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Abstract
Background—In the U.S., prostate cancer incidence is higher among Black than white males, with
a higher proportion of Blacks diagnosed with advanced stage cancer.

Methods—Prostate cancer incidence (1999–2001) and census tract data were obtained for 66,468
cases in four states that account for 20% of U.S. Blacks: Georgia, Florida, Alabama and Tennessee.
Spatial clusters of localized-stage prostate cancer incidence were detected by spatial scan. Clusters
were examined by relative risk, population density, socioeconomic and racial attributes.

Results—Overall prostate cancer incidence rates were higher in Black than white men and a lower
proportion of Black cases were diagnosed with localized-stage cancer. Strong associations were seen
between urban residence and high relative risk of localized-stage cancer. Highest relative risks
generally occurred in clusters with lower percent Black population than the national average.
Conversely, of eight non-urban clusters with significantly elevated relative risk of localized-disease,
seven had a higher proportion of Blacks than the national average. Furthermore, positive correlations
between percent Black population and relative risk of localized-stage cancer were seen in Alabama
and Georgia.

Conclusion—Association between urban residence and high relative risk of localized-stage disease
(favorable prognosis) persisted after spatial clusters were stratified by percent Black population.
Unexpectedly, seven of eight non-urban clusters with high relative risk of localized-stage disease
had a higher percentage of Blacks than the U.S. population.

Impact—Although evidence of racial disparity in prostate cancer was found, there were some
encouraging findings. Studies of community-level factors that might contribute to these findings are
recommended.
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Introduction
Prostate cancer is the most commonly diagnosed non-skin cancer and second leading cause of
cancer-related death among men in the United States. Despite declines in prostate cancer
incidence and mortality since the early 1990s, Black men continue to be disproportionately
affected by prostate cancer. Between 1997 and 2001, prostate cancer incidence rates were
approximately 60% higher in Black men compared to white men (1,2). Black men also have
the highest death rate from prostate cancer of any racial group in the United States, with recent
data indicating that the death rate for Black men is 2.4 times higher than for white men (1).

Clinical disease characteristics, including stage at diagnosis and tumor grade, are key predictors
of survival following a diagnosis of prostate cancer. Between 1999 and 2005, the 5-year relative
survival rate for both white and Black men diagnosed with local or regional stage prostate
cancer approached 100%. When diagnosed with distant stage disease, 5-year survival
decreased to 30.6% for white and 28.5% for Black men (3). Recent population-based
epidemiologic studies indicate that Black men are approximately twice as likely as white men
to be diagnosed with advanced stage prostate cancer (4) and men of low socioeconomic status
are more likely than men of higher socioeconomic status to be diagnosed with advanced-stage
prostate cancer (4–6).

The mechanisms by which racial category influences the stage at which a man is diagnosed
with prostate cancer are unclear. Hypotheses relate to location-specific factors such as access
to and utilization of healthcare including screening services (4) and area-level characteristics
including poverty, education level, and population density along the urban-rural continuum;
7–9). Within the United States, age-adjusted prostate cancer incidence rates vary at the local,
state, and regional level, and are generally highest in the upper Midwest and southeastern states
(10). In a study of localized-stage prostate cancer in Maryland, Kentucky, Georgia, and Florida
(11), compared to white men, Black men had lower odds of being diagnosed with localized-
stage disease in each state, reaching statistical significance in the largest state, Florida. In
another recent study of spatial trends in prostate cancer incidence in the United States, large
clusters of counties were found within the southeastern United States where prostate cancer
incidence was lower than expected (12). These findings warrant further investigation of the
spatial clustering of prostate cancer in the southeast. To our knowledge, no published study
has evaluated spatial clustering of prostate cancer incidence by race and stage at diagnosis
within this region.

The objective of the current study was to utilize prostate cancer incidence data obtained from
state cancer registries to identify stage of diagnosis- and race- specific spatial clustering of
prostate cancer incidence among men living in the four southeastern states of Georgia, Florida,
Alabama, and Tennessee, which accounted for 20% of the United States Black population in
the year 2000 (13). We hypothesized that proportions of white and Black men would differ
between spatial clusters with statistically high versus low risk ratios of localized-stage prostate
cancer.

Methods
Data Set Development

The census tract of residence was reported for incident prostate cancer cases over varying years
from state cancer registries in four southeastern states: Tennessee (1989–2001), Alabama
(1996–2002), Georgia (1999–2002), and Florida (1996–2003). Census tracts varied in size,
with urban and suburban tracts typically covering smaller geographic areas than rural tracts,
reflecting their higher population density. Case reports were restricted to non-Hispanic white
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and Black men, respectively. Individual level data available for cases included race, age and
stage at diagnosis, year of diagnosis, and year 2000 census tract of residence (14). The
multistate dataset included all cases diagnosed during the three years from 1999 to 2001,
bracketing the 2000 U.S. population census. Five cases were excluded from analyses because
of missing census tracts of residence (four from Georgia and one from Florida) yielding 66,468
cases. A total of 51,093 cases (76.9%) with localized-stage disease were included in spatial
analyses. Analyses of the remaining 15,375 cases (23.1%) with regional and distant stage
disease (10.7%) or missing stage disease (12.4%) respectively were less informative. Because
the analytic dataset provided a robust sample for analysis, the focus of this report is the spatial
clustering and demographic attributes of men who were diagnosed with localized stage prostate
cancer.

Cluster Identification
A Poisson-model based spatial scan statistic (SatScan, ™ SaTScan.org, Boston, MA; 15) was
used to detect spatial clusters within the four-state study area. Analyses of each state were also
performed to find patterns that could be masked in the overall analysis. All clusters detected
were age-adjusted to the U.S. standard 2000 population, according to its age distribution (18
age groups: 0–4, 5–9, …, 80–84, and 85+).

The spatial statistic used windows of variable shape and size to scan across a geographical
region. Each shape, size and location defined a candidate cluster of census tracts. Statistically
significant clusters were defined by a p-value < 0.05 based on the Monte Carlo method. The
spatial scan statistic adjusted for age. It also adjusted for the multiple testing inherent when
large numbers of candidate cluster areas are considered. (15) Thus, type I error was well
controlled. Both circular and elliptic windows can be used to search for possible clusters. The
elliptical window used in this report has been shown to provide favorable power and sensitivity
compared with other window shapes when the maximum window is not too large (16). The
elliptical window is also a reasonable shape since spatial clusters can take many forms. The
scan window searched for ellipses of varying sizes and angles defined by the ratio of their long
to short axes to obtain representative ellipse shapes. Axis ratios of 1.5, 2, 3, and 4 were selected
for this analysis. Ellipse orientations around centroids were chosen based on prior
specifications (16). The allowable numbers of equal-sized angles in a 360-degree rotation were
set at 4, 6, 9, and 12 for ellipse axis ratios of 1.5, 2, 3 and 4, respectively. To choose an optimal
search window size, a 50% maximum search window of the total population was initially used
followed by smaller search windows (e.g., 25%, 5%, and 0.5%). Large clusters were often
found to include demographically diverse census tracts. The 0.5% maximum window size
provided added resolution in suburban areas without loss of detail in urban centers. Because
some census tracts accounted for 0.3% of state population, smaller window sizes could not be
used.

Demographic characterization of clusters
Census tract-level socioeconomic data were obtained from the U.S. Census Bureau for the year
2000 (17). Socioeconomic status (SES) was estimated by cluster with values of SES variables
for tracts within clusters, weighted by each tract’s population. Variables used in analyses
included percent of adults without a high school diploma, percent of adults with bachelor
degrees, percent of families living below poverty level, percent of people living below poverty
level, median household income in dollars, percent unemployment, and percent Black
population. The rural urban continuum score was based on county-level data. The most urban
counties were assigned a score of 1 and the most rural counties given a score of 9. Cluster
population density was estimated with the weighted index of the tracts in the cluster (18). A
three level categorical variable was used to define population density. Urban clusters were
defined as clusters having a weighted urban-rural index of 2 or less, indicating a population
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density corresponding with a metropolitan county of at least 250,000 people. Suburban clusters
had rural-urban continuum index values greater than two and less than six (i.e., density ranging
from a metropolitan county with less than 250,000 people to a county with an urban population
of at least 2,500 located adjacent to a metropolitan area. Clusters with population density
corresponding to a county with fewer than 20,000 urban residents that was not adjacent to
metropolitan areas were classified as rural.

Summary statistics
The Fisher’s exact test statistic was used to examine associations between relative risk of
localized-stage prostate cancer and population density in the 97 spatial clusters from the
multistate analyses, with further analyses of clusters stratified by percent Black population
based on a cut point of 12.3%, the percent “Black only” population estimated from the 2000
U.S. census. (13) For clusters with statistically significant relative risks of localized-stage
prostate cancer, Pearson’s correlations were performed to examine associations between
relative risk and demographic variables (P<0.05, t-test, correlation coefficient significantly
different from zero; 19). Correlations were examined by state and for all four states combined.

Results
Incidence

Among Black and white men in Tennessee, Alabama, Georgia, and Florida, from 1999 to 2001
a total of 51,093 of 66468 (76.9%) reported incident cases of prostate cancer were diagnosed
at localized-stage (Table 1). Overall incidence rates of prostate cancer were more than 50%
higher in Black than white males, with a higher proportion of white than Black cases diagnosed
with localized-stage disease in each of the four states and during each diagnosis year
(p<0.0001).

Spatial clusters of census tracts
When cases in all four states were examined with the spatial scan method, 97 clusters of census
tracts were found with statistically significant relative risk of localized-stage prostate cancer
incidence (Figure 1). Four of these clusters contained only one census tract and 26 contained
less than 10 census tracts. The median number of census tracts per cluster was 28 and the
maximum number of census tracts was 75. More clusters with higher relative risks were
detected in Florida and Georgia than in Alabama or Tennessee, suggesting that there was
interstate variation in localized-stage prostate cancer incidence.

There were strong associations between urban density and high relative risk of prostate
diagnosis at localized-stage (Table 2). The associations persisted after clusters were stratified
at a cut point of >12.3% percent “Black only” population (national average, 2000 U.S. Census).
Among urban clusters with a lower percent of Black residents than the national average, the
highest relative risk values ranged from 8.2 to 3.5 (Table 3). These clusters were all located in
Florida. The highest relative risk values for urban clusters with higher percentages of Black
residents were lower, ranging from 2.3 to 2.0. Furthermore, these clusters were dispersed across
Georgia, Alabama, and Florida. Of the 49 clusters with higher relative risks of localized-stage
prostate cancer, only eight were non-urban clusters, all of which occurred in suburban areas.
Seven of the eight clusters had higher proportions of Black population than the national average
(Table 1) and six had relatively favorable SES (i.e., education and income levels; Table 2).
Compared with the overall analysis, general patterns of spatial clusters across the four-state
study area persisted in analyses restricted to whites, with loss of detail in analyses restricted to
Blacks owing to small numbers of cases (data not shown). However, spatial patterns in race-
specific maps were consistent with the overall pattern: high urban and low rural relative risks
of localized-stage prostate cancer.
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When clusters in individual states were examined separately (Figure 2), the spatial patterns of
clusters in Florida and Alabama resembled those in the analysis of all four states combined
(Figure 1). In Northwest Georgia however, near the Alabama border, a cluster of high relative
risk of localized-stage disease was not observed in the Georgia-only analysis, and two clusters
of high relative risk of localized-stage cancer were seen in east-central Tennessee. Furthermore,
the number and size of clusters with low relative risk in Tennessee decreased.

In correlations between census tract-level socioeconomic and demographic characteristics and
relative risk of localized-stage prostate cancer, low population density was inversely correlated
with high relative risk of localized-stage disease (Table 4). This correlation was observed in
both the four-state study area and the individual states: Alabama (−0.71), Florida (−0.36),
Georgia (−0.67), and Tennessee (−0.35), although it was not statistically significant in the latter
state. The correlation between the percent Black population within clusters and relative risk
for localized-stage disease was close to 0 in the multistate analysis; however, statistically
significant positive correlations between the percent Black population and the relative risk
were found in Alabama and Georgia, and a non-significant positive correlation was found in
Tennessee. A correlation was seen between census tract-level measures of household income
and relative risk of localized-stage disease, which was statistically significant in analyses
restricted to Florida and Georgia. In Georgia a significant correlation was observed between
tract-level measures of college graduation rates and relative risk of localized-stage prostate
cancer.

Conclusion
As expected based on previous studies illustrating social disparities related to prostate cancer,
this study found higher incidence rates of prostate cancer among Black compared to white
males with a lower proportion of cases diagnosed at the localized-stage among Black men.
Furthermore, the absolute values of high relative risks of localized-stage prostate cancer were
highest in urban clusters with relatively low percent Black population. Despite these findings,
the present study also revealed encouraging evidence that could facilitate progress in reducing
these previously described racial disparities in prostate cancer incidence and mortality. In
Georgia and Alabama, for example, localized-stage prostate cancer was positively correlated
with Black racial category. The correlation between localized-stage prostate cancer at diagnosis
and percent Black population could be interrelated with several factors including but not limited
to income, education, urban residence, or health promotion efforts. Studies are recommended
of community-level factors that may have contributed to the positive correlations between
Black race and early stage prostate cancer in these two states. In addition several clusters with
high relative risks and greater than the median Black population were found outside major
metropolitan areas. Most of these clusters had relatively high proportions of people with college
degrees or favorable income levels. Results in the four-state and individual-state analyses
suggest that state-level interventions may be having differential effects in the individual states.
Future studies should focus on evaluating small area-level characteristics, including health
education campaigns and access to healthcare facilities within clusters with more favorable
prognosis that are located outside major metropolitan areas.

Prostate cancer clusters with high relative risk of localized-stage disease tended to occur in
urban areas, while clusters with low relative risk of localized-stage disease tended to occur in
less urban areas. These associations, which persisted after stratifying clusters by percent-Black
population, may reflect other evidence of urban versus rural differences in access to prostate
cancer screening. This finding may provide context for other studies of prostate cancer
incidence and mortality. In one study of prostate cancer incidence and mortality data in Illinois,
age-adjusted prostate cancer incidence significantly decreased with decreasing population
density (20). Similarly, urban residence was positively associated with prostate cancer
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incidence in another recent study (21). The results of those studies may reflect an increased
likelihood of being screened for prostate cancer in an urban area compared to a rural one, owing
to increased availability of medical services. This increased surveillance also may explain our
finding of higher relative risk of localized-stage prostate cancer in urban than non-urban areas.
In a study of prostate cancer incidence from 1950–2000 in the northern Plains states,
investigators found higher mortality in rural compared to urban counties (22), which could also
reflect a lower relative risk of localized-stage prostate cancer incidence in rural areas. This
explanation almost certainly would not apply uniformly across all populations. In Illinois, for
example, a pronounced urban/rural gradient in regional/distant stage prostate cancer diagnoses
was described, with the highest odds of late-stage diagnosis in the city of Chicago (9). In that
study, after controlling for demographic variables, the effect was no longer observed. The
authors suggested that the urban/rural gradient might be explained by heterogeneous racial and
demographic characteristics across urban and rural areas of Illinois. Future research should
focus on region-specific individual- and area-level characteristics that could influence prostate
cancer screening behavior.

Findings from this study support the utility of both large- and small-area spatial analyses to
assess cancer clustering. Results from the multistate analysis suggested that several primarily
rural areas have lower relative risk of localized-stage prostate cancer while several primarily
urban areas have higher relative risk of localized-stage diagnosis. A separate analysis of cases
in Tennessee alone revealed additional clusters with comparatively high relative risks of
localized-stage disease that were obscured in the multistate analyses. An analysis of Georgia
cases alone eliminated a cluster near the Alabama border that was present in the multistate
map. Insights gained from combined spatial analyses within and across regions could inform
cancer control efforts at local, regional and national levels.

There are some limitations of this study. We were unable to adjust for individual-level
socioeconomic status, which was not available from the cancer registries. Thus, inferences
regarding demographic variables in this analysis are ecological and may not reflect case
attributes. Second, the data utilized for this study were obtained from multiple cancer registries
and are subject to variation in methodology. Within the study region, Georgia and Florida
received NAACR gold-level certification, Alabama received silver-level certification, and
Tennessee was not certified. Differential case reporting could have affected multistate analyses.
Third, the ability to detect clusters among Black males alone was limited by small numbers of
cases. Nonetheless, results for Black males were consistent with urban versus rural patterns in
the overall analysis.

In summary, in this study, urban residence was a major predictor of localized-stage diagnosis
of prostate cancer for both Black and white men. Evidence of continuing racial disparity
included higher incidence rates of prostate cancer among Blacks than whites with a lower
proportion of Black men diagnosed at localized-stage. Furthermore, clusters with highest
relative risks of localized-stage generally had low percent Black population. Encouragingly,
positive correlations between percent-Black population and high relative risk of localized stage
prostate cancer were found in three states (not Florida). In addition, almost all non-urban
clusters with high relative risk of localized-stage cancer had higher than the national percent
Black population and most of these clusters had favorable levels of educational attainment or
income. These findings may be useful in design and evaluation of cancer control programs
effectiveness.
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Figure 1.
Multistate analysis of spatial clusters with statistically significant relative risks of localized-
stage prostate cancer compared to the background incidence rate - Tennessee, Alabama,
Georgia, and Florida: 1999 to 2001*
* Cases restricted to Black and white males only
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Figure 2.
Spatial clusters with statistically significant relative risk of localized-stage prostate cancer
compared to the background incidence rate by individual state – Alabama, Florida, Georgia,
and Tennessee: 1999–2001
* Cases restricted to Black and white males only
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