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Background. The eight ER/PR/HER2 breast cancer subtypes vary widely in demographic and clinicopathologic characteristics and
survival. This study assesses the contribution of SES to the risk of mortality for blacks, Hispanics, Asian/Pacific Islanders, and
American Indians when compared with white women for each ER/PR/HER2 subtype. Methods. We identified 143,184 cases of
first primary female invasive breast cancer from the California Cancer Registry between 2000 and 2012. The risk of mortality was
computed for each race/ethnicity within each ER/PR/HER2 subtype. Models were adjusted for tumor grade, year of diagnosis, and
age. SES was added to a second set of models. Analyses were conducted separately for each stage. Results. Race/ethnicity did not
contribute to the risk ofmortality for any subtype in stage 1 when adjusted for SES. In stages 2, 3, and 4, race/ethnicity was associated
with risk of mortality and adjustment for SES changed the risk only in some subtypes. SES reduced the risk of mortality by over
45% for American Indians with stage 2 ER+/PR+/HER2− cancer, but it decreased the risk of mortality for blacks with stage 2 triple
negative cancer by less than 4%. Conclusions. Racial/ethnic disparities do not exist in all ER/PR/HER2 subtypes and, in general,
SES modestly alters these disparities.

1. Introduction

Disparities in the incidence and mortality of breast can-
cer among white, African American, Hispanic, Asian, and
American Indian women have been well documented [1–
5]. Survival differences have been attributed to a host of
factors including demographic, clinicopathologic, genetic,
treatment, lifestyle, and socioeconomic status (SES) [6–14].

The relationship between race/ethnicity and SES is com-
plicated and it remains difficult to completely unravel their
respective roles in breast cancer outcomes. This conundrum
is evident from the conflicting results of studies investi-
gating racial/ethnic disparities in cancer. Some have shown
comparable outcomes after adjustment for sociodemographic
factors if patients have equal access to healthcare [10, 15–
19]. Others have shown that racial disparities persist even
after adjusting for SES and despite equal access to healthcare
[20–22]. Further, some studies have found that low SES, not
race/ethnicity, was associated with poorer outcomes [23–25].

A factor that is seldom addressed in the research of race/
ethnicity and SES in breast cancer disparities are the breast

cancer tumor markers estrogen receptor (ER), progesterone
receptor (PR), and human epidermal growth factor receptor
2 (HER2).These tumor markers are well known to clinicians,
readily available, inexpensive, reproducible, reliable, and
recorded in most tumor registries. Although these tumor
markers have demonstrated wide variability in incidence and
survival, most disparities research considers breast cancer as
a single disease [4, 26].

O’Malley and colleagues explored the role of SES on
racial/ethnic differences in breast cancer survival when
adjusted for clinical variables including ER and PR status
but not HER2 status and found that black women contin-
ued to have slight but significantly poorer survival when
compared with white women [27]. This study prompts the
question of whether racial disparities in breast cancer vary
by ER/PR/HER2.

The objective of this study is to examine the contribution
of SES to racial disparities in breast cancer mortality by
assessing the risk of mortality for African American, His-
panic, Asian/Pacific Islanders, and American Indians within
each of the ER/PR/HER2 subtypes.
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2. Methods

The study included cases of first primary female invasive
breast cancer diagnosed between January 1, 2000, and
December 31, 2012, and reported to the California Cancer
Registry (CCR) in December, 2013 (ICDO-3 sites C50.0–
C50.9) [28]. Cases were reported to the Cancer Surveillance
Section of the California Department of Public Health from
hospitals and other facilities providing care or therapy to
cancer patients residing in California [29]. Cases identified
outside of California, only at autopsy, or only from death
certificates were excluded.

Of the 245,701 cases, 102,517 were missing data for the
causeof death,American JointCommission onCancer (AJCC)
stage, age, ER/PR/HER2 subtype, tumor grade, tumor size,
race/ethnicity, or socioeconomic status so that 143,184 cases
had complete data available for all analyses.

2.1. Socioeconomic Status. SES was derived using data from
the 2000 United States census for cases diagnosed from 2000
to 2005, whereas, for cases diagnosed from 2006 to 2012, data
from the American Community Survey were used [30]. This
SES variable is an index that uses education, employment
characteristics, median household income, proportion of the
population living 200% below the Federal Poverty Level,
median rent, and median housing value of census tract of
residence for case and denominator population. A principal
component analysis was used to identify quintiles of SES
ranging from 1 (the lowest) to 5 (the highest) [31]. This area
based SES measure has been used in many studies utilizing
cancer registry data [32–36].

2.2. ER/PR/HER2. The details of documentation of ER, PR,
andHER2 alongwith age, stage at diagnosis, and tumor grade
have been extensively described in our previous publications
[26, 33, 36–38]. The eight subtypes are defined as ER+/PR+/
HER2−, ER+/PR+/HER2+, ER+/PR−/HER2−, ER+/PR−/
HER2+, ER−/PR+/HER2−, ER−/PR+/HER2+, ER−/PR−/
HER2− (triple negative), and ER−/PR−/HER2+ (HER2-over-
expressing).

2.3. Race/Ethnicity. Race/ethnicity was classified into 5
mutually exclusive categories: non-Hispanic white, African
American/black, Hispanic, American Indian or Alaskan
native, and Asian/Pacific Islander. Race/ethnicity was based
on the information obtained from the medical record, which
was derived from patient self-identification, assumptions
based on personal appearance, or inferences based on the
race/ethnicity of the parents, birthplace, surname, or maiden
name. Hispanic ethnicity was based on the information from
the medical record and computerized comparisons to the
1980 US census list of Hispanic surnames. Patients identified
as Hispanic on the medical record or patients identified as
white, black, or of unknown race with a Hispanic surname
were classified as Hispanic.

2.4. Statistical Analysis. Kaplan-Meier survival analysis and
the Log-Rank test were used to assess differences in survival

among the ER/PR/HER2 subtypes. Cox Proportional Haz-
ards modeling was used to compute the risk of mortality for
each race/ethnicity when compared with white women for
each ER/PR/HER2 subtype except the ER−/PR+/HER2− and
ER−/PR+/HER2+ subtypes. These subtypes lacked sufficient
cases.

The first models adjusted race/ethnicity for tumor grade,
year of diagnosis, and age. Tumor size was not included
because of its high correlation with AJCC stage. SES was
added to the second set of models. Analyses were conducted
separately for each AJCC stage because of the differences in
prognosis of patients diagnosed in different stages.

Hazard ratios (HRs) and 95% confidence intervals (CI)
were computed for all models and represented the risk of
mortality for each race/ethnicity relative to white women
with the same stage and ER/PR/HER2 subtype.TheHRswere
only interpretedwhen theWald𝑋2 for race/ethnicity was sta-
tistically significant (𝑃 < 0.05). All analyses were conducted
using SPSS 21.0 [39].

This research study involved analysis of existing data from
the CCR without subject identifiers or intervention. There-
fore, the study was categorized as exempt from institutional
review board oversight.

3. Results

Table 1 displays the demographic and tumor characteristics
of each of the race/ethnicities included in the study. Median
follow-up time was 54 months with a maximum of 155
months.The ER+/PR+/HER2− subtype was the predominant
subtype and represented 58.1% of all cases followed by the
triple negative subtype at 12.8%. The ER-positive subtypes
represented almost 80% of all cases, but there was wide
variation by race/ethnicity.

Blacks were the only race/ethnicity where fewer than
50% of cases were the ER+/PR+/HER2− subtype, but they
had the highest percent of triple negative cases. Asian/Pacific
Islanders were least likely to have the triple negative subtype
but made up a higher proportion of the ER−/PR−/HER2+
subtype than any other race/ethnicity.

Whites and Asian/Pacific Islanders were more likely to be
in the highest SES and diagnosed in stage 1 and blacks and
Hispanics in the lowest SES. American Indians and blacks
were more likely to be diagnosed in stage 4.

Table 2 and Figure 1 demonstrate that all of the ER-
positive subtypes had better 5-year survival than the ER-
negative subtypes, and the ER+/PR+/HER2− subtype had the
best overall survival, statistically significantly better than all
other subtypes (𝑃 < 0.001). The triple negative subtype had
the worst overall survival followed by the ER−/PR−/HER2+
subtype.

The heterogeneity of the HER2-positive subtypes and
the influence of ER-positivity were evident with the ER+/
PR+/HER2+ subtype having 92.0% survival contrasting with
the ER−/PR−/HER2+ subtype having an 81.1% survival. The
importance of PR status was noted when comparing the
subtypes that differ only by its presence or absence.

Cox Proportional Hazards models revealed that the con-
tribution of SES to the survival disparities in race/ethnicity
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Table 1: Demographic and clinicopathologic characteristics of 143,184 AJCC stages 1–4 of first primary female invasive breast cancer from
the California Cancer Registry 2000–2012∗.

White
(𝑛 = 93,325)

Black
(𝑛 = 8,718)

Hispanic
(𝑛 = 24,078)

Asian/Pacific
Islander

(𝑛 = 16,476)

American
Indian
(𝑛 = 587)

Total
𝑁 = 143,184

Mean age in years ± SD 61.49 ± 13.47 57.72 ± 13.51 55.13 ± 13.35 55.87 ± 12.93 57.50 ± 12.44 59.53 ± 13.67
Age
<45 12.1% 19.4% 25.5% 22.6% 16.5% 22,944
46–69 58.9% 59.9% 58.4% 61.1% 66.1% 84,704
70+ 29.0% 20.7% 16.0% 16.2% 17.4% 35,536

AJCC stage
Stage 1 50.7% 37.1% 38.3% 45.0% 43.8% 67,435
Stage 2 37.1% 43.4% 42.8% 41.6% 38.3% 55,782
Stage 3 9.5% 14.5% 15.3% 10.6% 13.6% 15,664
Stage 4 2.7% 5.1% 3.6% 2.8% 4.3% 4,303

ER/PR/HER2 subtype
ER+/PR+/HER2− 61.3% 44.2% 52.2% 56.1% 56.9% 83,169
ER+/PR+/HER2+ 8.7% 8.9% 10.3% 11.3% 9.5% 13,293
ER+/PR−/HER2− 9.7% 10.1% 8.7% 8.0% 9.7% 13,363
ER+/PR−/HER2+ 3.0% 3.3% 3.4% 3.6% 3.6% 4,535
ER−/PR+/HER2− 0.7% 1.1% 1.0% 0.8% 0.7% 1,131
ER−/PR+/HER2+ 0.3% 0.6% 0.6% 0.4% 0.2% 539
ER−/PR−/HER2− 11.2% 24.5% 15.9% 11.0% 14.0% 18,299
ER−/PR−/HER2+ 5.2% 7.3% 7.9% 8.8% 5.5% 8,855

Socioeconomic status (SES)
SES1-low 6.6% 25.4% 28.0% 7.2% 18.4% 16,424
SES2 13.8% 24.9% 24.4% 14.3% 25.7% 23,383
SES3 20.2% 21.8% 20.1% 19.3% 26.1% 28,953
SES4 26.1% 17.6% 16.2% 26.9% 18.7% 34,332
SES5-high 33.3% 10.3% 11.4% 32.3% 11.1% 40,092

Tumor grade
Well differentiated; grade I (low) 25.6% 14.5% 16.9% 18.3% 20.3% 32,367
Moderately differentiated; grade II (low) 43.7% 35.1% 40.2% 43.0% 42.6% 60,820
Poorly differentiated; grade III (high) 29.5% 48.4% 41.1% 37.3% 36.1% 47,969
Undifferentiated; grade IV (high) 1.3% 2.0% 1.8% 1.3% 1.0% 2,028

Tumor size (mm)
<1–4.99 6.3% 4.8% 5.0% 6.7% 5.6% 8,650
5.00–9.99 18.7% 12.0% 12.6% 14.5% 14.3% 23,968
10.00–19.99 38.6% 33.0% 34.2% 36.1% 35.8% 53,306
20.00–49.99 28.7% 36.9% 36.6% 34.0% 32.9% 44,623
50.00+ 7.7% 13.3% 11.6% 8.6% 11.4% 12,637
∗ includes cases with complete data for ER/PR/HER2, age, AJCC stage, tumor grade, tumor size, race/ethnicity, and socioeconomic status.

varied by ER/PR/HER2 and stage at diagnosis. For several
stages and subtypes, the Wald 𝑋2 was not statistically signif-
icant, indicating that race/ethnicity did not contribute to the
risk of breast cancer specific mortality.

3.1. Stage 1. When unadjusted for SES, blacks with the ER+/
PR+/HER2+ subtype had over 2 times the risk of mortality as
whites (HR = 2.22; 95% CI = 1.31–3.77). However, when SES

was included in the model in stage 1, race/ethnicity did not
contribute to the risk of mortality for any subtype.

3.2. Stage 2. Blacks had an increased risk mortality for the
ER+/PR+/HER2− (HR = 1.51; 95% CI = 1.28–1.78), ER+/
PR+/HER2+ (HR = 1.79; 95% CI = 1.35–2.37), and triple
negative subtypes (HR = 1.36; 95% CI = 1.18–1.56) unad-
justed for SES. The models with SES reduced the risk for
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Table 2: Five-year survival of the eight ER/PR/HER2 subtypes∗.

ER/PR/HER2 𝑛 % 5-year survival 95% CI
ER+/PR+/HER2− 83,169 58.09% 94.95% (94.86%, 95.12%)
ER+/PR+/HER2+ 13,293 9.28% 92.00% (91.73%, 92.52%)
ER+/PR−/HER2− 13,363 9.33% 89.58% (89.27%, 90.17%)
ER+/PR−/HER2+ 4,535 3.17% 87.87% (87.31%, 88.96%)
ER−/PR+/HER2− 1,131 0.79% 83.68% (82.46%, 86.08%)
ER−/PR+/HER2+ 539 0.38% 85.53% (83.85%, 88.83%)
ER−/PR−/HER2− 18,299 12.78% 78.78% (78.44%, 79.45%)
ER−/PR−/HER2+ 8,855 6.18% 81.11% (80.65%, 82.02%)
Total 143,184
∗Survival for all subtypes statistically significantly worse (Log-Rank test 𝑃 < 0.001) than the ER+/PR+/HER2− subtype.
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Figure 1: Unadjusted Kaplan-Meier breast cancer specific survival
of the eight ER/PR/HER2 subtypes in 143,184 cases from the Cal-
ifornia Cancer Registry 2000–2012.

the ER+/PR+/HER2− (HR = 1.32; 95% CI = 1.12–1.56), ER+/
PR+/HER2+ (HR = 1.58; 95% CI = 1.18–2.11), and triple
negative subtypes (HR = 1.32; 95% CI = 1.14–1.53). American
Indians had an increased HR for the ER+/PR+/HER2−
subtype without SES (HR = 2.20; 95% CI = 1.38–3.51) which
was reduced with the inclusion of SES (HR = 1.91; 95% CI
= 1.20–3.05). Hispanics had a reduced risk of death in the
ER+/PR+/HER2− but only in the presence of SES (HR =
0.84; 95% CI = 0.73–0.95). However, Hispanics with the
ER+/PR+/HER2+ subtype had worse survival than whites in
the same stage and subtype (HR = 1.28; 95% CI = 1.05–1.57),
but this risk was not statistically significant in the presence of
SES.

3.3. Stage 3. Race/ethnicity was statistically significantly
associated with risk of mortality only for the ER+/PR−/
HER2− and triple negative subtypes. Blacks with ER+/PR−/
HER2− subtype (HR = 1.56; 95% CI = 1.13–2.17) and triple
negative subtypes (HR = 1.36; 95% CI = 1.15–1.61) had worse
survival than whites with the same subtype and stage. Inclu-
sion of SES reduced this risk by 7% for the ER+/PR−/HER2−
subtype (HR = 1.49; 95% CI = 1.07–2.08) and less than 1% for
the triple negative subtype (HR = 1.33; 95% CI = 1.12–1.59).
Asian/Pacific Islanders with the ER+/PR−/HER2− subtype
had a 33% reduction in risk of death over whites (HR = 0.66;
95% CI = 0.45–0.98) but only when SES was included in the
model.

3.4. Stage 4. African Americans with the ER+/PR+/HER2−
(HR = 1.46; 95% CI = 1.17–1.81) and triple negative subtypes
(HR = 1.42; 95%CI = 1.10–1.84) had an increased risk of death
over whites in stage 4. Adjusting for SES reduced this risk by
9% in the ER+/PR+/HER2− subtype (HR = 1.37; 95% CI =
1.10–1.72), but, with inclusion of SES, race/ethnicity was no
longer a statistically significant risk factor for survival for the
triple negative subtype.

Asian/Pacific Islanders with the ER+/PR+/HER2− sub-
type had a 25% lower risk of mortality (HR = 0.75; 95% CI
= 0.59–0.96) which was reduced by only 1% when adjusted
for SES (HR = 0.74; 95% CI = 0.58–0.94).

4. Discussion

This study has shown that the contribution of SES to racial/
ethnic disparities varies considerably for each of the ER/
PR/HER2 subtypes.

It is generally acknowledged that breast cancer is a het-
erogeneous disease based on gene expression patterns with
different outcomes, responses to treatment, and racial/ethnic
distribution [26, 37, 40–43] but with few exceptions [44–50],
most disparities in health care investigations have considered
breast cancer as a single disease. Many investigators con-
vert these ER/PR/HER2 subtypes into molecular surrogate
subtypes resulting in Luminal A (ER- and/or PR-positive,
HER2-negative), Luminal B (ER- and/or PR-positive, HER2-
positive, basal or triple negative), and HER2-overexpressing
(ER- and PR-negative, HER2-positive). However, the exact
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immunohistochemical equivalent of Luminal B remains con-
troversial or requires additional testing or use of tumor
grade [12, 51–56]. Additionally, many studies define the
term hormone receptor positive to be “ER- and/or PR-pos-
itive” which may mask the heterogeneity by combining ER-
positive with PR-negative, or vice versa, ER-negative with
PR-positive [51, 52]. However defined, these subtypes have
different outcomes, responses to treatment, and racial/ethnic
distribution [26, 40–43, 45].

To our knowledge, this is the first study to address the
contribution of SES to racial disparities in breast cancer
within stage of disease and the individual ER/PR/HER2 sub-
types.

In stage 1, there are no racial/ethnic disparities for any
subtype when controlling for SES which suggests that innate
biological differences among the ethnicities, at least for this
stage, appear unlikely consistent with previous research [17,
18, 23, 57]. In contrast, others found a black/white disparity
even after adjusting for SES and other variables [22, 27].

In stages 2, 3, and 4, race/ethnicity is associated with
risk of mortality, and adjustment with SES changed this risk
only in some subtypes. The most extreme case is where SES
reduced the risk of mortality by over 45% for American Indi-
ans with the ER+/PR+/HER2− subtype in stage 2. However,
for stage 2 triple negative cases, SES decreased the risk of
mortality for blacks by less than 4%. Asian/Pacific Islanders
have traditionally been found to have equal or better survival
thanwhites [5, 58, 59].This advantage is not as apparent when
stratified by stage and subtype.

These results provide further evidence for the hetero-
geneity of breast cancer and emphasize the use of the eight
ER/PR/HER2 subtypes. The variation in racial disparities is
particularly evident in the higher stages of disease, and, as
stated in our prior research, it is unknown if tumor or host
factors play a role in advanced stages of disease or if there is
an element of racial/ethnic discrimination in receipt of more
aggressive cancer treatments [57].

Our findings might suggest that there is progress in the
elimination of disparities in breast cancer survival. However,
our descriptive data and previous research project a com-
pletely different picture [26]. Inmost instances, white women
present with favorable tumor and demographic conditions
and blackwomenwith unfavorable conditions.Whitewomen
are more likely to present in stage 1 with small, grade 1
ER+/PR+/HER2− subtype tumors and reside in the highest
SES strata. Conversely, black women have the lowest pro-
portion of ER+/PR+/HER2− cases and present at later stages
with higher grade tumors and are in the lowest SES strata.
Black women are alsomore likely to present with ER-negative
breast cancer, especially the triple negative subtype. Although
younger age or premenopausal status is an important risk
factor for the triple negative subtype inwhite women, African
ancestrymay bemore important in blackwomen [45, 60–62].
These differences continue to impact racial/ethnic disparities,
especially the black/white disparity, and it appears that little
has changed over time [63, 64].

The limitations of population-based cancer registry inves-
tigations, including missing data, especially ER, PR, and
HER2, lack of central pathology review, and comorbid

conditions have been described in our prior publications
[32, 33, 38, 57]. The determination of race/ethnicity can be
problematic, arbitrary, and subject to error [57, 65]. Accurate
and precise treatment information was not available from the
registry. Although it has been suggested that suboptimal use
of adjuvant treatments may explain differences in outcomes
[6, 66–70], others have reported little or no racial/ethnic
differences with regard to chemotherapy administration [71–
73]. The CCR does not have the ability to obtain individual
level SES so our measure of SES was at the neighborhood
level rather than the individual level. However, this measure
of SES has been used in many studies that utilize cancer
registry data [33, 34, 38, 74, 75] and many have commented
on the usefulness of composite SES measures [24, 76–80].
Nevertheless, nondifferentialmisclassification of cases by SES
was possible, which would bias the results toward the null.

Additionally, the registry has no information about repro-
ductive history and lifestyle risk factors such as nulliparity,
multiparity, breast feeding, diet, body fat distribution, use
of alcohol, oral contraceptives, or hormone replacement
treatments that may determine the type of breast cancer and
ultimately impact survival [81–89].

The strengths of this study include the large number
of cases reported to the statewide cancer registry from an
ethnically diverse population, maximum follow-up of almost
13 years, and use of the individual ER/PR/HER2 subtypes.

In conclusion, we have shown that, in the state of Cal-
ifornia, racial/ethnic disparities in breast cancer survival do
not exist for all eight ER/PR/HER2 subtypes. Further, the
contribution of SES to racial/ethnic disparities varies by ER/
PR/HER2 subtype and stage at diagnosis, and, in most
instances, it is quite modest. Continued research is warranted
in genetic, societal, and lifestyle factors which are associated
with poor breast cancer survival.
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