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*Recommended reading:

* The role of functional dopamine-transporter SPECT
imaging in parkinsonian syndromes, part 1.

Booth TC, Nathan M, Waldman AD, Quigley AM, Schapira
AH, Buscombe J. AJNR Am J Neuroradiol part 1 and 2
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Introduction

* Definition: Clinical syndrome characterized by bradykinesia and
at-least one of the following symptomes: resting tremor,
muscular rigidity, and postural instability

* First described by James Parkinson in 1817

* Progressive neurologic degenerative disease, usually begin
between the age of 45 and 70 years. Peak in sixth decade

* Exact cause not well known. Multifactorial including trauma
(Punch-Drunk syndrome), toxins (MPTP), genetic disorders

* Smoking and coffee drinking may have mild protective effects
* Slight predominance in white males



introduction



introduction



introduction

Tremor:
* Resting tremor
* Pill-rolling tremor

* Alternating activity in the agonist and antagonist muscle
groups on EMG (alternating tremor)

* Around 4/Sec

* One side of the body is always involved by tremor and
rigidity before the other. Tremor always remain
asymmetrical as the disease advance



questions

1. What is diagnostic accuracy of clinical criteria in the
diagnosis of PD

. Potential role of DAT SPECT

Potential role of 28F-FDOPA PET

. Role of MRI

Appropriate imaging as per the ACR-AC for

i W N

* PD with typical features and levodopa responsive
* PD with atypical features and levodopa resistant
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pathophysiology
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pathophysiology

* Parkinsonism is divided into two categories:

1. With nigro-striatal dopaminergic cell loss: PD and APD
(including MSA-P, PSP, CBD (corticobasilar
degeneration) and DLB (Diffuse Lewi body) disease

2. Without nigro-striatal dopaminergic cell loss:
Psychogenic parkinsonism, dystonic tremor, dopa-
responsive dystonia and drug induced parkinsonism

* Parkinson disease (PD) is the most common cause of
Parkinsonism. It is a neurodegenerative process and is
idiopathic



How do we make a diagnosis
of parkinsonism?
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Why do we care to differentiate parkinsonism from other
mimics

Because they differin
1. Molecular pathogenesis

2. Treatment response and
3. Prognosis

This is where imaging plays a role



Dopamine transporter spect (dat
spect)

* DAT SPECT is used to detect nigrostriatal dopaminergic
cell loss

* Helps in distinguishing parkinsonism that results due to
loss of nigrostriatal cells (e.g; PD, MSA-P, PSP, CBD and
DLB disease) from similar clinical mimics without
nigrostriatal cell loss (e.g; psychogenic parkinsonism,
dystonic tremor, dopa-responsive dystonia and drug
induced parkinsonism)

* When clinical symptoms occur there is already loss of at-
least 50% to 80% of the nigro-striatal dopaminergic
neurons

* On average there is 5.5-7.2% loss of dopaminergic neurons
in PD annually. The rate is much higher in APD



Dopamine transporter spect (dat
spect)

* Radiotracers target D2/D3 receptors
* Radiotracers used include:

+123| FP-CIT [fluoroprpyl-carbomethoxy-3[-4-
iodoprophenyltropane

*»123] [odobenzamide
++123] lodobenzofuran



Dopamine transporter spect (dat
spect)

* Current reference standard (or gold standard) for
detection of nigrostriatal cell loss is pathological
evaluation, which is not a practical for evaluation of new
diagnostic tools for early diagnosis

* Many believe DAT SPECT is a most suitable to act as a
reference standard in detection of early nigrostriatal cell
loss in patients with early stage parkinsonism



Dopamine transporter spect (dat
spect)

Axial DAT SPECT (l-123 FP-CIT) images of healthy control (left) and a
patient with PD (right) at the level of striatum. Intense symmetrical
DAT binding in the striatum of healthy control and asymmetrical
DAT binding bilaterally in PD patient

Suwijn et al; EJINMMI Research, 2015






Suwijn et al; EJNMMI Research, 2015



Fluorodopa f-18 PET

* Usefulin det_ecting{ nigrostriatal
dopaminergic cell'loss and hence in
the diagnosis of neurodegenerative
parkinsonism

. L-Dihydroxy{]phenylamine(I-DOPA)
labelled with Flurine-18 transported
into the presynaptic neurons by LAT
(large amino acid transporter)

 L-DOPA converted to flurodopamine
by AADC (aromatic acid
decarboxylase)

* Flurodopmine is stored in to
presynaptic vescicles by VMAT2
(type 2 vescicular monoamine
transporter)

* Therefore F18-FDOPA uptake reflect
the presynaptic vesicular storage
capacity of nigrostriatal neurons

DarcourtJ et al; Q J Nucl Med Mol Imaging, 2014.



Fluorodopa f-18 PET

* Some believe that in the very early disease there is
compensatory upregulation of AADC in the remaining
neurons, which might reduce the sensitivity of this test

* Others believe that even though there is compensatory
upregulation of AADC in early stages, 18F-FDOPA imaging
remains sensitive enough to make the diagnosis

* Studies did not show any significant difference in the
diagnostic accuracy of 18-F FDOPA-PET and DAT SPECT
in the early diagnosis of the disease

* 18F-FDOPA-PET is reliable for evaluation of IPD
progression

* 18F-FDOPA-PET cannot differentiate between IPA and
APD



Fluorodopa f18 PET

In Parkinson patients there is preferential reduction in

uptake in the region of posterior putamen early in the
disease

A: Healthy control

B: PD patient with decreased
FDOPA uptake in the posterior
putamen

DarcourtJ et al; Q J Nucl Med Mol Imaging, 2014.



MRI

* Conventional MRI (TaWI, T2WI and PD)
* Advanced MR imaging:

Susceptibility weighted imaging (SWI)
MR volumetry

Diffusion weighted imaging (DWI)

. Diffusion tensor imaging (DT]I)

MR spectroscopy (MRS)

v WwoN e



Conventional mri

* Routine TaWI, T2WI and proton density imaging
* For most part it is going to be normal in early PD

* Role is to exclude other causes like vascular lesions, MS,
tumor, NPH, striopallidodental calcinosis or NBIA

* Late in the disease process (PD) there may be smudgy
appearance of SNc from lateral to medial

* Sometimes may help identify features pointing to specific
type of APD

* Presence of at-least two abnormalities on conventional
MRI has a reasonable and
to identify patients with APD



Conventional mri



Upper row displays an example of axial WMS and GMS MR acquisition images of the
mesencephalon in a control participant.

Michael Hutchinson, and Ulrich Raff AUNR Am J
Neuroradiol 2000;21:697-701



Conventional mri

MSA-P

* Hypointensity of the dorsal putamen
* Hyperintense putaminal rim

* Pontine atrophy

* "Hot-cross bun” sign

* Cerebellar atrophy

* Hyperintensity in the middle cerebellar peduncle (MCP
sign)






Grading of atrophy in the pontine base

Grade 1 Grade 2 Grade 3

12/47 MSA-C and 2/21 MSA-P patients had clear ‘cross sign’ [grade 3]

Volume 16, Issue 1,
http://onlinelibrary.wiley.com/doi/10.1177/1051228405279988/full#f2



http://onlinelibrary.wiley.com/doi/10.1111/jon.2006.16.issue-1/issuetoc
http://onlinelibrary.wiley.com/doi/10.1177/1051228405279988/full#f2

Conventional mri

PSP

* Midbrain atrophy (penguin silhouette or humming bird
sign), reduced AP diameter of midbrain or decreased
midbrain to pons ratio

* Atrophy of inferior olives

* Superior cerebellar peduncle atrophy and increased T2
signal



SCP atrophy has a sensitivity of 74% and a specificity of 94%
in identifying PSP cases



Scheme fo
sagittal M
magnified
drawn to
the quadri

line so as 1

Midbrain tegmentum area cut off at 70 mm2 the sensitivity
was 100% and specificity 91.3%

Midbrain/pons ratio cut off at 0.15, the diagnostic sensitivity
and specificity were 100%

midbrain (illustrated by boxes in A) was traced around the edges of line 1
and the delta-shaped midbrain tegmentum above it. The area of the
pons (illustrated by boxes in B) was the area inside the line traced along
the anterior and posterior margins of the pons and along lines 1 and 2.

:‘:) WO [ters Klu\.ﬂ;er OV|d |:l © 2005 American Academy of Neurology. Published by American Academy of Neurology.

Health




PD PSP MSA-P

New radiographic sign for the diagnosis of progressive supranuclear palsy (PSP).
Midsagittal MR image of a patient with Parkinson disease (PD) does not show any
apparent abnormality (A), while that of a patient with PSP shows marked atrophy
of midbrain tegmentum (B), and a patient with multiple-system atrophy of the
Parkinson type (MSA-P) shows marked atrophy of pons (C). The midbrain to pons
ratio is always small in the patients with PSP. In patients with PSP, the shapes of
midbrain tegmentum (bird's head) and pons (bird's body) on midsagittal MR
images look like a lateral view of a standing penguin (especially the king penguin)
with a small head and big body. Recognition of this penguin silhouette sign should
strongly raise suspicion for the diagnosis of PSP.

:::)...Wolters Kluwer | OvidSP

Health



CBD
* Not many studies available

* Cortical atrophy predominantly in the frontal and parietal
lobes

* Mild increased T2 signal along the cortex an subcortical
white matter



Susceptibility weighted imaging

* SWI improves the diagnostic accuracy of MRI to identify
patients with APD particularly MSA-P by improving the
sensitivity (50-80%) and specificity (80-90%)



A-D, SWI with a circular region of interest in the left dorsal putamen.

Grl
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F.J.A. Meijer et al. ADINR Am J Neuroradiol 2015;36:454-460



Susceptibility weighted imaging

* Authors claim that they were able to differentiate parkinsonism
(including PD, MSA-P and PSP) from healthy controls in a
blinded study with overall accuracy of 95%

* Two Neurologists analyzed the MRI. No radiologist was involved



Dorsolateral nigral hyperintensity on 3.0T susceptibility-weighted imaging in neurodegenerative
Parkinsonism

Healthy controls

Volume 30, Issue 8,
http://onlinelibrary.wiley.com/doi/10.1002/mds.26171/full#mds26171-fig-0001



http://onlinelibrary.wiley.com/doi/10.1002/mds.v30.8/issuetoc
http://onlinelibrary.wiley.com/doi/10.1002/mds.26171/full#mds26171-fig-0001

Dorsolateral nigral hyperintensity on 3.0T susceptibility-weighted imaging in neurodegenerative
Parkinsonism

Looks like volume averaging??

Volume 30, Issue 8,
http://onlinelibrary.wiley.com/doi/10.1002/mds.26171/full#mds26171-fig-0002



http://onlinelibrary.wiley.com/doi/10.1002/mds.v30.8/issuetoc
http://onlinelibrary.wiley.com/doi/10.1002/mds.26171/full#mds26171-fig-0002

MRI volumetry

* MSA-P: Predominant atrophy involving pons with
degeneration of pontocerebellar fibers

* PSP: Predominant atrophy of midbrain, and superior
cerebge —

* In ad
dem:
front

* CBD: perdominnat frontal and parietal lobe volume loss

* MR parkinsonism index (MRPI): Product of pons to
midbrain area ratio and MCP to SCP width ratio. They
found MRPI was significantly larger in patients with PSP
than in healthy controls. It also help distinguish between
PSP and others (PD and MSA-P)

em,



Diffusion weighted and diffusion
tensor imaging

* Diffusivity in midbrain SN not very helpful in
differentiating PD from healthy controls

* Decreased FA in SN can help distinguish PD from healthy
controls

* Decreased FA values can be seen in frontal lobes in PD
patients

* Increased putaminal diffusivity (ADC value) can help
differentiate MSA-P from PD in early stage of the disease

* Increased putaminal diffusivity failed to differentiate
MSA-P from PSP



Proton MRS

* Decreased NAA/Cr and NAA/Cho ratios in putamen and at
the pontine base on a 3T MRI scanner, can help
differentiate MSA-C/MSA-P from PD and healthy controls



question

»What is diagnostic accuracy of clinical criteria in the diagnosis of PD
~75%
»Potential role of DAT SPECT

Early diagnosis of parkinsonism due to nigro-striatal cell loss and hence
differentiating it from mimics

Potential role of 18F-FDOPA PET

Assess IPD progression

»Role of MRI

To differentiate IPD from APD

?may help differentiate parkinsonism from mimics
» Appropriate imaging as per the ACR-AC for

* PD with typical features and levodopa responsive: MRI head without
contrast 2/7)

* PD with atypical features and levodopa resistant: MRI head without
contrast (8)



Thank you for your attention



Dopaminergic Receptor Studies for Parkinson Syndromes

Yuyang Zhang
NM UW

9/2/2010



Definition:

* A neurological
syndrome characterized
by tremor, hypokinesia,
rigidity and postural
instability


http://upload.wikimedia.org/wikipedia/commons/d/d7/Sir_William_Richard_Gowers_Parkinson_Disease_sketch_1886.jpg
http://upload.wikimedia.org/wikipedia/commons/d/d7/Sir_William_Richard_Gowers_Parkinson_Disease_sketch_1886.jpg

The neurodenegerative condition parkinson’s disease (PD) is the most
common cause of parkinsonism. A'wide-range of other etiologies can lead
to a similar symptoms. Like:

-AIDS

-Corticobasal degeneration

-Diffuse lewy body disease

-Medication, such as antipsychotics, metoclopramide, MPTP
-Encephalitis lethargical

-Multiple system atrophy

-Pantohenate kinase-associated neurodegeneration
-Progressive supranuclear palsy

-T%xicilty, such as CO, carbon disulfide, manganese, paraquat, mercury, hexane, ---totenone
and toluene

-Vascular parkinsonism
-Wilson’s

-Pareneoplastic syndrome
-Genetic



cell death in the substantia nigra result in the greatly reduced activity of
pigmented dopamine-secreting cells in the substantia nigra(black substance).
These neurons project to the striatum and their loss leads to alterations in the
activity of the neural circuits within the basal ganglia that regulate movement.
In essence, GABA/ Substance P of the direct pathways diminish, leading to
less inhibition of the pars reticulata and an inhibition of the indirect path way by
way of GABA.


http://upload.wikimedia.org/wikipedia/commons/9/9e/Basal_ganglia_circuits.svg
http://upload.wikimedia.org/wikipedia/commons/9/9e/Basal_ganglia_circuits.svg
http://upload.wikimedia.org/wikipedia/commons/b/b0/Basal_ganglia_in_Parkinson's_disease.png
http://upload.wikimedia.org/wikipedia/commons/b/b0/Basal_ganglia_in_Parkinson's_disease.png

Dilemma of Diagnosis:

* Typically, the diagnosis is based on medical history and
neurological examination. The physician interviews and
observes the patient in the search of the cardinal motor
symptoms of the disease, while also attending to other
symptoms that would exclude the diagnosis of PD. Response
to levodopa is another sign pointing towards PD. However
there is no definitive test for diagnosis although finding lewy
bodies during autopsy has been traditionally considered the
gold standard for diagnosis.

* CT and MRI brain scans of people with PD usually appear
normal, but useful for diagnosis to rule out other diseases
which can be secondary causes of parkinsonism such as basal
ganglia tumors, vascular pathology and hydrocephalus.



PD vs benign process like essential tremor vs
neurodegenerative diseases

Need to differentiate



Presynaptic radiotracers for PD studies:

1.Dopamine transporter (DAT): Most common ones are TRODAT-1, FP-CIT, beta-CIT for SPECT and beta-CFT, FE-CIT for PET
1(+)underlying degenerative mechanism; (-)r/o degenerative PD

Ino info. On postsynaptic level of the nigro-striatal circuity

**studies with DAT tracers discriminate PD patients from healthy subjects with 100% sensitivity and specificity.

** A DAT named DATscan has been approved by FDA recently.

2.vesicular monoamine transporters(VMAT): DTBZ for PET

3.Dopa-decarboxylase(DDC): F18-dopa to estimate dopamine synthesis




DATscan: 1. for use with SPECT imaging; 2. contains |1-123 labeled ioflupane
Images DaT in the stiatum of the brain

Approved in Europe since 2000 and other 31 countries

Estimated exposure of 216000 patients as of june, 2009









Rationale of D2 receptor binding tracer research

* Presynaptic tracers is a reliable criterion to distinguish PD
from healthy subjects or essential tremor or other forms not
‘characterized bv loss of presynaptic DA cells.

* For therapeutic and prognostic reasons it is necessary to
differentiate between PD and atypical PD due to other
neurodegenerative diseases.Post-mortem shows 20% of
clinical dx PD have atypical syndrome.

* Presynaptic tracer can not differentiate PD and atypical PD
syndrome.

* Patients with PD show a normal or upregulated postsynaptic
D2 receptor, whereas patients with atypical PD show reduced
binding indicating decreased receptor density.




Table 3 Radiotracers of postsynaptic dopaminergic function
Imaging

techniques Radiotracers

PET D1 receptor probes

[*1C]-R-(+)-8-chloro-2,3,4,5-tetrahydro-3-methyl-5-phenyl-1H-3-benzazepine-
7-ol ([*1C]-SCH- 23390)

[*1C]-(+)-8-chloro-5-(7-benzofuranyl)-7-hydroxy-3-methyl-2,3,4,5-tetra-hydro-
IH-3-benzazepine ([*1C]-NNC-112)

D2/3 receptor probes
[*1C]-raclopride
[*8F]-fallypride

[*8F]-desmethoxyfallypride

[*1C]-N-methylspiperone

[*8F)-benperidol
[*1C)-FLB-457

[*1C]-norpropylapomorphine (NPA)
[*1C](+)propyl-9-hydroxynaphthoxazine (PHNO)

[*1C]-epidepride
SPECT D2/3 receptor probes

[*23)1BZM
[*23|]epidepride

Nandhagopal, R. et al. Neurology 2008;70:1478-1488




4.D2 dopamine receptors: on clinical research IBZM for SPECT and
raclopride for PET

postsynaptic, dopaminergic involvement, help with unclear PD(PD vs
atypical parkinsonism)

-a class of metabotropic G protein-coupled receptors that are prominent in
the vertebrate central nervous system (CNS). The neurotransmitter
dopamine is the primary endogenous ligand.

-dopamine receptors are common neurologic drug targets; antipsychotics
are often dopamine receptor antagonists while psychostimulants are
typically indirect agonists of dopamine receptors.

-Activation of D2-like family receptors is coupled to the G protein Gai,
which directly inhibits the formation of cCAMP by inhibiting the enzyme
adenylate cyclase.



D2 receptor


http://physrev.physiology.org/content/vol78/issue1/images/large/jnp.ja09f1.jpeg
http://physrev.physiology.org/content/vol78/issue1/images/large/jnp.ja09f1.jpeg

D2 receptor binding radiotracers

* Raclopride is a synthetic compound that acts as an
antagonist on D2 dopamine receptors. It can be
radiolabelled with the carbon-11 radioisotope and
used in positron emission tomography (PET) scanning
to assess the degree of dopamine binding to the D2
neuroreceptor

* IBZM (abbreviation for iodobenzamide) is a chemical
substance. Pharmaceutically it is a dopamine
antagonist and it can be used by as a radioactive
tracer for SPECT where the radioactive isotope is
iodine-123









syndromes

itegrity nigrostriatal pathway

DAT SPECT

binding to D, receptors

[123]]IBZM SPECT

normal/increased
reduced

reduced

normal




Comparison of SPECT IBZM and PET
Raclopride

*1123-IBZM: widespread clinical use; favorable half
life(13.2 hr); comparably lower sensitivity and
image quality

* C11-Raclopride: higher sensitivity and image

quality; a spatial resolution of 3-5 mm; brief half
ife (20 min) need local cyclotron; a similar
oroduct F18-DMFP with half life of 12120 min may
0e more favorable







What is the next??

* functional imaging can be enormously useful in detecting preclinical disease. Functional
imaging studies will continue to provide substantial insights into the mechanisms that
underlie both motor and neuropsychiatric complications of advanced disease and of therapy.
Studies of natural history and using markers of aberrant cell function may shed light on
disease pathogenesis. Perhaps most excitingly, functional imaging studies conducted in
patients with PD provide an unparalleled opportunity to assess the multiple roles of dopamine
in the brain,. Future advances in molecular imaging, perhaps allowing quantitative in vivo
visualization of gene and protein expression, will result in even richer rewards.

* One of the major challenges facing all investigators interested in neurodegenerative diseases
is the capacity to assess the effects of disease-modifying therapies, including
neuroprotection and cell-based treatments designed to reverse disease. While functional
imaging should be an ideal means by which to do this, existing methods have, for reasons that
are not fully understood, proved highly unsatisfactory. Development and characterization of
novel imaging markers to assess disease progression and the effects of therapeutic
interventions is likely to form a major focus of research in the next decade.

* The benefits of imaging studies must be considered in the context of challenges that are both
potential and already very real. PET is expensive and studies of dopaminergic function are
available at only a minority of centers. Presymptomatic detection of disease, while potentially
very useful in a research setting, is fraught with considerations of how one will use the
resulting information, particularly as there is currently no established therapy to prevent the
emergence or progression of disease




Thank you!






Parkinson’s Disease



Parkinson’s Disease (PD)

* PD is a neurodegenerative disorder

* Characteristic findings: resting tremor, rigidity, slowed
movement, decreased dexterity, small handwriting, flexed
posture, gait disorder, imbalance, dementia.

* Mean age of onset 57 years
* Affects 1-2% of population over age 60

* Highly varied collection of symptoms and pace of
progression



Pathogenesis of PD

* 11 genetic forms identified (LRRK2)
* 10-15% affected have suggestive family history
* Unknown cause for sporadic cases (oxidative stress, Nrf2)



PD is neurodegenerative

* Motor impairments
arise from loss of
dopaminergic neurons
arising from substantia
nigra

* Nerve loss of ~50%
required for symptoms



Treatments

Blood Brain Barrier

Levodopa

Dopaminergic
agents
(ropinirole,
pramipexole)
Inhibitors of
peripheral

metabolism (by
AAAD, COMT)

Inhibitors of CNS
metabolism (by
MAO-B)



Clinical Use of Levodopa

~ W oN P

Diagnostic tool

Almost always combined with carbidopa
Does not always help all symptoms

Can have blunted response over time

(use alternative monotherapy or use as
polytherapy)
Significant side effects (dyskinesias)



Clinical Evidence for Levodopa

* Earlier versus Later Levodopa Therapy in Parkinson
Disease (ELLDOPA NEJM 2004)

* Concern about levodopa hastening neurodegeneration
despite symptomatic control.

* Randomized 361 patients with early PD to placebo or one
of three doses of levodopa (with carbidopa)



ELLDOPA




ELLDOPA Conclusions

1.  Levodopaimproves signs and symptoms in dose-
dependent manner

2. Levodopa does not hasten progression of underlying
disease

3. As part of study, subjects underwent B-CIT SPECT at
baseline and week 40:

slower decline in striatal uptake in placebo group
compared with 3 treatment groups



Results

Change in dopaminergic binding from o to 40 weeks on B-CIT SPECT

imaging:
Levodopa
Placebo
150mg/d 3oomg/d 6oomg/d
Change (%) 1.4 -6.0 -4.0 -7.2

* Does levodopa accelerates the loss of nigrostriatal
dopamine nerve terminals?

* Does levodopa modify binding of B-CIT or down-
requlate DAT?

* Does falling dopamine in placebo group lead to
compensatory increase in DAT (hence increased B-CIT
binding)?



Disparity between clinical outcomes
and radiotracerimaging in PD

* ELLDOPA: levodopa controls symptoms and does not
promote neurodegeneration, but B-CIT imaging shows
less loss in binding with placebo groups.

* Two smaller studies comparing

(1) Whone AL, et al. REAL-PET. Ann Neurol 2003
levodopa vs. ropinirole

(2) Parkinson Study Group. CALM-PD. JAMA 2002
levodopa vs. pramipexole



Surrogate endpoints

* Clinical endpoint (CE) — how a patient feels, functions, or
survives

Unified Parkinson’s Disease Rating Scale (UPDRS)
* Surrogate endpoint (SE) — a biomarker substitute fora CE
cholesterol (death from heart disease)
PSA (survival in prostate cancer)
? Radiotracer imaging in PD



Surrogate endpoint failures

Advantage of SE's: save time and money, shorten clinical trial

Disadvantage of SE’s — one example

- CE= cardivascular mortality in post-MI patients

- SE =Ventricular arrythmias

- Encainide and flecainide approved on basis of reducing SE

- Subsequently shown to increase mortality (CAST Trial. NEJM.
1992).

Multiple trials needed to establish relationship between a SE
and a CE.



Dopaminergic nerve terminal



Targets of radiotracers in PD
Imaging

L-dopa
18F-dopa [

dopamine

e 11C-DTBZ

1 23 |-B-CIT

\ 1231-BZM



Uses of radiotracer imaging in PD

o &~ W N

Exploring the biologic process (upregulation of D2
receptor)

Study diagnosis and prognosis (PD versus ET))
Therapy development and evaluation (early, late)
Primary outcome in clinical trials

Assisting in choosing and monitoring response to
therapy



DAT imaging in PD

Radiotracers:
1231 beta-CIT tropane (B-CIT)

123l FP-CIT ioflupane (DATSCAN)
Approved 1/20/11

99mTc-TRODAT-1 altropane

(TRODAT)

18F FP-CIT

Findings:

1. Markedly reduced DAT density
2. Putamen > caudate

3. Asymmetric

4. Correlates with clinical severity

___ Caudate

Anterior Putamen

—— Postenior Putamen



1231-B-CIT SPECT in PD progression over 3-year period

Dopaminergic decline:
PD: ~10%/year
HC: ~0.1%/year

Marek K et al. Neurology 2001;57:2089-2094



Tc-99m-TRODAT-1 SPECT reflects symptom severity/side

Stage1

Stage 3 Stage g

Weng, YH. Jnucl Med 2004. Marc 45(3).



[-123-B-CIT SPECT in Hemiparkinsonism

PR | @°

Marek KL. Neurology. 1996
Jan;46(1):231-7.

Seibyl J. Institute for
Neurodegenerative
Disorders.

Healthy control Right

L e e =



1231-B-CIT SPECT in may distinguish PD versus
MSA subtypes via symmetry index

HC PD

MSA-SND MSA-5D

Varrone A. Movement Disorders, 16: 1023-1032



FP-CIT SPECT in PD versus AD and DLB

HC
PD

AD
DLB

Walker Z. J Neurol Neurosurg Psychiatry. 2002 Aug;73(2).






Posterior Putamen




[*°F]fluorodopa (F-dopa) PET and
(+)-[**C]dihydrotetrabenazine
(DTBZ) PET

* Generally same findings as
DAT imaging



VMAT2 imaging confirms olfactory deficit

mechanism

* Previously: PD odor dysfunction
correlated with hippocampal
dopamine loss

* Observed: Hyposmia in AD is related
to hippocampal cholinergic loss

* Hypothesis: olfactory dysfunction in
PD related to hippocampal
cholinergic loss.

* PD diagnosis confirmed by VMAT2
PET (12C-DTBZ).

* AchE imaging with 122C-PMP (methyl-
4-piperidinyl propionate) PET

* Dynamic imaging with kinetics
models

Robust correlation
between hippocampal
cholinergic activity and
odor identification scores
in non-demented PD
patients.

Bohnen NI. Brain. 2010 Jun;133(Pt 6):1747-54




[*°F]fluorodeoxyglucose (FDG) PET

Disease-related pattern in PD:

nypermetabolism: pallidothalamic,
pontocerebellar

nypometabolism: lateral premotor
cortex, supplementary motor area,
parietooccipital association region




PD

MSA
PSP



FDG-PET and PD vs MSA and
PSP

* Disease-related pattern of
-DG uptake in idiopathic
°D, MSA, and PSP

* Developed automated
classification procedure

* Diagnosed 3 diseases with
SN 84-88%, 5P 94-97%%,
PPV 91-98%, NPV 82-92%

Tang C. Lancet Neurol. 2010 Feb;9(2



Can radiotracer imaging serve as surrogate endpoint
in PD?

* ELLDOPA: levodopa controls symptoms and does not
promote neurodegeneration, but B-CIT imaging shows
less loss in binding with placebo groups.

* Two smaller studies comparing

(1) Whone AL, et al. REAL-PET. Ann Neurol 2003
levodopa vs. ropinirole

(2) Parkinson Study Group. CALM-PD. JAMA 2002
levodopa vs. pramipexole



CALM-PD




REAL-PET
(Levodopa vs Ropinirole)

CALM-PD
(Levodopa vs Pramipexole)

Nuclear imaging

18F-DOPA PET (all)

1231-B-CIT SPECT (subset)

Group with better UPDRS Levodopa Levodopa
scores
Group with fewer motor Ropinirole Pramipexole

complications

Nuclear Imaging findings

1/3 less decline in uptake in Ropinirole
group (at 24 months)

1/3 less decline in uptake in Pramipexole
group (at 48 months, but not at 24 months)







Summary

* Each of these neuroimaging techniques (except FDG-PET)
measures one or more functions of dopaminergic neurons.

* They do not directly assess the # of dopaminergic
neurons.

* Helpful in diagnosis, studying biology of disease, drug
development.
* There are non-dopaminergic processes in PD (such as

olfactory dysfunction) which will not be captured by
dopamine-related tracers.
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