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Abstract.
Background: PRESENCE was a Phase 2 trial assessing mevidalen for symptomatic treatment of Lewy body dementia
(LBD). Participants received daily doses (10, 30, or 75 mg) of mevidalen (LY3154207) or placebo for 12 weeks.
Objective: To evaluate if frequent cognitive and motor tests using an iPad app and wrist-worn actigraphy to track activity
and sleep could detect mevidalen treatment effects in LBD.
Methods: Of 340 participants enrolled in PRESENCE, 238 wore actigraphy for three 2-week periods: pre-, during, and
post-intervention. A subset of participants (n = 160) enrolled in a sub-study using an iPad trial app with 3 tests: digital symbol
substitution (DSST), spatial working memory (SWM), and finger-tapping. Compliance was defined as daily test completion
or watch-wearing ≥23 h/day. Change from baseline to week 12 (app) or week 8 (actigraphy) was used to assess treatment
effects using Mixed Model Repeated Measures analysis. Pearson correlations between sensor-derived features and clinical
endpoints were assessed.
Results: Actigraphy and trial app compliance was > 90% and > 60%, respectively. At baseline, daytime sleep positively
correlated with Epworth Sleepiness Scale score (p < 0.01). Physical activity correlated with improvement on Movement
Disorder Society – Unified Parkinson Disease Rating Scale (MDS-UPDRS) part II (p < 0.001). Better scores of DSST and
SWM correlated with lower Alzheimer Disease Assessment Scale – Cognitive 13-Item Scale (ADAS-Cog13) (p < 0.001).
Mevidalen treatment (30 mg) improved SWM (p < 0.01), while dose-dependent decreases in daytime sleep (10 mg: p < 0.01,
30 mg: p < 0.05, 75 mg: p < 0.001), and an increase in walking minutes (75 mg dose: p < 0.001) were observed, returning to
baseline post-intervention.
Conclusion: Devices used in the LBD population achieved adequate compliance and digital metrics detected statistically
significant treatment effects.
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INTRODUCTION

Lewy body dementia (LBD), which encom-
passes both Parkinson’s disease dementia (PDD)
and dementia with Lewy bodies (DLB), is a neu-
rodegenerative disorder that predominantly affects
dopaminergic and cholinergic neurons [1, 2]. The for-
mation and propagation of Lewy bodies accompanied
by progressive neurodegeneration lead to an over-
lap of motor and cognitive impairments in LBD and
a resultant range of symptoms, including dementia,
parkinsonism, and behavioral and sleep disturbances
[2–4]. Given the multifaceted nature of LBD, it is a
challenging disease to manage therapeutically, and
balancing symptomatic efficacy can often lead to
worsening of other symptoms or an increased burden
of side effects [5–7].

Utilizing wearable sensors or applications to assess
motor function, cognition, and behavior opens the
possibility of including these to develop digital
biomarkers and apply them in both clinical trial
and community settings. These devices have shown
great promise in discriminating individuals with
Parkinson’s disease (PD) from healthy controls and
measuring PD symptom severity [8] as well as
discriminating between healthy individuals and indi-
viduals at risk of progressing to dementia within 3
years [9]. Within clinical trials, digital devices allow
for continuous and objective data monitoring for sev-
eral weeks or months at a time, and once validated
could potentially alleviate reliance on clinical scales
or questionnaires that depend on a patient’s ability
to recall information or complete diaries [10, 11].
In addition, digital devices may be less disruptive
to a patient’s lifestyle or normal behavior than tra-
ditional clinical visits, less influenced by “white coat
syndrome”, and, with adequate compliance, allow for
long-term symptom monitoring or treatment tracking
in patients’ natural environments [12, 13].

Mevidalen (LY3154207) is a selective D1 recep-
tor positive allosteric modulator (D1PAM) which
enhances the affinity of the D1 receptor for endoge-
nous and exogenous dopamine thereby amplifying
its response to dopamine [14, 15]. Because of its
novel mechanism, mevidalen has the potential to
improve cognitive performance by enhancing frontal
dopaminergic neurotransmission, activating corti-
cal neurons, and enhancing synaptic plasticity and
D1-mediated enhanced acetylcholine release and is
hypothesized to also improve motor function and
daytime sleepiness [15, 16]. Mevidalen was recently
assessed in a Phase 2 randomized, placebo-controlled

trial (PRESENCE; NCT03305809) designed to test
the safety and efficacy of mevidalen in patients with
mild-to-moderate LBD. In PRESENCE, mevidalen
did not meet its primary endpoint of improvement
in cognition measured by change in the Conti-
nuity of Attention (CoA) composite score of the
Cognitive Drug Research Computerized Cognition
Battery (CDR-CCB) from baseline to Week 12;
however, it did produce robust global improve-
ment as measured by the Alzheimer’s Disease
Cooperative Study-Clinical Global Impression of
Change (ADCS-CGIC) [17]. Mevidalen treatment
also resulted in statistically significant and clinically
meaningful benefits in motor function on top of stable
treatment while improving or not worsening non-
motor complications commonly reported in current
therapies [17].

In the PRESENCE trial, which assessed the impact
of mevidalen for the symptomatic treatment of LBD,
participants were asked to wear an actigraphy watch
and were also invited to partake in a sub-study
using an iPad trial app. This work aimed to evaluate
whether the wrist-worn actigraphy watch for continu-
ous activity and sleep tracking and frequent cognitive
digital symbol substitution (DSST), spatial working
memory (SWM), and finger tapping tests using the
iPad app could detect mevidalen treatment effects in
patients with mild-to-moderate dementia due to LBD.

METHODS

Patient population and trial design

PRESENCE (NCT03305809: ClinicalTrials.gov)
was a Phase 2, multicenter, randomized, double-
blind, parallel-group, placebo-controlled, 12-week
clinical trial assessing mevidalen (LY3154207) for
symptomatic treatment of LBD (PDD and DLB).
Participants (n = 344) were randomized 1:1:1:1 to
receive daily doses (10, 30, or 75 mg) of mevidalen
or placebo. Digital devices were used in a subpopula-
tion (all US-based and English-speaking participants
(n = 238) for actigraphy and as an optional sub-study
for US-based participants (n = 160) for the iPad app)
to evaluate the cognitive, motor, activity, and sleep
effects of mevidalen. The trial design can be visual-
ized in Fig. 1. The study included a Screening Period
of 7 to 14 days (Visit 1–2), a Pre-intervention Period
of ≥11 days and ≤17 days (Visit 2–3), a 12-week
Intervention Period (Visits 3–11), and a 14-day Safety
Follow-up period that included a 2-week follow-up
visit (Visit 801). Actigraphy participants wore the
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Fig. 1. Schematic showing the PRESENCE trial period and the use of digital devices. Wk, week.

actigraphy devices continuously for three separate 2-
week periods: pre-intervention, during intervention,
post- intervention. iPad trial app participants per-
formed 2 out of 3 tests (DSST, SWM, and finger
tapping) on an alternating basis twice daily during
pre- and post- intervention, and once daily during
intervention.

The main inclusion/exclusion criteria have been
described in full elsewhere [17]. Enrolled participants
were aged 40 to 85 years (inclusive) with dementia,
as defined by a decline in cognitive function and with
a Montreal Cognitive Assessment (MoCA) score of
10–23 (inclusive) [18]. Enrolled participants met the
diagnostic criteria for PD [19] or DLB [20] with cat-
egorized Modified Hoehn and Yahr Stages 0–4 [21].

Oversight

The trial was conducted at 69 sites in the US
including Puerto Rico, and Canada. The trial received
approval from the relevant ethics committees and
participants provided written informed consent for
trial participation. The trial was conducted follow-
ing the Declaration of Helsinki and the Council
for International Organizations of Medical Sciences
International Ethical Guidelines. The sponsor held
regularly scheduled trial-level safety reviews on
blinded data. An internal assessment committee
(IAC) held unblinded safety data reviews to ensure
the continuing safety of enrolled participants.

Digital biomarkers

Actigraphy
The actigraphy device (AX3-axivity device:

https://axivity.com/product/ax3), uses an accelerom-
eter to measure activity and, similar to a watch, was
placed on the non-dominant wrist of eligible partic-
ipants (US-based and English-speaking) at specified
visits for a 2-week period until the subsequent clinic
visits to allow continuous tracking of sleep and activ-
ity during these periods. As shown in Fig. 1, the
site provided the device to participants at Visits 2, 8,

and 11, consistent with pre-intervention (baseline),
during intervention (steady-state), post-intervention
(off-drug) time points; following 14 days of wear-
ing the device, participants returned it to the site at
the regularly scheduled visit. Daytime walking [22]
was the primary endpoint for physical activity test-
ing for treatment effect using bi-weekly data points.
Activity was measured at a sampling rate of 50 Hz,
and raw trial axial acceleration signal was converted
using ENMOtrunc (Euclidean norm minus one trun-
cated to zero) approach to average acceleration (in
milligravity) [23] and aggregated for hourly and daily
outcomes. Daytime sleep was pre-specified as the pri-
mary measure for sleep. Sleep was measured by using
an actigraphy-based algorithm to measure inactivity
as a function of sleep [24, 25]. The feasibility of using
actigraphy to evaluate the effects of mevidalen on
various sleep parameters and daytime activity was
explored.

iPad Trial app
An iPad configured with the Lilly Trial applica-

tion (Lilly Trial app) was provided to participants
who consented to this sub-study, who were prompted
to complete twice-daily assessments starting the day
following Visit 2 for 2 weeks (until Visit 3), once
daily throughout the dosing period (Visit 3 until Visit
11), and twice-daily for 2 weeks after the conclu-
sion of the intervention period (until Visit 801) as
shown in Fig. 1. The purposes of the Lilly Trial app
were to assess the feasibility of frequently conducting
cognitive and motor function tests under real-world
conditions without supervision and to measure the
effect of mevidalen on the motor and cognitive out-
comes in a subset of participants. The app used a
series of tests that triggered iPad sensors to collect
timestamped data from the participants. These tests
included digital symbol substitution (DSST), spatial
working memory (SWM) [26], and finger-tapping
tests [8]. DSST measures a participant’s ability to
shift attention quickly and precisely from one loca-
tion to another, as well as measuring motor skill.

https://axivity.com/product/ax3
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In this test, participants were asked to match symbols
to their corresponding digits. Nine pairs of digit-
symbols were presented on the top of the screen
for reference, and at the center of the screen, a set
of numbers and blank boxes are presented. Partici-
pants were given 60 s to pair as many symbols to
corresponding digits as possible by dragging a sym-
bol from a pool at the bottom of the screen into the
blank box. The primary performance measure was
the number of correct substitutions or pairings made
within the time limit. SWM measures a participant’s
ability to hold information about an object’s loca-
tion in short-term memory [27]. Participants viewed
brief displays containing two or three dots and were
asked to remember the locations of the dots. After
a short delay, a probe appeared at one location on
the screen and participants were asked to determine
whether or not the probe appeared at the location of
one of the dots presented previously. Both accuracy
and reaction time were recorded. Overall accuracy
was the primary measure of performance. Finger tap-
ping was used as a digital test of hand dexterity, where
a person was instructed to alternately tap two but-
tons on a smart device screen using the index and
middle fingers. The test recorded the coordinates and
timestamp of each tap, and the total number of taps
(pre-specified as the primary measure for tapping)
and inter tap interval were computed to assess speed,
strength and consistency during the test [28].

Compliance
To assess the feasibility of using digital measure-

ments in a patient population, adequate adherence to
the use of the app and/or wearing of devices to assess
digital measures was examined. Here, compliance for
the app was defined as daily test completion versus
required 4 daily tests (two sessions with two tests
per session) in pre- and post- intervention, and two
daily tests (one session with two tests) during inter-
vention. Compliance for actigraphy was defined as
watch-wearing ≥23 h/day.

Clinical measurements

A full description of clinical assessments emp-
loyed in PRESENCE has been described in detail
elsewhere [17]. Those relevant to the analysis in the
digital biomarkers sub-study are described below.

Cognition
To assess the effect of mevidalen on cognition,

the 13-item Alzheimer’s Disease Assessment Scale-
Cognitive subscale (ADAS-Cog13) score was used.

The ADAS-Cog13 is composed of the original
11-item ADAS-Cog, which measures memory, lan-
guage, and praxis but additionally includes Delayed
Recall (episodic memory) and Number Cancellation
(attention) items [29]. A higher ADAS-Cog13 score
indicates greater cognitive impairment.

Motor
The effect of mevidalen on PD severity was evalu-

ated using the Movement Disorder Society–owned
rating scales - Unified Parkinson Disease Rating
Scale (MDS-UPDRS) [30]. The scale is composed of
four parts: MDS-UPDRS Part I (non-motor aspects
of experiences of daily living), Part II (motor aspects
of experience of daily living), Part III (motor exam-
ination), and Part IV (motor complications). The
MDS-UPDRS total score is a sum of Parts I, II,
and III. A higher score indicates greater severity or
impairment.

Sleep
The effect of mevidalen on daytime sleepiness was

evaluated using the Epworth Sleepiness Scale (ESS),
a widely used scale as a subjective measure of a par-
ticipant’s sleepiness. Scores range from 0 to 24, with
scores ≥10 indicating excessive daytime sleepiness
[31].

Statistical analysis

Participants were randomized, in a blinded fash-
ion, to one of the four treatment arms (Placebo,
LY3154207 10 mg, LY3154207 30 mg, LY3154207
75 mg) at a 1:1:1:1 ratio using a minimization pro-
cedure described elsewhere [17]. Digital biomarker
compliance data were reported descriptively. An
exploratory objective of PRESENCE was to evaluate
the relationship of the digital biomarker endpoints
with other clinical endpoints in terms of treatment
effect. All analyses were conducted on the evaluable
patient population (EPP) that partook in the digital
biomarkers sub-study. The EPP included all data from
all randomized participants who received at least one
dose of study drug, had the baseline efficacy assess-
ment, had at least one post-dose efficacy assessment,
and partook in digital assessments. Data from digi-
tal biomarkers (iPad Trial app and actigraphy watch)
were aggregated per treatment period, and change
from baseline to week 12 (app) or week 8 (actigraphy)
on prespecified endpoints of DSST, SWM, finger
tapping, and actigraphy-measured activity and sleep
were used to assess treatment effects using Mixed
Model Repeated Measures analysis with treatment,
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Table 1
Baseline demographics and characteristics of participants at baseline

Actigraphy Placebo 10 mg 30 mg 75 mg Overall
(N = 63) LY3154207 LY3154207 LY3154207 p

(N = 64) (N = 59) (N = 52)

Male, % 81.0 86.9 86.2 82.7 0.783
Age 73.2 (7.1) 72.7 (6.9) 72.4 (6.7) 73.4 (4.3) 0.837
AChEI use, % 47.6 42.6 53.5 50.0 0.693
Daytime sleep (min) 85.3 (20.5) 88.4 (58.0) 104.7 (63.5) 88.7 (51.7) 0.232
Nighttime sleep (h) 7.0 (1.2) 7.1 (1.3) 7.4 (1.3) 7.0 (1.3) 0.292
Daytime walking (h) 0.9 (0.7) 0.9 (0.6) 0.8 (0.5) 1.0 (0.7) 0.525
Average acceleration (m-g) 18.1 (5.7) 18.5 (8.0) 17.7 (7.7) 18.0 (7.7) 0.942

Trial app Placebo 10 mg 30 mg 75 mg Overall
(N = 38) LY3154207 LY3154207 LY3154207 p

(N = 43) (N = 40) (N = 39)

Male, % 89.5 83.7 82.5 79.5 0.690
Age 71.3 (6.7) 73.0 (6.3) 71.6 (6.4) 73.0 (4.6) 0.475
AChEI use, % 50.0 37.2 47.5 43.6 0.676
DSST number correct 13.3 (9.3) 13.1 (10.9) 11.1 (9.3) 11.4 (9.7) 0.660
SWM number correct 15.0 (8.8) 15.1 (9.7) 12.6 (8.5) 15.3 (9.1) 0.521
Number of taps 110.7 (51.8) 120.9 (64.9) 115.7 (52.3) 118.4 (56.1) 0.900

All data presented as mean (SD) unless otherwise indicated. AChEI, acetylcholinesterase inhibitor; DSST, digital symbol substitution; h,
hours; m-g, milligravity; min, minutes; N, number of participants; SD, standard deviation; SWM, spatial working memory.

Fig. 2. Digital biomarker compliance. A) Actigraphy compliance during the intervention period. The number of compliant participants on
each day is shown within the bars. B) Overall iPad Trial app compliance including data by all participants, whereas compliance removing
data from participants who discontinued the study is shown in C).

time, and treatment-by-time interaction variables as
fixed effects, and baseline digital biomarkers, age and
acetylcholinesterase used as covariates. Time vari-
able was defined as a repeated effect within subject.
Pearson correlations between sensor-derived features
and clinical endpoints were assessed. The analysis of
these digital endpoints was not adjusted for multi-
plicity, given it was an exploratory objective in this
trial.

RESULTS

Trial population and baseline characteristics

In the parent PRESENCE trial, participants’
baseline demographics and clinical characteristics

were well-balanced and comparable across treat-
ment groups [17]. Here, participants’ baseline digital
endpoints were also similar with no statistically sig-
nificant difference between groups across measured
traits.

Compliance

During the intervention phase, overall actigraphy
compliance was > 90% (Fig. 2A). Similar actigraphy
compliance was also observed in the pre-intervention
and post-intervention phases (Supplementary Fig-
ure 1). Note that the reduction in compliance on
days 13 and 14 in the graph can be explained
by participants returning devices at different times.
Trial app compliance was > 60% among those who
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Fig. 3. Key actigraphy (A–C) and trial app (D–F) outcomes. A) Actigraphy measurements detected a dose-dependent reduction in daytime
sleep using the actigraphy watch during intervention (visit 9) returning to pre-intervention levels post-intervention. B) Nighttime sleep
showed minimal changes. iPad trial assessments were performed throughout the study. C) A mevidalen-induced increase in a daily activity
in walking minutes per day was observed during intervention (75 mg group). D) Mevidalen treatment showed minimal changes to DSST
performance. E) A mevidalen-induced increase (30 mg group) was observed in SWM. F) Minimal treatment effects were observed in the
finger tapping tests. Type 1 errors were not controlled for, and p-values were not adjusted. ∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001.

completed the study (Fig. 2C). There was a high rate
of completed tests throughout the study period with
a reduction toward the end of the study due to the
return of devices (Supplementary Figure 2).

Digital biomarkers detect mevidalen treatment
effects

Overall, treatment with mevidalen resulted in
a statistically significant reduction in actigraphy-
measured daytime sleep from baseline to week 8
compared to placebo (Fig. 3A. 10 mg: p < 0.01,

effect size = 0.24; 30 mg: p < 0.05, effect size = 0.23;
and 75 mg: p < 0.001, effect size = 0.39), without
having significant effects on night-time sleep in
the same period (Fig. 3B. 10 mg: p = 0.135, effect
size = 0.14; 30 mg: p = 0.902, effect size = 0.01; and
75 mg: p = 0.618, effect size = 0.05). Treatment with
75 mg mevidalen resulted in a statistically signifi-
cant increase in the walking minutes per day from
baseline to week 8 compared to placebo (Fig. 3C.
p < 0.001, effect size = 0.39); however, increase in the
walking minutes per day was not statistically signifi-
cant with 10 mg or 30 mg mevidalen (Fig. 3C. 10 mg:
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Fig. 4. Digital biomarkers such as actigraphy allow for continuous data capture. A) Daily sleep. Reduction in total daytime sleep every day at
all doses relative to placebo at steady state, with return to baseline post-intervention. B) Hourly sleep. Reduction in daytime sleep/inactivity
from 9am to 3pm at all doses relative to placebo. C) Daily activity. Increase in average acceleration (m-g) every day at all doses relative to
placebo at steady state, with return to baseline post-intervention. D) Hourly activity. Increase in average acceleration (m-g) from 9am to 7pm
at all doses relative to placebo. Night in this study was defined as 7pm to 9am. X-axis break in A) and C) indicates the several weeks between
intervention and post-intervention as per study schematic showing the PRESENCE trial period and the use of digital devices in Fig. 1.

p = 0.059, effect size = 0.17; and 30 mg: p = 0.282,
effect size = 0.10). With regard to the iPad trial app,
mevidalen treatment (10, 30, and 75 mg) did not
increase the number of correct responses in the DSST
(Fig. 3D. 10 mg: p = 0.694, effect size = 0.04; 30 mg:
p = 0.527, effect size = 0.07; and 75 mg: p = 1.000,
effect size = 0.00) or performance in the finger tap-
ping test (Fig. 3F. 10 mg: p = 0.326, effect size = 0.12;
30 mg: p = 0.808, effect size = 0.03; and 75 mg:
p = 0.690, effect size = 0.05) from baseline to week
12 compared to placebo. Treatment with 30 mg mev-
idalen statistically significantly increased SWM from
baseline to week 12 compared to placebo (Fig. 3E.
30 mg: p = 0.003, effect size = 0.35), but there were
no statistically significant changes with 10 mg or
75 mg mevidalen (Fig. 3E. 10 mg: p = 0.663, effect
size = 0.05; and 75 mg: p = 0.462, effect size = 0.08).

Digital biomarkers for continuous data capture

One potential advantage of utilizing digital
biomarkers such as actigraphy in a clinical trial is

that they offer continuous data monitoring and cap-
ture the period between study visits (actigraphy) or
the entire study period (iPad trial app) rather than
intermittent assessments at site visits. Continuous
data capture for actigraphy allowed for both daily and
hourly assessment of sleep and activity. A mevidalen-
induced reduction was detected in daytime sleep from
baseline throughout intervention as well as when
hourly actigraphy-measured sleep was shown over
a period of 24 h (when each actigraphy-measured
sleep day was averaged from the full on-treatment
period) (Fig. 4A and B, respectively). In the same
respect, mevidalen-induced increases in daytime
activity from baseline were observed throughout
the intervention as well as when hourly actigraphy-
measured activity was shown over a period of 24 h
(when each actigraphy-measured activity day was
averaged from the full on-treatment period) (Fig. 4C
and D, respectively). The mevidalen-induced changes
in daily daytime sleep (Fig. 4A) and daily daytime
activity (Fig. 4C) returned to baseline levels in the
post-intervention phase, whereas when plotting over



1998 J. Wang et al. / Evaluating the Use of Digital Biomarkers to Test Treatment Effects

a 24-h period, reduced daytime sleep (Fig. 4B) and
increased daytime activity (Fig. 4D) can each clearly
be observed in the treated groups beginning at 9am
until 4pm.

Correlation between digital and clinical
measures

Although digital biomarkers can detect treatment
effects of mevidalen on sleep, activity, and digital
cognitive assessments such as SWM, it is important to
relate these findings to clinical assessments obtained
at site visits in order to establish clinical relevancy of
digital biomarker both at baseline (Fig. 5) and change
from baseline (Supplementary Figure 3). At baseline,
actigraphy-measured daytime sleep positively corre-
lated with the ESS score (Fig. 5A, R = 0.19, p < 0.01),
whereas actigraphy-measured daytime activity cor-
related with lower (and, therefore, better) scores on
MDS-UPDRS Part II (Fig. 5B, R = –0.31, p < 0.001)
which assesses the motor experiences of daily liv-
ing. Better scores of SWM and DSST correlated
with lower (less cognitively impaired) scores on
the ADAS-Cog13 scale (Fig. 5C, SWM: R = –0.54,
p < 0.001; Fig. 5D, DSST: R = –0.52, p < 0.001).
Change from baseline correlations revealed a weak
but statistically significant relationship between
actigraphy-measured daytime sleep and the ESS
score (Supplementary Figure 3A, R = 0.2, p = 0.018),
but non-significant relationship between daytime
activity and MDS-UPDRS Part II Score (Supple-
mentary Figure 3B, R = –0.13, p = 0.12), or SWM
and DSST with ADAS-Cog13 scores (Supplementary
Figure 3C, SWM: R = 0.073, p = 0.46; Supplemen-
tary Figure 3D, DSST: R = 0.0093, p = 0.92).

DISCUSSION

The results of the digital assessments included in
the PRESENCE trial indicate that the use of iPad apps
and wearable devices is feasible and results in ade-
quate compliance in participants with LBD. Digital
metrics were sensitive to detecting treatment-related
changes in cognition, motor activity and daytime
sleep. Further supporting the symptomatic benefits
of mevidalen that were assessed with standard out-
comes, digital assessments may be a meaningful
addition to traditional clinical assessments of activity
and sleep.

The high rate of compliance to digital measures
throughout this study indicates that the use of dig-
ital measures is feasible even in a cognitively and

motorically impaired population, though compliance
was less for the trial app than the actigraphy device.
Regarding the trial app, compliance was similar
across all tasks, likely given that the app was designed
so that each task required completion before one
could proceed to subsequent tasks, and the duration
of tasks was limited to 5 min to minimize patient bur-
den. Elements of the actigraphy device that may have
increased compliance include that the device was
largely passive, did not require charging and was both
durable and water-resistant allowing for continuous
wear during the 2-week period of use.

At baseline, scores of SWM and DSST corre-
lated with ADAS-Cog13 scores, actigraphy-measured
daytime sleep correlated with the ESS score,
and actigraphy-measured daytime activity corre-
lated with MDS-UPDRS Part II scores. These
baseline correlations between clinical measures of
cognition, sleep and motor function and relevant
digital biomarkers support the clinical validation
of these digital measures. In contrast, change from
baseline correlations between digital measures and
clinical measures revealed mixed results. For exam-
ple, we observed a non-significant relationship of
SWM and DSST with ADAS-Cog13 scores, a mod-
est but statistically significant relationship between
actigraphy-measured daytime sleep and ESS score,
and a non-significant relationship between daytime
activity and MDS-UPDRS Part II Score. Such dis-
crepancy underscores the disparity between digital
and clinical measurements in terms of assessment
timing, cadence, sensitivity and that they likely mea-
sure slightly different disease status. The daytime
activity used for change correlation was summa-
rized from two weeks of continuous actigraphy data,
while the MDS-UPDRS Part II Score was from
one in-clinic. In addition, continuous activity from
actigraphy sensors captures different aspects of phys-
iological state from physician rated activity of daily
living associated with motor impairment. For broader
adoption of digital measures in clinical development
or practice, it will be valuable for the community to
align on standardized ways to compare digital and
clinical measures.

The primary endpoint of mevidalen treatment in
the PRESENCE trial was improvement in cogni-
tion assessed by the CDR-CoA, which was not met,
nor was a secondary cognitive endpoint of improve-
ment in ADAS-Cog13 from baseline [17]. Supportive
of the apparent lack of mevidalen-induced improve-
ments in cognition were the limited treatment-related
improvements in digital measures of cognition;
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Fig. 5. Clinical relevance of digital measures at baseline. Correlations between clinical assessments and Actigraphy (A and B) and iPad
trial (C and D) assessments. A) Actigraphy-measured daytime sleep positively correlates with Epworth Sleepiness Scale score. B) Physical
activity correlates with improvement on MDS-UPDRS Part II. C) Better scores of SWM correlate with lower ADAS-Cog13. D) Better scores
of DSST correlate with lower ADAS-Cog13. ADAS-Cog13, Alzheimer Disease Assessment Scale – Cognitive 13-Item Scale; DSST, digital
symbol substitution; MDS, Movement Disorder Society–owned rating scales; SWM, spatial working memory; UPDRS, Unified Parkinson
Disease Rating Scale.

however, treatment with 30 mg mevidalen did result
in a statistically significant improvement in the SWM
from baseline to Week 12 compared to placebo and
the improvement during the last 6 weeks of treatment

averages 50% from baseline. Although preclinical
data did indicate that mevidalen treatment had the
potential for improvement in SWM [15], the lack
of cognitive benefit observed in clinical measures
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prompts caution in the interpretation of the improve-
ment in SWM here; furthermore, given that analyses
were exploratory and no correction for multiple com-
parisons was made, some results (e.g., improvement
in SWM) may be spurious. Indeed, the improvement
in SWM in the 30 mg mevidalen group may be par-
tially driven by a 3-point lower score in this group at
baseline.

Using traditional clinical assessments, mevidalen
treatment (at the 30 and 75 mg doses) significantly
improved MDS-UPDRS Part II scores and there-
fore motor function [17]. Mevidalen treatment (at
the 75 mg dose) significantly increased actigraphy-
measured daytime activity from baseline to week 8
compared to placebo, indicating that the actigraphy-
measured increases in activity can predict the
treatment-induced motor improvements. There was
also a lack of noted mevidalen effect on finger tap-
ping despite published evidence of its sensitivity [28];
however, the test was modified in this trial to use an
iPad, and not a smartphone that was used in validat-
ing this task in other studies. Despite the inclusion of
multiple daily tests and two weeks of pre-intervention
data collection in an effort to overcome the potential
learning effect, there still appears to be a continued
learning effect for the duration of the trial. Indeed, it
was observed in an observational study using mPower
iPhone app that patients with PD required more fin-
ger tapping tests to reach a steady-state performance
than healthy volunteers [28]. The participants with
LBD in the current study were at an advanced stage
and likely had more performance variability therefore
two weeks of baseline period may not be sufficient to
reach a steady state.

In the PRESENCE trial, potentially clinically-
meaningful improvements in the ESS were observed
with mevidalen treatment (75 mg mevidalen dose)
[17], paralleled by statistically significant reductions
in actigraphy-measured daytime sleep from base-
line to week 8 compared to placebo at all doses
of mevidalen (10, 30, and 75 mg). This reduction
indicates that the actigraphy-measured reduction in
daytime sleep can not only predict treatment-induced
increases in wakefulness but can also detect changes
in wakefulness earlier and with a smaller sample size
than its clinical assessment counterpart. Although the
actigraphy-measured sleep appeared to be more sen-
sitive than clinical measurements, it is important to
note that sleep was measured using an actigraphy-
based algorithm [22, 32, 33]; in future studies, the
use of devices that measure other physiological mea-
sures related to sleep, such as heart rate variability,

may be helpful to further differentiate and improve
the accuracy of sleep detection.

Taken together, the results suggest that digital
biomarkers may allow the identification of domain-
specific treatment effects to inform future develop-
ment using smaller sample sizes and over shorter
durations than traditional clinical measures; how-
ever, there were several limitations associated with
this study. First, the data here do not represent a full
data set and rely on convenience sampling regarding
participants and timepoints utilized. The population
examined was limited by geographical location for
actigraphy availability and the optional aspect of
the iPad trial app sub-study, which may result in
bias and limit the generalization of these findings
to the broader PRESENCE trial cohort. While no
clear differences in demographic or disease spe-
cific measures were observed between the digital
biomarker cohort relative to the entire PRESENCE
trial cohort nor across treatment arms in the digital
biomarker cohort, it remains possible that unmea-
sured factors may have further biased these findings.
Second, there were a disproportionate number of
male versus female participants included in the digital
component of the trial, which, although representa-
tive of the parent trial population and not unusual
in clinical research [34], may also highlight a sex
difference in the ease and willingness to use dig-
ital devices. In addition, the trial participants also
lacked diversity in race [17]; additionally, given the
English-speaking requirement for actigraphy partic-
ipants which would result in a less-diverse cohort,
these results would need to be further validated in
patients from a more diverse background. Third, cor-
relations between digital measurements and clinical
measurements are often weak, and, although clinical
validation is critical, the multitude of variables that
each measure can have on the accuracy of results of
clinical scales and associated correlations with digi-
tal measurements must be recognized (e.g., subjective
versus objective assessment, real time versus recall,
continuous versus sporadic assessments as well as
the known limitations of current clinical measure-
ments). In addition, despite the correlation of digital
and clinical measurements related to activity and
sleep shown here, further research would be required
to determine if the changes observed are clinically
meaningful to participants. To address these evolv-
ing challenges, numerous groups and efforts, such as
the Parkinson’s Disease Digital Biomarker DREAM
Challenge [35], the Critical Path for Parkinson’s Con-
sortium, the Michael J Fox Foundation, the Digital
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Medical society, the Clinical Trials Transformation
Initiative [36] and the open wearable initiatives, are
collaboratively evaluating algorithms and developing
benchmark datasets to facilitate wearable device and
sensor signal verification, digital biomarker develop-
ment, and clinical validation [37].

Finally, given the ongoing coronavirus pandemic
and associated travel limitations imposed around the
world, the use of telemedicine and digital measures
has dramatically increased and has been suggested as
a rare silver lining of the pandemic [38–40]. Over the
course of the pandemic, digital devices have allowed
for the continuity of care and clinical research and
have perhaps accelerated the adoption of decen-
tralized clinical trial (DCT) approaches. The use
of decentralized intervention strategies using high-
frequency, unsupervised, home-based assessments
may shape the future of clinical trials, and digital
devices play an integral role in these innovative clin-
ical trials [39]. DCT and the associated use of digital
devices may also provide increased diversity, inclu-
sion, and representation in terms of sex, race, and
socioeconomics in clinical trial populations.

Clinical measures for PD have largely remained
unchanged and are limited by their episodic and
subjective nature. These traditional assessments may
not accurately capture symptoms that occur between
visits, or the regular fluctuations associated with dis-
ease. Digital measures are objective, often passive,
or minimally burdensome, and may have greater
sensitivity than traditional measures and allow for
more frequent assessments; therefore, they may allow
for detection of drug effect in small sample sizes
to inform drug development. Although the digital
biomarker results in this Phase 2 study should be
validated with an independent sample of patients
either through another Phase 2 or a Phase 3 study,
these results highlight the unique potential of dig-
ital devices to detect treatment effects over shorter
durations and smaller sample sizes than traditional
clinical outcomes. These results indicate that digital
biomarkers offer great promise to empower smaller,
more efficient, and better patient-centric clinical trial
designs with a view of overall improved patient
care.
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