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Abstract

Background—There is growing evidence that unfavorable neighborhood contexts may influence 

prostate cancer (CaP) progression. Whether these associations may be explained in part by 

differences in tumor-level somatic alterations remain unclear.

Methods—Data on tumor markers (PTEN, p53, ERG, and SPINK1) were obtained from 1,157 

participants with CaP in the Health Professionals Follow-up Study. Neighborhood greenness, 
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socioeconomic status, and the income Index of Concentration at Extremes were obtained from 

satellite and Census data and linked to participants’ address at diagnosis and at study enrollment. 

Exposures were scaled to an interquartile range and modeled as tertiles. Bivariate associations 

between tertiles of neighborhood factors and tumor markers were assessed in covariate adjusted 

logistic regression models to estimate odds ratios and 95% confidence intervals.

Results—There was no association between any of the neighborhood contextual factors and 

PTEN, p53, ERG, or SPINK1 in bivariate or multivariable adjusted models. Results were 

generally consistent when modeling exposure using exposure at diagnosis or at study enrollment.

Discussion—In this multilevel study of men with CaP, we found no evidence of associations 

between neighborhood context and tumor tissue markers.

Impact—Our results provide some of the first empirical data in support of the hypothesis that 

CaP risk conferred by tumor tissue markers may arise independently of underlying neighborhood 

context. Prospective studies in more diverse populations are needed to confirm these findings.

Introduction

Research on neighborhood environments, including neighborhood socioeconomic status 

(nSES), segregation, and green spaces (“greenness”), has shown that men living in 

more favorable environments have lower rates of prostate cancer (CaP) incidence and 

mortality1. Neighborhood environments influence modifiable risk factors, including obesity 

and physical activity, that are associated with distinct molecular subtypes (ERG fusions) 

in men with CaP2. Therefore, somatic alterations in prostate tumors might explain the 

observed associations with neighborhood environments. We examined associations between 

neighborhood social environments, greenness, and tumor tissue markers in a sample of men 

with CaP.

Materials and Methods

Data were obtained from the US-based Health Professionals Follow-up Study (HPFS), an 

ongoing nation-wide prospective cohort of 51,529 male health professionals who were aged 

40–75 at start of follow-up in 1986. Participants provided demographic, behavioral, and 

clinical information through biennial questionnaires and medical records. Of these, 1,686 

men diagnosed with CaP between 1986 to 2009 had available archival tissue specimens 

from radical prostatectomy or transurethral resection of the prostate. A subset of men 

had tumor specimens with immunohistochemistry assays performed as part of ongoing 

research studies. Data were available for 1,157 men with ≥1 tissue marker obtained, and 

complete neighborhood and covariate information. The study protocol was approved by the 

institutional review boards of the Brigham and Women’s Hospital and Harvard T. H. Chan 

School of Public Health, and those of participating registries as required.

Starting in 1988, participants provided either a home or work address which was updated 

every two years and geocoded. nSES was estimated by calculating an index using 

Census tract variables from the temporally closest Census capturing area-level educational 

attainment, income, wealth, occupation, and racial composition3. Income segregation was 

estimated using the Index of Concentration at Extremes (ICE)4. Neighborhood greenness 
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exposure was estimated using the Normalized Difference Vegetation Index (NDVI), 

available at 30m resolution since 1984. We calculated focal statistics, or spatial averages 

of the 30m NDVI data within 270m and 1230m areas around participants’ addresses. To 

account for seasonal changes, we calculated average NDVI values from the least cloudy 

image obtained for each season during the two-year questionnaire cycle. All measures were 

linked to participant address at diagnosis, and during the first available year of follow-up 

(1988) as a sensitivity analysis. ICE Income was positively correlated with nSES and NDVI 

(Supplementary Figure S1).

Procedures for creating tumor tissue microarrays and performing immunohistochemistry 

have been previously described5–8. We selected ERG, p53, PTEN, and SPINK1 markers, 

which reflect oncogene, PI3-Akt signaling, and AR-independent signaling pathway 

disruptions that are being considered for etiologic and prognostic subtyping. Moreover, there 

is growing evidence that modifiable risk factors, including obesity, physical activity, and 

statin use, may be associated with distinct alterations in ERG and PTEN2.

We evaluated bivariate associations between tumor tissue markers using tertiles with chi-

squared test of Fisher’s exact test. We then fit logistic regression models to estimate odds 

ratios for the association between each neighborhood variable and each tumor marker 

(presence/absence), adjusting for age, screening for prostate specific antigen (PSA), PSA 

value, Body Mass Index, and population density. Exposures were modeled as continuous 

scaled to an interquartile range (IQR) and as tertiles with a test for ordinal trend.

We performed sensitivity analyses to account for possible selection bias using inverse 

probability of censoring weights (Supplementary Methods), and analyses without 

adjustment for Body Mass Index to evaluate potential mediation.

Data Availability

Because of participant confidentiality and privacy concerns, data are available upon 

reasonable written request. According to standard controlled access procedure, applications 

to use HPFS resources will be reviewed by our External Collaborators Committee for 

scientific aims, evaluation of the fit of the data for the proposed methodology, and 

verification that the proposed use meets the guidelines of the Ethics and Governance 

Framework and the consent that was provided by the participants. Investigators wishing 

to use HPFS data are asked to submit a brief description of the proposed project (go to 

https://www.nurseshealthstudy.org/researchers (contact: nhsaccess@channing.harvard.edu) 

and https://sites.sph.harvard.edu/hpfs/for-collaborators/ for details.

Results

Men had a mean age of 66.0 years at diagnosis (SD = 6.1) and were predominantly White 

(97%). Population characteristics were similar across ERG, PTEN, p53, and SPINK1 status, 

except that somatic alterations were more prevalent in low population density settings (Table 

1). There were no bivariate associations between any exposure and any tumor marker (Table 

S1), except between ERG and nSES, with higher prevalence of ERG+ tumors among lower 

tertiles of nSES (p=0.06). Results from covariate-adjusted models were similar to bivariate 
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results (Table 2). The strongest association observed was a 24% lower odds of PTEN loss 

associated with an IQR increase in nSES (aOR: 0.76, 95% CI: 0.58, 1.01). Associations with 

NDVI were weaker than for nSES and ICE Income. Results from sensitivity analyses using 

baseline exposure remained largely unchanged, except for an inverse association between 

NDVI within 1230m and SPINK1 (Table S2). Incorporating inverse probability weights for 

censoring (Table S3), and excluding Body Mass Index as a covariate (Table S4) did not 

appreciably change results.

Discussion

We found no clear associations between neighborhood social environments and greenness 

in relation to somatic alterations in men with CaP. These findings are consistent with 

the hypothesis that prostate somatic markers are minimally influenced by neighborhood 

environments. Limitations include the case-only design, which precludes evaluation of 

causal relationships. Participants were indicated for surgery, and therefore selection bias may 

pose a threat to validity. This population of male health professionals is not representative of 

the US, though the nSES distributions are comparable3. While this reduces external validity, 

restricting demographic and socioeconomic variability limits confounding.

These findings from one of the first examinations of multilevel neighborhood and tissue-

level alterations in men with CaP suggest that the somatic alterations investigated here are 

not associated with neighborhood social and natural environments. We encourage replication 

in more racially and socioeconomically diverse populations, and use of prospective designs 

to confirm these results.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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