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Abstract

Purpose: Previous studies on neighborhoods and breast cancer survival examined neighborhood 

variables as unidimensional measures (e.g. walkability or deprivation) individually and thus cannot 

inform how the multitude of highly correlated neighborhood domains interact to impact breast 

cancer survival. Neighborhood archetypes were developed that consider interactions among a 

broad range of neighborhood social and built environment attributes and examine their 

associations with breast cancer survival.

Methods: Archetypes were measured using latent class analysis (LCA) fit to California census 

tract-level data. Thirty-nine social and built environment attributes relevant to eight neighborhood 

domains (socioeconomic status, urbanicity, demographics, housing, land use, commuting and 

traffic, residential mobility, and food environment) were included. The archetypes were linked to 

cancer registry data on breast cancer cases (diagnosed 1996–2005 with follow-up through Dec 31, 

2017) to evaluate their associations with overall and breast cancer-specific survival using Cox 

proportional hazard models. Analyses were stratified by race/ethnicity.

Results: California neighborhoods were best described by nine archetypal patterns that were 

differentially associated with overall and breast cancer-specific survival. The lowest risk of overall 

death was observed in the upper middle class suburb (reference) and high status neighborhoods, 

while the highest was observed among inner city residents with a 39% greater risk of death (95% 
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CI = 1.35 to 1.44). Results were similar for breast cancer-specific survival. Stratified analyses 

indicated that differences in survival by neighborhood archetype varied according to individuals’ 

race/ethnicity.

Conclusions: By describing neighborhood archetypes that differentiate survival following breast 

cancer diagnosis, the study provides direction for policy and clinical practice addressing 

contextually-rooted social determinants of health including SES, unhealthy food environments, 

and greenspace.
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Introduction

Breast cancer is the most common cancer and the second-leading cause of cancer deaths 

among women in the U.S.1 Neighborhoods shape individuals’ exposure to health-related 

risks and access to resources; they have an additional and distinct effect on cancer outcomes 

apart from individual characteristics.2–5 The impact of neighborhoods on cancer mortality is 

of increasing importance, since while cancer mortality has declined steadily over the past 

three decades, socioeconomic and geographic disparities in mortality have increased.6 Thus, 

there is a growing interest in health disparities research for more sophisticated neighborhood 

measures and a more thorough understanding of how and why neighborhoods matter to 

individuals’ health.7–9

Most published studies of neighborhoods and breast cancer survival have reported 

associations of lower neighborhood socioeconomic status (nSES) or greater neighborhood 

deprivation with risk of death, independent of patient tumor and sociodemographic 

characteristics.5,10–22 More recent work, including work from our group, has considered 

additional domains of neighborhood built and social environments (e.g., food environment, 

walkability, and ethnic enclave).5,18,21–33 Although few of these measures have been 

independently associated with overall or breast cancer-specific survival, a joint effect for 

ethnic enclave and nSES has been observed, which highlights the importance of considering 

interactions among neighborhood domains.26,27 Accordingly, understanding the full impact 

of neighborhoods on breast cancer survival necessitates an approach that informs how these 

and other often highly correlated neighborhood attributes, measured as individual indicators 

(e.g., poverty) or unidimensional indices (e.g., nSES or walkability) interact.34–38 

Consequently, we suggest reconsidering how neighborhoods are assessed in epidemiologic 

studies to fully capture, and ultimately more effectively intervene on, their potential health 

impact.39

Combining multiple neighborhood characteristics into archetypes is conceptually a more 

meaningful approach to identifying neighborhoods where residents have lower survival and 

to inform contextually-mediated interventions. Latent variable models, including latent class 

analysis (LCA), provide a statistically rigorous methodological approach to measuring 

archetypes40 as they allow for the assessment of potential interactions between many 
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measures and summarize those measures into a more practical number of inter-relationships, 

apart from their impact on any given health outcome. Like principal component analysis for 

continuous variables and cluster analysis for categorical variables, LCA is a data reduction 

technique, but it has the additional benefits (shared by other latent variable methods for 

continuous measures like factor analysis and structural equation modeling) that it also 

addresses uncertainty, bias, and potential attenuation due to systematic and stochastic error 

in the measurement of variables.39 Nevertheless, the majority of studies that have used latent 

variable models to characterize neighborhoods utilized multiple measures of a single 

neighborhood domain (e.g., built environment attributes to describe neighborhood physical 

activity) and so were not designed to observe important interactions among social and built 

environment domains.41–49 A study from Weden et al. identified six neighborhood 

archetypes with measures across multiple neighborhood domains for 1990 and 2000 Census 

tracts across the U.S., but these archetypes were not used to study a health behavior or 

outcome.39

In this study, we used an analogous approach to Weden et al. with a comprehensive set of 

social and built environment attributes across several neighborhood domains to define 

neighborhood archetypes in California (CA) and to examine associations between 

neighborhood archetypes and breast cancer survival. Moreover, literature to date on the 

neighborhood environment and breast cancer survival stresses that the relative importance of 

neighborhoods may depend on resident characteristics, including race/ethnicity,33 so we 

examine interactions between archetypes and race/ethnicity in their associations with 

survival.

Methods

Neighborhood data

Neighborhood data were from the California Neighborhoods Data System (CNDS)50. The 

CNDS is a geospatial dataset that compiles data on the social and built environment 

attributes for small areas (i.e., block groups and census tracts) using multiple sources of data. 

Thirty-nine indicator variables characterizing several domains of neighborhood social and 

built environments (i.e., socioeconomic status, urbanicity, demographics, housing, land use, 

commuting and traffic, residential mobility, and food environment) were selected for Census 

2000 tracts in CA (Supplemental Table 1). Census tracts, with an average of 4800 residents 

in CA, have been shown to be a reasonable proxy for neighborhoods in population health 

studies.51

Latent class analysis

LCA modeling was implemented using R package poLCA (R Foundation for Statistical 

Computing, Vienna, Austria) and SAS procedure PROC LCA (SAS Institute, Cary, North 

Carolina). LCA models were fit to 39 indicators of neighborhood attributes to identify the 

model with the best fitting structure.52 For all indicator variables, except income and 

education, that were included in the LCA, we defined high vs. low using the statewide 

medians (see Supplemental Table 1). Goodness of fit criteria were compared across models, 

including percentage of seeds associated with best fitted model, the log-likelihood ratio test 
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statistics, the deviance of statistic, the Akaike Information Criterion, the normal and adjusted 

Schwarz Bayesian Information Criterion, the raw and scaled entropy of class partitioning.
40,53–56 Following standard practice for the fitting of LCA models,54 we evaluated the 

improvement in model fit (from the simplest model which has only 2 classes) of iteratively 

increasing the number of classes. Due to the large sample size, we found that even after 

including 12 classes, the statistical evidence for improved fit continued to be improved by 

adding additional classes. Thus, again following prior practice,39 we evaluated whether 

additional classes qualitatively improved the characterization of different substantively 

meaningful archetypes. On the basis of this qualitative evaluation of changes in the 

archetype structure, we determined that at minimum a 5- class structure and at maximum a 

9-class structure should be considered. We report findings from the 9-class model, which 

offer a more nuanced look at the way neighborhoods are defined by attributes beyond 

socioeconomic indicators. LCA measurement statistics are in Supplemental Table 1. 

California census tracts were classified as belonging to one of the 9 neighborhood 

archetypes based on their observed attributes.

Women with breast cancer in California, 1996–2005

We identified 176,097 first primary invasive breast cancer cases [International Classification 

of Disease for Oncology, 3rd Edition, (ICD-O-3) site codes C50.0–50.9] from the California 

Cancer Registry (CCR) diagnosed among females from 1996 through 2005, a 10-year period 

around the 2000 Census that provides at least 10-years of follow-up time for assessing 

mortality. Data on age at diagnosis, race/ethnicity, marital status, primary source of payment 

at the time of initial diagnosis and/or treatment; tumor characteristics at diagnosis including 

Surveillance, Epidemiology, and End Results (SEER) Program summary stage, histological 

subtype, grade, estrogen receptor (ER) and progesterone receptor (PR) tumor expression 

status; and treatment modalities such as chemotherapy, radiation, and surgery are available 

in the CCR by routine abstraction from medical records. Underlying causes of death, coded 

in International Classification of Diseases, 9th edition (ICD-9) before December 31, 1998, 

and in 10th edition (ICD-10) after January 1st, 1999, were obtained from death certificates, 

and deaths assigned codes 174.0–174.9 (ICD-9) or C50.0-C50.9 (ICD-10) were identified as 

due to breast cancer. Each case was assigned to a 2000 Census tract based on their geocoded 

residential address at diagnosis (available from the CCR) and linked to neighborhood 

archetypes based on census tract identifier. Data represent 6,971 census tracts in CA 

(98.9%). This study was approved by the Greater Bay Area Cancer Registry Institutional 

Review Board protocols from the Cancer Prevention Institute of California and the 

University of California, San Francisco.

Survival analyses

Survival time was computed as months from the date of diagnosis to the end of follow up, 

defined as the first occurrence of date of death, date of last known contact, or study end date 

(December 31, 2017). For breast cancer-specific survival analysis, patients who died from 

non-breast cancer causes were right censored at the time of death. Overall, only 3% of the 

analytic sample had loss to follow-up (i.e., within past two years). Hazard ratios (HR) and 

95% confidence intervals (CI) from Cox proportional hazards regression were calculated to 

assess associations between neighborhood archetypes and overall or breast cancer-specific 
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survival. The proportional hazards assumption was verified by assessing the correlation 

between weighted Schoenfeld residuals and logarithmic transformation of survival time; no 

violations were observed. Minimally-adjusted models included age at diagnosis (in years), 

year of diagnosis (in years), race/ethnicity, and SEER summary stage. Fully-adjusted models 

additionally included histology, grade, ER status, PR status, chemotherapy, radiation, 

surgery, and marital status. The standard errors for all models were also adjusted for 

clustering of respondents within census tracts using a sandwich estimator of the covariance 

structure that accounts for intracluster dependence.57 We tested for interactions between 

race/ethnicity (non-Hispanic (NH) White, NH Black, Asian/Pacific Islander, Hispanic) and 

archetypes using a global test of interaction for archetypes and race/ethnicity in a model that 

included race/ethnicity as a stratum variable, allowing for race/ethnicity-specific baseline 

hazards as well as interactions between all covariates and race/ethnicity to allow for optimal 

adjustment for each subgroup. We found marginally statistically significant interactions in 

the fully adjusted models for overall (p-interaction=.061) mortality but not for breast cancer 

specific mortality (p-interaction=.107). Thus, we also present two additional set of results, 

first assessing neighborhood archetype-mortality associations in models stratified by race/

ethnicity and second, assessing race/ethnicity-mortality associations in models stratified by 

neighborhood archetype. All statistical tests were carried out using SAS software version 9.3 

(SAS Institute, Cary, North Carolina). All p-values reported were two-sided, and those with 

a probability< 0.05 were considered statistically significant.

Results

Labels and descriptions for the 9 different classes, or types, of neighborhoods characterized 

are in Table 1. Descriptions are based on the prevailing characteristics that the LCA model 

identified for each class. For example, suburban pioneer and city pioneer neighborhoods are 

both located in cities, but not right in downtown, have racially/ethnically diverse 

populations, and lots of mixed land use, but contrast in that suburban pioneer neighborhoods 

have more families and home owners and city pioneer neighborhoods have more older 

residents, single residents, female-headed households, and renters. The largest proportion of 

tracts (16.4%), representing the largest proportion of the CA population (17.6%), comprise 

inner city neighborhoods.

Figure 1 provides a map of the distribution of the 9 neighborhood archetypes across census 

tracts in CA, and in the metropolitan areas of San Francisco, Oakland, Los Angeles and San 

Diego. Rural/micropolitan neighborhoods are preponderant in northern and eastern CA. San 

Francisco has many new urban/pedestrian neighborhoods, with diverse (although non-

Hispanic) residents that are relatively young and single. Los Angeles and San Diego show 

concentrations of inner city, metropolitan pioneer, and new urban/pedestrian neighborhoods 

surrounded by the high status neighborhoods of suburban areas. Hispanic small towns can be 

found both in less populated areas of greater CA in addition to areas adjacent to inner cities.

Table 2 shows the distribution of demographic and tumor characteristics among women with 

breast cancer according to neighborhood archetypes. The largest proportion of NH White 

women with breast cancer resided in high status neighborhoods (22.0%) while nearly 30% 

of NH Black women resided in inner city neighborhoods. The majority of Hispanic women 
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resided in inner city (26.6%), suburban pioneer (15.7%), or Hispanic small town (15.2%) 

neighborhoods. Approximately 28% of Asian American/Pacific Islander (AAPI) women 

resided in upper-middle class suburb neighborhoods.

Figures 2 presents HRs and 95% CIs for neighborhood archetypes and overall and breast-

cancer specific survival among all women and for strata representing racial/ethnic groups. 

Supplemental Tables 2 and 3 additionally contain all tabulated results and results from 

minimally adjusted models which show similar patterns as the fully adjusted models. In fully 

adjusted models for overall survival among all women, compared to women residing in 

upper middle-class suburbs, those residing in all other archetypes except for high status, had 

higher risk of death with HRs ranging from 1.08 (95% CI=1.05 to 1.11) in new urban/
pedestrian to 1.37 (95% CI=1.33 to 1.41) in Hispanic small towns and 1.38 (95% CI=1.34 to 

1.42) in inner city neighborhoods. Similar patterns of associations were observed for breast-

cancer specific survival among all women.

Among NH White women and compared to residents of upper middle-class suburb and high 
status neighborhoods, residents of all other neighborhoods had a greater risk of death with 

HRs ranging from 1.07 (95% CI=1.04 to 1.10) among residents of new urban/pedestrian 
neighborhoods to 1.42 (95% CI=1.36 to 1.48) among residents of inner city neighborhoods. 

Among NH Black women, residents of all other neighborhoods, except rural/micropolitan, 

had a greater risk of death compared to residents of upper middle-class suburbs; HRs for 

new urban/pedestrian, high status, mixed SES-class suburb, and suburban pioneer 
neighborhoods were similar, from 1.16 (95% CI=1.01 to 1.32) among residents of new 
urban/pioneer neighborhoods to 1.25 (95% CI=1.09 to 1.43) among residents of suburban 
pioneer neighborhoods. In addition, for NH Black women, HRs for Hispanic small town, 

city pioneer, and inner city neighborhoods seemed to group together and ranged from 1.31 

(95% CI=1.15 to 1.49) for residents of Hispanic small towns to 1.43 (95% CI=1.27 to 1.60) 

among those of inner city neighborhoods. Risk of death for Hispanic women ranged from 

HR=0.97 (95% CI=0.87 to 1.09) among residents of high status neighborhoods to HR=1.36 

among residents of rural/micropolitan (95% CI=1.21 to 1.54) and Hispanic small town (95% 

CI=1.25 to 1.48) neighborhoods. Finally, among AAPI women, HRs across neighborhoods 

ranged from 1.04 (95% CI=0.92 to 1.17) among residents of high status neighborhoods to 

1.53 (95% CI=1.25 to 1.79) among residents of rural/micropolitan neighborhoods. Breast 

cancer-specific survival had similar patterns.

In order to further examine the interaction between neighborhood archetype and race/

ethnicity, we additionally modeled associations between race/ethnicity and overall and 

breast cancer-specific survival within strata defined by neighborhood archetypes 

(Supplemental Table 4). With the exception of rural/micropolitan, Hispanic small town, and 

inner city neighborhoods, NH Black women had higher risk of overall death compared to 

NH White women, ranging from 1.16 (95% CI=1.04 to 1.30) in upper middle-class suburb 
neighborhoods to 1.36 (95% CI=1.19 to 1.55) in high status neighborhoods. NH Black 

women had higher risk of breast cancer-specific death in all neighborhoods except rural/

micropolitan.
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Discussion

Neighborhood archetypes provide a novel approach to assess the impact of multiple 

neighborhood factors on breast cancer survival. We present 9 neighborhood archetypes for 

census tracts in CA for the year 2000 developed with a broad suite of variables representing 

several domains of neighborhood built and social environments. These archetypes can be 

interpreted as (1) the most likely combinations of neighborhood characteristics observed in 

CA and (2) the most common forms of potential synergistic interactions among 

neighborhood social and built environment domains in the context of breast cancer survival. 

Our results show that multiple neighborhood domains other than nSES are relevant to 

neighborhood disparities in breast cancer survival, including rural/urban designation, age 

and race/ethnicity of residents, commuting and traffic patterns, residential mobility, and food 

environment. We also show that patterns in survival by neighborhood archetypes vary across 

race/ethnicity.

Additional neighborhood domains associated with cancer outcomes may further extend the 

usefulness of these neighborhood archetypes. Health care context or geographic accessibility 

to healthcare resources partially explain associations between neighborhood SES and cancer 

outcomes,58–61 and may provide additional insight regarding observed archetype disparities. 

However, data on these healthcare measures are sparse at small areas like census tracts so 

may need to be developed at larger geographies. In addition, Krieger et al.’s index of 

concentration at the extremes describes neighborhoods with high concentration of affluence 

and NH White residents at one end and those with low levels of affluence and high 

concentration of racial/ethnic minority residents at the other.62 Overlaying this measure with 

neighborhood archetypes may help to identify the modifiable neighborhood attributes that 

associate with more fundamental causes including racial/ethnic residential segregation 

and/or concentrated disadvantage. Similarly, overlaying neighborhood ethnic enclave status 

may illustrate which types of enclave neighborhoods are protective to which populations 

(e.g., US-born or foreign born).

Consistent with prior studies showing differential neighborhood effects by race/ethnicity,
13,16,21,29,63–69 we observed heterogeneity in archetype-survival associations across race/

ethnicity: neighborhood archetypes-survival patterns clustered more distinctly for some 

racial/ethnic groups compared to others. For example, among NH White women, as 

observed for overall survival among all women, we note three clusters of neighborhoods, 

relative to the reference group and the high status neighborhoods, with the lowest (new 
urban/pedestrian and mixed SES-class), moderate (suburban pioneer, rural/micropolitan, and 
city pioneer) and highest (Hispanic small town, and inner city) risk of death. Similarly, 

among Hispanic women, we observed three distinct clusters, while among API and NH 

Black women, we observed fewer distinct groups. Of note, residing in high status 
neighborhoods demonstrated relative worse survival only among NH Black women 

compared to the reference group. Examining common factors within these distinct clusters 

may help identify which factors drive disparities across racial/ethnic groups. For example, 

while the pattern of association of neighborhood archetypes with overall survival among 

AAPI women seem to be largely driven by nSES and demographics, patterns among NH 

Black women seem additionally driven by household composition and food environment.
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Furthermore, our observations of racial/ethnic disparities within neighborhood archetypes 

highlight the importance of individuals’ lived experiences within their neighborhood 

environments. Access to health-promoting neighborhood built and social resources may 

depend on residents’ individual social status (e.g., race/ethnicity, immigration status, or 

education). Discrimination (e.g., in housing or access to medical resources) may drive 

differential neighborhood effects on cancer outcomes by race/ethnicity and nativity.70–74 

While we have examined the interaction of broad racial/ethnic groups and neighborhood 

archetype, further disaggregation of racial/ethnic groups by detailed ethnicity and/or nativity 

may provide additional insight into how neighborhoods impact health differentially for these 

groups.

Methodological studies to validate neighborhood archetypes are required. Archetypes are 

not comparable across censal time periods given the agnostic nature of the LCA approach; 

slightly different sets of tract-level 9-class archetypes emerged for the 2010 and 2000 censal 

periods. Mixed methods approaches to validate defining features of archetypes among 

residents (e.g., the quality or usefulness of parks and food retailers) will improve 

quantitative data used in LCA.75 likely differ across neighborhoods. Such groundtruthing of 

secondary data will be vital to fully appreciate the modifiable factors of neighborhoods 

relevant to cancer mortality and to optimize communities’ health-promoting capacity.76–82 

Additionally, geospatial methods can extend these findings to determine, for example, 

whether spatial clustering of archetypes impacts associations with breast cancer mortality. 

Future studies with residential history from diagnosis onward are warranted; cancer registry 

data only include address at diagnosis so we could not account for impact of residential 

mobility. Lastly, these findings should be replicated in other geographies, with other 

outcomes and with other cancer sites in order to determine whether they are relatively robust 

measures to study place-based cancer disparities.

Here we demonstrate the applicability of 9-class census tract-level archetypes to identify 

disparities in breast cancer survival. The archetypes characterize neighborhoods beyond 

previously studied domains (i.e., nSES, ethnic/immigrant enclaves, or built 

environment)5,10–33 and illustrate complex interactions among domains. Discerning the 

effects of many interactions with a single, summary measure is a benefit of the archetype 

approach, making it better suited to research questions on the synergistic effects of 

neighborhood factors on cancer outcomes. Used across studies, an archetype measure can 

indicate how and where to apply interventions by identifying which features of the 

neighborhood social and built environments interact and which types of neighborhoods are 

associated with worse outcomes. For instance, among archetypes with lower SES those with 

unhealthy foods have worse survival, so policies and interventions that specifically target the 

food environment may provide the most benefit. The archetype approach is thus a significant 

addition to population health studies and studies of cancer disparities. This approach may be 

applied to develop neighborhood archetypes for other states, or at a national level.39

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Shariff-Marco et al. Page 8

Ann Epidemiol. Author manuscript; available in PMC 2022 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Acknowledgments

Acknowledgements (Andrew Hertz) We thank Mr. Andrew Hertz from the Cancer Prevention Institute of 
California for their contributions to this study.

Funding

This work was supported by the National Cancer Institute at the National Institutes of Health (1R21CA174469 to 
S.S.M.) The collection of cancer incidence data used in this study was supported by the California Department of 
Public Health pursuant to California Health and Safety Code Section 103885; Centers for Disease Control and 
Prevention’s (CDC) National Program of Cancer Registries, under cooperative agreement 5NU58DP006344; the 
National Cancer Institute’s Surveillance, Epidemiology and End Results Program under contract 
HHSN261201800032I awarded to the University of California, San Francisco, contract HHSN261201800015I 
awarded to the University of Southern California, and contract HHSN261201800009I awarded to the Public Health 
Institute, Cancer Registry of Greater California. The ideas and opinions expressed herein are those of the author(s) 
and do not necessarily reflect the opinions of the State of California, Department of Public Health, the National 
Cancer Institute, and the Centers for Disease Control and Prevention or their Contractors and Subcontractors.

Abbreviations:

AAPI Asian American/Pacific Islander

CA California

CCR California Cancer Registry

CI confidence interval

CNDS California Neighborhoods Data System

ER estrogen receptor

HR hazard ratio

ICD International Classification of Disease

LCA latent class analysis

NH non-Hispanic

nSES neighborhood socioeconomic status

PR progesterone receptor

SEER Surveillance, Epidemiology, and End Results

U.S. United States

References

1. American Cancer Society. Cancer Facts and Figures 2018. Atlanta: American Cancer Society;2018.

2. Diez Roux AV, Mair C. Neighborhoods and health. Annals of the New York Academy of Sciences. 
2010;1186(1):125–145. [PubMed: 20201871] 

3. Kawachi I, Berkman LF. Neighborhoods and health. Oxford University Press; 2003.

4. Warnecke RB, Oh A, Breen N, et al. Approaching health disparities from a population perspective: 
the National Institutes of Health Centers for Population Health and Health Disparities. Am J Public 
Health. 2008;98(9):1608–1615. [PubMed: 18633099] 

Shariff-Marco et al. Page 9

Ann Epidemiol. Author manuscript; available in PMC 2022 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



5. Gomez SL, Shariff-Marco S, DeRouen 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(14):2314–2330. [PubMed: 25847484] 

6. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. CA: a cancer journal for clinicians. 
2019;69(1):7–34. [PubMed: 30620402] 

7. Alvidrez J, Castille D, Laude-Sharp M, Rosario A, Tabor D. The national institute on minority 
health and health disparities research framework. American journal of public health. 
2019;109(S1):S16–S20. [PubMed: 30699025] 

8. Jones NL, Breen N, Das R, Farhat T, Palmer R. Cross-cutting themes to advance the science of 
minority health and health disparities. In: American Public Health Association; 2019.

9. Palmer RC, Ismond D, Rodriquez EJ, Kaufman JS. Social determinants of health: future directions 
for health disparities research. In: American Public Health Association; 2019.

10. Banegas MP, Tao L, Altekruse S, et al. Heterogeneity of breast cancer subtypes and survival among 
Hispanic women with invasive breast cancer in California. Breast Cancer Res Tr. 
2014;144(3):625–634.

11. Bassett MT, Krieger N. Social class and black-white differences in breast cancer survival. Am J 
Public Health. 1986;76(12):1400–1403. [PubMed: 3777285] 

12. Byers TE, Wolf HJ, Bauer KR, et al. The impact of socioeconomic status on survival after cancer 
in the United States : findings from the National Program of Cancer Registries Patterns of Care 
Study. Cancer. 2008;113(3):582–591. [PubMed: 18613122] 

13. Chang CM, Su YC, Lai NS, et al. The combined effect of individual and neighborhood 
socioeconomic status on cancer survival rates. PloS one. 2012;7(8):e44325.

14. Harper S, Lynch J, Meersman SC, Breen N, Davis WW, Reichman MC. Trends in Area-
Socioeconomic and Race-Ethnic Disparities in Breast Cancer incidence, Stage at Diagnosis, 
Screening, Mortality, and Survival among Women Ages 50 Years and Over (1987–2005). Cancer 
Epidem Biomar. 2009;18(1):121–131.

15. Lian M, Perez M, Liu Y, et al. Neighborhood socioeconomic deprivation, tumor subtypes, and 
causes of death after non-metastatic invasive breast cancer diagnosis: a multilevel competing-risk 
analysis. Breast Cancer Res Treat. 2014;147(3):661–670. [PubMed: 25234843] 

16. Shariff-Marco S, Yang J, John EM, et al. Impact of neighborhood and individual socioeconomic 
status on survival after breast cancer varies by race/ethnicity: the Neighborhood and Breast Cancer 
Study. Cancer Epidemiol Biomarkers Prev. 2014;23(5):793–811. [PubMed: 24618999] 

17. Sprague BL, Trentham-Dietz A, Gangnon RE, et al. Socioeconomic status and survival after an 
invasive breast cancer diagnosis. Cancer. 2011;117(7):1542–1551. [PubMed: 21425155] 

18. Warner ET, Gomez SL. Impact of neighborhood racial composition and metropolitan residential 
segregation on disparities in breast cancer stage at diagnosis and survival between black and white 
women in California. J Community Health. 2010;35(4):398–408. [PubMed: 20358266] 

19. Seow A, Koh WP, Wang R, Lee HP, Yu MC. Reproductive variables, soy intake, and lung cancer 
risk among nonsmoking women in the Singapore Chinese Health Study. Cancer Epidemiol 
Biomarkers Prev. 2009;18(3):821–827. [PubMed: 19240237] 

20. Lipworth L, Abelin T, Connelly RR. Socio-economic factors in the prognosis of cancer patients. 
Journal of chronic diseases. 1970;23(2):105–115. [PubMed: 5455352] 

21. Shariff-Marco S, Yang J, John EM, et al. Intersection of Race/Ethnicity and Socioeconomic Status 
in Mortality After Breast Cancer. Journal of community health. 2015;40(6):1287–1299. [PubMed: 
26072260] 

22. Dasgupta P, Baade PD, Aitken JF, Turrell G. Multilevel determinants of breast cancer survival: 
association with geographic remoteness and area-level socioeconomic disadvantage. Breast Cancer 
Res Treat. 2012;132(2):701–710. [PubMed: 22160639] 

23. 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. J 
Urban Health. 2011;88(6):1117–1129. [PubMed: 21847712] 

24. Russell EF, Kramer MR, Cooper HL, Gabram-Mendola S, Senior-Crosby D, Jacob Arriola KR. 
Metropolitan area racial residential segregation, neighborhood racial composition, and breast 
cancer mortality. Cancer causes & control : CCC. 2012;23(9):1519–1527. [PubMed: 22825071] 

Shariff-Marco et al. Page 10

Ann Epidemiol. Author manuscript; available in PMC 2022 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



25. Fang CY, Tseng M. Ethnic density and cancer: A review of the evidence. Cancer. 
2018;124(9):1877–1903. [PubMed: 29411868] 

26. Keegan TH, Shariff-Marco S, Sangaramoorthy M, et al. Neighborhood influences on recreational 
physical activity and survival after breast cancer. Cancer Causes & Control. 
2014;25(10):12951308.

27. Shariff-Marco S, Gomez SL, Sangaramoorthy M, et al. Impact of neighborhoods and body size on 
survival after breast cancer diagnosis. Health & place. 2015;36:162–172. [PubMed: 26606455] 

28. Keegan THM, Quach T, Shema S, Glaser SL, Gomez SL. The influence of nativity and 
neighborhoods on breast cancer stage at diagnosis and survival among California Hispanic women. 
Bmc Cancer. 2010;10(1):603. [PubMed: 21050464] 

29. Gomez SL, Clarke CA, Shema SJ, Chang ET, Keegan THM, Glaser SL. Disparities in Breast 
Cancer Survival Among Asian Women by Ethnicity and Immigrant Status: A Population-Based 
Study. American Journal of Public Health. 2010;100(5):861–869. [PubMed: 20299648] 

30. Shariff-Marco S, Gomez SL, Sangaramoorthy M, et al. Impact of neighborhoods and body size on 
survival after breast cancer diagnosis. Health Place. 2015;36:162–172. [PubMed: 26606455] 

31. Pruitt SL, Lee SJ, Tiro JA, Xuan L, Ruiz JM, Inrig S. Residential racial segregation and mortality 
among black, white, and Hispanic urban breast cancer patients in Texas, 1995 to 2009. Cancer. 
2015;121(11):1845–1855. [PubMed: 25678448] 

32. Bemanian A, Beyer KM. Measures matter: the local exposure/isolation (LEx/Is) metrics and 
relationships between local-level segregation and breast cancer survival. In: AACR; 2017.

33. Cheng I, Shariff-Marco S, Koo J, et al. Contribution of the neighborhood environment and obesity 
to breast cancer survival: the California Breast Cancer Survivorship Consortium. Cancer 
Epidemiol Biomarkers Prev. 2015;24(8):1282–1290. [PubMed: 26063477] 

34. Gallo LC, Penedo FJ, Espinosa de los Monteros K, Arguelles W Resiliency in the face of 
disadvantage: do Hispanic cultural characteristics protect health outcomes? J Pers. 
2009;77(6):1707–1746. [PubMed: 19796063] 

35. Diez Roux AV, Mair C. Neighborhoods and health. Ann N Y Acad Sci. 2010;1186:125–145. 
[PubMed: 20201871] 

36. Krieger N Theories for social epidemiology in the 21st century: an ecosocial perspective. Int J 
Epidemiol. 2001;30(4):668–677. [PubMed: 11511581] 

37. Meijer M, Rohl J, Bloomfield K, Grittner U. Do neighborhoods affect individual mortality? A 
systematic review and meta-analysis of multilevel studies. Soc Sci Med. 2012;74(8):1204–1212. 
[PubMed: 22365939] 

38. Yen IH, Michael YL, Perdue L. Neighborhood environment in studies of health of older adults: a 
systematic review. Am J Prev Med. 2009;37(5):455–463. [PubMed: 19840702] 

39. Weden MM, Bird CE, Escarce JJ, Lurie N. Neighborhood archetypes for population health 
research: is there no place like home? Health Place. 2011;17(1):289–299. [PubMed: 21168356] 

40. Hagenaars JA, Halman LC. Searching for ideal types: The potentialities of latent class analysis. 
European Sociological Review. 1989;5(1):81–96.

41. McDonald K, Hearst M, Farbakhsh K, et al. Adolescent physical activity and the built 
environment: a latent class analysis approach. Health Place. 2012;18(2):191–198. [PubMed: 
21975286] 

42. Norman GJ, Adams MA, Kerr J, Ryan S, Frank LD, Roesch SC. A latent profile analysis of 
neighborhood recreation environments in relation to adolescent physical activity, sedentary time, 
and obesity. Journal of public health management and practice : JPHMP. 2010;16(5):411419.

43. Adams MA, Todd M, Kurka J, et al. Patterns of Walkability, Transit, and Recreation Environment 
for Physical Activity. Am J Prev Med. 2015;49(6):878–887. [PubMed: 26232902] 

44. Adams MA, Ding D, Sallis JF, et al. Patterns of neighborhood environment attributes related to 
physical activity across 11 countries: a latent class analysis. The international journal of behavioral 
nutrition and physical activity. 2013;10:34. [PubMed: 23497187] 

45. Meyer KA, Boone-Heinonen J, Duffey KJ, et al. Combined measure of neighborhood food and 
physical activity environments and weight-related outcomes: The CARDIA study. Health Place. 
2015;33:9–18. [PubMed: 25723792] 

Shariff-Marco et al. Page 11

Ann Epidemiol. Author manuscript; available in PMC 2022 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



46. Alves L, Silva S, Severo M, et al. Association between neighborhood deprivation and fruits and 
vegetables consumption and leisure-time physical activity: a cross-sectional multilevel analysis. 
Bmc Public Health. 2013;13(1):1103. [PubMed: 24289151] 

47. Jones M, Huh J. Toward a multidimensional understanding of residential neighborhood: a latent 
profile analysis of Los Angeles neighborhoods and longitudinal adult excess weight. Health Place. 
2014;27:134–141. [PubMed: 24607872] 

48. Arcaya M, Reardon T, Vogel J, Andrews BK, Li W, Land T. Peer reviewed: Tailoring community-
based wellness initiatives with latent class analysis—Massachusetts Community Transformation 
Grant Projects. Preventing chronic disease. 2014;11.

49. Palumbo A, Michael Y, Hyslop T. Latent class model characterization of neighborhood 
socioeconomic status. Cancer causes & control : CCC. 2016;27(3):445–452. [PubMed: 26797452] 

50. Gomez SL, Glaser SL, McClure LA, et al. The California Neighborhoods Data System: a new 
resource for examining the impact of neighborhood characteristics on cancer incidence and 
outcomes in populations. Cancer causes & control : CCC. 2011;22(4):631–647. [PubMed: 
21318584] 

51. Krieger N, Chen JT, Waterman PD, Soobader MJ, Subramanian SV, Carson R. Geocoding and 
monitoring of US socioeconomic inequalities in mortality and cancer incidence: does the choice of 
area-based measure and geographic level matter?: the Public Health Disparities Geocoding 
Project. American journal of epidemiology. 2002;156(5):471–482. [PubMed: 12196317] 

52. DeRouen M WM, Yang J, Jain J, Gomez SL., Shariff-Marco S Neighborhoods and Breast Cancer 
Survival: the Case for an Archetype Approach. In: Berrigan DBN, ed. Geospatial Approaches to 
Energy Balance and Breast Cancer. Springer; In press.

53. Celeux G, Soromenho G. An entropy criterion for assessing the number of clusters in a mixture 
model. Journal of classification. 1996;13(2):195–212.

54. Hagenaars JA, McCutcheon AL. Applied latent class analysis. Cambridge University Press; 2002.

55. Lanza ST, Dziak JJ, Huang L, Xu S, Collins LM. Proc LCA & Proc LTA users’ guide (Version 1.3. 
2). Penn State: University Park, The Methodology Center. 2011.

56. Lanza ST, Rhoades BL. Latent class analysis: an alternative perspective on subgroup analysis in 
prevention and treatment. Prevention science : the official journal of the Society for Prevention 
Research. 2013;14(2):157–168. [PubMed: 21318625] 

57. Lin DY, Wei L-J. The robust inference for the Cox proportional hazards model. Journal of the 
American statistical Association. 1989;84(408):1074–1078.

58. Wang F, McLafferty S, Escamilla V, Luo L. Late-stage breast cancer diagnosis and health care 
access in Illinois. The Professional Geographer. 2008;60(1):54–69. [PubMed: 18458760] 

59. Dai D Black residential segregation, disparities in spatial access to health care facilities, and 
latestage breast cancer diagnosis in metropolitan Detroit. Health & place. 2010;16(5):1038–1052. 
[PubMed: 20630792] 

60. Onega T, Duell EJ, Shi X, Wang D, Demidenko E, Goodman D. Geographic access to cancer care 
in the US. Cancer. 2008;112(4):909–918. [PubMed: 18189295] 

61. Weaver KE, Rowland JH, Bellizzi KM, Aziz NM. Forgoing medical care because of cost: assessing 
disparities in healthcare access among cancer survivors living in the United States. Cancer. 
2010;116(14):3493–3504. [PubMed: 20549763] 

62. Krieger N, Waterman PD, Spasojevic J, Li W, Maduro G, Van Wye G. Public health monitoring of 
privilege and deprivation with the index of concentration at the extremes. American journal of 
public health. 2016;106(2):256–263. [PubMed: 26691119] 

63. Braveman PA, Cubbin C, Egerter S, et al. Socioeconomic status in health research: one size does 
not fit all. Jama. 2005;294(22):2879–2888. [PubMed: 16352796] 

64. Williams DR, Kontos EZ, Viswanath K, et al. Integrating multiple social statuses in health 
disparities research: the case of lung cancer. Health services research. 2012;47(3pt2):1255–1277. 
[PubMed: 22568674] 

65. Danos DM, Ferguson TF, Simonsen NR, et al. Neighborhood disadvantage and racial disparities in 
colorectal cancer incidence: a population-based study in Louisiana. Annals of epidemiology. 
2018;28(5):316–321. e312.

Shariff-Marco et al. Page 12

Ann Epidemiol. Author manuscript; available in PMC 2022 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



66. DeRouen MC, Schupp CW, Koo J, et al. Impact of individual and neighborhood factors on 
disparities in prostate cancer survival. Cancer epidemiology. 2018;53:1–11. [PubMed: 29328959] 

67. Ellis L, Canchola AJ, Spiegel D, Ladabaum U, Haile R, Gomez SL. Racial and ethnic disparities in 
cancer survival: the contribution of tumor, sociodemographic, institutional, and neighborhood 
characteristics. Journal of Clinical Oncology. 2017;36(1):25–33. [PubMed: 29035642] 

68. Warren Andersen S, Blot WJ, Shu XO, et al. Associations Between Neighborhood Environment, 
Health Behaviors, and Mortality. Am J Prev Med. 2018;54(1):87–95. [PubMed: 29254556] 

69. Yu XQ. Socioeconomic disparities in breast cancer survival: relation to stage at diagnosis, 
treatment and race. Bmc Cancer. 2009;9:364. [PubMed: 19828016] 

70. Clark R, Anderson NB, Clark VR, Williams DR. Racism as a stressor for African Americans: A 
biopsychosocial model. American psychologist. 1999;54(10):805.

71. Krieger N Embodying inequality: a review of concepts, measures, and methods for studying health 
consequences of discrimination. International journal of health services. 1999;29(2):295352.

72. Williams DR. Racial/ethnic variations in women’s health: the social embeddedness of health. 
American journal of public health. 2002;92(4):588–597. [PubMed: 11919058] 

73. Williams DR, Jackson PB. Social sources of racial disparities in health. Health affairs. 
2005;24(2):325–334. [PubMed: 15757915] 

74. Shavers VL, Shavers BS. Racism and health inequity among Americans. Journal of the National 
Medical Association. 2006;98(3):386. [PubMed: 16573303] 

75. Pluye P, Hong QN. Combining the power of stories and the power of numbers: mixed methods 
research and mixed studies reviews. Annual review of public health. 2014;35:29–45.

76. Appleyard B Sustainable and healthy travel choices and the built environment: Analyses of green 
and active access to rail transit stations along individual corridors. Transportation Research 
Record: Journal of the Transportation Research Board. 2012(2303):38–45.

77. Appleyard B The meaning of livable streets to schoolchildren: An image mapping study of the 
effects of traffic on children’s cognitive development of spatial knowledge. J Transport Health. 
2017;5:27–41.

78. Appleyard B, Ferrell C, Carroll M, Taecker M. Toward Livability Ethics: A Framework to Guide 
Planning, Design, and Engineering Decisions. Transportation Research Record: Journal of the 
Transportation Research Board. 2014(2403):62–71.

79. Appleyard B, Ferrell CE, Taecker M. Toward a Typology of Transit Corridor Livability: The 
Transportation/Land Use/Livability Connection. Paper presented at: Transportation Research 
Board 95th Annual Meeting 2016.

80. Appleyard B, Ferrell CE, Taecker M. Transit Corridor Livability: Realizing the Potential of 
Transportation and Land Use Integration. 2017.

81. Ferrell C, Appleyard B, Taecker M, et al. A Handbook for Building Livable Transit Corridors: 
Methods, Metrics, and Strategies (No. TCRP H-45). Transit Cooperative Research Program;2016.

82. Kwan M-P. The Limits of the Neighborhood Effect: Contextual Uncertainties in Geographic, 
Environmental Health, and Social Science Research. Annals of the American Association of 
Geographers. 2018:1–9.

Shariff-Marco et al. Page 13

Ann Epidemiol. Author manuscript; available in PMC 2022 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Highlights

• Latent class analysis was used to classify California neighborhoods according 

to nine archetypes that distinguish neighborhoods according to demographics 

and household composition, immigration, nSES, walkability, residential 

mobility, commuting, rural/urban status, land use, and food environment.

• Disparities in breast cancer survival according to neighborhood archetypes 

that vary by race/ethnicity were found.

• By describing neighborhood archetypes that differentiate survival following 

breast cancer diagnosis, the study provides direction for policy and clinical 

practice addressing contextually-rooted social determinants of health.
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Figure 1. Neighborhood Archetypes in California.
Map of distribution of neighborhood archetypes across census tracts in (A) California and 

the counties surrounding (B) San Francisco, (C) Oakland, (D) Los Angeles, and (E) San 

Diego, California 2000. Black lines indicate county boundaries.
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Figure 2. Disparities in Breast Cancer Survival According to Neighborhood Archetypes.
Hazard ratios (HRs, black circles) and 95% confidence intervals (CIs, black horizontal lines) 

for (a) overall survival and (b) breast cancer-specific survival for 9 neighborhood archetypes 

by among women of all races/ethnicities; non-Hispanic (NH) White, NH Black, Hispanic, 

and Asian American/Pacific Islander (AAPI) women diagnosed with breast cancer, 

California 1996–2005. The Upper middle-class suburb archetype serves as the reference 

category (HR, 1.00). This fully adjusted model includes age at diagnosis, year of diagnosis, 

SEER summary stage, histology, grade, ER status, PR status, chemotherapy, radiation, 

surgery, marital status and cluster effect by census tract.
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Table 1.

9 neighborhood archetypes: census tract frequency, population coverage, and description across neighborhood 

domains, California 2000
a

9-class 
archetype

Census 

tracts
b

CA 

Population
c

Rural/
urban 
status

nSES Demographics
Households 

and 
housing

Mobility Land use Commuting 
and streets Food

N (%) N(%)

Upper 
middle-class 
suburb

846 
(12.1% )

4,172,910 
(12.3%) High White/AAPI

Midlife 
Fewer 

female-
hiaded 

households 
Ownership

Low Greenspace 
Recreation

Low 
connectivity

High status 814 
(11.6% )

3,542,270 
(10.5%) High White Older Greenspace 

Recreation Healthy

New urban/
Pedestrian

926 
(13.2%)

4,205,539 
(12.4%) Downtown Diverse (but 

not Hispanic)
Young 
Singles High Mixed land 

use High traffic

Mixed SES 
class suburb

553 
(7.9%)

2,602,528 
(7.7%) Families

Some 
mixed use 
Recreation

More 
commuting 

Low 
connectivity 
Low traffic

Healthy

Suburban 
pioneer

699 
(10.0%)

3,639,948 
(10.8%)

City/not 
downtown Middle

Diverse race/
ethnicity, 

immigration, 
and language

Families 
Ownership

Mixed land 
use

Rural/
Micropolitan

537 
(7.7%)

2,368,327 
(7.0%) Rural Low White

Older 
Single 

headed-
households 

Vacants

Low traffic

City pioneer 781 
(11.1%)

3,669,614 
(10.9%)

City/not 
downtown

Lower 
- 

middle

Diverse race/
ethnicity, 

immigration, 
and language

Older 
Single 
headed 

households 
Female 
headed 

households

High Mixed land 
use High traffic

Hispanic 
small towns

7GB 
(10.1%)

3,BBG,385 
(1G.8%)

Lower 
- 

middle
Hispanic

Some 
mixed use 

Less 
greenspace

Less 
commuting 
Low traffic

Unhealthy

Inner city 1146 
(16.4% )

5,946,354 
(17.6%) Urban Low Black and 

Hispanic
Rentals 
Vacants Unhealthy

a
The 9-class neighborhood archetype fit model employed data from the Census 2000 year and estimated respective goodness of fit statistics.

b
The total number of California census tracts represented in 2000 was 7008.

c
The total California population represented in 2000 was 33,807,875.
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Table 2.

Distribution of demographic and tumor characteristics for women with breast cancer according to 9-class 

neighborhood archetypes, California 1996–2005

Total

Upper-
middle-

class 
suburb

High 
status

New 
urban/
Pedes 
trian

Mixed-
SES 
class 

suburb

Suburban 
pioneer

Rural/
Microp 
olitan

City 
pioneer

Hispanic 
small 
town

Inner 
city

(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)

Total 176,097 27,370 30,217 26,032 13,043 15,561 17,282 16,597 13,883 16,112

Race/Ethnicity

 NH White 70.3% 71.8% 90.1% 77.7% 77.7% 48.3% 90.4% 59.9% 61.1% 31.1%

 NH Black 6.0% 3.0% 1.5% 4.6% 4.8% 6.7% 1.4% 11.8% 8.1% 19.5%

 Hispanic 13.5% 7.7% 4.2% 6.9% 11.0% 24.0% 5.3% 15.7% 26.1% 39.3%

 AAPI 9.4% 16.9% 3.6% 10.1% 5.8% 20.3% 1.7% 11.8% 3.8% 9.5%

 Other 0.7% 0.5% 0.6% 0.7% 0.7% 0.6% 1.1% 0.9% 0.9% 0.6%

Age at diagnosis 
(years)

 16–34 2.2% 1.9% 1.2% 2.5% 2.4% 2.7% 1.1% 2.6% 2.4% 3.8%

 35–44 11.7% 13.1% 8.8% 11.3% 14.0% 13.5% 7.4% 11.8% 12.6% 15.1%

 45–54 23.4% 26.4% 22.1% 23.4% 26.9% 24.2% 18.6% 22.2% 22.0% 24.5%

 55–64 23.0% 24.9% 24.4% 21.6% 23.4% 22.4% 22.1% 21.3% 22.9% 21.8%

 65–79 29.5% 26.7% 31.8% 28.5% 26.2% 28.5% 36.6% 29.6% 30.4% 26.4%

 80+ 10.4% 7.0% 11.7% 12.7% 7.0% 8.6% 14.2% 12.5% 9.6% 8.4%

Year of diagnosis

 1996 9.2% 9.0% 9.3% 9.6% 7.8% 9.3% 9.6% 9.5% 9.3% 9.4%

 1997 9.4% 9.2% 9.5% 9.6% 8.4% 9.5% 9.7% 9.7% 9.3% 9.9%

 1998 9.9% 9.8% 10.1% 10.4% 9.4% 9.7% 10.0% 9.8% 9.6% 9.4%

 1999 10.2% 10.2% 10.5% 10.4% 9.7% 9.9% 10.5% 10.1% 10.1% 10.0%

 2000 10.3% 10.4% 10.5% 10.4% 10.0% 9.9% 10.2% 9.9% 10.0% 10.4%

 2001 10.4% 10.2% 10.6% 10.4% 10.6% 10.5% 10.3% 10.5% 10.4% 10.2%

 2002 10.5% 10.8% 10.3% 10.1% 10.7% 11.0% 10.7% 10.6% 10.4% 10.1%

 2003 9.9% 10.1% 9.7% 9.7% 10.7% 9.7% 9.6% 9.9% 10.4% 9.7%

 2004 9.9% 10.1% 9.5% 9.5% 10.8% 10.1% 9.7% 9.8% 10.0% 10.5%

 2005 10.2% 10.1% 10.0% 9.8% 11.9% 10.4% 9.8% 10.2% 10.5% 10.4%

Histology

 Ductal 71.6% 71.9% 70.7% 70.0% 72.8% 73.0% 71.7% 71.2% 73.9% 71.7%

 Lobular 17.4% 18.9% 19.8% 19.2% 16.8% 16.0% 16.2% 16.1% 14.8% 14.5%

 IBC 9.5% 8.1% 8.4% 9.5% 8.9% 9.5% 10.6% 10.9% 9.6% 11.6%

 Other 1.4% 1.1% 1.0% 1.2% 1.5% 1.6% 1.4% 1.8% 1.6% 2.2%

SEER summary 
stage
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Total

Upper-
middle-

class 
suburb

High 
status

New 
urban/
Pedes 
trian

Mixed-
SES 
class 

suburb

Suburban 
pioneer

Rural/
Microp 
olitan

City 
pioneer

Hispanic 
small 
town

Inner 
city

(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)

 Localized 60.9% 62.7% 65.3% 61.7% 60.2% 58.8% 62.9% 58.2% 58.3% 53.7%

 Regional 32.6% 32.4% 29.7% 31.9% 34.0% 34.6% 29.7% 33.5% 34.0% 37.0%

 Distant 4.2% 3.4% 3.3% 4.4% 3.6% 4.3% 3.7% 5.3% 5.1% 6.0%

 Unknown 2.3% 1.5% 1.8% 2.1% 2.1% 2.2% 3.6% 3.0% 2.6% 3.3%

Grade
b

 I 19.7% 21.0% 23.0% 21.3% 19.3% 17.2% 21.7% 17.3% 17.1% 13.6%

 II 36.7% 38.5% 39.2% 37.7% 35.8% 36.0% 35.5% 35.7% 34.4% 33.3%

 III & IV 32.1% 30.7% 27.5% 30.3% 33.4% 35.8% 28.6% 34.9% 34.7% 40.4%

 Unknown 11.5% 9.8% 10.2% 10.7% 11.6% 11.0% 14.2% 12.1% 13.8% 12.7%

ER Status

 Positive 64.7% 68.6% 69.4% 69.3% 63.8% 61.6% 62.5% 62.8% 58.5% 55.0%

 Negative 17.6% 16.8% 14.9% 15.8% 19.4% 19.8% 15.9% 18.8% 20.0% 21.7%

 Borderline 0.2% 0.2% 0.2% 0.2% 0.3% 0.2% 0.3% 0.2% 0.3% 0.3%

 Unknown 17.5% 14.4% 15.5% 14.7% 16.4% 18.4% 21.2% 18.2% 21.2% 23.1%

PR Status

 Positive 53.2% 56.6% 57.6% 57.2% 52.9% 49.9% 52.1% 51.2% 48.5% 43.6%

 Negative 25.8% 25.3% 24.2% 24.6% 26.8% 27.2% 24.3% 26.8% 27.5% 28.2%

 Borderline 0.6% 0.6% 0.7% 0.6% 0.8% 0.5% 1.0% 0.6% 0.6% 0.6%

 Unknown 20.4% 17.5% 17.5% 17.6% 19.5% 22.4% 22.6% 21.4% 23.3% 27.6%

Surgery

 No surgery 5.5% 4.1% 4.3% 6.1% 4.3% 5.3% 5.4% 7.5% 5.7% 8.3%

 Lumpectomy 24.3% 25.3% 25.7% 24.9% 25.2% 23.5% 23.4% 23.5% 22.9% 21.6%

 Mastectomy 57.9% 58.2% 57.8% 57.0% 59.8% 58.0% 58.4% 56.9% 57.8% 57.3%

 Other 
surgeries/
Unknown

12.4% 12.4% 12.1% 1.9% 10.8% 13.2% 12.7% 12.1% 13.5% 12.8%

Chemotherapy

 No 59.3% 56.2% 64.1% 61.7% 53.7% 55.7% 65.3% 59.9% 56.4% 54.8%

 Yes 38.6% 42.3% 34.2% 36.8% 44.0% 42.1% 32.0% 37.8% 40.7% 42.0%

 Unknown 2.1% 1.6% 1.7% 1.5% 2.3% 2.2% 2.6% 2.3% 2.9% 3.2%

Radiation

 No 51.8% 46.8% 48.5% 48.8% 49.1% 54.5% 55.2% 55.0% 55.3% 60.9%

 Yes 48.2% 53.2% 51.5% 51.2% 50.8% 45.5% 44.8% 44.9% 44.7% 39.0%

 Unknown 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.0% 0.1% 0.0%

Marital Status
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Total

Upper-
middle-

class 
suburb

High 
status

New 
urban/
Pedes 
trian

Mixed-
SES 
class 

suburb

Suburban 
pioneer

Rural/
Microp 
olitan

City 
pioneer

Hispanic 
small 
town

Inner 
city

(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)

 Single 12.8% 8.9% 9.6% 18.7% 8.0% 13.0% 8.5% 18.3% 10.9% 20.0%

 Married 56.0% 67.6% 62.2% 46.7% 65.2% 56.7% 56.3% 42.3% 55.3% 45.9%

 Separated/
Divorced/
Widowed

28.8% 21.6% 26.4% 31.9% 24.5% 27.7% 33.2% 36.6% 31.3% 30.4%

 Unknown 2.4% 1.9% 1.8% 2.6% 2.3% 2.6% 2.0% 2.8% 2.5% 3.7%

a
. NH, Non-Hispanic; AAPI, Asian American/Pacific Islander; IBC, inflammatory breast cancer; ER, estrogen receptor; PR, progesterone receptor

b
. Grade I: Grade I or well differentiated; Grade II: Grade II or moderately well differentiated; Grade III: Grade III, Grade IV or poorly 

differentiated/undifferentiated/ anaplastic
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