Breast Cancer Research and Treatment (2023) 202:139-153
https://doi.org/10.1007/510549-023-07053-4

EPIDEMIOLOGY ——

®

Check for
updates

Effect of neighborhood deprivation index on breast cancer survival in
the United States

Arya Mariam Roy’ - Anthony George? - Kristopher Attwood? - Sabah Alaklabi® - Archit Patel’ - Angela R. Omilian*-
Song Yao* - Shipra Gandhi'

Received: 5 April 2023 / Accepted: 14 July 2023 / Published online: 5 August 2023
© The Author(s) 2023

Abstract

Purpose To analyze the association between the Neighborhood Deprivation Index (NDI) and clinical outcomes of locore-
gional breast cancer (BC).

Methods Surveillance, Epidemiology and End Results (SEER) database is queried to evaluate overall survival (OS) and
disease-specific survival (DSS) of early- stage BC patients diagnosed between 2010 and 2016. Cox multivariate regression
was performed to measure the association between NDI (Quintiles corresponding to most deprivation (Q1), above average
deprivation (Q2), average deprivation (Q3), below average deprivation (Q4), least deprivation (Q5)) and OS/DSS.

Results Of the 88,572 locoregional BC patients, 27.4% (n=24,307) were in the Q1 quintile, 26.5% (n=23,447) were in the
Q3 quintile, 17% (n=15,035) were in the Q2 quintile, 13.5% (n=11,945) were in the Q4 quintile, and 15.6% (n=13,838)
were in the Q5 quintile. There was a predominance of racial minorities in the Q1 and Q2 quintiles with Black women being
13-15% and Hispanic women being 15% compared to only 8% Black women and 6% Hispanic women in the Q5 quintile
(p<0.001). In multivariate analysis, in the overall cohort, those who live in Q2 and Q1 quintile have inferior OS and DSS
compared to those who live in Q5 quintile (OS:- Q2: Hazard Ratio (HR) 1.28, Q1: HR 1.2; DSS:- Q2: HR 1.33, Q1: HR
1.25, all p<0.001).

Conclusion Locoregional BC patients from areas with worse NDI have poor OS and DSS. Investments to improve the
socioeconomic status of areas with high deprivation may help to reduce healthcare disparities and improve breast cancer
outcomes.

Keywords Socioeconomic status - Neighborhood deprivation - Breast cancer - Health care disparities - Locoregional
breast cancer - Overall survival
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Introduction

Breast cancer (BC) is the most common malignancy in
women globally and the most common cause of cancer-
associated mortality [1]. Several demographics, clinico-
pathological factors including size, grade of the tumor,
lymph node (LN) status, hormone receptor status, metasta-
sis, age, and comorbidities of the patients are known to be
associated with BC survival [2—4]. In addition to this, racial
and ethnic backgrounds are also associated with breast can-
cer survival; Black women have 40% higher age-adjusted
BC mortality than non-Hispanic White women [3, 5]. The
socioeconomic status (SES) of an individual and the neigh-
borhood consists of multiple variables including income,
education, occupation, living conditions which have been
reported in relation to the survival of various cancers [6-8].
Neighborhood deprivation index (NDI) is a validated statis-
tical measurement tool to assess the level of disadvantage
within the specific neighborhood. It provides a quantitative
measure of socio-economic status of community based on
various indicators such as education, employment, income,
living condition and basic access to services [9].

Reducing racial and ethnic and socioeconomic disparities
in the access to health care have long been a major health
policy goal in the United States (US). SES of the individ-
ual and neighborhood plays an important role in patient’s
access to the health system [10]. Owing to the inequalities in
opportunities, education, income, and developmental infra-
structures, the areas with underprivileged individual and
neighborhood SES may be associated with poor prognosis
of certain malignancies and worse outcomes through mul-
tiple pathways [10, 11]. Patients with low individual SES
may not be able to adhere to cancer screening guidelines,
which may occur due to their lack of awareness of diseases
or access to screening/prevention methods, lack of insur-
ance or other cost-barriers, and/or mistrust of physicians/
health sector [12, 13]. In addition to this, socioeconomically
underprivileged neighborhoods lack comprehensive health-
care resources, established referral systems, adequate social
support, resources to promote healthy lifestyle, and ade-
quate transportation system to access to healthcare from the
diagnosis to survivorship [11, 14, 15]. The myriad events
rooting from low SES affect cancer-related mortality and
morbidity in vulnerable populations.

Although there were some studies done in the past evalu-
ating the association of individual SES with the survival of
cancer, epidemiological studies aiming at the association of
SES and geographical variation in BC outcomes are lim-
ited. Given the fact that most of the factors owing to low
socioeconomic conditions are modifiable, it is very rel-
evant to understand them and develop strategies to mitigate
health disparities which aid us in improving health-related
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outcomes. In our study, we examine the association of
neighborhood deprivation with the BC-related outcomes in
patients with locoregional BC in the US.

Methodology
Data sources
Neighborhood deprivation index

In our analysis, we used the NDI which encompasses vari-
ous factors such as wealth and income, education, occupa-
tion, and housing conditions. The NDI for each census tract
in the US was created using factor analysis, which identified
key variables from 13 measures from the above dimensions
proposed by Roux and Mair in their study assessing the
contribution of neighborhood or residential environments to
social and ethnic inequalities in health [16].

“The key variables that are used from wealth and income
are median household income, percent of household receiv-
ing dividends interest or rental income, percent of house-
holds receiving public assistance, median home value,
percent of families with incomes below the poverty level.
The variables from other dimensions are as follows: educa-
tion (percent with a high school degree or higher; percent
with a college degree or higher), occupation (percent in a
management, business, science, or arts occupation; percent
unemployed), and housing conditions (percent of house-
holds that are female-headed with any children under 18;
percent of housing units that are owner occupied; percent
of households without a telephone; percent of households
without complete plumbing facilities) [9]. NDI values range
from -3.6 to +2.8 and higher values indicate more neigh-
borhood deprivation which implies lower socioeconomic
status”. We used the NDI quintiles weighted by the tract
population for the analysis. The first NDI quintile corre-
sponds to most deprivation (Q1), second quintile (above
average deprivation- Q2), third quintile (average depriva-
tion- Q3), fourth quintile (below average deprivation (Q4))
and fifth quintile corresponds to least deprivation (Q5) [17].

Patient selection

We queried the Surveillance, Epidemiology and End Results
(SEER) registry November 2021 submission database
which covers approximately 48% of the US population for
our study. We included locoregional BC pts (clinical stage
group I, IT, IIT), aged > = 18 years, who were diagnosed from
2010 to 2016, and studied the overall survival (OS) and dis-
ease-specific survival (DSS) of BC in association with NDI.
Patients were selected from 2010 to 2016 which allowed
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inclusion of patients with accurate HER2-neu status as accu-
rately captured in SEER from 2010 onwards and adequate
5 years follow up. We excluded patients with unknown or
missing data for each variable studied, or clinical/pathologi-
cal evidence of distant metastases at the time of initial diag-
nosis. The flow diagram depicting patient selection is shown
in Fig. 1. Institutional review board review was exempted
as the data were deidentified and from publicly available
databases upon request.

Statistical analysis

The demographical and clinical characteristics of patients
by NDI were tabulated by summary statistics. The mean,
median, standard deviation, and range were used for con-
tinuous variables and the Kruskal-Wallis test was used for
comparisons. For the categorical variables, frequencies and
relative frequencies were compared using the chi-square
test. The median, 3-year, 5-year OS and DSS were summa-
rized by NDI using standard Kaplan-Meier methods.

Cox multivariate regression modeling was performed to
test the association between NDI and OS, DSS, with adjust-
ment for age, race, stage, grade, insurance status, surgery,
radiation, and chemotherapy (CT). Subset analysis was
done based on the BC subtypes (Estrogen receptor and/or
progesterone receptor positive HER2-neu negative (HR+),
HER2-neu-positive (HER2+), and triple-negative breast
cancer (TNBC). All statistics were performed using SAS
software version 9.4 (SAS Institute Inc.) and significance
testing was 2-sided at p<0.05. Data were analyzed from
June 1, 2022 through July 15, 2022.

Cancer Data
n=1697,178 1,453,846 Exc!udec!
* 525,336 Not First Primary

* 188,307 Not selected histology
* 198,077 Unknown Stage

* 35,004 Stage O or IV

* 25 Age < 18 or unknown

* 507,037 Diagnosis Prior to 2010

SEER Breast

\.—

Breast Cancer
Subset * 54 Bilateral or Unknown Laterality

n=243,332 * 6 Missing Survival
154,760 Excluded
* 321 NDI Not Available
* 154,439 NDI Unknown

Analysis Set
n=88572

Fig. 1 Flow diagram of patient selection schema
SEER: Surveillance, Epidemiology, and End Results, n: number, NDI:
Neighborhood deprivation index

Results
Patient demographics

The baseline characteristics of the overall cohort are shown
in Table 1. Of the 88,572 locoregional BC patients, 27.4%
(n=24,307) were in the most deprivation (Q1) quintile,
17% (n=15,035) were in the above average deprivation
(Q2) quintile, 26.5% (n=23,447) were in the average depri-
vation (Q3) quintile, 13.5% (n=11,945) were in the below
average deprivation (Q4) quintile, and 15.6% (n=13,838)
were in the least deprivation (Q5) quintile. The median age
of patients in the Q5 quintile was 59 years and Q1 quin-
tile was 61 years (p <0.001). There was a predominance of
racial (p<0.001) and ethnic (p<0.001) minorities in the
most deprived (Q1) quintile (12.9% Black, 14.8% Hispanic)
compared to least deprived (Q5) quintile (8.2% Black, 6.0%
Hispanic) (Table 1). There was a higher percentage of unin-
sured patients in the Q1 quintile compared to the Q5 quintile
(2.2% vs. 1.7%, p<0.001). There were more rural areas in
Q1 quintile compared to Q5 quintile (25.9% vs. only 0.7%,
p<0.001). Patients with stage III and grade III disease were
observed to be higher in Q1 quintile compared to Q5 quin-
tile (Stage I1I: 28.7% vs. 14.2%, Grade III: 34% vs. 31.9%,
p<0.001) and a greater percentage of patients received CT
in Q1 quintile compared to Q5 quintile (44.6% vs. 42.1%,
p<0.001). However, fewer patients underwent surgery and
radiation in the Q1 compared to the Q5 quintile, with 96.1%
and 49.7% of patients undergoing surgery and radiation in
Q1 quintile compared to 97.1% and 56.5% in the Q5 quintile
(p<0.001 for both, Table 1). There was a higher percentage
of aggressive cancers such as TNBC and HER2+ BC in Q1
quintile compared to Q5 quintile (14.5%, 17.7% vs. 11.7%,
16.5% respectively, p<0.001). The baseline characteristics
were stratified by the subtype of breast cancer as shown
in Tables 2, 3 and 4. It was observed that the patterns are
similar in all the subtypes as observed in the overall cohort
except that the patients who received chemotherapy for the
locoregional BC were higher in the Q5 when compared to
the Q1 in both TNBC and HER2 + BCs.

Kaplan-Meier survival estimates

On univariate analysis, after a median follow-up of 44
months, the 5-year OS rate of the overall cohort was 87%.
The 5-year OS of the locoregional BC patients who live in
the Q1 and Q2 quintile was lower when compared to those
who live in the Q5 quintile (85%, 84% vs. 89%, p<0.001).
The DSS of the overall cohort also followed a similar pat-
tern (DSS of Q1, Q2 vsQ5: 92%, 91% vs. 94%, p<0.001)
(Table 5; Fig. 2).
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Table 1 Baseline characteristics by NDI in the locoregional breast cancer overall cohort

Least Deprivation  Below Avg Depri-  Average Depriva-  Above Avg Depri- Most Deprivation  P-value
(Q5) vation (Q4) tion (Q3) vation (Q2) QD)
N 13,838 (15.6) 11,945 (13.5) 23,447 (26.5) 15,035 (17.0) 24,307 (27.4)
Age Mean/Std/N 59.77/13.33/13,838 60.55/13.33/11,945 60.57/13.24/23,447 60.97/13.16/15,035 60.57/13.18/24,307 <0.001
Median/Min/Max 59.00/20.00/102.00 60.00/19.00/100.00 61.00/17.00/102.00 61.00/19.00/108.00 61.00/20.00/102.00
Sex Female 13,731 (99.2%) 11,866 (99.3%) 23,265 (99.2%) 14,924 (99.3%) 24,156 (99.4%) 0.238
Male 107 (0.8%) 79 (0.7%) 182 (0.8%) 111 (0.7%) 151 (0.6%)
Race White 11,628 (84.0%) 10,260 (85.9%) 19,746 (84.2%) 12,315 (81.9%) 20,124 (82.8%) <0.001
Black 1,136 (8.2%) 850 (7.1%) 2,657 (11.3%) 2,293 (15.3%) 3,147 (12.9%)
Other 1,074 (7.8%) 835 (7.0%) 1,044 (4.5%) 427 (2.8%) 1,036 (4.3%)
Hispanic No 13,013 (94.0%) 10,726 (89.8%) 21,892 (93.4%) 14,276 (95.0%) 20,718 (85.2%) <0.001
Yes 825 (6.0%) 1,219 (10.2%) 1,555 (6.6%) 759 (5.0%) 3,589 (14.8%)
Insur-  Insured 13,597 (98.3%) 11,693 (97.9%) 23,064 (98.4%) 14,725 (97.9%) 23,769 (97.8%) <0.001
ance
Uninsured 241 (1.7%) 252 (2.1%) 383 (1.6%) 310 (2.1%) 538 (2.2%)
Location Urban 13,736 (99.3%) 10,395 (87.0%) 17,517 (74.7%) 8,375 (55.7%) 18,012 (74.1%) <0.001
Rural 102 (0.7%) 1,550 (13.0%) 5,930 (25.3%) 6,660 (44.3%) 6,295 (25.9%)
Grade TII 8,962 (64.8%) 7,585 (63.5%) 14,914 (63.6%) 9,318 (62.0%) 15,091 (62.1%) <0.001
I 4,409 (31.9%) 3,791 (31.7%) 7,728 (33.0%) 5,117 (34.0%) 8,271 (34.0%)
Unknown 467 (3.4%) 569 (4.8%) 805 (3.4%) 600 (4.0%) 945 (3.9%)
Stage I/l 12,266 (15.8) 10,507 (13.6) 20,608 (26.6) 12,968 (16.7) 21,122 (27.3) <0.001
11 1,572 (14.2) 1,438 (13.0) 2,839 (25.6) 2,067 (18.6) 3,185 (28.7)
Lateral Left 6,941 (50.2%) 6,025 (50.4%) 11,940 (50.9%) 7,747 (51.5%) 12,343 (50.8%) 0.183
Right 6,897 (49.8%) 5,920 (49.6%) 11,507 (49.1%) 7,288 (48.5%) 11,964 (49.2%)
Surgery Yes 13,439 (97.1%) 11,440 (95.8%) 22,601 (96.4%) 14,501 (96.4%) 23,358 (96.1%) <0.001
No 393 (2.8%) 496 (4.2%) 831 (3.5%) 504 (3.4%) 904 (3.7%)
Unknown 6 (0.0%) 9 (0.1%) 15 (0.1%) 30 (0.2%) 45 (0.2%)
Radia-  Yes 7,821 (56.5%) 6,373 (53.4%) 12,731 (54.3%) 8,019 (53.3%) 12,076 (49.7%) <0.001
tion
No 5,971 (43.1%) 5,495 (46.0%) 10,603 (45.2%) 6,908 (45.9%) 12,121 (49.9%)
Total 46 (0.3%) 77 (0.6%) 113 (0.5%) 108 (0.7%) 110 (0.5%)
Chemo Yes 5,825 (42.1%) 4,962 (41.5%) 9,970 (42.5%) 6,750 (44.9%) 10,853 (44.6%) <0.001
therapy
None/Unknown 8,013 (57.9%) 6,983 (58.5%) 13,477 (57.5%) 8,285 (55.1%) 13,454 (55.4%)
Subtype Triple negative 1,390 (11.7%) 1,280 (12.7%) 2,653 (13.3%) 1,843 (14.5%) 2,960 (14.5%) <0.001
h+ 8,511 (71.8%) 7,113 (70.6%) 13,994 (70.3%) 8,640 (68.0%) 13,850 (67.8%)
HER2+ 1,956 (16.5%) 1,689 (16.8%) 3,264 (16.4%) 2,225 (17.5%) 3,625 (17.7%)

In subset analysis stratified by the BC subtypes, the
5-year OS and DSS were lower in the Q1 and Q2 quintiles
compared to the Q5 quintile in all the subtypes of BC (HR+,
HER2 +and TNBC). However, the 5-year DSS rate was not
significantly different in the HR + subtype (Q1, Q2 vs. QS5:
95%, 95% vs. 96%, p<0.001). (Table 5; Fig. 3).

Multivariate survival analysis

In multivariate analysis after adjusting for socio-demo-
graphic, clinical, and treatment variables, in the overall
cohort, those who live in Q2 quintile and Q1 quintile have
inferior OS and DSS when compared to those who live
in Q5 quintile (OS in Q2: Hazard Ratio (HR) 1.28; OS in
Q1: HR 1.2; DSS in Q2: HR 1.33; DSS in Q1: HR 1.25,
all p<0.001). In the subset analysis, similar results for OS
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and DSS by NDI were observed in hormone receptor posi-
tive HER2 negative (HR+) and HER2 + subtypes, but not
in TNBC (Fig. 4). In a separate multivariate cox regression
model, age, race, insurance status, sub-type, disease grade,
surgery, radiation, and chemotherapy were found to be
independently associated with OS and DSS (Tables 6 and 7
respectively). The OS and DSS in locoregional BC by race
are given in Table 8.

Discussion

Our study focuses on locoregional BC as its treatment
requires access to health care systems that are less avail-
able in underprivileged neighborhoods. In our study, we
found that the deprivation index of the neighborhoods was
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Table 2 Baseline characteristics by NDI in locoregional triple negative breast cancer subtypes

Least Deprivation  Below Avg Average Above Avg Most Deprivation P-value
(Q5) Deprivation Deprivation Deprivation (Q2) (Q1)
Qb Q3

N 1,390 (13.7) 1,280 (12.6) 2,653 (26.2) 1,843 (18.2) 2,960 (29.2)

Age Mean/Std/N 56.76/13.52/1390  57.92/13.82/1280  57.98/13.73/2653 57.26/13.62/1843 57.36/13.70/2960  0.055
Median/Min/Max 56.00/24.00/102.00 57.00/24.00/96.00 58.00/22.00/100.00 57.00/24.00/99.00 57.00/24.00/96.00

Sex Female 1,389 (99.9%) 1,280 (100.0%) 2,651 (99.9%) 1,839 (99.8%) 2,957 (99.9%) 0.389
Male 1(0.1%) 0 2 (0.1%) 4 (0.2%) 3(0.1%)

Race White 1,069 (76.9%) 1,006 (78.6%) 2,031 (76.6%) 1,320 (71.6%) 2,198 (74.3%)  <0.001
Black 216 (15.5%) 186 (14.5%) 502 (18.9%) 483 (26.2%) 670 (22.6%)
Other 105 (7.6%) 88 (6.9%) 120 (4.5%) 40 (2.2%) 92 (3.1%)

Hispanic No 1,285 (92.4%) 1,125 (87.9%) 2,445 (92.2%) 1,742 (94.5%) 2,501 (84.5%)  <0.001
Yes 105 (7.6%) 155 (12.1%) 208 (7.8%) 101 (5.5%) 459 (15.5%)

Insurance  Insured 1,354 (97.4%) 1,252 (97.8%) 2,590 (97.6%) 1,785 (96.9%) 2,865 (96.8%) 0.170
Uninsured 36 (2.6%) 28 (2.2%) 63 (2.4%) 58 (3.1%) 95 (3.2%)

Location Urban 1,379 (99.2%) 1,126 (88.0%) 2,037 (76.8%) 1,023 (55.5%) 2,163 (73.1%)  <0.001
Rural 11 (0.8%) 154 (12.0%) 616 (23.2%) 820 (44.5%) 797 (26.9%)

Grade /11 225 (16.2%) 221 (17.3%) 450 (17.0%) 331 (18.0%) 520 (17.6%) 0.091
111 1,135 (81.7%) 1,011 (79.0%) 2,127 (80.2%) 1,446 (78.5%) 2,328 (78.6%)
Unknown 30 (2.2%) 48 (3.8%) 76 (2.9%) 66 (3.6%) 112 (3.8%)

Stage /1 1,184 (14.1%) 1,080 (12.8%) 2,211 (26.3%) 1,511 (17.9%) 2,436 (28.9%) 0.069
111 206 (12.1%) 200 (11.7%) 442 (25.9%) 332 (19.5%) 524 (30.8%)

Lateral Left 681 (49.0%) 655 (51.2%) 1,343 (50.6%) 949 (51.5%) 1,521 (51.4%) 0.615
Right 709 (51.0%) 625 (48.8%) 1,310 (49.4%) 894 (48.5%) 1,439 (48.6%)

Surgery Yes 1,340 (96.4%) 1,208 (94.4%) 2,534 (95.5%) 1,779 (96.5%) 2,822 (95.3%) 0.003
No 50 (3.6%) 71 (5.5%) 114 (4.3%) 56 (3.0%) 133 (4.5%)
Unknown 0 1(0.1%) 5(0.2%) 8(0.4%) 5(0.2%)

Radiation  Yes 737 (53.0%) 652 (50.9%) 1,369 (51.6%) 1,011 (54.9%) 1,482 (50.1%) 0.093
No 649 (46.7%) 623 (48.7%) 1,271 (47.9%) 823 (44.7%) 1,468 (49.6%)
Total 4 (0.3%) 5(0.4%) 13 (0.5%) 9 (0.5%) 10 (0.3%)

Chemo- Yes 1,087 (78.2%) 945 (73.8%) 2,042 (77.0%) 1,425 (77.3%) 2,293 (77.5%) 0.065

therapy
None/Unknown 303 (21.8%) 335 (26.2%) 611 (23.0%) 418 (22.7%) 667 (22.5%)

Subtype Triple negative 1,390 (100.0%) 1,280 (100.0%) 2,653 (100.0%) 1,843 (100.0%) 2,960 (100.0%)  <0.001

in significant association with BC survival. Our analysis
showed that the OS and DSS of patients with locoregional
BC were lower for those who live in socioeconomically
underprivileged neighborhoods compared to those who
live in affluent neighborhoods. The survival differences
were observed among all subtypes of BC. The differences
in survival persisted even after adjusting for demographic,
clinical, and treatment factors that could affect BC survival.
On multivariate analysis, the mortality difference among
the patients living in different socioeconomic areas was
statistically significant within the overall cohort, HR +and
HER2 + BC subtypes, but not within the TNBC subtype.
This could be explained by the aggressive nature of TNBC.
As TNBC is very aggressive and has high relapse rate [18],
the survival of patients with TNBC could be poor regardless
of their socioeconomic status.

Understanding the impact of neighborhood depriva-
tion on BC survival will facilitate the development and
implementation of policies and prioritize investments in

communities with high deprivation scores. This could
improve the socioeconomic conditions which could eventu-
ally improve clinical outcomes [19]. Several factors in the
neighborhood influence the health of an individual directly,
as well as indirectly: poverty, access to the health care sys-
tem, transportation system, housing quality, unemployment,
environmental pollution including air and water pollution,
neighborhood hygiene, waste management system, crime
rates, racial composition, educational system, tobacco
availability and marketing, access to healthy food [20-23].
These along with the factors that affect the individual such
as marital status, family/social support, co-morbidities,
mental health, nutritional status, healthy lifestyle, insurance
status, and educational status play an inevitable role in the
survival outcomes of malignancies. Studies have shown that
prolonged and cumulative exposure to the above-mentioned
deprivation-associated stressors can induce chronic inflam-
mation which is one of the etiologies behind cancer devel-
opment [24, 25]. Therefore, a proper understanding of the
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Table 3 Baseline characteristics by NDI in locoregional hormone receptor positive (HR+) subtype

Least Deprivation  Below Avg Depri-  Average Depriva-  Above Avg Depri- Most Deprivation  P-value
(Q5) vation (Q4) tion (Q3) vation (Q2) QD)

1 N 8,511 (16.3) 7,113 (13.7) 13,994 (26.9) 8,640 (16.6) 13,850 (26.6)

Age Mean/Std/N 60.80/13.01/8511  61.37/13.02/7113 61.46/12.91/13,994  61.89/12.73/8640 61.64/12.84/13,850 <0.001
Median/Min/Max 61.00/24.00/101.00 62.00/19.00/100.00  62.00/22.00/97.00 62.00/19.00/100.00 62.00/21.00/102.00

Sex Female 8,438 (99.1%) 7,060 (99.3%) 13,867 (99.1%) 8,567 (99.2%) 13,736 (99.2%) 0.809
Male 73 (0.9%) 53 (0.7%) 127 (0.9%) 73 (0.8%) 114 (0.8%)

Race White 7,339 (86.2%) 6,246 (87.8%) 12,178 (87.0%) 7,309 (84.6%) 11,888 (85.8%)  <0.001
Black 541 (6.4%) 381 (5.4%) 1,229 (8.8%) 1,079 (12.5%) 1,399 (10.1%)
Other 631 (7.4%) 486 (6.8%) 587 (4.2%) 252 (2.9%) 563 (4.1%)

Hispanic No 8,046 (94.5%) 6,449 (90.7%) 13,123 (93.8%) 8,231 (95.3%) 11,880 (85.8%)  <0.001
Yes 465 (5.5%) 664 (9.3%) 871 (6.2%) 409 (4.7%) 1,970 (14.2%)

Insur-  Insured 8,385 (98.5%) 6,962 (97.9%) 13,822 (98.8%) 8,496 (98.3%) 13,599 (98.2%)  <0.001

ance
Uninsured 126 (1.5%) 151 (2.1%) 172 (1.2%) 144 (1.7%) 251 (1.8%)

Location Urban 8,454 (99.3%) 6,177 (86.8%) 10,381 (74.2%) 4,873 (56.4%) 10,340 (74.7%)  <0.001
Rural 57 (0.7%) 936 (13.2%) 3,613 (25.8%) 3,767 (43.6%) 3,510 (25.3%)

Grade VII 6,814 (80.1%) 5,537 (77.8%) 11,177 (79.9%) 6,786 (78.5%) 10,840 (78.3%)  <0.001
I 1,491 (17.5%) 1,279 (18.0%) 2,468 (17.6%) 1,582 (18.3%) 2,591 (18.7%)
Unknown 206 (2.4%) 297 (4.2%) 349 (2.5%) 272 (3.1%) 419 (3.0%)

Stage VIl 7,724 (16.5%) 6,415 (13.7%) 12,626 (26.9%) 7,689 (16.4%) 12,443 (26.5%) 0.0024
111 787 (15.1%) 698 (13.4) 1,368 (26.3%) 951 (18.3%) 1,407 (27.0)

Lateral Left 4,293 (50.4%) 3,552 (49.9%) 7,075 (50.6%) 4,410 (51.0%) 7,002 (50.6%) 0.747
Right 4,218 (49.6%) 3,561 (50.1%) 6,919 (49.4%) 4,230 (49.0%) 6,848 (49.4%)

Surgery Yes 8,317 (97.7%) 6,885 (96.8%) 13,605 (97.2%) 8,396 (97.2%) 13,439 (97.0%)  <0.001
No 190 (2.2%) 222 (3.1%) 384 (2.7%) 236 (2.7%) 389 (2.8%)
Unknown 4 (0.0%) 6 (0.1%) 5(0.0%) 8(0.1%) 22 (0.2%)

Radia-  Yes 5,020 (59.0%) 4,018 (56.5%) 7,961 (56.9%) 4,786 (55.4%) 7,234 (52.2%)  <0.001

tion
No 3,460 (40.7%) 3,040 (42.7%) 5,955 (42.6%) 3,787 (43.8%) 6,555 (47.3%)
Total 31 (0.4%) 55 (0.8%) 78 (0.6%) 67 (0.8%) 61 (0.4%)

Chemo- Yes 2,494 (29.3%) 2,064 (29.0%) 4,023 (28.7%) 2,710 (31.4%) 4,277 (30.9%)  <0.001

therapy
None/Unknown 6,017 (70.7%) 5,049 (71.0%) 9,971 (71.3%) 5,930 (68.6%) 9,573 (69.1%)

Subtype HR+ 8,511 (100.0%) 7,113 (100.0%) 13,994 (100.0%) 8,640 (100.0%) 13,850 (100.0%)

deprivation factors of an individual and their neighborhood
is essential to plan interventions to reduce the burden of
cancer mortality.

Our study adds to the existing literature in multiple ways.
This study is the first to our knowledge to use a national
database to examine the association between neighborhood
deprivation with the clinical outcomes of locoregional BC;
most prior studies used regional databases. Prior studies
showed racial disparities in BC-related outcomes in the US
and minoritized groups tend to have higher BC-related mor-
tality [22]. In a study by Luningham et al. which examined
the association between racial disparities and SES in BC
survival between Black and White women across Georgia,
it was found that Black women with BC had higher mortal-
ity than White women, but this disparity was not explained
by the socioeconomic deprivation of their residential area.
White patients living in socioeconomically affluent areas
had lower rates of BC mortality compared to those who
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reside in underprivileged neighborhoods [26]. We observed
similar results in our study: We observed similar results in
our study. White BC patients living in socioeconomically
underprivileged areas had higher mortality compared to
Whites living in socioeconomically affluent areas. However,
this difference in the mortality was not observed among
Black BC patients. This is an interesting finding that may
need validation in future studies. This difference leads us to
speculate that irrespective of area of residence, Black breast
cancer patients continue to have worse outcomes. This may
be either due to cultural factors precluding Black patients to
seek healthcare, mistrust for the system, lack of insurance,
or could be due to inherent aggressive disease that even with
access to the above facilities, the natural biology of the dis-
ease continues to be aggressive [27]. This clearly highlights
the need for both better treatments for Black patients as well
as more attention at a policy level for Black patients.
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Table 4 Baseline characteristics by NDI in locoregional HER2-positive (HER2+) subtype
Least Deprivation Below Avg Depri- Average Depriva-  Above Avg Depri- Most Deprivation ~ P-value

(Q5) vation (Q4) tion (Q3) vation (Q2) QD)

N 1,956 (15.3) 1,689 (13.2) 3,264 (25.6) 2,225 (17.4) 3,625 (28.4)

Age Mean/Std/N 55.62/13.16/1956 56.91/13.38/1689  57.32/13.42/3264 58.74/13.39/2225  57.76/13.15/3625 <0.001
Median/Min/Max  54.00/20.00/96.00 56.00/20.00/96.00 57.00/17.00/102.00 58.00/24.00/94.00 57.00/20.00/100.00

Sex Female 1,941 (99.2%) 1,679 (99.4%) 3,233 (99.1%) 2,212 (99.4%) 3,615 (99.7%) 0.009
Male 15 (0.8%) 10 (0.6%) 31 (0.9%) 13 (0.6%) 10 (0.3%)

Race White 1,591 (81.3%) 1,403 (83.1%) 2,633 (80.7%) 1,777 (79.9%) 2,890 (79.7%) <0.001
Black 175 (8.9%) 138 (8.2%) 444 (13.6%) 375 (16.9%) 548 (15.1%)
Other 190 (9.7%) 148 (8.8%) 187 (5.7%) 73 (3.3%) 187 (5.2%)

Hispanic  No 1,821 (93.1%) 1,490 (88.2%) 3,005 (92.1%) 2,101 (94.4%) 3,023 (83.4%) <0.001
Yes 135 (6.9%) 199 (11.8%) 259 (7.9%) 124 (5.6%) 602 (16.6%)

Insurance  Insured 1,912 (97.8%) 1,644 (97.3%) 3,175 (97.3%) 2,164 (97.3%) 3,534 (97.5%) 0.831
Uninsured 44 (2.2%) 45 (2.7%) 89 (2.7%) 61 (2.7%) 91 (2.5%)

Location  Urban 1,944 (99.4%) 1,484 (87.9%) 2,521 (77.2%) 1,237 (55.6%) 2,680 (73.9%) <0.001
Rural 12 (0.6%) 205 (12.1%) 743 (22.8%) 988 (44.4%) 945 (26.1%)

Grade /11 730 (37.3%) 696 (41.2%) 1,247 (38.2%) 879 (39.5%) 1,452 (40.1%) 0.048
111 1,146 (58.6%) 901 (53.3%) 1,872 (57.4%) 1,246 (56.0%) 2,024 (55.8%)
Unknown 80 (4.1%) 92 (5.4%) 145 (4.4%) 100 (4.5%) 149 (4.1%)

Stage 1 1,616 (15.7%) 1,377 (13.3%) 2,638 (25.6%) 1,766 (17.1%) 2,926 (28.3%) 0.1063
111 340 (14.0%) 312 (12.8%) 626 (25.7%) 459 (18.8%) 699 (28.7%)

Lateral Left 1,001 (51.2%) 851 (50.4%) 1,673 (51.3%) 1,166 (52.4%) 1,837 (50.7%) 0.710
Right 955 (48.8%) 838 (49.6%) 1,591 (48.7%) 1,059 (47.6%) 1,788 (49.3%)

Surgery Yes 1,876 (95.9%) 1,599 (94.7%) 3,112 (95.3%) 2,136 (96.0%) 3,417 (94.3%) 0.008
No 80 (4.1%) 89 (5.3%) 151 (4.6%) 85 (3.8%) 201 (5.5%)
Unknown 1(0.1%) 1 (0.0%) 4 (0.2%) 7 (0.2%)

Radiation  Yes 1,037 (53.0%) 810 (48.0%) 1,653 (50.6%) 1,116 (50.2%) 1,656 (45.7%) <0.001
No 911 (46.6%) 869 (51.5%) 1,603 (49.1%) 1,092 (49.1%) 1,948 (53.7%)
Total 8 (0.4%) 10 (0.6%) 8(0.2%) 17 (0.8%) 21 (0.6%)

Chemo Yes 1,481 (75.7%) 1,237 (73.2%) 2,482 (76.0%) 1,659 (74.6%) 2,716 (74.9%) 0.244

therapy
None/Unknown 475 (24.3%) 452 (26.8%) 782 (24.0%) 566 (25.4%) 909 (25.1%)

Subtype HER2+ 1,956 (100.0%) 1,689 (100.0%) 3,264 (100.0%) 2,225 (100.0%) 3,625 (100.0%)

Our study finding critically shows the important role of
area of residence on clinical outcomes, and thus emphasiz-
ing that socioeconomic factors of the neighborhood play a
vital role in determining clinical outcomes. There were sev-
eral studies conducted to understand the reason behind the
observed racial disparities. One of them was attributed to
poor neighborhoods. Black and Hispanic women are more
likely to live in poor neighborhoods and Black patients
were found to live in neighborhoods with high poverty rates
and this difference persists even after adjusting for their
income status [28]. In our study, we found that Black and
Hispanic women with BC were more commonly residing in
the underprivileged neighborhoods compared to socioeco-
nomically affluent neighborhoods; however, the disparities
in BC-related mortality of the patients from these socioeco-
nomically different neighborhoods was not observed among
Black patients and persisted even after accounting for the
racial disparities.

Similarly, patients without insurance were found more
commonly in the underprivileged neighborhoods and those
neighborhoods had more rural areas. Advanced BCs (higher
stage and grade) and aggressive BC such as HER2 +and
TNBC were predominantly found in the underprivileged
neighborhoods compared to the affluent neighborhoods.
In our study, BC patients from affluent neighborhoods
received more surgical and radiation treatments which can
be explained by the higher percentages of urban areas in
these regions with better facilities for treatments, and better
referral systems. In a study by Fwelo et al., it was found that
Black and Hispanic women were more likely to undergo
mastectomy compared to Whites [29]. This discrepancy
could be attributed to the fact that breast cancer is often
diagnosed when locally advanced in Black women, indi-
cating limited access to early detection through adequate
screening and precluding lumpectomy [27, 29]. Addition-
ally, cultural preferences, low healthcare literacy, and
transportation barriers may contribute to limited healthcare
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Table 5 Survival rates in locoregional overall cohort and breast cancer subtypes by NDI: overall survival and disease-specific survival

NDI Quintiles 5-yr Survival Rate Median Follow-up (months) Log Rank
(95% CI) (Range) P-value

Overall Cohort

Overall Survival

Total 0.87(0.87, 0.87) 44.0 (0.0, 83.0) p<0.001

Least Deprivation (Q5) 0.89 (0.88, 0.89) 54.0 (0.0, 83.0)

Below Avg Deprivation (Q4) 0.87(0.87, 0.88) 53.0 (0.0, 83.0)

Average Deprivation (Q3) 0.86 (0.85, 0.86) 46.0 (0.0, 83.0)

Above Avg Deprivation (Q2) 0.84 (0.83, 0.85) 49.0 (0.0, 83.0)

Most Deprivation (Q1) 0.85(0.85, 0.86) 49.0 (0.0, 83.0)

Disease-specific survival

Total 0.93(0.93,0.93) 42.0 (0.0, 83.0) p<0.001

Least Deprivation (Q5) 0.94 (0.94, 0.94) 52.0 (0.0, 83.0)

Below Avg Deprivation (Q4) 0.93 (0.93,0.94) 50.0 (0.0, 83.0)

Average Deprivation (Q3) 0.92 (0.92, 0.93) 44.0 (0.0, 83.0)

Above Avg Deprivation (Q2) 0.91 (0.90, 0.92) 46.0 (0.0, 83.0)

Most Deprivation (Q1) 0.92 (0.91, 0.92) 46.0 (0.0, 83.0)

Triple-negative breast cancer

Overall Survival

Total 0.76 (0.75, 0.77) 45.0 (0.0, 83.0) p=0.004

Least Deprivation (QS5) 0.78 (0.75, 0.80) 56.0 (0.0, 83.0)

Below Avg Deprivation (Q4) 0.79 (0.76, 0.82) 53.0(0.0, 83.0)

Average Deprivation (Q3) 0.76 (0.73,0.77) 48.0 (0.0, 83.0)

Above Avg Deprivation (Q2) 0.74 (0.71, 0.76) 50.0 (0.0, 83.0)

Most Deprivation (Q1) 0.75(0.73, 0.76) 49.0 (0.0, 83.0)

Disease-specific survival

Total 0.81 (0.81, 0.82) 43.0 (0.0, 83.0) p=0.007

Least Deprivation (Q5) 0.83 (0.81, 0.86) 53.0 (0.0, 83.0)

Below Avg Deprivation (Q4) 0.85(0.82, 0.87) 50.0 (0.0, 83.0)

Average Deprivation (Q3) 0.82 (0.80, 0.83) 46.0 (0.0, 83.0)

Above Avg Deprivation (Q2) 0.80 (0.78, 0.82) 47.0 (0.0, 83.0)

Most Deprivation (Q1) 0.81(0.79, 0.82) 46.0 (0.0, 83.0)

Hormone-receptor positive breast cancer

Overall Survival

Total 0.90 (0.89, 0.90) 43.0 (0.0, 83.0) p<0.001

Least Deprivation (QS5) 0.91 (0.90, 0.92) 52.0 (0.0, 83.0)

Below Avg Deprivation (Q4) 0.90 (0.89, 0.90) 51.0 (0.0, 83.0)

Average Deprivation (Q3) 0.88 (0.87, 0.89) 45.0 (0.0, 83.0)

Above Avg Deprivation (Q2) 0.87 (0.87, 0.88) 48.0 (0.0, 83.0)

Most Deprivation (Q1) 0.88 (0.88, 0.89) 47.0 (0.0, 83.0)

Disease-specific survival

Total 0.96 (0.95, 0.96) 42.0 (0.0, 83.0) p<0.001

Least Deprivation (QS5) 0.96 (0.96, 0.97) 50.0 (0.0, 83.0)

Below Avg Deprivation (Q4) 0.96 (0.95, 0.96) 49.0 (0.0, 83.0)

Average Deprivation (Q3) 0.95 (0.95, 0.96) 43.0 (0.0, 83.0)

Above Avg Deprivation (Q2) 0.95 (0.94, 0.95) 46.0 (0.0, 83.0)

Most Deprivation (Q1) 0.95(0.94, 0.95) 45.0 (0.0, 83.0)

HER?2- positive breast cancer

Overall Survival

Total 0.87(0.87, 0.88) 42.0 (0.0, 83.0) p<0.001

Least Deprivation (Q5) 0.89 (0.88,0.91) 50.0 (0.0, 83.0)

Below Avg Deprivation (Q4)
Average Deprivation (Q3)
Above Avg Deprivation (Q2)
Most Deprivation (Q1)
Disease-specific survival

0.89 (0.87, 0.91)
0.86 (0.84, 0.87)
0.84 (0.82, 0.86)
0.85 (0.84, 0.87)

49.0 (0.0, 83.0)
43.0 (0.0, 83.0)
44.0 (0.0, 83.0)
46.0 (0.0, 83.0)
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Table 5 (continued)

NDI Quintiles 5-yr Survival Rate Median Follow-up (months) Log Rank
(95% CI) (Range) P-value

Total 0.92 (0.91, 0.92) 40.0 (0.0, 83.0) p<0.001

Least Deprivation (Q5)
Below Avg Deprivation (Q4)
Average Deprivation (Q3)
Above Avg Deprivation (Q2)
Most Deprivation (Q1)

0.93 (0.92, 0.94)
0.93 (0.91, 0.94)
0.91 (0.89, 0.92)
0.89 (0.87, 0.91)
0.90 (0.89, 0.91)

49.0 (0.0, 83.0)
47.0 (0.0, 83.0)
42.0 (0.0, 83.0)
42.0 (0.0, 83.0)
44.0 (0.0, 83.0)
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Fig.2 Kaplan-Meier Curves for overall and disease specific survival by NDI for locoregional breast cancer

NDI: Neighborhood deprivation index, Avg: Average

access, potentially influencing the decision to avoid radia-
tion treatment [27, 30]. Our study showed that in the over-
all BC cohort, patients who received chemotherapy were
slightly higher in the underprivileged neighborhoods than in
the affluent neighborhood. One possible explanation for this
is that the advanced diseases that requires chemotherapy
was more prevalent in the underprivileged neighborhood
regions. This could also be attributed to several other factors,
such as low healthcare education, leading to misconceptions
about medical information, as well as limited access to tests
(due to insurance issues) that predict the benefits of adjuvant
chemotherapy, like the Oncotype DX 21-gene expression
assay, which can potentially result in overtreatment among
racial minorities [27, 31]. Nevertheless, the disparities in
BC-related mortality remain unaffected when adjusted for
the demographic, clinical, pathological, and treatment-
related factors such as age, race, stage, grade, insurance,
surgery, radiation, and chemotherapy. This suggests that
additional factors related to neighborhood SES that are not
captured by the NDI play an important role in BC-related

outcomes. The access to genetic and somatic testing which
are important for deciding the appropriate treatments in BC
might be limited to patients from poor neighborhood which
could have impacted their survival.

Poverty, unhealthy food habits, decreased access to
healthy food, environmental pollution, increased adver-
tising of tobacco in poor neighborhood leads to increased
incidence of various cancers in patients from these neigh-
borhoods [20, 21, 23, 32, 33]. Furthermore, the transpor-
tation barriers, decreased access to better comprehensive
cancer centers with standard of care treatments or novel
clinical trials, poor nutritional and educational status of
patients, financial toxicity associated with cancer treatment
leads to increased cancer-related mortality in socioeconomi-
cally poor neighborhoods [11, 15, 34, 35]. In addition to
this, poor environmental hygiene and pollution can add
to the increased mortality by causing infections in cancer
patients who are already immunocompromised due to can-
cer and associated treatments [36]. In a patient-reported
outcomes study in advanced cancers, it was found that
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Fig. 3 Kaplan-Meier Curves

of overall and disease-specific
survival by NDI for locoregional
breast cancer subtypes 1
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patients from socioeconomically underprivileged areas
have a higher level of anxiety [37]. Factors such as anxiety,
depression, and poor social support which are subjective
measures of poor mental health are not accounted for in any
of the tools to measure the neighborhood/individual SES
and have been shown to be associated with cancer-related
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mortality [14, 37, 38]. Disparities in BC survival related to
neighborhood SES reflect the systematic barriers in policies
related to health care, education, employment, insurance,
environment, and judicial system. Our study findings may
support restructuring the policies, to implement new poli-
cies and investments in socioeconomically underprivileged
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Table 6 Multivariate cox regression model of overall survival in the locoregional overall cohort

HR (95% Cl),p-value

Most Depri

gprivation

privation
privation
privation

eprivation

privation
privation

M eprivation

privation
vation

eprvation
eprivation

epr

privation
vation
vation
vation

Disease-Specific Survival

—_——

HR (95% Cl),p-value

Overall

1.09(0.91-1.29), 0.353

1.18(0.98-1.42), 0.083

1.15(0.97-1.36), 0.109
HR+

1.18(0.99-1.40), 0.071
1.19(1.02-1.39), 0.031
1.36 (1.16-1.60), 0.000
1.30(1.12-1.51), 0.001
HER2+
0.98(0.73-1.30), 0.854

1.21(0.95-1.54), 0.118

p———— 150(1.17-1.92), 0.001

I

1.28(1.01-1.61),0.038

TNBC: Triple negative breast cancer, HR+: Hormone receptor-pos-
itive human epidermal growth factor 2- negative, HER2+ : Human
epidermal growth factor receptor 2 positive

Overall Sample (OS) Hazard Ratio 95% Cls P-value
Early Stage
NDI Overall 1.054 1.037-1.071 <0.0001
Least Deprivation (Q5) Ref. Ref. Ref.
Below Avg Deprivation (Q4) 1.022 0.937-1.114 0.6289
Average Deprivation (Q3) 1.180 1.095-1.271 <0.0001
Above Avg Deprivation (Q2) 1.282 1.184-1.387 <0.0001
Most Deprivation (Q1) 1.208 1.122-1.299 <0.0001
Age Continuous 1.052 1.050-1.054 <0.0001
Race White Ref. Ref. Ref.
Black 1.361 1.278-1.451 <0.0001
Other 0.753 0.664-0.854 <0.0001
Hispanic No Ref. Ref. Ref.
Yes 1.082 0.996-1.175 0.0623
Grade i Ref. Ref. Ref.
/v 1.779 1.685-1.879 <0.0001
Unknown 1.313 1.172-1.472 <0.0001
Insurance Insured Ref. Ref. Ref.
Uninsured 1.591 1.373-1.844 <0.0001
Surgery Yes Ref. Ref. Ref.
No 3.726 3.461-4.010 <0.0001
Unknown 4.538 3.163-6.511 <0.0001
Radiation Yes Ref. Ref. Ref.
No 1.509 1.438-1.583 <0.0001
Total 1.111 0.760-1.626 0.5860
h Subtype Triple Negative Ref. Ref. Ref.
HER2+ 0.555 0.517-0.595 <0.0001
h+ 0.524 0.492-0.558 <0.0001
Chemotherapy Yes Ref. Ref. Ref.
None / Unknown 0.887 0.839-0.939 <0.0001
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Table 7 Multivariate cox regression model of disease-specific survival in the locoregional overall cohort

Overall Sample (DSS) Hazard Ratio 95% Cls P-value
Early Stage
NDI Overall 1.068 1.045-1.092 <0.0001
Least Deprivation (Q5) Ref Ref Ref
Below Avg Deprivation (Q4) 1.005 0.889-1.136 0.9411
Average Deprivation (Q3) 1.155 1.040-1.282 0.0070
Above Avg Deprivation (Q2) 1.334 1.195-1.488 <0.0001
Most Deprivation (Q1) 1.251 1.130-1.385 <0.0001
Age Continuous 1.029 1.026-1.032 <0.0001
Race White Ref. Ref. Ref.
Black 1.348 1.241-1.464 <0.0001
Other 0.730 0.615-0.868 0.0003
Hispanic No Ref. Ref. Ref.
Yes 1.137 0.992-1.264 0.0780
Grade v Ref. Ref. Ref.
v 2.610 2.412-2.825 <0.0001
Unknown 1.886 1.614-2.205 <0.0001
Insurance Insured Ref. Ref. Ref.
Uninsured 1.657 1.401-1.960 <0.0001
Surgery Yes Ref. Ref. Ref.
No 5.307 4.816-5.849 <0.0001
Unknown 5.494 3.489-8.653 <0.0001
Radiation Yes Ref. Ref. Ref.
No 1.252 1.171-1.338 <0.0001
Total 1.148 0.701-1.881 0.5830
h Subtype Triple Negative Ref. Ref. Ref.
HER2+ 0.502 0.460-0.548 <0.0001
h+ 0.456 0.419-0.495 <0.0001
Chemotherapy Yes Ref. Ref. Ref.
None / Unknown 0.619 0.572-0.670 <0.0001
Table 8 Multivariate analysis of the overall and disease-specific survival in the locoregional breast cancer by race
Overall Survival in the ‘White’ Hazard  95% Cls P-value Disease-Specific Survival ~ Hazard  95% Cls P-value
Racial Subgroup Ratio in the ‘White’ Racial Ratio
Subgroup
Least Deprivation (QS5) Ref Ref Ref Least Deprivation Ref Ref Ref
Below Avg Deprivation (Q4) 1.048 0.953-1.153 0.33147 Below Avg Deprivation 1.039 0.907-1.191 0.57811
Average Deprivation (Q3) 1.185 1.092-1.286 0.00005 Average Deprivation 1.157 1.028-1.301 0.01539
Above Avg Deprivation (Q2) 1.321 1.210-1.442 <0.001 Above Avg Deprivation 1.377 1.216-1.560  <0.001
Most Deprivation (Q1) 1.236 1.139-1.340 <0.001 Most Deprivation 1.291 1.151-1.448 <0.001
Below Avg Deprivation (Q4) 0.805 0.617-1.048 0.10749 Below Avg Deprivation 0.757 0.537-1.069 0.11386
Average Deprivation (Q3) 1.183 0.962-1.456 0.11145 Average Deprivation 1.133 0.871-1.476 0.35211
Above Avg Deprivation (Q2) 1.178 0.958-1.448 0.11947 Above Avg Deprivation 1.225 0.942-1.591 0.12971
Most Deprivation (Q1) 1.202 0.989-1.462  0.06496 Most Deprivation 1.215 0.947-1.558  0.12623

neighborhoods which would help to decrease inequalities
in opportunities, improve healthcare facilities, and increase
access to timely cancer treatments.

Our study has many strengths and certain limitations.
We used large real-world data to assess the impact of neigh-
borhood deprivation on clinical outcomes of BC patients.
These data capture more than 50% of the US population,
and therefore, the results are generalizable. We adjusted
for multiple factors that are known to influence survival,

@ Springer

including racial distribution, demographic factors, clinico-
pathological factors of the disease [39]. Although NDI is a
comprehensive tool to assess socioeconomic disadvantage,
it may not capture all the factors associated with neighbor-
hood SES. We could not assess the influence of several
neighborhood factors that may contribute to the mortality
of BC such as access to transportation, environmental: air,
water pollution, poverty level, accessibility to healthy food,
and crime rate of the neighborhood. As we do not have one
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comprehensive tool to assess the socioeconomic status of
neighborhoods and individuals together, future studies war-
ranting the combination of multiple indices such as area
deprivation index, Yost index might be beneficial. As it is
a retrospective national database study, several individual
factors that can affect the mortality rates of BC such as
comorbidities of patients, social support, details of factors
such as anxiety, and depression that can affect the mental
and physical condition of the patients were not collected.
Incompleteness of individual-level data collected on cancer
risk and treatment, and incomplete values for several vari-
ables collected from multiple registries were other limita-
tions. Further tumor recurrence data, specific details on the
type, dose, and duration of chemotherapy, radiation, oral
chemotherapy, targeted agents were not available in the
SEER database and these factors could have been associ-
ated with the mortality of BC.

Moving forward, it is crucial for professional societies
and cancer institutes to take the initiative to design strate-
gies that address breast cancer disparities stemming from
the socioeconomic status of neighborhoods. Some poten-
tial initiatives include identifying underprivileged areas in
communities and providing additional facilities to these
patients, such as offering free transportation and, organiz-
ing mobile units equipped with imaging technologies to
visit underprivileged areas regularly. Additionally, address-
ing the climate gap through federal support to rebuild infra-
structure, reduce sources of pollution, and ensure accessible
and affordable clean energy sources can be another strat-
egy to alleviate economic injustice [40]. Restructuring the
health system to address the racial wealth gap, promoting
equity and inclusion by ensuring adequate access to clinical
trials for everyone, supporting research focused on prevent-
ing and treating aggressive breast cancer subtypes (more
prevalent in racial minorities, such as Blacks), and ensuring
universal access to healthcare, are key strategies that can be
adopted to decrease healthcare disparities and reduce mor-
tality rates from breast cancer [5, 41, 42].

Conclusion

The findings from our study suggest that neighborhood
deprivation is significantly and independently associated
with worse clinical outcomes among patients with BC in
the US. Locoregional BC patients from areas with worse
NDI have poor OS and DSS, after accounting for demo-
graphic, clinicopathological, and treatment-related factors.
Identification of these poor-resource neighborhoods is criti-
cal to guide investments in these neighborhoods and imple-
ment policies focusing on improving the SES of these areas
with high deprivation to reduce healthcare disparities and

improve breast cancer outcomes. Future studies are war-
ranted to understand the factors affecting the neighborhood
socioeconomic status other than what is mentioned in our
study and to assess their relationship with BC-related sur-
vival. The data from these studies might be extrapolated to
other cancers which would help us to improve the quality of
life of patients and cancer-related mortalities.
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