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Abstract

Background: Racial segregation is linked to poorer neighborhood quality and adverse health
conditions among minorities, including worse cancer outcomes. We evaluated relationships
between race, neighborhood social disadvantage, and cancer survival.

Methods: We calculated overall and cancer-specific survival for 11,367 Non-Hispanic Black
(NHB) and 29,481 Non-Hispanic White (NHW) individuals with breast, colorectal, lung, or
prostate cancer using data from the Metropolitan Detroit Cancer Surveillance System. The Area
Deprivation Index (ADI) was used to measure social disadvantage at the census block group level,
where higher ADI is associated with poorer neighborhood factors. Associations between ADI

and survival were estimated using Cox proportional hazards mixed-effects models accounting for
geographic grouping and adjusting for demographic and clinical factors.

Results: Increasing ADI quintile was associated with increased overall mortality for all four
cancer sites in multivariable-adjusted models. Stratified by race, these associations remained
among breast (NHW: Hazard Ratio [HR]=1.16, p<0.0001; NHB: HR=1.20, p<0.0001), colorectal
(NHW: HR=1.11, p<0.0001; NHB: HR=1.09, p=0.00378), prostate (NHW: HR=1.18, p<0.0001;
NHB: HR=1.18, p<0.0001), and lung cancers (NHW: HR=1.06, p<0.0001; NHB: HR=1.07,
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p=0.00177). Cancer-specific mortality estimates were similar to overall mortality. Adjustment

for ADI substantially attenuated the effects of race on mortality for breast (overall proportion
attenuated (OPA)=47%, p<0.0001; cancer-specific proportion attenuated (CSPA)=37%, p<0.0001)
prostate cancer (OPA=51%, p<0.0001; CSPA=56%, p<0.0001), and colorectal cancer (OPA=69%,
p=0.032; CSPA=36%, p=0.018).

Conclusions: Area-level socioeconomic disadvantage is related to cancer mortality in a racially
diverse population, impacting racial differences in cancer mortality.
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Introduction

In 2022, approximately 1.9 million people are estimated to be diagnosed with cancer

and 609,360 people are estimated to die from cancer within the United States(1). Nearly
half of these cancer-related deaths are due to breast, colorectal, lung, and prostate

cancers. Predictors of cancer survival are complex and encompass clinical, individual, and
systems-level factors, including disease stage, seX, age at diagnosis, race and ethnicity,
socioeconomic status (SES), treatment, and access to quality healthcare(2). Despite major
advances in treatment and improvements in overall cancer survival over the last several
decades, racial disparities in cancer survival have persisted. Five-year cancer survival
rates are consistently lower among Non-Hispanic Black (NHB) patients than non-Hispanic
White (NHW) patients overall and in these four cancer sites specifically(3-7), even when
accounting for demographic and clinical factors such as age and stage at diagnosis(8).

To identify mechanisms underlying racial disparities in cancer outcomes, it is essential to
recognize that race is a social construct (9). While self-reported race in the United States

is correlated with genetic ancestry(10), which itself is implicated in the etiology of various
health conditions including cancer(11), our understanding of the long-lasting impact of
social race-driven policies on the health of NHB cancer patients has substantially improved
in recent years. For example, location-based mortgage lending bias (i.e., “redlining”), which
results in residential racial segregation, is associated with increased risk for late-stage
cancer diagnosis and more pronounced racial differences in cancer mortality rates(12-14).
Metropolitan Detroit remains one of the most racially segregated regions in the country(15),
where regions with the highest proportions of NHB residents are also the regions with

the highest rates of poverty, unemployment, low education levels, and neighborhood
disadvantage(16-18). Understanding the effects of neighborhood on cancer outcomes is a
critical first step in the development of both community and individual interventions to
increase health equity and reduce racial disparities.

Measuring social factors related to cancer survival in existing large datasets, such as
population-based cancer registries, can be difficult. Historically, studies have relied on

using SES to capture social and economic resources at the individual or areal level. Cancer
survival rates have been shown to increase with higher individual-level SES, which is
generally higher among NHW patients compared to NHB patients(19-21), resulting in some
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of the poorest cancer outcomes among NHB patients with low individual-level SES(22).
These associations have been attributed to differences in access to high-quality healthcare
resources, cost-related delays in treatment, and treatment adherence(23-25); however,
individual-level measures do not capture potentially relevant contextual neighborhood
factors such as the physical environment and neighborhood resources. Indeed, survival
rates among cancer patients are significantly lower among those in more socially-deprived
neighborhoods and among most ethnic-minority groups(26).

Racial disparities in cancer incidence and survival are a priority research area of the
National Cancer Institute(27). Health equity research in recent years has brought attention
to the importance of social determinants of health, which are broadly defined as the living
and working conditions that affect overall health, in understanding health disparities(28).
The effects of historical and contemporary structural racism disproportionately affect
African Americans and have led to unequal access to work, education, housing, healthy
food, and quality health care(29-31) as well as significant stressors such as low income,
unemployment, lack of transportation, and single-parent homes with dependent children(32—
35). Though socioeconomic status is strongly predictive of cancer outcomes(36), individual-
level socioeconomic status does not capture the entirety of these disparities. Neighborhood
level measures encompass unique economic, physical, and social characteristics that
influence community and individual health.

The goal of this analysis was to evaluate the relationship between a robust measure of area-
level social disadvantage and cancer survival among NHB and NHW cancer patients within
metropolitan Detroit. To measure social deprivation, we utilized Singh’s Area Deprivation
Index (ADI)(37), a validated composite tool that measures the socioeconomic deprivation of
an area calculated at the census block group level using 17 indicators from the American
Community Survey (ACS). These indicators encompass aspects of education, employment,
housing, and income from census block groups. ADI has been associated with health
outcomes and healthcare quality(38,39). Previous studies around the world have shown

that increases in neighborhood deprivation are associated with increased risk for overall
mortality in many major cancer sites, including lung(40-42), cervical(43,44), breast(45—
47), prostate(48-50), and colorectal cancers(17,51,52). Fewer studies have observed these
relationships stratified by race, and even less have looked at the role of neighborhood
deprivation in the mediation of racial disparities in mortality risk. We hypothesized that
higher ADI levels would be associated with higher overall and cancer-specific mortality and
that ADI would partly mediate known racial disparities in cancer survival.

Materials and Methods

Identification of cancers in metropolitan Detroit

We identified all incident invasive breast, prostate, lung, and colorectal cancers diagnosed in
Wayne, Oakland, and Macomb counties in Michigan between 2012-2016 of NHB or NHW

race using the Metropolitan Detroit Cancer Surveillance System (MDCSS) registry database.
After excluding individuals with less than one month of follow-up, our final analytic sample
consisted of 40,850 individuals with invasive cancer (12,907 female breast, 6,738 colorectal,
9,862 lung, and 12,151 prostate cancers). MDCSS is a founding member of the Surveillance,
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Epidemiology, and End Results (SEER) Program (1) and has been continuously collecting
population-based cancer data since 1973. This study was approved by the Wayne State
University Institutional Review Board (IRB).

Clinical and demographic variables

Clinical, treatment, and outcomes data were obtained from the MDCSS registry, including
age at diagnosis, sex, insurance status, stage, breast cancer subtype, Gleason score (prostate
cancers only), surgery type, chemotherapy, radiation, hormone therapy, vital status, cause of
death, and date of last contact. For patients who had treatment data recorded in MDCSS
(n=39,758, 97.3%), first course of treatment was defined as receipt of therapy for a

cancer diagnosis before disease progression or recurrence and included undergoing surgery,
adjuvant chemotherapy, endocrine therapy, and radiation therapy. In this analysis, we studied
NHB and NHW patients as they represent the majority of the population in metropolitan
Detroit and excluded other race/ethnic groups due to small sample size.

Area-level deprivation index (ADI) calculation

Address at diagnosis was geocoded using the Federal Information Processing Standard
(FIPS) convention to identify census block groups for each cancer case. A total of 3,391
census block groups were identified among cases, and we calculated ADI corresponding

to each block group using Michigan’s 5-year estimates (2009-2013) from the Census
Bureau’s American Community Survey (ACS)(53) which were abstracted from the US
census. The census-derived indicators used in the calculation of ADI include educational
distribution (percentage of the population with less than 9 years and with 12 or more

years of education), median family income, median home value, median gross rent, median
monthly mortgage, income disparity, unemployment, percent employed person in white-
collar occupation, percent families below poverty, percent population below 150% poverty
threshold, single-parent household rate, homeownership rate, percent household without

a telephone, percent household without a motor vehicle, percent occupied housing units
without complete plumbing, and household crowding. Factor score coefficients calculated
by Singh were used to weight each of the 17 census indicators and ADI for each Michigan
block group was calculated(54,55). The 17 US census indicators were multiplied by the
Singh’s coefficients (factor weights) and summed to obtain the base score for all block
groups in Michigan. Each base score was standardized by dividing the difference between
the individual block group base score (4) and Michigan block group mean (p), by Michigan
block group standard deviation (Sp)

Standard base(j) = bs;ppj =12,....k

where jrepresents the A1 block group, and  is the total number of block group in Michigan.
Finally, the standardized values were adjusted to a base mean of 100 and a standard
deviation of 20(55).

ADI; = (Standard base; + 100)*20
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Statistical analyses

All data were analyzed using R statistical software (https://cran.r-project.org/). Standardized
ADI scores were categorized into quintiles based on the overall population ADI distribution.
Univariable associations between demographics, race, and ADI were examined using
chi-squared tests and Wilcoxon rank-sum tests for categorical and continuous variables,
respectively. Cox proportional hazards regression was used to estimate associations
between overall survival and cancer-specific survival. Violation of the proportional hazards

assumptions were evaluated using the cox.zph function with a multiple testing p-value

0.05

Foariables immoer- FOT all regression models, age was included as a

threshold equivalent to

strata variable (breast and lung cancer models) or a covariate (prostate and colorectal cancer
models) based on (1) whether they violated proportional hazards assumptions of the Cox PH
models and (2) a priori evidence for being related to the outcome and to increase precision
of estimates. We excluded mediators as covariates in multivariable models as identified in
Figure S1 (treatment variables, insurance status, stage at diagnosis, tumor biology). Adjusted
survival curves were generated by applying the “survfit” function of the R package survival
to the previously fitted Cox proportional hazards models, where we specified a new data
frame consisting of the median values for each of the variables in the original Cox model
with indicators for ADI quintile. All statistical tests were two-sided, with a p-value of <0.05
considered to be statistically significant.

Mediation analyses

Results

Figure S1 shows the directed acyclic graph representing our hypothesized causal
relationships between race, ADI, and cancer survival as well as other key variables. We
identified cancer sites for which ADI potentially attenuated the relationship between race
and survival as those meeting the following criteria: (1) Race was significantly associated
with survival, (2) Race and ADI were significantly associated with each other, (3) ADI was
associated with survival controlling for race, and (4) the effect of race on survival while
controlling for ADI decreased compared to the model without ADI. Among those cancer
types for which ADI was found to attenuate the effect of race, we then implemented the
“mediate” function to quantify the proportion of the total effect of race on cancer survival
that was attenuated when adding ADI to the model. While treatment variables were also
identified as potential mediators of the relationship between race, these variables violated the
proportional hazard assumption and could not be evaluated for direct or mediation effects.

A total of 40,850 invasive primary cancer cases (12,907 female breast, 6,738 colorectal,
9,862 lung, and 12,151 prostate cancers) with at least one month of follow-up were
identified (Table 1). Mean age at diagnosis varied significantly by cancer type, where
breast cancer cases were diagnosed younger (mean=61.4 years) and lung cancer cases were
diagnosed older (mean=68.0 years) than colorectal and prostate cancer cases. No difference
in sex was observed in colorectal and lung cancers, with approximately equal numbers of
men and women diagnosed with each cancer type. Among colorectal and prostate cancer
cases there was a higher proportion of NHB individuals (28.7% and 31.9%, respectively)
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than for breast and lung cancer (25.2% and 25.4%, respectively). Colorectal and lung

cancer cases were much more likely to be diagnosed at distant stage (23.4% and 57.4%,
respectively) than breast (6.1%) and prostate (5.8%) cancer cases. There was also significant
variability in insurance status by cancer type, where prostate cancer cases were more likely
to have unknown insurance status (17.8% vs. 6.0% for other sites combined) and breast
cancer cases were most likely to have private insurance (46.8% vs. 30.0% for other sites
combined). Breast and prostate cancer cases were more likely to live in lower ADI regions
whereas colorectal and lung cancer cases were more likely to live in higher ADI regions,
where higher ADI is associated with poorer neighborhood factors.

We first evaluated the relationship between ADI quintile and overall mortality (Table 2,
Figure 1). Among all participants, higher ADI was associated with increased mortality for
all four cancer sites, adjusting for race in the overall models, adjusting for age at diagnosis
in prostate and colorectal cancer models, and including age at diagnosis as a strata variable
in breast and lung cancer models. Notably, each increase in ADI quintile was associated
with a 17% increase (Hazard Ratio (HR)=1.17, 95% Confidence Interval (CI) 1.13-1.21,
p<0.0001) in mortality for women with breast cancer and a 16% increase (HR=1.16, 95%
Cl 1.12-1.21, p<0.0001) in mortality for men with prostate cancer. These associations
remained when stratifying by race among breast (NHW: HR=1.16, 95% CI 1.11-1.20,
p<0.0001; NHB: HR=1.20, 95% CI 1.11-1.28, p<0.0001) and prostate (NHW: HR=1.18,
95% ClI 1.13-1.24, p<0.0001; NHB: HR=1.18, 95% CI 1.11-1.27, p<0.0001) cancer cases.
ADI was also associated with increased overall mortality for colorectal (HR=1.11, 95%

Cl 1.08-1.14, p<0.0001) and lung (HR=1.07, 95% CI 1.05-1.09, p<0.0001) cancer cases.
This association remained for both lung cancer cases (NHW: HR=1.06, 95% CI 1.04-
1.09, p<0.0001; NHB: HR=1.07, 95% CI 1.03-1.12, p=0.00177) and colorectal cancer
cases (NHW: HR=1.11, 95% CI 1.08-1.15, p<0.0001; NHB: HR=1.09, 95% CI 1.03-1.17,
p=0.00378) when stratifying by race.

Patterns of association for ADI and cancer-specific mortality were similar to those observed
in the overall mortality analyses (Table 3, Figure 2). ADI was associated with a 17%
increase (HR=1.17, 95% CI 1.12-1.23, p<0.0001) in breast cancer-specific mortality, which
was consistent for both NHW (HR=1.16, 95% CI 1.09-1.23, p<0.0001) and NHB women
(HR=1.20, 95% CI 1.09-1.31, p=0.00013). ADI was associated with an 20% increase
(HR=1.20, 95% CI 1.13-1.29, p<0.0001) in prostate cancer-specific mortality overall, where
the association was stronger among NHB men (HR=1.31, 95% CI 1.15-1.49, p<0.0001)
compared to NHW men (HR=1.16, 95% CI 1.07-1.27, p=0.00049). ADI associations

with colorectal and lung cancer-specific mortality were also similar to overall mortality
analyses, where ADI was associated with an 8% increase (95% CI 1.04-1.13, p=0.00026) in
colorectal cancer-specific mortality only among NHW patients. Finally, ADI was associated
with lung cancer-specific mortality overall (HR=1.06, 95% CI 1.04-1.08, p<0.0001), and
the association was consistent in direction and strength among NHW (HR=1.06, 95% ClI
1.04-1.08, p<0.0001) and NHB men (HR=1.07, 95% CI 1.02-1.12, p=0.00998).

To understand the role of ADI in the relationship between race and cancer survival, we
next evaluated whether ADI significantly attenuated the effect of race on overall and cancer-
specific mortality (Table 4). NHB women with breast cancer had 66% higher mortality
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(HR=1.66, 95% CI 1.52-1.82, p<0.0001) compared to NHW women without adjustment for
ADI. Similarly, NHB men were 69% more likely (HR=1.69, 95% CI 1.54-1.86, p<0.0001)
to die from prostate cancer compared to NHW men without adjustment for ADI. NHB
patients were also 28% more likely (HR=1.28, 95% CI 1.18-1.38, p<0.0001) to die from
colorectal cancer and 12% more likely (HR=1.12, 95% CI 1.06-1.18 p<0.0001) to die from
lung cancer comparted to NHW patients. Adjustment for ADI significantly attenuated the
effects of race on overall mortality for all cancer types, except lung cancer. ADI attenuated
the effect of race on overall mortality for breast cancer (proportion attenuated=47%, 95%

Cl 31-72%, p<0.0001), colorectal cancer (proportion attenuated=69%, 95% CI 20-445%
p=0.032) and prostate cancer (proportion attenuated=51%, 95% CI 37-70%, p<0.0001).

The effects of race on cancer-specific mortality were stronger than observed in the overall
mortality analyses for all cancer types except lung cancer (Table 4). Cancer-specific
mortality was 89% higher (HR=1.89, 95% CI 1.67-2.14, p<0.0001) for NHB women with
breast cancer compared to NHW women. NHB men were 75% more likely (HR=1.75, 95%
Cl 1.47-2.08, p<0.0001) to die from prostate cancer compared to NHW men. NHB patients
were 31% more likely (HR=1.31, 95% CI 1.19-1.45, p<0.0001) to die from colorectal
cancer compared to NHW patients and 7% more likely (HR=1.07, Cl 95% 1.01-1.14, p=
0.026) to die from lung cancer. Adjustment for ADI once again attenuated the effects of
race on cancer-specific survival for breast cancer (proportion attenuated=37%, 95% CI 25%
to 53%, p<0.0001), prostate cancer (proportion attenuated=56%, 95% CI 34% to 90%,
p<0.0001), and colorectal cancer (proportion attenuated=36%, 95% CI 5.7-116%, p=0.018).

Discussion

The goal of this analysis was to evaluate the relationship between a neighborhood-level
measure of social disadvantage and survival among NHB and NHW cancer patients within
metropolitan Detroit. Overall, we found significant associations between area-level social
disadvantage and both overall and cancer-specific survival across all four cancer sites. It is
important to note that our observed per-quintile hazard ratios for the association between
ADI and cancer mortality translate to relatively large effects when comparing individuals
living in the highest ADI quintile to those in the lowest ADI quintile (ADI Q5 vs. Q1
HRs=1.26-2.07). This is particularly impactful considering that half (50.6%) of NHB
residents of metropolitan Detroit reside in neighborhoods in the highest ADI quintile. In
every cancer site and race stratification, all relationships regardless of significance level
showed an increase in HR related to an increase in ADI quintile, as we have observed in the
literature.

To the best of our knowledge, no other studies have directly estimated the effect of
neighborhood deprivation in mediating the relationship between race and cancer survival.
One study found that neighborhood deprivation mediates the relationship between race and
stage at diagnosis for hepatocellular carcinoma(56). Another study utilizing Surveillance
Epidemiology and End Results program data tested race as a mediator of the relationship
of ADI on colorectal cancer, finding that race accounted for only a fifth of ADI’s indirect
effect(57). Thus, our study is among the first to describe neighborhood deprivation as a
substantial mediator of racial disparities in cancer survival. We saw that ADI attenuated
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overall mortality risk in breast, prostate, and colorectal cancers when adjusting for race, and
attenuated risk of cancer-specific mortality in all three sites as well. Our mediation model of
lung cancer showed an insignificant effect, which we feel may be due to the aggressiveness
of the disease, lack of standardized screening, as well as differential smoking status and
habits by our patients, a factor which was not captured in the model.

Racial and financial inequalities in access to high-quality health care are likely to play a

role in our observed associations between ADI, race, and cancer mortality, and indeed, much
of the existing literature on neighborhood features in cancer outcomes has highlighted the
importance of access to high-quality health care(28). NHB patients are more likely to live

in high-poverty areas than NHW patients(58), where those living in high-poverty areas are
more likely to be diagnosed with advanced-stage disease(59). Stage at diagnosis is strongly
linked to cancer treatment efficacy, access to care, and availability of treatments in the
patient’s area due to transportation issues(60,61). A recent spatial analysis of colorectal
cancer mortality in Virginia found that in addition to socioeconomic status and rurality,

the density of primary care physicians (PCPs) was inversely associated with colorectal
cancer mortality(62). Further, the strength of association between PCP density and mortality
varied geographically, highlighting the importance of considering contextual factors such as
rurality when evaluating care access.

Our findings are consistent with the existing literature demonstrating that factors such as
area-level poverty, neighborhood disadvantage, residential segregation, rural/urban status,
racial/ethnic composition of residents, commuting and traffic patterns, and residential
mobility are associated with both stage at diagnosis and survival(16-18,45,63). We also
observed substantial variability in the strength of effect of ADI and mortality by race and
cause of death. This may be reflecting the fact that quantitative measures of neighborhood
deprivation may capture distinct neighborhood features across racially segregated areas, and
previous research has shown that the impact of neighborhood and specific neighborhood
characteristics such as transportation access, poverty levels, prevalence of homeownership,
and unemployment rates on cancer mortality often vary by race and/or ethnicity(21,64-66).

Our results are also consistent with existing studies comparing cancer mortality risk to
area-level socioeconomic status by race. A study on breast cancer and socioeconomic
status found that African American women with breast cancer were more likely to live

in areas of lower neighborhood socioeconomic status (NSES) compared to non-Hispanic
white women and both had increased risk of all-cause mortality as their nSES decreased(67).
However, the cancer-specific mortality risk for decreased nSES was not as pronounced

of a relationship for the non-Hispanic white women compared to the African American
women, which is a trend we noticed in our study. Another study focused on prostate
cancer found that decreased neighborhood quality increased the prostate cancer mortality
risk for non-Hispanic white men, but the association was not as clear for African American
men, our study also showed a weaker relationship for prostate cancer-specific mortality,
but in both races studied(68). Our data on lung cancer showed similar trends but lower
statistical significance than the literature, whereas other studies found significance in lung
cancer mortality at all increases in socioeconomic deciles, where black participants saw a
higher increase in risk from the least deprived to the second least deprived decile than their
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white counterparts(69). Lastly, similar results of colorectal cancer mortality associations
were observed in the literature for white patients, but other studies have found a stronger
relationship between socioeconomic deprivation and colorectal cancer mortality for African
American patients than we observed, again likely partly due to a different breakdown in
deprivation groups(69).

Finally, while neighborhood disadvantage may impact cancer survival through its influence
on the health behaviors and health conditions of residents(70), there is consistent evidence
not only that neighborhood effects are independent of individual-level characteristics but that
the effects of neighborhood on cancer survival may be stronger than for many individual
behaviors(50,71-73). A multilevel analysis of the California Collaborative Prostate Cancer
Study using data from 1,800 prostate cancer cases found a joint effect between lower
neighborhood SES and lower individual-level education on mortality, and further adjustment
for behavioral, hospital, and food environment characteristics did not substantially dampen
the effect of neighborhood SES(50). Similarly, a study of more than 6,000 breast

cancer cases across 900 census block groups found that neighborhood disadvantage was
significantly associated with both obesity and late-stage diagnosis, but that obesity did

not have significant mediating or indirect effects on mortality itself(73). These findings
suggest that investment in disadvantaged neighborhoods, beyond a focus on individual-level
interventions alone, has the potential to substantially improve cancer outcomes and reduce
health disparities.

There are several strengths to our study. Beginning with sample size, we were able

to complete a large analysis including over 40,000 participants from the population-

based Metropolitan Detroit Cancer Surveillance System (MDCSS), which increases the
generalizability and validity of our results. Additionally, southeast Michigan is a racially
diverse area which makes it an excellent population to study African American cancer
survivorship compared to Non-Hispanic Whites with ample power. The results of this
study can likely be generalized to other highly segregated metropolitan areas of the United
States, such as New Orleans, Baton Rouge, Pine Bluff, Chicago, and Memphis, which also
have large black populations with high poverty rates. Poverty rate is an important variable
in the calculation of ADI, and we found that the Non-Hispanic Black patients skewed
towards higher scores of deprivation in all cancer sites, compared to Non-Hispanic White
patients who skewed towards scores of lower deprivation. We also utilized ADI, which

is a validated measure used to quantify neighborhood deprivation and SES adversity that
addresses the impact of social determinants such as material deprivation, healthcare access,
and utility(74,75). It uses block group-level census data to provide a robust picture of small
area-level variation in SES, which accurately describes the most accessible neighborhood
resources to an individual. Additionally, ADI is a standardized measure used to capture
social disadvantage. Thus, studies that also utilize ADI, especially in these areas of high
segregation, would be directly comparable.

However, some limitations come with the use of small-area level measures like the ADI.
Since ADI focuses on the current living situation, it does not consider the deprivation that
occurs throughout the person’s lifetime. ADI does not measure other key factors that are
important social determinants of health such as food insecurity, insurance coverage, access
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to transportation, distance to travel, language preference, health literacy and numeracy,
cultural practices, and immigration status. However, despite the limitations, ADI is crucial to
improving survival rates as it factors in social support, exposure to violence and fear, access
to quality nutrition and transportation, environmental toxicant, and pollutant exposure to
help identify individuals who are at high risk. Lastly, we did not study the effects of various
health behaviors which could impact cancer outcomes, including comorbidities, dietary
habits, stress, or other lifestyle factors. Though these are important factors to consider,
likely, many of these factors are well captured in the ADI measure due to patient access to
health-promoting resources. We will explore these factors related to ADI in later work to
better understand the behavioral factors related to neighborhood quality.

In summary, ADI is related to increased risk for overall and cancer-specific mortality at four
common cancer sites in a racially diverse population. In some cancer sites, ADI mediates
the relationship between race and mortality risk, which can differ by race. These results
highlight the importance of neighborhood impact on cancer outcomes. Understanding the
relationship between race, ADI, and cancer survivorship can be used to improve patient
outcomes. By understanding the needs of cancer patients, we can help create community-
based outreach programs to assist in improving their survival.
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b) Overall survival: colorectal cancer
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Figure 1. Adjusted overall survival curves stratified by cancer siteand ADI quintile.
Survival curves adjusted for race and age at diagnosis are shown for (a) overall survival for

breast cancer, (b) overall survival for colorectal cancer, (c) overall survival for lung cancer,

and (d) overall survival for prostate cancer. Individual survival curves are show in each
graph for each ADI quintile (Q): solid light gray for Q1, dashed light gray for Q2, solid
dark gray for Q3, dashed dark gray for Q4, and solid black for Q5. Higher ADI quintile
corresponds to poorer neighborhood factors.
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a) Breast cancer-specific survival b) Colorectal cancer-specific survival
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Figure 2. Adjusted cancer-specific survival curves stratified by cancer site and ADI quintile.
Survival curves adjusted for race and age at diagnosis are shown for (a) breast cancer-

specific survival, (b) colorectal cancer-specific survival, (c) lung cancer-specific survival,
and (d) prostate cancer-specific survival. Individual survival curves are show in each graph
for each ADI quintile (Q): solid light gray for Q1, dashed light gray for Q2, solid dark gray
for Q3, dashed dark gray for Q4, and solid black for Q5. Higher ADI quintile corresponds to
poorer neighborhood factors.
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Table 1.

Demographic characteristics of cancer cases and the population of metropolitan Detroit

Breast n (%) Colorectal n (%) Lungn (%) Prostaten (%) P-value

Total 12097 6738 9862 12151
Age™
<50 2459 (20.3) 847 (12.6) 400 (4.1) 424 (35) <0.0001
50-59 3067 (25.4) 1591 (23.6) 1899 (19.3) 2907 (23.9)
60-69 3226 (26.7) 1706 (25.3) 3158 (32.0) 5240 (43.1)
70-79 2071 (17.1) 1375 (20.4) 2782 (28.2) 2794 (23.0)
80+ 1274 (10.5) 1219 (18.1) 1623 (16.4) 786 (6.5)
Mean (sd) 61.4 (13.6) 65.1(14.4)  68.0 (11.1) 65.0 (9.1) <0.0001
Sex
Male 0(0) 3364 (49.9) 4886 (49.5) 12151 (100) 0.64”"
Female 12097 (100) 3374 (50.1) 4976 (50.5) 0 (0)
Race
Non-Hispanic White 9040 (74.7) 4803 (71.3) 7359 (74.6) 8279 (68.1)  <0.0001
Non-Hispanic Black 3057 (25.2) 1935 (28.7) 2503 (25.4) 3872 (31.9)
Stage
Local 7552 (63.1) 2494 (385) 1769 (18.7) 9417 (78.8)  <0.0001
Regional 3687 (30.8) 2473(38.1) 2260 (23.9) 1843 (15.4)
Distant 725 (6.1) 1516 (23.4) 5418 (57.4) 694 (5.8)
Insurance
DOD/Mil/VA 43 (0.4) 66 (1.0) 160 (1.6) 302 (2.5) <0.0001
Medicaid +/- other 1076 (8.9) 808 (12.0) 1196 (12.1) 736 (6.0)
Medicare +/- other 4373 (36.1) 2994 (44.4) 5179 (52.5) 4741 (39.0)
None 132 (1.1) 141 (2.1) 160 (1.6) 95 (0.8)
Unknown 806 (6.7) 537 (8.0) 900 (9.1) 2161 (17.8)
Private 5667 (46.8) 2192 (325) 2266 (23.0) 4116 (33.9)
ADI
(Low)1 2749 (23.0) 1123 (17.0) 1254 (12.9) 2907 (24.3)  <0.0001
2 2656 (22.2) 1296 (19.6) 1741 (18.0) 2348 (19.7)
3 2385(20.0) 1342 (20.3) 2069 (21.3) 2241 (18.8)
4 2208 (18.5) 1447 (21.9) 2305 (23.8) 2078 (17.4)
(High)5 1944 (16.3) 1406 (21.2) 2325 (24.0) 2368 (19.8)
Surgery
No 1007 (8.4) 1151 (17.3) 7482 (78.5) 7296 (60.3)  <0.0001
Yes 11027 (91.6) 5511 (82.7) 2048 (21.5) 4802 (39.7)
Chemotherapy
No 6753 (56.4) 3804 (57.9) 4523 (48.0) 11962 (99.0)  <0.0001
Yes 5214 (43.6) 2765 (42.1) 4892 (52.0) 126 (1.0)
Hor mone ther apy
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Breast n (%) Colorectal n (%) Lungn (%) Prostaten (%) P-value
No 4807 (39.7) 6731(99.9) 9817 (99.5) 9917 (81.6)  <0.0001
Yes 7290 (60.3) 7(0.1) 45 (0.5) 2234 (18.4)
Vital Status
Alive 9723 (80.4) 3675 (54.5) 2066 (20.9) 10143 (83.5)  <0.0001
Deceased 2374 (19.6) 3063 (45.5) 7796 (79.1) 2008 (16.5)
Follow-up time (median, |QR)
Alive 51 (30) 49 (29) 45 (29) 51(32) <0.0001
Deceased 31(33) 20 (30) 9 (19) 33(35) <0.0001

*
Tested only among CRC and lung cancers
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