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QUESTION ASKED: What is the feasibility of imple-
menting a paradigm for the ambulatory management
of treatment-related symptom burden that involves
nurse-led surveillance of electronic patient-reported
outcomes (ePROs) and biometrics.

SUMMARY ANSWER: This pilot study confirmed high
rates of adherence with our decentralized remote
patient monitoring (RPM) intervention. We also iden-
tified high rates of study enrollment, completion of
daily assessments, feasibility, acceptability, and ap-
propriateness of our platform.

WHAT WE DID: We prospectively enrolled adult pa-
tients with gastrointestinal and thoracic cancers in a
1-month feasibility pilot trial that entailed (1) RPM of
ePROs for symptom burden, vital signs, and body
weight; (2) protocol-driven nurse triage of alerts triggered
by prespecified thresholds; and (3) a decentralized
patient onboarding process. Primary outcome was pro-
gram adherence defined as completion of > 70% of
daily symptom and biometric reporting requirements by
enrolled patients. Secondary outcomes included imple-
mentation metrics (appropriateness, acceptability, and
feasibility), system usability, and emergency department
visitation rates.
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WHAT WE FOUND: Our RPM platform, implemented
using a decentralized workflow, was associated with
high rates of patient adherence. Patient-reported
evaluation of program appropriateness, acceptability,
feasibility, and usability of the associated technology
platform were also high. Emergency department ad-
mission rates were also low.

BIAS, CONFOUNDING FACTORS, DRAWBACKS: This is a
single-institution, nonrandomized pilot with a 1-
month enrollment period; these features limit the
generalizability of our implementation results. Fur-
thermore, we did not assess levels of digital literacy
among pilot participants, and our institution’s patient
mix may not be representative of most community
oncology practices.

REAL-LIFE IMPLICATIONS: Pilot findings establish the
feasibility and acceptability of a RPM platform that
integrates ePROs and biometrics into a clinical
workflow that involves nurse-led triage. These results
support the need for a more robust examination, via
randomized trial, of the effectiveness of this care
paradigm for improving clinical outcomes and pa-
tient experience.
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Pilot Study
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and Susan K. Peterson, PhD, MPH5

PURPOSE Although electronic patient-reported outcomes (ePROs) are efficacious in symptom management,
much is unknown about the utility of vital signs surveillance. We examined the feasibility of a remote patient
monitoring platform that integrates ePROs and biometrics into the ambulatory management of symptom burden.

METHODS Using a decentralized workflow, patients with gastrointestinal or thoracic cancer were approached for
a 1-month study. Patients reported symptom burden via ePROs and biometrics (blood pressure, oxygen
saturation, pulse, weight, and temperature) using bluetooth-enabled devices daily. Alerts on the basis of
prespecified thresholds were managed via nurse-led triage. Adherence was defined as the completion of > 70%
of daily symptom and biometric reporting requirements. Pilot acceptability, appropriateness, and feasibility were
measured using validated instruments. Net promoter score, system usability scale, and emergency department
(ED) admission rates were collected.

RESULTS Over 8 months, 36 patients were enrolled and 25 (60% gastrointestinal) completed the study.
Participants had a mean age of 58.0 years, mean Eastern Cooperative Oncology Group score of 0.88, were 52%
female, and predominantly had stage IV or recurrent disease (72%). Program adherence was 73% and as-
sociated with high acceptability (4.63), feasibility (4.56), and appropriateness (4.46). System usability scale and
net promoter score scores were 88 and 55, respectively. Seventy percent of alerts were generated by biometrics,
28% for symptoms, and 2% were patient-initiated communication. Finally, the ED visitation rate over the pilot
period was 8%.

CONCLUSION Our remote patient monitoring pilot program was highly acceptable, feasible, and appropriate. It
had high rates of patient adherence and satisfaction and was associated with low ED visitation rates.

JCO Oncol Pract 19:e811-e821. © 2023 hy American Society of Clinical Oncology

INTRODUCTION

Despite advances in the management of disease tra-
jectory, many patients with cancer still suffer from many
debilitating symptoms either as a result of tumor pro-

The COVID-19 pandemic has accelerated the dis-
semination of digital technologies in oncology be-
cause of the exigent need to maintain care continuity
in the context of immunosuppression and social

gression or treatment side effects.? The persistence
and/or escalation of these symptoms is associated with
poor health-related quality of life (HRQoL), physical
functioning, increased health resource utilization, treat-
ment nonadherence, and diminished overall survival.>®
Unfortunately, many symptoms are poorly characterized
by clinicians and underreported by patients, highlighting
the need for more robust approaches for surveillance.®”
Remote symptom monitoring, via electronic patient-
reported outcomes (PROs), has been associated with
significant improvements in HRQoL, health resource
utilization, and clinical outcomes.®

distancing requirements.>!° Remote patient moni-
toring (RPM) and decentralized clinical trials are two
prominent examples that have been implemented in
many cancer institutions over the course of the
pandemic.!'*? Decentralized trials leverage remote
technologies and a supply chain to conduct study
procedures in the homes of participants.!*'® RPM,
defined as the deployment of point-of-need tech-
nologies that allow for the triage and management of
patients with acute or chronic conditions, has already
been embedded in the management paradigm for
other chronic diseases.!*1®
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The utility of integrating biometric data (ie, vital signs) into the
ambulatory management of treatment- or disease-related
symptom burden remains an open question.'?*¢ Therefore,
we investigated the feasibility and implementation outcomes
regarding the use of an RPM platform for monitoring
symptom burden and biometrics in high-risk patients re-
ceiving chemotherapy. We also evaluated the effectiveness
of a virtual or decentralized workflow for patient recruitment,
education, symptom monitoring, and study completion.*!

METHODS
Study Setting, Participants, and Recruitment

This study was approved by the MD Anderson Cancer Center
(MDACC) Institutional Review Board, and a detailed study
protocol is publicly available.'? We conducted a single-arm
pilot study (ClinicalTrials.gov identifier: NCT05038254) of
adult patients (>18 years) with gastrointestinal (Gl) or tho-
racic cancers receiving care at MDACC between July 1,
2021, and March 31, 2022. These malignancies were
chosen on account of high annual patient volumes and a
track record of strong clinician engagement with virtual care
initiatives within our institution. Additional eligibility criteria
were chemotherapy initiation within the preceding 2 months,
Texas resident status (permanent or temporary), having a
high risk for acute care utilization, English proficiency, and
willingness to report data (PROs and biometric) for at least
30 days and to engage in televisits as needed with a triage
nurse.'2'” Patients on concurrent biologic, hormonal, or
immunotherapy were also eligible. We excluded patients
who received investigational new drugs, were enrolled in
a phase | ftrial, required inpatient infusions, were living
in institutional environments (ie, prisons), were pregnant,
had a history of dementia, physical disability, or neurological
deficits that impaired the ability to use study devices.

Consistent with published work and the ORBIT framework
of behavioral treatment development guidelines, we
attempted to recruita sample (n = 25) that included at least
three racial minorities, three patients older than 70 years,
and an even gender distribution.*®!° A digital health nav-
igator (DHN) screened the clinic schedules of participating
oncologists to identify eligible patients.2® Email communi-
cation was initiated with the treating oncologist to confirm
appropriateness on the basis of published risk factors for
acute care utilization.*?1”

Our screening workflow was eventually automated during
the last month of the pilot using a commercially available
natural language processing platform (Deep6 Al, Pasadena,
CA). Deepb applies artificial intelligence techniques to
clinical data to accelerate trial recruitment by identifying and
matching eligible patients. Implementing the Deep6 platform
significantly expedited parts of our screening process,
specifically the reliable identification of adult patients with Gl
or thoracic malignancies and a primary residence in Texas,
who were about to initiate chemotherapy. This allowed the

e812 © 2023 by American Society of Clinical Oncology

DHN (1.0 FTE) to prioritize attention to patient onboarding
and ensuring adherence with protocolized reporting of
symptoms and vital signs. After clinician assent, the DHN
contacted eligible patients by phone, in-person, or through
the electronic medical record (EMR) patient portal. Our EMR
also enabled an electronic informed consent process. The
DHN provided an overview of the RPM platform, study
procedures, and participant expectations.

Study Intervention

The RPM platform is a HIPAA-compliant, FDA-approved
data system (Vivify health, Plano, TX) that includes a tablet
preloaded with an interface for symptom reporting and
bluetooth-enabled consumer-friendly devices (ie, pulse
oximeter, weight scale, blood pressure monitor, and ther-
mometer) as detailed in Appendix Table Al (online only).
Information related to symptom burden and biometrics
were transmitted to a secure online dashboard that
was accessible to the DHN and a nurse-led triage
center (Appendix Figure Al, online only). Because of
COVID-related restrictions and the added complexity of
supply chain logistics related to storing the kits on MDACC
premises (eg, sterile processing following kit return upon
pilot completion and proper inventory management), we
elected to ship the kits directly to the verified personal
address for each patient. Shipment of the RPM platform to
and from the patient’s home was at no cost and via tracked
courier services. Upon signature confirmation receipt, the
DHN contacted the patient to reinforce prior teaching on
device use and study protocol. Technical support for the
RPM platform was provided by the vendor (Vivify). RPM
retrieval occurred at the time of study completion, dis-
continuation of chemotherapy, patient death, or transition
to hospice via scheduled pickup or prepaid postage. Free
mobile hotspots were offered to all participants; however,
none was requested. The DHN’s workflow (screening,
enrollment, kit deployment, data collection, and protocol
adherence) was fully decentralized as outlined in Figure 1.

The intervention entailed daily self-reporting of symptom
burden and biometric status (ie, vital signs) over a 1-month
period. The patient-reported outcome common terminol-
ogy criteria for adverse events (PRO-CTCAE), contextual-
ized to Gl and thoracic cancers, was used for reporting
symptom burden (Data Supplement).®?! Assessed symp-
toms included diarrhea, dry mouth, constipation, fatigue,
decreased appetite, difficulty swallowing, vomiting, nausea,
and pain. Symptoms were rated on a 5-point scale from O
(nonpresent) to 4 (very severe). Weights were reported
weekly. Decisions regarding the frequency of reporting
symptoms and biometric data were based on published
data, guidance from clinical collaborators, and feedback
from members of the MDACC patient and caregiver
stakeholder community.?? The DHN monitored reported
symptoms and device usage via the online dashboard and
contacted patients with 3 or more days of missing data to
help resolve any technical problems.

Volume 19, Issue 6
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1-MONTH STUDY DURATION
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Digital Health
Navigator

Identifies patient
candidates daily (review
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___________ {___________

Sends daily email of
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Provides study overview;
obtains patient consent;
administers baseline
HRQoL

___________ {___________
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— Vivify platform; provides
demo of kit; orders kit
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Support Team

Provides patient setup

Daily self-reporting of
biometrics and

support with kit (3x max)
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Staff
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reporting of biometrics

Provides tech support,
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During study -
{ashboard alert/

(successful)

patient call

____________ }___________

As appropriate,
symptom management
recommendations via
NCCN supportive care

and symptoms

Discharged from hospital
stay; resumes daily self-

Follows up on admission

reporting of biometrics
and symptoms

(care needs escalation)

guidelines, patient

education and non
pharmacologic
management

Triages to 911, nearest
ER, MDACC, ACCC or

refer to MDACC provider

Discontinues remote

to and discharge from
hospital

Study completion at 1
mo. (or transition to

hospice or election to
terminate study);
confirms patient address

___________ i____________

Closes out study; sends
patient end-of-study
surveys

Contacts patient to

Completes end-of-study
surveys; ships kit back to
Vivify

return kit; sends box

monitoring while
inpatient

Tool(s)
in Use

Email

Patient Education
Materials, Redcap

Epic, Patient Education
Materials, Demo Kit

Vivify, Email, Epic On
Demand Video

Vivify, Epic On Demand
Video, Patient Education

FIG 1. Decentralized workflow for remote patient monitoring service delivery. ACCC, Acute Cancer Care Center; ER, emergency room; HRQoL,
health-related quality of life; MDACC, MD Anderson Cancer Center; NCCN, National Comprehensive Cancer Network.
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The RPM platform can generate email alerts when patient-
reported data met or exceeded prespecified thresholds
(Table 1). Alerts graded as high (red) necessitated a nurse
triage response within 2 hours, and those graded as medium
(yellow) required response within 3 hours. On receipt of an
email alert, triage nurses reviewed data on the online
dashboard; contacted patients via phone, text message, or
patient portal; confirmed the accuracy of the alert data; and
engaged with patients as clinically appropriate (eg, recom-
mend an emergency department (ED) visit, refer a patient to
his/her primary care physician, arrange for a semiurgent
clinic visit). Triage nurses leveraged the National Compre-
hensive Cancer Network symptom management guidelines
to inform nonpharmacological recommendations depending
on the alert grade.?® Our nurse-led triage team also included
nurse practitioners with prescriptive authority for a limited set
of key medications (eg, Zofran, Senna, Miralax, Reglan,

TABLE 1. Vital Sign Thresholds

Biometric Parameters
Blood pressure
Systolic blood pressure
Upper boundary
High alert > 180 mmHg
Medium alert > 155 mmHg
Lower boundary
High alert < 89 mmHg
Medium alert < 90 mmHg
Diastolic blood pressure
Upper boundary
High alert > 110 mmHg
Medium alert > 101 mmHg
Lower boundary
Medium alert < 60 mmHg
Oxygen saturation
High alert < 90%
Medium alert < 94%
Heart rate
High alert > 110
Medium alert < 55
Temperature
Upper boundary
High alert > 102.0 F
Medium alert > 100.5 F
Lower boundary
High alert <920F
Medium alert <95.0F
Weekly weight
High alert = 10 Ibs.
Medium alert = 4 |bs.

e814 © 2023 by American Society of Clinical Oncology

Loperamide) at prespecified doses. Physician oversight for
nurse practitioners’ prescriptions was also maintained in
compliance with Texas state law. Because of resource
limitations, triage nurses were available from 8 am to 8 pm
Monday through Sunday. Participants were instructed to
complete their daily symptom reporting and device usage
during those hours and to contact their oncologist’s office on-
call coverage or 911 for after-hour emergencies or if ex-
periencing concerning symptoms. Study participation did
not alter the schedule of routine follow-up or consultation
with their treating clinicians.

Outcome Measures

The primary outcome of the present feasibility study was
patient adherence to the RPM protocol, defined as com-
pletion of = 70% of daily symptom and biometric reporting
requirements at least 4 days per week.'® This definition is
consistent with previously published telemonitoring studies
in oncology patients.’®?* We also leveraged the following
secondary outcome measures to assess the feasibility of our
largely decentralized screening, recruitment and onboarding
process as defined by (1) an approach-to-consent rate
of > 60% among screened eligible patients and (2) an
enrollment rate of two patients monthly.'®

To evaluate our overall implementation strategy, we ad-
ministered the following validated instruments, via Research
Electronic Data Capture: Feasibility of Intervention Measure,
Intervention Appropriateness Measure, and Acceptability
of Intervention Measure.?® All measures were scored on a
B-point Likert scale (completely disagree to completely
agree), and a mean score = 3 was consistent with a suc-
cessful pilot. With respect to the usability of our RPM platform
(Vivify), participants completed the 10-item System Usability
Scale (SUS) via Research Electronic Data Capture.2#2° SUS
items were rated on a 5-point Likert scale (strongly disagree
to strongly agree) with aggregate scores > 68 shown to be
associated with a usable technology system.?* Upon study
completion, participants were also asked questions related to
the net promoter score (NPS) and the RPM platform’s ease of
use. The NPS, a metric commonly used for customer sat-
isfaction and loyalty programs, was assessed via the prompt:
How likely is that you will recommend our RPM program to a
friend, family member, or colleague receiving chemother-
apy.?’ The NPS calculation methodology has been previously
described, and a net positive score was considered ac-
ceptable.?” Ease of use-related questions were scored on a
B-point Likert scale questionnaire (strongly disagree to
strongly agree).

Data Collection and Follow-Up

The following participant data were abstracted from the
EMR: age, race, self-reported sex, marital status (single,
divorced, married, widow, or widower), body mass index,
cancer type, cancer stage, baseline Eastern Cooperative
Oncology Group status, and ED visits during the pilot study
period. Finally, the RPM tablet was used to abstract patient

Volume 19, Issue 6
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Screened before eligibility
assessment
(N = 2,240)

Assessed for eligibility
(n =144)

Patients who were eligible and
approached (n = 56)

Consented to pilot participation
(n=36)

Completed pilot program
(n =25)

Assessed for feasibility objective

(n =25)
Assessed for implementation metrics (n = 25)

Patients excluded because of one more criteria  (n = 2,096)
Non-Texas resident (n=1,224)
Ineligible timing of chemotherapy start (n =827)
Noneligible cancer type (n=213)
Enrolled in phase 1 trial (n=84)
Language barrier (n=69)
Neurological deficit or physical disability (n=26)

Not satisfying high-risk criteria (n=87)

Died (n=1)

Unresponsive to contact attempts (n=13)

Patient refusal (n=7)

Nonresponsive or inactivity (n=6)

Change in treatment plans or institutions (n=2)

Too overburdened to participate (n=2)

Unable to deliver kit (n=1)

FIG 2. Modified flow diagram outlining patient screening, enrollment, and analysis in the present single-arm pilot

study.

responses related to satisfaction with the program, tech-
nology ease of use, and NPS.

Sample Size and Analytical Plan

Our study sample size of 25 patients was based on study
time frame and previously published pilot data involving
remote monitoring of patients with cancer undergoing
chemotherapy.*®*® Participant characteristics and demo-
graphic information were characterized using descriptive
statistics (eg, mean, counts, percentages, and standard
deviations). Univariate analysis was performed via the x?
and Fisher's exact test for categorical variables and un-
paired ttest for continuous variables. All analyses were
performed using SAS, version 9.4 (SAS Institute Inc, Cary,
NC), and two-tailed P-values < 0.05 were considered
statistically significant.

JCO Oncology Practice

RESULTS
Decentralized Recruitment Metrics

Over an 8-month period, 56 eligible patients were approached
after screening and 36 patients consented for an approach-
to-consent rate of 64%. Of these patients, 11 withdrew from
the study for the following reasons: dropped because of in-
activity and nonresponsive (n = 6), change in treatment plans
or institution (n = 2), too overburdened to participate (n = 2),
and unable to deliver kit to patient (n = 1). The average
monthly enrollment was 4.5 patients while logistical mile-
stones associated with our decentralized workflow were as
follows: time to receipt of RPM kit after enrollment (mean, 4.5
days), initiation of data reporting after receipt of RPM kit
(mean, 3.1 days), and time from screen to active status
(median, 7 days; mean, 8.1 days). None of the 11 participants

e815
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TABLE 2. Patient Characteristics by RPM Enrollment
Patient Characteristic RPM Enrollees (n = 25)

Age, mean *= SD 58.0 = 10.6
BMI, mean = SD 282 +7.8
ECOG score, mean *= SD 0.88 = 0.60
Sex, No. (%)

Female 13 (52.0)

Male 12 (48.0)
Marital status, No. (%)

Divorced 4 (16.0)

Married 18 (72.0)

Single 2 (8.0)

Widowed 1 (4.0)
Stage, No. (%)

2 2 (8.0

3 5 (20.0)

4 13 (52.0)

NA 0 (0.0)

Recurrent 5 (20.0)
Race, No. (%)

Asian 2 (8.0)

Black 5 (20.0)

Hispanic/Latino 2 (8.0)

White 16 (64.0)
Cancer, No. (%)

Gl 15 (60.0)

Head and neck 2 (8.0)

Thoracic 8(32.0)

Abbreviations: BMI, body mass index; ECOG, Eastern Cooperative
Oncology Group; Gl, gastrointestinal; NA, not applicable; RPM, remote
patient monitoring; SD, standard deviation.

aStudent ¢ test for age, BMI, and ECOG, score; chi-square test for
sex; Fisher's exact test for others.

who withdrew self-reported any PRO or biometric information.
A flow diagram, adapted to account for our nonrandomized
pilot design, is presented as a flow diagram (Figure 2).

Patient Demographics and Acute Care Utilization

Baseline demographics and disease characteristics of the
25 participants are displayed in Table 2. The participant
pool had a slight female gender predisposition (52%) with a
mean age of 58 years = 10.6, mean body mass index of
282 + 7.8, and mean Eastern Cooperative Oncology
Group score of 0.88 = 0.60. There was a preponderance of
Gl cancers (60%) and stage IV or recurrent disease (72%).
Most patients identified as being married (72%) and
Caucasian (64%). The rate of all-cause ED visits and
hospitalizations over the pilot period was 8% among study
participants.

e816 © 2023 by American Society of Clinical Oncology

Engagement with RPM Program

The program adherence rate was 73%, and a total of
165 alert-based interactions (40% high and 60% medium
alerts), across our 25 participants, were generated with a
distribution as follows: 26% PROs, 72% biometrics, and 2%
patient-initiated communication. The most reported vital
signs were blood pressure (31%), weight (28%), and pulse
(7%). The symptoms most associated with yellow alerts were
nausea (37%), pain (11.54%), vomiting (11.54%), and
decreased appetite (11.54%). Similarly, for red alerts the
modal symptoms were nausea (28.6%), pain (20%), vom-
iting (14.3%), and decreased appetite (14.3%).

Across all alert-initiated interactions, 143 (86.6%) involved
a clinical recommendation, and the overwhelming majority
(n = 140, 84.5%) was performed by the nurse triage staff
alone. Only three interactions involved a page request to the
on-call provider, and 22 interactions (13.3%) involved
unsuccessful attempts to reach the patient within the
prespecified time windows. The complete outcomes of
alert-related interactions are outlined in Table 3.

Implementation Metrics

The mean Acceptability of Intervention Measure, Feasibility
of Intervention Measure, Intervention Appropriateness
Measure scores were 4.63, 4.56, and 4.46, respectively.
The mean SUS score for our RPM platform was 88 while the
NPS for our overall program was 55. Scores for patient
satisfaction score and technology ease of use were 94%
and 100%, respectively.

DISCUSSION

In this decentralized pilot study of an RPM paradigm that
encompassed nurse-led triage of self-reported PROs and
biometric measurements, we identified strong engagement
(>70% adherence rates with daily assessments) and pos-
itive approval (>60% consent rate, NPS of 55, and satis-
faction score of 94%) among a diverse pool of participants.
Our workflow was also found to be feasible, acceptable, and
appropriate. These results provide support for a future RCT
exploring the effectiveness of integrating biometric and PRO
data into supporting clinical workflows for ambulatory
symptom management.

There is mounting interest in identifying, integrating, and
scaling appropriate digital health interventions in oncology.
Symptom management has emerged as the most per-
suasive use case because the majority (88%) of patients
undergoing active treatment report at least one side effect,
with fatigue (80%), pain (48%), and vomiting (48%) as the
most prevalent.! Adult patients with cancer frequently visit
the ED on account of symptom burden, and approximately
60% of these encounters convert to hospitalizations, at
great cost to patient, families, and society.?® Prevailing
symptom management paradigms often involve two com-
ponents: (1) the use of tablets, mobile applications, or web-
based platforms to document PROs related to symptom

Volume 19, Issue 6
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burden and (2) follow-up that is often directed by nurse
navigators.®?° We posit that additional digital touchpoints
(ie, biometric data) can provide supplementary information
that enhances patient-provider communication and clinical
decision making regarding symptom burden.'?3° For in-
stance, the sensitivity of PRO-CTCAE entries that are
concerning for dehydration (ie, difficulty swallowing, oral
sores, and decreased appetite) is enhanced in the context
of low systolic blood pressure or tachycardia.

We noted analogous adherence rates between PRO
completion and use of sensor devices, signifying that
biometric monitoring is an acceptable and useful ad-
junct. Ad hoc feedback from pilot participants to the call
center staff revealed a perception of our RPM inter-
vention as a crucial element of their cancer management
and not research, bolstering our strategy to leverage the
lived experience of PFAC members during program

TABLE 3. Outcomes of Alert-Related Interactions

Count of
Dispositions Dispositions
Home care/call resolved 70
Unsuccessful call attempt 21
Home care 19
Information or advice only call 13
Follow-up with center the next business day 11
See PCP within 2 weeks
Call PCP within 24 hours
Medical/clinical recommendations given to 4
follow
Call outcome not listed 3
See PCP when office is open (within 3 days) 3
On-call provider paged 2
Teach back performed 2
Follow-up with center the next business day 0
Rx request, on-call provider paged 1
Home care/call resolved 0
Medical/clinical recommendations given to 1
follow
Information or advice only call 0
Home care/call resolved
Medical/clinical recommendations given to 0
follow
Follow-up with center the next business day 1
Rx request, RN called in refill/midlevel refilled 1
See physician within 24 hours 1
See physician within 4 hours (or PCP triage) 1
Unsuccessful call attempt 0
Medical/clinical recommendations given to follow 1

Abbreviations: PCP, primary care provider; RN, registered nurse,
Rx, prescription.

JCO Oncology Practice

conceptualization.'? This approach also catalyzed the
iteration of several components of our RPM program (eg,
patient education materials and alert parameters) to be
more patient-centered and meaningful.*?

Decentralized trial is a COVID-related adaptation to the
research enterprise that has the potential to increase
patient accrual, reduce costs, and improve the speed of
study completion.**!2 To the best of our knowledge, the
present pilot is one of the first descriptions of decen-
tralized study conduct in oncology and was borne of the
need to recruit patients during the pandemic while
preserving personal protective equipment for health care
workers.'® By adopting remote consent, RPM capabil-
ities, video-based clinical assessments, and shipment of
kits directly to patients’ homes, we were able to suc-
cessfully transfer the majority of study activities to pa-
tients’ homes, negating the need for a research-related
visit to our facility. As experience with this research
paradigm grows, regulatory guidance and processes for
maintaining data quality and security must evolve to meet
the needs of stakeholders, for example, patients, re-
searchers, and trial sponsors. Finally, given the signifi-
cant disparities in the United States with respect to
technology literacy, access to broadband, and comfort
with digital technologies, attention must be paid to the
digital divide and promoting inclusivity among study
participants.'©

Despite high-level evidence of the benefits of electronic
PRO monitoring in symptom control for patients with
cancer, widespread adoption in routine practice remains
limited outside of a research context.® This points to the
critical need for more data to guide the implementation of
RPM paradigms for patients with cancer. This is because
operationalizing RPM is a complex undertaking with
workforce, cultural, technology, patient experience, and
financial implications.®'? Beyond evaluating the incre-
mental effectiveness of biometric capture, relative to PROs
alone, which will be evaluated in a future RCT, we will also
attempt to delineate the contextual drivers, facilitators, and
barriers to deploying RPM. Future treatment paradigms
and clinical settings that might benefit from this paradigm
(ie, RPM of PROs and biometrics), if shown to be effective,
include rural cancer populations, palliative care, surgical
prehabilitation programs, and hematologic malignancies.
Finally, a sustainable financing and reimbursement strat-
egy will be needed to recoup or offset the significant capital
investments necessary.

There are several methodological limitations that warrant
attention. First, this was a single-arm, single-institution
implementation pilot and thus was inherently limited with
respect to generalizability. Specifically, the present pilot
was focused on implementation and not designed or
powered to evaluate effectiveness in reducing acute care
utilization. Second, our observation period of 1 month was
considerably shorter than that represented in published
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trials; as a result, ensuing conclusions about patient ad-
herence and impact on acute care utilization may not be
reflective.®?® Third, although we intentionally enrolled a
diverse participant pool (age, sex, and race/ethnicity), our
patient mix may not be representative of most oncology
practices because of our traditionally high representation of
secondary referrals. Finally, we did not evaluate digital
health literacy or caregiver burden, factors that could in-
fluence the effects of our intervention.
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APPENDIX

Integrating Biometrics and PROs for Symptom Management

TABLE A1. Description of Sensor Devices Included in the Patient Kit

Device Make/Model
Tablet Galaxy Tab A 8.4(2020), 32GB, Verizon
Thermometer  TaiDoc Clever TD-1242BT Forehead Thermometer

Pulse oximeter

Nonin 3230 111309-001

Scale

AnD UC-352BLE-V Scale

Blood pressure
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FIG A1. Sample of the user interface for the remote patient monitoring online platform.
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