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A B S T R A C T

Purpose
The 21-gene recurrence score (RS) breast cancer assay is clinically used to quantify risk of 10-year
distant recurrence by category (low, , 18; intermediate, 18 to 30; high, $ 31) for treatment
management among women diagnosed with hormone receptor–positive, human epidermal growth
factor receptor 2–negative, lymph node–negative breast cancer. Although non-Hispanic black (NHB)
women have worse prognosis compared with non-Hispanic white (NHW) women, the equivalency
of 21-gene RS across racial groups remains unknown.

Patients and Methods
Using the Metropolitan Detroit Cancer Surveillance System, we identified women who were di-
agnosed with hormone receptor–positive, human epidermal growth factor receptor 2–negative,
lymph node–negative invasive breast cancer between 2010 and 2014. Multinomial logistic re-
gression was used to quantify racial differences in 21-gene RS category.

Results
We identified 2,216women (1,824 NHW and 392 NHB) with invasive breast cancer whomet clinical
guidelines for and underwent 21-gene RS testing. The mean RS was significantly higher in NHBs
compared with NHWs (19.3 v 17.0, respectively; P = .0003), where NHBs were more likely to
present with high-risk tumors compared with NHWs (14.8% v 8.3%, respectively; P = .0004). These
differences were limited to patients younger than 65 years at diagnosis, among whom NHBs had
significantly higher RS compared with NHWs (20 to 49 years: 23.6 v 17.3, respectively; P, .001 and
50 to 64 years: 19.6 v 17.4, respectively; P = .023). NHBs remained more likely to have high-risk
tumors comparedwith NHWs after adjusting for age, clinical stage, tumor grade, and histology (odds
ratio [OR], 1.75; 95% CI, 1.18 to 2.59).

Conclusion
NHBs who met clinical criteria for 21-gene RS testing had tumors with higher estimated risks of
distant recurrence compared with NHWs. Further study is needed to elucidate whether differences
in recurrence are observed for these women, which would have clinical implications for 21-gene RS
calibration and treatment recommendations in NHB patients.

J Clin Oncol 36:652-658. © 2018 by American Society of Clinical Oncology

INTRODUCTION

Accounting for approximately 30% of all new
female cancer diagnoses in the United States, it is
estimated that one in every eight women will
develop breast cancer in her lifetime.1 Although
breast cancer incidence rates have remained stable
over the last decade, racial disparities in mortality
have persisted. Across all breast cancer subtypes,
non-Hispanic black (NHB) women dispropor-
tionately suffer from poorer prognoses and higher

mortality rates compared with their non-Hispanic
white (NHW) or Hispanic counterparts.1-3 These
marked racial disparities in breast cancer survival
outcomes partially reflect differences in socioeco-
nomic status and access to care,4-8 but also capture
differences in stage at diagnosis6,9,10 and hormone
receptor (HR) status.11,12

In general, women with HR-positive breast
cancer, which accounts for nearly 70% of all
breast cancer diagnoses, demonstrate favorable
responses to endocrine therapy and have better
5-year survival compared with patients with
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HR-negative disease. However, a pooledmultisite analysis of. 10,000
women demonstrated a reversal in this effect 5 to 10 years after
diagnosis, where women with HR-positive tumors had worse survival
compared with those with HR-negative tumors.13 Furthermore, re-
cent studies have shown that NHB women are nearly two-fold more
likely to die specifically from HR-positive, human epidermal growth
factor receptor 2 (HER2)–negative breast cancer than NHW women,
particularly within the first 2 years of diagnosis, evenwhen accounting
for factors including tumor stage and other clinical characteristics.14-16

Although possible explanations for this disparity include delays in
diagnosis and treatment initiation or less effective therapy among
NHBs because of toxicity or underdosing, there is evidence for un-
derlying racial differences in tumor biology among HR-positive,
HER2-negative breast tumors.5,17 Advancement of our knowledge
in the biologic and clinical diversity of breast cancer between NHBs
and NHWs could lead to improvement in patient outcomes.

Both evidence-based and patient-centered decisions regarding
clinical interventions contribute to improved access, quality of care,
and patient prognosis.18-21 The 21-gene recurrence score (RS) breast
cancer assay is a clinical decision-making tool for the management
of adjuvant therapies, where patients with a high-risk RS benefit
from the addition of chemotherapy to adjuvant endocrine therapy
regimens.22-27 This test categorizes HR-positive, HER2-negative, and
lymph node–negative disease on the basis of 10-year distant re-
currence risk into low (, 18), intermediate (18 to 30), or high ($ 31)
risk groups.22,23,27 Clinical trials, including the randomized Trial
Assigning IndividuaLized Options for Treatment (Rx) (TAILORx)
trial, have demonstrated the cost-effective, predictive, and prognostic
benefits of this assay.23,26,28,29 However, it is important to note that
both risk RS guidelines and results from clinical trials have been
reported from cohorts of NHW women. To date, studies conducted
in hospitals within an urban setting, among Medicare beneficiaries,
and in academic institutions have reported conflicting evidence on
racial differences in uptake of 21-gene RS testing.30-34 Recent evi-
dence from population-based studies demonstrated no differences by
race in uptake of testing among patients with HR-positive/HER2-
negative, node-negative disease, but did not provide any information
on 21-gene RS results.30,35,36

Given these contradictory findings and the well-established
disparities in breast cancer outcomes by race, an understanding of
how 21-gene RS scoring and corresponding risk groups may differ
for NHBs compared with NHWs is needed on the basis of current
National Comprehensive Cancer Network (NCCN) guidelines. De-
lineating the patterns of 21-gene RS scoring among a racially diverse
group of women who all underwent this genetic test may help to
determine whether there are racial differences beyond accessibility
and cancer care quality, potentially indicating underlying differences
in tumor biology.18-21,37We investigated racial differences in 21-gene
RS among women diagnosed with HR-positive, HER2-negative,
node-negative breast cancer using data from the population-based
Metropolitan Detroit Cancer Surveillance System (MDCSS) registry.

PATIENTS AND METHODS

Study Design and Information Sources
We compared NHW and NHB female patients diagnosed with HR-

positive, HER2-negative, lymph node–negative invasive breast cancer for

whom Oncotype DX (21-gene RS; Genomic Health, Redwood City, CA)
score results were available in the MDCSS catchment areas of Wayne,
Oakland, and Macomb counties in Southeast Michigan. The MDCSS is
a founding member of the SEER Program38 and has been continuously
collecting population-based cancer data since 1973. This study was de-
termined as non-human participant research by the Wayne State Uni-
versity Institutional Review Board.

Study Population
From the MDCSS database, we obtained de-identified data on 15,773

women ($ 20 years of age) who were diagnosed with and underwent
surgery for invasive breast cancer between 2010 and 2014. 2010 is the first
year for which HER2 status data were available in theMDCSS database (Fig 1).
We restricted our study sample to women who would have been rec-
ommended for 21-gene RS testing using NCCN guidelines (HR positive,
HER2 negative, node negative, tumor size . 0.5 cm).24 After exclusions
made on the basis of HR status, HER2 status, lymph node status, tumor
size, 21-gene RS data availability, and race/ethnicity (Fig 1), our final
cohort consisted of 2,242 women with 21-gene RS risk information who
underwent surgery after diagnosis of HR-positive, HER2-negative, node-
negative invasive breast cancer.

MDCSS Database Linkage to Oncotype DX (21-gene RS) Test
Results

Results of the 21-gene RS test were populated in the MDCSS database
through linkage with Genomic Health, Inc. (GHI) Clinical Laboratory
data. Linkage was performed by an honest broker, the SEER Database
Management System developer, Information Management System, Inc.
(IMS). Linkage variables included patient name, date of birth, social se-
curity number, sex, address, phone number, and medical record number
(s). IMS used Registry Plus Link Plus software and an SAS algorithm to link
the data. Link Plus is a probabilistic record linkage program developed
by the Centers for Disease Control and Prevention (http://www.cdc.gov/
cancer/npcr/tools/registryplus/lp.htm). To ensure quality control, a linkage
evaluation study was conducted where a random sample of cases was
selected for review by registrars to confirm correct classification of cases.
Comparison of manually collected data to linkage data revealed RS dis-
crepancies in 5% of cases across all SEER registries, which resulted in RS
group misclassification in 2% of cases (n = 649,311 cancer cases across all
SEER registries). Probable matches were submitted to theMDCSS database
for review and final determination of match status. All matches were
combined into a single file, which contained a unique GHI record number
and corresponding masked identification number that were forwarded to
GHI. GHI provided 21-gene RS test results (RS, scale 0 to 100; RS group,
low/intermediate/high risk; month and year of test; or reason for no RS) to
IMS using the masked identification number. IMS replaced the masked
identity with a unique registry identifier for each patient and distributed
the 21-gene RS variables to the MDCSS database. Follow-up for each case
was current within 22months of the annual submission date (November 1,
2015).

Clinical and Demographic Variables
Variables of interest included the 21-gene RS (low risk, , 18; in-

termediate risk, 18 to 30; high risk, $ 31), age at diagnosis, race/ethnicity,
American Joint Committee on Cancer (AJCC) clinical stage, histology,
tumor size and grade, breast cancer subtype, and HR status. International
Classification of Diseases for Oncology site codes were used to define
tumor location by primary site. For those women whose treatment data
were recorded in the MDCSS database, first course of treatment was
defined as receipt of therapy for a cancer diagnosis before disease pro-
gression or recurrence and included type of surgery (breast conserving v
mastectomy), adjuvant chemotherapy, endocrine therapy, and radiation
therapy.
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Statistical Analysis
Univariable associations between demographic/clinical characteris-

tics and 21-gene RS by race were examined using x2 tests and t tests for
categorical and continuous variables, respectively. Multinomial logistic
regression was used to estimate odds ratios (OR) and 95% CIs to quantify
associations among race, clinical/demographic factors, and 21-gene RS risk
group, where the reference outcome category was low risk of distant
recurrence. Associations between race and 21-gene RS (low, , 18; in-
termediate, 18 to 30; high,$ 31) were assessed in unadjusted and adjusted
models. The adjusted model included age at diagnosis (20 to 49, 50 to 64,
or$ 65 years), race/ethnicity (NHB or NHW), American Joint Committee

on Cancer clinical stage (I or II), tumor size (. 0.5 to, 2 cm or 2 to 5 cm)
and grade (low or high), and histology (ductal, lobular, ductal and lobular,
or other) on the basis of patients’ records having complete information for
these covariates. All data were analyzed using SAS version 9.4 statistical
software (SAS Institute, Cary, NC). All statistical tests were two-sided, with
a P value , .05 considered to be statistically significant.

RESULTS

A total of 6,226 breast cancer cases clinically eligible for 21-gene RS
testing on the basis of NCCN guidelines (ie, those who underwent
surgery after a diagnosis of HR-positive, HER2-negative, node-
negative invasive breast cancer) were identified within the MDCSS
database over the 5-year study period (Fig 1). Approximately 40%
of these patients (n = 2,514) underwent 21-gene RS testing of their
tumors. Uptake of 21-gene RS testing did not differ between NHW
and NHB women, among whom 59.6% of NHWs (2,937 of 4,856
patients) and 61.6% of NHBs (673 of 1,089 patients) did not
undergo 21-gene RS testing (P = .42). Subsequent analyses focused
on the subset of this population who self-identified as NHW or
NHB with reported 21-gene RS, which included 2,216 non-
Hispanic women (1,824 NHW and 392 NHB patients).

The mean 21-gene RS significantly differed by race. The mean
RS for NHB women was classified into the intermediate-risk group
per NCCN guidelines and was significantly higher compared with
NHW women, for whom the mean RS was categorized as low risk
of distant recurrence (19.3 v 17.0, respectively; P = .0003; Table 1).
Nearly 10% of all patients (n = 210) with a 21-gene RS were
classified into the high-risk group (score, 31 to 100). NHB women
were more likely to present with tumors classified as high risk
comparedwithNHWwomen (14.8% v 8.3%, respectively; P= .0004).
The mean age at diagnosis did not differ by race; NHW and
NHB individuals were diagnosed at the age of 59.5 and 59.0 years,
respectively (Table 1). NHB women were more likely to have
Medicaid/Medicare as their primary payment method at the time
of diagnosis (NHB 47.2% v NHW 36.6%; P = .0014). Clinically,
NHB patients presented with higher grade (NHB 20.7% v NHW
15.3%; P = .009) and more stage II tumors (NHB 35.3% v NHW
28.7%; P = .010) compared with NHW counterparts. Although the
majority of breast cancers were infiltrating ductal carcinomas,
NHB patients were also significantly less likely to be diagnosed with
this histologic subtype compared with NHW patients (75.0% v
78.9%, respectively; P = .0016).

We next evaluated racial differences in 21-gene RS within
21-gene RS risk strata. No racial differences in mean 21-gene RS
were observed among patients in the low- and intermediate-risk
groups. However, the mean 21-gene RS was significantly higher for
NHB compared with NHW women among patients in the high-
risk group (45.8 v 41.4, respectively; P = .023; Fig 2). Stratification
of 21-gene RS risk group by race and age at breast cancer diagnosis
(Fig 3) helped to further define this difference. The mean age at
diagnosis among women with high-risk recurrence scores was
significantly lower among NHBs compared with NHWs (55.4 v
60.6 years, respectively; P = .0018; Appendix Table A1, online
only). Among women in the high-risk category, 32.8% of NHB
women were diagnosed with breast cancer age younger than of
50 years compared with 15.1% of NHW women (P = .0047).

n = 9,771

Exclusions

n = 6,947

n = 6,226

n = 2,514

n = 2,352

n = 2,238

Total eligible cases

(n = 2,216)

MDCSS
Invasive breast cancer, 
female, age known, and 

diagnosed 2010-2014
(N = 15,773)

Subtype other than HR positive/HER2
negative or unknown

(n = 6,002)

Not (pT1, pT2, or pT3 and pN0 or pN1mi):
 AJCC stage III-IV disease

(n = 2,824)

Tumor size ≤ 0.5 cm or not assessed
(n = 721)

21-gene RS breast cancer assay not performed
(n = 3,712)

21-gene RS not reported 
Ordered, not in chart 
Not in record

  (n = 162)
  (n = 152)
    (n = 10)

Race other than white/black
Hispanic ethnicity (white n = 35, black n = 0)

(n = 114)

Any chemotherapy before surgery (n = 21)
Any intraoperative chemotherapy (n = 1)

(n = 22)

Fig 1. Composition of study population with exclusion criteria. AJCC, American
Joint Committee on Cancer; HER2, human epidermal growth factor receptor 2;
HR, hormone receptor; MDCSS, Metropolitan Detroit Cancer Surveillance System;
RS, recurrence score.
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Furthermore, the observed racial difference in 21-gene RS was limited
to women younger than 65 years of age. NHB women were signif-
icantly more likely to be in the high-risk group compared with NHW
women in the 20 to 49–year age group (22.4% v 6.1%, respectively;
P , .0001) and the 50 to 64–year age group (15.4% v 8.9%,
respectively; P = .0331; Fig 3, Appendix Table A2, online only).

Racial differences in tumor and clinical characteristics were
noted only among patients with intermediate risk or who were
diagnosed between the ages of 50 and 64 years (Appendix Tables A1
and A2). NHBs were significantly more likely to have larger tumors
and to present at advanced clinical stages compared with NHWs.
Despite the potential for chemotherapy misclassification as the
result of unknown therapy information, we noted expected trends
in uptake of chemotherapy with decreasing age and by increasing
21-gene RS among all-comers (Appendix Tables A1 and A2). No
racial or age differences in type of surgery, adjuvant chemotherapy,
or radiation were observed in our study population. Differences in

endocrine therapy were noted among patients 65 to 99 years of age
or among patients with low-risk tumors. NHB patients were more
likely to receive treatment compared with NHW patients (P = .0204
and P = .032, respectively; Appendix Tables A1 and A2).

We next quantified the association between race and 21-gene
RS group in both unadjusted and adjusted multivariable logistic
regression models (Table 2). In the unadjusted model, NHB
women were nearly twice as likely to have a high-risk 21-gene RS
compared with NHW women (OR, 1.93; 95% CI, 1.38 to 2.70;
P = .0001). This association remained after adjusting for age at di-
agnosis, clinical stage, tumor grade and histology; NHBs remained
approximately 75% more likely to be classified into high-risk RS
groups compared with NHWs (OR, 1.75; 95% CI, 1.18 to 2.59;
P = .005). In the multivariable model, an age of 50 to 64 years at
diagnosis and high tumor grade were also independent predictors of
having a high-risk 21-gene RS. In contrast, a lobular or ductal and
lobular carcinoma was inversely associated with a high-risk RS

Table 1. Summary of Demographic and Clinical Characteristics by Race in Women With Hormone Receptor–Positive, Human Epidermal Growth Factor Receptor
2–Negative, Lymph Node–Negative Invasive Breast Cancer: Metropolitan Detroit Cancer Surveillance System 2010 to 2014

Characteristic

NHW NHB

PNo. % No. %

Total No. of patients 1,824 392
Mean (SD) 21-gene recurrence score 17.0 (10.2) 19.3 (13.8) .0003
21-gene recurrence score .0004
Low risk (, 18) 1,109 60.8 219 55.9
Intermediate risk (18-30) 563 30.9 115 29.3
High risk ($ 31) 152 8.3 58 14.8

Age at diagnosis, years .57
20-49 375 20.6 85 21.7
50-64 817 44.8 182 46.4
65-99 632 34.6 125 31.9

Mean (SD) age, years 59.5 (10.6) 59.0 (10.6) .35
Insurance .0014
Private 1,052 57.7 183 46.7
Medicare/Medicaid 668 36.6 185 47.2
Insured, NOS 71 3.9 15 3.8
No insurance 15 0.8 —

Other/unknown 18 1.0 —

Tumor grade .009
I-II (well to moderately differentiated) 1,506 82.6 303 77.3
III-IV (poorly differentiated to undifferentiated) 279 15.3 81 20.7
Unknown 39 2.1 8 2.0

Histology .0165
Ductal 1439 78.9 294 75.0
Lobular 225 12.3 54 13.8
Ductal and lobular 118 6.5 24 6.1
Other* 42 2.3 20 5.1

Hormone receptor status† .23
ER-positive/PR-positive 1,658 91.0 353 90.5
ER-positive/PR-negative 164 9.0 37 9.5

AJCC stage† .010
I 1,299 71.3 253 64.7
II 524 28.7 138 35.3

Tumor size, cm .006
. 0.5-2.0 1,309 71.8 254 64.8
2-5 515 28.2 138 35.2

NOTE. P value calculations do not include unknown values.
Abbreviations: AJCC, American Joint Committee on Cancer; ER, estrogen receptor; NHB, non-Hispanic black; NHW, non-Hispanic white; NOS, not otherwise specified;
PR, progesterone receptor; SD, standard deviation; —, suppressed because of small cell size.
*Other histology includes pleomorphic carcinoma; pseudosarcomatous carcinoma; adenocarcinoma, NOS; cribriform carcinoma; adenocarcinoma with mixed sub-
types; papillary adenocarcinoma, NOS; clear cell adenocarcinoma, NOS; apocrine adenocarcinoma; mucinous adenocarcinoma; medullary carcinoma, NOS; and
metaplastic carcinoma, NOS.
†Four patients were diagnosed with ER-negative/PR-positive breast cancer, and two patients had unknown AJCC clinical stage information.
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(Table 2). No association was found between race and intermediate-
risk 21-gene RS, although an age of 50 to 64 years at diagnosis and
high tumor grade were also independent predictors of having an
intermediate-risk 21-gene RS.

DISCUSSION

Our study of 2,216 women who underwent 21-gene RS testing of
their breast tumors revealed differences in risk RS by race. We
noted differences in age at diagnosis andmean 21-gene RS between
NHB and NHW patients with tumors classified as high risk. This
finding is novel, given that our study is the first population-based
evaluation of racial and age patterns among differences in 21-gene
RS classification according to clinical guidelines.24

Differences in high-quality treatment and quality of care are
factors that effect racial disparities in breast cancer prognosis and
outcomes. Yet conflicting evidence has been reported for uptake of
21-gene RS testing by race. In 2012, Lund et al31 used hospital-based
tumor registry data from three academic hospitals to describe racial
differences in 21-gene RS testing, scores, and treatment, noting that
African American women were twice as likely to be categorized as
high risk compared with white counterparts; however, classification
of risk groups remains inconsistent with NCCN standards.30-34 In
contrast, more recent studies reported no racial variations in uptake of
21-gene RS testing among patients with breast cancer.30,39 Consistent
with these recent findings, we observed no significant differences in
uptake of 21-gene RS testing by race, although NHB patients were
slightly less likely to have the assay performed. Reasons for patients to
forego 21-gene RS testing are unknown, but could include patient
preferences or tumor characteristics and clinically provided sufficient
evidence-based information for an informed treatment decision.

Twenty one-gene RS testing is clinically indicated for adjuvant
therapy decision making and management; patients classified as
high risk (RS, 31 to 100) benefit from chemotherapy followed by

endocrine therapy.22-27 In our study, we found that NHB women
had larger, higher-grade breast tumors than NHW women, con-
sistent with previous reports from the Carolina Breast Cancer
Study.4,30 We also observed trends in increased uptake of che-
motherapy by decreasing age and increasing RS group among all
patients with breast cancer. Although we are limited in our ability
to interpret these data because of potential misclassification as the
result of missing chemotherapy data (ie, women classified as not
having received chemotherapy when in reality those data were not
recorded), this increased uptake with increasing 21-gene RS is
consistent with previous reports.

Women diagnosed with young-onset (age at diagnosis , 40
years) breast cancer tend to present with higher-grade tumors and
higher frequency of regional lymph node spread compared with older
patients and tend to be associated with family history of disease.40

Indeed, previous studies have reported that germ-line mutation
frequencies tend to be higher among NHB women compared with
NHW women.41,42 Although we were unable to assess family history
of cancer, we observed no differences in the overall mean age at
diagnosis among NHB and NHW patients in our cohort. Notably,
stratification by 21-gene RS groups by age showed that the majority of
racial differences in 21-gene RS were observed for women younger
than 65 years of age, particularly because NHB women were twice as
likely to be diagnosed with breast cancer before the age of 50 years
compared with their NHW counterparts.

The use of data from the population-based MDCSS, part of the
NCI’s SEER program,38 is a strength of this study because it allowed
pathologically-verified cases to be identified from standardized da-
tabase entries that are continuously monitored for accuracy; thismade
our results more generalizable to the larger US population. We also
used NCCN clinical guidelines for testing to define our inclusion
criteria, ensuring that our results are clinically meaningful. However,
one weakness of our study is that we cannot separate the effects of
ancestry from the social dimensions of race on the observed differ-
ences in 21-gene RS from these data alone. Although African ancestry
has been suggested to play a role in breast tumor aggressiveness,43,44

factors such as obesity-related inflammation45 and parity-related
involution46 may reflect mechanisms by which race as a social con-
struct could affect breast biology. It will be important to incorporate

NHW NHB NHW NHB NHW NHB

0

20

40

60

80

100

21
−G

en
e

Re
cu

rr
en

ce
 S

co
re

*

Low Risk Intermediate Risk High Risk

Fig 2. Distributions of 21-gene recurrence score versus race. Boxplots of 21-
gene recurrence scores are shown by race and recurrence score category. Blue:
low risk,, 18; gold: intermediate risk, 18 to 30; gray: high risk,$ 31. The bold line
within each boxplot represents the median 21-gene recurrence score, and the
upper and lower bounds of the boxplot represent the 75th and 25th percentiles,
respectively. Outer edges reflect the 10th (lower) and 90th (upper) percentiles,
respectively, and outliers are denoted in circles. NHW, non-Hispanic white; NHB,
non-Hispanic black. Asterisk denotes a statistically significant difference between
NHB and NHW patients.

Percent

≥ 
65

Y
ea

rs
20

-4
9

Y
ea

rs
50

-6
4

Y
ea

rs

NHW NHB

100 80 60 40 20 0 20 40 60 80 100

Low risk

Intermediate risk

High risk

Fig 3. Age patterns by race and 21-gene recurrence score. Proportions of
women within 21-gene recurrence score categories are shown by age category
and race. Blue: low risk, , 18; gold: intermediate risk, 18 to 30; gray: high risk,
$ 31. NHB, non-Hispanic black; NHW, non-Hispanic white.

656 © 2018 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY

Holowatyj et al



both genetic ancestry markers and hormonal, reproductive, and
anthropometry data in future studies to better understand these
racial differences. A second limitation is that chemotherapy uptake
data may be missing because SEER data collection is conducted
primarily at hospitals, radiation facilities, and laboratories rather
than physician offices, where such treatment may be obtained. The
duration of follow-up was also limited such that we were unable to
evaluate recurrence status or mortality.

Among womenwho were diagnosed with HR-positive, HER2-
negative, node-negative breast cancer and who were clinically
eligible for 21-gene RS testing in metropolitan Detroit, NHB
women are more likely to have tumors classified as having a high
risk of distant recurrence compared with NHW women. Fur-
thermore, among all-comers with 21-gene RS test results classified
as high risk, NHB women were more likely to be diagnosed at
a younger age than their NHW counterparts and had higher in-
dividual 21-gene RS. These data highlight the need for long-term
studies to evaluate whether these racial differences in 21-gene RS
translate to differences in distant recurrence rates. Studies such as
these, as well as further studies of the molecular and clinical

characteristics of these breast tumors, are needed to explore
whether recurrence score classification should be tailored by race.
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Appendix

Table A1. Summary of Clinicopathological Characteristics by 21-Gene Recurrence Score Groups and Race in Female Patientswith Hormone Receptor-Positive, Human
Epidermal Growth Factor Receptor 2–Negative, Lymph Node–Negative Invasive Breast Cancer: MDCSS, 2010-2014

Characteristic

Low Risk (, 18) Intermediate Risk (18-30) High Risk ($ 31)

NHW NHB

P

NHW NHB

P

NHW NHB

PNo. % No. % No. % No. % No. % No. %

Total 1,109 219 563 115 152 58
Age at diagnosis, years .61 .89 .0047
20-49 235 21.2 40 18.3 117 20.8 26 22.6 23 15.1 19 32.8
50-64 471 42.5 98 44.7 273 48.5 56 48.7 73 48.0 28 48.3
65-99 403 36.3 81 37.0 173 30.7 33 28.7 56 36.8 11 19.0
Mean (SD), years 59.5 (10.7) 60.4 (10.7) .28 59.2 (10.2) 58.0 (10.4) .29 60.6 (10.8) 55.4 (10.2) .0018

Hormone receptor status† .74 .28 0.57
ER positive/PR positive 1,074 96.8 213 97.3 494 87.7 105 91.3 90 60.0 35 62.5
ER positive/PR negative 35 3.2 6 2.7 69 12.3 10 8.7 60 40.0 21 37.5

Histology .95 , .0001 .091
Ductal 852 76.8 168 76.7 446 79.2 73 63.5 141 92.8 53 91.4
Lobular 152 13.7 32 14.6 68 12.1 21 18.3 5 3.3 *
Ductal and lobular 71 6.4 12 5.5 43 7.6 12 10.4 * *
Other‡ 34 3.1 7 3.2 6 1.1 9 7.8 * *

Tumor grade† .32 .43 .83
Low = I to II 997 92.7 195 90.7 459 82.4 88 79.3 50 32.9 20 34.5
High = III to IV 79 7.3 20 9.3 98 17.6 23 20.7 102 67.1 38 65.5

AJCC stage† .31 .055 .29
I 811 73.2 153 69.9 397 70.5 70 61.4 91 59.9 30 51.7
II 297 26.8 66 30.1 166 29.5 44 38.6 61 40.1 28 48.3

Tumor size .41 .0097 .42
. 0.5-2 cm 815 73.5 155 70.8 406 72.1 69 60.0 88 57.9 30 51.7
. 2-5 cm 294 26.5 64 29.2 157 27.9 46 40.0 64 42.1 28 48.3

Surgery type .49 .98 .16
Breast conserving 774 69.8 158 72.1 412 73.2 84 73.0 103 67.8 45 77.6
Mastectomy 335 30.2 61 27.9 151 26.8 31 27.0 49 32.2 13 22.4

Chemotherapy .15 .55 .99
No/Unknown 1,074 96.8 * 378 67.3 74 64.3 34 22.4 13 22.4
Yes 35 3.2 * 184 32.7 41 35.7 118 77.6 45 77.6

Radiation .46 .90 .94
No 342 30.8 62 28.3 155 27.5 31 27.0 48 31.6 18 31.0
Yes 767 69.2 157 71.7 408 72.5 84 73.0 104 68.4 40 69.0

Endocrine therapy† .032 .44 .39
No 161 14.5 20 9.1 84 14.9 14 12.2 40 26.5 12 20.7
Yes 944 85.1 199 90.9 478 85.1 101 87.8 111 73.5 46 79.3

NOTE. P value calculations do not include unknown values.
Abbreviations: AJCC, American Joint Committee on Cancer; MDCSS, Metropolitan Detroit Cancer Surveillance System; NHW, non-Hispanic white; NHB, non-Hispanic
black; NOS, not otherwise specified.
*Suppressed due to small cell size.
†Four patients were diagnosed with ER-/PR+ breast cancer, forty-seven patients had unknown tumor grade, two patients had unknown AJCC clinical stage information,
and six patients had unknown endocrine therapy information.
‡Other histology includes: pleomorphic carcinoma; pseudosarcomatous carcinoma; adenocarcinoma, NOS; cribriform carcinoma; adenocarcinoma with mixed
subtypes; papillary adenocarcinoma, NOS; clear cell adenocarcinoma, NOS; apocrine adenocarcinoma; mucinous adenocarcinoma; medullary carcinoma, NOS; and
metaplastic carcinoma, NOS.
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Table A2. Summary of Clinicopathological Characteristics by Age at Diagnosis Groups and Race in Female Patients with Hormone Receptor–Positive, Human
Epidermal Growth Factor Receptor 2–Negative, Lymph Node–Negative Invasive Breast Cancer: MDCSS, 2010-2014

Characteristic

20-49 Years at Diagnosis 50-64 Years at Diagnosis 65-99 Years at Diagnosis

NHW NHB

P

NHW NHB

P

NHW NHB

PNo. % No. % No. % No. % No. % No. %

Total 375 85 817 182 632 125
Mean (SD), 21-gene recurrence score 17.3 (9.1) 23.6 (15.2) , .0001 17.4 (10.7) 19.6 (14.5) .023 16.3 (10.2) 15.9 (10.4) .67
21-gene recurrence score , .0001 .033 .9732
Low risk (, 18) 235 62.7 40 47.1 471 57.6 98 53.8 403 63.8 81 64.8
Intermediate risk (18-30) 117 31.2 26 30.6 273 33.4 56 30.8 173 27.4 33 26.4
High risk ($ 31) 23 6.1 19 22.4 73 8.9 28 15.4 56 8.9 11 8.8

Hormone receptor status* .0124 .78 .20
ER positive/PR positive 360 96.0 76 90.5 737 90.3 162 89.1 561 88.9 115 92.7
ER positive/PR negative 15 4.0 8 9.5 79 9.7 20 11.0 70 11.1 9 7.3

Histology .077 .038 .58
Ductal 305 81.3 67 78.8 665 81.4 138 75.8 469 74.2 89 71.2
Lobular 42 11.2 8 9.4 88 10.8 23 12.6 95 15.0 23 18.4
Ductal and lobular 23 6.1 5 5.9 53 6.5 13 7.1 42 6.6 6 4.8
Other† 5 1.3 5 5.9 11 1.3 8 4.4 26 4.1 7 5.6

Grade* .0043 .12 .77
Low = I to II 303 82.6 57 68.7 688 86.0 144 81.4 515 83.3 102 82.3
High = III to IV 64 17.4 26 31.3 112 14.0 33 18.6 103 16.7 22 17.7

AJCC stage* .12 .089 .13
I 258 31.2 52 61.9 598 73.3 122 67.0 443 70.1 79 63.2
II 117 68.8 32 38.1 218 26.7 60 33.0 189 29.9 46 36.8

Tumor size .12 .10 .10
. 0.5-2 cm 258 68.8 51 60.0 605 74.1 124 68.1 446 70.6 79 63.2
. 2-5 cm 117 31.2 34 40.0 212 25.9 58 31.9 186 29.4 46 36.8

Surgery type .21 .53 .93
Breast conserving 210 56.0 54 63.5 601 73.6 138 75.8 478 75.6 95 76.0
Mastectomy 165 44.0 31 36.5 216 26.4 44 24.2 154 24.4 30 24.0

Chemotherapy .062 .84 .15
No/Unknown 284 75.7 56 65.9 643 78.7 142 78.0 560 88.6 105 84.0
Yes 91 24.3 29 34.1 174 21.3 40 22.0 72 11.4 20 16.0

Radiation .23 .95 .85
No 159 42.4 30 35.3 209 25.6 47 25.8 177 28.0 34 27.2
Yes 216 57.6 55 64.7 608 74.4 135 74.2 455 72.0 91 72.8

Endocrine therapy* .73 .28 .02
No 56 15.0 14 16.5 109 13.4 19 10.4 120 19.0 13 10.4
Yes 318 85.0 71 83.5 705 86.6 163 89.6 510 81.0 112 89.6

NOTE. P value calculations do not include unknown values.
Abbreviations: AJCC, American Joint Committee on Cancer; MDCSS, Metropolitan Detroit Cancer Surveillance System; NHW, non-Hispanic white; NHB, non-Hispanic
black; NOS, not otherwise specified; SD, standard deviation.
*Four patients were diagnosedwith ER-/PR+ breast cancer, forty-seven patients had unknown tumor grade, two patients had unknown AJCC clinical stage information,
and six patients had unknown endocrine therapy information.
†Other histology includes: pleomorphic carcinoma; pseudosarcomatous carcinoma; adenocarcinoma, NOS; cribriform carcinoma; adenocarcinoma with mixed
subtypes; papillary adenocarcinoma, NOS; clear cell adenocarcinoma, NOS; apocrine adenocarcinoma; mucinous adenocarcinoma; medullary carcinoma, NOS; and
metaplastic carcinoma, NOS.
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