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Purpose
To evaluate the relationship between race/ethnicity and breast cancer—specific survival according

to subtype and explore mediating factors.

Patients and Methods
Participants were women presenting with stage | to Il breast cancer between January 2000 and

December 2007 at National Comprehensive Cancer Network centers with survival follow-up
through December 2009. Cox proportional hazards regression was used to compare breast
cancer—specific survival among Asians (n = 533), Hispanics (n = 1,122), and blacks (n = 1,345)
with that among whites (n = 14,268), overall and stratified by subtype (luminal A like, luminal B
like, human epidermal growth factor receptor 2 type, and triple negative). Model estimates were
used to derive mediation proportion and 95% CI for selected risk factors.

Results
In multivariable adjusted models, overall, blacks had 21% higher risk of breast cancer-specific

death (hazard ratio [HR], 1.21; 95% CI, 1.00 to 1.45). For estrogen receptor—positive tumors, black
and white survival differences were greatest within 2 years of diagnosis (years 0 to 2: HR, 2.65;
95% Cl, 1.34 t0 5.24; year 2 to end of follow-up: HR, 1.50; 95% Cl, 1.12 to 2.00). Blacks were 76%
and 56% more likely to die as a result of luminal A-like and luminal B-like tumors, respectively. No
disparities were observed for triple-negative or human epidermal growth factor receptor 2—-type
tumors. Asians and Hispanics were less likely to die as a result of breast cancer compared with
whites (Asians: HR, 0.56; 95% CI, 0.37 to 0.85; Hispanics: HR, 0.74; 95% CI, 0.58 to 0.95). For
blacks, tumor characteristics and stage at diagnosis were significant disparity mediators. Body
mass index was an important mediator for blacks and Asians.

Conclusion

Racial disparities in breast cancer survival vary by tumor subtype. Interventions are needed to
reduce disparities, particularly in the first 2 years after diagnosis among black women with
estrogen receptor—positive tumors.
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race with luminal A tumors.>* Some of the differ-
ence in survival by tumor subtype reflects
availability of effective treatments. Hormone
receptor—positive tumors like luminal A and lu-

Incidence, mortality, and survival with regard to
breast cancer vary considerably according to sub-
type. Overall, luminal A tumors have the highest
incidence but also the lowest mortality." Although
basal-like and human epidermal growth factor re-
ceptor 2 (HER2) —type tumors occur less frequently,

minal B can be treated with tamoxifen and aroma-
tase inhibitors, and those that overexpress HER2
can be treated with trastuzumab.’” Hormone
receptor—negative tumors, like triple negative and

they are associated with poorer survival. In the Car-
olina Breast Cancer Study (CBCS), black and white
women with basal-like tumors were 40% and 70%
more likely to die as a result of breast cancer,
respectively, compared with women of the same
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basal like, can only be treated with surgery, radia-
tion therapy, and/or chemotherapy.®

Blacks are significantly more likely to be diag-
nosed with triple-negative or basal-like tumors than
nonblacks.>® Tumor subtype distribution seems
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similar between Asians and whites, although there is some evidence
that HER2-type tumors may be more common among Asians.'® His-
panics are less likely to be diagnosed with estrogen receptor (ER) or
progesterone receptor (PR) —negative tumors than blacks but more
likely to be diagnosed than whites."" Studies have observed lower
breast cancer survival among blacks and Hispanics as compared with
whites, and either no difference or better survival has been observed
among Asians and Pacific Islanders.'? Subtype may partially account
for racial/ethnic differences in survival, and prior studies have not
always been able to account for this.'? Research examining difference
in survival by race has been hampered by a lack of inclusion of women
from racial/ethnic groups (eg, Asian, Hispanic) that represent fast-
growing segments of the US population,™* a lack of information on
HER? status, and inconsistent assessment of other important factors
affecting survival, including treatment, socioeconomic status, body
mass index (BMI), and comorbid conditions.'*"”

Using prospective data from a cohort of women with breast
cancer with rich clinical data, we evaluated the relationship be-
tween race/ethnicity and breast cancer—specific survival within and
across breast cancer subtypes defined by ER/PR status, HER?2 sta-
tus, and tumor grade as proxies for gene expression markers.'® We
further investigated the mediating effects of tumor characteristics,
treatment, BMI, and sociodemographic factors on racial/ethnic
disparities in survival.

Study Population and Data Collection

The National Comprehensive Cancer Network (NCCN) Breast Cancer
Outcomes Database has collected prospective data on patient and tumor
characteristics, sociodemographic information, treatment, and outcomes for
women receiving care for newly diagnosed breast cancer since 1997. The study
population includes women with newly diagnosed stage I to III breast can-
cer'??® who presented and received primary care at one of eight comprehen-
sive cancer centers between January 1, 2000, and December 31, 2007: Arthur
G. James Cancer Hospital at Ohio State University (Columbus, OH), City of
Hope Comprehensive Cancer Center (Duarte, CA), Dana-Farber Cancer In-
stitute (Boston, MA), Fox Chase Cancer Center (Philadelphia, PA), H. Lee
Mofftitt Cancer Center (Tampa, FL), University of Texas MD Anderson Can-
cer Center (Houston, TX), Roswell Park Cancer Institute (Buffalo, NY), and
University of Michigan Comprehensive Cancer Center (Ann Arbor, MI). The
institutional review board at each center approved the study, data collection,
transmission methods, and storage protocols.

We identified 20,025 patients with stage I to III disease and excluded
anyone with a previous cancer diagnosis (n = 1,572); those with missing
racial/ethnic information, American Indian Aleutians/Eskimos, and those
whose race was designated as other (n = 322); those with missing information
on ER, PR, or HER2 status (n = 839); and those with missing follow-up data
(n = 24). Our final sample included 17,268 women.

Exposure and Outcome Assessment

Race/ethnicity. Race and ethnicity were self-reported. Women were
classified as white, black, Asian, or Pacific Islander. Ethnicity was classified as
non-Hispanic or Hispanic. If ethnicity was unknown, women were assumed to
be non-Hispanic. We cross classified race and ethnicity into four categories:
non-Hispanic white (white), non-Hispanic black (black), non-Hispanic Asian
or Pacific Islander (Asian), and Hispanic. Hispanic participants could be of
any race.

Deaths. Vital status and cause of death were ascertained from medical
records. Trained medical abstractors record the International Classification of
Diseases (ICD) code for the underlying cause of death if the patient had died. If
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Table 1. Breast Cancer Subtype Definitions

Subtype ER/PR Status HER2 Status Tumor Grade

Luminal A like ER and/or PR Not overexpressed Low or
positive intermediate
Luminal B like ER and/or PR Not overexpressed High
positive Overexpressed Any
HER2 type ER and PR Overexpressed Any
negative
Triple negative ER and PR Not overexpressed Any
negative

Data adapted.??
Abbreviations: ER, estrogen receptor; HER2, human epidermal growth factor
receptor 2; PR, progesterone receptor.

there was > one ICD code, they recorded the ICD code that reflected the
underlying cause, as defined by the WHO. If cause of death was unknown
based on the medical record, data from the National Death Index were used
instead. Rigorous quality control measures were in place to ensure accuracy of
the data.”!

Breast cancer subtype and tumor characteristics. Information on tumor
size, lymph node status, tumor grade, ER/PR status, and HER?2 status was
abstracted from pathology reports. Table 1 lists the definitions of luminal
A-like, luminal B-like, HER2-type, and triple-negative tumors used for
this analysis.”> We used tumor grade as a surrogate for Ki-67
expression”>*> and HER? status to differentiate between luminal A-like
and luminal B-like tumors

Covariates. Patient characteristics were collected via survey at first pre-
sentation at most centers, including initial sign or symptom of breast cancer,
race/ethnicity, employment status at diagnosis, highest level of education
completed, and menopausal status. Comorbidity at presentation was assigned
using either the Charlson index or the modified version of that index using a
patient survey.”*?” As part of the Breast Cancer Outcomes Database, dedicated
study abstractors complete any missing elements based on medical record
review. Clinical and treatment information was gathered from tumor regis-
tries, medical record review, and inpatient and outpatient records.

Statistical Analysis

We present age-standardized percentages of patient and clinical charac-
teristics at time of first presentation to the NCCN institution, stratified by
racial/ethnic group. Multinomial logistic (categorical variables) and binomial
logistic (binary variables) regression models were used to generate age-
adjusted P values.

Follow-up was defined as time in years from breast cancer diagnosis
to date of death or last date of NCCN follow-up. We used ICD codes 174
and 174.9 to identify breast cancer death. We used multivariable Cox
proportional hazards regression to estimate hazard ratios (HRs) and 95%
CIs for the relationship between race/ethnicity and breast cancer—specific
survival. Each subtype was modeled separately with whites as the reference
group for racial/ethnic comparisons. Few deaths occurred among Asians
and Hispanics; therefore, we present subtype-specific survival estimates for
blacks and whites only.

We tested whether covariates met the proportional hazards assump-
tion® for each subtype model using a Wald test of time-dependent covariates,
separately for blacks, Asians, and Hispanics as compared with whites. We
found the assumption was not met for hormonal therapy, chemotherapy, or
trastuzumab; therefore, we included interaction terms with log follow-up time
for each treatment variable. The assumption was satisfied for comparisons of
Hispanics and Asians with whites but was violated for comparison of black and
white women with ER-positive tumors. Thus, we assessed the time-dependent
relationship between black race and survival using two interaction terms
between a binary indicator of black race and follow-up time broken into two
time windows: 0 to 2 years after diagnosis and > 2 years after diagnosis to the
end of the follow-up period. All models were stratified by NCCN center.

© 2015 by American Society of Clinical Oncology ~ 2255
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Characteristics included in subtype definition were not modeled as covariates.
In model one, we adjusted in steps beginning with age at diagnosis (continu-
ous) and year of diagnosis (continuous). Model two included model one
variables plus patient-related and sociodemographic factors: insurance type
(Medicare, Medicaid or uninsured, managed care, indemnity, or other [eg,
self-pay or foreign or military insurance] or unknown), educational attain-
ment (= high school, some college, college graduate, or graduate school),
employment status (employed or student, homemaker or retired, unable to
work or unemployed, or other), menopausal status (pre or post), comorbidity
score (= 1 or 0), BMI (< 18.5, 18.5 to 24.9, 25 t0 29.9, or = 30 kg/m?). Model
three included all model two variables plus tumor characteristics: stage at
diagnosis, initial sign of breast cancer (abnormal mammogram or symptom),
tumor grade (high or low/intermediate), ER/PR status (positive or negative),
and HER?2 status (overexpressed or not overexpressed). Lastly, in model four,
we additionally adjusted for initiation of adjuvant chemotherapy, hormonal
therapy, or trastuzumab. Missing indicators were used to adjust for missing
data in covariates.

We performed a mediation analysis of sociodemographic factors, insur-
ance status, tumor characteristics, stage at diagnosis, BMI, and treatment on
observed racial/ethnic differences in survival. We added each potential medi-
ating variable or group of variables to the multivariable model and calculated
the mediation proportion and its 95% CI using an SAS macro (SAS Institute,
Cary, NC).”” The mediation proportion was the proportion of excess (or
reduced) breast cancer mortality among the selected racial/ethnic group rela-
tive to whites that could be attributed to the mediator. P values are two sided,
with an « level of 0.05. Analyses were performed using SAS software (version
9.2; SAS Institute).

Median length of follow-up was 6.2 years (Table 2). Mean age at
diagnosis was youngest in Asians (51.1 years) and Hispanics (52.0
years). Blacks were most likely to be diagnosed at stage IIT (24.1%),
with high tumor grade (64.6%) and triple-negative tumors (29.6%).
Whites had the highest proportion of tumors diagnosed at stage I
(45.6%) and ER-positive tumors (76.1%). Asians and whites were
most likely to have luminal A-like tumors (48.0% and 47.4%, respec-
tively). Blacks were the heaviest at time of first presentation to the
NCCN center, with a mean BMI of 31.5 compared with 23.9 kg/m”
among Asians (P <.001).

Table 3 lists HRs for death resulting from breast cancer compar-
ing blacks, Asians, and Hispanics with whites. In age-adjusted models,
blacks were twice as likely to die as a result of breast cancer as whites.
Risk was attenuated with adjustment for sociodemographic, tumor,
and treatment characteristics. In fully adjusted models, blacks were
21% more likely to die as a result of breast cancer (HR, 1.21; 95% CI,
1.00 to 1.45). Asians were at lower risk of death resulting from breast
cancer compared with whites for all tumor subtypes (HR, 0.56; 95%
CI, 0.37 to 0.85). A similar pattern was observed among Hispanics,
who had a 22% (HR, 0.74; 95% CI, 0.58 to 0.95) lower risk of breast
cancer—specific death overall. Results were similar when total mortal-
ity was examined (Appendix Table A1, online only).

Table 4 lists HRs for death resulting from breast cancer, compar-
ing blacks with whites according to subtype. In age-adjusted models
among women with ER-positive tumors, blacks were more than 3 as
likely to die as a result of breast cancer as whites in the first 2 years after
diagnosis. After multivariable adjustment, blacks were > 2X more
likely to die as a result of ER-positive breast cancer in the first 2 years
after diagnosis (HR, 2.65; 95% CI, 1.34 to 5.24) and 51% (HR, 1.50;
95% CI, 1.12 to 2.00) more likely to die thereafter. We saw no racial
difference in breast cancer—specific survival for ER-negative tumors

2256 © 2015 by American Society of Clinical Oncology

(HR, 1.04; 95% CI, 0.82 to 1.33). Among women with luminal A-like
tumors, blacks were 77% more likely to die as compared with whites
(HR, 1.76; 95% CI, 1.09 to 2.85) in our fully adjusted model. Blacks
with luminal B-like breast cancer were also at increased risk of death
compared with whites (HR, 1.56; 95% CI, 1.14 to 2.15). We saw no
survival differences for triple-negative (HR, 1.04; 95% CI, 0.79 to 1.37)
or HER2-type tumors (HR, 0.99; 95% CI, 0.57 to 1.73) in fully ad-
justed models. Results were similar when total mortality was exam-
ined (Appendix Table A2, online only).

We explored factors that mediated observed racial/ethnic differ-
ences in breast cancer—specific survival (Fig 1). The estimated propor-
tion of excess breast cancer mortality among blacks that was mediated
by hormone receptor status (ER and/or PR status), HER2 status, and
tumor grade was 23.8% (95% CI, 4.8% to 42.7%; P = .01). Other
mediators included stage at diagnosis (34.2%; 95% CI, 11.7% to
56.7%; P = .003) and BMI (18.6%; 95% CI, —1.4% to 38.4%; P =
.07). When we examined BMI, tumor characteristics, and stage at
diagnosis together, the proportion of excess mortality mediated was
59.9% (95% CI, 27.1% to 80.6%). Among Asians, BMI (14.9%; 95%
CIL, 0.2% to 29.7%; P = .05) was a significant mediator, with lower
BMI being protective (data not shown). Educational attainment,
comorbidity, insurance status, and treatment were not significant
mediators in either group. We found no significant mediators
among Hispanics.

Racial disparities in breast cancer—specific survival are well docu-
mented, and this study confirms and expands on prior findings in a
large cohort with detailed information on tumor characteristics, in-
cluding HER?2 status and treatment. Our mediation analyses show
that factors such as stage at diagnosis, tumor characteristics, and BMI
are significant contributors to racial differences in survival. However,
black/white disparities persisted after accounting for those factors.
Although black women were more likely to be diagnosed with poor-
prognosis tumors, we observed the greatest black/white survival dis-
parities among women with luminal tumors. This was particularly
evident in the first 2 years after diagnosis among those with ER-
positive tumors. Importantly, these disparities existed even among
women treated at National Cancer Institute—designated comprehensive
cancer centers, where we could discern no differences in treatment.

A meta-analysis of 20 studies with 14,103 black and 76,111
white women found that black women were 19% more likely to die
as a result of breast cancer than white women, after adjustment for
age, stage, and socioeconomic status.’® However, the authors did
not account for breast cancer subtype. Lund et al®' found no
differences in overall survival between blacks and whites for HER2-
type, luminal A, or luminal B tumors but did find higher breast
cancer mortality among blacks for triple-negative tumors. In con-
trast, the CBCS found that blacks were approximately twice as
likely to die as a result of luminal A and HER2-type tumors as
whites but found no differences for luminal B or basal-like tu-
mors.* Notably, this study stratified time into two groups: 0 to 5
years and > 5 years since diagnosis. Differences in findings may
reflect time and place of diagnosis. Lund et al included only 106
black and 360 white women in their study, all in Atlanta, Georgia,
whereas our study included > 14,000 white and > 1,300 black
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Table 2. Age-Standardized Patient Demographic and Clinicopathologic Characteristics According to Race/Ethnicity: 2000 to 2007
Characteristic White (n = 14,268) Hispanic (n = 1,122) Black (n = 1,345) Asian (n = 533) P
Length of follow-up, years < .001
Median 6.3 6.0 5.7 6.2
SD 2.4 2.3 25 2.3
Age at diagnosis, yearsT < .001
Mean 55.2 52.0 53.5 51.1
SD 1.7 3.8 4.3 2.6
Detection with symptoms, % 53.6 64.3 63.4 67.3 < .001
AJCC stage, % < .001
| 45.6 34.0 32.1 40.0
Il 40.7 44.8 43.8 45.0
11 13.7 211 241 14.9
ER positive, % 76.1 72.8 59.6 72.3 <.001
HER2 overexpressed, % 16.8 20.1 18.8 20.6 .04
High tumor grade, % 43.0 50.5 64.6 42.4 < .001
Molecular phenotype, % <.001
Luminal A like 47.4 421 27.1 48.0
Luminal B like 29.8 32.6 34.0 25.8
HER2 type 7.0 8.2 9.3 10.9
Triple negative 15.9 17.0 29.6 15.3
Chemotherapy, % 68.0 80.1 78.1 72.2 <.001
Hormonal therapy, %% 95.2 941 92.6 94.7 .004
Trastuzumab, %8 46.4 55.2 50.0 46.0 AN
Postmenopausal, % 60.1 52.9 57.9 46.9 <.001
Comorbidity score = 1, % 20.2 22.4 30.2 16.3 <.001
BMI, kg/m? <.001
Mean 27.5 28.5 31.5 23.9
SD 6.0 2.2 2.8 1.0
Educational attainment, % < .001
= High school 24.7 38.8 30.6 221
Some college 22.0 19.0 25,9 12.7
College graduate 20.3 13.6 13.0 28.4
Graduate school 15.3 10.6 9.7 20.5
Insurance status, % <.001
Managed care 67.0 59.0 59.3 72.8
Medicare 19.8 9.1 18.9 8.5
Medicaid or uninsured 35 20.8 15.0 8.3
Other or unknown 8.4 10.7 6.0 10.5
Employment status, % < .001
Employed or student 50.0 50.3 50.2 56.0
Homemaker or retired 34.7 37.4 241 32.3
Unable to work, unemployed, or other 153 12.3 25.7 11.8
Abbreviations: AJCC, American Joint Committee on Cancer; BMI, body mass index; ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; SD,
standard deviation.
*Age-adjusted P values calculated using multinomial (categorical variables) or binomial logistic (binary variables) regression models.
TNot age adjusted.
FAmong women with ER-positive tumors only.
8 Among women with tumors that overexpressed HER2 only. Trastuzumab was indicated for adjuvant setting in 2006, so receipt of trastuzumab was lower for time
period analyzed.

women from across the country. We included women diagnosed
from 2000 to 2007, whereas the CBCS included women diagnosed
from 1993 to 2001. Availability of treatments such as trastuzumab
has changed over time, and recent findings show wide variation in
magnitude of survival disparities between white and black patients
across US metropolitan areas. The age-adjusted HR ranged from
2.11 in Memphis, Tennessee, to 0.95 in Sacramento, California.*?
Blacks with ER-positive breast cancer were more than twice as
likely to die in the first 2 years after diagnosis as whites. Some
potential explanations include incomplete or delayed receipt of
locoregional therapy, chemotherapy, or endocrine therapy or less
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effective therapy among blacks because of toxicity or underdosing.
Blacks experience delays in diagnosis and treatment initiation,*’
and delays are associated with worse survival.”®** We previously
reported that time to diagnosis was longer for nonwhite patients,*’
and other work involving this database has shown that black and
Hispanic patients had longer times to adjuvant chemotherapy
compared with whites.*' Other work has shown that blacks with
breast cancer are more likely to receive non—guideline-adherent
primary treatment, including inappropriate primary surgical or
radiation treatment, as compared with whites.'>*? Endocrine
therapy, a key part of treatment for ER-positive tumors, is generally

© 2015 by American Society of Clinical Oncology ~ 2257
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Table 3. HRs for Death Resulting From Breast Cancer According to Race/Ethnicity

Model One* Model Twot Model Threet Model Four$
Race/Ethnicity No. of Deaths HR 95% ClI HR 95% ClI HR 95% Cl HR 95% ClI
White (reference) 895 1.00 1.00 1.00 1.00
Black v white 166 2.01 1.70t0 2.38 1.67 1.40t0 1.99 1.24 1.04101.48 1.21 1.00to 1.45
Asian v white 24 0.60 0.40 t0 0.91 0.65 0.43100.99 0.60 0.40t0 0.91 0.56 0.37 10 0.85
Hispanic v white 83 0.96 0.76 to 1.22 0.82 0.64 to 1.04 0.77 0.60 t0 0.98 0.74 0.58 t0 0.95

Abbreviation: HR, hazard ratio.

epidermal growth factor receptor 2 status.

“Age adjusted: age at diagnosis, National Comprehensive Cancer Network center, and year of diagnosis.
tModel one plus socioeconomic factors: insurance type, educational attainment, employment status, menopausal status, comorbidity score, and body mass index.
FModel two plus tumor characteristics: stage at diagnosis, triggering event, tumor grade, estrogen receptor status, progesterone receptor status, and human

8Model three plus treatment: chemotherapy, hormonal therapy, and trastuzumab use.

prescribed for = 5 years. Several studies have shown that nonad-
herence and early discontinuation of adjuvant endocrine therapy is
relatively common overall***** and more so among nonwhites.***°
Thus, differences in timing of treatment initiation, persistence, and
adherence to endocrine therapy may contribute to racial survival
disparities among women with ER-positive tumors, particularly in
the early period after diagnosis. In addition, black and lower—
socioeconomic status patients may receive less than the standard
dose of adjuvant therapies as a result of underdosing and use of
nonstandard regimens.’>! In this analysis, we observed no racial

disparity in the receipt of adjuvant chemotherapy or endocrine
therapy, with blacks and whites equally likely to initiate treatment.
However, we were not able to assess the role of treatment delay,
early discontinuation, or nonadherence*®° in this study.

We observed the greatest disparities between black and white
women for the tumor type considered least aggressive, for which we
have the greatest breadth of effective treatment options. That black
women are disproportionately dying as a result of ER-positive tumors
represents a system failure. Our findings further suggest that the early
period after diagnosis is a window of susceptibility where disparities in

Table 4. HRs for Death Resulting From Breast Cancer According to Race/Ethnicity (non-Hispanic black v non-Hispanic white) and Tumor Subtype
No. of Model One* Model Twot Model Three® Model Four$
0.0
Race/Ethnicity Deaths HR 95% CI HR 95% ClI HR 95% Cl HR 95% ClI

ER positive

White (reference) 439 1.00 1.00 1.00 1.00

Black 74 2.28 1.781t02.93 1.91 1.47 t02.48 1.58 1.21t0 2.05 1.62 1.24t02.12
ER positive (0 to 2 years)

White (reference) 102 1.00 1.00 1.00 1.00

Black 24 3.73 1.92t07.26 3.14 1.61t06.14 2.53 1.29t04.93 2.65 1.341t05.24
ER positive (= 2 years to end of follow-up)

White (reference) 337 1.00 1.00 1.00 1.00

Black 50 2.13 1.62t02.79 1.77 1.34102.35 1.46 1.111t0 1.94 1.50 1.12 t0 2.00
ER negative

White (reference) 456 1.00 1.00 1.00 1.00

Black 92 1.38 1.10t01.73 1.19 0.94t0 1.51 1.14 0.90to 1.45 0.99 0.771t01.28
Luminal A like

White (reference) 162 1.00 1.00 1.00 1.00

Black 22 2.50 1.60t0 3.93 1.98 1.241t03.16 1.78 1.12t02.86 1.76 1.09t0 2.85
Luminal B like

White (reference) 285 1.00 1.00 1.00 1.00

Black 55 1.79 1.34 10 2.41 1.60 1.181t02.19 1.568 1.16t0 2.15 1.66 1.14102.15
Triple negative

White (reference) 304 1.00 1.00 1.00 1.00

Black 72 1.41 1.09t01.84 1.22 0.92 to 1.60 1.04 0.791t01.37 1.04 0.79t0 1.37
HER2 type

White (reference) 121 1.00 1.00 1.00 1.00

Black 16 1.15 0.681t0 1.95 1.04 0.60to0 1.79 1.00 0.571t01.73 0.99 0.571t01.73
Abbreviation: ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; HR, hazard ratio.
“Age adjusted: age at diagnosis, National Comprehensive Cancer Network center, and year of diagnosis.
TModel one plus socioeconomic factors: insurance type, educational attainment, employment status, menopausal status, comorbidity score, and body mass index.
FModel two plus tumor characteristics: stage at diagnosis, triggering event, tumor grade (included in all subtype models except for luminal A like and luminal B like),
progesterone receptor status (included in ER-positive and ER-negative models only), and HER2 status.
8Model three plus treatment: chemotherapy, hormonal therapy (included in all models except for triple-negative and HER2-type models), and trastuzumab use
(included in luminal B-like and HER2-type models only).

2258 © 2015 by American Society of Clinical Oncology
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90 A
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80 53.9%
70
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S 504
- Tumor characteristics*
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=1 01 Stage at diagnosis
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<1}
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=
Insurance type
20 $ BwmI 11.1%
18.6%
10 4 Comorbidity score
Treatmentt 3.5%
0.56%
0 I 1
_10 -
-20
Selected Exposures
Tumor Stage at Treatmentt BMI Insurance Type Comorbidity Mediators
Characteristics* Diagnosis Score Combinedt
@ Mediated (%) 23.8 34.2 0.56 18.6 1.1 35 53.9
95% CI (%) 4.8t0427 11.7 t0 56.7 -9.1t08.2 -1.4t0 384 -5.81028.0 -2.9t09.9 27.1t0 80.6
P .01 .003 .90 .07 .20 .28 <.001

Fig 1. Estimated proportion of excess breast cancer mortality and 95% Cls among blacks relative to whites, mediated by selected exposures. (*) Estrogen and/or
progesterone receptor status, human epidermal growth factor receptor 2 status, and tumor grade. () Receipt of chemotherapy, hormonal therapy, or trastuzumab. ()

Includes tumor characteristics, stage at diagnosis, and body mass index (BMI).

survival may promulgate. Interventions to reduce treatment delays,
improve endocrine therapy adherence, and increase receipt of
guideline-adherent care are needed. Programs such as patient naviga-
tion have been implemented to increase the timeliness of diagnosis
and, to a lesser extent, treatment among vulnerable populations. Re-
sults of these programs have been mixed but suggest that navigation
services are effective when targeted to high-risk populations®**® and
aimed at increasing receipt of antiestrogen therapy.®' We also must
acknowledge the potential role of biologic differences in ER expres-
sion, sensitivity to endocrine therapy, or toxicity in these findings. In
one report, black women with ER-positive tumors had greater risk of
recurrence or death compared with whites, even in a randomized
clinical trial setting, where many barriers to and inequities in care had
been removed.**

Asians and Hispanics were less likely to die as a result of breast
cancer as compared with whites. Asians and Hispanics are the fastest
growing racial/ethnic groups in the United States.”> When disaggre-
gated into subgroups defined by country of origin, primary language,
and geographic location, there is significant heterogeneity in breast
cancer survival within Asian and Hispanic populations.®* For exam-
ple, most of the Hispanic women in this cohort identified their race as
white or Caucasian (93%). Because of this heterogeneity, the relation-
ship between Asian race or Hispanic ethnicity and breast cancer sur-
vival depends on the distribution of these factors in each study
population.®” We were unable to account for this in our study.

There are several important limitations to our study. NCCN is
not a population-based database, and it only examines care of those
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who had access to and received treatment at major academic cancer
centers. The median age of patients with breast cancer in the NCCN
database is almost 10 years younger than the national median. There-
fore, the experiences of women in this study may not be generalizable
to all women with breast cancer. However, the NCCN subtype distri-
bution is similar to that in population-based registries,*® and if any-
thing, we believe that our results may underestimate the magnitude of
racial disparities outside of comprehensive cancer centers. Power was
limited by small numbers of deaths for some subtype/race combina-
tions, particularly among Asians and Hispanics. We used reported
receptor status and grade as surrogates for molecular subtype, and
without information on cytokeratins or epidermal growth factor re-
ceptor, we could not disaggregate triple-negative and basal subtypes
with different prognoses.” We had limited characterization of socio-
economic status, with educational attainment and employment status
used as surrogates, leaving potential for residual confounding.
Despite these limitations, our study used recent data from
more than 17,000 women across the United States to examine
racial variation in breast cancer survival according to subtype. Few
previous studies have examined white, black, Asian, and Hispanic
women concurrently or included HER2 status in their analyses.
This is one of the first studies to formally test for mediators of
observed racial disparities in breast cancer survival. This is an
important step toward ameliorating—not just describing— differ-
ences. In summary, we found that black women with breast cancer
had poorer survival relative to whites and that this difference was
greatest in the first 2 years after diagnosis among women with
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ER-positive tumors. Further work is necessary to understand the
early period after diagnosis among black women with ER-positive
disease to understand potential interventions to reduce observed
disparities in breast cancer mortality. We encourage additional
studies in Hispanics and Asians to understand the mechanisms
associated with their equal or better survival relative to whites.
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GLOSSARY TERMS

activated.

limited proteolysis, and cross linking.

aromatase inhibitors: inhibitors used in treating breast
cancer in postmenopausal women. Aromatase inhibitors inhibit
the conversion of androgens to estrogens by the enzyme aroma-
tase, thus depriving the tumor of estrogenic signals. Because of
decreased production of estrogen, estrogen receptors, which are
important in the progression of breast cancer, cannot be

Cox proportional hazards regression model: a statis-
tical model for regression analysis of censored survival data, ex-
amining the relationship of censored survival distribution to one
or more covariates. This model produces a baseline survival
curve, covariate coefficient estimates with their standard errors,
risk ratios, 95% Cls, and significance levels.

cytokeratins: members of a large family of intermediate fila-
ment cytoskeletal proteins. Intermediate filament proteins are
expressed in a tissue-specific manner and are assembled as fila-
mentous arrays. Intermediate filament proteins have diverse bio-
logic functions and their association with a wide array of human
diseases resulting from aberrant post-translational modifications,

epithelial origin.

epidermal growth factor receptor (EGFR): a member of a
family of receptors (HER2, HER3, HER4 are other members of the fam-
ily) that binds to the EGF, TGF-q, and other related proteins, leading to
the generation of proliferative and survival signals within the cell. EGFR
(also known as HER1) also belongs to the larger family of tyrosine ki-
nase receptors and is generally overexpressed in several solid tumors of

HER2/neu (human epidermal growth factor receptor 2):
also called ErbB2. HER2/neu belongs to the epidermal growth factor
receptor (EGFR) family and is overexpressed in several solid tumors.
Like EGFR, it is a tyrosine kinase receptor whose activation leads to pro-
liferative signals within the cells. On activation, the human epidermal
growth factor family of receptors are known to form homodimers and
heterodimers, each with a distinct signaling activity. Because HER?2 is
the preferred dimerization partner when heterodimers are formed, it is
important for signaling through ligands specific for any members of the
family. It is typically overexpressed in several epithelial tumors.

trastuzumab: a humanized anti-ErbB2 monoclonal antibody ap-
proved for treating patients whose breast cancers overexpress the ErbB2
protein or demonstrate ErbB2 gene amplification. It is currently being
tested in combination with other therapies.
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Appendix

Table A1. HRs for Death According to Race/Ethnicity

Model One™ Model Twot Model Threef Model Fours
Race/Ethnicity No. of Deaths HR 95% ClI HR 95% ClI HR 95% Cl HR 95% ClI
White (reference) 2,004 1.00 1.00 1.00 1.00
Black v white 308 1.83 1.62t02.07 1.10 0.77 to 1.59 1.19 0.83t01.72 1.1 0.97to 1.27
Asian v white 39 0.62 0.45t0 0.85 0.64 0.46 t0 0.88 0.60 0.43t00.83 0.56 0.37 t0 0.85
Hispanic v white 139 1.04 0.87t0 1.25 0.86 0.71t0 1.03 0.80 0.67 t0 0.97 0.59 0.42 t0 0.82

Abbreviation: HR, hazard ratio.

“Age adjusted: age at diagnosis, National Comprehensive Cancer Network center, and year of diagnosis.

tModel one plus socioeconomic factors: insurance type, educational attainment, employment status, menopausal status, comorbidity score, and body mass index.
FModel two plus tumor characteristics: stage at diagnosis, triggering event, tumor grade, estrogen receptor status, progesterone receptor status, and human
epidermal growth factor receptor 2 status.

&8Model three plus treatment: chemotherapy, hormonal therapy, and trastuzumab use.

Table A2. HRs for Death According to Race/Ethnicity (non-Hispanic black v white) and Tumor Subtype

No. of Model One* Model Twot Model Three® Model Four$
0.0
Race/Ethnicity Deaths HR 95% ClI HR 95% ClI HR 95% Cl HR 95% ClI

ER positive

White (reference) 1,229 1.00 1.00 1.00 1.00

Black 160 1.91 1.62t02.26 1.53 1.28t0 1.81 1.36 1.14t01.63 1.34 1.12t0 1.61
ER positive (0 to 2 years)

White (reference) 146 1.00 1.00 1.00 1.00

Black 32 2.80 1.90t04.13 2.22 1.50t0 3.28 1.95 1.32t02.87 1.89 1.25t02.85
ER positive (= 2 years to end of follow-up)

White (reference) 1,083 1.00 1.00 1.00 1.00

Black 128 1.77 1.47t02.13 1.42 1.17t01.71 1.27 1.05t0 1.53 1.25 1.02to0 1.63
ER negative

White (reference) 775 1.00 1.00 1.00 1.00

Black 148 1.35 1.13t0 1.62 1.17 0.97to 1.41 1.1 0.921t01.34 1.00 0.831t01.20
Luminal A like

White (reference) 563 1.00 1.00 1.00 1.00

Black 51 1.69 1.26t02.26 1.38 1.03t0 1.86 1.29 0.951t01.73 1.36 0.9910 1.87
Luminal B like

White (reference) 623 1.00 1.00 1.00 1.00

Black 114 1.87 1.52t02.29 1.49 1.20t0 1.83 1.46 1.19t0 1.81 1.34 1.07 to 1.68
Triple negative

White (reference) 534 1.00 1.00 1.00 1.00

Black 115 1.36 1.11t0 1.67 1.18 0.951t0 1.46 0.98 0.791t01.22 0.97 0.781t0 1.21
HER2 type

White (reference) 199 1.00 1.00 1.00 1.00

Black 24 1.01 0.96 to 1.56 0.84 0.541t01.31 0.79 0.511t01.23 0.81 0.562t01.26

Abbreviation: ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; HR, hazard ratio.

“Age adjusted: age at diagnosis, National Comprehensive Cancer Network center, and year of diagnosis.

tModel one plus socioeconomic factors: insurance type, educational attainment, employment status, menopausal status, comorbidity score, and body mass index.
FModel two plus tumor characteristics: stage at diagnosis, triggering event, tumor grade (included in all subtype models except for luminal A like and luminal B like),
progesterone receptor status (included in ER-positive and ER-negative models only), and HER2 status.

8Model three plus treatment: chemotherapy, hormonal therapy (included in all models except for triple-negative and HER2-type models), and trastuzumab use
(included in luminal B-like and HER2-type models only).
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