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Introduction

The COVID-19 pandemic has introduced numerous
challenges to clinical practice, including potential staff
and patient illness, travel restrictions, and limiting
exposure for patients who may be immunocompro-
mised. Although telehealth technologies and home
health services were not new, pandemic-related pol-
icies addressing Health Insurance Portability and
Accountability Act and payment parity rendered the
regular use of these approaches operationally and
financially feasible.1-3 More than 2 years into the
pandemic, we have started to see the emergence of a
virtual-first model where telehealth often serves as the
default option for select clinical situations.4

These developments may be particularly relevant to
clinical trials. Trial participation may pose time, cost,
and logistical burdens on patients, who may be re-
quired to travel to a study center not only for treatment
administration, but also for additional monitoring,
biospecimen collection, or survey completion. Closing
the gap between routine clinical care and virtual-first
clinical care has made virtual-first trials more plausi-
ble. Capitalizing on increased operational capacity
through mobile technologies and home health plat-
forms, virtual-first trials—alternately referred to as
remote or decentralized trials—have emerged to bring
clinical research opportunities to individuals who
might not otherwise have access to a traditional trial
site. These trials incorporate decentralized supply
chains and existing health care facilities, such as
laboratories, imaging centers, urgent care centers, or
emergency departments.5 Patient screening, enroll-
ment, and trial logistics are managed by a central,
remote team.6 Similar to virtual-first clinical care
generally, virtual-first clinical trial participants can visit
physical clinical sites for procedures not achievable by
telehealth or home health.

As demonstrated in fields such as dermatology, psy-
chiatry, and cardiology,7-9 a decentralized approach
currently appears feasible for studies featuring oral
therapies, end points limited to patient-reported out-
comes or visual assessments, and drug toxicities ex-
pected to be mild. For example, 476 patients with heart
failure participated in the double-blind, randomized

CHIEF-HF trial of canagliflozin entirely without in-person
interactions with clinicians. Participants were required to
have access to an iPhone 6/Samsung S7 or later and be
willing to wear a Fitbit. At 12weeks, patients completed a
Kansas City Cardiomyopathy Questionnaire.9

Despite such innovation in other fields, to date,
implementation of decentralized clinical trials in on-
cology remains rare, an observation that may reflect
recruitment mechanisms, protocol requirements, and
treatment characteristics (Table 1). In cancer clinical
trials, end points often involve advanced imaging,
blood tests, and biopsies.10 Treatment may entail
infusional therapies with narrow therapeutic windows.
Patients may require high-acuity care because of the
burden of cancer-related symptoms. Yet, early expe-
riences, such as the phase II Alpha-T trial (Clinical-
Trials.gov identifier: NCT04644315), demonstrate
feasibility of fully decentralized oncology clinical trials.5

In this trial, treating oncologists are notified when a
patient’s tumor (other than lung cancer) is found to
harbor an anaplastic lymphoma kinase alteration by
next-generation sequencing. The clinician is then
linked to a remote trial team. After approval from the
treating oncologist, potentially eligible patients are
offered enrollment and consented via a remote study
team that completes the screening process and
confirms eligibility. Enrolled patients are asked to take
alectinib, an oral anaplastic lymphoma kinase inhibitor
initially approved in 2015, twice daily at home. Clinical
research coordinators and nurses visit patients at their
homes to collect end point data through physical
examination, phlebotomy, and questionnaires. A trial
investigator completes clinical assessment using
telemedicine tools. The study uses local radiology
facilities, which enables patients to remain in their
local area. The remote trial team is responsible for
training and onboarding of local imaging centers.
Standard operating protocols promote consistency
and transfer of digital imaging. Similarly, the remote
trial team is responsible for selection of and con-
tracting with any home health or phlebotomy services.

Referral and Recruitment

Because patients’ geographic location may pose a
barrier to participation, decentralized trials have the
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potential to recruit, and retain, a larger and more inclusive
patient population. However, referral mechanisms—which
may vary according to patient population and disease
indication—will require deliberate consideration. One
approach uses a public-facing recruitment website for
screening and enrollment. In thismodel, patients self-refer to
trials via a website, a strategy that would rely heavily on
direct-to-participant marketing. Another approach relies on
clinical practices to identify potential trial participants. Clinic
staff screen electronic health record or registry data for el-
igible patients, such that patients can be referred by their
medical team or be contacted directly by the virtual team
managing the study when there is a potential match.11

Supporting this approach, the Office of Human Research
Protection of the US Department of Health and Human
Services does not consider the act of referring a patient to a
clinical trial at another center to be engaging in research.12

Specifically, the guidance states that a clinician who provides
patients with literature about a research study at another
institution, including a copy of the informed consent doc-
ument, and obtains permission from the patient to provide
the patient’s name and telephone number to investigators is
not engaging in research.12 Therefore, referring clinics are
not required to have formal site approval if they are not
involved in subsequent research-related procedures, which
permits a wide referral base without the financial and lo-
gistical burden of activating multiple trial sites.

The role of the referring physician remains vital to success
of clinical trial recruitment.13-15 A primary oncologist’s
consideration of trial potential may be even more crucial for
trials of targeted therapies, which rely heavily on the
physician to order tumor molecular profiling to identify
specific genomic subsets. A study of factors preventing
oncologists from referring patients to trials revealed that
time and effort required to explain trials to patients and

inadequate reimbursement from research sponsors were
among the strongest barriers, while the fear of losing pa-
tients to another clinical practice was a weak barrier.15

These potential obstacles will need to be addressed for
virtual-first trials to achieve their full potential.

From regulatory and operational perspectives, virtual-first
decentralized trials present both familiar and novel con-
siderations. Principal investigator roles and responsibilities
do not differ from those seen in a traditional model. The
investigator needs to ensure adequacy of resources,
compliance with the protocol, safety, and communication
with the relevant oversight groups (eg, institutional review
board). By contrast, patient evaluation represents a major
departure from conventional trials. In some circumstances,
the investigator and study team may complete assess-
ments, manage toxicities, and render treatment decisions
via telemedicine encounters. However, given the potential
seriousness and acuity of disease- and treatment-related
complications, patients with cancer are likely to require in-
person evaluation by local clinicians and health care fa-
cilities as well. In such scenarios, decentralized trials re-
semble existing clinical trials that enroll patients who live at
considerable distance from the physical trial site. A relevant
example is clinical trials performed at the National Institutes
of Health, which historically have covered transportation
and lodging costs for trial participants. This level of support
permits patients from across the United States to partici-
pate. For many of these trials, patients return home in
between study visits. If during those times, patients require
routine or urgent in-personmedical evaluation, they receive
it from local clinicians who are not trial investigators. As
such, a primary oncologist may remain involved in the
standard clinical care of the patient after enrollment.
Data resulting from local interventions or assessments are
collected and reported by the study team. The treating

TABLE 1. Factors Affecting Choice of Virtual-First or Traditional Trial Design
Factor Virtual-First Traditional

Drug safety Safety profile of the investigational product has been established
(eg, FDA-approved for prior cancer indication, significant clinical
experience)

Unknown safety profile, especially first-in-class therapies, or high
rate of immediate toxicity for any trial arm

Drug
logistics

Drugs that can be shipped and stored (eg, temperature-stable)
Drugs that can be self-administered (eg, oral, subcutaneous,

intramuscular administration)

Intensive monitoring for drug reactions is required (eg, high rate of
infusion reactions, cytokine release syndrome) for any trial arm

Most intravenous medications

Recruitment Determination of eligibility is straightforward
Trial needs broader geographical reach to accrue, eg, rare cancer

subtypes

Specific expertise for diagnosis or candidate identification is
required (eg, technical skill or access to a multidisciplinary
team)

Condition is common and does not need broad geographical
reach to recruit a representative population

Protocol Standard protocols and clinical services can be used, eg, imaging
facilities, laboratory services, physician office, or hospital

Standard equipment and training
Standard procedures, low risk of technical inconsistencies

Time-sensitive processing of samples cannot take place remotely
Special equipment needs or advanced training to conduct study

procedures
Special procedures require a high degree of technical consistency

for comparison (certain surgeries, radiation therapy, biopsy)

Abbreviation: FDA, US Food and Drug Administration.
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nonstudy clinicians may contact the study team for bidi-
rectional information exchange as needed, similar to
existing communication practices among medical centers
whether or not patients are on trials. However, these in-
dividuals would not be asked to perform any study-related
tasks, whether concomitant medication recording, study-
required performance status/vital signs/physical examina-
tion, efficacy assessment, toxicity grading and attribution,
and the like. Decentralized trials take this approach even
further, with the infrequent in-person evaluation potentially
replaced by telehealth or study personnel home visits. We
recognize that this difference is not incremental but po-
tentially foundational, and represents one of the greatest
challenges in implementation and acceptance of decen-
tralized trials.

Treatment Logistics and Safety

Oral, subcutaneous, or intramuscular therapies with
established safety profiles—which can be shipped directly
to patients for self-administration—may be particularly
suitable for virtual-first trials. To estimate the proportion of
registrational trials featuring therapies meeting these
characteristics, we reviewed cancer treatments approved in
2020 using the Drugs@FDA database.16 These approvals
were based on 61 trials, of which 37 (61%) evaluated drugs
already approved for other cancer indications with well-
characterized toxicity. In 12 trials (20%), all study arms
included oral, intramuscular, or subcutaneous agents.
Such trials may represent a good starting point for the
implementation of virtual-first clinical trials.

As a next step, trials involving infusional therapies with
established safety profiles and which have been suc-
cessfully administered at home previously (n5 5 trials; 8%)
could be considered for virtual-first platforms. However, the
role of at-home infusion in routine cancer care remains
debated. Although some clinical practice organizations
oppose this approach citing safety concerns,17 other
groups argue that patient risk can be mitigated by careful
drug selection.18

Recent pilot studies of at-home infusion of cytotoxic ther-
apies provide early insight into potential feasibility of this
approach.18-23 For example, Penn Medicine’s Cancer Care
at Home has administered and monitored 13 common
cancer treatments at patients’ homes.23 The University of
Utah Huntsman at Home found that patients could receive
acute-level care safely at home, with fewer hospitalizations
and shorter lengths of stay if hospitalization did occur,
thereby reducing potential harms of inpatient and emer-
gency department care, such as hospital-acquired infec-
tions.22 These experiences suggest that certain home
infusions may be feasible and safe, a prerequisite for many
home-based cancer trials.18 Nevertheless, the generaliz-
ability of these reports for widespread adoption requires
further investigation to determine the practicality of home
infusion among diverse patient populations, the impact on

caregiver burden, and protocols for emergency response in
the home setting.

A commonly proposed model for decentralized trials in-
volves a trained clinical trial nurse to administer drugs
according to safety protocols and observe for acute reac-
tions. The remote trial monitoring team arranges trans-
portation should the patient need acute care. On-call
investigators and board-certified oncologists coordinate
remotely to perform adverse assessment grading, attribu-
tion of toxicity, dose adjustment, and response determi-
nation. Although technically feasible, home infusions still
pose certain logistical challenges and inefficiencies. Where
multiple patients could be managed simultaneously at a
single infusion center, administration of intravenous ther-
apies in a decentralized trial requires an infusion nurse to
travel frequently to patients’ homes and manage one pa-
tient at a time. For these reasons, drugs administered by
oral, subcutaneous, or intramuscular routes, where a pa-
tient may self-administer, are more practical for decen-
tralized trials at this time.19,24

Other Considerations

Cost considerations factor centrally in the implementation of
decentralized clinical trials. Because oncology clinical trials
frequently include standard therapies and assessments not
paid for by trial sponsors, government and private insurance
payers may need to provide coverage of at-home treatment
and monitoring. This decision, in turn, may require en-
dorsement of home-based cancer care by practice-guiding
organizations such as the National Comprehensive Cancer
Network. Only a few states have laws that ensure non-
research activities related to clinical trials are covered by
insurance.15 As there is a shift in resources to operate
decentralized trials, sponsors will be required to fund the use
of remote monitoring technologies, shipment of products to
individual homes, tracking to ensure proper drug storage and
access, and transportation costs for traveling coordinators.6

Nonetheless, decentralized trials may achieve overall cost
savings and operational efficiency if the centralized team can
reduce the tasks involved with trial management, as a whole,
by eliminating redundancy, such as those seen with acti-
vating a trial across multiple traditional sites.6

Without having to pay for transportation and potentially
lodging, patients and caregivers may benefit financially from
virtual-first clinical trials. However, digital access and literacy
become greater concerns, as decentralized trials rely heavily
upon regular use of computers and/or mobile devices, as
well as equitable broadband access.25 The impact on
caregivers, who might have greater responsibilities to sup-
port decentralized trial participation, also needs to be elu-
cidated. Given the need for imaging to evaluate tumor
response, another consideration is availability of state-of-the-
art radiology technology such as positron emission tomog-
raphy, computerized tomography, and magnetic resonance
imaging, which are not ubiquitous in rural settings.26-28
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In conclusion, decentralized approaches will require a major
shift in the consideration, implementation, and conduct of
cancer clinical trials. From a regulatory standpoint, this
strategy requires clear separation between study-related
tasks (completed only by study investigators and person-
nel) and other aspects of clinical care. Beyond regulatory
considerations, it will be critical that patients’ local clinical
teams not feel they are providing extra services for which they
receive neither compensation nor credit. Indeed, because of
their complexity and potential toxicities, many cancer clinical
trials may not be suitable for home-based settings. Never-
theless, advances in drug delivery, digital technologies, and

at-home care models have clearly increased the feasibility of
decentralized trials in oncology. Potentially available to pa-
tients across the country and beyond, the virtual-first par-
adigm may substantially increase access to clinical trials,
thereby enhancing participant diversity and result general-
izability. Sustaining thismodel will require continuation of the
COVID-19–related federal and payor policies that support
telehealth-based medical care. Achieving the promise of this
novel approach will require optimizing referral patterns,
defining the roles of the longitudinal cancer care and clinical
trial teams, and ensuring the safe and efficient delivery and
monitoring of cancer treatments in patients’ homes.
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