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Biomarkers in ND

“Nature did not deem it her business to make the

discovery of her laws easy for us.”

— A. Einstein
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What is a
biomarker (BM

"Biological markers (biomarkers) are characteristics that can
be objectively measured and used as an indicator of normal
biological processes, disease processes, or pharmacologic

responses to a therapy.”



Types of
BM

Biomarkers have multiple purposes

Will not cover genetics
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Diagnostic

Condition

Pharmaco-
dynamic

Prognostic/
Predictive
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S ection 2:
(]
his may s e a paradox, all exact science is dominated by
offa a §on- When a man tells you that he knows the

exact truth abou anythlng, you are safe in inferring that he is an inexact
man. Every careful measurement in science is always given with the

probable error ..."

-Bertrand Russel
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Possible or probable PD Other Parkinsonism
(n=131) (n=101)

Neuropathologically
confirmed PD
(n=89)

Not neuropathologically
confirmed PD
(n=42)

Not neuropathologically
confirmed PD
(n=89)

Neuropathologically
confirmed PD
(n=12)

Recently, ~16% of participants in an anti-A /3 passive immunotherapy trial for mild-to-moderate 26% accuracy in untreated/not clearly responsive subjects, 53% accuracy in early responsive to
Alzheimer disease (AD) had a negative baseline amyloid positron emission tomography (PET) medication (<5 y." duration), and 85% accuracy of longer duration, medication-responsive

scan. Whether they have AD or are AD clinical phenocopies remains unknown. We examined the

2005-2013 National Alzheimer's Coordinating Center autopsy database and found that ~14% of M isd ia g n os i s i n P D
autopsied subjects clinically diagnosed with mild-to-moderate probable AD have no or sparse

neuritic plaques, which would expectedly yield a negative amyloid PET scan. More than half of

these “AfB-negative” subjects have low neurofibrillary tangle Braak stages. These findings support

the iml?lementation of a positive amyloid biomarker as an inclusion criterion in future anti-Af Ling Brain 2010 Queen Square Brain Bank (1989-2009)
drug trials. Total number of cases studied = 1440
Serrano-Pozo Ann Neurol 2014
26.3% Sensitivity

19 cases with CBD
pathology

21 cases clinically
diagnosed with CBS

Misdiagnosis in AD 23.8% PPV

5 CBD cases with
clinical diagnosis of
CBS

Misdiagnosis in CBD

16 cases with CBS with
non-CBD pathologies

14 CBD cases with
other clinical diagnoses




Selected
biomarkers

AUC

Sensitivity

Specificity

Neuropath. AD | Clinical AD vs.
vs. FTLD clinical FTLD

and Af3 au and P-Ta

/]

100.0% 0 78.6%

87.5% 77.8%

oledo Acta

Clinical AD | Clinical FTD

12 AD (npath. Dx) (+)

1 FTLD (npath. Dx) (-)

BM: We need
adequate
Gold STandard

Conclusion:

Clinical diagnosis underestimates accuracy of biomarkers



BM: Align with the
clinical diagnosis

Hypothesis:

Biomarkers align with the clinical presentation
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BM Already Change in
Preclinical Stages
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BM: Useful to

mpaiment ORI Vgl Pensonism . 1
differentiate/ separate

A

£

Hypothesis:

Useful diagnostic biomarkers could increase the diagnostic accuracy
and certainty and differentiate between the different neurodegenerative

diseases

Toledo Alz & Dem (Accepted)
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Increased Cerebrovascular
Pathology w Aging
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BM: Need to detect &
quantify multiple
_pathologies

sion:

Biomarkers should be able to detect multiple pathologies
using a qualitative (normal/abnormal) and quantitative

approach.
TFTLD 3R

TFTLD 4R

Toledo Alz & Dem (Accepted)
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Section 3: What
E:S;rrlillaimOsriNeextraordinary evidence.”
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What & How

Tool: MRI, PET, blood, cerebrospinal fluid, skin,...
Technique: MRI sequence, specific PET tracer, different
types of immunoassays, protein misfolding cyclic
amplification, real-time quaking-induced conversion,
immunohistochemistrym,...

Pathology: AR, Lewy pathology, FTLD-TDP-43, FTLD tau
3R and 4R, AD Tau, inflammation, vascular,

neurodegeneration

Toledo Alz & Dem (Accepted)
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PET

Advantage

v Spatial Definition

v Clinical Correlation

Disadvantage
- Availability
<> Cost

- Single tracer each time

CSF

Advantage

v Multiplexing/Multi-assay

v Cost

Disadvantage

<& Invasive

<& (Standardization)
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Advantage

v Multiplexing/Multi-assay
v COST

v Non-invasive

v Availability
Disadvantage

- Equivalent?
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< Clinical correlation



Section 4:
Alzheimer’s
Disease
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Wh at d efi n es AD is neuropathologically defined by the presence of Ap plaques and

= tau neurofibrillary tangles

AD?

AD neuropathologic change

A (o Oor1

0 0 Not*

1 Oor1 Low
20r3 Low

2 Any C Low?

3 Oor1 Low?
2o0r3 Lows?

Montine Acta Neuropath 2012
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PiB (AB) PET

-Correlation with Ap

distribution

Braak stage
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Neurology

CSF & AB PET

-Not completely

linear association



AB42/ABA40

Sensitivity, %

Baseline plasma AB42/AB40
by baseline amyloid PET status

Baseline CSF AB42/AB40
by baseline amyloid PET status

p <0.0001

0.05 1 ®e

Schindler Neu 2019

A
0.16+
p <0.0001
0.141
L ]
o®®
012 % """
b a0
0.10 Jet
PET+
(n=43)
100-
80-
60-
40-
20-
Top AUC 0.845
0-

T T T T T 1

0 20 40 60 80 100
100 - Specificity, %

Janelidze Alz & Dem 2021

Plasma

Shift measuroments by addng
10% bias in opposite directions
for individual markers

Biomarkers in ND

Classify almost all
patients as PET.

AB1-42/AB1-40

CSF
AB1-42/AB1-40

CSF
pTau/AB1-42

Biomarker ratio/cutoff (log2 scale)

05 10 20
Biomarker ratio/cutoff (log2 scale)

Christina Rabe Alzforum

Amyiod PET
Negavee
Posmve

Blood would offer the ideal biomarker source

15th Advances in
Neurology



A- MCl vs A+ MCI
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Where are
We now?

Primary aims

Biomarker identification and leads

prioritisation:

a) Hypothesis driven (AQ, pTa

b) Unbiased -omics data
(proteomics, transcriptomics,
etc)

Technical:
a) LDTs and RUO assay development
and validation (A, pTau, ( g

NfL)

Clinical:

a) Analysis of diagnostic accuracy in
case-control studies
(AR, pTau, GFAP, NfL)

15th Advances in
Neurology

Implementation:
clinical

Technical:

Regulatory:
a) Integration in clinical guidelines
(AR, pTau, GFAP, NfL)

Technical:
a) Define criteria for a positive test—
eg, cutoffs (AP, pTau, GFAP, NfL)

a) IVD assay development and
validation (A, pTau, GFAP, NfL)

Clinical: Clinical: Clinical:

a) Diagnostic accuracy for early disease  a) Establish diagnostic performance a) Impact of biomarker testing on
detection—eg, preclinical, prodromal prospectively (Af, pTau, GFAP, NfL) clinical decision making
[AB, pTau, GFAP, NfL) (AB, pTau, GFAP, NfL)

Teunissen Lan Neu 2022



Teunissen Lan Neu 2022

Description Expected
timeframe

Memory Biomarkers are added to the Short term

dinic repertoire of diagnostic tests in (hopefully
memory clinics. Performed in 3-5 years)
addition to medical and
neurological examination,
neuropsychological investigation,
and imaging. In the future, might
replace CSF or PET for Alzheimer’s
disease confirmation in some cases.

Primary care Biomarkers to be used as a Intermediate term
screening test, together with a brief  (hopefully
cognitive test (eq, MMSE or MoCA).  5-10years)
Results used to reassure patients or
refer them for further testing to
memory clinic. Confirmation of
Alzheimer’s disease pathology by
CSF or PET in memory clinic.®

Population  Three prerequisites for screening Long term (unlikely

screening  are: (1) near 100% accuracy of within the next

screening test; (2) low cost of 10 years)
screening test; and (3) availability of

treatment. Even when accuracy is

achieved, high costs and low

availability mean that a

population-wide screening

programme for Alzheimer’s disease

is not yet on the horizon.

Hansson Alz dem 2022

TABLE 2 Recommendations of the use of AD-associated BBMs in clinical trials and practice

Biomarkers as a first screening step in clinical trials:

(1) BBMs, especially plasma Ag42/Ag40 and p-tau assays with established thresholds, can already now be used as a first screening step in AD trials
evaluating potential disease-modifying therapies, provided the AD status is confirmed with PET or CSF in the participants with abnormal BBM
outcomes before final inclusion in the trials.

(2) In the future, it might be that only participants with uncertain BBM outcomes (e.g., biomarker results close to the cut-off for positivity) need to
undergo PET and CSF to confirm a positive AD status, and that those with clearly abnormal BBMs can enter the trial without such evaluations (i.e., if
longitudinal PET or CSF assessments are not used as outcome measures in the trial). However, additional data are needed to determine whether the
BBMs have high enough positive predictive values to serve as stand-alone biomarkers for trial inclusion.

(3) In non-AD trials, BBMs (especially plasma Ag42/Ag40 and p-tau assays with established thresholds) can be used to exclude patients likely having AD
co-pathology.

Surrogate biomarkers in clinical trials:

(4) BBMs can be used as exploratory cutcomes in most clinical trials in AD and other neurodegenerative dementias. BBMs need further validation befo
they are used as primary endpoints in pivotal trials. BBMs could be used to inform decisions in clinical trials with adaptive design.

(5) BBMs (with established thresholds) should currently only be used in symptomatic patients at specialist clinics and the results should be confirmed
whenever possible with CSF or PET. Additional data are needed before use of BBMs as stand-alone diagnostic markers.

Use of BBMs in primary care:
(6) Additional data are needed for use of BBMSs in primary care.
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Section 5:
a_
Synucleinopathie




Sagittal view
(left hemisphere)

Coronal view
(left hemisphere)

GPe GPi

Nigrostriatal

Denervation

Schematic
(single hemisphere)
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> Excitatory
connections
) Inhibitory
connections
Differentiated
positive gain
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Differentiated
negative gain
Undifferentiated
negative gain

Fiore Sci Rep 2016

) 3

8E-CFT PET
DAT

Politis Nat Rev Neu 2014
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Abnormal in Parkinson’s Disease

& Multiple System Atrophy

& Progressive Supranuclear Palsy
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Recombinant a-synuclein nteraction

(substrate)

Misfolded and
aggregated
a-synuclein
(seed) in a sample

Generation of new
seeds via quaking

RT-QuIC

Real-Time Quaking-
Induced Conversion

O Recombinant
a-synuclein

L7 Misfolded
recombinant
a-synuclein
after conversiol

LT Misfolded
a-synuclein

Conversion of the
recombinant
a-synuclein

to a misfolded form

F

&

Spontaneous
aggregation

A 7 —— COntinuovs detectionof

aggregates via fluorescent probe

PMCA

Protein-Misfolding
Cyclic Amplification

15th Advances in
Neurology
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Parkinson’s Disease
(n=94)

Time (h)
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a-Synuclein PET

ACI-12589 PET Images

https://iracimmune.com/
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Section 6:
Frontotemporal
Lobar
degeneration
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Progressive Supranuclear Palsy

Progressive supranuclear palsy
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TARDBP
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1. Clinical DLB Diagnosis

DLB ” ' ﬁ

Prodromal DLB



