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IMPORTANCE Finding a reliable diagnostic biomarker for the disorders collectively known as CME Quiz at
synucleinopathies (Parkinson disease [PD], dementia with Lewy bodies [DLB], multiple jamacmelookup.com
system atrophy [MSA], and pure autonomic failure [PAF]) is an urgent unmet need.
Immunohistochemical detection of cutaneous phosphorylated a-synuclein may be a sensitive
and specific clinical test for the diagnosis of synucleinopathies.

OBJECTIVE To evaluate the positivity rate of cutaneous a-synuclein deposition in patients
with PD, DLB, MSA, and PAF.

DESIGN, SETTING, AND PARTICIPANTS This blinded, 30-site, cross-sectional study of academic
and community-based neurology practices conducted from February 2021 through March
2023 included patients aged 40 to 99 years with a clinical diagnosis of PD, DLB, MSA, or PAF
based on clinical consensus criteria and confirmed by an expert review panel and control
participants aged 40 to 99 years with no history of examination findings or symptoms
suggestive of a synucleinopathy or neurodegenerative disease. All participants completed
detailed neurologic examinations and disease-specific questionnaires and underwent skin
biopsy for detection of phosphorylated a-synuclein. An expert review panel blinded to
pathologic data determined the final participant diagnosis.

EXPOSURE Skin biopsy for detection of phosphorylated a-synuclein.

MAIN OUTCOMES Rates of detection of cutaneous a-synuclein in patients with PD, MSA, DLB,
and PAF and controls without synucleinopathy.

RESULTS Of 428 enrolled participants, 343 were included in the primary analysis (mean [SD]
age, 69.5[9.1] years; 175 [51.0%] male); 223 met the consensus criteria for a synucleinopathy
and 120 met criteria as controls after expert panel review. The proportions of individuals with
cutaneous phosphorylated a-synuclein detected by skin biopsy were 92.7% (89 of 96) with
PD, 98.2% (54 of 55) with MSA, 96.0% (48 of 50) with DLB, and 100% (22 of 22) with PAF;
3.3% (4 of 120) of controls had cutaneous phosphorylated a-synuclein detected.

CONCLUSIONS AND RELEVANCE In this cross-sectional study, a high proportion of individuals
meeting clinical consensus criteria for PD, DLB, MSA, and PAF had phosphorylated
a-synuclein detected by skin biopsy. Further research is needed in unselected clinical
populations to externally validate the findings and fully characterize the potential role of skin
biopsy detection of phosphorylated a-synuclein in clinical care.
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group of neurodegenerative disorders collectively

known as synucleinopathies are characterized by the

deposition of phosphorylated a-synuclein (P-SYN)
within the central and peripheral nervous systems. These in-
clude the Lewy body diseases (Parkinson disease [PD], de-
mentia with Lewy bodies [DLB]), multiple system atrophy
(MSA), and pure autonomic failure (PAF). All 4 synucleinopa-
thies have overlapping clinical features and are characterized
by progressive neurodegeneration and disability.

Finding an easily accessible and reliable diagnostic bio-
marker for these diseases is an urgent unmet priority. Based
on data collected from 1991 to 2010, it is estimated that 2.5 mil-
lion people in the US have a diagnosis of a synucleinopathy
and approximately 180 000 new patients are diagnosed
each year.!* No disease-modifying therapy exists for these
diseases,>® and many patients with synucleinopathy experi-
ence diagnostic delay or an initial misdiagnosis even when
evaluated at movement disorder centers.”® We therefore
sought to evaluate the frequency of detection of cutaneous
a-synuclein deposition as a biomarker in clinically confirmed
cases of PD, DLB, MSA, and PAF in a multicenter study that in-
cluded university- and community-based neurologists.

Methods

Study Design

The study design and methods have been previously pub-
lished.® In brief, this was a blinded, multicenter, cross-
sectional study conducted from February 2021 through
March 2023 to evaluate the detection of P-SYN by skin
biopsy in individuals with PD, DLB, MSA, and PAF and con-
trol individuals without synucleinopathy. The study was
approved by a central institutional review board (Sterling:
8385). Written informed consent was obtained from all par-
ticipants. This study followed the Strengthening the Report-
ing of Observational Studies in Epidemiology (STROBE)
reporting guideline.

Inclusion Criteria

The study included adults aged 40 to 99 years with a clini-
cal diagnosis of PD, DLB, MSA, or PAF based on consensus
criteria as previously published.®'? Control participants
were adults aged 40 to 99 years with no history of clinical
examination findings or symptoms suggestive of synuclein-
opathy (including hyposmia, constipation, rapid-eye-
movement [REM] sleep behavior disorder, mild cognitive
impairment, or dementia) or other neurodegenerative dis-
eases. Controls were recruited through all study sites via
local advertisements and at routine visits with local primary
care physicians. Exclusion criteria for all participants were
published previously® and include risks associated with per-
forming a biopsy and diseases that could mimic symptoms
of a synucleinopathy.

Examination and Clinical Testing
Examination for all participants included the Movement

Disorders Society Unified Parkinson Disease Rating Scale

JAMA Published online March 20, 2024

Skin Biopsy Detection of Phosphorylated a-Synuclein in Patients With Synucleinopathies

Key Points

Question Can skin biopsy detect phosphorylated a-synuclein in
individuals with synucleinopathies such as Parkinson disease (PD),
multiple system atrophy (MSA), dementia with Lewy bodies
(DLB), and pure autonomic failure (PAF)?

Finding In this cross-sectional study of 428 participants, the
proportions of individuals with cutaneous phosphorylated
a-synuclein detected by skin biopsy were 92.7% with PD, 98.2%
with MSA, 96.0% with DLB, 100% with PAF, and 3.3% with no
history of synucleinopathy (controls).

Meaning A high proportion of individuals meeting clinical
consensus criteria for PD, DLB, MSA, and PAF had a skin biopsy
positive for phosphorylated a-synuclein in this study, although
further research is needed to validate the findings in unselected
clinical populations.

(MDS-UPDRS),"® the Hoehn and Yahr scale,'* orthostatic vital
signs, and the Montreal Cognitive Assessment.'® All partici-
pants completed the following questionnaires: the European
Quality of Life Instrument (EQ-5D and EQ-VAS),'® the 39-item
Parkinson Disease Questionnaire,'” the Multiple System Atro-
phy Quality of Life Questionnaire,® the Orthostatic Hypoten-
sion Questionnaire,'® and the REM sleep behavior disorder
screening questionnaire.?° Vital signs were measured in the
supine resting position and after 3 minutes of standing. His-
torical data on disease and symptom duration were extracted
from the medical records.

Standardization of Data and Tissue Collection

All participants had 3-mm punch skin biopsy samples taken
from the distal leg 10 cm above the lateral malleolus, the dis-
tal thigh 10 cm above the lateral knee, and the posterior cer-
vical region 3 cm lateral to the C-7 spinous process. All study-
related data were acquired using electronic data capture.

Data Blinding, Data Review, and Tissue Processing

Skin Biopsies

Skin biopsy specimens were received at the central process-
ing site. Biopsy specimens were separated from any clinical data
using random number assignment for data blinding. All skin
biopsy specimens were sectioned, with tissue specimens pro-
cessed at CND Life Sciences and half of the specimens also pro-
cessed at Beth Israel Deaconess Medical Center. A complete
summary of the skin biopsy processing methods is provided
in the eMethods in Supplement 1.

P-SYN Quantitation

Quantitation of P-SYN deposition for all tissue sections fol-
lowed previously reported standards?! using strict blinding
measures for all readers and both laboratories, including slide
randomization, random number generation, and blinding be-
tween reviewers and study staff.?? A quantitative analysis of
P-SYN was performed for each biopsy sample with a sum total
for each participant as previously described?! (results ex-
pressed as synuclein units and reported in detail in eMethods
in Supplement 1). Intraepidermal nerve fiber density for each
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biopsy specimen was calculated using standard methods, with
results reported as nerve fibers per millimeter.??

Expert Consensus Panel for Diagnosis of Synucleinopathy

The referring physician who examined the participant indi-
cated their clinical diagnosis (PD, MSA, DLB, PAF, or no sy-
nucleinopathy). The participant history, examination scores,
medical records, and ancillary test data were then sent for cen-
tral review by 2 disease experts (C.A., R.F.) to confirm the di-
agnosis of the specific synucleinopathy based on defined con-
sensus and inclusion and exclusion criteria for the diagnoses
or controls. The expert review panel was blinded to skin bi-
opsy results.

Study participants reclassified by the expert panel to an-
other specific synucleinopathy were included in the primary
outcome analysis. Patients classified as having undifferenti-
ated synucleinopathy (defined by symptoms and signs that pre-
cluded expert panel agreement on a specific synucleinopa-
thy) or an unknown diagnosis (did not meet prespecified
diagnostic criteria for a synucleinopathy) were included in the
secondary outcome analysis. Similarly, controls who did not
fulfill prespecified criteria for inclusion as controls were in-
cluded in the secondary outcome analysis.

Outcomes

The primary outcome of this study was to define the positiv-
ity rate of skin biopsies (using a binary outcome of P-SYN pre-
sent or absent) to detect P-SYN deposition in clinically con-
firmed cases of PD, MSA, DLB, and PAF (including those
reclassified to a different synucleinopathy by the expert panel).
Prespecified secondary outcomes included quantitation of
P-SYNin study participants who did not meet the primary out-
come criteria (eg, those categorized as having an undifferen-
tiated synucleinopathy or an unknown diagnosis, excluded
controls), number of adverse events, and correlations be-
tween P-SYN deposition and P-SYN location, disease type, dis-
ease stage, time since diagnosis, duration of symptoms, in-
traepidermal nerve fiber density, and clinical features.

Sample Size Justification

The sample size was calculated as the number of participants
needed to differentiate synucleinopathy subgroups (PD,
MSA, DLB, and PAF) from the group without synucleinopa-
thy by cutaneous deposition of P-SYN (binary present or
absent). The true-positive fraction was estimated at 0.90 and
the false-positive fraction at 0.05.>* With a 2-sided a of .01
and a power of 0.95, we estimated that a total of 150 partici-
pants were required to complete the primary objective. To dif-
ferentiate P-SYN deposition among the synucleinopathies,?!
the cohort with synucleinopathy was increased to 300, with
200 controls.

Statistical Analysis

Statistical analysis was performed using SPSS, version 29.0
(IBM Corp). Data are presented as means and SDs. The fre-
quency with which skin biopsy-detected P-SYN was deter-
mined for each subgroup, with the expert panel clinical diag-
nosis as the gold standard. Differences between groups were
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analyzed by analysis of variance with the Tamhane T2 post hoc
test when normally distributed (Shapiro-Wilk test). If data were
not normally distributed, a Kruskal-Wallis test with the Dunn
method for post hoc analysis was used. Test reproducibility
between laboratories and examiners was completed using
the intraclass correlation coefficient. Associations between
a-synuclein deposition, examination scores, and question-
naire scores were expressed with Pearson correlations. A post
hoc exploratory analysis of the primary results using a sub-
group of controls to ensure age-matched data was com-
pleted. For all results, P < .05 was considered significant (with
Bonferroni corrections for multiple calculations) and statisti-
cal analysis was 2-sided unless otherwise specified. Analysis
of missing data was performed to determine frequency and ran-
domness with investigation into patterns of potential bias
(eg, site specific or disease specific). For any cases with pri-
mary missing data (diagnosis, skin biopsy), the participant was
not included in the analysis. For all other missing data, if less
than 1% of total data were missing, pairwise deletion was per-
formed. If missing data were 1% or more of total data, maxi-
mum likelihood analysis was performed.

. |
Results

Study Population

From February 2021 through March 2023, 428 participants
(151 controls and 277 patients with synucleinopathy) were
enrolled in the study by 11 academic and 19 community-
based neurology practices. The flow of participants is shown
in the Figure. The protocol-predefined primary analysis
included 343 participants (mean [SD] age, 69.5 [9.1] years;
168 [49.0%] female; 175 [51.0%] male), of whom 223 met the
consensus criteria for a synucleinopathy (96 [28.0%] with
PD, 50 [14.6%] with DLB, 55 [16.0%] with MSA, and 22 [6.4%]
with PAF) and 120 were controls without synucleinopathy.
Eighty-five individuals (54 patients and 31 controls) did not
meet predefined study criteria as assessed by the expert
review panel and were included in the secondary analysis.
The number of participants with reclassified diagnoses was
similar between academic and community-based sites, with
similar rates noted (9 of 11 academic sites [81.8%] and 13 of 19
community-based sites [68.4%] had at least 1 patient with a
reclassified diagnosis). The characteristics of the included
participants by diagnostic subgroup are reported in Table 1. A
detailed description of the reclassified patients and controls
is shown in the Figure and reported in the eResults and
eTables 2 to 3 in Supplement 1.

Missing Data

All 428 participants had complete primary data (biopsy data
and clinical diagnoses). Missing data from examinations, ques-
tionnaires, or other clinical information were less than 0.05%
of total data and were missing at random.

Biopsy Outcomes
The proportion of individuals with cutaneous P-SYN de-

tected by skin biopsy was 95.5% (213 of 223) of those with an
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Figure. Participant Flow Diagram

428 Adults recruited and underwent blinded
record evaluation by expert review panel
108 Parkinson disease
69 Multiple system atrophy
67 Dementia with Lewy bodies
33 Pure autonomic failure
151 No history of neurodegenerative disease

|

343 Included in primary outcome analysis based on
prespecified criteria?
96 Parkinson disease
1 Reclassified from multiple system atrophy
1 Reclassified from dementia with Lewy bodies
1 Reclassified from pure autonomic failure
55 Multiple system atrophy
50 Dementia with Lewy bodies
22 Pure autonomic failure
120 No history of neurodegenerative disease

343 Blinded pathologic evaluation of skin
biopsies for phosphorylated a-synuclein

| !

!

85 Included in secondary outcome analysis based on not meeting
prespecified inclusion criteria?
15 Parkinson disease
2 Overlapping features of dementia with Lewy bodies
2 Overlapping features of multiple system atrophy
11 Other possible causes of Parkinson disease
(eg, drug-induced or vascular Parkinson disease)
13 Multiple system atrophy
4 Overlapping features of Parkinson disease with
orthostatic hypotension
9 Other possible mimics of multiple system
atrophy (eg, progressive supranuclear palsy
or spinocerebellar ataxia)
16 Dementia with Lewy bodies
9 Overlapping features of Parkinson disease with dementia
7 Other possible causes of dementia
(eg, vascular Alzheimer disease)
10 Pure autonomic failure
7 Overlapping features of Parkinson disease or multiple
system atrophy
3 Possible peripheral autonomic neuropathy
or ganglionopathy
31 No history of neurodegenerative disease
26 Mild cognitive impairment on testing
3 Suspected REM sleep behavior disorder
2 Essential tremor
!

85 Blinded pathologic evaluation of skin
biopsies for phosphorylated a-synuclein

|
| !

217 Phosphorylated a-synuclein 126 No phosphorylated a-synuclein

present on skin biopsy detected on skin biopsy

89 Parkinson disease 7 Parkinson disease

54 Multiple system atrophy 1 Multiple system atrophy

48 Dementia with Lewy bodies 2 Dementia with Lewy bodies

22 Pure autonomic failure 0 Pure autonomic failure

4 No history of 116 No history of

neurodegenerative disease neurodegenerative disease

55 Phosphorylated a-synuclein 30 No phosphorylated a-synuclein
present on skin biopsy detected on skin biopsy
14 Parkinson disease 1 Parkinson disease
9 Multiple system atrophy 4 Multiple system atrophy
15 Dementia with Lewy bodies 1 Dementia with Lewy bodies
9 Pure autonomic failure 1 Pure autonomic failure
8 No history of 23 No history of
neurodegenerative disease neurodegenerative disease

REM indicates rapid-eye-movement.
2 Updated diagnoses based on expert review are shown.

b Original diagnoses and reasons for exclusion are shown.

expert panel-confirmed diagnosis of synucleinopathy. Of these
individuals, 92.7% (89 of 96) were P-SYN positive with PD,
98.2% (54 of 55) were P-SYN positive with MSA, 96% (48 of
50) were P-SYN positive with DLB, 100% (22 of 22) were P-SYN
positive with PAF, and 3.3% (4 of 120) were P-SYN-positive con-
trols (Table 2).

Secondary Analysis

Two subgroups of participants were excluded from the pri-
mary analysis. The first subgroup included 27 individuals
with undifferentiated synucleinopathy, defined by overlap-
ping diagnostic features that did not fulfill expert panel diag-
nostic criteria for a specific synucleinopathy. The proportion
of individuals with undifferentiated synucleinopathy with
P-SYN detected by skin biopsy was 85.2% (23 of 27). The sec-
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ond subgroup included 58 individuals with an unknown
diagnosis that included 30 individuals originally diagnosed
with synucleinopathy and 28 controls. The proportion of
individuals classified as having an unknown diagnosis with
P-SYN detected by skin biopsy was 55.2% (32 of 58). Full
details of the P-SYN-positive controls and the reclassified
participants are provided in the eResults and eTables 1 to 3 in
Supplement 1.

Quantitative analysis of P-SYN revealed differences by sy-
nucleinopathy subtype and biopsy location as noted in Table 1.
Among individuals with PD, there was no difference in P-SYN
positivity between those with a time since diagnosis of less than
5years (43 of 46 [93.5%] positive; 3 were P-SYN negative) and
those with a time since diagnosis of 5 years or more (46 of 50
[92.0%] positive; 4 were P-SYN negative).
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Table 1. Demographic Information and Clinical Test Data

Participants®

Parkinson disease Multiple system Dementia with Lewy Pure autonomic failure  Controls
Characteristic (n =96) atrophy (n = 55) bodies (n = 50) (n=22) (n=120)
Age, median (IQR), y 70 (63-76) 67 (60-74) 75 (71-80) 72 (66-77) 59 (41-70)
Sex
Female 40 (41.7) 28 (50.9) 10 (20.0) 8(36.4) 82 (68.3)
Male 56 (58.3) 27 (49.1) 40 (80.0) 14 (63.6) 38(31.7)
Time since diagnosis, 6.0 (4.9) 1.9(1.2) 1.6 (2.6) 2.9(.7) NA
mean (SD), y
Symptom duration, 7.5 (5.0) 4.0(1.6) 4.1(5.9) 6.1(3.7) NA
mean (SD), y
Comorbidities
Hyperlipidemia 40 (41.6) 21(38.2) 29 (58.0) 14 (63.6) 34(28.3)
Hypertension 37 (38.5) 15 (27.3) 23 (46.0) 5(22.7) 34 (28.3)
Depression 27 (28.1) 15 (27.2) 27 (54.0) 7 (31.8) 12 (10.0)
Diabetes or prediabetes 24 (25.0) 2(3.6) 8(16.0) 2(9.1) 8(6.7)
Anxiety 20(20.8) 13 (23.6) 14 (28.0) 6(27.2) 12 (10.0)
REM sleep behavior 19 (19.8) 26 (47.3) 24 (48.0) 9 (40.9) 0
disorder
Medications
Levoglopa and dopamine 91 (94.7) 17 (30.9) 12 (24.0) 0 0
agonists
Sedatives 55(57.2) 27 (49.1) 41 (82.0) 18 (81.8) 6(5.0)
Antihypertensives 42 (43.8) 6(10.9) 14 (28.0) 3(13.6) 26 (21.6)
Antidepressants 22(22.9) 14 (25.4) 26 (52.0) 8(36.4) 12 (10)
Antiorthostatic hypotension 12 (12.5) 33(60.0) 16 (32.0) 17 (77.3) 0
medications
Anxiolytics 12 (12.5) 11 (19.6) 10 (20.0) 9 (40.9) 4(3.3)
Diabetes medications 9(9.4) 2(3.6) 3(6.0) 0 2(1.7)
MDS-UPDRS, mean (SD),
score®
Part Il 8.5(7.5) 23.5(12.2) 15.7 (10.6) 5.8 (6.6) 0.2 (0.8)
Part Il 28.6 (13.7) 44.2 (13.4) 33.6 (16.6) 7.5 (14) 0.5(1.2)
Total 49.5 (24.4) 83.1(32.1) 68.3(28.4) 25.7 (21.7) 1.9(3.1)
Hoehn and Yahr, mean (SD), 2.1(0.6) 3.4(1.4) 2.4(1.0) 0.5(1.1) 0
score®
Questionnaires, mean (SD),
score
MOCA® 25.2(3.7) 24.8 (3.6) 16.1(5.7) 26.4(2.6) 28.1(1.6)
PDQ-39¢ 26.5(22.9) 62.3(31.3) 51.9(33.6) 27.5(21.1) 1.3(3.2)
EQ-5Df 6.6 (1.7) 9.0(2.3) 8.1(2.1) 7.3(1.5) 5.2(0.7)
OHQ? 9.6 (12.9) 20.6 (15.2) 16.3(14.4) 22.3(14.1) 0.9 (2.6)
OHDAS" 5.4(8.7) 16.7 (14.5) 9.7 (10.9) 15.3(11.9) 0.4(1.5)
RBDSQ'! 4.9(3.1) 5.7(2.8) 6.3(2.6) 6.7 (2.5) 0.8(1.3)
Orthostatic hypotension, -6.9 (14.5) -30.0(36.3) -15.4(17.8) -37.3(26) 0.8(12.8)
SBP change, mean (SD),
mm Hg'
P-SYN, mean (SD), SUs*
Total 4.63(4.2) 8.6 (4.9) 8.3(6.0) 11.4(5.7) 0.1(0.8)
Posterior cervical 2.1(2.0) 2.6 (2.4) 3.3(2.0) 4.3(2.7) 0(0.3)
Distal thigh 1.6 (2.1) 3.2(2.6) 2.7(2.6) 3.9(3.3) 0(0.2)
Distal leg 0.9 (1.5) 28(2.7) 23(2.2) 3.1(2.3) 0(0.4)
P-SYN distribution coefficient,  0.45(0.52) 0.06 (0.54) 0.10 (0.45) 0.12(0.43) 0.20 (1.00)
mean (SD)
P-SYN in the subepidermal 3(3.1) 27 (49.1) 5(10.0) 2(9.1) 0
plexus
(continued)
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Table 1. Demographic Information and Clinical Test Data (continued)

Participants®

Parkinson disease Multiple system Dementia with Lewy Pure autonomic failure  Controls
Characteristic (n =96) atrophy (n = 55) bodies (n = 50) (n=22) (n=120)
IENFD, mean (SD),
fibers per mm
Posterior cervical 28.1(7.0) 30.0(6.9) 28.5(7.1) 30.2(6.1) 29.9(6.6)
Distal thigh 10.0(3.5) 11.3(3.3) 9.5 (3.6) 9.9 (4.2) 12.7 (3.3)
Distal leg 4.6 (3.0) 6.1(3.0) 3.9(2.6) 4.2 (3.0) 7.8(2.7)

Abbreviations: EQ-5D, European Quality of Life Instrument; IENFD, intraepidermal
nerve fiber density; MDS-UPDRS, Movement Disorders Society Unified Parkinson
Disease Rating Scale; MOCA, Montreal Cognitive Assessment; NA, not applicable;
OHDAS, Orthostatic Hypotension Daily Activity Scale; OHQ, Orthostatic
Hypotension Questionnaire; PDQ-39, 39-item Parkinson Disease Questionnaire;
P-SYN, phosphorylated a-synuclein; RBDSQ, REM sleep behavior disorder
screening questionnaire; REM, rapid-eye-movement; SBP, systolic blood pressure;
SUs, synuclein units.

@ Data are presented as number (percentage) of participants unless otherwise
indicated.

> MDS-UPDRS score ranges from O (low score with no symptoms or signs of
parkinsonism) to 200 (maximal disability) in 4 parts: part | (nonmotor
experiences of daily living: 0-52 points), part Il (motor experiences of daily
living: 0-52 points), part lll (motor examination: 0-68 points), and part IV
(motor complications: 0-24 points).

€ Hoehn and Yarh score ranges from O (asymptomatic) to 5 (wheelchair or
bedbound).

9 MOCA score ranges from O to 30, with 26 or higher indicating no cognitive
impairment.

€ PDQ-39 score ranges from O (asymptomatic) to 195 (maximal symptoms).
f EQ-5D score ranges from O (asymptomatic) to 20 (maximal symptoms).
8(0HQ score ranges from O (asymptomatic) to 60 (maximal symptoms).

" OHDAS score ranges from O (asymptomatic) to 40 (maximal symptoms).

i RBDSQ score ranges from O (asymptomatic) to 13 (maximal symptoms), with
scores greater than 5 suggestive of REM sleep behavior disorder.

J Defined as the difference in SBP from the supine to standing position within
3 minutes.

¥ Each biopsy has a range of O to 12, and the total score range is O to 36.

Table 2. Primary Outcomes

Participants, No.

Proportion of participants
positive for P-SYN, %

Diagnosis P-SYN positive® P-SYN negative” (95% CI)

Synucleinopathy 213 10 95.5(91.9-97.8)

Parkinson disease 89 7 92.7 (85.6-97.0) Abbreviation: P-SYN, phosphorylated
Multiple system atrophy 54 1 98.2(91.7-99.9) a-synuclein.

Dementia with Lewy bodies 48 2 96.0 (86.3-99.5) 2 Positive for P-SYN in at least 1 biopsy
Pure autonomic failure 22 0 100 (84.6-100) DSite' . .

No synucleinopathy 4 116 3.3(1.3-8.0) Negative for P-SYN in all biopsy

sites.

The deposition of P-SYN within the subepidermal
plexus differed among synucleinopathy subtypes and was
more common in patients with MSA (27 [49.1%]) than in
those with PD (3 [3.1%]), DLB (5 [10.0%]), or PAF (2 [9.1%])
(x? test, P = .001). Length-dependent small fiber neuropathy
differed among synucleinopathy subtypes. Neuropathy was
most common in patients with DLB (39 [78.0%]) followed
by those with PD (60 [62.5%]), PAF (10 [45.5]%), and MSA
(12 [21.8%]). Detailed data are reported in Table 1.

Correlations Between a-Synuclein Deposition

and Time Since Diagnosis, Symptom Duration,

Neurologic Examination Findings, and Symptom Scores

The total P-SYN for each participant correlated with examina-
tion scores as measured by the MDS-UPDRS total score
(R = 0.48; P < .001), the Hoehn and Yahr score (R = 0.44;
P <.001), the Montreal Cognitive Assessment score (R = -0.32;
P <.001), and the orthostatic change in systolic blood pres-
sure (R = -0.44; P < .001). The total P-SYN for each partici-
pant correlated with the 39-item Parkinson Disease Question-
naire score (R = 0.42; P < .001), the European Quality of Life
EQ-5Dscore (R = 0.37; P < .001), the Orthostatic Hypotension
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Questionnaire score (R = 0.44; P < .001), and the REM sleep
behavior disorder screening questionnaire score (R = 0.49;
P < .001). The total P-SYN for each participant correlated with
the time since diagnosis of PD (R = 0.25; P = .009), MSA
(R =0.34; P =.004), and PAF (R = 0.41; P = .04).

Adverse Events and Quality Control and Concordance

In 428 participants, 1284 skin biopsies were completed (3 per
participant). Two participants (0.5% of cases) had bleeding at
a single biopsy site that required treatment with an addi-
tional bandage but did not require additional medical care.
No infections or other serious complications were noted.
A full summary of the interrater and interlaboratory repro-
ducibility testing is reported in the eMethods and eFigure in
Supplement 1.

|
Discussion

This prospective, blinded investigation of the detection of cu-
taneous P-SYN in all 4 synucleinopathies found that (1) cuta-
neous P-SYN was detected in greater than 92% of patients with
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MSA, PD, DLB, and PAF; (2) quantitative measures of P-SYN
deposition correlated with disease severity; and (3) skin biop-
sies were well tolerated, with few adverse effects. There is a
need for an office-based, accurate, and reproducible diagnostic
test for the synucleinopathies. Clinical diagnosis based on a
combination of signs and symptoms is still the in vivo stan-
dard, and the results of autopsy are the postmortem gold stan-
dard. However, autopsy studies of patients with clinical diag-
noses of PD and MSA have drawn attention to the high
misdiagnosis rate.”2° In the present study, the expert review
panelreclassified 20.5% of diagnoses in study participants, sug-
gesting a similar rate of misdiagnosis. Accurate diagnosis is of
vital importance for patient and family counseling, initiation
of appropriate symptomatic therapies, and enrollment into
clinical trials of potential disease-modifying therapies. The ac-
curacy and overall test reproducibility reported in this study
will be an important contributor to address inaccurate pa-
tient diagnosis. Expert review panels offer a complementary
path to improve diagnostic accuracy, although this approach
may be suitable only for clinical trials.

The results in the present study are consistent with prior
work by some of us?! in a different patient population show-
ing that both patients with MSA and those with PD exhibited
P-SYN deposition. The prior findings were extended in this
study with a larger number of patients and the inclusion of pa-
tients with DLB and PAF. Furthermore, the investigator sites
were broadened to include community-based neurologists,
which enhanced the generalizability of the results.

The Lewy body diseases PD and DLB are characterized by
a-synuclein aggregates in neurons, Lewy bodies, and Lewy
neurites, whereas the pathologic hallmark of MSA is glial
cytoplasmic inclusions in oligodendrocytes.?* In PD, neuro-
nal loss is predominantly in the brainstem and subcortical
regions; in DLB, the pathology is more extensive in the neo-
cortex; and in MSA, the pathology is widespread throughout
the central nervous system.?>-2¢ The theory that different
a-synuclein strains have molecular, morphologic, and func-
tional properties that underlie the central pathologic signa-
ture and clinical phenotype has gained credence in recent
years.?” It is likely that the distribution, topographic location,
and amount of synuclein deposition in the periphery has a
similar basis. This theory is supported by data in a recent
study?® that detected P-SYN deposition within cutaneous
Schwann cells of patients with MSA but not in patients with
PD or DLB. The mechanism whereby different synuclein
strains might result in specific central and peripheral patho-
logic signatures has not been elucidated to date.

Skin biopsy detection of P-SYN was lower in patients
with PD than in those with other synucleinopathies. One
explanation for the lower P-SYN detection in patients with PD
is the greater disease heterogeneity (eg, the body-first vs
brain-first subtypes).?° Parkinson disease and DLB have over-
lapping clinical and pathologic features, but the amount of
P-SYN was typically greater and P-SYN was more widespread
in patients with DLB than in those with PD, similar to the pat-
tern seen in the central nervous system. Finally, individuals
with some genetic forms of PD have lower or even absent
P-SYN deposition. Many of the study participants with undif-
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ferentiated synucleinopathy or an unknown diagnosis (par-
ticularly those with suspected DLB) were also positive for
P-SYN. In most cases, the treating physicians strongly sus-
pected a synucleinopathy but the patient did not meet the
prespecified diagnostic criteria. These observations will
require further investigation.

These results should be viewed within the context of a
recently reported multicenter study>° of a spinal fluid assay
in which small amounts of P-SYN were amplified to augment
detection using prion-protein amplification techniques (seed
assay amplification). Unlike that study, the cohort in our
study was not enriched by including patients with positive
dopamine transporter scan findings that indicated basal
ganglia dopamine depletion in PD. Despite study differ-
ences, the accuracy of skin immunohistochemical analysis
for a-synuclein was similar to the spinal fluid seed amplifica-
tion assay results in patients with PD. Both studies showed
sensitivities and specificities similar to those in a prior
autopsy-based study of skin seed assay amplification testing
in patients with PD.?! To our knowledge, only 1 study>? has
directly compared spinal fluid P-SYN seed amplification
assays with skin biopsy immunofluorescent staining in
patients with synucleinopathies. In a study of PD, MSA, DLB,
and PAF,>? skin immunofluorescence was 90% sensitive and
100% specific whereas spinal fluid amplification was 78%
sensitive and 100% specific. In a similar comparison study>?
of patients with isolated REM sleep behavior disorder, skin
immunofluorescent staining was 78% sensitive and 100%
specific and spinal fluid amplification was 67% sensitive and
72% specific. In contrast, a skin and spinal fluid amplification
study>* of patients with isolated REM sleep behavior disorder
showed that spinal fluid amplification was 75% sensitive and
98% specific and skin amplification was 77% sensitive
and 98% specific.

In the present study, skin biopsy was introduced as a new
procedure for many movement disorder and cognitive neu-
rology specialists. The procedure was well tolerated by all par-
ticipants, with a rate of minor complications of 0.5%. Taken
together, the results of this study make an important contri-
bution to clinical care and may accelerate drug development
for the synucleinopathies by improving patient homogeneity
in clinical trials.

Limitations

This study has several limitations. First, the gold standard for
diagnosis was clinical consensus criteria supported by a
review by an independent expert review panel without video
review or autopsy confirmation. We used the Parkinson UK
Brain Bank diagnostic criteria,'© which differ from the most
recent International Parkinson and Movement Disorder
Society criteria. Second, the sensitivity of detection for early
or prodromal disease was not investigated in this study.
Third, other disease mimics, such as essential tremor, pro-
gressive supranuclear palsy, corticobasal degeneration, and
Alzheimer disease, were not included as disease controls.
Fourth, other biomarkers, specifically neuroimaging and bio-
fluid biomarkers, were not a requirement for inclusion in the
study. Fifth, we did not perform genetic testing on patients.
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Some genetic forms of PD do not have a-synuclein deposi-
tion, and exclusion of such patients could have increased the

Conclusions

proportion of individuals in whom P-SYN detection was

observed. Sixth, the control participants were younger than
participants in the other groups. This was a consequence of
our per protocol approach to ensure adequate control data by
decile across the full spectrum of age of neurodegenerative
disease. Seventh, only 3 biopsy sites were analyzed; a greater
number of biopsy sites could have increased test sensitivity.
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