Nuclear Neurology

Tau and amyloid imaging in Alzheimer’s disease
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Aducanumab trial

Baseline One year

Placebo
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TARGETING AMYLOID

Antibody aducanumab reduces Alzheimer’s
disease-associated amyloid in human brain pasEsass 50

= HATURE COMBATURE
ISepwmberdle M0

CHEATING SPHERESOF  wiswmmis

HAPPENS INFLUENCE 3”
Genomic mchnology Dian’t ignore the fraud factor Howlohn Dalton’ s wooden
Tackies big dan inireproducibiioy modelsdefimad the amm
PAGLZ L HYL ] MGER ,




Florbetaben (NeuraCeq)
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Clin Transl Imaging (2015) 3:13-26

2014/3 FDA approved. The other 2 PET drugs approved by FDbAletapir
(Amyvid, Eli Lilly and Company) and flutemetamol (Vizamyl, Gtealthcare) in
FDAIn 2012 and 2013, respectively.




SNM 2016 Image of the Year
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Type of Demertia

History

Signs and Symptoms

of Dementia

Pathology/Toa ging

%

%

Poor excoutive function

Alzheimer's Discase Gradual, propressive o Memory loss, especially for & Generalized atmophy {esp.
(30—280% of all dementia | onset namcs and recent cvents medial temporal)
cascs) & Language dehcits # Beta amwloid plaques
& Rapid forgetting » Neurofibrillary tangles
* Impaired visuospatial skills
& Normal pait and neuro cxam
cardy
& Later affective disturbanoes;
behavioral symptoms such as
APOIEssion
Vascular Abrupt or gradual & Focal neurological signs & Smokes
(20-30%) onsct Signs of vascular discase & Lacunar infarcts
& Whitc matter lesions
& Vulnerable to
cerebrovascular evenis
Lewy Body Insidious onset, & Fluchiating cogmibion o Generalized atrophy
(10-25%) progressive with # Visual hallucinations & Lewy bodies in cortex and
flucuations # Neuroleptic sensitivity midbrain
® Shuffling gai
& Increased tone
s Tremors
+ Fali=
Frontotemporal Insidious onset, # Dizinhibition # Frontal and temporal
(10-15%) tvpically in 50s5-60s; * Socially inappropriate atrophy
rapid progression behavior # Pick cells and pick bodics i
e Poor judgment COrtex
& Apathy, decreased motivation

15%

B Alzheimer’s disease
u Lewy bedy dementic
Mixed dementia

Vascular dementia
Others



FDG-PET in 3 Major Dementias
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SNM 2004 Image of the Year
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FDG-PET: Differential diagnosis of neurodegeneration
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« Specific disease patterns in the individual subjects, reflect symptomatic
deficits and correlate with the degree of cognitive decline
« But: some overlap, sometimes equivocal patterns

Drzezga A el al. J Neurol. 2002, Diehi et al Neurcbiol Aging 2004 Gnmmer et al Dement Genalr Cogn Disord. 2004
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Atypical variants of Alzheimer’s disease

Glucose metabolism [18F]FDG PET

Posterior cortical Logopenic Frontal variant AD
atrophy aphasia
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PPA (primary progressive aphasie

. Non-fluent variant PPA
D Semantic variant PPA
- Logopenic variant PPA




PET vs. SPECT

[8F]FDG PET [{8F]FDG PET
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PET and SPECT had similar abilities for delineating reductions in
perfusion and metabolism in the temporoparietal cortex (left) and

frontal cortex (right). J Nucl Med 1994;35:210-216




Apraxia, agnosia, acalcuria,
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Disturbance in episodic memory

(hippocampus, entorhinal cortex)

MRI




Circuit for Cognition and Memory

Circuit for Cognition and Execution
¢ Frontal — Striatum — Pallidum — Thalamus

Circuit for Memory

¢ Hippocampus — Mammillary body — ant
Thalamus — Cingulate (Papez)

¢ Amygdala — dm Thalamus — Prefrontal —
ant Tempoal (Yakovlev)
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Very early AD: PET vs.
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J Nucl Med 2007;
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Clinical Severity of AD and SPECT
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Early AD
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Dementia with Lewy Body
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Frontal variant Alzheimer’s disease
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Posterior Cortical Atrophy

Poztenor L-medial
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Logopenic PPA
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Non-fluent PPA
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Semantic PPA
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Brain FDG PET Patterns of Hypometabolism in Neurodegenerative Disorders

Disorder

Alzheimer

Brain Region Disease

FTD

Corticobasal
Degeneration

Bilateral posterior !
parietotemporal

Posterior cingulate

Preserved

Mild | (more
with advanced
disesase)

Relatively
preserved

Preserved

Anterior cingulate
Frontal lobe

Anterior temporal
lobe

Basal ganglia

Primary sensorimotor Preserved
cortex

Variable

L (more with
advanced
disesase)

Variable

L (caudate)

Preserved

Preserved

Preserved

Preserved

Preserved

Preserved

Primary and associa- Preserved

tive visual cortex

L in medial oc-
cipital cortex
(primary
visual)

! in lateral oc-
cipital cortex
(visual asso-
ciation)

Initially pre-
served,
later |
Initially pre-
served,
later |

l
it

Variable to pre-
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Variable to pre-
served

Preserved

Preserved to
asymmetric
reduction

Asymmetric |
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Asymmetric

Preserved

Asymmetric |
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Note.—J = hypometabolism.




MOU (memorandum of understanding
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Dopamine receptors

mid-sagittal section

coronal section

caudate nucleus white limbic system
corpus matter  cerebral cortex

striatum | putamen

globus pallidus thalamus

hypothalamus

ventricles ventricles

D1-D5 pituitary gland
cerebral cortex
limbic system

midbrain

D3 + D5
hypothalamus

cerebellum
D1+ D2

corpus striatum
substantia nigra




Dopamine Transporter (DAT)

- < ? 3 Amino Acid Transporte
Nigrostriatal Pathway . ]
Substantia Nigra te Striatum

e - Presynaptic radioligands PET
. Motor Control : T j "' DOPA gecarboxylase Fldopa
. Death of neurons in this w ) g 4 C

(Measures dopamine synthes
pathway can result in ; L ’ y I i
Parkinson’s Disease
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Mesolimbic and mesocortical Pathways - Maternal Behavoiur (nurturing) @ VMAT-2
ventral Tegmental Area to Nucleus - Pregnancy W (Marker for do
Accumbens, Amygdala & Hippocampus, - Sensory Processes D,-receptor terminals)
and Prefrontal Cortex

s Postsynaptic radioligands

. Memory D, raceptor

. Motivation & emotional response

. Reward and desire

. Addiction

. Can cause hallucinations and
schizophrenia if not functiioning
property




Image of the Year

[Tc-99m] TRODAT-1 in Human Brain

120-140 min post I.V.

My 24, 1996

Uni?niaiﬁﬁjﬁﬁ Pannsylvania
Asan Medical Center

This year, | have
selected the image
of the dopamine
transporter,
accomplished with
a ®mic-labeled
tracer to be the
“Image of the Year.’
The dopaminergic
system continues
to be one of the
most active areas

- of research in

nuclear medicine.
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a-synucleinopathies

Parkinson’s
disease (PD)

Dementia with Lewy

Multisystem atrophy Bodies (DLB)
odies

(MSA)
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Parkinsonism
= symptom:
Progressive . — Rigidity + Bradykinesia

supranuclear Palsy
MNon-degenerative:

( PSP) / -Ischaemia (stroke)
/a \ -Medication
Corticobasal \
degeneration (CBD) ne |r —l_:--“_” r
tauopathies




DAT- SPECT In movement
disorders

reduced

PSP, MSA-P
DIP, PsyP

genetic parkinsonism
Healthy Unilateral PD Bilateral PD

subject (Left putamen)
(left and right putamen)




Dopamine Transporter (DAT)

Healthy M5A-Cerebellar N5A-Parkinsonian

(A) Healthy volunteer (B) H-Y stage | with left side tremor and bradykinesia (C) H-Y stage Ill with
bilateral bradykinesia, dominant in the left side (D) H-Y stage V with severe bilateral akinesia
Reference:
1. LuCSetal.JNucl Med 2004;45(1):49-55
2. Weng YH et al. J Nucl Med 2004;45(3): 393-401




Quantitative images
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Without striatonigral degenerationgy
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Visual assessment individual FDG-PET scan

PD *@@Q & High FDG uptake
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Parkinsonian syndromes

Asymmetric Symmetrical Symmetrical  Asymmetric
reduction reduction reduction reduction
putamen>caudate caudate=putamen caudate=putamen caudate=putamen

Normal/raised in ~ Reduced in Reduced in Asymmetric
Striatum and Bilateral striatumand  reductionin
cerebellum striatum and cerebellum striatum,
midline frontal thalamus, frontal
cortices and parietal
cortices
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~Atrophy in mid brain
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Paracentral white matter atrophy
In Some cases with midbrain atrophy

P 9 9 o9

Without striatonigral degenerationgV

 _

MSA

crossed
cerebellar

diascisis

Paracentral hypoperfusion
frontal to parietal




roric: Brain Dopamine and AART R R RS
Attention Deficit Hyperactive Disorder

Baseline visit Follow up visit

' \ r \ ADHD subjects
High

After 12 months oral MP

Low
' \ r \ Control subjects

Repeat 12 months (no medication)

.
2015494 118 16:00 pigged A=
' Gene-Jack Wang, M.D.
% ‘B'%. F;Et [} ﬁ K @.%ﬁ '.—i Adjunct Professor of Radiologyii%U, Stony Brook, NY

Clinical director, Laboratory of Neuroimaging (LNI),
National Institute on Alcohol Abuse and Alcoholism (NIAAA)




Cardiac autonomic innervation

Vagal nucleus

Pre-synaptic vesicles

Medulia
oblongats

Vagus (N X)

Spinal cord

(cervical ganglia and
superior thoracic
ganglia [T-T.])
Sympathetic
postganglionic fiber

Cardiac nérve

Adrenoceptors

Martini, et al. Human Anatomy. 2012 Pearson Education, Inc. Fig. 21.13 Cover image of Journal of Electron Microscopy 2011;60;51




parkinsonism

MSA, PSP, CBD, or
the other

MNot like PD or DLB

\ Not degenerative

PD, DLB or MSA




Parkinsonian’ssyndrome
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Contents lists available at SciVerse ScienceDirect

Sleep Medicine

journal homepage: www.elsevier.com/locate/sleep m

Original Article

Delayed emergence of a parkinsonian disorder or dementia in 81% of older men
initially diagnosed with idiopathic rapid eye movement sleep behavior
disorder: a 16-year update on a previously reported series

Carlos H. Schenck®*, Bradley F. Boeve®, Mark W. Mahowald €

Table 1
Eventual parkinsonian disorders/dementia in a series of middle-aged and older males
initially diagnosed with idiopathic RBD (iRBD).

N =13 Parkinson’'s disease

N =3 Dementia with Lewy bodies

N =1 Dementia (unspecified; profound)

N =2 Multiple system atrophy

N =2 Clinically diagnosed Alzheimer’s disease with autopsy-confirmed
combined Alzheimer's disease plus Lewy body disease pathology

N=21 iRBD “converters”

Mean age (£5D), years, IRBD onset 57.7+7.7
Mean age (+SD), years, parkinsonism/dementia onset 719 +6.6
Mean interval (£SD), years, iRBD onset to parkinsonism/ 14.2 £6.2

dementia onset (range: 5-29 years)

Sleep Med 2013; 14:744-748



Lewy body Disease
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