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Abstract

Purpose—To examine the associations of neighborhood socioeconomic deprivation and triple-
negative breast cancer (TNBC) subtype with causes of death (breast cancer [BC]-specific and non-
BC-specific) among non-metastatic invasive BC patients.

Methods—We identified 3,312 patients younger than 75 years (mean age 53.5 years; 621
[18.8%] TNBC) with first primary BC treated at an academic medical center from 1999-2010. We
constructed a census-tract-level socioeconomic deprivation index using the 2000 U.S. Census data
and performed a multilevel competing-risk analysis to estimate the hazard ratios (HR) and 95%
confidence intervals (CI) of BC-specific and non-BC-specific mortality associated with
neighborhood socioeconomic deprivation and TNBC subtype. The adjusted models controlled for
patient sociodemographics, health behaviors, tumor characteristics, comorbidity, and cancer
treatment.

Results—With a median 62-month follow-up, 349 (10.5%) patients died; 233 died from BC. In
the multivariate models, neighborhood socioeconomic deprivation was independently associated
with non-BC-specific mortality (the most- vs. the least-deprived quartile: HR=2.98, 95% CI=1.33-
6.66); in contrast, its association with BC-specific mortality was explained by the aforementioned
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patient-level covariates, particularly sociodemographic factors (HR=1.15, 95% C1=0.71-1.87).
TNBC subtype was independently associated with non-BC-specific mortality (HR=2.15; 95%
Cl=1.20-3.84), while the association between TNBC and BC-specific mortality approached
significance (HR=1.42; 95% CI=0.99-2.03, P=0.057).

Conclusions—Non-metastatic invasive BC patients who lived in more socioeconomically
deprived neighborhoods were more likely to die as a result of causes other than breast cancer
compared with those living in the least socioeconomically deprived neighborhoods. TNBC was
associated with non-BC-specific mortality but not BC-specific mortality.

Keywords

breast cancer; subtype; mortality; neighborhood socioeconomic deprivation; multilevel analysis;
competing risk

Introduction

Breast cancer (BC) prognosis has markedly improved over the past three decades, mainly
due to the widespread use of screening mammography and improvements in treatment [1].
Nevertheless, socioeconomic disparities in BC prognosis persist. BC prognosis is worse
among women who live in communities with greater socioeconomic deprivation [2-10].
This prognostic disparity has been attributed to patient and clinic factors, including
differences in the incidence of tumors characterized by pathologically and biologically
aggressive phenotypes, the prevalence of obesity and other comorbid conditions, health-risk
behaviors, access to treatment, and quality of care received [4, 11, 12].

Several studies have reported that women living in neighborhoods with greater
socioeconomic deprivation were more likely than those living in more affluent areas to have
been diagnosed with estrogen-receptor (ER)-negative BC [8, 13], and particularly with
triple-negative BC (TNBC) [14], which is characterized by ER-negative, progesterone-
receptor (PR)-negative, and human epidermal growth factor receptor-2 (HER2)-negative
tumors. TNBC is associated with early recurrence and poor survival due to lack of specific
targets for commonly used adjuvant therapies [15]. It remains unclear whether TNBC
explains the observed worse prognosis of BC patients living in neighborhoods with greater
socioeconomic deprivation.

In addition, women with non-metastatic invasive BC, especially older survivors are more
likely to die from causes other than BC, including cardiovascular disease and other
comorbid conditions [16, 17]. Although neighborhood socioeconomic factors and TNBC
subtype have been associated with overall and BC-specific mortality among women with
BC [2-10], it remains unknown if neighborhood socioeconomic deprivation and TNBC
subtype also contribute to death from diseases other than breast cancer, especially in women
with non-metastatic invasive BC.

Disentangling the impact of neighborhood socioeconomic deprivation and TNBC on causes
of death can help us develop effective interventions at multiple levels to reduce racial and
geographic disparities and improve BC prognosis. Thus, using a multilevel competing-risk
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approach, we evaluated and compared the associations of neighborhood socioeconomic
deprivation and TNBC subtype with BC-specific and non-BC-specific mortality among non-
metastatic invasive BC survivors.

Methods
Study Sample

From a prospective tumor registry of patients diagnosed and treated at the Alvin J. Siteman
Cancer Center at Barnes-Jewish Hospital and Washington University School of Medicine in
St. Louis, Missouri, we identified women with first-primary BC diagnosed between March
1999 and March 2010, who had no prior cancer history and were followed through March
31, 2011 (n=5,339). For each patient, we obtained sociodemographic, health behavior, and
clinical information from the medical record. We excluded patients aged 75 or older (n=522)
and patients whose residential addresses could not be geocoded (n=338). Given the aim of
our study, we also excluded patients with in-situ carcinoma (n=982) due to their extremely
low BC-specific mortality with a 10-year estimate <2.5% [18] and patients with metastatic
BC (n=257) due to their extremely high BC-specific mortality with a 5-year estimate >73%
[19]. Overall, 1894 patients meeting one or more of these criteria were excluded from the
analysis. This study was approved by the Institutional Review Board at Washington
University School of Medicine.

ER and PR status was determined using immunohistochemistry and considered positive if an
Allred score was above 2 or more than 1% of tumor cells showed nuclear staining [20].
Tumors were designated as being HER2+ by FISH 2+/3+ or immunohistochemistry staining
in more than 10% of tumor cells [21]. We further excluded 133 of 3,445 otherwise eligible
patients with insufficient receptor-status information. Thus, 3,312 BC patients were included
in this study, and their tumors were classified as TNBC or non-TNBC.

Neighborhood Socioeconomic Deprivation Index

Using Geographic Information Systems (ArcGIS 9.3, ESRI, Redland, CA), patients’
residential addresses at diagnosis were geocoded to obtain their census tracts. We identified
867 residential census tracts that contained at least one patient (average 4 patients (range 1—
21) per tract).

We constructed a composite census-tract-level socioeconomic deprivation index using a
principal components common factor analysis with varimax rotation of 21 variables from
2000 U.S. Census. Based on the literature [22, 23], these Census variables were selected
from six domains, including education, occupation, housing conditions, income and poverty,
racial composition, and residential stability. The first common factor included seven
variables with significant factor loadings and explained 43.7% of the total variance of the 21
census variables. These seven variables, including % civilian labor force unemployed, %
households with >=1 person/room, % households female-headed with dependent children, %
households on public assistance, % households without vehicle, % population below federal
poverty line, and % African Americans, had a high internal consistency (Cronbach
alpha=0.95). The variables were standardized and weighted by factor loading coefficients, to
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compute a neighborhood socioeconomic deprivation index, as described elsewhere [22, 23].
The socioeconomic deprivation index was categorized into quartiles according to its
distribution in our sample.

Causes of Death

Causes of death were ascertained through the linkage to the National Death Index. Four
underlying causes of death were examined, including BC-specific death (ICD10, C50),
circulatory system diseases (ICD10, 100-199), cancers other than BC (ICD10, C00-D48
excluding C50), and other causes (all other ICD10 codes). To ensure having enough
statistical power, we pooled together all causes of deaths other than BC for the analysis. In
addition to all-cause mortality as an endpoint, we assessed BC-specific and non-BC-specific
mortality as separate endpoints. Person-years were calculated from the date of BC diagnosis
until date of death or end of follow-up (March 31, 2011), whichever occurred first.

Statistical Analysis

Chi-square tests were used to compare patient characteristics stratified by quartiles of
neighborhood socioeconomic deprivation. We used a cumulative incidence function to
describe cause-specific survival by the quartiles of neighborhood socioeconomic deprivation
index and by tumor subtypes and the Gray’s test to test for cause-specific survival
differences [24, 25]. Multilevel Cox proportional hazards models with gamma frailty [26]
were applied to estimate the fixed effects of neighborhood-level socioeconomic deprivation
and tumor subtypes on all-cause mortality. Models were controlled for demographics,
including age at diagnosis (<45, 45-54, 55-64, or 65-74 years), race (white, African
American, or others), marital status (married/partnered or unmarried/unpartnered), type of
insurance (private, public, or uninsured); tumor characteristics, including cancer stage (I, 11,
I11), tumor grade (well, moderately, or poorly differentiated), tumor subtypes, comorbidity
(coded for analysis by level of decompensation as none/mild, moderate, or severe) using the
ACE-27 [27], which includes numerous medical/psychiatric conditions and behaviors with
prognostic significance (such as obesity and substance abuse); treatments, including
hormone therapy (yes/no), trastuzumab therapy (yes/no), chemotherapy (yes/no),
radiotherapy (yes/no), surgical treatment (mastectomy, lumpectomy, or no surgical
treatment); health behaviors, including alcohol use (none or former drinker, current drinker),
and smoking status (never or former smoker, current smoker). To identify the factors that
account for the prognostic difference across neighborhood socioeconomic deprivation and
tumor subtypes, the analysis was controlled for four blocks of the aforementioned
covariates, individually and then in combination. Tests for trend were performed by using
the median value for each quartile of the neighborhood socioeconomic deprivation index as
a continuous variable in the multivariable model. To determine whether neighborhood
socioeconomic deprivation and tumor subtypes were differentially associated with BC-
specific mortality and non-BC mortality, causes of death were treated as competing risks in
the multilevel Cox proportional hazards model. Specifically, we estimated hazard ratios
(HRs) and their 95% confidence intervals (CI) of death due to BC or to other causes using
the approach described by Lunn and McNeil [28], and used likelihood-ratio tests for
heterogeneity [29]. Since the competing risk approach applies an internal stratification, it
does not decrease the study sample size and statistical power [28].
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Data management and the analysis of cumulative survival probabilities with competing risk
were conducted using SAS System (Ver.9.2, SAS Institute Inc., Cary, NC). Multilevel Cox
proportional hazards regression analyses were performed in R statistical package (Ver.
2.10.1, The R Foundation for Statistical Computing). Two-sided P<0.05 was considered
statistically significant.

Among 3,312 women included in analysis, 621 (18.8%) had TNBC, 2,420 (73.1%) were
white, 812 (24.5%) were African American, 1,929 (58.2%) were married or partnered, 1,221
(36.9%) were current alcohol drinkers, and 1,224 (37.0%) were current smokers. The mean
age was 53.5 years (range 17-74). Only 209 (6.3%) patients were uninsured. Among 3,103
women with health insurance, 37.8% were insured by public health plans. Of all patients,
42.3% had poorly-differentiated tumors, and 58.3% were diagnosed with stages I1-111
tumors. Severe comorbidity was observed in 4.8% of patients. Overall, 1.9% of patients did
not receive definitive surgical treatment for BC, 44.1% were treated with mastectomy, and
53.6% received breast-conserving surgery. Regarding adjuvant therapy, 62.3% underwent
anti-estrogen therapy, 5.6% received trastuzumab therapy, 62.5% received chemotherapy,
and 66.3% received radiation therapy.

Table 1 shows patient characteristics by neighborhood socioeconomic deprivation.
Compared with women living in neighborhoods with less socioeconomic deprivation,
women living in neighborhoods with greater socioeconomic deprivation were more likely to
have TNBC, be African American, be unmarried/unpartnered, have public health insurance
coverage, have more severe comorbidity, have received chemotherapy, and have tumors
characterized by more advanced stage and poor differentiation (each P<0.05). However,
women living in neighborhoods with greater socioeconomic deprivation were less likely to
have received surgical treatment and hormone therapy (each P<0.05).

Overall 349 (10.5%) died during a median follow-up of 62 months (range 2-140). Of them,
66.8% were due to BC, 8.9% to circulatory system diseases, 10.6% to other cancers, and
13.8% to other causes. Diseases other than BC are the major cause of death in older patients
(6574 years), while greater than half of younger patients died from BC (Figure 1). The 5-
year BC-specific survival rate for the entire cohort was 93.2%, with 84.0% in TNBC
patients and 95.2% in non-TNBC patients. The 5-year non-BC-specific survival rate was
93.3% in TNBC patients and 98.0% in non-TNBC patients. The differences in BC-specific
and non-BC survival probabilities were statistically significant between TNBC and non-
TNBC (log-rank test, P<0.001, Figure 2A). The 5-year BC-specific survival rate was 89.5%
in women living in neighborhoods with the greatest socioeconomic deprivation and 94.8%
in women living in neighborhoods with the least socioeconomic deprivation. Meanwhile, the
5-year non-BC-specific survival rate was 97.2%, with an estimate of 94.3% in women living
in neighborhoods with the greatest socioeconomic deprivation and 99.2% in women living
in neighborhoods with the least socioeconomic deprivation. The differences in BC-specific
and non-BC survival probabilities were statistically significant across the quartiles of
neighborhood socioeconomic deprivation (log-rank test, P<0.001 for each, Figure 2B).

Breast Cancer Res Treat. Author manuscript; available in PMC 2015 October 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Lian et al.

Page 6

Table 2 shows HRs of all-cause mortality and competing risks of causes of death associated
with neighborhood socioeconomic deprivation and tumor subtypes. In the bivariate analysis,
neighborhood socioeconomic deprivation was significantly associated with all-cause
mortality (the most vs. the least deprived: HR=2.19, 95% CI=1.62-2.97, Py¢ng<0.001), BC-
specific mortality (HR=1.58, 95% Cl=1.11-2.24, Py¢,3<0.001) and non-BC-specific
mortality (HR=5.34, 95% CI=2.71-10.50, Pyeng<0.001). The multivariate analysis adjusted
for all four blocks of covariates showed that neighborhood socioeconomic deprivation was
still significantly associated with non-BC-specific mortality (HR=2.98, 95% Cl=1.33-6.66,
Pireng=0.023), and the association with all-cause mortality approached significance
(HR=1.41, 95% CI=0.94-2.13, Pteng=0.055). Accounting for four individual blocks of
covariates, we found that the association between neighborhood socioeconomic deprivation
and BC-specific mortality was attenuated by individual-level sociodemographic factors to a
nonsignificant level (Supplementary Table 1). However, adjustments for other individual-
level factors shown in Supplementary Table 1 — for tumor characteristics and comorbidity
(Model 1), treatment (Model 111), and selected health behaviors (Model 1V) — did not
significantly reduce the association between neighborhood socioeconomic deprivation and
non-BC-specific mortality. The difference in the effects of neighborhood socioeconomic
deprivation on BC-specific and non-BC-specific mortality was statistically significant
(Pheterogeneity=0-007) in the multivariate competing risk analysis (Table 2). These findings
indicate that neighborhood socioeconomic deprivation was associated with both BC-specific
and non-BC-specific mortality in the bivariate models, independent of tumor subtypes
(Table 2). As shown in Supplemental Table 1, the association between neighborhood
socioeconomic deprivation and BC-specific mortality was explained by individual-level
sociodemographic factors, while the association with non-BC-mortality was not explained
by individual-level sociodemographic, clinical, or behavioral factors examined.

Meanwhile, TNBC patients had significantly higher risk of all-cause mortality in the
multivariable analysis (HR=1.56, 95% C1=1.15-2.12) compared with non-TNBC patients.
TNBC subtype was significantly associated with both non-BC mortality (HR=2.52; 95%
Cl=1.71-3.70) and BC-specific mortality (HR=3.04; 95% Cl=2.33-3.97). Adjusted for all
covariates, TNBC subtype was still significantly associated with non-BC mortality
(HR=2.15; 95% CI1=1.20-3.84), and the association between TNBC and BC-specific
mortality approached significance (HR=1.42; 95% CI=0.99-2.03, P=0.057). The association
between tumor subtype and mortality did not vary significantly across causes of death

(Pheterogeneity:0-655)-

Additionally, we found substantial racial disparity in BC-specific and non-BC-specific
mortality. Compared to white women, African American women with non-metastatic
invasive BC had higher risk in both BC-mortality (HR=1.87, 95% C1=1.43-2.45) and non-
BC mortality (HR=2.79, 95% CI1=1.93-4.04). The association between race and mortality
did not vary significantly across causes of death (Pheterogeneity=0-202). However, the
association between race and each of BC-specific and non-BC-specific mortality
disappeared after adjusting for neighborhood socioeconomic deprivation, indicating that the
racial disparity in BC-specific mortality and non-BC-specific mortality could be explained
by neighborhood socioeconomic deprivation.
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Discussion

Prior studies examining the prognostic influences of low socioeconomic condition or TNBC
focus primarily on overall mortality and BC-specific mortality. To the best of our
knowledge, this is the first multilevel competing-risk study to examine the associations of
neighborhood socioeconomic deprivation and TNBC with BC-specific and non-BC-specific
mortality in women with non-metastatic invasive BC. In a large, hospital-based cohort of
BC patients, we found that neighborhood socioeconomic deprivation was significantly
associated with greater risk of non-BC-specific mortality, independent of race and other
sociodemographic factors, tumor pathology, treatment, comorbidity, smoking and alcohol
use. The association between neighborhood socioeconomic deprivation and BC-specific
mortality could be explained by sociodemographic factors rather than tumor characteristics,
treatment, comorbidity or health behaviors (Supplementary Table). We also found that
TNBC was independently associated with non-BC-specific mortality but not with BC-
specific mortality, which approached significance. It is well-known that risks of both BC-
specific and non-BC-specific mortality are higher among African American compared with
white women. Our study provides evidence that the racial disparity in mortality could be
explained by neighborhood socioeconomic deprivation.

Cancer registry-based studies have consistently reported associations between area-level
socioeconomic deprivation and each of overall [2-7] and BC-specific mortality [8-10]
among BC patients. But some studies suggest that the effect of area-level socioeconomic
deprivation on mortality can be partly explained by ER-negative status [8], advanced stage
[2, 4] and type of surgery [2], while others report that BC-specific mortality was not
explained by demographic, tumor or treatment factors [3, 5-7, 10]. One potential reason for
inconsistent results regarding the effect of area-level socioeconomic deprivation on
mortality is that the analyses of population-based data from cancer registries may be
insufficiently adjusted for potential individual-level confounders. Data from population-
based cancer registries (e.g., SEER) are generally limited to information about tumor
characteristics and only some cancer-related treatments (e.g., surgery and radiation therapy).
In addition to demographic factors, tumor pathology, and local treatment, our study
accounted for other individual-level factors that are not commonly found in population-
based cancer registries, including data about HER2 amplification, health behaviors, type of
health insurance, comorbidity, and systemic targeted therapies (chemotherapy, endocrine
therapy, and trastuzumab). We found that the association of neighborhood socioeconomic
deprivation with BC-specific mortality could be explained by sociodemographic factors
rather than tumor characteristics or treatment.

Using a competing-risk analytic approach, we found a significant positive association
between neighborhood socioeconomic deprivation and non-BC-specific mortality, which
could not be fully explained by other variables in our models. In general, the cumulative
probability of death from BC declines with age because of the increased risk of death from
other causes [16, 30, 31]. Cardiovascular disease is the leading cause of death in elderly
women with non-metastatic BC [16, 32]. Chemotherapy and trastuzumab have been
associated with long-term cardiac toxicity in BC patients, particularly in older patients [33,
34]. Women with comorbidities also are more likely to die from other causes than BC [32,
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35]. In addition, the probabilities of death from BC and from other causes were both found
to be significantly higher in black compared with white patients with non-metastatic
invasive BC diagnosed before 70 years of age [30]. However, our study showed that the
association between neighborhood socioeconomic deprivation and non-BC-specific
mortality could not be fully attributed to patient-level sociodemographics, tumor pathology,
comorbidity, treatments, smoking status and alcohol use. Hence, research is needed to
identify other environmental, behavioral, and genetic risk factors that might explain the
association between area-level socioeconomic deprivation and non-BC-specific mortality.

Interestingly, our results showed that TNBC was significantly associated with increased risk
of non-BC-specific mortality. Although the lack of targeted therapies for TNBC results in
the worse BC-specific prognosis of TNBC than other BC subtypes [15], high-dose
chemotherapy has been found to be more effective in TNBC than luminal A subtype [36].
We found that the association between TNBC and BC-specific mortality approached
significance in the adjusted multilevel Cox proportional-hazards model. This observation is
likely due to smaller numbers of TNBC cases in each group when we split the sample by
cause of death for the competing-risk analysis.

Our study had several strengths. First, given an intra-correlation between participants nested
within the same neighborhood, we used a multi-level proportional hazards model to
characterize the respective influence of neighborhood socioeconomic deprivation and TNBC
on BC mortality. Ignoring structural features of this type of data potentially biases the
parameter estimates [22]. Second, prior studies examining socioeconomic status and breast
cancer outcomes did not account for causes of death other than BC as competing risks,
which could result in the overestimation of the effects of these factors on mortality [24]. We
applied a multilevel proportional-hazards modeling approach integrated with the competing
risk to compare differential effects of neighborhood socioeconomic deprivation on BC-
specific and non-BC-specific mortality in a single statistical model. We found that
neighborhood socioeconomic deprivation was independently associated with non-BC-
specific mortality but not with BC-specific mortality. In addition, we computed a composite
neighborhood socioeconomic deprivation index at the census-tract level, which captures
multiple domains of disadvantage and yields a more robust indicator of neighborhood
socioeconomic deprivation than a single indicator [22].

Our study also had some limitations. Data for the study sample were retrieved from a tumor
registry at a single institution, which is the only National Cancer Institute-designated
comprehensive cancer center in Missouri. Therefore, our results may reflect selection bias,
which limits the generalizability of our findings. Further population-based studies are
necessary to evaluate the extent of any selection bias and to validate our findings. However,
our hospital-based registry provides rich data about comorbidity, HER2 amplification as
well as ER- and PR-receptor status, targeted therapies, health insurance, smoking status and
alcohol use, which are generally unavailable in large, population-based cancer registries.
Single-center studies also can benefit from having centralized pathological testing and
reporting systems and provision of similar treatment and follow-up (i.e., standards of care)
for BC patients eliminating the confounding effect of between-hospital variations in
standards of care and BC outcomes. Provision of similar treatment and follow-up could
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explain the lack of racial differences in survival outcomes observed in studies of TNBC
patients treated at comprehensive cancer centers [37, 38]. Our study suggests that diagnosis,
treatment, and follow-up provided at our institution did not substantially explain the
association between neighborhood socioeconomic deprivation and BC-specific mortality.
Second, some patients might have moved after diagnosis, which could have affected our
findings. However, most of our patients were older, and generally, older people are less
likely to move than younger persons [22]. Additionally, we pooled all other causes of death
together to strengthen statistical power for a competing-risk analysis. Future research with a
larger sample should investigate the impact of neighborhood socioeconomic deprivation and
TNBC on specific “other” causes of death in BC patients.

In conclusion, our study provides evidence that neighborhood socioeconomic deprivation
was associated with non-BC-specific mortality in non-metastatic invasive BC patients,
independent of patients’ sociodemographic characteristics, comorbidity, tumor
characteristics, treatment, smoking status and alcohol use. In contrast, the association
between neighborhood socioeconomic deprivation and BC-specific mortality could be
explained by sociodemographic factors. TNBC was significantly associated with non-BC-
specific mortality and its association with BC-specific mortality approached significance.
Our findings suggest that strategies aimed at reducing these disparities in mortality among
non-metastatic invasive breast cancer survivors are needed. Health care providers should
pay closer attention to BC patients’ existing comorbidities and follow-up of treatment late
effects, particularly in elderly patients and patients living in more socioeconomically
deprived communities. A better understanding of the reasons for the influence of
neighborhood socioeconomic deprivation and TNBC on prognosis could help reduce
disparities in BC outcomes and improve prognosis of TNBC patients, who in our sample
were more likely to live in the more socioeconomically deprived neighborhoods.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Causes of death of women with non-metastatic invasive breast cancer, by age groups

(N=3,312).
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Figure 2.
Competing-risk Kaplan-Meier survival curves for breast cancer patients by: A) TNBC

status, and B) socioeconomic deprivation quartiles. Log-rank tests indicated statistically
significant differences by TNBC status and by level of socioeconomic deprivation (both
P<0.001).
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