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ABSTRACT

Background: Traditional clinical trials often face limitations in participant diversity and accessibility due to
geographic and logistical constraints. Decentralized clinical trials (DCTs) have emerged as a potential solution to
address these challenges by leveraging digital and remote technologies. Despite their advantages, there remains a lack
of comprehensive understanding regarding the opportunities and challenges associated with DCTs. This systematic
review explores the opportunities and challenges of DCTs, providing insights into their implementation and impact on
clinical research. The review analyses DCTs' effects on trial conduct and outcomes, offering recommendations for
future design and execution.

Methods: A systematic literature review was conducted following PRISMA guidelines, searching major databases for
studies published between 2018 and March 2024. The review analyzed 18 peer-reviewed articles, assessing risk of
bias using an adapted Cochrane tool.

Results: The results highlighted that DCTs enhance participant engagement, improve accessibility and increase
participant diversity, offering potential cost savings and improved trial efficiency. However, challenges such as
ensuring data integrity, overcoming technological barriers and addressing regulatory compliance were also noted. The
majority of the included studies demonstrated a low risk of bias across all domains, enhancing the reliability of these
findings.

Conclusions: This review underscores DCTs' potential to transform clinical research by improving efficiency,
accessibility and participant diversity. Successful implementation requires addressing technological, ethical and
regulatory challenges. Future research should focus on standardized best practices, equity issues and comparative
studies with traditional trials. These findings have significant implications for shaping future clinical trials.

Keywords: Decentralized clinical trials, Digital health technology, Patient-centric trials, Regulatory challenges, Trial
accessibility

INTRODUCTION

A decentralized clinical trial (DCT) utilizes technology
and processes to reduce or eliminate the need for
participants to physically visit traditional research sites.
Although DCTs were gaining traction before COVID-19,
the pandemic significantly accelerated their adoption,
with a nearly 55% increase in new trials incorporating
DCT elements between 2020 and 2022 (tufts center for
the study of drug development). Traditional clinical trials,
which rely on site-based methodologies, face several

challenges. These include geographical barriers that
restricted participant pools to those near clinical sites.!
They also suffer from a lack of diversity, leading to
limited demographic representation in trial results.?

Participants often face significant burden due to regular
site visits.>* Additionally, these trials involve high costs
and time-intensive processes.” There are also concerns
about their long-term sustainability and scalability.®
DCTs address these challenges by integrating digital
technology, facilitating remote monitoring and data
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collection and enabling remote study activities such as
virtual recruitment and telemedicine visits.”!° They offer
increased accessibility with broader geographic reach and
flexibility while enhancing the frequency and accuracy of
data gathering.®!"!2 By reducing site visits, DCTs can
improve participant recruitment and retention. However,
challenges remain in regulatory compliance, data quality
assurance and equitable technology access.

This systematic review provides a comprehensive
analysis of the benefits and challenges of DCTs, offering
a unique synthesis of current evidence across multiple
themes including recruitment, efficiency, data quality and
patient experience, thereby providing a holistic view of
the DCT landscape to inform future research and
implementation strategies.

The objectives of this review are to identify key DCT
advantages in enhancing trial efficiency, participant
experience and recruitment strategies; elucidate
challenges and barriers for successful DCT
implementation, including technological, regulatory and
ethical considerations; analyze DCTs' impact on
participant diversity, data quality and cost-effectiveness.

Additionally, the review aims to examine the role of
technology integration in DCTs and its implications for
trial design and methodology; and provide evidence-
based recommendations for future DCT design, execution
and regulatory frameworks. This review aims to guide
researchers, clinicians and policymakers in optimizing
DCT implementation for more effective and innovative
clinical trials.

This review adheres to ethical standards, ensuring
transparency and rigor in evidence synthesis, with no
direct patient involvement.

METHODS
Search strategy

A systematic literature review was conducted in
accordance with the preferred reporting items for
systematic reviews and meta-analyses (PRISMA)
guidelines. Sources included PubMed, Scopus, Web of
Science, Springer, Cochrane and EMBASE. Search terms
included "Decentralized Clinical Trial," "Remote Trial,"
"Virtual Trial," '"patient experience," "diversity,"
"economic impact," "digital health," "data management,"
"regulatory aspects," and "real-world evidence".

Inclusion criteria
Study types
Original research articles, systematic reviews, qualitative

studies, recommendation papers or perspective pieces
providing substantial insights into DCTs.

Trial design

Studies reporting, discussing or evaluating decentralized
methods in clinical trials.

Publication source
conference

Peer-reviewed journals or  scientific

presentations.

Content focus

Studies addressing implementation, operational aspects,
challenges or opportunities of DCTs, including but not
limited to patient experience, diversity, financial value,
digital health, data quality, regulatory considerations and
real-world evidence generation.

Publication timeframe

Studies published was between 2018 and 2024.

Language

Studies published in English.

Exclusion criteria

Conventional trials

Studies focused on traditional trials without significant
DCT elements.

Duplicates
Duplicate publications of the same study.
Irrelevant literature

Marketing reports, commentaries, viewpoints, editorials,
letters to the editor and news articles.

Article screening process

A strict and systematic approach was applied for the
screening of articles. The data obtained through the
database search conducted in March 2024 (PubMed,
Scopus, Springer, Web of Science, Cochrane Library and
EMBASE) were uploaded into a reference manager to
delete the duplicates.

Title and abstract were reviewed to determine whether
the identified articles discuss DCTs. The full texts were
evaluated for the prospects and issues of DCTs.

The systematic screening process ensured that only high-
quality and relevant studies were included, making the
analysis comprehensive.

International Journal of Clinical Trials | July-September 2025 | Vol 12 | Issue 3  Page 225



Biswas A et al. Int J Clin Trials. 2025 Aug;12(3):224-232

Data extraction

A systematic data extraction form was used to ensure
accuracy and reliability. Basic information collected from
the selected papers included the author names,
publication year, study type, sample population,
intervention/aspect studied, comparison/control, outcome
measures and findings.

Special emphasis was placed on extracting information
from the articles regarding the implementation of DCTs,
specifically focusing on the types of digital technologies
used, the reported benefits, challenges encountered and
overall outcomes. This methodical process of sifting and
sorting allowed for the systematic compilation of relevant
findings, highlighting the opportunities and challenges of
DCTs.

Risk of bias assessment

Risk of bias was assessed using a modified Cochrane
Risk of Bias 2 (RoB 2) tool, adapted to account for the
observational and mixed-method nature of DCT studies.
Five domains were evaluated: study design bias, missing

data bias, outcome measurement bias, selective reporting
bias and intervention bias.

RESULTS
Study selection and characteristics

The study selection process is illustrated in Figure 1
(PRISMA Flow Diagram). Our initial search yielded
2,559 records across six databases. After screening and
applying exclusion criteria, 18 articles were included in
the final review. Key observations from the selection
process revealed that 1,021 records were excluded for
various reasons, including reviews or meta-analyses
without original data, non-peer-reviewed articles, studies
with poor methodological quality, preliminary reports or
studies with insufficient data. Many studies were
excluded for not focusing specifically on DCTs or
lacking sufficient data on challenges and opportunities.
Additionally, some articles were excluded for lacking
practical guidance on DCT implementation. The
screening process involved reviewing 613 articles after
title and abstract reading, with 107 full-text articles
assessed for eligibility.

Identification of studies via databases

Records removed before screening (n—=1946):

Duplications and Redundancies (Duplicate publications of the same
study and multiple articles by the same authors on the same data set)
records removed (n =512)

Records marked as ineligible by automation tools (records that did not
meet basic relevance criteria.) (n = 413)

Records removed for other reasons (Reviews or meta-analyses without
original data, non-peer-reviewed articles, studies with poor
methodological quality, Preliminary reports, or studies with insufficient

R
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(n=15)
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(n=12)

Studies not focused on the specific challenges or opportunities of DCTs
(n=7)

Articles focusing solely on technical aspects of clinical trial software
without broader applicability to DCT implementation or outcomes (n=5)
Studies conducted in settings not relevant to the broader context of DCTs
(n=11)

Articles with low impact factor (n=4)

Articles without practical guidance on the implementation of DCTs (n=7)
Articles with verification and reproducibility Issues (n=8)

Articles with Insufficient Evidence Base (n=9)

Figure 1: PRISMA flow diagram.
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Table 1: Key themes, benefits and challenges of DCTs.

Benefits

Recruitment and

participation increased patient diversity

Challenges

Higher enrolment numbers, improved access for
rural patients (26.7% from non-metropolitan areas),

Only 5% of eligible patients
participate in traditional
trials

Key references

Sommer et al?®>, Huh
et al'®, Goodson et al'*

Efficiency and cost-
effectiveness

fewer amendments

Increased expected net present value (eNPV,
defined as the projected financial value of a drug) by
$20M in phases II/II1, reduced phase durations
(=210%)/=3 months, screen failure rates decreased
from 31.5% to 24.1% in phase II trials and from
29.9% to 20.1% in phase III trials, seven-fold return
on investment (ROI) compared to traditional trials,
cost reductions of $507,600 for phase II due to

Initial investment in
technology and
infrastructure

DiMasi et al?!,
Harmon et al'”

Data collection and

quality enhanced real-time safety monitoring

High completion rates for e-diaries (95.6%), 67.1%
of bowel diary records completed on schedule,

Data reliability concerns,
logistical challenges in data
collection across projects

Lau et al**, Huh et
al'®, Goodson et al'4,
Hoban et al?®

Patient experience

and engagement S .
d engageme their trial experience

High satisfaction with digital tools, reduced burden
of hospital visits, patients felt validated throughout

Trust and communication
challenges in remote
settings

Sommer et al?®, Boxal
etal'?, Coyle et al'

Widespread use of electronic institutional review

Less common use of
wearables and online

Cummins et al??,

Technological boards (eIRB), eSource, clinical trial management . Nebie et al'2,
. . . . recruitment portals, 14
adoption systems (CTMS), e-Signatures, electronic patient- el Goodson et al'?,
technology usability issues, 27
reported outcomes (ePROs) L. 2 Sehrawat et al*/,
digital divide limitations
Ethical and Clinical trials transformation initiative (CTTI) Need for updated regulatory ~ Apostolaros et al*°,
regulatory developed recommendations for DCTs, potential for ~ frameworks, addressing De Jong et al'!, Petrini
considerations more inclusive trials legal and ethical challenges et al’

Real-world data
and patient
monitoring

Unique patient insights from natural environment,
Enhanced real-time safety monitoring capabilities

Ensuring data quality in less
controlled environments

Singh et al'’>, Harmon
et al'’, Goodson et al'*

Methodological approaches of included studies

The 18 articles included in this review employed diverse
methodological  approaches.  These  encompassed
qualitative methods such as interviews and case studies,
quantitative techniques including clinical trials, data
analysis and surveys, as well as literature reviews
synthesizing existing research. Some studies utilized
mixed methods, combining qualitative and quantitative
approaches to provide a comprehensive analysis of
DCTs.

Benefits and challenges of decentralized clinical trial

Our review identified several significant benefits and
challenges associated with DCTs, as presented in Table 1.
These findings encompass various aspects of DCTs,
including recruitment and participation, efficiency and
cost-effectiveness, data collection and quality, patient
experience and engagement, technological adoption,
ethical and regulatory considerations, real-world data and
patient monitoring and cost implications. The table
summarizes the key themes that emerged from our
analysis of the 18 included articles, presenting benefits,
challenges and key references for each theme.

Risk of Bias Domains (with labels)

Leroy et al. (2023)
Harmon et al. (2023)
Hoban et al. (2024)
Huh et al. (2023)
Cummins et al. (2023)
Cafaro et al. (2023)
Sehrawat et al. (2023)
Apostolaros et al. (2020)
Coyle et al. (2022)

de Jong et al. (2022)
DiMasi et al. (2023)
Goodson et al. (2022)
Lau et al. (2022)
Nebie et al. (2023)
Petrini et al. (2022)
Singh et al. (2023)
Sommer et al. (2018)

Boxall et al. (2023)

Figure 2: Summary of risk of bias.
Rows represent studies; columns represent domains (D1: Study
Design, D2: Missing Data, D3: Outcome Measurement, D4:
Selective Reporting, D5: Intervention) and overall risk. Green
cells indicate low risk; red cells indicate high risk.
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Risk of bias analysis results

As shown in Figure 2, most studies had a low risk of bias
across all domains. Only two studies showed a high risk
of bias in single domains: selections of reported results
24 and measurements of outcomes 21. This overall low
risk of bias enhances the reliability of our findings
regarding DCTs.

DISCUSSION

The findings from this systematic review reinforce both
the advantages and challenges associated with DCTs.
This discussion delves deeper into the observed key
themes, analyzing their implications for the future of
clinical trials and highlighting areas for further research
and development.

Enhancing recruitment, participation and diversity

One of the primary advantages of DCTs is their potential
to enhance accessibility and increase participant
diversity. Cafaro et al and DiMasi et al, demonstrated that
remote and semi-automated trial methods improve
recruitment,  especially among  underrepresented
populations.'®?! Sommer et al, provided further support
for this advantage, reporting significantly higher
recruitment rates in the decentralized arm compared to
the conventional arm. Goodson et al and Nebie et al,
echoed this sentiment, discussing how DCTs address
logistical barriers faced in traditional trials, particularly
for individuals in rural or underserved areas.'>!%?> This
increased accessibility is further evidenced by Huh et al,
who reported that 26.7% of their study participants were
from non-metropolitan areas.'” These findings are
particularly significant given Goodson et al.'s observation
that only 5% of eligible patients participate in traditional
trials, suggesting DCTs could substantially increase
participation rates.'*

Unveiling the Impact of DCTs on Trials

Figure 3: DCTs on recruitment and diversity:
emphasizes improved accessibility and participation
from underserved areas, based on 18 studies
(2018-2024).

By reaching traditionally underserved populations, DCTs
have the potential to make clinical trials more
representative of diverse populations, potentially leading
to more generalisable results and addressing long-
standing issues of health disparities in medical research.

Improving patient experience and engagement

DCTs significantly reduce participant burden, which is
another substantial benefit. Betcheva et al and DiMasi et
al, emphasized that minimizing the need for in-person
visits improves participant satisfaction and retention.®?!
Sommer et al, reported high patient satisfaction with
elCF and eDiary, demonstrating the positive impact of
these digital tools on participant experience.?> Boxal et al,
found that participants felt validated throughout their trial
experience, while Coyle et al, emphasized the importance
of trust and communication in remote settings.!>'® By
leveraging digital technologies, DCTs ease logistical
constraints and enhance overall trial participation. This
reduction in burden could lead to higher retention rates
and more complete data collection, potentially improving
the overall quality and reliability of clinical trial results.
Future research should explore how this reduced burden
translates to long-term participant engagement, especially
in studies requiring extended follow-up periods.

Leveraging real-world data and patient monitoring

Singh et al and Harmon et al, highlighted the potential of
DCTs to provide unique patient insights from natural
environments and enhance real-time safety monitoring
capabilities.!>!” Singh et al, also emphasized the need for
sustainable DCT frameworks to support this accelerated
therapeutic development.'> These advantages could lead
to more ecologically valid data and improved patient
safety. However, they also noted challenges in ensuring
data quality in less controlled environments, suggesting a
need for robust remote monitoring protocols. The
development of such protocols presents an opportunity
for innovation in clinical trial design and execution.

Improving efficiency and cost-effectiveness

DCTs offer broader financial benefits beyond direct cost
savings. As DiMasi et al, highlighted, DCTs increase
resource efficiency and promote long-term sustainability
in trial management.?! Harmon et al, further noted that
digital technology enhances clinical trial efficiency and
participation, while also providing impactful real-world
data.'” Their study reported an increased eNPV by $20
million per drug in phases II and III and reduced phase II
and II durations by at least 10%. Furthermore, they
reported a specific cost reduction of $507,600 for phase 11
trials due to fewer amendments and decreased screen
failure rates from 31.5% to 24.1% in phase II trials.
While the initial investment in technology and
infrastructure for DCTs can be substantial, the long-term
cost benefits are significant. DiMasi et al, reported that
the return on investment (ROI) for DCTs is seven-fold
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based on eNPV increments.?! These financial advantages
make DCTs a more viable option for clinical research,
especially in resource-limited settings. The potential for
cost savings could lead to more trials being conducted,
making clinical trials more accessible to a wider range of
researchers and organizations. This could accelerate the
pace of medical research and drug development,
potentially democratize the drug development process
and lead to a more diverse range of treatments being
investigated. Despite these advantages, several challenges
associated with DCTs must be addressed.

Financial Benefits of Digital Clinical Trials
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Figure 4: Financial benefits of DCTs: Accessibility,
cost savings, resource efficiency, sustainability, cost
reduction, trial duration reduction and eNPV
increase, based on 18 studies (2018-2024).

Technological challenges and the digital divide

The digital divide presents a significant challenge,
particularly in terms of accessibility. Sehrawat et al and
Nebie et al, pointed out that DCTs may inadvertently
exclude participants who lack access to the necessary
technology or stable internet connections.'>?’ This
limitation could hinder the inclusiveness of DCTs,
particularly in low-resource settings. Cummins et al,
reported widespread adoption of eIRB, eSource and
clinical trial management systems, but noted that
wearables and online recruitment portals were less
commonly used, indicating uneven technological
adoption across DCT applications.”? Nebie et al, also
highlighted technology usability issues, suggesting a need
for innovative solutions to ensure equitable access.'?

Addressing this challenge will require innovative
solutions, such as providing technology to participants or
developing low-tech alternatives for data collection in
certain settings. Future research should focus on
strategies to bridge this digital divide to ensure that DCTs
truly enhance, rather than limit, participant diversity.

Decentralized Clinical Trials

Pros @ Cons

<> Improved trial >/ Digital divide

8 efficiency risk

Gp Enlianced Regulatory

patient challenges
accessibility -

|« Betterdata Ethical

HHH  quality concerns
Reduced .

@ geographical (ﬂ_ué Sglt('sem Saey
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“+ More diverse g Data integrity

L8290  populations & issues

Figure 5: DCTs: Benefits include improved efficiency
and diversity; challenges include the digital divide and
regulatory hurdles, based on 18 studies (2018-2024).

Enhancing data collection and quality

Data integrity remains a primary concern, as de Jong et
al, noted.!! Ensuring the accuracy and reliability of
remotely collected data requires robust cyber security
protocols.’”> Without these measures, DCTs risk
compromise the validity of their outcomes. On the
positive side, Goodson et al, highlighted enhanced real-
time safety monitoring capabilities in DCTs, which could
contribute to improved data integrity.'"* Encouragingly,
Lau et al, reported high completion rates (95.6%) for e-
diaries, while Huh et al, found that 67.1% of bowel diary
records were completed on schedule.!®?3

Similarly, Cafaro et al, reported high adherence rates and
data completeness in their DCT, further demonstrating
the effectiveness of remote methods in improving data
quality.'® These findings suggest that well-designed
digital tools can yield reliable data collection in
decentralized settings. However, Hoban et al, highlighted
logistical challenges in data collection across projects,
indicating a need for standardized protocols.?
Developing standardized protocols for DCTs is crucial.
These protocols should cover data collection,
transmission and storage. Such standardization will help
maintain data integrity and build trust in this new
approach to clinical trials. This area presents an
opportunity for interdisciplinary collaboration between
clinical researchers, data scientists and cybersecurity
experts.
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Regulatory challenges

Regulatory hurdles further complicate the
implementation of DCTs.!"?! Regulatory frameworks
vary across regions, introducing additional variance in
trial outcomes. For example, the FDA allows eSignature
in eConsent, while Germany still requires wet-ink
signatures. As such, interpreting DCT results across
different regions requires careful consideration of these
external factors, such as varying consent procedures, data
protection laws and technology acceptance. Apostolaros
et al, reported that the CTTI developed recommendations
for DCTs, while De Jong et al, emphasized the need for
updated regulatory frameworks.!"?® These findings
highlight the evolving nature of DCT regulation and the
need for harmonized guidance.

There is a need for harmonized regulatory guidance on
DCTs to ensure consistency in the implementation and
interpretation of results across different jurisdictions.
Developing internationally recognized standards for

Trials. 2025 Aug;12(3):224-232

DCTs could not only facilitate multi-national trials but
also potentially accelerate the global adoption of
innovative trial designs.

Ethical implications

Ethical concerns also arise in the context of DCTs. Petrini
et al, highlighted the complexities of obtaining informed
consent in decentralized settings, which could
compromise participant understanding.” Pascalev further
underscored the importance of providing clear,
participant-friendly consent process to mitigate this
issue.”* Additionally, the potential for DCTs to
exacerbate existing health disparities due to unequal
access to technology must be carefully considered and
addressed.

The development of clear, participant-friendly consent
process for decentralized settings could set new standards
for ethical conduct in clinical trials.

Technological
Innovations
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Figure 6: Challenges and opportunities in DCT implementation: A fishbone diagram showing regulatory challenges
and technological opportunities, based on 18 studies (2018-2024).

Strengths and limitations of the review

The strength of this review lies in the overall low risk of
bias observed in the included studies, as illustrated in
Figure 2. This enhances the reliability and credibility of
our findings regarding DCTs. However, the exclusion of

studies due to poor methodological quality, as seen in 14,
poses significant limitations to the generalisability of the
review's findings. While ensuring high-quality studies
were included, it also limits the diversity of study
contexts. The limited timeframe of the studies (2018 to
2024) may exclude older yet still relevant research.
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Future reviews might consider a broader inclusion criteria
or a longer timeframe to capture a more comprehensive
picture of the DCT landscape.

CONCLUSION

DCTs are reshaping the landscape of clinical research,
offering innovative solutions to longstanding challenges
in patient recruitment, engagement and data collection.
This systematic review has revealed both the
transformative potential and the persistent hurdles
associated with DCTs.

The integration of digital technologies has demonstrated
significant improvements in trial efficiency, patient
accessibility and data quality. By reducing geographical
barriers and minimizing participant burden, DCTs have
the potential to create more diverse and representative
study populations, addressing a critical gap in traditional
clinical research.

Implementation of DCTs, however is not without its
challenges. The digital divide poses a risk of
inadvertently excluding certain populations, potentially
exacerbating existing health disparities. Moreover,
regulatory frameworks must evolve to keep pace with
these technological advancements, ensuring that
innovation does not come at the cost of patient safety or
data integrity.

Moving forward, the focus should be on developing
standardized best practices for DCT implementation,
addressing ethical considerations in remote settings and
creating solutions to bridge the digital divide. Further
research is needed to fully understand the long-term
impacts of DCTs on patient outcomes, drug development
timelines and healthcare costs.

In summary, while DCTs offer promising solutions to
many challenges in clinical research, their successful
implementation requires a balanced approach that
leverages technological innovations while addressing
ethical, regulatory and accessibility concerns. As this
field continues to evolve, ongoing evaluation and
refinement of DCT methodologies will be essential to
realizing their full potential in advancing medical
research and improving patient care.
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