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Learning Objectives

By the end of this talk you will be able to:

* Define the utility of MRI/MRS in ataxia research (What
aspects of pathology can be non-invasively monitored?)

* Outline the most commonly used MR modalities to
study ataxias




Do you use quantitative neuroimaging in your research?

. Morphometric, e.g. volumetric, MRI
. Diffusion MRI

MR Spectroscopy

. Perfusion MRI

Functional MRI

Susceptibility weighted MRI
PET/SPECT

. Other

i. | do not use neuroimaging
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Commonly used quantitative imaging
modalities in ataxia research

a More
()
| .
=
=]
o
=
=
w i
Less
d
Worse
-
°
(7]
S
=
(] ‘
'u",. P’ Y - . ]
ST it GO » Better
A o
o
(] is
g tCr| INAA B
j= tNAA  FRDA thT NAA - scas3 m MSA-C
o
(7))
4 3 2 1 ppm 4 3 2 1 ppm 4 3 2 1 ppm

ATAXIAGH2E

Oz et al, Curr Opin Neurol 2020

worldwide platform for clinical research



Brain Stem Mesencephalon
200 &“ 0.40 125
Beee
192 i 039 . 120 |
0'"“\-.3--0
184 0.38 - 115
+@ Controls SCA1 s - Br— 0.37 110
0 i =r
@ Controls SCA3 = 0.36 1.05
& Controls SCA6 &£ g0 - oy i
E 0.34 095
152
&-SCA1 % . 0.33 0.90
.- = - 0.32 085
"E'SCA?’ 1.36 = 0.31 080 + T k.
-=5-SCA6 128 0.30 075 2
1.20 T 029 T : 070 T
Baseline Follow-up Baseline Follow-up Baseline Follow-up
Cerebellum Putamen Caudate
950 1.05 084
900 {——@esrsiiii R 100 | e, 081
_ 850 @
c>) . 0.95 078
= 7'50 — 0.90 075
o 7
) 085 072 -
o 700 —Q\T
.8 069
_g 6.50 s
- 075 | 066 5
550 - 070 0863
*

GL®BAL 500 : . 085 . . 080 :
|N|‘|‘| AT|VE Baseline Follow-up Baseline Follow-up Baseline Follow-up
worldwide platform for clinical research in ataxias Reetz et G/, Brain 2013




MRI more sensitive to change than clinical decline

Effect size = mean annual % change / SD of annual % change

Table 4 Standardized response means of clinical change for SCA1, SCA3 and SCA6

Clinical score SCA1 SCA3 SCA6 All
genotypes
SARA 1.2 1.4 0.2 0.9
INAS 0.4 0.2 —0.1 0.3
SCAFI 0.2 —0.5 —-0.7 0.1
UHDRS-IV —0.1 —0.6 —-1.6 -0.2
Table 5 Standardized response means of volume loss rate for SCA1, SCA3 and SCA6
Region SCA1 SCA3 SCA6 All
genotypes
Brainstem —1.6 =1 —-0.2 =12
Mesencephalon —0.9 —-0.7 -0.8 -0.8
Pons —-1.5 -0.9 0.4 -0.8
Medulla 0.2 0.4 04 0.3
Cerebellum -0.7 -0.5 -0.2 —0.6
Vermis -0.1 —0.2 —0.1 =07
Putamen -1.3 =15 —2.7 —1.2
Caudate —1.2 —1.6 —33 —1.3
Cerebrum 0.0 -0.3 -20 -0.2

Reetz et al, Brain 2013



Non-Ataxic
Mutation Carriers

Time from Ataxia
Onset <5 years

Time from Ataxia
Onset 5-10 years

Time from Ataxia
Onset 10-15 years

Time from Ataxia
Onset >15 years

ATAXIAR 234k = ; = Rezendeetal

¢ : ' Ann Neurol 2018

worldwide platform for clinical research in



= _

Microstructural damage

beyond volume loss
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Microstructural abnormalities distinguish
sporadic degenerative ataxias
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Imaging functional changes in cerebellum [
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Neurochemistry by MR Spectroscopy
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NAA
Creatine
Choline
Glutamate
Glutamine
myo-inositol
Lactate
GABA
Glutathione
Vitamin C
Glucose
Taurine

scyllo-inositol



Neurochemical alterations are detectable in individuals
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Which spectra are from participants with FRDA?
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Which spectra are from participants with FRDA?
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Premanifest neurochemical alterations are | §
detectable in individuals
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Need for new outcome measures in SCAs

Outcome measure: Scale for the Assessment and Rating of Ataxia (SARA)
8 items; evaluates gait, stance, sitting, speech, and limb kinetic functions
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Figure 2: Sample size estimates
Required sample size per group in two-group interventional trials of 1-year duration for various effect sizes in

SCA1, SCA2, SCA3, and SCA6. SCA=spinocerebellar ataxia. Jacobi et a/’ Lancet Neurol 2015



Utility of MR Biomarkers in Clinical Trials
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Status of SCA biomarker validation

MR Biomarker Analytical Clinical
Discovery Validation Validation

FRDA

Morphometry (single and multi-site)

Morphometry

Sporadic ataxias (MSA-C, SAOA)
Morphometry (single-site)
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Middle Cerebellar Peduncle Width—A
Novel MRI Biomarker for FXTAS?

Annie L. Shelton 23, Jun Y. Wang "2, Emily Fourie %%, Flora Tassone "*, Anna Chen?,
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Fragile X-associated tremor/ataxia syndrome
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