EPIDEMIOLOGY OF BREAST CANCER AMONG YOUNG BLACK WOMEN AND THE RISE
IN YOUNG-ONSET DISTANT DISEASE IN THE U.S.

Lynn S. Chollet Hinton

A dissertation submitted to the faculty at the University of North Carolina at Chapel Hill in partial
fulfillment of the requirements for the degree of Doctor of Philosophy in the Department of
Epidemiology in the Gillings School of Global Public Health.

Chapel Hill
2017

Approved by:
Melissa A. Troester
Carey K. Anders
Jennifer L. Lund
Hazel B. Nichols

Andrew F. Olshan



©2017
Lynn S. Chollet Hinton
ALL RIGHTS RESERVED



ABSTRACT

Lynn S. Chollet Hinton: Epidemiology of Breast Cancer among Young Black Women and the Rise in

Young-Onset Distant Disease in the U.S.

(Under the direction of Melissa Troester)
Purpose: Rates of distant (stage IV) breast cancer have significantly increased since 1976 among
young women <40 years. Young-onset breast cancers tend to be more aggressive with poorer
prognosis than older-onset disease, particularly among black women. This dissertation sought to
clarify the impact of shifting incidence by (1) characterizing the epidemiology of young black
women’s breast cancer, and (2) investigating temporal shifts in breast cancer biology and diagnostic
imaging use as contributors to rising young-onset distant disease.
Methods: We examined tumor characteristics and breast cancer risk factors associated with
premenopausal young (<40) vs. older (>40) black women’s breast cancer in the African American
Breast Cancer Epidemiology and Risk Consortium (2,008 cases; 5,144 controls) using unconditional
logistic regression. Additionally, we examined longitudinal breast cancer incidence using joinpoint
regression among young women (20-39 years) from 1992-2011 according to breast tumor
characteristics in the Surveillance, Epidemiology, and End Results (SEER) program. Temporal
patterns in imaging use (positron emission tomography, computed tomography, magnetic resonance
imaging, bone scans) were examined separately among Medicare-eligible breast cancer cases using
SEER-Medicare-linked data.
Results: Premenopausal black women <40 years had higher frequency of poorer-prognostic tumor
characteristics compared to older (>40) women, including negative estrogen and progesterone
receptor (ER/PR) status, triple-negative subtype, high grade, higher stage, and larger tumor size.
Adiposity, family history of breast cancer, and oral contraceptive use were associated with increased

risk for young women while breastfeeding was more strongly protective. In SEER, the frequency of



favorable tumor characteristics significantly increased while less favorable characteristics declined
among young women. Imaging use dramatically increased from 1992-2011 among SEER-Medicare
cases and was significantly associated with less favorable characteristics, including ER/PR negativity,
high grade, and tumor size >2cm.

Conclusions: Among premenopausal black women, young age (<40 years) was associated with more
aggressive breast tumor biology. Modifiable risk factors including breastfeeding, adiposity, and oral
contraceptive use may be important targets for mitigating harms of young-onset breast cancer. In
SEER, the frequency of aggressive disease decreased while imaging use dramatically increased from
1992-2011, suggesting that stage migration rather than shifting tumor biology has contributed to

rising incidence of young-onset distant breast cancer.
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CHAPTER 1: BACKGROUND
1.1 Overview: Breast Cancer in the U.S.

Breast cancer is the most common cancer and second leading cause of death among women
in the United States (U.S.). Approximately 1 in 8 women are diagnosed with breast cancer during
their lifetime, totaling nearly 300,000 new cases and 40,000 deaths each year(1, 2). In the U.S., the
American Cancer Society recommends annual mammographic screening to all women over 40 years
of age as a method for identifying breast cancers early, and as a result the majority of breast cancers
are early-stage (in situ or stage I/11) rather than advanced-stage (stage I11/1V) at time of diagnosis(3,
4). As with many other cancer sites, breast cancers that are localized to breast tissue (early-stage)
have much improved treatment options and prognoses than do regional (stage I11) or distant
metastatic (stage V) cases that have spread to other organ systems. However, breast cancer is a
complex and heterogeneous disease, and trends in breast cancer incidence vary by age, race, and stage
at diagnosis. Continued advances in breast cancer epidemiology are needed to further breast cancer
prevention efforts and reduce the burden of advanced-stage breast cancers.

1.2 Breast cancer biologic heterogeneity

Although breast cancer as a whole has a high burden of morbidity and mortality in the U.S.,
breast cancer is not considered to be a single disease. Rather, breast cancer is comprised of a group of
disease subtypes with distinct molecular, morphological, and clinical features that are associated with
diverse incidence, prognosis, and survival patterns. Based on analyses of tumor gene expression,
breast cancers have been divided into five subtypes (or six with the inclusion of normal breast-like
tumors), including luminal A, luminal B, basal-like, HER2 over-expressing, and the recently
identified Claudin-low tumors(5, 6). However, in the absence of tumor genomic data, these subtypes

are approximated via immunohistochemical tests of hormone receptors (estrogen and progesterone



(ER/PR) receptors and human epidermal growth factor receptor 2 (HER2)), resulting in four
conventional subtypes: luminal A (ER positive and/or PR positive and HER2 negative), luminal B
(ER positive and/or PR positive and HERZ2 positive), basal-like (negative for all three receptors), and
HER2-enriched (ER/PR negative and HER2 positive). Subtyping newly diagnosed breast cancers by
immunohistochemistry has become routine clinical practice, revolutionizing the treatment of breast
cancer by tailoring therapies to target to specific tumor subtypes.

However, tumor subtypes differ with respect to the availability of targeted therapies,
aggressiveness, and clinical outcomes, resulting in disparities in incidence and prognosis across
subtypes. Tumors with ER or PR positivity (luminal tumors) can be targeted with anti-estrogenic
therapies in addition to conventional breast cancer treatments and tend to be lower grade and slower
proliferating, resulting in favorable prognosis and improved survival compared to other subtypes(6-
10). In contrast, HER2-enriched breast cancers are associated with aggressive, higher grade, and
faster proliferating disease, making these breast cancers more likely to recur and metastasize
following initial treatment and leading to poor patient outcomes(11-13). However, the introduction of
HER2-targeting adjuvant treatments has substantially improved disease-free survival rates among
women with HER2-positive breast cancers(14-16). Only basal-like breast cancers have no targeted
therapies; these tumors grow independently of ER, PR, and HER2 expression and can have varied
response to chemotherapy, greatly limiting treatment options(10). Furthermore, like HER2-enriched
cancers, basal-like breast cancers tend to be more aggressive with higher grade and highly
proliferative disease, thereby resulting in higher rates of disease recurrence and significantly reduced
survival(8, 10). Figure 1.1 illustrates the survival curves for each subtype prior to the availability of
targeted treatments, demonstrating the marked variation in survival for each subtype(6).

These biological differences across breast cancer subtypes suggest distinct etiologies, and
epidemiologic studies have identified heterogeneity in the associations between breast cancer risk
factors and risk of each subtype, particularly when comparing ER-positive and ER-negative disease.
While some risk factors (e.g., family history of breast cancer, alcohol consumption, smoking history,
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oral contraceptive use, and hormone replacement therapy use) appear to impact breast cancer risk
similarly across all subtypes, reproductive and body size exposures are differentially associated with
luminal (ER-positive) and basal-like (ER-negative) tumors(17, 18). Specifically, luminal breast
cancers are associated with older age at menarche, later age at first birth, lower parity, and
postmenopausal adiposity, while basal-like breast cancers are associated with younger age at
menarche, younger age at first birth, higher parity, lack of breastfeeding, and pre- and
postmenopausal adiposity(17-19). Given the disparate associations with survival between subtypes,
differences in risk factor distributions in luminal vs. basal-like breast cancers can have substantial
implications for breast cancer aggressiveness, prognosis, and patient outcomes. Furthermore, the
associations between risk factors and tumor subtypes are modified by both age and race.

1.3 Breast cancer heterogeneity by age

Increasing age is the strongest risk factor for breast cancer, with approximately 78% of all
new breast cancers occurring among women over 50 years of age(20). However, age is a complex
risk factor, serving as a proxy for known and unknown age-associated exposures (e.g., genetic,
behavioral, or environmental exposures that shift throughout the life course) that may promote cancer
development(21). As such, many breast cancer risk factors vary with respect to age, including
reproductive, behavioral, body size, and environmental exposures. Thus, examining age trends in
breast cancer incidence can reveal heterogeneity in how risk factor exposure contributes to breast
cancer risk over the life course.

As shown in Figure 1.2, age at diagnosis is strongly associated with overall breast cancer
incidence, and the incidence of breast cancer among young women under 40 years of age is low.
Indeed, less than 7% of all breast cancers in the U.S. are diagnosed among women <40 years(1, 22).
However, although breast cancer among young women <40 years is rare, it is well-established that
young women’s breast cancer is more aggressive and proliferative than disease among older women.
Young women tend to have a higher prevalence of basal-like breast cancers, larger and higher-grade
primary tumors, ER and PR negativity, HER2 overexpression, p53 mutations, lymphovascular
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invasion, and increased risk of regional and distant metastases than women diagnosed at a later
age(22-27). Additionally, breast cancer tumors arising in young women have distinct patterns of gene
expression compared to those occurring in older women, suggesting that breast cancers among young
vs. older women are biologically distinct(27). The poor prognosis associated with younger-onset
breast cancer has been shown to significantly reduce overall and relapse-free survival(22, 26-30).
Additionally, women <40 years typically do not receive mammaographic screening, and the incidence
and survival patterns associated with older, screened populations (e.g., early-stage cancers, increased
ER/PR-positive disease, and smaller, lower grade tumors) are not evident within this demographic.
Indeed, the majority of breast cancers among young women are self-detected and more advanced at
time of diagnosis(29, 31), contributing to a higher incidence of advanced-stage disease.

Epidemiologic studies have identified differences in the distribution of breast cancer risk
factors with respect to age at diagnosis that may contribute to etiologic differences in young- vs.
older-onset breast cancer(32-36). However, previous studies have used inconsistent definitions of
young age, with some studies using varying young age cutoffs (40, 45, or 50 years) and others using
pre- vs. postmenopausal status to represent young vs. older age(17, 34, 35, 37-40). Furthermore, the
reported associations between breast cancer risk factors and age at diagnosis have been mixed,
yielding inconsistent conclusions regarding whether breast cancers arising in young and older women
have distinct etiologies.

Reproductive and body size exposures are the most established risk factors with
heterogeneity in the effect on breast cancer risk across age. For example, risk of breast cancer has
been shown to be temporarily elevated in the first several years following a pregnancy, after which
parity is associated with reduced risk of breast cancer later in life(41-43). Breast cancers arising
during or following pregnancy are known as pregnancy-associated breast cancers and are associated
with more aggressive disease, higher likelihood of metastasis, and poor clinical outcomes(41, 42).
The period of increased risk following pregnancy occurs among women of all ages, although the risk
for women with later age at first birth (over age 30-35 years) is significantly higher than that for
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women with younger age at first birth(41, 42). Because young women <40 years of age are more
likely to have been recently parous than older women, young parous women are at increased risk of
breast cancer while older parous women experience a protective effect(35, 42, 43). Additionally, oral
contraceptive use has been reported to increase breast cancer risk among young women but not older
women, a finding thought to be due to recency of oral contraceptive use among young women during
their reproductive years(34, 35). Finally, obesity is well-known to be associated with reduced risk of
breast cancer among young women and elevated risk among older women(44-47); however, this
inverse relationship appears to be limited to ER/PR positive breast cancers, as obesity does appear to
increase the risk of basal-like breast cancer among young women(17, 19).

Breast cancer risk modification by age for other established risk factors has been less clear
(e.g., age at menarche, age at last birth, breastfeeding history, alcohol consumption, and smoking
history)(32, 35, 36). Because breast cancer among young women is rare, previous work has generally
been conducted in study populations with limited representation of young women(34-36, 38),
resulting in uncertainty about the epidemiology of young women’s breast cancer. Age differences in
breast cancer tumor biology and aggressiveness are well-established, and further work examining the
epidemiology of young-onset breast cancer in larger populations of young women is needed to
identify modifiable targets for breast cancer prevention within this demographic.
1.4 Racial differences in breast cancer incidence

Breast cancer incidence patterns are known to differ significantly between black and white
U.S. women. The “black-white crossover” is a well-described phenomenon that has been observed
when comparing breast cancer incidence by age and race. This crossover, illustrated in Figure 1.3,
refers to the incidence shift that occurs around age 40: black women have higher incidence rates than
white women until age 40, after which black women have lower incidence rates than white women(2,
48, 49). However, black women tend to have more aggressive disease and higher mortality rates than
white women at all ages(2), and these racial differences in breast cancer incidence and patient

outcomes suggest etiologic differences by race.



Indeed, numerous studies have identified differences in the presentation of breast cancers
among black and white women that are not entirely explained by differences in cultural or
socioeconomic factors. Black women are more likely to have higher stage disease at diagnosis as well
as larger, higher grade tumors and an increased prevalence of ER-negative, p53 mutated, and basal-
like tumors than are white women (8, 21-23, 48-57). Furthermore, black women are less likely to
report having a mammogram in the previous three years(53), more likely to experience treatment
delays (particularly among young black women)(58), and less likely to receive a first treatment course
that meets national cancer treatment standards(55), all contributing to poorer clinical outcomes and
increased mortality among black women. Taken together, these established racial differences in breast
cancer presentation and clinical outcomes suggest that breast cancers among black and white women
may be biologically distinct.

Racial differences in breast cancer epidemiology are also important in breast cancer
disparities. Aggressive breast cancers are more prevalent among young women <40 years, and a
higher proportion of young women with breast cancer are black(23, 48). Indeed, black and white
women appear to have distinct age at incidence curves (Figure 1.4), with a higher proportion of young
cases being black and a higher proportion of older cases being white(48). Both races appear to have
bimodal age at incidence trends with clusters of breast cancer diagnoses around 40 and 70 years of
age, although black women tend to be diagnosed at earlier ages than white women (Figure 1.4). In
studies comparing risk factor exposure distributions by race, black women tend to have higher obesity
rates, reduced breastfeeding, and higher parity than white women(17, 56, 59), factors that are all
associated with increased risk of basal-like breast cancer. Indeed, approximately 20% of the
difference in late-stage disease between black and white women has been attributed to obesity
alone(56), while 53% of basal-like breast cancers occurring in black women are thought to be
preventable by reducing obesity and increasing breastfeeding among black women(17).

However, young black women under age 40 years are at greatest risk for aggressive breast
cancers, and very little research has investigated whether breast cancer risk factor exposure differs
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with respect to age among black women. Hall et al.(59) reported increased risk of breast cancer
among younger (<50 years) black multiparous women (3 or more pregnancies) compared to older
(=50 years) multiparous black or white women. Mayberry et al.(60) observed that young (<40 years)
black women with long oral contraceptive use (at least 10 years) and obesity had elevated risk
compared to older black women with similar oral contraceptive use and obesity, while age at
menarche under 13 years was protective against breast cancer for young but not older black women.
Other work examining the epidemiology of young- vs. older-onset breast cancer among black women
has been limited and reported null or imprecise effect estimates due to small sample sizes(17).
However, these studies suggest heterogeneity in the epidemiology of breast cancer by age among
black women, and additional work in larger study populations with sufficient representation of young
black women is needed.
1.5 Longitudinal incidence trends in breast cancer

Recent studies of longitudinal breast cancer incidence trends have revealed shifts in breast
cancer incidence over time related to age, race, and specific tumor characteristics. Overall, breast
cancer incidence trends have varied substantially over the past several decades, largely due to
advancements in screening and changes in exposure patterns to breast cancer risk factors (e.g., rising
obesity rates, delayed childbearing, and decreased hormone replacement therapy use)(20). With the
introduction of widespread mammographic screening in the late 1970s, overall breast cancer
incidence rose dramatically in the 1980s and 1990s due to marked improvements in the detection of
early-stage (in situ and stage | and 1) disease (Figure 1.5)(3, 4). Following this surge in incidence,
breast cancer rates began to decline in the late 1990s, a trend that has since been attributed primarily
to decreased use of menopausal hormone therapy (MHT) following the highly publicized risks of
MHT use reported by the Women’s Health Initiative(3, 61). However, evidence suggests that the rates
of early-stage breast cancers have again been rising in recent years(3, 4), and the underlying reasons
for this recent increase are unknown. In comparison, the incidence of late-stage breast cancers (stage
111 and 1V) has been markedly lower since the advent of widespread mammography, and the majority
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of breast cancers diagnosed in the U.S. are early-stage (Figure 1.5). Over the past several decades,
late-stage breast cancer incidence has been relatively stable with a slight but significant decrease in
the incidence of regional and distant metastatic breast cancers(3, 4).

Because breast cancer among young women is rare, breast cancer incidence trends among
U.S. women overall more strongly represent older women. Indeed, recent evidence suggests that
longitudinal breast cancer incidence rates differ among young vs. older women, particularly with
respect to stage at diagnosis. Among women <40 years of age, the incidence of localized and regional
disease at diagnosis has been stable since 1976; however, rates of distant metastatic breast cancer
have significantly and consistently increased since 1976 among young women(21, 62), with one study
estimating that distant disease rates have nearly doubled within this demographic(4). As shown in
Figure 1.6, distant disease has been increasing among young women more sharply in recent years,
with a 3.6 percent increase in incidence each year from 2000-2009(4). Although breast cancer
incidence is low among young women, the prognosis of metastatic breast cancer is poor (5-year
survival is 25%)(63), and the increasing trend has inspired substantial concern. Johnson et al.(4) also
found that distant disease significantly increased among women aged 40-54 years, albeit at a slower
rate of 0.6% per year. In contrast, the incidence of distant disease remained stable for women 55-69
years and decreased slightly but significantly for women aged 70-84 years at diagnosis(4). In older
women, Anderson et al.(21) reported stable or decreasing rates of distant disease and observed a
stage-shift from distant/regional to local disease. Thus, women of older ages appear to mirror
incidence trends of U.S. women overall, with increasing early-stage and decreasing late-stage breast
cancers over time, while incidence rates of distant disease are significantly increasing among young
women at an increasing rate over time.

Given that young black women have a higher prevalence of aggressive and late-stage breast
cancers compared to young white and older women, increased distant disease among women <40
years may have been influenced by incidence among young black women. While several studies have
examined whether longitudinal breast cancer incidence trends vary by race in the U.S.(1, 2, 21, 48,
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64, 65), research investigating incidence patterns by age among black women is limited(21, 48, 64).
Anderson et al.(21) identified increasing rates of distant disease among both young black and white
women from 1974-2003, though black women aged 20-29 years had the greatest increase of any
demographic group. Later, Anderson et al.(48) reported that more white than black women were
diagnosed at an early age from 1975 to 1995, after which black women represented a larger
proportion of early-onset disease. Similarly, Hou et al.(64) identified that young black women had
higher incidence rates than young white women from 2000-2009, although they did not examine how
trends in young-onset distant disease varied by race. While these studies demonstrate racial
differences in breast cancer incidence by age, no known studies have investigated stage-specific
incidence trends in young black vs. white women past 2003, when rates of distant disease were
increasing most rapidly(4).

Several studies have examined how breast cancer incidence has varied by tumor
characteristics over time. Evidence suggests that among U.S. women overall and among black and
white women under age 50 years, ER positive disease has significantly increased from 1974-2010
(combined study years)(1, 21, 64). These studies have also reported reduced incidence of ER negative
disease overall and either reduced(1, 64) or stable(21) ER negative disease among younger black and
white women. These trends are consistent with expectation given large representation of older
women. However, the observed decrease in ER negative disease among younger black and white
women suggests that more aggressive ER negative tumors may be declining; thus, the increase in
distant disease within this demographic may be attributable to factors other than temporal shifts in ER
status. However, trends in ER status have not been examined in conjunction with stage at diagnosis,
and ER status may be independently associated with trends in distant disease. With regard to other
tumor characteristics, Anderson et al.(21) investigated how tumor grade varied over time among
young women but found that both high and low grade disease increased in parallel among young
black and white women through 2003 with no evidence that tumors of either grade were increasing
more rapidly. Only one known study has investigated trends in other tumor characteristics (i.e., PR
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status and tumor size), and this study did not include young women <40 years nor consider
differences in trends by race. Shifts in other aggressiveness markers (e.g., PR and HER2 status, tumor
size, grade, tumor subtype, and lymph node positivity) may have contributed to the rise in distant
disease among young women and merit further study.

Finally, while temporal shifts in tumor aggressiveness may have impacted longitudinal breast
cancer incidence trends, stage migration due to advances in diagnostic imaging technology may have
also contributed to the recent rise in distant breast cancer among young black and white women. This
phenomenon refers to a shift in the distribution of cancer stages within a population that is unrelated
to cancer biology. Rather, changes to the cancer staging system or the use of improved diagnostic
techniques results in the classification of cancer patients into different stages than would previously
have been assigned(66). Evidence from studies of lung cancer suggests that the use of new imaging
technology (i.e., computed tomography (CT), positron emission tomography (PET), and magnetic
resonance imaging (MRI)) identifies previously undetectable distant metastases, resulting in
misleading stage-specific incidence and survival trends as patients are classified as stage IV rather
than stage 111 without a change in the actual state of their disease(66-69). It is unknown whether stage
migration has contributed to the rise in distant metastatic breast cancer as well. The influence of
imaging use on breast cancer staging has not been investigated, and shifts in the clinical
recommendations for advanced imaging over time based on breast cancer tumor characteristics may
have impacted national trends in breast cancer incidence. Investigating whether new imaging
technologies have contributed to stage-specific incidence trends over time will reveal whether shifting
trends in distant disease could simply be spurious artifacts of stage migration and shed light on the
clinical use of these technologies.

1.6 Conclusions and study rationale

In summary, breast cancer is a complex disease composed of multiple distinct subtypes with
incidence patterns that vary by age and race over time. Young black women less than 40 years of age
are particularly at risk for aggressive, advanced-stage breast cancers with fewer treatment options,
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worse prognosis, and decreased survival. The rate of distant disease at diagnosis has significantly
increased among young black and white women since 1973, with the sharpest increases occurring
since 2000. This rise in advanced-stage disease among women most at risk for poor clinical outcomes
is concerning, and the underlying reasons for the increasing trend are unknown. These young-onset
breast cancers appear to have a distinct etiology from older-onset breast cancers; however, studies
investigating differences in breast cancer aggressiveness and epidemiology among young vs. older
women have been rare and generally underpowered. Furthermore, the epidemiology of breast cancers
arising in young black women is poorly understood. Further study investigating the role of breast
cancer biology and stage migration on incidence trends in young black women’s breast cancer is

needed to understand the changing burden of breast cancer incidence.
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Figure 1.1. Overall survival for the five original gene expression-based tumor subtypes. Sorlie et
al.(6).
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Figure 1.1 legend. ERBB2+ represents HER2+ subtype.
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Figure 1.2. Age-specific breast cancer incidence rates in SEER, 1973-2010.
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Figure 1.3. Age-specific incidence rates for breast cancer among white and black women in SEER,
1975-2004. Anderson et al.(48).
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Figure 1.4. Age distributions at diagnosis by race in SEER, 1975-2004. Anderson et al.(48).
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Figure 1.5. Incidence of stage-specific breast cancer in the U.S. in SEER, 1976-2008. Bleyer et al.(3).
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Figure 1.6. Annual incidence of distant breast cancer among young women (25-39 years) from 1976-
2009 by SEER registry and era. Johnson et al.(4).

SEER Years APC P Value
------ a 18 2000-2009 3.59 <.001
———m 13 1992-2009 2.85 <.001
e 9 1976-2009 2.07 <.001

3.0

261
2.4 ]

Incidence per 100000 per Year
>

1.0

1976 1982 1988 1994 2000 2006
Year

17



CHAPTER 2: SPECIFIC Al MS

Breast cancer is the most commonly diagnosed cancer and the second leading cause of death
among women in the U.S.(2). Significant advancements in breast cancer epidemiology, screening,
diagnosis, and treatment have resulted in improved breast cancer detection and survival over time(2,
20, 61, 70, 71). However, recent epidemiologic evidence suggests that rates of distant metastatic
(stage IV) breast cancer have increased since 1976, especially among young women <40 years of
age(4, 21, 62). These observed trends are particularly pronounced among young (<40 years) black
women, among whom distant disease rates have increased more sharply compared to those for white
women(4, 21). Although breast cancer incidence is low within this age group relative to older women,
these findings are of concern given that breast cancer among young black women is associated with
more aggressive and proliferative breast cancer subtypes, poorer prognosis, fewer therapy options,
and reduced survival compared to diagnoses at a later age(17, 22, 28). The factors contributing to this
rise in distant metastatic breast cancer are unknown, and an investigation into the epidemiology of
young-onset breast cancer among black women is needed to identify targets for mitigating or
preventing advanced-stage disease. Aggressive breast cancers are more prevalent among young black
women(8, 17, 50), and we hypothesize that temporal shifts in breast cancer aggressiveness may have
contributed to the recent rise in distant disease within this demographic.
Aim 1. To identify tumor characteristics and risk factors for young-onset (<40 years) breast
cancer among premenopausal black women in the AMBER Consortium. To describe the
characteristics of breast cancer among young black women, we will identify (a) tumor characteristics
(ER, PR, and HER?2 positivity; subtype; grade; stage; tumor size; and lymph node status) and (b)
breast cancer risk factors (BMI, parity, breastfeeding history, oral contraceptive use, etc.) that are

differentially associated with breast cancer according to age at diagnosis (<40 vs. >40 years).
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Hypothesis: Young age at diagnosis (<40 years) will be associated with more aggressive tumors
(ER/PR negativity, HER2 positivity, high grade, advanced stage, large primary tumor size, and
lymph node positivity) and with distinct breast cancer risk factor distributions (especially in
relation to reproductive exposures).
Aim 2. To describe the biological and imaging patterns associated with distant disease among
black and white women.
Aim 2a. To examine how tumor biological characteristics contribute to temporal trends in distant
disease, we will use joinpoint regression(72) and SEER 1992-2011 data to estimate the association
between tumor characteristics (ER/PR status, tumor grade, and primary tumor size) and stage-specific
incidence rates among young women <40 years, stratified by race (black vs. white).
Hypothesis: Young cases with distant stage disease will have increasing markers for aggressive
disease over time, supporting the “biological shift” hypothesis(17, 37, 73-75).
Aim 2b. Shifts in imaging technology use may have inflated trends in the rates of distant disease due
to improved ability to detect asymptomatic metastases at diagnosis(66-69). To evaluate whether stage
migration due to increased imaging technology use (CT, PET, MRI, and/or bone scans) over time has
contributed to rising rates of distant breast cancer among young women, joinpoint regression and
SEER-Medicare linked data (1992-2011) will be used to describe how imaging use has changed over
time and whether imaging use patterns differ by breast cancer tumor characteristics (ER/PR status,
tumor grade, and primary tumor size) among older (>65 years) U.S. women.
Hypothesis: Imaging use will have increased over time and will vary by tumor characteristics,
with the greatest increases in use occurring among women with aggressive tumor characteristics,
supporting the “stage migration” hypothesis.
The proposed study will investigate whether shifts in breast cancer aggressiveness contributed to the
rise in distant metastatic breast cancer among young women. Characterizing the biology,
epidemiology, and diagnostic imaging characteristics of aggressive, advanced-stage breast cancers
over time will yield targets for intervention and clarify the public health impact of these trends.

19



CHAPTER 3: METHODS

3.1 Study Design Overview

This dissertation involved two overarching aims and analysis strategies to characterize
young-onset breast cancer among black women and examine temporal trends in the incidence of
distant stage disease. Figure 3.1 illustrates a conceptual model of these aims. In Aim 1, case-case and
case-control analyses were used to identify tumor characteristics and breast cancer risk factors that
were differentially associated with young- vs. older-onset breast cancer among black women in the
African American Breast Cancer Epidemiology and Risk (AMBER) Consortium. Second, Aim 2 used
joinpoint regression to examine how temporal trends in breast tumor characteristics (Aim 2a) and
imaging use (Aim 2b) have contributed to national trends in stage-specific breast cancer incidence
rates among young (<40 years) U.S. women in the Surveillance, Epidemiology, and End Results
(SEER) 13 program from 1992-2011. Using SEER-Medicare linked data from 1992-2011, Aim 2b
also characterized whether imaging use varied by stage at diagnosis and breast tumor characteristics.
3.2 Study Populations

To address the aims of this dissertation, data from three study populations were used: the
African American Breast Cancer Epidemiology and Risk (AMBER) Consortium, the Surveillance,
Epidemiology, and End Results (SEER) 13 program from 1992-2011, and the SEER-Medicare linked
program from 1992-2011.
3.2.1 AMBER Consortium

The African American Breast Cancer Epidemiology and Risk (AMBER) Consortium is a
collaboration between four epidemiologic studies of breast cancer among black women: the Carolina
Breast Cancer Study (CBCS), the Black Women’s Health Study (BWHS), the Women’s Circle of

Health Study (WCHS), and the Multi-Ethnic Cohort (MEC) Study(76). These four studies combined
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breast cancer risk factor exposure data (genetic, biologic, reproductive, and lifestyle) for black
women with and without breast cancer, as well as molecular and genetic tumor characteristics for
breast cancer cases. Taken together, these parent studies represent a pooled study population of over
10,000 U.S. black women with data extending from 1993-2014, making the AMBER Consortium one
of the largest and most extensive breast cancer studies of black women in the U.S.

Carolina Breast Cancer Study (CBCS). The CBCS is a population-based, case-control study

involving 24-44 counties of central and eastern North Carolina. Women of all races were eligible for
inclusion if they were 20-74 years of age at the time of diagnosis (cases) or study recruitment
(controls). As described previously(17, 58, 77, 78), the CBCS collected extensive clinical, molecular,
and epidemiologic data for in situ and invasive breast cancer cases diagnosed from 1993-1996 (Phase
1), 1996-2001 (Phase II), and 2008-2013 (Phase I11). Cases were identified through rapid case
ascertainment by the North Carolina Central Cancer Registry; controls were recruited (for Phases |
and Il only) through North Carolina Department of Motor Vehicles records and Health Care
Financing Administration records for Medicare enrollment. Phase Il recruited only invasive breast
cancer patients and expanded the case catchment area to 44 North Carolina counties. Randomized
recruitment was used to oversample younger (<50 years) and African American cases as well as to
frequency-match controls to cases by age (<50 vs. >50 years) and self-reported race (African
American vs. non-African American)(77). The CBCS contributed 701 premenopausal African
American breast cancer cases from Phases I-111 and 298 controls from Phases I-11 to this analysis.

Black Women’s Health Study (BWHS). The BWHS is a prospective cohort study of U.S.

black women’s health from 17 mainland states; the regional distribution of participants is 28%
Northeast, 30% South, 23% Midwest, and 19% West(79). Participants were recruited in 1995 through
mail questionnaires sent to Essence Magazine subscribers, members of the Black National Education
Association and Black Nurses’ Association, and friends and relatives of respondents(79). A total of
59,000 black women aged 21 to 69 were enrolled following completion of a baseline questionnaire
assessing demographic information, medical and family history, and biologic, reproductive, and
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lifestyle exposures(79). Since 1997, follow-up guestionnaires have been mailed to all participants
biennially to update exposure history and record incident disease and mortality data, with a follow-up
success rate of 80%(80). For participants reporting breast cancer diagnoses, clinical information
relating to the diagnosis and tumor pathology was abstracted from medical records or obtained from
local cancer registries(80). The BWHS contributed 738 premenopausal cases and 4,281 controls to
this analysis.

Women's Circle of Health Study (WCHS). The WCHS is a case-control study of breast cancer

involving black and white women living in New York and New Jersey. Initially, the WCHS was a
hospital-based case-control study recruiting English-speaking white and black women aged 20-75
years from New York boroughs (Manhattan, Bronx, Brooklyn, and Queens) beginning in January
2002(81). Women with histologically-confirmed incident breast cancers were defined as cases and
women with no previous diagnosis of cancer (other than non-melanoma skin cancer) were defined as
controls. However, in March 2006 the study later expanded to New Jersey and became population-
based, with cases identified from the New Jersey Cancer Registry and controls recruited by random
digit dialing or through church and health fair events occurring in communities from which cases
were recruited(81). Controls were frequency-matched to cases by race and 5-year age groups. The
WCHS is ongoing, with current enrollment limited to black women living in 10 New Jersey counties;
New York recruitment was discontinued in December 2008(81). All cases and controls are
interviewed in their homes by study personnel, and all participants provide biologic, lifestyle,
reproductive, and medical history information. The WCHS contributed 569 premenopausal black
cases and 565 controls to this analysis.

Multi-Ethnic Cohort (MEC). The MEC is a prospective cohort study conducted in Hawaii and

Southern California examining risk factors associated with cancer in an ethnically diverse study
population of white, black, Asian American, Japanese American, Latino, and Native Hawaiian men
and women. Over 215,000 English- and Spanish-speaking participants (16,594 black women) aged 45
to 69 years were recruited from 1993-1996 through a mailed baseline questionnaire assessing
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demographic, medical, reproductive, lifestyle, and family histories. Participants completed a five-year
follow-up questionnaire in 1999-2001 and repeated the baseline questionnaire in 2003-2008 to update
exposure data. Incident breast cancer cases were identified by linkage with the Hawaii Tumor
Registry and Los Angeles County Cancer Surveillance Program, and mortality information is
obtained through linkage with the California and Hawaii state death certificate files as well as the
National Death Index. While the MEC contributes approximately 1,053 incident breast cancer cases
to AMBER, the MEC was excluded from the present analysis, as their exclusion criteria limited

participants to >45 years of age.

Pooled AMBER data. The final AMBER study population includes black premenopausal
breast cancer cases and controls from the CBCS, BWHS, and WCHS parent studies. The two case-
control studies (CBCS and WCHS) contribute all enrolled premenopausal cases and controls to
AMBER, while the BWHS provided nested case-control data comprised of all premenopausal
incident breast cancer cases and up to four controls for each case. The BWHS controls were randomly
selected and matched to cases by year of birth and by completion of the same follow-up questionnaire
prior to the case’s diagnosis(76). Data collection in AMBER is ongoing, with additional cases and
controls added to the pooled study population as follow-up continues in the ongoing parent studies
and as breast tumor tissue samples are processed for genetic and molecular data.

The AMBER study population for Aim 1 of this dissertation included all premenopausal
black cases diagnosed with invasive breast cancer and matched controls from the CBCS (701 cases,
298 controls), WCHS (569 cases, 565 controls), and BWHS (738 cases, 4,281 controls), for a total
study population of 7,152 women (2,008 cases, 5,144 controls). All postmenopausal women (defined
based on self-reported cessation of menstruation, bilateral oophorectomy, or ovary irradiation), and
women with unknown menopausal status were excluded to estimate age effects independent of
menopausal status. Each study and the AMBER Consortium collaboration were approved by
Institutional Review Boards at participating institutions, and all participants gave written informed
consent.
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3.2.2 SEER 1992-2011

The SEER research program, led by the National Cancer Institute (NCI), has collected cancer
incidence and survival data from a collection of U.S. cancer registries since 1973. The original SEER
program involved 9 cancer registries and has since expanded to 18 registries throughout the U.S.
(Table 3.1). The SEER expansions were completed to diversify the study population and increase
heterogeneity by race/ethnicity, thus improving the external validity of the SEER program over
time(82). SEER currently covers approximately 28% of the total U.S. population, and the registries
participating in SEER are carefully selected to ensure that included cancer cases are representative of
the general U.S. population in terms of education status and poverty level and that minority races and
ethnicities are adequately represented(82, 83). In general, the SEER program is highly generalizable
in terms of education, poverty level, and race/ethnicity, although SEER tends to have slightly higher
proportions of urban and foreign-born persons than the total U.S. population(82).

Because the SEER program is a collection of cancer registries, all incident cancer cases
diagnosed in participating areas are reported to SEER by local hospitals, clinicians, and pathology
laboratories. SEER requires that each registry report all cases within two years of diagnosis, after
which cases are followed for demographic, clinical, and mortality data(82). This selection process
results in a complete population of all cancer cases within participating geographical areas that
together are representative of the general U.S. population. In total, the SEER program captures
incidence and survival data for over 7.7 million cancer cases throughout an almost 40-year study
period, making the SEER program the largest and most comprehensive population-based cancer
epidemiologic data source in the country.

This dissertation involved SEER data collected from 1992-2011, and thus this subpopulation
included breast cancer cases in the SEER 13 program, as these registries have continuously collected
data throughout the study period (Table 3.1). Because SEER registries did not routinely report tumor
characteristics prior to 1990 and 4 racially-diverse SEER registries were added in 1992(83), the
subpopulation was limited to all breast cancer cases with diagnosis dates beginning in 1992 in order
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to ensure consistent reporting of tumor characteristics variables and to maximize racial heterogeneity.
The inclusion criteria for this study were 1) U.S.-residing women 20-39 years of age, and 2) a first
primary breast cancer diagnosis (ICD-0-3 cancer sites C50.0-50.9) between January 1, 1992 and
December 31, 2011 that was reported to SEER. Women with a personal history of cancer prior to the
first primary breast cancer diagnosis or a primary breast cancer diagnosed at time of death or autopsy
were excluded. The final SEER 13 study population (1992-2011) included 30,407 incident breast
cancer cases among young women (<40 years).
3.2.3 SEER-Medicare 1992-2011

The SEER-Medicare program links the cancer incidence data within SEER to healthcare
utilization claims data available in Medicare. This data linkage has existed since 1991 and includes all
SEER cancer cases diagnosed after 1991 who were eligible for Medicare (>65 years of age or
diagnosed with end-stage renal disease, amyotrophic lateral sclerosis, or medical disability)(84). The
SEER-Medicare linkage is updated every 2-3 years by the NCI, SEER, and CMS through a
collaborative process in which eligible cancer cases are matched by personal identifiers (name, social
security number, sex, and date of birth) to Medicare claims(85, 86). An estimated 93% of all eligible
SEER cancer cases diagnosed since 1991 have been successfully linked to Medicare claims(86).
Although the SEER-Medicare population has been found to have lower poverty rates, higher
proportion of minority races, greater urban vs. rural living, and decreased cancer mortality than the
general U.S. elderly population(85), the magnitude of these differences is small and the external
validity of these data to the elderly U.S. population remains very high considering that 97% of elderly
Americans are enrolled in Medicare(85).

The current study utilized SEER-Medicare data for breast cancer cases diagnosed from 1992-
2011. Inclusion criteria were: 1) U.S.-residing women >65 years of age, 2) a first primary breast
cancer diagnosis (ICD-0-3 cancer sites C50.0-50.9) between January 1, 1992 and December 31, 2011
that was reported to SEER, and 3) Medicare enrollment at time of diagnosis (parts A/B coverage and
no health maintenance organization (HMO) enrollment). Women with a personal history of cancer
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prior to the first primary breast cancer diagnosis or a primary breast cancer diagnosed at time of death
or autopsy were excluded. The final subpopulation included 142,051 breast cancer cases >65 years
from the SEER 13 registries that are linked to Medicare claims data.

The purpose of including SEER-Medicare data in addition to the full SEER program was to
describe the use of diagnostic imaging technology over time in a national U.S. cancer population
during a period of dramatic change in the use of imaging for breast cancer staging (1992-2011).
Medicare data include the type of imaging technology used, diagnostic codes, and date of service, and
the linkage to SEER enables an investigation into imaging trends over time within a national U.S.
cancer population. While we were unable to directly assess temporal trends in imaging use among
young women within this population, this aim sought to identify imaging patterns in a national
population of breast cancer cases and evaluate how clinical recommendations for advanced imaging
vary by disease characteristics in the U.S.

3.3 Data Collection
3.3.1 Aim 1: AMBER Consortium

Breast cancer risk factors. The AMBER Consortium’s breast cancer risk factor data were

collected through either self-reported mailed questionnaires (BWHS) or home interviews conducted
by study nurses (CBCS and WCHS). Although the AMBER Consortium involved harmonizing risk
factor data obtained from different study populations, the demographic, reproductive, and medical
history data relevant to this proposed study were collected using very similar questions and coding
schemes across all contributing studies. Participants were asked questions regarding their medical and
family histories as well as biologic, anthropomorphic, reproductive, and lifestyle exposures. For
CBCS and WCHS, interviewers also measured body weight, height, and waist and hip circumferences
during home interviews; for the BWHS, these measures were self-reported on questionnaires by study
participants. Questionnaire and interview data from each study were then harmonized by the AMBER
Biostatistics and Data Management core within AMBER to create a central database with consistent
exposure definitions across studies. Breast cancer risk factors were categorized as: age at menarche
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(<13, >13 years), parity (nulliparous, 1-2, >3 births), age at first live birth (<25, >25 years), age at last
live birth (<30, >30 years), time since last birth (<10, >10 years), lifetime duration of breastfeeding
(never, <3 months, >3 months), oral contraceptive use (never, ever), duration (never/<1 year, 1-4
years, 5-9 years, >10 years) and recency (never, <10 years, >10 years), and first-degree family history
of breast cancer (no, yes). Body mass index (BMI) was defined as body weight/height (kg/m2) using
categories from the National Heart, Lung, and Blood Institute (<25 normal/underweight, 25.0-29.9
overweight, and >30 obese)(87). Waist-to-hip ratio (WHR) was calculated as the ratio of waist/hip
circumference (cm) and categorized in tertiles as <0.77, 0.77-0.83, and >0.84, consistent with
previous work(88).

Tumor characteristics. Tumor characteristic data were obtained from patient medical records

or from tumor tissue blocks collected at time of surgery for all breast cancer cases. The three studies
included in this analysis (CBCS, BWHS, and WCHS) contributed breast tumor tissue when available
to two core research facilities (the Translational Pathology Lab (TPL) at the University of North
Carolina at Chapel Hill (UNC) for the CBCS and the Roswell Park Cancer Institute for the WCHS
and BWHS) where tissue microarrays (TMAS) were constructed for available tumor specimens.
Immunohistochemistry (IHC) assays were conducted on all TMAs at UNC’s TPL to define
expression of estrogen and progesterone receptors (ER/PR) and human epidermal growth factor
receptor 2 (HER2)(89). Positive expression was defined as >1% staining for ER and PR, and >10%
staining at the 3+ level for HER2 consistent with previous work(89). Breast cancer subtype was
defined as four groups based on positivity of three IHC markers: luminal A (ER+ or PR+, HER2-),
luminal B (ER+ or PR+, HER2+), HER2+/ER- (ER-, PR-, HER2+), and basal-like (ER-, PR-, HER2-
). For cases with missing IHC-based tumor characteristics, ER, PR, HER2, and subtype data were
defined from medical records; cases with both IHC-based and clinical hormone receptor data showed
high agreement for the two measures (k statistic range=0.68-0.76, concordance range=88-91%).
Tumor grade was centrally reviewed by a study pathologist for 44% of cases, with grade data
obtained from medical records for remaining cases (k statistic=0.95, concordance=96% for both grade
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measures). Other tumor characteristics (including stage (1-4), lymph node status (positive vs.
negative), and estimated tumor size (<2, 2-4.9, >5cm)) were acquired from medical records.
3.3.2 Aim 2: SEER and SEER-Medicare

Tumor characteristics. The SEER program records several markers of breast tumor

aggressiveness (ER/PR status, tumor grade, primary tumor size, and stage) for all breast cancer cases.
These tumor characteristics are obtained from pathology reports or medical records, and the accuracy
of these markers is verified to be at least 98% through random medical record reviews(82, 85).
ER/PR status was recorded as positive, borderline, negative, and unknown. Given that clinical
standards defining hormone receptor positivity changed over the study period, varying from 1-10%,
we combined positive and borderline cases to approximate more recent guidelines of 1% positivity
recommended by the American Society of Clinical Oncology/College of American Pathologists(90).
Tumor grade was defined at time of diagnosis by a pathologist as low (well-differentiated), moderate
(moderately-differentiated), high (poorly-differentiated) and undifferentiated (anaplastic).
Undifferentiated tumors (defined as grade 4) were uncommon (approximately 3% of cases) and were
excluded from all grade analyses. Primary tumor size was defined as the single largest tumor
dimension prior to any neoadjuvant cancer therapy and dichotomized as <2cm vs. >2cm.

Stage at diagnosis was defined using SEER’s historic stage A coding of four summary stage
categories, as this coding has remained consistent in SEER throughout the study period. While breast
cancer staging systems have been refined and improved over time, the SEER and SEER-Medicare
programs utilize an extent-of-disease reporting scheme that has been in place since 1988 to create
SEER summary stages that have remained consistent over time(82). Specifically, stage at diagnosis
was defined as in situ (honinvasive cancer), local (invasive cancer confined to the breast), regional
(tumor extension to breast skin, chest wall, and/or regional lymph nodes), and distant (metastasis to
non-breast tissues).

Diagnostic imaging technology: SEER-Medicare includes data regarding the use of

diagnostic imaging technologies while enrolled in Medicare for all eligible cancer cases. In this
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dissertation, diagnostic imaging technologies referred to all imaging technologies that have been used
from 1992-2011 to identify whether a breast cancer has metastasized at the time of diagnosis (i.e.,
CT, PET, MRI, and/or bone scans). In this study, imaging use was defined as having at least one
imaging claim in a given calendar year. Use of these technologies was defined using relevant
Healthcare Common Procedure Coding System (HCPCS) and Current Procedural Terminology (CPT)
imaging codes corresponding to these technologies from 1992-2011 (Table 3.2). Breast cancer cases
were considered “imaged” if at least one of these four imaging scans was received between 2 months
prior and 4 months following the primary diagnosis date within SEER. This exposure window was
selected to identify imaging used incidentally prior to cancer diagnosis and to allow sufficient time
for complete disease staging post-diagnosis. Breast cancer is not typically diagnosed and staged using
a single diagnostic test: the disease is generally diagnosed via biopsy of a detected lesion in the
breast(91-94), and final staging occurs following surgical removal of the lesion, lymph node
biopsy/dissection, and/or diagnostic imaging. Time since initial diagnosis to complete staging has
been reported to range from less than 1 month to over 3 months(57, 95-97), and similar studies
examining the use of imaging technology at time of cancer diagnosis have previously utilized this 6-
month timeframe to assess technology use throughout the diagnostic time period(68, 98).

3.4 Analysis methods

3.4.1. Aim 1. To identify tumor characteristics and risk factors for young-onset (<40 years)
breast cancer among premenopausal black women in the AMBER Consortium.

Case-case and case-control analyses were conducted to identify differences in the
associations between tumor characteristics and epidemiologic risk factors and breast cancer by age at
diagnosis (<40 vs. >40 years) among premenopausal black women (age range 22-59 years). Case-case
analyses of tumor characteristics associated with young- vs. older-onset disease included all cases
(N=2,008), while case-control analyses of risk factors included all cases and controls except cases
from Phase 111 of the CBCS (total N=6,736), as no matched controls were available for this study
phase. Case-control analyses examined risk factor associations for breast cancer among young and
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older women overall and further stratified by ER status among young women, in which ER-positive
and ER-negative cases were compared separately to all controls. Unconditional logistic regression
models were used to estimate adjusted odds ratios (ORs) and 95% confidence intervals (ClIs) to assess
differences in tumor characteristics and breast cancer risk factors associated with breast cancer by age
at diagnosis for all analyses. In case-control analyses, effect measure modification by age was
evaluated using likelihood ratio tests in which the estimated log-likelihood of the adjusted model was
compared to that of the same model including a multiplicative interaction term for age and the
corresponding risk factor. Statistically significant modification was assessed using an a-level of 0.1.
Heterogeneity in risk factor associations by ER status among young women was assessed by
comparing case-case odds ratios (ORs), with ER status defined as the outcome and each risk factor as
the explanatory variable. These case-case ORs represent the ratio of case-control ORs for risk factors
associated with ER-positive vs. ER-negative disease, and statistical significance was defined using an
a-level of 0.05. Additionally, we conducted sensitivity analyses to examine whether patterns of tumor
characteristics and risk factors associated with young- vs. older-onset disease were impacted by the
cutpoint used to define young age (40, 45, and 50 years). All models controlled for study, diagnosis
year, geographic region, and education status to account for differences between studies. Case-control
models additionally adjusted for other risk factors that were identified a priori via directed acyclic
graphs as potential confounders of each risk factor association. Models for age at first live birth, age
at last live birth, time since last birth, and lifetime breastfeeding duration were restricted to parous
women. Statistical significance was defined at an a-level of 0.05. All analyses were performed using
SAS software, version 9.4 (SAS Institute, Inc., Cary, North Carolina).

3.4.2 Aim 2. To describe the biological and imaging patterns associated with distant disease
among black women.

3.4.2.1 Aim 2a. To examine how tumor biological characteristics contribute to temporal trends in

distant disease among young women <40 years in the SEER 13 program from 1992-2011.
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To assess trends in distant breast cancer among young women <40 years of age during our
20-year study period, we used SEER*Stat software (version 8.3.2(99)) to calculate annual stage-
specific breast cancer incidence rates from 1992-2011 in the SEER 13 program, adjusted for age
using the 2000 U.S. standard population. Incidence rates were calculated for young women overall
and stratified by black and white race to identify whether temporal trends in stage at diagnosis vary
according to race.

Both Aims 2a and 2b used joinpoint regression(72) (version 4.4.0.0(100)) to model
longitudinal SEER and SEER-Medicare data. Joinpoint regression, also known as piecewise
regression, is an established statistical method for modeling cancer incidence rates over time, and the
model estimation process has been described in detail previously(72). To summarize, logarithm-
transformed incidence rates or proportions are modeled over time by fitting a series of linear trends
that pivot at “joinpoints” corresponding to points in time at which the slope of the cancer incidence
trend significantly changes. The total number of joinpoints is determined through a permutation
process: the regression model first fits the simplest model with 0 joinpoints (meaning a single linear
trend over the entire time period), after which the number of joinpoint terms is serially increased to
test whether including additional joinpoints significantly improves model fit, up to a maximum of 3
joinpoints for the current study, based on time period length. Following this forward estimation
process, the final model estimates the best-fit series of linear trends with slope changes at statistically
significant joinpoints (see Figure 3.2 for example). The slope parameters estimated for each linear
segment are known as annual percentage change (APC) estimates, and p-values for each APC are
calculated via Monte Carlo permutation methods. Weighted average APCs (AAPCs) are then
calculated to generate a single percent change estimate for the time period and to quantitatively
compare trends across analyses(101).

To address Aim 2a and examine the “biological shift” hypothesis, we calculated annual stage-
specific incidence rates and annual incidence rates according to ER/PR status, tumor grade, and
primary tumor size, overall and among cases with distant stage disease at diagnosis. All incidence
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rates were adjusted for age using the 2000 U.S. standard population, and analyses of tumor
characteristics were restricted to invasive breast cancer cases (N=26,870). We then used joinpoint
regression to calculate AAPCs estimating temporal trends in stage and breast tumor characteristics
from 1992-2011 among young women overall and according to race (black vs. white). Substantial
missing data has been documented for tumor characteristics reported to SEER, particularly for ER
and PR status (approximately 25% in 1992), which may bias longitudinal studies of incidence
rates(102, 103). To clarify whether data are missing at random across characteristics, we
characterized patients with missing data by estimating descriptive statistics with chi-square
significance testing for cases with and without missing data, and used joinpoint regression to examine
whether the distribution of breast cancer cases (as measured by percent of cases) varied over time
with respect to each tumor characteristic.

3.4.2.2 Aim 2b. To evaluate whether stage migration due to increased imaging technology use (CT,
PET, MRI, and/or bone scans) over time has contributed to rising rates of distant breast cancer among
young women <40 years.

To investigate the “stage migration” hypothesis, annual rates of imaging use were calculated
overall and by imaging type (CT, PET, MRI, and bone scans) among older breast cancer cases in
SEER-Medicare from 1992-2011. Joinpoint regression was used as described above to estimate
AAPCs for all longitudinal trends. Sensitivity analyses were conducted excluding elderly women
(over age 75) as well as varying the 6-month imaging window to 3 months post-diagnosis; however,
these exclusions did not substantially impact results beyond reductions in study power and therefore
were not employed in final analyses. Unconditional logistic regression was used to estimate age-
adjusted odds ratios (ORs) and 95% confidence intervals (CIs) to assess the associations between
imaging use and tumor biological characteristics. Logistic regression analyses were performed using
SAS software, version 9.4 (SAS Institute, Inc., Cary, North Carolina). Statistical significance for all

analyses was defined at an a-level of 0.05.
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The concerns described above (3.4.2.1 Aim 2a) for missing breast tumor characteristics data
in SEER also apply to the SEER-Medicare data. Unlike Aim 2a, Aim 2b did not involve the
estimation of temporal trends in tumor characteristics with substantial time-varying missing data, and
thus complete-case analyses were conducted to evaluate the association between imaging use and
breast tumor characteristics. Additionally, the use of administrative claims data carried concerns
about the accuracy of procedure codes (such as the CPT and HCPCS codes used in this study) that are
reported in claims data. It is possible that procedure code errors resulted in misclassification of the
imaging use exposure and thus created bias in the proposed statistical analyses. While no known
validation studies have been conducted to evaluate the sensitivity and specificity of the relevant
imaging technology codes, similar studies examining imaging technology use in cancer populations
have previously utilized these same procedure codes with success(68, 95, 104). Additionally, these
imaging technologies are expensive healthcare procedures that are more likely to be reported
accurately to ensure appropriate provider reimbursement compared to other lower cost procedures,
suggesting that imaging use data are likely to be well-represented in healthcare utilization data
sources such as the SEER-Medicare program.

3.5 Strengths and Limitations

To our knowledge, this study is the first to investigate whether temporal shifts in breast
cancer biology have contributed to the recent increase in distant metastatic breast cancer among
young women. This work characterized the epidemiology of breast cancer among young black
women by examining how a comprehensive list of tumor characteristics and breast cancer risk factors
vary with respect to age at diagnosis. Previous studies of young-onset breast cancer among black
women have been limited by small sample sizes, and by using AMBER data this study extended
previous work using one of the largest available breast cancer epidemiology data sources for black
women in the U.S.

Additionally, the SEER program is the most extensive and comprehensive population-based
cancer epidemiologic data source in the U.S., and the use of this very large study population enabled
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an examination of longitudinal incidence trends among young women <40 years, stratified by race
and tumor characteristics. The use of SEER data also allowed for an investigation into shifts in tumor
biology as an underlying reason for the increased rates of distant disease among young women within
the data source originally used to identify those incidence trends. Furthermore, the SEER and SEER-
Medicare data spanned from 1992 to 2011, a time period that encompasses the period of greatest
change in distant disease incidence among young women and a period of rapid advancements in
imaging technologies. The use of SEER-Medicare data allowed an exploration into the roles of
shifting imaging use and stage migration in stage-specific breast cancer incidence trends among
elderly U.S. women and evaluated how imaging use recommendations may vary clinically by tumor
characteristics. Additionally, while missing tumor characteristic data was of concern for the early
years of the SEER program, verified multiple imputation methods and careful evaluation of
missingness within the SEER data were employed to address the missing data for ER/PR status and
any other predictors.

Ultimately, this dissertation thoroughly characterized the epidemiology of young-onset breast
cancer among black women and examined breast cancer biology and imaging use as potential
underlying reasons for temporal shifts in stage-specific breast cancer incidence rates among young
women <40 years in the U.S. This work sought to identify potentially modifiable targets for public
health intervention against young-onset breast cancers among black women and clarify the public

health impact of the rising incidence of distant disease among young women.
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Figure 3.1. Summary of aims and hypotheses.

AIM 1 Risk factors
Characterize biological and risk

factor profiles of young black Young-onset

B breast cancer
women’s breast cancer
Tumor characteristics
AlM 2 . ] Imaging detection Clinical detection
—_— Earlier metastasis of metastasis of metastasis
Identl_fy _how tumor . In situ Local Regional invasion rrnnnnn
characteristics and imaging | | | -
patterns have varied over time .
Cancer Progression
among young women initiation to metastasis

Hypotheses: (1) Young age (<40 years) is associated with distinct patterns of breast tumor biology and risk factor exposure.
(2) Etiologic shifts to more aggressive breast cancers and/or stage migration due to imaging use have increased the
incidence of distant stage breast cancer among young women from 1992-2011.
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Figure 3.2. Sample joinpoint regression model.
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Figure 3.2 legend. Boxes mark two joinpoints resulting in three annual percent change (APC)
estimates.
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Table 3.1. Timeline of SEER program expansions, 1973-2011.(82)

SEER program Data years Included cancer registries

Atlanta, Connecticut, Detroit, Hawaii, lowa, New

SEER 9 1973-2011 Mexico, San Francisco-Oakland, Seattle-Puget Sound,
Utah

SEER 11 1992-2011 SEER 9, Los Angeles, San Jose-Monterey

SEER 13 1992-2011 SEER 11, Rural Georgia, Alaska Native Tumor Registry

SEER 17 2000-2011 SEER 13, Greater California, Kentucky, Louisiana, New
Jersey

SEER 18 2000-2011 SEER 17, Greater Georgia
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Table 3.2. Current Procedural Terminology (CPT) and Healthcare Common Procedure Coding
System (HCPCS) codes defining diagnostic imaging technology use.

Imaging Technology Category CPT/HCPCS Codes
CT Brain/Head 70450-70492
Breast/Chest ~ 72125-72133
Abdomen 71250-71270, 72192-72194, 74150-74170, 74176-74178
Bone 73200-73202, 73700-73702
Body 76380, 76497
PET Bod 78608, 78609, 78810-78816, G0125, G0126, G0165, G0210-
y G0228, G0231-G0235, G0252-G0254, G0296, G0330, G0331
MRI Brain/Head 70336, 70540, 70542, 70543, 70551-70553, 70557-70559
Breast/Chest 71550-71552, 75552, 75553, 75557, 75561, 76093, 76094,
77058, 77059, C8903-C8908
Abdomen 72195-72197, 74181-74183
Bone 72141, 72142, 72146-72149, 72156-72158, 73218-73223,
73718-73723
Body 76498
Bone scan Bone/Body 76400, 78800-78804, 78102-78104, 78300-78320, 78399,

(nuclear medicine)

78999
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CHAPTER 4: BIOLOGY AND ETIOLOGY OF YOUNG-ONSET BREAST CANCERS
AMONG PREMENOPAUSAL BLACK WOMEN: RESULTS FROM THE AMBER
CONSORTIUM

4.1 Introduction

Black women have increased rates of breast cancer with greater prevalence of advanced
stage, larger size, higher grade, hormone receptor negative, and basal-like disease compared to white
women(8, 21, 22, 48-53, 105). Similar tumor biology is also evident in young-onset (<40 years)
breast cancers, which are more common among black women(22, 23, 26, 27). Differences in risk
factor profiles for young and older women may reflect distinct etiologies for breast cancers arising in
young and black women. Risk factors such as parity, age at first birth, oral contraceptive use, and
obesity have been shown to differentially affect the risk of breast cancer according to age at
diagnosis(17, 19, 34, 35, 43, 45-47, 88). These same risk factors are also differentially associated with
hormone receptor positive and negative disease(17-19, 106, 107), which may confound observed age-
related patterns. However, population-based studies examining whether risk factor associations vary
by age at diagnosis among black women are rare and have been hampered by small sample sizes,
overall and by age(17, 59, 60). Furthermore, previous studies of young women’s breast cancer have
used inconsistent definitions of young age, defining young with varying age cutpoints or confounding
age and menopausal status(17, 34-36, 38, 59, 60, 108, 109), complicating comparisons across studies.

The present study investigated risk factors for young black women’s breast cancer in the
African American Breast Cancer Epidemiology and Risk (AMBER) Consortium, a large
collaboration of breast cancer studies among black women with extensive clinical, molecular, and
epidemiologic data. We restricted our analysis to premenopausal women, as previous work has
suggested that age and menopausal status may have independent roles in young women’s breast

cancer(36, 88). Our objectives were two-fold: first, to characterize the biology of breast cancers
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diagnosed among young and older premenopausal black women in the AMBER Consortium, and
second, to identify epidemiologic risk factors associated with premenopausal young- vs. older-onset
breast cancers overall and by estrogen receptor (ER) status. We hypothesized that more aggressive
breast tumor characteristics and distinct patterns of breast cancer risk factors would be associated
with young-onset breast cancers (<40 years), and ER status would modify observed risk factor
associations by age at diagnosis.
4.2 Methods
4.2.1 Study population

The African American Breast Cancer Epidemiology and Risk (AMBER) Consortium is a
collaboration of four of the largest epidemiologic studies of breast cancer among black women(76).
Included are two case-control studies, the Carolina Breast Cancer Study (CBCS) (17, 58, 77) and
Women'’s Circle of Health Study (WCHS)(81), as well as two prospective cohort studies, the Black
Women’s Health Study (BWHS)(79) and the Multiethnic Cohort Study (MEC)(110). The AMBER
Consortium and participating studies have been described in detail previously(76). Briefly, the CBCS
recruited breast cancer cases and controls aged 20-74 years across 24-44 North Carolina counties in
three phases (Phase 1: 1993-1996, Phase Il: 1996-2001, and Phase Il (cases only): 2008-2013). The
WCHS recruited cases and controls aged 20-75 years in New York (2002-2008) and New Jersey
(2006-present). The BWHS enrolled participants aged 21-69 years from 17 continental states in 1995
with biennial follow-up to record changes to exposure history, incident disease, and mortality. The
MEC recruited participants aged 45-69 years in Hawaii and southern California from 1993-1996, with
5-year follow-up questionnaires. Cohort studies (BWHS and MEC) provided nested case-control data
to the Consortium comprised of all incident breast cancer cases and up to four matched controls for
each case(76).

The present study included premenopausal black cases diagnosed with invasive breast cancer
and matched premenopausal controls from the CBCS (701 cases, 298 controls), WCHS (569 cases,
565 controls), and BWHS (738 cases, 4,281 controls), for a total study population of 7,152 women
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(2,008 cases, 5,144 controls). All postmenopausal women (defined based on self-reported cessation of
menstruation, bilateral oophorectomy, or ovary irradiation), and women with unknown menopausal
status were excluded to estimate age effects independent of menopausal status. Additionally, the
MEC was excluded from this analysis due to their exclusion criteria limiting to women >45 years of
age. Each study and the AMBER Consortium collaboration were approved by Institutional Review
Boards at participating institutions, and all participants gave written informed consent.
4.2.2 Data collection

The collection of tumor characteristic and risk factor exposure data in the AMBER
Consortium has been described previously(76, 89). Briefly, each study contributed paraffin-embedded
breast tumor tissue for all cases to two core research facilities (the Translational Pathology Lab (TPL)
at the University of North Carolina at Chapel Hill (UNC) for the CBCS and the Roswell Park Cancer
Institute for the WCHS and BWHS) where tissue microarrays (TMAS) were constructed for available
tumor specimens. Immunohistochemistry (IHC) assays were conducted on all TMAs at UNC’s TPL
to define expression of estrogen and progesterone receptors (ER/PR) and human epidermal growth
factor receptor 2 (HER2)(89). Positive expression was defined as >1% staining for ER and PR, and
>10% staining at the 3+ level for HER2 consistent with previous work(89). Breast cancer subtype
was defined as four groups based on positivity of three IHC markers: luminal A (ER+ or PR+, HER2-
), luminal B (ER+ or PR+, HER2+), HER2+/ER- (ER-, PR-, HER2+), and triple-negative (ER-, PR-,
HER2-). For cases with missing IHC-based tumor characteristics, ER, PR, HER2, and subtype data
were defined from medical records; cases with both IHC-based and clinical hormone receptor data
showed high agreement for the two measures (k statistic range=0.68-0.76, concordance range=88-
91%). Tumor grade was centrally reviewed by a study pathologist for 44% of cases, with grade data
obtained from medical records for remaining cases (k statistic=0.95, concordance=96% for both grade
measures). Other tumor characteristics (including stage (1-4), lymph node status (positive vs.

negative), and estimated tumor size (<2, 2-4.9, >5cm)) were acquired from medical records.
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Risk factor exposure data for cases and controls were obtained via in-home interviews by
study staff (CBCS and WCHS) or mailed questionnaire (BWHS), as described previously(76).
Participants were asked questions regarding their medical and family histories as well as biologic,
anthropomorphic, reproductive, and lifestyle exposures. For CBCS and WCHS, interviewers also
measured body weight, height, and waist and hip circumferences during home interviews; for the
BWHS, these measures were self-reported on questionnaires by study participants. Questionnaire and
interview data from each study were then harmonized by the AMBER Biostatistics and Data
Management core within AMBER to create a central database with consistent exposure definitions
across studies. Breast cancer risk factors were categorized as: age at menarche (<13, >13 years),
parity (nulliparous, 1-2, >3 live births), age at first live birth (<25, >25 years), age at last live birth
(<30, >30 years), time since last live birth (<10, >10 years), lifetime duration of breastfeeding (never,
<3 months, >3 months), oral contraceptive use (never, ever), duration (never/<l year, 1-4 years, 5-9
years, >10 years) and recency (never, <10 years, >10 years), and first-degree family history of breast
cancer (no, yes). Body mass index (BMI) was defined as body weight/height (kg/m?) using categories
from the National Heart, Lung, and Blood Institute (<25 normal/underweight, 25.0-29.9 overweight,
and >30 obese)(87). Waist-to-hip ratio (WHR) was calculated as the ratio of waist/hip circumference
(cm) and categorized in tertiles as <0.77, 0.77-0.83, and >0.84, consistent with previous work(88).
4.2.3 Statistical analysis

Case-case and case-control analyses were conducted to identify differences in the
associations between tumor characteristics and epidemiologic risk factors and breast cancer by age at
diagnosis (<40 vs. >40 years) among premenopausal black women (age range 22-59 years). Case-case
analyses of tumor characteristics associated with young- vs. older-onset disease included all cases
(N=2,008), while case-control analyses of risk factors included all cases and controls except cases
from Phase 111 of the CBCS (total N=6,736), as no matched controls were available for this study
phase. Case-control analyses examined risk factor associations for breast cancer among young and
older women overall and further stratified by ER status among young women, in which ER-positive
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and ER-negative cases were compared separately to all controls. Unconditional logistic regression
models were used to estimate adjusted odds ratios (ORs) and 95% confidence intervals (CIs) to assess
differences in tumor characteristics and breast cancer risk factors associated with breast cancer by age
at diagnosis for all analyses. In case-control analyses, effect measure modification by age was
evaluated using likelihood ratio tests in which the estimated log-likelihood of the adjusted model was
compared to that of the same model including a multiplicative interaction term for age and the
corresponding risk factor. Statistically significant modification was assessed using an a-level of 0.1.
Heterogeneity in risk factor associations by ER status among young women was assessed by
comparing case-case odds ratios (ORs), with ER status defined as the outcome and each risk factor as
the explanatory variable. These case-case ORs represent the ratio of case-control ORs for risk factors
associated with ER-positive vs. ER-negative disease, and statistical significance was defined using an
a-level of 0.05. Additionally, we conducted sensitivity analyses to examine whether patterns of tumor
characteristics and risk factors associated with young- vs. older-onset disease were impacted by the
cutpoint used to define young age (40, 45, and 50 years). All models controlled for study, diagnosis
year, geographic region, and education status to account for differences between studies. Case-control
models additionally adjusted for other risk factors that were identified a priori via directed acyclic
graphs as potential confounders of each risk factor association. Models for age at first live birth, age
at last live birth, time since last birth, and lifetime breastfeeding duration were restricted to parous
women. Statistical significance was defined at an a-level of 0.05. All analyses were performed using
SAS software, version 9.4 (SAS Institute, Inc., Cary, North Carolina).
4.3 Results
4.3.1 Breast tumor biology varies by age at diagnosis among black women (case-case analyses)
Among premenopausal black women, young age (<40 years) at breast cancer diagnosis was
associated with poorer-prognostic tumor characteristics compared to older age at diagnosis (>40
years) (Table 4.1). Young women were significantly more likely to have higher stage and triple-
negative tumors. While not significant, both luminal B and HER2-enriched tumors were associated
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with younger age at diagnosis. Young-onset breast cancers were also significantly more likely to be
ER and PR negative, with markedly higher grade and larger tumor size. No age associations were
observed for lymph node positivity.

4.3.2 Age modifies breast cancer risk factor associations among black women (case-control
analyses)

To examine whether breast cancers arising among young and older premenopausal black
women are etiologically distinct, we estimated case-control ORs for risk factor associations among
premenopausal women stratified by age (Table 4.2). Age at diagnosis most strongly modified
associations with first-degree family history of breast cancer, with a three-fold increase in risk among
young women that was attenuated among older women(interaction p=0.005). Likelihood ratio tests
also showed significant age modification for associations with waist-to-hip ratio (p=0.06) and
breastfeeding duration (p=0.1). Higher WHR was more strongly associated with young- compared to
older-onset breast cancer, while breastfeeding, regardless of duration, had a reduced OR for young-
but not older-onset disease. ORs for BMI were not significantly modified by age, though obese BMI
(>30 kg/m?) was more strongly associated with a reduced association among young women.
Associations with parity were not modified by age, though the association with nulliparity was
slightly reduced among young women and parity >3 births appeared to reduce the odds of disease
among older women. Later age at first birth was associated with older-onset but not younger-onset
breast cancer, while longer time since last birth appeared to reduce odds of breast cancer for older
women. Oral contraceptive use showed similar patterns of association across age groups, with ever
and more recent use as well as longer use duration associated with an increased OR among young and
older women (p for interaction=0.3 (duration), 0.4 (recency); results not shown). Later age at
menarche was not associated with young-onset breast cancer but showed a significantly reduced OR
for older-onset breast cancer. In summary, we observed substantial differences in risk factor patterns
by age among premenopausal black women, with the strongest differences for family history, body
size, and reproductive exposures.
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Given the difference in tumor characteristics observed between young and older-onset breast
cancer in black women, we examined whether breast cancer biology modified the etiologic patterns
we observed, specifically among young women. While some analyses generated ORs that were
imprecise, ORs stratified by ER status showed little evidence for differences in etiology according to
ER (Table 4.3). Increased odds of young-onset breast cancer associated with higher WHR was limited
to ER-negative disease (OR=1.64, 95% CI=0.98, 2.75), conversely, higher BMI was more strongly
associated with reduced ER-positive disease (OR=0.61, 95% CI=0.38, 0.98). Additionally, family
history of breast cancer was positively associated with young-onset disease regardless of ER status,
though the association was stronger for ER-negative disease. However, no statistically significant
differences by ER status were observed for these or any other risk factor associations that we
examined, suggesting that etiologic associations for young-onset breast cancer are not strongly
modified by disease subtype.

4.3.3 Age-dependent risk factor associations are most pronounced with age 40 cutpoint

To examine whether our findings were sensitive to the cutpoint used to define young age, we
repeated our analyses of tumor characteristics and risk factors associated with young-onset disease
using older cutpoints of 45 and 50 years. We observed the strongest age-related heterogeneity when
comparing the youngest women (<40) to women at least 40 years of age. Figure 4.1 shows ORs and
95% ClI for risk of young-onset breast cancer defined as <40, <45, and <50 in our cohort for the three
risk factors showing the strongest heterogeneity by age: breastfeeding history (ever/never), waist-to-
hip ratio (highest/lowest tertile), and family history of breast cancer (yes/no). For all three factors, the
associations for young-onset breast cancer were attenuated when defining young women as <45 or
<50 at diagnosis.

4.4 Discussion

Using data from one of the largest and most comprehensive study of breast cancer biology
and epidemiology among black women to date, the AMBER Consortium, we observed substantial
differences in tumor characteristics and some evidence for etiologic heterogeneity of premenopausal

45



young- and older-onset breast cancers. The etiologic associations that vary by age appear not to be
driven by differences in ER status, since few associations among young women were modified by ER
status. Furthermore, age-dependent heterogeneity of risk factor associations with breast cancer were
greatest when comparing the youngest women (<40) to older (>40) premenopausal women.

The age-related patterns of tumor characteristics we observed are consistent with previous
findings(8, 21-23, 27, 48-53, 57, 88, 105), and our work supports the growing hypothesis that breast
cancers diagnosed among young women <40 years are biologically distinct from those diagnosed in
older women. It is well-established that black women are more likely to be diagnosed with breast
cancer under 40 years of age compared with white women(22, 23, 26, 27), highlighting the
importance of identifying prevention strategies for young women’s breast cancer, particularly for
black women.

Some risk factors for young-onset breast tumors are potentially modifiable. In our study,
breastfeeding had a reduced OR for breast cancer in young women while higher WHR was associated
with an increased odds of young-onset disease. Both risk factors showed the strongest associations
among ER-negative tumors. In contrast, higher BMI showed an inverse association with young-onset
disease that was strongest among ER-positive cancers, consistent with previous work(17, 19, 44-47).
The observed differences between BMI and WHR underscore these factors as distinct measures of
body size and suggest that abdominal adiposity, as represented by WHR, is an important factor
contributing to young-onset disease(111-113). Few studies have examined etiologic differences
according to age and breast cancer subtype in populations of black women. Millikan et al.(17) and
Bertrand et al.(108) also reported that a lack of breastfeeding and higher WHR were significantly
positively associated with young-onset and triple-negative (or ER-negative) breast cancers among
black women in the CBCS and BWHS, respectively. Other studies in predominately white
populations have observed similar associations(36, 88, 109), suggesting that interventions to improve
breastfeeding rates and reduce abdominal adiposity may benefit young women of all races. Given that
black women tend to breastfeed at lower rates and for shorter durations than white women(114) and
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are more likely to have ER-negative disease, breastfeeding-related interventions may be particularly
relevant for reducing risk of young-onset disease among black women. Additionally, oral
contraceptive use >5 years was associated with significantly increased ORs regardless of age, with a
stronger association among young women that did not vary according to ER status. Others have
shown similarly increased risk with longer and more recent oral contraceptive use for young and AA
women(35, 60, 115-117), highlighting that reduced oral contraceptive use may mitigate breast cancer
risk within this demographic.

Several exposures associated with young women’s breast cancer are not targetable for
prevention. Family history of breast cancer showed the greatest heterogeneity according to age in our
study, with a markedly higher OR among young women and a moderately elevated OR for older
women. Family history often serves as a surrogate for genetic susceptibility for breast cancer, and
other work has shown that women diagnosed with breast cancer at an early age have a greater
frequency of genetic mutations related to tumorigenesis(118, 119). However, an individual’s family
history is variable over time and changes with age; older women are more likely to have a positive
family history than young women given that breast cancer risk increases with age. Thus, the
attenuated risk associations that we observed among older women may be explained by a stronger
contribution of environment (relative to germline genetics) in family history of older women. This
also underscores that a positive family history in a young woman is a strong marker of
familial/genetic risk.

Reproductive exposures have most consistently shown differential patterns with breast cancer
risk by age, as young women are more proximal to reproductive years than older women. In contrast
to other studies, we did not observe the expected dual risk associations for parity, in which higher
parity is associated with increased risk among young women but reduced risk for older women(41-
43). We observed suggestions of this relationship in that nulliparity was associated a slightly reduced
risk of breast cancer among young women, though no associations with parity were statistically
significant. However, other associations between reproductive factors and breast cancer were
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consistent with previous work, showing younger age at first live birth and longer time since last birth
as protective for older-onset but not young-onset breast cancer (17, 36, 88, 106, 107).

Prior epidemiologic studies of young women’s breast cancer have used inconsistent cutpoints
to classify young women, ranging from 35-50 years of age(17, 34-36, 38, 59, 60, 88, 108, 109). Many
studies have also included limited representation of young women, as women <40 years of age
represent less than 7% of all breast cancers diagnosed in the United States(1). As such, conclusions
regarding whether young- and older-onset breast cancers have distinct etiologies have been mixed,
and different studies have yielded varied directions and magnitudes of associations for many risk
factors. However, reproductive (particularly parity, breastfeeding history, and age at first birth) and
body size exposures have consistently shown the strongest differences in patterns of association for
young and older women. We identified that varying the age cutpoint in our study population from 40
to 50 years resulted in attenuated effect estimates with increased age for many risk factor
associations. Additionally, dichotomizing our cohort at age 40 enabled a comparison of younger and
older premenopausal women, as we previously showed that age and menopausal status are best
considered as separate factors in studies of young women’s breast cancer(88). Taken together, our
findings suggest that age-dependent heterogeneity in risk factor associations are most pronounced
when classifying young women as <40 years.

Our results should be interpreted in light of some limitations. Differences in breast cancer
screening rates and/or adherence between young and older black women may have influenced some
tumor characteristics among younger women, although screening data were unavailable in the
Consortium. Breast cancers detected via screening tend to have more favorable tumor characteristics
than self- or clinically-detected tumors(3, 31). However, interval cancers, or those diagnosed between
regular screening intervals, are more likely to be aggressive and may be present regardless of
screening(120). While screening differences may contribute to differences in observed tumor
characteristics, screening is unlikely to have influenced the etiologic associations we described by age
and ER status.
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4.5 Conclusions

In summary, we found strong evidence that breast cancers diagnosed among young black
women have tumor characteristics suggestive of poorer prognosis, underscoring the need for greater
understanding of the etiology of young-onset disease. In the largest epidemiologic study of young
black women’s breast cancer to date, our findings suggest that potentially modifiable risk factors,
such as breastfeeding and adiposity, are associated with young-onset breast cancer, in addition to

other non-modifiable factors such as family and reproductive history.
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Table 4.1. Case-case ORs of tumor characteristics by age among premenopausal cases in the AMBER

Consortium (N=2,008).

>40 years (ref) <40 years
Tumor characteristic N (%) N (%) OR (95% CI)?
Mean age (£SD) 46.2 (x4.3)  34.7 (£3.8)
Stage
Stage | 450 (35.8) 116 (24.9) 1.0
Stage Il 572 (45.5) 264 (56.8) 1.81 (1.34, 2.45)
Stage I11/1V 234 (18.6) 85(18.3) 1.32(0.90, 1.94)
Missing 219 68
Subtype (IHC/clinically
defined)
Luminal A 492 (51.4) 157 (43.5) 1.0
Luminal B 150 (15.7) 49 (13.6) 1.37(0.86, 2.17)
HER2 65 (6.8) 29 (8.3) 1.35(0.77,2.37)
Triple-negative 250 (26.1) 126 (34.9) 1.56 (1.09, 2.21)
Missing 518 172
ER status
Positive 768 (62.1) 227 (52.1) 1.0
Negative 469 (37.9) 209 (47.9) 1.35(1.03,1.77)
Missing 238 97
PR status
Positive 699 (56.8) 199 (46.2) 1.0
Negative 531 (43.2) 232 (53.8) 1.57 (1.20, 2.06)
Missing 245 102
HER?2 status
Negative 752 (77.5) 286 (78.1) 1.0
Positive 218 (22.5) 80 (21.9) 1.15(0.81, 1.65)
Missing 505 167
Histologic grade
Low 144 (12.7) 33 (8.4) 1.0
Moderate 373 (33.0) 117 (29.8) 2.00 (1.11, 3.62)
High 613 (54.2) 243 (61.8) 2.17 (1.23, 3.85)
Missing 345 140
Node status
Negative 486 (53.8) 175 (51.2) 1.0
Positive 418 (46.2) 167 (48.8) 1.13(0.87, 1.47)
Missing 571 191
Tumor size
<2cm 477 (40.2) 131 (30.6) 1.0
2-4.9cm 487 (41.0) 206 (48.1) 1.70 (1.28, 2.26)
>5 cm 223 (18.8) 91 (21.3) 1.31(0.83,2.07)
Missing 288 105

4Adjusted for study site, index year, geographic region, and education status.
bMissing data due to ongoing data collection.
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Table 4.2. Case-control ORs of breast cancer risk factors by age among premenopausal women in the AMBER Consortium (N=6,736).

<40 years (N=1,775) >40 years (N=4,961) Test for heterogeneity

19

Risk factor Controls N (%) Cases N (%) OR (95% CI)? Controls N (%) CasesN (%) OR (95% CI)? X2, df (p)°
BMI (kg/m?)
<25.0 466 (35.0) 149 (35.1) 1.0 955 (25.4) 283 (24.6) 1.0 0.41,2 (0.8)
25-29.9 368 (27.7) 119 (28.1) 0.92(0.66, 1.28) 1,172 (31.2) 376 (32.7)  0.99 (0.81, 1.21)
>30.0 497 (37.3) 156 (36.8) 0.71(0.51, 0.98) 1,628 (43.4) 491 (42.7) 0.91(0.75, 1.10)
Trend test p=0.0005 p=0.2
Missing 16 4 42 14
WHR
<0.77 441 (37.5) 104 (26.3) 1.0 1,166 (34.3) 1,166 (34.3) 1.0 5.70, 2 (0.06)
0.77-0.83 341 (29.0) 128 (32.4) 1.14(0.81, 1.59) 952 (28.0) 952 (28.0) 1.02(0.83, 1.25)
>0.84 394(33.5) 163 (41.3) 1.46 (1.04,2.05) 1,285 (37.8) 1,285(37.8) 1.11(0.91, 1.35)
Trend test p=0.003 p=0.9
Missing 171 33 394 77
Age at menarche
<13 years 803 (59.8) 251 (58.6) 1.0 2,038 (53.9) 654 (56.4) 1.0 1.19,1(0.3)
>13 years 540 (40.2) 177 (41.4) 0.97 (0.76, 1.24) 1,746 (46.1) 506 (43.6)  0.85(0.74, 0.98)
Missing 4 0 13 4
Parity
Nulliparous 516 (38.3) 111 (26.9) 0.90(0.71, 1.14) 872 (23.0) 222 (19.1) 0.91(0.75,1.12) 3.04,2(0.2)
1-2 births 644 (47.8) 224 (52.3) 1.0 2,081 (54.8) 654 (56.2) 1.0
>3 births 187 (13.9) 93(21.7) 1.06 (0.87,1.29) 844 (22.2) 288 (24.7)  0.88(0.73, 1.06)
Age at first live birth®
<25years 481 (59.0) 202 (63.9) 1.0 1,633 (56.9) 547 (58.8) 1.0 1.23,1(0.3)
>25 years 334 (41.0) 114 (36.1) 1.03 (0.74, 1.43) 1,238 (43.1)  383(41.2) 1.18(0.99, 1.41)
Missing 16 0 54 12
Time since last birth®
<10years 515 (63.6) 202 (64.1) 1.0 521 (18.3) 183 (19.7) 1.0 1.23,1(0.3)
>10 years 295 (36.4) 113(35.9) 1.14(0.82,1.57) 2,323(81.7)  744(80.3) 0.86(0.69, 1.07)
Missing 21 2 81 15
Breastfeeding duration®
Parous, never 388 (47.7) 177 (56.2) 1.0 1,444 (50.3) 491 (52.7) 1.0 4.04,2(0.1)
<3 months 114 (14.0) 30(9.5) 0.70(0.43, 1.16) 315 (11.0) 96 (10.3)  1.08(0.82,1.42)
>3 months 312 (38.3) 108 (34.3) 0.83(0.58, 1.17) 1,111 (38.7) 344 (37.0) 0.94(0.78,1.13)
Missing 17 2 55 11
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Oral contraceptive use

Never 177 (13.2) 74 (17.3) 1.0 539 (14.2) 232 (20.0) 1.0 0.13,1(0.7)
Ever 1,167 (86.8) 354(82.7) 1.22(0.86,1.72) 3,254 (85.8) 929 (80.0) 1.18(0.97,1.44)
Missing 3 0 4 3
Family history of breast
cancer
No 1,276 (94.7) 363 (84.8) 1.0 3,472 (91.4) 996 (85.6) 1.0 7.7, 1 (0.005)
Yes 71(5.3) 65(15.2) 3.10(2.08, 4.63) 325 (8.6) 168 (14.4) 1.57(1.26, 1.94)

4Adjusted for age, study site, index year, geographic location, education level, and confounders, by model. BMI: WHR, parity; WHR: BMI,
parity; parity: age at first live birth; age at last live birth: parity, age at first birth; time since last birth: parity, age at first live birth, age at last
live birth; breastfeeding duration: BMI, parity, age at first live birth, age at last live birth; oral contraceptive use: parity, age at first live birth,
age at last live birth.

bLikelihood ratio tests assessed age-related heterogeneity in risk factor associations by comparing the estimated log-likelihood of adjusted
models to that of the adjusted model including a multiplicative interaction term for age and the corresponding risk factor (e.g., BMI*age).
Statistically significant heterogeneity by age was defined with a=0.1.

“Among parous women.
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Table 4.3. Case-control ORs of breast cancer risk factors by ER status among young (<40 years) premenopausal women in the AMBER

Consortium (N=1,678).

Controls ER+ ER-
Risk factor N (%) N (%) OR (95% CI)? N (%) OR (95% CI)? p for heterogeneity®
BMI (kg/m?)
<25.0 466 (35.0) 62 (38.3) 1.0 52 (31.0) 1.0
25-29.9 368 (27.6) 41 (25.3)  0.80(0.49, 1.29) 49 (20.2)  0.92(0.56, 1.49) 0.6
>30.0 497 (37.3) 59 (36.4)  0.61(0.38,0.98) 67(39.9) 0.87(0.54, 1.40) 0.2
Trend test p = 0.0003 p=0.3
Missing 16 0 1
WHR
<0.77 441 (37.5) 41 (27.0) 1.0 38 (23.6) 1.0
0.77-0.83 341 (29.0) 48 (31.6)  0.94 (0.57, 1.55) 62 (38.5) 1.56 (0.95, 2.55) 0.1
>0.84 394 (33.5) 63 (41.4)  1.15(0.70, 1.89) 61(37.9) 1.64(0.98, 2.75) 0.3
Missing 171 8
Age at menarche
<13years 803 (59.8) 90 (55.6) 1.0 102 (60.4) 1.0
>13 years 540 (40.2) 72 (44.4) 1.08(0.76, 1.55) 67 (39.6) 0.86(0.60, 1.24) 0.1
Missing 4 0 0
Parity
Nulliparous 516 (38.3) 42 (25.9) 0.93(0.56, 1.54) 38(225) 0.79(0.47,1.32) 0.7
1-2 births 644 (47.8) 85 (52.5) 1.0 90 (53.3) 1.0
>3 births 187 (13.9) 35 (21.6) 0.84 (0.50 1.40) 41 (24.3) 1.04(0.64,1.71) 0.9
Breastfeeding duration®
Parous, never 388 (47.7) 59 (49.6) 1.0 79 (60.8) 1.0
<3month 114 (14.0) 11 (9.2) 0.84 (0.40, 1.80) 10 (7.7) 0.55 (0.25, 1.19) 0.5
>3 months 312 (38.3) 49 (41.2) 1.14(0.68,1.92) 41 (31.5) 0.88(0.53, 1.48) 0.7
Missing 17 1 1
Oral contraceptive use
Never 177 (13.2) 30 (18.5) 1.0 26 (15.4) 1.0
Ever 1,167 (86.8) 132 (81.5) 1.47(0.90, 2.40) 143 (84.6) 1.41(0.84,2.37) 1.0
Missing 3 0 0
Family history of breast
cancer
No 1,276 (94.7) 140 (86.4) 1.0 141 (83.4) 1.0
Yes 71 (5.3) 22 (13.6) 2.63(1.47,4.70) 28 (16.6)  3.32(1.92,5.75) 0.4
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4Adjusted for age, study site, index year, geographic location, education level, and confounders, by model. BMI: WHR, parity; WHR: BMI,
parity; parity: age at first live birth; age at last live birth: parity, age at first birth; time since last birth: parity, age at first live birth, age at last
live birth; breastfeeding duration: BMI, parity, age at first live birth, age at last live birth; oral contraceptive use: parity, age at first live birth,
age at last live birth.

*Statistically significant heterogeneity by age was defined with 0=0.05.
‘Among parous women.
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Figure 4.1. Impact of age cutpoints on risk factor analyses.

A. B. C.
Family history of breast cancer Waist-to-hip ratio Breastfeeding history
Age 40 — ! = | , -
Age 45 —a— . —_—e
Age 50 —a— —— —a—
I i 1 1 I T 1 I 1 1
07 1.0 20 50 08 1.0 14 22 05 08 1.0 1.2
Odds Ratio (95%Cl) Odds Ratio (95%Cl) QOdds Ratio (95%Cl)

Figure 4.1 legend. Case-control ORs for associations between family history of breast cancer (yes/no; panel A), waist-to-hip ratio
(highest/lowest tertile; panel B), and breastfeeding history (ever/never; panel C) and premenopausal young-onset breast cancer. Cutpoints
defining “young” varied at <40, <45, or <50 years of age. Error bars represent 95% Cls.



CHAPTER 5: INCREASED DISTANT STAGE BREAST CANCER AMONG YOUNG
WOMEN OVER TIME: ETIOLOGY OR TECHNOLOGY?

5.1 Introduction

Recent epidemiologic studies have reported a rise in the incidence of distant metastatic (stage
IV) breast cancer among young women <40 years of age in the United States(4, 21). One study
conducted using data from the National Cancer Institute’s (NCI) Surveillance, Epidemiology, and
End Results (SEER) program estimated that rates of distant disease nearly doubled among young
women from 1976-2009, with the sharpest increases in incidence occurring since 2000(4). Given the
poor prognosis associated with distant disease, with a five-year survival rate of only 25%(63), this
finding has prompted concern regarding possible causes for the increasing trend. Furthermore, it is
well-established that young women less than 40 years have a higher prevalence of aggressive breast
cancers compared to older women, including hormone receptor negative, high grade, and larger
tumors(22-27, 36, 88). The potential impacts of rising distant disease on the burden of breast cancer
in this at-risk demographic are unclear, underscoring a need for longitudinal studies investigating the
underlying reasons for shifting incidence among young women.

One hypothesis for the rise in young-onset distant disease suggests a shift to more aggressive
breast cancers over time. Breast cancers with poorer prognostic tumor features are faster to
metastasize, and a greater representation of aggressive breast cancers among young women could
contribute to increasing distant disease in young women. However, recent work conducted in SEER
suggests that more favorable tumor characteristics (e.g., estrogen receptor (ER) positivity, low grade,
and smaller tumor size) have increased over time among women overall, while the incidence of more
aggressive tumor features has potentially declined(21, 64, 121). However, few studies have examined

patterns among young women less than 40 years. Furthermore, the presence of substantial missing
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data for some tumor characteristics in SEER has complicated the interpretation of longitudinal
biological trends(102, 103).

As an alternative to the hypothesized biological shifts, stage migration may have contributed
to increases in distant disease. Advances in diagnostic imaging technology may have led to increasing
rates of distant breast cancer at diagnosis among young women. For example, studies of lung cancer
showed that increased use of imaging technologies (e.g., positron emission tomography (PET),
computed tomography (CT), and magnetic resonance imaging (MRI) technologies) identified
previously undetectable distant metastases. It would be misleading to interpret stage-specific
incidence trends over time as evidence of an etiologic or biological shift, as technology drives
changing stage without an underlying change to the actual state of disease(66-69). Studies
considering the impact of stage migration on breast cancer incidence patterns have been rare and
yielded inconsistent results(4, 122), and the lack of longitudinal administrative healthcare claims data
for population-based cancer studies has hampered studies of imaging use patterns.

The present study aimed to evaluate both breast cancer biology and stage migration as factors
underlying recent temporal patterns for distant disease in young women (<40 years of age). Using
data from the NCI’s SEER program, we assessed stage-specific incidence patterns and temporal
trends in tumor biological factors associated with young-onset, distant breast cancer from 1992-2011.
Additionally, we characterized the extent of missing data over this 20-year time period and explored
the impact of missingness on the interpretation of longitudinal incidence trends. To assess changes in
diagnostic patterns over the same interval, we used data from the SEER-Medicare linked program to
evaluate patterns in the use of imaging technologies associated with breast cancer staging (i.e., PET,
CT, MRI, and nuclear medicine bone scans). We hypothesized that these data sources could help to
identify the most plausible causes of temporal shifts, including both breast tumor biology and stage

migration.
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5.2 Methods
5.2.1 Study populations

Our study included female breast cancer cases diagnosed from 1992-2011 in both the
National Cancer Institute’s (NCI) Surveillance, Epidemiology, and End Results (SEER) 13
program(123) and the SEER-Medicare linked database(86). The SEER 13 program comprises cancer
registries in Atlanta, Connecticut, Detroit, Hawaii, lowa, New Mexico, San Francisco-Oakland,
Seattle-Puget Sound, Utah, Los Angeles, San Jose-Monterey, Rural Georgia, and the Alaska Native
Tumor Registry that have been active since 1992, together representing approximately 15% of the
U.S. population. The SEER-Medicare program links SEER cancer incidence data for Medicare-
eligible cancer cases to healthcare utilization claims data available in Medicare, including those for
diagnostic imaging technology use, through a collaboration between the NCI and the Centers for
Medicare and Medicaid Services. We selected the 20-year study period (1992-2011) based on the
initiation of the SEER-Medicare program in 1991 and the addition of four racially-diverse SEER
registries in 1992 (Los Angeles, San Jose-Monterey, Rural Georgia, and the Alaska Native Tumor
Registry) to form the SEER 13 program.

Women residing in the U.S. women aged 20-39 years (SEER) or 65-108 years (SEER-
Medicare) were eligible for inclusion in our study if they had a first primary breast cancer diagnosis
(ICD-0-3 cancer sites C50.0-50.9) between January 1, 1992 and December 31, 2011 that was
reported to a SEER 13 cancer registry. Women with a personal history of cancer prior to the first
primary breast cancer diagnosis or a primary breast cancer diagnosed at time of death or autopsy were
excluded. To identify imaging use associated with a breast cancer diagnosis, we additionally required
continuous fee-for-service Medicare Parts A and B enrollment and no health maintenance
organization enrollment (to minimize incomplete claims data) for the two months prior and four
months following the month of cancer diagnosis for SEER-Medicare cases. Our final study

populations included 30,407 young women <40 years of age within the SEER program and 142,051
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women >65 years of age in the SEER-Medicare program. This study was approved by the University
of North Carolina (UNC) School of Medicine Institutional Review Board.
5.2.2 Data collection

The collection of tumor characteristic data in SEER has been described previously(82, 85).
Briefly, stage at diagnosis, estrogen and progesterone receptor (ER/PR) status, tumor grade, and
primary tumor size data were collected from pathology reports or medical records. Stage at diagnosis
was defined using SEER’s historic stage A coding of four summary stage categories, as this coding
has remained consistent in SEER throughout the study period, including in situ (noninvasive cancer),
local (invasive cancer confined to the breast), regional (tumor extension to breast skin, chest wall,
and/or regional lymph nodes), and distant (metastasis to non-breast tissues). ER/PR status was
recorded as positive, borderline, negative, and unknown. Given that clinical standards defining
hormone receptor positivity changed over the study period, varying from 1-10%, we combined
positive and borderline cases to approximate more recent guidelines of 1% positivity recommended
by the American Society of Clinical Oncology/College of American Pathologists(90). Tumor grade
was defined at time of diagnosis by a pathologist as low (well-differentiated), moderate (moderately-
differentiated), high (poorly-differentiated) and undifferentiated (anaplastic). Undifferentiated tumors
(defined as grade 4) were uncommon (approximately 3% of cases) and were excluded from all grade
analyses. Primary tumor size was defined as the single largest tumor dimension prior to any
neoadjuvant cancer therapy and dichotomized as <2cm vs. >2cm.

We used SEER-Medicare linked data and defined diagnostic imaging technology use as at
least one claim in a given calendar year for an imaging technology used to diagnose breast cancer
metastases at the time of diagnosis, including CT, PET, MRI, and bone scans. Use of these
technologies was defined using relevant Healthcare Common Procedure Coding System (HCPCS)
and Current Procedural Terminology (CPT) imaging codes corresponding to these technologies from
1992-2011 (Table 5.5). Breast cancer cases were considered “imaged” if at least one of these four
imaging scans was received between 2 months prior and 4 months following the primary diagnosis
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date within SEER. This exposure window was selected to identify imaging used incidentally prior to
cancer diagnosis and to allow sufficient time for complete disease staging post-diagnosis(68, 98).
5.2.3 Statistical analysis

To examine trends in distant breast cancer among young women <40 years of age during our
20-year study period, we used SEER*Stat software (version 8.3.2(99)) to calculate annual stage-
specific breast cancer incidence rates from 1992-2011 in the SEER 13 program, adjusted for age
using the 2000 U.S. standard population. Incidence rates were calculated for young women overall
and stratified by black and white race to identify whether temporal trends in stage at diagnosis vary
according to race. Joinpoint regression(72) (version 4.4.0.0(100)) was used to quantitatively assess
temporal trends by fitting up to three joinpoints at statistically significant points at which the slope of
the incidence trends changed. Annual percent change (APC) estimates were generated for each trend
segment, and weighted average APCs (AAPCs) were calculated to generate a single percent estimate
for 1992-2011 and to quantitatively compare trends across analyses(101).

To examine the “biological shift” hypothesis, we calculated annual stage-specific incidence
rates and annual incidence rates according to ER/PR status, tumor grade, and primary tumor size,
overall and among cases with distant stage disease at diagnosis. All incidence rates were adjusted for
age using the 2000 U.S. standard population, and analyses of tumor characteristics were restricted to
invasive breast cancer cases (N=26,870). We then used joinpoint regression to calculate AAPCs
estimating temporal trends in stage and breast tumor characteristics from 1992-2011 among young
women overall and according to race (black vs. white). Substantial missing data has been documented
for tumor characteristics reported to SEER, particularly for ER and PR status (approximately 25% in
1992), which may bias longitudinal studies of incidence rates(102, 103). To clarify whether data are
missing at random across characteristics, we characterized patients with missing data by estimating
descriptive statistics with chi-square significance testing for cases with and without missing data, and
used joinpoint regression to examine whether the distribution of breast cancer cases (as measured by
percent of cases) varied over time with respect to each tumor characteristic.
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To investigate the “stage migration” hypothesis, annual rates of imaging use were calculated
overall and by imaging type (CT, PET, MRI, and bone scans) among older breast cancer cases in
SEER-Medicare from 1992-2011. Joinpoint regression was used to estimate AAPCs for all
longitudinal trends. Sensitivity analyses were conducted excluding elderly women (over age 75) as
well as varying the 6-month imaging window to 3 months post-diagnosis; however, these exclusions
did not substantially impact results beyond reductions in study power and therefore were not
employed in final analyses (results not shown). Unconditional logistic regression was used to estimate
age-adjusted odds ratios (ORs) and 95% confidence intervals (Cls) to assess the associations between
imaging use and tumor biological characteristics. Logistic regression analyses were performed using
SAS software, version 9.4 (SAS Institute, Inc., Cary, North Carolina). Statistical significance for all
analyses was defined at an a-level of 0.05.

5.3 Results
5.3.1 Incidence of distant and unstaged breast cancer among young women

In the SEER 13 registries, young (<40 years) breast cancer cases diagnosed from 1992-2011
tended to have local or regional stage at diagnosis (11.6% in situ, 42.7% local, 37.6% regional, 6.1%
distant, and 2.0% unstaged). Over the 20-year study period, joinpoint regression models revealed little
change in the rates of in situ, local, and regional stage breast cancer (Figure 5.1). However, distant
disease incidence significantly increased by an average of 3.2% annually while the rate of unstaged
disease decreased dramatically by 6.8% per year. Comparing trends by race revealed that incidence of
in situ disease increased for black but not white women (p=0.03; black AAPC=3.0%, 95% CI=0.5,
5.7; white AAPC=0.7, 95% CI=-0.0, 1.5) while regional stage disease showed a significant increase
for white but not black women over time (p=0.005; white AAPC=1.1, 95% CI=0.6, 1.5; black
AAPC=-0.4, 95% Cl=-1.1, 0.3). Distant stage breast cancer increased similarly across race (p=0.5;
black AAPC=3.8, 95% CI=2.0, 5.5; white AAPC=3.4, 95% CI=2.5, 4.2) while unstaged disease
showed marked declines over time for both races (p=0.4; black AAPC=-8.1, 95% CI=-10.7, -5.5;
white AAPC=-5.8, 95% CI1=-8.5, -3.1). Local disease incidence did not change significantly
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according to race (p=0.06; black AAPC=-0.3, 95% CIl=-1.1, 0.4; white AAPC=0.1, 95% CI=-0.3,
0.4).

5.3.2 Temporal incidence trends suggest increasing frequency of favorable tumor biological
characteristics

To evaluate the “biological shift” hypothesis, we examined temporal trends in breast cancer
incidence according to tumor characteristics and found that breast cancers among young women
shifted toward more favorable prognostic features over time (Table 1). Rates of ER and PR positive
disease increased significantly by 3.2% and 2.5% per year, respectively, while the incidence of
negative hormone receptor status showed a significant decrease (ER status) or small increase (PR
status) over time. Similarly, the rate of low grade tumors strongly increased over the study period
compared to attenuated positive trends for moderate and high grade disease. Only tumor size showed
a shift to less favorable disease features, with incidence of larger tumors >2cm significantly
increasing over time by 1.7% per year and no change in smaller tumors. However, ascertainment of
all tumor characteristics dramatically improved from 1992-2011, as the rate of missing data for each
characteristic decreased with AAPCs of considerably higher magnitude than any of the changes in
nonmissing disease categories. Unknown ER and PR status showed the strongest declines, with
AAPCs of over 10% over the study period, while rates of unknown grade and tumor size status also
decreased substantially by an average of 8.7% and 4.2% per year, respectively. Stratification by race
did not reveal differences in incidence trends between white and black women for any of the tumor
characteristics, except tumor size which showed a slight but significantly stronger increase in the rate
of larger tumors for white compared to black women (p=0.05; white AAPC=1.9, 95% CI=1.5, 2.4,
black AAPC=1.1, 95% CI=0.3, 1.8) (results not shown).

We investigated whether observed incidence trends for tumor characteristics differed when
restricting to young women with distant disease. As shown in Table 1, strong increases in the
incidence rates of both favorable and poor prognostic tumor features were evident for ER and PR
status as well as grade, though the rates of positive change for favorable characteristics (ER positive,
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PR positive, and low/moderate grade) were substantially larger than for less favorable features.
However, the rates of unknown tumor characteristics showed significant declines for all three factors,
particularly for ER and PR status which showed negative AAPCs of 9.5% and 11.2%, respectively,
while unknown grade declined at a more modest but significant rate of 2.6% per year. In contrast,
patterns for tumor size among young women with distant disease showed no temporal changes for
smaller tumors <2cm or unknown tumor status, although larger tumors >2cm significantly increased
by an average of 3.3% annually.

5.3.3 Missing data contribute to biased incidence trends among young women

The dramatic declines in the rates of missing data over time for stage at diagnosis and all
tumor characteristics prompted an investigation into the level of potential bias that missing data
contributes to observed temporal incidence trends. Women with unstaged breast cancer tended to be
black race (p=0.01) and very slightly younger (p<0.0001) than women who were staged at diagnosis
(Table 2). Additionally, unstaged women were significantly more likely to have larger tumors
(p=0.004) with slightly increased ER positive disease (p=0.08), and were also highly likely to have
missing data for other tumor characteristics as well (p<0.0001). However, we examined factors
associated with unstaged disease in the earliest (1992-1996) and latest (2007-2011) five years of our
study period to assess differences in missingness across time, and found that race was the only factor
that significantly differed by stage status for the earliest cases (p=0.003). In contrast, the most recent
unstaged cases were more likely to differ based on disease characteristics, including increased ER
negative (p=0.003) and low grade disease (p=0.02). With regard to other tumor characteristics, mean
age and race were not associated with unknown status for any factors other than tumor size, for which
black women were significantly more likely to have missing data (p=0.04; results not shown).

To evaluate how improving ascertainment of tumor characteristics over time impacted
temporal incidence trends, we excluded cases with missing data and examined the frequency
distribution of young breast cancer cases over time with respect to each tumor characteristic. We
found that the percent of breast cancer cases with more favorable tumor characteristics (specifically
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ER/PR positive and low grade disease) increased significantly from 1992-2011, while the percent of
cases with less favorable characteristics (ER/PR negative and high grade disease) decreased
significantly over time (Table 3). Only tumor size showed an increase in less favorable disease over
the study period, in that the percent of cases with larger tumor size >2cm showed a small but
significant increase in frequency of 0.9% per year while smaller tumors declined significantly by
1.4% per year. Comparing temporal trends in the incidence rate (Table 1) and frequency (Table 3)
showed that temporal trends were more pronounced when evaluating rates, and were attenuated or
even reversed when considering frequencies.

These analyses were conducted among all women, so we also examined changes among
women with distant disease (Table 3). We observed a significant decrease in the percent of cases with
ER negative and high grade disease while the percent of cases with ER positive and low/moderate
disease significantly increased. PR positive status appeared to increase, though not significantly. The
distribution of small and larger tumor sizes did not significantly change over the study period. Figure
5.2 illustrates incidence rates (panel A) and the distribution of ER status (panel B) among cases with
distant disease over time, showing equivalence at approximately 50% for both ER positive and
negative disease until 2001 when ER negative disease began to decrease, coinciding with lower rates
of cases with unknown ER status. In comparison with Figure 5.2A, ER negative breast cancer showed
slightly increasing rates over time that reversed to declines when frequency was assessed (Figure
5.2B).

5.3.4 Imaging technology use significantly increased over time and in association with tumor
characteristics

Evaluating the “stage migration” hypothesis revealed strongly increased use of imaging
technology from 1992-2011 in SEER-Medicare (Figure 5.3). The percent of Medicare women
receiving any imaging within 2 months prior and 4 months following their breast cancer diagnosis
significantly increased by an average of 1.4% (95% CI=0.5, 2.2) per year over the study period, with
the strongest increases occurring after 1998. After stratifying by imaging type, the use of PET and
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MRI scans dramatically increased over time, with the percent of cases receiving those imaging
technologies increasing by 72.5% (95% CI1=56.9, 88.6) and 13.7% (95% CIl=11.1, 16.3) per year,
respectively. The use of CT scans also significantly increased during this time period, though more
gradually at 2.9% (95% CI=2.3, 3.6) per year. In contrast, the use of bone scans significantly
decreased from 1992-2011 at a rate of 4.9% (95% CI=-5.9, -3.8) per year.

Logistic regression analyses revealed significant associations between imaging use and all
tumor characteristics, with less favorable tumor characteristics being associated with increased
imaging use (Table 4). A diagnosis of distant stage disease was most strongly associated with
imaging use, with distant stage cases being 14.8 times more likely to receive imaging than women
with local disease. Imaged cases were also more likely to have ER and PR negative disease as well as
high grade and larger tumors. Additionally, imaged cases were less likely to have missing data for
stage at diagnosis and all tumor characteristics.

5.4 Discussion

From 1992-2011 in the SEER 13 registries, the incidence of distant stage breast cancer
increased by 3.2% per year among young women <40 years, consistent with another recent report(4).
Over this time period, we observed a shift to more favorable tumor characteristics and dramatic
declines in the rates of missing data, suggesting that the rise in distant disease may not be attributable
to increasing aggressive breast tumor biology. Additionally, investigating temporal diagnostic
imaging patterns among older women >65 years revealed considerable increases in the use of PET,
MRI, and CT scans over time, indicating that stage migration via imaging use may have contributed
to shifting incidence trends.

While initial analyses of temporal trends in tumor characteristics suggested significant
increases in poor prognostic features among young women with distant disease (including ER and PR
negativity, high grade, and larger tumor size >2cm), the substantial reductions in the rates of
unknown disease status over time confound interpretation. Indeed, among young women with distant
disease, the incidence of all nonmissing tumor categories increased over the study period, indicating
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that longitudinal incidence rates were impacted by a redistribution of cases as ascertainment of
missing tumor characteristics improved over time. We found that the distribution of young distant
stage breast cancer cases with known tumor status trended toward more favorable characteristics over
time, with the percent of cases having poor prognostic factors reversing the initial positive trend to
show significant declines or no change over time for all characteristics. Others have reported similar
patterns in the incidence of hormone receptor status, observing increased ER positive disease and
decreased or stable ER negative disease for breast cancer cases of all ages, including young women
<40 years(21, 64, 124). Johnson et al.(125) identified stronger increases in ER positive disease over
time among young women with distant stage disease, but mixed results for ER negative disease in
that ER-/PR+ disease significantly declined while ER-/PR- disease showed a small but significant
increase over time. Studies investigating temporal trends in tumor grade and size have been less
common, with one study identifying rising incidence rates for both low and high grade tumors among
young women with a correspondingly large decrease in missing data(21). Others observed increasing
incidence of smaller but not larger tumors among women over age 40 years(121), contrasting with
our findings among young women. Taken together, these results provide little evidence for the
biological shift hypothesis, suggesting that temporal trends in aggressive breast tumor characteristics
do not explain the recent rise in distant breast cancer.

Several studies evaluating incidence trends of breast tumor characteristics have used
imputation methods(64, 102, 103, 124-126) to address any bias induced by the substantial changes in
missing data over time. These authors have demonstrated that approximately 78% of breast cancer
cases with missing data were identified as ER positive after imputation, and imputed incidence trends
revealed marked declines in the rate of ER negative compared to ER positive disease that were not
previously observed in with non-imputed data(102, 103). Our findings support these conclusions, as
the distribution of ER status over time has trended toward ER positivity, and underscore the need for

careful interpretation of trends in longitudinal studies of breast cancer incidence.
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We observed dramatic shifts in the use of imaging technologies over time among in SEER-
Medicare, with the strongest increases occurring for PET and MRI scans. Only bone scans showed a
decrease in use from 1992-2011, particularly after 2001 as the rates of other imaging technologies
increased. These trends coincide with increased Medicare coverage of PET and advanced imaging for
breast cancer staging and highlight the shift to PET, MRI, and CT technologies, rather than bone
scans, as the standard of care for identifying advanced stage cancers given improved sensitivity for
diagnosing distant metastases(127-129). Increased use of PET imaging has been shown to cause stage
migration and inflated distant disease trends in studies of lung cancer incidence patterns(66-69),
though limited availability of large administrative healthcare databases linked to cancer populations
has hampered evaluating patterns in younger breast cancer populations. Another recent study
conducted within SEER-Medicare observed increased imaging among women with early stage breast
cancer, but did not consider imaging in relation to distant stage disease(130). Other studies have
found mixed evidence of stage migration in breast cancer incidence trends among young women,
using quantitative comparisons of stage-specific incidence rate trends to assess whether stage shifts
have occurred between regional and distant disease over time(4, 122). Evaluating whether survival
has improved over time for cases presenting with distant and regional stage disease may clarify the
impact of stage migration on the burden of advanced stage breast cancer among young women.

We identified significant associations between imaging use and distant stage as well as
aggressive tumor characteristics, suggesting that clinical recommendations for diagnostic imaging
technology are strongly related to disease characteristics at diagnosis. Given that young women <40
have a higher frequency of aggressive breast cancers, it is possible that these associations would be
stronger in a younger population and prompt greater use of imaging in this demographic. Two recent
studies reported that rates of imaging technology use at the time of breast cancer diagnosis were
highest among young women(95, 131), with one estimating that imaging use among young women
<40 years of age was approximately double the rate among elderly women eligible for Medicare
(21% vs. 10%, respectively)(95). These results suggest that our estimates of imaging technology use
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among SEER-Medicare cases are likely attenuated compared to those among younger women, and
thus our findings may have underestimated the role of imaging use in shaping stage-specific
incidence trends among young women over time.

Our results should be considered in light of some limitations. While we sought to clarify the
possible impacts of missing data on stage-specific trends and evaluate factors associated with
missingness over time, our assessment of missing data was indirect and there may be an unknown
pattern of bias. Additionally, our assessment of imaging use in our SEER-Medicare population may
have included imaging that was received for reasons unrelated to breast cancer staging, and it is
possible that some imaging data were missing from the Medicare claims. However, expensive
healthcare services such as the imaging technologies we evaluated are likely to be well-represented in
healthcare utilization data sources, and the lengthy staging process for many cases necessitates an
imaging assessment period of at least several months(57, 96, 97). Finally, because we used imaging
data from older women, we were unable to directly assess the extent of imaging use in the SEER
population of young women <40 years, and we cannot directly determine whether stage migration via
imaging use has impacted the rise in distant breast cancer in the SEER 13 program. While our use of
SEER-Medicare data enabled the identification of imaging patterns in a national population of breast
cancer cases, additional linkages of administrative healthcare databases to longitudinal cancer
populations with representation of younger women are needed to assess the role of imaging on stage
migration in incidence trends among young women.

5.5 Conclusion

In summary, we found little evidence to suggest that breast cancers among young women <40
years have become more aggressive from 1992-2011, and our findings do not support the hypothesis
that shifting breast cancer biology has contributed to the rise in distant stage disease among young
U.S. women. Shifting patterns in missing data within SEER have likely biased incidence trends
according to stage and tumor characteristics, necessitating caution when interpreting potential causes
and impacts of breast cancer incidence trends. Our findings suggest that stage migration via increased
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diagnostic imaging use may have contributed to rising rates of distant breast cancer among young

women.
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Table 5.1. Average annual percent change (AAPC) estimates and 95% Cls for incidence of breast
tumor characteristics among young women <40 years overall and with distant stage at diagnosis,

1992-2011.
All stages Distant
ER status
Positive 3.2(2.8,3.7) 8.2(7.0,9.4)
Negative  -0.9(-1.8,-0.1) 3.8(2.3,5.2)
Unknown -10.6 (-12.0, -9.1) -9.5 (-12.0, -6.9)
PR status
Positive 2.5(2.0,3.0) 7.5(6.0,9.1)
Negative 1.1(0.3,1.9) 54 (3.8,7.1)
Unknown -10.6 (-11.9, -9.3) -11.2 (-15.0, -7.1)
Grade
Low 4.2 (2.9,5.6) 9.5 (7.5, 11.5)
Moderate 2.1(1.8,2.5)
High 1.5(0.7,2.3) 3.7(2.9,4.4)
Unknown -8.5(-10.1, -6.9) -2.6 (-4.6, -0.5)
Tumor size
<2cm  -0.3(-1.2,0.6) 1.5(-4.2,7.5)
>2.cm 1.7 (1.3,2.1) 3.3(2.4,4.1)
Unknown  -4.3(-5.1,-3.4) 1.5(-0.2, 3.3)

dcombined low/moderate grade due to small sample size.
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1.

Table 5.2. Descriptive statistics for young women <40 years with unstaged disease, overall and for early and more recent diagnosis years,
SEER 13 program, 1992-2011.

All years 1992-1996 2007-2011
Staged Unstaged  X? p-value Staged Unstaged  X? p-value Staged Unstaged X2 p-value
Mean age (SE)  35.1(0.02)  34.1(0.18) <0.0001%
Race
White 21,298 (72.0) 409 (70.6) 0.01 5,387 (74.5) 159 (67.7)  0.003 5,049 (69.3) 54 (70.1) 0.6
Black 4,221 (14.3) 105 (18.1) 1,029 (14.2) 52 (22.1) 1,041 (14.3) 13 (16.9)
Other  4,072(13.8) 65 (11.2) 818 (11.3)  24(10.2) 1,198 (16.4) b
Unknown 202 35 45 16 78 b
ER status
Positive 14,443 (62.5) 101 (70.0) 0.08 2,936 (56.8) 28 (60.9) 0.6 4,366 (69.5) b 0.003
Negative 8,661 (37.5) 44 (30.3) 2,234 (432)  18(39.1) 1,913 (30.5) 30 (90.9)
Unknown 3,152 469 1,308 205 213 52
PR status
Positive 12,945 (56.7) 85 (60.3) 0.4 2,818 (55.8) 24 (55.8) 1.0 3,758 (60.0) 22 (68.7) 0.3
Negative 9,878 (43.3) 56 (39.7) 2,235 (44.2) 19 (44.2) 2,503 (40.0) b
Unknown 3,433 473 1,425 208 231 53
Grade
Low 1,698 (7.4) 19 (8.7) 0.5 297 (6.0) b 0.1 516 (8.4) b 0.02
Moderate 7,573 (32.8) 64 (29.4) 1,643 (33.0) 18 (22.5) 2,136 (34.9) 13 (38.2)
High 13,814 (59.8) 135 (61.9) 3,036 (61.0) 57 (71.3) 3,465 (56.6) 14 (41.2)
Unknown 2,439 385 1,217 164 309 50
Tumor size
<2cm 11,307 (45.9) 44 (33.3) 0.004 2,875 (48.3)  23(39.7) 0.2 2,535 (41.1) b 0.4
>2cm 13,333 (54.1) 88 (66.7) 3,078 (51.7) 35 (60.3) 3,637 (58.9) 11 (68.8)
Unknown 1,436 481 485 192 280 69

¥p-value obtained from linear regression analysis.
b. Cell sizes <11 persons were suppressed to maintain confidentiality.



Table 5.3. Average annual percent change (AAPC) estimates and 95% Cls for the distribution of
breast tumor characteristics among young women <40 years, overall and with distant stage at
diagnosis, 1992-2011.

All stages Distant
ER status
Positive  1.5(1.1,1.9) 1.9(1.0,2.7)
Negative -2.7 (-3.4,-1.9) -2.2 (-3.8, -0.6)
PR status

Positive  0.5(0.1, 1.0) 1.1 (-0.3, 2.5)
Negative -0.7 (-1.3,-0.1) -1.0(-2.2,0.2)
Grade
Low 25(1.4,3.6) 4.4 (2.7, 6.0
Moderate 0.4 (-0.3, 1.1)
High -0.5(-0.7, -0.3) -1.1(-1.7,-0.5)
Tumor size
<2cm -1.4(-2.1,-0.7) -1.2(-3.7,1.4)
>2cm 0.9 (04,1.4) 0.2(-0.7,1.2)
dcombined low/moderate grade due to small sample size.
All cases with missing data for a given characteristic are excluded.
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Table 5.4. Tumor characteristics associated with imaging technology use among women >635 years of

age, SEER-Medicare 13 program, 1992-2011.

Not imaged Imaged
(N=34,872) (N=30,585) OR (95% CI)*
Stage at diagnosis
Insitu 6,929 (20.3) 2,597 (8.6) 0.49 (0.47,0.52
Localized 22,065 (64.6) 15,833 (52.6) 1.0
Regional 4,965 (14.5) 9,483 (31.5) 2.70(2.59, 2.81)
Distant 212 (0.6) 2,171 (7.2) 14.8(12.9,17.1)
Unstaged 701 501
ER status
Positive (ref) 22,067 (85.7) 20,978 (81.9) 1.0
Negative 3,694 (14.3) 4,628 (18.1) 1.30(1.24,1.37)
Unknown 9,111 4,979
PR status
Positive (ref) 18,519 (53.1) 7,863 (31.1) 1.0
Negative 6,762 (19.4) 17,384 (68.9) 1.24 (1.20, 1.29)
Unknown 9,591 5,338
Grade
Low (ref) 7,013 (25.0) 5,281 (20.3) 1.0
Moderate 12,787 (45.6) 11,414 (43.8) 1.19(1.14,1.25)
High 8,245 (29.4) 9,377 (36.0) 1.52(1.45, 1.59)
Unknown 6,827 4,513
Tumor size
<2 cm (ref) 22,963 (73.7) 16,281 (58.4) 1.0
>2cm 8,213 (26.3) 11,587 (41.6) 2.12 (2.05, 2.20)
Unknown 3,696 2,717

4adjusted for age at diagnosis.
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Table 5.5. Current Procedural Terminology (CPT) and Healthcare Common Procedure Coding
System (HCPCS) codes defining diagnostic imaging technology use.

Imaging Technology Category CPT/HCPCS Codes
CT Brain/Head 70450-70492
Breast/Chest ~ 72125-72133
Abdomen 71250-71270, 72192-72194, 74150-74170, 74176-74178
Bone 73200-73202, 73700-73702
Body 76380, 76497
PET Bod 78608, 78609, 78810-78816, G0125, G0126, G0165, G0210-
y G0228, G0231-G0235, G0252-G0254, G0296, G0330, G0331
MRI Brain/Head 70336, 70540, 70542, 70543, 70551-70553, 70557-70559
Breast/Chest 71550-71552, 75552, 75553, 75557, 75561, 76093, 76094,
77058, 77059, C8903-C8908
Abdomen 72195-72197, 74181-74183
Bone 72141, 72142, 72146-72149, 72156-72158, 73218-73223,
73718-73723
Body 76498
Bone scan 76400, 78800-78804, 78102-78104, 78300-78320, 78399,
Bone/Body

(nuclear medicine)

78999
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Figure 5.1. Breast cancer incidence among women <40 years by SEER historic stage, SEER 13
program, 1992-2011.
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Figure 5.2. Distant breast cancer incidence among women <40 years according to ER status, SEER 13 program, 1992-2011.
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Figure 5.3. Diagnostic imaging use among older breast cancer patients >65 years in the SEER-
Medicare 13 program, 1992-2011.
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CHAPTER 6: DISCUSSION

6.1 Summary of findings

The aims of this dissertation were (1) to examine the biology and epidemiology of breast
cancers among premenopausal young (<40 years) black women and (2) to evaluate whether shifts in
breast cancer biology and/or stage migration due to increased imaging use have contributed to the rise
in distant stage breast cancer among young women in the U.S. First, using data from the AMBER
Consortium, one of the largest studies of breast cancer epidemiology among black women to date, we
found that young-onset breast cancers showed more aggressive tumor characteristic patterns than
older-onset tumors. Specifically, young women tended to have increased ER and PR negativity,
triple-negative subtype, higher grade, larger tumor size, and more advanced stage at diagnosis than
older women, suggesting that young-onset breast cancers have a distinct, poorer-prognostic biology
compared to older-onset disease. Additionally, we observed evidence of distinct breast cancer
etiology according to age at diagnosis, with young women showing stronger risk associations with
family history of breast cancer and waist-to-hip ratio as well as a protective association for
breastfeeding compared to older women. These etiologic patterns were strongest when assessing age
differences using the youngest cutpoint (<40 years) compared to older cutpoints of 45 and 50 years of
age, highlighting that etiologic differences appear to be most pronounced when comparing the
youngest women to older women. Increasing breastfeeding and reducing abdominal adiposity and
oral contraceptive use were identified as potentially modifiable targets for intervention against young-
onset disease among premenopausal black women.

Second, we used SEER and SEER-Medicare linked data to examine trends in young-onset
breast cancer incidence, tumor biological characteristics, and diagnostic imaging use from 1992-2011.

Among women <40 years of age, distant stage breast cancer incidence rates increased over time while
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the rate of unstaged breast cancers markedly declined. Ascertainment of breast tumor characteristics
also dramatically improved over time, with significant decreases in the rates of missing data for all
tumor characteristics. We found evidence of a shift to more favorable breast tumor characteristics
among young women since 1992, with the percent of cases with ER and PR negative as well as low
grade disease increasing significantly over time while ER/PR negative and high grade disease
significantly decreased. These trends were strongest when restricting to young women with distant
stage disease, suggesting that the “biological shift” hypothesis has not contributed to rising distant
breast cancer incidence rates. However, we observed significantly increased use of diagnostic
imaging from 1992-2011, particularly PET and MRI scans, among Medicare-eligible SEER breast
cancer cases, and imaging use was significantly associated with distant stage at diagnosis as well as
poorer-prognostic tumor characteristics. Our work suggests that stage migration via increased
imaging use may have contributed to rising rates of distant stage breast cancer among young women.
6.2 The roles of biology, etiology, and technology in young women’s breast cancer

Among young, premenopausal black women <40 years, breast tumor biology showed a clear
pattern of more aggressive disease characteristics compared to older-onset disease. This finding is
consistent with other population-based studies of young women’s breast cancer(8, 21-23, 27, 48-53,
57, 88, 105), supporting the hypothesis that breast cancers among young women <40 years are
biologically distinct from those among older women. Interestingly, our evaluation of temporal trends
in breast tumor characteristics in the SEER program did not reveal any evidence of increasing
aggressive breast cancer biology from 1992-2011, but rather showed that young women’s breast
cancer may be shifting toward more favorable disease features that are more common among older
women. This result is counter to our “biological shift” hypothesis, and suggests that, while young
women appear to have distinct and aggressive tumor biology patterns compared to older women,
young-onset disease in the U.S. may be changing in a positive direction over time.

It is possible that the temporal shift to more favorable tumor biological characteristics among
young women may be explained in part by changing patterns of breast cancer risk factor exposure. In
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the first aim of this dissertation, we showed evidence of different breast cancer etiologic patterns
according to age at diagnosis, particularly for body size and reproductive exposures. It is well-
established that rates of obesity have increased over the past several decades in the U.S.(132-134),
and work conducted using the National Health and Nutrition Examination Survey (NHANES) has
identified increasing rates of breastfeeding from 1993 to 2006, particularly among black women(135).
We observed that these risk factors were associated with young women’s breast cancer in contrasting
ways, with adiposity increasing the odds of young-onset disease and breastfeeding having a protective
effect. Others have also shown that these factors are differentially associated with aggressive breast
cancer subtypes, in that obesity increases risk of basal-like subtype among young women while
breastfeeding may be protective(17-19). Given that we did not observe an increase in aggressive
disease characteristics among women with distant breast cancer, it is unlikely that changing risk
factor patterns are responsible for increasing rates of distant disease at diagnosis. However, temporal
shifts in exposures such as adiposity and breastfeeding may be contributing to an increase in more
favorable disease characteristics over our study period, highlighting their potential as intervention
factors to reduce the burden of young women’s breast cancer in the U.S.

We identified that the changing use of diagnostic imaging technologies represents the most
plausible explanation for the increasing trend in distant breast cancer incidence rates among young
women. The dramatic increase in the percent of breast cancer cases receiving imaging use from 1992-
2011 and the strong association between imaging and stage at diagnosis suggest that more women are
receiving diagnostic imaging technologies in connection with their breast cancer diagnosis,
particularly those with advanced stage disease. While we were unable to directly assess imaging
patterns among young women <40 years, other work has reported higher rates of diagnostic imaging
among young compared to older women(95, 131). These usage patterns may be a response to the fact
that young women <40 years tend to have more advanced stage at diagnosis, as young women are not
recommended to receive regular mammaographic screening and thereby rely on clinical and self-
detection methods(29, 31). Our work reveals that the rise in distant stage breast cancer among young
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women may be a beneficial phenomenon, reflecting the use of improved and more accurate staging
practices over time. Temporal changes in breast cancer incidence patterns may not be related to
etiologic shifts requiring intervention, and cautious interpretation is warranted to prevent undue
concern.

6.3 Significance

This dissertation addressed two important gaps in epidemiologic research regarding young
women’s breast cancer, characterizing the epidemiology of breast cancer among young black women
and evaluating hypotheses for the rise in young-onset distant stage breast cancer in the U.S. Using the
largest and most comprehensive data programs to date, the AMBER Consortium and the SEER and
SEER-Medicare cancer registries, this research provides much-needed insight into the biology and
etiology of young black women'’s breast cancer and clarifies the public health impact of shifting
breast cancer incidence trends among young women.

Our findings demonstrate that young black women are significantly more likely to have
breast cancers with poorer-prognostic characteristics, underscoring the need for effective
interventions to reduce the burden of breast cancer in this demographic. We identified a specific
pattern of modifiable factors that could be targeted to decrease the risk of young-onset breast cancers
among black women, including promoting breastfeeding and reducing both abdominal adiposity and
the use of oral contraceptives. Additionally, these etiologic differences did not differ by ER status,
suggesting that interventions targeting young women may protect against young-onset disease across
tumor subtypes. This research represents one of the largest epidemiologic studies of breast cancer
among young black women to date and provides key insight into the biologic and etiologic features
that distinguish young-onset disease from that of older-onset breast cancers.

Additionally, this dissertation is the first investigation of two competing hypotheses for the
observed rise in distant breast cancer incidence rates among young women from 1992-2011. By
evaluating temporal trends in both breast cancer tumor characteristics and diagnostic imaging use,
this research provided a comprehensive analysis of the most plausible contributors to shifting distant
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disease incidence trends. Our work identifies that imaging use increased dramatically from 1992-2011
while breast tumor characteristics showed correspondingly small incidence shifts to more favorable
disease features, and stage migration due to improved imaging use should be considered as a key
contributor to distant breast cancer incidence patterns among young women. This research
underscores the importance of evaluating contrasting reasons for shifting temporal incidence trends
and asserts that increasing rates of distant breast cancer among young women may be a beneficial
result of more accurate staging practices over time.

6.4 Future Directions

In this dissertation, we identified potentially modifiable risk factors associated with breast
cancer among young black women. While large epidemiologic studies of breast cancer with sufficient
representation of young and black women are rare, increased attention to this at-risk demographic
would enable validation of our findings in other study populations. Only one known prospective
cohort study to date, the Black Women’s Health Study(108), has evaluated risk factors associated
with incidence of young-onset disease, and this study was included within the AMBER Consortium.
Future prospective epidemiologic work in other study populations would improve understanding
regarding the impact of these factors and associated interventions on the risk of young-onset breast
cancer.

We found little evidence that the biology of young-onset breast cancers changed over time
within the SEER 13 program; however, we posited that temporal trends in risk factor exposure may
have shifted over time in ways that influence breast cancer incidence patterns among young women.
In our study, abdominal adiposity and oral contraceptive use were associated with increased odds of
young-onset breast cancer, while breastfeeding was protective. Increasing rates of obesity, hormone
use, and breastfeeding behaviors over time could impact patterns in breast tumorigenesis and
progression, resulting in a temporal shift in breast cancer incidence. Furthermore, evidence suggests
that these factors are differentially associated with breast tumor subtypes(17-19), thus potentially
influencing trends in tumor biological features as well. Due to the nature of longitudinal studies and
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the need for existing data extending back to the 1990s, epidemiologic studies of temporal patterns in
etiologic factors have been rare. However, future studies examining demographic and risk factor data
over time within the NHANES program and other longitudinal data programs may reveal connections
between shifting etiologic factors and cancer incidence trends.

Finally, our work identifies that stage migration resulting from increased imaging use may
have contributed to shifting distant breast cancer incidence trends among young women. We
evaluated this hypothesis by examining longitudinal trends in the use of four major diagnostic
imaging technologies used for breast cancer staging (i.e., PET, MRI, CT, and bone scans) and found
dramatic changes in imaging use since 1992. Under the stage migration hypothesis, the use of
imaging would result in improved identification of distant metastases at time of diagnosis; therefore,
young breast cancer cases receiving imaging would be accurately classified as having distant stage
rather than regional stage at diagnosis. This reclassification of cases would increase the incidence of
distant disease while improving disease prognosis due to the earlier identification of metastases.
Future studies examining longitudinal trends in stage-specific breast cancer survival among young
women would further clarify the role of stage migration, as survival would be expected to improve
among both distant and regional stage cases over time. Additionally, evaluating whether stage-
specific incidence rates have changed among young women according to imaging status would enable
a direct assessment of the association between imaging use and incidence trends in young-onset
distant stage breast cancer.

6.5 Conclusions

In conclusion, this dissertation examined the ways in which breast cancer biology and
etiology differ according to age at diagnosis among black women and addressed possible underlying
causes for the recent rise in distant breast cancer incidence among young women <40 years of age.
We identified potentially modifiable targets for the prevention of breast cancers among young black
women, a key demographic at risk for aggressive, advanced stage disease and higher mortality.
Additionally, this work included a novel and thorough evaluation of the most credible contributors to
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the rise in young-onset distant breast cancer from 1992-2011, considering the roles of shifting breast
cancer biology and diagnostic imaging use patterns over time. We clarified the public health impact
of observed incidence trends, identifying stage migration and sharply decreasing rates of missing data
as key factors that may explain the rise in distant disease among young women. This work highlights
the need for cautious interpretation of longitudinal cancer incidence patterns, as shifting trends may

not be related to disease etiology.
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