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Abstract

The objective of this study was to assess breast cancer incidence and mortality rates by molecular
subtype for cases diagnosed in New Jersey. Data on all primary, histologically confirmed, invasive
breast cancers diagnosed among women between January 1, 2008 and December 31, 2013 were
retrieved from the New Jersey State Cancer Registry. Age-adjusted incidence rates were calculated
for each subtype, by ageandrace/ethnicity. Logistic regression models, Cox proportional hazards
models, and Kaplan Meier curves were used to describe the relative risks for breast cancer
incidence, mortality, and survival, respectively. In this population-based sample of 32,770 breast
cancer cases, non-Hispanic Blacks (NHBs) had the highest triple-negative breast cancer (TNBC)
incidence rate (17.8 per 100,000, 95% CI 16.5-19.2) compared to other races/ethnicities. NHBs
had also higher odds of TNBC (OR 2.1, 95% CI 1.95-2.36) and higher hazards of death when
diagnosed with TNBC (HR 1.28, 95% CI 1.05-1.56), luminal A (HR 1.64, 95% CI 1.41-1.91), or
luminal B (HR 1.54, 95% CI 1.10-2.15) than non-Hispanic Whites (NHWSs). Younger women
(20-39 years) had higher odds of TNBC (OR 1.77, 95% CI 1.54-2.02) and luminal B (OR 1.56,
95% CI 1.35-1.80) compared to women 50-64 years; minority women had higher odds of non-
luminal HER2-expressing and lower odds of luminal A than NHWSs. TNBC was associated with
the poorest survival rates. These findings highlight a need for enhanced screening to promote
earlier diagnosis and improve breast cancer outcomes, particularly in minorities and younger
women, which will be essential for achieving health equity.
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INTRODUCTION

In the United States (US), breast cancer is the most commonly diagnosed cancer and the
leading cause of cancer-related deaths among women of all age and racial/ethnic groups
(ACS, 2017). In 2017, approximately 252,710 new cases of invasive breast cancer were
diagnosed and 40,610 breast cancer deaths occurred among US women (ACS, 2017). Breast
cancer was the most common cancer diagnosed among New Jersey women from 2010-2014
(NJSCR, 2017). In 2014, New Jersey ranked 9t in the US for breast cancer incidence, with a
rate higher than the US average (134.3 per 100,000 vs. 123.9 per 100,000), and elevated age-
adjusted rates among Whites (137.8 per 100,000), Blacks (120.8 per 100,000), and
Hispanics (105.7 per 100,000), in contrast to US average rates for these groups (124.8,
122.4, and 91.8 per 100,000, respectively) (CDC, 2017). The estimated breast cancer
mortality rate was also slightly higher for New Jersey than the US average (21.5 per 100,000
vs. 20.5 per 100,000), with higher rates among Whites and Blacks (20.9 and 30.6 per
100,000, respectively) when compared to US average rates for these groups (20.0 and 28.1
per 100,000, respectively) (CDC, 2017).

Based on global gene expression patterns (Bastien et al., 2012; Network, 2012; Perou et al.,
2000; Sorlie et al., 2001; Sweeney et al., 2014) and/or clinical approximation of
immunohistochemistry (IHC) expression patterns of the estrogen receptor (ER),
progesterone receptor (PR) and human epidermal growth factor receptor 2 (HER2)
(Bhargava et al., 2009; Morrison et al., 2012; Tamimi et al., 2008), at least four breast cancer
subtypes have been identified, including luminal A (ER+/PR+/HER2-), luminal B (ER+/PR
+/HER2+), HER2-enriched (luminal, ER+/PR+; non-luminal, ER-/PR-) and triple-negative
breast cancer (TNBC, ER-/PR-/HER2-), with differing distributions, risk factors, tumor
behaviors and clinical outcomes (Carey et al., 2006; Clarke et al., 2012; Howlader et al.,
2014; Kroenke et al., 2014; Sineshaw et al., 2014; Sweeney et al., 2014; Yang et al., 2011).
Although gene expression profiles are the gold standard, data show that IHC expression
patterns are concordant with gene expression profiles and have substantial clinical utility in
subtype classification (Bastien et al., 2012; Carey et al., 2006). As a result, state and regional
cancer registries began collecting HER2 data in 2010 (Thornton M).

Distributions of breast cancer subtypes among racially and ethnically diverse populations
such as those residing in New Jersey, are important data for understanding cancer disparities
and ultimately achieving health equity, particularly in terms of disseminating optimal
treatment (Albain et al., 2009; Chlebowski et al., 2005; Dignam, 2001) within the state. We
expanded on prior surveillance research by retrospectively collecting and validating two
additional years of HER2 data (2008-2009) for invasive breast cancers diagnosed in New
Jersey. Our objective was to assess age and racial/ethnic disparities in incidence and
mortality by molecular subtype. We calculated age-adjusted incidence and mortality rates for
each molecular subtype by age at diagnosis and race/ethnicity; and, compared New Jersey
incidence and mortality rates to those of the general US population for diagnosis years 2010
to 2013 (years for which ER, PR, and HER2 data were collected nationally). Finally, we
estimated relative risks for breast cancer diagnosis and death by breast cancer subtype.
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MATERIALS AND METHODS

Study population and data collection

Data for all primary, histologically confirmed, invasive breast cancers diagnosed among
women of all races/ethnicities in New Jersey from January 1, 2008 through December 31,
2013 were retrieved from existing records at New Jersey State Cancer Registry (NJSCR),
which is a high-quality, population-based cancer incidence registry established in October
1978 serving the population of New Jersey (currently about 8.9 million residents (McCaig et
al., 2002)). Women <20 years of age at breast cancer diagnosis, diagnosed with noninvasive
breast cancer, and non-residents of New Jersey diagnosed at an in-state medical facility were
excluded from this study as the focus for the current analysis was adult women (age =20
years) diagnosed with invasive breast cancer and who reside in the state of New Jersey.

Because cancer registries did not routinely collect HER2 data for incident breast cancer
diagnoses until January 1, 2010, HER2 data for diagnosis years 2008 and 2009 were
retrospectively collected and coded from pathology records for this study. HER2 data for
2010 through 2013 were reviewed and validated from existing NJSCR records. If there was
insufficient information to code HER2 status in existing records, data were obtained by
contacting hospital cancer registrars and using in-house pathology reports. Electronic
pathology reports were also reviewed to glean additional data. All coding was conducted
within the NJSCR database (SEER*DMS).

Classification of ER/PR/HER2 status

An array of standard variables corresponding to Collaborative Stage Site-Specific Factors
(SSFs) for breast cancer was used. ER status (SSF 1) and PR status (SSF 2), corresponding
to the ER and PR assays, respectively, were coded as positive/elevated, negative/normal,
borderline, or unknown (unknown includes test not done, borderline/undetermined, test
ordered but results not entered in chart, or unknown for either ER or PR status).

A series of eight (8) additional variables were used to code HER2 status (SSF 8 — SSF 15),
and SSF 16 was used to define breast cancer subtype (summary of ER/PR/HER?2 status). For
HER2 IHC screening, scores 0 and 1+ were coded as negative; score 2+ was coded as
borderline; and score 3+ was coded as positive. Fluorescence in situ hybridization (FISH)
was performed on IHC borderline cases. Without positive FISH information, tumors scored
2+ by IHC were coded as HER2 negative. FISH results were classified as a range of values:
0-120 was considered negative; 120-180 was considered borderline; and values >180 were
considered positive. These results were used to derive the HER2 summary result (SSF 15).
The combination of ER, PR and HER2 (SSF 16) was used to classify breast cancer subtype.
The final subtype classifications used were luminal A (ER+ and/or PR+/HER2-), luminal B
(ER+ and/or PR+/HER2+), non-luminal HER2-expressing (ER-/PR-/HER2+), TNBC
(ER-/PR-/HER2-), and unknown. Although included in descriptive analysis (Table 1), cases
with unknown breast cancer subtype were excluded from subsequent analyses.

We reviewed SSFs 1, 2, and 8 through 16 and identified 1942 cases that were ineligible (due
to unknown/borderline ER, PR, or HER2). We also identified 1442 unresolved cases
requiring hospital follow-back (due to unknown or not applicable codes for ER, PR, and/or
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HER?2) and for which we were unable to code SSF 16 (due to insufficient ER, PR, and
HER2 information). The final analytical sample included 32,770 women (Figure 1).

Statistical analysis

RESULTS

Sociodemographic and tumor characteristics were described using frequencies and
proportions, and chi-square tests were used to compare the distributions of each variable.
Custom incidence files for New Jersey data from 2008 to 2013 were imported into
SEER*PREP v2.5.3 (NCI, 2017a) to create a SEER*STAT database for this study.
SEER*Stat v8.3.2 (NCI, 2017b) was used to calculate the age-adjusted incidence rates for
each breast cancer subtype. The population denominators used to generate rates were based
on detailed county population estimates by age, sex and race/ethnicity available in the
SEER*STAT database (NCI, 2017b). The 2000 US Standard Population was used for age-
specific weights for direct age-adjustment. Subtype-specific incidence rates were generated
by age group (20-39, 40-49, 50-64, =65), and race/ethnicity (non-Hispanic White [NHW],
non-Hispanic Black [NHB], Asian Pacific Islander [API, non-Hispanic], Hispanic, Other/
Unknown). Rates were estimated per 100,000 population, and the Tiwari et al. (Tiwari et al.,
2006) modification for 95% confidence intervals (CI) was used to quantify the associations
between breast cancer subtype and age and race/ethnicity.

We estimated odds ratios (ORs) for breast cancer risk by molecular subtype in New Jersey
from 2008 to 2013, overall and by age at diagnosis and race/ethnicity, using multivariable
logistic regression models. Cox proportional hazards regression analysis was performed to
estimate breast cancer-specific mortality hazard ratios (HRs). Tests for the assumption of
proportional hazards were conducted by visual inspection of Schoenfeld residuals and no
violations were found. The last date of follow-up for cases was December 31, 2014. Models
were adjusted for age at diagnosis, race/ethnicity, and tumor stage. The ORs, HRs and
corresponding 95% confidence intervals (Cis) were generated using SAS v9.4 (SAS
Institute, Cary, NC). All statistical analyses were two-sided and £ <0.05 was considered
statistically significant.

Among 32,770 invasive breast cancer cases diagnosed in New Jersey women from 2008 to
2013, 13.1% (n = 4,315) were of unknown subtype. For nearly all cases with unknown
subtype (95%), the test result was borderline or uninterpretable; the test was not performed
or it was unknown if the test was performed; or, the result was not documented and,
therefore, not reported to NJSCR. Chi-square analyses revealed that women with unknown
subtype were older (=65), minority race/ethnicity (NHB, API, Hispanic), diagnosed as
distant or unknown stage and deceased at last follow-up. Additionally, 13%, 20% and 3.6%
had ER-, PR-, and HER2- breast cancer, respectively.

The distribution of sociodemographic and tumor characteristics is shown in Table 1. Larger
proportions of cases were diagnosed among women age 50-64 years (37.1%), =65 years
(38.0%), and NHWs (73.0%). Almost one-third (32.8%) of breast cancers were diagnosed in
the upper outer quadrant, most were histologically classified as ductal carcinoma (73.1%),
diagnosed at localized (61.4%) or regional stage (29.9%), and were moderately (40.7%) or
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poorly differentiated (34.0%). Luminal A was the most common subtype (63.3%), followed
by TNBC (10.2%), luminal B (8.9%) and non-luminal HER2-expressing (4.2%).

Age-adjusted breast cancer incidence rates by subtype and age at diagnosis, race/ethnicity,
and tumor stage are shown in Table 2. As expected, incidence rates for the luminal A
subtype were highest among women =65 years (203.3, 95% CI 198.9-207.8), compared to
the other subtypes. Among luminal B breast cancer cases, incidence was lowest among
women 20-39 years (4.1, 95% CI 3.7-4.7) and highest among those 50-64 years (21.8, 95%
Cl 20.6-23.1). A similar pattern was observed for the non-luminal HER2-expressing
subtype, with the lowest incidence among women 20-39 years (1.9, 95% CI 1.6-2.3) and
highest among those 50-64 years (11.3, 95% CI 10.4-12.2). Among TNBC cases, incidence
rates increased with age (20-39 years: 4.8, 95% CI 4.3-5.3; 40-49 years: 17.1, 95% CI
15.9-18.5; 50-64 years: 23.0, 95% CI 21.8-24.3; and =65 years: 26.0, 95% CI 24.5-27.7).

Breast cancer incidence and mortality risks by subtype and by age at diagnosis and race/
ethnicity are shown in Table 3. Among all races/ethnicities, luminal A incidence rates were
highest, ranging from 51.7 (95% CI 49.5-54.1) among NHBs to 72.2 (95% CI 71.0-73.3)
per 100,000 among NHWs. Incidence rates of TNBC among NHBs were nearly twice as
high as those among other racial/ethnic groups, (17.8, 95% CI 16.5-19.2). Incidence rates of
the non-luminal HER2-expressing subtype were also higher among NHBs (5.4, 95% CI 4.7—
6.2).

NHBs (OR 2.15, 95% CI 1.95-2.36), Hispanics (OR 1.19, 95% CI 1.05-1.35), and younger
women (20-39 years: OR 1.77, 95% CI 1.54-2.02 and 40-49 years: OR 1.10, 95% CI 1.00-
1.20) had higher odds of TNBC compared to NHWSs and women aged 50-64 years,
respectively. Younger women also had higher odds of luminal B breast cancer (OR 1.56,
95% CI 1.35-1.80). Women =65 years, however, had higher odds of the luminal A subtype
(OR 1.22, 95% CI 1.16-1.29) and lower odds of all other subtypes. All minority women had
higher odds of developing non-luminal HER2-expressing breast cancer compared to NHW
women (NHB: OR 1.31, 95% CI 1.12-1.53; API: OR 1.55, 95% CI 1.27-1.90; Hispanic:
OR 1.20, 95% CI 1.00-1.44). APIs had an increased risk of the luminal B subtype (OR 1.24,
95% CI 1.06-1.44) compared to NHWS.

When compared to women 50-64 years, those =65 years had higher risk of breast cancer
death regardless of subtype, but the risk of death was more than double among those with
the nonluminal HER2-expressing subtype (HR 2.21; 95% CI 1.62-3.01). Women 40-49
years had lower risk of breast cancer death when diagnosed with luminal A and luminal B
subtypes. NHBs had increased risk of breast cancer death for all subtypes except nonluminal
HER2-expressing subtype compared to NHW, with HRs ranging from 1.28 (95% 1.05-1.56)
for TNBC to 1.64 (95% 1.41-1.91) for luminal A. As shown in the Kaplan-Meier survival
curves (adjusted for age, race/ethnicity, and tumor stage), women diagnosed with TNBCs
had the poorest breast cancer-specific survival, followed by those diagnosed with the non-
luminal HER2-expressing subtype (P <0.0001; Figure 2). Analysis stratified by race/
ethnicity (Figure 3) suggested that this was likely driven by TNBC diagnosed among NHBs
(P <0.001) and APIs (P <0.05).
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DISCUSSION

In this study, which is the largest population-based sample of breast cancer in New Jersey to
date (N = 32,770), we demonstrated the feasibility of retrospectively coding HER2 data not
previously recorded in NJSCR files for cases diagnosed in 2008 and 2009. Analyses of these
data showed that NHB women had the highest age-adjusted incidence rates of TNBCs (17.8
per 100,000) compared to all other racial/ethnic groups, which ranged from 6.6 (API) to
10.4 (NHW). NHBs also had a 28% higher risk of breast cancer death than their NHW
counterparts, which is consistent with the literature (Clarke et al., 2012; DeSantis et al.,
2016; Howlader et al., 2014; Noone et al., 2016; Parise et al., 2009). In terms of incidence,
young women (20-39 years) had higher risks of TNBC and luminal B breast cancers
compared to women 50-64 years, and Hispanic women had higher risks of non-luminal
HER2-expressing and TNBC subtypes than NHWSs. Our findings also showed TNBCs were
associated with the poorest survival.

Incidence of the non-luminal HER2-expressing subtype was highest among NHBs compared
to other racial/ethnic groups, while rates were lowest among Hispanics and similar between
NHWSs and APIs. The latter finding is in contrast to several studies, which have shown the
highest rates for this subtype to be among APIs compared to NHWs (Clarke et al., 2012;
Howlader et al., 2014; Parise et al., 2009; Sineshaw et al., 2014). We suspect that our
findings are suggestive of differences in tumor biology and/or etiologic mechanisms of
TNBCs and non-luminal HER2-expressing breast cancers associated with racial/ethnic
exposures, which are also related to poorer outcomes, as reported herein and elsewhere
(Akinyemiju et al., 2015; Carey et al., 2006; Leone et al., 2015; Li et al., 2017; Llanos et al.,
2015; Sorlie et al., 2001; Warner et al., 2015). Additionally, it is quite possible that our
finding of similar rates of the non-luminal HER2-expressing subtype among APIs and
NHWs could be reflective of differences in subgroups of APIs that reside in New Jersey (as
compared to populations in other states), that may be underrepresented in prior breast cancer
epidemiology studies. This warrants further analysis. Many studies have focused on the
TNBC subtype due to its aggressive nature and limited treatment options, but it should be
noted that non-luminal HER2-expressing tumors are also associated with relatively poor
survival, have similar penetrance among minority women, and exhibit features that are
indicative of a more aggressive phenotype than the luminal A subtype. Poorer survival
among TNBC and non-luminal HER2-expressing breast cancer cases may also relate to lack
of timely and optimal/guideline-concordant treatment, particularly among racial/ethnic
minorities and underserved populations (Bustami et al., 2014; Chen and Li, 2015; Daly and
Olopade, 2015; Freedman et al., 2013; George et al., 2015; Hassett et al., 2016; Reeder-
Hayes et al., 2014; Sheppard et al., 2015). A recent study suggested differences in response
to treatment by race/ethnicity even when subtype was the same (Rauscher et al., 2017),
warranting further analysis. Population-based studies with the ability to explore etiologic,
risk factor, and prognostic differences by subtype are critically needed to better understand
disparities and achieve health equity for breast cancer outcomes.

As we consider the burden of breast cancer in New Jersey, another important finding was
that approximately 30% and 6% of breast cancers were diagnosed at regional stage and
distant stage, respectively. Given the high risk of mortality associated with later stage
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diagnosis reported here and elsewhere (Markossian and Hines, 2012; Tian et al., 2012; Tian
etal., 2011), it is important to address this issue at the population level. In fact, data suggests
a high-degree of spatial variation in late-stage breast cancer incidence in New Jersey (Roche
et al., 2016). Future research to evaluate the geographic distribution of molecular subtypes is
needed given the observed disparities in breast cancer incidence and mortality in New
Jersey.

There were some limitations of this study that should be considered. First, our use of
hormone receptor expression by IHC rather than gene expression for classifying breast
cancer subtypes was a limitation, although one could argue that gene expression has its
limitations as well. Studies have shown good concordance between IHC and gene expression
for classifying the major subtypes (Bastien et al., 2012; Carey et al., 2006), supporting utility
of IHC, and its use in the SEER program. Another limitation was that >10% of the cases had
unknown breast cancer subtype, due to incomplete reporting of hormone receptor data or
inconsistencies in reporting, particularly for HER2, as a result of variations in reporting
sources (e.g., physician’s private offices vs. larger hospitals/medical facilities). Additionally,
we were unable to account for known (and suspected) breast cancer risk factors (e.g. age at
menarche, age at menopause, menopausal status, family history of breast cancer, parity,
BMI) (Althuis et al., 2004; Ambrosone et al., 2015; Bethea et al., 2016; Hwang et al., 2005;
Krieger, 2008; Rosenberg et al., 2016), which could have strengthened our analysis.
Nonetheless, the distribution of breast cancer subtypes reported herein were consistent with
other studies (Bastien et al., 2012; Howlader et al., 2014; Morrison et al., 2012; Network,
2012; Perou et al., 2000; Sorlie et al., 2001; Sweeney et al., 2014). Bias that may have
resulted from missing data is also a concern, particularly for missing or misclassified race/
ethnicity. However, this is minimal due to the stringent data quality standards promulgated
by the North American Association of Central Cancer Registries (NAACCR). Prior studies
have assessed the use of standard registry data and have demonstrated sufficient reliability of
race and ethnicity variables (Clegg et al., 2007; Knowlton et al., 2014; Patel et al., 2005).
The exclusion of 13% of New Jersey breast cancer cases due to unknown ER/PR/HER2
status is another source of bias. As our analysis revealed, women with unknown subtype
were older (=65), minority race/ethnicity, diagnosed at distant stage or have unknown stage,
and deceased at the time of last follow-up. The exclusion of these women would have likely
biased our results toward the null, thereby underestimating incidence rates, risks of
nonluminal HER2-expression and TNBC subtypes, and risks of breast cancer death. There
were also important strengths of this study, including a large, population-based sample of
racially and ethnically diverse women with data on ER, PR and HER2 status. In fact, this is
the largest dataset currently available with breast cancer subtypes in New Jersey.

Findings reported herein highlight a need for enhanced screening among some subgroups of
women to promote earlier diagnosis, and improve breast cancer outcomes. Understanding
the mechanisms leading to the development of each breast cancer subtype is essential and
will play a major role in improving prognosis and addressing breast cancer outcomes
disparities; and, may contribute to improved treatment options that will hopefully reduce the
observed breast cancer mortality and survival differences by molecular subtype.
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Raw data for 2008 - 2009

INCLUSION CRITERIA:

NJ Residents, women aged >20 years

Raw data for 2010 - 2013

(n=13.572) e Diagnosed between 1st Jan 2008 - 315t Dec 2013 (n=29,468)
! e Primary invasive cancers ’
o All races/ethnicities
Total records merged from both datasets
(2008 - 2009) + (2010 - 2013)
(n=43,040)
Records after duplicates removed
(n=33,135)
Records after adjusting follow-up time to
December 2014
(n=32,781)
Records excluded (n=11)
» + Invalid age values (n=7)
* In-situ cases (n =4)
Final analytic cohort
n= 32,770
Figure 1.

Flow diagram describing the selection of the analytic cohort.
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Breast Cancer Survival Estimates by Subtypes
With Number of Subjects at Risk
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Breast cancer survival by subtype, New Jersey, 2008—-2013
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Figure 3.

Breast cancer survival by breast cancer subtype, stratified by race/ethnicity, A) Non-
Hispanic Whites; B) Non-Hispanic Blacks; C) Asians/Pacific Islanders; and D) Hispanics
(any race), in New Jersey, 2008-2013. Note: models were adjusted for age at diagnosis and

stage at diagnosis.
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