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Progression of clinical markers in prodromal Parkinson’s disease
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Abstract

The neurodegenerative synucleinopathies, including Parkinson’s disease and dementia with
Lewy bodies, -are.characterized by a typically lengthy prodromal period of progressive
subclinical motor and non-motor manifestations. Among these, idiopathic REM sleep behavior
disorder (iRBD) 'is a powerful early predictor of eventual phenoconversion, and therefore
represents a critical opportunity to intervene with neuroprotective therapy. To inform the design
of randomized trials, it is essential to study the natural progression of clinical markers during the

prodromal stages of disease in order to establish optimal clinical endpoints.

In this study, we combined prospective follow-up data from 28 centers of the International REM
Sleep Behavior Disorder Study Group representing 12 countries. Polysomnogram-confirmed
REM sleep behavior disorder subjects were assessed for prodromal Parkinson’s disease using the
Movement Disorder Society criteria and underwent periodic structured sleep, motor, cognitive,
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autonomic and olfactory testing. We used linear mixed-effect modelling to estimate annual rates
of clinical marker progression stratified by disease subtype, including prodromal Parkinson’s
disease and prodromal dementia with Lewy bodies. In addition, we calculated sample size
requirements to demonstrate slowing of progression under different anticipated treatment effects.

Overall, 1160 subjects were followed over an average of 3.3£2.2 years. Among clinical variables
assessed continuously, motor variables tended to progress faster and required the lowest sample
sizes, ranging from 151-560 per group (at 50% drug efficacy and 2-year follow-up). By contrast,
cognitive, olfactory, and autonomic variables showed modest progression-with higher variability,
resulting in high sample sizes. The most efficient design was a.time-to-event analysis using
combined milestones of motor and cognitive decline, estimating-117 per group at 50% drug
efficacy and 2-year trial duration. Finally, while phenoconverters showed overall greater
progression than non-converters in motor, olfactory, cognitive,-and certain autonomic markers,
the only robust difference in progression between Parkinson’s disease and dementia with Lewy

bodies phenoconverters was in cognitive testing.

This large multicenter study demonstrates the evolution of motor and non-motor manifestations
in prodromal synucleinopathy. These findings provide optimized clinical endpoints and sample

size estimates to inform future neuroprotective trials.
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Introduction

Despite much.promise, no therapeutic intervention has been able to alter the progression of the
neurodegenerative synucleinopathies,’ which include Parkinson’s disease (PD), dementia with
Lewy bodies(DLB), and multiple system atrophy (MSA). Aside from drug inefficacy, the lack
of benefit could also reflect the possibility that the underlying neurodegenerative process has
already progressed to a point beyond which no intervention would benefit. Therefore, targeting
the prodromal stages of disease, when time still remains to prevent irreversible degeneration,

could be the critical point at which to intervene.*
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Synucleinopathies are distinctive for both a typically long prodromal period prior to
phenoconversion to the overt stages of disease and for the involvement of multiple clinical
domains, including motor and cognitive abnormalities, olfactory dysfunction, constipation,
dysautonomia, and sleep disorders.” Among these, idiopathic REM sleep behavior disorder
(iIRBD), a parasomnia characterized by loss of REM atonia and consequent dream=<enactment
behavior, is common in all synucleinopathies.® It is also a powerful “predictor of
phenoconversion: the vast majority (>80%) of individuals with iRBD will ultimately develop an
overt degenerative synucleinopathy, with a phenoconversion rate of approximately 6-8% per

year.”®

IRBD subjects are therefore ideal candidates for neuroprotective trials. However, optimal
endpoints to assess drug efficacy have yet to be established and are required to ensure that future
trials are optimally designed. It is unclear to what.degree.different prodromal markers progress in
the early stages of disease. Moreover, it remains to‘be established how a given clinical marker’s

progression is affected by disease subtype (e.g., prodromal PD vs. prodromal DLB)°®.

Although previous longitudinal multicenter studies have measured the degree to which clinical

markers are predictive of phenoconversion in iRBD," %

a systematic approach quantifying the
progression of each”marker over time has not been performed. Those studies that have
longitudinally and systematically assessed marker progression in iRBD have been from single

9,11

centers,” " or required the use of expensive or sophisticated biomarker analyses that may not be

suitable as primary outcome measures in Phase 3 trials.***

In.the present study, we combined the prospective results of 28 centers of the International RBD
Study Group (IRBDSG) to: (i) assess the progression of clinical motor and non-motor markers in
IRBD subjects over 5 years of follow-up; (ii) determine to what degree this progression differs
depending on phenoconversion type; and (iii) calculate required sample sizes to inform the

design of randomized neuroprotective trials for prodromal synucleinopathies.
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Materials and methods

Study subjects

All study subjects had polysomnogram-confirmed iRBD according to standard criteria™® and
were without parkinsonism or dementia at baseline. Data were collected between 2003 — 2021,
with the majority of subjects (80.0%) recruited after 2014 (Supplementary Fig. 1). Subjects
were systematically assessed at baseline visit, and for inclusion, were required to have at least
one follow-up examination. To reflect the situation of a clinical trial;”in the primary analysis,
subjects were required to meet MDS research criteria for probable prodromal PD, defined
according to the criteria as having at least an 80% probability of prodromal Parkinson’s disease’
(using all information available at each center). For subjects that did not meet criteria at baseline
but did in subsequent years (13.1% of all subjects), the baseline year was set to the first year in
which criteria were met. Ethics approval was obtained from the local institutional boards of each

center with subject consent in accordance with the Declaration of Helsinki.
Study procedures

Subjects underwent periodic structured sleep, motor, cognitive, autonomic, and olfactory testing
on an approximately annual basis. For/inclusion, we did not require that each marker was tested
in each patient; rather, centers sent results for all markers that were systematically assessed
(detailed in Supplementary Table 1). To be analyzed, each marker of interest needed to be
systematically assessed by at least two centers and in at least 100 subjects at baseline. Markers

included:

I. Standardized motor examination: tested with the MDS-UPDRS-I1II. For the primary
analysis, we combined both the 2008 and 1987 versions of the UDPRS. When the
1987 UPDRS-III was used (36% of subjects at baseline), scores were adjusted by
multiplying by a weighting factor of 1.2%%; an intercept term (i.e. the addition of 2.3)
was not used since the calibration was originally developed for early PD, rather than
prodromal PD, and would have lead to inaccurately inflated baseline MDS-UPDRS-

I11 scores (e.g. a minimum score of 2.3 for a completely normal UPDRS-III).

€202 UDJEI 80 UO Josn uiag 3aujolqigsioeyisIaniun Aq 191 20./2.0PEME/UIBIQ/EE0 L 0 |/I0P/a]olE-80UBADE/UIRIG/WOo" dNO"oIISPEsE//:SdlY WOy POPEO|UMO



O 00 N o un

10
11
12
13

14
15
16

17
18

19
20

21
22
23

24
25
26
27
28

Vi.

Vil.

viil.

Standardized motor symptoms: MDS-UPDRS-II. If the 1987 UPDRS-II was used,
scores were adjusted by multiplying by a weighting factor of 1.1 and adding an

intercept of 0.2.%°
Standardized non-motor symptoms: MDS-UPDRS-I.

Quantitative motor testing: Timed-up-and-go (TUG)™ and Purdue Pegboard (scores
reported are the 30 second task involving both hands).!” Since one ‘center (Houston)
used a longer distance TUG (14 meters, rather than 6 .meters), scores were
additionally standardized to TUG velocity in meters per second (m/s) by dividing the

distance of the task by time.

Olfaction: 40-item University of Pennsylvania Smellldentification Test (UPSIT), 12-
item Cross-Cultural Smell Identification Test(CCSIT), or the 12- or 16-item Sniffin’
Sticks (SS) tests. To harmonize results, z-scores were created for each test stratified

by sex and/or age using published normatives and averaged.'® %

Sleep: Epworth Sleepiness Scale (ESS),?* Insomnia Severity Index (1S1),% Pittsburgh
Sleep Quality Index (PSQI),**"and the REM Sleep Behavior Disorder Screening
Questionnaire (RBDSQ).

Office-based coghnitive “testing: Mini-Mental State Examination (MMSE)*® and
Montreal Coghnitive Assessment (MoCA).?’

Autonomic symptoms: Scales for Outcomes in Parkinson’s disease - Autonomic
Dysfunction (SCOPA-AUT) scale.?

Orthostatic blood pressure: assessed supine and after 1-3 minutes standing. Since the
timing and number of standing measurements varied between centers, postural scores

from 1-3 minutes were averaged together.

Psychiatric symptoms: Beck Depression Inventory,”® Beck Anxiety Inventory,® 30-
item Geriatric Depression Scale (GDS),*! and the Hospital Anxiety and Depression
Scale (HADS).* To harmonize scores, z-scores were created for each test using the
mean and standard deviation at baseline. Individual test z-scores were then averaged

to create overall z-scores for depression and anxiety.
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Statistical Analysis
Statistical analyses were performed using R (version 4.1.2) and Stata (version 13.0).
Outcomes

The progression of variables of interest are described using annual mean and standardized
response mean (SRM), which is computed by dividing the mean change from.baseline of each
individual patient by the standard deviation of the change of the total cohort (allowing diverse
measures to be compared to one another). Linear mixed-effect modeling (LMEM)* was used to
estimate the yearly progression rate of each variable of interest with-subject (random slopes) and
study center (random intercepts) as random effects and baseline age and follow-up year as fixed
effects. Visual inspection of residual plots for each variable did not reveal obvious deviations
from homoscedasticity or normality (Supplementary Fig.~2). Estimates of the annual
progression rates were subdivided by phenoconversion status (PD-phenoconverters, DLB-
phenoconverters, and those not known to have phenoconverted during 5 years of follow-up) and
are displayed along with the overall estimated progression rate for the total cohort. MSA-
phenoconverters were included as part of the total cohort analysis, but the progression of MSA-
phenoconverters, specifically, could not be accurately calculated due to low numbers. Rates of
progression between different sub-groups were compared using interaction terms between
follow-up year and phenoconversion status; p-values were obtained by likelihood ratio tests of
the full model with the interaction term against the model without the interaction term. Survival
analysis for subjects.that phenoconverted to a defined neurodegenerative disease was performed

using Kaplan-Meier analysis to estimate annual phenoconversion risk.

Secondary analyses examining progression rates stratified by baseline age and by sex were
performed. For age analysis, we excluded subjects over the age of 79 years at baseline since too
few were studied to allow reliable estimates (Supplementary Fig. 1; also note that subjects of

advanced age might be excluded from enrollment in a neuroprotective clinical trial).
Missing data

Imputation by linear interpolation®** was used if data was missing in a single follow-up year
between two other data points. Since data were not collected in years following a subject’s

phenoconversion, and since subsequent treatment could reduce the estimation of a marker’s
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progression, values were imputed in these years by adding the mean change of the whole group

during that year to the last measured value (i.e., at phenoconversion).**
Sample size calculations

Sample size estimates for a hypothetical intervention to slow disease progression” of each
variable of interest were estimated by comparison of slopes between LMEMs for treated and
untreated groups.®> Sample size estimates were also calculated for time-to-eventianalyses® for a
hypothetical trial in which phenoconversion is the primary outcome. Additional time-to-event
analyses for significant motor decline (defined as a sustained increase in MDS-UPDRS-III of > 4
points),*” a significant cognitive decline (defined as a sustained reduction.in MoCA > 3 points,
i.e., an effect size = 1 according to the baseline MoCA standard deviation), or a combined
milestone of cognitive and/or motor decline. Similarly,.a significant increase in the combined
MDS-UPDRS-I+II+III score was defined as a sustained increase > 12 points, based on the
baseline standard deviation. A sustained change.was defined as a change in score that was
observed in two consecutive years. Sample sizes are presented for a 2-arm parallel trial in which
treatment is expected to reduce the rate<of progression by a constant amount throughout follow-
up. Presented are required sample sizes to detect 30% or 50% treatment effects for a 2- or 3-year
trial with periodic 6 month-follow-up (for continuous variable analysis) specifying 80% power
and 2-sided alpha=0.05.

Data availability

De-identified subject data used in this study are available upon reasonable request from the
corresponding author(R.B.P.).

Results

Subjects

Detailed baseline demographics for each center are shown in Supplementary Table 1 and
summarized in Table 1. Data were collected from a total of 1647 subjects from 28 centers in 12
countries, from which 210 were excluded for having only a single baseline visit, and 1 was
excluded due to a diagnosis of PD at baseline. From the remaining 1436 subjects, 1160 (80.8%)
met MDS prodromal PD criteria and were included in the primary analysis. Since only 10% of

10
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subjects had follow-up data beyond five years, the majority of whom were followed by a single
center (Montreal; Fig. 1A), analyses of variable progression and sample size calculations were
limited to data from the first five years of follow-up. Mean age at baseline was 68.5 = 7.0 years,
78.4% were male, time from iRBD diagnosis was 1.28 * 2.3 years, and time from self-reported
iIRBD symptom onset was 6.4 + 6.4 years. The mean follow-up time (i.e., the duration between
baseline and last examination or time of phenoconversion) was 3.3 + 2.2 years, translating to

3828 total person-years of follow-up.

During five years of follow-up, 220 subjects were known to have phenoconverted to a defined
neurodegenerative disease, including 129 (58.6%) who developed parkinsonism as the first
disease manifestation (of whom 11 were eventually diagnosed with MSA) and 41.4% who
developed dementia first. Using Kaplan-Meier analysis, this corresponded to a phenoconversion
rate of 4.4% at 1 year, 18.2% at 3 years, and 31.7% at 5 years (Fig. 1B). Baseline characteristics
of subjects who phenoconverted within 5 years are’'summarized in Supplementary Tables 2-3.
DLB-phenoconverters were significantly older than both PD-phenoconverters and non-
converters (DLB=72.9+6.5, PD=68.8+7.2, non-converters=68.1+6.9 years; p<0.001 for all

comparisons).

Progression of-clinical markers

The progression of clinical markers for the total cohort and subdivided by phenoconversion
status over five years of follow-up are illustrated in Fig. 2, Fig. 3 and Supplementary Fig. 3.
Annual change as assessed by SRMs and estimated annual progression rate for each marker is
detailed in Table 2, Supplementary Table 4, and Fig. 4, while estimated annual progression
rate subdivided by phenoconversion status is detailed in Table 3 and Supplementary Table 5.
Progression rates for the entire cohort (without stratifying by MDS prodromal criteria) are shown

in Supplementary Tables 6-7.

11
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Motor markers

Motor symptoms and motor signs showed the greatest degree of progression over time (Fig. 2
and Table 2). For example, MDS-UPDRS-I1II (excluding action tremor, which does not progress
in iRBD)® had an estimated yearly progression rate of 1.73 points, with SRM=0.30 after 1 year
and 0.97 after 5 years. Similarly, annual decline in Purdue Pegboard score was estimated to be -
0.81 pegs, with SRM -0.35 and -1.15 at 1- and 5-year follow-up. More «modest rates of
progression were observed with MDS-UPDRS-II (SRM 0.2 and 0.8 at 1- and 5-year follow-up)
and TUG velocity (SRM -0.09 and -0.67 at 1- and 5-year follow-up). A combined MDS-
UPDRS-I+I1+111 score progressed by 2.81 points per year, with SRM=0.35 after 1 year and 1.20

after 5 years.

Phenoconverters had significantly greater annual progression rates in all motor variables
compared with non-converters (Table 3), with the greatest distinction found in the MDS-
UPDRS-III without action tremor score (annual progression in DLB=4.02, PD=3.69, non-
converters=0.61 points; p<0.001). When comparing between PD- and DLB-phenoconverters, a
slight but statistically significant.inereased slope in PD-phenoconverters was observed in the
MDS-UPDRS-1I and MDS-UPDRS-III scores (p=0.037 and p=0.008, respectively), although
baseline MDS-UPDRS-III'. scores were significantly higher in DLB-phenoconverters
(Supplementary Table 3, p=0.028).

Cognitive'markers

Within the.total cohort, both MoCA and MMSE demonstrated slow progression in the average
score over time (Fig. 3 and Table 2), with an estimated annual decline of -0.07 and -0.25 points,

respectively. These were associated with 1- and 5-year SRMs of 0.03 to -0.22 and -0.07 to -0.58.

A more dramatic decline was seen in phenoconverters compared with non-converters (Table 3),
with annual decline in MMSE score of -0.09 points in non-converters vs. -0.42 in PD-

phenoconverters and -0.81 DLB-phenoconverters (p<0.001). Estimated annual progression in

12

€202 UDJEI 80 UO Josn uiag 3aujolqigsioeyisIaniun Aq 191 20./2.0PEME/UIBIQ/EE0 L 0 |/I0P/a]olE-80UBADE/UIRIG/WOo" dNO"oIISPEsE//:SdlY WOy POPEO|UMO



v A W N -

10
11
12
13

14

15
16
17
18
19
20
21
22
23

24

25

26
27
28

MoCA score in fact slightly increased in non-converters compared with a decline in
phenoconverters (DLB=-0.73, PD=-0.09, non-converters=0.06 points; p<0.001). Rates of
progression in both MMSE and MoCA were significantly different when comparing between
PD- and DLB-phenoconverters (p<0.001 for both), with greater decline in ~DLB-

phenoconverters.

Autonomic symptoms and signs

Autonomic symptoms as assessed by SCOPA-AUT total score increased slightly over time (Fig.
3, Supplemental Fig. 3, Table 2, and Supplementary Table 4), with estimated annual
progression rate of 0.36 and 1- and 5-year SRMs of 0.13 and 0.31, respectively. Autonomic signs
as assessed by orthostatic blood pressure showed mild increase in systolic pressure drop over
time, with an estimated annual progression rate of 1.44 mmHg (1- and 5-year SRMs of 0.08 to
0.36).

Although PD-phenoconverters had a similarly modest annual rate of progression in total
SCOPA-AUT score compared with non-convertors, DLB-phenoconverters had a significantly
increased rate (DLB =1.57, PD=0.15, non-converters=0.20; p<0.001). This was driven by
increased annual rates_of progression in SCOPA-urinary and SCOPA-cardiovascular sub-scores
(Supplementary Fig. 3 and Supplementary Table 5), which also individually differed
significantly from PD- phenoconverters (p=0.004 and p<0.001, respectively). When comparing
the progression of postural systolic drop, although phenoconverters had a significantly increased
rate of progression relative to non-phenoconverters (p=0.002), no significant difference was
observed between PD- and DLB-phenoconverters (p=0.553).

Olfactory function

Olfactory z-scores slightly decreased over time in the total cohort (Fig. 3 and Table 2), with an
estimated yearly progression rate of -0.09 and SRMs at 1- and 5-year follow-up of -0.07 and -

0.64, respectively. The estimated yearly progression rate was significantly greater in PD- and
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DLB-phenoconverters (-0.28in both) compared with non-converters (-0.06, p<0.001), without
any significant difference between PD and DLB-phenoconverters (p=0.958).

Sleep symptoms

Sleep quality, as assessed by ESS, ISI, RBDSQ, and PSQI, paradoxically showed slight
improvement in scores over time (Fig. 3 and Table 2), with SRMs ranging from -0.05 to -0.27 at
1-year follow-up and -0.17 to -0.52 at 5-year follow-up. When comparing. non-converters and
phenoconverters, a significant difference was seen only in ISl score (DLB=-0.99, PD=-0.77,

non-converters=-0.43; p=0.006).

Psychiatric symptoms

Both depression and anxiety z-scores progressed only minimally or not at all, with SRMs
ranging from -0.02 to 0.20 during the five years of follow-up (Fig. 3 and Table 2). No
significant difference in the annual progression rate between phenoconverters and non-

phenoconverters was observed.

Progression rates stratified by baseline age and by sex

Age at baseline followed a roughly normal distribution, with a median age of 68.8 + 7.0 years
(Supplementary-Fig. 1). The results of clinical marker progression stratified by decade are
shown in Supplementary Fig. 5 and Supplementary Table 8. In general, clinical markers
progressed.along similar trajectories, with faster rates of decline in motor and cognitive scores
among older participants (e.g. MDS-UPDRS-III progression at ages 50-59=1.08, ages 60-
69=1.45, ages 70-79=1.78 points). With respect to sex, clinical markers progressed at similar
rates between sexes, except for olfactory loss, which did not progress in females, and RBDSQ

and PSQI, which worsened in females (Supplementary Fig. 6 and Supplementary Table 9).
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Sample size calculations

Using the estimated yearly progression rate of each variable, we calculated the required sample
sizes for an interventional 1:1 placebo-controlled trial at different treatment efficacies (30% or
50% reduction in clinical progression) for different study lengths (Table 4 and Supplementary
Fig. 4). For example, assuming a treatment efficacy of 50% reduction in the progression of
MDS-UPDRS-1II (excluding action tremor) with 6-month follow-up periods, the required sample
size at 80% power would be 213 subjects per group for a 2-year study. Using a combined MDS-
UPDRS score (i.e. the sum of parts I, Il, and I11) would require slightly fewer subjects at 183 per
group for a 2-year study. Under similar assumptions, based on time-to-event analysis to reduce
the rate of phenoconversion by 50%, we estimated that 409 subjects per arm would need to be
enrolled in a 2-year trial. The most efficient trial design was found to be a combined motor and
cognitive endpoint of a sustained increase in MDS-UPDRS-III (excluding action tremor) score >
4 and/or a sustained decrease in MoCA score > 3; this provided an estimated sample size of 117
subjects per arm in a 2-year study and 88 subjectsin a 3-year study (with 389 and 294 subjects
for an agent with 30% efficacy).

Sample sizes were also calculated for the entire cohort, including subjects that did not meet MDS
prodromal PD criteria (Supplementary Table 10). This increased sample size requirements for

the majority of continuous motor variables or event milestones by approximately 10-30%.

Aside from increasing the assumed treatment effect and stratifying by MDS prodromal PD
criteria; the other driver of required sample sizes was the extent of follow-up duration
(Supplementary Fig. 4). Increasing the follow-up time from 1 to 2 years resulted in greater
sample size reductions in all variables tested than any increases beyond 2 years. For example, a
1-year trial targeting a 50% reduction of the combined motor and cognitive endpoint required

229 subjects, versus 117 subjects in a 2-year trial, or 88 subjects for a 3-year trial.
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Discussion

This international longitudinal prospective study represents the largest and most comprehensive
systematic assessment of clinical marker progression in iRBD that has been performed. We
demonstrate several important insights, including: (i) motor assessment using the MDS-UPDRS-
Il and quantitative motor testing shows the greatest degree of progression over time; (ii) there is
moderate progression of other non-motor markers, particularly the MDS-UPDRS-Il, MMSE, and
olfactory scores, and limited to no progression in psychiatric and some autonomic.measures; (iii)
while phenoconverters showed overall greater progression than /mnon-converters in motor,
olfactory, cognitive, and certain autonomic markers, the only robust difference in progression
between PD and DLB-phenoconverters was in cognitive testing; and (iv) the most efficient trial
design for future randomized trials was a combined endpoint of ‘a sustained increase in MDS-
UPDRS-II1 and/or a sustained decrease in MoCA score;-while stratifying by MDS prodromal PD
criteria and extending trial duration from 1 to 2 years yielded the largest reductions in sample

size.

Clinical marker progression

Quantitative motor assessment by. standardized clinical exam or simple office-based motor
testing showed clear progression over the study period, in keeping with prior studies.”*!
Unsurprisingly, given that motor function is the primary means of defining parkinsonism,

phenoconverters had significantly increased rates of progression compared with non-converters.

With respect to non-motor markers, although cognitive function showed moderate decline
overall, scores remained stable in non-converters but dramatically declined among
phenoconverters. This bimodal distribution likely explains the large difference in sample size
requirements when using MoCA as a continuous variable (which includes the stable scores of
non-converters, and which could be confounded by practice effects in cognitively-spared
subjects) rather than as a milestone of sustained decrease (which dichotomizes into

phenoconverters and non-converters).
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Olfactory and autonomic dysfunction only mildly progressed when assessed in the total cohort,

as previously observed,®3®

and is in keeping with being among the earliest markers of prodromal
disease. Indeed, the inclusion of subjects not meeting MDS prodromal PD criteria (i.e. those
likeliest to have more olfactory and autonomic “reserve” to lose) paradoxically decreased the
sample size requirements for these variables. Although olfactory dysfunction in phenoconverters
appeared to decline more rapidly, this could reflect progressive cognitive dysfunction (i.e.
olfactory memory) rather than continued olfactory loss alone.* Increasing postural systolic drop
was also observed in phenoconverters, which is recognized to be predictive of eventual

phenoconversion.*

Psychiatric symptoms and sleep symptoms were generally stable over time, in keeping with prior
studies.™"** In phenoconverters, insomnia scores in fact significantly improved over time relative
to non-converters, which could reflect a general subthreshold increase in sleep drive without
overt daytime somnolence as patients .approach a defined neurodegenerative disease.

Alternatively, these trends could be resultant from treatment for sleep or psychiatric disorders.

Secondary analyses stratifying clinical marker progression by baseline age demonstrated
somewhat faster rates of decline in‘motor and cognitive measures in older subjects. By contrast,
there were minimal differences when stratifying by sex.

Phenoconversion rate

We found that phenoconversion rates were slightly lower than expected compared to two recent
large.IRBDSG studies, despite similar baseline ages.”*® Our 3-year phenoconversion risk was
found to be 18.2% vs. 17.9% and 24.2% in the other studies, despite the fact that this study
selected subjects that met prodromal PD criteria. Several explanations likely account of this.
First, a lower phenoconversion rate was observed in a single large center (Berlin) which had no
phenoconversions at all over a 2.7-year follow-up; removal of this center increased the 3-year
risk to 20.1%. Second, although there is some overlap in the patient populations with the prior

studies, this study includes 8 new centers contributing 155 subjects (13.4% of included subjects),
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while several large centers with higher phenoconversion rates that were included in the prior
studies were unable to contribute to this one. However, newer centers did not have lower rates of
phenoconversion (3-year risk: 19.8%). Third, the inclusion criteria may have enriched toward an
overall healthier population than the previous studies. By design, subjects were required to-attend
periodic and structured assessments longitudinally (whereas only a follow-up clinical
examination was required in the other studies), which may have discouraged subjects with
mobility or cognitive issues (i.e. those most likely to phenoconvert) from being enrolled.® This
would be consistent with the unusually low phenoconversion rate in the first year«(4.4%) vs. an
average annual conversion rate of 6.1% in years 2-5 (a rate consistent with prior studies). In any
event, although this study population had lower rates of phenoconversion than expected,
longitudinal patient retention is a critical aspect of any proposed.therapeutic trial. Therefore, the
subjects included in this study are probably representative of those likeliest to be enrolled in a

future trial.

Prodromal Parkinson’s disease versus prodromal dementia with

Lewy bodies

When classified according to the-initial phenoconversion event (parkinsonism-first vs. dementia-
first), PD- and DLB-<phenoconverters showed remarkably similar age-adjusted rates of
progression. For example,.among motor signs, only MDS-UPDRS-III showed a slightly
increased ratein PD-phenoconverters, with the difference possibly explained by the higher
baseline MDS-UPDRS-III score in DLB-phenoconverters. This is concordant with a recent
single-center study in which no significant between-group difference in motor trajectories was
observed.” An increased rate of progression in SCOPA-AUT was also observed in DLB-
phenoconverters. This was primarily driven by an increased cardiovascular subscore, which
largely reflects orthostatic hypotension symptoms; nevertheless, no difference in orthostatic
blood pressure was seen between PD- and DLB-phenoconverters, in agreement with studies with

more precise orthostatic testing.*?
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Overall, the only robust differentiating clinical marker between PD- and DLB-first
phenoconverters was the higher rate of cognitive decline in DLB, as would be expected by
definition. This is in agreement with two recent IRBDSG studies (with approximately half of
subjects overlapping between them), which observed that baseline cognitive function was the
only clear differentiating clinical predictor between PD and DLB phenoconversion.”** Thus,
while clear differences in the progression of clinical variables are apparent between those at
higher and lower risk of phenoconversion (i.e. phenoconverters and non-gonverters in this
study), the subtypes of prodromal synucleinopathies appear to follow wvery similar clinical
courses. The underlying pathological substrate that accounts for this remains unclear. This could
reflect either alternate pathways of synuclein spread or coexistent-amyloid or tau pathology
driving earlier cortical neurodegeneration.”** It is important to note that all subjects in this study
were iRBD patients, who generally have a more diffuse. burden of synucleinopathy, and
consequently more non-motor manifestations.® iRBD identifies subtypes of PD and DLB that are
associated with greater progression of motor and-non-motor symptoms, diffuse and severe
deposition of synuclein at autopsy, enhanced patterns of atrophy earlier in the disease course, and
overall poorer prognosis.*>* This PD subtype is therefore characterized by a different speed and
anatomical pattern of progression-than PD subjects without RBD. Therefore, it is not clear to
what degree the findings in this study are translatable to prodromal subtypes that do not have
iRBD.

Sample size

We calculated sample size estimates for neuroprotective trials using both the progression of
continuous-clinical variables and categorical events (phenoconversion and motor and cognitive
decline_milestones) as endpoints. Importantly, we first stratified by MDS prodromal criteria,
which retained >80% of subjects; this reduces sample sizes by approximately 10-30% for most
motor clinical markers or events of interest. For continuous motor variables, sample sizes for a 2-
year trial with HR=0.5 ranged from 151-560 subjects per arm, while substantially higher
numbers were required for non-motor variables. Under similar assumptions, sample size
estimates using the sum of MDS-UPDRS-I, -Il, and -I11 sub-scores resulted in 183 subjects per

arm. The most efficient trial design was a combined motor and cognitive endpoint of a sustained
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increase in MDS-UPDRS-I11I and/or a sustained decrease in MoCA score, which required only
117 subjects for a 2-year study at HR=0.5. These samples size estimates are broadly similar to
those calculated in a recent single-center study of clinical markers.** They are also similar to the
sample sizes calculated in a recent single-center study that assessed serial DAT-PET imaging
(i.e. sample size=94 for standard DAT-PET analysis).*” Notably, using the milestone of
phenoconversion to overt disease required substantially larger numbers. Finally, aside from
increasing the assumed treatment effect and stratifying by MDS prodromal criteria, sample sizes
could also be substantially reduced by increasing the follow-up time from 1 to 2 years, whereas

lesser reductions were observed if trials were extended to 3 years or beyond.

Strengths and limitations

Strengths of this study include a large study population.prospectively followed over a period of 5
years. Clinical variables representative of most of the eritical predictors of phenoconversion were
systematically measured, including the motar,.cognitive, olfactory, autonomic, psychiatric, and
sleep domains. However, several limitations-should be discussed. Since each of the 28 centers
used their own study protocol, which varied in predictors assessed, methods of assessment, and
follow-up frequency, a pragmatic approach was taken with respect to data collection, in which
different clinical tests were harmonized across centers in order to maximize recruitment and
simplify the analysis. Although different methods of measuring a clinical marker undoubtably
vary in sensitivity and-statistical power, they have all been shown to have similar performance in
PD.>18484% \Moreover, in this study, all scores were adjusted by center in the LMEMs and
followed a broadly similar trend when SRMs were evaluated individually (data not shown).
Second, some clinical markers that have been shown to have excellent predictive value were not
included.in the analysis since they were only performed in sufficient numbers by a single center
(e.g-valternate tap test, color-vision testing, etc.).>** The IRBDSG is currently planning a
recommended minimal core data collection protocol that will be essential for standardization
between centers in the future. Additionally, longitudinal assessment of imaging***® and fluid™
biomarkers to evaluate neuropathological changes as complementary measures of progression
are needed. Third is the use of a generally conservative method of imputation to estimate

progression in subjects after phenoconversion, particularly since certain markers can increase
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exponentially closer to the time of phenoconversion.® Notably, a similar issue would exist in any
real-life therapeutic trial, since it would be unethical to withhold symptomatic treatment in
phenoconverted subjects. Fourth, medication use could impact upon the progression of markers.
Although medication use was not longitudinally collected, the use of either melatonin,
clonazepam, or antidepressants at baseline showed only a statistically significant effect of
clonazepam on annual decline in MoCA score (clonazepam use=-0.19 points vs non-use=0.012
points, p=0.026; and data not shown). Fifth, subjects destined to convert to a-parkinsonism-first
vs. dementia-first phenotype cannot be reliably distinguished at time of iRBD diagnosis. If the
underlying pathomechanisms that drive neurodegeneration are substantially different between
the two,*** a neuroprotective therapy targeting a single pathomechanismmay inadequately slow
progression in a substantial subgroup of the population, although«this could be mitigated by
baseline neurocognitive testing.>**® Similarly, the 5-10% of subjects expected to phenoconvert to
MSA are likely to progress very differently, although this could be mitigated by screening
subjects for olfactory loss.” Finally, an assumption-of LMEMSs is linearity over time. Previous
studies have demonstrated heterogeneity in the pattern of emergence among prodromal features:
some features emerge early and subsequently remain fairly stable over time (e.g., constipation),
whereas other features emerge latevand increase quickly in the last few years before clinical
diagnosis (e.g. motor signs).>*Consequently, the current results may overestimate the rate of
progression of early prodromal features during the last years of the prodromal phase, and
conversely underestimate the rate of progression of late-emerging prodromal features. In keeping
with this, those phenoconverting within 3-5 years had faster rates of progression in motor and
cognitive measures and generally less progression in markers known to have longer latencies.
Assuming that a future neuroprotective trial would not run longer than 3 years, using a 5-year
window for the LMEMs was felt to be a compromise between the robust inclusion of datapoints
for'model precision versus achieving an accuracy that reflects the reality of recruiting a patient in

whom the time until phenoconversion to overt disease will be unknown.

Conclusion

To conclude, we confirmed patterns of clinical marker progression in prodromal synucleinopathy

and demonstrated predicted sample sizes to inform future neuroprotective trials.
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Figure legends

Figure 1 Study profile. (A) Subjects enrolled inthe study grouped by country of origin over
time. More subjects were seen at 2-year follow-up than 1-year follow-up since some centers
tended to have longer follow-up times (e.g., 18 months to 2 years). (B) Kaplan-Meier survival
plot of disease-free survival (i.e. free of phenoconversion) with 95% confidence intervals shaded.

Figure 2 Motor outcome measures over 5 years of follow-up for the total cohort and by
phenoconversion status. Individual dots represent each subject; solid lines represent estimated
progression by linear.mixed-effect modeling.

Figure 3 Non-motor outcome measures over 5 years of follow-up for the total cohort and by
phenoconversion status. Individual dots represent each subject; solid lines represent estimated

progression by linear mixed-effect modeling.

Figure 4 Normalized motor and non-motor outcome measures over 5 years of follow-up.
Results were normalized for comparison between variables by standardized response means
(SRM), which is computed by dividing the mean change from baseline of each individual patient

by the standard deviation of the change of the total cohort.

28

€202 UDJEI 80 UO Josn uiag 3aujolqigsioeyisIaniun Aq 191 20./2.0PEME/UIBIQ/EE0 L 0 |/I0P/a]olE-80UBADE/UIRIG/WOo" dNO"oIISPEsE//:SdlY WOy POPEO|UMO



v PpWN

Table | Baseline demographics and phenoconversion outcomes from baseline to 5-year follow-up

|-year follow- | 2-year follow- | 3-year follow- 4-year 5-year
Baseline up up up follow-up follow-up
(n=1160) (n=767) (n=783) (n=477) (n=311) (n=228)
Demographics
Age, years 685+7.0 69.5+7.1 70368 708 £ 6.7 723+ 6.5 73.0+ 6.4
Sex, % male 784 78.5 80.5 82.2 80.7 83.3
Handedness, % right 90.6 92.8 90.4 90.9 90.4 87.4
RBD course
Years from diagnosis 128 +23 22+23 3.1 +£22 44+24 5120 64+22
Years from symptom onset 6464 7.84 8.0 88+79 10.0 +8.7 11.0.£ 9.4 125+ 10.4
Years from baseline visit - 1.1 £0.4 1.98 + 0.4 3.0+04 40+04 5.1%05
Phenoconversion outcomes
Phenoconverted, % - 4.4 1.5 18.2 253 31.7
Phenoconverted, n - 51 69 45 33 23
PD - 29 35 23 20 I
DLB - 18 31 18 I 12
MSA - 4 3 3 2 0

Data are presented as mean + SD. Yearly phenoconverted percentages were calculated by Kaplan-Meier survival analysis. More subjects were

seen at 2-year follow-up than |-year follow-up since some centers tended to have longer follow-up times (18 months to 2 years).
DLB=dementia with Lewy bodies; MSA=multiple system atrophy; PD=Parkinson’s disease:
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Table 2 Annual marker outcomes and estimated progression rates

Marker Baseline |-year follow- 2-year follow- 3-year follow- 5-year follow- Yearly
up up up up progressio
n
Cent Mean t Mean t SR Mean t SR Mean t SR Mean t SR Estimate
ers, SD (n) SD (n) M SD (n) M SD (n) M SD (n) M [95 % CI]
n
MDS-UPDRS
MDS-UPDRS-I 15 7.67 + 8.14 0.1 845 * 0.1 8.62 + 0.2 10.48 + 0.5 | 0.48[0.34,
6.01 (482) | 5.80 (431) 3 5.90 (359) 4 5.55 (240) 0 5.98 (185) 4 0.61]
MDS-UPDRS-II 18 231+ 28l 02 | 33+437 | 02 | 43151 | 04 | 7.02+6.7] |08 | 0.65[0.55,
3.48 (740) | 3.88 (665) 0 (537) 6 (378) 4 (294) 0 0.75]
MDS-UPDRS-III 27 4.02 53+£704 | 02 | 6.9+898 | 03 10.0 = 05 | 186152 | 0.9 1.59 [1.41,
5.03 (989) 6 751) 7 10.7 (521) 8 (371) 9 1.76]
(1095)
MDS-UPDRS-III (no 20 374+ 527 % 0.3 6.95 0.4 9.6 = 0.5 18.01°% 0.9 1.73 [1.53,
action tremor) 4.92 (805) | 7.0l (722) 0 8.93 (559) 0 10.57 9 1537 (302) | 7 1.93]
(408)
MDS-UPDRS-I+lI+II I5 152 17.7 + 0.3 20.0 £ 0.3 249 07 | 379+243 | 1.2 | 2.8I[238,
12.0 (472) | 13.3 (413) 5 14.8 (347) 9 16.0 (230) 2 (173) 0 3.23]
Quantitative motor?®
Timed Up & Go (s) 2 8.04 £ 8.06 + 0.0 | 81734 | 0.0 891 + 0. | 9.05+405 | 04 | 0.32]0.15,
2.86 (346) | 2.67 (298) 8 (243) 7 6.58 (183) 9 (141) 2 0.49]
Purdue Peg Board 2 10.59 + 9.93 -0. 9.53 -0. [ 834+36 | 0. | 531 +486 | —I. -0.8l
4.09 (271) | 3.51(234) | 35 | 3.98(178) | 29 (129) 70 (106) I5 [-0.98,
-0.64]
Autonomic?
Postural Systolic 6 10.1 + 10.6 + 0.0 1.9+ 0.1 I5.1 = 02 | 189170 | 03 1.44 [1.01,
Drop 16.2 (383) | 15.6 (332) 8 15.6(259) 3 16.4 (195) 2 (149) 6 1.87]
SCOPA-AUT Total 10 10.95 + 11.87 £ 0.1 12.03 £ 0.0 .6l 0.1 14.04 £ 0.3 | 0.36[0.05,
746 (213) | 7.86 (184) 3 7.54 (140) 4 6.81 (97) [ 7.14 (57) [ 0.66]
Olfactory
Olfaction z-score 14 -228+ -223+ =0. =229+ -0. -259+ -0. -339+ -0. -0.09
1.8 (564) 1.84 (373) | 07| 2.03(287) | 07 | 2.07(178) | 25 | 2.45(139) | 64 [-0.14,
-0.05]
Cognitive
MoCA 21 253+32 | 254+£33 | 00 | 252+36 | 0.0 | 248+39 | 0. | 24.1+44 | -0. -0.07
(788) (694) 3 (523) | (388) 08 (273) 22 [-0.13,
-0.01]
MMSE I5 27.7+23 | 276+23 | -0. | 272+28 | -0. | 268+3.1 | -0. | 25.6+3.7 | —0. -0.25
(706) (584) 07 (441) I8 (312) 29 (247) 58 [-0.32,
-0.19]
Psychiatric symptoms
Depression z-score 17 001 0+0.96 -0. 0.0l + 0.0 0.09 + 0.1 | 0.13+£093 | 0.2 0.02 [0,
0.98 (684) (562) 02 | 1.0l (437) 6 0.99 (296) [ (199) 0 0.04]
Anxiety z-score 8 0.0 £1 0.0l 0.1 -0.04 + 0.0 -0.07 + 0.0 | 001 £1.03 | 0. | 0.02[-0.01,
(395) 0.98 (316) [ 1.03 (257) 3 0.91 (190) [ (136) 8 0.04]
Sleep symptoms
ESS I 6.76 + 6.38+4 -0. 6.28 + -0. 6.16 +4 -0. | 579421 | -0. -0.25
4.49 (583) (518) 15 | 4.18 (374) 16 (249) 13 (176) 25 [-0.33,
-0.16]
ISI 5 9.29 + 8.07 £ -0. 825 + -0. 80l -0. | 673599 | -0. -0.61
6.35(310) | 544 (271) | 27 | 586 (I81) 19 | 529(133) | 33 (107) 52 [-0.78,
-0.43]
PSQI 2 7.14 = 6.54 + -0. 715+ 0.0 6.56 + -0. | 8.02+345 | 0.l -0.01
4.01 (162) | 349 (154) | I5 3.47 (94) 7 2.88 (52) 10 (28) 4 [-0.22,0.2]
RBDSQ 5 943 + 9.26 + -0. 9.28 + -0. 9.18 + -0. | 923+28 | -0. | -0.09[-0.2,
2.56 (247) | 2.57(225) | 05 | 2.76 (184) | 05 | 2.93(113) 16 (67) 17 0.02]

The progression of variables of interest are described using annual mean * SD, standardized response mean (SRM), and estimated annual
progression rate by LMEM. ESS=Epworth Sleepiness Scale; ISI=Insomnia Severity Index; MMSE=Mini-Mental State Examination;
MoCA=Montreal Cognitive Assessment; PSQI=Pittsburgh Sleep Quality Inventory; RBDSQ=REM Behavior Disorder Sleep Questionnaire;
SCOPA-AUT= Scales for Outcomes in Parkinson’s Disease - Autonomic Dysfunction.
*Full results that include all clinical markers and 4-year follow-up data can be found in Supplementary Table 4.
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Table 3 Estimated progression rates subdivided by phenoconversion state

Total Still
Cohort Unco:verte PD DLB p-value
Variable of interest Estimate Estimate Estimate Estimate Unconverted vs. PD- vs DLB-
[95 % CI] [95% CI] [95% CI] [95% CI] Phenoconverted phenoconverted
MDS-UPDRS
0.48 [0.34, 0.22 [0.11, 0.95 [0.76, 1.13 0.9,
MDS-UPDRS-| 061] 0.33] 113] 1 3¢] <0.001 0.192
0.65 [0.55, 0.26 [0.2, 1.6 [1.46, 1.38[1.23,
MDS-UPDRS-II 0.75] 031] 1.74] 1.53] <0.001 0.037
1.59 [1.41, 0.59 [0.51, 441 [4.15, 3.86 [3.56,
MDS-UPDRS-III 1 76] 0.67] 4.66] 4.17] <0.001 0.008
MDS-UPDRS-III (no 1.73 [1.53, 0.61 [0.52, 4.44 [4.15, 4.02 [3.69,
action tremor) 1.93] 0.71] 4.73] 4.36] <0.001 0.070
2.81 [2.38, 1.47 [1.24, 7.68 [6.99, 6.75 [6.12,
MDS-UPDRS-I+1I+l11 323] 17] 8.36] 7.38] <0.001 0.082
Quantitative Motor
] 0.32 [0.15, 0.18 [0.07, 0.44 [0.36, 0.75 [0.41,
Timed Up & Go (s) 0.49] 0.29] 0.52] 1.08] <0.001 0.069
) -0.02 [-0.02, | -0.01 [-0.02, | -0.04 [-0.04, | —0.04 [-0.05,
Timed Up & Go (m/s) -0.01] -0.01] -0.03] -0.03] <0.001 0.221
-0.81 [-0.98, | -0.64 [-0.77, | —1.95[-2.2, | —1.59 [-1:86,
Purdue Peg Board ~0.64] ~051] -1.7) ~132] <0.001 0.100
Autonomic?
. 1.44 [1.01, 1.02 [0.56, 2.05[1.3, 2.381.65,
Postural Systolic Drop 1 87] 1 48] 281] 301] 0.002 0.553
Postural Diastolic 0.79 [0.48, 0.59 [0.28, 1.07 [0.6, 1.35 [0.75,
Drop I.11] 0.9] 1.54] 1:96] 0.020 0405
0.36 [0.05, 0.20 [-0.06, 0.15(=0.25, 1.57 [0.97,
SCOPA-AUT Total 0.66] 0.46] 0.54] 223] 0.073 <0.001
Olfactory
. -0.09 [-0.14, | —-0.06 [-0.1, | -0.28 [-0.36, | —0.28 [-0.36,
Olfaction z-score -0.05] -0.02] ~02] ~020] <0.001 0.958
Cognitive
-0.07 [-0.13, 0.06 [0.01, -0.09 [-0.18, | —0.73 [-0.87,
MoCA ~001] 0.1 -001] ~059] <0.001 <0.001
-0.25[-0.32,"| -0.09 [-0.14, | -0.42[-0.49, | —0.81 [-0.91,
MMSE 0.19] ~0.04] -036] -07] <0.001 <0.001
Psychiatric symptoms
. 0.04 [0.02, 0.04 [-0.02,
Depression z-score 0.02 [0, 0.04] | 0.02 [0, 0.04] 0.07] 0.09] 0.100 0.854
. 0.02[-0.01, 0.01 [-0.03, 0.04 [-0.01,
Anxiety z-score 0.04] 0.02 [0, 0.04] 0.05] 0.1] 0.981 0.504
Sleep Symptoms
-025[-0.33, | -0.22[-0.29, | —0.19[-0.3I, | -0.19 [-04,
ESS -0.16] -0.14] -0.06] 0.02] 0.643 0.978
-0.61[-0.78, | —043[-06, | —0.77 [-1.05, | —0.99 [-1.35,
ISI -0.43] -0.25] -0.5] -0.64] 0.006 0.314
-0.01 [-0.22, | -0.03[-0.24, | 0.28 [-0.05, 0.22 [-0.17,
PsQl 02] 0.17] 0.62] 0.6] 0.08 0.712
-0.09[-0.2, | -0.07 [-0.16, | 0.06 [-0.07, | —0.14[-0.26,
RBDSQ 0.02] 0.01] 02] -0.03] 0.394 0.136

Progression is described using estimated annual progression rate by LMEM. p-values were obtained by likelihood ratio tests of the full model
with the interaction term against the model without the interaction term. ESS=Epworth Sleepiness Scale; ISI=Insomnia Severity Index;
MMSE=Mini-Mental State Examination; MoCA=Montreal Cognitive Assessment; PSQI=Pittsburgh Sleep Quality Inventory; RBDSQ=REM
Behavior Disorder Sleep Questionnaire; SCOPA-AUT= Scales for Outcomes in Parkinson’s Disease - Autonomic Dysfunction. *Results of all
autonomic symptoms/signs can be found in Supplementary Table 5.
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Table 4 Calculated sample size estimates to detect differences in marker progression at 50% and 30% drug efficacy

50% Drug Effectiveness
Sample size per group

30% Drug Effectiveness
Sample size per group

2-year study

3-year study

2-year study

3-year study

Continuous Variable Analysis

MDS-UPDRS-I 657 445 1825 1236
MDS-UPDRS-II 355 255 986 708
MDS-UPDRS-III 244 175 678 486
MDS-UPDRS-lII (without action tremor) 213 153 592 425
MDS-UPDRS-I+lI+lI 183 141 507 392
Timed Up & Go (s) 1496 1123 1013 10678
Timed Up & Go (m/s) 560 319 1556 886
Purdue Pegboard 151 98 419 272
Postural Systolic Drop 1026 453 2850 1258
SCOPA-Total 2459 1448 6831 4022
Olfaction z-score 2046 1076 5683 2989
MoCA 22007 12930 61131 35917
MMSE 870 612 2417 1700
Depression z-score 7404 3802 20567 10561
Anxiety z-score 11398 6601 31661 18336
Event-based Analysis (time to event)

Purdue Pegboard increase 2 4 273 164 896 540
MDS-UPDRS-Il increase = 4 167 108 551 362
MoCA decrease <3 497 304 1622 997
MDS-UPDRS-IIl =4 or MoCA <3 17 88 389 294
MDS-UPDRS I+II+1l = 12 226 121 742 403
Phenoconversion 409 265 1337 869

Sample sizes for a 2-arm parallel trial in which treatment is expected to reduce the rate of progression by a constant amount throughout

follow-up. Presented are required sample sizes to detect 30% or 50% treatment effects for a 2- or 3-year trial with periodic 6 month-follow-up

(for continuous variable'analysis) specifying 80% power and 2-sided alpha=0.05. Sleep symptoms are not included since scores paradoxically
improved over time<MMSE=Mini-Mental State Examination; MoCA=Montreal Cognitive Assessment; SCOPA-AUT= Scales for Outcomes in
Parkinson’s Disease = Autonomic Dysfunction.

32

€202 UDJEI 80 UO Josn uiag 3aujolqigsioeyisIaniun Aq 191 20./2.0PEME/UIBIQ/EE0 L 0 |/I0P/a]olE-80UBADE/UIRIG/WOo" dNO"oIISPEsE//:SdlY WOy POPEO|UMO



Downloaded from https://academic.oup.com/brain/advance-article/doi/10.1093/brain/awad072/7071614 by Universitaetsbibliothek Bern user on 08 March 2023

é 14
25 13 3

Time
57

0.25
0.00
0 2
Number at risk
== 1160 937 407

z
8 ° 3 °
e P P _ a
M Augeqoid jeanng P
o=
& E
iz E
§:d ww 3
I58::%8 ..wn.
EEENEN 9
8 o g F
SHEENEN

Visit Years

A 1200

012345678 9101112131415

(<] (o] @
sjo9lgng Jo JaquinN

33



Downloaded from https://academic.oup.com/brain/advance-article/doi/10.1093/brain/awad072/7071614 by Universitaetsbibliothek Bern user on 08 March 2023

Time (years)
— Total Cohort |

== DLB

== PD

el

F<t

3

me (years)

2
Ti
Qutcome

| === Not phenoconverted

301

— N = (] N
l-syadn-san lI-s¥adn-saw (10w} uonde JNOYNM) |II-SHA

34

Figure 2
165x211 mm (.46 x DPI)



Downloaded from https://academic.oup.com/brain/advance-article/doi/10.1093/brain/awad072/7071614 by Universitaetsbibliothek Bern user on 08 March 2023

[
B
B

3
Time (years)

2

20

15

I-S¥adn-san

EN]

o
2109s-z uoissaidag

10

10sd

3
Time (years)

2

g
i

2109s-Z UOIRYO

- S -
2109s-z AJaIxuy

12

3

2
Time (years)

k4
o
F-4
o
2
8
°
|
@
a =
[
¢ a
x
©
o0 <
& X
o m(
¢ s €
0 e
'S
<
3
g =
) n
z [T
m -
c
[
=
Q
3
i~
¢

- NN <

35
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