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Abstract
Purpose—This study examines the factors distinguishing breast cancer (BC) subtypes.

Methods—We examined subtypes in 629 women with invasive BC, diagnosed from 2006-2012
and enrolled in an epidemiological study in New Jersey. Using molecular characteristics from
pathology reports, BCs were categorized as luminal A, luminal B, non-luminal HER2-expressing,
or triple-negative breast cancer [TNBC] subtypes. Multinomial logistic models (luminal A as
referent) were used to describe BC subtype associations.

Results—Women with luminal B tumors were more likely to be younger at diagnosis (Odds
ratio [OR] 1.8, 95% confidence interval [CI] 1.0-3.4) and to have higher grade (OR 2.6, 95% CI
1.5-4.7), larger (OR 1.9, 95% CI 1.0-3.6), and Ki67 positive tumors (OR 2.1, 95% CI 1.1-4.0).
Women with non-luminal HER2-expressing BCs were more likely to have higher grade tumors
(OR 14.5, 95% CI 5.3-39.7). Women with TNBCs were more likely to be African American (OR
1.9, 95% CI 1.0-3.4) and to have higher grade (Or 9.7, 95% CI 5.1-18.4), larger (OR 2.2, 95% ClI
1.0-4.8), and Ki67 positive (OR 2.9, 95% CI 1.6-5.2) tumors. Notably, compared to the luminal A
subtype, luminal B, non-luminal HER2-expressing and triple-negative subtypes were more
frequently self-detected; however, these associations were attenuated in multivariable models.
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Conclusions—These findings suggest that some BC subtypes were associated with features
denoting more aggressive phenotypes, namely higher grade, larger size, and Ki67 positivity, and
possibly patient self-detection among some women. These findings highlight a need for enhanced
screening, particularly among younger women, racial/ethnic minorities and lower socioeconomic
subgroups.
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Introduction

Breast cancer (BC) exists as several heterogeneous subtypes, based on global gene
expression patterns [1-5] and/or clinical approximation using molecular expression patterns
(immunohistochemistry [IHC]) [6-8], with differing distributions, risk factors, tumor
behaviors and clinical outcomes [9,5,10-14]. Based on gene expression profiles, at least four
intrinsic subtypes of BC have been identified, including luminal A, luminal B, HER2-
enriched and basal-like, as well as a normal breast-like type [1,2]. Although gene expression
profiling is the gold standard for BC subtyping, data have indicated that IHC expression
patterns of the estrogen receptor (ER), progesterone receptor (PR), and human epidermal
growth factor receptor 2 (HER?2) are fairly concordant with gene expression profiles and
have substantial clinical utility [9,3]. BCs that are clinically defined as ER*/PR*/HER2™
approximate the luminal A subtype. The luminal B subtype include BCs that are categorized
as having lower expression of ER and/or PR compared to the luminal A, increased growth
factor receptor expression, increased Ki67 expression, and tend to be HER2 positive (with
positive HER2 amplification and IHC expression levels in approximately 20% of tumors)
[15-18]. HER2-positive cancers are similarly complex in that they may be of the luminal
(i.e., ER*/PR™) or non-luminal (ER™/PR™) type; there is evidence to suggest these are
clinically and biologically distinct [19]. While some studies have used the terms basal-like
subtype (characterized as ER/PR™/HER2™, cytokeratin [CK] 5/6 positivity, and/or
epidermal growth factor receptor [EGFR] positivity) and “triple-negative breast cancer”
(TNBC) interchangeably, evidence has shown that although most TNBCs are basal-like, up
to 20-30% of them are not; additionally, not all basal-like BCs are TNBCs [20-22]. For
simplicity, herein, we define TNBCs as ER™/PR™/HER2™, based only on IHC expression of
these receptors.

Recent Surveillance, Epidemiology, and End Results (SEER) data has shown that, among
incident BC cases in the U.S., the luminal A subtype is predominant (72%), followed by
TNBC (12.2%), ER*/PR*/HER2* (10.3%), and ER™/PR™/HER2* (4.6%) [11]. The
aforementioned study [11] and others [9,12,10,5] support marked differences in BC subtype
distributions by age, race, socioeconomic status (SES), and BC stage and grade. These
studies have demonstrated that BC subtypes exhibiting more aggressive phenotypes are
more frequently diagnosed among African American than white women, and that this is
particularly true among women diagnosed at younger ages (<50 years). For example,
African American women have twice the odds of being diagnosed with TNBCs than whites
and TNBCs have about 20 times the odds of being high grade (compared to luminal A BCs)
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[9,5,11,12,10]. The HER2-expressing subtypes are also associated with presenting more
aggressive phenotypes. Compared to the luminal A subtype, the HER2-expressing subtypes
are associated with substantially increased odds of advanced stage and higher grade
[11,9,23]. Relatedly, it is clear that compared to whites, African Americans and other racial/
ethnic minorities have increased risk of BC mortality, which may be related to differences in
subtype incidence as well as differences in tumor biology by subtype in these groups [2,24].

The purpose of this study was to examine the associations between sociodemographic
characteristics, clinical and reproductive factors, and clinicopathological tumor features, and
BC subtypes approximated using molecular patterns defined by ER, PR, and HER2. We
focused on factors associated with the HER2-expressing subtypes, luminal B (ER*/PR*/
HER2*) and non-luminal HER2-expressing (ER"/PR™/HER2*), and TNBC (ER/PR™/
HER2™) in comparison to the luminal A subtype. These data would provide insight into
etiological pathways as well as help explain some of the prognostic differences observed
between BC subtypes, likely contributing to our understanding of the causes of disparities in
BC outcomes.

Materials and Methods

Study sample

We conducted case-case analysis of 629 incident, early stage, invasive BC cases diagnosed
in New Jersey, utilizing data collected through interview-administered questionnaires and
abstraction of detailed medical and pathology records. BC cases were participants in the
Breast Cancer Treatment Disparity Study (BCTDS) [25], which was an extension of the
New Jersey site of the Women’s Circle of Health Study (WCHS) [26]. BC cases enrolled in
WCHS included incident BC cases diagnosed in NJ, and: 1) self-identified as African
American or white; 2) 20-75 years of age; 3) able to read and understand English; 4) were
newly diagnosed (within 9 months of study enrollment) with histologically confirmed stage,
I, I1, or T3N1MO BC between 2006-2012; and 3) had no history of cancer except non-
melanoma skin cancer. BC cases were identified through rapid case ascertainment, by New
Jersey State Cancer Registry (NJSCR) staff, from all major hospitals in nine counties:
Bergen, Burlington, Essex, Hudson, Mercer, Middlesex, Monmouth, Passaic, and Union. All
eligible African American cases were identified by the NJSCR and frequency-matched with
white cases by age (5 years) and county of residence. BC cases who agreed to the release
of their medical records were included in BCTDS (approximately 84% of WCHS cases); all
clinicopathological data required for the analysis described herein were available for these
cases.

Verbal consent was obtained by NJSCR staff from identified cases prior to research staff
contact. Written informed consent was obtained from all participants before data collection
and this study was approved by the Institutional Review Board of all participating
institutions.
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Data collection

The data collection methods utilized in this study have been detailed elsewhere [26,27,25].
Briefly, in-depth, in-person interviews were conducted at participants” homes or a mutually
agreed upon location. The survey instrument queried on known and suspected BC risk
factors, including: family history, medical and reproductive history, occupational history,
and other lifestyle factors. Anthropometric measurements were also taken, using
standardized protocols and instruments [27].

For collection of detailed BC diagnosis information, medical records and pathology reports
were obtained for each participant upon consenting to having their medical records released
[25]. Records were obtained from all providers (e.g., primary care physician, and surgical,
medical, and radiation oncologists) and relevant institutions (e.g., hospitals where surgical
procedures were performed) identified by the patient. Diagnostic information and pathology
reports were obtained from one year prior to one year following the initial BC diagnosis.
Trained abstractors reviewed each record, recorded data on a standardized medical records
abstraction form, and entered data into an electronic database. For quality assurance, values
were checked for errors during data entry, and if errors were detected the original abstractor
was contacted with instructions to re-check the medical records/pathology report, allowing
for confirmation of the recorded data.

Classification of breast cancer subtypes

Surrogate classifications, based on IHC expression of estrogen receptor (ER), progesterone
receptor (PR), and overexpression of human epidermal growth factor receptor 2 (HER2; by
IHC and/or FISH), recorded in pathology reports, were used to approximate BCs into four
mutually exclusive subtypes. These subtypes were the following: luminal A (ER* and/or
PR*/HER2"), luminal B (ER* and/or PR*/HER2"), non-luminal HER2-expressing (ER™/
PR™/HER2*), and TNBC (ER™/PR™/HER2").

Statistical analysis

Results

Baseline participant characteristics overall and by BC subtype were described using
frequencies and proportions. Chi-square tests were used to compare sociodemographic,
clinical, reproductive, and tumor characteristics by BC subtype. Multinomial logistic
regression models (with the luminal A subtype as the referent group) were used to estimate
unadjusted and adjusted odds ratios (OR) and 95% confidence intervals (Cl) of the
associations between characteristics of interest and BC subtype. Variables that were
statistically significant in univariate models were included in the multivariable models, to
keep a parsimonious approach for adjustment. All reported P-values are two-sided and P
<0.05 was considered statistically significant. Analyses were performed using SAS (v9.3
SAS Institute, Cary, NC).

In this study of 629 women with early stage, invasive BC (49% African American), luminal
A cancers were the most frequently diagnosed (68.4%), followed by the TNBC (14.5%),
luminal B (11.1%), and non-luminal HER2-expressing (6.0%) subtypes. Sociodemographic
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characteristics of the study sample, overall and by BC subtype, are shown in Table 1. Higher
proportions of luminal A BCs were diagnosed among women age =45 years (84.2%), while
higher proportions of TNBCs were diagnosed among African American women (67.0%) and
among women whose educational attainment was below a college degree (57.1%). Several
striking differences in breast tumor clinicopathological features by subtype were observed
(Table 2). A higher proportion of TNBCs were initially identified through patient self-
detection (60.4%), whereas a higher proportion of luminal A tumors were not patient self-
detected (63.5%; P <0.0001). Luminal A cancers more frequently exhibited
clinicopathological features consistent with a less aggressive phenotype (namely, lower
grade [74.9%], earlier stage [59.8%], smaller size [40.5%], and both p53 [96.5%] and Ki67
[82.3%] negativity) than non-luminal HER2-expressing and TNBC subtypes.

In univariate multinomial logistic regression models where the luminal A subtype was the
referent group (Table 3), women with the luminal B subtype were more likely to be younger
at diagnosis (<45 years; OR 2.1, 95% CI 1.2-3.8), African American (OR 1.9, 95% CI 1.1-
3.1), and premenopausal (OR 1.9, 95% CI 1.1-3.1) and less likely to have non-private health
insurance (OR 0.4, 95% CI 0.2-0.08) and =1 comorbid condition (OR 0.6, 95% CI 0.3-1.0)
relative to women with luminal A tumors. Women with luminal B BC were also more likely
to have tumors that were self-detected (OR 1.8, 95% CI 1.1-3.1), poorly differentiated (OR
3.3, 95% CI 1.9-5.6), higher stage (OR 1.9, 95% CI 1.1-3.2), larger (OR 2.0, 95% CI 1.1-
3.5), Ki67 positive (OR 2.6, 95% CI 1.5-4.5), and had lymphovascular invasion (OR 1.9,
1.1-3.4) compared to luminal A tumors. No sociodemographic, clinical or reproductive
factors were associated with the non-luminal HER2-expressing BC subtype. Women with
the non-luminal HER2-expressing subtype were also more likely to have tumors that were
self-detected (OR 2.4, 95% CI 1.2-4.7), poorly differentiated (OR 16.7, 95% CI 6.7-41.5),
higher stage (OR 2.6, 95% CI 1.3-5.2), larger (OR 2.5, 95% CI 1.1-5.7), p53 positive (OR
3.3, 95% CI 1.0-10.4), and Ki67 positive (OR 2.7, 95% CI 1.33-5.5) compared to the
luminal A subtype. Compared to the luminal A subtype, women with TNBCs were more
likely to be younger at diagnosis (OR 1.7, 95% CI 1.0-2.9), African American (OR 2.7,
95% CI 1.7-4.3), and of lower SES (less than college educated: OR 1.6, 95% CI 1.0-2.7 and
income below the state median of $70,000: OR 1.8, 95% CI 1.1-3.2). Additionally, women
with TNBCs were more likely to have tumors that were self-detected (OR 2.7, 95% CI 1.7—
4.2), poorly differentiated (OR 13.8, 95% CI 7.9-24.4), higher stage (OR 1.8, 95% CI 1.2—
2.9), larger (OR 3.4, 95% CI 1.9-6.2), p53 positive (OR 5.0, 95% CI 2.3-10.8), and Ki67
positive (OR 2.7, 95% CI 1.3-5.5); and were less likely to have a history of benign breast
disease (OR 0.6, 95% CI 0.4-1.0).

In multivariable multinomial logistic regression models (adjusted for all covariates in the
model) where the luminal A subtype was the referent group (Table 4), women with luminal
B cancers were less likely to have less than a college education (OR 0.5, 95% CI 0.3-1.0)
and were more likely to be younger at diagnosis (OR 1.8, 95% CI 1.0-3.4), to have tumors
that were poorly differentiated (OR 2.6, 95% CI 1.4-4.7), larger (OR 1.9, 95% CI 1.0-3.6),
and Ki67 positive (OR 2.3, 95% CI 1.2-4.4). Compared to women with luminal A cancers,
those with the non-luminal HER2-expressing subtype were more likely to have poorly
differentiated tumors (OR 14.5, 95% CI 5.3-39.7), while those with TNBCs were more
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likely to be African American (OR 1.9, 95% CI 1.0-3.4), and to have tumors that were
poorly differentiated (OR 9.7, 95% CI 5.1-18.4), larger (OR 2.2, 95% CI 1.0-4.8), and Ki67
positive (OR 2.9, 95% CI 1.6-5.2).

Discussion

Findings from this study support associations between sociodemographic characteristics and
clinicopathological breast tumor features indicative of more aggressive phenotypes among
luminal B, non-luminal HER2-expressing, and TNBC subtypes as compared to luminal A
tumors, which may increase the odds of patient self-detection. In particular, we observed
that women with luminal B tumors were more likely to be younger age at diagnosis and to
have tumors with higher grade, were larger, and Ki67 positive. Women with the non-luminal
HER2-expressing subtype were more likely to have higher grade tumors. Women with
TNBCs were more likely to be African American and to have tumors that were higher grade,
larger, and Ki67 positive. This study highlights some similarities between non-luminal
HER2-expressing tumors and TNBCs, in terms of prevalence of more aggressive
clinicopathological features and the possibility that these tumors are more frequently self-
detected (i.e., before screening). Furthermore, these data suggest that, as observed among
TNBCs, younger age, African American race, and lower SES may also be predictors of the
non-luminal HER2-expressing subtype.

These findings suggest differences in tumor biology by BC subtype and lend support to
studies demonstrating that BC outcomes may vary markedly by clinicopathological features
[2,24], warranting further exploration of etiological differences, risk factors and prognostic
indicators among subtypes so as to address some of the observed disparities in BC
outcomes. While many epidemiologic studies have focused primarily on the TNBC subtype
as a result of its more (and maybe even most) aggressive nature and limited treatment
options, our study demonstrates that HER2* tumors overall (i.e., both luminal B and non-
luminal HER2-expressing subtypes) may similarly be diagnosed more frequently among
younger women belonging to racial/ethnic minority groups, and exhibit significantly more
aggressive phenotypes than the luminal A subtype. Non-luminal HER2-expressing tumors
particularly, while representing a very small proportion (approximately 6%) of breast tumors
in this and other studies [12,11,9,14,10,5], were significantly associated with poor
differentiation. This finding is consistent with previous studies [10,9,5,11]. The non-luminal
HER2-expressing subtype was also associated with Ki67 positivity, a factor shown to be
associated with higher grade [28]. Evidence also shows that Ki67 expression is highest
among TNBCs, followed by non-luminal HER2-expressing and luminal B subtypes, as well
as with poorer prognosis among early stage BC cases, specifically increased risk of relapse
and mortality [29,30]. Although we observed no significant association between Ki67
positivity and the non-luminal HER2-expressing subtype in multivariable models, a
statistically significant positive association was evident for the luminal B and TNBC
subtypes in the present study. Studies [31-34] have suggested that Ki67 positivity may
reliably predict prognosis in ER-positive tumors, whereas there are little data to support this
association among HER2-positive and ER-negative tumors. Non-luminal HER2-expressing
and TNBC subtypes were also associated with p53 positivity in this study. Although these
associations were attenuated in the multivariable models, these data would be consistent
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with recent studies showing that p53 IHC expression was associated with more aggressive
tumor characteristics, namely higher grade, ER- and PR-negativity, and poorer prognosis
among African American women and those of lower SES [35,36]. It may be that Ki67 and
p53 both contribute to the negative prognostic effect among HER2-expressing and TNBC
subtypes; additional studies examining the clinical utility of these markers as well as the
most clinically relevant cut-off values for these markers are needed to clarify these
relationships.

Notably, findings from this study suggested that patient self-detection was highest among
women with TNBCs, non-luminal HER2-expressing tumors, and luminal B tumors. We
hypothesize that there are differences in tumor biology when comparing BC subtypes, which
potentially translate into differences in the likelihood of patient self-detection. Specifically,
larger tumor size and more noticeable symptoms associated with the more aggressive
subtypes may inherently lead to more frequently self-detected interval tumors (i.e., those
arising within the 12 months following a normal screening mammogram) [37,38] among
TNBCs and HER2-expressing subtypes, which further exacerbate BC outcomes disparities.
Patient self-detection was no longer significantly associated with BC subtype in multivariate
analysis (which included adjustment for SES factors, race and education), suggesting that
the associations with mode of breast tumor detection may have been confounded by SES
[39]. Recent data has shown that a large proportion (approximately 60%) of BC cases in the
U.S. is discovered through self-detection, particularly among low-SES women [40,39]. In
our study, 42.9% of BC patients reported self-detection and HER2-expressing and TNBC
subtypes were 2—3 times more likely to be self-detected than the luminal A subtype.
Previous evidence supports the association between mode of detection and prognosis,
indicating that BC self-detection is associated with significant disadvantage in survival
outcomes [41-48]. It is plausible that tumors exhibiting aggressive features would be more
symptomatic than those with less aggressive features, and therefore would have a tendency
to be perceived by the patient before she seeks care from a medical professional. Additional
research, particularly examining these associations among diverse samples of women in the
U.S., is needed to confirm these associations.

There were some limitations of this study that should be considered in the interpretation of
our findings. First, our use of hormone receptor expression by IHC rather than gene
expression data for classification of BC subtypes was an obvious limitation, although one
could argue that gene expression has its limitations as well. Several studies have
demonstrated overall imperfect but fairly good concordance between IHC and gene
expression classification schemes for the major intrinsic subtypes, supporting clinical utility
of these biomarkers [3,9]. Furthermore, the distributions of the BC subtypes reported herein
were similar as those observed in other studies [3,4,11,8,1,2,5]. An additional consideration
was that given the sample size, there were relatively small samples of luminal B, non-
luminal HER2-expressing, and TNBC subtypes (n = 70, 38, and 91, respectively),
potentially resulting in limited statistical power to examine subtype-stratified associations.
Nonetheless, we observed several statistically significant findings, which would likely prove
stronger in larger studies. Despite these considerations, the population-based study design
and our use of detailed data, collected through medical record and pathology report
abstraction, from all major medical facilities in the target area, as well as data collected
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through interviewer-administered questionnaires, were important strengths. Additionally,
our inclusion of SES, clinical, and clinicopathological tumor characteristics in the
examination of predictors of BC subtypes also strengthened this study.

The findings of this study support associations between sociodemographic and
clinicopathological features of tumors, and BC subtypes based on biomarker status,
specifically showing that the more aggressive tumor phenotypes were more likely to occur
among women who were younger at diagnosis, African American, and/or of lower SES.
This study also suggests that these BC subtypes commonly exhibit Ki67 and p53 positivity,
which may be important clinical markers for understanding differences in prognosis.
Additionally, in light of the observation that larger tumors and those exhibiting more
aggressive clinicopathological features are associated with BC self-detection, it may be
necessary to enhance efforts to extend screening and minimize excess mortality, particularly
among younger, racial/ethnic minority, and lower SES populations who would substantially
benefit from earlier clinical diagnosis.
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