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Background: Observed neighborhood disinvestment is a
chronic social determinant that is understudied in relation to
cancer outcomes. This study investigated associations between
neighborhood disinvestment, stage at diagnosis, and breast
cancer-specific survival (BCSS) time.

Methods: Individual-level data included 844 women, diag-
nosed 2013 to 2019, from the Women’s Circle of Health Follow-
up Study, a population-based cohort of breast cancer survivors
self-identifying as Black or African American. Neighborhood
disinvestment was from a virtual audit of six indicators—
garbage, graffiti, dumpsters, building conditions, yard condi-
tions, and abandoned buildings—within 14,671 Google Street
View streetscapes estimated at residential addresses using
Universal Kriging. We fit accelerated failure time models of
BCSS time as functions of neighborhood disinvestment by stage,
adjusted for covariates (sociodemographic, lifestyle, and tumor-
and treatment-related factors). Participants not experiencing an

Introduction

Non-Hispanic Black women have worse breast cancer survival
outcomes compared with non-Hispanic White women, even after
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event at the end of follow-up (August 13, 2023) were right-
censored.

Results: With a median follow-up time of 89 months, there
were 91 breast cancer-specific deaths. Disinvestment and stage
statistically interacted (P < 0.01). For stage III and stage II di-
agnoses, BCSS time decreased by 27% (95% confidence interval,
1%, 48%) and 37% (95% confidence interval, 5%, 58%), respec-
tively, with each SD increase in disinvestment after adjustment
for covariates. There was little evidence of associations between
disinvestment and survival time among stages I and IV.

Conclusions: The tumor stage-dependent association between
greater neighborhood disinvestment and shorter survival time
could reflect chronic stress exposures suspected to adversely ac-
cumulate over time.

Impact: Neighborhood disinvestment might be an important,
independent marker of social disadvantage impacting breast
cancer survival.

statistical control for prognostic indicators such as tumor stage,
grade, receptor status, and treatment (1-4). Hypothesized but
understudied explanations for this breast cancer outcome disparity
involve the possibility that additional biologic and social factors—
genetic ancestry, racial-ethnic discrimination, access to health care,
and environmental exposures—vary across minoritized racial-
ethnic populations and influence survival (5-8).

Several studies have previously reported on associations between
breast cancer survival and various social environmental measures of
neighborhood socioeconomic composition and structural racism
(e.g., racial-ethnic segregation, redlining, and racialized economic
polarization; refs. 3, 9-12). A study of clinical trial participants re-
ceiving standardized breast cancer treatment reported that residence
in neighborhoods with the highest socioeconomic deprivation was
associated with 34% higher hazard of all-cause death compared with
residence in neighborhoods with the lowest deprivation (3). In a
study of Medicaid recipients diagnosed with breast cancer, residence
in areas experiencing contemporary redlining—a place-based mea-
sure of mortgage-lending disparity—was associated with a greater
hazard of breast cancer-specific death (9).

Mortgage-lending discrimination, socioeconomic factors, and
racial-ethnic segregation may be linked to the amount of in-
vestments within an area (13-16), which in turn could influence
psychosocial stress pathways and health behaviors associated
with breast cancer outcomes, including physical inactivity, die-
tary factors, tobacco use, and alcohol consumption (6, 17-20).
Neighborhood disinvestment is a marker of social disadvantage
that is routinely modified as part of community and government
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revitalization and reinvestment efforts and, therefore, can be
targeted through place-based practice and policy (15, 21, 22).
Despite its relevance as a potentially important social environ-
mental factor, few studies have investigated whether neighbor-
hood disinvestment is associated with breast cancer outcomes.
One large population-based cancer registry study of more than
40,000 breast cancer cases reported a 10% decrease in breast
cancer-specific survival (BCSS) time with each SD increase in
neighborhood disinvestment, but this finding was observed only
among those diagnosed in earlier stages (local or regional; ref. 2).
This stage-dependent association can be better understood when
considering that neighborhood disinvestment is conceptualized
as a chronic stressor (2, 6, 19). Those diagnosed with metastatic
disease may experience too short survival times to detect an
adverse health effect of long-term residence within a disinvested
neighborhood. Oppositely, relative 5-year survival is 99% among
those with localized breast tumors at diagnosis, suggesting long
survival times and low power to detect variation in survival by
neighborhood disinvestment (23). A major limitation of this
previous study is the potential for confounding, especially from
socioeconomic factors (19).

Additional studies of breast cancer survival with data collection
across multiple geographic levels and conceptual domains are
needed to fully understand relationships and to motivate transla-
tional actions. Moreover, such comprehensive studies that are also
large enough to investigate associations among minoritized racial-
ethnic groups are lacking. This is a critical gap because the results of
studies from populations that are sociodemographically heteroge-
nous may obscure within-group racial-ethnic variation, especially if
statistically underpowered from too few minoritized participants.
To address these gaps, we investigated associations among neigh-
borhood disinvestment, stage at diagnosis, and breast cancer sur-
vival among a cohort of breast cancer survivors self-identifying as
Black or African American.

Materials and Methods

Data

All data except for social environmental variables were from the
Women’s Circle of Health Follow-up Study (ref. 24), a population-
based cohort of breast cancer survivors, enrolling women self-
identifying as Black or African American, followed for mortality
outcomes annually since 2013. Full study procedures are described
elsewhere (24). Briefly, potential participants with a newly diagnosed
breast cancer in New Jersey were identified through the New Jersey
State Cancer Registry (NJSCR) and contacted if diagnosed with breast
cancer within the previous nine months. Additional Women’s Circle
of Health Follow-up Study eligibility criteria were residence in one of
10 counties in New Jersey, no previous history of cancer, and ages
20 to 75 years. Informed written consent was obtained, and partici-
pants completed a baseline questionnaire during an in-person home
visit, during which body measurements were also collected. Variables
for this study were from the baseline visit except for tumor- and
treatment-related factors which were from medical record review,
complemented with NJSCR data. We a priori restricted the study
population to those diagnosed with invasive cancer due to differences
in in situ breast cancer risk profiles (n = 896).

Date of diagnosis and last contact, vital status, and cause of death
were obtained through data linkage with the NJSCR. International
Classification of Diseases—10 code “C509” identified a breast cancer—
specific death. Follow-up began at the date of diagnosis and continued
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through August 13, 2023, with death from other causes right-censored
as such events (n = 74) were fewer than breast cancer deaths and
comprised <10% of the sample (25). The American Joint Committee
on Cancer stage at diagnosis (version 7), tumor subtype, and receipt
of surgery (mastectomy, lumpectomy, or none), chemotherapy, ra-
diation, or hormone therapy (all yes/no) were from medical record
review complemented with information from the NJSCR or self-
reported data (26).

Information on age at diagnosis, marital status, birthplace, educa-
tional attainment, household income, household size, health insurance
at diagnosis, cigarette smoking at diagnosis, alcohol consumption in
the year before diagnosis, and physical activity were collected during
the computer-assisted in-person interview. The waist-to-hip ratio
(WHR) was calculated from waist and hip circumferences measure-
ments taken by trained study personnel. The income-to-poverty ratio
was calculated from household income, household size, and year of
enrollment (27). Weekly metabolic equivalent hours was calculated
from self-reported physical activity. We calculated and included in
models the time between the diagnosis date and baseline survey
completion to control for this source of variation.

Geocoded residence at diagnosis was obtained from data linkage
with the NJSCR data files. We limited analyses to patients from
whom data on full residential street addresses and ZIP codes were
available to ensure high-quality geocoding to longitude and latitude
coordinates (n = 851, 95.0%) and those residing in the most urban
census tracts (rural urban commuting code = “metropolitan area
core”, n = 844. 94.2%) as disinvestment was validated and intended
for use in urban areas (19, 28). Neighborhood disinvestment was
from a virtual neighborhood audit of six visual indicators—presence
of garbage, presence of graffiti, presence of abandoned buildings,
presence of large dumpsters, building conditions, and yard
conditions-across 14,671 Google Street View streetscapes (29), as
previously described and validated (2, 30, 31). Briefly, four trained
auditors assessed the 360° view of streetscapes which were selected at
random across the study area. Item response theory was used to
investigate item correlation, for internal consistency reliability
(a0 = 0.965), and to produce an overall disinvestment score at each
audited location (32). Universal Kriging spatial models were built to
estimate disinvestment at each participant’s geocoded address, thus
generating household-specific values (Fig. 1; ref. 33). Higher dis-
investment values were indicative of poorer streetscape conditions—
presence of each of garbage, graffiti, abandoned buildings, large
dumpsters, poor building conditions, and poor yard conditions.
Ratings occurred January 2018 to June 2019, and 80% of streetscape
images were captured between August 2012 and September 2017
(median October 2013).

Census tract-level Black racial residential segregation was mea-
sured by the Gini and isolation indices [both 0 (low)-100 (high)]
calculated from 2010 decennial census data (34). Socioeconomic
composition was measured by the Yost index, calculated annually
and ranked nationally — 1 (lowest socioeconomic composition) to
100 (highest socioeconomic composition) — using American Com-
munity Survey (ACS) 5-year estimates [https://data.census.gov, U.S.
Census Bureau (RRID: SCR_011587); ref. 35]. Yost indices were
linked by the year of diagnosis and the midpoint of the 5-year ACS
data, 1 year lagged; 2019 diagnoses were linked to Yost values cal-
culated from the ACS 2016 to 2020 data.

Statistical analyses
We summarized covariate data distributions overall and by
neighborhood disinvestment by categorizing the continuous values
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Figure 1.

Neighborhood disinvestment throughout Women'’s Circle of Health Follow-up
Study region. Higher disinvestment was estimated in metropolitan areas of
Newark, Trenton, and Camden, New Jersey.

into higher (>median) or lower (<median). Covariate missingness
was as follows: income n = 71 (8.4%), WHR n = 28 (3.3%),
household size n = 22 (2.6%), Yost index n = 20 (2.4%), stage at
diagnosis n = 16 (1.9%), health insurance n = 16 (1.9%), triple-
negative receptor status n = 10 (1.2%), alcohol consumption n = 8
(1.0%), marital status n = 5 (0.6%), physical activity metabolic
equivalents n = 5 (0.6%), education n = 2 (0.2%), and cigarette
smoking n = 1 (0.2%). We imputed missing values of these variables
under fully conditional specification producing 25 datasets. We
described overall BCSS by calculating 5-year survival and the me-
dian follow-up time. We built several accelerated failure time
models of BCSS time to investigate associations with disinvestment
and control for covariates. Based on previous findings (2), we
a priori hypothesized a stage-dependent association between disin-
vestment and survival time. Thus, we tested stage-specific associa-
tions between disinvestment and survival in five models: (i)
unadjusted for additional covariates, (ii) adjusted for demographics
factors and time between diagnosis and baseline survey completion,
(iii) model 2 + socioeconomic factors, (iv) model 3 + health be-
haviors and WHR, and (v) model 4 + triple-negative breast tumor
and treatment factors. Covariates of each model are conceptually
grouped. Models 2 and 3 can be considered adjusted for varying
degrees of potential confounders (primary results), and models
4 and 5 additionally adjusted for potential mediators. Using Rubin’s
rules, we combined the results of imputed datasets into single sur-
vival time ratios (TR) and 95% confidence intervals (CI; ref. 36). We
report survival time ratios per SD changes in disinvestment. Failure
times were fit according to a Weibull distribution. Analyses were
conducted September 2020 (audit processing) through October
2024 (statistical analyses) using ArcGIS v10.8 and SAS v9.4. This
study was conducted in accordance with the Declaration of Helsinki
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ethical guidelines and approved by the Ohio State University In-
stitutional Review Board (2021C0034).

Data availability

Data needed to replicate the results will be made available for
research purposes only upon request in compliance with university
and Institutional Review Board regulations. Data will only be shared
in anonymized format potentially using aggregation and variable
categorization to prevent reidentification.

Results

Disinvestment seems concentrated in larger cities (e.g., Newark,
Trenton, and Camden) compared with mid-sized cities (e.g.,
Princeton; Fig. 1). Participants’ median disinvestment value was
0.40, which was higher than that of the general study area from
which participants resided (median = —0.05). Several covariates
varied by median neighborhood disinvestment: participants char-
acterized as U.S.-born, high school-educated or less, with lower
income-to-poverty ratio, insured with Medicaid, residing in lower
socioeconomic composition and higher Black racial isolation seg-
regation areas, with greater WHR, and currently smoking cigarettes
disproportionately reside in areas in which disinvestment is at the
median value or higher (Table 1).

There were 91 breast cancer-specific deaths: 14 stage I, 31 stage
II, 24 stage III, and 22 stage IV. The median follow-up time was
89.3 months (95% CI, 86.5, 92.0), and the 5-year BCSS value was
91.6% (95% CI, 89.7%, 93.5%). Associations between disinvestment
and BCSS time vary by cancer stage (Table 2; Supplementary Fig.
S1; ¥ test for improved model fit, P < 0.01). Among those diag-
nosed with stage III cancer, BCSS time decreased by 29% (95% CI,
3%, 48%) for each SD increase in disinvestment after adjustment for
demographic and socioeconomic factors which are potential con-
founders (Table 2, model 3). The association from model 3 among
those diagnosed with stage II cancer was similar to that of those
diagnosed with stage III cancer (TR: 0.71, 95% CI, 0.49, 1.05), albeit
with a 95% CI that includes null. In a model that additionally adjusts
for health behavior, anthropometric and tumor- and treatment-
related factors, conceptually considered mediators, stage-specific
associations between disinvestment and BCSS time were nearly
identical to those of model 3. Associations between disinvestment
and survival among stages I and IV had wide CIs in models adjusted
for potential confounders or mediators but trended toward longer
survival with increasing disinvestment.

Discussion

In this cohort of Black or African American women diagnosed
with breast cancer, we investigated associations between neigh-
borhood disinvestment, stage at diagnosis, and BCSS with ad-
justment for numerous potential confounding factors. Each 1 SD
increase in neighborhood disinvestment was associated with ap-
proximately 25% shorter survival time but only among those di-
agnosed at American Joint Committee on Cancer stage II or III.
These associations were robust to covariate adjustments, including
receipt of surgery, chemotherapy, radiotherapy, or hormone
therapy. In contrast, associations between neighborhood dis-
inventment and BCSS among those diagnosed at stage I or IV were
inconclusive due to wide CIs but trended toward longer survival
with increases in disinvestment.

CANCER EPIDEMIOLOGY, BIOMARKERS & PREVENTION
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Table 1. Demographic, socioeconomic, health behavior, and tumor- and treatment-related factors overall and by median neigh-
borhood disinvestment, Women’s Circle of Health Follow-up Study, 2013 to 2019, n = 844.

Total Disinvestment
Low (<median) High (=median)

Variable n (%) n (%) n (%)
Age, years (mean and SD) 54.9 (10.8) 54.7 (10.6) 55.0 (10.9)
Marital status

Married/living as married 291 (34.7) 170 (40.3) 121 (28.7)

Widow/divorced/separated 284 (33.8) 139 (32.9) 145 (34.4)

Single/never married 264 (31.5) M (26.3) 153 (36.3)
Birthplace

Born in the United States 701 (83.0) 338 (80.1) 363 (86.0)

Born outside the United States 143 (16.9) 84 (19.9) 59 (14.0)
Educational attainment

High school graduation or below 304 (36.1) 19 (28.2) 185 (43.8)

Some college education 278 (33.0) 145 (34.4) 133 (31.5)

College and postgraduate education 260 (30.9) 158 (37.4) 102 (24.2)
Income to poverty percentage ratio mean (SD) 305 (198) 341 (203) 268 (186)
Health insurance

Private 458 (55.3) 258 (61.1) 200 (47.4)

Medicare 141 (17.0) 66 (15.6) 75 (17.8)

Medicaid 15 (13.9) 43 (10.2) 72 (70)

Uninsured 86 (10.4) 37 (8.8) 49 (11.6)

Other 28 (3.4) 1 (2.6) 17 (4.0)
Socioeconomic composition, Yost national rank mean (SD) 47.6 (28.4) 65.7 (23.1) 29.8 (20.7)
African American segregation, Gini mean (SD) 57.4 (14.1) 57.6 (14.1) 571 (14.0)
African American segregation, isolation mean (SD) 51.2 (27.1) 36.7 (21.9) 65.7 (23.8)
WHR

<0.85 158 (18.7) 126 (29.9) 102 (24.2)

>0.85 658 (78.0) 281 (66.6) 307 (72.7)
Physical activity, weekly metabolic equivalent hours mean (SD) 50.8 (52.1) 50.0 (51.8) 51.6 (52.4)
Cigarette smoking

Never 513 (60.8) 275 (65.2) 238 (56.4)

Former 183 (21.7) 89 (21.1) 94 (22.3)

Current 147 (17.4) 57 (13.5) 90 (21.3)
Alcohol consumption, weekly drinks consumed

Never-drinker 470 (55.7) 230 (54.5) 240 (56.9)

<3 269 (31.9) 142 (33.6) 127 (30.0)

>3 97 (11.5) 45 (10.7) 52 (12.3)
Tumor stage at diagnosis

| 385 (45.6) 207 (49.) 178 (42.2)

Il 320 (37.9) 147 (34.8) 173 (41.0)

1] 89 (10.6) 47 (1) 42 (10.0)

1\ 34 (4.0) 14 (3.3) 20 (4.7)
Triple-negative tumor receptor status

Yes 172 (20.6) 80 (19.0) 92 (21.8)

No 662 (79.4) 337 (79.9) 325 (77.0)
Surgery receipt

Mastectomy 392 (46.5) 185 (43.8) 207 (49.1)

Lumpectomy 406 (48.1) 215 (50.9) 191 (45.3)

No 46 (5.4) 22 (5.2) 24 (5.7)
Chemotherapy receipt

Yes 546 (64.7) 267 (63.3) 279 (66.1)

No 298 (35.3) 155 (36.7) 143 (33.9)
Radiotherapy receipt

Yes 609 (72.2) 320 (75.8) 289 (68.5)

No 235 (27.8) 102 (24.2) 133 (31.5)
Hormone therapy receipt

Yes 578 (68.5) 291 (69.0) 287 (68.0)

No 266 (31.5) 131 (31.0) 135 (32.0)
Time from diagnosis to baseline survey, days (mean and SD) 347 (142) 350 (146) 345 (138)

AACRJournals.org

Cancer Epidemiol Biomarkers Prev; 34(5) May 2025 687


https://aacrjournals.org/

Plascak et al.

Table 2. Associations between neighborhood disinvestment factors and BCSS time by tumor stage, Women’s Circle of Health

Follow-up Study, 2013 to 2019, n = 844.

Time ratio (95% CI)®

Variable, events/person-years Model 1

Model 2

Model 3 Model 4 Model 5

Neighborhood disinvestment by tumor stage®
1 SD increase at stage |1, 14/2,922
1 SD increase at stage I, 31/2,403
1 SD increase at stage Ill, 24/668
1 SD increase at stage 1V, 22/267

1.34 (0.89-2.02)
0.70 (0.54-0.92)
0.76 (0.54-1.06)
1.42 (1.03-1.96)

1.45 (1.05-1.99)

0.77 (0.55-1.07)
0.72 (0.55-0.95)
1.39 (0.92-2.10)

1.33 (0.90-1.98)
0.71 (0.49-1.05)
0.71 (0.52-0.97)
1.28 (0.83-1.98)

1.31 (0.87-1.98)
0.67 (0.45-1.02)
0.72 (0.52-0.98)
1.27 (0.82-1.97)

1.24 (0.82-1.84)
0.63 (0.42-0.95)
0.72 (0.52-0.99)
1.27 (0.83-1.94)

2Model 1: neighborhood disinvestment, stage, and their interaction. Model 2: model 1 + age, marital status, nativity, and time between diagnosis and baseline
survey completion. Model 3: model 2 + educational attainment, income-to-poverty ratio, health insurance, socioeconomic composition, and African American
residential segregation (Gini and isolation indices). Model 4: model 3 + WHR, physical activity, cigarette smoking, and alcohol consumption. Model 5: model 4 +
triple-negative tumor receptor status, surgery receipt, chemotherapy receipt, radiotherapy receipt, and hormone therapy receipt.

1 SD of neighborhood disinvestment was equal to 0.6.

A previous study of all breast cancer cases diagnosed between
2008 and 2017 within the NJSCR reported a similar interaction such
that increases in disinvestment were associated with shorter survival
time only among those diagnosed with early-stage breast cancer (2).
No evidence of an association was observed among those diagnosed
with late-stage cancer. That study included nearly 5,000 Black
women, but individual socioeconomic, health behavior, or treat-
ment factors were unmeasured. Direct comparison with other
studies is difficult given that is the second study to measure
disinvestment—also called observed neighborhood physical
disorder—and any cancer outcome (19). However, conceptually
similar studies of self-reported quality of life or stress and neigh-
borhood perceptions among breast cancer cases have reported
mixed findings. A study of negative psychologic consequences of
breast cancer among a racial-ethnically diverse sample found that
worse outcomes correlated with greater neighborhood social dis-
order (37). A study limited to Black/African American or Latina
breast cancer survivors similarly described worse self-reported
psychologic health outcomes with increases in perceived neigh-
borhood stress (38). However, a study comprised of mostly non-
Hispanic White breast cancer survivors found no association be-
tween self-reported neighborhood conditions and quality of life
(39). These investigations are potentially subject to same-source bias
for relying on neighborhood and health outcomes that were both
self-reported (40), which notably differ from the current study
which uses independently observed neighborhood disinvestment.

Increased tobacco and alcohol use, poorer dietary consumption,
reduced physical activity, and psychosocial stress pathways leading
to molecular processes (e.g., allostatic load and DNA methylation)
impacting survival have been suggested as mechanisms through
which social environmental factors might drive disparities in breast
cancer outcomes by minoritized racial-ethnic group and geographic
factors (5, 6, 18, 41). For example, an epigenetic study among
96 non-Hispanic Black and non-Hispanic White breast cancer cases
reported differential DNA methylation by census-based neighbor-
hood socioeconomic measures among 26 cytosine-phosphate-
guanine sites, one of which was also associated with greater hazard
of all-cause death (42). Stage-specific associations did not appreciably
change with adjustment for health behaviors, WHR, treatments re-
ceived, or triple-negative breast cancer, seemingly suggesting that
these factors were not acting as mediators. However, statistical power
was limited, and larger follow-up studies are needed to more
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accurately test for mediation. Accurately identifying mechanisms
through which neighborhood disinvestment in particular could
impact breast cancer survival is important for understanding
how such exposures might impact survival and for developing in-
terventions (43). Moreover, evidence from randomized trials
exists—rarely available for many other commonly studied social
environmental measures—supporting a psychosocial pathway be-
tween neighborhood disinvestment and health (44). Future research
is needed to better understand temporal dynamics (e.g., timing and
duration of exposure) and associations between neighborhood dis-
investment and survival-related health behaviors (e.g., physical ac-
tivity, tobacco use, and dietary patterns), treatment factors (e.g.,
guideline-concordant care and treatment resistance), tumor biology,
and outcomes.

Cancer stage-dependent associations between disinvestment and
breast cancer survival could arise from a mix of causal factors and
biases (see limitations). As indicated above, potential direct or in-
direct causal effects on survival could exist via neuroendocrine stress
pathways or health behaviors such as tobacco use, diet, and physical
activity, which in turn impact survival-related processes such as
treatment effectiveness, tumor growth, or metastases. These mech-
anisms to survival could be stage-dependent. A study of physical
activity and breast cancer survival reported stage-dependent asso-
ciations in line with the findings of the current study; greater
physical activity was associated with 0.36 (95% CI, 0.19, 0.71) hazard
of death among those with stage III cancer, whereas the hazard of
death was 0.67 (95% CI, 0.41, 1.09) among those with stage I cancer
(stage IV was omitted from the study; ref. 45).

Strengths of this study include the sample of women self-
identifying as African American or Black, consideration of many
potential confounders, use of validated and modifiable neighbor-
hood measures, and active follow-up of study events, minimizing
bias from follow-up loss. Individual socioeconomic factors are
known confounders of associations between neighborhood factors
such as disinvestment and health outcomes (19, 46, 47). Interest-
ingly, we found little evidence of confounding by educational at-
tainment, income-to-poverty level, or area-level socioeconomic
composition as associations did not change with adjustment for
these factors. Adjusting for sociodemographic factors, WHR, pre-
diagnosis health behaviors, and indicators of treatment receipt
also did not appreciably change associations observed between
neighborhood disinvestment and survival time. This suggests that
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stage-dependent associations are independent of these factors. An-
other strength was our use of validated measures of neighborhood
disinvestment and socioeconomic composition (2, 29, 48), im-
proving the accuracy and translational utility of the results.

Limitations include potential exposure misclassification, unmea-
sured confounding, and the small-to-moderate sample size resulting
in wide CIs. Misclassification of neighborhood disinvestment could
have occurred from a lack of residential history and spatio—temporal
variation in exposure or other nonresidential disinvestment expo-
sures. Google streetscapes virtually audited to create the disinvest-
ment score could theoretically have been dated up to 10 years before
or 6 years following diagnosis, because cancer diagnosis dates were
from 2013 to 2019 and possible streetscape image dates were from
2009 to 2019. The latter represents reverse causality and is prob-
lematic if health outcomes impact neighborhood socioeconomic
factors (49). Potentially leading to disinvestment misclassification by
stage, one study of Surveillance, Epidemiology, and End Results—
Medicare breast cancer survivors found that those diagnosed with
stage II or III cancer had more residential moves compared with
those diagnosed with stage I or IV cancer (50). If greater residential
mobility is associated with disinvestment, stage, and survival, it
represents an unmeasured confounder that could impact the stage-
dependent associations of this study, including trends toward longer
survival with increasing disinvestment among those diagnosed at
stages I and IV. Future studies should more fully investigate these
potential sources of measurement error and bias among those di-
agnosed with breast cancer.

Neighborhood disinvestment is a social environmental stressor
unique for its modifiability, validated measurement properties,
mounting evidence for associations with breast cancer risks and
outcomes, and potential for involvement in breast cancer disparities
by racial-ethnic minoritized group. Evidence for associations between
greater disinvestment and shorter survival time among those diag-
nosed at earlier stages and who, on average, are expected to survive
for several years suggests that cumulative, adverse health factors
might result from long-term residence in areas of high disinvestment
among this cohort of Black and African American breast cancer cases.

Authors’ Disclosures

J.J. Plascak reports grants from the NIH/NCI during the conduct of the study,
as well as personal fees from the National Comprehensive Cancer Network and

References

1. Ellis L, Canchola AJ, Spiegel D, Ladabaum U, Haile R, Gomez SL. Racial and
ethnic disparities in cancer survival: the contribution of tumor, sociodemo-
graphic, institutional, and neighborhood characteristics. ] Clin Oncol 2018;36:
25-33.

2. Plascak JJ, Rundle AG, Xu XY, Mooney SJ, Schootman M, Lu B, et al. Asso-
ciations between neighborhood disinvestment and breast cancer outcomes
within a populous state registry. Cancer 2022;128:131-8.

3. Sadigh G, Gray RJ, Sparano JA, Yanez B, Garcia SF, Timsina LR, et al. As-
sessment of racial disparity in survival outcomes for early hormone receptor-
positive breast cancer after adjusting for insurance status and neighborhood
deprivation: a post hoc analysis of a randomized clinical trial. JAMA Oncol
2022;8:579-86.

4. Collin L], Yan M, Jiang R, Gogineni K, Subhedar P, Ward KC, et al. Re-
ceipt of guideline-concordant care does not explain breast cancer mor-
tality disparities by race in metropolitan Atlanta. ] Natl Compr Canc Netw
2021;19:1242-51.

5. Carlos RC, Obeng-Gyasi S, Cole SW, Zebrack BJ, Pisano ED, Troester MA,
et al. Linking structural racism and discrimination and breast cancer out-
comes: a social genomics approach. J Clin Oncol 2022;40:1407-13.

AACRJournals.org

Neighborhood Disinvestment and Breast Cancer Survival

MJH Health Sciences outside the submitted work. C.Y. Xing reports grants from
the NCI during the conduct of the study. B. Qin reports grants from the NIH
during the conduct of the study. K. Demissie reports grants from the NCI during
the conduct of the study. E.V. Bandera reports grants from the NCI during the
conduct of the study. No disclosures were reported by the other authors.

Disclaimer

The content is solely the responsibility of the authors and does not necessarily
represent the official views of the NIH.

Authors’ Contributions

].J. Plascak: Conceptualization, data curation, formal analysis, funding acqui-
sition, visualization, methodology, writing-original draft, writing-review and
editing. C.Y. Xing: Writing-original draft, project administration, writing-review
and editing. S.J. Mooney: Conceptualization, resources, software, methodology,
writing-original draft, project administration, writing-review and editing. A.G.
Rundle: Resources, software, writing-original draft, writing-review and editing.
M. Schootman: Conceptualization, writing-original draft, writing-review and
editing. B. Qin: Resources, data curation, funding acquisition, writing-original
draft, writing-review and editing. N. Zeinomar: Data curation, writing-original
draft, writing-review and editing. A.A.M. Llanos: Conceptualization, funding
acquisition, writing—original draft, writing-review and editing. H.S. Iyer: Writing—
original draft, writing-review and editing. K.S. Pawlish: Resources, writing—
original draft, writing-review and editing. C.B. Ambrosone: Resources, funding
acquisition, writing-original draft, writing-review and editing. K. Demissie:
Conceptualization, resources, funding acquisition, writing-original draft, writing—
review and editing. C.-C. Hong: Resources, writing-original draft, writing-review
and editing. E.V. Bandera: Conceptualization, resources, supervision, funding
acquisition, writing-original draft, writing-review and editing.

Acknowledgments

This study was supported by funds from the NIH under award numbers
RO1CA185623, K07CA222158, ROOMDO013300, and P30CA072720. The NJSCR is
funded by the NCI's Surveillance, Epidemiology, and End Results Program
(#75N91021D00009) and the Centers for Disease Control and Prevention’s Na-
tional Program of Cancer Registries (#5NU58DP006279) with additional support
from the State of New Jersey and the Rutgers Cancer Institute of New Jersey.

Note
Supplementary data for this article are available at Cancer Epidemiology, Bio-
markers & Prevention Online (http://cebp.aacrjournals.org/).

Received August 9, 2024; revised November 8, 2024; accepted February 18,
2025; posted first February 20, 2025.

6. Saini G, Ogden A, McCullough LE, Torres M, Rida P, Aneja R. Disadvantaged
neighborhoods and racial disparity in breast cancer outcomes: the biological
link. Cancer Causes Control 2019;30:677-86.

7. Williams DR, Mohammed SA, Shields AE. Understanding and effectively
addressing breast cancer in African American women: unpacking the social
context. Cancer 2016;122:2138-49.

8. Hoskins KF, Calip GS, Huang HC, Ibraheem A, Danciu OC, Rauscher GH.
Association of social determinants and tumor biology with racial disparity in
survival from early-stage, hormone-dependent breast cancer. JAMA Oncol
2023;9:536-45.

9. Beyer KMM, Zhou YH, Laud PW, McGinley EL, Yen TWF, Jankowski C, et al.
Mortgage lending bias and breast cancer survival among older women in the
United States. ] Clin Oncol 2021;39:2749-57.

10. Plascak JJ, Beyer K, Xu X, Stroup AM, Jacob G, Llanos AAM. Association
between residence in historically redlined districts indicative of structural
racism and racial and ethnic disparities in breast cancer outcomes. JAMA
Netw Open 2022;5:e2220908.

11. Collin LJ, Gaglioti AH, Beyer KMM, Zhou Y, Moore MA, Nash R, et al.
Neighborhood-level redlining and lending bias are associated with breast

Cancer Epidemiol Biomarkers Prev; 34(5) May 2025

689


http://cebp.aacrjournals.org/
https://aacrjournals.org/

Plascak et al.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

cancer mortality in a large and diverse metropolitan area. Cancer Epidemiol
Biomarkers Prev 2021;30:53-60.

Russell E, Kramer MR, Cooper HLF, Thompson WW, Arriola KRJ. Residential
racial composition, spatial access to care, and breast cancer mortality among
women in Georgia. ] Urban Health 2011;88:1117-29.

Rugh JS, Albright L, Massey DS. Race, space, and cumulative disadvantage:
a case study of the subprime lending collapse. Soc Probl 2015;62:186-218.
Massey DS, Denton NA. American apartheid: segregation and the making of
the underclass. Cambridge, MA: Harvard University Press; 1993.

Theodos B, Stacy C, Teles D, Davis C, Hariharan A. Place-based investment
and neighborhood change: the impacts of new markets tax credits on jobs,
poverty, and neighborhood composition. J Reg Sci 2022;62:1092-121.

Zaimi R. Rethinking “disinvestment”: historical geographies of predatory
property relations on Chicago’s South Side. Environ Plann D 2022;40:245-57.
Raleigh E, Galster G. Neighborhood disinvestment, abandonment, and crime
dynamics. ] Urban Aff 2015;37:367-96.

Gomez SL, Shariff-Marco S, DeRouen M, Keegan THM, Yen IH, Mujahid M,
et al. The impact of neighborhood social and built environment factors across
the cancer continuum: current research, methodological considerations, and
future directions. Cancer 2015;121:2314-30.

O’Brien DT, Farrell C, Welsh BC. Broken (windows) theory: a meta-analysis of
the evidence for the pathways from neighborhood disorder to resident health
outcomes and behaviors. Soc Sci Med 2019;228:272-92.

Vojnovic I, Ligmann-Zielinska A, LeDoux TF. The dynamics of food shopping
behavior: exploring travel patterns in low-income Detroit neighborhoods ex-
periencing extreme disinvestment using agent-based modeling. PLoS One
2020;15:e0243501.

Newman K. Newark, decline and avoidance, renaissance and desire: from
disinvestment to reinvestment. Ann Am Acad Polit Ss 2004;594:34-48.
Horwitz LI, Chang C, Arcilla HN, Knickman JR. Quantifying health systems
investment in social determinants of health, by sector, 2017-19. Health Aff
(Millwood) 2020;39:192-8.

Siegel RL, Miller KD, Wagle NS, Jemal A. Cancer statistics, 2023. CA Cancer
J Clin 2023;73:17-48.

Bandera EV, Demissie K, Qin B, Llanos AA, Lin Y, Xu B, et al. The
Women’s Circle of Health Follow-Up Study: a population-based longi-
tudinal study of Black breast cancer survivors in New Jersey. ] Cancer
Surviv 2020;14:331-46.

Schuster NA, Hoogendijk EO, Kok AAL, Twisk JWR, Heymans MW. Ignoring
competing events in the analysis of survival data may lead to biased results:
a nonmathematical illustration of competing risk analysis. ] Clin Epidemiol
2020;122:42-8.

Bandera EV, Qin B, Lin Y, Zeinomar N, Xu BC, Chanumolu D, et al. Asso-
ciation of body mass index, central obesity, and body composition with
mortality among Black breast cancer survivors. JAMA Oncol 2021;7:1186-95.
SERVICES U. D. O. H. H. Prior HHS poverty guidelines and federal register
references. Washington (DC); 2019.

SERVICE U. S. D. O. A. E. R. 2010 rural-urban commuting area codes.
Washington (DC): U.S. Department of Agriculture; 2020.

Mooney SJ, Bader MDM, Lovasi GS, Neckerman KM, Teitler JO, Rundle AG.
Validity of an ecometric neighborhood physical disorder measure constructed
by virtual street audit. Am J Epidemiol 2014;180:626-35.

Plascak JJ, Rundle AG, Babel RA, Llanos AAM, LaBelle CM, Stroup AM, et al.
Drop-and-spin virtual neighborhood auditing: assessing built environment for
linkage to health studies. Am ] Prev Med 2020;58:152-60.

690 Cancer Epidemiol Biomarkers Prev; 34(5) May 2025

31

32.

33.

34,

35.

36.

37.

38.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Plascak JJ, Llanos AAM, Mooney SJ, Rundle AG, Qin B, Lin Y, et al. Pathways
between objective and perceived neighborhood factors among Black breast
cancer survivors. BMC Public Health 2021;21:2031.

Thissen D, Wainer H, Dorans NJ, editors. Computerized adaptive testing:
a primer, Mahwah (NJ): Lawrence Erlbaum Associates; 2000, p. 159-84.
Waller LA, Gotway CA. Applied spatial statistics for public health data.
Hoboken (NJ): John Wiley & Sons; 2004.

Bureau USC. 2010 Census of population and housing, summary file 1 2010.
Washington (DC): U.S. Census Bureau; 2011.

Yost K, Perkins C, Cohen R, Morris C, Wright W. Socioeconomic status and
breast cancer incidence in California for different race/ethnic groups. Cancer
Causes Control 2001;12:703-11.

Rubin D. Multiple imputation for nonresponse in surveys. Germany: John
Wiley & Sons; 2004.

Tejeda S, Stolley MR, Vijayasiri G, Campbell RT, Estwing Ferrans C, Warnecke
RB, et al. Negative psychological consequences of breast cancer among recently
diagnosed ethnically diverse women. Psychooncology 2017;26:2245-52.

Wu CK, Ashing KT, Jones VC, Barcelo L. The association of neighborhood
context with health outcomes among ethnic minority breast cancer survivors.
] Behav Med 2018;41:52-61.

. Pruitt SL, McQueen A, Deshpande AD, Jeffe DB, Schootman M. Mediators of

the effect of neighborhood poverty on physical functioning among breast cancer
survivors: a longitudinal study. Cancer Causes Control 2012;23:1529-40.
Chum A, O’Campo P, Lachaud J, Fink N, Kirst M, Nisenbaum R. Evaluating
same-source bias in the association between neighbourhood characteristics
and depression in a community sample from Toronto, Canada. Soc Psychiatry
Psychiatr Epidemiol 2019;54:1177-87.

Giurgescu C, Nowak AL, Gillespie S, Nolan TS, Anderson CM, Ford JL, et al.
Neighborhood environment and DNA methylation: implications for cardio-
vascular disease risk. ] Urban Health 2019;96:23-34.

Gohar J, Do WL, Miller-Kleinhenz J, Conneely K, Krishnamurti U, D’Angelo
O, et al. Neighborhood characteristics and breast tumor methylation: using
epigenomics to explore cancer outcome disparities. Breast Cancer Res Treat
2022;191:653-63.

MacDonald J, Branas C, Stokes R. Changing places: the science and art of new
urban planning. Princeton, NJ: Princeton University Press; 2019.

South EC, Hohl BC, Kondo MC, MacDonald JM, Branas CC. Effect of
greening vacant land on mental health of community-dwelling adults a cluster
randomized trial. JAMA Netw Open 2018;1:¢180298.

Holmes MD, Chen WY, Feskanich D, Kroenke CH, Colditz GA. Physical
activity and survival after breast cancer diagnosis. JAMA 2005;293:2479-86.
Sampson R], Sharkey P. Neighborhood selection and the social reproduction
of concentrated racial inequality. Demography 2008;45:1-29.

Diez Roux AV, Mair C. Neighborhoods and health. Ann N 'Y Acad Sci 2010;
1186:125-45.

Yu MD, Tatalovich Z, Gibson JT, Cronin KA. Using a composite index of
socioeconomic status to investigate health disparities while protecting the
confidentiality of cancer registry data. Cancer Causes Control 2014;25:81-92.
Buajitti E, Rosella LC. Neighbourhood socioeconomic improvement, residential
mobility and premature death: a population-based cohort study and inverse
probability of treatment weighting analysis. Int J Epidemiol 2023;52:489-500.
Namin S, Zhou Y, McGinley E, Beyer K. Residential history in cancer research:
utility of the annual billing ZIP code in the SEER-medicare database and
mobility among older women with breast cancer in the United States. SSM
Popul Health 2021;15:100823.

CANCER EPIDEMIOLOGY, BIOMARKERS & PREVENTION



