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Objectives

 To discuss Imaging biomarkers in autosomal recessive ataxias:

Challenges
Current scenario (available data)

Unmet needs and future directions



Ataxias

Acquired Hereditary

18/100.000
Autosomal || Autosomal || X-linked || Mitochondrial
dominant recessive 1/100.000 1-2/100.000
3/100.000 3/100.000

Salman MS. Cerebellum 2018:17:4-11.




Ataxias

Excluding Friedreich’s
ataxia, all other
subtypes of AR ataxia
are rare or ultra-rare

Acquired Hereditar

18/?00.000 y (<1/50,000)
Autosomal || Autosomal | X-linked || Mitochondrial
dominant || recessive || 1/100.000 1-2/100.000
3/100.000 3/100.000

11% of all ataxias

Salman MS. Cerebellum 2018:17:4-11.
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AR ataxias: Genotypic heterogeneity

PMCA

all recessivedisorders with ataxia
(occasional, frequent or predominant)

recessive disorders with ataxia
as a predominant or frequent feature

1990 1995 2000 2005 2010 2015

year of publication

(Wlth an ataxia Syndrome) Synofzik M, et al. Neuron 2019



Pure cerebellar
ataxia

Cerebellar syndrome
with intellectual
disability, developmental
delay, or dementia

Cerebellar syndrome
with motor neuron
involvement

ANO10,
SLC9A1

SPG7, cAPN1, CYP7B1,
DARS2, GBA2, GDAP2,
GJC2, KIF1C, MTPAP,
POLR3A, PNPLA6, STUB1,
UCHL1, VPS13D

AR ataxias:
Phenotypic
heterogeneity

ATCAY, CA8, CWF19L1, GRID2,
GRM1, ITPR1, POLR3B, RNF216,
SPTBN2, SNX14, VLDLR, WDR81

COQ8A, CYP27A1,

SIL1, bNAIC19, GRN,
KCNJ10, PMPCA

Cerebellar syndrome
with polyneuropathy

Metabolic or mitochondrial
syndrome

ABHD12,
COA7, GOSR2,
PEX10, SCYL1

FXN, POLG, TTPA,
AFG3L2, COX20, L2HGDH,
TDP2

APTX, SETX,
PNKP, XRCC1

ATM,
MRE11A

Cerebellar syndrome with
extra-pyramidal involvement
and oculomotor apraxia

Beaudin M, et al. Cerebellum 1113 (2019) 18:1098-1125
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AR ataxias: / / \

Radiological (7\ ;
heterogeneity e 7 \#/**

Friedreich’s ataxia, AVED

Ataxia-telangiectasia /

Congenital ataxias (PCH) \

Mascalchi & Vella. International Ver Neurobiol 2018;143:109-162




AR ataxias: Candidate imaging biomarkers

Volumetry

(Cerebellum / brainstem)
DTI

(Cerebellum / brainstem)

1H-MRS
(Cerebellum)

Morphometry
(Spinal cord)




AR ataxias: Candidate

Imaging biomarkers i
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Oz G, et al. Curr Opin Neurol 2020, 33:451-461



Quantitative Neuroimaging in AR ataxias

Cross-sectional Longitudinal

Ataxia | Volumetry DTI 1H-MRS Morphometry | Any technique
(gene) | (Cerebellum | (Cerebellum | (Cerebellum (Spine)
/brainstem) | /brainstem) | /brainstem)

FRDA
ATM
SPG7
RFC1
COQ8A
SYNE1
TTPA
SACS




Imaging biomarkers in FRDA: Dentate nuclel
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Imaging biomarkers in FRDA: Spinal cord
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Imaging biomarkers in FRDA: Spinal cord

Modality CTRL mean (sd) FRDA mean (sd) Cohen’s d Difference (%)  RawP  Corrected P

CSA (mm?) (C2-C3) Morphometry 632 (4.2) 437 (5.5) -39 -31% 2x 1077 8x 107" e
Eccentricity (C2-C3) Morphometry 0.75 (0.05) 0.83 (0.04) 1.7 10% 5x 1077 5x 1077
CSA WM (mm?) (€C2-C3) Morphometry 50.6 (3.8) 332 (5.1) —-4.2 —34% 4% 1077 1016 e
CSA GM (mm?) (C2-C3) Morphometry 12.4 (0.5) 10.6 (0.7) -3.0 —15% 2x 107" 4% 10713 e
FA (C3-Cé) Diffusion 0.53 (0.06) 0.40 (0.05) 25 —24% 3x107'° 1077 e
MD (C3-Cé) (10> mm?/s)  Diffusion .17 (0.18) 1.58 (0.20) 2.1 35% 7x107° 1078 ek
RD (C3-Cé) (1072 mm?/s)  Diffusion 0.79 (0.15) 1.24 (0.21) 2.3 56% 6x 10710 2x 1077 ek
AD (C3-Cé6) (103 mm?%s)  Diffusion 1.93 (0.28) 2.26 (0.19) .4 17% 4x107° 4 107>
tNAA/mIins (C4-C5) Spectroscopy .16 (0.23) 0.56 (0.12) -34 —-52% 4% 107" 2x 10713 e
tNAA (C4-C5) (mM) Spectroscopy 8.6 (1.6) 5.5 (1.0) —24 —36% 107" 6x 1077
mlins (C4-C5) (mM) Spectroscopy 7.6 (1.4) 10.4 (1.8) 1.7 37% 8x 1077 2x107% e
tCr (C4-C5) (mM) Spectroscopy 4.9 (1.0) 5.1 (1.4) 0.2 5% 0.49 0.98 ns

tCho (C4-C5) (mM) Spectroscopy 2.4 (0.5) 2.3 (0.6) —0.2 —5% 0.53 0.98 ns

Joers J, et al. Brain Comm 2022



Imaging biomarkers in Ataxia-telangiectasia

Cerebellar volumetry

A-T group Healthy controls Independent samples T-Test (two tailed)

Mean S.D. Mean S.D. s P
Fractional total cerebellar volume 5.3% 0.9% 8.7% 0.5% —15.80 2.8 x 1071°
Fractional cerebellar hemisphere grey matter volume 3.5% 0.6% 6.0% 0.4% -15.71 3.4 x 1071°
Fractional cerebellar hemisphere white matter volume 1.5% 0.3% 2.1% 0.3% -7.07 1.2 x 1078
Fractional vermis lobule I-V volume 0.15% 0.03% 0.28% 0.03% —-13.73 4.0 x 1077
Fractional vermis lobule VI-VII volume 0.06% 0.01% 0.11% 0.02% —-9.06 2.0 x 107"
Fractional vermis lobule VII-X volume 0.10% 0.03% 0.18% 0.02% —11.43 1.8 x 107
Fractional 4th ventricular volume 0.19% 0.04% 0.13% 0.04% 5.23 5 x 107°

Cerebellar Spectroscopy

A-T group Healthy controls Mann-Whitney U
Median  Range Median  Range P
tNAA/tCr 0.99 0.91-1.39 1.11 1.02-1.17 0.002
tCho/tCr 0.30 0.19-0.34 0.27 0.24-0.29 0.007
Ins/tCr 0.65 0.55-0.83 0.62 0.56-0.68 0.118
Glx/tCr 0.48 0.43-0.66  0.54 0.49-0.65 0.037
GSH/tCr 0.11 0.07-0.17 0.12 0.11-0.13 0.118 Dineen RA, et al. Neurolmage:
tNAA/tCho 3.22 2.83-7.35 4.23 3.71-4.58

0.002 Clinical 25 (2020) 102110




Imaging biomarkers in
RFC1-ataxia: Brain
volumetry / diffusivity
analyses

Effect Size

S5

Matos PCAAP, et al. Mov Disord 2021:;11: 2634-2641

0 >1.2
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Imaging
biomarkers in AR
ataxia:
Current scenario

Oz G, et al. Curr Opin Neurol 2020, 33:451-461

Analytical
Validation

Clinical
Validation

v" |dentification of MRI/MRS
metric-of-interest

v Demonstration of cohort
differences

v Typically single-site

v Reproducibility

v Sensitivity at different
disease stages (cross-sectional)
v Sensitivity to progression
(longitudinal)

v Retrospective analyses

v Single- or- multi-site

v Prospective with large
cohorts

v Establish overall utility
for therapy development

v Multi-site harmonization

FRDA

Morphometry (single and multi-site)

Other recessive ataxias
Morphometry




Imaging biomarkers in AR ataxias: unmet needs

* For most AR ataxias: no candidate imaging biomarker
Cross-sectional studies
* For some AR ataxias (FRDA, RFC1). good candidate
biomarkers, but still waliting for validation
Longitudinal multicentric studies
* Harmonization of protocols and analysis pipelines (across

centers and MRI vendors)

Oz G, et al. Curr Opin Neurol 2020, 33:451-461



Imaging biomarkers in AR ataxias: Future
directions

Ongoing collaborative studies

TRACK-FA (FRDA) Germany, USA, Canada, Brazil,
Australia

PROSPAX (SPG7/ARSACS) Multiple EU sites

RFC1 NHS (RFC1l-ataxia) Multiple EU sites

Objectives
ldentify and validate imaging markers across disease stages
Harmonize MRI / MRS protocols across multiple sites



Imaging biomarkers in AR ataxias: Future
directions

S B Te e s

Novel imaging A B
biomarkers:
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Khan W, et al. Mov Disord 2022 [ahead of print] 01 02 04 06 08 1.0



Imaging biomarkers in AR ataxias: Future
directions

Novel imaging biomarkers: ‘.‘

DRG volumetry in FRDA using a
high resolution T2 scan

Spine  Control Group FA Group p-value
Level (mm?3) (mm3)
(n=11) (n=13)
L1 75.65 + 35.74 60.63 + 22.87 0.225
L2 134.48 £ 43.19 117.59 + 40.83 0.336
L3 201.15 + 51.41 157.77 + 44.83 0.037
L4 216.52 + 41.16 174.26 + 53.41 0.047
L5 304.69 £ 72.16 227.38 + 53.29 0.006

Tacla R, et al. Presented at ICAR meeting 2022




Take-home messages

* Imaging studies in AR ataxias are challenging:

Rarity of specific subtypes

Genotypic, phenotypic and radiological heterogeneity
» Current scenario/unmet needs:

FRDA (longitudinal / multicenter studies)

RFC1, ATM, SPG7, COQS8A and SYNE1 (Cross-sectional/ single
center studies)
* Future directions: Collaborative studies

Novel imaging candidates (disease-specific)
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