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ABSTRACT

The COVID-19 pandemic has led to a rethinking of clinical trial design to maintain clinical research activity, with regulatory
changes allowing for the wider implementation and development of decentralized design models. Evidence of the feasibility
and benefits associated with a remote design comes mainly from observational studies or phase 2 and 3 clinical trials, in which
implementation is easier with a better-established safety profile. Early drug development is a slow and expensive process in
which accrual and safety are key aspects of success. Applying a decentralized model to phase 1 clinical trials could improve
patient accrual by removing geographic barriers, improving patient population diversity, strengthening evidence for rare tumors,
and reducing patients’ financial and logistical burdens. However, safety monitoring, data quality, shipment, and administration of
the investigational product are challenges to its implementation. Based on published data for decentralized clinical trials, we propose
an exploratory framework of solutions to enable the conceptualization of a decentralized model for phase 1 clinical trials.
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CONCEPTUAL APPROACH TO
DECENTRALIZED CLINICAL TRIALS

The COVID-19 Pandemic: Prime Time for
Decentralized Clinical Trials (DCTs)
Decentralized clinical trials (DCT) comprise a

modality of trials in which part or all trial-related
activities are conducted outside the primary clinical
trial site.
The COVID-19 pandemic has affected the organiza-

tion of healthcare worldwide, forcing governments and
healthcare providers to implement strategies to limit
transmission, prioritize care, and protect the capacity
of healthcare systems. Stay-at-home restrictions, social
distancing, and the reallocation of medical and research
staff lead to the deferred delivery of health services and
disruptions in the conduct of clinical trials. The most
affected parts of the trials were patient screening, enroll-
ment, administration of investigational drugs, and safety
monitoring. All these restraints fostered innovation
in clinical trial design by implementing innovative
solutions for telehealth, drug distribution platforms,
technological solutions for safety monitoring, and regula-
tory disposals.

DCTs: A NewParadigm
Randomized clinical trials (RCT) are the gold standard

for clinical research and remain the most robust method
for assessing the efficacy and safety of new therapeutic
interventions. However, the standard RCTmodel relies on
an investigator-centered approach, in which all trial activ-
ities are conducted at the primary site. Patients travel to
academic centers, where investigators, diagnostic tools,
and experimental therapeutics merge in a highly regulated
environment to produce unbiased, randomized evidence.
However, inclusion in a clinical trial comes with a series
of barriers (structural, clinical, demographic) [1] that contrib-
ute to low accrual and inclusion rates, with an estimated
10% inclusion rate in the US.[2]

Patient-centered clinical trials offer a design model capa-
ble of overcoming some of the constraints associated with
traditional trial design and have emerged as a result of the
technological evolution of remote healthcare.[3] From
hybrid to fully remote, this model offers patients the
flexibility of remote data, sampling, and drug supply, reduc-
ing the burden of participating in a clinical trial.[4]

This innovative design concept comprises a spectrum of
organizationalmodalities, ranging from a fully decentralized
model to a hybrid concept. A fully virtual trial has the most
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complete articulation, with enrollment, assessments, and
treatment taking place at the patient’s home, enabled by
end-to-end digital solutions. A hybrid clinical trial design
merges the traditional concept of on-site interactions with
the procedures performed outside the main location of the
clinical trial. Pending on procedural complexity, a hybrid
design with mobile units or alternative local sites close to
the patient’s home is a solution that allows decentralization
of RCTwith complex or lengthy treatment procedures. Net-
work clinical trials are models of DCTs that rely on a net-
work of cancer centers closer to patients’ homes and can
provide access to clinical trials. [5] These network trials pro-
vide community-based cancer care, allowing access to inno-
vative treatment solutions while maintaining the support
of family and friends.[6,7]

Current Landscape of DCT in Oncology
Since the pandemic, different fields, such as dermatol-

ogy, psychiatry, and cardiology, have shown that conduct-
ing decentralized clinical trials is feasible. These trials
combine local existing healthcare facilities (laboratories,
imaging, and acute care centers) with decentralized sup-
ply chains and remote enrollment, capitalizing on the
fast-growing home health platforms and remote operat-
ing capabilities.[8] Despite the feasibility demonstrated in
other medical fields, implementation of DCT in oncology
remains rare (Table 1). Examples such as Alpha-T and
TELEPIK clinical trials demonstrate that designing and
running a DCT is possible in the field of oncology. Alpha-T
(ClinicalTrials.gov Identifier: NCT04644315) initiated
recruitment in 2020 and aimed to identify patients other
than those with lung cancer harboring an anaplastic lym-
phoma kinase alteration using next-generation sequencing
and providing treatment with alectinib. Patient identifica-
tion and enrollment were performed by a remote research
team, and patient care was provided by a home nursing
system with local facilities used for imaging and other in-
person procedures. TELEPIK (ClinicalTrials.gov Identifier:
NCT04862143) is a pilot trial evaluating the safety and
utility of a hybrid decentralized clinical trial approach in
patients with hormone receptor-positive and HER-2 nega-
tive advanced breast cancer with PIK3CAmutations under
treatment with alpelisib plus fulvestrant. Twenty clinical
trials with a partially or fully decentralized design are
listed on the ClinicalTrials.gov webpage (Table 1), with
the majority being observational and all interventional
trials designed as phase 2 trials. Therefore, no current
expertise exists on whether a decentralized clinical trial
in a phase 1 setting would be possible, or which are the
main barriers to its implementation.

COULD DECENTRALIZATION BE APPLIED
TO CANCER PHASE I TRIALS?

Although some barriers to remotely running a Phase 1
clinical trial are the same as any other trial, early drug

development poses unique safety and monitoring issues
that can be difficult to overcome (Figure 1).

Recruitment and Enrollment
In the traditional model, patient recruitment for a clini-

cal trial strongly depends on geographic proximity, with
the main sites being in urban centers. A survey assessing
patient engagement in clinical trials identified travel to
and from sites as the major study burden, with 29% of the
12.000 participants classifying it as “somewhat or very
burdensome.”[9] A Dana-Farber retrospective study found
significant racial and ethnic disparities in phase 1 versus
phase 2 and 3 clinical trials, [10] reinforcing the need for
a more inclusive design.
A decentralized approach removes most of the geograph-

ical constraints, allowing for amore diversified trial popula-
tion by increasing the number of participants from social
groups that traditionally face more barriers to enrollment
(e.g., ethnic and other minorities, low socioeconomic
groups, and rural areas).[11,12]

RemoteMonitoring: Safety, Efficacy, and
Trial Efficiency
Safety monitoring in traditional clinical research involves

in-person visits with a review of adverse events, physical
examination, biological sampling, and tests (safety and effi-
cacy evaluation) performed at the center of the trial. The
research team is responsible for ensuring that patients are
eligible for the trial and that all procedures are properly exe-
cuted to diagnose, manage, and report toxicities related to
the investigational product (IP).
In a phase 1 setting, where the primary endpoint esti-

mates the maximum tolerated dose based on protocol-
specific defined dose-limiting toxicities (DLT), patients
are treated at sequential dose levels. Trial progress depends
on the accurate and timely identification and reporting of
DLTs to allow progression to different dose levels. Run-
ning a phase 1 decentralized clinical trial challenges in
ensuring adequate and detailed safety monitoring and
reporting. Protocol design should ensure access to remote
follow-up visits with trained health professionals able to
accurately identify DLTs with timely access to safety tests
and physical examinations and a data management team
able to properly corroborate the findings of the investiga-
tor. Safety monitoring must balance the need to ensure
individual patient safety and allow for efficient decision-
making regarding dose escalation.

Patient-Centric Sampling: FromBlood
to Tissue
Early drug development clinical trials included frequent

biospecimen (blood, tissue, and, occasionally, urine and
stool) sampling and processing for assessing pharmaco-
kinetics (PK), pharmacodynamics (PD), and biomarkers.
In academic-centered trials, biospecimens are collected
and processed by a protocol-trained research team, whereas
sample analysis may be performed locally or in a central
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laboratory designed by the sponsor. Despite ensuring high-
quality data, the traditional model relies exclusively on
multiple visits to the site for PK and PD assessments.
Decentralized sampling collection or patient-centric

sampling (PCS) relies on self-sampling or remote sampling
performed by trained local health professionals or caregiv-
ers. This approach can be considered for less-invasive pro-
cedures with low complication rates, low-volume blood
samples, and conventional sample processing require-
ments.[13] Despite reducing patient burden and increasing
the efficiency and speed of clinical trials, the adoption of
PCS in clinical trials has been slow. The main concerns in
adopting a PCS model are sampling quality, stability,
chain-of-custody, training, and comparability with stan-
dard sampling methods.[14] Evolving full PCS methods
has been hindered by difficulties in outsourcing complex
pharmacokinetic and biomarker analyses, inconvenient
collection times, and lack of standardization of in-home
sampling and processing.[15] During the COVID-19 pan-
demic, clinical trial procedures were adapted to social
restrictions, with some trials designed using a PCS
approach. Two clinical trials have demonstrated the feasi-
bility of self-sampling systems, enrolling patients in self-
blood sampling protocols to assess the prevalence of anti-
bodies against SARS-CoV-2.[16,17] The evolution of sampling
collection methods integrated with new technologies for
home and remote data collection may help overcome the
current challenges for the wider adoption of PCS.[18]

Tumor samples collected during treatment with experi-
mental therapy are also key for developing targeted and
immune therapies as cornerstones of cancer treatment.
Biomarker development relies heavily on appropriate tis-
sue sampling, high-quality processing, storage, and ship-
ping.[19] Designing an adequate tissue-sampling protocol
in a decentralized trial includes coordination with remote
interventional radiologists for target selection, collection
timing, sample processing and storage, and shipping to a
central laboratory.

Investigational Product: Shipping and
Administration
Drug distribution, tracking, preparation, and administra-

tion are themain challenges to the design of remote clinical
trials. Compared with centralized trials, where trial centers
store and administer IP, DCT requires a well-established
protocol to deliver the drug to remote sites or directly to
patients’ homes.
Regardless of the trial, drug formulation (e.g., oral,

intravenous, or intratumoral), stability, and specific storage
requirements define the process for proper drug adminis-
tration. First-in-human drugs with limited safety profiles
and pharmacological endpoints require a stricter chain of
custody of the drug stock and drug delivery (while manag-
ing highly confidential material). For oral agents, when
direct-to-patient (DTP) drug delivery is not possible, ship-
ping to local pharmacies near the patient’s home provides
IP tracking and leverages staff knowledge on handlingT
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rö
m
’s
m
a
cr
o
g
lo
b
u
li
n
em

ia
(W

M
),
ch

ro
n
ic

ly
m
p
h
o
cy

ti
c
le
u
k
em

ia
(C

L
L
)
a
n
d
m
a
rg
in
a
l
zo

n
e

ly
m
p
h
o
m
a
(M

Z
L
)
-
a
p
ro
sp

ec
ti
v
e
m
u
lt
ic
en

te
r

o
b
se
rv
a
ti
o
n
a
l
co

h
o
rt

st
u
d
y

N
C
T
0
5
3
2
6
3
0
8

R
ec
ru
it
in
g

D
ru
g
:
Z
a
n
u
b
ru
ti
n
ib

A
ca
d
em

ic
O
b
se
rv
a
ti
o
n
a
l

-

D
a
sh

(-
)
in
d
ic
a
te
s
n
o
t
a
p
p
li
ca
b
le
;
N
C
T
:
n
a
ti
o
n
a
l
cl
in
ic
a
l
tr
ia
l;
O
C
:
o
v
a
ri
a
n
ca
n
ce
r;
E
C
:
en

d
o
m
et
ri
a
l
ca
n
ce
r;
N
SC

L
C
:
n
o
n
–s
m
a
ll
-c
el
l
lu
n
g
ca
n
ce
r;
W

G
S:

w
h
o
le

g
en

o
m
e
se
q
u
en

ci
n
g
.

Review Article 193



products with specific requirements (e.g., temperature
control or light-exposure restrictions). If the IP is an
intravenous formulation, partnering with local infusion
centers and pharmacies provides the best option to ensure
safe administration but requires local staff to be trained
on the trial protocol.
Although different solutions are available, current meth-

ods for remote drug delivery (e.g., DTP, local pick-ups, and
remote infusion centers) must account for the following
three major aspects: patient privacy, IP tracking and confi-
dentiality, and regulation. The research team must ensure
that patients’ personal data are kept private, the shipping
process ensures drug stability, a chain of custody is in place
from delivery to drop off, and timely refills are provided.

Regulation: Food andDrug Administration
and EuropeanMedicines Agency
The increasing adoption of remote health solutions

and decentralized trial designs in the United States and
Europe has forced regulatory entities to develop a specific
legal framework. The Food and Drug Administration
(FDA) has developed guidelines on DCT for drugs, biologi-
cal products, and devices that aim to provide a set of best
practices for implementing and running DCTs. The FDA’s
guidance defines all aspects needed to properly run a DCT,
from trial design to software specificities for telehealth. A
relevant aspect addressed is the role of different elements
that integrate the research team and delegate trial-related
activities.[20] The FDA states that any personnel with a

Figure 1. Needs and solutions for decentralized clinical trials in early drug development. PK: pharmacokinetics; PD: pharmacodynamics.
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significant contribution to the trial data should be
included as sub-investigator, but local healthcare providers
(HCP) that provide trial-related services as part of routine
clinical practice not requiring familiarity with the protocol
should not be listed as part of the research team. These rec-
ommendations are in line with the European recommen-
dations provided by the Accelerate Clinical Trials in the
European Union in 2022. Furthermore, both the FDA and
European Medicines Agency state that the principal inves-
tigator (PI) is responsible for monitoring all trial aspects,
including patient inclusion, safety, and data manage-
ment.[20,21] Given the PI, the decision-making role allows
for intra-trial consistency but raises questions regarding
the trial’s efficiency. With a local HCP requiring PI input
to address any emerging question, the probability of delays
on a trial’s timeline increases substantially. Therefore, the
protocol should consider a well-structured communication
workflow and include a certain degree of supervised auton-
omy for local HCPs tomaintain both safety and efficiency.
As both documents define broad recommendations for

decentralized clinical trials in every medical field, some
relevant questions regarding their application in early drug
development remain unanswered.

NEW TOOLS AND FRAMEWORK THAT
FACILITATE PROGRESSIVE
DECENTRALIZATION

As stated before, decentralized clinical trials span from
fully remote to hybrid trials, leveraging the facilities avail-
able at academic centers. A framework for early decentral-
ized drug clinical trials should consider the following
three major aspects: investigational product administra-
tion routes, safety monitoring, and drug logistics. Inte-
grating these aspects allow us to define the best approach
for designing the research protocol.
The framework offered here is preliminary. It leverages

pilot trials already reported and translates existing tech-
nologies to early drug development. Table 2 summarizes
the different steps and proposed solutions for running a
decentralized phase 1 clinical trial.

Tools for Screening and Enrollment

Patient referral
Remote referral of patients to a phase 1 decentralized

clinical trial requires mechanisms specifically designed
to fit the inclusion/exclusion criteria and preselect the
most biologically suitable diseases according to the IP
mechanism of action.
Public-facing referral websites or social media platforms

providing both a plain language and a scientific trial sum-
mary allow for patient self-referral or trial advertisements
for local HCP referrals. These external referral solutions
rely strongly on trial marketing strategies and do not pro-
vide a reliable estimate of the trial accrual rate. Despite all
regulatory and logistic aspects associated with adver-
tising clinical trials on social media, several clinical trials

have demonstrated the feasibility of enrolling patients
through social media platforms (e.g., Instagram, Face-
book, Twitter).[22,23]

Other options include clinical staff or machine learn-
ing algorithms (based on natural language processing
and artificial intelligence) that can identify eligible
patients through digital health records and contact the
attending physician or patient to promote the clinical
trial.[24]

Patient enrollment
Patient enrollment is a multistep process to confirm

full eligibility criteria and patients’ understanding of the
trial’s endpoints, procedures, and safety aspects. Informed
consent is known as one of the most challenging aspect
of conducting a clinical trial and is a crucial step in trial
enrollment. Electronic informed consent (eIC) is defined
as the use of any electronic media (e.g., text, graphics,
audio, video) to convey information related to the study
and obtain informed consent via an electronic device
(e.g., smartphone, tablet, computer).[25] This methodology
for obtaining informed consent provides a platform that
allows the enrollment of patients from diverse geographi-
cal areas, with evidence showing improvement in accrual
rates, patient satisfaction, and trial knowledge.[25,26]

Informed consent is only valid when a patient can dis-
cuss and pose questions regarding the information pro-
vided. The protocol design must ensure that if prerecord
elements are used to convey information, there are meth-
ods in place to ensure that the eIC process allows patients
to ask questions about the study before consenting and at
any time during the trial. Strategies that allow this interac-
tion include telephone calls, video conferencing, chat-
rooms, and automatic chatbots.
Regarding regulation, European Union legislation sets

a difference between eIC for clinical trial enrollment and
eCI for processing participants’ personal data, with different
countries having different degrees of acceptance. In the US,
eCI is legislated by the Code of Federal Regulations.[27]

Therefore, eCI is a valid and useful way to improve
enrollment in a decentralized phase 1 clinical trial by over-
coming geographic barriers with a wide range of techno-
logical solutions allowing its implementation.[28]

Tools for Treatment Initiation and
TrialMonitoring
Safety andmonitoring protocols in DCTs leverage techno-

logical solutions for telemedicine, providing virtual visits for
both treatment initiation and safety monitoring. Even with
all virtual solutions available, the remote patient assessment
may fail to assess some aspects of clinical information (e.g.,
performance status or physical examination) to confirm the
fitness for the trial. Home-based nursing solutions or local
HCPs are valid solutions for filling the gap in in-person
assessments. When in-person assessment is not necessary,
virtual visits held through video or phone calls are a solu-
tion that is equivalent to in-person visits with high levels
of patient satisfaction.[29]
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Blood sampling
Two approaches can be considered for pharmacokinetic,

pharmacodynamic, and biomarker collection, depending
on the complexity. The first is a fully decentralized approach
relying on home nursing or clinical staff trained to perform
phlebotomies or participant self-collection using blood
sampling kits.[30] A trial comparing a blood self-collection
system with routine phlebotomy enrolling 100 patients
showed a 90% acceptance rate, with 70% of patients being
able to adequately collect blood sample.[31] The other
option consisted of a hybrid design with patients traveling
to the trial’s primary site during the first cycle to collect
pharmacodynamic or pharmacokinetic samples with sub-
sequent assessments performed remotely. Opting for the
first requires a well-structured processing and/or shipping
pathway to a central lab or partnering with local facilities
that can perform sample analysis. Mounting evidence
shows that capillary blood sampling is as accurate as venous
puncture for drug concentration [32–34] and organ dysfunc-
tion assessment.[35]

Safety monitoring
Safety monitoring is a fundamental aspect of early drug

development, as the identification of drug-limiting toxic-
ities is the primary endpoint for most trials. Although
decentralized clinical trials are designed to reduce the
number of interactions between the research team and
participants, robust safety monitoring is possible with
interventions such as real-time patient consultations by
video or phone, electronic patient records, and specialty
services.[36] The ASCO Telehealth Standards Expert Panel
provided a set of recommendations and best practices for
telehealth in oncology, stating that telehealth via telephone
or videoconferencing is a reasonable option for general can-
cer care with no formal certification needed.[37]

A prospective exploratory survey matching patients’
and clinicians’ perceptions of telehealth in oncology care
found high acceptability rates among both groups.[38]

With telemedicine solutions as the core elements for
protocol safety design, other technological solutions enable
more detailed monitoring during treatment. Electronic
patient-reported outcomes (ePRO) obtained through elec-
tronic surveys using validated scales enable continuous
monitoring of treatment-related adverse effects, disease
complications, and functional status. ePRO provides bet-
ter information on subjective symptoms than physicians’
reports on medical records.[39] Liu JF et al[40] developed a
pilot trial to assess the feasibility of a mobile medical
application to monitor adverse events of special interest
during a clinical trial assessing the combination of olaparib
with ceritinib. The authors demonstrated that a targeted
symptom app can provide adequate support to rapidly
assist in managing acute treatment-related side effects
and positively impact the overall patient experience.[40]

If ePROs provide a reliable subjective assessment of the
trial’s impact on participants’ quality of life, Internet of
Things sensors applied to patient monitoring increase
the quantity and maybe the quality of the collected data.

Wearable devices (e.g., smartwatches and wristbands)
enable real-time data monitoring (e.g., blood pressure,
blood sugar, heart rate, and oxygen levels) that can be used
to monitor treatment toxicity and with adequate algo-
rithms to report or predict DLTs. Evidence of the benefit of
monitoring wearables in cancer care has focused on moni-
toring physical activity. A clinical trial from the Alliance of
Clinical Trials in Oncology demonstrated that sensor-
derived daily activity, median heart rate, and patient-
reported symptom burden were strong performance sta-
tus predictors and, consequently, predictors of patient
fitness in a clinical trial.[41] Even under intensive treat-
ment protocols, continuous monitoring using a wearable
device is feasible with high adherence and relevant usage
time.[42] Recent evidence also shows that wearable moni-
toring is a valid solution for identifying life-threatening
situations and activating an emergency team response or
referral to a nearby acute care center.[43]

Providing safety monitoring through the Internet of
Things also allows the use of machine learning algorithms
to predict the safety of dose escalation cohorts based on
the first cohort dataset.[44] By being able to detect complex
patterns from big data sets, these artificial intelligence solu-
tions may help to better and more efficiently decide when
to escalate the dose and predict both the maximum toler-
ated dose and recommended phase 2 dose.

Investigational product administration
and accountability
Protocol design must ensure that shipping and adminis-

tration of the IP are in accordance with Good Clinical Prac-
tice regulations, minimizing any impact on the quality and
integrity of the drug. Some mandatory aspects that should
be considered are security (e.g., avoiding tampering, adulter-
ation, and theft) and shipping/transportation accountability
(e.g., identification, packing, transport conditions, route,
and handling supply chain documentation) at the out-
sourced resources needed for administration.[45] The supply
chain definition relies on IP formulation, storage condi-
tions, and route of administration. For framework purposes,
we explored the requirements of the two most frequent
routes of oral and intravenous drug administration.
Oral route administration: Per os administration com-

prises any formulation deemed to be taken orally and
usually comprises a set of stable formulations that can be
shipped. The DTP supply of clinical trial medications
allows the implementation of remote clinical trials by facil-
itating drug delivery to patients’ homes or pick-up facilities
(e.g., lockers, convenience stores, local pharmacies).[46] The
DTP approach eliminates the need for study visits with
operational benefits by reducing local storage requirements
and staffing costs. The Febuxostat versus allopurinol trial
proved the reliability of a DTP with a bespoke web-based
software package designed to facilitate the direct supply of
IP, delivering 65.467 packs of medication to 3978
patients.[47] The CHIEF-HF trial was designed as a fully
remote trial with IP delivered to the patient’s home by a
trial sponsor teammember.[48]
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Partnering with community pharmacies to deliver cancer
drugs is another option to allow patients access to clinical
trial IP without traveling to the primary site. This model
would require pharmaceutical staff to be trained on investi-
gational protocols and be equipped with a direct line of con-
tact with the research team.[49]

Parental administration - intravenous or subcutaneous drugs:
The remote parental administration of anticancer drugs
is a controversial issue regarding the safety of drug admin-
istration. Strategies to provide intravenous or subcutane-
ous cancer drugs remotely include partnering with local
infusion sites or professional health teams that can deliver
home infusions.
Published evidence from many oncology programs dem-

onstrates the feasibility and safety of home-based adminis-
tration of several chemotherapeutic regimens, ranging from
oral (etoposide) to injectables (leuprolide) and chemother-
apy infusions.[50–52] Supported by this evidence, Penn
Medicine launched The Cancer Care at Home program
in November 2019, demonstrating that many infused or
injected cancer drugs can be delivered safely at home to a
selected cancer patient population.[53]

The National Home Infusion Foundation performed a
retrospective analysis of 328 patients who received home
infusions of chemotherapy during the COVID-19 pan-
demic to assess the main reasons for treatment discontin-
uation and satisfaction. The majority (73.21%) of patients
answered, “I was satisfied with the overall quality of the
services provided,” and the main reason for treatment dis-
continuation was treatment completion per physician
orders (89.54%). None of the patients discontinued treat-
ment because of adverse drug reactions.[54]

Several other studies have analyzed home infusions of
approved conventional cytotoxic agents, but data regarding
remote infusion of investigational drugs are scarce. Phases 1
and 2 and clinical trials of velaglucerase alfa replacement
therapy for type 1 Gaucher disease allowed at-home infu-
sion transition during the expansion phase, with seven
patients receiving at least 10% of the treatment at home.[55]

The infusion-related adverse events related to home infu-
sions were mild to moderate and manageable at home,
with all patients being confident about home infusion
safety.[56]

Considering this, in addition to local infusion sites,
home infusion of investigational drugs could be a safe
option for certain drugs in development if performed by
trained healthcare professionals.

BLOCKCHAIN TECHNOLOGY FOR DATA
MANAGEMENT

Decentralized clinical trials rely on remote data
management to integrate and analyze all health data
produced. In the traditional design, local systems and
firewall-protected systems are used to store patient
data. In a remote trial design, different health data streams
would feed information from electronic health records by

different healthcare providers, safety monitoring systems
(e.g., wearables), pharmacy tracking systems, imaging cen-
ters, and laboratory data.[8] A network that connects all trial
facilities and staff must be in place to provide integration,
guarantee data privacy, andmanage cybersecurity issues.
Blockchain technology enables decentralized data man-

agement that has become known to the public with the
advent of cryptocurrency, recording all transitions in
a secure and verifiable manner without needing a third
party.[57] In general, a blockchain is a public, secure, and
decentralized data store of chronologically ordered records
that is not managed by any central regulatory entity.
Applying blockchain technology to DCT data manage-
ment allows data integrity, traceability, and secure cloud
data sharing. Wong et al[58] developed a proof-of-concept
prototype phase II clinical trial using a private blockchain
for all exchanges of information related to the trial and
demonstrated that it could reliably safeguard data in an
immutable and fully traceable storage system.
From a user perspective, Rebecca et al[59] demonstrated

how blockchain technology could be applied to address
the following three major aspects of clinical research:
healthcare data exchange and interoperability, drug supply
chain integrity, remote auditing, and data integrity.

CONCLUSION

Current technological developments in telehealth
provide a wide range of solutions that enable the con-
ceptualization of progressively more decentralized designs
for early clinical drug research. Drug administration and
safety profiles are cornerstone aspects to consider when
defining the degree of decentralization—fully versus
hybrid models—as they have direct implications for
safety monitoring protocols and resources needed for
trial implementation. Other important aspects to con-
sider when conceptualizing a phase 1 decentralized clini-
cal trial are drug administration, accountability, and data
management.
Despite the current data on DCTs deriving from observa-

tional rather than interventional trials, a clinical research
protocol based on virtual visits (video or phone) incorpo-
rating remote monitoring solutions (e.g., wearables) for
safety and leveraging blockchain technology for data
management (e.g., health records, drug logistics, and
staff communication) appears to be a promising model for
early drug development.
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