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Agenda

- Pathophysiology of Alzheimer's disease

* Diagnostic criteria

« CSF and blood-based biomarkers

U N N

* Clinical validation of a plasma P-tau217 immunoassay }
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Alzheimer’'s Disease (AD)
« AD is caused by damage to DEMENTIA

neurons, initially in parts of the An umbrella term used to describe a range of
brain responsible for memory symptoms associated with cognitive impairment
language, and thinking

Vascular

Dementia
Alzheimer's o
Disease 10-20%

Lewy Body
60-70% Dementia
Fronto- o
temporal 5%
Dementia Other
10% Dementias

5%
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Alzheimer’'s Disease (AD)

* AD is caused by damage to Prevalence in the US: 6.9 million
neurons, initially in parts of the

brain responsible for memory,
language, and thinking

Vet

65—-74 years

85+ years 1.83 million
2.42 million (26.4%)

(35.4%)

75—-84 years
2.67 million
(38.6%)

Adapted from: Alzheimer's Association. 2024 Alzheimer’s Disease Facts and Figures. Alzheimers Dement 2024;20(5). ARUP LABORATORIES | UNIVERSITY OF UTAH HEALTH |



AD Risk Factors and Manifestations
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Gavini, G. et al. Neuropathological Mechanisms of Alzheimer's Disease: Complications
and Potential Treatments. 2023;12(4).

Manifestations

 Early symptoms

» Difficulty remembering recent
conversations, names or events,
difficulty performing tasks,
misplacing things

Later symptoms

» Impaired communication,
disorientation, confusion, poor
judgement

» Personality and behavioral changes

» Difficulty speaking, walking, and
swallowing
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AD Continuum

« Alzheimer’'s begins ~20 years or more before the onset of symptoms and progression
from unnoticeable brain changes to memory problems and eventually physical disability

Asymptomatic
at risk or
presymptomatic

Prodromal Mild AD Moderate AD

IWG-2

(MCI) dementia dementia

Evidence of AD pathology (AB and tau deposits / neuronal injury)

Behavioral and psychological features

Cognitive impairment

Functional impairment

AB, amyloid beta. AD, Alzheimer's disease. IWG, International Working Group.
Adapted from: . Porsteinsson, A.P. et al. J Prev Alzheimers Dis. 2021,8:371-386.
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Pathology of Alzheimer’s Disease

Healthy brain Alzheimer's brain
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The Biological Definition of AD

» Historically a clinical diagnosis,
confirmed by autopsy

« 2018 NIAA-AA research framework
described the AT(N) classification
of AD

» A = aggregated Amyloid
» T = aggregated Tau
» N = Neurodegeneration

« AD biomarker tests allow for earlier
Identification of associated
pathology

NIA-AA=National Institute on Aging and Alzheimer’s Association
Jack CR Jr, et al. Alzheimers Dement. 2018;14(4):535-562.

Normal AD biomarkers

A+T-(N)-

Alzheimer's pathologic change

ASAEIOYEN Alzheimer's disease

ASARINEN Alzheimer's disease

Alzheimer’s and concomitant suspected
non-Alzheimer’s pathologic change

A+T-(N)+

Non-AD pathologic change

Non-AD pathologic change

Non-AD pathologic change
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2024 Revised Criteria for Diagnosis

 Continued with biological
definition of AD

Alzheimer’s & Dementia®

RESEARCH ARTICLE THE JOURNAL OF THE ALZHEIMER'S ASSOCIATION

« Major advances:

Revised criteria for diagnosis and staging of Alzheimer’s » Emergence of fluid

disease: Alzheimer’s Association Workgroup biomarkers for AD

Clifford R. Jack Jr.* | J.Scott Andrews® | ThomasG.Beach® | TeresaBuracchio® | .

BillyDunn® | AnaGraf® | OskarHansson”® | CaroleHo’ | William Jagust® | » Approval Of d IS€ase

EricMcDade'* | Jose Luis Molinuevo® | OziomaC.Okonkwo'® | LucaPani** | m Od |fy| N g 'th era p lIes

Michael S. Rafii** | Philip Scheltens'® | Eric Siemers’” | Heather M.Snyder’® | o

ReisaSperling’’ | Charlotte E. Teunissen?® | MariaC. Carrillo*® » |nteI’Changeabl|lty Of
biomarkers
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Categorization of Fluid Analyte and Imaging Biomarkers

Biomarker category CSF or plasma analytes Imaging

Core Biomarkers

Core 1

A (AB proteinopathy) AB 42 Amyloid PET
T, (phosphorylated and p-tau217, p-taul81, p-tau231

secreted AD tau)

Core 2

T, (AD tau proteinopathy) MTBR-tau243, p-tau205, non- Tau PET

phosphorylated tau fragments

Biomarkers of non-specific processes involved in AD pathophysiology

N (injury, dysfunction, or NfL Anatomic MRI, FDG PET
degeneration of neuropil)

| (inflammation) Astrocytic GFAP
activation

Biomarkers of non-AD copathology

V vascular brain injury Infarction on MRI or CT, WMH

S a-synuclein a-Syn-SAA

Adapted from: Jack CR. Et al. Revised criteria for diagnosis and staging of Alzheimer's CT=Computed Tomography; FDG=Fluorodeoxyglucose; GFAP=Glial Fibrillary Acidic Protein; MRI=Magnetic
disease: Alzheimer's Association Workgroup. Alzheimer’s Dement 2024;1-27. Resonance Imaging; MTBR=Microtubule-Binding Region; NfL=Neurofilament Light; PHF=Paired Helical

Filaments; PET=Positron Emission Tomography; WMH=White Matter Hyperintensity



Biomarker Trajectories in AD

Biomarker abnormality

Detection threshold

Y

Restricted  Cortical AB  Increased Widespread cortical PHF tau
MTL tau pathology  phosporylation pathology and acceleration of
pathology starts and secretion neurodegeneration

of soluble tau
AB=Amyloid Beta; CSF=Cerebrospinal Fluid; MTL=Medial Temporal Lobe; NfL=Neurofilament Light;
PHF=Paired Helical Filaments; PET=Positron Emission Tomography; P-tau=Phosphorylated Tau

Hansson O. Biomarkers for neurodegenerative disease. Nature Medicine 2021;27. ARUP LABORATORIES | UNIVERSITY OF UTAH HEALTH |




Detection of AD Pathology using PET

In-vivo assessment of AD pathology validated against autopsy
(neuropathology).

In PET-to-autopsy studies, amyloid PET scans performed during life
had 88% to 98% sensitivity and 80% to 95% specificity for detecting
moderate-frequent neuritic amyloid plaques at autopsy.?

: : Florbetapir PET scan of a
- 18F._
FDA approved tracers for detection of amyloid pathology: '8F healthy control (left) and a

Florbetaben (Neuraceq), 18F—FIorbe’capi_r (Amyvid), '8F-Flutemetamol person with AD (right).’
(Vizamyl) and for Tau pathology (Tauvid)

Amyloid tracers bind to amyloid
plagues and are detected by the PET
scanner. Increased amyloid load in

PET can be used as a reference standard for validation of new the brain is visualized as red colored

areas on the scan.

imaging, cognitive, and fluid biomarkers.

PET=Positron Emission Tomography

1. Doraiswamy, P. et al. Mol Psychiatry 2014;19:1044-1051. 2. Rabinovici, GD. et al. JAMA. 2019;321(13):1286—1294. ARUP LABORATORIES | UNIVERSITY OF UTAH HEALTH |




PET Imaging

Advantages Disadvantages

Limited access

 Localization and quantification

« FDA approved amyloid and tau High cost

PET tracers

Each biomarker is scanned
separately

Exposure to radioactivity

Infrastructure requirements
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CSF Biomarkers

o )

-~ « CSF biomarker ratios assays AB42/40,
ptaul81/AB42, tTau/AB42 are recommended over
p-tau tangles the single biomarkers

« 290% sensitivity and specificity for amyloid PET
visual read

« Must follow preanalytical protocols to prevent
falsely low AB42!

Created in BioRender. 1. Hansson et al., Alzheimer's Dement. 2021;17:1575-1582 ARUP LABORATORIES | UNIVERSITY OF UTAHHEALTH | 14



CSF Biomarkers for AD

Advantages Disadvantages
* Biomarkers are well established * Preanalytical factors
* More cost effective than PET  Invasive — Lumbar puncture
« Can detect pathological changes years * No localization

before symptoms

» Assays are FDA approved

Test Biomarker Cohort Cohortsize Sensitivity (%)  Specificity(%)  Prevalence ofamyloid PPV(%) NPV (%)
pathology (%)
Fujirebio Lumipulse™ AB./AB., ADNI 202 92 a4° 68 93P g43®
Foche Elecsys™ p-tau181/AB.: BioFINDER 277 a1 89 NA NA NA
ADNI 646 88 93 54 93 87
Roche Elecsys™ t-tau/AB,, BioFINDER 277 a1 89 MNA NA NA
ADNI 646 85 94 54 94 84

Schindler, S.E., et al. Nat Rev Neurol. 2024;20:426—439.
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Blood-Based Biomarkers (BBB)

Less invasive and burdensome than CSF testing and PET

Less expensive than PET imaging

More accessible outside of specialized settings

Various plasma biomarkers available
» AB42/AB40, p-tau217, p-tau217/np-tau217, p-tau181, NfL...
» Variability in performance
» None currently FDA-approved
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Performance Recommendations for BBB of AD

Triage Test Confirmatory Test
 Low pre-test probability (<50%) « High PPV
* > 90% sensitivity * 290% sensitivity
« > 75—-85% specificity « 290% specificity
« Requires confirmatory testing * <20% Indeterminate rate
nature reviews neurology https://doi.org/101038/541582-024-00977-5

Consensus statement ® Check for updates

Acceptable performance of blood biomarker tests
of amyloid pathology — recommendations from
the Global CEO Initiative on Alzheimer’s Disease

Schindler, S.E., et al. Nat Rev Neurol. 2024;20:426—439. ARUP LABORATORIES | UNIVERSITY OF UTAH HEALTH |



Dual Cut-Point Approach

Probability of amyloid
PET positivity @ Positive

Confirm amyloid pathology in
some people

Cut-point to achieve

>90% specificity — High cut-off------ Sgoot,

Intermediate

Should be <15-20% of people.
Consider amyloid PET, CSF
test or repeat of BBM in 1 year,
depending on urgency
Cut-point to achieve

rchieve S s o
>90% sensitivity SR a1 X

o §g0
% @ Negative

®
— Rule out amyloid pathology in
5 o some people

Schindler, S.E., et al. Nat Rev Neurol. 2024;20:426—439.
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Blood-Based Biomarkers of Amyloid Pathology

Plasma AB42/AB40 Plasma P-tau217

« Significant overlap in concentrations « Reflects amyloid pathology burden

between amyloid+ and amyloid- groups!' L .
y y grotp  Superior diagnostic performance for

AD pathology relative to plasma ABR42/

§ ] AB40, P-tau181, and P-tau231

;T)_) 0.065 ;,{ « New assays AUC for prediction of
= 0.059 s amyloid pathology >0.90

?\: 3

(@)

p<0.001

None/Low ntermediate/High

« AUC for prediction of amyloid pathology
0.66—0.832

1. Bermudez C., et al. Acta Neuropathologica. 2023;146:13-29.  ADNC=Alzheimer’s disease neuropathologic change
2. Janelidze S., et al. JAMA Neurol. 2021;78(11):1375-1382. ARUP LABORATORIES | UNIVERSITY OF UTAH HEALTH |




Performance of Plasma P-tau217 Assays

AUC of CSF p-tau181/AB42¢csys

A AUC AB-PET (n = 694) 2
p-tau217Washt - Mass Spec ; i 0.96
3 p , Yop-tau217,, . o) a,b,c,d.f.g
MSD p-tau217tilly | 0.95
| P-tau217 oy | . [X+
p-tau217Janss g | 0.94
e | p-tau217 .. 1 ——
p-tau181ADx © - -
o 0.91
p-tau1 81WashU p-tauz1 ?Janssur:- ® g
0.93
p-tau231VcoT — Immunoassay P-lau217 5 7oatn -
tau181Lily 1 %
p-tau |:n-tal_|21i'1_|":‘Ir c,d,g
p-tau181YGOT- e E— il 0.94
b ptau1B1/ABA2., - .
p-taul81™4 - ' ] ——-O I .
p-tau181Splex b II : ﬂ-tﬂma“ﬂemﬁ . v - : T
T T ] — 07 075 08B0 085 0850 0595 1.00
05 06 07 08 09 1.0
AUC a higher than plasma p-tau217ywashu (p <0.05). @ higher than CSF p-tau217Ljiy (p <0.05)

f higher than CSF p-tau181/AB42Eecsys (P <0.05).

b higher than plasma p-tau217ijy (p < 0.05).
9 higher than CSF p-tau181Ejecsys (P <0.05).

€ higher than plasma p-au217 Janssen (¢ <0.05).
d higher than plasma p-tau217A1 Zpath (p < 0.05).

Compared against CSF AB42/40 Status'

1. Janelidze S., et al. Brain. 2023;146:1592-1601. 2. Warmenhoven N., et al. medRxiv [Preprint]. 2024; PMID 39006421 | UNIVERSITY OF UTAH HEALTH |
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Plasma P-tau217
Immunoassay at ARUP

Employing Lilly antibody technology

ARUP LABORATORIES | UNIVERSITY OF UTAH HEALTH |



Plasma P-tau217 on the Quanterix SP-X

Quanterix

000000000000

000000000000 . SMBUMe .
000000000000 SA-HRP
000000000000

000000000000 Biotin

$‘b“'iiE/ \Y
au S P-tau217 LR

0C0 pTau217 )

/e \*
O O Anti-P-tau217 Camera
OO ))

Q

500 pym capture AN i
“spotsp Eli Lilly Antibody Technology

Ab=Antibody; P-tau=Phosphorylated Tau; SA-HRP=Streptavidin Horseradish Peroxidase
Created in Biorender.
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Clinical Validation

« Cohort (N=524)
» TRAILBLAZER-ALZ 2 (I5T-MC-AACI)
» Eli Lilly & Company
» Safety, tolerability, and efficacy of
Donanemab in symptomatic AD
« Clinical diagnosis (MMSE score)
» Mild dementia (n=339) or MCI (n=185)

« Amyloid PET using fluorbetapir (FBP)

» Amyloid PET+ (=24.1 Centiloids or 1.1
SUVR)

MCI=Mild Cognitive Impairment; MMSE=Mini-mental state exam; SUVR=Standardized uptake value
ratio

Characteristic I\ NGELYZ:Y
Median age, years 74 (60-86)
(range)

Female 275 (52%)
Male 249 (48%)
Amyloid PET

Negative 340 (64.9%)
Positive 184 (35.1%)
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Clinical Performance of Plasma P-tau217

40 1 -
207 0.9 -
- - 0.145 U/mL
£ 107 0.8 Sensitivity=89%
2 0.8— 0.7 Specificity=84%
~o . Indeterminate=0%
N 0.6- = 0.6
> S
2 0.4+ 5 0.5
Q o
0.2- »w 04
0.0 0.3 S
PET- PET+ N No discrimination
: | ROC AUC = 0.941
Amyloid-PET PET - PET + 0.1
Median (Q1,Q3) Median (Q1, Q3) 0 -
0.093 0.307 0 0.2 0.4 0.6 0.8 1
Prauzr, U/mb 5071,0.125)  (0.198,0.558) 1 - Specificity

107% difference in median plasma P-tau217




Dual Cut-Points to Meet Performance Goals

ECVANEG
<0.13 U/mL

Sensitivity = 90% NPV = 84%

ECIIVANG,

>0.20 U/mL Specificity = 90% PPV = 94%

P-tau217

: Indeterminate= 17%
Indeterminate
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P-tau217 by Amyloid PET status

30
Amyloid PET

> 20 B Centiloids <24.1
5 . Centiloids 224.1
o
o
1

10

% 002 012 : i 0.80 5.12 32.75

\. . T 'i : ; }.
Negative | Positive

P-tau217 Interpretation
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Affect of eGFR on Plasma P-tau217

Box and Whisker Plot of p-tau217 Concentrations (Kruskal-\Wallis)

ie p =045 p=0.11
1
[ ]
[ ]
|
P [ ]
210 1 .
o eGFR Status
- [ ]
] . . =]
|
S ’ B3 45509
- BS 60-89
E B -90
Jos
[
[ ]
- .
. [ ]
T
0.0

SUVR =11 SUVR ==1.1
Amyloid-PET Status

Graph courtesy of Dr. Kelly Doyle.

« The SP-X plasma P-tau217
assay is not affected by
impaired kidney function
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Future Directions for Plasma P-Tau217

« Implementation of a standardized reference material

« Further evaluation of the effect of comorbidities

o Utility in pre-symptomatic individuals

« Use in serial monitoring of patients on anti-amyloid therapy
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THANK YOU

Questions?
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