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Geographic distribution of clinical trials
may lead to inequities in access

Background: We sought to describe the geographic distribution of clinical trial sites
acrossthe continental USA and toidentify drivers of trial site location. Methods/Results:
Locations of 174,503 clinical trial sites were collected from 2002-2007 from the US
FDA's Bioresearch Monitoring Information System and geo-coded for spatial analysis.
Predictors examined included urban population percentage (2000 US Census) and
number of healthcare/social service and educational establishments (2002 Economic
Census) per zip code. Extensive clustering of trial sites was detected. Urban composition
and healthcare/social service facilities were strong predictors of the number of trial
sites per zip code (p < 0.0001; R?= 0.69), but not their location (only 27% of clusters
explained by these covariates). Conclusion: US clinical trial sites are highly clustered
around urban areas with healthcare/social service facilities, which may partly explain

why rural communities are underrepresented in clinical research.
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Background

Clinical trials should be easily and equally
accessible to all populations for multiple rea-
sons, including maintaining scientific integ-
rity, ethical standards and, in some cases,
access to novel treatments that may not oth-
erwise be available. However, certain popu-
lations, such as racial and ethnic minorities,
uninsured, socioeconomically disadvantaged,
elderly and rural populations are often under-
represented in clinical research and can be
difficult to recruit into clinical trials [1-3]. A
host of economic, social, cultural and medi-
cal barriers to clinical trial accrual have been
suggested, including lack of awareness of
clinical trials, unequal access to the health-
care system, provider bias, mistrust of clini-
cal research, poor past experiences with the
healthcare system, poverty, substance abuse,
homelessness, lack of insurance, and high co-
morbidity rates [1,4-6]. Some of these issues
have been the focus of research and outreach
efforts, including the 1993 NIH guidelines

for inclusion in clinical research, which neces-

sitates enrollment of women and racial/ethnic
minorities 7]. Unfortunately, these guidelines
do not extend to geographic minorities — that
is, rural populations. While some efforts have
been made to enroll underrepresented rural
populations in clinical trials by collaborat-
ing with community-based, rural physicians
(8-12], successful implementation of large-
scale initiatives to improve rural enrollment
in clinical trials is lacking.

In addition to the multiple barriers to par-
ticipation listed above, another important
and perhaps overlooked contributor may
be physical distance to clinical trial sites.
To test this theory, we sought to examine
the geographic distribution of clinical trials
across the continental USA, and to identify
factors associated with the number of clini-
cal trial sites in a given area. Our hypothesis
was that, despite efforts to broaden access
to clinical trials, clinical trial sites would be
clustered around urban areas and areas with a
greater presence of academic institutions and
established healthcare and/or social services.
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Methods
Institutional Review Board approval with exempt
status was obtained through Massachusetts General

Hospital (MA, USA).

Datasets

The US FDA Bioresearch Monitoring Information Sys-
tem (BMIS) was used to collect geographic informa-
tion on clinical trial sites. The system is publicly avail-
able and contains information submitted to the FDA
identifying clinical investigators, contract research
organizations, and institutional review boards involved
in investigational new drug studies with human inves-
tigational drugs [20). BMIS data are abstracted from
FDA Forms 1571 and 1572 and other pertinent docu-
ments contained in investigational new drug submis-
sions. The fields in the dataset include reviewer ID; the
name, rank, and degree of the clinical investigator or
institutional review board’s chairperson; clinical trial
site street address, city, state, zip code, and country;
receipt date; and type of entry (clinical investigator,
contract research organization or institutional review
board).

Between 1 November, 2002 and 1 November,
2007, the BMIS contained data on 263,798 clinical
trial site locations. Of these, 89,244 trial sites were
excluded because they were located outside the USA
(n = 88,634), were in Hawaii or Alaska (n = 497), had
a missing zip code and thus could not be geo-coded (n
=70), or had a zip code of 000 (n = 43), which is used
to de-identify 3-digit zip codes with fewer than 20,000
people (thus, 000 does not represent a single location).
When possible, erroneous or missing zip codes were
corrected using the street address.

The remaining 174,554 clinical trial sites were
aggregated for spatial analysis by 3-digit zip code tabu-
lation area (ZCTA). ZCTAs were introduced in the
2000 census in order to align census data tabulation to
zip code areas. The aggregated clinical trial data were
merged with a geo-coded dataset from GIS (ESRI
Business Information Solutions, 2004) that contained
total population in 2003 (within the timeframe data
were gathered) for 877 identifiable 3-digit ZCTA
regions. When the aggregated clinical trial data were
merged with this geo-coded dataset, an additional 51
trial sites were excluded due to missing data on total
population, leaving a total of 174,503 analyzed clinical
trial site locations.

Aggregation by 3-digit zip code was chosen over
5-digit zip code primarily to examine disparities in
clinical trial access on a large-scale basis. Such an
approach is conservative with regard to analysis of
spatial clustering, because very small rural areas are
aggregated with larger neighboring areas within the

same 3-digit ZCTA. Additionally, analysis by 5-digit
ZCTA resulted in areas with many trial sites but
very small populations (often 0) due to the fact that
a number of hospitals and research centers comprise
an entire 5-digit ZCTA. Thus, in clustering analyses
that adjust for population, such areas would result in
instability of estimates.

Geo-coded data (by 3-digit ZCTA) were gathered
for four factors that we hypothesized would influence
clinical trial site location. We used data from ESRI
for total population in 2003, data from the 2000 US
Census to calculate the urban population percent-
age (derived from total population, urban popula-
tion, and rural population counts), and data from the
2002 Economic Census [21] to obtain estimates of the
number of healthcare and/or social service facilities
(sector 62), and the number of full-time educational
establishments (sector 61; note: it was not possible to
subset the detailed data to include only colleges, uni-
versities and professional schools; that is, code 6113).
A total of 856 of the 877 identifiable 3-digit ZCTA
regions had complete covariate data.

Since clinical trial data from BMIS did not contain
descriptive information about the types of trials con-
ducted, as a proxy, we examined data from clinical
trials registered at ClinicalTrials.gov that had at least
one site in the USA during the same time frame. Clin-
icalTrials.gov is a publicly available registry of clinical
trials, maintained by the NIH, that contains infor-
mation on who is sponsoring or funding the trial,
the phase of the trial, whether it is interventional or
observational, and whether it provides access to inves-
tigational drugs outside of clinical trials [22]. Only tri-
als of drugs, biologics and devices are required to be
registered, but additional trials may also be registered
to provide up-to-date information to patients, family
members, researchers and healthcare providers about
clinical trials being conducted [23]. This proxy dataset
contained 23,820 multisite trials conducted at a total
of 144,856 US trial sites, but lacked detailed infor-
mation on location that would allow for geo-coding.
This dataset was therefore used solely to describe a
sample of the types of trials being conducted in the
time frame analyzed.

Statistical Methods

The spatial scan statistic [13) was employed to deter-
mine whether or not the locations of clinical trial sites
across the continental USA exhibited complete spa-
tial randomness. This method identified significant
clusters of trial sites by continually moving a circle
of varying radius around the map and comparing
the observed number of clinical trial sites within the
circle with the expected number of trial sites based

374

Clin. Invest. (2014) 4(4)

fsg

future science group



on the total population within the circle, and adjust-
ing for multiple comparisons. Because the spatial scan
statistic requires point data, each 3-digit ZCTA was
represented by its centroid (spatial center). We first
conducted a simple population-adjusted clustering
analysis. Subsequently, we adjusted for urban popula-
tion percentage, number of healthcare and/or social
service facilities, and number of full-time educational
establishments to determine if the clustering of clini-
cal trial sites could be explained by these covariates.
Significance was based on a Poisson model, and both
high and low clusters were identified.

To determine if the magnitude of clinical trial sites
per 3-digit ZCTA could be explained by the afore-
mentioned covariates, we employed linear regression
modeling. An ordinary least squares model revealed
significant spatial correlation of the residuals based
on the Breusch-Pagan test (p < 0.0001), and so we
examined the fit of spatial regression models. Based
on the lack of significance of the Lagrange multipli-
ers (p = 0.18), we concluded that a spatial lag model
(14] was a better fit to the data than a spatial error
model (p < 0.0001). The weight matrix describ-
ing the nature of spatial dependence was chosen to
ensure that all zip codes had at least one neighbor.
In a sensitivity analysis that examined other weight
matrices, the results were unchanged. Because the
distribution of the number of clinical trial sites was
highly skewed, the square root transformation was
applied to improve symmetry.

Data cleaning and summary was conducted using
SAS version 9.2. Clustering analyses were generated
using SatScan version 9.0.1, and spatial regression
was conducted in GeoDa version 9.8 [15]. All map-
ping was performed using arcGIS version 9.3. In all
analyses, a two-sided alpha = 0.05 significance level

was applied.

Results

A total of 763 (87%) out of the 877 identifiable
3-digit ZCTAs in the continental USA were home
to at least one clinical trial site. The mean num-
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ber of trial sites in a 3-digit ZCTA was 204, with
a median of 43 and a range of 0 to 3,632 trial sites
(Table 1). The mean and median total populations
were 337,008 and 209,421, respectively, and ranged
from 561 to 2,873,731. The mean and median urban
population percentages were 66 and 63%, respec-
tively, and ranged from 0 to 100%. The mean and
median numbers of healthcare and/or social service
facilities were 814 and 498, respectively, and ranged
from 1 to 6520. The mean and median numbers of
full-time educational establishments were 44 and 21,
respectively, and ranged from 0 to 653 (Table 1). No
further descriptive information on the clinical trial
sites analyzed was available from the BMIS. How-
ever, the majority of clinical trial sites reported to
ClinicalTrials.gov from 2002-2007 were industry
sponsored (66%), Phase III (41%), interventional
(94%) and drug (67%) trials.

Clustering analyses adjusting for total popula-
tion detected 340 significant high or low clusters
(Figure 1). High clusters (i.e., clusters with more
trial sites than expected given the population) were
largely located in urban areas, and Boston, MA (zip
code 022) emerged as an extreme outlier, with a stan-
dardized trial rate of 185 trial sites per 10,000 people
(2.8-times higher than the next highest rate).

After accounting for urban composition, num-
ber of healthcare and/or social service facilities, and
number of full-time educational establishments, 248
significant high or low clusters remained; that is,
these covariates together explained 27% of the clus-
tering observed. The zip code 985 (which included
Olympia, WA) had the largest cluster of clinical
trial sites (p < 0.0001), with over nine-times more
trial sites observed (n = 1395) than expected (n =
149) based on population size (418,858), popula-
tion density (59.1% urban), healthcare and/or social
service facilities (1101 facilities), and educational
institutions (51 full-time establishments).

The spatial lag regression model used to examine
drivers of the magnitude of clinical trial sites was able
to account for the spatial autocorrelation in the data,

Table 1. Summary of covariates per 3-digit zip code tabulation area.

Variable Analyzed Mean SD Minimum Median Maximum
Trial sites (n) 204 431 0 43 3632
Total population 337,008 357,162 561 209,421 2,873,731
Urban population (%) 66 26 0 63 100
Healthcare and/or social 814 894 1 498 6520
service facilities (n)

Full-time educational 44 61 0 21 653
establishments (n)
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Figure 1. Number of clinical trial sites per 10,000 persons (2002-2007), by 3-digit zip code tabulation area. Circles
are proportional to the number of clinical trial sites per 10,000 persons and are plotted at the centroid (spatial
center) of each 3-digit zip code tabulation area. Data are based on 174,503 trial sites in the continental USA
reported from 1 November, 2002 to 1 November, 2007 in the Bioresearch Monitoring Information System.

Data taken from [12].

as evidenced by the fact that the residuals no longer
exhibited significant spatial dependence (p = 0.16).
Using this model, population density (urban popula-
tion percentage), number of healthcare and/or social
service facilities and number of educational estab-
lishments together explained the majority of the vari-
ability (R? = 0.69) in the number of clinical trial sites
per 3-digit ZCTA (Figure 2 and Table 2). Despite the
statistical significance of total population size (p =
0.0021), after adjusting for population density, pop-
ulation size had a negligible effect on the number of
trial sites per 3-digit ZCTA (B estimate close to 0).
Urban population percentage and number of health-
care and/or social service facilities were both signifi-
cant predictors (p < 0.0001) of the number of clini-
cal trial sites, but number of full-time educational
establishments was not. On average, the number of
clinical trial sites in a 3-digit ZCTA increased by
1 for every additional 114 healthcare and/or social
service facilities, 83 educational establishments, and
165,289 people. The effect of population density
was nonlinear, and Figure 2 shows that the number
of clinical trial sites greatly increased in regions that
were 70% or more urban.

Discussion

Our analyses revealed that the distribution of clini-
cal trial sites per person was highly clustered around
urban centers across the continental USA. As hypoth-
esized, within a region, population density, availabil-
ity of healthcare and/or social service facilities, and
educational establishments together were strong pre-
dictors of the number of clinical trial sites per region,
accounting for 69% of the variability seen.

From a practical standpoint of conducting clini-
cal research, it is understandable to see the observed
increase in clinical trial sites in areas with greater
numbers of healthcare and/or social service facilities,
which are often necessary for the procedures involved
in interventional trials. Additionally, densely popu-
lated urban areas may be attractive to sponsors due
to high visibility of advertisements, fewer travel bar-
riers for participants, and access to larger and more
racially and ethnically diverse populations, all of
which may facilitate rapid enrollment. However,
practicality should not be the main determinant of
clinical trial site location. Expanding clinical research
to rural areas may improve the heterogeneity of the
sample population and generalizability of the research
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Figure 2. Predicted number of trial sites by covariates in multivariate spatial lag regression model. The figure
shows the predicted number of clinical trial sites per 3-digit zip code tabulation area (solid line), as well as the
95% Cl (dashed lines), based on a multivariate spatial lag regression model that included (A) total population,
(B) urban population, (€C) number of healthcare/social service facilities and (D) number of full-time educational

establishments.

findings. Moreover, as research increasingly focuses
on the effects of biologic and genetic variants on
health outcomes and treatment efficacy, reaching a
diversity of populations may be essential.

While the aforementioned covariates predicted
the number of trial sites within a region, together
they explained only 27% of the spatial distribution
of clinical trial sites, indicating the presence of addi-
tional factors not analyzed that might also drive the
spatial distribution of clinical trial sites. Such factors
may include infrastructural features such as the loca-
tion of clinical trial sponsors (e.g., pharmaceutical
companies or government establishments), as well as
population demographics, including socioeconomic
status, insurance status, education level, and racial/
ethnic composition of the population [1-3, 5]. Given
that rural populations are less racially and ethnically
diverse than urban populations (82 vs 66% non-His-

panic white residents, respectively) [16], it is possible,
if ironic, that the well-intentioned NIH guidelines
to increase enrollment of racial/ethnic minorities
may actually be further disadvantaging more racially
homogeneous rural populations, essentially trading
one underserved population for another. Paradoxi-
cally, another explanation for the lack of represen-
tation of rural populations in clinical trials research
may be that rural populations more often report fair
to poor health and have chronic health issues, and in
clinical trials with strict inclusion/exclusion criteria
designed to isolate the disorder being studied, subjects
with high co-morbidity are likely to be excluded [24].
Expanding clinical trials research to include subjects
with more co-morbid conditions could potentially
benefit rural populations.

Our analyses highlight the relative lack of clinical
trial sites in rural areas as a potential explanation for

fsg

future science group

www.future-science.com

377



Research Article Seidler, Keshaviah, Brown, Wood, Granick & Kimball

Table 2. Results from multivariate spatial lag regression model.

Covariate (overall R2= 0.69) Estimate (B) Standard error z-value p-value
Total population (2003) -6.05 x 10-¢ 1.97 x 10-¢ -3.08 0.0021%
Urban population 0.0015 0.00034 4.24 <0.0001"
percentage (quadratic

term)

Urban population -0.069 0.044 -1.56 0.12
percentage (linear term)

Number of healthcare and/ 0.0088 0.0011 7.67 <0.0001*
or social service facilities

Number of full-time 0.012 0.010 1.23 0.22
educational establishments

The estimate (B) represents the predicted increase in number of clinical trial sites in a given 3-digit ZCTA associated with a 1-unit increase in
the covariate.

*Significant at the alpha = 0.05 level.

why rural populations are underrepresented in clini-
cal trial research. However, it is important to note
that geographic proximity is just one barrier to gain-
ing access to clinical trials. Even when clinical trial
sites exist nearby, gaining access to them can be diffi-
cult. For example, despite increased outreach efforts,
racial and ethnic minority populations in urban areas
remain underrepresented in clinical trials research
(25]. Additional challenges to implementing and
accruing to clinical trials include raising awareness of
the goals of clinical research, creating workable infra-
structure, training and maintaining research person-
nel, securing funding, and establishing a culture of
research in these areas [1.17.18]. Policy-level changes
(akin to the NIH guidelines for inclusion of women
and racial/ethnic minorities) may also be needed to
incentivize pharmaceutical companies and research
organizations to recruit from geographically disad-
vantaged regions. Having such incentives in place
would make recruiting rural subjects into clinical
trials more practical.

The use of spatial analytic methods to describe
and visualize the geographic distribution of clinical
trials is essential to capture spatial dependence (i.e.,
the propensity for attributes in neighboring areas to
be similar to one another). The spatial lag regression
model used was superior to an ordinary least squares
model in that it was able to capture spatial autocor-
relation. Nevertheless, spatial analyses have some
limitations. One such limitation, often unavoidable
in spatial analyses, is that our results may be sensitive
to 3-digit ZCTA scale at which the data were aggre-
gated, a bias known as the modifiable areal unit prob-
lem scale effect [19]. Had the data been aggregated by
5-digit ZCTA, for example (which was not done for

the reasons described in the Methods section), our

results may have differed. Additionally, the study was
limited by the extent of publicly available data, in that
datasets with enough information on trial site loca-
tion to allow for geo-coding did not provide much
descriptive information about the trials. We were
therefore unable to control for either trial demograph-
ics (phase, type of trial, sample size, or inclusion and
exclusion criteria) or population demographics (age,
gender, race, ethnicity, socioeconomic status, insur-
ance status or co-morbidity). As a result, it was not
possible to adjust for the truly eligible population
for a clinical trial, as opposed to the total popula-
tion (e.g., controlling only for the number of people
18 years or older for adult clinical trials). However,
given that population size was a negligible predictor
in the spatial lag model after controlling for the urban
composition, the authors do not believe that the find-
ings would be substantially altered. Another potential
limitation is the possibility that trials reported in the
BMIS between 1 November, 2002 and 1 November,
2007 were not representative of all clinical trials being
conducted during that time frame.

Conclusion

Utilization of spatial analytic methods revealed that
the population-adjusted distribution of clinical tri-
als across the continental United States is highly
clustered. Populations living in urban areas with
more healthcare and/or social service facilities have
a greater number of clinical trial sites within reach.
However, geographic proximity is just one barrier
to gaining access to clinical trials. Researchers must
consider social, economic and cultural factors when
examining barriers to accrual. As the need to diversify
clinical trial participation grows, new efforts will be
needed to reach underserved populations.
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Executive summary

Background

e Geographically remote, rural populations are often underrepresented in clinical trials.

Methods

e Publicly available data were used to gather zip codes from 174,503 clinical trial sites from 1 November, 2002 to
1 November, 2007. Data were geo-coded for population-adjusted spatial analyses.

e Urban population percentage, number of healthcare and/or social service facilities, and number of full-
time educational establishments in a given 3-digit zip code were examined as predictors of the location and
number of clinical trial sites.

Results

* Extensive clustering of clinical trial sites around urban areas with healthcare and/or social service facilities was
detected.

e The analyzed covariates together explained only 27% of the geographic clustering of trial sites, but fully 69%
of the variability in the number of clinical trial sites per region.

Discussion

e Geographic proximity is just one barrier to gaining access to clinical trial research.

* Additional factors that may drive the geographic clustering of clinical trial sites include infrastructural features

(e.g., location of pharmaceutical or government sponsors) and population demographics.

Factors that may affect access to trials regardless of proximity include socioeconomic status, education level,

racial/ethnic composition, medical co-morbidity, insurance status, awareness of the trials, research personnel

and funding.

e Expanding clinical research to rural areas may increase the heterogeneity of the population sample and
generalizability of the research findings.

Conclusion and future perspective

e The distribution of clinical trial sites across the continental USA is highly clustered.

e Efforts to establish clinical trials sites in rural areas may improve access to clinical trials and increase the
generalizability of clinical research.
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