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Agosta et al., PlosONE 2012
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PLS vs ALS
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CSTFA 0.66 0.72 0.69 0.58
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CC-SMA FA 0.57 090 0.73 0.79

Agosta et al., Hum Brain Mapp 2013
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CST FA decrease in patients without UMN signs
at the time of MRI

Sach et al., Brain 2004
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PLS vs ALS
‘ CST damage vs
f‘u& * *% «4 k progression rate and
survival
ALS PLS MND PLS
C-Index vs HC vsHC vsHC vsALS WS r=-0.42
CST FA 066 072 069 058 || “ " p=0.04
CC-PMCFA 068 0.91 0.79 0.74 s | T
CCSMAFA 057 090 0.73 0.79 g . T
Agosta et al., Hum Brain Mapp 2013 E J
CST FA decrease in patients without UMN signs L
at the time of MRI Disease progression rate

Independent predictors of survival:
ALSFRS deterioration rate
(p=0.01, HR=2.2, 95% CI=1.2-3.9)
CSTFA
(p=0.06, HR=0.94, 95% CI=0.89-1.00)

Sach et al., Brain 2004

Agosta et al., Eur J Neurosci 2010
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Diagnostic accuracy

ALS vs ALS mimic dorders PUMN vs ALS mimic disorders
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Spinal cord
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Peripheral nervous system
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Field  n»* Method Interval ALSFRS-R baseline—follow-up Main results
strength between
SCAns
15T 11 DTIFA and MD in CST ROIs ~6 months 40-35 No significant changes
15T 17 CSAFA/MD in cervical cord, average FA and MD in - 9 months 2721 All metrics in the spinal cord, but not in the CST, changed significantly
CST
iT 14 Spinal cord CSA, FA. L1, RD, MD, and MTR. in 11 months 40-31 Significant CSA and MTR changes
cervical region of lateral CST
iT 16  DTI tractography of CST, VBM using whole-brain FA 6 months 42 - 38 FA decreases m CST and CC
Taps
iT 17 ROT analysis based on DTI wractography of CST, VBEM & months 3529 FA decreases m nght supenor CST, MD stable
of whole-brain FA and MD maps
15T 15 VBM usmg FA and ADC maps fr months 35-33 FA decreases m CST, frontal areas, and cerebelhim
iT 19 TBSSDfFi,MD, L1, RD 6 months 34-30 L1 mereases m postenor hmb of left mtemal capsule
15T 16 TBM analysis of gray matter 9 months 27-21 Progression of atrophy in left premotor cortex and nght putamen and caudate
iT 20 Surface-based CT analysis 310 months  42-37 No significant changes
iT 51 Surface-based CTanalysis 7.8 months  39-33 Mo significant changes
iT 39 Volumetry of subcortical gray matter and ventnicles 55 months  41-36 Shnnkage of nght CA 23, and CA 4/dentate gyrus: enlargement of both lateral
mnm%cs and right third and fourth \-'Ct!tﬁc%
iT 17 VEM of gray matter structure and FA and MD f months 37-32 Widespread gray matter decreases, FA and MD changes i right cerebral
uncles
iT 9 Gray matter CT, regional brain volumes, FA and CSA 1.3 years 40-34 CT and volume decreases of precentral gyn. FA stable, but CST CSA declined
of C5T and CC
iT 27 VBM and TBSS of FA, MD, L1, and RD =6 months 3528 Widespread gray matter volume decreases, mmor L] and
MD mereases in CC, minor L1 increases n left CST
iT 34 VBM and CT, volumetry of subcortical gray matter, & months 40-35 (ST FA decreases. no gray matter changes
average FA, MD, L1, and RD m CST ROI
(intersection of TBSS skeleton and CST mask)
15T 9 'HMRS: MAA, Cre, and Cho m motor and nonmotor 1 months, - MAA/Cre and NAA/(Cre + Cho) decreases in motor cortex after 1 month;
| rﬁ?ms 3 months ahsolute NAA . Cre, and Cho decreases after 3 months
15T 28 'H MRES: NAA, Cre, and Cho m motor and nonmotor  Every 3 - NAA, Cre, and Cho decreases m motor cortex at 3 months but bot beyond
Teglons months for
up o 12
months
15T £ 'HMRS: NAA, Cre, Cho, myoinositol, glutamate, and 3 months, 25-21-18 MNAA decreases m motor cortices between baseline and 6 months (and baseline
ghitamine in motor cortex and white matter, 6 months and 3 months for less-affected hemisphere), NAAACr + Cho) ratio decreases

meluding pyramidal tracts

from baselne to 3 months, and from 3 to 6 months

Menke et al., Neurotherapeutics 2017
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Longitudinal WM damage vs GM atrophy in ALS

Correlates of white and grey matter pathology in ALS
comparison with controls longitudinal changes in ALS
TBSS:
A R L C
A R L
\s <)
a 63
sagittal coronal sagittal coronal
axial

x=22 y=-18 z=1 x=-24 y=-14
VBM
| ﬁ @ & D

x=-36 y=-12

x=-56 y=-10 0.001

Menke et al., Brain 2014
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Longitudinal WM damage vs GM atrophy in ALS
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Measure AROC SE t-stat DF  P-value
ALSFRS-R score (/48) —7.3 0.73 —7.87 100 <0.000?
Diffusion: FA (a. u.) —0.0066 0.002 —265 100 0.009°
cortico-spinal tract MD (mm?/s) 1.7 x 2.8 x 0.59 100 0.55
106 10°6
Ll (mm?/s) —75x 41x —1.82 100 0.07
10°° 10°°
RD (mm?/s) 6.1 x 2.0 x 2.09 100 0.038°
10°° 10°°
Precentral gyrus —0.02 0.03 —0.62 100 0.54
thickness (mm)
Volumetry (mm?>) Amygdala —256 69.4 —0.41 100 0.68
Caudate 182.5 109.5 1.69 100 0.09
Hippocampus 11.0 98.6 0.12 100 0.90
Pallidum 11.0 51.1 0.28 100 0.78
Putamen 120.5 102.2 1.15 100 0.25
Thalamus 142.7 84.0 —1.67 100 0.09

* Significant changes.

No longitudinal GM changes

Cardenas-Blanco et al., Neurolmage: Clinical 2016
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Longitudinal WM damage vs GM atrophy in ALS

Cross sectional comparision with controls Cross sectional correlation with ALSFRSR scale Longitudinal analyses on ALS patients

d) FA g)AD

No longitudinal GM changes

de Albuquerque et al., Neurolmage: Clinical 2017
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Longitudinal WM damage vs GM atrophy in ALS
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Longitudinal WM damage vs GM atrophy in ALS
Baseline: ALS vs HC
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B

PMA vs controls

CST splenium CC =P genu iC
=9 fornix =% body CC thalamus

PMA - 6 month ‘f_z.{‘.:' 8‘{) !?:S *)"’(‘

follow up R L

s 9 (F 4

CST thalamus cingulum
=P hippocampal formations == dorsolateral prefrontal optic radiations

== genu CC = body CC = fornix

Van der Graaff e tal., Brain 2011




Tracking ALS progression




Tracking ALS progression

Spina| cord MRI Baseline Follow-up p Value*

Cord cross-sectional area (mm’®) Mean (SD) 71.1 (6.2) 694 (5.6) 0.003
Range 59.310 834 578 to 78.6

Cord average MD (<102 mm* s~7) Mean (SD) 0.89 (0.06) 0.95 (0.08) 0.01
Range 0.78 to 0.99 0.81 to 1.07

Cord average FA Mean (SD) 0.48 (0.03) 0.45 (0.04) 0.01
Range 042 to 053 0.39 to 0.54

Brain CST average MD { «107% mm* s7') Mean (SD) 0.80 (0.03) 0.79 {0.03) NS
Range 0.74 to 0.87 0.73 to 0.84

Brain CST FA Mean (SD) 0.56 (0.03) 0.56 (0.02) NS
Range 0.50 to 0.60 0.52 to 0.60

*Adjusted for follow-up duration. See the text for further details.
CST, corticospinal tract; FA, fractional anisotropy; MD, mean diffusivity; NS, not significant.

Agosta et al., JINNP 2009
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Peroneal and tibial nerve DTI 0<0.05 p<0.05
0.504 — —
0.48- p<0.01
—
0.464 p<0.01
—
i
0.444 T
0.42- ll
0.40- ‘: T ! T
P )
SFSSE
O i ,56\ %(c‘
Bl Peroneal nerve 1 Tibial nerve
AALSFRS-R AMRCSS-LL ACMAP AMUNE

AFA peroneal —0.11 (0.53) —0.06(0.75) —0.01 (0.94) 0.01 (0.97)

AFA tibial 0.05 (0.77) —0.400.02) —0.13(0.94) 0.13 (0.45)
AAD peroneal 0.22 (0.21) 0.21 (0.22) 0.05 (0.76) 0.20 (0.26)
AAD tibial 0.38 (0.03) —0.23(0.20) 0.02 (0.91) 0.18 (0.32)

Simons et al J Neurol 2017
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Foreseeing before disease onset

Differences in mutation carriers vs non carriers

WM damage

GM atrophy

PGRN
MAPT
C9orf72
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024

oal 5, 15 presymptomatic carriers (C90rf72)
s Lee et al., Neurolmage: Clinical 2017
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47 o
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—— Temporal : ' | | H
-16 T T 1 : r : i T 1
-25 -20 -15 -10 =5 0 5 10
Estimated years from expected symptoms onset 39 presymptomatic carriers

(28 PGRN, 11 MAPT)

Rohrer et al., Lancet Neurol 2015

Dopper et al., Neurology 2014
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Altered functional connectivity

15 presymptomatic carriers (C9orf72)
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12 presymptomatic carriers (SOD1, C90rf72)

Functional connectivity with the sensorimotor RSN
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Menke et al., INNP 2016
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The Network-based Degeneration Hypothesis

Alzheimer disease: Tau Parkinson disease: a-synuclein

Amyotrophic lateral sclerosis: TDP-43 Frontotemporal dementia: TDP-43
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Alzheimer disease: Tau

Parkinson disease: a-synuclein

Amyotrophic lateral sclerosis: TDP-43

Frontotemporal dementia: TDP-43
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Neuron-to-neuron spreading

Normal protein é

1 Misfolding
Pathological
misfolded
protein fibrillar
ultrastructure l

Aggregate Seeded
aggregation

Fragmentation
into further seeds

\

=& | Celltocel
. .
% M -_% spreading

\

Extracellular
space

4

% % Further seeded
t aggregation
Neighbouring &

neuron or glial cell

Brettschneider et al., Nature Reviews 2015
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is the most likely mechanism for the nonrandom pattern of pathological spread in
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FROM A DISEASE BURDEN... ...TO A HIGH
GAIN
 “Young” onset (40-65 * Novel, reliable markers for
years) neurodegeneration prediction

 Treatments in and monitoring
development  (Preclinical) protein-based

« Lack of reliable network degeneration patterns

outcome measures

 Personalized therapies

* High healthcare costs * Investigations into other
proteinopathies (Alzheimer’s

and Parkinson’s Diseases)
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Alzheimer disease: Tau Parkinson disease: a-synuclein




	Tracking ALS progression using neuroimaging
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Slide Number 51
	Slide Number 52
	Slide Number 53
	Slide Number 54
	Slide Number 55
	Slide Number 56
	Slide Number 57
	Slide Number 58
	Slide Number 59
	Slide Number 60
	Slide Number 61
	Slide Number 62
	Slide Number 63
	Slide Number 64
	Slide Number 65
	Slide Number 66
	Slide Number 67
	Slide Number 68
	Slide Number 69
	Slide Number 70
	Slide Number 71
	Slide Number 72
	Slide Number 73
	Slide Number 74
	Slide Number 75
	Slide Number 76
	Slide Number 77
	Slide Number 78
	Slide Number 79

