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ABSTRACT

There has been a growing trend that activities relating to clinical trials take place at locations other than traditional trial sites
(hence decentralized clinical trials or DCTs), some of which are at settings of real-world clinical practice. Although there are
numerous benefits of DCTSs, this also brings some implications on a number of issues relating to the design, conduct, and analysis
of DCTs. The Real-World Evidence Scientific Working Group of the American Statistical Association Biopharmaceutical Section
has been reviewing the field of DCTs and provides in this paper considerations for decentralized trials from a statistical perspec-
tive. This paper first discusses selected critical decentralized elements that may have statistical implications on the trial and then
summarizes regulatory guidance, framework, and initiatives on DCTs. More discussions are presented by focusing on the design
(including construction of estimand), implementation, statistical analysis plan (including missing data handling), and reporting
of safety events. Some additional considerations (e.g., ethical considerations, technology infrastructure, study oversight, data
security and privacy, and regulatory compliance) are also briefly discussed. This paper is intended to provide statistical consid-
erations for decentralized trials of medical products to support regulatory decision-making.

1 | Introduction for continuous data capture in real-world settings [1, 2]. With
increasing use of digital healthcare technologies (DHTS) in

The U.S. Food and Drug Administration (FDA) defines a de- clinical investigations, DCTs can facilitate participation by

centralized clinical trial (DCT) as a clinical trial where “some
or all of the trial-related activities occur at locations other
than traditional clinical trial sites” [1]. Unlike traditional
clinical trials (TCTs) that are usually supported by a specific
research infrastructure (e.g., TCT sites), DCTs are intended
and designed to reach participants beyond the TCT sites, with
potential to improve participation in clinical trials and allow

more diverse patient populations in various community set-
tings where healthcare is delivered and can generate informa-
tion that is more representative of the real world and may help
patients and healthcare providers make more timely informed
treatment decisions [3]. The other benefits of DCTs may in-
clude, e.g., faster accrual and improved retention of partici-
pants, reduced burden to both participants and sponsors,
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increased representativeness of the target population, and gen-
erating real-world effectiveness of medical products [2, 4, 5].
Engaging broader participation of healthcare providers into
trials also has the potential to accelerate implementation of
successful treatments from publications and approvals to the
actual use in patient care.

In general, DCTs can be characterized by reduced operational
reliance on specialized research facilities and intermediaries
for trial conduct (e.g., administration of an investigational
product or IP at locations that are convenient for participants
and disease assessment by local healthcare providers or tele-
medicine) and data collection (e.g., remote data collection via
DHTs in a clinical investigation). Depending on the degree of
decentralization, a DCT can be fully decentralized where all
activities take place at locations other then TCT sites (e.g., at
the homes of trial participants or in local healthcare facilities
that are convenient for trial participants) or a hybrid DCT
where some trial activities require participant's in-person vis-
its to TCT sites and other activities are conducted at locations
that are convenient to participants [1].

DCTs can accommodate various trial designs such as TCTs and
pragmatic clinical trials (PCTs) [6-8], with decentralization
referring to attributes related to the methods and procedures
governing the conduct of clinical investigations and not study
design features [2]. For example, many TCTs routinely apply hy-
brid locality approaches for data generation and collection (e.g.,
specimen samples shipped to off-site locations for testing and
semi-virtual data collection methods used to obtain protocol-
specified information through email, facsimile, telephone, or
other DHTS) [2, 9], and PCTs, often involving some secondary
use of data collected from subjects in routine care [10], can also
leverage DHTs to conduct the trial at off-traditional sites and
collect trial data during clinical practice [11]. Therefore, in the
continuum of clinical investigations from TCTs conducted in
highly controlled clinical settings to PCTs embedded in routine
clinical practice, decentralization can be used as a method for
remote conduct and monitoring of trial-related activities (in-
cluding remote data collection). The relationship among TCTs,
PCTs, and DCTs can be illustrated in Figure 1.

Traditional Clinical
Trials (Randomized
controlled trials and
single-arm trials in
traditional trial sites)
Regulated under

21 CFR Part 312
(Investigational New
Drug Application)

Decentralized Clinical Trials
(with decentralized
elements concerning trial-
related activities taking
place at non-traditional trial
sites)

Although DCT designs can be applied to all trials of any
disease areas, they are particularly suitable to trials for
chronic diseases, rare diseases, immobile participants, self-
administered IPs, and lower-risk-profile products [1, 4, 12, 13].
While clinical trials can be decentralized at various levels in
different scopes, there are some common design features that
are worth of further discussion from statistical perspectives to
ensure that the DCT design (including data acquisition) and
analysis are appropriately aligned with the study objectives
and corresponding estimands. Toward this goal, the Real-
World Evidence (RWE) Scientific Working Group (SWG) of the
American Statistical Association (ASA) Biopharmaceutical
Section (BIOP), under the auspice of the Public Private
Partnership (PPP) of the Center for Drug Evaluation and
Research (CDER) in the FDA, has spent significant effort to
assess the landscape of DCTs in medical product development
and regulatory decision-making. With this in mind, this paper
aims to (1) describe selected critical decentralized elements of
clinical trials that are important from a statistical perspective,
(2) review relevant regulatory guidance documents pertaining
to DCTs, and (3) discuss statistical considerations for the de-
sign, conduct, and analysis of DCTs.

This research first describes selected key Elements of DCTs that
are statistically relevant, followed by worldwide Regulatory
Guidance and Framework on DCTs. Then Statistical Challenges
and Considerations for the design, conduct, analysis, and re-
porting of DCTs are presented. The paper concludes with a
Discussion and Concluding Remarks.

2 | Elements of DCTs

There are many decentralized activities that can be incorpo-
rated into a clinical trial. However, not all of these elements have
a direct impact on the statistical aspects of the trial, e.g., man-
agement of source documents at decentralized sites may have a
minimum impact on the design, analysis, and result interpre-
tation of the trial. This section is intended to discuss selected
decentralized elements that may have a potential impact on the
trial from a statistical perspective.

Pragmatic Clinical
Trials

(with pragmatic
elements that are
toward clinical
practice, e.g., broader
eligibility criteria,
flexible follow-ups,
and use of more
patient-centric
outcomes)

FIGURE1 | Relations among traditional clinical trials regulated under 21 CFR Part 312 (Investigational New Drug Application), decentralized

clinical trials, and pragmatic clinical trials.
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2.1 | DHTs

DHTs play crucial roles in enabling and facilitating decen-
tralized trial activities such as telemedicine and remote data
acquisition and monitoring. DHTs include technologies (e.g.,
wearable, implementable, ingestible, and environmental sen-
sors) and software applications (e.g., connection and computing
apps) on portable/mobile devices (e.g., smart-phones, smart-
watches) [14, 15]. Use of DHTSs for continuous data acquisition
in free-living environments allows the capture of prespecified
measurements (e.g., activity level) as well as a new category of
objective measurements that may illuminate the nature of dis-
ease progression and derives clinically meaningful endpoints
that were previously impossible.

2.1.1 | Choice of Fit-For-Purpose DHTs

There is a wide spectrum of DHTs for potential use in DCTs. The
choice of a DHT should be fit-for-purpose, e.g., the DHT needs to
be suitably qualified and validated for its intended use (e.g., evalu-
ation of endpoints based on data captured by DHTS) to provide re-
liable data that can produce interpretable results via appropriate
statistical analyses when submitted to the regulatory agency for
decision-making. The FDA guidance on DHTs [14] provides con-
siderations on the selection, verification/validation, evaluation of
endpoints involving data captured by DHTs, statistical analyses,
and risk management and prevention when using DHTS in clini-
cal trials. The Digital Medicine Society (DiIME) proposed the V3
framework (verification, analytical validation, and clinical val-
idation) as an industry gold standard to evaluate if a DHT and
the corresponding digital endpoint are fit-for-purpose in clinical
trials for any specific indication [16]. Note that ensuring all partic-
ipants have access to DHTs or other technologies including “bring
your own device (BYOD)” is critical for increasing participation,
compliance, and diversity of participants [1, 17].

2.1.2 | Artificial Intelligence

The FDA guidance on DCTs explicitly mentions that software
installed in DHT devices may include those enabled by artificial
intelligence (AI) [1]. In addressing challenges related to the use
of DHTs in regulatory decision-making, the FDA framework for
the use of DHTs in product development points out that DHTs
may incorporate validated and fit-for-purpose AI algorithms and
models (including machine learning) into drug development such
as participant recruitment, site selection, trial data collection and
analysis, and safety monitoring [15]. Specifically, Al-enabled
DHTs may help a DCT, e.g., (1) identify and enroll eligible par-
ticipants by finding matching candidates in patient databases
(e.g., patient registries) (see also Section 2.2), (2) analyze a set of
completed clinical trials and related databases and assess how to
adjust eligibility criteria for broader participation, (3) send (or not
send) a customized message or a deadline reminder to partici-
pants for taking trial medications and/or completing electronic
clinical outcome assessment (eCOA) (e.g., taking and sending
photos and videos of diseased area for decentralized assessment),
(4) continuously collect temporal data in a typical living environ-
ment that may not be captured in site-based trials, and (5) predict
the success probability based on drug molecule, target disease,

and participant eligibility criteria. See Liu et al. [18], Thomas and
Kidzinski [19], Chen et al. [20], FDA [21], Harmon et al. [22],
Hutson [23], NMPA [24], and references therein for more discus-
sions on the use of AT and DHTs in DCTs.

2.1.3 | Estimands

The FDA guidance on DHTs [14] points out that for late phase
trials that use DHTs for data acquisition, the study protocol
and statistical analysis plan (SAP) should follow the estimand
framework of ICH [25] and discuss the potential impact of pos-
sible events associated with the use of DHTS (e.g., malfunction of
DHTs after treatment initiation) for data acquisition and interpre-
tation of endpoints. The SAP should specify how these events will
be handled when estimating the treatment effects based on the
data of endpoints collected via the DHTs. See Section 4.1 for more
discussions on considerations of defining estimands in DCTs.

2.2 | Participant Screening, Recruitment,
and Retention

Leveraging DHTSs to remotely identify, screen, enroll, and retain
participants is common practice in DCTs. For example, a DCT
may use DHTs for

 Digital advertisement and trial promotion by reaching out
potential participants, especially those who otherwise do
not have access to the trial information (e.g., those living
in remote areas), via a wide range of tools such as personal
devices (e.g., smartphones, smart watches) with appropriate
apps installed (e.g., ObvioGo, TrialOS) [26];

« Identification of potentially eligible participants by using
some screening tools such as online questionnaires or re-
viewing individual's EHRs/EMRs to ensure that potential
participants meet trial eligibility criteria (those who are po-
tentially eligible for a trial will go through further verifica-
tion before signing the informed consent) [27, 28];

« Remote informed consent of confirmed eligible participants
by using web-based tools for signature. It is important to
ensure that participants are fully aware of the details in the
informed consent including the risks, benefits, and possible
alternatives by participating in the trial [28, 29]. For exam-
ple, the REMOTE trial uses a multiple-choice test to con-
firm whether participants fully comprehend the informed
consent before signing it [30];

« Participant's engagement and retention by (1) remote instruc-
tions for use of IPs and laboratory test kits that can be sent to
participants’ location for off-site collection and testing of bio-
samples (the trial protocol may need to define standardized
procedures for handling, testing, and reporting of off-site lab-
oratory tests), (2) telemedicine visits for study follow-ups, as-
sessment, and consultations, (3) continuous support through
multiple channels (e.g., text message, emails) to keep partici-
pants engaged and informed about trial progress [28, 31];

« Data collection through implementing secure and user-
friendly electronic data capture (EDC) systems that
allow participants to enter data (including electronic
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patient-reported outcomes or ePROs) remotely from home-
based terminals or portable devices (e.g., laptops, smart-
phones, or smart watches) and data monitoring through
online monitoring system for data quality and compliance
[32, 33].

Of note, recent technology advancement provides new tools to
minimize fraud and duplicated enrollment (e.g., for compensation
purpose) by verifying participant's credential and eligibility [34].

2.3 | Dispensing Medication

In addition to the considerations regarding packaging and ship-
ment of IPs as described in the FDA guidance on DCTs [1], the
trial sponsor needs to ensure during site selection and due dil-
igence that the partnering local or mobile HCPs are able to ad-
minister the medications which can be delivered to participant's
verified address using courier services. The feasibility of ship-
ping medications to trial participants has already been demon-
strated during the COVID-19 pandemic [30, 35]. Participants
will be asked to confirm receipt of trial medication and the con-
dition of contents and have them clearly recorded in the case
report form (CRF). If the IP is required to be administered by a
HCP, then shipping directly to the participants may be inappro-
priate. For self-administered IP, sufficient, easy-to-understand,
and step-by-step instructions should be provided to the partici-
pants to avoid medication error [1, 36]. Of note, it is strongly rec-
ommended that some customized reminding messages be sent
to participants regarding when and how the self-administered
medication should be taken; see also Section 2.1.

2.4 | Remote Data Acquisition
One of the key components in DCTs is collecting trial data from

participants who are not physically present at a trial site. Such a
data acquisition approach leverages the use of DHTSs to enhance

Home Based
Assessments

Biological Samples Test)

Vital Signs

Complex medical
examination and tests
(e.g., MRI/PET)

Clinician provided
assessment

Patient reported
outcomes

FIGURE2 | Fit-for-purpose data collection and clinical assessments.

Test kits (e.g., Rapid COVID

- Digital health technologies
- Mobile HCP

study efficiency, participant convenience, and data quality. For
example, (1) DHTSs (e.g., mobile health apps, wearable, and mon-
itoring devices) are used to collect physiological data (e.g., vital
signs, activity level), ePROs (e.g., symptoms, quality of life), and
other health measures (e.g., glucose, blood pressure), (2) telemedi-
cine platforms allow patients to connect with healthcare providers
virtually for treatment and healthcare consultations, and (3) data
capture systems, either EDC or DDC (direct data capture, e.g., on-
line data submission, sensor data, and mobile app data), can be
used to aggregate and manage trial data from various sources.
For remote data acquisition to be more effective, some consider-
ations may include participant-centric (e.g., easy-to-use and easy-
to-understand) interfaces, training and technical support on using
DHTs, a unified database with standardized data formats for dif-
ferent sources of data to ensure consistency, automated data vali-
dation and quality checks, and most importantly, compliance with
regulatory guidance and requirements on remote data acquisition.

2.5 | Outcome/Endpoint Assessment and Data
Acquisition

DCTs often use DHTs and/or local HCPs for remote outcome/
endpoint assessment. As in any clinical trials, a precise defi-
nition of each outcome/endpoint should include the type and
timing of assessment and tools used for the assessment. When
an outcome/endpoint is measured using data collected from
DHTs or multiple diverse tools, a justification for using such
an outcome/endpoint to address disease-specific questions
should be described in the study protocol. DHTs may cap-
ture data that can be used to derive a novel outcome/endpoint
that reflects the clinically meaningful effect of an interven-
tion such as reduction of disease severity or improvement of
health status (e.g., mild, moderate, or severe). Note that meth-
ods used for outcome/endpoint assessment should be chosen
not only to be able to answer the clinical question of the trial
but also to reflect the interest and/or preference of the trial
participants. With technology advancements, a broad range

Community Based
Assessments

+

- Telehealth visits

- Local HCP
- Clinical trial sites

- Digital health technologies
- Mobile HCP

- Digital health technologies
- Telehealth visits
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of clinical outcomes/endpoint can be collected using home-
based assessments (see also Section 2.4). In the absence of
such technology, community-based assessments such as local
HCPs and local laboratories should be leveraged (Figure 2).
Note that most clinical outcomes may need to be assessed by
physicians or, sometimes, specialists.

3 | Regulatory Guidance and Framework on DCTs

It is important to understand the current positions, recommenda-
tions, and/or other considerations by regulatory agencies to ensure
that DCTs are designed and conducted under relevant regulatory
framework. The following briefly describes the guidance and rec-
ommendations on DCTs by regulatory agencies worldwide.

Realizing continued evolvement with novel trial de-
signs and technological advancement, the International
Council for Harmonization of Technical Requirements for
Pharmaceuticals for Human Use (ICH) revised its technical
guidance on Good Clinical Practice (GCP) to accommodate
trial activities to be taken place in decentralized settings [37].
The ICH E6(R3) guideline states that the scientific integrity of
the trial and the reliability of trial results depend on the trial
design, which should include, among others, a description of
the type and design of trials to be conducted (e.g., trials with
decentralized elements). The Annex 2 of the ICH GCP E6(R3)
states that the GCP principles are applicable across a variety of
trial designs (including DCTs, PCTs) and data sources (includ-
ing real-world data) [11].

Meanwhile, individual regulatory agencies worldwide, such
as the US FDA, the European Medicines Agency (EMA), the
National Medical Products Administration (NMPA) of China,
Swedish Medical Products Agency (SMPA), Denmark Medical
Agency (DKMA), and Swissmedics, have issued their own guid-
ance documents and/or recommendations for the design and
conduct of DCTs. Although the scope, contents, and recom-
mendations are slightly different in the guidance by different
agencies, they all share the same principles and general consid-
erations, which can be summarized as follows:

 Rationale of DCTs—The scientific, operational, and regu-
latory basis for a trial to be designed and conducted as a
decentralized trial, e.g., some unpreventable causes such
as COVID-19 pandemic, enhancing trial participation by
subjects with limited mobility, and improving participant
engagement, recruitment, and retention.

« General considerations for designing and conducting a
DCT—The scope, planning, and implementation of a DCT
such as (1) the degree of decentralization (e.g., fully de-
centralized or hybrid decentralized), (2) a specific plan to
implement the decentralized elements (e.g., use of local
HCPs or DHTS), (3) specific issues related to the feasibil-
ity, design, implementation, and data collection and anal-
ysis of the trial, (4) description of appropriate training,
oversight, and predefined risk management and mitiga-
tion plan when implementing a DCT, and (5) an a priori
discussion/communication with and agreement by rele-
vant regulatory agency.

o Use of DHTs—A description on (1) the details of DHTS to be
used in the trial (including qualification and usability of the
DHTS), (2) utility of the DHTs (e.g., compliance monitoring,
data collection and transmission), (3) training on the use of
DHTSs, and (4) risk management and mitigation related to
the use of DHTs in the trial.

o Decentralized elements—Most remote conduct of trial-
related activities such as (1) electronic informed consent
from participants at their locations, (2) remote clinical visits
(telemedicine), (3) use of local laboratory facilities, (4) ad-
ministration of IP at locations convenient for participants,
(5) remote site monitoring, (6) safety monitoring, and (7)
remote source data verification.

A comparison of guidance and/or recommendations on the
general considerations on decentralized elements by different
regulatory agencies worldwide is presented in Table A1l of the
Appendix 1, which may help design multiregional decentralized
trials for submissions to multiple regulatory agencies.

4 | Statistical Challenges and Considerations

Decentralization brings unique challenges and require careful
considerations in the design, conduct, and analysis of a DCT
to ensure validity, robustness, and reliability of study results.
This section discusses selected challenges and corresponding
strategies or considerations to address them from a statistical
perspective.

4.1 | Estimands

An estimand connects the study objective with the target of in-
ference and drives all subsequent steps (including design, con-
duct, analysis, and result interpretation) of a trial. The FDA
guidance on DHTSs [14] points out that late phase studies should
use the estimand framework of ICH [25] to precisely define the
estimand of the study—the treatment effect to be estimated.
Although there is a similarity in estimand construction between
DCTs and TCTs, some additional considerations are worth of
further discussion to address the special features and challenges
associated with decentralized designs, remote data acquisition,
and possibly diverse participant populations.

4.1.1 | Population

Participant populations in DCTs may differ from those in TCT
on the following aspects: (1) geographically more dispersed (e.g.,
more participants from remote regions), (2) more inclusive and
accessible to broader participants (e.g., greater participation of
physically immobile participants such as those with more se-
vere conditions or with transportation limitations), (3) attracting
those who are tech-savvy or preferring remote participation, (4)
increased retention and adherence for those who prefer flexibil-
ity and convenience, and (5) potential enrollment and retention
issues for those who are not in favor of remote participation (e.g.,
some patients would feel more comfortable during in-person vis-
its) and new DHTs [38].
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4.1.2 | Treatment

Some special considerations for treatment and its delivery op-
tions in DCTs may include (1) remote delivery of treatment
(including self- and HCP-administered treatment), reliability,
and compliance, (2) behavioral factors affecting treatment ad-
herence, (3) monitoring and recording compliance to treatment
strategies, (4) dynamic adjustment of treatment due to, e.g.,
self-perception, immediate reaction to possible AEs, or self-
preference, and (5) any other reasons causing medication errors
(e.g., mishandling of IP shipment).

4.1.3 | Endpoints

Endpoints should be appropriately selected to reflect treatment
effect (or its pathway) on the health condition and assessment
of the endpoints should also be as precise and accurate as possi-
ble. Because of remote data acquisition in DCTs, some additional
considerations on endpoint selection and assessment should be
taken: (1) incorporation of participant's interest and preference
into endpoint selection, (2) using validated and reliable tools (e.g.,
wearable devices) for endpoint ascertainment and validation, (3)
standardized procedures for telemedicine and virtual assessment
of outcomes to ensure consistency, (4) considering composite
endpoints to combine multiple relevant component endpoints
to measure treatment effect, (5) possibly high variability of end-
point measurement if BYOD is used, and (6) relationship with
previously established endpoints that have been used to support
regulatory decision for similar indications, (7) feasibility to the in-
tended population (e.g., elderly participants who are unable to use
a particular DHT to report PRO), and (8) choice of appropriate
methodologies for clinical validation of the digital endpoints (e.g.,
Rego et al. [39]), and (9) acceptability by regulatory agencies. Of
note, hybrid DCTs may produce a set of endpoints, some of which
are captured remotely and some others are on-site.

4.1.4 | Intercurrent Events (ICEs)

Besides ICEs that are associated with intolerability (e.g., serious
AEs) and lack of efficacy of assigned treatment and terminal
events (e.g., death, amputation), participant's personal behav-
ioral factors (e.g., personal preference, friend's recommendation)
that may cause discontinuation of the assigned treatment should
also be accounted [40]. Note that this category of ICEs is essen-
tial for patients, healthcare providers, and regulators to make
informed decision about product effectiveness when complying
with the treatment regimen. Of note, malfunction of DHTSs that
are used to measure endpoints for estimating treatment effects
may also be considered as an ICE if it causes interruption of as-
signed treatment continuation. However, it is important to dis-
tinguish the “informed presence” and “informed nonpresence”
of missing values of endpoints so that appropriate strategies can
be applied to address them [41].

4.1.5 | Population-Level Summary

Conceptually, the difference in population-level summary
between a DCT and a TCT should be minimal as treatment

efficacy and effectiveness may be expressed similarly, but under
different application settings.

Given the above considerations, appropriate specification of
estimand attributes is important to ensure the clinical ques-
tions can answered precisely and accurately. Izem et al. [42]
suggest that (1) sponsors need to consider whether the DCT is
targeting a novel estimand, rather than an estimand that was
previously targeted by clinical trials with onsite components,
(2) it is crucial to decide whether an estimator from a DCT can
provide an improved estimate with respect to the target esti-
mand in terms of validity, fitness-for-purpose, potential bias,
and precision, and (3) it is important to consider the extent of
alignment between the design and the question on external
validity, or generalizability of findings. Such considerations
tailored to DCTs will enable the ramification of decentraliza-
tion on the estimand elements—population, treatment, vari-
able, and ICEs.

4.2 | Trial Design

A good practice in clinical studies is to incorporate anticipated
challenges into the study design so that the collected data can be
used to answer the clinical question of interest.

4.2.1 | Participant Heterogeneity

Although the target population may remain unchanged (except
for PCTs which may have less strict eligibility criteria), partici-
pants in DCTs may well be diversified compared with TCTs, as
discussed in the population attribute in Section 4.1. This may
lead to a higher degree of participant heterogeneity with respect
to demographics, phenotypes, and genotypes, and consequently
more variability of outcome/endpoint measures, which could be
particularly true for DCTs with pragmatic elements [5, 43, 44].
A possible strategy to address participant heterogeneity and
outcome/endpoint variability is to incorporate them in the
trial design (e.g., stratified randomization, appropriate sample
size estimation) and data analysis (e.g., stratified analysis, pre-
defined covariate adjustment) [45].

4.2.2 | Outcome/Endpoint Variability

The FDA guidance on DCTs [1] points out that the data col-
lected in a DCT may be more variable and diversified and
hence less precise than those obtained in a site-based TCT.
This may present challenges for designing a decentralized
(either noninferiority or superiority) trial when the margin
and/or variability of endpoints are derived from data col-
lected from site-based studies. Depending on the decentral-
ized elements used for outcome/endpoint measurements
(e.g., measurements at home by participants or HCPs, via a
remote electronic or mobile device, tests performed at local
laboratory facilities), data collected using DHTs may lead to
data quality concerns such as missing data (e.g., due to com-
pliance with DHTSs, especially for long-duration DCTs), biases
(e.g., self-preferred PROs), reliability (e.g., unreliable labora-
tory test results caused by incorrect collection of biosamples),
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traceability/auditability (e.g., no written forms of source data),
and secure storage and transmission [46]; see also Section
4.3. Additional challenges may also include (1) the potential
impact of software updates in DHT platforms used for data
acquisition over time (e.g., comparability of data collected be-
tween two different versions of software), (2) possibly skewed
data collected if a DCT enrolls a high proportion of tech-savvy
participants and those who are in a better socio7economic sta-
tus and are able to afford pricey wearable/devices, (3) infeasi-
bility of validating virtually collected data, and (4) difficulty
in interpretation of a large volume of data, especially from
different sources [4].

Given the above challenges in outcome/endpoint assessment
and data acquisition, regulatory guidance documents (see
Section 3) state that the study protocol should specify the ratio-
nale for decentralized strategies that make the trial more conve-
nient and accessible to trial participants and measures to ensure
data quality and reliability (e.g., use of local HCPs to reducing
missing data due to DHT defects or poor technology adherence).

4.2.3 | Sample Size Determination

The principles of sample size determination for DCTs are sim-
ilar to those for TCTs. However, some unique considerations
may be needed due to decentralized nature. First, using effect
size estimates derived from prior site-based TCTs may lead to
an underpowered DCT if the latter incorporates pragmatic ele-
ments that may enroll more heterogeneous participants and use
endpoints measured in real-world setting that are often more
variables as discussed above. Second, participants who choose
to be decentralized may be clustered within study sites, region,
or other study units, leading to intra-cluster correlation (ICC)
when cluster randomization is used. Ignoring this ICC may re-
sult in an underpowered study [47]. Third, although decentral-
ization may help improve participation, some other factors such
as literacy in DHTSs, access to internet, and continuous moni-
toring/collection of data may affect attrition rates differently for
participants between comparison groups.

4.2.4 | Randomization

Willingness to remote (or on-site) participation may differ
among different subpopulations, e.g., younger participants or
those living in remote areas may prefer decentralized partici-
pation as compared with older participants or those who reside
in urban areas. Adaptive or stratified randomization may be
considered to account for possible imbalance between treatment
groups within some strata.

4.2.5 | Blinding

Decentralization may increase the risk of unblinding treat-
ment allocation in blinded DCTs. For example, the following
factors may possibly cause inadvertently unblinding: technol-
ogy breaches (e.g., malfunction of a DHT), use of BYOD (e.g.,
compatibility or unnoticed glitches), insufficiently trained
local HCPs (e.g., failure to recognize importance of blinding),

noncompliance of participants (e.g., individual's expectation,
preference), and other logistic reasons (e.g., mishandling of IP
shipment to individual participants, error in shipping, labeling,
and packaging). The above challenges that may compromise
blinding should be addressed in the study protocol at the de-
sign stage. Of note, a simpler procedure of blinding is always
preferred (and should be specified in the protocol) to ensure that
investigators (including HCPs) and participants can fully under-
stand and easily comply with the trial protocol.

4.2.6 | Potential Biases Associated With
Decentralization and Possible Measures to
Minimize Them

Although DCTs may enroll more representative participants of
the target population, the nature of remote conduct and use of
DHTs may induce several types of biases, especially when prag-
matic elements (e.g., treatment delivered by HCPs, flexibility for
compliance, follow-up through clinical practice, outcome mea-
sured via diverse methods, etc.) are implemented. For example,
(1) selection bias may occur if more younger participants who
are more familiar with or in favor of new DHTs are willing to
participate, elderly participants who are not proficient with new
DHTs may tend to drop out early, or participants with some de-
gree of cognitive impairment may not be able to learn the new
DHTs and hence may be excluded from a DCT, (2) performance
bias may occur if treatments under comparison are delivered
differently by HCPs or participants themselves, especially if
the IP is new to HCPs and the CP is an SoC, (3) assessment bias
may occur if outcomes/endpoints are assessed/reported differ-
ently by HCPs who are relatively inexperienced with the IP and
associated medical conditions, (4) attrition bias if participants
discontinue the assigned treatments in different rates or pat-
terns between comparison groups with the IP is associated with
inconvenient use or any particular intolerable adverse events
(AEs) compared with the CP. To reduce these potential biases,
a well-designed training plan can be implemented to provide
detailed instructions to HCPs on delivery of study products and
assessment of outcome/endpoints and to participants on study
compliance and outcome reports (e.g., ePROSs).

4.3 | Data Management Plan

The volume and complexity of data collected from a DCT are
quite different from those obtained from a TCT. However,
the regulatory standard for data quality and reliability re-
mains unchanged for data submitted in support of regulatory
decision-making. The regulatory guidance such as the FDA
guidance on DCTs [1] recommend that a data management
plan (DMP) be in place before the DCT starts and include at
least (1) data origin and data flow from all sources, (2) meth-
ods used for remote data acquisition from all sources (e.g.,
DHTs, local HCPs), and (3) a list of vendors involving in data
collection, handling, and management. In addition, it would
be helpful to discuss in more details the following aspects in
the DMP of a DCT:

o DHTs and their management during the trial. Special at-
tention should be given to the following five categories
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of more data-related DHTs: (1) disease diagnostics (e.g.,
measuring disease status, progression, response, or re-
currence), (2) therapeutics (e.g., by generating or deliver-
ing a medical intervention), (3) monitoring and tracking
(e.g., monitoring specific health conditions or tracking
participant's performance), (4) care support (e.g., self-
management of a medical condition through education,
recommendations, or reminders), and (5) health system
(e.g., providing HCPs with a tool to manage their pa-
tients). These categories of DHTs will generate different
types of trial data, some of which could be indicated in the
product insert and hence are of great importance for the
subsequent analysis and regulatory decision-making. The
management of DHTs (including V3, software updates,
malfunction, replacement, etc.) should be detailed in the
DMP.

» Sources of data. Considering multiple sources of data to be
generated, the DMP should describe (1) specific data points
to be generated by a DHT, participants, or local HCPs, (2)
the quality control system to ensure consistency and reli-
ability of the data generated by different tools (especially
by BYOD), and (3) processes for data storage, transfer, and
anonymity.

« Data review. A coordinated plan should be defined and im-
plemented to establish the scope and process of data review
by individual critical functions such as (1) safety specialists
for subject safety, (2) clinicians for monitoring efficacy and/
or safety end-points, (3) data managers for data consistency,
logic errors, cleanness, and (4) data analysts for outliers,
trend, patterns, missing data, etc. It is critically important
to focus on standardization and consistency due to multiple
sources of data to be collected.

 Real-time analytics. Using advanced analytic methods built
into the DHT system can greatly improve the efficiency
of data management. The DMP may describe how ana-
lytic tools can be used in a real time, e.g., (1) to generate
more sophisticated visualization and tabulation for moni-
toring participant's safety, data quality, and trial conduct,
(2) to perform preplanned analyses for diagnosis, pattern
detection, and prediction [48], and (3) to combine multiple
sources of data for integrated summaries of efficacy and
safety. In summary, the DMP of a DCT should discuss in
more details the acquisition, handling (e.g., transmission,
traceability, security, and privacy), and management of data
that are generally in a large volume, from multiple sources,
at a great complexity and variability, and with a variety of
challenges in data generation.

4.4 | Statistical Analysis Plan

The FDA guidance on DHTs [14] recommends that analyses of
data collected from DHTs be discussed in the statistical anal-
ysis plan (SAP) of a DCT, which should include the endpoint
under consideration, the IP under investigation, and the study
population in which the product will be used upon approval.
In particular, the guidance points out that the SAP should dis-
cuss: (1) the methods used for data collection, (2) inappropri-
ateness for decentralized noninferiority (NI) trials if the NI

margin is derived from non-decentralized studies, (3) prespec-
ified endpoints and source data from which the endpoints are
derived, (4) using estimand framework to precisely describe
treatment effect (see Section 4.1), and (5) events and issues
that may affect data collection, data quality, missing data, and
subsequent analyses.

In addition to the common components of an analysis plan
(e.g. detailed description of estimands, analysis methods, and
handling protocol deviations), the SAP may also consider fur-
ther discussion on strategies and methods of handling hetero-
geneity of endpoints. In general, the variability of endpoints
derived from data captured by DHTs in DCTs may increase
due to reasons such as (1) more diverse participants (e.g., by
eliminating geographical and transportation barriers that
often limit participation of under-represented populations)
with different access to and knowledge of technology, socio-
economic status, and cultural backgrounds that may impact
the reliability and consistency of endpoint measurement, (2)
use of local HCPs (e.g., endpoint assessment by individual
HCPs) and laboratories (e.g., biomarker endpoints tested at
local laboratories), (3) self-measured disease conditions (e.g.,
self-taking and uploading images/videos for endpoint mea-
surement) and self-reported outcomes (e.g., ePROs), (4) use
of different devices or platform (e.g., BYOD) that may lead to
inconsistency in data acquisition, and (5) some other factors
(e.g. accessibility to local healthcare, different regulations and
healthcare systems) that may contribute to the increased vari-
ability of endpoint data.

The aforementioned multiple sources of data heterogeneity
can bring some challenges for statistical analyses that should
be addressed in the SAP. In particular, under the estimand
framework discussed in Estimands, the analysis plan may
need to consider: (1) the impact of heterogeneous endpoint
data on the precision of estimated parameters with appropriate
sample size and statistical power, (2) using appropriate models
to incorporate different sources of measurement variabilities,
e.g., covariate adjustment modeling, within- and between-
subject variances for longitudinally captured endpoint data,
(3) including terms of biases possibly caused by decentralized
measurement in hybrid DCTs, e.g., Curtis and Qu [46], and (4)
appropriate estimators with confidence intervals and cover-
age probabilities to ensure reliability, unbiased, and efficiency
of estimators. In summary, the SAP should thoroughly discuss
possible sources of data heterogeneity and potential biases and
strategies to address them to ensure validity and reliability of
analysis results.

4.5 | Missing Data

Missing data is a common problem in clinical studies. The
general principles for the prevention and treatment of missing
data in clinical trials [25, 49, 50] are applicable to all types of
clinical trials. Although the strategies and methods of handling
missing data (including missing data imputation algorithms)
should be part of the SAP of a DCT, the importance of missing
data deserves a separate discussion in more details, given the
special features of missingness in DCTs. First, it is import-
ant to understand the mechanisms of missingness in DCTs.
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Consider the three common missing data mechanisms—miss-
ing completely at random (MCAR), missing at random (MAR),
and missing not at random (MNAR) [51]. MCAR might occur
if a device malfunction or data loss occurs during data trans-
fer; MAR might occur (within a subpopulation) if missing data
are frequently observed within a subset of participants (say, el-
derly or female subjects) for whom the device is inconvenient
to use; and MNAR might occur if participants elect not to use
the device if they feel very well (or unwell) [52]. In addition,
missing data may have some hierarchical structures in DCTs,
e.g., participants with missing data may be clustered within
sites or regions, for which within- and between-site (or region)
correlation should be considered to avoid underestimation of
variances and inflation of type I error.

Second, the strategies and methods to address missingness
should be based on the reasons of missingness. For example,
within-subject imputation may be suitable to use data from
complete segments of each day to estimate values in incom-
plete segments when MAR is assumed (i.e., data from the com-
plete and incomplete segments are in the same distribution).
Some commonly used techniques handling missing data in-
clude imputation (e.g., mean imputation, multiple imputation
with predictive mean matching) and maximum likelihood
(ML)-based methods (e.g., ML estimation and full information
ML) [49]. Di et al. [52] also explore functional data analysis to
deal with missing data when they are derived from continu-
ous sensor or wearables and some machine learning (e.g., deep
learning) methods to account for complex patterns of miss-
ingness and variability in missing data uncertainty. When re-
lying on RWD such as the EHRs in DCTs, see Molenberghs
and Kenward [53] for interpolation of longitudinal variables
with limited individual level variability, Dalton et al. [54] for
imputation based on stratified mean, Goldstein et al. [55] for
using informative observations, and Beaulieu-Jones et al. [56],
Martin-Merino et al. [57], and Cesare and Were [58] for condi-
tional imputations.

Third, the mechanisms of missingness are mostly unknown.
Sensitivity analyses are often conducted to evaluate the ro-
bustness of study findings to different missing data mecha-
nisms and imputation methods. In particular, evaluating the
impact of missing data on estimated treatment effects and
associated conclusions should consider a range of plausible
scenarios of missing data patterns and a variety of missing
mechanisms [41].

Last (and perhaps the most important), the missing data prob-
lem should be carefully and thoroughly considered in the de-
sign of a DCT, e.g., specification of ICEs related to DHTs and
computational platform, detailed instruction (either separate
or part of protocol) on trial conduct and data collection. In
particular, the following strategies may help minimize the
volume and/or proportion of missing data: (1) clear commu-
nication and sufficient training to ensure that all participants
(including patients, local HCPs) understand the study protocol
and data acquisition procedures, which may help minimize
errors and reduce missing data, (2) real-time monitoring to
detect missing data for timely intervention (e.g., sending a
reminder to participants for follow-ups, fixing malfunctioned
devices), and (3) remote engagement with participants (e.g.,

telemedicine, electronic reminders) to encourage compliance
with study protocol including data collection. As missing is
inevitable, collecting the reason of missingness is one of the
important tasks as it will help identify whether the missing-
ness is at random or not at random and help use the correct
methods to address missingness.

4.6 | Study Conduct

With careful considerations for the design of a DCT (including
specifications of estimands and predefined SAP and strate-
gies and methods addressing missing data), the successful im-
plementation of the trial will be critical to ensure participant
safety, study integrity, and regulatory compliance. Toward this
end, the following aspects may be considered from trial conduct
perspective.

4.6.1 | Remote Informed Consent Process

A streamlined and effective informed consent process needs to
be developed to allow for remote consent and ensure that par-
ticipants understand the study procedures, risks, benefits, and
data privacy considerations. Remote informed consent can be
conducted effectively via secure electronic platforms, video con-
ferencing, interactive multimedia, etc., for document sharing,
review, and (digital) signature collection. It is important to (1)
develop concise and easy-to-understand informed consent form,
(2) provide opportunities for participants to ask questions before
signing informed consent, (3) have confirmation of understand-
ing and remote consent oversight, and (4) maintain detailed re-
cords of remote consent process.

4.6.2 | Randomization and Blinding Process

With respect to stratified or adaptive randomization as dis-
cussed in Trial design, a technique [59] can be implemented to
dynamically allocate participants to treatment arms for balanc-
ing baseline covariance. However, it is strongly recommended
to communicate with relevant regulatory agencies prior to plan-
ning and/implementing outcome adaptive randomization in
certain disease areas. To maintain participant blinding, regu-
lar study integrity checks can be conducted to confirm whether
blinding procedures are being followed, which may involve (1)
remote surveys or interviews of participants and/or investiga-
tors about their awareness of treatment assignment, (2) monitor-
ing adherence of trial protocol, and (3) investigating any protocol
deviations or breaches of blinding.

4.6.3 | Management of DHTs

DHTs are a critical component in successful implementation of
DCTs. Some considerations in managing DHTs in DCTs may
include (1) continuous education and (remote) training (e.g.,
webinars, training flyers) on the roles and responsibilities of
trial staff members about the use of DHTs, (2) quality assurance
measures to monitor the performance of DHTS, (3) remote ser-
vice support to promptly address any technical issues, and (4)
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flexibility of timely adapting/adjusting for different DHTs if the
existing one malfunctions.

4.6.4 | Data Monitoring

The following considerations may help data monitoring in DCTs:
(1) data quality checks for inconsistency, logic errors, outlines,
and missing data; (2) a risk-based monitoring plan focusing on
pre-identified risks to the study, e.g., compliance, critical data
elements (treatment, endpoints, and key covariates); (3) monitor-
ing, reporting, assessment, and management of (serious) AEs;
(4) remote monitoring of source documents to assess site perfor-
mance; and (5) centralized, unblinded review on a timely man-
ner of critical data (especially outcome data) by an independent
team such as a Data and Safety Monitoring Committee (DSMC).
These data monitoring aspects can be highlighted in the study
protocol and details of implementation plans can be described
in respective documents such as the DMP and DSMC charter
of a DCT.

4.6.5 | Endpoint Adjudication

Many clinical endpoints are assessed remotely in DCTs, which
raises the concerns about endpoint consistency and validity.
Using independent, possibly centralized, endpoint adjudication
committees may help ensure reliability and accuracy of end-
point assessments across sites.

4.7 | Reporting and Monitoring of Safety Events

DHTs can be used in DCTs to facilitate real-time reporting of
AEs by participants and remote assessment by investigators.
Besides the usual safety reporting requirements as discussed in
the FDA guidance [60], additional considerations for safety re-
porting in DCTs may include: (1) a safety reporting procedure
should be in place to detail how AEs (especially SAEs) are col-
lected, documented, reported, and managed, (2) comprehensive
training and educational sessions should be provided to partici-
pants and local HCPs on the recognition of AEs, importance and
timeline of reporting, and detailed instructions of using remote
reporting tools, (3) communication of safety data and findings to
participants and trials staff should take into account the diver-
sity of participants with different understanding of safety con-
cerns, and (4) mechanisms of transparently sharing safety data
should be established while protecting participant privacy and
trial integrity.

With Al-powered DHTs, participants can be monitored for
timely flagging and alerting safety issues. For example, wear-
able ECG patches can detect a wide range of cardiac events in-
cluding previously undiagnosed atrial fibrillation [61]. The FDA
guidance on DCTs [1] specifies that the trial protocol should in-
clude a safety monitoring plan describing how the participants
are expected to respond to and report AEs and seek for medical
assistance if needed. Some key considerations for safety moni-
toring in DCTs may include (1) efficient use of DHTSs for remote
monitoring (e.g., collection of data on vital signs, symptoms,

and medication adherence), (2) integration of various sources of
data with advanced analytics for prompt detection of possible
safety signals, (3) use of centralized safety oversight to review
safety data and make recommendations on a regular basis, and
(4) adaptive safety strategies based on emerging safety issues.
In addition, careful considerations should be given to (1) proce-
dures for communication, documentation, and implementation
of self-monitoring and self-reported AEs and (2) possibilities of
participant's inability or difficulty to report such events due to,
e.g., cognitive impairment or lack of connectivity, (3) Risks of er-
roneous reporting due to, e.g., malfunction of the DHTS, and (4)
subsequent steps for participants who report serious safety con-
cerns (possibly serious AEs or SAEs) to take advanced medical
examination that otherwise cannot be done by local HCPs. An
example of decentralized safety monitoring, augmented by tra-
ditional site-based data capture, is the REACT-AF study [62] in
which hospitalizations as one of PROs are monitored and veri-
fied in nearly real time from participants’ hospitals with connec-
tion to their EHR and transfer of hospital discharge summaries
to study team. Of note, the sponsor must cease the remote ad-
ministration of an IP if it is associated with significant risks or
serious AEs.

4.8 | Other Considerations
4.8.1 | Multi-Modal Data Collections

DCTs may use multimodal data collections. Within the same
study, it is possible to collect data using multiple wearable de-
vices, eDairies, and clinical outcome assessments simultaneous.
This creates another level of complexity in the data standard-
ization and structure. Di et al. [63] provide suggestions on de-
ploying multimodal sensors in clinical trials, which highlights
the importance of utilizing the temporal aspects of all modalities
and identify the joint effects from multiple modalities. Similar
concepts have been emphasized in Zipunnikov et al. [64] as well.

4.8.2 | Regulatory Considerations

In addition to the above discussions and the regulatory guidance
documents summarized in Section 3, the following additional
considerations may help the planning, implementation, and reg-
ulatory submission of DCTs: (1) prealignment with regulatory
agencies on key components of a DCT, e.g., the rationale of using
particular decentralized elements, objectives, construction of es-
timands (precise definitions of each attribute), study design (ran-
domization, blinding, adaptation, etc.), implementation plan to
comply with GCP and maintain participant safety and privacy,
etc.; (2) timely monitoring collected data to detect any compli-
ance issues (e.g., major protocol deviations), safety concerns, in-
tercurrent events and missing data (particularly associated with
use of DHTSs), (3) predefined statistical analyses to estimate the
treatment effect (effectiveness) using strategies (e.g., treatment
policy strategy, and hypothetic strategy) to appropriately ad-
dress ICEs that are commonly seen in DCTs or associated with
the use of DHTSs, and (4) rigorous sensitivity analyses to evaluate
the robustness of study findings to the deviation/violation of as-
sumptions based on which the analyses are performed.
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5 | Discussion and Concluding Remarks

Many of the decentralized elements discussed in elements of
DCTs can be found in routine clinical practice and thereby
generate RWD that hold great promise for furthering our un-
derstanding of medical products and intervention in settings
close to the real world. The validity, reliability, and generaliz-
ability of study findings from DCTs require sufficient statistical
considerations in the design, conduct, and analysis of the trials
which have been discussed in this paper. In addition, the suc-
cess of DCTs also relies on many other factors such as ethical
considerations, technology infrastructure, study oversight, data
security and privacy, and regulatory compliance [4, 12, 65-67].
For example, (1) although decentralization offers convenience
for participants, there might be some ethical concerns such as
inequity of access to technology that should be addressed to re-
duce disparities among participants; (2) DCTs require reliable
and adequate technology infrastructure (e.g., internet connec-
tivity) to support remote data collection and monitoring and tra-
ditional EDC systems may need to be modified to handle large
volumes of data; (3) remote trial activities require close monitor-
ing and participant engagement to ensure protocol compliance,
data quality, and participant safety; (4) measures for secure data
transmission and access controls should be established to safe-
guard sensitive health information; and (5) communication and
collaboration with regulatory agencies are critical to address
any regulatory concerns specific for DCT designs.

In summary, in contrast to TCTs, DCTs require a number of
additional considerations in the design, implementation, anal-
ysis, and result interpretation. This paper discusses the major
elements of decentralization, relevant regulatory guidance doc-
uments or framework, and statistical challenges and consid-
erations from precise construction of estimands, trial design,
SAP, missing data, study conduct, reporting of safety events,
and some other considerations that may have statistical impli-
cations. Some non-statistical-related issues are also briefly dis-
cussed. We hope this assessment can provide insights into the
challenges and statistical strategies and methods to address
them toward successful implementation of DCTs.
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Appendix 1

This Appendix provides a tabular comparison of regulatory guidance
and/or recommendations on the general considerations and decentral-
ized elements for DCTs by some regulatory agencies worldwide.
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TABLE A1 | Comparison of regulatory guidance and/or recommendations for DCTs.

Agency General considerations Decentralized elements
FDA [1] « Appropriateness for different degrees of (fully or « Electronic informed consent form for participants at their
hybrid) decentralized trials remote locations
« Specific plans to facilitate and implement « Remote trial visits and trial-related activities, e.g., (1) use of
decentralized elements (e.g., use of local healthcare local healthcare facilities, local HCPs, and local laboratory
facilities and remote visits) facilities, (2) telehealth visits if no in-person interaction is
« Challenges including coordination of trial activities needed, (3) local HCPs to conduct in-person visits and trial-
with individuals and facilities related activities (e.g., performing physical examinations,
» Upfront discussion with FDA on the feasibility, reading radiographs, obtaining vital signs), and (4) CRFs and
design, implementation, or analysis of a DCT other documents to be completed during telehealth visits
« Variability and precision of data obtained in DCTs, « Direct distribution of IPs to trial participants at their locations
which may not affect the validity of findings of « DHTSs for remote data acquisition, management, and
superiority trials, but could affect the validity of transmission
findings of non-inferiority trials « Risk-based monitoring and safety monitoring

« Procedures to evaluate and manage adverse events
identified remotely
« Clearly specified roles and responsibilities for
sponsor and investigators

EMA [2, 36] « Respect to the rights, safety, dignity, and well-being « Remote informed consent (e.g., use of digital information
of trial participants leaflets, electronic signature)
« Adherence to EU and national applicable laws, « IPs delivery (from, e.g., pharmacy or a depot) to trial
regulations, established standards and guidance participants and administration at home
« Engagement with participants, patients (patient « A summary of decentralized elements to be provided in the
organizations), healthcare professionals when cover letter of trial application
designing, developing, implementing a DCT « Trial-related procedures performed at participant home, e.g.,
« Description of how decentralized elements to collection, handling, and storage of biological samples
generate reliable and robust data  Data collection and management, e.g., direct data capture
» A contingency plan to minimize the impact of any by trial participants, their caregivers or service providers,
risk electronic systems (e.g., e€CRFs, ePROs, and wearables)
« Procedures in place for reporting and management « Decentralized processes and tools for remote access to and
of adverse events monitoring of trial sites
« Description on roles and responsibilities for trial
oversight
NMPA « Principles for patient-centric drug development « Online platforms for participant screening and recruitment
[3, 68-70] « Needs-based clinical trial design to include « IP delivery, storage, handling, and administration
decentralized elements « Local study team including remote trial coordinator,
« Improving the experience and reducing the burden remote investigator (for eConsent, COA, safety monitoring,
of participants drug administration, etc.), and local HCPs (for physical
« Early communication with regulatory agency to examination, vital signs, biosample collection, etc.)
ensure (1) participant opinions to be appropriately « Patient-centric activities, e.g., image upload, wearables, ePRO,
adopted and (2) rationality of key outcome and ePayment.
assessment « Remote monitoring and reporting of trial conduct and safety
« Respect to the rights and protection of benefits of data
participants
» Ensuring data quality and personal information
protection
PMDA [4, 71] « Ensuring protection for safety of trial participants « Electronic informed consent
« Ensuring reliability and quality of collected data « Shipments of IPs directly to participant's home
« Obligation of principal investigator and « Self-administration of IPs and blood collection for testing at
responsibilities of medical institutions satellite medical institutions
« Training to participants for appropriate use of IPs « Telemedicine for remote visits and source document
and compliance verification
« Application of IRB for trial monitoring « Remote GCP inspection (procedure, evidence material, web

conference, etc.)

CADTH [5, 72] « Encourage decentralization of clinical trials due to « Documented (instead of “written”) informed consent
dispersed population « A witness to attest that informed consent was given
« Some regulation changes to allow for trial-related « Trial-related activities at participant locations for recruitment,
activities to be conducted at participant locations informed consent, monitoring, and virtual visits
(Continues)
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TABLE A1 | (Continued)

Agency General considerations

Decentralized elements

SMPA [6, 73] « Careful and study-specific risk-benefit assessment
« Considerations for DCTs include the type, design,
and population of study, characteristics of the IPs,
and indication
« Appropriate computerized system to handle DCTs

DKMA [7, 74] « The impact of limited in-person interaction on data
quality and trial integrity
« Justification and implementation of decentralized
elements
« Involvement of participants and investigators
« Use of new technologies
« Choice and validation of endpoints
« Plans for remote monitoring of trial participants for
compliance and safety
« Adverse events reporting
« Application requirements by the DKMA

Swissmedic « Optimal medical care, the rights and safety of
[8, 75] participants
« Safe dispensing, ingestion/administration, and
returning of IPs
» Credible and reliable data recording
« Data protection with highest security standards

« Remote informed consent process with electronic signature
« Remote visits (considering what data are collected and how the

results are to be used)
« Distribution of PI

« Subject screening and enrollment through, e.g., social media

and established databases

« Electronic informed consent via the use of digital systems
« Delivery of IPs to participants (storage and transportation) and
self administration at home (training and communication)

« Remote monitoring of trial participants safety

« Digital platforms for data collection, registration, and reporting

of adverse events

» Remote monitoring including remote access to source data

» Recruitment of participants via digital channels

« Trial-related activities performed at nontraditional trial sites
« Dispensing and administration of IPs outside of traditional trial

sites
« Remote source data verification
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