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Abstract

Purpose: There is a differential in prostate cancer mortality between black and white men.
Advances in precision medicine have shifted the research focus toward underlying genetic
differences. However, nonbiological factors may have a large role in these observed disparities.
Therefore, we sought to measure the relative importance of race compared to health care and
social factors on prostate cancer specific mortality.

Materials and Methods: Using the SEER (Surveillance, Epidemiology, and End Results)
database we identified 514,878 men diagnosed with prostate cancer at age 40 years or greater
between 2004 and 2012. We also selected a subset of black and white men matched by age, stage
and birth year. We stratified patients by age 40 to 54, 55 to 69 and 70 years or older and disease
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stage, resulting in 18 groups. By applying random forest methods with variable importance
measures we analyzed 15 variables and interactions across 4 categories of factors (tumor
characteristics, race, and health care and social factors) and the relative importance for prostate
cancer specific mortality.

Results: Tumor characteristics at diagnosis were the most important factors for prostate cancer
mortality. Across all groups race was less than 5% as important as tumor characteristics and only
more important than health care and social factors in 2 of the 18 groups. Although race had a
significant impact, health care and social factors known to be associated with racial disparities had
greater or similarly important effects across all ages and stages.

Conclusions: Eradicating disparities in prostate cancer survival will require a multipronged
approach, including advances in precision medicine. Disparities will persist unless health care
access and social equality are achieved among all populations.
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Brack men have a 1.6-fold higher incidence of PCa and more than twice the rate of PCa
mortality compared to white men in the United States.! The PCa death rate has declined
since the 1990s, a phenomenon commonly attributed to improved diagnostic and treatment
regimens.2:3 However, the black/white PCa mortality differential increased during this time,
in contrast to the reduced differential of overall cancer mortality.* Genetic differences in PCa
susceptibility are likely not the sole contributors to disparities but the disparities are likely
due to a combination of genetic and environmental factors, including underlying social and
health care factors.

Genetic differences in PCa susceptibility and tumor behavior are associated with increased
PCa mortality in black men.>6 Additionally, black men have higher PSA values with
equivalently staged cancer.” Patients with low risk disease are at increased risk for clinical
upstaging, progression to treatment on active surveillance,® adverse pathology findings after
prostatectomy® and mortality,10 suggesting that identifying genetic factors leading to
differential mortality would potentially improve treatment and survival but only in patients
with access to care.

PCa racial disparities due to exogenous factors, such as health care access, are well
documented and may fully explain the differences.11-14 Compared to white men, black men
have higher stage disease at diagnosis,!® particularly in younger age groups.18 It is necessary
to understand the impact and complex interplay of disease specific characteristics, race,
health care access and quality, and other social factors to identify the factors determining
PCa mortality and improve outcomes in black men.

Identifying the most important factors for predicting PCa mortality requires methodological
approaches which simultaneously consider multiple variables and their interactions. Classic
regression methods use reductionist approaches and investigate risk factors in isolation or
specify a priori interactions to test for differences in the effect of predictors. Random forest
regression, which is a supervised machine learning method, incorporates all multiway
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interactions and provides measures of variable importance, quantifying the importance of
each variable for predicting survival classes.’

Using cohorts from the NCI (National Cancer Institute) SEER Program, we took advantage
of random forest regression to identify strong predictors of PCa mortality. We hypothesized
that tumor characteristics (Gleason score and PSA) would strongly predict PCa mortality
among men with all stages of disease. We also hypothesized that race would have a
measurable impact on mortality, although a smaller impact than tumor characteristics, and it
would be similarly as impactful as health care factors (access and quality) and social factors
(median family income, population density and social vulnerability).

Data for this study were obtained from the 18 registries comprising the SEER database.18
This study includes all 514,878 males more than 40 years old at diagnosis who were
diagnosed with PCa from 2004 to 2012. County level health care data were obtained from
the HHS (Department of Health and Human Services) AHRF, the CDC (Centers for Disease
Control and Prevention) and the AHRQ (Agency for Healthcare Research and Quality).
County level measurements were based on the county of residence of an individual at
diagnosis.

Sample Selection

Measures

Figure 1 shows the sample selection tree. We excluded individuals who were diagnosed at
death or autopsy. We required individuals to be linked to the AHRF and have a known stage
at diagnosis and a link to county level SES measures.

SEER data were obtained for individual level measures. Time was measured as months from
diagnosis to PCa death and observations were censored at death from another cause or the
end of followup. Race/ethnicity was categorized as black, nonHispanic white, Hispanic
white, other race or unknown race/ethnicity. Hispanic ethnicity of nonwhite races was
grouped with the corresponding race due to small cell sizes. The supplementary material
(https://www.jurology.com) provides a detailed description of stage, grade and PSA
measures.

Measures of county level access to health care were drawn from the AHRF database,
including the number of physicians, radiation oncologists and urologists, and the number of
chemotherapy treatment centers. The AHRQ PQI was used to measure the quality of
ambulatory care. The supplementary material (https://www.jurology.com) shows a detailed
description and a map of the spatial distribution.

Social factors which may affect PCa mortality were derived from multiple sources. The
rural/urban designation was obtained from the AHRF. The county level median family
income from the 2000 United States Census was included. We considered the proportion of
the Medicare population in each county which was also eligible for Medicaid enrollment
(dual enrollees).2® The CDC Social Vulnerability Index, a measure of resilience of
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communities confronted by external stresses on health (natural or human caused disasters,
disease outbreaks, etc) was also included.20

Statistical Methods

RESULTS

Random forests are an extension of CART (Classification and Regression Tree) modeling. In
this method n trees are grown using bootstrapped samples from the learning sample.17:21 As
these trees grow, each branch point (node) separates groups based on the factor which best
explains the variability in mortality in the groups. For example, if a Gleason score greater
than 8 explains more variance in mortality in the group compared to PSA greater than 20
ng/ml, the next node separates the single group into 2 groups based on Gleason score
regardless of PSA and other factors. It identifies the most relevant variables when
multicollinearity is present and reduces the variables of interest to those with the most
explanatory value.22

Trees are a random 70% subset of the original data set. Therefore, the remaining 30% of the
data which were not selected (eg OOBs) could be used to calculate variable importance.
OOB data create permutation accuracy VIMPs by predicting class membership in the OOB
sample and then randomly permuting the values and calculating the decrease in predictive
accuracy with permuted variables. The average difference in accuracy of the OOB vs the
permuted OOB observations over all trees is the VIMP with a VIMP close to zero implying
that the variable has no predictive power. The increasing value of the VIMP implies
increasing importance for predicting the outcome.

Models were stratified by patient age at diagnosis (40 to 54, 55 to 69 and 70 years or
greater) and stage at diagnosis (I/11, 11l and IV). This allowed for examination of differences
in stage, thus netting out racial differences in PCa survival due to stage. Analyses were run
in R using the randomForestSRC and survival packages (https://cran.r-project.org/web/
packages/). We performed our analysis in a subset of the sample in which all black
individuals were matched to a nonHispanic white counterpart by birth year, and stage and
age at diagnosis. This allowed us to compare the VIMP without biasing it by the unequal
distribution of race in the total population and directly compare nonHispanic white men to
black men.

Each model included 15 variables. For descriptive purposes the variables were categorized
broadly as tumor characteristics, social factors, health care factors and race. To measure
relative importance we summed the VIMPs across categories and compared them to the sum
of tumor characteristic VIMPs to standardize across models stratified by age and stage. All
variables were categorical to avoid a bias in VIMPs due to the inclusion of categorical and
continuous variables in a single model. We repeated these analyses in the total patient cohort
to measure the impact of race more generally.

The table lists statistics on all variables. A higher proportion of men of Hispanic, black and
other races was diagnosed with stage IV disease relative to nonHispanic white men. Men of
other races were more likely to be diagnosed with Gleason 7+ disease and PSA greater than
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40 ng/ml than nonHispanic white men. A higher proportion of Hispanic and black men lived
in areas in the bottom 25th percentile of median family income and the black racial group
had the highest percent of the population living in the bottom 10th percentile. Black and
Hispanic men were more likely to live in socially vulnerable areas. There were minor racial
differences in the number of physicians by county but stark differences in the PQI with
nearly twice the black population living in low PQI areas relative to nonHispanic white
populations. PCa was diagnosed in 55,493 men 40 to 54 years old, in 282,358 who were 55
to 69 years old and in 174,213 who were 70 years old or older. There was more racial
heterogeneity in younger age groups relative to men 70 years old or older.

Tumor characteristics (Gleason score and PSA) were the most important predictors of
survival across all ages and stages. The supplementary material (https://www.jurology.com)
shows the range of importance of each factor. Figure 2 shows VIMPs of social factors,
health care factors and race relative to the VIMP of tumor characteristics by age and stage
(1/2, 3 and 4). Figure 2, A includes results of the matched subset analysis of black and
nonHispanic white men. Figure 2, B includes results in the broader population.

Across analyses and groups race was never greater than 1/20th as important as tumor
characteristics. In fact, in many subgroups, including younger patients and patients with
stage 4 disease, race was not a measurably important factor for mortality. Race was only
more important than health care and social factors in 2 of the 18 groups, including stage 3,
and ages 55 to 69 and 70 years or greater on matched subset analysis. Health care factors
were comparatively important predictors of PCa mortality across all groups. Social factors
were important predictors of mortality in every group except the stage 3, age 40 to 54-year
age group on the matched subset analysis.

The VIMP pattern differed in the overall cohort compared to the matched subset. In the
matched subset social factors were more important in men with lower disease stages who
were 55 to 69 years old and in general factors other than tumor characteristics were less
important as stage increased. Comparatively in the full cohort health care and social factors
were less important relative to tumor characteristics at lower disease stages and in general
these factors increased in importance as stage increased, particularly in the younger age
groups.

DISCUSSION

Tumor characteristics were the most important factors for predicting PCa mortality at all
ages and stages. All other factors combined ranged from a quarter to a tenth as important
when directly compared to tumor characteristics. While race was a measurably important
predictor of PCa mortality, health care and social factors (which are factors associated with
racial disparities) were more important in all but 2 of the 18 groups in our analysis.

The relationship between race and PCa outcomes is complicated and it is difficult to
disentangle the social and biological factors leading to disparities. For example, recent
research shows that black men with Gleason 6 disease are twice as likely to die of PCa than
nonblack men and the investigators suggested that there were biological differences.10
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However, results from the SEARCH (Shared Equal Access Regional Cancer Hospital)
database are conflicting, showing that lower SES black men with equal access to care have
decreased PCa mortality.23 Dess et al also found no racial difference in PCa mortality when
access to care and standardized treatment were equal.?4

Genetic heterogeneity and its relationship to PCa outcomes is an important question.
However, it should not be couched in the framework of racial disparities. Identifying genetic
factors contributing to differences in tumor aggressiveness should be blinded to race, which
is a social construct. Rather, genetic differences in outcomes should be studied across
subgroups of the population in a biological framework. Known genetic differences which
lead to differences in outcomes, such as transforming growth factor B,° should be screened
for across all populations. The interaction between biology and social aspects at multiple
levels is important but care should be taken not to conflate the 2 constructs. Personalized
approaches to health care based on genetics can only equalize outcomes if all populations
have the same access to care.

Our results support research showing that efforts to equalize access to care will have a great
impact on reducing racial disparities in PCa outcomes. Further research is needed to identify
relative contributions of factors across multiple levels, including the patient, the provider and
the health care system. The same care should be given to all individuals. Urological care
deserts should be defined by multiple factors, not solely distance to care, to target
intervention efforts in resource depleted areas.

Leveraging random forests enabled us to explore the complex associations between multiple
variables and measure the importance of each variable in predicting PCa mortality. This
highly predictive modeling approach considers all possible combinations of variable
interactions and addresses multicollinearity issues. This data driven, reverse engineering
approach allowed us to disentangle the role of individual and neighborhood factors
correlating with race/ethnicity and to identify the strength of that contribution to PCa
outcomes. These models may have better predictive power than traditional regression
methods and they can identify complex hidden relationships, especially for questions with
multicollinearity between measures for which it is difficult to determine the importance of
effects.?®

There are challenges in measuring the impact of race on PCa mortality. It is important to
note that the methods used in this analysis were designed to optimize prediction and not
assess causation. The OOB error rate, which ranged from 0.15 to 0.25 for the different age
groups and disease stages, suggests that the factors which we considered explain large
amounts of variation in PCa mortality in this cohort. This suggests that while race is often an
important predictor of PCa mortality, risk is also tied up in social forces which influence
mortality. The variation between the matched subset analysis and the cohort overall suggests
that the pattern of racial disparities among other groups may differ from those found in black
men. Whatever these specific patterns may be, clearly the methods used to reduce racial
disparities in PCa outcomes must involve the elimination of racial disparities for social and
health care factors.
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There are important considerations when interpreting our analysis. While it is likely that
fundamental differences exist in regard to PCa incidence and disease behavior, it is difficult
for clinicians to incorporate racial factors when clinically treating patients with PCa,
particularly when considering confounding factors such as access to and quality of care and
the paucity of clinical research devoted to black patients. SEER, which is the only
comprehensive, population based cancer database in the United States, represents a unique
opportunity to study ethnic and racial differences in PCa mortality.

However, certain limitations must be considered when interpreting the results of
observational studies and SEER data in particular. Race and ethnicity are self-reported
variables and, thus, subject to sociological and historical factors shaping self-identification
into categories.2% County level income and access to care measurements do not directly
measure individual access but provide information about the interplay between area and
individual level characteristics. Future studies should incorporate individual level measures
of access to care and SES.

Our analyses do not suggest that race is unimportant with regard to PCa mortality. Our
cohort consisted of patients who were already diagnosed with PCa and our analysis did not
consider differences in PCa incidence or variation in stage at diagnosis between races, each
of which is a known racial disparity.1:15:16 However, in patients with equivalent disease
specific factors it appears that health care and social factors associated with race are as
important, if not more important, when considering PCa specific mortality.

CONCLUSIONS

Attempting to reduce racial disparities through personalized, medicine driven approaches
without addressing racial disparities in social and health care factors may close the gap for
economically advantaged patients while reinforcing disparities for disadvantaged persons.
Although race had a significant impact in many groups, health care and social factors had
greater or similarly important effects across most disease stages and age groups. Reducing
disparities in social and health care factors may provide large gains in improving PCa
mortality and minimizing racial disparities.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations and Acronyms

AHRF Area Health Resource File
(0]0]2] out of bag observation
PCa prostate cancer
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PQI Physician Quality Index
PSA prostate specific antigen
SEER Surveillance, Epidemiology, and End Results
SES socioeconomic status
VIMP variable importance measure
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514,878 Prostate Cancer Diagnoses
2004 - 2012
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,855 death certificate or autopsy
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193 with no link to the Area
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36,439 with unknown stage at
diagnosis
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Final Sample: 473,990 Prostate Cancer
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. v '
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Figurel.

Sample selection criteria. AJCC, American Joint Committee on Cancer.
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Figure 2.

Summary of relative importance of VIMPs compared to tumor characteristic VIMPs.
Mortality factors include health care factors (orange bars), social factors (blue bars) and
race/ethnicity (green bars). A, balanced subset of black and white men with prostate cancer.
B, full cohort.
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