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Abstract

Background and objectives The phenotype of p.A53T-a-synuclein (SNCA) mutation carriers with Parkinson’s disease (A53T-
PD) appears more severe compared to idiopathic PD (iPD), however, information is limited. Here we conducted a compre-
hensive longitudinal study to investigate the progression of motor and nonmotor features of AS3T-PD compared to iPD.
Methods Detailed longitudinal 3-year data, concerning both motor and non-motor features, of 16 p.A53T-PD and 48 iPD,
matched for age (51-53 years) and disease duration (approximately 4 years) at baseline, were downloaded from the Par-
kinson's Progression Markers Initiative (PPMI) database and compared between the two groups. Additionally, a cognitive
composite score was generated by five cognitive tests, focused more on executive/visuospatial function.

Results At baseline, global cognitive function, as assessed by the Montreal Cognitive Assessment (MOCA), was not sig-
nificantly different between the two groups, in contrast to tests evaluating executive/visuospatial function, including the
composite score, which were worse in AS3T-PD. There was a significant decline over time in all neuropsychological tests
in A53T-PD, while iPD remained stable. A similar pattern was revealed for motor status and function, as well as autonomic
function, which were similar between the two groups at baseline, but deteriorated significantly only in AS3T-PD over time.
Discussion AS53T-PD patients present an accelerated decline in both motor and non-motor parameters, with an impairment
in executive-visuospatial function occurring early in the disease process. Such data may set the stage for targeted disease-
modifying therapies in this particular subtype, while generated data may be widely applicable to iPD, which is largely a
sporadic synucleinopathy.
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average onset age of A53T- related PD (A53T-PD) is around
46 years. The disease is highly but not completely penetrant
(80%-90%) [6]. Non-motor features are prominent [6], with
hyposmia being more common [7], and RBD occurring at a
higher percentage compared to iPD [8]. The cognitive sta-
tus is variable, ranging from intact to PD dementia (PDD),
depending largely on disease duration [6] frontal-executive
and visuospatial functions are disproportionately affected
compared to iPD [7].

Longitudinal studies of motor and non-motor features in
AS53T-PD are scarce; the only previous study, performed by
our team, used a rather basic assessment at two time points
within 2 years and lacked a comparative control group [6].

The Parkinson’s Disease Progression Marker Initiative
(PPMI) database, with its extensive genetic information and
comprehensive assessments, provides an excellent resource
for investigating clinical, imaging and biochemical param-
eters in a large cohort of PD participants and in healthy
controls.

In this study we investigated the longitudinal pattern of
clinical manifestations in the p.AS3T PPMI cohort compared
to iPD. To this end, detailed longitudinal 3-year data, con-
cerning both motor and non-motor features, were deployed
from the PPMI study database for the two groups. This study
provides novel insights into the disease trajectory of pAS53T-
carriers, pinpointing the main progressive features of this
rare genetic cohort.

Methods
Data acquisition

This is a retrospective observational cohort study and the
data used in the preparation of this article were obtained on
October 05, 2023 from the PPMI database (https://www.
ppmi-info.org/access-data-specimens/download-data),
RRID:SCR_006431. For up-to-date information on the
study, visit http://www.ppmi-info.org. This analysis used
data openly available from PPMI. The present study was
conducted in agreement with the principles of the Declara-
tion of Helsinki and was approved by the Scientific Board
of all PPMI sites involved. Signed informed consent was
obtained from all participants recruited.

Demographic characteristics assessed were Age at BL
visit, sex, years of education and PD duration. For each
AS53T-PD, we used propensity-based matching to identify
3 iPD as controls (1:3 ratio), ensuring these individuals had
completed 3-year follow-up visits in PPMI, according to the
protocol described in the next section. Sex matching was not
performed because the resulted original matching was statis-
tically balanced between samples' sex and avoided introduc-
ing further constraints. We reviewed data from 724 enrolled
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iPD, which was the original input control sample assessed
for matching, to find the final control sample, consisting of
48 control iPD individuals, matched with 16 A53T-PD for
age and PD duration at BL visit.

Participant selection

In general, A53T-PD have a younger onset of disease [6],
and the PPMI inclusion criteria do not define a maximum
disease duration for them, in contrast to iPD (2 years). So,
to avoid possible confounding effects from age and disease
duration the selection process described below was followed.

Initially, a logistic regression model was fitted with the
presence of A53T mutation as the dependent variable and
age and disease duration as the independent variables. In
the initial model, all iPD visits that had at least 3 years of
follow-up were included, but only the baseline visits of
AS53T-PD. Then we used the resulting model to compute
a probability score for each subject-visit pair and using the
nearest neighbor matching with the score as distance.

In cases where a participant gave more than one match,
the nearest one was kept, and the process was rerun from the
start with the worst pair removed from consideration. The
algorithm was repeated until each iPD participant had only
one matched visit.

Clinical data

Longitudinal 3-year clinical data included assessments of
motor symptoms, non-motor symptoms, and neurocogni-
tive tests. These tools included the Movement Disorder
Society Unified Parkinson’s Disease Rating Scale (MDS-
UPDRS) Parts I-1V, Hoehn and Yahr scale (H&Y ON &
OFF) Letter Number Sequencing (LNST), Hopkins Verbal
Learning Test, Benton Judgment of Line Orientation Test
(BENTON), Semantic Fluency (Semantic.F) & Phonemic
Fluency Tests (Phonemic F), Symbol Digit Modalities Test
(SDMT), Montreal Cognitive Assessment (MOCA), Geri-
atric Depression Scale (GDS), Questionnaire for Impul-
sive-Compulsive Disorders in Parkinson's Disease (QUIP),
Scales for Outcomes in Parkinson’s Disease-Autonomic
(SCOPA-AUT), Epworth Sleepiness Scale (ESS), Rapid
Eye Movement Sleep Behavior Disorder Screening Ques-
tionnaire (RBDQS), Activities of Daily Living (ADL)
and L-dopa equivalent daily dose (LEDD). Additionally,
a composite cognitive score was generated by five cogni-
tive tests, focused more on executive/visuospatial function,
Composite Score: (MOCA + Semantic.F+ LNST + BEN-
TON + SDMT)/5 (MOCA: global cognitive function,
Semantic.F, LNST, SDMT: executive function, BENTON:
visuospatial function).


https://www.ppmi-info.org/access-data-specimens/download-data
https://www.ppmi-info.org/access-data-specimens/download-data
http://www.ppmi-info.org
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Statistical analysis

Means and standard deviations were used to describe the
values of all markers examined. For the baseline compari-
sons for non-normally distributed scores, nonparametric
Mann—Whitney U test was used. For dichotomous data,
analysis was performed using Chi-square test. The effects
of MOCA, BENTON, HVLT-RDLY, HVLT-REC, HVLT.
IM-REC, LNST, Phonemic-F, SDMT, Semantic-F and Com-
posite Score in the two groups and across time were adjusted
for age, education and disease duration, using linear mixed
models (LMM) with the Satterthwaite method, and multi-
ple comparison outcomes were adjusted under the Bonfer-
roni criterion. The group of A53T-PD or iPD and sex were
used as fixed factors, participants as random effects, while
age, years of education and disease duration as covariates.
The same approach was adopted for the analysis regarding
MDS-UPDRS.III.ON, H&Y.ON, MDS-UPDRS.1V, MDS-
UPDRS.II, SCOPA-AUT, QUIP, S&E, but age, LEDD and
disease duration were used as covariates. Finally, UPDRS.
III.OFF, EPWORTH, RBDQ, UPDRS.IA, UPDRS.IA.1.1
(cognition), UPDRS.IA.1.2 (psychosis), UPDRS.Ib, GDS,
and H&Y.OFF changes were also analyzed using LMM and
age and disease duration were used as covariates. Missing
follow-up values were handled by the LMM model. No sub-
groups were constituted, due to the low number of included
participants. For the same reason, no sensitivity analysis was
conducted.

The analysis was carried out using SPSS v 29.0 and the
significance was set at 0.05 in all cases. Sample match-
ing was done with Matchlt package v. 4.5 using R v4.3 as
described in “participant selection” section, above.

Results
Participants

We have reviewed data regarding all genetic PD patients at
enrollment (n="791), collected all SNCA A53T mutation
carriers (n=42) and removed all GBA (n=303), LRRK2
(n=428), PRKN (n=14), PINK1 (n=1) and simultaneous
GBA/LRRK?2 (n=3) mutation carriers. From those col-
lected we ruled out any prodromal-asymptomatic carriers
of AS3T mutation (n=11) to complete our first sample of
SNCA AS53T-PD participants (n=31). To acquire 3-year
longitudinal data from this sample, we searched the number
of patients who had completed baseline visit (BL) and Visit
8 (V8) of the PPMI Protocol, with secondary search criteria
of visit 4 (V4) and Visit 6 (V6) completion to be applied to
the main criterion. V4 corresponds to year number 1, V6
corresponds to year number 2 and V8 corresponds to year
number 3. We found 16 A53T-PD carriers who fulfilled both
BL & V8 visits (study sample), while 13 and 11 of them had
also completed V4 & V6 visits respectively.

Finally, 16 AS3T-PD participants were eligible (13 AS3T-
PD from the center at the University of Athens and three
from the center at the University of Salerno). As a result,
48 matched iPD participants were selected (3:1 ratio), as
previously described.

Time points were given successive numbers 1, 2, 3 and 4,
where they correspond to baseline, first year of follow-up,
second year and third year respectively. Eight A53T-PD par-
ticipants had two follow-up visits, instead of the full three,
while eleven iPD participants had two follow-up visits.

Demographic features at baseline
The demographic features at baseline are summarized in

Table 1. Age at baseline, duration of Parkinson’s disease
(PD), sex and years of education were comparable in the

Table 1 Demographics features

. . . Feature AS53T-PD (N = 16) iPD (N = 48) p value
in A53T-PD vs iPD at baseline
Demographics
Mean SD Mean SD
Age (years) 50.938 (+11.862) 52.919 (£9.474) 0.598 > 0.05
Disease durations (months) 50.56 (£37.518) 52.96 (+35.246) 0.687 > 0.05*°
Education (years) 13.06 (+4.795) 15.63 (+3.036) 0.106>0.05%°
Frequencies Frequencies
Sex (female/male) 8 (50%)/8 (50%) 14 (29.2%)/34 (70.8%) 0.129 > 0.05

ip-value=0.05
"Mann Whitney U test
°Chi-Square
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two groups, although there were proportionally more men
in iPD.

Medication

LEDD: a significant increase was observed in A53T-PD
at times “2”, “3” and “4” vs time “1” (p =0.044, p=0.001
and p=0.001, respectively). A53T-PD had significantly
higher values compared to iPD (p-values <0.001) at all
time points.

Nonmotor features
Cognitive tests

Results are summarized in Table 2 and Fig. 1.

MoCA score: a significant reduction was observed in
AS53T-PD at time “3” vs time “1”, and at time “4” com-
pared to times “1” and *“2”. AS3T-PD had significantly lower
values compared to iPD at all time points except baseline.

BENTON: a significant reduction was observed in A53T-
PD at time “4” compared to times “1” and “2”. A53T-PD
had significantly lower values compared to iPD at all time
points.

LNST: a significant reduction was observed in A53T-PD
at time “4” vs time “1”. A5S3T-PD had significantly lower
values compared to iPD at all time points.

PHONEMIC.F: a significant reduction was observed in
AS53T-PD at time “4” vs time “1”. A53T-PD had signifi-
cantly lower values compared to iPD at all time points.

SDMT: a significant reduction was observed in A53T-
PD at times “2”, “3” and “4” vs time “1”. A53T-PD had
significantly lower values compared to iPD at all time points.

SEMANTIC.F: a significant reduction was observed in
AS53T-PD at time “4” vs time “1”. A53T-PD had signifi-
cantly lower values compared to iPD at all time points except
baseline.

HVLT.IM-REC: a significant reduction was observed in
AS53T-PD at time “4” vs time “1”. A53T-PD had signifi-
cantly lower values compared to iPD at all time points.

HVLT-REC: differences were not found across time for
either group. The two groups differed at time point “3”, indi-
cating lower values in A53T-PD.

HVLT-RDLY: a significant reduction was observed in
AS53T-PD at time “4” vs time “2”. A53T-PD had signifi-
cantly lower values compared to iPD at time points “3” and
“4”.

Composite score: s significant reduction was observed in
AS53T-PD at times “2”, “3” and “4” vs time “1”. A53T-PD
had significantly lower values compared to iPD at all time
points.

@ Springer

Other non-motor features

Results are summarized in Table 3 and Fig. 2.

SCOPA-AUT: a significant increase was observed in
AS53T-PD at times “3” vs “1” and “2”, and at time “4” com-
pared to time “2”. A53T-PD had significantly higher values
compared to iPD at time points “3” and “4”.

MDS-UPDRS.IA: (complex behaviors): a significant
increase was observed in iPD at time “3” vs time “1”, and as
at time “4” compared to times “1”” and “2”. The two groups
did not differ at any time point.

MDS-UPDRS.IA: 1.1 cognitive impairment: a significant
increase was observed in A53T-PD at times “3” and “4” vs
time “1” and at times “3” and “4” vs time ‘“2”. A53T-PD
had significantly higher values compared to iPD at all time
points except baseline.

MDS-UPDRS.TA: 1.2 hallucinations and psychosis: a
significant increase was observed in A53T-PD at times “3”
and “4” vs time “1”, and at times “3” and “4” vs time “2”.
AS53T-PD had significantly higher values compared to iPD
at all time points “3” and “4”.

MDS-UPDRS.Ib: a significant increase was observed in
AS3T-PD at times “3” and “4” vs time “1” while a decrease
was observed in the iPD group at time “4” compared to
times “1” and “2” and at time “3” vs time “2”. A53T-PD
had significantly higher values compared to iPD at all time
points except baseline.

GDS: a significant increase was observed in AS3T-PD
differences were found across time in A53T-PD at time “4”
vs time “2”. A53T-PD had significantly higher values com-
pared to iPD at time points “3” and “4”.

In QUIP, RBDQ and EPWORTH there were no differ-
ences found between groups or across time for any group.

Motor features

Results are summarized in Table 3 and in Fig. 3.

MDS-UPDRS.III.ON: a significant increase was observed
in A53T-PD at times “3” vs “1” and “2”, as well at time “4”
compared to times “1” and “2”. A53T-PD had significantly
higher values compared to iPD at time points “3” and “4”.

H&Y. ON: a significant increase was observed in A53T-
PD at time “4” vs “1”, “2” and “3”. Also, a significant
increase was observed in iPD at time “4” vs time “1” and
“3” at time “3” vs time “1” and at time “2” vs time “1”.
AS53T-PD had significantly higher values compared to iPD
at time points “3” and “4”.

S&E: a significant reduction was observed in A5S3T-PD
at time “3” vs time “1”, as well as at time “4” compared to
times “1” and “2”. A53T-PD had significantly lower values
compared to iPD at all time points.

MDS-UPDRS.II: a statistically significant increase was
observed between baseline and time “4” in iPD. A significant
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Table 2 Cognitive tests in
AS53T-PD vs iPD in a 3-year
follow up
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Feature Time AS53T-PD Ipd P(between groups)
mean (+SD) mean (+SD)
MoCA 1 25.79 (+0.871) 27.195 (+0.552) 0.179
2 24.290 (+1.01) 27.803 (£ 0.635)™ 0.005
3 23.223 (+1.02)"! 27.399 (+0.62)™T 0.001
4 21.635 (+1.223)""1"2 27.659 (+0.771)™T <0.001
Benton 1 10.167 (+0.592) 13.331 (+0.370)T* <0.001
2 9.872 (+0.687) 12.960 (+0.426)F 0.001
3 9.788 (+0.786) 13.004 (+£0.458) " <0.001
4 8.497 (+0.650)"12 12.954 (+£0.407)"" <0.001
LNST 1 8.312 (+0.678) 11.030 (£ 0.425)" 0.001
2 7.919 (+0.915) 11.490 (+0.563) 0.002
3 7.348 (+0.867 11.299 (+0.481)F7" <0.001
4 6.410 (0.830)"! 10.922 (+0.521)T* <0.001
Phonemic F 1 11.572 (+ 1.086) 14.644 (+0.688)" 0.02
2 8.352 (+1.288) 15.145 (£0.795)"" <0.001
3 10.240 (1.476) 16.119 (£0.815)" 0.001
4 8.506 (+1.272)"! 15.955 (+0.794) 11 <0.001
SDMT 1 31.220 (+2.974) 44.497 (+1.858)" <0.001
2 24.699(+3.113)"! 43.551 (+1.897)7" <0.001
3 20.608 (£3.171)™"! 44.798 (+1.839)71" <0.001
4 23.245 (+£3.740)""! 46.694 (+2.308)71 <0.001
Semantic F 1 18.592 (+1.703) 22.044 (+1.073) 0.092
2 16.455 (1.705) 22.513 (£ 1.059)"" 0.004
3 15.704 (+ 1.761) 22.602 (+1.014)™ 0.001
4 13.228 (+1.770)"! 21.965 (+1.117)"" <0.001
HVLT.IM-REC 1 20.452 (+1.548) 26.976 (+0.968)17" 0.001
2 19.844 (+1.884) 25.101 (+1.164)" 0.021
3 16.844 (+1.715) 26.525 (+£0.958) 7 <0.001
4 15.609 (£2.009)"! 25.820 (+1.261) 77 <0.001
HVLT-REC 1 11.108 (+0.366) 11.393 (+0.229) 0.513
2 10.683 (0.686) 11.032 (+0.428) 0.669
3 9.466 (+0.769) 11.372 (£ 0.399)" 0.033
4 9.512 (+0.808) 10.967 (+0.509) 0.134
HVLT-RDLY 1 7.202 (+0.765) 8.974 (+0.48) 0.055
2 7.731 (+0.838) 8.419 (£0.517) 0.488
3 6.615 (+0.841) 9.425 (+0.461)" 0.005
4 5.536 (+0.802)" 8.938 (+0.504)77 <0.001
Composite score 1 18.826 (1.072) 23.635 (0.671)7 <0.001
2 16.567 (1.146)"! 23.655 (0.712) <0.001
3 15.155(1.133)"*"! 23.855 (0.68)1'T <0.001
4 14.51(1.29)"! 24.014 (0.801)* <0.001

*! Statistically significant differences between the annotated time and 1

*2 Statistically significant differences between the annotated time and time 2
**p <0.01 **¥* p <0.001

T Statistically significant differences between case and controls at the specified time point

T p<0.057p<0.01 7 p<0.001
p3: p-value between groups

Ibaseline, 2year number 1, 3year number 2, 4year number 3, HVLT-IM.REChopkins verbal learn-
ing test immediate recall, HVLT-RDLYHopkins verbal learning test delayed recall, HVLT-REChop-
kins verbal learning test delayed recognition, LNSTletter number sequencing test, MoCA montreal
cognitive assessment, SDMTsymbol digit modalities test, BENTONBenton judgement of line ori-
entation test, SEMANTIC Fsemantic fluency, Phonemic Fphonemic verbal fluency; Composite
score(MOCA +LNST + SDMT + BENTON + SEMANTIC F)/5
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Fig.1 Longitudinal cognitive Tests in AS3T-PD vs. iPD. a a sig-
nificant reduction was observed in the MOCA score in the group
of A53T-PD at time “3”(year number 2) vs time “1” (baseline), as
well at time “4” (year number 3) comparing to times “1” (baseline)
and “2” (year number 1). The two groups differed at all time points,
except baseline, with p-values <0.01 indicating lower MOCA values
in the group of A53T-PD. b A significant reduction in the SDMT
score was observed in the group of A53T-PD at times “2”, “3” and
“4” vs time “1”. The two groups differed at all time points, indi-
cating lower SDMT values in the group of A53T-PD. ¢ In Seman-
tic Fluency, differences were found between groups but also across
time for the group of AS3T-PD. Specifically a significant reduction
was observed in the group of A53T-PD at time “4” vs time “1”. The

increase was observed in A5S3T-PD at time “4” vs “1”, “2”,
at time “3” vs “1” and “2” and at time “2” vs “1”. A53T-
PD had significantly higher values compared to iPD at time
points “2”, “3” and “4”.

MDS-UPDRS.IV: no differences were found between
groups nor across time in A53T-PD. A significant increase
was found across time only in iPD, at time “4” vs time “1”,
“2” and “3”.

H&Y.OFF and MDS-UPDRS.III.OFF: there were too
many missing values in these assessments for them to be
meaningfully assessed (data not shown).
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two groups differed at all time points, except baseline, indicating
lower SEMANTIC F values in the group of AS3T-PD. d A compos-
ite cognitive score was generated (COMPOSITE), constituted of 5
cognitive domains: MOCA score, Semantic fluency, Letter Number
Sequencing Test, BENTON and Symbol Digit Modality Test [COM-
POSITE = (MOCA + Semantic.F+ LNST + BENTON + SDMT)/5].
A significant reduction was observed in the COMPOSITE score in
the group of A53T-PD at time “2”(year number 1) vs time “1” (base-
line), at time “3” (year number 2) vs time “1” (baseline), as well at
“4” (year number 3) vs time “1”. The two groups differed at all time
points, with p-values <0.001, indicating significant cognitive decline
in the sum of these domains in the group of A53T-PD related to iPD

Discussion

The current work represents the most comprehensive, to
date, longitudinal study of clinical features in p.A5S3T-PD
compared to iPD. We compared 16 AS3T-PD with 48 iPD
patients, matched for age and disease duration at baseline,
using several certified tests administered to these patients
as part of their participation in the PPMI study. For the
first time, we report here on detailed assessments at mul-
tiple time points over a period of 3 years.
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Table 3 Other motor and

Time

A53T-PD

mean (£ SD)

iPD

mean (+SD)

p(belween groups)

Feature
non-motor features, beyond
cognitive testing, in A53T-PD
vs iPD in a 3-year follow up Non-motor
SCOPA-AUT
GDS

MDS-UPDRS IA

MDS-UPDRS 1A 1.1

MDS-UPDRS IA 1.2

MDS-UPDRS IB

Motor
MDS-UPDRS III (ON)

H&Y (ON)

MDS-UPDRS II

MDS-UPDRS IV

S&E

BN = R W = R W= R W N =R W= R W

1
2
3
4
1
2
3
4
1
2
3
4
1
2
3
4
1
2
3
4

16.038 (+2.474)
16.731 (+2.282)
23.045 (+£2.968)
24.352 (£2.796)"?
4.905 (+0.936)
4.591 (+0.904)
6.588 (+1.107)
6.745 (+0.802)™
4.035 (+0.76)
4514 (+0.979)
5.488 (+1.175)
6.139 (+1.069)
0.457 (+0.166)
0.877 (+0.183)
1.274 (+0.202)
1,367 (+0.213)
0.307 (+0.094)
0.246 (+0.127)
1.033 (£0.17)"1"2
0.774 (£0.132)"""2
6.767 (+0.935)
8.079 (+0.988)
10.044 (+0.986)"!
9.605 (0.953)"!

B EEY)

sk ] %)

ok ] %)

17.191(+3.963)
21.538(+4.408)
32.373(+4.595)"1"2
38.374(+4.898)"" 172
1.954 (+0.187)

2211 (+0.184)

2317 (+0.197)

2716 (£0.181)" 123
10.598 (2.193)
17.804 (2.889)
22.487(2.725)"1"2
24.888 (2.641)""1*2
2.495 (+0.988)
2.430 (+1.186)
3.602(+ 1.426)
4.36 (+1.255)
78.362 (+3.152)
71.536 (+3.836)
60.501 (+4.741)
57.481 (+£5.071)

sk ]

sk |

sk ] %)

10.662 (+ 1.105)
11.751 (+1.015)
12.614 (+1.306)™
13.807 (+1.252)""
3.054 (+0.592)
3.391 (+0.566)
3.264 (+0.582) "
3.842 (+0.479)
4.582 (+0.606)
5.746 (£0.653)"!
6.82 (£0.674)""1- "2
0.31 (+0.105)
0.423 (+0.114)"
0.473 (£0.118)77
0.477 (£0.134)™"
0.141 (+£0.059)
0.123 (+0.079)
0.123 (+0.098) "
0.094 (+0.083)""
4.557 (+0.59)

4.722 (£0.61)
2.982 (+0.556)7 2
2.894 (+0.601)7"1.*2

20.434 (+1.889)
21.615 (+2.136)
21.847 (+2.095)"
23.151 (+2.321)"F
1.596 (+0.086)
1.891 (+0.087)""

5 k]

1.876 (+0.085)"™
2.067 (+0.083)77"1*3
8.992 (0.972)

10.603 (1.3)"

10.91 (1.16)"*

12.28 (1.171)T*

2.981 (+0.486)

2.959 (+£0.575)

3.524 (+£0.596)

5.064 (+£0.574)" 1723
85.637 (+1.403)"

87.5 (x1.777)
85.213 (+£2.009)""
82.584 (+2.257)FT

0.052
0.051
0.002
0.001
0.1
0.266
0.01
<0.001
0.831
0.953
0.848
0.592
0.458
0.04
0.001
<0.001
0.142
0.414
<0.001
<0.001
0.051
0.006
<0.001
<0.001

0.464
0.988
0.042
0.007
0.088
0.123
0.046
0.002
0.506
0.027
<0.001
<0.001
0.661
0.69
0.96
0.612
0.04
<0.001
<0.001
<0.001

*1 Statistically significant differences between the annotated time and time 1

*2 Statistically significant differences between the annotated time and time 2

*3 Statistically significant differences between the annotated time and time 3

*p < 0.05 #* p < 0.01 ¥ p < 0.001

+ Statistically significant differences between case and controls at the specified time point

T p<0.05+ p <0.01 111 p <0.001

1baseline, 2 year number 1, 3 year number 2, 4 year number 3
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a Muitiple Line Mean of SCOPA by Time by Group

Group

30 CASE
I CONTROL

Mean SCOPA

Time

Error Bars: 95% CI

Fig.2 Longitudinal Non-Motor Tests in AS53T-PD vs. iPD. a
SCOPA-AUT: a significant increase was observed in the group of
AS53T-PD at times “3” vs time “1” and “2”, as well at time “4” com-
paring to time “2”. The two groups differed at time points *“3” and
“4”, indicating higher SCOPA-AUT values in the group of AS3T-PD.
b MDS-UPDRS IA: 1.1 Cognition (UPDRS.1ICOG): A significant
increase was observed in the group of A53T-PD at times “3” and
“4” ys time “1” and at times “3” and “4” vs time ‘“2” The two groups

Detailed neuropsychological assessment revealed a sig-
nificant cognitive decline in AS3T-PD compared to iPD, but
also across time in AS3T-PD. At baseline A53T-PD scored
significantly lower in BENTON, LNST, PHONEMIC F,
SDMT, and HVLT.IM-REC compared to iPD, indicating
more impaired executive and visuospatial function. MOCA,
Semantic F, HVLT-REC and HVLT-RDLY were also lower,
but not significantly so. These findings are consistent with
our previous study where we had compared cross-sectionally
18 p.A53T-PD with 18 matched iPD participating in the
PPMI study [7]. Only 7 of the A53T-PD in our previous
study [7] are included herein. The consistency of results
confirms a distinct cognitive profile in AS3T-PD, reflecting
a frontal-parietal network dysfunction at a juncture of about
4-5 years after motor disease onset.

@ Springer

b Multiple Line Mean of UPDRS.1COG by Time by Group

Group
2 I PD-AS:
IiPD

Mean UPDRS.1C0OG

1 2 3 4
Time
Error Bars: 95% Cl
C Multiple Line Mean of UPDRS.1HAL by Time by Group
Group
2 — I PD-AS:
IiPD

&
I
7]
14
g \
=R l
: \
3 |
= = 1 L T

. i - I

0

1 2 3 4
Time

Error Bars: 95% CI

differed at all time points except baseline, with p-values<0.04,
indicating higher values in the group of A53T-PD. ¢ MDS-UPDRS
TIA: 1.2 Hallucinations and psychosis (UPDRS.IHAL): Cognition
(UPDRS.1COG): A significant increase was observed in the group of
AS53T-PD at times “3” and “4” vs time “1” and at times “3” and “4”
vs time “2”. The two groups differed at time points “3” and “4”, with
p-values <0.001, indicating higher values in the group of AS3T-PD

Given the fact that MOCA, reflecting global cognitive
function, was not significantly different at baseline between
groups in the present study, or in our previous work [7], with
the assessment of patients at similar time points of 4-5 years
after disease onset, we decided to establish a composite
score of multiple cognitive functions, as described in the
“Methods” section. The cognitive Composite score reflects
multiple domains of cognitive function, but is more pow-
erful than MOCA, including 5 cognitive tests and empha-
sizing executive/visuospatial function, compatible with the
pattern of cognitive impairment in PD. This score was sig-
nificantly lower in A53T-PD at all time points, appearing to
better reflect the cognitive decline within the early years of
disease in AS3T-PD. Another global measure of cognitive
decline, the item 1.1 of MDS-UPDRS.IA was also worse in
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Fig.3 Longitudinal Motor Tests in A53T-PD vs. iPD. (a) MDS-
UPDRS-III in the ON state: a significant increase was observed in
the group of AS3T-PD at times “3” vs “1” and ‘“2”, as well at time
“4” comparing to times “1” and ‘“2”. The two groups differed at
time points “3” and “4”, indicating higher UPDRS.IIL.ON values in
the group of AS3T-PD. b H&Y scale in the ON state: a significant
increase was observed in A53T-PD at time “4” vs “1”, “2” and “3”.
The two groups differed at time points “3” and *“4”, indicating higher
H & Y. ON values in the group of A53T-PD. ¢ MDS-UPDRS II: For

AS53T-PD at all time points and deteriorated significantly
across time.

Importantly, the longitudinal nature of the study enabled
us to establish that even cognitive measures that were not
significantly different from iPD at baseline, worsened sig-
nificantly in A53T-PD after 6-7 years of disease duration,
while they remained stable in iPD. Not surprisingly, cog-
nitive measures that were affected at baseline, such as the
Composite Score, also continued to deteriorate in A53T-
PD over time. This more widespread and severe cognitive
dysfunction is likely related to the extensive burden of LB
pathology, especially in cortical regions, that is known to
occur in A53T-PD [9, 10].

Time
Error Bars: 95% CI

the group of A53T-PD all values were significantly different, gradu-
ally increasing, except for time “3” vs “4”. A statistically significant
increase is observed between baseline and time “4” for the iPD group
as well (p=0.005). The two groups differed at time points “2”, “3”
and “4”, indicating higher UPDRS.II values in the group of AS53T-
PD. d S&E: a significant reduction was observed in the group of
A53T-PD at time “3” vs time “1”, as well as at time “4” comparing to
times “1” and “2”. The two groups differed at all time points, indicat-
ing lower S &E values in the group of A53T-PD

Dysautonomic symptoms, as per the SCOPA-AUT scale,
are more prominent over time in A53T-PD compared to iPD,
unlike our previous cross-sectional study [7]. Statistically
significant worsening of autonomic function was found also
across time in A53T-PD, consistent with our previous study
[6]. However, this needs to be validated with more objec-
tive measures. Using non-invasive autonomic function tests,
we have preliminary evidence that A53T-PD perform worse
compared to iPD or GBA-PD (Simitsi et al., unpublished
results). These findings are in accordance with neuropatho-
logical studies in A53T-PD showing severe LB pathology
in regions controlling autonomic function, such as the locus
coeruleus and the Dorsal Motor Nucleus of the Vagus [10].
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As far as MDS-UPDRS.IA is concerned, we found that
the two groups did not differ at any time point but, exam-
ining separate items, we found higher scores concerning
cognition and psychosis (items 1.1 and 1.2 respectively) in
AS53T-PD compared to iPD, as well as a significant increase
in the group of AS3T-PD across time. These findings indi-
cate that the use of more specific and targeted questionnaires
and assessments may reveal a more distinct profile of the
disease.

Scores in RBDQS were similar between the two groups,
consistent with our previous findings [7]; given the poor pre-
dictive validity of such questionnaires for polysomnography-
confirmed RBD [11], especially in the absence of confirma-
tion from a bed partner, these results should be taken with
caution. In a previous study from our cohort of AS3T-PD,
a simple sleep history question in 22 participants indicated
that 45% had symptoms suggestive of RBD [6]. In another
study, assessing 15 p.A53T-carriers with simultaneous
Video-PSG (polysomnography) recordings, we found that
RBD occurs in the majority of PD-AS53T (8/10), in contrast
to most other genetic forms of PD. We also found a paucity
of a sleep disorder in asymptomatic carriers, suggesting that
they may have not yet reached the prodromal phase when
such sleep disorders manifest [8]. Further PSG studies, in
particular longitudinal, are needed to assess the evolution of
sleep disorders in this rare group of participants.

At baseline, AS3T-PD performed similarly on motor
function and examination compared to iPD, no doubt
because the increased LEDD masked the more pronounced
nigrostriatal degeneration detected with dopaminergic imag-
ing [12]. Despite an increase in the difference in LEDD
between iPD and AS53T-PD over time, A5S3T-PD eventu-
ally showed worse performance even on quite global motor
assessments, such as H&Y. ON or S&E, but also on more
detailed ones, such as MDS-UPDRS.II and MDS-UPDRS.
III.ON. This again underscores the more severe progres-
sive nature of motor dysfunction in this form of PD, merely
hinted at in our prior study [6].

As far as MDS-UPDRS.IV is concerned, no differences
were found between groups nor across time in A53T-PD,
underscoring the fact that motor complications are not usu-
ally a main feature of advanced A53T-PD, in which a more
global and continuous motor and non-motor dysfunction
predominates.

Our study has some limitations, mainly the small num-
ber of participants in A53T-PD. The issue is compounded
by the number of participants who performed visits at
the one- and two-year time points, which is even lower,
accounting in part for the larger variability within this
group. However, the differences observed across groups
and across time are generally of large magnitude and of
high statistical significance; there is consistency between
the current and prior studies from our group in various
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measures, while the novel findings of accelerated disease
progression are reflected in a variety of different exami-
nation modalities and are internally consistent. The fact
that iPD patients show little deterioration over 3 years is
probably due to their relatively young age, matched to the
age of AS3T-PD. The generalization of our results is dif-
ficult, due to variable genetic background. While PPMI
includes persons from a wide ethnic and genetic back-
ground, A53T-PD are predominantly Caucasians from the
Mediterranean basin.

The overall picture of p.AS3T carriers, and especially
the current longitudinal data, indicate that this genetic
variant represents a more severe disease form compared
to iPD, with accelerated decline in various motor and non-
motor measures. Cognitive dysfunction is especially inter-
esting in this regard, as it is not easily modified by current
drug interventions. We suggest that such parameters could
be used as endpoints in clinical trials with disease-mod-
ifying agents. Of special interest are agents that would
counteract the pathological effects of AS, as this cohort
represents a unique case scenario in which, undoubtedly,
disease etiopathogenesis is directly related to pathological
AS. This provides the basis of the idea to perform in this
population proof-of-concept clinical trials with disease-
modifying agents targeting AS. LB pathology is ubiqui-
tous in almost all cases with iPD, something brought to
the forefront with the advent of the highly sensitive and
specific AS seeding amplification Assays (SAAs) [13].
Therefore, combined genetic and neuropathological data
indicate that the SNCA gene and the AS protein are highly
relevant for iPD and represent valid therapeutic targets.
Hence, insights gained from the study of this rare genetic
synucleinopathy may impact globally the understanding
and care of the vast majority of patients with iPD.
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