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Mobile technologies offer the potential to reduce the costs of conducting clinical trials by col-
lecting high-quality information on health outcomes in real-world settings that are relevant
to patients and clinicians. However, widespread use of mobile technologies in clinical trials has
been impeded by their perceived challenges. To advance solutions to these challenges, the
Clinical Trials Transformation Initiative (CTTI) has issued best practices and realistic approach-
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es that clinical trial sponsors can now use. These include CTTI recommendations on technol-
ogy selection; data collection, analysis, and interpretation; data management; protocol design
and execution; and US Food and Drug Administration submission and inspection. The scien-
tific principles underpinning the clinical trials enterprise continue to apply to studies using
mobile technologies. These recommendations provide a framework for including mobile
technologies in clinical trials that can lead to more efficient assessment of new therapies for

patients. © 2019 The Author(s)
Published by S. Karger AG, Basel

The ability of mobile technologies to passively and continuously collect health-relevant
data holds much potential to improve the quality and efficiency of clinical research studies
[1]- Mobile technologies are defined as wearables, ingestibles, implantables, portable sensors
placed in the home, and smartphones with embedded sensors and applications optimized for
electronic outcomes assessment. These technologies are designed to collect measures directly
from an individual [2]. In the conduct of a US Food and Drug Administration (FDA)-regulated
clinical trial, such technologies can potentially capture high-quality, continuous outcome
measures from a study participant over the course of days, weeks, or months, while the
participants go about their usual everyday activities. This could contribute to a more complete
picture of a patient’s experience than is typically obtained at discrete visits to a clinic or lab.
This use of mobile technology to collect data, in addition to traditional efficacy data, can lead
to improved assessment of response to treatment and thereby support more efficient devel-
opment of new therapies for patients.

Duchenne’s muscular dystrophy (DMD) is a rare genetic disorder characterized by
progressive muscle degeneration and weakness that primarily affects boys and young men.
Children are typically diagnosed at around 4 years of age, become unable to walk by age 12,
and have a life expectancy of 26 years. There is no curative treatment for DMD, and few
disease-modifying therapies are available [3]. The North Star Ambulatory Assessment, a
17-item rating scale used to measure functional motor abilities, has increasingly replaced the
6-minute walk test as the standard assessment used in trials of medical products to treat DMD
[4]. While the median age of loss of ambulation is approximately age 12, patients are living
longer due to improved standard of care [5]. The addition of a mobile technology - such as an
accelerometer worn on a limb, waist, or placed on the wheelchair, or a sensor embedded in a
smartphone or gaming handset - could make possible the capture of real-time data about
activity or movements that may not be measurable at the same frequency using other instru-
ments. Inaddition, the ability to measure and transmitrelevant data remotely has the potential
to minimize the burden on participants and their caregivers in trials. This may facilitate the
design of more efficient clinical trials that could enable greater patient participation and
could encourage more sponsors to develop therapies for DMD [6-8].

Alzheimer’s and other dementias currently affect 5 million Americans at a cost of USD
259 billion in 2017 [9, 10]. By 2050, the prevalence is projected to increase to as many as 16
million people [8]. Failure rates in recent Alzheimer’s disease clinical trials approached 100%
[11]. A measure of cognition commonly used in Alzheimer’s disease trials, developed in the
1980s, is the Alzheimer’s Disease Assessment Scale-Cognitive (ADAS-Cog) [12]. However,
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this outcome measure may not be able to detect earlier stages of disease progression [13].
Given the nature of this condition, a continuous measurement of daily living activities in
Alzheimer’s patients could be more sensitive than relying on a single data point captured
during clinic visits or even daily patient diary entries. A continuous measurement may provide
early identification of disease progression when the therapies could be more effective [14-
16]. This could offer a way to assess effectiveness in drug development programs as well as
improved efficiency of trial design [17].

Despite this apparent promise to better measure some important health outcomes, the
use of mobile technologies remains underutilized in clinical trials [18, 19]. Trial sponsors
have noted important scientific and technical challenges that affect their decision-making
around using a mobile technology for data capture. Concerns include how to choose the most
appropriate mobile technology; how to collect, analyze, and interpret the data; how to ensure
data authenticity, integrity, and confidentiality; how to design protocols that employ mobile
technologies; and how to prepare supporting materials for regulatory submission [20].

To advance solutions to these challenges, the Clinical Trials Transformation Initiative
(CTTI) issued recommendations and resources for appropriate use of mobile technologies in
clinical trials for objective outcomes data capture (use of technology for recruitment,
e-consent, ePROs, etc. were out of scope for the project). CTTI is a multi-stakeholder organi-
zation cofounded by Duke University and the FDA whose mission is to develop and drive
adoption of practices that will increase the quality and efficiency of clinical trials. CTTI
conducted 43 qualitative interviews [21] with clinical trial sponsors (n = 15), investigators
(n = 8), device manufacturers (n = 10), data management experts (n = 2), biostatisticians
(n = 4), and data security experts (n = 4). The Duke University Health System Institutional
Review Board designated the interviews “exempt” from full board review. Data from those
interviews, together with expertise of team members (regulatory, technical, clinical, opera-
tional, and patient experts) and input from expert meeting attendees [20], informed the
consensus-based recommendations described herein.

The scientific principles underpinning the clinical trials enterprise [22] continue to apply
to trials using mobile technologies for data capture, as do data quality principles. Also, the
active engagement of study participants remains crucial to the design and conduct of such
trials. In this paper, we present recommendations in five key areas for the appropriate
inclusion of mobile technologies in clinical trials: (1) technology selection, (2) data collection,
analysis, and interpretation, (3) data management, (4) protocol design and execution, and (5)
CTTI recommendations for FDA submission and inspection (Fig. 1). The complete set of
recommendations and tools are available at the CTTI website [23].

CTTI's framework for mobile technology selection [24] can assist sponsors in their
decision-making process and is summarized in Figure 2. It is critical that sponsors first
identify the aspect or experience the assessment is intended to measure (i.e., an individual’s
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clinical, biological, physical, or functional state). Only then should sponsors consider the tech-
nical performance specifications and functional characteristics needed to measure the
outcome. The processes of verification (the mobile technology reliably measures what it
claims to measure) and validation (the processed data being assessed are suitable for its
intended use and patient population in a trial) ensure that the mobile technology is scientifi-
cally justifiable for use in a certain population and setting.

Sponsors should consider conducting feasibility studies prior to launching the trial.
These studies may assess the suitability of the mobile technology and identify any unantici-
pated issues when used in context, such as tolerability, acceptability, and usability in the trial
population. Feasibility studies will also provide an opportunity for the study team to become
familiar with the technical aspects of the devices (e.g., battery life) and the data outputs as
well as evaluate the quality and completeness of data collected. CTTI recently conducted a
systematic review (https://www.nature.com/articles/s41746-019-0125-x) and compiled a
database (https://feasibility-studies.ctti-clinicaltrials.org) summarizing pilot studies
addressing mobile technology sensor performance, algorithm development, software perfor-
mance, and/or operational feasibility, in order to provide a resource for guiding decisions
about which technology is most suitable for a particular trial.

Finally, if mobile technologies will be used to capture a clinical endpoint for a regulatory
decision, such as labeling, itis important to engage with regulatory authorities early to discuss
the appropriateness of the endpoint being captured and the specific validation process
needed for use of the mobile technology to capture that endpoint.
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Fig. 3. Data flow diagram.

Data Collection, Analysis, and Interpretation

The volume and structure of data collected continuously and remotely is much greater
than what is typically collected in a traditional trial. Therefore, it is essential that sponsors
engage the skills of biostatisticians and data scientists in decisions regarding protocol design,
data collection, analysis, and interpretation. Only high-quality, clinically meaningful data that
are analyzed appropriately can inform robust conclusions. Appropriate data quality optimi-
zation approaches will help minimize data variability, reduce missing data captured from the
mobile technology, and ensure that data are collected from the intended participant. CTTI’s
recommended strategies for optimizing data quality provide best practices for sponsors [25].

Data Management

CTTTI's resources illustrate the complex flow of data in trials using mobile technologies
(Fig. 3) and offer strategies for promoting and protecting data integrity across the entire data
life cycle [26]. Data must be secured both on the mobile technology itself and during the
transfer of data. Sponsors are ultimately responsible for data management, but many data
management processes may be carried out by, or in partnership with, contract research orga-
nizations or other third parties, such as information technology service providers (e.g.,
Platform as a Service, Software as a Service, and Infrastructure as a Service) and mobile tech-
nology manufacturers. Thus, it is critical to have a full understanding of the data flow and
know who is responsible for the data and accountable for data integrity at each step during
the data life cycle.

In each step of the flow of data - from the point of collection by a mobile technology
through to the production of datasets for analysis - sponsors will need various methods to
ensure data integrity (e.g., access controls, implementation, maintenance and retention of
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Fig. 4. Decision support tool: real-time data sharing with study participants.

audit trails, end-to-end data encryption, user training). It is important to note that there is
not a “one size fits all” approach to data security, and data security solutions should be
developed with the entire data flow and management infrastructure in mind. CTTI has
recommended practical approaches for sponsors to secure data generated by mobile tech-
nologies [27].

Protocol Design and Execution

When incorporating mobile technologies for data capture in trials, sponsors will make
decisions on whether or how to share real-time data with study participants. It is essential
that any data sharing preserves trial integrity and internal validity and does not affect the
safety, quality, and feasibility of the study. CTTI has developed a decision support tool that
sponsors can adapt to their specific trial needs for data sharing with participants (Fig. 4).

Using mobile technologies for remote data capture offers the possibility of collecting
timely and complete safety information about an investigational medical product. In
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contrast to traditional trials, the use of mobile technologies raises two new potential issues
related to safety signals that sponsors should consider. The first is around safety signals
not previously observed using traditional protocol design and monitoring. The second is
on data collected and observed by the study participant, in the absence of context provided
by clinicians, which may lead to difficulty distinguishing between normal data and a
possible adverse event. CTTI has developed a framework of options and approaches to
assist sponsors seeking to optimize their approach for managing atypical data, including
those data captured outside of the intended use of the mobile technology [28]. Study partic-
ipants should be well informed regarding safety monitoring and its enablement through
mobile technologies.

CTTI Recommendations for FDA Submission and Inspection

Figure 5 summarizes data and the data processes and information that should generally
be included in a marketing submission. To ensure success in a premarket submission for a
new drug or medical device that includes studies using mobile sensor technology for data
capture, it will be important for sponsors to engage with the FDA early in the process of trial
design. The most appropriate strategy for collecting and sharing data with the FDA will likely
be trial-specific and require an open dialogue prior to and during trial conduct.

Source data should generally be the primary data resource provided to the FDA. This data
should be the first level of data that is both clinically relevant to the trial and interpretable,
and this should be prespecified in the data collection plan. Metadata and audit trails should
be maintained and retained.
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There is reason to be optimistic about the positive transformation that mobile technol-
ogies can bring to the clinical trials enterprise. Mobile technologies are in a unique position to
offer high-quality, real-world information and new insights on outcomes that are relevant to
patients and clinicians, in addition to reducing the costs of conducting clinical research [29].

While incorporating mobile technologies for data capture will not be the solution to
every challenge faced in the conduct of clinical trials, where benefit exists, CTTI’s recommen-
dations will support more successful implementation of mobile clinical trials. The scientific
principles underpinning the clinical trials enterprise continue to apply to trials using mobile
technologies. For clinical trial sponsors interested in adopting and optimizing the use of
mobile technologies for data capture, the full set of recommendations, tools, and resources
can be downloaded from CTTI [23].
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