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Abstract

While it is well-established that cardiovascular disease and congestive heart failure (CHF) are increased
among breast cancer survivors, little is known about how systemic therapy use, medical comorbidities,
and socioeconomic factors interact to influence long-term cardiac outcomes. In this study, we
performed an analysis of the SEER-Medicare database, including more than 200,000 patients with early-
stage breast cancer. Using available zip code and census data, patient disease characteristics and cardiac
outcomes were stratified by socioeconomic variables. Overall, patients of Black, Hispanic, and American
Indian/Alaskan Native race/ethnicity had increased incidence of large, high-grade tumors and nodal
involvement as compared to White and Asian American/Pacific Islander (AAPI) patients. Lower per
capita income (PCl), higher percentage of population living in poverty, lower level of education, and not
speaking English at home were also associated with increased tumor size, grade, and nodal stage.
Adjusting for cardiac covariates and cancer therapy type, a multivariate socioeconomic model revealed
that Black patients had higher risk of CHF and AAPI patients had a lower risk compared to White
patients. Further adjusting for race/ethnicity, patients living in a zip code in the lowest quartile of PCI
also had a higher risk of CHF compared to those in the highest quartile.



Introduction

Breast cancer is the most common malignancy and the second leading cause of cancer-related deaths
among women in the United States!?. Despite this, the vast majority of women are diagnosed with
potentially curable, early-stage disease, for which 5-year survival has risen to over 90% in the last 25
years®. HER2+ breast cancer — which is characterized by somatic amplification of the HER2 gene and
overexpression of the HER2 protein® — has seen particularly dramatic improvements in survival, largely
resulting from the development of trastuzumab and subsequent HER2-directed therapies. In the US,
however, breast cancer incidence and mortality differ substantially by race/ethnicity, socioeconomic
status (SES), and other social determinants of health. Incidence is highest among White women (133.7
per 100,000 women), followed by Black (127.8), America Indian/Alaska Native (AIAN; 111.3), Asian
American/Pacific Islander (AAPI; 101.3), and Hispanic (99.2) women?. However, despite the somewhat
lower incidence of breast cancer among Black and AIAN women in the US, age-adjusted mortality is
higher than that of White women in these cohorts. Mortality among Black women in particular exceeds
that of White women by 40%,% even among patients with early-stage HER2+ disease.**. A multitude of
studies have additionally shown strong, although less well-defined, relationships between breast cancer
outcomes and other socioeconomic variables (SEVs): poverty, lower levels of education, and rurality of
residence are all SEVs that have been associated with later-stage disease diagnosis and increased
mortality rates among women with breast cancer®'?,

As therapeutic advancements continue to improve the survival of patients with breast cancer, clinicians
are witnessing an increase in other causes of long-term morbidity and mortality in this population.
Cardiovascular disease (CVD) is the leading cause of non-cancer-related mortality in this group,
responsible for an estimated 35% of all non-cancer-related deaths in those 50 and older”. In particular,
several studies have shown increased risk of congestive heart failure (CHF) among breast cancer
survivors, particularly among those who have received systemic therapy with trastuzumab and/or
anthracyclines!®?®, In one large study from the UK that included more nearly 10,000 patients with a prior
breast cancer diagnosis, breast cancer survivors were at increased risk of CHF, non-ischemic
cardiomyopathy (NICM), and death from CHF or NICM compared to matched controls without cancer®.

The anthracyclines and trastuzumab-based monoclonal antibodies are both associated with cardiotoxic
effects, and close cardiovascular monitoring is recommended for patients receiving these treatments!®
18 Anthracyclines — a class of topoisomerase Il inhibitor chemotherapy — can cause a well-established
type of cardiotoxicity characterized by clinical heart failure, arrhythmia, or myocarditis, which is thought
to be caused by irreversible structural cardiomyocyte alterations and cell death'®?!, Trastuzumab —a
monoclonal antibody that binds to the extracellular domain of HER2, which is overexpressed in HER2+
breast cancers?? — has also been associated with heart failure?. This clinical entity is characterized by
either clinical heart failure or asymptomatic decline in left ventricular ejection fraction and, in contrast
to the structural myocyte damage associated with anthracycline use, is thought to be due to a transient
(and potentially reversible) decrease in contractility®-2L,

Similar to what is seen in the epidemiology of breast cancer itself, the incidence and outcomes of CVD
among breast cancer survivors differ substantially by race/ethnicity and SES. Studies have shown that
Black breast cancer survivors appear to bear an increased burden of morbidity in this setting: Black
women experience higher rates of major adverse cardiovascular events after diagnosis,?* and also
exhibit increased mortality>>?® when compared to their White counterparts. A variety of other
socioeconomic variables have also been associated with increased CVD mortality among breast cancer
survivors, including neighborhood median household income and median home values?*. However, a
limited number of studies to date have examined how the interactions between socioeconomic factors,



systemic therapy use, and medical comorbidities impact long-term cardiac outcomes among breast
cancer survivors. Further, prior studies have been further limited by relatively small sample sizes, short
durations of follow up, and primarily metastatic patient populations.

Our group previously presented data from the SEER-Medicare database describing long-term
cardiotoxicity associated with trastuzumab (T) and/or anthracyclines (A) in early-stage breast cancer
(EBC) patients (to be published separately).?’ Here, we present an analysis of disparities in outcomes
stratified by available socioeconomic variables (SEVs) from individual zip code and census data.

Results

Study Population

Of the 214,014 patients with early breast cancer (EBC) included in our initial primary analysis, census
data was available for 206,605 patients. Of those, 8,302 patients (4.0%) received trastuzumab (T) with
non-anthracycline (A) chemotherapy, 1,977 (1.0%) received both T and A, and 13,176 (6.4%) received A
without T. The remainder received neither T nor A.

Clinicopathologic Features

Overall, patients of Black, Hispanic, and AIAN race/ethnicity had significantly increased prevalence of
large, high-grade tumors and increased nodal involvement as compared to White and AAPI patients
(Table 1, Figures 1-3). 14.6% of Black patients, 13.1% of Hispanic patients, and 12.1% of AIAN patients
were diagnosed with T3-4 tumors, compared to 9.8% and 10.2% in White and AAPI patients,
respectively. Similarly, 45.2% of Black women, 38.5% of Hispanic women, and 38.5% of AIAN women
were found to have grade 3 disease, compared to 29.2% and 32.5% in White and AAPI women,
respectively. Further, 37.6% of Black patients, 37.9% of Hispanic patients, and 34.5% of AIAN patients
had nodal involvement (N1-N3) at time of diagnosis, compared to 28.1% and 28.4% of White and AAPI
patients, respectively (Table 1).

Other SEVs associated with these higher risk features included lower level of education, lower PCl,
higher percent of population living below poverty, and higher percent of households not speaking
English at home (Table 1, Figures 1-3). Level of education, PCl, and percent of population living below
poverty were all linearly associated with tumor size, grade, and nodal (N) stage: the proportion of
patients with T3-T4 tumors, high-grade pathology, and nodal involvement decreased in a linear fashion
with improvements in level of education, PCl, and percent of population living below poverty. Only the
highest quartile of not speaking English at home (i.e., a larger proportion of households where English is
not spoken in the home) was associated with a higher prevalence of these features.

Cardiovascular Comorbidities

The rate of significant cardiovascular comorbidities also varied by race/ethnicity and SEVs (Table 2).
Black patients demonstrated significantly increased prevalence of coronary artery disease (CAD, 32.4%),
hypertension (HTN, 85.0%), and diabetes mellitus (DM, 53.9%) compared to White patients (31.6, 76.6,
and 37.5%, respectively). Patients of Hispanic, API, and AIAN ethnicity also had significantly increased
prevalence of DM (56.9, 49.6, and 48.3%, respectively). Further, the prevalence of CAD, HTN, DM, and
emphysema were highest among patients living in a zip code in the lowest quartile of PCl and the
highest quartile of population living below poverty. While the rates of CAD and DM were also highest
among patients in the highest quartile of not speaking English at home, the prevalence of HTN was
greatest in the lowest quartile. While the rates of DM and emphysema were also highest among those



who did not graduate from high school, CAD and HTN were most prevalent among those with a college
education.

Risk of Congestive Heart Failure

A univariate cox proportional hazards model showed that all SEVs were associated with significant
differences in the risk of developing CHF; however, a multivariate analysis including all SEVs revealed
that level of education, not speaking English at home, and percent of population living below poverty
were no longer significant, and thus were removed from subsequent models. Adjusting for significant
cardiac covariates and exposure variables, the multivariate socioeconomic model revealed that Black
patients had a 23% higher risk of CHF (HR 1.23, 95% Cl 1.19-1.27, p<0.001) and AAPI patients had a 12%
lower risk of CHF (HR 0.88, 95% ClI 0.83-0.93, p<0.001) compared to White patients (Table 3, Figures 4-
5). Hispanic and AIAN patients did not have a significantly different risk of CHF compared to White
patients (HR 0.99, 95% Cl 0.92-1.08, p = 0.986; HR 1.13, 95% Cl 0.96-1.35, p=0.149, respectively; Table 3,
Figures 4-5). Adjusting for race/ethnicity and cardiac comorbidities, patients living in a zip code in the
lowest quartile of PCl had an 18% higher risk of CHF (HR 1.18, 95% Cl 1.15-1.22, p<0.001) as compared
to those in the highest quartile (Table 4, Figures 4-5).

Risk of CHF associated with the exposure variables showed similar trends as those reported in the
primary analysis: patients receiving both T and A remained at highest risk of developing CHF (HR 1.23,
95% Cl 1.13-1.34, p<0.001) compared to the baseline population (who had received neither T nor A),
followed by A without T (HR 1.20, 95% ClI 1.16-1.24, p<0.001) and T without A (HR 1.15, 95% Cl 1.09-
1.21, p<0.001; Tables 3-4, Figures 4-5).

Discussion

To our knowledge, this is the first study using a multivariate analysis to demonstrate how socioeconomic
factors, systemic therapy use, and medical comorbidities interact to impact the long-term development
of congestive heart failure among a large population of patients with early-stage breast cancer. Among
patients with EBC, patients of Black, Hispanic, and AIAN race/ethnicity had increased prevalence of
large, high-grade tumors and nodal involvement as compared to White and AAPI patients. Other SEVs
associated with these higher risk features included lower level of education, lower PCI, higher percent of
population living below poverty, and higher percent of households not speaking English at home.
Further, the proportion of patients with high-risk clinical features decreased in a nearly linear fashion
with improvements in level of education, PCl, and percent of population living below poverty. A
multivariable analysis accounting for SEVs, cardiovascular comorbidities, and treatment received
revealed a persistently increased risk of CHF in Black patients, a persistently decreased risk in AAPI
patients, a persistently increased risk in patients living in low PCl zip codes, and no change in the pattern
of cardiotoxic risk seen with anthracyclines and/or trastuzumab as previously reported.

Consistent with our results, other studies have also shown that Black, Hispanic, and American Indian
women are more likely to be diagnosed with high-grade and/or locally advanced tumors compared to
White women?1%2934 with Black women having the highest rates of high-grade and locally advanced
disease. In some studies, these disparities persist even after controlling for other indicators of
socioeconomic status, such as income and level of education®. Beyond race/ethnicity, other studies
have also shown later stage disease at presentation to be independently associated with socioeconomic
variables including poverty'®3%37, rurality of residence®®, and level of education®. This increase in T/N
stage among certain socioeconomic groups is also thought to be multifactorial, due to complex
disparities in healthcare access and delivery. It is important to note, however, that while inequities in
access to and/or utilization of healthcare may account for much of the disparity seen in stage of disease



at diagnosis, it cannot account for the higher-grade tumors seen in these populations. The increased
prevalence of TNBC in these populations (particularly among black patients)?2%32344041 ‘molecular
subtype does not fully account for the differences seen in the present study. Other factors that have
been proposed as driving these more aggressive disease characteristics among certain ethnicities
include obesity*? and differences in tumor biology (such as increased loss or hypermethylation of tumor
suppressor genes>%404346 and elevated levels of pro-inflammatory cytokines*’*8). More research is
needed to elucidate these associations between race/ethnicity and high-grade breast cancers.

Consistent with prior research of both the general population and breast cancer survivors specifically,
our study showed increased rates of cardiac comorbidities among certain ethnicities and SEVs. Our
study additionally showed that, even after adjusting for these cardiac comorbidities and exposure to
therapy (including trastuzumab and/or anthracyclines), Black EBC survivors had a higher long-term risk
of CHF (HR 1.23) compared to White patients, while AAPI patients were at lower risk (HR 0.88). After
additionally adjusting for race/ethnicity, EBC survivors living in a zip code in the lowest quartile of PCI
were also at a significantly increased risk of developing CHF as compared to patients in the highest
quartile. This important finding suggests that race/ethnicity is not the only factor associated with these
disparities, and patients with lower household incomes are at increased risk of CHF regardless of
race/ethnicity or underlying cardiac comorbidities.

Data surrounding the prevalence of CHF among Black women in the general population is scant.
According to three large studies, the lifetime risk of heart failure was 32-39% for non-Hispanic White
women and 24-46% for Black women, although it is worth noting that Black women represented just 2-
16% of each study population, which likely for the large range of values reported*>*°. While it is well-
documented that the overall Black population (and Black men in particular) are at higher risk for
developing CHF than their White counterparts*=!, it is still unclear if this holds true for Black women.
Many studies have attributed these race-based differences in CHF risk to the increased rate of cardiac
comorbidities (and subsequent suboptimal management of these risk factors) among Black patients®>3,
Our study, however, shows that Black women who are EBC survivors were more likely to develop CHF
regardless of the presence of major cardiac comorbidities.

Prior research has also shown disparate outcomes in the development of cardiotoxicity following
treatment with anthracyclines and/or trastuzumab. In several large metanalyses reporting outcomes for
tens of thousands of patients over several decades, African American ethnicity was consistently
reported as a significant risk factor for anthracycline-induced cardiotoxicity>*>’. Similarly, experience
over the last two decades has revealed that Black women are also at increased risk for developing
trastuzumab-induced cardiotoxicity even when adjusting for relevant cardiac risk factors and other
measures of socioeconomic status®®. Unfortunately, exact incidences of chemotherapy-induced
cardiotoxicity among different races/ethnicities are unclear, largely due to a lack of adequate inclusion
of minority populations in clinical trials and a lack of reporting of cardiotoxicity stratified by race.
Overall, a relatively small number of studies have specifically investigated racial differences in
cardiotoxicity among patients with breast cancer®. Recent observational data examining major cardiac
events among triple-negative breast cancer survivors who received anthracyclines additionally showed
increased risk of CHF for those living in rural area or an area with 20% of higher poverty levels®,

The reasons for these disparate outcomes in long-term incidence of CHF and/or cardiotoxicity among
breast cancer survivors are unknown. It is worth noting, however, that there are several overlapping risk
factors for both breast cancer and heart disease, all of which vary tremendously by race/ethnicity and

other socioeconomic factors. Increased alcohol consumption®®’, physical inactivity®® 3, tobacco use’”’,



and obesity’®®* are all well-established risk factors for both breast cancer and CVD/CHF that have higher

incidences among ethnic minorities (including Black, Hispanic, and AIAN women) and those of lower
SES®92, Further, obesity®®*, alcohol consumption®®, and physical inactivity®®® have been linked
specifically to increased risk of cardiotoxicity with anthracycline use. Additionally, disparities in access to
care (including lack of insurance coverage, lack of transportation, and lack of access to specialty care)
almost certainly impact the screening, surveillance, and management of treatment-associated
cardiotoxicity in breast cancer survivors. Additional research is needed to investigate the degree to
which these socioeconomic and lifestyle factors shape the long-term incidence of heart disease among
breast cancer patients.

The concept of “allostatic load” has recently emerged as a more comprehensive framework to explain
some of the observed socioeconomic disparities in breast cancer outcomes. The term was first
introduced in the 1990s as a way to represent the biologic impact of chronic/cumulative environmental
stressors on health outcomes: as stressors increase, so do neuroendocrine responses (mediated by a
variety of physiologic mechanisms, including B-adrenergic signaling, inflammatory biomarkers,
upregulation of gene expression, and epigenetic changes), leading to worse health outcomes®1%. As
expected, the distribution of allostatic load varies by race/ethnicity and other indicators of
socioeconomic status, and increased allostatic load appears to be associated with a variety of poor
health outcomes, including both cancer and cardiovascular disease'®%, |n breast cancer specifically,
increased allostatic load has been shown to be further correlated with increased incidence of large,
poorly-differentiated, and ER-negative tumors, especially among black women!!%11! Despite the data
available across many different disease subtypes, however, the clinical criteria used to quantify allostatic
load (ranging from C-reactive protein levels to systolic blood pressure) are not standardized and vary
significantly across trials. Further research is needed to validate this framework as a predictive mediator
of socioeconomic status and disparities in breast cancer outcomes. Increased allostatic load may be a
possible explanation for the independently increased risks of CHF seen in Black patients and those living
in the lowest PCl population.

There are several limitations to our study. First, the racial/ethnic categories included in the SEER
database (and our analyses) underappreciate the great diversity of racial and ethnic groups in the United
States. Future studies could consider including genetic ancestry, in addition to the race/ethnicity
categories included in SEER, in analyses. Further, in using the SEER-Medicare database, our study
primarily includes individuals aged 65 and older, although a small number of Medicare beneficiaries who
received coverage before age 65 due to disability have been included. It is worth noting that these
individuals may not be representative of the general population of breast cancer survivors (regardless of
age). There are also several other medical comorbidities, environmental risk factors, and breast cancer
treatments that may potentially impact the long-term development of CHF in breast cancer survivors
which were not included in the present study, including chronic kidney disease, obesity, tobacco use,
and use of endocrine therapy. Also, while 2016 was the most recently available data at the time of data
request, a repeat analysis with longer follow-up may be additionally informative, however practice
patterns have not significantly changed in the United States since 2016 for HER2+ patients in a way
relevant to this analysis, and this study likely reflects the contemporary patient population. Additionally,
other validated measures of disparities such as the Social Vulnerability Index or Area Depravation Index
were not used in the present study, and future analyses could consider incorporating such composite
outcomes. Finally, population sizes for each specific socioeconomic and/or clinicopathologic variable
(e.g., Black race/ethnicity, grade 3 disease, etc.) were not sufficiently large to perform meaningful sub-
analyses of the primary outcome. While some of these higher order analyses (i.e., risk of CHF by tumor



characteristics, etc.) will be reported in the primary analysis, this will not include stratification by
socioeconomic variable.

In conclusion, among EBC survivors, Black women and individuals living in a zip code with low PCl had a
higher long-term risk of CHF regardless of underlying cardiac comorbidities. Including these variables in
a multivariable model does not seem affect cardiotoxic risk profiles of anthracyclines and/or
trastuzumab based regimens described in our prior analysis. Additionally, individuals of Black, Hispanic,
or AIAN race/ethnicity or those living in areas with lower levels of education, lower PCl, higher percent
of population living below poverty, and higher percent of households not speaking English at home had
increased prevalence of large, high-grade tumors and nodal involvement. While no evidence-based
guidelines currently exist for specialized cardiac monitoring among high-risk patients after a diagnosis of
early-stage breast cancer, our study identifies several populations at increased risk for the development
of CHF after breast cancer treatment who should be considered for closer cardiac monitoring or
additional risk factor modification.

Methods
The processes by which the primary analysis was performed has been previously described,?” and will be
reiterated below with additional details unique to this sub-analysis included as well.

SEER-Medicare Linked Database

The SEER Program is a national cancer registry managed by the National Cancer Institute of the United
States. The SEER registry has been individually linked with the Medicare database to associate billing
and treatment variables with these important cancer statistics. At the time of data request for this
study, 2016 was the most recently available dataset. All patient data were extracted from the original
text files using SAS statistical software (SAS Institute Inc., Cary, NC, USA) and stored securely on an
institutional server according to the SEER data usage agreement.

Cohort Selection Criteria

Patients diagnosed with stage I-lll breast cancer with available zip code and census data between 2005
and 2016 were included in this sub-analysis, excluding patients with only in situ disease at diagnosis.
Patients with a history of CHF prior to initial breast cancer diagnosis were also excluded using both the
chronic conditions flag dataset (starting 2 years prior to study period) as well as any history of coding for
CHF prior to an index breast cancer diagnosis. Patients with an index breast cancer diagnosis prior to
2005, which preceded the approval of adjuvant trastuzumab, use were also excluded.

Primary Outcome, Exposure, and Comorbidity Variables

The primary outcome of interest was development of CHF after breast cancer diagnosis, as defined by a
single instance of inpatient or outpatient billing by ICD9 (years 2005-2015) or ICD10 (years 2015-2016)
codes. To maximize outcome capture, a broad range of CHF diagnosis codes were included
(Supplemental Table 1). The primary exposure variables were receipt of trastuzumab (including
biosimilars) and/or an anthracycline, as defined by their respective health care common procedure
coding system (HCPCS) codes (Supplemental Table 1). These codes did not include those for various
cardiomyopathies to ensure uniformity in the study population and to reduce the risk of
misclassification. Clinically important cardiac comorbidities included history of hypertension, valvular
heart disease, hyperthyroidism, diabetes, emphysema, or coronary artery disease defined using
ICD9/ICD10 codes (Supplemental Table 1). Variables regarding history of left-sided radiation, age, and
race were taken directly from the SEER PEDSF dataset (since renamed the SEER cancer file). Details on
breast cancer subtypes for the overall study population are reported in the primary analysis.



Socioeconomic Variables

The SEVs selected in this analysis included race/ethnicity, per capita income (PCl), overall level of
education, percent living below poverty, and percent not speaking English in the household. The
terminology for racial and ethnic groups included in this study reflect the terminology used in the SEER
census data. Continuous variables were transformed into categorical variables and represented as
quartiles. This census data was individually linked to each patient using the state lived in and encrypted
zip code available at the year of diagnosis.

Statistical Analysis Plan

Summary statistics of clinical characteristics were compared among the various SEVs using the Chi? test.
For all “time-to-event” survival analyses, development of CHF was defined as the time from the date of
breast cancer diagnosis to the date of first coding for any CHF variable. Because the SEER-Medicare
database does not include the day of diagnosis, but only a month and year of diagnosis, the 15™ of the
month was chosen as the day of breast cancer diagnosis for all patients. The reference population (i.e.,
the “baseline” CHF prevalence) used for Cox regression of the primary exposure variables was patients
with stage I-lll breast cancer who received neither trastuzumab nor an anthracycline. An initial
univariate Cox proportional hazards regression was utilized to estimate the individual risk of heart
failure (i.e., the hazard ratio, HR) between each SEV and the outcome variable. To control for potential
imbalance and confounding of cardiac comorbidity variables, a multivariate Cox proportional hazards
regression analysis was performed using all prospectively identified, clinically relevant covariates,
regardless of their significance in the univariate analysis. A stepwise-down multivariate Cox model was
finally constructed including all significant SEVs, as well as the cardiac comorbidity variables and
exposure variables, using an alpha of 0.05. Multivariate Cox regression, as opposed to a propensity
scoring system, was chosen for this analysis to decrease bias given the high number of patients,
confounding variables, and events in the study population.?® All descriptive and statistical tests were
performed using the Stata Statistical Software Package version MP-17.0 (StataCorp, College Station, TX,
USA).
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Table 1. Clinicopathologic Features by Socioeconomic Variable
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Figure 4. Multivariate Analysis: Risk of CHF by Race, PCl, and Treatment Type

Figure 5. Multivariate Analysis: Risk of CHF by Race, PCl, and Treatment Type
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(6.2) (8.7) ) ) ) (6.8) (6.1) (6.1) (5.8) (5.7) (5.9) (6.2) (6.9) (6.1) (5.9) (6.1) (6.7)

T4 8614 6556 122 484 208 42 386 359 334 1368 249 221 189 169 171 193 219 245 223 190 192 222
(41) 3.9 7 (42)(51) (47464445 (35 5 6 2 1 6 0 6 3 1 7 9 8

(5.9) ) ) ) (5.0) (4.4) (3.8) (3.4) (3.4) (3.9) (4.4) (4.9) (4.4) (3.8) (3.8) (4.5)

Tumo

Grade
1 4694 4013 299 241 733 184 178 174 1651 9345 102 114 116 119 115 119 116 103 114 115 118 106
0 5 4 1 (184)(20.2 7 (22.8)(24.8)78 55 42 8 06 02 07 68 46 26 10 01
(23.3 (24.6 (15. (21. 9) (22. (22. (21. (23. (23. (24. (23. (24. (23. (21. (23. (23. (24. (21.
) ) 0) 6) 0) 3) 2) 5 9 5 4 5 8 5 3 8 2 9
2 7568 7568 792 512 1715 357 347 338 3101 17476213 218 225 232 232 224 219 213 221 221 227 219
5 5 5 5 (43.1) (40.5 1 (42.7)(46.4)05 75 12 10 09 8 13 23 04 60 43 24
(45.5 (46.3 (39. (45. 6) (42. (43. (44. (45. (46. (47. (47. (46. (44. (44. (45. (45. (46. (45.
) ) 8 9) 9) 1) 0) 0 1) 4 2) 2) 9 1) 0 7) 5 4
3 4768 4768 901 362 1529 338 284 271 2505 10834 168 153 146 137 144 142 152 166 156 148 143 157
4 4 5 5 (385)(38.6 3 (34.5)(28.8)29 37 61 29 24 64 50 36 09 33 48 84
(31.2 (29.2 (45. (32. 5) (35. (34. (34. (31. (30. (28. (29. (29. (31. (34. (31. (30. (29. (32.
) ) 2) 5) 1) 6) 8 50 0 1) 4 3) 3) 4 8 6 3) 7)
Nodal
Stage
NO 1500 1235 132 840 2601 607 567 556 5144 28611345 358 368 377 378 366 359 346 366 364 368 351
35 73 31 3 (62.1) (65.2 9 (67.3)(725)36 64 95 99 46 83 94 30 18 72 75 88
(70.6 (71.9 (62. (71. 5) (66. (67. (67. (70. (72. (73. (73. (72. (70. (67. (70. (71. (71. (69.
) ) 4) ) 6) 6) 3) 00 0 7)) 3 0 1) 6 6 6 7) 0
N1 4375 3411 542 237 1036 210 198 188 1773 7867 113 106 101 987 994 101 106 112 104 101 104 109
7 2 9 3 (24.7) (22. 7 8 (23.2) (19.9) 40 64 74 4 4 85 58 76 95 50 26 92
(20.6 (19.8 (25. (20. 7)  (23. (22. (22. (20. (19. (19. (19. (20. (20. (22. (20. (19. (20. (21.
) ) 6) 2) 3) 9) 1) 8 8 3) 3) 0 8 0 2) 9 3) 6
N2 1226 9342 169 636 343 75 579 534 505 1991 355 307 278 236 254 265 304 353 315 280 273 308
3 (54) 7 (54)(82) (8.1(68(65(66) (500 6 4 6 1 1 7 2 8 8 9 o0 1
(5.8) (8.0) ) ) ) (6.9) (6.0) (5.4) (4.6) (4.9) (5.2) (5.9) (6.9) (6.1) (5.5) (5.3) (6.1)
N3 6413 4898 864 330 211 35 280 252 219 1009 188 162 141 126 131 144 165 178 158 151 140 170
(3.0) (2.9) (4.1)(2.8)(50) (38(33(3.1(29) (26) 7 7 9 6 6 1 9 6 5 1 1 5
) ) ) (3.7) (3.2) (2.8) (2.5) (2.6) (2.8) (3.2) (3.5) (3.1) (3.0) (2.7) (3.4)
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Type
NoT,
No A

T+A

A

1542 182 105 3705 821 448 455 461 465
85 76 (87.6) (88 77 57 18 98
(891 (85. (89. (86 (88. (89. (90.
4) 6) 3) 4) 2)

6705 959 539 205 <50 223 207 202 197
(3 87 (4.5) (4.6) (4.9) (<5
(4 3) (4 0) (3 9) (3 8)

581 502 477 417

1595 258 100 35 <11
(0.9) (1.2)(0.9) (0.8) (<1
1059 1,91 592 284

5 (5.0)(6.7) (61
(6 1) (8.9)

402 348 300 266

(1.1) (1.0) (0.9) (0.8)

(7 8) (5 8) (5 8) (5 2)

456 454
42 43
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212 201

I
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201
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9)
214
6

(4 1) (3 9) (3.9) (4.2)
626 471 450 431
(1.2) (0.9) (0.9) (0.8)

379 334 289 314

(7 3) (6 5) (5 6) (6 1)
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Category

Race

PCI

Treatment
Type

Variable

Black

AIAN

AAPI

Hispanic
Other

<25th %ile
25th-50th %ile
50th-75th %ile
T+A

A(noT)

T(no A)

HR

1.23
1.13
0.88
0.99
0.84
1.18
1.13
1.09
1.23
1.20
1.15

95% CI

1.19-1.27
0.96-1.34
0.83-0.93
0.92-1.08
0.71-0.99
1.15-1.22
1.09-1.16
1.06-1.12
1.13-1.34
1.16-1.24
1.09-1.21

p-value

<0.001
0.149
<0.001
0.986
0.034
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

Standard
Error

0.021
0.099
0.024
0.042
0.071
0.019
0.018
0.018
0.052
0.022
0.030




White

Black

AAPI

Hispanic

AlIAN

<25th %ile PCI

25-50th %ile PCI

50-75th %ile PCI

>75th %ile PCI

T+A

A(noT)

T (no A)

0.6 0.7



