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Background: Breast cancer (BC) affects racial and ethnic groups differently,

leading to disparities in clinical presentation and outcomes. It is unclear how

Hispanic ethnicity affects BC outcomes based on geographic location and

proximity to the United States (U.S.)/Mexico border. We hypothesized that the

impact of race/ethnicity on BC outcomes depends on geographic location and

country of origin within each BC subtype.

Methods: We analyzed BC data from the Texas Cancer Registry by race/

ethnicity/birthplace according to BC subtype (luminal A/luminal B/human

epidermal growth factor receptor 2 [HER2]/triple-negative breast cancer

[TNBC]). Other covariates included age, geographic location (U.S., Mexico),

residency (border, non-border), treatments, and comorbidities. Crude and

adjusted effects of race/ethnicity and birthplace on overall survival (OS) were

analyzed using Cox regression methods.

Results: Our analysis of 76,310 patient records with specific BC subtypes

revealed that Hispanic and non-Hispanic Black (NHB) patients were diagnosed

at a younger age compared with non-Hispanic White (NHW) patients for all BC

subtypes. For the 19,748 BC patients with complete data on race/ethnicity/

birthplace/residency, Hispanic patients had a higher mortality risk in the Luminal

A subtype, regardless of birthplace, whereas U.S.-born Hispanics had a higher risk

of death in the TNBC subtype. In contrast, NHB patients had a higher mortality

risk in the Luminal A and HER2 subtypes. Residence along the U.S./Mexico border

had little impact on OS, with better outcomes in Luminal A patients and worse

outcomes in Luminal B patients aged 60–74 years.
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Conclusion: Race/ethnicity, geographic birth location, and residency were

significant predictors of survival in BC. Migration, acculturation, and reduced

healthcare access may contribute to outcome differences.
KEYWORDS

race/ethnicity, breast cancer (BC), United States/Mexico border, population-based
study, cancer health disparities
1 Introduction

In 2020, breast cancer (BC) became the leading cause of global

cancer incidence, overtaking lung cancer with 2.3 million new cases

and ranking as the fifth cause of death worldwide (1). Among

women in the United States (U.S.), BC is the most frequently

diagnosed cancer and remains the second leading cause of

cancer-related deaths, with 297,790 new cases and 43,700 deaths

in 2023 alone (2). Developing countries exhibit higher BC mortality

rates relative to their developed counterparts despite having lower

incidence rates, which is likely due to reduced screening measures

(3, 4). Despite a decade of declining BC mortality rates, disparities

persist among racial and ethnic minorities in the U.S. The BC

mortality rate has dropped more slowly for Hispanics than non-

Hispanic White (NHW) women (5), and racial/ethnic groups are

more frequently diagnosed with advanced-stage tumors due to

lower utilization of mammography services and delays in follow-

up care (6, 7). Moreover, foreign-born Hispanic patients had lower

incidence and mortality rates compared with U.S.-born Hispanics

(5). Whereas Hispanic women in the U.S. have demonstrated lower

BC incidence and mortality rates compared with NHW and non-

Hispanic Black (NHB) women (8), BC remains the primary cause of

cancer-related deaths for female Hispanics. Similarly, NHB women

have a 4% lower BC incidence rate compared with NHW women,

but face a 40% higher chance of death (9). In fact, aggressive BC

subtypes like triple-negative breast cancer (TNBC) are more

prevalent in non-White populations (10, 11). New strategies and

treatments will be required to improve outcomes for minority

populations with BC.

BC is a clinically and genetically heterogeneous disease

characterized by multiple different subtypes. Molecular subtyping has

provided a valuable tool for predicting clinical outcomes in BC (12).

Thus, the BC subtype is an important factor that needs to be accounted

for in the analysis of overall survival (OS). Breast cancer (BC) can be

classified into four major subtypes based on hormone receptor (HR)

status: estrogen receptor (ER), progesterone receptor (PR), and HER2.

The subtypes are Luminal A (HR+/HER2-), Luminal B (HR+/HER2+),

HER2+/ER-/PR-, and triple-negative (HR-/HER2-) (13–16). Among

these subtypes, Luminal A has the best prognosis, followed by Luminal

B (15, 16). On the other hand, TNBCs are associated with the worst

prognosis (16, 17). HER2-positive can be diagnosed at a younger age

compared with Luminal A (15, 18). TNBCs are more prevalent among
02
Hispanic women compared with NHW women, and they are also

common among NHB women. Luminal A is more common among

white women (19–21). The high prevalence of TNBC among NHB and

Hispanic women could be the reason for the poor prognosis in these

populations (2, 22–24).

There is a dearth of information available about cancer rates

along the U.S./Mexico border region. One study reported increased

cancer mortality among younger Hispanic Americans in the U.S./

Mexico border region spanning California, Arizona, New Mexico,

and Texas (25). Similarly, using data from the Texas Cancer

Registry (TCR), we demonstrated that Hispanic patients with

certain hematologic malignancies located along the Texas/

Chihuahua border (Health Service Region 10 [HSR10]) were

diagnosed at younger ages, presented with increased numbers of

comorbidities, and had worse OS compared with the rest of Texas

(26). Although racial and ethnic disparities persist in the

presentation and outcomes of BC, the influence of race and

ethnicity on survival status in the different BC subtypes remains

unclear. Moreover, the impact of Hispanic ethnicity on BC

outcomes concerning birth country and proximity to the U.S./

Mexico border requires further examination, especially within each

BC subtype. Previous studies of the border region have reported

higher BC presentation and mortality rates for women who grew up

in the U.S. or immigrated at a young age compared with Mexican

Hispanics or those who immigrated at older ages (27). In addition, a

link between diabetes, obesity, and BC health disparities among

Hispanic women has been established (28). Hispanic and Black

women have a higher prevalence of obesity (29, 30), but their

comorbidities and biomarkers can be completely different (30–33).

Weight gain could be associated with Hispanics compared to other

ethnicities (28, 30), negatively affecting metabolic-related disorder

outcomes (30, 34); due to this, insulin resistance and metabolic

syndrome are common among Hispanics (30, 35, 36), which is

linked to increased aggressive BC subtypes (30, 37, 38). Obesity and

other comorbidities can affect treatment (30, 39–41), but not much

is known about their contribution among Hispanics. Quality of life

substantially reduces post-diagnosis among Hispanics (30, 42, 43).

Moreover, obesity can impact the dosages required for therapeutic

intervention (30, 44, 45), and can also affect surgery, radiotherapy,

and adjuvant chemotherapy (30, 46–49).

In the present study, we aimed to evaluate differences in BC

presentation and survival between NHW, NHB, and Hispanic
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patients (born in Mexico versus the U.S.), and comparing the

border region with the rest of Texas. We also assessed covariates

associated with mortality in BC subtypes throughout Texas. We

hypothesized that the impact of race/ethnicity on BC outcomes

depends on a combination of BC subtype, country of origin (U.S. vs.

Mexico), and residency (HSR10 vs. rest of Texas). Specifically, we

sought to understand which BC subtypes have poor presentation

and worse OS among Mexican Hispanics compared with non-

Hispanics. Additionally, we wanted to pinpoint the BC subtypes

demonstrating worse outcomes in the border region to prioritize

appropriate screening measures and treatment for these patients.
2 Methods

2.1 Data sources and study population

BC data (International Classification of Disease: ICD-O-3

histology codes 8500–8509) were obtained from the Texas Cancer

Registry (TCR), which serves as a statewide population-based

registry of cancer prevalence and burden in Texas (https://

www.dshs.texas.gov/tcr/). All breast cancer data available (i.e.,

1995 to 2016) from the TCR were reviewed to understand the

clinical presentation and survival of BC for NHW, NHB, and

Hispanic patients, as well as the population at the Texas/

Chihuahua border in HSR10. HSR10 refers to communities at the

U.S./Mexico border near Chihuahua, Mexico. The region is

medically underserved, with significant barriers to healthcare

access (50). Hispanics in our dataset were divided by birth

country (Mexico or U.S.). The following BC subtypes were

analyzed: Luminal A (estrogen and/or progesterone receptor-

positive (ER+ or PR+) and human epidermal growth factor

receptor 2-negative (HER2-)); Luminal B (ER+ and/or PR+ and

HER2+), HER2 positive (ER-, PR-, and HER2+), and TNBC (ER-,

PR- and HER2-). We included only female BC patients with

sufficient data to classify their BC subtypes, called sub-cohort 1.

In secondary criteria, we only included BC patients from sub-cohort

1 with appropriate race/ethnicity/birthplace/age classifications,

called sub-cohort 2. This study was approved by the Institutional

Review Boards at Texas Tech University Health Sciences Center El

Paso (E19045) and the TCR (19–006). Figure 1 illustrates the data

selection process. The study sample included 289,593 female BC

records from the TCR. BC data not having complete hormone

receptor information (213,283 records) were excluded from the

study. Baseline characteristics for the excluded BC patients are

available in Supplementary Table S1. The remaining 76,310 records

(sub-cohort 1) had a specific classification by subtype (Table 1 and

Supplementary Table S2). In contrast to data from the Surveillance,

Epidemiology, and End Results (SEER) Program, entries without a

reported ethnicity in the TCR are not assumed to be non-Hispanic

but instead coded as unknown, thereby reducing the potential for

perceived bias from self-reporting of ethnicity (51). Patients

identified as Other non-Hispanic (46,280) or Other Hispanic

(10,282) who were not born in the U.S. or Mexico were excluded

from survival calculations due to a lack of confidence surrounding

ethnicity. In total, 19,748 records (sub-cohort 2) had complete
Frontiers in Oncology 03
information regarding classification by race, ethnicity, BC subtype,

and birthplace (Table 2 and Supplementary Table S3).
2.2 Primary exposures and outcomes

OS for each BC subtype was the primary outcome, with race/

ethnicity, birthplace (U.S.-born NHW, U.S.-born NHB, U.S.-born

Hispanic, Mexico-born Hispanic), geographic location (HSR10, rest

of Texas), and residency (HSR10, rest of Texas) as the independent

variables. OS was measured from the year of diagnosis to the year of

vital status. Patients without a date of death or last contact but were

alive after December 2016 were assumed to be alive.
2.3 Covariates

The following covariates were considered as possible confounders

of the relationship between race/ethnicity and OS for patients with

BC: age (18–39, 40–59, 60–74, 75+ years), grade (I, II, III, IV), SEER

stage (localized, regional, distant), treatment (hormone therapy,

chemotherapy, radiation therapy, mastectomy, distal lymph or

tissue/organ surgery), urbanization (rural, semi-urban, urban), and

number of comorbidities (1–2, 3–4, 5–6, 7–8, 9–10). We chose not to

control for measures of poverty and stage at diagnosis since these

variables are on the causal pathway between our exposure variable

(race/ethnicity) and the outcome (time between cancer diagnosis and

death) (52). Controlling for causal intermediates using standard

regression methods results in biased estimates of the total effect of

race/ethnicity (52, 53). Since race and ethnicity are closely linked to

socioeconomic status (SES) (52), poverty indicators and primary

payer at diagnosis were excluded from the analysis. Based on the

literature, Hispanic patients are often diagnosed with BC at a younger

age, which likely affects OS. To investigate the potential impact of age

on survival, patients were categorized into four age groups (in years)

for each BC subtype: 18–39, 40–59, 60–74, and ≥75. Differences in OS

among NHW, NHB, and Hispanic patients due to treatment effects

were evaluated by stratifying patients based on their intervention(s).
2.4 Statistical analyses

We summarized continuous variables with mean and standard

deviation (SD), whereas categorical variables were summarized with

frequency and percentage. All covariates were summarized in

frequencies with percentages by BC subtypes. The average age of

patients was compared between race/ethnicity by one-way analysis

of variance within each BC subtype. All the categorical variables

were compared by race/ethnicity/country of birth using a chi-

square test. The association of each exposure and covariate with

OS in each BC diagnosis was determined using a Cox proportional

hazards regression analysis. Multivariable Cox proportional hazards

regression was used to determine the adjusted association between

primary exposures and OS for each BC diagnosis. The multivariable

analysis included all the relevant covariates simultaneously in the

analysis. A priori, critical covariates were adjusted regardless of their
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significance level in the multivariable analyses as per the study

objectives (54). The results of Cox models were summarized with

hazard ratio (HR) and 95% confidence interval (CI). All hazard

ratio (HR) calculations in the multivariable analysis were adjusted

for the remaining variables listed in the table. The assumption of

proportional hazards was tested by inspecting log-log plots for each

predictor variable. Severe violations (as indicated by non-parallel

lines) were not detected. Kaplan-Meier curves were constructed to

describe survival for Hispanic and non-Hispanic patients according

to diagnosis or regional location and were compared using log-rank

tests. P-values less than or equal to 5% were considered statistically

significant results. All the statistical analyses were conducted using
Frontiers in Oncology 04
SAS version 7 (SAS Institute Inc., Cary, NC, USA) and followed the

statistical analysis and reporting checklists (55).
3 Results

3.1 Cohort selection

The total number of BC patients in our cohort (sub-cohort 1)

included 53,777 Luminal A patients (70.5%), 8,790 Luminal B patients

(11.5%), 3,699 HER2 patients (4.8%), and 10,044 TNBC patients

(13.2%) (Table 1). For survival calculations, patients who did not
FIGURE 1

Sample selection diagram and patient characteristics for the current study. The selection of breast cancers from the Texas Cancer Registry was
performed using the International Classification of Diseases for Oncology third edition (ICD-O-3) histology codes for the following diseases: ductal
and lobular carcinomas, followed by stratification into ER+, PR+, HER2+, and TNBC subtypes.
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TABLE 1 Breast cancer distribution of sub-cohort 1 (76,310 breast cancer patients from the Texas Cancer Registry from 1995–2016) according to
subtype, based on age, race, ethnicity, geographic location, and socioeconomic indicators.

Subtype (Sub-Cohort 1) Luminal A Luminal B HER2 TNBC

N (%) 53,777 (100) 8,790 (100) 3,699 (100) 10,044 (100)

Age Ranges

18-39 2,237 (4.2) 847 (9.6) 332 (9.0) 941 (9.4)

40-59 20,704 (38.5) 4,086 (46.5) 1,830 (49.5) 4,636 (46.2)

60-74 21,927 (40.8) 2,875 (32.7) 1,153 (31.2) 3,291 (32.8)

75+ 8,909 (16.6) 982 (11.2) 384 (10.4) 1,176 (11.7)

Race & Ethnicity

Hispanic 9,504 (17.7) 1,965 (22.4) 869 (23.5) 2,084 (20.7)

NHW 36,861 (68.5) 5,367 (61.0) 2,136 (57.7) 5,470 (54.5)

NHB 5,606 (10.4) 1,090 (12.4) 510 (13.8) 2,166 (21.6)

HSR

Rest of Texas 52,303 (97.3) 8,452 (96.2) 3,563 (96.3) 9,691 (96.5)

HSR 10 1,474 (2.7) 338 (3.8) 136 (3.7) 353 (3.5)

Country of Birth

U.S. 12,292 (22.9) 2,103 (23.9) 927 (25.1) 2,983 (29.7)

Mexico 991 (1.8) 271 (3.1) 130 (3.5) 341 (3.4)

Ethnicity/Race & Birthplace

Hispanic Born in U.S. 1,567 (2.9) 333 (3.8) 149 (4.0) 435 (4.3)

Hispanic Born in Mexico 947 (1.8) 260 (3.0) 125 (3.4) 324 (3.2)

NHW Born in U.S. 8,913 (16.6) 1,389 (15.8) 617 (16.7) 1,731 (17.2)

NHB Born in U.S. 1,671 (3.1) 341 (3.9) 154 (4.2) 792 (7.9)

Hispanic Other 6,990 (13.0) 1,372 (15.6) 595 (16.1) 1,325 (13.2)

Non-Hispanic Other 33,689 (62.6) 5,095 (58.0) 2,059 (55.7) 5,437 (54.1)

Ethnicity/Race HSR

Hispanic HSR 10 1,092 (2.0) 254 (2.9) 109 (2.9) 277 (2.8)

Hispanic - Rest of Texas 8,412 (15.6) 1,711 (19.5) 760 (20.5) 1,807 (18.0)

Non-Hispanic 42,467 (79.0) 6,457 (73.5) 2,646 (71.5) 7,636 (76.0)

Urbanization

Rural 468 (0.9) 74 (0.8) 37 (1.0) 57 (0.6)

Semi-Urban 5,697 (10.6) 967 (11.0) 348 (9.4) 980 (9.8)

Urban 47,583 (88.5) 7,743 (88.1) 3,312 (89.5) 9,003 (89.6)

Primary Insurance

Uninsured 2,723 (5.1) 649 (7.4) 324 (8.8) 819 (8.2)

Private Insurance 25,492 (47.4) 4,609 (52.4) 1,896 (51.3) 5,007 (49.9)

Medicaid/Medicare 23,292 (43.3) 3,122 (35.5) 1,301 (35.2) 3,782 (37.7)

Poverty Level

No 40,236 (74.8) 6,416 (73.0) 2,635 (71.2) 6,984 (69.5)

Yes 12,998 (24.2) 2,303 (26.2) 1,035 (28.0) 2,979 (29.7)
F
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HER2, human epidermal growth factor 2; HSR, health service region; NHB, non-Hispanic Black; NHW, non-Hispanic White; TNBC, triple-negative breast cancer; U.S., United States.
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identify as NHW, NHB, or Hispanic born in the U.S. or Mexico

(Other) were excluded from the analysis (56,562). Of the remaining

19,748 BC patients (sub-cohort 2), 12,650 (64.1%) identified as NHW,

2,958 (15.0%) identified as NHB, 2,484 (12.6%) identified as U.S.-born

Hispanic, and 1,656 (8.4%) identified as Mexico-born Hispanic

(Table 2 and Figure 1). There were no differences in reporting

standards by ethnicity, as 47.5% of non-Hispanics and 47.8% of

Hispanics had a specific diagnosis (not shown).
3.2 Breast cancer presentation by
BC subtypes

Table 1 shows the distribution of patients with known BC subtypes

based on age, race, ethnicity, geographic location, and socioeconomic

indicators. The Luminal A subtype of BC was more common in

patients older than 60 years, whereas the other BC subtypes were more

common in patients 40–59 years of age. NHW patients were more

likely to be diagnosed with the Luminal A or Luminal B subtypes of BC.

Hispanic patients were more likely to be diagnosed with the HER2

subtype, whereas NHB patients were more likely to be diagnosed with

TNBC (Table 1). Proportionally, Hispanics born in the U.S. had higher

rates of all BC subtypes than those born in Mexico. Overall, about half

of the patients had private insurance; however, many patients were

covered by Medicaid/Medicare. Finally, the highest poverty rate was

observed in TNBC patients (29.7%) (Table 1).

Supplementary Table S2 illustrates patient distribution between

subtypes based on tumor grade, treatment, and comorbidity

burden. TNBC patients had the most significant proportion of

patients diagnosed at grade III/IV (74.9%), followed by HER2

(69.0%), Luminal B (47.4%) and Luminal A (19.8%). However,

HER2 had the most significant proportion of patients with regional

and distant metastasis (50.1%). Over half of the patients had no

comorbidities across all subtypes. However, the comorbidities most
Frontiers in Oncology 06
highly associated with all BC subtypes were cardiovascular diseases,

endocrine/nutritional/metabolic/immune disorders, and

genitourinary diseases.
3.3 Breast cancer presentation by race/
ethnicity and country of birth

Most Hispanic patients developed BC between 40 and 59 years

of age, regardless of birthplace (Supplementary Table S3). However,

in that age group, Hispanic patients born in Mexico developed

proportionally more BC than those born in the U.S. (55.8% versus

41.0%). In contrast, NHW patients developed BC older than 60

years (63.9%). Many Hispanic patients resided in HSR10 compared

with other racial/ethnic groups (9.3% and 24.3% for Hispanics born

in the U.S. and Mexico, respectively). The bottom of Table 2 shows

the age at diagnosis for each disease, comparing NHW, NHB, and

Hispanic BC patients throughout Texas. NHB and Hispanic

patients in Texas were diagnosed at younger ages than NHW

patients for all diseases analyzed (P<0.0001). When we compared

the distribution of BC among Hispanics born in the U.S. versus

Mexico, Hispanics born in Mexico developed BC at younger ages

(Table 2). As expected, Hispanics born in Mexico had the highest

prevalence of uninsured patients (42.7%), while NHW had the

highest proportion of private insurance coverage (42.4%,

Supplementary Table S3). Most patients born in the U.S. were

enrolled in Medicaid/Medicare. Finally, 53.3% of Hispanic patients

born in Mexico were classified as impoverished, followed by NHB

(42.9%), Hispanics born in the U.S. (42.3%), and NHW (15.3%)

(Supplementary Table S3).

Table 3 describes the tumor grade, treatment, and comorbidity

distribution for U.S.-born Hispanics, Mexico-born Hispanics,

NHW, and NHB patients. NHB patients had the highest

percentages of grade III/IV tumors (50.9%) with distant
TABLE 2 Sub-cohort 2 consisted of 19,748 patients with complete data on breast cancer subtype, race, ethnicity, birthplace, and age.

Mexico-Born
Hispanic

U.S.-Born
Hispanic

NHW NHB P

BC Subtype (Sub-Cohort 2) Number of Patients

N (%) 1,656 (100) 2,484 (100) 12,650 (100) 2,958 (100) <0.0001*

Luminal A 947 (57.2) 1,567 (63.1) 8,913 (70.5) 1,671 (56.5)

Luminal B 260 (15.7) 333 (13.4) 1,389 (11.0) 341 (11.5)

HER2 125 (7.5) 149 (6.0) 617 (4.9) 154 (5.2)

TNBC 324 (19.6) 435 (17.5) 1,731 (13.7) 792 (26.8)

Average ± SD Age in Years

Luminal A 57.4 ± 13.8 60.9 ± 14.0 65.1 ± 13.0 60.4 ± 13.7 0.0001

Luminal B 54.4 ± 12.8 57.3 ± 15.0 62.3 ± 14.4 57.6 ± 13.8 0.0001

HER2 54.6 ± 12.5 58.1 ± 13.6 61.0 ± 13.7 58.4 ± 11.6 0.0001

TNBC 52.2 ± 12.9 54.5 ± 14.9 61.5 ± 14.2 56.3 ± 12.8 0.0001
(Top) Number of breast cancer patients based on subtype and race. *The p-value was calculated from a 4 x 4 chi-square test. (Bottom) The average age of breast cancer diagnosis stratified by
subtype and race/ethnicity. Age distributions were compared across race/ethnicity within each subtype using one-way analysis of variance. HER2, human epidermal growth factor 2; NHB, non-
Hispanic Black; NHW, non-Hispanic White; SD, standard deviation; TNBC, triple-negative breast cancer; U.S., United States.
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TABLE 3 Demographic and socioeconomic characteristics of sub-cohort 2 (19,748 breast cancer patients with complete data on subtype/race/
ethnicity/birthplace/age) based on tumor grade, treatment, and comorbidity burden.

Race/Ethnicity (Sub-Cohort 2) Mexico-Born
Hispanic

U.S.-Born
Hispanic

NHW NHB

P

N (%) 1,656 (100) 2,484 (100) 12,650 (100) 2,958 (100)

Grade <0.001

Grade-I 151 (9.1) 331 (13.3) 2,353 (18.6) 306 (11.5)

Grade-II 511 (30.9) 860 (34.6) 5,077 (40.1) 899 (30.4)

Grade-III 708 (42.8) 981 (39.5) 4,129 (32.6) 1,493 (50.5)

Grade-IV 7 (0.004) 8 (0.003) 26 (0.2) 13 (0.4)

SEER Stage <0.001

Localized 657 (39.7) 1,253 (50.4) 7,231 (57.2) 1,269 (42.9)

Regional 702 (42.4) 862 (34.7) 3,880 (30.7) 1,104 (37.3)

Distant 261 (15.8) 312 (12.6) 1,282 (10.1) 515 (17.4)

Hormone Therapy <0.001

Yes 388 (23.4) 533 (21.5) 3,305 (26.1) 620 (21.0)

Chemotherapy <0.001

Yes 784 (47.3) 941 (37.9) 3,869 (30.6) 1,184 (40.0)

Radiation Therapy <0.001

Yes 332 (20.0) 480 (19.3) 2,750 (21.7) 535 (18.1)

Mastectomy <0.001

Yes 911 (55.0) 1,496 (60.2) 7,999 (63.2) 1,486 (50.2)

Distal Lymph or Tissue/Organ Surgery <0.001

Yes 28 (1.7) 54 (2.1) 320 (2.5) 73 (2.5)

Number of Comorbidities <0.001

None 755 (45.6) 1,262 (50.8) 6,887 (54.4) 1,344 (45.4)

1-2 391 (23.6) 473 (19.0) 2,251 (17.8) 570 (19.3)

3-4 225 (13.6) 284 (11.4) 1,302 (10.3) 371 (12.5)

5-6 84 (5.1) 161 (6.5) 705 (5.6) 222 (7.5)

7-8 41 (2.5) 77 (3.1) 349 (2.8) 113 (3.8)

9-10 43 (2.6) 95 (3.8) 365 (2.9) 135 (4.6)

Infectious Diseases <0.001

Yes 28 (1.7) 58 (2.3) 177 (1.4) 66 (2.2)

Endocrine, Nutritional, Metabolic,
Immune Disorders

<0.001

Yes 391 (23.6) 609 (24.5) 2,355 (18.6) 707 (23.9)

Blood and Blood Forming Organ Disorders <0.001

Yes 68 (4.1) 114 (4.6) 367 (2.9) 186 (6.3)

Mental Disorders <0.001

Yes 96 (5.8) 212 (8.5) 1,041 (8.2) 300 (10.1)

Neurological Diseases <0.001

Yes 68 (4.1) 120 (4.8) 614 (4.9) 165 (5.6)

(Continued)
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metastasis (17.4%), followed by Hispanics born in Mexico (42.8%

and 15.8%), Hispanics born in the U.S. (39.5% and 12.6%), and

NHW (32.8% and 10.1%). Similar comorbidities were noted across

races and ethnicities, except for Hispanics born in Mexico, who

presented with higher rates of 1–2 or 3–4 comorbidities (Table 3).

Hispanics born in the U.S. had the highest prevalence of endocrine,

nutritional, metabolic, or immune disorders (24.5%), followed by

NHB (23.9%), Hispanics born in Mexico (23.6%), and NHW

(18.6%). NHBs were most likely to be observed with

cardiovascular diseases (30.2%), followed by Hispanic patients

born in the U.S. (24.7%), Hispanic patients born in Mexico

(22.7%), and NHW (21.2%). Hispanics born in Mexico had a

higher proportion of genitourinary comorbidities (17.3%),

followed by NHB (14.3%), Hispanics born in the U.S. (11.6%),

and NHW (10.6%). Finally, NHB patients had the highest rate of

mortalities (48.9%), followed by Hispanics born in the U.S. (40.2%),

NHW (39.0%), and Hispanics born in Mexico (35.8%).
3.4 Breast cancer treatment

In terms of treatment by subtype, Supplementary Table S2

shows that patients with the Luminal A (27.7%) and Luminal B

(22.7%) subtypes of breast cancer received the highest rates of

hormone therapy, compared to HER2 (2.7%) and TNBC (1.7%)

subtypes, who generally do not qualify for hormone therapy. Over

half of patients with HER2 (51.3%), TNBC (49.0%), and Luminal B

(45.0%) subtypes received chemotherapy, whereas <20% of patients

across all subtypes received radiation therapy. Mastectomies were

performed with a high percentage in all patients across all subtypes,
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with 66.8% for Luminal A, 60.7% for Luminal B, 60.5% for TNBC,

and 57.4% for HER2. Distal surgeries were only performed in 2–3%

of patients across all BC subtypes.

We next compared BC treatment based on race, ethnicity, and

birthplace (Table 3). The use of hormone therapy was higher among

NHW and Hispanics born in Mexico (26.1% and 23.4%) compared

with Hispanics born in the U.S. and NHB (21.5% and 21.0%).

Hispanics born in Mexico had the highest rates of chemotherapy

(47.3%), followed by NHB (40.0%), Hispanics born in the U.S.

(37.9%), and NHW (30.6%). NHW patients had the highest rates

of radiation therapy (21.7%), whereas NHB patients had the lowest

rates of radiation therapy (18.1%). Lower rates of mastectomies were

observed for NHB patients (50.2%) compared with 55–63% for

Hispanic and NHW (Table 3). However, patients who did not have

a mastectomymay have received other forms of surgical intervention.
3.5 Unadjusted effects of covariates on
breast cancer mortality

In unadjusted analyses, the outcomes for Hispanic BC patients

initially appeared better than those for non-Hispanics diagnosed

with the Luminal A and TNBC subtypes (Supplementary Table S4).

Black race, on the other hand, was associated with worse outcomes

for BC patients diagnosed with the Luminal A, Luminal B, and

TNBC subtypes (Supplementary Table S4). Figures 2–4 depict the

OS by BC subtype based on race/ethnicity, birthplace, and

geographic location, segmented by age. In the Luminal A subtype

of BC, worse survival outcomes were observed in every age category

associated with race/ethnicity (Figure 2A). In contrast, race had a
TABLE 3 Continued

Race/Ethnicity (Sub-Cohort 2) Mexico-Born
Hispanic

U.S.-Born
Hispanic

NHW NHB

P

N (%) 1,656 (100) 2,484 (100) 12,650 (100) 2,958 (100)

Cardiovascular Diseases <0.001

Yes 376 (22.7) 614 (24.7) 2,683 (21.2) 893 (30.2)

Respiratory Diseases <0.001

Yes 128 (7.7) 64 (2.6) 877 (6.9) 249 (8.4)

Digestive Diseases <0.001

Yes 114 (6.9) 188 (7.6) 905 (7.2) 236 (8.0)

Genitourinary Diseases <0.001

Yes 286 (17.3) 290 (11.6) 1,335 (10.6) 423 (14.3)

Skin Diseases <0.001

Yes 18 (1.1) 32 (1.3) 123 (1.0) 34 (1.1)

Musculoskeletal Diseases <0.001

Yes 113 (6.8) 181 (7.3) 920 (7.3) 218 (7.4)

Mortality <0.001

Dead 593 (35.8) 999 (40.2) 4,928 (39.0) 1,446 (48.9)
NHB, non-Hispanic Black; NHW, non-Hispanic White; SEER, Surveillance, Epidemiology, and End Results Program; U.S., United States.
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more significant impact than ethnicity in the Luminal B subtype

(Figure 2B). Race/ethnicity did not affect survival in the HER2

subtype of BC (Figure 2C), whereas it negatively affected OS in the

younger TNBC patients (Figure 2D). Birthplace had little effect on

OS in any BC subtype (Figures 3A–D), except for TNBC patients

aged 40–59 years, where Hispanic patients born in Mexico

demonstrated better OS than those born in the U.S. (Figure 3D).

Lastly, residence in HSR10 near the U.S./Mexico border had little

impact on OS (Figures 4A–D), except for Luminal A and Luminal B

patients aged 60–74 years. Interestingly, patients in this category

residing in HSR10 have better OS than the rest of Texas for Luminal

A patients (Figure 4A) but worse for Luminal B patients

(Figure 4B). These data underscore the importance of subtype,

birthplace, and age in analyzing the effect of race, ethnicity, and

geographic location on BC outcomes.
3.6 Adjusted effects of covariates on breast
cancer mortality

Luminal A. For patients with the Luminal A subtype of BC, NHB

patients had an 18% increase in mortality (p<.0001). Hispanic
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ethnicity had a similar effect, regardless of birthplace. Residence

near the U.S./Mexico border (HSR10), on the other hand, had no

significant impact on mortality compared with residence in other

areas of Texas (p=0.066). Comorbidities were associated with worse

outcomes for patients with the Luminal A subtype of BC. In contrast,

hormone therapy, radiation therapy, mastectomy, and urbanization

were associated with better survival outcomes (Table 4).

Luminal B. For patients with the Luminal B subtype of BC,

race, ethnicity, and geographic location did not affect mortality

rates. Regional or distant metastases and comorbidities were

associated with worse outcomes for patients with the Luminal B

subtype of BC, whereas hormone therapy, chemotherapy, and

mastectomy were associated with better outcomes (Table 4).

HER2. Mortality risk increased by >2-fold in patients aged 75

years and older (p<0.0001). We observed no differences in mortality

comparing patients by ethnicity, birthplace, and residency.

However, NHB patients had a 56% increase in mortality risk

compared with NHWs (p=0.003). Regional and distant metastasis

correlated with worse outcomes, whereas mastectomy significantly

reduced mortality risk for patients with HER2+ BC (Table 4).

TNBC. Age did not affect mortality risk in the most aggressive

TNBC subtype. While race did not affect mortality risk in TNBC,
B

C

D

A

FIGURE 2

Overall survival (OS) for the different BC subtypes based on race/ethnicity and stratified by age. (A–D) Kaplan Meier curves show the OS for patients
diagnosed with the Luminal A (A), Luminal B (B), HER2 (C), and TNBC (D) subtypes of BC based on race and ethnicity. All subtypes were stratified by
the following age groups from left to right: 18–39 years, 40–59 years, 60–74 years, and 75+ years.
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Hispanic patients from the U.S. had a 25% increase in mortality risk

compared with NHW patients (p=0.006). Birthplace in Mexico, on

the other hand, had no significant effect. Regional and distant

metastasis correlated with worse outcomes for TNBC patients,

whereas chemotherapy and mastectomy were associated with

better outcomes (Table 4).
4 Discussion

Prior work has demonstrated that racial disparities differ by

tumor subtype (18, 56, 57). Our data confirmed our hypothesis that

the effect of race/ethnicity on breast cancer outcomes depends on

the BC subtype and country of origin but not geographic location

near the U.S./Mexico border. Ethnic and racial disparities in cancer

outcomes, particularly breast cancer, persist despite progress in

understanding contributing factors (58,) (59). This is especially true

for cancer patients living near the U.S./Mexico border (25, 26, 60).

The Hispanic population is the largest minority group in the U.S.,

representing >18% of the population (61). Hispanic/Latinx refers to

individuals with Latin American roots, erroneously generalized to a

single homogenous group due to commonalities in language, values,
Frontiers in Oncology 10
and migration history (61). This study focuses on BC disparities

among Hispanic populations, emphasizing the need to analyze

subgroups separately due to diverse biological, behavioral,

sociocultural, and socioeconomic factors. Our investigation

compared BC presentation and outcomes for U.S.-born and

Mexico-born Hispanic patients compared with NHW and NHB

populations. We also examined the effects of border proximity on

BC outcomes and analyzed the impact of various treatment

interventions on OS. Our findings revealed worse outcomes for

U.S.-born Hispanic patients with TNBC compared with all other

racial and ethnic groups. In contrast, U.S.-born Hispanic, Mexico-

born Hispanic, and NHB patients with the Luminal A subtype had

worse outcomes compared with NHW patients. Surprisingly,

proximity to the U.S./Mexico border improved OS for Luminal A

patients aged 60–74 years but reduced OS for Luminal B patients

aged 60–74 years. Understanding factors that influence the

presentation and survival of BC patients is crucial for prioritizing

resources, addressing systemic deficiencies, and developing targeted

approaches for prevention, screening, treatment, and adherence

within these high-risk communities.

Individuals living in the border region face many challenges, such

as lower median income, higher poverty rates, and reduced
B

C

D

A

FIGURE 3

Overall survival (OS) for Hispanic BC patients based on birthplace and stratified by age. (A–D) Kaplan Meier curves show the OS for Hispanic patients
diagnosed with the Luminal A (A), Luminal B (B), HER2 (C), and TNBC (D) subtypes of BC based on birthplace. All subtypes were stratified by the
following age groups from left to right: 18–39 years, 40–59 years, 60–74 years, and 75+ years.
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educational attainment leading to lower utilization of screening

services (62, 63). Hispanic women with lower educational

attainment have difficulty communicating with healthcare

providers and may view BC as a terminal disease, unaware of

effective treatment options (64). Patients in this region are more

likely to be uninsured, and Hispanic patients are more frequently

covered by Medicaid than NHWs (62). Previous studies have noted

that Hispanics are more likely to be diagnosed with aggressive

subtypes of BC, such as TNBC, and present at more advanced

stages than NHWs (20). However, differences in survival for

Hispanic patients are only partially explained by tumor

characteristics. Low SES is linked to increased mortality due to

financial concerns, lack of insurance coverage, and limited access to

care and screening services (20).

Despite these challenges, some studies have reported lower BC

incidence rates and better survival among Hispanics, underscoring

the complexity of these disparities (27). The influence of

acculturation on higher BC presentation and mortality may

reflect the adoption of unhealthy behaviors (such as poor diet and

smoking) by those who have been in the U.S. for a more extended

period of time. Still, it may also be due to self-selection, where
Frontiers in Oncology 11
unacculturated immigrants are healthy when they enter the U.S.

and may leave the country if diagnosed with cancer and become lost

to follow-up (8, 27). This finding may be due to disparities in

insurance coverage, as Hispanics are more likely to be

underinsured, resulting in problems with healthcare access (65).

Delays in treatment and adherence issues also affect survival rates

(58, 66). Hispanics are more likely to experience delayed initiation of

chemotherapy and longer wait times (over 30 days) for surgery than

NHWs (58, 66). Possible reasons for delays in treatment include SES,

insurance status, problems accessing care, and geographic distance

from cancer centers (58, 66). Additionally, poor adherence to

treatment leads to cancer relapse, higher rates of hospitalization,

and shorter OS (67). A survey of Hispanics in the border region

found medium-to-low compliance with long-term adjuvant

endocrine therapy (67). Frequently cited reasons were forgetfulness,

avoidance of medication side effects, and high cost, but educational

programs and frequent reassessment were identified as potential

strategies for improvement (67). Smaller sample sizes of patients in

HSR10 and loss to follow-up, primarily ages 18–39, may affect the

interpretation of results. Further investigation is required to identify

additional factors affecting OS for aggressive BC subtypes.
B
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FIGURE 4

Overall survival (OS) for BC patients based on geographic location near the U.S./Mexico border. (A–D) Kaplan Meier curves show the OS for patients
diagnosed with the Luminal A (A), Luminal B (B), HER2 (C), and TNBC (D) subtypes of BC based on geographic location near the U.S./Mexico border
(HSR10). All subtypes were stratified by the following age groups from left to right: 18–39 years, 40–59 years, 60–74 years, and 75+ years.
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TABLE 4 Factors contributing to the overall survival (OS) of sub-cohort 2 in multivariate Cox regression analyses.

Subtype Multivariable

(Sub-Cohort 2)

Luminal A Luminal B HER2 TNBC

HR* & CI P HR* & CI P HR* & CI P HR* & CI P

Age Ranges

18-39 (ref) — (ref) — (ref) — (ref) —

40-59 0.82 (0.68-1.00) 0.047 0.94 (0.70-1.27) 0.693 1.12 (0.70-1.79) 0.631 0.85 (0.71-1.03) 0.104

60-74 1.19 (0.99-1.44) 0.066 1.38 (1.01-1.89) 0.042 1.28 (0.80-2.05) 0.308 0.95 (0.78-1.15) 0.573

75+ 2.03 (1.68-2.46) <.0001 2.53 (1.82-3.52) <.0001 2.37 (1.40-4.01) <.0001 1.10 (0.87-1.39) 0.430

Ethnicity/Race Country of Birth

NHW USA (ref) — (ref) — (ref) — (ref) —

Hispanic Mexico 1.18 (1.00-1.38) 0.049 0.86 (0.64-1.17) 0.339 0.85 (0.53-1.37) 0.511 1.03 (0.83-1.27) 0.821

Hispanic USA 1.17 (1.05-1.30) 0.006 1.06 (0.85-1.33) 0.603 1.13 (0.78-1.63) 0.524 1.25 (1.06-1.46) 0.006

NHB USA 1.18 (1.09-1.27) <.0001 0.99 (0.79-1.24) 0.921 1.56 (1.17-2.09) 0.003 1.10 (0.97-1.26) 0.146

HSR

Rest of Texas (ref) — (ref) — (ref) — (ref) —

HSR 10 0.80 (0.64-1.01) 0.066 0.95 (0.65-1.39) 0.790 1.49 (0.81-2.71) 0.197 0.83 (0.59-1.15) 0.258

Hormone Therapy

No (ref) — (ref) — (ref) — (ref) —

Yes 0.86 (0.80-0.93) <.0001 0.81 (0.68-0.96) 0.014 0.73 (0.34-1.53) 0.403 1.15 (0.86-1.53) 0.352

Chemotherapy

No (ref) — (ref) — (ref) — (ref) —

Yes 1.05 (0.96-1.15) 0.267 0.79 (0.66-0.94) 0.009 0.854 (0.64-1.13) 0.275 0.76 (0.67-0.87) <.0001

Radiation Therapy

No (ref) — (ref) — (ref) — (ref) —

Yes 0.87 (0.79-0.95) 0.002 0.93 (0.77-1.13) 0.471 0.89 (0.68-1.17) 0.396 0.96 (0.84-1.10) 0.547

Mastectomy

No (ref) — (ref) — (ref) — (ref) —

Yes 0.63 (0.57-0.69) <.0001 0.64 (0.52-0.79) <.0001 0.73 (0.55-0.95) 0.022 0.70 (0.61-0.80) <.0001

Distal Lymph or Tissue/Organ Surgery

No (ref) — (ref) — (ref) — (ref) —

Yes 1.00 (0.83-1.20) 0.990 0.71 (0.43-1.17) 0.181 0.91 (0.50-1.67) 0.766 0.90 (0.67-1.22) 0.503

Urbanization

Rural (ref) — (ref) — (ref) — (ref) —

Semi-Urban 0.89 (0.81-0.98) 0.016 1.02 (0.81-1.28) 0.863 1.08 (0.73-1.58) 0.714 1.09 (0.91-1.30) 0.347

Number of Comorbidities

None (ref) — (ref) — (ref) — (ref) —

1-2 0.92 (0.84-1.02) 0.101 0.93 (0.75-1.15) 0.502 1.22 (0.92-1.60) 0.165 1.01 (0.88-1.17) 0.885

3-4 1.01 (0.90-1.12) 0.905 0.97 (0.76-1.24) 0.839 0.83 (0.57-1.19) 0.305 0.94 (0.80-1.11) 0.481

5-6 1.16 (1.03-1.32) 0.016 1.36 (1.05-1.76) 0.020 1.45 (0.83-2.51) 0.189 1.08 (0.90-1.31) 0.404

7-8 1.31 (1.12-1.53) <.0001 1.26 (0.90-1.75) 0.178 1.36 (0.83-2.24) 0.222 0.95 (0.74-1.22) 0.691

9-10 1.37 (1.17-1.61) <.0001 1.08 (0.72-1.63) 0.711 1.68 (0.92-3.05) 0.090 1.11 (0.86-1.45) 0.425
F
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CI, confidence interval; HER2, human epidermal growth factor receptor 2; HR, hazard ratio; HSR, health service region; NHB, non-Hispanic Black; NHW, non-Hispanic White; SEER,
Surveillance Epidemiology and End Results; TNBC, triple-negative breast cancer. * HR reported after adjusting for the remaining variables included in the table.
Bold numbers represent statistically significant p values.
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In our study, NHB and Hispanic patients in Texas were

diagnosed at younger ages than NHW patients for all diseases

analyzed (P<0.0001), consistent with previous reports (68, 69).

NHB, U.S.-born Hispanic, and Mexico-born Hispanic patients

had worse outcomes in the Luminal A subtype, indirectly

supporting the potential role of genetic factors associated with

Indigenous and African American ancestry in South American

populations (70). Notably, BC patients aged 40–59 with the

Luminal A subtype showed better OS, possibly due to tissue

maturation after breastfeeding (71). Patients 40–59 years old have

most likely had one or more children and a longer duration of

breastfeeding compared with younger patients and most likely

accumulated fewer comorbidities than older patients (71).

Foreign-born women also exhibit lower BC mortality rates, often

attributed to fewer risk factors like obesity, hormone replacement

therapy, alcohol consumption, and a sedentary lifestyle (72). For

example, a study analyzing BC mortality rates of women residing in

California found that women born in Mexico had a 28% lower

mortality rate than those born in the U.S. (12.9 versus 18.0 per

100,000, respectively) (73–75). In our analysis, race remains a

significant risk factor, with Black patients experiencing a higher

risk of death across all BC subtypes (76).

A major strength of our population-based study is a

comprehensive focus on Mexican Hispanic populations by

birthplace. Additionally, we included multiple BC subtypes based

on the effects of ethnicity, race, border proximity, and age (52). We

did not control for the stage at diagnosis, since it is most likely on

the causal path between race, ethnicity, and OS (52). Controlling for

causal intermediates using standard statistical methods will lead to

biased estimates of the total effect (52, 77). Limitations to our study

include using a single-state registry without critical behavioral and

genomic data and the large number of exclusions based on our

stringent eligibility criteria (i.e., lack of BC subtype or ethnicity

information). While time to treatment between Hispanic and non-

Hispanic patients was another potential limitation, the analysis was

only possible with extensive data loss due to irregularities with the

reporting of dates within the dataset, preventing us from calculating

the time from diagnosis to initiation of treatment.

Greater racial and ethnic diversity in biobanks and genome-

wide association studies will allow for improved risk stratification

and clinical decision-making (78, 79). Future studies should focus

on enhancing diversity, equity, inclusion, and accessibility in

healthcare, as well as increased clinical trial participation from

diverse backgrounds, to address the needs of at-risk communities

(80). On top of that, future studies should examine the effects of

various treatment protocols and adherence rates on relapse rate and

OS across different racial/ethnic groups. Furthermore, to establish a

clear understanding of the socioeconomic factors that impact the

pathways leading to breast cancer in minority women, it is essential

to conduct genetic, epigenomic, and transcriptomic studies, which

may provide novel approaches for diagnosing and treating breast

cancer among vulnerable populations. Increasing minority

participation in clinical trials will be critical for learning the

pathophysiological aspects of treatment. Finally, immediate

caregivers, such as nurses and family members, significantly
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impact treatment outcomes. Therefore, enhancing diversity

among healthcare providers would be highly beneficial.
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Wu AH, et al. A pooled analysis of breastfeeding and breast cancer risk by hormone
receptor status in Parous Hispanic women. Epidemiology. (2019) 30:449–57.
doi: 10.1097/EDE.0000000000000981

72. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2022. CA Cancer J
Clin. (2022) 72:7–33. doi: 10.3322/caac.21708

73. Stern MC, Fejerman L, Das R, Setiawan VW, Cruz-Correa MR, Perez-Stable EJ, et al.
Variability in cancer risk and outcomes within US Latinos by national origin and genetic
ancestry. Curr Epidemiol Rep. (2016) 3:181–90. doi: 10.1007/s40471-016-0083-7

74. Chiang KV, Li R, Anstey EH, Perrine CG. Racial and ethnic disparities in
breastfeeding initiation ─ United States, 2019. MMWR Morb Mortal Wkly Rep. (2021)
70:769–74. doi: 10.15585/mmwr.mm7021a1

75. Pinheiro PS, Callahan KE, Stern MC, de Vries E. Migration from Mexico to the
United States: A high-speed cancer transition. Int J Cancer. (2018) 142:477–88.
doi: 10.1002/ijc.31068

76. Yedjou CG, Sims JN, Miele L, Noubissi F, Lowe L, Fonseca DD, et al. Health and
racial disparity in breast cancer. Adv Exp Med Biol. (2019) 1152:31–49. doi: 10.1007/
978-3-030-20301-6_3
frontiersin.org

https://doi.org/10.1111/obr.12030
https://doi.org/10.1001/jama.2016.6458
https://doi.org/10.1038/ijo.2014.25
https://doi.org/10.1038/oby.2008.423
https://doi.org/10.1038/oby.2008.423
https://doi.org/10.1038/ijo.2008.11
https://doi.org/10.1093/jnci/djv088
https://doi.org/10.1186/s40985-016-0043-2
https://doi.org/10.1016/j.ejim.2013.09.003
https://doi.org/10.1007/s10549-016-3802-3
https://doi.org/10.1155/2012/809291
https://doi.org/10.1007/s11912-019-0787-1
https://doi.org/10.1007/s11912-019-0787-1
https://doi.org/10.1002/ijc.31974
https://doi.org/10.1007/978-3-319-16366-6_11
https://doi.org/10.1007/s11764-011-0171-0
https://doi.org/10.1007/s10552-015-0688-z
https://doi.org/10.1007/s10549-014-2869-y
https://doi.org/10.1001/archinte.165.11.1267
https://doi.org/10.1001/archinte.165.11.1267
https://doi.org/10.1016/j.ejca.2004.12.025
https://doi.org/10.1002/cncr.21934
https://doi.org/10.1007/s11764-009-0084-3
https://doi.org/10.1038/bjc.2012.472
https://doi.org/10.1177/003335491312800607
https://doi.org/10.1007/s10552-006-0089-4
https://doi.org/10.1093/aje/154.4.291
https://doi.org/10.1093/aje/154.4.291
https://doi.org/10.1097/EDE.0b013e3181a819a1
https://doi.org/10.1097/EDE.0b013e3181a819a1
https://doi.org/10.1136/jim-2022-002479
https://doi.org/10.1002/cnr2.1211
https://doi.org/10.1158/1078-0432.CCR-10-1533
https://doi.org/10.1001/jamanetworkopen.2023.39584
https://doi.org/10.1001/jamanetworkopen.2023.39584
https://doi.org/10.1007/s12609-020-00370-3
https://doi.org/10.1038/s41416-020-01038-6
https://doi.org/10.1002/cncr.34636
https://doi.org/10.1158/1055-9965.EPI-18-0872
https://doi.org/10.1158/1055-9965.EPI-18-0872
https://www.census.gov/quickfacts/fact/table/elpasocountytexas/
https://doi.org/10.1080/0284186X.2020.1817548
https://doi.org/10.1353/hpu.0.0292
https://doi.org/10.1111/ruso.12116
https://doi.org/10.1001/jamasurg.2013.1680
https://doi.org/10.21873/anticanres.14018
https://doi.org/10.1200/EDBK_319929
https://doi.org/10.1007/978-3-319-16366-6_11
https://doi.org/10.3389/fgene.2023.1091269
https://doi.org/10.3389/fgene.2023.1091269
https://doi.org/10.1097/EDE.0000000000000981
https://doi.org/10.3322/caac.21708
https://doi.org/10.1007/s40471-016-0083-7
https://doi.org/10.15585/mmwr.mm7021a1
https://doi.org/10.1002/ijc.31068
https://doi.org/10.1007/978-3-030-20301-6_3
https://doi.org/10.1007/978-3-030-20301-6_3
https://doi.org/10.3389/fonc.2024.1443399
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Nhim et al. 10.3389/fonc.2024.1443399
77. Bandoli G, Palmsten K, Flores KF, Chambers CD. Constructing causal diagrams
for common perinatal outcomes: benefits, limitations and motivating examples with
maternal antidepressant use in pregnancy. Paediatr Perinat Epidemiol. (2016) 30:521–
8. doi: 10.1111/ppe.12302

78. Staaf J, Glodzik D, Bosch A, Vallon-Christersson J, Reuterswärd C, Häkkinen J,
et al. Whole-genome sequencing of triple-negative breast cancers in a population-based
clinical study. Nat Med. (2019) 25:1526–33. doi: 10.1038/s41591-019-0582-4
Frontiers in Oncology 16
79. Martini R, Chen Y, Jenkins BD, Elhussin IA, Cheng E, Hoda SA, et al.
Investigation of triple-negative breast cancer risk alleles in an International African-
enriched cohort. Sci Rep. (2021) 11:9247. doi: 10.1038/s41598-021-88613-w

80. Martini R, Gebregzabher E, Newman L, Davis MB. Enhancing the trajectories of
cancer health disparities research: improving clinical applications of diversity, equity,
inclusion, and accessibility. Cancer Discovery. (2022) 12:1428–34. doi: 10.1158/2159-
8290.CD-22-0278
frontiersin.org

https://doi.org/10.1111/ppe.12302
https://doi.org/10.1038/s41591-019-0582-4
https://doi.org/10.1038/s41598-021-88613-w
https://doi.org/10.1158/2159-8290.CD-22-0278
https://doi.org/10.1158/2159-8290.CD-22-0278
https://doi.org/10.3389/fonc.2024.1443399
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Racial/ethnic differences in the clinical presentation and survival of breast cancer by subtype
	1 Introduction
	2 Methods
	2.1 Data sources and study population
	2.2 Primary exposures and outcomes
	2.3 Covariates
	2.4 Statistical analyses

	3 Results
	3.1 Cohort selection
	3.2 Breast cancer presentation by BC subtypes
	3.3 Breast cancer presentation by race/ethnicity and country of birth
	3.4 Breast cancer treatment
	3.5 Unadjusted effects of covariates on breast cancer mortality
	3.6 Adjusted effects of covariates on breast cancer mortality

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


