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Abstract

Objective: The expanding power and accessibility of personal technology pro-
vide an opportunity to reduce burdens and costs of traditional clinical site-cen-
tric therapeutic trials in Parkinson’s disease and generate novel insights. The
value of this approach has never been more evident than during the current
COVID-19 pandemic. We sought to (1) establish and implement the infrastruc-
ture for longitudinal, virtual follow-up of clinical trial participants, (2) compare
changes in smartphone-based assessments, online patient-reported outcomes,
and remote expert assessments, and (3) explore novel digital markers of Parkin-
son’s disease disability and progression. Methods: Participants from two
recently completed phase III clinical trials of inosine and isradipine enrolled in
Assessing Tele-Health Outcomes in Multiyear Extensions of Parkinson’s Disease
trials (AT-HOME PD), a two-year virtual cohort study. After providing elec-
tronic informed consent, individuals complete annual video visits with a move-
ment disorder specialist, smartphone-based assessments of motor function and
socialization, and patient-reported outcomes online. Results: From the two
clinical trials, 226 individuals from 42 states in the United States and Canada
enrolled. Of these, 181 (80%) have successfully downloaded the study’s smart-
phone application and 161 (71%) have completed patient-reported outcomes
on the online platform. Interpretation: It is feasible to conduct a large-scale,
international virtual observational study following the completion of participa-
tion in brick-and-mortar clinical trials in Parkinson’s disease. This study, which
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AT-HOME PD Virtual Study Design

brings research to participants, will compare established clinical endpoints with
novel digital biomarkers and thereby inform the longitudinal follow-up of clini-
cal trial participants and design of future clinical trials.

Introduction

Parkinson’s disease (PD) is a progressive neurodegenera-
tive disorder that affects nearly one million Americans.'
Current treatment is symptomatic only; so far, there are
no therapeutics that slow the progression of this debilitat-
ing disease despite multiple trials. One reason is that ther-
apeutic development for long-term indications in PD is
limited by our current methods of measuring clinically
meaningful disease progression. According to the Tufts
Center for the Study of Drug Development, clinical trials
for central nervous system disorders—like PD—are larger,
longer, more expensive, and more likely to fail to demon-
strate efficacy than for other disorders.” In addition, clini-
cal trials are burdensome, routinely exclude large
numbers of individuals based on geographic or social fac-
tors, and rely on subjective, insensitive, and episodic rat-
ing scales that generate conflicting, false, and uncertain
signals of efficacy.””

New approaches to clinical drug development for PD
are needed.® Among these are virtual studies that bring
research opportunities to participants rather than partici-
pants to research. Such studies, which are often site-less
or conducted from a single site, can enroll participants
across large geographical areas, do so in relatively short
periods of time, and are well received by participants.” !
In addition, a new generation of digital tools—including
smartphones, wearable sensors, and passive in-home
monitors—allows frequent and objective assessments of
PD, capturing the lived experience in real-world set-
tings.'*'* A recent phase 1 clinical trial in PD demon-
strated the feasibility and potential benefits of such an
approach, including a more sensitive assessment of tre-
mor and measurement of important outcomes, such as
activity.”” The 21°' Century Cures Act, passed in 2016,
called for the use of real-world data, including that gener-
ated by patients in their home or from mobile devices, in
regulatory decision making.'® The law has led to multiple
FDA guidance documents on the use of real-world data
and real-world evidence.'®

The current COVID-19 pandemic, which has impacted
on-going and new in-person clinical PD research studies'’
highlights the need for such novel clinical research models
and tools. On-going PD research studies have faced chal-
lenges of how to dispense study drug, conduct safety and
efficacy assessments, and collect biological specimens. The
FDA has issued guidance recognizing that “ensuring the
safety of the clinical trial participant is paramount” and

that alternative methods for safety and efficacy assess-
ments, such as virtual visits, should be considered. Mean-
while, remote studies such as an NIH-funded, 250-person
observational study of LRRK2 carriers,'® the online 45,000
plus person Fox Insight study,” a completely home-based
NIH-funded randomized controlled PD trial (Trial of
Parkinson’s and Zoledronic Acid [TOPAZ];
NCT03924414),>' and the study described in this manu-
script have been able to continue research operations
seamlessly during the pandemic. These studies showcase
research methods that are currently or could be employed
in interventional studies.

In 2018, we launched a longitudinal virtual observa-
tional study in PD that enrolled participants from two
phase III clinical trials of isradipine (STEADY-PD III)
and inosine (SURE-PD3), ongoing at the time.”**’ The
study includes video visits with a movement disorder spe-
cialist, smartphone-based assessments at home (mPower
Progression study), and patient-reported outcomes col-
lected on an online platform (Fox Insight). The aims of
the study are (1) to establish and implement the infras-
tructure for longitudinal, remote follow-up of clinical trial
cohorts, (2) to compare changes in participant-driven
outcomes (e.g., smartphone-based assessments, web-based
surveys) and clinician-driven (e.g., remote video assess-
ments), and (3) to explore novel digital markers of PD
disability and progression. The objective of this paper is
to outline study methodology and provide guidance to
other investigators on how to launch and implement vir-
tual studies in PD especially in view of the COVID-19
pandemic.

Methods

The study methods are reported in concordance with the
STROBE statement.**

Study design

AT-HOME PD (Assessing Tele-Health Outcomes in
Multi-year Extensions of Parkinson’s Disease Trials) is a
24-month remote observational study of individuals who
participated in the recently completed phase three clinical
trials of isradipine (Efficacy of Isradipine in Early Parkin-
son Disease [STEADY-PD III]; NCT02168842)** and ino-
sine (Study of Urate Elevation in Parkinson’s Disease,
Phase 3 [SURE-PD3]; NCT02642393).> As shown in Fig-
ure 1, the virtual study has three principal components:
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(1) annual video visits between research participants and
a remotely located movement disorder specialist; (2)
quarterly smartphone-based assessments and passive data
collection using the mPower 2.0 Parkinson’s smartphone
application,” and (3) quarterly web-based surveys
through Fox Insight, an online clinical research study
sponsored by The Michael J. Fox Foundation for Parkin-
son’s Research (MJFF).*°

Study setting

The study is a collaboration of the lead centers for the
isradipine and inosine (Northwestern University and Mas-
sachusetts General Hospital, respectively) clinical trials,
coordinating center (University of Rochester), nonprofit
organizations supporting the smartphone and online
research platforms (Sage Bionetworks and MJFF, respec-
tively), and the Parkinson Study Group (PSG). The study
is funded by the National Institute of Neurological Disor-
ders and Stroke (NINDS, NCT 03538262). The virtual
visits are conducted by the study team at the University
of Rochester, a PSG-credentialed clinical site. The study

STEADY-PD llI

Phase 3 RCT of isradipine
N = 336
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was reviewed and approved by the institutional review
board at the University of Rochester.

Study participants

The key inclusion criteria were (a) current or past enroll-
ment in the STEADY-PD III or SURE-PD3 clinical trials
(participants had to have a diagnosis of early PD and not
be on dopaminergic therapy at the time of enrollment
into the parent studies, except that a monoamine oxi-
dase-B inhibitor was allowed at baseline in SURE-PD3);
the full eligibility criteria for respective studies have been
previously published,”*** (b) prior consent to be con-
tacted by the University of Rochester or direct contact
with the coordinating site by a potential participant, (c)
access to an internet-enabled device that would support
video visits, (d) existence of or willingness to create a
Global Unique Identifier, which enables linking of partici-
pant data across multiple studies, (e) willingness and abil-
ity to provide informed consent, and (f) English fluency.
Participation in video visits was required for all partici-
pants; participation in the smartphone and Fox Insight

SURE-PD3

Phase 3 RCT of inosine
N =298

AT-HOME PD

Virtual longitudinal
observational study
N = 226

Virtual Visits

Annual Quarterly
Clinical assessments

Patient surveys

Figure 1. Overview of AT-HOME PD Study.

Fox Insight

Patient surveys

Smartphone Sessions
Quarterly

Active motor tasks

Passive data collection
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components were strongly encouraged but not manda-
tory. Participants without a suitable web camera were
provided with an external web camera. For those choos-
ing to participate in the smartphone component, posses-
sion of a suitable smartphone (iOS or Android) with an
adequate data plan and cellular network access/signal or
Wi-Fi access was required. For racial and ethnic minori-
ties without the necessary technological resources, we
offered to reimburse the costs of standard internet access
and/or a smartphone/data plan. The sole exclusion crite-
rion was an inability to carry out study activities.

Study procedures and outcome measures

At the end of their respective studies, participants from
the phase three clinical trials of isradipine and inosine
who consented to be contacted for future research were
approached by AT-HOME PD study team members,
through a registry of the parent studies. Participants were
contacted via phone call, email, and/or mail regarding
participation in the follow-up study. Interested and eligi-
ble individuals were then emailed a link to an electronic
informed consent form in Research Electronic Data Cap-
ture (REDCap; Nashville, TN), a secure, web-based data
management system.

The last STEADY-PD III study visit occurred on
November 20, 2018, and the majority of STEADY-PD III
participants were approached after completing all study
activities. The last SURE-PD3 study visit occurred on
June 7, 2019, after a prespecified interim analysis demon-
strated futility for the primary outcome. While our inten-
tion was to enroll SURE-PD3 participants prior to their
final study visit to allow the validation of remote motor
assessments against in-person assessments, early study clo-
sure curtailed these efforts and shortened the anticipated
recruitment period for SURE-PD3 participants.

Video visits

The video visits are conducted from the University of
Rochester using secure video conferencing software from
Zoom (San Jose, CA). Participants complete the video visits
on a computer, tablet, or smartphone. After electronic con-
sent is obtained, participants complete a survey on technol-
ogy use in REDCap and a test video visit is conducted by a
study coordinator. During this visit, the participant’s
understanding of and ability to comply with the study
requirements is confirmed and demographic information is
obtained. Consenting participants are also invited to enroll
in the online Fox Insight study at this time.

Prior to the baseline video visit, participants complete
Parts IB and II of the Movement Disorder Society — Uni-
fied Parkinson Disease Rating Scale (MDS-UPDRS)

AT-HOME PD Virtual Study Design

relating to motor and nonmotor features of PD,*® a falls
assessment, and patient global impression (PGI) of symp-
tom severity in REDCap, as detailed in the schedule of
activities (Table 1). At the baseline video visit, a study
coordinator (EB, SD, TM) collects concomitant medica-
tions, administers the Montreal Cognitive Assessment
(MoCA),” and enrolls and orients participants to the
tasks in the mPower 2.0 smartphone app. Participants are
mailed or emailed the portions of the MoCA that require
a participant-written response in advance of the visit and
instructed not to complete the tasks prior to the video
visit. Responses are scored by asking participants to dis-
play their completed items to their web camera. A move-
ment-disorders trained neurologist (JA, KA, RS, CT) then
administers Parts IA, III, and IV of the MDS-UPDRS, the
Schwab & England Activities of Daily Living Scale
(SEADL),*® a falls assessment, and clinical global impres-
sion (CGI) of symptom severity.*’

Part III of the MDS-UPDRS is modified to exclude
assessments of rigidity and postural instability, which can-
not be performed remotely. The validity of the remote
assessment of Part III of the MDS-UPDRS has been
previously evaluated in two small studies,”® including a
sub-study of STEADY-PD III in which 38 participants
underwent remote assessment within 4 weeks of in-person
assessment with moderate correlation in scores.” All study
investigators are movement disorders-trained neurologists
who have completed MDS-UPDRS certification. Addition-
ally, before study initiation, the four investigators
conducting the video visits independently rated five video-
recorded remotely performed MDS-UPDRS part III motor
examinations. The estimated intra-class correlation for
inter-rater reliability was 0.65 and the videos were then
reviewed as a group to improve inter-rater reliability.

Similar outcome assessments are included in subse-
quent annual visits along with the addition of the clini-
cian and patient global impression of change.*® After each
video visit, participants are surveyed on their experience
(technical quality, comfort, and convenience) with the
video visits based on surveys developed from previous
studies.’>”” Data from each video visit are entered
directly into REDCap.

The study includes several features designed to main-
tain the safety of participants. Investigators and coordina-
tors are provided with a workflow for how to manage
medical issues that arise during a visit. Participant loca-
tion is collected during the visit so that we may contact
medical services in the event of a medical emergency.
Additionally, precautions are taken to minimize the risk
of falls during the performance of the MDS-UDPRS
motor examination. Specifically, participants are allowed
to defer assessment of standing and gait and, when appli-
cable, are asked to walk only with their assistive device.
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Table 1. AT-HOME PD Assessment Measures

Video Visits Previsit:

* MDS-UPDRS parts IB (Nonmotor Aspects
of Experiences of Daily Living) and Il
(Motor Aspects of Experiences of Daily
Living)

* PGl of change and severity

¢ Self-reported falls

During Visit:

* MDS-UPDRS parts IA (Nonmotor Aspects
of Experiences of Daily Living), Il (Motor
Examination) performed in the usual ON
state, and IV (Motor Complications)

* MoCA

* SEADL

* CGlI of change and severity

* Determination of falls assessment

Post Visit:
* Preference and burden survey

mPower 2.0 Quarterly Motor Tasks:
Smartphone App * Finger tapping task - 30 seconds of rapid

finger tapping in each hand

* Resting tremor task - 30 seconds of hold-
ing the phone in each hand

* Gait task - 30 seconds of walking

* Balance task - 30 seconds of standing
still

Continuous Passive Monitoring:

* Location services on phone to capture
movement patterns

* Accelerometer gyroscope to capture
walking patterns

* Pedometer to capture the number of
steps taken

Fox Insight Quarterly Surveys:

® Parkinson’s Disease Questionnaire-8
(PDQ-8)

* Nonmotor Symptoms Questionnaire

(NMS-QUEST)

Bi-Annual Surveys:

¢ MDS-UPDRS part I

* Your Cognition and Daily Activities
(PDAQ-15)

® Euroqgol Five (EQ-5D)

* Parkinson’s Disease-Patient Report of
Problems (PD-PROP)

Annual Surveys:

® Physical Activity Scale for the Elderly
(PASE)

* Geriatric Depression Scale (GDS-15)

PD smartphone application (mPower 2.0)

Consented participants enroll in the mPower Progression
study, a remote study tracking the progression of PD

R. B. Schneider et al.

using the mPower 2.0 smartphone application. The first
version of the application was used by over 19,000 indi-
viduals with and without PD; the results of which have
been previously published.>*® The application includes
active tasks of motor function (finger tapping, rest tre-
mor, gait and balance assessed using embedded sensors in
the smartphone) and optional passive monitoring (dis-
placement tracking to capture a participant’s lifespace™
(i.e., their mobility patterns) and accelerometer and gyro-
scope readings to measure gait during daily living)
(Table 1).

AT-HOME PD uses a burst design in which partici-
pants are asked to complete assessments in mPower 2.0
for 14 days every quarter (four times annually) for the
duration of the 24-month study. During each 14-day ses-
sion, participants are asked to complete a full set of
motor tasks on at least 10/14 days. Given the presence of
diurnal fluctuation in task performance and changes in
response to levodopa,*® participants are asked to consis-
tently complete the assessments either in the morning or
the afternoon and to record the timing of their PD medi-
cation intake. To ensure that passive data collection is
reflective of day-to-day life, participants are not given any
instructions on when or how to carry their smartphone.
Participants also complete a full set of the motor tasks
during each video visit.

Fox Insight

Fox Insight is a prospective, online participant completed
observational research study that aims to better under-
stand experiences of daily living with PD.*' Over 45,000
individuals with and without PD have already enrolled in
this study and enrollment is ongoing.*” AT-HOME PD
participants are asked to enroll in Fox Insight and com-
plete web-based surveys on a regular basis. The Nonmo-
tor Symptoms Questionnaire and Parkinson’s Disease
Questionnaire-8 are completed quarterly. Part II of the
MDS-UPDRS, Physical Activity Scale for the Elderly, The
Penn Parkinson’s Daily Activities Questionnaire-15, Geri-
atric Depression Scale-15, and PD-Patient Report of
Problems (which captures verbatim free-text narratives
about bothersome problems and their effect on daily
functioning),” among others are completed on a less fre-
quent basis (Table 1).

Data management

Data collected through video visits, mPower, and Fox
Insight are deposited and aggregated in Synapse, which is
a Sage Bionetworks-maintained cloud-based data manage-
ment and research collaboration platform (https://www.
synapse.org/). AT-HOME PD data will be transferred to
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the Parkinson’s Disease Biomarkers Program (PDBP)
Data Management Resource (DMR) (https://pdbp.ninds.
nih.gov/) on an on-going basis and ultimately merged
with data from the parent clinical trials of isradipine and
inosine. These studies of isradipine and inosine included
deep phenotypic characterization, collection of DNA (for
now completed whole-genome sequencing [https://amp-
pd.org/whole-genome-data]) and other biological mark-
ers, and dopamine transporter imaging in a subset of par-
ticipants, all of which will become part of NINDS” PDBP.

Sub-study

An initial objective was to evaluate the accuracy of the
calibrated remote MDS-UPDRS motor scores against in-
person MDS-UPDRS motor scores collected during the
last SURE-PD3 study visit (ideally conducted within
28 days of the video visit). However, due to the early clo-
sure of SURE-PD3, only 24 AT-HOME PD baseline visits
occurred within 28 days of the last SURE-PD3 study visit.
In order to meet this objective and also validate the
remote assessment of the MoCA, we have initiated a sub-
study. For this sub-study, we aim to recruit 50 PD partic-
ipants from an on-going, NINDS-funded, University of
Rochester study (Sensor Use to monitor Progression and
Evaluate Symptoms Remotely in Parkinson’s Disease
[SUPER-PD])** that is examining four different technolo-
gies (including mPower 2.0) for the assessment of PD dis-
ability and progression. Sub-study participants are asked
to complete a single video visit within 14 days of an in-
person study visit and permit the sharing of data from
their in-person study visit with the AT-HOME PD study
team. During this video visit, a study coordinator admin-
isters the MoCA and an investigator administers the
MDS-UPDRS motor examination.

Statistical analysis

The statistical analysis for the study is focused on (1)
establishing the concordance between in-person and
video-based clinical assessments, (2) comparing video-
based assessments and smartphone-based assessments
including the ability to distinguish subgroups with differ-
ing prognoses and predict key clinical events, and (3)
determining feasibility.

Analysis will include the use of Lin’s concordance cor-
relation coefficient, pc,45 to evaluate the accuracy of the
calibrated video visit estimates against assessments col-
lected from the last in-person study visit (either in SURE-
PD3 or SUPER-PD). The accuracy of the remote assess-
ment will be accepted as sufficient if p> 0.8. If we
observe insufficient concordance, we will investigate the
contributions of bias, scale difference, and imprecision.

AT-HOME PD Virtual Study Design

Additional analyses include the assessment of the cali-
bration and correlation between the video visits and
smartphone assessments both cross-sectionally and longi-
tudinally. Analyses will generate smartphone-derived met-
rics that best match composite scores of motor (e.g.,
MDS-UPDRS part III) and global function (e.g., CGI,
PGI, and SEADL). These measures are derived from
machine learning models trained on data from other
studies where MDS-UPDRS has been collected in the
clinic and mPower assessments were completed in clinic
and at home. The accuracy of these measures will be eval-
uated using Lin’s concordance correlation coefficient, p..
If insufficient concordance is observed, we will investigate
contributions of bias, scale difference, and imprecision.

Direct comparison between video visit and smart-
phone-based measures of disease progression generally, as
predictors of future clinical events (e.g., dropping below
80% on the modified SEADL and experiencing a fall),
and between groups of participants with different antici-
pated rates of progression will be performed. Completion
rates of patient-reported outcomes collected during video
visits and those collected online through Fox Insight will
be compared by mixed effect logistic regression with par-
ticipant-specific and participant by form random effects.
Concordance between patient-reported outcomes assessed
during video visits versus those obtained online through
Fox Insight will be estimated using Lin’s concordance
correlation coefficient.

Power calculations

With approximately 75 participants contributing data to
the comparison of in-person versus video-based assess-
ments and approximately 225 participants contributing
data to the comparisons of video-based versus smart-
phone assessments, the study will have 80% power to
declare a given measure sufficiently accurate (p>> 0.80 at
alpha = 0.05) if the true concordance is at least 0.88 or
0.85, respectively.

Results

The NIH issued the notice of award on June 26, 2018,
and the study was approved by the University of Roche-
ster’s institutional review board on September 18, 2018.
From October 2, 2018, to December 6, 2019, 226 enrolled
in the study from 42 United States and 1 Canadian pro-
vince (Figures 2 and 3). Of these, 123 (54%) came from
STEADY-PD III and 103 (46%) from SURE-PD3. We
enrolled 36% of the initial 634 clinical trial participants
and 45% of the potentially eligible 504 clinical trial par-
ticipants, those who consented to be contacted for future
research and whose participation was not prematurely
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I

[ STEADY-PDIII ]
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SURE-PD3

(n = 298)

Early Declined Future Early Declined Future
Termination/Other Research Termination/Other Research
(n=23) (n=52) (n=25) (n=30)

Potential participants in
AT-HOME PD
(n =261)

Potential participants in

AT-HOME PD
(n = 243)

Total potential
AT-HOME PD
participants
(n = 504)

Excluded (n = 156)
Unable to contact (n = 116)
-STEADY-PDIII (n = 59)

[ AT-HOME PD ENROLLMENT ]

Assessed for eligibility (n = 348)
STEADY-PDIII (n = 186)
SURE-PD3 (n = 162)

> -SURE-PD3 (n = 57)

Expressed interest, lost to follow-up (n = 40)
-STEADY-PDIII (n = 18)
-SURE-PD3 (n = 22)

Excluded (n = 108)
Ineligible (n = 9)
-STEADY-PDIII (n = 4)

Consented (n = 240)

STEADY-PDIII (n = 132)
SURE-PD3 (n = 108)

v

-SURE-PD3 (n = 5)
Declined to participate (n = 99)

-STEADY-PDIII (n = 50)

-SURE-PD3 (n = 49)

Excluded (n = 14)
Declined to participate (n = 7)
-STEADY-PDIII (n = 3)

Enrolled* (n = 226)
STEADY-PDIII (n = 124)
SURE-PD3 (n = 102)

Figure 2. CONSORT flow diagram of participants in AT-HOME PD.

concluded. Fifty-four of the 56 STEADY-PD III and 50 of
the 54 SURE-PD3 clinical trial sites are represented.

We were unable to contact 116/504 potentially eligible
participants. Of those whom we were able to contact but
did not enroll, 40 expressed initial interest but were
unable to be reached for prescreening, nine were ineligi-
ble, and 99 declined participation. Of the nine ineligible
individuals, three were deceased, two had dopamine

314

v

-SURE-PD3 (n = 4)
Lost-to-follow up (n =7)

-STEADY-PDIII (n = 6)

-SURE-PD3 (n = 1)

*Defined by completion of baseline visit

transporter scans inconsistent with PD, two had no access
to internet or devices necessary for participation, one did
not speak English, and one had withdrawn from the par-
ent study. The most frequent reasons for declining study
participation (individuals could cite multiple) were (1)
lack of interest in on-going research participation
(n =57), (2) too busy (n = 25), (3) lack of comfort with
the required technology (n = 18), (4) concerns regarding
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P

Figure 3. Location of participants in AT-HOME PD.

the study’s time requirements (n = 9), and (5) desire to
participate in an interventional drug trial (n = 5).

Of the 226 who enrolled, 132 (59%) enrolled in both
the mPower Progression and Fox Insight studies; an addi-
tional 49 (22%) enrolled in mPower only and 29 (13%)
in Fox Insight only. Of the participants who enrolled in
mPower, 46 used Android devices and 143 iOS devices
with some users contributing data from multiple devices.
6066 smartphone-completed motor assessments and 3,992
patient-reported surveys were collected within 30 days of
the baseline visit across 79% of enrollees. To date, 79
(43%) of smartphone participants have opted into passive
data collection. Passive data collection did not become
available until July 3, 2019, and is currently only available
on i0S. As of July 7, 2020, 191 individuals have com-
pleted their month 12 visit, for a retention rate of 88%.

As of March 9, 2020, five individuals have enrolled in
the sub-study and completed the single required study
visit. Enrollment in the sub-study was temporarily halted
as in-person visits for the parent observational study were
stopped due to the COVID-19 pandemic but resumed as
of July 2020.

Discussion

AT-HOME PD evaluates the feasibility and utility of
remote video visits and smartphone-based assessments as

AT-HOME PD Virtual Study Design

Number of participants
(n=226)

£5
6-10

11-15
215

Note: 6 additional participants in
Toronto, Canada not shown in map

digital measures of PD progression in a long-term study.
Pairing the phenotypic characterization and biological
data obtained in the parent studies with long-term remote
digital assessments will add new dimensions to the char-
acterization of disease progression.

AT-HOME PD also addresses fundamental shortcom-
ings in current clinical research for PD. First, the study
brings research to participants instead of participants to
research. Travel to research sites by individuals with PD
may be limited by time, cost, work, and family commit-
ments early in the disease, and is increasingly constrained
by declining mobility, loss of driving ability, and/or grow-
ing caregiver burden as the disease progresses.***® Most
current studies only add to this burden,*” particularly in
trials of treatments to slow the progression of PD, which
often require participants to travel to clinical sites every
few months for years. Beyond disruptive inconvenience to
participants, which can dissuade enrollment and distort
outcomes, patients and clinicians are newly sensitized to
health risks of nonessential, including research, travel by
the COVID-19 pandemic.”® Although telephone calls have
long been used as remote assessments in PD trials, these
have typically been employed in between in-person visits
to monitor safety and medications rather than parkinso-
nian features and efficacy. Virtual visits, in contrast,
enable the direct assessment of parkinsonian features and
meaningful measurement of disease progression.
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Second, the study enables the collection of frequent,
objective data in real-world home settings. Symptom fluc-
tuations are inherent to PD, yet most studies rely on
infrequent assessments at arbitrary times in artificial envi-
ronments to assess the efficacy of interventions. Such a
reliance, coupled with insensitive, subjective measures,
increases the likelihood of missing a therapeutic benefit of
a drug or device when one is present. Moreover, digital
tools can continue to be used to collect data throughout
major events, such as pandemics, that otherwise disrupt
research and may offer novel and real-time insights into
the effect of such events on patients. Smartphone studies
to date have focused on distinguishing healthy controls
from PD participants®>>* and establishing acceptable cor-
relation between smartphone measures and traditional in-
clinic motor assessments.”>>> However, validation against
“gold standard” clinical outcome measures may not be
the ideal approach if digital biomarkers are in fact better
measures of disease progression, more sensitive to change,
or capture novel features of disease progression or disabil-
ity.?® Few studies have examined a longitudinal change in
smartphone measures (which are limited by a substantial
drop-off in participation over time).”” By following par-
ticipants longitudinally, data from AT-HOME PD will
allow us to objectively compare the accuracy of smart-
phone-generated measures versus in-person and video-
based assessments to detect a relevant functional change
and to predict meaningful clinical events.

Consistent with previous virtual studies in PD, early
results from the on-going AT-HOME PD study have
demonstrated the feasibility of remote assessments, the
potential for wide geographic participation from a central
site, and a high level of satisfaction with this emerging
research model.'®'! Here, we added a virtual observa-
tional study to the end of a clinical trial. Such a research
model could also be used, for example, to assess the long-
term safety and efficacy of pharmacological, behavioral or
surgical therapies in real-world settings. Additional
approaches might use virtual studies to assess the natural
history of a disease or a genetically defined sub-popula-
tion in advance of a clinical trial. Some interventional
clinical trials have been conducted entirely remotely, a
practice that has just begun in PD.*"*®%

It is certainly plausible that virtual studies will become
a framework for pragmatic long duration interventional
or phase IV studies. Trials with lower-risk interventions
(e.g., exercise) and those with one-time or infrequent
interventions may be more amenable to a virtual frame-
work. In the near term, a hybrid approach with a combi-
nation of in-clinic visits (for biological sample collection),
in-home visits (for blood collection and assessment of
vital signs), and virtual visits (for additional safety and
efficacy assessments) seems most attainable. However,
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more work is needed to adopt virtual designs for inter-
ventional studies. Valid concerns exist regarding the inter-
pretation of within-subject changes in MDS-UPDRS
motor assessments when using a combination of modified
virtual MDS-UPDRS and in-person MDS-UPDRS motor
assessments.”” These concerns highlight the need for addi-
tional validation studies, such as this one, and for the
development of an analytical approach that enables the
interpretation of a mix of in-person and virtual assess-
ments.

This study had significant recruitment challenges and
limitations resulting in lower than targeted enrollment.
With a sample size of 226 participants, approximately 75
participants will contribute to validation tests and this
will provide 80% power to declare a given smartphone
measure sufficiently accurate if the true concordance is at
least 0.85. Some of these challenges are related to the
manner in which the study was implemented. The virtual
study was added late in the conduct of both phase 3 clini-
cal trials posing logistical and operational challenges for
research sites and research participants. Participant disap-
pointment over the negative primary results of both par-
ent trials likely lessened enthusiasm for enrollment in an
extension study. These challenges were likely exacerbated
by the premature termination of the inosine clinical trial
due to futility, accelerating the planned time frame for
transitioning research participants into the virtual study.
As a result, few participants completed video assessments
in close temporal proximity to in-person assessments and
our ability to assess correlations between in-person and
video assessments was limited. To enable much needed
validation of the MDS-UPDRS motor examination and
MoCA, we are enrolling a cohort of approximately 50
individuals from an on-going observational study of digi-
tal tools for the assessment of PD who will complete a
single video-based visit.

Virtual studies have challenges of their own. In this
study, we relied on study participants to provide their
own smartphones, the hardware, and software of which
are variable. Some other studies have shied away from the
“bring your own device” approach, and for clinical trials
where the device is likely to contribute important out-
come measures, providing all participants with a device
may be advantageous. Similarly, relying on individuals to
have their own device may further encourage a digital
divide—the differential access to technologies based on
socio-economic, geographic, broadband access, or other
factors.®’ In this study, we offered to cover the cost of
internet access and a data plan for racial and ethnic
minorities and received a single request, which was ulti-
mately withdrawn. Additionally, the study team provided
a web camera to 14 individuals to facilitate study partici-
pation. Nonetheless, the digital divide is real, and while
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virtual studies may overcome geographic barriers to par-
ticipation, social barriers may remain more challenging.
Expansion of broadband internet access is critical and
urgently needed.

In the setting of the ongoing COVID-19 pandemic,
more work is urgently needed to validate virtual assess-
ments, develop meaningful digital measures, and expand
access to research participation in PD and other diseases.
We are committed to facilitating this work and have
made our protocol and model consent form available to
researchers (https://www.athomepd.org/professionals).

In conclusion, AT-HOME PD represents advancement
in the conduct of PD research studies. Despite challenges
with implementation and recruitment, the study has
enrolled over 200 participants throughout the United
States and Canada from two recently completed clinical
trials. The study will inform longitudinal follow-up of
these two clinical trial cohorts as well as the feasibility,
validity and comparative value of remote assessments,
digital measures, and patient-reported outcomes in an
entirely virtual study. Ideally, learnings from this study
will enable broad and large-scale research participation in
studies and trials that are participant-centric and acceler-
ate the development of much needed novel therapies for
a common and disabling condition.
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