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Abstract

Background: African American men have a higher burden of prostate cancer compared with other populations. We sought to
determine if they experience disparities in access to prostate cancer clinical trials. Methods: We created a database of all US
counties by linking prostate cancer clinical trial data with county-level socioeconomic, demographic, and health-care facility
data derived from several external data sources. Using this data linkage, we examined 2 potential access barriers. We investi-
gated the relationship between the proportion of African Americans and access to cancer facilities, adjusting for county pop-
ulation size and other characteristics. Additionally, among counties with cancer facilities, we investigated the relationship
between the proportion of African Americans and number of available prostate cancer trials per capita per year. We
addressed these questions using logistic and negative binomial regression, respectively. Results: Between 2008 and 2015, 613
prostate cancer trial sites were found among 3145 US counties. Counties with a higher proportion of African Americans were
less likely to have cancer facilities (adjusted odds ratio ¼ 0.85, 95% confidence interval ¼ 0.78 to 0.92). Among counties with
cancer facilities, those with a higher proportion of African Americans had statistically significantly fewer prostate cancer
trials per capita per year (rate ratio per 10% increase in African Americans ¼ 0.90, 95% confidence interval ¼ 0.83 to 0.96).
Conclusions: Counties with higher proportions of African Americans seem less likely to have access to cancer facilities.
Among counties with cancer facilities, those with higher proportions of African Americans appear to have fewer prostate
cancer trials available per capita per year. Clinical trials in prostate cancer therapy should ensure adequate availability of
enrollment sites in regions with high concentrations of African Americans.

Participation of minority populations in cancer clinical trials is
vital to ensure generalizability of the results generated, facili-
tate discovery of novel therapies and therapeutic responses
that are particularly relevant to traditionally underrepresented
populations, and ensure equitable access to new and promising
treatments. Yet more than 20 years after Congress mandated
that the National Institutes of Health ensure “sufficient and
appropriate” participation of minorities in clinical research, the
participation rate of many minority populations remains sub-
stantially lower than the composition of the overall US popula-
tion (1,2). A 2017 study showed that the enrollment rate of
minority populations in 2003-2016 was even lower than in the
past (1996-2002) (3,4).

We focus in particular on the underrepresentation of African
Americans in prostate cancer trials. The incidence rate of

prostate cancer is 70% higher and the mortality rate is approxi-
mately 2.5 times higher among African American men com-
pared with White men (5). It is critical to understand if, despite
the disproportionately higher burden of prostate cancer, African
American men experience disparities in access to prostate can-
cer clinical trials. A better understanding of disparities in access
can help with designing interventions to improve participation
of African American men in such trials.

Previous studies have found that factors such as lack of
knowledge about clinical trials and fear and mistrust of clinical
research represent barriers to participation of African
Americans in clinical trials to which they have access (6-8).
However, to our knowledge, no previous studies have examined
whether access barriers exist. Lack of facilities that can conduct
prostate cancer trials or fewer trials conducted at the available
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facilities both represent access barriers, which would systemati-
cally limit the ability of African Americans to participate in such
trials. Accordingly, in this study, we created an extensive
county-level data linkage of all US counties and used it to inves-
tigate these 2 potential access barriers. Specifically, we investi-
gated the relationship between the proportion of African
Americans in the county and access to cancer facilities.
Additionally, among counties with cancer facilities, we investi-
gated the relationship between the percentage of African
Americans in the county and number of available prostate can-
cer treatment trials per capita per year from 2008 to 2015.

Methods

Data Linkage

Figure 1 shows an overview of our data linkage. We used the
2016 Aggregate Analysis of ClincalTrials.gov database to identify
phase II and III prostate cancer clinical trials open for recruit-
ment in the United States from 2008 to 2015. The Aggregate
Analysis of ClincalTrials.gov database reflects the clinical trials
registered on ClinicalTrials.gov, including the location of each
trial’s recruitment sites (9). We used Medical Subject Headings
terms “prostate” and “prostatic neoplasms” to screen and iden-
tify prostate cancer trials in this study (10).

To address the question of racial disparities while control-
ling for geographic and socioeconomic factors, we aggregated
the number of open cancer clinical trial sites by county and
linked to county-level information derived from several exter-
nal data sources (Figure 1). We derived county-level socioeco-
nomic, demographic, and health-care facility data from the
2014-2015 Area Health Resource File (11). The Area Health
Resource File database is a widely used collection of data from
more than 50 sources, including the American Medical
Association, the US Census Bureau, and the American
Community Survey, that contains information on health-care
facilities (eg, American College of Surgeons [ACS], Commission
on Cancer Accredited Cancer Centers) (12), health professions,
measures of resource scarcity, health status, economic activity,
health training programs, and socioeconomic and population
characteristics. The database also contains data on the number
of physicians for multiple subspecialties, including the number
of urologists who completed residency training.

Finally, to characterize cancer care facilities by county, we
obtained the location of all National Cancer Institute (NCI)

Comprehensive Cancer Centers and the NCI Community
Oncology Research Program (NCORP; or before 2014, the pro-
gram’s predecessor) sites directly from the NCI website (13). We
also included sites from the US Oncology Network (USON),
which is a clinical trial management system that includes
community-based physician practices, that is, independent
practices not affiliated with hospitals (14).

Outcomes

Outcomes were at the county level and included 1) availability
of cancer care facilities within the county, and 2) among coun-
ties with cancer care facilities, the rate of prostate cancer clini-
cal trials in the county per year from 2008 to 2015. We defined
availability of cancer facilities as a binary indicator of whether
the county had at least 1 NCORP site, NCI comprehensive cancer
center, ACS cancer center (12), or USON site.

To derive the number of prostate cancer trials being offered
in each county per year, we first matched the sites offering trials
with their respective counties. The locations of trial sites were
primarily determined by ZIP codes, whereas counties were iden-
tified by Federal Information Processing Standards codes. We
linked the ZIP codes of the sites to county Federal Information
Processing Standards codes using the US Department of
Housing and Urban Development United States Postal Service
crosswalk files (15). Because trial information from clinical-
trials.gov was self-reported by investigators, we encountered
some invalid ZIP codes of trial sites. We looked up these sites
and manually fixed the miscoded ZIP codes. For cases where
ZIP code was unavailable but the name of the site was available,
we developed a matching algorithm to assign a county to each
site using its name, city, and state. Finally, for the sites that did
not have a valid ZIP code or site name and had information only
on city and state, we created a city-county-state list and
assigned counties to those sites. Sites (n¼ 87) without any infor-
mation of city and state were excluded because they could not
be matched to a county.

Once all sites had been matched to their respective counties,
we calculated the number of prostate cancer trials per county.
Because the ZIP code of a trial site may be split across multiple
counties, we used the ratio of total residential addresses within
a county compared with total addresses within a ZIP code to
weight the number of trials belonging to that county. The
weights for all counties belonging to 1 ZIP code added up to 1.

Facilities in the US 

that had phase 2 / 3 

cancer trials from 

2008 – 2015 

AACT AHRF

County-level 

Demographics 

Health facilities  

Socioeconomics 
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Link ZIP code to FIPS  
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Figure 1. Flowchart of data linkage. We linked clinical trial sites from the 2016 Aggregate Analysis of ClincalTrials.gov (AACT) database to county-level characteristics from

the Area Health Resource File (AHRF). We also collected additional geographic information from the US Oncology Network and NCI Community Oncology Research

Program (NCORP). FIPS¼ Federal Information Processing Standards; HUD¼ US Department of Housing and Urban Development; NCI ¼ National Cancer Institute.
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Statistical Analyses

We compared characteristics of counties with lower vs higher
proportions of African Americans using means and SDs for con-
tinuous variations and frequencies and proportions for categori-
cal variables. To define low and high proportions of African
Americans in a county, we chose a cut-off of 13%, because this
is the prevalence of African Americans in the overall US popula-
tion (16).

To investigate the association of the proportion of the
African American population with the availability of cancer fa-
cilities, we used a multivariable logistic regression model. We

defined the outcome as the availability of at least 1 cancer facility
in the county and the predictor of interest as the percentage of
African Americans in the county. We included covariate adjust-
ment for county population, percentage of residents who were
male vs female, percentage of residents who were 65 years and
older vs younger than 65 years, racial and ethnic composition
(percentages of Hispanic and Asian American residents), and
whether the county was in a metropolitan, suburban, or rural
area, which was categorized based on Rural-Urban Continuum
Codes (metropolitan: 01-03, suburban: 04-06, rural: 07-09).

Among counties with at least 1 cancer facility, we investigated
the association of the proportion of the African American

Table 1. Characteristics among counties by density of African Americansa

County-level characteristics

County density of African American individuals

Lower density, <13% (n¼ 2457) Higher density, �13% (n¼ 688)

Region, No. (%)
Midwest 1022 (41.6) 33 (4.8)
Northeast 191 (7.8) 26 (3.8)
South 795 (32.4) 628 (91.3)
West 449 (18.3) 1 (0.1)

Metropolitan, No. (%)
Rural 933 (38.0) 144 (20.9)
Suburban 696 (28.4) 203 (29.5)
Urban 826 (33.6) 341 (49.6)

Income, No. (%)
�$50 000 604 (24.6) 110 (16.0)
<$50 000 1852 (75.4) 578 (84.0)

High poverty, No. (%)
�20% 418 (17.0) 349 (50.7)
<20% 2037 (82.9) 339 (49.3)

Any facilities with medical school affilia-
tions, No. (%)
Medical school affiliations (yes) 428 (17.5) 151 (21.9)
Medical school affiliations (no) 2024 (82.5) 537 (78.1)

Have at least 1 cancer facility, No. (%) 688 (28.0) 243 (35.3)
Density of prostate cancer trials (per 100 000) 2.01 (6.67) 1.80 (4.17)
Demographics, mean % (SD)

Sex
Percentage of male 50.0 (1.86) 49.4 (2.96)
Percentage of female 50.0 (1.89) 50.5 (2.98)

Age
Percentage of age �65 y 16.7 (4.32) 14.4 (3.25)
Percentage of age <65 y 80.9 (5.21) 81.5 (5.84)

Race, mean % (SD)
Percentage of African American 2.7 (3.09) 32.1 (15.49)
Percentage of Asian 1.2 (2.64) 1.4 (2.09)
Percentage of Hispanic/Latino 8.9 (14.30) 6.2 (7.26)
Percentage of White 91.3 (10.48) 63.8 (14.83)

Health-care infrastructure, mean (SD)
No. of NCORP sites, per 100 000 0.55 (4.20) 0.27 (0.95)
No. of NCI sites, per 100 000 0.00 (0.03) 0.01 (0.06)
No. of total hospitals, per 100 000 6.24 (9.69) 3.59 (3.71)
No. of ACS cancer centers, per 100 000 0.24 (0.64) 0.29 (0.68)
No. of community-based physician practi-
ces (USON sites), per 100 000

0.05 (0.74) 0.03 (0.19)

No. of urologists, per 100 000 1.23 (2.56) 1.76 (2.62)
Population density (per square mile), mean

(SD)
145.91 (554.52) 676.44 (3577.19)

Percentage of less educated, mean (SD) 14.4 (6.76) 19.3 (6.05)
Percentage of uninsured, mean (SD) 17.6 (5.77) 19.5 (4.04)
Percentage of unemployment, mean (SD) 7.3 (2.60) 9.1 (2.32)

aACS ¼ American College of Surgeons; NCI ¼ National Cancer Institute; NCORP ¼ NCI Community Oncology Research Program; USON ¼ US Oncology Network.
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population with the rate of prostate cancer clinical trials per year
using a negative binomial regression model. The model included
county population as an offset term and adjusted for percentage

of residents who were male vs female, percentage of residents
who were 65 years and older vs younger than 65 years , racial and
ethnic composition (percentages of Hispanic and Asian American

Figure 2. Geographic distribution of the African American population, cancer facilities, and prostate cancer trials. A) The distribution of the percentage of the African

American individuals in the population is shown on the US map with lines indicating US counties. B) The distribution of cancer facilities, as either no cancer-related fa-

cilities or having at least 1 cancer-related facility, is shown. C) The distribution of prostate cancer clinical trials (0, �2, or >2 per 100 000) between 2008 and 2015 is

shown.
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residents), and whether the county was in a metropolitan, subur-
ban, or rural area. Additionally, because NCORP sites, NCI-
designated cancer centers, ACS cancer centers, USON sites, and
facilities with medical school affiliations may be more likely to
conduct cancer clinical trials, we also adjusted for the density of
cancer facilities by type (NCORP, NCI, ACS, USON) and whether
there were any facilities with medical school affiliations in the
county. Finally, because many prostate cancer studies are run in
urology practices, we also adjusted for density of urologists. The
model accounted for correlation among multiple records from the
same county (1 record per year from 2008 to 2015) by clustering
on county.

All analyses were conducted using R, version 3.4.2 (R
Foundation for Statistical Computing) and STATA, version 15
(STATACorp LLC). All tests were 2-sided, and a P less than .05
was considered statistically significant.

Results

County Characteristics

Characteristics of counties with lower vs higher proportions of
African Americans are reported in Table 1. A total of 3145 US
counties were identified: among 688 (21.9%) counties with at
least 13% African Americans, 91.3% of them were in the South
(vs 32.4% of counties with <13% African Americans) and ap-
proximately 49.6% were in urban areas (vs 33.6% of counties
with <13% African Americans). The higher population density
(per square mile) was also observed among these counties com-
pared with counties with less than 13% African Americans.

Counties with higher proportions of African Americans had
similar demographics in terms of age and sex compared with
those with lower proportions of African Americans, but the for-
mer included larger proportions of low-income, higher poverty,
less educated, and uninsured individuals.

Availability of Cancer Facilities

Among a total of 3145 counties, there were 931 (29.6%) counties
with at least 1 cancer care facility (data not shown). Specifically,
there were 637 NCORP sites among 501 counties and 41 NCI
comprehensive cancer centers among 40 counties. A total of
1421 ACS cancer centers were found among 673 counties, and
172 USON sites were found in 108 counties.

Table 1 shows that although counties with a higher propor-
tion of African Americans were more likely, on average, to have
at least 1 cancer facility (35.3% of counties vs 28.0% of counties),
they also tended to have lower total numbers of hospitals
(mean [SD] ¼ 3.59 [3.71] per 100 000 vs 6.24 [9.69] per 100 000)
and NCORP sites (mean [SD] ¼ 0.27 [0.95] per 100 000 vs 0.55
[4.20] per 100 000). Figure 2, A and B shows that counties with
the highest proportions of African Americans are in the South,
where most counties are without any cancer facility.

After adjusting for potential confounders, a higher propor-
tion of African Americans was statistically significantly associ-
ated with a lower likelihood of having at least 1 cancer facility
(Table 2). Specifically, a 10-percentage point increase in the pro-
portion of African Americans (eg, comparing counties with 10%
African Americans vs 20% African Americans) was associated
with 15% lower odds of a cancer center in the county (adjusted
odds ratio ¼ 0.85, 95% confidence interval [CI] ¼ 0.78 to 0.92,
P< .001).

Availability of Prostate Cancer Clinical Trials

The number of prostate cancer clinical trials in a county was
calculated over all trial facilities in that county. Our sample in-
cluded 613 prostate cancer clinical trials conducted at 16 866
sites in the United States between 2008 and 2015. On average,
there were 1.2 open prostate cancer trials per 100 000 residents
across all counties. We found that 19 counties conducted the
largest number of prostate cancer trials in our study period
(>100 trials over 8 years). The average proportion of African
Americans in these counties was 20.5%. Figure 2, A and C show
that counties with the highest proportions of African
Americans are in the South, where most counties have few to
no prostate cancer trials. Overall, approximately 85.3% of
African Americans resided in a county with a prostate cancer
trial.

Restricting to counties with at least 1 cancer facility and af-
ter adjusting for the number of cancer facilities and other po-
tential confounders, a higher proportion of African Americans
was statistically significantly associated with a lower rate of
prostate cancer trials per year. Specifically, a 10-percentage
point increase in the proportion of African Americans (eg, com-
paring counties with 10% African Americans vs 20% African
Americans) was associated with a 10% lower rate of prostate
cancer trials per year (adjusted incidence rate ratio ¼ 0.90, 95%
CI ¼ 0.83 to 0.96, P¼ .004) (Table 3). As expected, the rate of
prostate cancer trials had a statistically significant positive as-
sociation with the number of urologists (per 100 000) (adjusted
incidence rate ratio ¼ 1.11, 95% CI ¼ 1.07 to 1.16, P< .001).

Discussion

We investigated whether African Americans are less likely to
have access to prostate cancer treatment trials despite
experiencing a disproportionately higher burden of prostate
cancer than other populations. We created a novel, extensive
data linkage and studied 2 specific access barriers—availability
of cancer facilities that can run clinical trials and availability of
prostate cancer clinical trials at those facilities. Adjusting for
county population and other county-level characteristics, we
found that counties with higher proportions of African

Table 2. Adjusteda association between the availability of cancer fa-
cilities and county-level characteristics among all counties (n¼3145)

County-level characteristics Odds ratio (95% CI) Pb

Race (per 10%)
Percentage of African American 0.85 (0.78 to 0.92) <.001
Percentage of Asian 2.11 (0.57 to 7.80) .26
Percentage of Hispanic/Latino 0.69 (0.59 to 0.79) <.001

Sex
Percentage of male 0.81 (0.74 to 0.88) <.001

Age
Percentage of �65 y 0.98 (0.95 to 1.01) .25

Metropolitan
Rural Ref
Suburban 1.72 (1.27 to 2.34) <.001
Urban 1.55 (1.07 to 2.24) .02

aAlso adjusted for total population. CI ¼ confidence interval.
bLogistic regression was used; all tests were 2-sided.
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Americans have access to both fewer cancer facilities and to
fewer prostate cancer trials at the available facilities.

The existing literature has identified potential barriers to
trial enrollment of racial and ethnic minorities at the system,
individual, and interpersonal levels (17). For example, minori-
ties may be less likely to enroll in clinical trials due to lack of
awareness of the trials, mistrust in their health providers, or
fear of participating in clinical trials (7,8). Minorities are also
more affected by barriers related to lower socioeconomic status,
such as transportation, inadequate insurance, childcare, and
poor access to health care (18). At the system level, a recent
meta-analysis of barriers to cancer clinical trial participation
showed that more than one-half of cancer patients report that a
trial was unavailable for their cancer type at their institution
(19). Consistent with these reports, our study adds to current
knowledge of the factors that may contribute to the underrepre-
sentation of African Americans in prostate cancer clinical trials
by showing that patients are unable to enroll in trials simply be-
cause fewer trials are available to them. Our findings are critical
for ensuring generalizability of clinical trial results and the sub-
sequent adoption of clinical trial evidence to inform decision-
making and policy.

In a secondary analysis, we included socioeconomic varia-
bles (ie, percent low income in county, percent low education in
county, percent uninsured in county, and percent unemployed
in county) in the models and found the effect of race was elimi-
nated after adjusting for these socioeconomic variables, poten-
tially suggesting no racial disparities. However, we believe that
these results are misleading; the very high association between
race and socioeconomic status means that the effect of each
cannot be disentangled cleanly using population-level data. It is
also possible that socioeconomic variables should be considered
mediators between race and outcome rather than confounders.

Future study is needed to explore the role of socioeconomic var-
iables in racial disparities.

This study has some limitations. First, we used a county-
level analysis. Although hospital service areas might be more
appropriate for reflecting the use of health care, demographics
at the hospital service area level were not available.
Furthermore, a county-level analysis allowed us to take into ac-
count the status of the clinical trials (open or closed) that could
provide more accurate information regarding the availability of
clinical trials. Second, we used oncology practices to capture
cancer facilities that can conduct prostate cancer trials.
Although many prostate cancer studies are conducted in urol-
ogy practices, not oncology practices, county-level data on the
number of urology practices were not available. To address this
issue, we adjusted for the number of urologists in our analysis
as a proxy for number of urology practices. Third, we did not
consider spatial dependency among counties. It is possible that
residents may travel to other counties and states for cancer tri-
als. If this is the case, our analysis may have overestimated
African American men’s lack of access, but we do not believe it
would not change the direction of our results. Finally, we fo-
cused on the relationship between the total number of prostate
cancer trials and county-level characteristics in this study.
Trial-level characteristics, such as phase and type of sponsor,
and facility-level characteristics, such as size and capability,
may have an impact on the availability of clinical trials as well.
This requires even more extensive data linkages, and we leave
this to future work.

This study adds to a growing body of evidence that African
Americans possibly face barriers in access to cancer clinical tri-
als by showing that counties with higher proportions of African
Americans appear to be less likely to have access to cancer facil-
ities and to fewer prostate cancer trials at the available facilities.

Table 3. Adjusteda association between number of prostate cancer trials and county-level characteristics among counties with at least 1 cancer
facility (n¼ 931)

County-level characteristics Incidence rate ratio (95% CI) Pb

Race (per 10%)
Percentage of African American 0.90 (0.83 to 0.96) .004
Percentage of Asian 0.95 (0.82 to 1.10) .48
Percentage of Hispanic/Latino 0.81 (0.75 to 0.88) <.001

Percentage of male 1.11 (1.00 to 1.23) .04
Percentage of age �65 y 0.99 (0.96 to 1.03) .91
Health care infrastructure

No. of urologists, per 100 000 1.11 (1.07 to 1.16) <.001
No. of NCORP sites, per 100 000 1.04 (0.99 to 1.09) .13
No. of NCI-designated cancer centers, per

100 000
2.28 (0.62 to 8.34) .21

No. of ACS cancer centers, per 100 000 0.97 (0.86 to 1.09) .60
No. of community-based physician

practices (USON sites), per 100 000
0.83 (0.71 to 0.97) .02

Any facilities with medical school
affiliations
Medical school affiliations (yes) 1.65 (1.35 to 2.01) <.001
Medical school affiliations (no) Ref

Metropolitan
Rural Ref –
Suburban 1.36 (0.79 to 2.32) <.001
Urban 1.04 (0.59 to 1.83) <.001

aAlso adjusted for year, and using total population as offset. ACS ¼ American College of Surgeons; CI ¼ confidence interval; NCI ¼ National Cancer Institute; NCORP ¼
NCI Community Oncology Research Program; USON ¼ US Oncology Network.
bNegative binomial regression was used; all tests were 2-sided.

6 of 7 | JNCI Cancer Spectrum, 2022, Vol. 6, No. 1



Health disparities are likely to widen without appropriate repre-
sentation of diverse populations in cancer clinical trials. Future
clinical trials in prostate cancer therapy should account for
these barriers and include targeted strategies to ensure ade-
quate availability of enrollment sites in regions with high con-
centrations of African Americans. Furthermore, because African
Americans experience the highest death rate of any racial or
ethnic group for most cancers, future studies should investigate
whether similar disparities hold in other cancers (20).
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