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EDUCATIONAL OBJECTIVES

O Contextualize the recent shift in imer’s disease th ics and how this

impacts imaging
O Master the imaging-based patient diagnosis and selection criteria
O Review both standard and up-and-coming ADRD imaging methods
O Interpretimaging biomarkers of therapeutic response

O Detect, classify, and grade amyloid-related imaging abnormalities




INTRODUCTION

Alzheimer’s disease has entered a new era — and so have radiologists.

ALZHEIMER'S DISEASE (AD) AT SCALE

and

progressit ive disorder
Continuum in the clinical manifestations with multiple stages
MILD COGNITIVE IMPAIRMENT
- Symptoms include cognitive decline, memory loss, and behavioral changes
- Sixth cause of death in the US with mortality within 5-12 after symptom onset
Most common cause of dementia MILD ADDEMENTIA
55 million people living with dementia worldwide - 60 to 70% due to AD
- About 1in 9 individuals over 65 diagnosed with AD

MODERATE AD DEMENTIA

Overall prevalence expected to triple by 2050 due to aging population

High societal and economic impacts

Total costs expected to increase from $360 billion to $1 trillion in 2050

PATHOLOGICAL HALLMARKS
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BIOMARKER CLASSIFICATION SCHEME

The AT(N) system the biologi forAD and staging
\ @I CALLOUTBOX
[ A proteinapatry A AmyloldPET 2uziRansiciene
r Ao/ Ap ratio In 2024, awerkgroup appainted by
the Alzheimer's Association
updated the AT(N) systemto reflect
The
tevised system - AT,T,NISV - now
PATHOLOGICAL HALLVARK  CSF/PLASMABIOWARKERS  IMAGING BIOMARKERS e A,
Tau protinopatty CsFtoaltau TeuPET intwosubgroups, and nroduces
CSF/plasma p-tauX three new categores:
plasia %p-tau217
| enmain
csFandplasma GFAP
PATHOLOGICAL HALLMARK (CSF/PLASMA BIOMARKERS IMAGING BIOMARKERS T D
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THERAPEUTIC SHIFT - from symptomatic relief
TACRINE RIVASTIGMINE MEMANTINE
Historcally, tis the Cholinesterase NMDA receptor
first FDA-approved nhibitor til used antagonist used in
cholinesterase today to eat mildto moderate tosevere
Inhibitor; no longer moderate dementia dementi, delaying
used due to hepatic dueto AD, effectve in decline often in
todeity and moderate delaying cognitive combination with
eficacy decline another drug
DONEZEPIL GALANTAMINE BAPINEUZUMAB
Cholinesterase Cholinsterase: The firstanti-amyloid
inhibitor most widely monoclonal antibody
used today, s to enter a Phase Il
moderate, ong tem showing long-term cinical trial; no
improvement in improvement in benefitn linical
cognitve function cogitiv function outcome was shown
SHIFT - to di difying therapies with monoclonal antibodies
Emmmm
ENTERNGTHENEWERA
ADUCANUMAB* LECANEMAB DONANEMAB
Moot Aduhelm® Legembi® Kinsula® prsecsarn
Partal in2024

EMERGE/ENGAGE clinical trials

(CLARITY AD linical tial

TRAILBLAZER-ALZ 2 clinical tial

Only three lonal loid [ th
drugs, such i have 1l clinical
trials, but all failed to i i I
ddition, d FDA approval,




THREE ROLES FOR RADIOLOGISTS - imaging in the era of

yloid-targeting therapy

1
PATIENT
SELECTION

MONITORING
FOR ARIA

2

THERAPEUTIC
RESPONSE

Determinewhich
patientare candidates
for amyloid-targeting

Followthe treated patients
with MRI to screenfor
amyloid-related imaging
those abnormalities (ARIA).

therapiesatimagingusing
validated biomarkers.
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PATIENT SELECTION

Who should receive treatment?

CORE ELIGIBILITY CRITERIA - selection is imaging-driven, not just clinical

CLINICAL PROFILE

SymptomaticAD in early phase - MCI or mild dementia
Age 50 t0 90 - inclusion range in clinical trials

TAU BIOMARKERS

Tau PET - low to intermediate tau burden
Plasma p-tau217 and CSF t-tau

STRUCTURAL MRI

Exclusion of cerebral amyloid angiopathy, vascular disease, and hemorrhage
Identification of alternate diagnosis compatible with symptoms

12




% CLINICAL PROFILE

- - Where Selection Begins

—> Only patients who are early on the disease continuum are eligible

Early clinical stage of AD (as defined by the Nis-a core ainical crteria)
- Diagnosis of MCI or mild dementia
- Subjective and slowly progressive decline in memory

Age 50 to 90 years old «

@I Non-amnesticvariants of AD

Beyond the typical amnestic syndrome observed
InAD and characterzed by impairment of episodic.
memory, about 30°% of AD patients present
clinically with a non-amnestic variant of AD.

Composite measures for cognitive performance

ADUCANUMAB LECANEMAB DONANEMAB .

MMSE24-30 MMSE22-30 MMSE20-28
GlabalCOROS. GlobalCOR05 10 10
R eoee COR Memory bor>0.5

WSIV-LMI 215D below
agoadjusted mean

) s —
atrophy (visuospatial deficits), logopenic variant of
primary progressive aphasia (speech impaiment),
corticobasal syndrome (movement disorder),
dysexecuive AD, and behavioral variant of AD.

Clinical trals on anti-amyloid therapies enrolled
predominantly participants with the amnestic

monocional antibodies for these patients.
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Evidence of AB plaque deposition is a requirement for treatment

Measurement of amyloid plaque burden
Correlation with longitudinal cognitive decline
AB-negativity on PET reduces the likelihood of AD
Plaque burden higher in amnestic variant of AD

11C-Pittsburgh Compound B - known as PiB.

Positivity for AB on amyloid PET scans s also
observedoutside of the diagnosis of AD.

In high rates
of AB positivity are observed. By the ninth
decade, more than /0" of individualswithout
cognitive decline are AB+ on amyloid PET.
Otherneurodegenerative disorders may be
ity For

Short half-lif ),
18F-based tracers - florbetapir, florbetaben

Longer half-life, transport between sites possible

instance, show amyloid
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What does AB plaque deposition mean in a cognitively normal person?

May indicate that individuals with greater cognitive or neuronal reserve may tolerate
AB burden without overt impairment until much later in life

There is additional evidence that the clinical course of non-demented older individuals is
affected by their A status, with a higher rate of memory decline in amyloid-positive individuals

Amyloid deposition can precede the clinical onset of dementia by 15-20 years

Positivity in the

impaired seems to

toa inical phase of AD

This supports the potential inclusion of AB into predictive models of disease progression

15




AMYLOID PET - aside-by-side case-based comparison

INTERPRET)

W vsussveronc

Normal brain Alzheimer's disease

TAU BIOMARKERS

Scaling the Downstream Neuropathological Changes

—> Tau burden could be an important biomarker for individualized treatment

Tau PET (only used as inclusion criteria in donanemab clinical trial)
- Burden and spatial distribution of tau proteins
- Role in adjusting the ic window to
- Greater benefit from treatment in patients with low-to-intermediate tau burden
- Not a strict eligibility criteria, but good predictor of clinical response to treatment
« Limited ibility and uncertain rei status

What radiotracers do we use?

. ipir ity for AD

© New-generation tracers (such as 8F-MK-6240) — L ff- indi i signal
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TAU BIOMARKERS

Scaling the Downstream Neuropathological Changes
—> Tau PET signal and distribution pattern correlates with neuropathology

Braak stages - defined at autopsy

- Spatiotemporal patterns of NFTs distribution

- More dynamic AD stage marker than Ap

- Braak stage — tau burden « disease severity
- Braak stages | and Il - Mostly asymptomatic
- Braak stages Ill and IV - Mild cognitive impairement
- Braak stages V and VI - Dementia

Correlation between Braak stages and tau PET signal

dous notexclude cinically rlevant are tage of tauproteinopathy!
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TAU BIOMARKERS

Scaling the Downstream Neuropathological Changes

—> Tau PET signal and distribution pattern correlates with neuropathology

What s the impact of Tau positivity?

- There also seems to be an interaction between AP and tau pathologies
- PET studies showed a more substantial cognitive decline in a subgroup with evidence of AB and
tau positivity

- Because this risk was present in middle-aged adults in the preclinical phase of AD, these
findings suggest a potential role for tau imaging in the risk stratification of individuals
within the amyloid-positive group

19

Iof F-fortaucpir Is et

Normal brain Alzheimer's disease

STRUCTURAL MRI

Screening for Risk

—> MRl is the safety filter that determines ineligibility and risk for complications

MRI-based exclusion criteria

Advanced small vessel disease

E Cerebral amyloid angiopathy (CAA)
& - Severe WMH burden (grade Fazekas 3)

=

=

+ More than 4 microbleeds

* Morethan 2 lacunarinfarcts « Any superficial siderosis

T2* GRE/SWI

Prior large ischemic stroke Prior intracranial macrohemorrhage

+ Baseline volumetric parameters
- Measurement of baseline whole brain, ventricular and hippocampal volumes

+ Rule out a potential alternate diagnosis

- Other ive disease, sp: pying lesion, or other structural abnormalities

21



hallmark exclusionary findi differential diagnoses
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Practical Role of Imaging in Dementia

Neuroimaging in the Clinical Diagnosis of Dementia: Observations
from a Memory Dis

B MIS David H, Leiets, M S0 Bursom, MDD
CONCLUSION: Overall, neuroimaging confirmed, clari
fied, or contradicted the initial clinical diagnosis in more
than 80% of patients, whereas fewer than 20% had
abnormal/not diagnostic patterns. Imaging suggested a
complex_dementia_ctiology in 21% of cases clinically
thought to be caused by a single process, whereas 46% of
complex clinical differential diagnoses appeared to reflect a
single causal pattern. Further work is needed to determine
‘Whether refnement of clinical diagnoses using specialized
neuroimaging improves clinical decision-making and
patient outcomes. ] Am Geriatr Soc 58:1453-1458, 2010,

Borghesaci. I Am Gedist Soc 52:1453~145, 2010

53 F Memory loss, personality changes




53 F Memory loss, personality changes

86 F Mild Cognitive Impairment

86 F Mild Cogn|t|ve Impairment
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73 M with memory loss

73 M with memory loss

( NNV v b
T sedli DWI )
Wernické’s Disease 3Thfamine Deficiency
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85 M with dementia,
ataxia, startle
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85 M with dementia,

ataxia, startle

PRION Disease
(Creutzfeldt-Jakob)

Total Cranial Volume: Gender and Age

Framingham data: N=2266 MRI’s, adults 34-97 yrs

Decark, Cetal Nearcbiol Agng 2005; 261991-610

Grey Matter Involvement in AD

Early onset Alzheimer's disease  Late onset Alzheimer's disease

Frisonietal Brakn 2007: 130;720-730
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73 M Mild Cognitive Impairment

s
RS+ 2

Prominent perivascular

spaces: incidental

Mild Cognitive Impairment

Age 64
Normal appearance

Serial Imaging

Progressive L > R hippocampal & cortical atrophy
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Heal

tomated Regional Atrophy
Quantification in Dementia

thy Brain Alzheimer's Disease

Automated atlas-based 3D-T1 segmentation

Bilateral hippocampal atrophy < 1%

Clinical Alzheimer’s Disease - age 72

Structure.

Parcantiie ||

Intracranial Volume

(Cortical Brain Regions
i

Whole Brain

Lobes

Forebrain Parenchyma

Supe
[Middle Frontal

Total Volumes

Cerebral White Matter |

[Inferior Frontal

[Lateral Orbitofrontal

[Medial Orbitofrontal
P

| [primary Motor

.
Parietal

[Superior Parietal
[Inferior Parietal

Occipital
|Lateral Occipital
Lot

Transverse Temporal +
|Superior Temporal

sterior Superior
Te

[Midlle Temporal

| [Inferior Temporal
[Fusiform

Triage Brain Atrophy Report Amygdala

[Entorhinal Cortex
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81 F Clinical Dementia
Frontotemporal Dementia

MRl is the safety filter that determines ineligibility and risk for complications

Advanced small vessel disease Cerebral amyloid angiopathy (CAA)
Severe WMH burden (grade Fazekas 3) More than 4 microbleeds
More than 2 lacunar infarcts Any superficial siderosis

Prior large ischemic stroke Prior intracranial macrohemorrhage

Measurement of baseline whole brain, ventricular and hippocampal volumes

Other neurodegenerative disease, space-occupying lesion, or other structural abnormalities

41

White Matter Grading Scale
Fazekas

2

Periventricular white matter (PVWM)
absent
1= “caps” or pencil-thin lining
2= smooth “halo”
e

irregular periventricular signal

xtending into the deep white matter

Deep white matter (DWM)
0= absent
1 = punctate foci
2= beginning confluence
3= large confluent areas

14



Contribution of Vascular Disease to Dementia

Traditional Revised

Moorbouse, . Lancet Neurol 2008 7; 246-55

White Matter Hyperintensity
Risk Factors: Stroke Risk Profile
Stroke Risk Profile Predicts White Matter
Hyperintensity Volume
The Fram m Study

Jeerkathetal. Stroke 3004 35/1AS7-1861

WMH volume versus age

Framingham Study Data

Age and WMH

15



Are all WMHs the same?
A\ N
AR /R

* Deep white matter/subcortical: chronic small vessel ischemic

* Periventricular: relates to a combination of demyelination,
ependymitis granularis, and subependymal gliosis, less
closely tied with ischemia

Are all WMHs the same?
GR\  ED)
f L g \\

Sty

* Multiple types of pathology are bright on T2
* Ischemia / gliosis
* Damage to small blood vessel walls
* Breaches of the barrier between the cerebrospinal fluid and the brain
* Loss and deformation of the myelin sheath

CADASIL Syndrome:

Cerebral autosomal dominant arteriopathy with subcortical infarcts and
leukoencephalopathy

16



Multiple Sclerosis

Levamisole Toxicity
e

White Matter Grading Scale
Fazekas

3

Periventricular white matter (PVWM)
\ 0 sent

/ \ aps” or pencil-thin lining
y Y \ nooth “halo”
& lar periventricular signal
extending into the deep white matter

4% l e atter (DWM)

ning confluence
rge confluent areas
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White Matter Segmentation — T2 FLAIR
G G

DeCan, C et al Stroke 2005,36:50.55

White Matter Grading Scales: Useful???

LADIS Leukoaraiosis And DISability Study
618 independently living elderly

WMH assessment vs Disability
Fazekas Depression

Scheltens Gait
ARWMC Incontinence
Volume Memory

» Volumes more sensitive than visual scales
» No correlation # lesions, lesion type
» Scales: ceiling effects, not discriminant

VanStraten et al. Stroke 2006: 37:836.-840

MRl is the safety filter that determinesineligibility and risk for complications

Advanced small vessel disease Cerebral amyloid angiopathy (CAA)
Severe WMH burden (grade Fazekas 3) More than 4 microbleeds
More than 2 lacunarinfarcts Any superficial siderosis

Prior large ischemic stroke Prior intracranial macrohemorrhage

Measurement of baseline whole brain, ventricular and hippocampal volumes

Other ive disease, sp: pying lesion, or other structural abnormalities

54
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85 F Mixed AD + Vascular Dementia

. l’t\

Microbleed

T2FLAR SWI-T2*

Cerebral Amyloid Angiopathy
Epidemiology MRI Findings

* Important cause of ischemia * Leukoencephalopathy
and hemorrhage in the elderly « Small cortical infarcts
* Age Dependent « Lobar/subarachnoid hemorrhage
* 2%: ages 65-74
* 8%: ages 75-84
* 12%: ages >85
* CAA incidence of 80-90% in
Alzheimer’s Disease

« Superficial siderosis
* Microbleeds

Amyloid B Angiitis— T1 CUBE Black Blood MRI + C

Inflammatory Amyloid Anglopathy
Lga'qnenmgea fchymal
enhancement enl ncement
\ Autoimmune
W response to vascular

Arterial wall 1| amyloid B deposits

enhancement

Vasogenic edema

19



Cerebral Amyloid Angiopathy

Hypertensive Microhemorrhages

latrogenic Microhemorrhages

20



Emboli

Diffuse axonal injury

¥

s

FDG PET

When the Diagnosis is Unclear

—> Brain metabolism is not an eligibility criteria, but can be useful

Measurementof glucose metabolism

- Marker of regional neuronal function and activity | Mok gttt o i85 10 s
| ningronstasteniens g,
Typical FDG PETimaging pattemin AD  _ | ottt a0, i
- May confirm diagnosis in bordeline cases i eerm st changs such astophy e
Diff ial with other neurod R 1 15 mens s sttt

- Also identifies changes related to normal aging

Marginal role in patient selection ‘
- Not required by FDA for and 3; ol lteinthediscase-refativesparingt FOGPET may

" Inwoled eary, with ypometaboism peceding stuctral
| changes by years; predicts convesion from MCI o dementia.

63
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FDG-PET in a patient with Alzheimer’s disease. Multiplanar and surface-
rendered FDG-PET images demonstrate hypometabolism involving the
posterior cingulate cortex, precuneus, parietooccipital cortex, and prefrontal
cortex, the topographic pattern characteristic of Alzheimer’s disease.

Alzheimer’s Disease Frontotemporal Dementia

Alzheimer’s Disease Dementia with Lewy bodie:

“Occipital tunnel” sign in DLB: relative sparing in the medial occipital lobe (primary visual) and
more severe loss of uptake in the surrounding lateral occipital (visual association) cortex

22



PERFUSION IMAGING

When the Diagnosis is Unclear
—> Perfusion is not an eligibility criteria, but can be useful
Imaging the passage of fluid through the circulatory system

Usually referring to the delivery of blood to a capillary bed in tissue

« Usually referring to the delivery of blood to a capillary bed in tissue
- Some techniques use contrast

67

Cerebral blood flow

AD patients have decreased blood flow

Arterial Spin Labeling

23



76M with Alzheimer’s Disease
Morphology (FLAIR) vs Physiology (ASL Perfusion)

r<

76M with Alzheimer’s Disease
Morphology (FLAIR) vs Physiology (ASL Perfusi

W
L
" o
ASL CBF - quantitative
.

278\

4D FLOW MRI

Research Topics

—> Flow measures are not an eligibility criteria, but can be useful

Phase contrast MRI method with a blood flow vector and temporal component

- Enables both i { ic and itati of blood flow
velocities in a single acquisition
- Wall shear stress, ility, pressure gradients, vessel area

72
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Blood flow and Pulsatility Index in the circle of Wi

Blood Flow (mL/min)

Wiean e T (mLmin]

AW KCAwp  MCA B

L el o (30} ® Myl ape =52

« Clinical AD: significant decrease in blood flow and increase in PI, suggesting decreased
lism and vessel li

brain

LA, et al.) Cereb Blood Flow Metab, 2016 Oct;36(10):1718:1730,

73

flow MRI: Other vascular markers

Pulse wave velocity (PWV) gold standard noninvasive biomarker for arterial stiffness

Arterial stiffness is a significant risk factor for cardiovascular disease and mortality [1]

Predsure

High speeds:

-high blood pressure
/ -arterial stiffness
@ Low speeds:

-low blood pressure
-elastic arteries

Time

Laurent s, et al. Eur Heart J 2006; 27:2588-2605.

74

Pathology and age effects 7

* PWVincreases with age in healthy  « Higher PWV suggests arterial stiffness in AD

0 50 2.,
Control R%=0.320 AD R7=0,005 MCi R?=0.022

50 60 70 B0 90 50 60 70 80 80

Age [years| Age [years]

50 80 0 BO OO0
Age [years)

+ AD appears to accelerate aging effect

Jine ahead of print

Lgivers Rivera L etal. ) Cereb Blood Flow Metab, 2020 Mar 13

75
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athology and age effects

Statistically higher PWV in APOE €4 carriers healthy adults

Higher PWV in the Impact group
suggest vascular changes are
occurring in a group of otherwise
healthy individuals

) Need longitudinal assessment

76

Cerebrovascular reactivity (CVR)

* CVR =response of brain blood vessels to
vasoactive stimuli (e.g. neural activity,
increases in CO2)

CVR relates to future risk of CVD and is lower
in patients with AD compared with cognitively
normal

Estimated from linear relationship between
cerebrovascular conductance (flow/mean
arterial pressure) and end-tidal carbon dioxide
during CO2 inhalation.

Miller KB, et al. Age-Related Reductions in Cerebrovascular Reactivity Using 4D Flow MRI. Front Aging Neurosci. 2019 Oct 17;11:281

77

®Young Adults

@ 0ider Ady

R

2
E
E
83
2
£,
E

o Young Young Oider Older
BASILAR LiCA R LMCA  RMCA oung Young  OMer  Ouder

* The brain blood flow response to a vasodilatory stimulus (hypercapnia) was
reduced in older adults.

* Findings may be sex-specific

Miller KB, et al. Age-Related Reductions in C: Reactivity Using 4D Flow MRI Front Aging Neurosci. 2019 Oct 17;11:281

78
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Assessment of other brain compartments
Multiple compartments (e.g. 4D flow probes arteries, ignores tissue)

arterial pressure (fast velocities)
tissue (small displacements)

CSF (slow velocities)

2,
Need for multi-scale characterization % o&Z
- Intracranial PWV
- Strain mapping
- Intracranial pressure

DTI Tractography in Degenerative Disorders

Modfrom Catani by Clccarell. Lancet Neurol 2008; 7:715-727

fMRI Resting Connectivity - Lost with AD

Healthy elderly
controls

o \
V) (&8
b | \

ICA group N
. Mild cognitive
comparison impairment

(voxel-wise) v & ‘
4 )
A

Alzheimer‘s
disease

oV \
o, ¥, \R ]

Munich, Germany

om

165
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INTEGRATED ALGORITHM - a simplified framework for patient selection

CLINICAL PROFILE TAU BIOMARKERS

AMYLOID BIOMARKERS STRUCTURALMRI

Prove amyloid deposition with amyloid PET and) or Major ole in determining exclusion crteria (CAA, WMH,
ine positivi schemi mhage... and obtaining baseline.

negative and search altemate diagnosis volumes - exclude if any s present! rsk for ARIA)

82

REAL-WORLD ELIGIBILITY GAP - a few striking statistics

BAR GRAPHS OF INCLUSION AND EXCLUSION RATES
OVERALL ELIGIBILITY ACROSS ALL DRUGS

I populatonsof MC/early dementia paricpants, sevral

are eligible for treatment after applying inclusion criteia (age, MMSE) and exclusion
History and MRI findings)

acrossallFDA-approved drs.

A anahcycar a0 (G0N

FREQUENCY OF MRI EXCLUSION CRITERIA|
Theoveal prevalence of MR based exclusion erteria

Sterincusioncrters  [REH

o
o
- [ £

ofsovers WMH o cortial nfaction.

TOP NON-IMAGING EXCLUSION CRITERIA

‘The main ciinical reason for non-eligibilty is e
AMYLOID POSITIVITY

AVERAGE RATE OF AMYLOID POSTTIVITY

Q) it
(T

83

THERAPEUTIC RESPONSE

Is the treatment working?

28



MEASURING DISEASE MODIFICATION - three pillars, two adjuncts

CLINICAL METRICS
improvementof cognitive function and symptoms

AAMYLOID BIOMARKERS TAU BIOMARKERS

downstream effects on tau proteinopathy

target engagementand removal of amyloid

STRUCTURAL MRI
volumetric changes
and adverse effects

changes in brain
metabolism

85

INICAL METRICS — Stowing the Cogr

Translating scores into symptoms can be tricky! LECANEMAB LECANEMAB

“The Minimally Clinically Important Difference (MCID)

represents change that s noficeable to patients and
caregivers. Forinstance, the MCID for the CBR-SB -
score used in early AD s estimated around 1-2 points [l [}

and comresponds to the threshold that determines
detectable change n clinical status. Inlecanemab ADJUSTED MEAN CDR-SB CHANGE CBR-SB DIFFERENCE AT 4 YEARS
clinicl tial, the difference between inervention and Slower rate of cogitive decline at 18 morths Long:term analyses showed an even larger
placebo equals 0.45 over 18 months. Altough this inthe phase 3 lincal trial CLARITY-AD, benefitoftreatment when compared to the
versus -1.66 for placebo (p < 0.001) expected decline in the BIOFINDER cohort

reached significance, the clinical benefitis modest.

DONANEMAB ADUCANUMAB

22.3% 2024

'SLOWING OF DISEASE OF

Based on IADRS reduction at 76 weeks, the Contested efficacy, controversy around FDA

S r e primary outcome in the phase 3 linical trial approval, and restrictive Medicare coverage
LA TRAILBLAZER-ALZ 2 (p < 0.001) made aducanumab commercially unviable

ogaitve decine wthdonanemabys.paoebo

86

freerars

i e ®
7 e
H ® ° H
£
é L) -8 a /ADJUSTED MEAN CENTILOID CHANGE
L . -
o L}

Lot s e s, ot Contass

PROPORTION OF AMYLOID CLEARANCE

R

87
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TAU BIOMARKERS — Acting Beyond the Plaques

Plasma biomarkers

LECANEMAB While TRAILBLAZERALZ e —=

2didnot showa

Sgnificant rduction in
MONTHS tau PET signal ver 76
ek, there was a
i TIME TO HALTTAU ACCUMULATION significant reduction in : s

x From simulatons with CLARTY AD tau pET  P1aSMa maker p-tau217.

data, stabilization of tau in medial temporal

X lobe regardless of baseline tau levels Tau PET - a stratfication tool?
an effect of ipir PET) on

DONANEMAB ognitiv tajectuy. Peien
significantly slower cognitive decline compared to placebo, whereas

treated patients with high tau burden did not.

34%

'SLOWING OF OVERALL TAU LEVEL B t §
Measured on forbetapir tau PET using 1
adjusted change in SUVR relativ to placebo N

in phase 2 cinical tial TRAILBLAZER-ALZ
(not confirmed in phase 3 cinical tal)

LowTEEDTETAY ok

88

RUCTU

REGION-SPECIFIC ATROPHY
D | WHOLE BRAIN VOLUME 1 VENTRICULAR VOLUME NO CHANGE IN HIPPOCAVPAL VOLUME

Treatment with monoclonal
‘antibodies Is associated with a
paradorical volume loss, also called
pseudo-atrophy, with reduced whole.
brain volume and increased
ventricular volume; however,there is
o change in hippocampal volume.

MRI — The Paradox of Drug-Induced Volume Loss in Three Key Messages

@) )

The magnitude of drug-induced = > The exact mechanisi of drug-induced volume loss: increased neurodey
Volume loss (particularly . vs. changes in CSF dynamics s. plaque removal vs. inflammatory chan
ventricular enlargement)is 7" > The long-term

comelated with the incidence of improved cogitive function, also observed i these patients.
amyloid-related imaging 1 A - The underying

abnomalties (ARIAY; tis also . region, typlcal affected n AD

more prevalent in ARIA-inducing

> predisposingfactors x
monocional antiboies. i The potential pedisposin factors for drug-induced volume loss, ncluding the

effects of age, sex, and APOE genotype.

89

MULTIMODAL INTEGRATION - the broader picture of therapeutic response

Amyloid clears, tau stabilizes, metabolism is preserved, brain volume is stable
Ideal outcome from treatment!

Amyloid clears but there is accelerated volume loss
Described in clinical trials, probably not true degeneratior

Clinical improvement is present, but no imaging changes
Rare outcome, but documented

+ Imaging improvement without clinical changes
Target engagement but no cognitive improvement = the problem with aducanumab!

Amyloid clears but tau progresses
Neurodegeneration is too advanced and there is limited cli

®@00086

90
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MONITORING FOR ARIA

Is the brain tolerating treatment?

AMYLOID-RELATED IMAGING ABNORMALITIES - better known as ARIA

loid i ib

Class-specific adverse events of amyl

MRI-defined entity first described in 2009 - with bapineuzumab

ARIA-H ARIA with hemorrhage

Two different forms exist - may occur concurrently

Clinical manifestations

Asymptomatic! Headache Fatigue Encaphalopathy
Confusion Visual disturbance Focal neurological deficit

Dizziness Gait disturbance Seizures

Nausea/vomiting Coma

Neuropsychiatric symptoms Death

FACTS & FIGURES
AW EiidoRaes ARkt Rt
92%
4 vionTHs

ARIA-E detected within the

20%

vorss 0% orplacebo
ettt a4 91%
isltd foms of ARAH

12.6%

versis 1.7% for placebo

DONANEMAS

24.0%

versus 2.1% for placebo

17.3%

versiss 9.0% forplacebo

31.4%

versus 13.67% for lacebo

80% of cases of ARIA-E are resolved

COGNITION

ARIA does not affect cogritive outcomes.
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RISK FACTORS FOR ARIA ety ) Yooy [—

MOLECULAR TARGET APOE £4 GENOTYPE.

antibodies

INICAL FACTORS BASELINE MRI

G e
that target homozygous

] ig

yperte "

-ex
and superficial
siderosis, and high WMH burden

ARULEncdenceby APOEA genope’

I'” I', IT, l

Incidenceof AR it antthrombatic andancosgunts”

Severewhite matteryperintensis
onT2FLAR (ade Fazeas )
contangcatonformor

antbod

NS o AR
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Parenchymal edema

Vasogenicedema inthe
brainparenchyma fom
leakag ofntavascalarfluid
‘andprotais ntothe
Intrsttal compartment

Sulcaleffusion
Loskage oreffusionsof
proteinaceous ud from

meningealvessels esuling

in sulcal yperinensiti

ARIA-E

New sulcal or parenchymal T2 FLAIR hyperintensity

Mild

Slocaton5-10em

Moderate > 1location each < 10 cm

Severe

Interpretation pitfalls

Vartabillty of 2 FLAIR sequences (e.g., 2D vs. 30)
Potential presence of shading arifacts
Poor identiication on standard T2-weighted imaging.

ARIA-H

Superficial siderosis

Cudlinear hemosidei
deposiion alongthe

Rare lobarhemorthage
can ocur- defned
10mm

ARIA-H

Moderate & Moderate JRACEIELES
Severe 210 microhemonthages Severe >2focal areas

Interpretation pitfalls

Higher sensitivityof SWI vs. T2* GRE i detecting microhemorrh
« Potential presence of susceptibility rtfacts (e.g., metal implants)
* Lower field strength less sensitive to hemontagic changes
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MULTIPLE STAGES OF ARIA-E

MILD ARIA-E

Focal sulcal effusior
Llocation <5 cm

MULTIPLE STAGES OF ARIA-E

SEVERE ARIA-E

Bilateral, large areas of parenchymal edema
2 1location and > 10 cm

ANOTHER CASE OF ISOLATED ARIA-E

MODERATE ARIA-E

Bilateral sulcal effusion
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SUPERFICIAL SIDEROSIS IN ARIA-H

MICROHEMORRHAGES IN ARIA-H

-

MIXED CASE OF ARIA-E AND ARIA-H

Sulcal effusion on T2 FLAIR
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DIFFERENTIAL DIAGNOSIS

Right insular ischemic stroke CAA showing multple
ith T2 FLAIR hyperintensity microbleeds on SWI

Advanced cerebral amyloid angiopathy with
fammatory changes (CAA-RI), characterized by
numerous peripheral microhemoorhages on SWI 4
(leftimage) and cortico-subcortical edemaon T2 FTN.
image). This entity is indistinguishable .

!m;hAR\Aw\thnunhechmca\ tory!* ~ ("k ~d‘ ‘,.

Posterir reversible encephalopathy
syndrome (PRES) with exten
bilateral occipital cortical-subcortical

edema®

Hypertensive angiopathy
showing central microbleeds

104

ARIA-H (microhemortages and
superficial siderosis) is best detected
with SWI compared to T2* GRE.

Higher field strengths have greater
sensitivity o ARIA; 15T s accepted
as aminimal standard.

3Trecommended

Thin slicesresultin an increase of
spatial resolution but may result in
lower signal-to-noise ratio.

105

Indispensable pulse sequence o

detect ARIA-E; note that conventional
SWiversus2D T2* GRE T2Wiis often insufficient.

T2FLAIR

MRIPROTOCOL

TE 220 ms for T2* GRE Diffusion-weighted imaging s crucial
forthe differential diagnosis with
acute ischemicstroke.
LongerTE for T2* gradient echo

imaging results in higher sensitiity to
microbleeds; use 2 30 ms at 1.5T.

SYNTHESIS & TAKEAWAY.

Don't leave just yet.
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THEKEY
TO SELECTION
Amyloid PET playsa
keyrole in determining
eligibiliyfor treatment with
amyloid-targeting monocional
antibodies by demonstrating
the presence of amyloid
burden

helpp

aterof
hacline rat

CHECKLIST FOR THE RADIOLOGIST

ne
Hppocampis

DONANEMAB
/AND LECANEMAB Rate. "
f e — WATCH FORARIA
conmersalzsd Cay Close imaging follow-up is
- ‘warranted to search for ARIA, a
MRL-defined complcaton of
‘monoclonal antibodies, resulting
from flid and lood products
Basele stuctural Ml s a leaka tough carobral
decisive technique that can [Romnes sok
rule out risk factors and define
ineliiity of patets with
high-grade WMH, lacunar
infarcts,sroke o
microbeeds
ramans
prvsin
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Determinewhich
patientare candidates
foramyloid-targeting

THREE ROLES FOR RADIOLOGISTS - imaging in the era of

PATIENT
SELECTION

yloid-targeting therapy

1

MONITORING
FOR ARIA

2

THERAPEUTIC
RESPONSE

Follow the treated patients
with MRI to screen for
amyloid-related imaging

ffocts of those abnormalities (ARIA).
therapiesatimaging using
validatedbiomarkers.
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REFERENCES & MORE

The papers behind the slides. And more.
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THE READING LISTYOU ACTUALLY WANT

https://bit.ly/ 4AmDQZvk

THANKYOU!
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) WISCONSIN

Dementias
Laura B. Eisenmenger, MD
Ieisenmenger@uwhealth.org

University o
Department

Neuroimaging in Alzheimer’s
Disease and Related

Madison, School of Public Health and Medicin

Thankyou to Drs. Asthana, Johnson, Carlsson, Bendlin, Rowley...
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