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Abstract

Objective: To develop a web-based custom querying and reporting Clinical Trials Search Tool (CTST), built upon Clinical-

Trials.gov data, with interactive and geospatial mapping capabilities.

Methods: The CTST was developed using a rapid, iterative, feedback-focused Agile-based software engineering methodolo-
gy. The tool is broken down into two components. The first is a front-end web client that enables specification of search de-
tails and renders results. The second is a back-end server that handles the searches and returns the associated results in a
ranked fashion. The front-end web client is written in Svelte and TypeScript using the SvelteKit framework and Tailwind
CSS User Interface (UI) library. It communicates with the server’s REST API using asynchronous HTTP requests contain-
ing JSON-serialized data. The back-end server is written in Java using the Spring Boot framework and stores application da-

ta in a PostgreSQL database.

Results: The CTST provides an easy-to-use interface for specifying input search criteria. This allows the user to select only
the criteria that will best match their areas of interest. Clicking the “Toggle Advanced Search” button leads to the keyword

search box revealing additional search criteria for filtering search results. An interactive geospatial map renders the returned
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ethnicity demographics, and socioeconomic details.

.

results as listings that summarize clinical trials in a tabular form, several layers that integrates population density, racial and

Conclusion: The CTST builds upon the ClinicalsTrials.gov database, leveraging its geospatial and other capabilities for ad-

vanced research purposes, thus optimizing its use by clinicians and other investigators.
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Introduction

Each year, several drugs are approved by the Unit-
ed States Food and Drug Administration (FDA) for clinical
use. In 2024, the Center for Drug Evaluation and Research
(CDER) approved 50 novel drugs [1]. The journey of the
tens of thousands of drug candidates that go through the
drug development process for ultimate approval begins at
several university laboratories, teaching hospitals, private en-
tities, globally, and US government agencies, culminating in

various phases of clinical trials.

In 2024, the US clinical trials market was valued at
USD 40.56 billion and is expected to grow at a compound
annual growth rate (CAGR) of 6.30 % between 2025 and
2030. This market growth is fueled by the increasing inci-
dence of chronic ailments and the demand for clinical trials
in emerging economies. Other factors include the growing
number of biologics, precision medicines, orphan drugs,

and the demand for advanced technologies [2].

The Advanced Research Project Agency for
Health (ARPA-H) is a research financing agency that sup-
ports transformative biomedical and health breakthroughs,
from molecular to societal, to provide health solutions for
all. This agency promotes the nation’s ability to conduct
clinical trials equitably and enhance clinical trial access for
people in communities across the United States. Advancing
Clinical Trial Readiness (ACT-R) aims to make clinical
trials accessible within 30 minutes to 90% of eligible Ameri-
cans [3,4]. ARPA-H has called for this to be driven through
technology, such as artificial intelligence and machine learn-
ing. For this to be achieved, ACT-R has developed the AR-
PANET-H Consumer Experience Hub. ARPA-H intends to
harness clinical trial potentials that surmount challenges in

assessing new technologies, therapies, and platforms
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through projects with different collaborators. Technological
advancements such as geospatial intelligence and machine
learning are geared towards optimizing clinical trial recruit-
ment infrastructure. At Texas A&M University, we have pre-
viously employed artificial and geospatial intelligence to de-
termine the proximities of COVID-19 clinical trials and

pharmacies to US populations [5].

The ClinicalsTrials.gov website provides a valu-
able resource for obtaining information about ongoing or
concluded clinical trials [6,7] This site provides basic tools
for searching and obtaining the associated details around
clinical trials of interest but does not include other support-
ing data needed to properly query the platform to unders-
tand the surrounding details, such as real-time population
types and densities as well as proximity data. At Texas
A&M University, we developed a Clinical Trials Search
Tool (CTST) that uses data from ClinicalsTrials.gov to pro-
vide a more comprehensive index and an easy-to-use re-
source for clinicians, researchers, and other interested par-
ties. This tool functions as a web-based application that en-
ables custom querying trials based upon different search cri-
teria, returning results ranked based on their relevance to
the specified criteria and displaying the returned results in a
geospatial and tabular summary fashion. It also integrates
other supporting geospatial data of interest, including demo-
graphic and socioeconomic details. This tool aims to pro-
vide users with a quick and easy method to find clinical
trials of interest while leveraging details around them. Giv-
en the ARPA-H intent to have clinical trials within 30 min-
utes of 90% of eligible Americans, this tool can geospatially
compute the proximity of clinical trials from 20 to 100 miles

of potential clinical trial populations.

The modernized ClinicalTrials.gov site delivers a

streamlined search experience, enhanced filters, and a map-
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based location search, improving how users find studies
near a city, address, or current location. While these up-
dates elevate usability, ClinicalTrials.gov remains focused
on study registry data and does not natively incorporate cen-
sus-level demographic or socioeconomic overlays into its
search interface [8] By contrast, CTST augments the public
registry with investigator-oriented geospatial layers (e.g.,
population density, race/ethnicity, income) to support feasi-
bility assessment and site strategy alongside conventional
keyword and filter queries. This approach complements,
rather than duplicates, recent ClinicalTrials.gov moderniza-

tion efforts.

Patient-facing recruitment platforms such as Anti-
dote and TrialX emphasize matching patients to trials and
sponsor workflows (e.g., guided search, pre-screeners, en-
rollment support), rather than investigator geospatial en-
richment [9]. Carebox likewise focuses on connecting pa-
tients, families, and physicians to relevant studies with tech-
nology for navigation and matching [10]. Enterprise net-
works like TriNetX provide cohort discovery and site selec-
tion by querying federated EHR data within a member
ecosystem, enabling de-identified cohort counts that local
sites can re-identify for outreach [11]. In contrast, CTST in-
gests and cross-references data publicly available from Clini-
calTrials.gov and the US Census Bureau. The combination
of these public datasets provides geospatial overlays, flexible
search utilities backed by Elasticsearch, and feasibility-ori-
ented mapping without requiring participation in a proprie-
tary data network. CTST does not keep its own copies of th-
ese datasets, but rather indexes them and provides links to
the original data where applicable. The CTST requires au-
thentication via Google’s identity provider using OIDC
(OpenID Connect) / OAuth 2.0 due to the tool’s potential
to house sensitive data in the future. Protected data could in-
clude: i) user account and institutional affiliation details, ii)
saved searches, custom site lists, and investigator notes, iii)
sponsor-provided feasibility metrics and site performance
data, and iv) optional EHR-linked eligibility outputs that re-
main de-identified at the CTST layer. These data are protect-
ed because they may contain PII (personally identifiable in-
formation)/PHI (protected health information), proprietary
sponsor information, or, when combined with high-resolu-
tion geospatial layers, could increase re-identification risk.

The CTST provides a centralized resource that manages sev-

JScholar Publishers

3

eral aspects of clinical trials, including the dates of the clini-
cal trial, participants' demographics, study type (interventio-
nal, observational, and expanded access), disease states, sta-
tus (completed, unknown, recruiting, terminated), geospa-
tial results (distances, population density, race, ethnicity,

and socioeconomic layers).

Methods

The CTST was developed using an Agile-based
software engineering methodology [12], which involves a
rapid, iterative, feedback-focused software generation. The
result is a finished product that addresses the requirements
and feedback from subject-matter experts to the end-user.
This process enables iterative development and refinement
of the tool and allows frequent feedback collection on an in-

cremental and expanded set of features and capabilities.

The tool is broken down into two components: i) a
front-end web client that enables specification of search de-
tails and rendering of returned results, and ii) a back-end
server that handles the searches and returns the associated
results in a ranked fashion. The front-end web client is writ-
ten in Svelte and TypeScript using the SvelteKit framework
and Tailwind CSS User Interface (UI) library [13]. It com-
municates with the server’s REST API using asynchronous
HTTP requests containing JSON-serialized data [14] The
back-end server is written in Java using the Spring Boot
framework and stores application data in a PostgreSQL

database.

The back-end server builds on an Elasticsearch in-
dex for efficient searching and retrevial of relevant records
within the Clinical Trials dataset. The Clinical Trials dataset
is automatically downloaded from the ClinicalsTrials.gov
website periodically, unpacked, and then processed into the
Elasticsearch index. This index consists of documents in the
form of key-value pairs (i.e., stored as JSON documents),
and this index can be searched through a RESTful JSON-
based API. A set of ranked records (i.e., scored and ordered
based on their relation to the input search criteria) are re-
turned as JSON, and these records are then passed on to the
front-end web client for display. To conserve space and opti-
mize efficiency, the server only stores and transmits the min-

imum data required to display a list of search results. Users
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are referred to the canonical upstream sources for complete

details (i.e., linking to the original record for a selected trial
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in ClinicalsTrials.gov website for the full details). A high-lev-

el architecture is provided in Figure 1.
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Figure 1: CTST Search High-Level Architecture

The front-end web client allows for the definition
of searches in one of two modes: i) a basic search that uses
basic keywords and ii) an advanced search that incorporates

different faceted criteria. Search criteria include:

o Keywords: terms that can be matched against the

title and detailed description for the clinical trial

e Date Range: dates in which the clinical trial is

enrolling participants

e Location: location(s) where the clinical trial is

enrolling participants

e Participant Demographics: racial and ethnic

makeup of the enrolled participants

e Study Type: the type of trial (i.e., interventional,

observational, expanded access)

e Conditions: any specialized conditions being
addressed

o Status: active status of the clinical trial (e.g., not yet

recruiting, recruiting, completed, terminated)

CTST internally uses Elasticsearch, which in turn
is built on Lucene, to identify trials of interest to the user. It
ranks trials using a variety of text, numeric, and geographic
indexing approaches across key fields (title, conditions,
brief summary, interventions, MeSH). Relevance is then cal-

culated via similarity to the user’s query taking into account
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term frequency, inverse document frequency, and field-
-length normalization with optional faceted filters for incor-

porating additional fields.

Once the back-end server has executed the search,
results are returned to the front end and displayed in several
ways. This includes a geospatial depiction of the results as
well as a tabular summary with the key details highlighted
(i.e., the title, sponsor, status, phase, type, and conditions
for each trial, along with a reference link to a trial’s full de-
tails on the ClinicalsTrials.gov website). Multiple deploy-
ment modes were developed for the tool. One version al-
lows users to search only records related to COVID-19,
while another provides access to the entire ClinicalTrials.-
gov dataset. Additional future versions can be readily config-
ured to target searches on specific topics or areas of interest.
The COVID-19 version of the tool is publicly accessible;
however, users must authenticate to access the full dataset
search tool. Authentication is handled through Google’s
OAuth 2.0 API, which verifies the user's identity. Upon first
login, access is confirmed by the server using an invitation

code.

The CTST features an intuitive interface for enter-
ing search criteria (Figure 2). A basic search functions simi-
larly to standard online search tools, matching the entered
terms with clinical trial details and returning ranked results
based on relevance. The advanced search offers users a
more powerful and flexible way to define and refine their
search queries. It is important to note that in an advanced

search, users are not required to provide values for every cri-
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terion; however, all criteria that are specified will be taken
into account during the search. Users can select only the cri-
teria that align with their specific interests—for example, re-
trieving trials conducted within a particular timeframe, at a
specific location, or based on a specific study type or target-

ed conditions. Clicking the “Toggle Advanced Search” but-

Keyword search.
Status Verified Date

From:  mmjdd/yyyy o To:  mmiddiyyyy

Participant Demographics

Race Ethnicity

Amencan Indian o Alaska Native Hispanic Or Latino
Asian Mot Hispanic Or Latino
Black or African American

Middle Eastern or North Afrcan

Mative Hawaiian or Other Pacific lslander

‘White

Muttiple

Other

Study Type Conditions

Interventional

Filter Conditions

DObservationa

Expanded access Healthy
Breast cancer
Obesity
Stroke
Hypartension
Depression
Prostate cancer
Pain

5

ton beneath the keyword search box reveals additional filter-
ing options. The keyword field can be left blank if the user
chooses to search using only these advanced criteria. After
entering the desired parameters, clicking the blue magnify-
ing glass icon to the right of the search box will initiate the

search.

Location Search
= Search Locations to Filter

Your location results will appear here,

Status

Filter Status
 sviect s | oosoioct

Completed

Unknawn

Recruiting

Terminated

Mot yet recruiting
Active not recruiting
Withdrawn

Enrolling by invitation

Figure 2: CT Search Criteria

After the search is successfully executed and the re-
sults are returned to the front end, they are presented in
multiple formats. First, an interactive geospatial map dis-
plays the results (Figure 3). The orange pins on the map in-
dicate the locations where matching clinical trials are being
conducted, with the numeric value representing the number
of trials in each area. It is important to note that a single
trial may span multiple locations, and some trials may lack
location data altogether. The map is fully interactive, and
zooming in will cause clustered pins to separate, revealing
more detailed information for each specific area. The map
also features multiple toggleable layers that enhance its func-
tionality. These layers incorporate data from the U.S. Cen-

sus Bureau, including population density, racial and ethnic
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demographics, and socioeconomic indicators such as aver-
age and median household income, median age, and gender
distribution. Users can activate one or more layers simulta-
neously and adjust their opacity to blend them visually, en-
abling cross-referencing of clinical trial locations with rele-
vant demographic and socioeconomic data. Layer controls
and opacity sliders are located on the left side of the map, al-
lowing users to modify the visibility and color intensity of
each layer. Clicking on a pin or a county reveals detailed in-
formation about the selected item in the panel on the right.
Additionally, selecting a clinical trial name in this panel
highlights the corresponding trial in the results listing sec-

tion below the map.
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Geospatial Results
1400 Gocupatl Russ | s viow

Soloct race(s):
American Indian or Alaska Native
Aslan

Black or African American

Notive Hawaian or other Paciic lslander -‘
White
Multipie
Other . - -
Select ethmcity: Pl
B Hispanic Or Lating .

Not Hispanic Or Lating

Opacity:
L

% R 100%

Select socioeconomic layer:

Results Listing

Displaying 1-50 of 10000+ results,

Cache County
* Population: 133,154

* Hispanic Or Latina: 15,078
Trials

+ & Pivotal Triol to Estabilish the Efficacy and

Lang-term Safety of the Parachute Imolant
Systom (2017-068)

Showupto so B trials, (The locations of these trials are shown above )

Figure 3: Search Results in a Geospatial Fashion

In addition to the map view, search results are pre-
sented in a “Results Listing” format, where each clinical trial
is summarized in a tabular layout (Figure 4). Trials are or-
dered by a “match score”, a relative value where higher
scores indicate a stronger relevance to the search criteria. Re-
sults are ordered by a determined match score, where high-

er values indicate closer alignment between the query and

Results Listing
Displaying 1-50 of 10000+ results.

e

AMC Ballana Heart Study (2022-0%)

* Conditions: Genetic Predisposition to Disease

Heart TIMING - Heart Transplantation IMAQING (7013-04)

* Sponsor: Semmelweis University Heart and Vascular Center

« Trial Status: Recruiting

* Trial Phase: Uninown

« Trial Type: Observational

* Conditions: Heart Transpiant Fadure and Rejection, Magnetic Resonance imaging

Feasibility of the Heart to Heart Yoga Program (2023-11)

* Sponsor Misook L. Chung

» Trial Status:

* Trial Phase: NjA

* Conditions: Heart Failure, Caregiver Burden, Depression, Aniety, Stress

Heart to Heart: BP Control Partners (2023-09)

* Sponsor: East Carolina University
« Trial Status: Enrolling by invitation
* Trial Phase: NjA

« Trial Type: Interventional

trial record; details of the scoring method are provided in
Methods. To optimize performance and avoid overloading
the application, the listing displays a limited number of re-
sults per page (10 by default). Users can adjust the number
of results shown per page using the drop-down menu locat-

ed to the right of the Results Listing header.

Showupto S0 trials. (The locations of these trials are shown above )

Match Score: 9.3

Match Score: 9.3

Mateh Seore: 3.1

Match Score 3.1

Figure 4: Search ResultsDisplayed in a Tabular Summary Format
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The Results Listing section presents matching clini-
cal trials in a detailed list format, with specific information

provided for each trial. For trials that include location data,

A Pivotal Trial to Establish the Efficacy and Long-term Safety of the Parachute Implant System (2017-08)

= Sponsor: Cardiokinetix, inc

+ Trial Status: Terminated

= Trial Phase: Phase 3

* Trial Type: interventional

= Conditions: Congestive Heart Failure, Left Ventricular (LV) Systolic Dysfunction

a map is available showing all sites where the trial is being
conducted. Clicking the “Show Location(s)” button, when
present, will display this map (Figure 5).

Match Score: 86

Figure 5: Individual Clinical Trial Result

Discussion

Clinical trials are an integral part of drug discov-
ery and development [15] The US clinical trials market was
valued at USD 40.56 billion in 2024 and is expected to grow
at a compound annual growth rate (CAGR) of 6.30 % be-
tween 2025 and 2030.2 Clinicaltrials.gov is a clinical trials
database published and maintained by the National Library
Of Medicine, which houses ongoing and completed clinical
trials in the US, and internationally [16]. There are two ma-
jor reasons for clinical trial registration and results submis-
sion to ClinicalTrials.gov. The first is that policies and laws
mandate certain clinical trial registration [17]. These in-
clude: i) Final Rule (42 CFR Part 11) for the Food and Drug
Administration Amendment Acts of 2007 (FDAAA), ii)
NIH Policy on Dissemination of NIH-funded Clinical Trial
Information, and iii) WHO International Clinical Trials
Registry Platform are published on ClinicalTrials.gov. The
second reason is the International Committee of Medical
Journal Editors (ICMJE) Policy requirement for publishing
results from clinical trials in medical journals [18,19]. Un-
der the FDAA, basic results of clinical trials, which include
drugs or devices that the FDA has approved are reported on
ClinicalTrials.gov  website [20].The ClinicalTrials.gov

database was also developed to enhance public access to clin-

ical trials. The platform provides information about ongo-
ing and completed studies and their results to researchers,
healthcare professionals, and the public [21]. Also, the time-
ly publication of clinical trial results is necessary for increas-
ing transparency and guaranteeing that the research find-
ings are available to inform evidence-based medicine
[22,23]. In 2024, the 500,000th clinical study was recorded
on ClinicalTrials.gov [24], While ClinicalTrials.gov has
been a valuable resource for about 25 years, it has some limi-
tations, which include a lack of integration of clinical trials
proximity, as well as robust demographic and socioeconom-
ic data. Given ACT-R’s intent, to make clinical trials accessi-
ble within 30 minutes to 90% of eligible Americans,3 the
CTST could be leveraged to advance this objective. The
CTST is built upon the ClinicalTrials.gov database and en-
hances it by providing detailed geospatial insights. Unlike
ClinicalTrials.gov, this web-based platform integrates trial
location, geographic proximity, population demographics,
and socioeconomic data, offering investigators a more com-
prehensive view of the clinical trial landscape. The tool en-
ables rapid access to relevant trials and supports efficient pa-
tient identification and enrollment based on specific re-
search interests. Users can tailor their searches by selecting
criteria aligned with their study focus. The tool then gener-

ates a list of ongoing or completed trials, including informa-
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tion on location, targeted populations, and the disease con-
ditions under investigation. Search results are displayed
geospatially via an interactive map showing trial density by
region and in a sortable, tabular format. Each listing in-
cludes a match score, where higher scores indicate more sub-
stantial alignment with the user’s search parameters. Zoom-
ing in on the map reveals more granular details about specif-

ic trial locations.

Conclusion

The CTST enhances the ClinicalTrials.gov
database by incorporating geospatial intelligence, including
location data, geographic proximity, population demograph-

ics, and socioeconomic indicators. This integration pro-
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vides investigators with a more comprehensive dataset for
trial planning, patient identification, and enrollment
aligned with specific research interests. In the context of the
rapidly expanding clinical trials landscape and in alignment
with ACT-R’s goal of making clinical trials accessible within
30 minutes for 90% of eligible Americans, the CTST offers a
valuable resource for generating robust, real-time data to in-
form and accelerate clinical research. To further strengthen
these contributions, we recommend extending CTST with
mobile access for point-of-care and community use, integra-
tion with EHRs for automated eligibility screening and co-
hort discovery, multilingual support to engage diverse popu-
lations, and Al-powered recommendations to optimize site

selection, outreach strategies, and patient-trial matching.
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