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➢The Concept of ‚Synucleinopathy‘

➢Diagnostic Challenges 

➢Moving towards a ‘Biological‘ Definition





Defining PD as a ‚Synucleinopathy‘

• Missense mutations in SNCA sufficient to cause dominantly inherited
PD 1,3

• Increase in SNCA wild-type gene dose (duplication; triplication) causes
PD (or PDD) 4

• Sequence variations in regulatory region of SNCA associated with PD 
risk 5

• Lewy bodies and Lewy neurites in sporadic PD immunoreactive for α-
synuclein 2

1.Polymeropoulos &al.,Science. 1997 Jun 27;276(5321):2045-7; 2.Spillantini &al.,Nature. 1997 Aug 28;388(6645):839-40. 
3.Krüger &al.,Nat Genet. 1998 Feb;18(2):106-8; 4.Singleton &al., Science. 2003 Oct 31;302(5646):841; 5.Blauwendraat &al., 
Lancet Neurol. 2020 Feb;19(2):170-178. 



Clinical Entities defined by
⍺-Synuclein Pathology

•Parkinson‘s Disease (PD)

•Dementia with Lewy Bodies (DLB)/ PDD

•Multiple System Atrophy

•Pure Autonomic Failure (PAF)

• Idiopathic REM Sleep Behaviour Disorder



Diagnosing PD on the Street

‚….I have seen such patients
everywhere on the streets of
Rome, of Amsterdam, in Spain –
it is always the same picture. 
They can be identified from
afar, you do not need a medical
history….‘

Charcot, Lecons du Mardi 1888 (quoted in: Lees A; Brain 2017:40:843-848)  



MDS Clinical Diagnostic Criteria for Parkinson‘s Disease

1: Presence of a parkinsonian syndrome:

Bradykinesia,

plus at least one of :

•Limb rigidity

•4 - 6 Hz Rest Tremor

2: Presence of supportive criteria for PD

3: Absence of Exclusion Criteria
Postuma et al, Mov Disord. 2015 ;30(12):1591-601.



Accuracy of a Clinical Diagnosis of PD

• Meta-Analysis of 11 clinico-pathological studies

• Pooled diagnostic accuracy of 80.6 % 

➢Non MD  experts        73.8 % {67.8-79.6}

➢MD experts - 1st visit       79.6 % {46.0-95.1}

➢MD experts - after FU       83.9 % {69.7-92.6}

➢Use of formal  UKBB criteria     82.7 % {62.6-93.0}

Rizzo & al, Neurology 2016
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ABSTRACT: Background: The recent International

Parkinson and Movement Disorder Society diagnostic

criteria for multiple system atrophy (MDS-MSA) have

been developed to improve diagnostic accuracy although

their diagnostic properties have not been evaluated.

Objectives: The aims were to validate the MDS-MSA

diagnostic criteria against neuropathological diagnosis

and compare their diagnostic performance to previous

criteria and diagnosis in clinical practice.

Methods: Consecutive patients with sporadic, progres-

sive, adult-onset parkinsonism, or cerebellar ataxia from

the Queen Square Brain Bank between 2009 and 2019

were selected and divided based on neuropathological

diagnosis into MSA and non-MSA. Medical records were

systematically reviewed, and clinical diagnosis was docu-

mented by retrospectively applying the MDS-MSA criteria,

second consensus criteria, and diagnosis according to

treating clinicians at early (within 3 years of symptom

onset) and nal stages. Diagnostic parameters (sensitivity,

speci city, positive/negative predictive value, and accu-

racy) were calculated using neuropathological diagnosis as

gold standard and compared between different criteria.

Results: Three hundred eighteen patients (103 MSA and

215 non-MSA) were included, comprising 248 patients

with parkinsonism and 70 with cerebellar ataxia. Clinically

probable MDS-MSA showed excellent sensitivity

(95.1%), speci city (94.0%), and accuracy (94.3%),

although their sensitivity at early stages was modest

(62.1%). Clinically probable MDS-MSA outperformed

diagnosis by clinicians and by second consensus criteria.

Clinically established MDS-MSA showed perfect speci-

city (100%) even at early stages although to the detri-

ment of low sensitivity. MDS-MSA diagnostic accuracy

did not differ according to clinical presentation (ataxia

vs. parkinsonism).

Conclusions: MDS-MSA criteria demonstrated excellent

diagnostic performance against neuropathological diag-

nosis and are useful diagnostic tools for clinical practice

and research. © 2023 International Parkinson and Move-

ment Disorder Society.

Key Words: multiple system atrophy; diagnostic accu-

racy; pathological validation; diagnosis; diagnostic

criteria

M ultiple system atrophy (M SA) is a sporadic, pro-

gressive, neurodegenerative disorder characterized clini-

cally by autonomic failure, cerebellar syndrome, and

parkinsonism poorly responsive to levodopa (L-dopa) in

various combinations and neuropathologically by wide-

spread glial cytoplasmic inclusions as well as neuronal

cytoplasmic and nuclear inclusions, composed of aggre-

gated α-synuclein on neuropathology.1

No reliable diagnostic biomarkers are currently avail-

able for M SA, and de nite diagnosis can be made only

with postmortem pathological examination. Thus, in

clinical practice, the diagnosis relies on the clinical judg-

ment of expert clinicians, and diagnostic criteria have

been developed to support the diagnostic process.2

However, the accuracy of clinical diagnosis of M SA has

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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Results: Three hundred eighteen patients (103 MSA and

215 non-MSA) were included, comprising 248 patients
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(95.1%), speci city (94.0%), and accuracy (94.3%),

although their sensitivity at early stages was modest

(62.1%). Clinically probable MDS-MSA outperformed

diagnosis by clinicians and by second consensus criteria.

Clinically established MDS-MSA showed perfect speci-

city (100%) even at early stages although to the detri-

ment of low sensitivity. MDS-MSA diagnostic accuracy

did not differ according to clinical presentation (ataxia

vs. parkinsonism).
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diagnostic performance against neuropathological diag-

nosis and are useful diagnostic tools for clinical practice
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were selected and divided based on neuropathological

diagnosis into MSA and non-MSA. Medical records were

systematically reviewed, and clinical diagnosis was docu-
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second consensus criteria, and diagnosis according to

treating clinicians at early (within 3 years of symptom

onset) and nal stages. Diagnostic parameters (sensitivity,

speci city, positive/negative predictive value, and accu-

racy) were calculated using neuropathological diagnosis as

gold standard and compared between different criteria.

Results: Three hundred eighteen patients (103 MSA and

215 non-MSA) were included, comprising 248 patients

with parkinsonism and 70 with cerebellar ataxia. Clinically

probable MDS-MSA showed excellent sensitivity

(95.1%), speci city (94.0%), and accuracy (94.3%),

although their sensitivity at early stages was modest

(62.1%). Clinically probable MDS-MSA outperformed

diagnosis by clinicians and by second consensus criteria.

Clinically established MDS-MSA showed perfect speci-

city (100%) even at early stages although to the detri-

ment of low sensitivity. MDS-MSA diagnostic accuracy

did not differ according to clinical presentation (ataxia

vs. parkinsonism).
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diagnostic performance against neuropathological diag-
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318 consecutive  cases of sporadic, adult-onset parkinsonism or cerebellar ataxia  

QSBB (2009-2019)

103 MSA vs 215 non-MSA

248 with parkinsonism

70 with cerebellar ataxia

Dx Criteria Sensitivity Specificity Accuracy

Late Disease (final visit)

MDS  probable 95.1 94.0 94.3

MDS established 51.5 100.0 84.3

2nd Consensus possible 96.1 81.9 86.5

2nd consensus probable 75.7 96.7 89.9

Clinical 90.3 91.2 90.9



R E S E A R C H A R T I C L E

Pathological Validation of the MDS Criteria for the Diagnosis
of Multiple System Atrophy

Sasivimol Virameteekul, MD, MSc,1,2 Tamas Revesz, PhD, FRCPath,1 Zane Jaunmuktane, MD, FRCPath,1

Thomas T. Warner, FRCP, PhD,1,2 and Eduardo De Pablo-Fernandez, MD, PhD1,2*

1Queen Square Brain Bank for Neurological Disorders, UCL Queen Square Institute of Neurology, London, United Kingdom
2Reta Lila Weston Institute of Neurological Studies, UCL Queen Square Institute of Neurology, London, United Kingdom

ABSTRACT: Background: The recent International

Parkinson and Movement Disorder Society diagnostic

criteria for multiple system atrophy (MDS-MSA) have

been developed to improve diagnostic accuracy although

their diagnostic properties have not been evaluated.

Objectives: The aims were to validate the MDS-MSA

diagnostic criteria against neuropathological diagnosis

and compare their diagnostic performance to previous

criteria and diagnosis in clinical practice.

Methods: Consecutive patients with sporadic, progres-

sive, adult-onset parkinsonism, or cerebellar ataxia from

the Queen Square Brain Bank between 2009 and 2019

were selected and divided based on neuropathological

diagnosis into MSA and non-MSA. Medical records were

systematically reviewed, and clinical diagnosis was docu-

mented by retrospectively applying the MDS-MSA criteria,

second consensus criteria, and diagnosis according to

treating clinicians at early (within 3 years of symptom

onset) and nal stages. Diagnostic parameters (sensitivity,

speci city, positive/negative predictive value, and accu-

racy) were calculated using neuropathological diagnosis as

gold standard and compared between different criteria.

Results: Three hundred eighteen patients (103 MSA and

215 non-MSA) were included, comprising 248 patients

with parkinsonism and 70 with cerebellar ataxia. Clinically

probable MDS-MSA showed excellent sensitivity

(95.1%), speci city (94.0%), and accuracy (94.3%),

although their sensitivity at early stages was modest

(62.1%). Clinically probable MDS-MSA outperformed

diagnosis by clinicians and by second consensus criteria.

Clinically established MDS-MSA showed perfect speci-

city (100%) even at early stages although to the detri-

ment of low sensitivity. MDS-MSA diagnostic accuracy

did not differ according to clinical presentation (ataxia

vs. parkinsonism).

Conclusions: MDS-MSA criteria demonstrated excellent

diagnostic performance against neuropathological diag-

nosis and are useful diagnostic tools for clinical practice

and research. © 2023 International Parkinson and Move-

ment Disorder Society.

Key Words: multiple system atrophy; diagnostic accu-

racy; pathological validation; diagnosis; diagnostic

criteria

M ultiple system atrophy (M SA) is a sporadic, pro-

gressive, neurodegenerative disorder characterized clini-

cally by autonomic failure, cerebellar syndrome, and

parkinsonism poorly responsive to levodopa (L-dopa) in

various combinations and neuropathologically by wide-

spread glial cytoplasmic inclusions as well as neuronal

cytoplasmic and nuclear inclusions, composed of aggre-

gated α-synuclein on neuropathology.1

No reliable diagnostic biomarkers are currently avail-

able for M SA, and de nite diagnosis can be made only

with postmortem pathological examination. Thus, in

clinical practice, the diagnosis relies on the clinical judg-

ment of expert clinicians, and diagnostic criteria have

been developed to support the diagnostic process.2

However, the accuracy of clinical diagnosis of M SA has

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
*Correspondence to: Dr. Eduardo de Pablo-Fernandez, Reta Lila Wes-
ton Institute of Neurological Studies, UCL Queen Square Institute of
Neurology, 1 Wake eld Street, London WC1N 1PJ, UK;
E-mail: eduardo.fernandez.13@ucl.ac.uk

Thomas T. Warner and Eduardo De Pablo-Fernandez contributed
equally to the manuscript.

Funding agencies: This research was supported by the National Insti-
tute for Health Research University College London Hospitals Biomedi-
cal Research Centre. Queen Square Brain Bank is supported by the
Reta Lila Weston Institute for Neurological Studies, the Progressive
Supranuclear Palsy Association, and the Medical Research Council UK.

Received: 13 October 2022; Revised: 9 December 2022; Accepted: 13
December 2022

Published online in Wiley Online Library
(wileyonlinelibrary.com). DOI: 10.1002/mds.29304

Movement Disorders, 2023 1

 1
5

3
1

8
2

5
7
, 0

, D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://m
o
v

em
en

td
iso

rd
ers.o

n
lin

elib
rary

.w
iley

.co
m

/d
o

i/1
0
.1

0
0

2
/m

d
s.2

9
3

0
4
 b

y
 R

ead
cu

b
e (L

ab
tiv

a In
c.), W

iley
 O

n
lin

e L
ib

rary
 o

n
 [1

4
/0

2
/2

0
2

3
]. S

ee th
e T

erm
s an

d
 C

o
n

d
itio

n
s (h

ttp
s://o

n
lin

elib
rary

.w
iley

.co
m

/term
s-an

d
-co

n
d

itio
n

s) o
n
 W

iley
 O

n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v
ern

ed
 b

y
 th

e ap
p
licab

le C
reativ

e C
o

m
m

o
n

s L
icen

se

R E S E A R C H A R T I C L E

Pathological Validation of the MDS Criteria for the Diagnosis
of Multiple System Atrophy

Sasivimol Virameteekul, MD, MSc,1,2 Tamas Revesz, PhD, FRCPath,1 Zane Jaunmuktane, MD, FRCPath,1

Thomas T. Warner, FRCP, PhD,1,2 and Eduardo De Pablo-Fernandez, MD, PhD1,2*

1Queen Square Brain Bank for Neurological Disorders, UCL Queen Square Institute of Neurology, London, United Kingdom
2Reta Lila Weston Institute of Neurological Studies, UCL Queen Square Institute of Neurology, London, United Kingdom

ABSTRACT: Background: The recent International

Parkinson and Movement Disorder Society diagnostic

criteria for multiple system atrophy (MDS-MSA) have

been developed to improve diagnostic accuracy although

their diagnostic properties have not been evaluated.

Objectives: The aims were to validate the MDS-MSA

diagnostic criteria against neuropathological diagnosis

and compare their diagnostic performance to previous

criteria and diagnosis in clinical practice.

Methods: Consecutive patients with sporadic, progres-

sive, adult-onset parkinsonism, or cerebellar ataxia from

the Queen Square Brain Bank between 2009 and 2019

were selected and divided based on neuropathological

diagnosis into MSA and non-MSA. Medical records were

systematically reviewed, and clinical diagnosis was docu-

mented by retrospectively applying the MDS-MSA criteria,

second consensus criteria, and diagnosis according to

treating clinicians at early (within 3 years of symptom

onset) and nal stages. Diagnostic parameters (sensitivity,

speci city, positive/negative predictive value, and accu-

racy) were calculated using neuropathological diagnosis as

gold standard and compared between different criteria.

Results: Three hundred eighteen patients (103 MSA and

215 non-MSA) were included, comprising 248 patients

with parkinsonism and 70 with cerebellar ataxia. Clinically

probable MDS-MSA showed excellent sensitivity

(95.1%), speci city (94.0%), and accuracy (94.3%),

although their sensitivity at early stages was modest

(62.1%). Clinically probable MDS-MSA outperformed

diagnosis by clinicians and by second consensus criteria.

Clinically established MDS-MSA showed perfect speci-

city (100%) even at early stages although to the detri-

ment of low sensitivity. MDS-MSA diagnostic accuracy

did not differ according to clinical presentation (ataxia

vs. parkinsonism).

Conclusions: MDS-MSA criteria demonstrated excellent

diagnostic performance against neuropathological diag-

nosis and are useful diagnostic tools for clinical practice

and research. © 2023 International Parkinson and Move-

ment Disorder Society.

Key Words: multiple system atrophy; diagnostic accu-

racy; pathological validation; diagnosis; diagnostic

criteria

Multiple system atrophy (MSA) is a sporadic, pro-

gressive, neurodegenerative disorder characterized clini-

cally by autonomic failure, cerebellar syndrome, and

parkinsonism poorly responsive to levodopa (L-dopa) in

various combinations and neuropathologically by wide-

spread glial cytoplasmic inclusions as well as neuronal

cytoplasmic and nuclear inclusions, composed of aggre-

gated α-synuclein on neuropathology.1

No reliable diagnostic biomarkers are currently avail-

able for MSA, and de nite diagnosis can be made only

with postmortem pathological examination. Thus, in

clinical practice, the diagnosis relies on the clinical judg-

ment of expert clinicians, and diagnostic criteria have

been developed to support the diagnostic process.2

However, the accuracy of clinical diagnosis of MSA has
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R E S E A R C H A R T I C L E

Pathological Validation of the MDS Criteria for the Diagnosis
of Multiple System Atrophy

Sasivimol Virameteekul, MD, MSc,1,2 Tamas Revesz, PhD, FRCPath,1 Zane Jaunmuktane, MD, FRCPath,1

Thomas T. Warner, FRCP, PhD,1,2 and Eduardo De Pablo-Fernandez, MD, PhD1,2*

1Queen Square Brain Bank for Neurological Disorders, UCL Queen Square Institute of Neurology, London, United Kingdom
2Reta Lila Weston Institute of Neurological Studies, UCL Queen Square Institute of Neurology, London, United Kingdom

ABSTRACT: Background: The recent International

Parkinson and Movement Disorder Society diagnostic

criteria for multiple system atrophy (MDS-MSA) have

been developed to improve diagnostic accuracy although

their diagnostic properties have not been evaluated.

Objectives: The aims were to validate the MDS-MSA

diagnostic criteria against neuropathological diagnosis

and compare their diagnostic performance to previous

criteria and diagnosis in clinical practice.

Methods: Consecutive patients with sporadic, progres-

sive, adult-onset parkinsonism, or cerebellar ataxia from

the Queen Square Brain Bank between 2009 and 2019

were selected and divided based on neuropathological

diagnosis into MSA and non-MSA. Medical records were

systematically reviewed, and clinical diagnosis was docu-

mented by retrospectively applying the MDS-MSA criteria,

second consensus criteria, and diagnosis according to

treating clinicians at early (within 3 years of symptom

onset) and nal stages. Diagnostic parameters (sensitivity,

speci city, positive/negative predictive value, and accu-

racy) were calculated using neuropathological diagnosis as

gold standard and compared between different criteria.

Results: Three hundred eighteen patients (103 MSA and

215 non-MSA) were included, comprising 248 patients

with parkinsonism and 70 with cerebellar ataxia. Clinically

probable MDS-MSA showed excellent sensitivity

(95.1%), speci city (94.0%), and accuracy (94.3%),

although their sensitivity at early stages was modest

(62.1%). Clinically probable MDS-MSA outperformed

diagnosis by clinicians and by second consensus criteria.

Clinically established MDS-MSA showed perfect speci-

city (100%) even at early stages although to the detri-

ment of low sensitivity. MDS-MSA diagnostic accuracy

did not differ according to clinical presentation (ataxia

vs. parkinsonism).

Conclusions: MDS-MSA criteria demonstrated excellent

diagnostic performance against neuropathological diag-

nosis and are useful diagnostic tools for clinical practice

and research. © 2023 International Parkinson and Move-

ment Disorder Society.

Key Words: multiple system atrophy; diagnostic accu-

racy; pathological validation; diagnosis; diagnostic

criteria

Multiple system atrophy (MSA) is a sporadic, pro-

gressive, neurodegenerative disorder characterized clini-

cally by autonomic failure, cerebellar syndrome, and

parkinsonism poorly responsive to levodopa (L-dopa) in

various combinations and neuropathologically by wide-

spread glial cytoplasmic inclusions as well as neuronal

cytoplasmic and nuclear inclusions, composed of aggre-

gated α-synuclein on neuropathology.1

No reliable diagnostic biomarkers are currently avail-

able for MSA, and de nite diagnosis can be made only

with postmortem pathological examination. Thus, in

clinical practice, thediagnosis relies on theclinical judg-

ment of expert clinicians, and diagnostic criteria have

been developed to support the diagnostic process.2

However, the accuracy of clinical diagnosis of MSA has
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318 consecutive  cases of sporadic, adult-onset parkinsonism or cerebellar ataxia  

QSBB (2009-19)

103 MSA vs 215 non-MSA

248 with parkinsonism

70 with cerebellar ataxia

Dx Criteria Sensitivity Specificity Accuracy

Early disease (<3yrs)

MDS  probable 62.1 95.3 84.6

MDS established 20.4 100.0 74.2

2nd Consensus 
possible

60.2 88.4 79.2

2nd consensus
probable 

39.8 97.7 78.9

Clinical 40.8 93.5 76.4



Imaging Methods to Diagnose Synucleinopathies

Poewe, W. et al. (2017) Parkinson disease

Nat. Rev. Dis. Primers doi:10.1038/nrdp.2017.13

Radiotracer 
Imaging 

MR Imaging 

TCS Multimodal 
Imaging 

Knudsen&al. Lancet Neurology 2018;17:618-28



Structural MRI at 1.5T in MSA (vs PD)
”RED FLAGS”: MSA signs (Sensitivity >50%; Specificity >90%)

Seppi K, Poewe W. Neuroimaging Clin N Am. 2010.; Mitchell T, 
et al. JAMA Neurol. 2021.

• putaminal atrophy

• putaminal hypointensity

• putaminal rim sign, 

• pontocerebellar atrophy, 

• MCP atrophy a./o. hyperintensity

• hot cross bun sign, 

• putaminal diffusivity

• hypointensity on GRE T2* or SWI 
at higher field strengths



Scherfler et al. 2016

overall accuracy:  97%
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Diagnosis of Multiple System

Atrophy from Parkinson’s Disease
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AB STRACT: Background: Manual region-of-

interest analysis of putaminal and middle cerebellar

peduncle diffusivity distinguishes patients with multiple

system atrophy (MSA) and Parkinson’s disease

(PD) with high diagnostic accuracy. However, a recent

meta-analysis found substantial between-study hetero-

geneity of diagnostic accuracy due to the lack of har-

monized imaging protocols and standardized analyses

pipelines.

Objective: Evaluation of diagnostic accuracy of

observer-independent analysis of microstructural

integrity as measured by diffusion-tensor imaging in

patients with MSA and PD.

Methods: A total of 29 patients with MSA and 19

patients with PD (matched for age, gender, and dis-

ease duration) with 3 years of follow-up were investi-

gated with diffusion-tensor imaging and T1-weighted

magnetic resonance imaging. Automated localization

of relevant brain regions was obtained, and mean

diffusivity and fractional anisotropy values were aver-

aged within the regions of interest. The classi cation

was performed using a C5.0 hierachical decision tree

algorithm.

Results: Mean diffusivity of the middle cerebellar

peduncle and cerebellar gray and white matter com-

partment as well as the putamen were signi cantly

increased in patients with MSA and showed superior

effect sizes compared to the volumetric analysis of

these regions. A classi er model identi ed mean diffu-

sivity of the middle cerebellar peduncle and putamen

as the most predictive parameters. Cross-validation of

the classi cation model yields a Cohen’s κ and overall

diagnostic accuracy of 0.823 and 0.914, respectively.

Conclusion: Analysis of microstructural integrity

within the middle cerebellar peduncle and putamen

yielded a superior effect size compared to the volu-

metric measures, resulting in excellent diagnostic

accuracy to discriminate patients with MSA from PD

in the early to moderate disease stages. © 2020 The

Authors. Movement Disorders published by Wiley

Periodicals LLC on behalf of International Parkinson

and Movement Disorder Society

Key Words: multiple system atrophy; MRI; diffusion-

weighted imaging; Freesurfer

Introduction

Multiple system atrophy (MSA) is an orphan and pro-

gressive neurodegenerative disorder featuring parkinsonian,

cerebellar, and autonomic symptoms.1 Symptoms of early-

stage M SA frequently mimic Parkinson’s disease (PD),

hampering an early differential diagnosis.2-4 Accuracy rates

of a clinical diagnosis of PD may range from 65% to

93%.2,5,6 However, a reliably early differential diagnosis is

critical to patient counseling and for recruitment into inter-

ventional trials and other types of academic research.

Numerous magnetic resonance imaging (M RI) studies

attempted to improve the diagnostic accuracy for the

early differential diagnosis of parkinsonian disorders.7

Recently, advances in M RI postprocessing algorithms

have provided an opportunity to localize and grade

M SA-speci c brain atrophy patterns.8-12 However, prior

to tissue loss becoming measurable as brain atrophy, the

neurodegenerative cascade causes dysfunction at the cel-

lular level, including membrane destruction. Alterations

of tissue integrity can be quanti ed by diffusion-tensor

M RI (DTI).13,14 DTI estimates the microstructural integ-

rity and the degree of axonal pathology in brain tissue by

quantifying the amount and direction of diffusing water

molecules.13,15 DTI signal changes in the putamen and

the middle cerebellar peduncle (M CP), assessed by manu-

ally labeled regions of interest (ROI), were shown to

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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Automated Analysis of Diffusion-
Weighted Magnetic Resonance

Imaging for the Differential
Diagnosis of Multiple System

Atrophy from Parkinson’s Disease

Florian Krismer, PhD,1,2 Vincent Beliveau, PhD,1,2

Klaus Seppi, MD,1,2 Christoph Mueller, MD,1,2

Georg Goebel, PhD,3 Elke R. Gizewski, MD,2,4

Gregor K. Wenning, PhD,1 Werner Poewe, MD,1,2 and

Christoph Scher er, MD1,2*

1Department of Neurology, Medical University of Innsbruck,

Innsbruck, Austria 2Neuroimaging Research Core Facility, Medical

University of Innsbruck, Innsbruck, Austria 3Department of Medical

Statistics, Informatics and Health Economics, Medical University of

Innsbruck, Innsbruck, Austria 4Department of Neuroradiology,

Medical University of Innsbruck, Innsbruck, Austria

ABSTRACT: Background: Manual region-of-

interest analysis of putaminal and middle cerebellar

peduncle diffusivity distinguishes patients with multiple

system atrophy (MSA) and Parkinson’s disease

(PD) with high diagnostic accuracy. However, a recent

meta-analysis found substantial between-study hetero-

geneity of diagnostic accuracy due to the lack of har-

monized imaging protocols and standardized analyses

pipelines.

Objective: Evaluation of diagnostic accuracy of

observer-independent analysis of microstructural

integrity as measured by diffusion-tensor imaging in

patients with MSA and PD.

Methods: A total of 29 patients with MSA and 19

patients with PD (matched for age, gender, and dis-

ease duration) with 3 years of follow-up were investi-

gated with diffusion-tensor imaging and T1-weighted

magnetic resonance imaging. Automated localization

of relevant brain regions was obtained, and mean

diffusivity and fractional anisotropy values were aver-

aged within the regions of interest. The classi cation

was performed using a C5.0 hierachical decision tree

algorithm.

Results: Mean diffusivity of the middle cerebellar

peduncle and cerebellar gray and white matter com-

partment as well as the putamen were signi cantly

increased in patients with MSA and showed superior

effect sizes compared to the volumetric analysis of

these regions. A classi er model identi ed mean diffu-

sivity of the middle cerebellar peduncle and putamen

as the most predictive parameters. Cross-validation of

the classi cation model yields a Cohen’s κ and overall

diagnostic accuracy of 0.823 and 0.914, respectively.

Conclusion: Analysis of microstructural integrity

within the middle cerebellar peduncle and putamen

yielded a superior effect size compared to the volu-

metric measures, resulting in excellent diagnostic

accuracy to discriminate patients with MSA from PD

in the early to moderate disease stages. © 2020 The

Authors. Movement Disorders published by Wiley

Periodicals LLC on behalf of International Parkinson

and Movement Disorder Society

Key Words: multiple system atrophy; MRI; diffusion-

weighted imaging; Freesurfer

Introduction

Multiple system atrophy (MSA) is an orphan and pro-

gressive neurodegenerative disorder featuring parkinsonian,

cerebellar, and autonomic symptoms.1 Symptoms of early-

stage MSA frequently mimic Parkinson’s disease (PD),

hampering an early differential diagnosis.2-4 Accuracy rates

of a clinical diagnosis of PD may range from 65% to

93%.2,5,6 However, a reliably early differential diagnosis is

critical to patient counseling and for recruitment into inter-

ventional trialsand other typesof academic research.

Numerous magnetic resonance imaging (MRI) studies

attempted to improve the diagnostic accuracy for the

early differential diagnosis of parkinsonian disorders.7

Recently, advances in MRI postprocessing algorithms

have provided an opportunity to localize and grade

MSA-speci c brain atrophy patterns.8-12 However, prior

to tissue loss becoming measurable as brain atrophy, the

neurodegenerative cascade causes dysfunction at the cel-

lular level, including membrane destruction. Alterations

of tissue integrity can be quanti ed by diffusion-tensor

MRI (DTI).13,14 DTI estimates the microstructural integ-

rity and thedegreeof axonal pathology in brain tissueby

quantifying the amount and direction of diffusing water

molecules.13,15 DTI signal changes in the putamen and

themiddlecerebellar peduncle (MCP), assessed by manu-

ally labeled regions of interest (ROI), were shown to
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Overall diagnostic accuracy: 91.4 % 

MD = mean diffusivity



Multimodal MRI to distinguish PD from MSA

➢ 26 PD vs 29 MSA vs 26 HC

➢ Multimodal 3-T MRI  incl. T1, R2*,  DWI

➢ Whole brain voxel-based analysis

➢ Significant differences between MSA and 

PD in cerebellum, putamen, MCP, corona 

radiata

Combination of 2 markers in logistic 
regression yielded   > 95%  discrimination

Peran & al., Movement Disorders 2018; 33: 600-8



MR Imaging of S. Nigra Pathology

Vaillancourt  etal, Neurology, 2009; de Marzi et al, Ann Neurol 2016; Erminger et al BRAIN 2016; Poston et al JPD (2020); Ryman et al (2020) PRD, Mitchell et al  JAMA Neurology 2021; Zhang et al; JPD 2022



‚Nigrosome-1‘ Imaging (loss of DNH) in 
Prodromal PD

Loss of DNH signal: 
PD 92%/96% , RBD 27%/77% , HC 3%/8%  



Diagnostic Potential of Radiotracer Imaging in 
Degenerative Parkinsonism

Prange & al. Brain Sci 2022;12: 1146

Brain Sci. 2022, 12, 1146 3 of 28

 

Figure 1. Molecular imaging in parkinsonian disorders. Created w ith Biorender.com (accessed on

15 March 2022).

2. M aterials and M ethods

We conducted a systematic literature search using PubMed and the following MeSH

terms, yielding 855 occurrences between January 2019 and March 2022: ‘Parkinson’, ‘parkin-

sonian’, ’lewy body’, ’multiple system atrophy’, ’corticobasal’, ’progressive supranuclear

palsy’ combined with ‘single photon’ and ‘positron’ for nuclear molecular imaging studies.

For the part on tau imaging, we used the following MeSH terms yielding 101 results: ‘CBS’,

‘corticobasal’, ‘PSP’, ‘4R’, ‘four ’ combined with ‘PET’ and ‘tau’.

3. Neurotransmitter Imaging

3.1. Dopaminergic Imaging

3.1.1. Imaging the Dopaminergic System

Dysfunction of the dopaminergic system is central to the motor and nonmotor ex-

pression of parkinsonian disorders and predates the onset of overt clinical symptoms. As

such, multiple investigations of the presynaptic compartment, using specific tracers for the

dopamine transporter (DAT), vesicular monoamine transporter 2 (VMAT2), and aromatic-

amino-acid decarboxylase were performed indicating progressive dysfunction of striatal

dopaminergic terminals, besides imaging of presynaptic auto-receptors and postsynaptic

dopamine receptors.

Multiple tracers have been developed for DAT using SPECT (123I-FP-CIT, 123I-beta-

CIT, 99mTc-TRODAT, 123I-al tropane, 123I-PE2I) and PET imaging (11C-RTI-32, 11C-CFT,

11C-methylphenidate, 11C-PE2I), of which 123I-FP-CIT and 99mTc-TRODAT are commer-

cially available. Practice guidelines for acquisition and interpretation are available from the

European Academy of Nuclear Medicine [3]. Validated tracers for the presynaptic dopamin-

ergic (11C-PE2I), serotonergic (11C-DASB), and noradrenergic (11C-MeNER) transporters

and their brain distribution in healthy individuals are presented in Figure 2. New to the

field is the development and increasing use of fluorine-18-labeled PET tracers [3], next to



[123I]β-CIT SPECT, dual head camera

abnormal abnormal

abnormal abnormal

normal

normal

DAT-SPECT as a Biomarker for Synucleinopathies? 

PDSCA 2

PSP MSA-PET

HC

Scherfler& al. Mov Disord. 2007; 22:1239-48



Predicting Conversion in PD Risk Subjects by DAT-

Binding Deficit

Chahine et al. Ann Clin Trans Neurology 2021; 8: 201-12 Miyamoto et al.J Neurol Sci 414 (2020) 116821Jennings et al. JAMA Neurology 2017; 

Hyposmia iRBD iRBD



n= 13 MSA (mean age 61+ 8yrs)

n= 8 Ctrls.  (mean age 63+ 11yrs)

n= 8 PD      (mean age 68+ 6yrs)

n= 2 DLB   (mean age 81+ 1yrs)



Diagnostic Performance of CSF ⍺-Synuclein SAA 
(PD/DLB vs. Ctrls.)

Grossauer et al; Mov Dis Clin Pract , 2023

sensitivity : 92%

specificity : 96%



Distinct Molecular Structures of ⍺-Synuclein
Assemblies in MSA vs LB-Diseases

Figure 1. Cross-sections of α-synuclein filaments (Lewy fold) perpendicular to the helical axis, 
with a projected thickness of appr oximately one rung.

PD, Parkinson’s disease; PDD, Parkinson’s disease dementia; DLB, Dementia with Lewy 

bodies. Scale bar, 1 nm.

Yang et al. Page 20

Nature. Author manuscript; available in PMC 2022 October 27.
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Yang et al. Nature 2022

Figure 2. Cryo-EM maps and atomic models of MSA T ype I and Type II α-synuclein filaments

(a,b), Cryo-EM maps of Type I filaments from the putamen of MSA cases 1, 2, 3 and 4 (a) 

and of Type II filaments from the putamen of MSA cases 1, 2 and 5 (b). F or MSA case 2, 

zoomed-in views of the different regions in Type II1 and II2 filaments are also shown. (c,d), 

Schematic of the primary structure of human α-synuclein, indicating the cores of 

protofilaments (PF) IA, IB, IIA and IIB. The NAC domain (residues 61-95) is also shown. 

(e,f), Sharpened, high-resolution cryo-EM maps of MSA Type I (e) and Type II (f) α-

synuclein filaments with overlaid atomic models. Unsharpened, 4.5 Å low pass-filtered maps 

Schweighauser et al. Page 28

Nature. Author manuscript; available in PMC 2021 March 01.
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Figure 2. Cryo-EM maps and atomic models of MSA T ype I and Type II α-synuclein filaments

(a,b), Cryo-EM maps of Type I filaments from the putamen of MSA cases 1, 2, 3 and 4 (a) 

and of Type II filaments from the putamen of MSA cases 1, 2 and 5 (b). F or MSA case 2, 

zoomed-in views of the different regions in Type II1 and II2 filaments are also shown. (c,d), 

Schematic of the primary structure of human α-synuclein, indicating the cores of 

protofilaments (PF) IA, IB, IIA and IIB. The NAC domain (residues 61-95) is also shown. 

(e,f), Sharpened, high-resolution cryo-EM maps of MSA Type I (e) and Type II (f) α-

synuclein filaments with overlaid atomic models. Unsharpened, 4.5 Å low pass-filtered maps 

Schweighauser et al. Page 28

Nature. Author manuscript; available in PMC 2021 March 01.
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Schweighauser et al. Nature 2020

PD/DLB ⍺-syn filaments = single protofilaments vs. MSA ⍺-syn filaments = 2 protofilaments  



⍺-Synuclein SAA‘s: Can they distinguish
between Synucleinopathies?

Bellomo et al, Neurology 2022;99:195-205



Sensitivity of serum a-synuclein IP/RT-QuIC

PD: Parkinson’s disease
MSA: Multiple system atrophy
DLB:Dementia with Lewy bodies

Okuzumi A, Hatano T, et al. Nature Medicine 2023



⍺-Synuclein Seeding Amplification Assays (SAA): 
Performance in Prodromal PD

o 52 & 45  iRBD vs 40 & 55 

matched HC‘s

o Baseline CSF a-syn RT-QuIC

o Long term follow-up 

o 64%-90% of iRBD vs 4%-10% of 

HC‘s RT-QuIC pos

o 31%-62% vs 0 HC‘s of iRBD 

converted  to PD/DLB 

o 64% -97% of converters RT-QuIC 

positive at baseline 



➢1123  PPMI Study Participants 2010-2019
➢545 early PD
➢163 healthy controls

➢51 ‚prodromal PD‘ subjects (Hyposmia, RBD)
➢310 asymptomatic LRRK2 or GBA carriers 
➢86% of ‚prodromal‘ subjects SAA positiv



Are we Ready for a Biological Definition of
Parkinson‘s Disease ?

• S =  ⍺- Synuclein pathology
• Positive  seeding assay (CSF, skin, olfactory mucosa, blood)
• (Positive ⍺- Synuclein-PET)

• G = genetic marker
• Monogenic mutation (SNCA, LRRK2,VPS35,CHCHD2; Parkin, PINK1,DJ-1)
• Risk-Genes (GBA, polygenic risk scores) 

• N = Neurodegeneration
• dopaminergic deficit in molecular imaging (FP-CIT Spect, Fluorodopa-PET, 

11C-PE2I-PET)
• MR Indices of nigral pathology (DHN, NM –Imaging) 
• cardiosympathetic denervation (MIBG-Spect)



Höglinger GU, et al. Lancet Neurology 2024; Simuni T et al. Lancet Neurology 2024.

16 
 

Figure 1: Hypothetical framework of Neuronal alpha-Synuclein Disease Integrated Staging System. 

Shapes and slopes of the curves and their temporal relationship are qualitative and hypothetical 

 

 
 

Figure 2: Cumulative Staging Framework of the Neuronal alpha-Synuclein Disease Integrated 

Staging System 
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Summary
• Synucleinopathies are currently defined as clinical entities

• Clinical diagnostic criteria have major shortcomings
o Suboptimal accuracy

o Insensitive for early disease

o Do not capture prodromal or pre-clinical disease

o Agnostic ref pathogenetic subtypes

• Biomarkers offer major advances for research & clinical practice
o Enhance diagnostic accuracy

o Enable pathogenetic subtyping

o Allow for a ‚biological‘ definition of disease

o Facilitate disease-modification trials

o May ultimately enable disease-prevention programs for PD
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From the clinical utility of a-synuclein PET imaging 
in Multiple System Atrophy to the possible diagnosis 
of Parkinson’s disease

Francesca Capotosti, PhD | ADPD 2024 | March 2024

COMBINING DIAGNOSTICS AND 
THERAPEUTICS

PIONEERING 
PRECISION MEDICINE
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Disclaimer
This presentation contains statements that constitute “forward-looking statements” within the meaning of Section 27A of the Securities Act

of 1933 and Section 21E of the Securities Exchange Act of 1934. Forward-looking statements are statements other than historical fact

and may include statements that address future operating, financial or business performance or AC Immune’s strategies or expectations.

In some cases, you can identify these statements by forward-looking words such as “may,” “might,” “will,” “should,” “expects,” “plans,”

“anticipates,” “believes,” “estimates,” “predicts,” “projects,” “potential,” “outlook” or “continue,” and other comparable terminology. Forward-

looking statements are based on management’s current expectations and beliefs and involve significant risks and uncertainties that could

cause actual results, developments and business decisions to differ materially from those contemplated by these statements. These risks

and uncertainties include those described under the captions “Item 3. Key Information – Risk Factors” and “Item 5. Operating and

Financial Review and Prospects” in AC Immune’s Annual Report on Form 20-F and other filings with the Securities and Exchange

Commission. These include: the impact of Covid-19 on our business, suppliers, patients and employees and any other impact of Covid-

19. Forward-looking statements speak only as of the date they are made, and AC Immune does not undertake any obligation to update

them in light of new information, future developments or otherwise, except as may be required under applicable law. All forward-looking

statements are qualified in their entirety by this cautionary statement.
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A-syn1 PET2 tracers can improve the diagnosis and treatment of NDD3

34

(1) Alpha-synuclein; (2) Positron emission tomography; (3) Neurodegenerative disease; (4) Alpha-synucleinopathies; (5) Seeding amplification assay

Needed to best enable precision medicine for a-synucleinopathies

▪ Neuronal damage/death is presently an 

irreversible event 

▪ Approved disease-modifying agents for NDD 

showed improved efficacy in early disease 

stages

▪ DaTscan does not support early diagnosis

▪ Genetic testing is ineffective in idiopathic 

cases 

▪ Fluid biomarkers, including SAA5 , are not yet 

quantitative

▪ Better designed clinical trials using PET tracer 

for recruitment and monitoring

▪ May enable combination treatment of co-

pathologies

Early diagnosis and 

treatment is key in NDD

Early diagnosis of a-syn-opathies4 is 

not possible with current techniques

Benefits of PET tracers for imaging 

have been validated
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A B C 

TDP-435 inclusions
Tau NFTs3

PI-2620

a-syn4 Lewy bodies

ACI-12589

35

(1) Positron emission tomography; (2) Neurodegenerative disease; (3) Neurofibrillary tangles; (4) Alpha synuclein; (5) TAR DNA binding protein-43

Developing a suite of PET1 tracers against emerging targets in NDD2

Precision medicine approach enabled by the Morphomer® platform

Leverage the Morphomer® small molecule platform:

▪ Non-peptidic, small molecules with CNS-drug properties for brain penetration

▪ Conformation-specificity (pathologic protein species) 

▪ Selectivity against co-pathologies (Abeta, Tau, TDP-43) 

▪ Pharmacokinetics suitable for brain PET imaging
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ACI-12589: a promising a-syn1 PET2 tracer

■ ACI-12589 displays a clear autoradiography signal across different synucleinopathy cases which correlates with 

the presence of pathological a-syn

■ Target occupancy depends on the levels of pathological a-syn and varies from ≤ 1 in idiopathic PD to ≥ 10 in MSA

36

[3H]ACI-12589 specific binding on brain tissue from different a-synucleinopathy cases

(1) Alpha-synuclein; (2) Positron emission tomography; (3) Parkinson’s disease with G51D SNCA mutation; (4) Parkinson’s disease with dementia; (5) Idiopathic Parkinson’s disease; (6) Multiple system atrophy; (7) Lewy 

Body variant of Alzheimer’s disease; (8) Immunohistochemistry; (9) Frontal cortex; (10) Amygdala; (11) Cerebellum
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(1) PBS; (2) A-syn amplified by Protein misfolding Cyclic amplification from human PD seeds injected in the striatum at baseline and 6 months; (3) Adeno-associated virus expressing human a-syn with the A53T mutation 

injected in the Subtantia Nigra at baseline; (4) Standardized uptake value ratio with whole cerebellum as reference

■ The higher retention observed in the PMCA-AAV model suggests that the intensity of the PET signal is related to the 

pathological a-syn load

■ A longitudinal increase in [18F]ACI-12589 uptake is observed in two a-syn monkey models

[18F]ACI-12589 uptake in monkey models of a-syn pathology
Longitudinal brain uptake in two different a-syn inoculation models 

A-syn models developed by:

2.5

S
U

V
R

0.0                             

MRI

[18F]ACI-12589 PET

6 months 

post inoculation

12 months 

post inoculation

Control1 PMCA a-syn2 PMCA a-syn

AAV-a-syn A53T3
Bi-lateral inoculation:
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:

■ The loss of dopaminergic neurons follows the appearance of a-syn pathology

■ The a-syn PET signal increases as the dopaminergic loss progress

A-syn PET precedes dopaminergic loss
Comparison of [18F]FE-PE2I dopaminergic imaging and [18F]ACI-12589 PET

38

[18F]ACI-12589 PET

12 months

post-inoculation

[18F]FE-PE2I PET

Baseline

[18F]FE-PE2I PET

12 months

post-inoculation

PMCA a-syn1 PMCA a-syn

AAV-a-syn A53T2

(1) A-syn amplified by Protein misfolding Cyclic amplification from human PD seeds injected in the striatum; (2) Adeno-associated virus expressing human a-syn with the A53T mutation injected in the Subtantia Nigra

Collaboration with
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[18F]ACI-12589: the first PET1 tracer to image a-syn2 in humans 
Demographics of  FiH3 study

■ [18F]ACI-12589 was evaluated in a total of 54 participants; 23 with a-syn-related disorders of which 13 MSA cases

■ The initial 25 subjects underwent dynamic 0-90 min scans and the vast majority had arterial blood sampling while 

following scans were performed with shorter scan time

(1) Positron emission tomography; (2) Alpha-synuclein; (3) First in Human; (4) Idiopathic Parkinson’s disease; (5) Multiple system atrophy; (6) Dementia with Lewy Bodies; (7) Alzheimer’s disease; (8) Progressive 

supranuclear palsy

Control PD4 MSA5 DLB6 AD7 PSP8 Ataxias

n (43) 8 8 13 2 5 3 3

Sex (M/F)
5/3 7/1 7/6 2/0 4/1 3/0 2/1

Age (± SD)
63±11 68±6 61±8 81±1 69±4 72±9 54±14

Inj Dose (MBq) 314±39 308±56 297±13 289±1 296±5 298±8 267±67

UMSARS I + II
N/A N/A 53±23 N/A N/A N/A N/A

UPDRS-III
N/A 65±16 N/A N/A N/A N/A N/A
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■ Clear tracer retention in cerebellar white matter and cerebellar peduncles in MSA-C cases

■ Increased basal ganglia uptake in MSA-P cases in comparison to controls and PD cases

■ Overall, a good correspondence observed between the PET signal and the expected pathological a-syn 

distribution based on clinical presentation

[18F]ACI-12589 uptake in MSA cases compared to controls
SUVR 60-90 min using occipital cortex as reference region
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[18F]ACI-12589 is ready to be evaluated in longitudinal studies

■ [18F]ACI-12589 dosimetry exposure data in line with other 18F-ligands routinely used in clinical practise

■ Clinical organ dosimetry data permits several scans per year allowing longitudinal evaluations

[18F]ACI-12589 dosimetry in healthy volunteers (3 males and 3 females)

Based on whole-body data of [18F]ACI-12589:

• Elimination occurs mainly via the hepatobiliary route

• Target organ with highest exposure is colon

• The effective dose per 185 MBq (5 mCi) injection is 

3.7 mSv for a adult male and 4.09 for an adult female
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(1) Multiple system atrophy; (2) Alpha-synuclein; (3) Positron emission tomography; (4) Neurodegenerative disease

First-in-class

▪ [18F]ACI-12589 is the first tracer detecting pathologic a-synuclein in patients 

differentiating MSA cases from other synucleinopathies and NDD4

▪ The tracer is ready for evaluation in longitudinal studies

Specific & selective

Preclinically, ACI-12589: 

▪ binds specifically and selectively to a-synuclein inclusions in different human 

synucleinopathy cases

▪ shows longitudinally increasing uptake in different a-syn2 monkey models and 

appearance of PET3 signal prior dopaminergic loss

Precision Medicine

[18F]ACI-12589 will:

▪ significantly improve the diagnosis of MSA

▪ enable Precision Medicine and biomarker-based development in MSA

[18F]ACI-12589 will improve MSA1 diagnosis and support precision medicine
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Saturation binding on total 

PD brain homogenates or tissue sections

■ The newly identified ligand, ACI-15916, shows significantly improved target occupancy on pathological 

a-syn aggregates in brain homogenates and sections from different a-synucleinopathies

(1) Alpha-synuclein ; (2) Positron emission tomography; (3) Parkinson’s disease; (4) Parkinson’s disease with dementia; (5) Lewy body variant of Alzheimer’s disease; (6) Immunohistochemistry 
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■ ACI-15916 shows significantly improved specific binding to pathological a-syn aggregates in brain 

sections from different a-synucleinopathies

Autoradiography on a-synucleinopathy tissues
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PDD5

amygdala

(1) Alpha-synuclein; (2) Positron emission tomography; (3) Parkinson’s disease; (4) Nonspecific binding (5) Parkinson’s disease with dementia; (6) Lewy body variant of Alzheimer’s disease; (7) Immunohistochemistry 
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■ ACI-15916 displays excellent selectivity versus common co-pathologies such as Abeta, 3R and 4R Tau, 

as well as TDP-43 

■ ACI-15916 is selective versus common PET tracer off-targets such as MAO-A nor MAO-B

(1) Alpha-synuclein; (2) Positron emission tomography; (3) Parkinson’s disease; (4) Alzheimer’s disease (5) Not determined; (6) Autoradiography; (7) Neurofibrillary tangles 
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Selectivity assessment using Alzheimer’s disease tissue

ACI-15916: Next generation a-syn1 tracer for PD2
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(1) Alpha-synuclein; (2) Parkinson’s disease

Next-generation

a-syn diagnostics

The newly identified [18F]ACI-15916 has the potential to detect synucleinopathies

including PD, having:

▪ significantly improved target occupancy on pathological a-syn

▪ capability to detect very small aggregates

▪ excellent selectivity versus potential co-pathologies and no off-target binding in vitro

▪ a pharmacokinetic profile in monkey suitable for its use as brain imaging agent

ACI-15916: Next generation a-syn1 tracer for PD2
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■ Signal retention is observed in disease-relevant brain regions in genetic PD cases (SNCA duplication carriers)

■ The retention is higher in the more advanced symptomatic case

■ Signal distribution pattern is compatible with specificity of the signal for pathological a-syn

[18F]ACI-12589 uptake in genetic PD1 cases
SUVr 60-90 minutes using cerebellar grey as reference region

(1) Parkinson’s disease; (2) Dementia with Lewy Body; (3) Mild cognitive impairment 
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■ Cerebellar uptake clearly discriminates MSA cases from controls and other synucleinopathy cases

■ Similar results obtained with different quantification methods

[18F]ACI-12589 uptake discriminate MSA from other synucleinopathies
Signal quantification in the cerebellar white matter

SUVR 60-90 min 

Ref: Occipital CortexVt (Logan)

51

Vt (Logan GA) vs BPnd (Logan Ref)

BPnd (Logan Ref) vs SUVr 60-90 min

Diagnosis: Control DLB MSA-C

MSA-P
PD
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Decreasing the expression of a-synuclein

• Manipulation of α-syn levels by gene silencing with RNA interference has 
been shown to be beneficial in normalizing α-syn expression and improve 
motor function in experimental studies.

• Fine-tuned balance is necessary to avoid nigrostriatal neurotoxicity caused 
by excess downregulation

• DNA methylation at SNCA intron 1 is a regulator of the α-syn transcription, 
providing a target for tight of α-syn expression levels. 

• Novel clustered regularly interspaced short palindromic repeats technology 
has been successfully used in fine tuning the downregulation of SNCA 
expression in stem cell-derived dopaminergic neurons, suggesting a new 
approach

• McCormack et al. 2010; Takahashi et al. 2015, Kantor et al. 2018



Alpha-synuclein targeting SMEs

Small molecules Development status

UCB0599
UCB/Novartis

Phase 2

ATH434

Alterity Therapeutics/Takeda
Phase 2

Anle138b
Modag

Phase 1b

Mor a-syn small molecule 

aggregation inhibitors

AC Immune

Preclinical 

Peña-Díaz et al., Pharmaceutics, 2023 



ORKESTRA study (NCT04658186), with daily oral 
administration of UCB0599 

• UCB0599 is a small-molecule α-synuclein aggregation inhibitor.

• UCB0599 is a cyclic peptidomimetic compound designed to interact 
with the C-terminal domain of α-synuclein and prevent it from 
binding to membranes and oligomerizing there.

• UCB0599, aka NPT-200-11, is a second-generation compound, 
optimized for oral bioavailability and brain entry. 

• In phase I/IB study conducted on PD patients UCB0599 was generally 
well tolerated with no significant safety or tolerability concerns 

Smit JW Mov Dis 2022



ATH434 Alterity therapeutics

• ATH434 (formally called PBT434) in preclinical models of Parkinson's 
disease and shown that it is brain-penetrant, reduces iron accumulation 
and iron-mediated redox activity, provides neuroprotection, inhibits alpha 
synuclein aggregation and lowers the tissue levels of alpha synuclein. 

• The compound was well-tolerated in a first-in-human oral dosing study in 
healthy and older volunteers with a favorable, dose-dependent 
pharmacokinetic profile.

• Phase II study on MSA patients is ongoing

• Finkelstein J Parkinsons Dis. 2022



Anle138b: general inhibitor of protein aggregation

• Anle138b is an oral, brain-penetrant, general inhibitor of protein 
aggregation. It was identified in a high-throughput screen for small-
molecule inhibitors of α-synuclein and prion protein oligomerization. 
The compound is being developed for treatment of the rapidly 
progressing synucleinopathy multiple-system atrophy (MSA) and for 
Parkinson's disease (PD). It could potentially be applied to other 
synucleinopathies, such as dementia with Lewy bodies (DLB). 



Efficacy and Safety of Buntanetap (Annovis BIO) 
Compared With Placebo in PD (phase II)

• Buntanetap is an orally bioavailable small molecule derived via a 
biochemical synthetic pathway, which was discovered at the National 
Institutes of Aging (Bethesda, Maryland). 

• Buntanetap suppresses the translation of the mRNAs of APP, tau, 
αSYN and other neurotoxic aggregating proteins by enhancing the 
binding of the atypical iron response element (IRE) in those
neurotoxic proteins’ mRNAs’ 5’UTR regions to iron regulatory protein
1 (IRP1) in high iron.

• A treatment strategy that targets toxic species points to the possibility 
that better clinical outcomes for PD and AD might be achieved by 
reducing the levels of toxic species found in both

Fang C J Prev Alzheimers Dis. 2023



Small molecules

• Heat shock proteins (HSPs) are small molecular chaperones that serve 
in protein homeostasis and prevent protein aggregation and toxicity 
in conditions of cellular stress. 

• Several HSPs have been observed as components of Lewy body 
inclusions, and manipulation of their expression in in-vitro and in-vivo 
models has been shown to modulate α-syn aggregation

• Sinnige et al. 2020



Stimulation of the degradation of 
extracellular α-syn aggregates

• α-syn extracellular degradation can be stimulated 
through active and passive immunotherapies

Passive
immunotherapy

Direct 
administration 
of antibodies

Active 
immunotherapy

Immune system 
stimulation to 

produce 
antibodies

George S, et al. Immunotherapy in Parkinson's disease: micromanaging alpha-synuclein aggregation. J 
Parkinsons Dis. 2015;5(3):413-424. doi: 10.3233/JPD-150630.



Alpha-synuclein targeting immunotherapies in clinical development

Monocloncal antibodies Development status

Prasinezumab
Prothena / Roche

Phase 2

Lu AF82422
Lundbeck / Genmab

Phase 2

MEDI-1341
MedImmune / Takeda

Phase 1

BAN0805
BioArctic / AbbVie

Phase 1

UCB7853
UCB / Novartis

Phase 1

Active immunotherapy Development status

ACI-7104.056
AC Immune

Phase 2

UB-312

Vaxxinity
Phase 1

Jun Sung Lee et al., Journal of Movement Disorders 2016



Active immunisation for Parkinson’s disease: 
AFFITOPE PD01A/PD03A (ACI-7104.056) 

• Novel anti α-syn vaccines are being tested in a 
phase 1 clinical trial

• The synthetic C-terminal peptides (PD01A and/or 
PD03A) mimic the peptide sequence of α-syn

• The clinical trial showed induced production of 
antibodies targeting α-syn and reduced α-syn 
aggregates

• The antigenic complex KLH-peptide was used to 
stimulate an immunologic response by B cells, but 
not by T cells, avoiding an autoimmune response

Mandler M, et al. Next-generation active immunization approach for synucleinopathies: implications for Parkinson's 
disease clinical trials. Acta Neuropathol. 2014;127(6):861-879. doi: 10.1007/s00401-014-1256-4. 



Active immunisation: UBITh

• Synthetic T helper peptides

• Linked to target epitopes

• Overcames immune tolerance

• Induces B-cell humoral response

• No T-cell-mediated toxicity

• Data on human study were published by Hui Jing Yu et al. on 
Movement Disorders Jul 2022



Passive immunisation



CI, confidence interval; DaT-SPECT, dopamine transporter imaging with single-photon emission computed tomography; MAO-B, monoamine oxidase B; MCID, Minimal Clinically Important Difference; MDS-UPDRS, 
Movement Disorder Society-Unified PD Rating Scale; MMRM, mixed-effect model repeated measures; PD, Parkinson’s disease. 
* Patients who started symptomatic PD treatment contribute until the last visit before symptomatic PD treatment is started. Bars represent 80% CI. Estimates are based on an MMRM with the following covariates: 
MAO-B inhibitor at baseline (yes/no), treatment, week, age <60 versus ≥60, sex, DaT-SPECT putamen binding ratio (contralateral to most clinically affected side), baseline MDS-UPDRS corresponding endpoint. 
Pooled-dose analysis is a pre-specified exploratory analysis. 4500 mg for ≥65 kg; 3500 mg for <65 kg. Data readout correct based on snapshot from January 2020. 
1. Pagano G, et al. Eur J Neurol. 2021; 21:Suppl 1 (OPR-104). Presented at virtual EAN 2021. 2. Pagano G, et al. N Engl J Med. 2021; In submission.

Threshold for MCID
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Pooled prasinezumab

Prasinezumab 1500 mg

Prasinezumab 4500 mg

MDS-UPDRS Part III* – Site rating1

Pooled: –1.44, 80% CI=(–2.84, –0.05); –25.9%

Prasinezumab 1500 mg: –1.88, 80% CI=(–3.49, –0.27); –33.8%

Prasinezumab 4500 mg: –1.02, 80% CI=(–2.64, 0.61); –18.2%

Prasinezumab reduced clinical decline in motor signs 
compared to placebo based on MDS-UPDRS Part III score



Prasinezumab reduced clinical decline confirmed by digital 

measures of progression (slope analysis)

CI, confidence interval; MDS-UPDRS, Movement Disorder Society Unified Parkinson’s Disease Rating Scale; PD, Parkinson’s disease; SDMT, Symbol Digit Modalities Test. 
Pooled-dose analysis is a pre-specified exploratory analysis. 4500 mg for ≥65 kg; 3500 mg for <65 kg.

•The digital PASADENA motor score was built from 80% bradykinesia features and 20% resting tremor features using blinded data from 150 PASADENA patients prior to unblinding. 

•1. Horvath K, et al. Mov Disord. 2015; 21:1421–1426. 

Digital PASADENA Motor Score1

Digital measures included in the Roche 

Parkinson’s Disease Mobile Application v2

Pooled: –0.030, 80% CI=(–0.050, –0.010); –25.0%

Prasinezumab 1500 mg: –0.040, 80% CI=(–0.063, –0.017); –30.3%

Prasinezumab 4500 mg: –0.029, 80% CI= (–0.052, –0.006); –21.5%



Pagano G. et al. Nature Neurology 2024

Adjusted mean change from baseline in MDS-UPDRS Part III in OFF state

Prasinezumab versus PPMI coort, Parkinson's Progression Markers Initiative; RWD, real-world data 



UCB7853 is an α-synuclein antibody

A phase I: Safety and Pharmacokinetics Study of UCB7853 in Healthy Study 

Participants and Study Participants With Parkinson's Disease (PD) has been 

completed

UCB7853 UCB/Novartis



Lu AF82422 is an anti-aSyn human IgG1 mAb, which binds all known forms 

of aSyn, including aggregated and/or C-terminal truncated aSyn.

The anti-alpha-synuclein antibody Lu AF82422 was safe and well tolerated 

in a FIH-SAD study in healthy subjects and patients with PD

L. Buur, J. Wiedemann, abstract at MDS 2022

A phase II study on MSA patients has been conducted in Japan in 

2022/2023 

Lu AF82422 (Lundbeck)



ABBV-0805

• ABBV-0805 is a humanized monoclonal antibody targeting α-
synuclein

• On April 20 2022, BioArctic announced that AbbVie had terminated 
its collaboration on α-synuclein antibodies, including ABBV-0805 
(press release). BioArctic said it is looking for ways to continue 
development.



MEDI1341/TAK341

• high-affinity monoclonal antibody to a C-terminal epitope on 
monomeric and aggregated α-synuclein, originally developed by 
AstraZeneca.

• Safety concern

• Takeda plan to run a study on MSA



Active versus passive immunisation: Pros and Cons

• Pros

• Long lasting immune response

• Large interdose intervals

• Sc/im administration

• Cons

• Possible immune tolerance

• Robust immune response

• Avoid T.cell mediated toxicity



BIIB122/DNL151 phase IIb in PD (LUMA)

• Increased LRRK2 kinase activity is thought to impair lysosomal
function and drive Parkinson’s disease (PD) pathogenesis. Inhibition
of LRRK2 kinase activity is a promising new approach to treat PD with 
a LRRK2 mutation and sporadic PD. 

• DNL151 is a potent, selective, CNS-penetrant LRRK2 kinase inhibitor

• Oral administration

• The phase II LUMA study is ongoing

• Jennings D et al. Movement Disorders 2023



(Neuramedy)





Scientific rationale for NLRP3 inhibition in PD 

• Post mortem, in vivo and preclinical evidence suggest a key 
role of NLRP3 inflammasome/microglia activation in PD

• Preclinical evidence suggest that NLRP3 inhibition may be 
beneficial in PD patients

• Inzomelid (Inflazome/Roche) is an inhibitor of NLRP3 which 
may reduce neurodegeneration of dopaminergic system and 
Alfa-Syn aggregation leading to slow down disease progression 
in PD



GBA parkinsonism

The GBA gene encodes the protein glucocerebrosidase (GCase), 
a lysosomal hydrolase, which converts glucosylceramide to 
ceramide and glucose. 

The accumulation of undegraded substrates by compound 
heterozygous or homozygous GBA mutations has been linked to 
the lysosomal storage disorder Gaucher’s disease (GD).

Goker-Alpan et al. J Med Genet. 2004; Neudorfer et al. QJM Mon J Assoc Phys 1996



BIAL BIA 28-6156 activator of the GCase enzyme 

• BIA 28-6156 is the first activator of the GCase enzyme to have been 
tested in clinical studies. It is designed to target the GCase enzyme to 
increase activity and improve glycosphingolipid metabolism in the 
lysosome. Preclinical studies have shown that BIA 28-6156 easily 
crosses the blood-brain-barrier and accesses the GCase enzyme 
within the brain and central nervous system. BIA 28-6156 is under 
development as a novel, first-in-class drug compound for the 
potential treatment of patients with GBA-AP.



Surgical approaches to disease modification in Parkinson disease

Rahimpour, et al., npj Parkinson's Disease, 2022



Gene therapies

• Gene therapy is a rapid evolving, genome editing technology aiming to 
treat a disease by genetically modifying populations of cells that are either 
directly functionally impaired or capable of relieving disease symptoms. 

• The technology is based on the use of a vector to carry DNA, RNA, 
antisense oligonucleotides or DNA- or RNA-editing enzymes into                           
specific cells to modulate gene expression.

• Increasing clinical evidence of viral vector-based gene therapy approaches 
is available in PD

• Borel et al. 2014; Haggerty et al. 2020; Han et al. 2019; Hudry et al. 2019



Gene therapy clinical trials in PD: main 
targeted approaches

• restoring dopamine synthesis,

• neuroprotection

• genetic neuromodulation

• addressing disease-specific pathogenic variants (pathogenic GBA 
variants ).



Stem Cells

• Bluerock is performing a phase I trial with human derived stem cells 
neurones

• Phase II studies with neurones implanted in the striatum of PD 
patients will start early 2024

• The prestudy selection is ONGOING



Current non-pharmaceutical disease-modifying aproaches

Ntetsika et al., Molecular Medicine, 2021



CONCLUSION

• Different approach are under evaluation to achieve disease modification
and neuroprotection in Parkinson’s disease

• Ongoing studies involve:

• - active and passive immunisation

• - immunomodulation and treatment of inflammation 

• - Gene therapy 

• - Cells replacements
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Morphomer® small molecules targeting alpha-
synuclein for the treatment of Parkinson’s disease

Elpida Tsika, PhD | ADPD 2024 | March 2024

COMBINING DIAGNOSTICS AND 
THERAPEUTICS

PIONEERING 
PRECISION MEDICINE
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Disclaimer
This presentation contains statements that constitute “forward-looking statements” within the meaning of Section 27A of
the Securities Act of 1933 and Section 21E of the Securities Exchange Act of 1934. Forward-looking statements are
statements other than historical fact and may include statements that address future operating, financial or business
performance or AC Immune’s strategies or expectations. In some cases, you can identify these statements by forward-
looking words such as “may,” “might,” “will,” “should,” “expects,” “plans,” “anticipates,” “believes,” “estimates,” “predicts,”
“projects,” “potential,” “outlook” or “continue,” and other comparable terminology. Forward-looking statements are based
on management’s current expectations and beliefs and involve significant risks and uncertainties that could cause
actual results, developments and business decisions to differ materially from those contemplated by these statements.
These risks and uncertainties include those described under the captions “Item 3. Key Information – Risk Factors” and
“Item 5. Operating and Financial Review and Prospects” in AC Immune’s Annual Report on Form 20-F and other filings
with the Securities and Exchange Commission. These include: the impact of Covid-19 on our business, suppliers,
patients and employees and any other impact of Covid-19. Forward-looking statements speak only as of the date they
are made, and AC Immune does not undertake any obligation to update them in light of new information, future
developments or otherwise, except as may be required under applicable law. All forward-looking statements are
qualified in their entirety by this cautionary statement.

SupraAntigen® is a registered trademark of AC Immune SA in the following territories: AU, CH, EU, GB, JP, RU, SG and
USA. Morphomer® is a registered trademark of AC Immune SA in CH, CN, GB, JP, KR, NO and RU.
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Parkinson’s disease
Pathological deposition of alpha-synuclein
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Main component of Lewy bodies:

Alpha-synucleinMost common neurodegenerative movement disorder

Affects ~1% of the population over 65 years

Etiology

5-10% genetic, 90-95% idiopathic, unknown cause

Cardinal motor symptoms

Tremor, rigidity, bradykinesia

Common non-motor symptoms

Sleep disorder, depression, cognitive impairment

Pathological hallmarks

Neuron loss, alpha-synuclein aggregates – Lewy bodies
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Progression of pathology

88



© 2024 AC Immune. Not to be used or reproduced without permissionNASDAQ: ACIU | ADPD Presentation, March 2024

Proprietary Morphomer® platform
Targeting alpha-synuclein aggregation with small molecules

▪ Robust library of conformation-specific, non-peptidic small molecules with desirable CNS
1

properties 

constructed and continually refined and expanded over many years

▪ Comprehensive screening, rational design and early validation processes rapidly generate highly 

specific hit compounds

▪ Clinically validated with two diagnostic and one therapeutic candidate in clinical development

(1) Central nervous system

89
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A-syn1-targeting Morphomer® designed to stop disease progression

Inhibit aggregation

Prevent
seeding

Uptake and activation

Inhibit downstream 

neurodegeneration

Microglia

(1) Alpha-synuclein

Morphomer
®

target

Immunotherapy and 

Morphomer
®

target

Normal protein

Misfolded protein

Aggregated protein

Affected cell Recipient cell

Inhibit
spreading

▪ Targeting aggregation and seeding intracellularly

▪ Combining with inhibition of extracellular spreading for full control of disease

▪ Synergizing with the a-syn PET tracer program enabling precision medicine

Highly selective PET ligand 

for pathological a-syn
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▪ PFF addition to HEK-a-syn-eGFP cells4 leads to accumulation of detergent-insoluble, intracellular aggregates

▪ Treatment of cells with ACI-15896 results in reduction of intracellular aggregates

hPFF + Morphomer®hPFF
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(1) Human preformed fibrils; (2) Human embryonic kidney; (3) Enhanced green fluorescent protein; (4) Cell line provided by Prof. Outeiro, University Medical Center Goettingen

Inhibition of pathological a-syn aggregation
ACI-15896 in hPFF1-seeded HEK2 cells overexpressing human a-syn with eGFP3 reporter
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ACI-15896
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▪ Rat primary neurons seeded by brain-derived a-syn develop pS1292-positive inclusions 

▪ ACI-15896 treatment reduces burden of intracellular a-syn aggregates with IC50 in nanomolar range 

(1) Multiple system atrophy; (2) Phospho-Serine 129

Inhibition of pathological a-syn aggregation in neurons
Evaluating ACI-15896 in primary neurons seeded with MSA1-derived brain material
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a-syn hPFF1 model on the M83 line

Evaluation of potency in a model of Parkinson’s disease

▪ Two treatment doses administered via medicated chow

▪ Used therapeutic paradigm by starting treatments 48h post-inoculation of pathological a-syn

(1) Human preformed fibrils; (2) Phospho-Serine 129; (3) Immunohistochemistry
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Group Inoculum Treatment

A PBS Vehicle (normal chow)

B hPFF Vehicle (normal chow)

C hPFF 100mg/kg ACI-15896

D hPFF 60mg/kg ACI-15896

Tg M83
+/-

8 weeks

Human A53T a-syn 

expressed in neurons 

under the PrP promoter

Unilateral hPFF inoculation 

& dietary administration of compound

14 weeks in-life

Started dosing 48h following surgeries

a-syn pS129
2

IHC
3

Injection site

Projections from injection site to 

interconnected brain areas
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ACI-15896 inhibits the formation of pathological a-syn aggregates

Inhibition of aggregation in a model of Parkinson’s disease
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▪ Dose-dependent effect on pathological a-syn with ACI-15896 treatment

▪ Significant decrease of 41% and 51% in contralateral entorhinal cortex and hippocampus, respectively

2-way ANOVA, Group A excluded. Transformation log(1+x)

(1) Phospho-Serine 129

Pearson r= -0.228

p value = 0.048

51% 
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Improved potency to inhibit of a-syn aggregation in MSA1-derived seeded neurons

▪ Rat primary neurons seeded by brain-derived a-syn develop pS129-positive inclusions

▪ Compound treatment reduces burden of intracellular a-syn aggregates with IC50 in nanomolar range

MSA1 brain 

homogenate + 0.5µM ACI-21018
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(1) Multiple system atrophy; (2) Phospho-Serine 129

Evaluating compounds in the neuronal seeding assay

+ 0.5µM ACI-19074
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Potent inhibition of aggregation mediated by neuron-amplified MSA1-derived material

▪ Aggregates resulting from MSA material passaged twice in neurons maintain their seeding capacity and serve as 

a model for pathology propagation

▪ nM potency is maintained independent of using brain-derived or 2nd generation seeds

(1) Multiple system atrophy; (2) Phospho-Serine 129

Evaluating compounds in seed amplification neuronal assay
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2nd generation 

amplified aggregates
+ 2µM ACI-19074

2nd generation 

amplified aggregates
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Assessing intracellular aggregation mediated by MSA1-derived seeds
Delayed treatment effect in primary neurons

▪ Reduction of aggregate burden even when compound treatment delayed by several days after seeding

▪ Demonstrates compound treatment prevents de novo aggregation intracellularly

(1) Multiple system atrophy

Time when compound 

added relative to seeding
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PK profiles after single 20 mg/kg p.o. administration vs potency in vitro

Achieve exposure levels in CNS above the in vitro efficacious concentration

Evaluating in vivo pharmacokinetics

▪ Compounds have nM potency in vitro and favorable pharmacokinetic properties

▪ Target engagement achieved up to 8 hours after single dose of 20mg/kg
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Target engagement on PD1-derived aggregates
Using Surface Plasmon Resonance (SPR)

▪ ACI-21018 demonstrates binding to a-syn aggregates derived from PD as well as MSA patient brain tissue

Parkinson’s disease

(1) Parkinson’s disease; (2) Multiple system atrophy; (3) Surface Plasmon Resonance
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(1) Positron emission tomography; (2) Multiple system atrophy

Common binding site of ACI-21018 and a-syn PET1 tracer, ACI-12589
Accelerating and de-risking clinical development in MSA2

Common binding site with an a-syn PET tracer provides two key clinical endpoints:

▪ Target engagement: PET scan with drug on-board in target occupancy study for dose selection

▪ Pharmacodynamic biomarker: PET scan after drug washout to evaluate effect on pathology

ACI-12589 

PET signal in MSA patients Competition radiobinding
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(1) Parkinson’s disease; (2) Parkinson’s disease dementia; (3) Immunohistochemistry
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Common binding site with next generation a-syn tracer, ACI-15916
Accelerating and de-risking clinical development in PD1
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Target engagement

by high resolution autoradiography
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Competition radiobinding

Compound concentration  [nM]

Ki = 35 nM

▪ Shared binding site with the next generation PET candidate, ACI-15916, having the potential to detect 

synucleinopathies including Parkinson’s disease

▪ Tracer will be used for target engagement and as pharmacodynamic biomarker in studies for PD
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Lead optimization
▪ Identified compounds with improved potency and affinity for pathological a-syn 

currently being tested in vivo

Precision medicine

Morphomer® a-syn therapeutics:

▪ Demonstrate target engagement on PD and MSA-derived a-syn aggregates

▪ Common binding site with AC Immune’s PET tracers enables precision

medicine & accelerated development

First-in-class
▪ Morphomer® a-syn therapeutics are first-in-class, orally active, CNS penetrant 

small molecules that target pathological intracellular a-syn

Reduction of pathology ▪ Proven efficacy by reducing a-syn pathology in a model of Parkinson’s disease

Conclusions
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VacSYn:  : a biomarker-based Phase 2 clinical 
trial to evaluate ACI-7104.056, a novel active 
immunotherapy for Parkinson's disease

Nuno Mendonça, MD | ADPD 2024 | March 2024

COMBINING DIAGNOSTICS AND 
THERAPEUTICS

PIONEERING 
PRECISION MEDICINE
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Disclaimer

105

Disclosures
Nuno Mendonça is an employee of AC Immune entitled to stock options.

This presentation contains statements that constitute “forward-looking statements” within the meaning of Section 27A of
the Securities Act of 1933 and Section 21E of the Securities Exchange Act of 1934. Forward-looking statements are
statements other than historical fact and may include statements that address future operating, financial or business
performance or AC Immune’s strategies or expectations. In some cases, you can identify these statements by forward-
looking words such as “may,” “might,” “will,” “should,” “expects,” “plans,” “anticipates,” “believes,” “estimates,” “predicts,”
“projects,” “potential,” “outlook” or “continue,” and other comparable terminology. Forward-looking statements are based
on management’s current expectations and beliefs and involve significant risks and uncertainties that could cause
actual results, developments and business decisions to differ materially from those contemplated by these statements.
These risks and uncertainties include those described under the captions “Item 3. Key Information – Risk Factors” and
“Item 5. Operating and Financial Review and Prospects” in AC Immune’s Annual Report on Form 20-F and other filings
with the Securities and Exchange Commission. These include: the impact of Covid-19 on our business, suppliers,
patients and employees and any other impact of Covid-19. Forward-looking statements speak only as of the date they
are made, and AC Immune does not undertake any obligation to update them in light of new information, future
developments or otherwise, except as may be required under applicable law. All forward-looking statements are
qualified in their entirety by this cautionary statement.

SupraAntigen® is a registered trademark of AC Immune SA in the following territories: AU, CH, EU, GB, JP, RU, SG and
USA. Morphomer® is a registered trademark of AC Immune SA in CH, CN, GB, JP, KR, NO and RU.
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Global prevalence of Parkinson’s disease on the rise

>6 Million people living with Parkinson’s1 globally

20-50% of people over age 80 living with LATE2,3

>8 Million people living with NeuroOrphan diseases4

(1) Source: Michael J Fox Foundation; (2) Limbic-predominant age-related TDP-43 encephalopathy; (3) Nelson et al. Brain 2019; (4) in the USA - National Institute of Neurological Disorders and Stroke

Global prevalence of Parkinson’s disease, by 

age and gender
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Prevention the best avenue to long-term preservation of function

■ Parkinson's disease prevalence rises with an aging population

■ PD prevention through combination of earlier diagnosis with disease-modifying therapies

https://www.michaeljfox.org/parkinsons-101
https://www.ninds.nih.gov/News-Events/Directors-Messages/All-Directors-Messages/Rare-Disease-Research-NINDS
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Active immunotherapy: clear advantages for long-term use
Provides opportunity to prevent AND treat neurodegenerative diseases globally

(1) Amyloid-related imaging abnormalities; (2) Neurodegenerative diseases

Long-lasting specific immunity for pathological target, consistent, boostable, durable

Limited annual dosing (once or twice) after priming year

Safety profile well suited to long-term use

Cost-effective (attractive healthcare economics across global populations)

Improved access (ease of administration, simple logistics)

■ Active immunotherapy is potentially the only option for global prevention of NDDs2

107

Active immunotherapy

Vaccines stimulate the 
patient's immune 
system to produce 
antibodies

Passive immunotherapy

Externally generated 
monoclonal 

antibodies require 
administration every 

two to four weeks
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CLASS PRODUCT CANDIDATE INDICATION Discovery Preclinical PHASE 1 PHASE 2 PHASE 3 News Partner
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ACI-24.060 (anti-Abeta)

AD1 treatment data H1 ‘243

data H2 ‘24

AD treatment (Down syndrome2)

ACI-7104.056 (anti-α-syn4) PD5, α-synucleinopathies data H2 ’24

ACI-35.030 (anti-pTau) AD treatment
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Tau-PET6 tracer

AD diagnostic

PSP7 diagnostic

α-syn-PET tracer α-synucleinopathies (e.g. MSA8)

Tau aggregation inhibitor

Rare Tauopathies treatment

AD treatment

M
o
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n
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d

y Semorinemab* (anti-Tau) AD treatment (mild-to-moderate)

Crenezumab* (anti-Abeta) AD prevention

Broad and robust pipeline in neurodegenerative diseases
Driven by validated proprietary technology platforms for sustained growth

108

(1) Alzheimer’s disease; (2) Down syndrome-related Alzheimer’s disease; (3) Refers to expected readouts from the ABATE Phase 1b/2 trial of ACI-24.060 in patients with AD; (4) alpha-synuclein; (5) Parkinson’s disease; (6) Positron emission 

tomography; (7) Progressive supranuclear palsy; (8) Multiple system atrophy; * licensed to Genentech (a member of the Roche Group) until April 19, 2024

Clinical Stage Programs
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Broad and robust pipeline in neurodegenerative diseases
Driven by validated proprietary technology platforms for sustained growth
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(1) Alzheimer’s disease; (2) Down syndrome-related Alzheimer’s disease; (3) Refers to expected readouts from the ABATE Phase 1b/2 trial of ACI-24.060 in patients with AD; (4) alpha-synuclein; (5) Parkinson’s disease; (6) Positron emission 

tomography; (7) Progressive supranuclear palsy; (8) Multiple system atrophy; * licensed to Genentech (a member of the Roche Group) until April 19, 2024

Clinical Stage Programs
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Anti-a-syn ACI-7104-based active immunotherapy is clinically validated1

110

Phase 1 results support best-in-class profile

(1) Volc et al., Lancet Neurol. 2020; (2) Alpha-synuclein; (3) Cerebrospinal fluid; (4) Unified Parkinson's Disease Rating Scale

1 Safe and well tolerated with no safety concerns noted 

in patients followed for more than 3.5 years

Induced strong and boostable antibody responses2

Evidence of target engagement: 50% reduction in 

pathological (oligomeric) α-syn2 in the CSF33

UPDRS III4 scores correlated with reductions in 

oligomeric α-syn4 Interim analyses and 
decision points 

Please visit for more details 
poster P0996 / #1513 

presented by Guenther 
Staffler
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Placebo-controlled Phase 2 Study Overview (NCT06015841) 

▪ Key immunogenicity measures 

▪ Measures of pathological a-syn4

(a-syn oligomers and aggregates)

(1) Parkinson’s disease; (2) Pharmacokinetics and Pharmacodynamics; (3) Participants must have idiopathic PD and be stable on up to 300 mg of L-Dopa treatment and dopaminergic deficit determined by 
Dopamine Transporter Single Photon Emission Computed Tomography; (4) alpha-synuclein; (5) Proof-of-concept; (6) Unified Parkinson’s disease rating scale; (7) Dopamine Transporter Single Photon Emission 
Computed Tomography; (8) Arterial spin labeling; (9) Diffusion tensor imaging

Treatment in PD3

(18 months)

Cohort 1 (N=16)

Cohort 2 (N=16)

Safety

Antibody titers

α-syn assay

pharmacodynamics

Interim analyses
Follow up
(6 months)

Part 2: Clinical PoC5

▪ Motor and Non-Motor Functioning (UPDRS6 based)

▪ Degeneration of dopaminergic terminals (DaT

SPECT7 imaging)

▪ Advanced MRI (including ASL8 and DTI9)

▪ Digital biomarkers of motor and non-motor function

▪ Functional and patient reported outcomes

Expansion cohort (up to 150 subjects)

Dose previously tested in Part 1

Treatment in PD
(18 months)

Follow up
(6 months)

Part 1: Safety & PD2

: an adaptive biomarker-based Phase 2 study of ACI-7104 in early PD1

Screening up to 8 weeks &

Randomized 3:1

N=32

Screening up to 8 weeks &

Randomize 2:1

N = up to 150

All participants from Part 1 will contribute to final analysis 
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an adaptive biomarker-based Phase 2 study of ACI-7104 in early PD

Key Inclusion Criteria 

▪ Aged ≥40 to ≤75 years

▪ Diagnosis of clinically established early PD (confirmed by 

DaT-SPECT)

▪ ≤ 2 years from time of onset motor symptoms

▪ H&Y Stage I to II

▪ Monotherapy treatment with L-Dopa at 300 mg per day or 

treatment naïve 

Key Exclusion Criteria 

▪ carriers of certain familial PD gene mutations 

▪ Parkinsonian syndrome other than idiopathic PD

▪ Significant CNS disease

■ Enrolment status: 26 patient from sites in Spain (14), Germany (2) and UK (10)

Key Inclusion and Exclusion Criteria
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For more details, please attend:

presentation by Dymitr Kostrica on March 9th, 2024

Advances in PD and LBD drug development symposium

Baseline characteristics of                 trial

DaTSCAN type vs Hoehn and Yahr stage
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Variable Total 

Total number of patients, n 26

Age (years), mean (std) 62.2 (7.34)

Sex, n (%)

Male

Female

16 (61.5%)

10 (38.5%)

PD Treatment, n (%)

treatment-naïve

on L-Dopa 300mg/day

9 (34.62%)

17 (65.38%)

Hoehn and Yahr stage, n (%)

Stage I

Stage II

8 (30.7%)

18 (69.23%)

MDS-UPDRS scores, mean (std)

Part 1: Non-motor experiences of daily living

Part 2: Non-motor experiences of daily living

Part 3: Motor examination

4.00 (2.859)

4.52 (3.084)

23.00 (10.253)

DaTSCAN type, n (%)

Type 1

Type 2

Type 3

9 (34.62%)

9 (34.62%)

8 (30.77%)
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Blinded Treatment-Emergent Adverse Events (TEAE) summary1

114

No other serious TEAEs2

No TEAEs leading to discontinuation

from the study3

Most common TEAEs were injection site

reactions (e.g. redness, itching) 4

All TEAEs mild or moderate in severity5

No deaths1

Up to the present date, no significant risks, either known or anticipated, were associated with ACI-7104.056

(1) Cut-off date: March 1st,  2024
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Conclusions

115

Progress update ▪ Finishing randomization to Part 1 scheduled for March 2024

Adaptability
▪ Approach designed for early de-risking and simultaneously

allowing acceleration with rapid entry into a pivotal clinical phase

Clinical trial ▪ Phase 2 study in early PD subjects based on innovative two-part trial design

Patient selection ▪ Targeting early PD population

Safety status ▪ Good safety and tolerability profile with no safety concerns identified thus far
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VacSYn baseline characteristics consistent with population earlier 
than PPMI1 and in line with recent PD2 trials

H&Y

(1) PPMI - Parkinson's Progression Markers Initiative; (2) Parkinson’s disease.

■ PPMI1 natural history cohort leveraged for optimal design of the VacSYn study

■ Selected population has a measurable and predictable rate of progression over a 1-year period

117
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Q&A session

COMBINING DIAGNOSTICS AND 
THERAPEUTICS

PIONEERING 
PRECISION MEDICINE
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