
Racial/ethnic differences in the utilization of chemotherapy 
among stage I-III breast cancer patients, stratified by subtype: 
Findings from ten National Program of Cancer Registries states

Lu Zhanga, Jessica Kingb, Xiao-Cheng Wua, Mei-Chin Hsieha, Vivien W. Chena, Qingzhao 
Yuc, Elizabeth Fonthama, Michelle Lochd, Lori A. Pollackb, and Tekeda Fergusona,*

aEpidemiology Program, School of Public Health and Louisiana Tumor Registry, Louisiana State 
University Health Sciences Center, New Orleans, LA, 70112, United States

bDivision of Cancer Prevention and Control, National Center for Chronic Disease Prevention and 
Health Promotion, Centers for Disease Control and Prevention, Atlanta, GA, United States

cBiostatistics Program, School of Public Health and Louisiana Tumor Registry, Louisiana State 
University Health Sciences Center, New Orleans, LA, 70112, United States

dSchool of Medicine, Louisiana State University Health Sciences Center, New Orleans, LA, 
70112, United States

Abstract

Background: The study aimed to examine racial/ethnic differences in chemotherapy utilization 

by breast cancer subtype.

Methods: Data on female non-Hispanic white (NHW), non-Hispanic black (NHB), and Hispanic 

stage I-III breast cancer patients diagnosed in 2011 were obtained from a project to enhance 

population-based National Program of Cancer Registry data for Comparative Effectiveness 

Research. Hormone receptor (HR) and human epidermal growth factor receptor 2 (HER2) were 

used to classify subtypes: HR+/HER2-; HR+/HER2+; HR-/HER2-; and HR-/HER2 +. We used 

multivariable logistic regression models to examine the association of race/ethnicity with three 

outcomes: chemotherapy (yes, no), neo-adjuvant chemotherapy (yes, no), and delayed 

chemotherapy (yes, no). Covariates included patient demographics, tumor characteristics, 

Charlson Comorbidity Index, other cancer treatment, and participating states/areas.
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Results: The study included 25,535 patients (72.1% NHW, 13.7% NHB, and 14.2% Hispanics). 

NHB with HR +/HER2- (adjusted odds ratio [aOR] 1.22, 95% CI 1.04–1.42) and Hispanics with 

HR-/HER2- (aOR 1.62, 95% CI 1.15–2.28) were more likely to receive chemotherapy than their 

NHW counterparts. Both NHB and Hispanics were more likely to receive delayed chemotherapy 

than NHW, and the pattern was consistent across each subtype. No racial/ethnic differences were 

found in the receipt of neo-adjuvant chemotherapy.

Conclusions: Compared to NHW with the same subtype, NHB with HR+/HER2- and Hispanics 

with HR-/HER2-have higher odds of using chemotherapy; however, they are more likely to receive 

delayed chemotherapy, regardless of subtype. Whether the increased chemotherapy use among 

NHB with HR+/HER2- indicates overtreatment needs further investigation. Interventions to 

improve the timely chemotherapy among NHB and Hispanics are warranted.
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1. Introduction

Chemotherapy has improved breast cancer survival. Whether there are racial/ethnic 

differences in receiving chemotherapy is of public health interest. Several studies have 

evaluated the potential differences and yielded conflicting results. Some studies have 

reported that black patients were less likely to receive chemotherapy [1–4]; others did not 

find the disparity [5–12]. In current clinical practice, breast cancer has been classified into 

subtypes with different prognoses. As black women have higher likelihood to be diagnosed 

with more aggressive subtypes, such as tumors with hormonal receptor (HR) negative and 

human epidermal growth factor receptor 2 (HER2) negative (HR-/HER2-), known as triple 

negative breast cancer (TNBC), white women have a higher incidence of less aggressive 

subtypes, such as tumors with HR +/HER2-. The disproportionate distribution of tumor 

subtype could mask the underlying racial difference in chemotherapy use, since aggressive 

subtype is frequently associated with more chemotherapy use. To better understand the 

breast cancer related health disparity, it is necessary to examine the racial difference in 

chemotherapy use within each subtype.

Delayed chemotherapy initiation has been identified as a risk factor for worse breast cancer 

survival [13–15]. The Joint American Society of Clinical Oncology/National Comprehensive 

Cancer Network (ASCO/NCCN) [16] and Center for Medicare and Medicaid Services 

(CMS) [17] recommend breast cancer patients receive adjuvant chemotherapy within 120 

days after tumor diagnosis. Several other studies have also confirmed that receiving adjuvant 

chemotherapy after 90 days from surgery is associated with worse survival [13,18,19], and 

the impact was stronger for HR-/HER2- subtype [13,14]. Previous research found that black 

and Hispanic patients were more likely to receive delayed chemotherapy [20], however, little 

is known whether the racial/ethnic difference in delayed chemotherapy initiation persists 

within each cancer subtype.
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Hispanics represent a rapidly increasing population in the United States. Compared to non-

Hispanic white (NHW) women, Hispanic women were less likely to be diagnosed with but 

more likely to die from breast cancer [21]. The literature regarding the ethnic difference in 

chemotherapy utilization between NHW and Hispanic women is sparse, and the limited 

literature has yielded inconsistent results [7,9,4]. The National Program of Cancer Registry 

(NPCR) data are ideal to examine racial/ethnic differences in cancer care because the data 

reflect all cases within a population rather than being limited to a particular healthcare 

setting or payer. Therefore, in this study we used NPCR Specialized Registries’ data to 

comprehensively examine the potential racial/ethnic differences in the receipt of 

chemotherapy and delayed chemotherapy among population-based stage I-III breast cancer 

patients, stratified by tumor subtype.

2. Material and methods

2.1. Data source

Data were collected from the Enhancing Cancer Registry Data for Comparative 

Effectiveness Research (CER) Project, which was funded by the Centers for Disease Control 

and Prevention’s (CDC) NPCR program in 2010. Ten population-based cancer registries of 

the NPCR program participated in the CER project, covering the following geographic 

areas: Alaska, Colorado, Idaho, Louisiana, New Hampshire, North Carolina, Rhode Island, 

and Texas, as well as 13 counties of the Sacramento region of California and 5 metropolitan 

counties of Miami in Florida. In addition to the North American Association of Central 

Cancer Registries (NAACCR) standard data variables, the CER project collected additional 

data on tumor characteristics and complete treatment information. Detailed information on 

the CER project can be found in a previous publication [22]. The CER project was approved 

by both the CDC and state Institutional Review Board (IRB).

2.2. Study population

This study included women microscopically diagnosed with American Joint Committee on 

Cancer (AJCC, 7th edition) stage I-III breast cancer (identified with International 

Classification of Diseases for Oncology 3rd Edition [ICD-O-3] topography codes C50.0 to 

C50.9 and morphology/histology codes 8000–9582 with exclusion of codes 9050–9055, and 

9140) in 2011. Exclusion criteria included: (1) patients who had other previously diagnosed 

tumors (n = 4,943); (2) race/ethnicity other than NHW, non-Hispanic black (NHB), or 

Hispanic (n = 1,143); or (3) patients with missing information on the receipt of 

chemotherapy (n = 2,031). Other racial/ethnic group was not included because of small case 

count. There was no significant difference between patients included in the analysis and 

patients with missing information on chemotherapy, regarding sociodemographic and tumor 

characteristics.

2.3. Variables

Race/ethnicity was categorized into three groups: NHW, NHB, and Hispanics. Outcomes 

included the receipt of chemotherapy (including both neo-adjuvant and adjuvant 

chemotherapy), the receipt of neo-adjuvant chemotherapy, and the receipt of delayed 

chemotherapy. Neo-adjuvant chemotherapy was defined as chemotherapy administered prior 
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to surgery or when the patient did not receive surgery, and adjuvant chemotherapy was 

defined as chemotherapy given after the surgery. Delayed chemotherapy was defined as 

received neo-adjuvant chemotherapy ≥30 days after tumor diagnosis or received adjuvant 

chemotherapy ≥120 days after diagnosis or ≥90 days after surgery [13,17,18]. Breast cancer 

was grouped into four subtypes based on HR and HER2 status: HR+/HER2-; HR+/HER2+; 

HR-/HER2-; and HR-/HER2 +. Cases with either estrogen receptor (ER) positive or 

progesterone receptor (PR) positive were grouped into HR positive category.

Available covariates that are potential confounders included age at diagnosis (years, < 50, 

50–59, 60–69, 70–79, ≥80), insurance (private, Medicare only/other public, Medicaid, no 

insurance, unknown), residence (urban, rural, or mixed), census tract poverty (population 

under federal poverty level: < 10%, 10–20%, > 20%), tumor subtype, AJCC stage (I, II, III), 

Bloom-Richardson grade (low, intermediate, high, unknown), tumor size (≤0.5 cm, 0.6–1.0 

cm, 1.1–2.0 cm, 2.1–5.0 cm, ≥5.1 cm), lymph node involvement (negative, positive, 

unknown), Charlson Comorbidity Index (CCI) score [23] (0, 1, ≥2), surgery (only for 

adjuvant chemotherapy: none, lumpectomy, mastectomy), and the geographic area. We 

followed two rules to identify the confounders: 1) if the coefficient of exposure (race/

ethnicity) changes at least 10% by adding a covariate into the crude model, we consider this 

covariate as a confounder; 2) to make the adjusted racial/ethnic differences comparable 

across study populations, the confounders identified in overall analyses (among all patients) 

were adjusted in stratified analyses (among patients with different subtype). Following the 

above rules, we examined the confounders for the three outcomes separately. Each available 

covariate met the criteria of confounder for study outcomes of receipt of chemotherapy and 

receipt of neo-adjuvant chemotherapy; for the outcome of receipt of delayed chemotherapy, 

age and comorbidity did not. However, we decided to adjust for age and comorbidity in the 

models for receipt of delayed chemotherapy because previous investigations of delayed 

chemotherapy have adjusted for these covariates [17,18,20]. We also found that the results 

remained similar with and without adjustment of age and comorbidity. In addition, hormone 

therapy (yes, no) and use of trastuzumab (yes, no) met the criteria of confounder and were 

adjusted in the models applied to the patients with HR + tumors, and HER2+ tumors 

respectively.

2.4. Statistical analysis

Chi-square test was applied to compare the categorical variables among racial/ethnic groups. 

Because the time intervals from tumor diagnosis to chemotherapy or surgery to 

chemotherapy were not normally distributed, Kruskal-Wallis test was performed to compare 

the racial/ethnic differences in medians of the time intervals. Multivariable logistic 

regression was employed to examine the potential racial/ethnic differences in the receipt of 

chemotherapy, neo-adjuvant chemotherapy, or delayed chemotherapy. All tests were two-

sided with an alpha of 0.05. All analyses were performed with SAS version 9.4 (SAS 

Institute, Inc., Cary, North Carolina).
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3. Results

Of the 25,535 patients included in this study, 72.1% were NHW, 13.7% NHB, and 14.2% 

Hispanic. Compared to NHW, NHB and Hispanic patients were more likely to be younger, 

living in urban and high poverty areas, and diagnosed with tumors at later stage (Table 1, P < 

0.0001 for each variable when compared with NHW). Specifically, NHB women had the 

highest prevalence of Medicaid coverage, HR-/HER2- subtype diagnosis, and having at least 

one comorbidity. The majority of Hispanic women were from Florida and Texas.

Overall, 42.4% of patients received chemotherapy as part of their first course of cancer-

related treatment, which was highest for NHB (53.7%), followed by Hispanics (48.0%) and 

NHW (39.1%) (P < 0.0001) (Table 2). Hispanics were most likely (29.8%) and NHW were 

least likely (20.3%) to receive neo-adjuvant chemotherapy (P < 0.0001). NHW (17.3%) had 

lower frequency of receiving delayed chemotherapy than NHB (29.3%) and Hispanics 

(31.6%), and the difference remained for the use of both neo-adjuvant or adjuvant 

chemotherapy (P < 0.0001).

The percentage of neo-adjuvant chemotherapy use varied by breast cancer subtype, which 

was higher for HR- tumors and lower for HR + tumors (data shown in Table 3). The median 

time (1st quartile, 3rd quartile) to chemotherapy use differed by race/ethnicity (P < 0.0001), 

but was similar across cancer subtypes.

To evaluate whether the racial/ethnic disparities in chemotherapy utilization vary by breast 

cancer subtype, an interaction term of race/ethnicity and subtype was examined in the 

logistic regressions. With adjustment of the confounders, the interaction was significant for 

any chemotherapy utilization (P = 0.009), which indicated the disparities varied by subtype, 

but it was not significant for the receipt of neo-adjuvant chemotherapy and delayed 

chemotherapy. However, to report the racial/ethnic differences in chemotherapy utilization in 

each sub-type, we continued the stratified analyses by breast cancer subtype.

With adjustment for the covariates, NHB were more likely to use chemotherapy than NHW 

only when diagnosed with HR+/HER2- tumors (adjusted odds ratio [aOR]: 1.22; 95% 

confidence interval [CI]: 1.04–1.42) (Table 4). Hispanics had higher odds of using 

chemotherapy than NHW for all subtypes combined (aOR: 1.17; 95% CI: 1.04–1.31) and for 

HR-/HER2- subtype (aOR: 1.62; 95% CI: 1.15–2.28). There were no statistically significant 

differences in receiving neo-adjuvant chemotherapy between NHB and NHW, as well as 

between Hispanic and NHW, after adjusting for the covariates. NHB (aOR: 1.59; 95% CI: 

1.37–1.84) and Hispanics (aOR: 1.53; 95% CI: 1.31–1.77) had significantly higher odds of 

receiving delayed chemotherapy compared with NHW, and the results were consistent across 

each subtype.

4. Discussion

Using a large population-based sample of stage I-III breast cancer patients, this study 

examined racial/ethnic differences in the utilization of chemotherapy. We found that NHB 

with HR+/HER2- subtype and Hispanics with HR-/HER2- subtype were more likely to 

receive chemotherapy compared to their NHW counterparts. NHB and Hispanics also had 
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higher odds of receiving delayed chemotherapy, regardless of tumor subtype. No significant 

racial/ethnic differences in neo-adjuvant chemotherapy use was observed.

To our knowledge, this is the first study investigating the racial/ethnic differences of 

chemotherapy use by breast cancer subtype, although intensive racial/ethnic disparity 

research has been conducted for breast cancer without the specification of subtypes. 

Previous studies yielded different results, which varied according to the timing of study, 

patient sociodemographic status, and tumor characteristics. Studies including patients 

diagnosed with breast cancer in the year 2000 or before were more likely to find the higher 

percentage of chemotherapy use among white patients [1,3,4], whereas data after 2000 were 

less likely to identify a significant racial difference [5,6,9,7,8]. In addition, less racial 

differences in chemotherapy use have been found among patients aged 70 years or older 

[1,3], those with equal access to health care, such as all Medicaid insured patients [12], those 

with equal access to local comprehensive health care system, such as Kaiser Permanente 

Northern California [6], and those with more aggressive tumors, such as hormone receptor 

negative tumors [11]. Similar to the findings using the National Cancer Data Base (NCDB) 

[5], 42.4% of our patient population received chemotherapy; when all tumor subtypes were 

grouped together, no racial difference was observed between NHW and NHB. These 

findings may reflect the improved access to cancer care among NHB patients, since 

chemotherapy has been widely accepted as a cornerstone of systemic treatment for breast 

cancer.

After stratification by subtype, we found that among patients with HR+/HER2- tumors, 

NHB had higher odds of using chemotherapy than NHW. HR+/HER2- is the subtype with 

the best prognosis, for which hormonal therapy is an option and the benefit of chemotherapy 

is more controversial. For this subtype, NCCN guidelines recommend chemotherapy to be 

given only to those patients with positive lymph node or with high Oncotype DX recurrence 

risk score [24]. In current clinical practice, physicians recommend against chemotherapy to 

low recurrent risk HR+/HER2- patients to avoid chemotherapy overtreatment [25,26]. Due 

to high missing rate of recurrence risk score in the data, we were not able to identify the 

patients who received unnecessary chemotherapy. However, our findings indicate the 

potential racial difference in the overtreatment of HR+/HER2- tumors. Future studies are 

warranted to investigate whether NHB patients with HR+/HER2-subtype experience 

increased overtreatment or the higher chemotherapy use in this patient population is 

associated with improved survival.

Hispanic women represented about 15% of patients in our study. Similar to one previous 

study [7], we found that Hispanic patients were more likely to receive chemotherapy 

compared to NHW patients, in particular among patients with HR-/HER2- tumors, where a 

statistically significant 62% higher odds was observed. HR-/HER2-, known as TNBC, is the 

most aggressive breast cancer subtype where chemotherapy is the only systemic treatment 

option. A previous study showed that compared to NHW women, low-acculturated 

Hispanics had even higher odds of using chemotherapy than high-acculturated Hispanics [7]. 

Understanding how the psychosocial factors interact with clinical factors including tumor 

subtype to increase the chemotherapy use among Hispanic patients could lend more 

evidence to improve cancer care and survival for this minority patient population.
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Neo-adjuvant chemotherapy has been accepted to downsize tumors for facilitating surgery, 

or to reduce the extent of surgery to achieve adequate resection. Given these benefits, the use 

of neo-adjuvant chemotherapy has increased over time from 12.2% in 2003 to 24.0% in 

2011 [27]. In our study population, 22.9% patients received neo-adjuvant chemotherapy, 

which is similar to the findings using national data [5,27]. Data regarding the racial 

difference in receipt of neo-adjuvant chemotherapy is limited. One study using NCDB data 

reported that black and Hispanic patients are more likely to receive neo-adjuvant 

chemotherapy than white patients [28]. In our study, although the percentage of neo-

adjuvant chemotherapy was higher among NHB and Hispanic patients compared to NHW 

patients, the differences can be explained by the advanced stage and more aggressive tumor 

characteristics.

Our study found significant racial/ethnic disparities in delayed chemotherapy, i.e., receiving 

neo-adjuvant chemotherapy ≥30 days after tumor diagnosis, adjuvant chemotherapy ≥120 

days after tumor diagnosis or ≥90 days after surgery. Median time to chemotherapy, 

regardless of neo-adjuvant or adjuvant chemotherapy, was longer for NHB and Hispanic 

patients than NHW patients. NHB had 59% and Hispanics had 53% higher odds of receiving 

delayed chemotherapy compared to NHW patients, after adjusting for measured factors. Our 

findings were consistent with previous studies [20,29]. We further found that the racial/

ethnic disparities in receiving delayed chemotherapy were consistent for all subtypes. As 

delayed chemotherapy is associated with worse breast cancer outcomes, particularly for 

those with aggressive subtypes [13,14], identifying the reasons of delayed chemotherapy 

among NHB and Hispanic patients is warranted to mitigate the survival difference.

The primary strength of this study is the use of population-based data, which are not limited 

to healthcare settings and show the diverse racial/ethnic composition and geographic 

variations, thus the findings have greater generalizability. Another strength is the 

completeness of treatment information, including chemotherapy and hormonal therapy. 

While data routinely collected by cancer registries may not have complete information on 

adjuvant treatment due to limited resource [30], the CER project provided funds to collect 

data on the first course of treatment from all sources including non-hospital settings such as 

physician’s offices and out-patient clinics which may be missed in registry routine data 

collection.

Despite its strengths, our study has some limitations. One limitation is the potential 

underestimation of patients’ comorbid conditions. Since the CER study only collected 

comorbid conditions from hospitals, the information may not have been complete for 

patients who were diagnosed and received treatment for these conditions at non-hospital 

settings. However, with thorough examination of medical records, a previous study reported 

that the prevalence of the comorbid conditions are low among breast cancer patients [31]. In 

addition, if present, this underestimation was random for each racial/ethnic group, thus the 

disparities we observed should not result from the underestimation of comorbid conditions. 

Another limitation is that we did not evaluate specific chemotherapy agent, particularly oral 

chemotherapy. The access to oral or intravenous chemotherapy agent could vary by race/

ethnicity. However, only 0.4% patients took oral chemotherapy (Capecitabine), from which 

the influence should be minimal. The other limitation is the lack of information on types of 

Zhang et al. Page 7

Cancer Epidemiol. Author manuscript; available in PMC 2020 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



facilities where patients received treatment. One previous study found that facility type 

could explain a small portion of, but not all, the racial difference in delayed adjuvant 

chemotherapy [29]. Future studies could investigate whether racial/ethnic disparities 

continue to exist for each tumor subtype after adjusting for facility type.

5. Conclusions

In conclusion, we found NHB and Hispanic breast cancer patients with certain tumor 

subtypes used more chemotherapy than NHW, which is encouraging and can be considered 

as improved equality of health care access over the past twenty years. However, NHB and 

Hispanic patients are still less likely to receive timely chemotherapy, which is an indicator of 

under-treatment experienced by minority patients. Our study warrants the investigation of 

the factors contributing to the disparity and the further intervention to improve the timely use 

of chemotherapy for all women regardless of race or ethnicity.
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Table 1

Characteristics of patients diagnosed with stage I-III breast cancer in 2011 (N = 25,535).

Characteristics NHW (N = 18,402), % NHB (N = 3,497), % Hispanics (N = 3,636), %

All 72.1 13.7 14.2

Age

 < 50 19.4 28.6 31.9

 50–59 24.3 29.1 24.5

 60–69 28.5 23.0 21.9

 70–79 18.1 13.2 14.6

 ≥80 9.8 6.1 7.1

 P-value* < 0.0001 < 0.0001

Insurance

 Private 58.5 48.1 46.6

 Medicare/other public 29.2 22.9 19.4

 Medicaid 6.3 20.3 18.8

 None 2.1 6.4 11.5

 Unknown 3.4 2.4 3.7

 P-value* < 0.0001 < 0.0001

Residence

 Urban 52.1 67.3 78.6

 Rural 10.1 6.2 2.5

 Urban/rural mixed 37.8 26.5 18.9

 P-value* < 0.0001 < 0.0001

Census tract-poverty

 < 10% 53.1 23.7 30.2

 10–19.99% 33.3 32.0 34.9

 ≥ 20% 13.5 44.3 34.9

 P-value* < 0.0001 < 0.0001

Subtype

 HR + /HER− 66.7 53.5 59.6

 HR + /HER2 + 9.0 9.6 9.9

 HR−/HER2− 10.2 21.2 11.7

 HR−/HER2 + 3.5 4.8 5.3

 Unknown 10.5 10.9 13.5

 P-value* < 0.0001 < 0.0001

AJCC stage

 I 55.1 41.9 45.1

 II 33.3 40.6 39.3

 III 11.6 17.4 15.6

 P-value* < 0.0001 < 0.0001

Bloom-Richardson grade
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Characteristics NHW (N = 18,402), % NHB (N = 3,497), % Hispanics (N = 3,636), %

 Low 22.1 13.0 11.2

 Medium 32.3 26.3 18.8

 High 20.2 30.6 18.1

 Unknown 25.4 30.1 52.0

 P-value* < 0.0001 < 0.0001

Tumor size

 ≤ 0.5 cm 9.0 7.9 7.7

 0.6–1.0 cm 18.5 12.7 14.9

 1.1–2.0 cm 36.4 31.1 32.6

 2.1–5.0 cm 29.4 36.4 35.7

 ≥5.1 cm 6.0 10.9 8.1

 Unknown 0.8 1.1 1.1

 P-value* < 0.0001 < 0.0001

Lymph node involvement

 Negative 62.4 55.1 55.9

 Positive 27.0 34.9 33.4

 Unknown 10.6 10.1 10.6

 P-value* < 0.0001 < 0.0001

Charlson comorbidity index

 0 83.6 77.0 85.2

 1 12.6 16.8 11.4

 ≥2 3.8 6.2 3.4

 P-value* < 0.0001 0.05

Participating states

 Alaska 1.0 0.1 0.3

 California 7.4 4.1 6.4

 Colorado 10.7 1.7 7.3

 Florida 10.8 16.5 33.0

 Idaho 3.9 0.0 0.6

 Louisiana 8.3 19.2 1.3

 North Carolina 22.3 31.2 3.0

 New Hampshire 4.6 0.1 0.4

 Rhode Island 3.0 0.5 1.2

 Texas 28.2 26.6 46.4

P-value* < 0.0001 < 0.0001

Abbreviations: NHW: non-Hispanic white; NHB: non-Hispanic black; AJCC: American Joint Committee on Cancer; HR: hormone receptor; 
HER2: human epidermal growth factor receptor 2.

*
P-values were calculated from the comparisons with Non-Hispanic white.
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