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Abstract

INTRODUCTION: Lewy body disease (LBD) is a common primary or co-pathology

in neurodegenerative syndromes. An alpha-synuclein seed amplification assay (αSyn-
SAA) is clinically available, but clinical performance, especially lower sensitivity in

amygdala-predominant cases, is not well understood.

METHODS: Antemortem CSF from neuropathology-confirmed LBD cases was tested

with αSyn-SAA (N = 56). Diagnostic performance and clinicopathological correlations

were examined.

RESULTS: Similar to prior reports, sensitivity was 100% for diffuse and transitional

LBD (9/9), andoverall specificitywas96.3% (26/27). Sensitivitywas lower in amygdala-

predominant (6/14, 42.8%) and brainstem-predominant LBD (1/6, 16.7%), but early

spread outside these regions (without meeting criteria for higher stage) was more

common in αSyn-SAA-positive cases (6/7, 85.7%) than negative (2/13, 15.4%).
DISCUSSION: In this behavioral neurology cohort, αSyn-SAA had excellent diagnostic

performance for cortical LBD. In amygdala- and brainstem-predominant cases, sen-

sitivity was lower, but positivity was associated with anatomical spread, suggesting

αSyn-SAA detects early LBD progression in these cohorts.
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Highlights

∙ A cerebrospinal fluid alpha-synuclein assay detects cortical LBD with high sensitiv-

ity/specificity.

∙ Positivity in prodromal stages of LBDwas associated with early cortical spread.

∙ The assay provides precision diagnosis of LBD that could support clinical trials.

∙ The assay can also identify LBD co-pathology, which may impact treatment

responses.

1 BACKGROUND

Lewy body disease (LBD) is the underlying or contributing neu-

ropathology in many neurodegenerative presentations seen in the

behavioral neurology clinic, especially syndromes strongly associated

with primary α-synucleinopathies, for example, dementia with Lewy

bodies (DLB) andParkinson’s disease dementia (PDD). LBD is also com-

mon as a co-pathology in syndromes where the primary pathology is

Alzheimer’s disease (AD), with some degree of comorbid LBD reported

in upwards of 50%ofADcases.1 Unfortunately, the sensitivity of a clin-

ical diagnosis is relatively low for LBD pathology,2,3 suggesting a high

proportion of cognitively impaired patientswith clinically relevant LBD

pathology goes unrecognized.4 Inadequate clinical detection is espe-

cially prevalent when LBD is present as co-pathology in a patient with

high levels of AD neuropathology, and this has been associated with

decreased prevalence of core LBD clinical features like hallucinations

and fluctuations.5,6 Therefore, increased detection is critical both to

improve precision diagnosis for primary LBD, which would facilitate

clinical trials in syndromeswith underlying α-synucleinopathies, and to
improve the detection of LBD co-pathology in AD-related syndromes,

where it may impact outcomes of disease-modifying therapies.7

Recent developments of cerebrospinal fluid (CSF) α-synuclein
(αSyn) seed amplification assays (SAAs) have proven to be highly sensi-

tive and specific to thepresenceof seed-competentαSyn inParkinson’s
disease (PD),8,9 and autopsy validation studies have shown excellent

diagnostic performance for αSyn-SAA detection of cortical LBD, but

lower sensitivity in amygdala- and brainstem-predominant LBD,10,11

which may represent precursor stages of LBD cortical spread. Inter-

estingly, in patients with isolated rapid eye movement sleep behavior

disorder (iRBD), thought to be a prodromal symptom in αSyn-related
clinical syndromes, the sensitivity of αSyn-SAA is 90% or higher,12,13

further increasing the need to better understand lower sensitivity in

amygdala- and brainstem-predominant LBD.

Therefore, we investigated the diagnostic performance and clini-

copathological correlations of a clinically available αSyn-SAA (SYNTap

Biomarker Test) in CSF from autopsied patients with antemortem clin-

ical evaluation through a single center’s observational studies, with

a focus on comparison between clinical and neuropathological char-

acteristics in detected and undetected cases, especially in cases with

amygdala- and brainstem-predominant LBD.

2 METHODS

2.1 Participant characteristics

This retrospective autopsy study included participants of observa-

tional studies seen between 2009 and 2017 at the University of Cali-

fornia, San Francisco (UCSF)Memory and Aging Center (MAC). Autop-

sies were performed by the Neurodegenerative Disease Brain Bank

(NDBB) at the UCSF Alzheimer Disease Research Center between

2011 and 2021. All participants provided written informed consent at

time of recruitment and underwent a comprehensive clinical research

evaluation, including cognitive testing and neurological examination.14

Studies were approved by the Institutional Review Board at UCSF. A

total of N= 879 available autopsies were queried, and 28.2% had LBD

neuropathology. Of these participants with LBD, N = 29 had available

antemortemCSF. To compare the prevalence of clinical features, cases

without LBDwith antemortemCSFwere chosen tomatch clinical syn-

dromes (N=27; Table1andTable S1). Clinical syndromewasdiagnosed

based on available data at the time of clinical evaluation by an expe-

rienced behavioral neurologist or formal consensus panel following

established criteria, updated when necessary to follow contemporary

nomenclature (LV).6,15–19 All available clinical data were reviewed to

determine ante mortem symptoms at the closest time point to CSF

collection (NS, SL, DLF).

2.2 Autopsy assessment

Postmortem brain tissue was processed and analyzed in the NDBB

according to previously described standard protocols, including

stage of AD neuropathological change (ADNC) and presence of co-

pathology.20–24 Of note, multiple neuropathological staging systems

are available for LBD; here, McKeith et al. criteria were used with

the incorporation of “amygdala-predominant” as described in Leverenz

et al.20,21 In brief, four categories are reported based on the distri-

bution ofαSyn immunohistochemical staining: brainstem-predominant

(roughly equivalent to Braak stages 1 to 3), transitional-limbic (lim-

bic, roughly equivalent to Braak stage 4), diffuse neocortical (roughly

equivalent to Braak stages 5 to 6).25 We also had the category

amygdala-predominant, which does not follow the traditional Braak
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RESEARCH INCONTEXT

1. Systematic review: The authors reviewed the literature

using traditional sources, for example, PubMed. Accurate

detection of Lewy body disease (LBD) neuropathology is

urgently needed, and a clinically available alpha-synuclein

seed amplification assay (αSyn-SAA) has been validated

in recent publications. However, numerous clinicopatho-

logical questions remain, especially low sensitivity in

amygdala- and brainstem-predominant cases.

2. Interpretation: We found excellent diagnostic perfor-

mance to detect cortical LBD in this autopsy-confirmed

behavioral neurology cohort. We also describe an asso-

ciation between positivity in amygdala- and brainstem-

predominance stages and early spread into the cortex,

suggesting the αSyn-SAA assay accurately detects LBD,

even when co-pathology.

3. Future directions: The diagnostic performance needs to

be confirmed in larger and more diverse cohorts, prefer-

ably in a real-world clinical setting. Additional contexts

of use should be explored, especially prognostic and

theragnostic applications, such as the impact of LBD on

disease-modifying therapies in AD.

staging system but is a relatively common finding in early-onset AD.26

Following prior convention, cases with cortical LBD in the transitional

and diffuse stages were combined for analyses.10,11

2.3 CSF analysis

After lumbar puncture, CSF was collected by gravity in polypropylene

tubes, aliquoted (0.5 mL), and stored at −80◦C until use, accord-

ing to standard protocol. CSF was sent to Amprion’s Clinical Lab-

oratory Improvement Amendment/College of American Pathologists

(CLIA/CAP) certified laboratory for qualitative αSyn-SAA analysis

(SYNTap Biomarker Test), as previously described.3,10 Assays were

performed by operators blinded to sample identity, and results were

returned prior to unblinding.

2.4 Statistical analysis

Overall diagnostic performance for αSyn-SAA to detect pathological

LBD was calculated, including sensitivity and specificity for subgroups

of LBD pathology. Statistical comparisons were made both among

neuropathological cohorts and between αSyn-SAA status on various

demographic features, clinical symptoms, measures of clinical severity,

and neuropathologic characteristics using linear or logistic regression

as appropriate. Statistical analyseswere performedusing Stata version

17.0 (StataCorp).

3 RESULTS

3.1 Diagnostic performance of αSyn-SAA to
detect LBD

In the entire cohort (N= 56), αSyn-SAAwas 55.2% sensitive (95% con-

fidence interval [CI] 35.7% to 73.6%) and 96.3% specific (95%CI 81.0%

to 99.9%). The total prevalence of LBD pathology in the UCSF NDBB

was 28.2%, resulting in an estimated positive predictive value (PPV) of

85.4% (95% CI 45.4% to 97.6%) and an estimated negative predictive

value (NPV) of 84.5% (95% CI 78.4% to 89.2%) for autopsy-confirmed

LBD pathology of any type (Figure 1). In subgroup analyses, αSyn-
SAA had perfect sensitivity to detect diffuse (4/4) and transitional

(5/5) LBD and detected αSyn in 3/3 cases where LBD was considered

the primary neuropathology. Consistent with prior reports,10,11 sen-

sitivity was lower in amygdala-predominant LBD co-pathology (6/14,

42.8%), and sensitivity was lower for brainstem-predominant LBD co-

pathology (1/6, 16.7%). One false positive result was present in 27

non-LBD cases (3.7%), in which the primary pathology was AD (the

participant also lacked clinical features of DLB). In four participants

with a clinical diagnosis of DLB, αSyn-SAA was positive in three cases

due to diffuse or transitional LBD. In the αSyn-SAA negative DLB

case, the participant had brainstem-predominant LBD, but the primary

pathology was TAR DNA-binding protein 43 (TDP-43), type B due to a

pathogenic variant of C9ORF72.

Parkinsonism (frequently atypical) was a clinical feature in 36 par-

ticipants, including six participantswithprogressive supranuclear palsy

Richardson’s syndrome (PSP-RS) and 11 participants with corticobasal

syndrome (CBS). In thismixed/atypical parkinsonism cohort, αSyn-SAA
had a 68.8% sensitivity (95% CI 41.3% to 89.0%) and 100% specificity

(95% CI 83.2% to 100.0%) to detect underlying LBD. In the cohort

of patients with a clinical diagnosis of PSP-RS, αSyn-SAA positively

detected LBD in one case caused by diffuse LBD and AD co-pathology

(a rare PSP-RS mimic), whereas 5/5 cases were true negatives. Within

patients with a clinical diagnosis of CBS, αSyn-SAA was positive in

1/1 case with diffuse LBD co-pathology, 0/1 case with amygdala-

predominant LBD, and 1/2 cases with brainstem-predominant LBD,

whereas 7/7 cases were true negatives.

3.2 Comparison of antemortem clinical features

Compared to non-LBD, amygdala-predominant cases were more likely

to carry an APOE ε4 allele (83% vs 42%, p < 0.05), and they also

had a higher average stage of AD neuropathological change (ADNC

2.7 ± 0.8 vs 1.5 ± 1.2, p < 0.05), with an overall higher prevalence

of AD co-pathology (defined as ADNC intermediate or high; 85% vs

33%, p < 0.05). Notably, in amygdala-predominant LBD, the interval

between CSF collection and autopsy was over a year longer than all

other groups (eg, 4.9 ± 2.9 years vs 3.5 ± 1.4 years for non-LBD,

p<0.05),whichmaydecrease sensitivity as LBDpathology candevelop

in the interim. Diffuse/transitional cases showed lower brain weights

when compared to non-LBD cases (1229 ± 145 g vs 1111 ± 135 g). In
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TABLE 1 Clinical characteristics. Statistical comparisons were performedwith linear or logistic regression as appropriate.

Total Non-LBD

Diffuse /

Transitional

Amygdala-

predominant

Brainstem-

predominant

αSyn-SAA
negative

αSyn-SAA
positive

N= 56 N= 27 N= 9 N= 14 N= 6 N= 39 N= 17

Demographics

Age at onset, y 60± 9 59± 9 64± 10 60± 12 59± 5 59± 9 64± 11

Age at death, y 70± 9 69± 8 75± 9 69± 12 68± 6 68± 9 73± 9

CSF-autopsy interval, y 3.8± 2.1 3.5± 1.4 3.2± 1.8 4.9± 2.9† 3.7± 2.9 3.9± 2.1 3.5± 2.2

Female, No., % 26, 46% 17, 63% 3, 33% 5, 36% 1, 17% 21, 54% 5, 29%

Education, y 17± 3 17± 2 18± 2 17± 3 16± 3 17± 2 18± 3

APOE 𝜀4 carrier, No., % 25, 47% 11, 42% 2, 22% 10, 83%† 2, 33% 18, 50% 7, 41%

Clinical severity

MMSE 21.9± 6.0 22.5± 6.1 21.8± 6.7 22.1± 5.1 19.4± 7.0 22.3± 5.8 21.2± 6.2

CDR, global 1.0± 0.6 0.9± 0.6 1.3± 0.8 0.9± 0.4 1.2± 0.7 1.0± 0.6 1.1± 0.7

CDR, box score 5.6± 3.5 5.2± 3.3 6.9± 4.5 5.1± 2.6 6.6± 4.8 5.7± 3.4 5.5± 3.9

CDR+NACC FTLD, global 1.3± 0.7 1.2± 0.7 1.6± 0.7 1.2± 0.5 1.4± 0.7 1.3± 0.7 1.3± 0.7

CDR+NACC FTLD, box

score

7.5± 4.2 6.8± 3.7 9.1± 5.4 6.8± 3.4 9.3± 5.5 7.5± 4.0 7.6± 4.6

Clinical symptoms

Parkinsonism, No., % 36, 64% 19, 70% 7, 78% 7, 50% 3, 50% 25, 64% 11, 65%

RBD, No., % 9, 16% 5, 19% 2, 22% 1, 7% 1, 17% 5, 13% 4, 24%

Dysautonomia, No., % 5, 10% 4, 17% 1, 11% 0, 0% 0, 0% 4, 11% 1, 6%

Fluctuations, No., % 9, 17% 3, 13% 3, 33% 3, 21% 0, 0% 6, 17% 3, 18%

Anxiety, No., % 20, 36% 8, 30% 5, 55% 6, 43% 1,17% 13, 33% 7, 41%

Depression, No., % 23, 41% 11, 41% 4, 44% 6, 43% 2, 33% 17, 44% 6, 35%

Hallucinations, No., % 6, 11% 0, 0% 4, 44% 1, 7% 1, 17% 1, 3%* 5, 29%*

Neuropathology

Brain weight, g 1132± 143 1111± 135 1229± 145† 1114± 143 1121± 143 1105± 142* 1192± 129*

ADNC 1.8± 1.2 1.5± 1.2 2.2± 1.2 2.7± 0.8† 0.8± 0.4 1.7± 1.2 2.2± 1.1

AD pathology, No., %** 27, 48% 9, 33% 6, 66% 12, 85%† 0, 0% 16, 41% 11, 65%

FTLD-tau, No., % 20, 36% 12, 44% 3, 33% 1, 7%† 4, 67% 16, 41% 4, 24%

FTLD-TDP, No., % 13, 23% 7, 26% 0, 0% 4, 29% 2, 33% 11, 28% 2, 12%

Abbreviations: LBD, Lewy body disease; CSF, cerebrospinal fluid; MMSE, Mini Mental State Examination; CDR, Clinical Dementia Rating Scale; NACC,

National Alzheimer’s CoordinatingCenter; FTLD, frontotemporal lobar degeneration; RBD, rapid eyemovement sleep behavior disorder; ADNC, Alzheimer’s

disease neuropathological change (0= none, 1= low, 2= intermediate, 3= high); TDP, TARDNA-binding protein.
†Significantly different from non-LBD (p< 0.05).

*Significantly different from each other (p< 0.05).

**Presence of AD neuropathology defined as ADNC of intermediate or high

patients with a positive αSyn-SAA compared to negative tests, halluci-

nations were more common (29% vs 3%, p < 0.05) and brain weights

were higher (1192 ± 129 g vs 1105 ± 142 g, p < 0.05). Otherwise, no

difference was seen between LBD subgroups on clinical severity or a

range of clinical symptoms (Table 1).

In the amygdala-predominant cohort, αSyn-SAA positivity was

associated with an older age at onset (63 ± 14 years vs 58 ± 11 years

in the negative αSyn-SAA group, p < 0.05) and pathologic spread

beyond the amygdala (83.3% vs 25.0%, p < 0.05; Figure 2, Table S2),

where the burden of LBD was concentrated in the amygdala but

present to a trace degree in other structures (but not enough to

change the LBD stage and still not conforming to Braak PD staging).25

Syndromic features of DLB thought to be highly specific for LBD,

including visual hallucinations and RBD, were only seen in participants

with a positive test but were rare overall (N = 1 for each). In the

brainstem-predominant cohort, only one case in six was αSyn-SAA
positive, but intriguingly this participant reported RBD and had

LBD pathology spread to the anterior cingulate cortex, differing

from the other five cases that did not show LBD spread beyond the

brainstem.
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F IGURE 1 Diagnostic performance of CSF αSyn-SAA by LBDNeuropathological Stage. Color code by diagnostic status at figure bottom.
Patients inside brown boxwere diagnosedwith DLBwhile alive (sensitivity 13.8%, specificity 80%). Arrow highlights patient with
brainstem-predominant LBDwho also had RBD. See Table S1 for full clinicopathological details.

4 DISCUSSION

In this retrospective autopsy validation study of clinical syndromes

and neuropathological entities commonly encountered in the field of

behavioral neurology, we find that a clinically available CSF αSyn-
SAA (SYNTap Biomarker Test) had excellent diagnostic performance

to detect cortical LBD, including diffuse and transitional stages, with

a high degree of specificity in the cohort overall. The sensitivity

of αSyn-SAA in subjects with cortical pathology is similar to prior

studies, with this assay showing excellent diagnostic performance

for the detection of LBD, even in prodromal stages of αSyn with

isolated RBD.9,10 Comparison across assays should be considered cau-

tiously given differences in diagnostic performance, but, reassuringly,

other αSyn-SAAs have similar profiles.11,12 One point to note is that

CSF collection occurred earlier in the disease course of amygdala-

predominant patients (i.e., longer CSF-autopsy interval), which may

negatively impact diagnostic performance in this subgroup.

In amygdala- and brainstem-predominant cases, we found compar-

atively low sensitivity, in line with prior reports,10,11 but we found that

detection in these groups was associated with early αSyn pathology

spread beyond the initial site of involvement. This finding supports the

hypothesis from prior work using this and a related assay that αSyn-
SAA may have a threshold of detection dependent on the number

of pathogenic seeds in the CSF, which reflects the extent of patho-

logical deposition.10,27 Alternatively, as this assay primarily detects

pathogenic “seed-competent” αSyn fragments, amygdala-predominant

LBD may comprise a heterogeneous profile of αSyn species, with

one subgroup (detected by αSyn-SAA) reflecting an early LBD stage

transitioning tomore diffuse spread.

In this cohort, we found that the DLB clinical syndrome and even

highly specific core clinical characteristics (eg, RBD and visual halluci-

nations)were poorly predictive of underlying LBD, primarily due to low

prevalence, whereas clinical symptoms like parkinsonism, dysautono-

mia, fluctuations, and depression/anxiety were more common overall

but non-specific for underlying LBD neuropathology, also consistent

with prior reports.2 The low sensitivity of clinical criteria is a particular

problem in the face of evidence, suggesting that up to 50% of patients

with ADmay have comorbid LBDand 23%of all patientswith cognitive

symptoms may have clinically relevant LBD,1,4 which may impact the

outcome of treatment with newly approved anti-amyloid antibodies.7
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F IGURE 2 CSF αSyn-SAA positivity is associated with spread in
amygdala-predominant LBD. (A) Schematic showing
amygdala-predominant LBD concentrated in amygdala (red); it may be
confined there, or it may be found to a lesser degree inmesial temporal
lobe structures (hippocampus or entorhinal cortex) or substantia nigra
(yellow), adapted fromAttems et al. (2021).31 Immunohistochemical
staining for all αSyn species in a representative case shows abundant
Lewy bodies and Lewy neurites in the amygdala at low (10×, B) and
high (40×, C) magnification with little LBD in the entorhinal cortex
(20×, D). Scale bars: 100 μm (B), 25 μm (C), and 50 μm (D).

In the modern era, the field of behavioral neurology is tasked with

predicting underlying neuropathology based on patients presenting

clinical symptoms, a complex endeavor given the high prevalence of co-

pathologies in neurocognitive disorders of age,26,28 made somewhat

easier by the recent implementation of several tests in the clinic that

reliably identify AD neuropathology. However, a reliable, predictive

marker for clinically relevant αSyn is of particular importance as LBD

is the second most common neurodegenerative pathology to cause

dementia.29 The advent of new clinical diagnostic tools for LBD is

well timed in an era when precision diagnosis supported by biomarker

confirmation is increasingly preferred,30 but appropriate clinical use

of a LBD-specific biomarker has yet to be defined for patients with

cognitive, behavioral, and/or motor symptoms that may be related to

LBD.

Future analyses of the use of αSyn-SAA in clinical contexts likely

would benefit from a prospective design. Here, a retrospective analy-

sis limited the degree to which clinical symptoms could be specifically

queried, which can impact assessments of prevalence. Our assess-

ment of RBD, for example, relied on participant report, rather than

on polysomnography or structured questionnaire, and it is possible

that careful ante mortem phenotyping of sleep and autonomic symp-

toms would yield different results, as RBD was previously reported

to strongly correlate with αSyn-SAA positivity.9 Prospective design

with incorporation of modern structured collection tools could yield

different results. Additionally, given the years-long gap between CSF

collection and autopsy, sensitivity may be underestimated. The advent

of PET biomarkers for αSyn would greatly (and reciprocally) facilitate

future validation efforts.

Our study has additional limitations, including small sample size,

though it is larger than many autopsy studies and comparable to prior

validation efforts, and our cohort benefits from extensive antemortem

phenotyping not typically available in autopsy studies. For all studies

validating an in vivo marker to autopsy, any variability in biomarker-

to-autopsy interval will impact assessment of diagnostic performance,

and here that interval was longer for amygdala-predominant LBD. As

this is a research cohort drawn from observational studies, the find-

ings may not generalize to that of a routine clinic population, where

co-pathologies may be more common. Additionally, referral bias may

also impact prevalence calculations, which should be interpreted cau-

tiously. Findings on diagnostic performance also need replication in an

ethnically and racially diverse cohort given the lack of diversity in this

dataset (Table S1). Another consideration is that newer LBD diagnos-

tic criteria now include an olfactory-only stage,31 which for practical

reasons was not applied retroactively in this study. Future work with

αSyn-SAAmay utilize a quantitative assay to reflect subtler prodromal

neurochemical abnormalities.

In conclusion, we report excellent diagnostic performance for a

clinically available αSyn-SAA to detect cortical LBD pathology, vali-

dated against autopsy, in a behavioral neurology cohort not enriched

for DLB diagnoses. Differing diagnostic performance in amygdala- and

brainstem-predominant cohorts may be affected by the degree of

spread from the initial site of involvement, with αSyn-SAA more likely

to detect cases with early cortical spread.
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