2, such that factors that occur close to the tinmhdiagnosis, may

appear to be strongly related to risk. In this gsial parity was positively (though non-
significantly) associated with ER+PHBRCA1/2carriers, however, the average age of breast
cancer diagnosis IBRCAZ2carriers (the bulk of whom are ER+), is less th&nindicating that

recent pregnancy and case status may be co-oagubtnhnot causally related.

Regarding oral contraceptive use, findings amomsggavith/without family history and among
BRCAL/2carriers, were similar for ER-PR- cases. Thusifigsl may reflect that, prior to 1975,
OCs conferred an increased risk of ER-PR- caneggrdless of pre-existing genetic
predisposition. Studies that have examined OC os®g women with family history of breast
cancer found increased risk of breast cancer anlyrg women who began OC use prior to
1975 [166], as did my findings. Data on OC use largdst cancer risk IBRCAL/2mutation
carriers, including some from the breast canceilfaragistry, have demonstrated no increased
risk with OC use initiated after 1974, for use@fyear [153, 154, 167, 186]. Additional studies

have supported long duration of use, greater thgagbs, is positively associated WBRCA1
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positivity in carriers, as was found in this stddy ER-PR- cases witBRCA1/2positivity [187,

188]. These studies did not report findings by BRA&abtype.

Case-Case Analysis of Tumor Characteristics

The challenges of understanding the possibly diffeal effects of estrogens and progestins on
hormone positive and negative breast cancer riskpeghaps be better parsed out using the
additional analyses in this chapter. There aredmvious analyses of this type in breast cancer,
and none that specifically consider ER status, taRis, and grade using the risk factors of

parity, breastfeeding, and oral contraceptive use.

In this sample, OC use was positively associated BR- (compared with ER+) cancer, but only
in use prior to 1975. OC use was positively assediavith PR- (compared with PR+) cancer,
but only among users who initiated use after 1@¥5.use was not associated with grade. OC
use before 1975, when OCs contained high dosestroigen and progestin, was positively
associated with ER- tumors, while OC use after 1®#%en newer types of progestins were
introduced into OCs) was positively associated Wiy tumors. Thus the specific formulation
of the oral contraceptive over time, may have afféevhat subtype of cancer cases incurred,

even if overall cancer risk was not affected.

Parity was positively associated with both ER+ B4 cases, in case-control analysis, and thus
not differentially associated with ER-, vs. ER+camse-only analysis. However, parity was
positively associated with high grade, even afeeoanting for ER and PR status (ER negativity
and PR negativity are closely correlated to highdg). The association with high grade among
parous women, regardless of ER/PR status, maylditeddo the high rate RCAlandBRCA2
positive women in the sample, since presence sfithitation is associated with high grade
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tumors regardless of ER/PR status. Publications lh#&so noted that familial breast cancers are
often of high grade, even when not associated BRIEAlor BRCA2positivity [189], indicating
that the associations found in this analysis maselsed to the high prevalence of familial

breast cancer in the sample. Most interesting,dtfiexading was negatively associated with high
grade vs. low grade tumors, and also with ER andch&ativity, even after these factors were
adjusted for one another, giving further eviderad breastfeeding may truly reduce risk of
acquiring poorer prognosis tumors, such as thaseatie ER-, PR- and high grade, even in cases

where a familial predisposition to such cancerstexi

Methodologic Considerations

Selection BiasPathological data on hormonal status was availablesview for only a

subgroup of the clinic-based sample. If these womerre not representative of all eligible cases,
one or more findings could be biased, with thedliom of the bias differing depending on the
differences between those who participated andplagttblogy for review and those who did not.
Distributions of parity and other risk factors fay sample and the entire case sample were
similar (data not shown), improving the likelihoththt cases with ER and PR data available are
representative of the distribution of these hornhenhtypes for the entire case sample, however
the requirement that ER and PR status be knowitedsn a case sample with more recent
diagnosis, and more recent history of relevantfaskors, such as parity, breastfeeding, and oral
contraceptive use, resulting in small sample sizevaluating risk factors occurring further in
the past (such as OC use prior to 1975). Additibmiadw-up and information gathering for the
clinic-based sample, where case information is imgssvould make findings more robust to
selection bias. In addition, detection bias mayehalayed a role in diagnosis of the cases.

Although detection bias is more often consideretane of prospective studies, in this instance,

105



cases may have screened more often and diagnasgdeaause of a known family history of
breast cancer; some cases may also have diagnasgebgtively, if controls with family history
or BRCA1/2carriers, converted to cases status during tity sietection bias, if present, would
have tended to find cancers of smaller tumor simkearlier stage, and also resulted in younger
age at diagnosis, resulting in poorer generalizglof the case sample to breast cancer cases

found through more typical surveillance levels.

Comparison group:For this analysis, | used family-based controlthascommon referent

group. | did not observe some established assongmbetween hormonal and reproductive
factors and hormonal status. For example, | didindthigh parity to be inversely associated
with ER+PR+ cancer, while most studies have fousrityto be protective against this subtype
even among younger womenhaple 1-3, Table 14 However, given the high familial

component of cancer risk in this population, i@ surprising that risk factors associated with
average-risk breast cancer populations, would ae¢ the same association in a population with
high familial risk and a sizable contingentBRRCAmutation carriers. Generalized estimating

equations were performed, to minimize the corretagffect of related controls on case findings.

Case definitionsBCFR pathologists used common laboratory procedanel conducted a
centralized pathology review to categorize the migjof cases. A recent study has
demonstrated that cancer registry-provided dataumdgrcount the rarer ER/PR combinations,
such as ER-PR+ and ER+PR- tumors, and that caedatiathology review should be
considered a gold-standard when classifying turbgisormone receptor status [176]. The
criteria for defining women as ER+ or PR+ were n&irangent for this analysis than criteria
typically used today. This may limit the ability tompare this study’s findings to similar

analyses in patients who have been classified asttider less stringent criteria for positivity.
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Information Bias The possibility of recall bias exists, becauselied on participants’ recalls of
their exposures, and in some instances, intervemearred several years after breast cancer
diagnosis, which may not only affect accuracy chik but also introduced survivor bias.
However, the purpose of this analysis was to datexnmwhether risk factor associations differed
by subtype, using controls as a common comparisaupg Because it is unlikely that cases
report exposures differently based on their ERustd®R status, or grade, it is unlikely that OR
estimates would be affected by recall bias of enpesthat are differential by subtype. Survivor
bias can be minimized by limiting the analysis &ses that completed their interview within 2

years of initial breast cancer diagnosis.

Generalizability:My sample of cases is not representative of athew with breast cancer; they
are younger, and are likely to have a strong fammsyory of breast cancer and toBRCAlor
BRCA2+.Controls are also non-representative of a populdtmsed control sample; the controls
are young, and have higher than average risk afsbiancer due to family history of disease, or
BRCAlor 2 positivity. As a result my distribution of the flifent ER and PR-defined subtypes is
not representative of these subtypes in a samplasefs unselected for these characteristics.
Regardless, the purpose of this analysis is to aansk factor by tumor subtypes specifically
in a high-risk, familial, population, therefore cparisons to “typical” populations are neither
expected or of value versus comparisons to otlghr-hisk populations. To this end, my findings
do reflect previous reports that examine youngemao with high familial risk, including

BRCAlcarriers.

A familial (related) sample is expected to havatia generalizability to a more typical
population. Familial breast cancers have been foamliffer in their prevalence of various

clinical and immunohistochemical features [48]. Erample, women with familial breast

107



cancers are more often younger, have microcaltibiea on mammography [48], have tumors

of smaller size on detection (likely a result atrieased surveillance), and are less likely to be ER
and PR+, than sporadic breast cancers [48]. Hispamith a family history of breast cancer are
more likely to have ER-, but not ER+ breast canoglsle whites with a family history of breast
cancer are more likely to have ER+, but not ERasreancers [190]. In particular,

generalizability to older patients may be inappiater

Summary

Overall, | found that multiparity is associatedwan increased risk of ER-PR- and ER+PR+
cancer, in a high-risk population, compared to fencontrols. Among cases interviewed within
2 years of breast cancer diagnosis, this finding m@ maintained for ER+PR+ cases. | found
that the risk for ER-PR- cancer can be mitigatethi®astfeeding, such that multiparous women
with a history of breastfeeding are no longer ateased risk of ER-PR- cancer. | found that oral
contraceptive use is associated with increasedfi&iR-PR- cancer, but only in populations
who began use prior to 1975. In populations usiger formulations of oral contraceptive, a
protective effect against ER+PR+ cancer was demaiest As 1975 is now more than 40 years
in the past, more recent contraceptive use mapaatrisk factor for breast cancer, according to

this study, and may even be associated with a ptereeeffect against ER+PR+ cancer.

| found that in cases with a high genetic predigmysto breast cancer, the causal association of
environmental factors may be minimized, resultimglifferent risk factor associations for high-
risk populations, than may exist for average risgyations. Finally, | found that several risk
factors were associated with high grade tumorstgparal contraceptive use) and that breast
feeding was protective against ER-, PR-, and higldgtumors, in a population with a high

genetic predisposition for cancer. The breastfegtindings indicate that the acquisition of
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certain poor-prognosis tumor characteristics irabreancer, such as ER and PR negativity, and
high grade, may be ameliorated through environnh@ctaons, such as breastfeeding, even in
women who have a high genetic predisposition t@egnncludingBRCAcarriers. These

findings have significance for reducing the ratgobr-prognosis tumor characteristics, in

women for whom eventual breast cancer diagnosilkaly.
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Table 3-1: Demographic and Tumor Characteristics BR/PR status, BCFR Clinic-Based

Sample
Controls ER+PR+ ER+PR- ER-PR+ ER-PR-
N=3794 N=436 N=100 N=53 N=254
N (%) N (%) N (%) N (%) N (%)
Age (Ut s.d.) 44.4+15.0 50.2+12.3 51.6+15.0 43.2+10. 4.2411.1
Race
White 3031 (80) 284 (74) 59 (71) 34 (72) 145 (66)
Black 66 (2) 17 (5) 6 (7) 1(2) 20 (9)
Hispanic 474 (13) 61 (15) 14 (17) 7 (14) 39 (17)
Asian 85 (2) 9(2) 2(2) 7(4) 149 (3)
Other 125 (3) 15 (4) 2 (2) 4 (8) 12 (5)
Site
Philadelphia 882 (23) 69 (16) 26 (25) 3 (5) 50)(2
New York 2124 (56) 287 (66) 58 (58) 39 (73) 182)(
Utah 788 (21) 80 (18) 16 (17) 11 (22) 66 (26)
Menopausal
Status
Pre 2530 (67) 159 (37) 36 (36) 22 (42) 127 (50
Post 1264 (33) 277 (63) 64 (64) 31 (58) 127 (50
Education
< High school 756 (20) 103 (24) 20 (24) 9 (18) (B8)
> High school 3028 (80) 285 (76) 63 (76) 39 (82) BD)
OC Use
Never 1245 (36) 164 (46) 35 (46) 13 (32) 59 (30)
<5 years 1319 (38) 112 (33) 25 (30) 14 (32) 80 (40)
> 5 years 867 (25) 76 (22) 19 (24) 16 (36) 59 (30
Date of first OC
use
Never 1245 (34) 164 (42) 35 (44) 13 (28) 59 (26)
Before 1975 959 (26) 134 (35) 23 (28) 23 (48) ) (3
1975 or later 1479 (40) 85 (23) 25 (29) 12 (24) (4m)
HRT Use
Never 2778 (77) 300 (74) 66 (76) 41 (82) 189 (80
Former 335 (9) 72 1(1) 3 (6) 37 (5)
Current 496 (14) 97 (24) 19 (22) 6 (12) 11 (16)
Age at
menarche
<11 734 (20) 94 (23) 14 (16) 11 (22) 37 (15)
12 1020 (27) 118 (29) 25 (29) 11 (22) 89 (37)
>13 1983 (53) 193 (48) 48 (55) 28 (56) 113 (48)
Parity
Nulliparous 1114 (29) 66 (17) 10 (12) 14 (29) 49 (22)
1-2 live births 1517 (40) 179 (46) 44 (53) 30 (61) 99 (44)
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>3 live births 1157 (31) 143(37) 29 (35) 5 (10) 76 (34)
Age at first 25.1+5.1 25.345.3 25.1+4.9 26.246.5 24.3+5.2
birth
Breastfeeding
duration
Never 1847 (50) 164 (42) 35 (43) 28 (55) 108 (47
<12 mos. 1072 (29) 137 (36) 33 (39) 18 (37) ) (
> 12 mos. 757 (21) 82 (22) 15 (18) 3(8) 39 (18)
BMI 25.2 26.1 25.6 24.5 26.5
Tumor Grade
1,2 NA 179 (63) 39 (66) 11 (28) 30 (18)
3 NA 106 (37) 20 (34) 28 (72) 135 (82)
BRCAL status
Status missing 1006 (25) 106 (22) 32 (32) 8 (15) (1
BRCAL positive 262 (7) 14 (4) 5(5) 6 (11) 56 (22)
BRCAL negative 2526 (67) 324 (74) 63 (63) 39 (74) 37 154)
BRCAZ2 status
Status missing 1071 (28) 97 (23) 33 (33) 9 (17) (28
BRCA2 positive 173 (5) 32 (7) 6 (6) 6 (11) 18 (7)
BRCA2 negative 2550 (67) 307 (70) 61 (61) 38 (72) 63 164)
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Table 3-2:Association between parity and breastfeeding, amedst cancer classified by

hormone status in the BCFR Clinic, adjusted models*

ER+PR+ vs.
Controls
N=382

ER-PR- vs.
Controls
N=223

ER-PR- vs.
ER+PR+

OR (95%CI)

OR (95%CI)

OR (95%CI)

Parity, LOGISTIC

Nulliparous 1.0 (ref) 1.0 (ref) 1.0 (ref)
1-2 live births 1.63 (1.13-2.36) 1.90 (1.20-3.00) 1.16 (0.66-2.04)
> 3 live births 1.35 (0.89-2.06) 1.85 (1.09-3.13) 1.37 (0.72-2.59)
Parity, GEE
Nulliparous 1.0 (ref) 1.0 (ref) 1.0 (ref)
1-2 live births 1.62 (1.10-2.38) 2.10 (1.27-3.48) 1.01 (0.58-1.77)
> 3 live births 1.40 (0.90-2.19) 2.10(1.16-3.81) 1.14 (0.59-2.18)

Breastfeeding
duration, LOGISTIC

Never

1.0 (ref)

1.0 (ref)

1.0 (ref)

< 12 mos.

1.23 (0.91-1.64)

0.88 (0.61-1.29)

0.72 (0.46-1.13)

>12 mos.

1.17 (0.84-1.65)

0.70 (0.45-1.11)

0.60 (0.35-1.02

Breastfeeding
duration, GEE

Never
<12 mos. 1.19 (0.89-1.59) 0.83 (0.57-1.19) 0.73 (0.47-1.13)
> 12 mos. 1.18 (0.84-1.66) 0.69 (0.43-1)10 0.70 (0.40-1.23)

Breastfeeding and
parity, LOGISTIC

Nulliparous

1.0 (ref)

1.0 (ref)

1.0 (ref)

1-2 live births, never BH

1.41 (0.94-2.13)

1.65 (1.00-2.73)

1.17 (0.63-2.16)

> 3 live births, never BR

1.47 (0.92-2.36)

1.72 (0.95-3.13)

1.17 (0.57-2.40)

1-2 live births, ever BF

2.25 (1.45-3.49)

1.44 (0.80-2.61)

0.64 (0.32-1.29)

> 3 live births, ever BF

1.39 (0.95-2.05)

1.22 (0.76-1.98)

0.88 (0.49-1.59)

Breastfeeding and
parity, GEE

Nulliparous

1-2 live births, never BF

1.45 (0.95-2.21)

1.75 (1.00-3.04)

1.01 (0.56-1.80)

> 3 live births, never BR

1.63 (0.91-2.48)

2.07 (1.09-3.91)

1.03 (0.50-2.11)

1-2 live births, ever BF

2.11 (1.34-3.33)

1.56 (0.84-2.88)

0.60 (0.28-1.30)

> 3 live births, ever BF

1.47 (0.98-2.20)

1.31 (0.77-2.24)

0.76 (0.43-1.36)

*Adjusted for age, center, parity, oral contracetiuse, race, breastfeedimgenopausal status, family history

ORs inbold are statistically significant
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Table 3-3:Association between oral contraceptive use and Bteancer classified by hormone
status in the BCFR Clinic, adjusted models*

ER+PR+ ER-PR- ER-PR- vs.
N=382 N=223 ER+PR+
OR (95%Cl) OR (95%Cl) OR (95%Cl)

OC Use, LOGISTIC

Never 1.0 (ref) 1.0 (ref) 1.0 (ref)

<5 years 0.77 (0.58-1.02) 1.40 (0.97-2.03)| 1.83 (1.17-2.84)

> 5 years 0.79 (0.58-1.07) | 1.49 (1.00-2.21) 1.90 (1.17-3.06)
OC Use, GEE

Never 1.0 (ref) 1.0 (ref) 1.0 (ref)

<5 years 0.76 (0.57-1.01) 1.45 (0.99-2.11)] 1.60(1.04-2.44)

> 5 years 0.81 (059-1.11) | 1.50(1.01-2.23) 1.56 (0.97-2.53)
Date of first OC use,
LOGISTIC
Never 1.0 (ref) 1.0 (ref) 1.0 (ref)
Before 1975 0.94 (0.73-1.22) | 1.62 (1.11-2.36) 1.71 (1.11-2.64)
1975 or later 0.56 (0.41-0.78) 1.18 (0.80-1.75) 2.10 (1.29-3.42)
Date of first OC use,
GEE
Never 1.0 (ref) 1.0 (ref) 1.0 (ref)
Before 1975 0.95 (0.72-1.23) | 1.60 (1.08-2.37) 1.46 (0.95-2.25)
1975 or later 0.56 (0.41-0.78) 1.22 (0.83-1.80) 1.80 (1.07-3.03)

*Adjusted for age, center, parity, oral contracegtiuse, race, breastfeedimgenopausal status, family history
ORs inbold are statistically significant
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Table 3-4: Association between parity, breastfeggiand oral contraceptive use and breast
cancer classified by ER/PR status in the BCFR Cinamong BRCA1/2 cases, adjusted

models*

ER+PR+
N=48

ER-PR-
N=75

OR (95%CI)

OR (95%ClI)

Parity, LOGISTIC

Nulliparity 1.0 (ref) 1.0 (ref)

1-2 live births 3.21(0.90-11.47) | 1.42 (0.56-3.61)

3+ live births 2.78 (0.70-11.23) 1.99 (0.70-5.66
Parity, GEE

Nulliparity 1.0 (ref) 1.0 (ref)

1-2 live births 3.39 (0.80-14.36) 1.39 (0.53-3.68

3+ live births 2.71 (0.55-13.31) 1.93 (0.66-5.63

Breastfeeding duration,
LOGISTIC

Never 1.0 (ref) 1.0 (ref)
<12 mos. 1.65 (0.67-4.02) 1.28 (0.59-2.80)
>12 mos. 0.62 (0.21-1.84)

0.35 (0.14-0.93)

Breastfeeding duration,
GEE

Never 1.0 (ref) 1.0 (ref)
<12 mos. 1.49 (0.60-3.67) 1.29 (0.61-2.71)
>12 mos. 0.60 (0.19-1.92) 0.41 (0.16-1.06)

OC Use, LOGISTIC

Never

1.0 (ref)

1.0 (ref)

<5 years 1.61 (0.64-4.05) 1.65 (0.71-3.87)
> 5 years 1.17 (0.38-3.66) 4.37 (1.85-10.36)
OC Use, GEE
Never 1.0 (ref) 1.0 (ref)
<5 years 1.15 (0.52-2.55) 1.74 (0.78-3.87)
> 5 years 1.67 (0.73-3.80) 3.53 (1.59-7.86)
Date of first OC use,
LOGISTIC
Never 1.0 (ref) 1.0 (ref)

Before 1975

1.17 (0.52-2.63)

4.10 (1.98-8.51)

1975 or later

1.20 (0.52-2.80)

1.60 (0.77-3.35)

Date of first OC use, GEE

Never

1.0 (ref)

1.0 (ref)

Before 1975

0.97 (0.41-2.32)

3.43 (1.52-7.75)

1975 or later

1.39 (0.60-3.21)

1.73 (0.81-3.71)

*Adjusted for age, centemenopausal status, family history and factors mttible
ORs inbold are statistically significant
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Table 3-5A:Associations between parity, breastfeeding and ddiemor characteristics; case-
case analysis and pseudo-conditional likelihooddings, Clinic-Based sites of the BCFR

ER- (vs. ER+) PR- (vs. PR+) Grade (3 vs. 1,2)
OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI) OR (95%Cl)
Polytomous PCL Polytomous PCL Polytomous PCL

Parity

Nulliparous 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) .0X(ref)

1-2 live births 0.98 (0.58-1.66) 0.52 (0.22-1.27) 1.17 (0.70-1.95) 1.77 (0.80-3.90) | 1.90 (1.00-3.59) 2.17 (1.08-4.38)
> 3 live births 1.00 (0.56-1.80) 0.46 (0.17-1.29) 1.24 (0.70-2.18) 1.50 (0.62-3.62) 1.96 (0.95-401 2.23(1.02-4.86)
Breastfeeding
duration

Never 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) .0X(ref)

<12 mos. 0.68 (0.44-1.05) 1.34 (0.65-2.74), 0.80 (0.53-1.21) 0.95 (0.51-1.90) | 0.54 (0.32-0.91) 0.48 (0.27-0.86)
>12 mos. 0.49 (0.28-0.84) 0.79 (0.33-1.89) | 0.58 (0.35-0.97) 0.72 (0.34-1.56) | 0.40 (0.21-0.73) 0.47 (0.25-0.91)
Parity and
Breastfeeding
Nulliparous 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)
1, 2 live births, 1.09 (0.62-1.93) 0.65 (0.24-1.80) 1.23 (0.70-2.15) 2.06 (0.84-5.08) 1.78 (0.89-3.57) 1.84 (0.85-3.96
203?i\|je births, 0.82 (0.41-1.63) 0.29 (0.08-1.05) 1.23 (0.63-2.37 1.96 (0.66-5.81) 1.53 (0.67-3.53) 1.96 (0.80-4.81
E,OZBlli:\/e births, 0.41 (0.20-0.85) 0.42(0.13-1.33) 0.58 (0.29-1.16) 1.24 (0.41-3.78)0.62 (0.28-1.35) 0.84 (0.36-1.98)
zostnlieveBlk:)irths, 0.64 (0.36-1.13) 0.51 (0.18-1.41), 0.92 (0.53-1.61) 1.54 (0.63-3.76) 0.84 (0.44-1.62) 0.91 (0.44-1.88
some BF

Note: All ORs adjusted for age, race, study siteitp, breastfeeding, oral contraceptive use, farhilstory, and menopausal
status. ORs ibold are statistically significant
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Table 3-5B:Associations between oral contraceptive use aneéddiumor characteristics;
case-case analysis and pseudo-conditional likeliddmdings, Clinic-Based sites of the BCFR

ER- (vs. ER+) PR- (vs. PR+) Grade (3 vs. 1,2)
OR (95%Cl) OR (95%Cl) OR (95%Cl) OR (95%CI) | OR (95%Cl) OR (95%CI)
Polytomous PCL Polytomous PCL Polytomous PCL
OC Use
Never 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1ref) 1.0 (ref)
<5 years 1.56 (1.02-2.40)  1.49 (0.75-2.97) | 1.57 (1.04-2.37) 1.51(0.81-2.83)| 1.42(0.86-2.33) 1.16 (0.67-2.
> 5 years 1.74 (1.09-2.77) 153 (0.70-3.34) | 1.41(0.90-2.20)  1.42(0.71-2.82).48 (0.84-2.63) 1.24 (0.66-2.3
OC Use 1975
Never Used OCs 1.0 (ref) 1.0 (ref) 1.0 (ref) 1e5)(r 1.0 (ref) 1.0 (ref)
Used OC before 1975 | 1.75 (1.15-2.67)  1.90 (0.95-3.80) | 1.29 (0.87-1.92)  1.10 (0.60-2.02).27 (0.79-2.06)  1.01 (0.60-1.7
Used OC 1975 or later| ~ 1.33 (0.82-2.15) 1.16 (0.55P | 1.78 (1.11-2.84) 1.88(0.92-3.83)| 1.09 (0.61-1.94) 0.96 (0.51-1.

3)

1D
30)

Note: All ORs adjusted for age, race, study siteitp, breastfeeding, oral contraceptive use, fgrhilstory, and menopausal
status ORs ibold are statistically significant
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Chapter 4: Comparison of Population-Based and Cliri-Based Findings, and Conclusion

In the previous two chapters, | examined selektfastors, primarily breastfeeding (and its
relationship with parity) and oral contraceptiveus high risk and familial populations. The
changing nature of these risk factors was accouoted the analysis of the population-based
cases, as was the effect of these factors wheadoaith family history and the presence of

genetic mutations that predispose to breast c4dBEYCAL and P

Table 4-1compares the demographic, risk factor and tumarasteristic frequencies for cases
and controls at the population-based sites, wisegand controls at the clinic-based sites.
Differences largely reflect that the clinic-basedignts consist of a population with familial
breast cancer, while population-based cases maagmot be familial. The clinic-based cases
are more likely to be ER-PR- (30% of clinic-basedes vs. 23% of population-based cases), to
have a high-tumor grade (53% of clinic-based cgsade 3, 41% of population-based cases
grade 3), to bBRCA1positive (13% of clinic-based cases, vs 7% of pajpan-based cases),
andBRCAZ2positive (10% of clinic-based cases, vs. 5% ofutaion-based cases). The
population-based cases, for whom racial minoritiese purposefully over-sampled, are more
ethnically diverse (61% Non-Hispanic White, vs. 7lMN#n-Hispanic White among the clinic-
based cases), however a higher percentage of-blasied cases are Hispanic (16%, vs. 10% of
population-based cases), likely due to the sitee@titment for clinic-based populations.
Clinic-based cases and controls were more likelyetmever-users of oral contraceptives (40%
and 36% of clinic-based cases and controls weremesers, vs. 26% and 22% of population-
based cases and controls). Twenty-nine perceninié-based controls were nulliparous,
compared with 18% of population-based controls.uRain-based cases were more likely to

have been current users of HRT (16% compared tof3nic-based) while clinic-based cases
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were more likely to be former users (20% of clibeesed cases compared to 8% of population-
based cases). Population-based controls were tikehg to be age 13 or greater at menarche,
than were clinic-based controls (68%, vs. 53%)niClbased controls were more likely to have
never breast-fed (50%), compared with populatiosedacontrols (40%), which is unsurprising
given the lower rate of parity among the clinicddsontrols. Given differences between cases
and controls in the two populations studied, peshaps unsurprising to find differences in risk

factor associations with ER-PR- defined breast easabtypes.

Differences in Analytic Findings: Population-Basedand Clinic-Based Data

Parity and Breastfeedingn the analysis from Chapter 2, | found that, witthe population-
based cohorts of the BCFR, high parity (3+ livahs} without breastfeeding was positively
associated with ER-PR- tumors, but not with ER+RiRnors. Breastfeeding was associated
with a reduced risk of all breast cancer subtypasmost strongly with ER-PR- tumors. High

parity, when coupled with breastfeeding, was n@érassociated with ER-PR- cancer.

In Chapter 3, where the same analysis was complatbda clinic-based population of breast
cancer cases and familial controls, high parity essociated with both ER+PR+, and ER-PR-
tumors, and breastfeeding was only associatedredtticed odds of ER-PR- cancer. However,
after limiting the clinic-based analysis to casé®were interviewed within 2 years of diagnosis
(to minimize potential survivorship bias), parityasvno longer associated with ER+PR+ tumors.
Childbirth associated with lack of breastfeeding\masociated with an increased risk of ER-PR-
tumors. This risk was mitigated by breastfeedinthenER-PR- tumors, but not in the ER+PR+

tumaors.
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Thus, the polytomous logistic findings for the ER-Ppatients are generally consistent across the
clinic-based and population-based samples in regargarity and breastfeeding, despite the

differences in the sampl@&dble 4-3.

Risk factors are less consistent in their assariatwith ER+PR+ cancer$dble 4-2. Parity and
breastfeeding findings have different interpretagicacross the population-based and clinic-
based samples. The parity association in the eliaged sample may have limited

interpretability due to possible survivorship biast even among clinic-based cases interviewed
close to diagnosis, when this bias is not preskate is no association (rather than an inverse
association) between parity and ER+PR+ type, diffefrom what was found in the population-
based cases. Parity has been found to have aeditffassociation with ER/PR status among post-
menopausal and premenopausal women, in other stagieell as in Chapter 2 of this

dissertation, which found parity to be protectivéyoamong postmenopausal women.

Additionally, there is no protective associatiorboéastfeeding on ER+PR+ cancer in the clinic-
based sample, in contrast to the findings in theufadion-based sample, which found long-term
breastfeeding to be protective against all subtylHesvever, analysis stratified by menopause
also indicated that there was no association betwesastfeeding and postmenopausal ER+PR+
status. Additional analysis in premenopausal, estrpenopausal, cased in the clinic-based
sample, should be undertaken to determine if figslimy menopause are similar to those in the

population-based sample.

Findings remain inconsistent when comparing findifrgm the pseudo-conditional likelihood
approach, in the population-based and clinic-bas@aples. Parity is positively associated with

ER negativity, but not PR negativity or grade,he population-based cases. Parity is positively

120



associated with Grade, but not ER negativity omeBativity, in the clinic-based cases. The
association with breastfeeding is more consistantintained: breastfeeding is inversely
associated with ER negativity, in both populati@séd and clinic-based samples, and

breastfeeding is unassociated with PR status,tim dnwalyses.

In the population-based sample, associations betwagty and ER- cancer, appear to be driven
through estrogen receptor negativity, whereasarctimic-based sample, apparent associations
between parity and ER- cancer appear to in faetnb@ssociation between parity and high grade.
(One or both associations could also be linkechtuitger tumor characteristic not studied in-

depth in this dissertation, that correlates to lkfhstatus and grade, such as HER2 status).

Hypotheses about why parity would be associateld megative ER status, and high grade, are
provided in the discussions in Chapters 2 and 8.r€asons behind the difference by sample
type could be due to the “level” of familial risk each sample. The differences related to parity,
and its association with different tumor charastérs (ER-status in the population-based
sample, and grade in the clinic-based sample) msuitrfrom structural differences of the
sample constructs. Although both samples reprdsghtrisk populations, the population-based
cases had fewer first-degree (and total) relativiéis breast cancer, than did clinic-based cases.
They also were about half as likely toBBCAlor BRCAZ2positive.BRCAlandBRCA2

positive cases typically have high grade tumomgardless of ER/PR status, and some studies
have demonstrated that familial cancer (wheBRCAt+ or not) tends to be of higher grade than
non-familial cancer [38, 87]. It could be that hretfamilial sample, an apparent association
between parity and grade, is simply the effectinpa familial oBRCApositive case, and grade

obfuscates (or minimizes) any individual risk fasto
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In the population-based sample, because youngeewdbut not always women with family
history) were purposefully recruited, the populatltased cases may represent those who had a
higher “environment-driven” predilection for breastncer, while the clinic-based cases had a
higher genetic component to their breast cancas limiting the role of environmental factors in
contributing to breast cancer etiology. In suclase; a factor (such as parity) may have an
apparent link to tumor characteristic such as grademay in fact not be causative. Among
cases with a first-degree family history, acrosthlpmpulation-based and clinic-based samples,
findings were more similar: parity remained postwassociated with ER-PR- cancer, only in
those cases without a first degree family historygoth samples. The similarity of findings
when stratifying by family history lends furtherpport to the idea that considering family
history is of value when comparing risk factor asatons with tumor characteristics, across
different samples of cases, and also demonstiaestthe presence of family history,

environmental risk factor effects on disease inoogemay be diminished.

The findings regarding breastfeeding are more stersi across samples, and in line with
findings of previous studies, demonstrating thaaltfeeding appears to provide the strongest
protection against ER- cancer, with pseudo-conatidindings indicating that the estrogen
receptor status is the tumor characteristic (an€iRgPR, or grade) most influenced by
breastfeeding. This protective effect may be duaréastfeeding’s effect on alterations in
hormones such as androgens, which may suppregzcifiération in ER+ tumors, but can

promote tumorigenesis in ER-tumors [191].

Oral contraceptive usdn the population-based sample in cases compartdcantrols, oral
contraceptive (OC) use prior to 1975 was associatédan increased risk of ER-PR- cancer but

not ER+PR+ cancer. For women who began use in @Bl&er there was no increased risk
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conferred by OC use, in the ER-PR- cases, andvanse association between OC use and
ER+PR+ cancer. In the clinic-based sample, compartdcontrols, oral contraceptive use was
associated only with a risk of ER-PR- tumors, andase-only analysis, was associated with ER-
PR- tumors compared with ER+PR+ tumors. Similawdonen in the population-based findings,
for women who used oral contraceptives prior to5l 9fere was an increased risk of ER-PR-
cancer, compared with controls, and no such adsaciith ER+PR+ cancer. For women who
began using contraceptives in 1975 or later, thhe®no significant association with ER-PR-
cancer, when compared with controls, and thereamaaverse association between OC use and
ER+PR+ cancer, among women who began using OQsl&f®. Thus, the findings regarding
OC use are generally consistent across the popalatid clinic-based samples, when comparing
ER+PR+ cases from each sample set, and ER-PR-ftasesach sample set. The consistency
of findings indicates that the finding is robuststady design and sample composition, and that
OCs can have null, protective, and negative effeldpending on start date and duration of use,

in populations regardless of their existing levalgenetic predisposition to breast cancer.

As was the case with parity and breastfeedingfitickngs between cases in the population-
based sample, and in the clinic-based samplegasecbnsistent when examining the association
for ER- vs. ER+, PR- vs. PR+, and low grade vshlggade tumors, after accounting for
correlation of these factors. Oral contraceptive afsgreater than 5 years was associated with
ER negativity, PR negativity, and high grade, ia thnic-based sample, but with only high
grade, in the population-based sample. Oral cosptac use prior to 1975 was associated with
ER- in the clinic-based sample, but only slightlsmated in the population-based sample. Oral

contraceptive usafter 1975 was associated with high grade in the pomurdtased, but not the
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clinic-based sample, but OC use after 1975 wascadsd with PR negativity in the clinic-based

sample, but not the population-based sample.

Because some of these estimates are non-signifigarticularly in the clinic-based sample
where there are fewer cases for analysis, intexpildy of these differences is challenging.
However it is feasible that oral contraceptivesrapedifferently, in women with high genetic
predisposition to cancer [167, 187, 192]. Thusaalgh both populations are affected by oral
contraceptive use, the high rate of BRCA1 and BRC&2iers and individuals with multiple
family members with breast cancer, in the clinisdzhcases, may affect both the mechanism by
which oral contraceptives affect breast cancer, askwell as familial control (and case )
decisions to use oral contraceptives. It is notide in cases with at least one first-degree
relative with breast cancer, the association batvegal contraceptive use and breast cancer was
minimized or non-significant, and this was true lboth clinic-based and population-based cases.
Therefore oral contraceptive use may be a biggeedof breast cancer risk (or protection)

among women who do not already have an elevateetiggredisposition to breast cancer.

Conclusion

In this dissertation, | summarized existing literaton reproductive and hormonal risk factors
for breast cancer defined by estrogen receptoipangksterone receptor status and molecular
subtype, among average-risk and high-risk populatibalso independently examined the role
of parity, breastfeeding, and oral contraceptive usdevelopment of different cancer subtypes
and tumor characteristics, in two populations ghhisk for breast cancer. Findings regarding
breastfeeding and oral contraceptive use were ghyepnsistent across studies, as were

findings related to parity for the ER-PR- subtyParity findings regarding the ER+PR+ subtype

124



were inconsistent, for reasons that may be relatedse ascertainment in the clinic-based
sample. Additional analyses using a two-stage ssgwa approach, the pseudo-conditional
likelihood method, revealed that apparent assaciatwith parity and ER negativity or oral
contraceptive use, may actually represent assoogtwith the correlated tumor characteristic of
grade, a finding that allows for hypothesis genenaround mechanism of action in terms of
how the risk factor leads to specific tumor subtypgecific analyses in the population-based
sample further demonstrated the changing natuoeabicontraceptive use and breast cancer risk,
according to age cohort, demonstrated that thegtige nature of breastfeeding against ER-PR-
cancer exists regardless of race, and also cordifmdings in previous literature, regarding the
associations between breastfeeding, parity, aptkinegative subtypes. Analyses in both the
population-based and clinic-based sample descthmeday in which risk factor associations
may differ in regard to outcome, for those with avithout first-degree relatives with cancer,
and analysis dBRCA1/2cases demonstrated the importance of modifiabkefaictors in

reducing risk of poor prognosis disease. They edsuribute to a relatively small body of
literature evaluating risk factor associations viittnor characteristics in higher risk populations.
Inclusion of these populations in such analyses \&alue for understanding the relative
importance of risk factors in all populations, aslvas understanding biological mechanisms by

which such factors may operate.

Due to the high missingness of ER and PR stattieiclinic-based sample and unavailability of
HER2 status, | was unable to confirm all of thelings of the population-based sample, nor was
| able to conduct age-cohort analyses, stratifydmg, or conduct molecular subtype analyses.
Grade was also missing for a large portion of #ira@e, limiting the power of the case-only

analyses to determine significant findings. An upd# both tumor and epidemiological data
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from the clinic-based sites of the Breast CancenifyaReqgistry, should be undertaken to

improve the power of the sample to detect associator confirm null findings.

Despite these limitations, these studies confippnexious body of literature indicating that
breastfeeding confers protection against ER-PR-canders, even in populations with existing
genetic predisposition for breast cancer, and aatisaces and ethnicities. They also indicate
that breastfeeding may protect against developwfemgher grade tumors. The studies also
demonstrate that oral contraceptive use may beiassd with risk primarily in cases with low
to no genetic predisposition to breast canceratad that in general, oral contraceptive use is not
associated with breast cancer risk in women whdSei§® primarily occurred after 1975, thus
recent formulations of contraceptives may conttlelor no increased risk for breast cancer.
Additional studies should continue to examine fattor associations with tumor characteristics
associated with prognosis, such as grade, to attdsttimited body of literature, and provide
hypothesis generation to understand possible mexzharby which OC use may contribute to

high grade.

Many studies have examined the relation betweessbmancer risk factors and breast cancer
tumor markers. Despite the wealth of informatiortlus topic, few studies have examined risk
factors in high-risk or familial populations. If vean understand how environmental breast
cancer risk factors differentially affect risk irgh risk populations, women at high risk of breast
cancer may be better able to make decisions tluat &r reduction in overall risk. If, in

addition, we can understand the role that the&daigors play in the etiology of subtypes with
prognostic ramifications, we could tailor behavlaredifications to reduce the risk of those
types of breast cancer associated with fewer treattimptions and poorer survival, such as ER-

PR- or triple-negative breast cancers. For exantipéeWWorld Cancer Research Fund/American
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Institute for Cancer Research has estimated trext48% of post-menopausal breast cancer
could be prevented by reductions in alcohol, exbesty weight, and inactivity [193]. However,
most women at higher than average risk are moedylto be diagnosed prior to menopause, and
alcohol and BMI have not been as strongly linkegriemenopausal cancers [109, 111, 122, 194,
195], thus the presence of these factors in highlkewwvomen may not adequately aid in risk
assessment, and risk may not be ameliorated bgiregiauch factors. Popular risk assessment
models, such as the Gail model, include as paiskfassessment factors such as age at first live
birth and age at menarche. Older age at first lainth younger age at menarche are known risk
factors in average-risk women, but have not be@sistently associated with increased risk in
higher risk women, or consistently associated wétielopment of poorer prognosis, ER-PR-
tumors [19, 40, 54, 70, 98] . It is therefore uaclthat incorporating such factors in risk
assessment models is helpful in assessing riskdanen at higher than average risk for not only
breast cancer overall, but for poorer prognosiagireancers. Thus, examining risk factor
heterogeneity in the presence or absence of knsks such as family history, is not only
important for improving understanding of diseaselegy, but may also allow for more tailored
evaluation of risk, as well as improve the abityprevent cancers associated with poorer

prognosis, among those for whom breast cancer mdgds avoidable.

The findings of this dissertation therefore haveantant implications, not only for generating
hypotheses in regard to the etiology of differemgast cancer subtypes, but also when
considering which factors to evaluate in risk assemts of higher-risk women, and when
counseling women at high risk for breast canceemmnronmental factors that may reduce their

risk for poorer prognosis tumors. The findings asld to the increasing body of literature that
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demonstrates the value of breastfeeding on reduofipoorer prognosis tumors, across the risk

spectrum, and regardless of race/ethnicity.
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Table 4-1: Comparison Risk Factor Frequencies in ldation-Based and Clinic-Based

BCFR Populations

Cases

Controls

Population-Based

Clinic-Based Sites

Population-Based

Clinic-Based Sites

Sites Sites
# % # % # % # %

Sample Size 4011 100 843 100 2997 100 3794 10
ERPR Status

ER+PR+ 2486 62 436 52 NA NA

ER+PR- 397 10 100 12 NA NA

ER-PR+ 208 5 53 6 NA NA

ER-PR- 920 23 254 30 NA NA
Age at dx* (ut s.d.) 47 .5+9.5 48.1+12.6 47.6x10 44.4+18.0
Tumor Grade

1,2 1980 59 245 47 NA NA

3 1384 41 273 53 NA NA
First Degree FH
No 2886 72 344 46 2732 91 1252 33
Yes 1109 28 403 54 263 9 2357 67
BRCAL positivity
Negative 1264 93 571 87 NA 2526 91
Positive 95 7 83 13 NA 262 9
BRCAZ2 positivity
Negative 1606 95 575 90 NA 2550 94
Positive 78 5 65 10 NA 173 6
Race

White 2428 61 522 71 2487 86 3031 80

Black 413 10 44 6 96 3 66 2

Hispanic 395 10 121 16 72 2 474 13

Asian 696 17 21 3 165 6 85

Other 58 1 32 4 82 3 125 3
Menopausal Status

Pre 2326 61 344 41 1566 55 2530 67

Post 1513 39 499 59 1262 45 1264 33
Education

< High school 1169 30 196 26 908 30 756 20
> High school 2767 70 547 74 2082 70 3028 80
OC Use

Never 1019 26 287 40 646 22 1245 36
<5 years 1476 38 241 34 1117 37 1319 38

> 5 years 1417 36 180 26 1216 41 867 25
Date of first OC use
Never 1019 26 287 37 646 22 1245 34
Before 1975 1799 46 254 34 1435 48 959 26|
1975 or later 1093 28 218 29 898 30 1479 40
HRT Use

Never 2894 76 571 77 2081 70 2778 77
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Former 304 8 148 20 246 8 335 9
Current 625 16 21 3 663 22 496 14
Age at menarche
<11 818 21 146 20 406 14 734 20
12 949 24 232 31 711 28 1020 27
>13 2149 55 365 49 1760 68 1983 53
Parity
Nulliparous 902 22 141 19 531 18 1114 29
1-2 Live Births 1643 41 355 a7 1334 45 1517 40
> 3 Live Births 1466 37 259 34 1348 46 1157 31
Age at first birth 25.0 25.0 24.8 25.1
Breastfeeding duration
Never 1842 46 340 46 1203 40 1847 50
<12 mos. 1195 30 267 36 991 33 1072 29
>12 mos. 928 23 140 19 803 27 757 21
Parity+Breastfeeding
Nulliparous 902 23 141 20 531 19 1114 32
1-2 live births, never BF 589 15 116 16 448 16 460 13
3+ live births, never BF 351 9 83 11 224 8 272 8
1-2 live births, ever BF 1029 26 208 29 768 27 891 25
3+ live births, ever BF 1094 28 167 23 836 30 795 3 2
BMI 26.1 25.9 25.9 25.2
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APPENDIX 1: Supplementary Tables and Additional Deails of Methodology

A. Description of Pseudo-Conditional Likelihood Aqgch:

Most previous research regarding risk factor am@&trcancer tumor characteristics has been via
case-control design, and the examination of thecaison between the risk factor(s) of interest
and the outcome of breast cancer performed usilyggpoous logistic regression, where the
outcome of breast cancer is divided into severa@itcomes defined, for example, by joint ER
and PR status. Etiologic heterogeneity is measasdtie difference in the regression parameters
across subtype. The number of regression parasnetiébe large due to several disease
characteristics, each with multiple levels [126bwéver, with each additional tumor
characteristic of interest (such as HER2 statusgaade), conducting analysis for each subtype
defined by each characteristic results in losdaifstical power and may be clinically irrelevant.
For example, an analysis of ER status, PR statadegand nodal score using polytomous
logistic regression yields 14 categorical subty{@ese figureAl-1). As a result, one might

choose to focus on one or two tumor characteridtiosever this method ignores the fact that
these characteristics are correlated, and thakdactor’s association with a tumor characteristic

may in fact be due to that characteristic’s coti@tawith a different tumor characteristic.

An alternative analytic technique exists that abdar examination of the association of multiple
tumor characteristics by specific risk factors.srtachnique is known as the pseudo-conditional
likelihood method, and it is an offshoot of polytous logistic regression [125]. This type of
regression allows for the adjustment of correlatedor characteristics, when examining a risk
factor’s association with a cancer outcome moreifipally defined by the presence or absence

of a tumor marker. Using this method, allows fojuatiment of the “dependent” variable side of
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the equation for correlated tumor characterissash that multiple tumor characteristics

represent the outcome variables, and multiple axpgssepresent the explanatory variables.

\
Set of tumor characteristics
(T): . = B,X; + B,Xx, + €

ER status, PR status, Grade,

Nodes, etc
~/

The method allows for the determination of whigdkriactor associated with several correlated
tumor characteristics is “most important”. A lintitan of the method is that it can only be
conducted as a case/case analysis, there is mogpten the model, and therefore no estimate of
baseline risk. Additionally, the tumor charactics must be defined in a binary fashion (e.g.

high grade vs. low grade, rather than as grade 3). 2

Recently, an additional publication has describeeans for performing the pseudo-conditional
likelihood method, in datasets with missing trditsther improving the applicability of the

method [126].
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Figure Al-1 Example of subtype sample in a categorization &R Status, PR status,
Grade, and Nodal status (Using population-based ces from the Breast Cancer Family

Registry)
Cii2s |
EA EI ED
v v v v
ED 0]
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Table Al-1a: Ascertainment criteria for women inét3 population-based BCFR sites
identified from 1996-2005

Geographic Areal Greater San Francisco, | Toronto, ON, Canada Melbourne and Sydney,
CA, USA Australia
Recruitment e Age 18-34: all * Age 18-35: all + Age 18-39: all

Criteria: Cases

(0]

e Age 35-64: at least one
marker of high or
familial cancer risk,
including:

Bilateral breast cance
dx'd before age 50
Previous dx of ovarian
or childhood cancer

1+ first degree relative
with breast, ovarian o
childhood cancer

« Age 35-64: 2.5% of
Whites, 15% of
minorities not meeting
high risk criteria

e Age 36-54: at least one .
marker of high or familial
cancer risk, including: .
o Previous diagnosis of

r breast or ovarian cancey

0 1+ firstor 2+ 29—
degree relatives with
breast or ovarian cancer

o Multiple primary breast
cancers

o Breast and ovarian
cancer

* Age 55-69: 35% of those
meeting high risk criteria;
8.75% of those not
meeting high risk criteria

Age 40-49: 50%
random sample
Age 50-59: 25%
random sample

Recruitment
Criteria: Controls

Random digit dialing, no
personal history of breast o
ovarian cancer; in same

Random digit dialing, no
I personal history of breast or
ovarian cancer, in same

catchment area as cases

catchment area as cases

Electoral rolls, no persona|
history of breast or ovariar
cancer, in same catchmen
area as cases

Table Al-1b: Ascertainment criteria for women iniglc-based BCFR families identified at 3

sites from 1996-2000

Geographic Area

New York, NY, USA

Philadelphia, PA, USA

Utah, USA

Recruitment Criteria
for Families

* Breast or ovarian

cancer diagnosed at

age <45

e Breast and ovarian | ¢

cancer (diagnose
any age)

»  Multiple firstor 2¢ | »
degree relatives with

breast or ovarian
cancer

* BRCAL or BRCA2

mutation carrier

» Breast or ovarian
cancer diagnosed at ag
<35

Breast and ovarian
cancer (diagnosed at
any age)

Bilateral breast cancer
and P diagnosis at age
<50

e 2individuals in 2
generations with breas
or ovarian cancer

« BRCA1 or BRCA2
mutation carrier

d af

Breast or ovarian
cancer diagnosed at
age <45

Breast and ovarian
cancer (diagnosed at
any age)

Multiple 1t or 2
degree relatives with

breast or ovarian
cancer

BRCA1 or BRCA2
mutation carrier

Relationship to Proband

First- second- and third-First- and —second degree

degree relative

relative

Any relative

Both Figures Adapted from John, E. et al [155]. €TBreast Cancer Family Registry: an infrastructfoe
cooperative multinational, interdisciplinary andatislational studies of the genetic epidemiologlrefst cancer”
Breast Cancer Research and Treatment, 2004
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Table Al1-2: Demographic and Tumor Characteristicg BER status, PR status, and grade,

Population-Based Sites of the BCFR (N=3364)

ER+ ER- p-value PR+ PR- p-value | Grade 1,2 | Grade 3 p-value
"‘N=2429 N=935 N=2253 N=1111 N=1980 N=1384
N (%) N (%) N (%) N (%) N (%) N (%)
Age (Ut 47,9195 | 44.9+9.6| <0.0001 47.519.4 46.3+£10.1] =0.0006 | 48.8+9.2 44.5+9.7| <0.0001
s.d.)
Race
White 1415 (58)| 525 (56) =0.0003 | 1352 (60) 588 (53) | <0.0001 | 1160 (59) 780 (57) | =0.0004
Black 241 (10) 139 (15 220 (10) 160 (14) mn 196 (14)
Hispanic 254 (10) 104 (11 215 (10 143 (13) o2) 138 (10)
Asian 478 (20) 148 (16 426 (19 200 (18) 883 243 (18)
Other 33 (1) 14 (2) 32 (1) 15 (1) 27 (1) 20 (1
Site
Ontario 733 (30) 251 (27) =0.002 688 (31) 296 (27) | =0.022 604 (31) 380 (27) | <0.0001
Australia 362 (15) 184 (20 373 (17 173 (16) 71%14) 275 (20)
California | 1334 (55)| 500 (53 1192 (53 642 (58) 1105 (56) 729 (53)
Menopaus
al Status
Pre 1347 (58)] 593 (66) <0.0001 | 1313 (62) 627 (60) =0.23 1105 (5%) 917 (69) <0.0001
Post 979 (42) 305 (34 843 (38 441 (40) 86 (4 416 (31)
Education
< High 685 (29) 273 (29) =0.41 628 (29) 330 (30) =0.1 (5% 401 (29) =0.40
school
= High 1706 (71) | 634 (71) 1592 (71 748 (7Q) 1398 (11) 42 @71)
school
First
degree
family
history
No 1693 (70)| 679 (73 =0.09 1563 (7Q) 809 (7B) 0.052 1355 (69)| 1017 (74) =0.0011
Yes 725 (30) 251 (27 677 (30) 299 (27) 617 (31 359 (26)
OC Use
Never 673 (28) 205 (23) =0.0011 604 (27) 274 (26) =0.069 577 (28 301 (21) <0.0001
< 5years| 903 (38) 335 (37) 855 (39) 383 (36 744 (39) {38)
> 5 years 804 (34) 356 (409 754 (34 406 (3B) 32 @3) 528 (41)
OC Use
1975
Never Used| 673 (28) 205 (23) <0.0001 604 (27) 274 (26) | =0.002 577 (30) 301 (23) | <0.0001
OCs
Used OC 1098 (46) | 381 (43) 1031 (47 448 (42) 955 (4P) 4 60)
before 1975
Used OC 609 (26) 310 (35) 578 (26) 341 (32 421 (22) B
1975 or
later
HRT Use
Never 1708 (74)] 721 (81) <0.0001 | 1617 (75) 812 (78) =0.24 1351 (72) 1078 (82)<0.0001
Former 199 (9) 56 (6) 181 (8) 74 (6) 172 (9) (83
Current 414 (18) 108 (12 360 (16 162 (16) 8BH 156 (12)
Age at
menarche
<11 505 (21) 184 (21) =0.55 483 (22) 206 (19) =0.1 @ 289 (22) =0.91
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12 582 (24) 215 (24 533 (24) 264 (28) 483 (25) 314 (24)
=13 1291 (55) | 494 (55) 1188 (54 597 (56) 1063 (85) 22 B4)
Parity
3+ Live 805 (33) 326 (35) =0.49 757 (34) 374 (34) =0.6p 8&H) 463 (33) =0.24
Births
1,2 Live 1064 (44) | 399 (43) 979 (43) 484 (44) 876 (44) 68
Births
560 (23) 210 (22) 517 (23) 253 (23) 436 (22) 83
Nulliparous
Age at first 25.1 24.6 =0.046 25.0 24.7 =0.16 25.1 24.7 =0.096
birth
Breastfeedi
ng
duration
Never 1123 (47)] 470 (51 =0.05¢ 1035 (46) 559 (51 =0.022 928 (47) 665 (49) =0.53
<12 mos. 758 (32) 262 (29 696 (31 324 (3D) 7 &1) 413 (30)
=12 527 (22) 185 (20) 502 (22) 210 (19 432 (22) j£210)
mos.
Parity and
Breastfeedi
ng
560 (25) 210 (24)| =0.033 517(24) 253(24) | =0.025 436(23) 334(26) 0.604
Nulliparous
1,2 live 364 (16) 162 (19) 338(16) 188(18 317(17) 209(1b)
births no
BF
3+ live 199 (9) 98 (11) 180(9) 117(11) 175(9) 122(9
births no
BF
1,2 live 605(27) 199 (23) 554(26) 250(24 485(26) 319(2b)
births, some
BF
3+ lives 555 (24) 204 (23) 529(25) 230(22 443(23) 311(24)
births, some
BF
Time since
last
pregnancy
428 (18) 154 (16)| <0.0001 396 (18) 186 (17) =0.056 324 (16 258 (19) <0.0001
Nulliparous
<10years | 557 (23) 286 (31) 540 (24) 303 (27| 412 (21) 430
>10 yrs, < 571(25) 201 (21) 538 (24) 234 (21 459 (23) AR (
20 yrs
> 20 years 873 (39) 294 (31 779 (35 388 (3b) 5 (@®) 382 (28)
Smoking
Never 1450 (57) | 566 (58) =0.32 1348 (60 668 (61) =0.78 1811(60) 835 (61) =0.39
Smoker
Former 588 (26) 204 (24) 539 (24) 253 (23 483 (25) R
Smoker
Current 375 (17) 155 (18) 352 (16) 178 (16 305 (15) 455
Smoker
Alcohol
Use
Never 1407 (59)| 545 (60 =0.28 1281 (58) 671 (62) 0.0% 1156 (59) 796 (59) =0.93
<7 598 (25) 242 (25) 573 (26) 267 (25 492 (25) 1223
drinks/week
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=7 386 (16) | 128 (14) 363 (16) 151 (14 301 (15) o8
drinks/week

BMI 26.2 26.3 =0.45 26.1 26.5 =0.056 26.1 26.4 =0.1
BRCA1

status

missing 723 (30) 264 (28) <0.0001 677 (30) 310 (28) | <0.0001 | 576 (29) 411 (30) | <0.0001
positive 18 (1) 67 (7) 18 (1) 67 (6) 11 (1) 73 (5

negative 1688 (69)] 604 (65 1558 (64 734 (6b) 931@0) | 899 (65)

BRCA2

status

missing 913 (38)| 323(35 =0.23 844 (37 392 (35) 0.44 | 737 (37) 499 (36)| =0.006
positive 54 (2) 19 (2) 47 (2) 26 (2) 25 (1) 43 (3

negative 1462 (60) 593 (63 1362 (6( 693 (6R) 181(62) 837 (60)
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Table A1-3: Frequency Table of Risk factors by thicohort, BCFR Population-base8ites

Year of birth
1926-1939 1940-1949 1950-1959 1960-1981
Cases | Controls Cases Controls Cases Controls Cases Controls
(N=628) | (N=450) | (N=1446) | (N=951) | (N=1205) | (N=958) | (N=732) | (N=638)
N (%) N (%) N (%) N (%)
Age (u£s.d.) 60.5+2.9] 63.6+3.7 51.843.4  53.8+3J0  43.8+ | 44.9+3.1| 32.9+#3.7] 33.64.3
Study Site
Australia 85 (14) 96 (21) 302 (20) 222 (23) 336)(28 191 (20) 206 (28) 159 (25)
Ontario 193 (31)| 274 (61) 443 (31) 518 (5%) 315(26 586 (61) | 137(19)| 328 (51)
California 350 (56) 80 (18) 701 (48) 211 (29) 588)( 181 (19) 389 (53) 151 (24
First degree
family history
No 364 (58)] 400 (89) 980 (68) 851 (89) 905 (75) 879(92) | 637 (87)] 602 (95)
Yes 263 (42) 50 (11) 462 (32) 100 (1) 294 (2%) 8(9 92 (13) 35 (5)
OC Use
Never 270 (45)| 210 (47) 335 (24) 214 (23) 273 (28 139 (15) 141 (20) 83(13)
<5 years 201 (33) 139 (31 594 (42 382 (4p) 440 (3| 384 (40) 241 (34) 212 (26
> 5 years 133 (22 99 (22) 487 (34 352 (3F) @w) 430 (45) 329 (46) 335 (53
mean length OC 5.78 6.07 6.39 6.30 7.29 7.02 7.24 7.29
use (yrs) among
users
Year of first OC
use
Never 270 (45)] 210 (47) 335 (24) 214 (23) 273 (23) 139 (15) | 141 (20) 83 (13)
Before 1975 312 (52 231(52) 1008 (71) 697 (7B) @ 505 (53) 1(0) 2 (0)
1975 or later 22 (4) 7(2) 73 (5) 37 (4) 429 (36) 09332) 569 (80) 545 (87)
Age (yrs) at first | 28.945.3| 29.4#5.4 22.8+4.2 22.5+3.f 20.8+4.6 20.2+4 19.844.3 19.243.8
OC use (mean)
% of OC users 266 | 198 (83%)| 500 (45%)| 432 (419) 315(34%) (230) 2p%64 @3%)| 195 (35%
starting after (74%)
first live birth
Age at menarche
<11 111 (18) 71 (16) 303 (21) 205 (22 271 (23) =2 133 (19) 130 (21)
12 145 (24)| 91 (20) 314 (22) 216 (29 290 (28) 526) | 200(28)| 159 (25)
>13 352 (58)| 284 (64) 795 (56) 519 (59) 615(54) o@n) | 376 (53) 341(54)
Parity
Parous 535 (85) 408 (91 1185 (84) 837 (8B) g8 (| 796 (83) | 454 (62)] 425 (67
Nulliparous 93 (15) 42 (9) 261 (18) 114 (13) 229) 162 (17) 278 (38) 213 (33
Age at first live 23.6 24.0 245 24.2 26.1 25.4 25.6 25.8
birth
Breastfeeding
(among parous)
Never 193 (36)] 116 (28) 425 (36) 285 (34) 227 (24 198 (25) 80 (18) 68 (16)
Ever 337 (64)| 292 (72) 754 (64) 552 (64) 704 (76) 598 (75) 370 (82) 357 (84)
% with 3+ Live 33% 25% 29% 27% 19% 19% 12% 10%
births, no BF
Median dur. BF 8.5 115 9.0 9.0 115 11.5 8.5 9.5
(mos)
Avg. Parity 3.2 3.4 2.8 2.9 2.7 2.6 2.4 2.4
(among parous)
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Smoking

Never Smoker 347 (56 220 (49) 833 (58) 511 (§4) 723 (60) 461 (48) 476 (65) 350 (55

Former Smoker 194 (31 165 (37 369 (26) 290 (40) 277 (23) 318 (33) 117 (16) 146 (23
Current Smoker 80 (13) 63 (14) 232 (16 150 (1) 96 (16) 178 (19) 137 (19) 142 (22
Alcohol Use
Nondrinkers 357 (58) 223 (51 796 (56 505 (58) @) 474 (50) 445 (61) 336 (53
<7 drinks/week 143 (23 118 (27 374 (26 262 (2B) 304 (26) 302 (32) 181 (25) 208 (33
> drinks/week 113 (18) 98 (22) 257 (18 179 (19) 1B 171 (18) 99 (14) 93 (15)
Menopausal
status
Premenopausal 47 (7) 3(2) 562(41 216 (14) 101p (PO 738 (89) 707 (98) 609 (98)
Postmenopausal 581 (93) 447 (99) 803 (59) 710 (p6)112 (10) 95 (11) 17 (2) 10 (2)
ER/PR status
ER+ and/or PR+ 518 (82) 1161 (80) 833 (69) 499 (68)
ER-PR- 110 (18) 285 (20) 292 (31) 233 (32)
Tumor Grade

1,2 382 (71) 796 (66) 534 (54) 268 (42)

3 156 (29) 408 (34) 452 (46) 368 (58)
BRCAL status
Status missing 195 520 414 135
BRCAL1 positive 4 (1) 19 (2) 31 (4) 41 (7)
BRCAL negative 429 (99) 907 (98) 760 (96) 556 (93)
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Table Al-5:Association among oral contraceptive use, parityddoreastfeeding and breast
cancer classified by molecular status, Breast Canamily Registry (compared with Luminal
A cases, N=470

Luminal B HER2+ Triple-negative
N=119 N=67 N=142
OR (95%Cl) OR (95%Cl) OR (95%Cl)

OC use

Never 1.0 (ref) 1.0 (ref) 1.0 (ref)

<5 years 0.85 (0.50-1.46) 1.34 (0.66-2.71) 1.222@.12)

> 5 years 0.84 (0.49-1.44) 1.61 (0.81-3.20)| 1.73(1.03-2.90)
Timing of first OC
Never 1.0 (ref) 1.0 (ref) 1.0 (ref)
Before 1975 0.94 (0.54-1.63) 1.11 (0.54-2.28) 1067-1.95)
1975 or later 0.77 (0.43-1.39) 1.69 (0.78-3.68)| 2.17 (1.10-3.94)
Parity (number of
live births)

Nulliparous 1.0 (ref) 1.0 (ref) 1.0 (ref)

1-2 1.42 (0.72-2.83) | 3.48 (1.30-9.48) 2.08 (1.08-4.01)

>3 1.29 (0.59-2.80) 2.85(0.97-8.42) | 2.72 (1.33-5.55)
Breastfeeding
duration (months)

Never 1.0 (ref) 1.0 (ref) 1.0 (ref)

<12 0.78 (0.44-1.41) 0.70 (0.35-1.39) | 0.48 (0.28-0.81)

>12 1.10 (0.57-2.09) 0.76 (0.35-1.68) 0.56 (0.31t1.0
Breastfeeding and
parity

Nulliparous 1.0 (ref) 1.0 (ref) 1.0 (ref)
1-2 live births, 1.38 (0.66-2.89) 3.37 (1.21-9.40) 2.44 (1.24-4.82)
never BF
>3 live births, 1.28 (0.42-3.16) 3.01 (0.92-9.86) 2.10 (0.93-4.76)
never BF
1-2 live births, 1.25 (0.67-2.33) 2.61 (1.03-6.61) 0.93 (0.48-1.79)
some BF
>3 lives births, 1.23 (0.58-2.58) 2.10 (0.93-4.76) 1.80 (0.89-3.62)
some BF

Note: Odds ratios (OR) and 95% confidence inte(@), adjusted for age, race, study site, and menspl status. OC findings
adjusted for breastfeeding and parity; parity fings adjusted for OC use and breastfeeding; breaditfig) findings adjusted for
OC use and parity, combined parity-breastfeedindifigs adjusted for OC use.

Bold indicatesp< 0.05
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Table A1-6: Demographic and Tumor Characteristicg BER status, PR status, and grade,
Clinic-Based Sites of the BCFR, for (N=515)

ER+ ER- p-value PR+ PR- p-value | Grade 1,2 | Grade 3 p-value
N=326 N=189 N=307 N=208 N=243 N=272
N (%) N (%) N (%) N (%) N (%) N (%)
Age (uz s.d) 50.5+12.4 44.0+10.3<0.0001 | 49.5+12.1| 46.1+11.9 =0.002 | 51.0+12.9| 45.6+10.7 <0.0001
Race
White 216 (75) 116 (67) =0.30 205 (75 127 (68) 390.| 170 (77) 162 (67)| =0.005
Black 5(2) 6 (3) 6 (2) 5(3) 2 (1) 9 (4)
Hispanic 51 (18) 36 (21) 45 (16) 42 (22 30)(14 57 (24)
Asian 7(2) 7(3) 7(3) 6 (3) 6 (3) 7(3)
Other 10 (3) 8 (5) 11 (4) 7(4) 12 (5) 6 (3)
Site
Philadelphia NA NA =0.082 NA NA =0.13 NA NA =0.82
New York 256 (79) 135 (72) 242 (79 152 (73) 7187) 207 (756
Utah 70 (21) 54 (28) 65 (21) 56 (27 56 (23 (B5)
Menopausal
Status
Pre 116 (36) 90 (48) | =0.007 114 (37) 92 (44) =0.11 88 (36) 118 (44) =0.1
Post 210 (64) 99 (52) 193 (63 116 (56) 155 (64 154 (56)
Education
High school 79 (26) 42 (22)| =0.005 72 (25) 49 (24) | =0.012 49 (21) 72 (28) =0.216
> High 224 (74) 146 (78) 217 (75) 154 (76 184 (79) (BRH
school
First degree
family
history
None 120 (41) 97 (56) | =0.025 116 (42) 101 (54) =0.081 89 (40) 128 (53) =0.025
1FDR 116 (40) 56 (32) 109 (40 63 (34 92 (41) 80 (33)
2+ FDR 54 (19) 20 (12) 50 (18) 24 (12 39 (19) 35(14)
OC Use
Never 126 (49) 42 (28) | =0.002 117 (48) 51(31) | =0.002 96 (50) 72 (33) =0.002
<5 years 81 (31) 62 (42) 78 (32) 65 (40 59 (31) 84 (39)
> 5 years 51 (20) 45 (30) 48 (20 48 (29 3 (1| 60 (28)
OC Use 1975
Never Used 126 (44) 42 (24) | <0.0001 | 117 (43) 51 (27) | <0.001 96 (44) 72 (30) | =0.0016
OCs
Used OC 96 (33) 64 (37) 95 (35) 65 (35) 75 (34 85 (39)
before 1975
Used OC 66 (23) 67 (39) 61 (22) 72 (38) 48 (22 85 (359)
1975 or later
HRT Use
Never 210 (74) 134 (79)] =0.0009 | 201 (74) 143 (78) | =0.005 | 144 (67) 200 (83) | =0.0001
2
Former 72 (25) 26 (15) 67 (25) 31 (17 65 (30) 33 (14)
Current 3 (1) 10 (6) 31 10 (5) 6 (3) 7 (3)
Age at
menarche
<11 55 (19) 27 (14) =0.400 56 (20) 26 (14 =0.215 (2D 35 (13) =0.280
12 90 (31) 59 (31) 84 (30) 65 (34 63 (29 8B)(
>13 146 (50) 107 (55) 136 (50 99 (52 111 (50) 1 (%)
Parity
Nulliparous 49 (16) 38 (20) =0.332 53 (18 34)(17 | =0.556 42 (18) 45 (17) =0.62§
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1,2 Live 140 (46) 90 (48) 129 (45) 101 (50) 104 (4%) 129) (
Births
3+ Live 114 (38) 60 (32) 106 (37)] 68 (34) 87 (37 87 (34)
Births
Age at first 25.445.5 25.1+5.0| =0.63 25.1+5.2 24.945.1 =0.22 25.1+4.7 25.545/6 =0.4
birth
Breastfeeding
duration
Never 125 (44) 84 (49) =0.069 122 (48) 87 (46) .166 90 (41) 119 (49) =0.171]
<12 mos. 95 (33) 64 (37) 88 (32 71 (38 78 (36 81 (33)
>12 mos. 67 (23) 25 (14) 62 (23) 30 (16 50 (23) 42 (17)
Parity and
Breastfeeding
Nulliparous 49 (21) 38 (27) =0.224 53 (23) 34 (22 =0.588 4 (2| 45 (23) =0.200
1,2 live births 45 (19) 33 (23) 41 (18) 37 (24) 30 (17 48 (24)
no BF
3+ live births 35 (15) 16 (11) 31 (14) 20 (13) 21 (12 30 (159)
no BF
1,2 live births, | 32 (13) 11 (8) 29 (13) 14 (9) 24 (13 19 (10
some BF
3+ live births, 77 (32) 44 (31) 73 (32) 48 (31) 64 (35 57 (29)
some BF
Time since
last live birth
Nulliparous 49 (17) 37 (23) =0.054 53 (19 33 (19) =0.923 42 (19) 44 (19) | =0.003
<5 years 29 (10) 22 (14) 28 (10) 23 (13 17 (8 (13)
>5 yrs,<10 30 (11) 24 (15) 34 (12) 20 (11) 20 (9) 34 (14
yrs
>10 yrs,<20 74 (26) 41 (25) 70 (26) 45 (26) 51 (24 64 (27)
yrs
>20 yrs 104 (36) 39 (24) 88 (32) 55 (31 86 (40) 57 (24)
Smoking
Never 167 (57) 110 (62) =0.512 159(57 118 (61) =0.6/8 9 (BB) 148 (60) =0.922
Smoker
Former 109 (37) 60 (34) 104 (38) 65 (34) 82 (37 87 (39)
Smoker
Current 16 (5) 7 (4) 14 (5) 9 (5) 11 (5) 12 (5)
Smoker
Alcohol Use
Non-drinker 162(56) 105 (60) =0.495 155 (56) 119)(5| =0.586 126 (57) 141(58) =0.424
Former 53(18) 34 (19) 50 (18) 37 (19) 37 (17 50 (20)
drinker
Current 75 (26) 37 (21) 71 (26) 41 (22) 58 (26 54 (22)
drinker
BMI 25.645.2 25.945.2 =0.496 25.545.3 25.945|1 =0.482 5.024.5 26.3 +5.8| =0.007
BRCA1
status
missing 69 (21) 32 (17) | <0.0001 62 (20) 39 (19) | <0.000 52 (21) 49 (18) | <0.0001
1
positive 11 (3) 44 (23) 12 (4) 43 (21) 7(3) 48)
negative 246 (75) 111 (60 233 (769) 126 (61) ) 175 (64)
BRCA2
status
missing 66 (20) 40 (21) =0.682 59 (19 47 (23) 985 46 (19) 60 (22) =0.076
positive 23 (7) 17 (9) 23 (7) 17 (8) 13 (5) 2p)1
negative 237 (73) 132 (70 225 (73) 144 (69) ) 185 (68)
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Table Al1-7: Sensitivity Analysis: Parity and ER/Pstatus

ER+PR+ ER-PR+4
OR (95%Cl) OR (95%Cl)
Cases with Age at Interview 2 years after Diagnosis, vs.
Controls
Parity, LOGISTIC, N=210 N=117
Nulliparity 1.0 (ref) 1.0 (ref)
1-2 live births 1.04 (0.65-1.67) | 2.02 (1.11-3.66)
>3 live births 0.99 (0.58-1.67) 1.78 (0.89-3.56
Cases with Age at Interview 5 years after Diagnosis, vs.
Controls
Parity, LOGISTIC N=304 N=167
Nulliparity 1.0 (ref) 1.0 (ref)
1-2 live births 1.31(0.87-1.97) | 2.20 (1.32-3.69)
>3 live births 1.15(0.73-1.82) | 2.22 (1.23-4.00)

Cases with Age at Interview at any Date after Diaxgis (full
case sample)

Parity, LOGISTIC N=377 N=219
Nulliparous 1.0 (ref) 1.0 (ref)
1-2 live births 1.63 (1.13-2.36) | 1.90 (1.20-3.00)
>3 live births 1.35(0.90-2.19) | 1.85(1.09-3.13)
Cases vs. Controls, BRCAl+ and BRCA2+ omitted
Parity, LOGISTIC N=334 N=146
Nulliparous 1.0 (ref) 1.0 (ref)
1-2 live births 1.54 (1.05-2.27) | 2.18 (1.27-3.75)
>3 live births 1.32 (0.85-2.04) | 1.93 (1.03-3.61)

*Adjusted for age, center, parity, oral contracesgtiuse, race, breastfeedimgenopausal status, family history
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Reproductive risk factors and oestrogen/
progesterone receptor-negative breast
cancer in the Breast Cancer Family Registry
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Background: Oestrogen receptor (ER)- and progesterone receptor (PR)-negative (ER — PR —) breast cancer is associated with
poorer prognosis compared with other breast cancer subtypes. High parity has been associated with an increased risk of
ER — PR — cancer, but emerging evidence suggests that breastfeeding may reduce this risk. Whether this potential breastfeeding
benefit extends to women at high risk of breast cancer remains critical to understand for prevention.

Methods: Using population-based ascertained cases (n=4011) and controls (2997) from the Breast Cancer Family Registry,
we examined reproductive risk factors in relation to ER and PR status.

Results: High parity (>3 live births) without breastfeeding was positively associated only with ER — PR — tumours (odds ratio
(OR)=1.57, 95% confidence interval (Cl), 1.10-2.24); there was no association with parity in women who breastfed (OR=0.93,
95% ClI 0.71-1.22). Across all race/ethnicities, associations for ER— PR — cancer were higher among women who did not
breastfeed than among women who did. Oral contraceptive (OC) use before 1975 was associated with an increased risk of
ER — PR — cancer only (OR=1.32, 95% CI 1.04-1.67). For women who began OC use in 1975 or later there was no increased risk.

Conclusions: Our findings support that there are modifiable factors for ER—PR— breast cancer and that breastfeeding in
particular may mitigate the increased risk of ER — PR — cancers seen from multiparity.

The extensive epidemiologic literature supports that risk factors 1986; Stanford et al, 1987; Potter et al, 1995; Yoo et al, 1997;
vary by subtypes of breast cancer defined by oestrogen receptor  Britton et al, 2002; Mccredie et al, 2003; Althuis et al, 2004;
(ER) and progesterone receptor (PR) expression (Mctiernan et al, Colditz et al, 2004; Largent et al, 2005; Rusiecki et al, 2005;
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Ursin et al, 2005; Ma et al, 2006a; Rosenberg et al, 2006; Lord et al,
2008; Kwan et al, 2009; Setiawan et al, 2009; Yang et al, 2011) and
that many established breast cancer risk factors are more strongly
associated with hormone receptor-positive (ER + and/or PR+ )
cancers; for example, high parity, earlier age at first birth, and later
age at menarche have been associated with reduced risk of ER +
and/or PR + cancers (Althuis et al, 2004; Nichols et al, 2005; Ursin
et al, 2005; Ma et al, 2006a, b, 2010a; Lord et al, 2008; Setiawan
et al, 2009; Bao et al, 2011; Palmer et al, 2011; Yang et al, 2011),
and postmenopausal hormone therapy use has been associated
with an increased risk of ER + and/or PR + cancer (Althuis et al,
2004; Rosenberg et al, 2008; Setiawan et al, 2009; Slanger et al,
2009; Bao et al, 2011). In contrast, ER- and PR-negative breast
cancer (ER —PR—), which is associated with a higher tumour
grade and poorer prognosis, and is more prevalent in women of
African-American race, and in younger age groups (Britton et al,
2002; Carey et al, 2006; Bauer et al, 2007; Brinton et al, 2008; Stead
et al, 2009; Clarke et al, 2012), is not associated with reproductive

positive cancers. For example, age at first birth appears to be
unrelated to ER —PR— cancer, and high parity has been
associated with increased, rather than decreased risk (Rusiecki
et al, 2005; Ma et al, 2006a, b; Rosenberg et al, 2006; Millikan et al,
2007; Kwan et al, 2009; Setiawan et al, 2009; Bao et al, 2011; Palmer
et al, 2011; Yang et al, 2011).

Breastfeeding is one of the few factors found by a majority of
studies to be consistently associated with a reduction in both
hormone receptor-positive and -negative breast cancer (Althuis
et al, 2004; Ma et al, 2006a, b, 2010a; Lord et al, 2008; Bao et al,
2011). For ER—PR— or triple-negative (ER —PR— human
epidermal growth factor receptor 2 (HER2 —)) cancer, in
particular, breastfeeding may mitigate the increased risk of ER —
PR— cancer associated with multiparity (Millikan et al, 2007;
Kwan et al, 2009; Palmer et al, 2011; Redondo et al, 2012).
Whether this risk reduction in ER — PR — cancer extends to
women at high risk of breast cancer remains critical for prevention,
as there are few prevention options available to these women apart
from risk-reducing surgeries and chemoprevention; options that
are particularly difficult to implement during childbearing age.

Given the consistent protective association between breast-
feeding and ER — PR — and triple-negative cancers in populations
unselected for family history of breast cancer, we evaluated
associations between reproductive and hormonal risk factors and
risk of breast cancer categorised by joint ER/PR status, using
population-based data from the Breast Cancer Family Registry
(BCFR). In particular, we focused on the associations with parity
and breastfeeding and, more importantly, evaluated whether the
reduction in risk from breastfeeding in the presence of multiparity
extended to higher risk women. We also focused on evaluating oral
contraceptive (OC) use, which has previously been associated with
an increased risk of ER —PR— cancer (Althuis et al, 2004;
Rosenberg et al, 2010).

MATERIALS AND METHODS

Study sample. We included population-based ascertained breast
cancer cases and controls from three sites of the BCFR: Northern
California, USA; Ontario, Canada; and Melbourne and Sydney,
Australia. The details of the BCFR have been published elsewhere
(John et al, 2004; Knight et al, 2006; Milne et al, 2011; Work et al,
2012). Briefly, cases included women aged 18-69 years diagnosed
with a first primary invasive breast cancer from 1995 to 2004, with
the sample enriched for women at increased genetic and/or familial
risk of breast cancer, based on age at breast cancer diagnosis and
family history of breast and other cancers (John et al, 2004).

Questionnaire data were obtained for 76%, 72%, and 75% of
eligible cases from Northern California, Ontario, and Australia,
respectively. Controls were randomly sampled from the population
living in the same catchment area as the cases and frequency
matched according to 5-year age groupings. Of the eligible
controls, 67%, 64%, and 74% participated from Northern
California, Ontario, and Australia, respectively, for a total of
5107 cases and 2997 unrelated controls. The ER/PR information
was available for 4011 (79%) cases, including 1994 from Northern
California, 1088 from Ontario, and 929 from Australia. We also
had data available on HER2 status for a subgroup of these women
from Northern California and Ontario (N = 792).

Risk factor data collection. We collected epidemiologic data
through structured questionnaire interviews (conducted either
in-person or by telephone) assessing breast cancer risk factors
before diagnosis, including OC use, menopausal hormone therapy
use, age at menarche, parity, age at first childbirth, breastfeeding
history, smoking history, alcohol use, education, body mass index
(BMI), and menopausal status.

Tumour marker data collection. For 2351 cases, BCFR study
pathologists ascertained ER and PR status from patient tumour
tissue using immunohistochemistry (IHC) and/or pathology
reports using a standardised protocol and pathology reporting
forms. For the remaining cases (N = 1660), ER and PR status was
provided by the relevant Cancer Registry for that population,
or through patient medical records. For all cases with HER2 status
available (N = 792), the information on HER2 status was provided
by the California Cancer Registry (N =639), or patient medical
records (N =153). The distribution of risk factors did not differ
between cases that did or did not have ER/PR data available for
review (data not shown).

Where tumour tissue was available, BCFR study pathologists
used THC testing for ER and PR, and categorised tumours as ER or
PR positive if >10% of tumour cells stained positive. Where tissue
samples were not obtained, pathologists reviewed pathology
reports and recorded the ER and PR status listed on the report,
or, if information existed on the percent of cells staining positive,
employed the same requirements that >10% of cells stained
positive resulted in a definition of ER or PR positive.

Of the cases, 2486 were ER + PR+, 920 were ER — PR —, 397
were ER + PR —, and 208 were ER — PR +. Of the sub-population
for whom HER2 data were available, 468 were classified as Luminal
A (ER+ and/or PR+, HER2 —), 118 as Luminal B (ER + and/or
PR+, HER2 +), 67 as HER2 + (ER — and PR—, HER2 + ), and
139 as triple negative (ER —, PR —, and HER2 —).

Statistical analysis. Using multivariable unordered polytomous
regression, adjusted for age, race/ethnicity, and study site, we
compared known or suspected breast cancer risk factors, including
OC use (never, <5 years, >5 years), starting date of OC use
(never, any use before 1975, all use in 1975 or later; the year 1975
was chosen as a cutpoint because oestrogen and progesterone doses
in OC brands had a marked change in formulation in 1975); time
since last OC use (never, <10 years, > 10- <20 years, > 20 years);
age at menarche (<11, 12, >13 years); parity (nulliparous, 1-2
live births, >3 live births); age at first birth (continuous); lifetime
breastfeeding duration (never, 0-<12 months, >12 months);
combined parity and breastfeeding (nulliparous, 1-2 children
never breastfed, 1-2 children ever breastfed, >3 children never
breastfed, >3 children ever breastfed); smoking history (never
smoker, former smoker, current smoker), BMI (continuous),
education (< high school, completed high school), alcohol
consumption (<7 drinks per week, >7 drinks per week, current
non-drinker), history of >1 first-degree relative with breast
cancer (yes, no), and menopausal status (premenopausal or
postmenopausal). Cutpoints for categorical variables were selected
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based on meaningful cutpoints (e.g., education defined by high
school graduation, as well as selected cutpoints used in the prior
literature for replication purposes).

We compared each of the four subgroups defined by ER and PR
status with the reference group of controls, for the total population
as well as by site (Northern California, Ontario, Australia).
Findings did not differ by site (results not shown). We also
examined associations separately for premenopausal and post-
menopausal women. Because some associations with ER — PR —
cancer differed from associations with ER+ PR+ cancer when
using controls as the referent group, we also conducted a case-only
comparing ER — PR — cases with ER+ PR+
cases. For the molecular subtypes, we conducted a case-only
analysis comparing Luminal B, HER2 +, and triple-negative cases
with Luminal A cases.

Because we examined multiple risk factors, we focused on
patterns in risk factor associations as well as formal tests for trends.
We did not formally adjust for multiple comparisons by altering
the significance level but regarded associations that did not follow
patterns (by increasing levels of the covariate) as more likely to be
spurious.

We analysed the level of missingness for each of the variables
used in the multivariable regression. Rates of missingness were very
low, <2% of the sample, for most variables modelled: there was 0%
missingness for parity, 1.7% missingness for OC use, and 0.7%
missingness for breastfeeding. Menopausal status was missing for
12% of the participants, however, when we considered the ages
and/or surgical history (ie., bi-lateral oophorectomy) of the
participants, we were able to classify menopausal status for 61%
of the women missing data by assigning postmenopausal status to
women over the age of 50 or those who had undergone surgical
menopause, and included them in the analysis as postmenopausal.
Findings did not differ when these women were excluded from the
analysis (results not shown).

We considered results statistically significant if the 95%
confidence interval (CI) did not include the value of ‘1’
All statistical analyses used SAS Version 9.2 Software (SAS
Institute, Cary, NC, USA).

RESULTS

Table 1 summarises frequencies of demographic characteristics,
risk factors, and tumour characteristics for breast cancer cases
categorised by joint ER/PR status. The ER — cases were more likely
to be younger and premenopausal compared with ER + cases, and
were more likely than ER + cases to have grade 3 cancer. ER and
PR status was very similar across sites (ER + PR +: 64%, 60%, and
61%, ER + PR —: 9%, 10%, and 11%; ER — PR+ : 5%, 8%, and 4%;
and ER — PR — 22%, 21%, and 24% for Ontario, Australia, and
California, respectively). Compared with controls, cases were more
likely to be non-white and to have a family history of breast cancer,
partly reflecting enrollment criteria for cases that favoured racial
minorities and those with family history. Cases regardless of
hormone status had a higher rate of nulliparity and were less likely
to breastfeed than controls, reflecting differences in known breast
cancer risk factors.

Table 2 presents the multivariate-adjusted ORs for each breast
cancer subtype, categorised as ER+PR+, ER+PR—, ER —
PR+, or ER — PR —, compared with the control group, and also
includes the findings for parity and breastfeeding from case-only
analyses comparing ER — PR — cases with ER +PR+ cases.

High parity (>3 live births) was associated with an
increased risk of ER — PR — cancer (odds ratio (OR) = 1.59, 95%
CI 1.15-2.18, vs nulliparity). When stratified by menopausal status,
high parity was associated with an increased risk in premenopausal

analycic directlv

s 1

women only (OR=1.68, 95% CI 1.10-2.56, >3 live births, vs
nulliparity). Breastfeeding was associated with a reduced risk of all
breast cancer subtypes, but most strongly with ER — PR — cancer
(OR=0.52, 95% CI 0.40-0.68, >12 months of breastfeeding vs
never), with even greater risk reduction found in postmenopausal
women (OR=0.34, 95% CI 0.21-0.54, >12 months of breast-
feeding vs never). When combined with breastfeeding behaviour,
the increased risk of ER — PR — breast cancer associated with high
parity was only found in women who had children but did not
breastfeed (OR=1.57, 95% CI 1.10-2.24, >3 live births, no
breastfeeding, vs nulliparity). Case-only comparisons (with
ER+ PR+ tumours as the referent) showed an increased risk
of ER—PR— tumours for parity combined with a lack of
breastfeeding (OR=1.59, 95% CI 1.19-2.13, 1—2 live births,
no breastfeeding and OR = 1.69, 95% CI 1.20-2.38, >3 live births,
no breastfeeding, vs nulliparity). These associations were not
materially different by study site and the tests for statistical
interaction by site were not significant (data not shown).

Table 3 presents the multivariate-adjusted ORs for each breast
cancer subtype, compared with the control group, for OC use and
OC start date, and also includes the findings on OC use for the
case-only comparisons comparing ER — PR — cases with ER +
PR+ cases.

Oral contraceptive use was not associated with ER — PR —
breast cancer (OR =1.13, 95% CI 0.89-1.44 for use >5 years vs
never). However, first OC use before 1975 compared with never
use was positively associated with ER —PR— breast cancer
(OR=1.32, 95% CI 1.04-1.67), but not with hormone receptor-
positive cancers. Use in 1975 or later was not associated with
ER— PR — cancer.

Oral contraceptive use was inversely associated with
ER+ PR+, ER+PR—, and ER— PR+ breast cancer, with OR
estimates statistically significant for ER+ PR+ cancer (OC use
>5 years vs none: OR=0.83, 95% CI=0.69-0.98). Inverse
associations with hormone receptor-positive subtypes were
stronger when OC use began in 1975 or later (OR=0.59,
95% CI 0.48-0.73, ER+PR+; OR=0.52, 95% CI, 0.36-0.76,
ER+ PR —, OR=0.34, 95% CI, 0.21-0.56, ER — PR+ ). Findings
did not differ for cancer diagnosed premenopausally or post-
menopausally. There was a stronger association between OC
use and ER— PR — cancer compared with ER+ PR+ cancer
(OR =1.35,95% CI = 1.07-1.70, OC use > 5 years vs none). Case—
case differences also existed for OC use pre- or post-1975, with
statistically significant associations for ER — PR — cancer com-
pared with ER + PR + cancer.

Differences by  race/ethnicity. African-American  women
(OR=1.71, 95% CI 1.22-2.40) and Hispanic women (OR =1.43,
95% CI 1.02-2.00) were more likely to be ER — PR — than ER +
PR+, compared with non-Hispanic White women. We found that
the trend for the combined parity-breastfeeding measure held
across race/ethnicities, with our findings supporting higher
associations for ER —PR— cancer among women who did not
breastfeed than among women who did, for all races/ethnicities
examined (non-Hispanic Whites, African Americans, Hispanics,
and Asians) (Figure 1).

Differences by molecular subtype. Table 4 presents findings by
molecular subtype. Three or more live births were associated with
an increased risk of HER2+ and triple-negative breast cancer
(OR=2.88, 95% CI 0.98-8.51, for HER2 vs Luminal A cancer;
OR =282, 95% CI 1.37-5.83, for triple-negative vs Luminal A
cancer), whereas breastfeeding was inversely associated with triple-
negative cancer (OR=0.49, 95% CI 0.29-0.82, <12 months of
breastfeeding vs none; OR = 0.57, 95% CI 0.31-1.04, > 12 months
of breastfeeding vs none). Parous women who did not breastfeed
were more likely to have HER2 + (OR=3.32, 95% CI 1.26-8.73,
HER2 + vs Luminal A, for parous, no breastfeeding) or
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Table 1. Demographic and tumour characteristics by ER/PR status, Breast Cancer Family Registry

Controls ER+PR+ ER+PR— ER—PR+ ER—-PR-
N=2997 N=2486 N=397 N=208 N=920
N (%) N (%) N (%) N (%) N (%)
Age
Age (mean s.d.) 47.6+103 | 47.1+93 | 48.6+9.8 I 438+80 | 445+9.8
Race/Ethnicity
Non-Hispanic White 2487 (86) 1542 (62) 222 (56) 158 (76) 506 (55)
African American 96 (3) 221(9) 45 (11) 16 (8) 131 (14)
Hispanic 72(2) 229 (9) 46 (11) 7(3) 113 (12)
Asian 165 (6) 445 (18) 79 (20) 23(11) 149 (16)
Other 82 (3) 35(1) 5(1) 4(2) 14 (2

First-degree family history of breast cancer

No 2732 (91) 1761 (71) 291 (73) 161(78) 673 (73)
Yes 263 (9) 714 (29) 106 (27) 45 (22) 244 (27)

Menopausal status

Premenopausal 1566 (55) 1431 (60) 172 (46) 149 (76) 574 (65)
Postmenopausal 1262 (45) 951 (40) 205 (54) 47 (24) 310 (35)
Education

<High school 908 (30) 710 (29) 114 (29) 56 (27) 289 (32)
High school or more 2082 (70) 1740 (71) 275 (71) 150 (73) 602 (68)

Oral contraceptive (OC) use

Never 646 (22 648 (27) 124 (32) 49 (24) 198 (23)
<5 years 1117 (37) 948 (39) 129 (34) 71(34) 328 (37)
>5 years 1216 (41) 847 (35) 131 (34) 86 (42 353 (40)

Year of first OC use

Never 646 (22) 648 (27) 124 (32) 49 (24) 198 (23)
Before 1975 1435 (48) 1165 (48) 167 (43) 97 (47) 370 (42)
1975 or later 898 (30 630 (26) 93 (24) 60 (29) 310(35)

Time of last OC use

Never user 646 (24) 648 (30) 124 (36) 49 (27) 198 (26)
>10 years ago 489 (18) 340 (15) 42 (12) 42 (23 152 (20)
>10, <20 years ago 704 (26) 613 (28) 80 (23) 52 (29) 199 (27)
>20 years ago 913 (33 604 (27) 98 (28) 39 (21) 202 (27)

Menopausal hormone therapy use

Never 2081 (70) 1756 (74) 264 (70) 175 (88) 699 (80)
Former 246 (8) 199 (8) 37 (10) 9(5) 59(7)
Current 663 (22 424 (18) 74 (20) 16 (8) 111 (13)

Age at menarche (years)

<N 598 (20) 528 (22) 64 (16) 43 (20 183 (21)
12 711 (29 590 (24) 100 (26) 44 (21) 215 (24)
=13 1670 (56) 1317 (54) 225 (58) 125 (59) 482 (55)

Parity (number of live births)

Nulliparous 531(18) 565 (23) 95 (24) 51 (25 191 (21)
1-2 1334 (45) 1015 (41) 166 (42) 71(34) 391 (42)
>3 1132 (38) 906 (36) 136 (34) 86 (41) 338(37)

Mean age at first birth

Mean age at first birth | 248%5.1 25153 25.0%+53 247%50 24655

Breastfeeding duration (months)

Never 1203 (40) 1105 (45) 194 (49) 95 (46) 448 (50)
<12 991 (33) 764 (31) 113(29) 51(25) 267 (30)
>12 803 (27) 595 (24) 86 (22) 60 (29) 187 (21)
1370 www.bjcancer.com | DOI:10.1038/bjc.2013.807

163



Risk factors for hormone-negative breast cancer

BRITISH JOURNAL OF CANCER

Table 1. (Continued)

Controls ER+PR+ ER+PR— ER—-PR+ ER—PR—
N=2997 N=2486 N=397 N=208 N=920
N (%) N (%) N (%) N (%) N (%)
Parity and breastfeeding (BF)
Nulliparous 531(15) 565 (23) 95 (24) 51 (25) 191 (21)
1-2 live births, never BF 448 (15) 340 (14) 61(16) 31(15 157 (17)
>3 live births, never BF 224.(7) 200 (8) 38 (10) 13(6) 100 (11)
1-2 live births, ever BF 886 (30) 663 (27) 103(26) 39 (19) 201 (25)
>3 live births, ever BF 908 (30) 696 (28) 96 (24) 72 (35) 221 (25)
Mean BMI (kgm ~?)
Mean BMI (kgm ) I 259+55 260%55 260£55 247+5.1 26.6+5.7
Tumour grade
12 NA 1546 (74) 220 (67) 60 (39) 154 (20)
3 NA 554 (26) 109 (33) 93 (61) 628 (80)

Abbreviations: BMI =body mass index; ER = oestrogen receptor; NA =Not Applicable; PR = progesterone receptor.

Table 2. Association between parity and breastfeeding, and breast cancer classified by hormone receptor status and menopausal status, Breast Cancer

Family Registry

ER+PR+?
N=2174
OR (95% ClI)

ER+PR—°
N=341
OR (95% Cl)

ER—PR+°
N=179
OR (95% Cl)

ER—PR—°
N=791
OR (95% Cl)

ER—-PR—
vs ER+PR+
OR (95% CI)

Parity (number of live birt

hs)

Nulliparous
1-2
=3

1.0 (ref)
0.80 (0.65-0.99)
0.93 (0.73-1.17)

1.0 (ref)
0.93 (0.64-1.35)
0.97 (0.64-1.49)

1.0 (ref)
1.20 (0.71-2.02)
1.50 (0.85-2.65)

1.0 (ref)
1.33(1.00-1.76)
1.59 (1.15-2.18)

1.0 (ref)
1.62(1.24-2.13)
1.66 (1.23-2.25)

Breastfeeding duration (months)

Never
<12
=12

1.0 (ref)
1.04 (0.87-1.23)
0.80 (0.66-0.98)

1.0 (ref)
0.84 (0.61-1.1¢)
0.69 (0.48-0.99)

1.0 (ref)
0.66 (0.41-1.05)
0.57 (0.35-0.94)

1.0 (ref)
0.72 (0.57-0.91)
0.52 (0.40-0.68)

1.0 (ref)
0.70 (0.56-0.88)
0.64 (0.50-0.84)

Parity and breastfeeding (BF)

Nulliparous 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)

1-2 live births, never BF 0.80 (0.63-1.00) 0.92 (0.62-1.38) 1.49 (0.86-2.60) 1.30 (0.96-1.75) 1.59 (1.19-2.13)
>3 live births, never BF 0.90 (0.68-1.19) 0.95 (0.58-1.54) 1.01 (0.49-2.07) 1.57 (1.10-2.24) 1.69 (1.20-2.38)
1-2 live births, ever BF 0.78 (0.64-0.93) 0.73 (0.52-1.05) 0.63 (0.38-1.05) 0.88 (0.68-1.14) 1.12 (0.87-1.45)
>3 live births, ever BF 0.82 (0.67-0.99) 0.72 (0.50-1.04) 1.00 (0.64-1.56) 0.93(0.71-1.22) 1.09 (0.84-1.42)

Premenopausal women

Parity (number of live births)

Nulliparous 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)

1-2 0.86 (0.65-1.15) 1.14 (0.78-2.54) 1.27 (0.66-2.42) 1.50 (1.04-2.17) 1.73 (1.21-2.48)
23 0.96 (0.69-1.33) 1.12 (0.57-2.21) 1.62 (0.81-3.26) 1.68 (1.10-2.56) 1.70 (1.14-2.55)

Breastfeeding duration (months)

Never
<12
=12

1.0 (ref)
1.05 (0.81-1.35)
0.76 (0.58-1.01)

1.0 (ref)
0.86 (0.51-1.46)
0.88 (0.50-1.54)

1.0 (ref)
0.75 (0.42-1.35)
0.68 (0.36-1.19)

1.0 (ref)
0.74 (0.54-1.02)
0.61 (0.43-0.87)

1.0 (ref)
0.70 (0.51-0.96)
0.80 (0.56-1.13)

Parity and breastfeeding (BF)

Nulliparous

1-2 live births, never BF
>3 live births, never BF
1-2 live births, ever BF

>3 live births, ever BF

1.0 (ref)
0.80 (0.59-1.09)
1.05 (0.70-1.58)
0.84 (0.67-1.06)
0.80 (0.63-1.01)

1.0 (ref)
1.43 (0.76-2.67
1.08 (0.45-2.62,
1.23 (0.75-2.01
0.99 (0.58-1.68

1.0 (ref)
1.62 (0.83-3.18)
1.04 (0.41-2.62)
0.79 (0.44-1.41)
1.20 (0.72-2.00)

1.0 (ref)
1.56 (1.06-2.32)
1.49 (0.87-2.55)
1.03 (0.75-1.40)
1.13(0.81-1.56)

1.0 (ref)
1.94 (1.32-2.85)
1.35 (0.89-2.29)
1.21 (0.89-1.64)
1.37 (0.99-1.89)
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Table 2. (Continued)

ER+PR+? ER+PR-? ER—PR+* ER—PR-? ER—-PR—
N=2174 N=341 N=179 N=791 vs ER+PR+
OR (95% ClI) OR (95% ClI) OR (95% CI) OR (95% ClI) OR (95% ClI)

Postmenopausal women

Parity (number of live births)

Nulliparous 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)
1-2 0.66 (0.47-0.93) 0.54 (0.33-0.91) 0.62 (0.25-1.54) 0.84 (0.52-1.33) 1.26 (0.81-1.97)
>3 0.84 (0.58-1.21) 0.77 (0.44-1.34) 0.82 (0.30-2.28) 1.11 (0.68-1.85) 1.30 (0.80-2.11)

Breastfeeding duration (months)

Never 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)
<12 1.08 (0.83-1.39) 0.83 (0.54-1.2¢) 0.56 (0.24-1.30) 0.75 (0.53-1.07) 0.70 (0.49-0.99)
=12 0.91 (0.67-1.27) 0.49 (0.29-0.83) 0.37 (0.13-1.03) 0.34 (0.21-0.54) 0.37 (0.23-0.58)

Parity and breastfeeding (BF)

Nulliparous 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)

1-2 live births, never BF 0.70 (0.48-1.00) 0.58 (0.34-0.98) 0.73 (0.29-1.85) 0.80 (0.39-1.30) 1.13 (0.72-1.81)
>3 live births, never BF 0.75 (0.50-1.14) 0.70 (0.38-1.28) 0.61 (0.19-1.67) 1.12(0.66-1.92) 1.46 (0.88-2.44)
1-2 live births, ever BF 0.65 (0.46-0.91) 0.38 (0.22-0.65) 0.24 (0.08-0.72) 0.57 (0.35-0.93) 0.88 (0.55-1.41)
>3 live births, ever BF 0.86 (0.62-1.20) 0.51 (0.31-0.85) 0.44 (0.17-1.10) 0.54 (0.83-0.88) 0.60 (0.38-0.97)

Abbreviations: BMI =body mass index; ER = oestrogen receptor; HT =hormone therapy; OC = oral contraceptive; PR =progesterone receptor. Odds ratios (ORs) and 95% confidence interval
(C1), adjusted for age, race/ethnicity, study site, OC use, HT use, BMI, menopausal status, age at menarche, age at first birth, and education. ORs in bold are statistically significant

a~ P PRPR N e
Compared with popuiation-based controis (N = 2683}

Table 3. Association between oral contraceptive use and breast cancer classified by hormone receptor status and menopausal status, Breast Cancer

Family Registry

ER+PR+? ER+PR-? ER—-PR+? ER—-PR-? ER—PR— vs
N=2174 N=341 N=179 N=791 ER+PR+

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% ClI) OR (95% ClI)
OC use
Never 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)
<5 years 0.97 (0.82-1.15) 0.73 (0.54-0.99) 0.67 (0.44-1.04) 1.16 (0.92-1.47) 1.18 (0.94-1.49)
>5 years 0.83 (0.69-0.98) 0.74 (0.55-1.01) 0.79 (0.52-1.20) 1.13(0.89-1.44) 1.35(1.07-1.70)
Year of first OC use
Never 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)
Before 1975 1.06 (0.91-1.25) 0.80 (0.59-1.07) 1.12 (0.73-1.73) 1.32 (1.04-1.67) 1.28 (1.03-1.60)
1975 or later 0.59 (0.48-0.73) 0.52 (0.36-0.76) 0.34 (0.21-0.56) 0.82 (0.63-1.08) 1.36 (1.06-1.75)
OC use (premenopausal)
Never 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)
<5 years 0.97 (0.76-1.22) 0.65 (0.41-1.05) 0.62 (0.37-1.04) 1.00 (0.73-1.38) 1.05 (0.78-1.41)
>5 years 0.75 (0.59-0.94) 0.83 (0.52-1.31) 0.67 (0.41-1.11) 0.98 (0.72-1.33) 1.31 (0.97-1.77)
OC use (postmenopausal)
Never 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)
<5 years 0.89 (0.69-1.14) 0.77 (0.51-1.15) 0.58 (0.25-1.32) 1.38 (0.95-1.99) 1.50 (1.05-2.15)
>5 years 0.89 (0.68-1.16) 0.63 (0.41-0.98) 0.76 (0.35-1.67) 1.23(0.83-1.81) 1.36 (0.96-1.98)
Abbreviations: BMI =body mass index; ER = oestrogen receptor; HT =hormone therapy; OC = oral contraceptive; PR = progesterone receptor. Odds ratios (ORs) and 95% confidence interval
(C)) adjusted for age, race/ethnicity, study site, parity, breastfeeding, HT use, BMI, menopausal status, age at menarche, age at first birth, and education. ORs in bold are statistically significant
#Compared with population-based controls (N= 2683); Premenopausal refers to cases diagnosed premenopausally, postmenopausal refers to cases diagnosed postmenopausally. All OC use
occurred before menopause.

triple-negative cancer (OR = 2.33, 95% CI 1.22-4.45, triple negative ~ vs Luminal A). Oral contraceptive use of >5 years, compared
vs Luminal A, for parous, no breastfeeding) compared with with never use, was positively associated with triple-negative
nulliparous women. Parous women who breastfed had no increased ~ cancer (OR = 1.63, 95% CI 0.97-2.76), as was OC use that began
risk of triple-negative cancer (OR=1.22, 95% CI 0.67-2.22, in 1975 or later (OR=2.02, 95% CI 1.11-3.68).
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Non-Hispanic Whites

1-2 Live births, no breastfeeding vs nulliparous

OR=1.05 (0.70-1.57)

1-2 Live births, some breastfeeding vs nulliparous OR=0.74 (0.53-1.05)
3+ Live births, no breastfeeding vs nulliparous ——D— OR=1.55 (0.95-2.52)
3+ Live births, some breastfeeding vs nulliparous 4El7 OR=0.92 (0.65-1.30)
Non-Hispanic Blacks
1-2 Live births, no breastfeeding vs nulliparous I} OR=1.36(0.48-3.81)
1-2 Live births, some breastfeeding vs nulliparous D OR=0.91(0.32-2.61)
3+ Live births, no breastfeeding vs nulliparous D OR=2.36 (0.65-8.51)
3+ Live births, some breastfeeding vs nulliparous D OR=0.58 (0.16-2.18)
Hispanics
1-2 Live births, no breastfeeding vs nulliparous D OR=1.90 (0.47-7.68)
e bi i il OR=1.44 (0.44-4.75)
3+ Live births, no breastfeeding vs nulliparous D OR=4.04 (0.88-18.55)
3+ Live births, some breastfeeding vs nulliparous OR=1.21 (0.36-4.08)
Asians
1-2 Live births, no breastfeeding vs nulliparous D OR=1.78 (0.65-5.06)
1-2 Live births, some breastfeeding vs nulliparous I OR=0.74 (0.31-1.75)
3+ Live births, no breastfeeding vs nulliparous {Ij OR=1.10 (0.27-4.55)
3+ Live births, some breastfeeding vs nulliparous D I OR=0.61 (0.24-1.57)
0.10 0.50 1.0 5.00 10.0

Figure Legend:

D = Odds ratio (size of box reflects population size)

— = Length of confidence interval

Figure 1. Comparison of odds ratios by race/ethnicity for breastfeeding and parity, Breast Cancer Family Registry, ER — PR— cases vs controls.

DISCUSSION

Our study sample was enriched with women at higher than
population risk for breast cancer (due to oversampling of cases
with early-onset breast cancer and/or a family history of breast
cancer). We found that high parity was associated with an
increased risk of ER — PR — cancer, compared with controls, and
that breastfeeding for a total duration of >12 months reduced this
risk. Previous studies have found that duration of breastfeeding,
coupled with parity levels, is an important factor for risk of triple-
negative (ER — PR —HER2 —) breast cancer (Bauer et al, 2007;
Kwan et al, 2009; Redondo et al, 2012). When we examined this
combined variable for ER — PR — cancer, we also observed that
multiparity, combined with no breastfeeding, was associated with
an increased risk of ER — PR — cancer, and triple-negative cancer,
but not with hormone receptor-positive cancer. We found that the
association for ER — PR — cancer was similar across race/ethnicity.

In other studies examining higher risk women, the inverse
association with parity was also limited to ER+/PR+ cancers
(Nichols et al, 2005; Ma et al, 2006b). However, in a study of very
young women, aged <35 years, ER status was not associated with
parity (Largent et al, 2005). While our analysis did not find an
association between parity and reduced cancer risk for hormone
receptor-positive breast cancer, we did find this to be true among
postmenopausal women in our study for women with 1 — 2 births.

We also found a positive association between parity and
ER— PR — cancer, similar to the findings of Yang et al (2011),
in their case-only analysis, and reflecting similarities to findings
among studies that examined triple-negative breast cancer
(Millikan et al, 2007; Phipps et al, 2011).

Our study confirms earlier findings that breastfeeding decreases
the risk of breast cancer, regardless of hormone receptor status.
A recent review supported that ER or PR expression was not
differentially associated with breastfeeding (Althuis et al, 2004),
and most other studies have confirmed this finding for subtypes
defined by ER/PR status (Ursin et al, 2005; Ma et al, 2006b, 2010a;
Lord et al, 2008; Sweeney et al, 2008; Bao et al, 2011) and subtypes
defined by ER/PR/HER2 status (Ma et al, 2010b; Xing et al, 2010;
Gaudet et al, 2011). Some studies have shown, as ours did, that the
inverse association with breastfeeding is stronger for ER —, ER —
PR —, or triple-negative breast cancer (Largent et al, 2005; Millikan
et al, 2007; Kwan et al, 2009; Gaudet et al, 2011). The Collaborative
Group on Hormonal Risk Factors in Breast Cancer (2002)
determined that breastfeeding is protective against breast cancer
above and beyond the protection conferred by parity. Hypothesised
potential protective mechanisms include the removal of oestrogens
via breast fluid, excretion of carcinogenic agents through breast
milk, delay in ovulation associated with breastfeeding, and
induction of terminal differentiation of breast epithelial cells
(Lipworth et al, 2000). It has been shown that BRCAI mutation
carriers, who are typically diagnosed with ER — PR — cancer, were
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Table 4. Association among oral contraceptive use, parity and breastfeeding and breast cancer classified by molecular status, Breast Cancer Family

Registry (compared with Luminal A cases, N=468)

Luminal B HER2 + Triple negative
N=118 N=67 N=139
OR (95% ClI) OR (95% CI) OR (95% CI)
OC use
Never 1.0 (ref) 1.0 (ref) 1.0 (ref)
<5 years 0.82 (0.48-1.41) 1.30 (0.64-2.62) 1.19 (0.69-2.04)
>5 years 0.83 (0.48-1.43) 1.32 (0.65-2.67) 1.63 (0.97-2.76)

Timing of first OC

Never
Before 1975
1975 or later

1.0 (ref)
0.94 (0.54-1.63)
0.73 (0.40-1.33)

1.0 (ref)
1.10 (0.53-2.2¢)
1.65 (0.75-3.60)

1.0 (ref)
1.11 (0.65-1.89)
2.02 (1.11-3.68)

Parity (number of live births)

Nulliparous 1.0 {ref)
1-2 1.43 (0.72-2.85)
>3 1.32 (0.61-2.88)

0o
1.0 (ren)

2.16 (1.10-4.21)
2.82(1.37-5.83)

1.0 (ref)
3.39 (1.31-9.31)
2.88 (0.98-8.51)

Breastfeeding duration (months)

Never 1.0 (ref)
<12 0.77 (0.43-1.39)
=12 1.10 (0.58-2.11)

1.0 (ref)
0.70 (0.36-1.39)
0.77 (0.35-1.69)

1.0 (ref)
0.49 (0.29-0.82)
0.57 (0.31-1.04)

Breastfeeding and parity

Nulliparous
Parous, never breastfed

1.0 (ref)
1.38 (0.71-2.71)

Parous, ever breastfed 1.22 (0.69-2.18)

1.0 (ref)
3.32 (1.26-8.73)
2.40 (0.98-5.5.86)

1.0 (ref)
2.33 (1.22-4.45)
1.22 (0.67-2.22)

indicates P<0.05.

Abbreviation: OC = oral contraceptive. Luminal A is defined as ER and/or PR+, HER2 — ; Luminal B is defined as ER and/or PR+, HER2 + ; HER2 + is defined as ER—, PR—, HER2 +; Triple
negative is defined as ER —, PR —, HER2 — . Odds ratios (OR) and 95% confidence interval (Cl) adjusted for age, race, study site, and menopausal status. OC findings adjusted for breastfeeding
and parity; parity findings adjusted for OC use and breastfeeding; breastfeeding findings adjusted for OC use and parity, combined parity-breastfeeding findings adjusted for OC use. Bold

less likely to develop breast cancer if they breastfed for at least 1
year, compared with BRCAI mutation carriers who did not
breastfeed; there was no association with breastfeeding among
BRCA2 mutation carriers, who usually have ER+ tumours
(Jernstrom et al, 2004).

Overall, OC use greater than 5 years was associated with a
reduced risk of hormone receptor-positive breast cancer, and was
not associated with ER — PR — cancer. Earlier published studies
reported positive associations between ER — PR — breast cancer
and OC use (reviewed in Althuis et al, 2004), whereas most recent
studies, including ours, have found no overall association between
ER — PR — breast cancer and OC use (Ma et al, 2006b; Bao et al,
2011), although some studies have reached different conclusions
(Rosenberg et al, 2010). We found that OC use in 1975 or later was
inversely associated with ER + PR + breast cancer, and a positive
association between OC use and ER — PR — breast cancer was
limited to women who initiated the use before 1975. Year of
initiation of OC has been used previously (Collaborative Group on
Hormonal Factors in Breast Cancer, 1996; Grabrick et al, 2000;
Kahlenborn et al, 2006), but has not generally been examined in
previous research on OC use and breast cancer risk by hormone
receptor status. Data on OC use and breast cancer risk in BRCA1
mutation carriers, including some from our own study sample
(Milne et al, 2005; Haile et al, 2006; lodice et al, 2010), have
demonstrated no increased risk with OC use initiated after 1974,
and examination of OC use among women with a family history of
breast cancer found an increased risk of breast cancer only among
women who began OC use before 1975 (Grabrick et al, 2000).
In our study, findings were similar for any hormone-positive

(ER+ and/or PR+) subtype, and only different for the ER —
PR — type, indicating that any aetiology related to OC use may be
through both oestrogen and progesterone-related mechanisms. It is
unclear why OCs used before 1975 would be more strongly
associated with ER — PR — cancer. Studies of synthetic progestins
used in OCs have generally found that the proliferative actions of
progestins used in OCs are mediated through the ER (Jeng et al,
1992; Jordan, 1993), which does not explain why ER — breast
cancer is more likely to be affected, unless the ER is effectively
‘turned off by such proliferation. Typical oestrogen doses used in
the 1960s were more than double the doses used in the 1980s, and
progestin doses were also higher and included different types of
progestins than current OCs (Grabrick et al, 2000).

Methodologic considerations. Distributions of parity and other
risk factors for our sample where tumour characteristics were
available and the entire case sample was similar (data not shown).
Breast Cancer Family Registry pathologists used common
laboratory procedures and conducted a centralised pathology view
to categorise the majority of cases. A recent study has demon-
strated that cancer registry-provided data may undercount the
rarer ER/PR combinations, such as ER — PR+ and ER+ PR —
tumours, and that centralised pathology review should be
considered as a gold standard when classifying tumours by
hormone receptor status (Ma et al, 2009). For the analysis of
molecular subtypes, the population differed from the overall study
sample in that it comprised mostly racial/ethnic minority cases
from Northern California and Ontario, as few non-Hispanic white
families were enrolled in the BCFR after 2000 when HER2 data
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became available in the cancer registries. Due to these limitations,
we conducted a case-only analysis and acknowledge that
our findings are preliminary, although they are in agreement with
those of other studies. In the BCFR, differences have been observed
between population controls and sister controls in some risk
factors that are possibly associated with participation in research
(Milne et al, 2011). Specifically, our population-based controls are
more likely to have been highly educated, and have fewer births
and higher average age at first birth, than those sister controls.
The possibility of recall bias exists because we relied on
participants’ recalls of their exposures. However, the purpose of
this analysis was to determine whether risk factor associations
differed by subtype, using controls as a common comparison
group. Because it is unlikely that cases report exposures differently
based on their ER, PR, or HER2 status, it is unlikely that
differences across tumour subtypes can be explained by recall bias.

Summary. Overall, we found that multiparity is associated with an
increased risk of ER —PR — cancer, but this risk was reduced
by breastfeeding, such that multiparous women with a history of
breastfeeding were no longer at increased risk. In the United States,
initiation of breastfeeding has increased steadily since the 1970s
and the average duration of breastfeeding is also increasing (U.S.
Department of Health and Human Services, 2011). Recent trends
examining SEER incidence data suggest that rates of ER — PR —

hreast cancer are decreasine and will likoly continue to decrease in
oreast cancer are qecreasing and win ixey continue o qecrease n

the coming years (Anderson et al, 2011). Despite these trends,
however, there remain large differences in both ER — PR — breast
cancer incidence and breast feeding prevalences across racial and
ethnic groups, suggesting that increasing breast feeding in all
women is essential to breast cancer prevention.
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