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Abstract

Purpose: There is an urgent need to understand the biological factors contributing to the racial
survival disparity among women with hormone receptor-positive (HR+), HER2- breast cancer. In
this study, we examined the impact of PAM50 subtype on 10-year mortality rate in women with
HR+, HER2- breast cancer by race.

Methods: Women with localized, HR+, HER2- breast cancer diagnosed between 2002 to 2012
from two population-based cohorts were evaluated. Archival tumors were obtained and classified
by PAM50 into four molecular subtypes (i.e., luminal A, luminal B, HER2-enriched, and basal-
like). The molecular subtypes within HR+, HER2- breast cancers and corresponding 10-year
mortality rate were compared between Black and Non-Hispanic White (NHW) women using Cox
proportional hazard ratios and survival analysis, adjusting for covariates.

Results: In this study, 318 women with localized, HR+, HER2- breast cancer were included—
227 Black (71%) and 91 NHW (29%). Young Black women (age<50) had the highest proportion
of HR+,non-luminal A tumors (47%), compared to young NHW (10%), older Black women
(31%), and older NHW (30%). Overall, women with HR+,non-luminal A subtypes had a higher
10-year mortality rate compared to HR+, luminal A subtypes after adjustment for age, stage and
income (HR 4.21 for Blacks, 95% C1=1.74-10.18 and HR 3.44 for NHW, 95% CI=1.31-9.03).
Among HR+, non-luminal A subtypes there was however no significant racial difference in 10-yr
mortality observed (Black vs. NHW: HR 1.23, 95% CI1=0.58-2.58).

Conclusion: Molecular subtype classification highlights racial disparities in PAM50 subtype
distribution among women with HR+, HER2- breast cancer. Among women with HR+, HER2-
breast cancer, racial survival disparities are ameliorated after adjusting for molecular subtype.
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Introduction:

Breast cancer is the most common cancer among women worldwide (1), with variable
survival outcomes dependent on tumor biology and race (2, 3). Black women are 30%
more likely to die from breast cancer than their Non-Hispanic White (NHW) counterparts,
even after controlling for socioeconomic status (4). These racial disparities in breast cancer
survival highlight the complex interplay between tumor biology, genomics, patterns of care,
and socioeconomic factors (4, 5). Disparities research has largely focused on triple negative
breast cancer (TNBC) given the higher prevalence among Black women, particularly

those diagnosed at younger ages (2, 6-15). However, hormone receptor-positive (HR+)
(i.e., estrogen receptor (ER) and/or progesterone receptor (PR)-positive), human epidermal
growth factor receptor 2-negative (HER2-) breast cancer remains the dominant contributor
to annual breast cancer deaths worldwide across all racial groups (16-18). Furthermore,
even in randomized clinical trials of HR+, HER2- breast cancer patients (19), Black women
had worse disease-free survival (DFS) and overall survival (OS) compared with NHW
women, despite similar clinical and treatment patterns, which further suggests a biological
basis for the racial survival disparity observed (19).

HR+, HER2- breast cancer is the most common immunohistochemical (IHC) subtype
across all racial and ethnic groups (2, 18). Given the clinical and biologically heterogenous
nature of HR+, HER2- breast cancer, gene expression profiling assays can further refine
classification, provide prognostic information, and predict risk of late recurrence beyond
standard IHC-classifications (20-23). The 50-gene molecular subtype signature (PAMS50) is
an assay used to further classify HR+, HER2- breast cancer into four molecular subtypes:
luminal A, luminal B, HER2-enriched, and basal-like (24-26). Unlike luminal A tumors,
non-luminal A tumors (i.e., luminal B, basal-like and HER2-enriched tumors) have worse
survival outcomes (25, 27, 28). Luminal A tumors have a high expression of ER/PR and
have the best prognosis due to increased sensitivity of these tumors to endocrine therapies
and a naturally indolent course (21). Conversely, luminal B tumors have a lower expression
of ER/PR, more aggressive clinical and biological features, and greater likelihood of later
recurrences (21, 25). Basal-like HR+, HER2- tumors are thought to behave similar to TNBC
with a high expression of ki67, and HER2-enriched tumors have been shown to behave like
HER2-amplified tumors (25, 29).

In this study, we sought to determine the role of molecular subtype classification in bridging
the racial survival disparity among women with HR+, HER2- breast cancer. We used

the PAMS50 subtype classification to compare the 10-year mortality rate among a diverse
population-based cohort of women with localized, HR+, HER2- breast cancer stratified

by PAM50 subtype and race. We hypothesized that racial differences in PAM50 subtype
distribution may play a significant role in the racial survival disparity observed among
women with HR+, HER2- breast cancer.
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Study Population

The current study is a pooled analysis of 318 women with localized HR+, HER2- breast
cancer who were enrolled in two population-based cohorts: 1) Black Women: Etiology and
Survival of Triple-negative Breast Cancers (BEST) Study; and 2) Southern Community
Cohort Study (SCCS). The BEST study is a population-based effort consisting of Black
women diagnosed with breast cancer < age 50 from 2009 to 2012 retrospectively recruited
from the Florida Cancer Registry (30). The SCCS is a prospective cohort study which
enrolled 47,920 women aged 40-79 (68% Black) with no history of cancer treatment
within 1 year of enrollment from 12 southeastern states between 2002 to 2009 (31).

The majority (86%) of SCCS participants were enrolled at Community Health Centers
(CHCs), which provide primary health and preventive services to medically underserved
and low-income populations; whereas, the remaining participants were enrolled through
mail-based general population sampling. Incident cancer cases for SCCS were identified
annually through cohort linkage with the 12 state cancer registries (31). All participants in
BEST and SCCS provided informed consent and were asked to complete an authorization
for release of medical records and tumor samples for verification of clinical information and
future analysis. Both study protocols were approved by the Institutional Review Boards at
Vanderbilt University and the Department of Health for each statewide cancer registry.

Data collection

Self-reported data on race/ethnicity and annual household income were obtained from
participants in both cohorts using a structured questionnaire at study enrollment. Participant
and disease characteristics at diagnosis including age, disease stage, tumor size, node
status, HR status, and HER2 amplification in the primary tumor were abstracted from state
cancer registry data and/or obtained medical records. For SCCS participants, deaths were
determined through the state cancer registries and the National Death Index. For BEST
participants, deaths were determined through the TransUnion software, and date of death
was confirmed and/or collected, where applicable. Overall mortality included death from
any cause.

Tissue Sample and RNA Expression Analysis

RNA was extracted from formalin-fixed, paraffin-embedded (FFPE) tumor tissue archival
blocks on all participants, to conduct expression profile studies. For BEST participants,
breast cancer subtypes were based on the PAM50-based genomic signature using the
NanoString nCounter platform through the commercially available Prosigna assay (26). For
the SCCS, the PAM50 subtypes were calculated from RNA-sequencing expression data. The
PAMDGO0 signature uses the level of expression of 50 target genes plus eight constitutively
expressed normalization genes to classify the breast tumors into four distinct molecular
subtypes (i.e., luminal A, luminal B, HER2-enriched, and basal-like). Risk of recurrence
(ROR) scores, generated through the PAMS50 signature, were calculated for both BEST

and SCCS participants from PAM50 and RNA-Sequencing data, respectively. This score,
which ranges from 0-100, is used to estimate a patient’s probability of disease recurrence
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by comparing the gene expression profile of the tumor, relative to each of the four PAMS50
molecular profiles to determine the degree of similarity (26, 32).

Statistical Analysis

Results:

The molecular subtypes within HR+, HER2- breast cancers and corresponding 10-year
overall survival was compared between Black and NHW women. Racial differences by
categorical variables, such as clinical characteristics and molecular subtypes, were assessed
using Pearson chi-square test. A logistic regression model was used to estimate odds

ratios (ORs), regressing molecular subtype (HR+,luminal A vs. HR+,non-luminal A) on
population subgroups (age, race, stage, and income groups). All statistical tests were two-
sided and considered significant at p < 0.05.

To assess differences in mortality across racial groups and breast cancer subtypes, we
used univariate and multivariate analyses to compare 10-year mortality rates across the
following groups: 1) NHW, HR+,luminal A; 2) NHW, HR+,non-luminal A; 3) Black,
HR+,luminal A; and 4) Black, HR+,non-luminal A. Survival was assessed from date of
initial diagnosis to date of death or at the 10-year follow-up. HR+,luminal A subtype

was used as the reference group, given it is the subtype that shows highest survival, for
comparison with HR+,non-Luminal A subtypes. Survival rates of luminal A and HR+,non-
luminal A tumors stratified by race were estimated using Kaplan-Meier survival analysis.
Multivariable Cox proportional hazard model was performed to account for the impact of
potential confounding variables, including age of diagnosis, stage at diagnosis, and annual
household income, along with an interaction term between race and subtype.

Study participants comprised 318 women with Stage I-111 HR+, HER2- breast cancer,
including 227 Black (71%) and 91 NHW women (29%), of which 64% were luminal
A, 23% luminal B, 10% basal-like, and 3% HER2-enriched. Clinical and pathological
characteristics among participants is summarized in Table 1.

Young Black women (age < 50) had the highest proportion of HR+,non-luminal A tumors
(47%), compared to young NHW (10%), older Blacks (31%), and older NHW (30%).
However, Black race was not associated with higher odds of having a HR+,non-luminal A
subtype after adjusting for age, stage, and income (OR 1.18; p=0.60) (Table 2). Compared
with NHW women, Black women had higher ROR scores (p=0.027) (Figure 1). After
adjustment for race, age, and income, women with locally advanced breast cancer (i.e. Stage
I11) were 4.02 times more likely to have HR+,non-luminal A tumors (p = 0.001).

During the 10-year period of observation, study participants had 78% QS (70 deaths among
381 cases). Black women had similar OS (79%) compared to NHW women (76%) (p=0.6).
Kaplan-Meier survival curves for OS by PAM50 subtype are presented in Figure 2. Among
women with HR+, HER2- breast cancer, there was significant variation in OS (p = <0.001):
luminal A (87%), luminal B (60%), basal-like (70%), and HER2-enriched (56%) (Figure
2). After stratification by race and PAM50 subtype, the “Black, luminal A” subgroup had
the highest 10-year OS and the “NHW, HR+,non-luminal A” subgroup had the lowest
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10-year OS (Figure 3). However, after controlling for potential confounders, the “Black,
HR+,non-luminal A” group had a higher 10-year mortality rate with a hazard ratio of 4.21
(95% Cl1=1.74-10.18) compared to the “NHW, HR+,non-luminal A” group with a hazard
ratio 3.44 (95% CI=1.31-9.03) (Table 3). Among HR+, non-luminal A subtypes there was
however no significant racial difference in 10-yr mortality observed (Black vs. NHW: HR
1.23, 95% CI=0.58-2.58).

Discussion:

This study examined the biological heterogeneity of HR+, HER2- breast cancer by race. To
our knowledge, this is amongst the first studies to evaluate the impact of molecular subtype
classification on the racial survival disparity in HR+, HER2- breast cancer. Our findings
that the majority of HR+, HER2- tumors are luminal A is consistent with prior reports (23,
33). Patients with tumors that are HR+, luminal A subtype usually belong to the low risk
category according to the PAM50 ROR classification and do not benefit from (neo)adjuvant
chemotherapy (34, 35). On the other hand, HR+,non-luminal tumors have been associated
with endocrine independence, chemosensitivity and poor outcomes (29). Consistent with
prior studies (29, 33), HR+,non-luminal A tumors were less commonly observed in our
overall study population.

Although young Black patients in our study had a higher likelihood of HR+,non-luminal

A subtypes, our findings did not reach statistical significance. This finding may be due

to limited power given the small sample size of young NHW and would be important

to confirm through additional studies. Among HR+,non-luminal A tumors, the basal-like
subtype is a rare entity, with some studies reporting rates as low as 0.8% and as high

as 7.9% (23, 33). In contrast to prior studies (23, 29, 33), basal-like tumors comprised a
higher percentage, especially among Black women in whom we observed a frequency of
12%. Similar to prior studies to suggest racial differences in molecular subtype distribution
(6, 33), our results show a significant racial disparity with a higher frequency (16%)

of basal-like HR+, HER2- breast cancer observed among young Black women with no
reported cases observed in young NHW women. The aforementioned study by Troester et
al included 208 Black women with HR+, HER2- breast cancer, which is similar to our
sample size (N=227) however only 89 (42.8%) patients were diagnosed with breast cancer
< age 50 in comparison to 128 (56.4%) in our study (33). To our knowledge this is the
highest prevalence of basal-like HR+, HER2- breast cancer seen in a study population, and
may be explained by the oversampling of young Black women (52%) in the BEST cohort.
Basal-like and HER2-enriched tumors are thought to have lower expression of ER/PR,
however recent studies have shown that these subtypes can also be identified among tumors
with high ER/PR expression (29). Among HR+,non-luminal A tumors, the HER2-enriched
subtype had the worst OS. Our findings are similar to prior studies which have showed

that HER2-enriched tumors have worse clinical outcomes with higher risk of recurrence
and tumors that are thought to reflect endocrine independency (29, 36). Prior studies have
suggested that HER2- tumors that are HER2-enriched by gene expression profiling are
particularly sensitive to HER?2 targeting agents (37-39). This may be clinically relevant
given the need to better identify patients who may benefit from a more tailored approach for
improving clinical outcomes across racial groups.
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Similar to prior studies (27, 29, 40), our data suggests that gene expression

profiling provides clinically relevant prognostic information beyond the traditional IHC
classifications. Several studies have shown inferior survival outcomes among women with
HR+,non-luminal A subtypes regardless of nodal involvement (27, 28, 40-42). In our study,
as expected, women with HR+,luminal A tumors had lower mortality rates regardless of
race. On the other hand, HR+,non-luminal A tumors had higher mortality rates across both
racial groups, with a non-significant higher mortality rate observed among Black women.
The difference between the simple (i.e. KM plot) and multiple cox proportional hazard
model is expected and was likely due to a higher proportion of young Black women < 50yo
(92% vs. 8%) and higher Stage 11 breast cancers among Black women (77% vs. 23%)
compared to NHW women in our study.

Our data showed a distinct separation in mortalitysurvival rates dependent on molecular
subtype, and this difference was not significantly modified by race in the HR+,non-luminal
A group. The difference in survival detected in our analysis differs from a previous
population-based analysis conducted in the Life after Cancer Epidemiology (LACE) and
Pathways studies (6) that suggests inferior breast cancer survival rates for all Black women
regardless of molecular subtype, however, no difference in OS. Important differences
between our study and LACE/Pathways are race and age composition, where LACE/
Pathways included predominantly (>75%) older women and fewer than 10% were Black
(N=128). In addition, LACE/Pathways survival data is not limited to HR+, HER2- women,
with 49% HR+, HER2- cases in their population. Furthermore, differences between these
two studies may reflect differences in regional geographic trends, population genetics,
socioeconomic status, lifestyle factors and comorbidities. LACE/Pathways participants
were predominantly from high socioeconomic backgrounds whereas our study population
included predominantly (>60%) low income participants (annual household income <
$25,000).

There is an urgent need to further understand the biological factors contributing to the racial
survival disparity among women with HR+, HER2- breast cancer. In the era of precision
oncology with advances in gene expression profiling to tailor therapeutic options, there is

a need to ensure future studies have adequate representation across all racial/ethnic groups.
Such studies can provide a better understanding of the biology of breast cancer across
different racial and ethnic groups with the potential to narrow the existing breast cancer
survival disparity.

The current study has several strengths including being amongst the first studies conducted
across the Southeastern United States to study the impact of molecular subtype classification
on the racial survival disparity in HR+, HER2- breast cancer. Prior studies have shown

that regional racial variations in breast cancer mortality exist, with rising or unchanged
death rates in southern or midwestern states among Black women (18, 43), underscoring

the need for studies to better understand the contributing factors to this known racial
disparity. Furthermore, our study population included amongst the largest collection of
Black women with HR+, HER2- breast cancer with molecular subtyping information
available. Despite these strengths, there remain some limitations, including the difference in
patient characteristics across the two studies. The differences in the proportion of basal-like
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subtypes may be explained by the inclusion and exclusion criteria of the BEST study,
which only recruited Black women diagnosed with breast cancer at or below 50 years

of age; whereas the SCCS recruited both Black and NHW women who were diagnosed
with breast cancer predominantly over the age of 50. Furthermore, the majority (86%) of
SCCS participants were enrolled at CHCs, which provide primary health and preventive
services to medically underserved and low-income populations; whereas the BEST study
recruited participants from both academic and community centers who had higher annual
household incomes. The overrepresentation of a low-income population may not allow for
generalization of our findings across all socioeconomic groups.

In conclusion, HR+, HER2- breast cancer usually leads to more favorable clinical outcomes
than TNBC partly due to endocrine targeted therapies. Despite these therapeutic advances,
more women continue to die from HR+, HER2- breast cancer than from any other

breast cancer subtype (16-18). Our findings indicate that molecular subtype classification
contributes to the differences in survival observed among women with HR+, HER2- breast
cancer. Our results suggest that tumor gene expression profiling is important to identify the
aggressive, HR+,non-luminal A tumors overrepresented among Black women which may
contribute to the racial survival disparities. Future research may leverage the molecular
subtype differences within HR+, HER2- breast cancer which has tremendous potential to
improve prognostication across racial groups.

Sonya Reid’s research was supported by two NIH training grants (5T32CA160056-08 and 5K12CA090625-20).
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Figure 1:
Risk of Recurrence (ROR) scores by Race
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10-year Overall Survival by PAM50 subtype
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10-year Overall Survival by PAM50 subtype and Race
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Table 1:
Patient characteristics stratified by race/ethnicity
Patient Characteristics Total BEST" SCCs
(N=318) 1 (N=98) | Bjack | nHw
(N=131) | (N=91)
Age, years (%)
<50 128 (40) | 96 (100) | 22(17) | 10(11)
>50 190 (60) - 19 (83) 81 (89)
Income, annual household (%0)
< $25,000 196 (64) | 34 (39) | 100 (76) | 62 (70)
>$25,000 110 (36) | 53(61) | 31(24) | 26 (30)
Missing 12 9 - 3
Stage (%)
I 147 (52) | 42(50) | 55(49) | 50 (58)
I 105 (37) | 33(40) | 43(38) | 29 (34)
I 30011 | 8@o | 15@3) | 78
Missing 36 13 18 5
PAM50 Subtype (%)
HR+,luminal A 203 (64) | 52(54) | 85(65) | 66 (73)
HR+,non-luminal A 115(36) | 44(@46) | 46(35) | 25(27)
Luminal B 79223) | 27028 | 28(21) | 18(20)
Basal 33000 | 1506 | 13100 | 53
HER2-enriched 9(3) 2@ 5(4) 2)
ROR score, 0-100 (%)
<10 (low) 81(25) | 28(29) | 26(20) | 27 (30)
10-62 (intermediate) 155 (49) | 36 (38) 69 (53) | 50 (55)
> 62 (high) 226) | 3233) | 3627 | 14(15)

*
BEST study only included Black women < 50 years

Abbreviations: Non-Hispanic White (NHW), Risk of recurrence (ROR).
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Table 2:

Multivariable Logistic Regression (HR+,Luminal A vs. HR+,Non-Luminal A)

Patient Characteristics HR+,Luminal A | HR+,Non-Luminal A | Adjusted Odds Ratios
(N=203) (N=115) (95% CI)
Race and age, %
Age <50
NHW 9 (90) 1(10) 1.0
Black 62 (53) 56 (47) 7.5(0.9-65.1)
Age > 50
NHW 57 (70) 24 (30) 1.0
Black 75 (69) 34 (31) 0.9(04-1.7)
Income, annual household (%0)
< $25,000 125 (64) 71 (36) 1.0
= $25,000 68 (62) 42 (38) 1.11 (0.63 — 1.96)
Stage (%)
I 110 (75) 37 (25) 1.0
I 59 (56) 46 (44) 2.38 (1.37 - 4.15)
I 13 (43) 17 (57) 4.02 (1.73-9.36)
Abbreviation: Non-Hispanic White (NHW)
Model is adjusted for stage at diagnosis (1, 11, 111) and annual household income (< $25,000, = $25,000). Luminal A was used as the referent group.
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Table 3:
10-year overall mortality
Patient Characteristics Adjusted Hazards Ratio 95% ClI P
Race/subtype classification
NHW, HR+,luminal A 1.0 -
NHW, HR+,non-luminal A 3.44 1.31-9.03 0.01
Black, HR+,luminal A 1.20 0.48-2.95 0.70
Black, HR+,non-luminal A 421 1.74-10.18 0.001
Age, years
<50 1.0 -
> 50 2.85 1.48-5.47 0.002
Income, annual household
< $25,000 1.0 -
> $25,000 0.36 0.18-0.73 0.005
Stage (%)
| 1.0 -
1] 1.86 1.01-3.46 0.05
1] 4.55 2.21-9.35 | <0.001
Abbreviations: Non-Hispanic White (NHW)
Model is adjusted for age, stage at diagnosis (1, 11, I11), and annual household income (< $25,000, = $25,000).
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