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Introduction in patient care [1,2]. Nevertheless, an important gap in RCT produc-
tion has been identified. A systematic review of publications between
1995 and 2016 identified only 24 RCTs for Clinical Decision Support
for clinical oncology practice [3]. Intrinsic challenges of RCTs that hin-
der their implementation have been widely noted, including difficulty

In times of evidence-based medicine, randomized clinical trials
(RCTs) represent one of the highest degrees of scientific evidence, be-
ing regarded as the gold standard method of clinical research [1]. The
publication of well-designed clinical trials (CT) is capable of rapidly

with adequate patient enrollment, high dropout rates, high costs, and
changing current medical practices, contributing greatly to advances
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long duration [4]. Researchers have been looking for ways to over-
come these challenges, for instance by using methods such as Adap-
tive Trial Design, Large Simple Trials, and Digital Clinical Trials (DCT)
[5,6]. Guo et al argue that traditional CT methods should be reviewed
in search of more innovative and agile approaches [7]. The Clinical
Trials Transformation Initiative, a public-private partnership with the
US Food and Drug Administration (FDA) and more than 60 other or-
ganizations, recognizes Digital Technology (DT) as a way to improve
the quality and efficiency of CT [8]. Advances in the field of DT have
revolutionized the way RCTs are conducted [9]. In the past few years,
there has been an exponential growth in the number of CTs published
on ClinicalTrials.gov that use the term mHealth, defined as “medical
and public health practice supported by mobile devices, such as mo-
bile phones, patient monitoring devices, personal digital assistants,
and other wireless devices” [10,11]. Recent data from North America,
Europe, and Asia revealed that over 35% of pharmaceutical industries
were implementing DT in their CT, while 94% planned to increase its
use soon [12].

This review will explore the role of DTs as a means of mitigating
some of the difficulties in conducting RCT, focusing on four principal
areas:

(i) Enrollmentand dropout
(ii) Data collection

(iii)
(iv)

Discussion

Costs

Duration

Trial Enrollment and Dropout

Data analysis from the ClinicalTrials.gov registry showed that
over 90% of interventional trials enrolled fewer than 100 partici-
pants, while only 3-4% enrolled more than 5000 participants [13].
One-third of the trials did not reach the desired sample size [14]. In
a review, eighty-one out of 395 RCTs listed on ClinicalTrials.gov were
discontinued early, mainly due to problems with recruitment [15].
Researchers have been increasingly evaluating the potential useful-
ness of complementing recruitment strategies, for example, with DT,
in order to include the greatest possible diversity of participants in
RCTs [16,17]. There is evidence that social media can be an excel-
lent recruitment method for hard-to-reach populations [18]. Many
of the traditional RCTs undesirably restrict the study population to
those living in geographic proximity to the study site [19,20]. Only
a small percentage of the potential pool of eligible individuals gets
invited to participate in clinical trials, limiting not only the number
of participants but also the diversity of the sample, which can lead to
biased results from an artificially homogeneous population [21-23].
Performing DCTs may allow remote patient participation, enabling
the recruitment of otherwise unreachable individuals [24]. In 2016,
one of the first applications (APP) developed to conduct a DCT was

published. The trial aimed to assess the effects of nutrition labels on
food purchases. In approximately 1 year, it was possible to random-
ize more than 2,000 patients. That showed promise for improving re-
cruitment, delivery of the intervention, and data collection [25]. As
an example, Anguera et al. managed to recruit a large number of par-
ticipants in a short time and with minimal costs in a study of patients
with depression that was carried out through mobile devices [26].

While the recruitment of participants can be leveraged in DCTs,
participant retention could be a challenge [27]. In 2019, the average
patient dropout rate in clinical trials was around 19% [28]. Some old-
er studies have shown that DCTs had a higher dropout rate. This was
in part due to less interaction between participants and researchers
[29-33]. On the other hand, more recent data showed that modern
DCTs may be able to increase participant engagement through more
active and secure two-way communication, as well increase patients’
trust in investigators. They can improve patients’ experience and, ul-
timately, reduce dropout rates [9,24,27,33]. Another typical barrier
to the recruitment and permanence of patients in clinical trials is the
Hassle Factor of the study. Many studies are investigator-centric, re-
quiring participants to physically attend the clinical site for sample
and data collection [9,24,34]. DCTs facilitate decentralization, often
allowing the participation of patients without having to leave their
location or even their homes, substantially reducing potential incon-
veniences. Furthermore, DCTs can help mitigate a historical problem
associated with randomization in RCTs that can occur when investiga-
tors are able to predict who will be randomized to each strategy (e.g.,
randomization by odd/even dates of birth). Automated randomiza-
tion processes generated by DT are virtually impossible to be corrupt-
ed [2,35]. Accordingly, whether by expanding participation, reducing
the hassle factor, or enhancing engagement, DCTs can offer unique
features to increase patient recruitment and diminish dropout rates.

Data Collection

In RCTs, data security is extremely relevant, especially regard-
ing the reliability and integrity of the information. DT has allowed a
meaningful change in the way data is collected, without interfering
with the fundamental principle of ensuring its authenticity, confiden-
tiality, and integrity [6]. While computerized data collection reduces
the chances of human error in recording responses [36,37], DT en-
ables computationally intensive encryption for the privacy of partici-
pants [27]. DT allows data collection in settings outside a health facil-
ity and in real-life conditions, enabling access to new endpoints that
have been otherwise impossible to collect in the past [8,24]. Never-
theless, as these technologies enable the continuous collection of new
and diverse data, they can bring novel computational and statistical
challenges. In addition to prioritizing the collection of critical data for
the central scientific questions of CTs, the use of artificial intelligence
combined with traditional biostatistical methods can be useful to ad-
dress the issues associated with interpreting the vast amount of data
capable of collection through DT [17,38].
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Another major advantage of DTs is the ability to capture data
without the presence of a member of the study team, as well as the
possibility to monitor adverse events in real time through linked elec-
tronic health records [24,27]. On the other hand, when participants
themselves enter information into online platforms, there is an in-
creased risk of obtaining inaccurate (such as confusing descriptions
of adverse events) or even fictitious data [35,38]. Choosing study
protocols that promote the involvement of participants in decisions
about data inclusion, as well as the use of digital tools capable of
grouping information and analyzing trends to facilitate the identifi-
cation of fictitious data, are valid strategies to minimize this obstacle
[39]. Aside from that, investigators should know how to assess the
accuracy and consistency of the DT chosen for data capture. This is es-
sential for ensuring reliable capturing, processing, storage, and trans-
fer of information, providing objective data that accurately represents
the outcome [39].

Costs

Healthcare costs have been progressively increasing, leading to
a significant economic impact in a world with finite resources [40].
The costs associated with CT are also progressively escalating and
are often the greatest barrier to their implementation [41,42]. Data
collected over the 2010-2015 period from seven major pharmaceu-
tical companies showed that the median cost for a pharmaceutical
industry phase 3 trial was US$21.4 million [43]. Another study re-
ported that these amounts reached up to US$52.9 million [44]. Still,
a growing body of evidence has demonstrated the economic benefit
of mHealth interventions. A recent systematic review of thirty-nine
studies that aimed to evaluate the economic impact of using mHealth
tools, showed they were cost-effective and economically beneficial
[40]. A study commissioned by the US Department of Health and Hu-
man Services showed that the wider use of mobile technologies is one
of the most effective means of reducing clinical trial costs for drug de-
velopment [44]. The US Institute of Medicine has recommended cre-
ating digital data collection systems to reduce healthcare costs. This
recommendation, along with the Health Information Technology for
Economic and Clinical Health (HITECH) Act, increased the adoption
of electronic health record systems in the United States from 20.8%
in 2004 to 85.9% in 2017 [45,46]. The slow enrollment is a major
contributor to increased costs [41,46]. We have already discussed
extensively how the use of DT can be useful to improve recruitment
strategies. Eliminating ethnic health disparities is one way to signifi-
cantly reduce overall medical costs [47]. However, in traditional RCTs,
minority representation remains inadequate [22,48-50]. Lack of in-
formation and understanding about research, and limited access to
specialized care centers that serve as referral sources for clinical tri-
als make it difficult to recruit minority populations [51,52]. Jerome et
al. by evaluating the use of DT as a strategy to increase patient access
to ongoing RCTs, showed that digital media is a cost-effective vehicle
to promote awareness of CT [16]. Classically, RCTs tend to have an

investigator-centric approach. Study participants often need to travel
to academic facilities where investigators and diagnostic technologies
are concentrated [27]. Costs with administrative staff (11-29% of the
total) and site monitoring (9-14% of the total) were key drivers of
direct costs [44,53]. In DCTs, it is possible to capture data and monitor
participants remotely, eliminating most patient travel requirements
and allowing for the downsizing of research staff [17,28,54].

Duration

More than 70% of the total time required in the development of a
new drug (6 to 10 years) is spent in clinical trials [55,56]. Moreover, a
low enrollment rate can increase the planned RCT time by almost two
times [46]. In contrast, it is known that the development of mHealth
tools for clinical trials can be able to accelerate recruitment [57]. Es-
pie et al. used DT in several studies and managed to quickly recruit a
large number of participants. Notably, one trial recruited 3755 partic-
ipants within 24 hours [58]. In addition, several ways in which DT can
optimize the recruitment rate have been described above. The need
for protocol review also increases CT duration [59]. Data from Tufts
CSDD’s 2016 Cost Study reported that CTs with one or more global
changes lasted about 18% longer than those without adjustments
[60]. Most substantive amendments are implemented while the clin-
ical trial is ongoing, and the delay in implementing these changes is
directly associated with increasing the duration of CT with amend-
ments [61,62]. On the other hand, the continuous learning and near-
real-time adaptability of DCTs can significantly reduce this interval
of amendment implementation, ultimately reducing the duration of
RCTs [17].

Conclusion

A growing body of data has demonstrated that digital technology
can be an effective way of conducting the RCTs promoting more effec-
tive randomization, reducing the time and costs associated with the
study, and improving data quality and security. However, the use of DT
in RCTs is still in the early stages of implementation and, as with any
new approach, some considerations must be mentioned. For instance,
the frequent requirement for complex statistical methods; the possi-
bility of some adjustment in the design and outcomes of the tradition-
al RCT to better adaptation to the DCT; the need for a digital research
infrastructure that, in addition to the elevated level of data security,
guarantees the validation and usability of the chosen DCT; and the
need to implement the interchangeability of several electronic sourc-
es to allow portability of DCT data.
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