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Abstract

Purpose To assess tumor subtype distribution and the

relative contribution of clinical and sociodemographic

factors on breast cancer survival between Hispanic and

non-Hispanic whites (NHWs).

Methods We analyzed data from the California Cancer

Registry, which included 29,626 Hispanic and 99,862

NHW female invasive breast cancer cases diagnosed from

2004 to 2014. Logistic regression was used to assess ethnic

differences in tumor subtype, and Cox proportional hazard

modeling to assess differences in breast cancer survival.

Results Hispanics compared to NHWs had higher odds of

having triple-negative (OR = 1.29; 95% CI 1.23–1.35) and

HER2-overexpressing tumors (OR = 1.19; 95% CI

1.14–1.25 [HR-] and OR = 1.39; 95% CI 1.31–1.48

[HR?]). In adjusted models, Hispanic women had a higher

risk of breast cancer mortality than NHW women (mor-

tality rate ratio [MRR] = 1.24; 95% CI 1.19–1.28). Clin-

ical factors accounted for most of the mortality difference

(MRR = 1.05; 95% CI 1.01–1.09); however, neighbor-

hood socioeconomic status (SES) and health insurance

together accounted for all of the mortality difference

(MRR = 1.01; 95% CI 0.97–1.05).

Conclusions Addressing SES disparities, including

increasing access to health care, may be critical to over-

coming poorer breast cancer outcomes in Hispanics.

Keywords Hispanic � Socioeconomic factors � Breast

cancer � Disparities � Health insurance

Introduction

Constituting 17% of the United States (U.S.) population,

Hispanics are a large ethnic group that is estimated to

double in size by 2050 [1]. Invasive breast cancer is the

most commonly diagnosed malignancy and the leading

cause of cancer death among Hispanic women in the U.S

[2]. Relative to NHW women, Hispanics are more likely to

be diagnosed with later stage breast cancers and larger

tumors [2–4], factors that contribute to lower survival

[5, 6]. There is also evidence that Hispanic women have

higher proportions of the more aggressive tumor subtypes,

including triple-negative and HER2-overexpressing tumors

[3, 7–10]. Further, Hispanic patients are less likely to

receive guideline concordant cancer treatment and
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experience poorer quality of life after diagnosis as com-

pared to NHW women [7, 11]. Hispanics in general are of

lower socioeconomic status (SES) and are less likely to

have health insurance [12], factors that independently

impact cancer survival. However, the contribution of

clinical, molecular, and SES factors, alone or in combi-

nation, to differences in breast cancer mortality between

Hispanics and NHWs is not completely understood, due to

a lack of comprehensive studies in this area.

We used these data from the population-based Califor-

nia Cancer Registry (CCR) to assess differences in tumor

subtype distribution between Hispanic and NHW breast

cancer patients and to evaluate the relative contributions of

tumor subtype, clinical factors, treatment, neighborhood

SES (nSES), and health insurance on breast cancer survival

differences in the two groups.

Methods

Study population

Breast cancer patients were identified through the CCR,

part of the National Cancer Institute’s (NCI) SEER pro-

gram, which requires the highest standards of data quality.

Data on demographic factors, diagnosis and treatment

information, and tumor characteristics are routinely ascer-

tained. Vital status as of December 31, 2014 and the

underlying cause of death are updated through linkages

with administrative databases such as death certificates,

hospital discharge data, Medicare, Department of Motor

Vehicles, and Social Security Administration.

Patients included in this study were NHW and Hispanic

female California residents, age 20 years and older, diag-

nosed from a non-autopsy/death certificate source with a

first primary invasive breast cancer between 2004 and

2014. International Classification of Disease for Oncology,

3rd Edition (ICD-O-3) site codes C50.0–50.9, with the

following ICD-O-3 coded histology subtypes of breast

carcinoma or adenocarcinoma: 8000, 8001, 8010, 8020,

8022, 8050, 8140, 8201, 8211, 8230, 8255, 8260, 8401,

8453, 8480, 8481, 8500–8530, and 8575 was used to

identify incident breast cancer cases (n = 159,883). Stage

at diagnosis was defined based on American Joint Com-

mittee on Cancer (AJCC) collaborative staging system and

stratified into three groups: stage I, stage II, and stage III/

IV (no substantial difference in outcome was shown

between stages III and IV). Cases with an unknown tumor

subtype (n = 20,405), treatment (chemotherapy n = 2180,

radiotherapy n = 26, surgery n = 91), marital status

(n = 4745), or insurance status (n = 2948) were excluded

from all analyses, resulting in a study sample size of

129,488.

Registry data on race/ethnicity were enhanced with the

North American Association for Central Cancer Registries

Hispanic/Latino identification algorithm to improve iden-

tification of Hispanics based on Hispanic surnames and

maiden names and birthplace [13]. Race/ethnicity was

categorized into two mutually exclusive groups: non-His-

panic white and Hispanic (regardless of race). Data on age,

year, marital status, and stage at diagnosis; histology; pri-

mary and secondary sources of payment to the reporting

hospital (health insurance status); estrogen receptor (ER)

status; progesterone receptor (PR) status; HER2 status; and

first course of treatment (surgery, radiation, and

chemotherapy) were also obtained from medical records.

Registry birthplace information is missing for 43% of

Hispanic patients in this analysis. Since birthplace is dif-

ferentially missing between US- and foreign-born His-

panics, and by vital status [14], nativity was imputed for

Hispanic patients with unknown birthplace using patients’

social security numbers (SSN). This validated imputation

method assigns a foreign birthplace to Hispanic patients

who received their SSNs after the age of 21 [15]. We

included individual-level data on insurance status at diag-

nosis coded as private/military, Medicare only or Medicare

plus private, public only, or uninsured. Addresses at diag-

nosis is used to assess residential nSES, which is based on

census-block group level data on education, occupation,

employment, household income, poverty, rent, and house

values from the census 2000 summary file long form data

(for cases diagnosed 2004–2005) and the 2007–2011

American Community Survey (ACS, which replaced the

census long form, for cases diagnosed 2006 onward)

[16, 17].

Our analyses involved categorizing tumors into the

following tumor subtypes: HR? (ER? and/or PR?)/

HER2-; HR?/HER2?; HR-/HER2?; and HR-/HER2-

(triple-negative breast cancer, TNBC). Cases missing

either HR status (n = 7338, 4.6%), HER2 status

(n = 19,582, 12.2%), or both (6515, 4.1%) were excluded

(total = 20,405, 12.8%). The study was approved by the

institutional review boards at each institution; informed

consent was waived as we analyzed de-identified data.

Statistical analysis

Logistic regression was used to estimate odds ratios (OR)

and corresponding 95% confidence intervals (CI) for dif-

ferences in the distributions of breast cancer molecular

subtypes between NHWs and Hispanics. In these analyses,

HR?/HER2- cancer cases were the referent tumor sub-

type and NHW were the referent race/ethnicity group.

Analyses were stratified by age at diagnosis (\50 vs. 50?

years), stage (I, II, and III/IV), and nativity (Hispanic U.S.-

born, Hispanic foreign-born). Two different models were
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evaluated, one that adjusted for age (continuous) and year

of diagnosis (continuous), and another that adjusted for

these two factors plus nSES. Cox proportional hazard

regression was used to estimate breast cancer mortality rate

ratios (MRRs) and corresponding 95% CI for differences in

breast cancer mortality between NHW and Hispanic

patients. Follow-up time for breast cancer mortality was

computed as the number of days between the date of

diagnosis and date of death from breast cancer through the

end of the follow-up date (December 31, 2013), with

censoring at the date of death for those who died from an

underlying cause other than breast cancer. Analyses were

stratified by age at diagnosis (\50 vs. 50? years), stage (I/

II vs. III/IV), and nativity. We constructed several models

to assess the contribution of each set of the following

variables to ethnic differences in breast cancer mortality:

tumor subtype; tumor characteristics, clinical factors, and

treatment; and nSES and health insurance. In model 1 (base

model), we adjusted for age at diagnosis, calendar year,

and marital status. We then assessed individual contribu-

tion of different set of variables beyond the base model as

follows: model 2 includes model 1 plus tumor subtype.

Model 3 included model 1 plus clinical variables (stage,

grade, histology, tumor size, and lymph node status); these

results showed that neither tumor size nor lymph node

status contributed to the mortality differences beyond the

other clinical variables, which resulted in dropping these

variables from the model. Model 4 includes model 1 plus

nSES and insurance status. We also considered inclusion of

treatment variables but these had no effect on the MRRs.

This resulted in a final model that included age at diag-

nosis, calendar year, marital status, tumor subtype, stage,

grade, histology, nSES, and health insurance. All statistical

analyses were performed using SAS version 9.3 (SAS

Institute, Cary, NC).

Results

Compared to NHW breast cancer patients, Hispanics were

more likely to be under age 50 at diagnosis (36 vs. 19.2%),

to live in neighborhoods in the lower two nSES quintiles

(52.7 vs. 21.1%), and to have Medicaid insurance (30.8 vs.

17.0%); they were also less likely to be diagnosed with

stage I disease (39.8 vs. 51.1%), more likely to have pos-

itive lymph nodes (41.1 vs. 31.5%), and more likely to

have stage III/IV disease (39.2 vs. 28.4%) (Table 1). His-

panic women were more likely to undergo mastectomy

with or without radiation and were more frequently treated

with chemotherapy than NHWs (53.2 vs. 38.5%).

After adjustment for age and nSES, Hispanic women

had significantly higher odds of being diagnosed with

tumors that were HR?/HER2? (OR = 1.19; 95% CI

1.14–1.25), HR-/HER2? (OR = 1.39; 95% CI

1.31–1.48), or triple negative (OR = 1.29; 95% CI

1.23–1.35), than HR?/HER2- as compared to NHWs

(Table 2). Significant interactions according to age at

diagnosis (P = 0.007) and stage (P\ 0.0001) were

observed but the differences in the ORs across the cate-

gories were modest. US-born Hispanic compared to NHW

patients had significantly higher odds of being diagnosed

with HR?/HER2- (OR = 1.10; 95% CI 1.04–1.16),

HR-/HER2? (OR = 1.24; 95% CI 1.15–1.34), and triple

negative (OR = 1.31; 95% CI 1.24–1.38) than HR?/

HER2- tumors. Similar associations were shown com-

paring foreign-born to NHW women, although the highest

OR was observed comparing foreign-born patients with

NHWs (OR = 1.54; 95% CI 1.43-1.66).

In the basic model that adjusted for age, calendar year,

and marital status, breast cancer survival was significantly

poorer for Hispanic patients compared to NHWs

(MRR = 1.24; 95% CI 1.19-1.28); adjustment for tumor

subtype did not materially reduce the difference

(MRR = 1.18; 95% CI 1.14–1.22) (Table 3). The breast

cancer mortality difference between Hispanic and NHW

patients continued to be significant but was greatly atten-

uated when tumor characteristics (stage, grade, and his-

tology) were included in the model (MRR = 1.05; 95% CI

1.01–1.09). However, when nSES and insurance were

added to the basic model (without other covariates), no

difference in mortality was observed (MRR = 1.01; 95%

CI 0.97–1.05). The final model that included all variables

shows a slight but significant lower mortality for Hispanic

than NHW patients (MRR = 0.90; 95% CI 0.87–0.94).

Additional inclusion of other characteristics, including

tumor size, lymph node involvement, or treatment did not

change the MRRs. Younger women had a higher risk of

dying than older women (P-interaction\ 0.001). In the

basic model, stratification by age shows higher mortality

differences for Hispanics vs. NHWs among younger

(MRR = 1.42; 95% CI 1.32–1.53) than older women

(MRR = 1.13; 95% CI 1.08–1.18). No substantial effect in

the tumor subtype-stratified MRRs was seen. Inclusion of

tumor characteristics in the age-stratified analysis did not

entirely explain the differences, but nSES and insurance

did. A significant interaction was shown according to stage

(P\ 0.001), but the difference in the MRRs was modest.

Results stratified by nativity show that Hispanic U.S.-born

(MRR = 1.22; 95% CI 1.16–1.28) and foreign-born

(MRR = 1.29; 95% CI 1.23–1.35) women have signifi-

cantly higher mortality than NHW patients in the basic

model and the MRRs were attenuated with subsequent

covariate adjustment.

In this cohort, as with other analyses involving cancer

registry data [18, 19], Hispanic patients were more likely

than NHW patients to be lost to follow-up (5.9% among
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Table 1 Sociodemographic

and clinical characteristics of

Hispanic and non-Hispanic

white women with invasive

breast cancer in the California

Cancer Registry, 2004–2014

(N = 129,488)

NHW Hispanic

n % n %

99,862 29,626

Age, years

20–39 3808 3.8 3018 10.2

40–49 15,403 15.4 7641 25.8

50–59 24,600 24.6 7965 26.9

60–69 26,926 27.0 6078 20.5

70? 29,125 29.2 4924 16.6

Mean (SD) 61.9 (13.3) 55.7 (13.4)

Nativity

US-born – – 13,890 46.9

Foreign-born – – 15,736 53.1

Neighborhood SESa

1 (lowest) 6872 6.9 8265 27.9

2 14,178 14.2 7343 24.8

3 20,103 20.1 6042 20.4

4 25,947 26.0 4763 16.1

5 (highest) 32,762 32.8 3213 10.8

Marital status at diagnosis

Married 58,071 58.2 17,378 58.7

Never married 14,194 14.2 5594 18.9

Previously married 27,597 27.6 6654 22.5

Insurance status

No insurance 15,720 15.7 5871 19.8

Private 49,746 49.8 12,616 42.6

Medicare or medicare ? private 17,429 17.5 2025 6.8

Public/medicaid/military 16,967 17.0 9114 30.8

AJCC stage

I 51,075 51.1 11,782 39.8

II 33,346 33.4 11,481 38.8

III 11,307 11.3 4889 16.5

IV 4134 4.1 1474 5.0

Tumor size (cm)

0.1 to B0.5 6628 6.6 1548 5.2

0.5 to B1.0 17,810 17.8 3738 12.6

1.0 to B2.0 36,445 36.5 9697 32.7

2.0 to B5.0 29,978 30.0 11,067 37.4

[5.0 6989 7.0 2839 9.6

Microinvasion 577 0.6 182 0.6

Diffused 430 0.4 202 0.7

Unknown 1005 1.0 353 1.2

Lymph node involvement

Negative 67,820 67.9 17,264 58.3

Positive 31,496 31.5 12,181 41.1

Unknown 546 0.5 181 0.6

Grade

Grade I 25,311 25.3 5218 17.6

Grade II 42,669 42.7 11,721 39.6

Grade III/IV 28,348 28.4 11,611 39.2
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Hispanics and 1.2% in NHWs), defined here as date of last

follow-up greater than 2 years before the study follow-up

date. We conducted sensitivity analysis to assess the

potential impact of differential follow-up on the observed

MRRs comparing Hispanic to NHW patients, by assuming

that (1) all Hispanics lost to follow-up (considered here as

date of last follow-up more than 2 years prior to study cut-

off date) were deceased, or (2) all Hispanics with distant

stage disease lost to follow-up were deceased. These results

suggest that if there were differential loss to follow-up,

such that we are not capturing some deaths among His-

panics, the actual MRRs comparing Hispanics to NHWs

would be higher than those reported here. For example, if

we assumed that all Hispanics lost to follow-up were

deceased, the multivariable-adjusted MRR for Hispanic vs.

NHW is 1.15 (95% CI 1.11–1.19), which is higher than that

observed with no assumptions.

Discussion

Results of this large population-based study show that, in

California, breast cancers among Hispanic women are

more likely than those among NHWs to be triple negative

or overexpress HER2, relative to HR?/HER2-. This pat-

tern was observed regardless of age or stage at diagnosis,

and independent of nSES. Associations were slightly

higher among foreign-born than US-born Hispanic women,

especially for patients with HER2?/HR- tumors. We also

show that Hispanic patients are more likely to die of breast

cancer compared to NHWs, with the difference largely

attributable to the combined effect of nSES and health

insurance, suggesting that these socioeconomic factors

likely serve as fundamental causes of the survival disparity.

Our results are consistent with published reports show-

ing that breast tumors in Hispanic women are more likely

to be triple negative and HER2? than HR?/HER2- as

compared to tumors in NHW patients [3, 9, 10, 20]. Our

findings extend prior work to show that these ethnic dif-

ferences hold true across categories of age at diagnosis and

stage; even among younger women and those with early-

stage tumors, these tumor subtype distribution differences

are evident. A novel finding relates to the differences in

tumor subtype distributions according to nativity in His-

panic patients, where the data suggest that the odds of

being diagnosed with the more aggressive tumor subtypes

was higher in foreign-born women, especially for HR-/

HER2? tumors, which is consistent with an earlier report

by Banegas et al. [18]. Reasons for higher prevalence of

TNBC in Hispanics vs. NHWs could be due to differences

in reproductive profile, such as higher parity in Hispanic

vs. NHW women, which we have reported previously [21].

However, differences in HER2 overexpressing tumors are

less clear given that the etiology of this rare tumor subtype

is largely unknown [22].

Reports on breast cancer survival between Hispanics

and NHWs are inconsistent. Earlier population-based

studies showed that Hispanic breast cancer patients had a

Table 1 continued
NHW Hispanic

n % n %

99,862 29,626

Unknown 3534 3.5 1076 3.6

Histology

Ductal 76,060 76.2 23,603 79.7

Lobular 18,488 18.5 4381 14.8

Other 5314 5.3 1642 5.5

Surgery/radiation

Surgery and radiation 42,103 42.2 9906 33.4

No radiation ± surgery 20,816 20.8 6447 21.8

Total mastectomy with/without

radiation

36,042 36.1 12,964 43.8

Radiation and no surgery 901 0.9 309 1.0

Chemotherapy

No 61,458 61.5 13,879 46.8

Yes 38,404 38.5 15,747 53.2

NHW non-Hispanic white, SES socioeconomic status, AJCC American Joint Committee on Cancer, BCS

breast-conserving surgery
a nSES score based on Yost and Yang index principal components analysis of census variables, at the block

group level, scaled to quintiles across the state of California. The index score includes education, poverty,

income, rent value, house value, blue collar, and unemployment
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Table 2 Adjusted odds ratios

and 95% confidence intervals

for differences in breast cancer

subtypes of Hispanic vs. non-

Hispanic white (reference)

women diagnosed with invasive

breast cancer, California,

2004–2014

Non-Hispanic white Hispanic Model 1a Model 2b

n % n % ORd (95% CI) ORd (95% CI)

Overall

HR?/HER2-c 74,458 75 19,463 66 1.00 1.00

HR?/HER2?c 10,429 10 3876 13 1.27 (1.22–1.32) 1.19 (1.14–1.25)

HR-/HER2?c 4621 5 2066 7 1.56 (1.48–1.65) 1.39 (1.31–1.48)

TNBC 10,354 10 4221 14 1.42 (1.36–1.47) 1.29 (1.23–1.35)

Age at diagnosise

\50 years

HR?/HER2- 12,754 66 6209 58 1.00 1.00

HR?/HER2? 2796 15 1688 16 1.20 (1.12–1.29) 1.14 (1.05–1.23)

HR-/HER2? 1112 6 846 8 1.53 (1.39–1.68) 1.34 (1.20–1.49)

TNBC 2549 13 1916 18 1.46 (1.37–1.57) 1.27 (1.18–1.37)

50? years

HR?/HER2- 61,704 77 13,254 70 1.00 1.00

HR?/HER2? 7633 10 2188 12 1.30 (1.23–1.37) 1.22 (1.16–1.29)

HR-/HER2? 3509 4 1220 6 1.58 (1.48–1.69) 1.42 (1.32–1.53)

TNBC 7805 10 2305 12 1.36 (1.29–1.43) 1.27 (1.20–1.34)

Stagef

I

HR?/HER2- 41,379 81 8887 75 1.00 1.00

HR?/HER2? 4318 9 1215 10 1.21 (1.13–1.30) 1.18 (1.10–1.27)

HR-/HER2? 1547 3 517 4 1.44 (1.30–1.60) 1.33 (1.19–1.48)

TNBC 3831 8 1163 10 1.34 (1.25–1.44) 1.25 (1.16–1.35)

II

HR?/HER2- 23,370 70 7038 61 1.00 1.00

HR?/HER2? 3875 12 1573 14 1.21 (1.13–1.29) 1.13 (1.05–1.21)

HR-/HER2? 1684 5 849 7 1.57 (1.44–1.72) 1.44 (1.31–1.59)

TNBC 4417 13 2021 18 1.35 (1.27–1.44) 1.25 (1.17–1.33)

III/IV

HR?/HER2- 9709 63 3538 56 1.00 1.00

HR?/HER2? 2236 15 1088 17 1.23 (1.13–1.33) 1.17 (1.07–1.28)

HR-/HER2? 1390 9 700 11 1.31 (1.18–1.45) 1.19 (1.07–1.33)

Triple negative 2106 14 1037 16 1.30 (1.19–1.42) 1.19 (1.09–1.31)

Nativity

US born

HR?/HER2- 9336 67 1.00 1.00

HR?/HER2? 1687 12 1.15 (1.08–1.21) 1.10 (1.04–1.16)

HR-/HER2? 860 6 1.35 (1.25–1.46) 1.24 (1.15–1.34)

TNBC 2007 14 1.41 (1.34–1.49) 1.31 (1.24–1.38)

Foreign born

HR?/HER2- 10,127 64 1.00 1.00

HR?/HER2? 2189 14 1.39 (1.32–1.46) 1.29 (1.22–1.37)

HR-/HER2? 1206 8 1.76 (1.65–1.89) 1.54 (1.43–1.66)

TNBC 2214 14 1.44 (1.37–1.52) 1.29 (1.22–1.36)

NHW non-Hispanic white, OR odds ratio, 95% CI 95% confidence interval, HR hormone receptor, TNBC

triple-negative breast cancer
a Model 1 adjusted for age and calendar year
b Model 2 adjusted for age and nSES
c Please see ‘‘Methods’’ for subtype definition
d NHW is the referent group for all groups, including US- and foreign-born
e P-interaction = 0.007
f P-interaction\ 0.001
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significantly higher risk of breast cancer mortality com-

pared to NHWs [5, 6]. Using SEER data, our group pre-

viously reported that risks of mortality were elevated

relative to NHW women across each of the four Hispanic

subgroups for which country of origin was available, but

the risk among Puerto Rican women was significant after

multivariate adjustment [9], which is consistent with

additional reports published by our group [10, 18]. Lastly, a

report from the National Comprehensive Cancer Network

(NCCN) breast cancer outcomes database [23], a non-

population-based study, found that Hispanic compared to

NHW patients did not have a higher risk of dying of breast

cancer after age adjustment, contrary to our results; the

multivariable-adjusted MRR was 0.74 (95% CI 0.58–0.95).

Lacking in the literature, however, is an understanding of

the contributing factors accounting for the survival differ-

ences reported between Hispanic and NHW breast cancer

patients. Differences in modeling approaches and inclusion of

different and a more comprehensive set of covariates in esti-

mating risk of mortality could explain the variation in pub-

lished reports from ours. Results of our sequential modeling

indicate that, although Hispanics are more likely to be diag-

nosed with aggressive tumor subtypes, this does not explain

their higher mortality. Among younger and US-born women,

differences in tumor characteristics (stage, grade, and histol-

ogy) do not fully account for the survival differences between

Hispanics and NHWs. However, when nSES and health

insurance were included in the model (without clinical or

tumor characteristics), the survival difference between His-

panics and NHWs disappeared. These findings are noteworthy

given that Hispanics, compared to NHWs, have lower edu-

cational attainment [24] and a lower median income, are more

likely to live in poverty [25], and are less likely to have private

insurance [12]. Consistent with other national reports [26],

these data suggest that addressing SES factors, including

health insurance and other cost-related barriers to cancer care,

are important components for reducing or eliminating dis-

parities in cancer outcome in Hispanic breast cancer patients.

This is an important consideration given that the percentage of

uninsured individuals in the U.S. has declined from 16.0% in

2010 to 9.1% in 2015 as a result of the Affordable Care Act

(ACA) [27]. In California, the percentage of uninsured indi-

viduals has dropped by almost half since the implementation

of the ACA (from 16% in 2013 to 9% in 2016) [28], although

Hispanics continue to lag behind. As President Obama poin-

ted out in a recent publication [27], despite the ACA’s

Table 3 Adjusted mortality rate ratios and 95% confidence intervals for breast cancer mortality comparing Hispanic to non-Hispanic white

women with invasive breast cancer in the California Cancer Registry, 2004–2014

No. of breast cancer

deaths

NWH/Hispanic

Model 1a MRR

(95% CI)

Model 2b MRR

(95% CI)

Model 3c MRR

(95% CI)

Model 4d MRR

(95% CI)

Model 5e MRR

(95% CI)

All patients 14,938/3881 1.24 (1.19–1.28) 1.18 (1.14–1.22) 1.05 (1.01–1.09) 1.01 (0.97–1.05) 0.90 (0.87–0.94)

Agef

\50 years 1747/1219 1.42 (1.32–1.53) 1.32 (1.23–1.42) 1.16 (1.08–1.25) 1.01 (0.93–1.10) 0.91 (0.84–0.99)

50? years 13,191/2662 1.13 (1.08–1.18) 1.09 (1.04–1.13) 0.98 (0.94–1.02) 0.95 (0.91–0.99) 0.85 (0.81–0.89)

P-

interaction

\0.001

Stagef

I/II 9284/1838 1.12 (1.06–1.18) 1.08 (1.03–1.14) 1.03 (0.98–1.09) 0.96 (0.91–1.01) 0.89 (0.85–0.94)

III/IV 5654/2043 1.09 (1.04–1.15) 1.07 (1.01–1.13) 1.05 (0.99–1.10) 0.93 (0.88–0.98) 0.90 (0.85–0.95)

P-

interaction

\0.001

Nativityg

US-born 12,424/1798 1.22 (1.16–1.28) 1.17 (1.11–1.23) 1.10 (1.05–1.16) 1.06 (1.01–1.12) 0.98 (0.93–1.03)

Foreign-

born

12,424/2083 1.29 (1.23–1.35) 1.22 (1.17–1.28) 1.04 (0.99–1.09) 0.99 (0.94–1.04) 0.85 (0.81–0.90)

MRR mortality rate ratio, CI confidence interval, NHW non-Hispanic white
a Model 1: Year of diagnosis, age, marital status
b Model 2: Model 1 ? tumor subtype
c Model 3: Model 1 ? tumor characteristics (stage, grade, histology)
d Model 4: Model 1 ? nSES and insurance status
e Model 5: Model 4 ? tumor subtype ? tumor characteristics (stage, grade, histology)
f P-interaction\ 0.0001
g NHW, regardless of nativity, is the referent group for all models
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progress, too many Americans continue to have challenges

accessing health care and additional work is needed to reform

rather than repeal the current health care system. Reversals of

the gains made in reducing the population of uninsured

Americans could have substantial deleterious effects on breast

cancer survival.

Data on the association between nativity and breast tumor

subtype or survival in Hispanics are sparse. Keegan et al.

reported that while foreign-born Hispanic women were more

likely than US-born to be diagnosed with later stage disease,

they had lower stage-adjusted mortality, even after accounting

for differential loss to follow-up [29]. Using a CCR dataset

with shorter follow-up than ours, Banegas et al. reported that

both U.S.- and foreign-born Hispanic women with TNBC had

a higher risk of dying than those with HR?/HER2- breast

cancer [18]. Our findings including a more contemporary

sample of 29,626 Hispanic breast cancer patients in the CCR

show a higher risk of breast cancer deaths for both US-born

and foreign-born Hispanics than NHWs; however, these dif-

ferences disappeared after accounting for clinical, treatment,

nSES, and insurance factors. Of note, the survival difference

between foreign-born Hispanics relative to NHWs disap-

peared after adjusting for clinical or socioeconomic factors,

whereas the difference between US-born Hispanics and

NHWs disappeared in the full multivariate model.

Although our study has many strengths, including the

large population-based resource, there are limitations that

must be considered. Cancer registry-recorded race, ethnicity,

and birthplace may be subject to misclassification; although,

because this information is usually based on self-report [30],

it is generally accurate for most racial/ethnic groups

[15, 31–33]. Because registry birthplace data are incomplete

in a biased manner, we used a validated approach to impute

nativity. We lacked information on potentially important

confounders such as comorbidities, specific treatment

modalities, and adherence to treatment. Tumor subtype

information was missing for approximately 15% of partici-

pants, potentially introducing bias, although the direction of

this is uncertain. As has been previously reported [19],

survival data derived from population-based cancer reg-

istries are based on censoring that is non-random across

racial/ethnic groups. For Hispanics, this bias results in overt

inflation of survival estimates, which results in erroneously

projecting a survival advantage for Hispanics when com-

pared to NHWs. Problematic death linkages for Hispanics

also contribute to missing deaths, which further overesti-

mates survival. Thus, our observed MRRs are likely under-

estimated. We were not able to examine specific Hispanic

ethnicity because the Hispanic origin variable is not speci-

fied for 58.9% of patients. It is likely that the majority of

Hispanic patients in our sample are of Mexican descent,

given that 83% of the California Hispanic population is of

Mexican origin [34]. Lastly, because this study was based

on data from California, results are not generalizable to

Hispanic women in other regions of the U.S. and are

probably mostly relevant to those of Mexican descent, the

largest Hispanic group in the U.S.

Conclusion

A large, aging, and growing proportion of Hispanics will

continue to increase the breast cancer burden in the U.S.

This ethnic group has a disproportionate burden of unin-

sured and low SES individuals, the two factors that explain

the survival differences between NHWs and Hispanics in

our study. Our results support the importance of sustained

efforts to increase access to medical care, especially

screening and early detection, thereby addressing inequities

related to SES factors, including decreasing the proportion

of uninsured Hispanic individuals in the U.S.
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