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MOLECULAR BRAIN IMAGING is rapidly developing and providing new unique
insights into pathophysiological mechanisms and development of diagnostic
biomarkers with implication in drug treatments and clinical praxis.




Neurodegenerative Disorders are Characterized by Different Proteinopathies
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NEW IMAGING TECHNIQUES CREATE NEW POSSIBILTIES FOR EARLY DETECT AND TO
DIAGNOSE DIFFERENT PROTEINOPATHIES



PROTEINOPATHIES
Synucleinopathy Amyloidopathy Tauopathy
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PET imaging can detect Alzheimer pathology in vivo !
AD Pathology at autopsy AD Pathology in vivo by PET
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ORIGINAL ARTICLES

[maging Brain Amyloid in Alzheimer’s
Disease with Pittsburgh Compound-B
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EDITORIAL

The Proteomics of
Positron Emission Tomography

Over the past decade, research into the biology of nen-
rodegeneration has evolved from emphasizing dysfunc-
tion of neurotransmitter systems to include investiga-
tions of protein abnormalities. This is especially clear
in the study of Alzheimer's disease (AD) in which the
well-known findings concerning cholinergic dysfunc-
tion that led to the first specific therapies have been
augmented by research suggesting key roles for amyloid
and tau in the cause and pathogenesis of the disease.
Indeed, the agpregation, altered processing, and abnor-
mal folding of proteins that may disrupt neural func-
tion is now a widespread theme that echoes throughout
the study of many neurodegenerative diseases.

The application of positron emission tomography
(PET) to the study of AD parallels this shift in empha-
sis. Although most clinicians and scientists are familiar
with the use of PET to measure fundamental physio-

lnoical nracesses snch as hlond flow and olicnse me-

In this issue of the Anmal, Klunk and colleagues re-
port the results of the next step in the evolution of PET
in the application to AD: development of a radioligand
targeted to the amyloid protein itself.” The compound,
N-methyl-[''C]-2-(4"-methylaminophenyl)-6-hydroxy-
benzothiasole (nicknamed PIB), is structurally related
to the thioflavin-T molecule, a dye that has long been
used to label amyloid in histological studies. Klunk and
colleagues present a substantial amount of data that
support the use of this compound as a marker of brain
amyloid deposition. Previous work by this group dem-
onstrated rapid blood-brain barrier permeability, with
labeling of both amyloid angiopathy and plaques in
transgenic mouse models of AD,® as well as in vitro
binding to AD brain and synthetic amyloid fibrils but
not to neurofibrillary tangles (NFTs).? The work re-
ported here extends these observations to in vivo hu-
man smidies
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Positron emission tomography imaging and clinical
progression in relation to molecular pathology in
the first Pittsburgh Compound B positron emission
tomography patient with Alzheimer's disease

Ahmadul Kadir,""* Amelia Marutle,* Daniel Gonzalez," Michael Scholl,! Ove Almkvist,’?
Malahat Mousavi,” Tamanna Mustafiz," Taher Darreh-Shori," Inger Nennesmo® and
Agneta Nordberg™?
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Amyloid 11C-PIB PET imaging in AD and MCI  MCI=mild cognitivimpairment
Amyicad (FIB)
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Pathology amyloid stages and corresponding Amyloid PET outcome
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Practical experience of integrating visual and quantitative image interpretation in clinic
Examples of [*8F]Flutemetamol PET scans with different patterns of uptake

The Centiloid scale: quantitative

e s amyloid plaque estimation allows earlier dection
A - Diagnostic and Patient Management Study (DPMS) e w00 Prognostic and Matural History Study (PMHS)
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FIGURE 2
Centiloid distributions across DPMS and populations. (A) Centiloid distribution across patient populations, reflecting a bi-modal distribution. (B)
Centiloid distribution across per-dementia subjects, mostly cognitively unimpaired, skewed toward lower amyloid burden.

Centiloid scale Collij et al 2023
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IDEAS

Imaging Dementia—Evidence
For Amyloid Scanning

The Imaging Dementia — Evidence for Amyloid Scanning (IDEAS) Study will determine the
clinical usefulness and impact on patient-oriented outcomes of a brain positron emission
tomography (PET) scan that detects amyloid plaques, a core feature of Alzheimer’s disease,
in patients with mild cognitive impairment (MCl) or dementia of uncertain cause.

A total of 18,488 Medicare beneficiaries meeting specific Appropriate Use Criteria (AUC) will
be enrolled over 24 months at sites throughout the United States as part of the Centers for
Medicare & Medicaid Services (CMS) Coverage with Evidence Development (CED) research
program.

JAMA | Original Investigation
Association of Amyloid Positron Emission Tomography With

Subsequent Change in Clinical Management Among Medicare

Beneficiaries With Mild Cognitive Impairment or Dementia

Gil D. Rabinovici, MD; Constantine Gatsonis, PhD; Charles Apgar, MBA; Kiran Chaudhary, MS; llana Gareen, PhD:
Lucy Hanna, M5; James Hendrix, PhD: Bruce E. Hillner, MD: Cynthia Olson, MBA: Orit H. Lesman-Sagev, MD:
Justin Romanoff, MA: Barry A Siegel, MD; Rachel A. Whitmer, PhD: Maria C. Carrillo, PhD

JAMA April 2, 2019 Volume 321, Number 13

-Sample size 11,050 patients
Patient management changed in 60 % of patients.
Most common change was in use of AD medications (Increased in AR PET+,
decreased in AB PET-).
Diagnosis changed in 35.6% of patients.
« Increase in diagnostic confidence.
- Decreased utilization of alternative diagnostics.

2016- 2021
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900 memory clinic patients, 3100 preclinical or prodromal AD subjects, total 600
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Memory Assessment at Karolinska Hospital

Tertiary ,memory clinic
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European Jowmal of Huclear Meadicine and Molecular imaging (2019) 46:1276-1286
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MOLECULAR imaging of pathological hallmarks in Alzheimer’s disease

Uinical Research

— T e—————

Atroply | Glucose Amyload & . Tau : Neuroinflammation ° Synaptic density
metabolism : ;

- SIS e
—em@e

Structural MRI:  F-FDG-PET !Amyloid-mi Tau-PET

Deprenyl-PET

Name Surname Modified from Chetelat et al. 2021



First and second generation Tau PET tracers
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Different AD phenotypes with different regional Tau deposition

A Posterior cortical atrophy B Logopenic variant PPA C Amnestic Alzheimer’s disease

E Behavioral Alzheimer’s disease

[18F]_F|ortaucipir PET Ossenkoppele et al.Brain 2016



TAU PET imaging can better predict cognitive Biomarker modelling of AD using PET-based Braak

decline than CSF biomarkers or FDG-PET staging with tau PET ligand 18F-MK-6240
" e Braak stages 18F-MK-6240
Healthy Alzheimer's disease Alzheimer's disease
volunteer (stable cognition) (fast deterioration)

Amount of tau protein

Chiotis et al. 2021
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Pathological changes

What multi-tracer PET molecular imaging might tell us..........

Il Astrocytosis

Wil Microglia activation
Il AB deposition

Bl Tau deposition ,
" Neurodegeneration
B Cognition |

Preclinical Prodromal Dementia

Time course of Alzheimer’s disease

MOLECULAR IMAGING is rapidly developing and is now also coming into clinical praxis



To unravel the AD continuum different type of biomarkers

have to used:
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Imaging and fluid biomarkers
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Using plasma biomarkers before knowledge of amyloid PET data Clinical patient cohort Karolinska n=126

B ROC curves comparison for distinguishing

PET AB+ from PET AB-(MCI before PET) D Plasma biomarkers predicting amyloid PET |
. 2.51
100% - I — 1= . - ¢
e Specificity and negative predictive
/’_I_l—‘ S value of 100 %
0 o] e
w
N . T ’ S o
= 3 o ¢
75% - — e = °
| - . QO 20- o o
- ’, g * o
= s B < * %y
E il , - t o
'E — {"’ '§ . [ ]
® 50% — o g
0] ®
w — — — .° 8 ¢ U )
o o _E ® o
oo — L | ’ Sg
. )
“ g
e = .rJ —
25% = Plasma BM combined®, AUC = 93.85 % ®©
| - == Plasma GFAP, AUC = 84,08 % e
’ —— Plasma pTau231, AUC = 70.57 % .2
4|"_£ = Plasma pTau181, AUC = B4.7 % o
o e Plasma pTaul181/AB42, AUC = 63.28 % ©
= Plasma NFL, AUC = 58.55 % =
— = Plasma AB42, AUC = 57.05 % S 10-
o . ~——— Plasma AB40, AUC =55.16 %
0% 25% 50% 75% 100% =27 n=47
TPP: 1 - Specificity , :
* Combined via Lasso regrassion, which dropped AB40 NEG POS

Plasma biomarkers combined result in superior AUC to plasma biomarkers alone.
Plasma GFAP and Plasma pTau231 important contributors to the pooled variables.

22

Bucci, Bluma et al. Translational Psychiatry 2023



Early treatment

Initiation |
| Early treatment

- initiation
i
= .

= | Preclinical Jt

Ch
S

Mild Cognitive

Impairments

Drug intervention

The Future

Outcome: Clinical
Improvement

Dementia

Late treatment
initiation

—-.-'“
Outcome: Limited
benefits

Disease duration




New amyloid immunization therapy in Alzheimer’s disease

The NEW ENGLAND JOUERNAL of MEDICINE

ORIGINAL ARTICLE

Lecanemab in Early Alzheimer’s Disease

C.H.van Dyck, CJ. Gy 2044, at NEIM.org. nan, C. Chen, M. Gee, M. Kanekiyo,
D. Li, L. Reydermar DOI: 10.1056/NEJMoa2212948 Catayama, M. Sabbagh, B. Vellas,
D.Watson, S. Dhadda, M. Irizarry, L.D. Kramer, and T. lwatsubo

The NEW ENGLAND
JOURNAL o MEDICINE

MAY 6, 2021

ESTARLISHED IW 1812 VOL. 384 NO.18

Donanemab in Early Alzheimer’s Disease

Mark A. Mintun, M.D., Albert C. Lo, M.D., Ph.D., Cynthia Duggan Evans, Ph.D., Alette M. Wessels, Ph.D.,
Paul A. Ardayfio, Ph.D., Scott W. Andersen, M.5., Sergey Shcherbinin, Ph.D., JonDavid Sparks, Ph.D.,
John R. Sims, M.D., Miroslaw Brys, M.D., Ph.D., Liana G. Apostolova, M.D., Stephen P. Salloway, M.D.,
and Daniel M. Skovronsky, M.D., Ph.D.
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JAMA_ doi:10.1001/jama_ 202313239

Published online Juby 17, 2023

JAMA | Original Investigation

Donanemab in Early Symptomatic Alzheimer Disease
The TRAILBLAZER-ALZ 2 Randomized Clinical Trial

John R. Sims, MD; Jennifer A. Zimmer, MD; Cynthia D. Evans, PhD; Ming Lu, MD, M5, MPH; Paul Ardayfio, PhD; JonDavid Sparks, PhD;

alette M. Wessels, PhD; Sergey Shcherbinin, PhD; Homg Wang, PhD; Emel Serap Monkul Nery, MD; Emily C. Collins, PhD; Paul Solomon, PhD;
stephen Salloway, MD; Liana G. Apostolova, MD; Oskar Hansson, MD, PhD; Craig Ritchie, MD, PhD; Dawn A. Brooks, PhD; Mark Mintun, MD;

Daniel M. Skovronsky, MD, PhD; for the TRAILBLAZER-ALZ 2 Investigators
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Can We Use Blood Biomarkers as Entry Criteria and for Monitoring Drug Treatment
Effects in Clinical Trials? A Report from the EU/US CTAD Task Force

D. Angionil, O. Hansson2, R.]. Bateman3, C. Rabe4, M. Toloue5, |.B. Braunstein6, S. Agus7,
J.R. Sims8, T. Bittner4, M.C. Carrillo9, H. Fillit10, C.L. Masters11, S. Salloway12, P. Aisen13,
M. Weiner14, B. Vellas1-15, S. Gauthier16 and the EU/US/CTAD Task force

Table 1. Some examples of BBMEe use In clinlcal trlals ag entry criterla \
FRE-SCREENING
Study Clinicaltrial. gowv  Phase FPopulation Dirag BEM Confirmatory Exam
Identifier
AUTOMNOMY MNCTOS61 9820 1 Early symptomatic AD TN)-65T 33657 p-tan21¥ Tam PET
INWIORE-2 NCTOL592874 1) Early symptomatic AD ALDO2 Precihvity AD™ (algorithon derived Amyloid FET or CSF
from AJS 42/ 0, ApoE and Age)
FROSFECT-ALZ MNCTO5063539 m Early symptomatic AD Ly 55765 p-tani¥ Amyloid FET
Tam PET
TRAILBLAZER-ALZ 2 NCTO£437511 m Early symptomatic AD Donanemab p-taul8l Amyloid PET
Tam FET
AHEAD 3-45 MNCTOEL68659 m Preclimical AL Lecanemal ApL2 [ 40 ratio Amyload PET
SEYTINE NCTO5256134 m Preclinical AD Cantenernumab  p-taulfl and ApoE Amyloid FET or CSF
SCREENIMNG
Study Clinicaltrial gov  Phase  Population Dirag BEM
Identifier
TRAILBLAZER-ALZ 3 MNCTOSI26866 m Preclimical AD Donanemab pta21¥

JPAD 2023



Molecular brain imaging a promising future key-player for
biomarker discovery and clinical translation in neurogenereative
diseases
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