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Abstract

Background: Oncotype DX recurrence score (ODX- RS) is a prognostic biomarker for
early-stage, node-negative, estrogen receptor-positive (ER+) breast cancer. Whether test uptake,
associated factors and test’s prognostic values differ by race/ethnicity is unknown.

Methods: From the National Cancer Database, 2010-2014, we identified 227,259 early-stage
ER+, node-negative breast cancer cases. Logistic regression was used to examine ODX RS uptake
and associated factors among non-Hispanic White (White), non-Hispanic Black (Black), Hispanic,
and Asian American patients. Cox regression was used to estimate hazard ratios (HRs) and 95%
confidence intervals (CIs) for overall mortality with ODX RS by race/ethnicity.

Results: White patients were more likely to receive an ODX RS test compared with Black,
Hispanic and Asian American patients (36.7%, 32.8%, 31.6% and 35.5%, respectively; A< 0.001).
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Disparities persisted after adjustments for demographics, clinical characteristics and access-to-
care, with rate ratios of 0.87 (95%CI=0.85-0.88), 0.82 (95%CI= 0.80-0.85) and 0.89 (95%Cl=
0.87-0.92), respectively, for Black, Hispanic and Asian American compared with White patients.
Black patients had higher proportions of high-risk scores (=26) compared with White, Hispanic
and Asian American patients (19.1%, 14.0%, 14.2% and 15.6%, respectively; £A<0.0001). ODX RS
was predictive for total mortality across all races/ethnicities, particularly younger patients (<50).
No significant race/ethnicity interactions were observed.

Conclusions: Although ODX RS uptake and risk distribution varied by race/ethnicity, ODX RS
was prognostic for mortality across groups.

Impact: These findings emphasize the importance of developing strategies to increase ODX RS
uptake among racial/ethnic minorities and call for more investigations on potential racial/ethnic
differences in breast cancer biology.

Introduction

Breast cancer is the most common cancer and second leading cause of cancer death among
women in the United States (U.S.).1 Disparities in screening, referral rate, receipt of surgery,
type of treatment, and time to treatment have been reported for racial and ethnic minorities
and women of lower socioeconomic status,2~# contributing to differences in breast cancer
survival, with 10-year survival rates highest among White (80%) and lowest among Black
(66%) women.>—8 The majority (68%—73%) of breast cancer across all racial/ethnic groups
is Luminal A cancer subtype (hormone receptor-positive [HR+]/human epidermal growth
factor receptor 2-negative [HER2-]).9:10

Historically, treatment for HR+/HER2- tumors included surgery followed by adjuvant
systemic therapy, including endocrine therapy with or without chemotherapy. However,
among women treated with chemotherapy, side effects can impede their quality of life.3:11
The Oncotype DX Risk Recurrence Score (ODX RS) is a 21-gene marker based on
expressions of 15 tumor-associated genes and five reference genes and is utilized as a
predictive and prognostic tool among clinicians.12 Traditional ODX RS groups patients into
low- (score <18), intermediate- (18-30), and high-risk (>30) categories. Studies have shown
that traditional ODX RS categorization correlates with 10-year risk of distant recurrence

and predicts the benefit of adjuvant chemotherapy on reducing recurrence risk among
early-stage, estrogen receptor-positive (ER+) breast cancer.2 A recent randomized trial, 7ria/
Assigning Individualized Options for Treatment (TAILORX), used revised ODX RS cutoffs
of low-risk (<11), intermediate-risk (11-25), and high-risk (>25) groups!2 and confirmed the
efficacy of the ODX test to guide chemotherapy among women with HR+/HER2-, axillary
node—negative breast cancer, particularly those with midrange (11-25) recurrence scores.12
Researchers also observed some survival benefit of chemotherapy among women younger
than 50 years with recurrence scores of 16-25.12 Despite the findings from the TAILORX
trial, little is known about whether uptake rates and prognostic values of the ODX RS test
differ across racial/ethnic groups.

To address this knowledge gap, we conducted this study with the following aims: to 1)
examine ODX RS assay uptake by racial/ethnic group among patients who met National

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2022 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Moore et al. Page 3

Comprehensive Cancer Network (NCCN) guidelines to receive the test; 2) compare
distributions of ODX RS categories across racial/ethnic groups; 3) evaluate whether ODX
RS was differentially associated with total mortality across racial/ethnic groups; and 4)
evaluate whether ODX RS predicted a chemotherapy benefit among intermediate- and
high-risk ODX RS groups by racial/ethnic group.

Materials and Methods

This study used data from the clinical oncology National Cancer Database (NCDB), sourced
from hospital registry data provided by more than 1,500 Commission on Cancer (CoC)-
accredited facilities.13 NCDB data represent over 70% of newly diagnosed cancer cases

in the U.S. Women with self-reported race/ethnicity as non-Hispanic White (White), non-
Hispanic Black (Black), Hispanic and Asian American, with a primary diagnosis of breast
cancer between 20102014, were identified from the NCDB. Patients with ER+/HER2-,
lymph node-negative, stage | or 11 invasive breast cancers who received surgery were eligible
for the study (n=227,259) (Fig. 1). Deidentified information was provided by the NCDB,;
therefore, this study was approved by Vanderbilt University Medical Center’s Institutional
Review Board as human subject exempt.

Information on demographic characteristics available from the NCDB included race/
ethnicity, age at diagnosis, year of diagnosis (2010 to 2014), urban/rural residence,
neighborhood median household income (<$30,000, $30,000-$34,999, $35,000-$45,999,
$46,000+, unknown) and educational attainment (=29.0%, 20.0%-28.9%, 14.0%-19.9%,
<14.0%, unknown), patients’ insurance status (not insured, private insurance, Medicaid,
Medicare, other government insurance, unknown), treatment facility type (community
center, comprehensive community cancer center, academic/research, integrated network
cancer program), region (Northeast, Midwest, South, West, unknown) and distance to

care. In the NCDB, individual-level data on education attainment and income were not
available; thus, they were estimated at the neighborhood level by matching patient zip codes
recorded at time of diagnoses against Year 2000 U.S. Census data and 2012 American
Community Survey datal3 and provided to researchers. The NCDB does not provide
individual zip code data to researchers for patient privacy protection. Clinical characteristics
included tumor size, nodal status, progesterone receptor (PR) status, ER status, HER2
status, histology type, Nottingham combined histological grade (grade), lymphovascular
invasion (LV1), and Charlson/Deyo score, with a score of zero indicating no comorbidity

at cancer diagnosis. Treatment (chemotherapy, radiotherapy, endocrine therapy) and surgery
(lumpectomy, mastectomy) data were also included.

Statistical Analysis

Primary outcomes were ODX RS test uptake and overall survival (OS). Disease-free survival
and breast cancer-specific survival could not be evaluated because cancer recurrence/
progression events and cause of death are not available in the NCDB. Test uptake rates
among eligible patients were calculated, and the differences across White, Black, Hispanic
and Asian American patients were compared using o 2 tests for categorical and Student
ttests for continuous variables. Robust Poisson regression analyses were carried out to
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evaluate the influence of patient, clinical and demographic characteristics on racial/ethnic
differences in rate ratios (RR) of ODX RS test uptake. Among patients receiving ODX RS
tests, demographic, clinical and treatment characteristics by race/ethnicity were compared
using the o 2 tests or Student t tests. For survival analysis, time scale was defined as
months from cancer diagnosis to death from any cause or last contact; patients lost to
follow-up were censored at last contact. Patients were categorized into low-, intermediate-,
and high-risk groups based on traditional ODX RS (<18, 18-30, >30) and TAILORx ODX
RS (<11, 11-25, >25) cutoffs. Cox proportional hazard models were used to estimate hazard
ratios (HRs) and 95% confidence intervals (Cls) for associations of ODX RS groups with
overall mortality by race/ethnicity. HRs and 95% Cls were derived with (i) adjustments

for demographic and clinical characteristics and treatments, except chemotherapy, and (ii)
further adjustment for chemotherapy. As TAILORX results suggested the chemotherapy
benefit varied across age group (<50 vs =50 years), Cox regression analyses were also
conducted with stratification by age group. A heterogeneity test was conducted to assess
whether ODX RS with OS associations differed across racial/ethnic group and by pairwise
comparison to White patients (Black vs. White, Hispanic vs. White, Asian American vs.
White). All statistical tests were based on two-sided probability, with significance levels set
at p<0.05, and were performed using SAS Office Analytics version 7.4.

Of 227,259 breast cancer patients eligible for receiving the ODX RS test, 188,157 (82.8%)
were White, 18,635 (8.2%) were Black, 10,712 (4.7%) were Hispanic, and 9,755 (4.3%)
were Asian American women. Among them, 84,867 received an ODX RS test order, and
82,102 (93%) took the test. ODX RS test uptake, primarily reflecting physician ordering of
an ODX RS test, varied significantly by race/ethnicity. White patients were more likely to
receive ODX RS tests compared with Black, Hispanic and Asian American patients (36.7%
vs. 32.8%, 31.6%, 35.5%; A<0.0001, respectively). The age- and comorbidity-adjusted RRs
for ODX RS uptake were 0.85 (95% CI=0.83-0.87), 0.78 (95% CI=0.76-0.80) and 0.87
(95% Cl=0.85-0.89), respectively, for Black, Hispanic and Asian American compared with
White patients. Adjustments for additional covariates showed that factors potentially related
to access-to-care, including education, income, region, location, treatment facility, insurance
and year of diagnosis, accounted for approximately one-fifth to one-fourth of racial/ethnic
disparities in ODX RS test uptake (Table 1). The racial/ethnic differences in test uptake
persisted in a fully-adjusted model; RRs were 0.87 (95% CI1=0.85-0.88) for Black, 0.82
(95% CIl=0.80-0.85) for Hispanic, and 0.89 (95% Cl= 0.87-0.92) for Asian American
compared with White patients (Table 1).

Table 2 shows demographic and clinical characteristics of patients who received an ODX
RS test (n=82,102). Overall, there were 69,125 (84.2%) White, 6,118 (7.4%) Black, 3,391
(4.1%) Hispanic, and 3,468 (4.2%) Asian American patients. ODX RS distributions varied
significantly by race (P<0.001) for both traditional and TAILORXx cutoffs. White patients
had the highest proportion (59.8%) of traditional low ODX RS compared with Black,
Hispanic and Asian American patients (55.0%, 59.2%, 58.5%, respectively), while Black
patients had the highest proportion (11.4%) of traditional high ODX RS compared with
White, Hispanic and Asian American women (7.5%, 7.9%, 7.9%, respectively). When
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using TAILORX cutoffs, the majority of women were categorized with intermediate (11—
25) scores. Similar to traditional ODX RS cutoff patterns, Black patients had the highest
proportion of falling to the high-risk group compared with White, Hispanic and Asian
American patients (19.1% vs. 14.0%, 14.2%, 15.6%, respectively).

Among patients who received ODX RS tests, White patients were older compared with
Black, Hispanic and Asian American patients (58.4 vs. 57.1, 55.2, 54.6 years; P<0.0001,
respectively). Differences in geographic residence existed by race/ethnicity, with larger
proportions of White patients residing in rural areas compared with Black, Hispanic and
Asian American patients (1.8% vs. 0.7%, 0.3%, 0.5%; P<0.001, respectively). Black patients
were substantially more likely to reside in areas with an income quartile <$30,000 compared
with White, Hispanic and Asian American patients (30.2% vs. 8.3%, 16.7%, 5.4%; P<0.001,
respectively), while Hispanic patients were more likely to live in areas with a high school
education quartile >29.0% compared with White, Black and Asian American patients
(34.9% vs. 7.9%, 25.7%, 12.0%; P<0.001, respectively). Hispanic patients were more likely
to report not having health insurance, compared with White, Black and Asian American
patients (6.0% vs.1.0%, 2.5%, 2.0%; P<0.001, respectively). Black patients were more likely
to have large tumor sizes (>20mm: 26.8% vs. 23.0%, 25.9%, 26.2%; P<0.0001) and higher
tumor grades (grade I11: 19.1% vs. 13.4%, 15.3%, 15.4%; P<0.0001) compared with White,
Hispanic and Asian American patients, respectively.

The median follow-up times were 40.4 months for White, 40.1 months for Black, 37.9
months for Hispanic and 38.5 months for Asian American patients. After adjustments for
clinical and demographic characteristics and treatment (besides chemotherapy), traditional
ODX RS was associated with significant increases in overall mortality risk in all racial/
ethnic groups. There were no statistically significant interactions between ODX RS and
racial/ethnic group in association with total mortality (Bnteraction=0.77) (Table 3). Among
White women, those in intermediate- and high-risk traditional ODX RS categories had
respective 20% (HR: 1.20; 95% CI, 1.06-1.36) and 135% (HR: 2.35; 95% CI, 1.99-2.78)
higher mortality risk than their White counterparts with low risk. Among Black women,
intermediate- and high-risk traditional ODX RS groups had 13% (HR: 1.13; 95% CI, 0.77-
1.65) and 218% (HR: 3.18; 95% ClI, 2.00-5.03) higher mortality risk compared with their
Black counterparts with low risk. However, Among Asian American women only high-risk
traditional ODX RS group had 335% (HR: 4.35; 95% CI, 1.53-12.4) higher mortality risk;
notably, the point estimate for the high-risk group had a very wide confidence interval.
Among Hispanic women in the high-risk traditional ODX RS category, non-significantly
elevated mortality (HR: 2.67; 95% CI, 0.93-7.66) was observed compared with those in
the low-risk category. Chemotherapy utilization increased with higher ODX RS categories
in all racial/ethnic groups; among patients with RS >25, 84.8% of White, 87.4% of Black,
83.6% of Hispanic, and 85.1% of Asian American patients received chemotherapy (Table
3.) After additional adjustment for chemotherapy, association patterns between RS and
mortality did not change; however, the magnitude of estimates increased after adjustment for
chemotherapy, with the exception for black patients.

When associations were evaluated using TAILORXx cutoffs, White (HR: 1.99; 95% ClI, 1.68-
2.36), Black (HR: 1.71; 95% CI,1.05-2.80), Hispanic (HR: 1.28; 95% CI, 0.41-4.04) and
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Asian American (HR: 2.41; 95% ClI, 0.73-7.97) patients in the high-risk group had elevated
mortality risk compared with their counterparts in the low-risk group, although associations
for Hispanic and Asian American patients were not statistically significant. Association
patterns and point estimates were not materially changed after further adjustment for
chemotherapy with an exception in Asian American patients. Intermediate TAILORX score
was not associated with total mortality in all racial/ethnic groups. No significant interactions
were observed between race/ethnicity and RS group for TAILORX cutoffs (Pinteraction=0-83).

We conducted additional analyses stratified by race/ethnicity and age group (<50, =50

years) (Table 4). Due to small sample sizes, this sub-analysis was only conducted in

White and Black patients, among whom, mortality associations for high-risk traditional

and TAILORXx groups were substantially stronger among women <50 years of age. After
additional adjustment for chemotherapy, association patterns did not materially change.
Younger (<50 years of age) White patients in the high-risk groups had a higher risk of
mortality compared with their low-risk counterparts for traditional (HR: 5.78; 95% CI, 3.15—
10.6) and TAILORX (HR: 7.72; 95% CI, 3.45-17.4). Similar results were observed among
younger Black women for traditional (HR: 5.89; 95% CI, 1.34-25.9), while associations
were not significant for TAILORX (HR: 1.76; 95% ClI, 0.43-7.25) cutoffs.

Discussion

To our knowledge, this is one of the first and largest registry-based studies examining
overall mortality according to both traditional and TAILORX risk groups by race/ethnicity
and age. We observed racial differences in ODX RS test uptake rates and distributions of
ODX RS categories. Among ODX RS-eligible women, minority groups, particularly Black
and Hispanic women, were less likely to receive ODX RS tests compared with White
patients. Access-to-care accounted for approximately one-third of racial/ethnic disparities
in test uptake. When factors related to access-to-care, patient and clinical characteristics
were adjusted for, Black, Hispanic and Asian American breast cancer patients were still
about 17-23% less likely to take ODX RS tests than their White counterparts. In addition,
Black women had the highest proportion of the high-risk ODX RS category. Nevertheless,
association patterns for ODX RS categories with overall mortality did not vary significantly
across White, Black, Hispanic and Asian American women, irrespective of how ODX

RS category was defined (traditional vs. TAILORX cutoff). In all groups, women in high-
risk score categories had substantially higher mortality compared with women in low-risk
categories.

Consistent with prior observations, in our study, Black and Hispanic women eligible to
receive ODX RS tests were less likely than White women to have received a test order and
have a test performed. Among Black women, research suggests that uptake differences could
be associated with types of cancer center (academic vs. non-academic), hospital ownership
and location (urban vs. rural);14 however, in our study, disparities persisted after adjustment
for relevant access-to-care and other factors. Previous studies on decision-making styles of
patients demonstrated that the most common reasons women eligible for ODX RS tests did
not receive it was because their doctors did not offer it to them (80%), which was confirmed
in our study, or they had not heard of it (65%).14 Studies by Reeder-Hayes et al. showed that
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both provider volume and specialty were significant predictors of gene expression profiles,
such as the ODX RS test.1> Among Hispanic women, age, insurance status, and area-level
socioeconomic status have been shown to contribute to unequal access to genetic testing.16
Appropriate programs and measures should be developed to increase ODX RS uptake to
minimize disparities in receiving standardized care.

It is worth mentioning, despite the lower uptake rate of the ODX RS test among racial/
ethnic minorities, the receipt of chemotherapy after this test was largely consistent across
racial/ethnic groups, particularly within each strata of risk categories. This finding is in
line with the study by Press et al.17 but differs from that of Han et al., which used
Surveillance, Epidemiology, and End Results Program (SEER) data and showed lower
odds of chemotherapy use among Blacks with high RS risk in comparison to their White
counterparts.1® Additional studies are needed to better characterize the potential racial
disparity in receiving chemotherapy after the ODX RS test and to identify possible barriers
to chemotherapy among Black patients. The ODX RS algorithm was developed on the
basis of multigene profiles to quantify the risk of distant recurrence. Studies, including
ours, have consistently shown that high proportions of Black patients had high-risk ODX
RS.3:18-22 The observed differences in RS distributions between racial/ethnic groups suggest
that distinct biological etiologies may exist. For example, it has been reported that Black
women have higher expressions of suspected poor prognosis genes (GSTT2, PSPHL, SQLE,
and TYMS) compared with White women.2% Additional reports also indicate that Black
women with ER+ tumors have higher PAM50 risk of recurrence assay scores.1® However,
this hypothesis was not supported by the subgroup analysis of TAILORX trial data, which
showed no substantial differences in RS across randomized racial/ethnic populations.24
While selection bias can exist in both clinical trials and real-world studies, the totality

of data appears to suggest tumor biological differences may play a role in breast cancer
disparities. Further investigations into the biological characteristics and genomic variations
in different racial/ethnic patients are warranted.

Among women with breast cancer, prognostic values of ODX RS on patient outcome

have been well-validated in both clinical trials and routine practice settings,2>-28 which
included very few racial/ethnic minorities. A previous study by Press et al., which also
used NCDB data, showed racial/ethnic disparities in receipt of ODX RS but did not
investigate disparities in its prognostic values.1’ In our study, we observed that among

all racial/ethnic groups, women in high-risk score categories, according to both traditional
and TAILORX categorizations, had substantially higher mortality compared with women
in low-risk categories. Additional analyses stratified by age <50 and =50 years showed
that both traditional and TAILORXx ODX RS were more strongly associated with mortality
among younger patients.

Collin et al. conducted a mortality study using data from the Georgia Cancer Registry and
reported that Black women were more likely to have high-risk recurrence scores and die
of axillary node-negative breast cancer compared with White women with comparable RS.
In addition, this study suggested that the ODX RS test had lower prognostic accuracy in
Black women, suggesting that genomic assays used to identify candidates for adjuvant
chemotherapy may require model calibration in populations with greater racial/ethnic
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diversity.3 Similar results were observed in a study which evaluated associations of RS

and breast cancer-specific mortality by race/ethnicity using SEER data,!® as well as another
study using NCDB data.2? Both of these studies employed c-index to compare prognostic
values of the ODX RS test across racial/ethnic groups and showed slightly lower prognostic
accuracy in Black compared with White women, although statistical significance was not
provided in the latter. Results from these studies are, in general, similar to ours, indicating
higher proportions of high-risk ODX RS among Black women; however, we did not observe
significant effect modifications by race/ethnicity for associations between ODX RS and
mortality. It is noteworthy that our study included only stage I and 11, node negative breast
cancer patients, while the SEER-based and early NCDB-based studies included stage I-111
cancers. In addition, factors related to access-to-care were not adjusted in these two previous
studies. On the other hand, the SEER study focused on breast cancer-specific mortality,
which may be more appropriate than the total mortality outcome evaluated in our study.
Nonetheless, in our study, despite non-significant interactions between race/ethnicity and
RS, the point estimates of HR for overall mortality in association with the high RS category
were lower for Black patients in comparison to their White counterparts when TAILORX
cutoffs were applied in overall and age stratified analyses. Considering that patients with an
ODX RS test tended to have similar rates of chemotherapy use across racial/ethnic groups,
our findings emphasize the importance of increasing ODX RS test uptake among minority
groups to promote equity of cancer care for ER+, node-negative breast cancer.

Strengths of our study include the large sample size and generalizability. The NCDB registry
captures approximately 70% of all US cancer cases, and racial/ethnic proportions are

similar to that of SEER. This study allowed for a comprehensive evaluation of racial/ethnic
disparities in mortality, while adjusting for numerous clinical and demographic covariates.
However, this study also has some limitations. The follow-up period of our study was
relatively short, with a median follow-up of 40.0 months. Information on cancer recurrence
and cause of death is unavailable in the NCDB, which prevented a direct assessment of
cancer-specific mortality. However, given the relative younger age of breast cancer patients
included in the current study, we can be reasonably confident that the differences between
RS groups in overall mortality largely reflect cancer-driven deaths. This assumption is
supported by the fact that our findings were similar to the studies using Georgia Cancer
Registry and SEER data, which evaluated breast cancer-specific mortality. Clinical variables,
such as pathological information and patient records, were not reviewed systematically;
therefore, information bias could exist. Information on other genetic tests and downstream
information on the cancer care continuum is not available. Our study also has limited
statistical power for some subgroup analyses, and those findings should be interpreted

with caution. In addition, because individual level of education, income and zip code
information is unavailable, we had to use neighborhood-level education and income as
surrogate measures of socioeconomic status in our study, so misclassification cannot be
ruled out. Another notable limitation of our study is the possible selection bias, as the NCDB
is a hospital-based rather than a population-based registry.

In conclusion, among routine oncology care populations with early-stage breast cancer,
we observed that Black and Hispanic women had lower ODX RS test uptakes but higher
proportions of patients with high ODX RS compared with White and Asian American
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women. ODX RS had similar prognostic values for total mortality among White, Black,
Hispanic and Asian American women. Additional research is needed to disentangle the
reason(s) for higher RS among Black patients and lower ODX RS test uptake among
minorities, as well as to understand the complex multifactorial intersection of social
determinants of health, tumor biology and health services utilization.
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Women in the NCDB with breast cancer diagnosed between 2010 and 2014. No concomitant diagnosis or history of other
malignancies, no inconsistent records of metastasis status with follow-up information.
(n=1,800,708)

Exclusion Criteria

Did not receive surgery (n=122,300)

Death within 90 days (n=5,352)

Metastatic breast cancer cases (n=28,426)
Racef/ethnicity not reported as White, Black,
Hispanic or Asian American (n=108,656)

Inclusion Criteria

ER+ and HER2- (n=1,271,214)
Stage 1 or 2 (n=31,847)

Regional Node Negative (n=114,310)

Patients Included in the ODX RS Uptake Analysis
(n=227,259)

Patients who Received an ODX RS Test
(n=82,102)

Figurel.
Study Flowchart. Study data were drawn from the National Cancer Database (NCDB).

Exclusion Criteria: no surgery, death within 90 days, metastatic breast cancer cases, race/
ethnicity other than White, Black, Hispanic or Asian American. Inclusion Criteria: ER+ and
HER2-, stage 1 or 2, regional node negative. Uptake analyses included all patients eligible
to receive an ODX RS test.
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