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MND-PLUS vs controls 

MND-MOTOR vs controls 

MND-PLUS vs MND-MOTOR 

Agosta et al., Hum Brain Mapp 2016 
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4 Independent predictors of survival: 
ALSFRS deterioration rate  

(p=0.01, HR=2.2, 95% CI=1.2-3.9)  
CST FA  

(p=0.06, HR=0.94, 95% CI=0.89-1.00)  

Agosta et al., Eur J Neurosci 2010 
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Kassubek et al., Brain 2014 

ALSFRS-R Disease duration 
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Diagnostic accuracy 

ALS vs ALS mimic dorders 
DT MRI values 

Combined MRI metrics 

Accuracy=0.87  

Accuracy=0.87  

ALS 
MIMIC 

PUMN vs ALS mimic disorders 

Combined MRI metrics 

DT MRI values 

Accuracy=0.95  

Accuracy=0.94  

PUMN 
MIMIC 

Ag
os

ta
 e

t a
l.,

 A
AN

 2
01

7 



MRI biomarkers in ALS 



Ag
os

ta
 e

t a
l.,

 N
eu

ro
bi

ol
 A

gi
ng

 U
nd

er
 re

vi
ew

 

C9orf72 vs sporadic ALS 

* 

* 

* 

* 

MRI biomarkers in ALS 



MRI biomarkers in ALS 



MRI biomarkers in ALS 
Spinal cord 

35

40

45

50

55

5 10 15 20 25 30 35 40

Valsasina et al., JNNP 2007 

Co
rd

 FA
 

ALSFRS 

r = 0.74 
p < 0.001 

Controls 
ALS 

0

20

40

60

80

100

0 0.6 1.2 1.8

Cord MD [/1000 mm2 s-1] Cord FA 

0 

5 

10 

15 

20 

25 

30 

0 0.2 0.4 0.6 0.8 1.0 

Carew et al., Neurology 2012 



MRI biomarkers in ALS 



MRI biomarkers in ALS 
Ge

re
vi

ni
 e

t a
l.,

 R
ad

io
lo

gy
 2

01
6 

STIR 3D T2 VISTA 

T2 STIR 

T1 

Nerve root increased signal 

Supraspinatus muscle edema 

Adipose tissue deposition between 
trapezius and supraspinatus muscle  

Nerve root T2 signal vs 
disease progression:  

r = 0.40 
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Longitudinal WM damage vs GM atrophy in ALS 
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Longitudinal WM damage vs GM atrophy in ALS 

de Albuquerque et al., NeuroImage: Clinical 2017 

No longitudinal GM changes 
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Longitudinal WM damage vs GM atrophy in ALS 
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Spinal cord MRI 
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Simons et al J Neurol 2017 

Peroneal and tibial nerve DTI 
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Dopper et al., Neurology 2014 

39 presymptomatic carriers  
(28 PGRN, 11 MAPT) 

WM damage 

Foreseeing before disease onset  

Lee et al., NeuroImage: Clinical 2017 

15 presymptomatic carriers (C9orf72) 

WM damage 

Estimated years from expected symptoms onset 

Di
ffe

re
nc

es
 in

 m
ut

at
io

n 
ca

rr
ie

rs
 v

s n
on

 ca
rr

ie
rs

 

PGRN 
MAPT 

C9orf72 

Rohrer et al., Lancet Neurol 2015 

GM atrophy 



Foreseeing before disease onset  



Foreseeing before disease onset  
Altered functional connectivity 

Lee et al., NeuroImage: Clinical 2017 

15 presymptomatic carriers (C9orf72) 

Menke et al., JNNP 2016 

12 presymptomatic carriers (SOD1, C9orf72) 
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Neuron-to-neuron transmission  
along network connections and across synapses  

is the most likely mechanism for the nonrandom pattern of pathological spread in 
neurodegenerative diseases 
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The human connectome 

Shortest path lenght 

Highest degree 

Connector hub 

Highest clustering coefficient (its 
neighbors are all neighbors of each other) 

The Human Connectome: An innovative paradigm 
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Agosta et al., Neurology 2013   
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Verstraete et al., Hum Brain Mapp 2013 

Affected subnetwork  
after 6 months 
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Patterson et al.  
Nat Rev Neurosci 2007  
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The Human Connectome in FTD & ALS 
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• Novel, reliable markers for 
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• Investigations into other 
proteinopathies (Alzheimer’s 
and Parkinson’s Diseases) 
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Alzheimer disease: Tau Parkinson disease: α-synuclein 

Amyotrophic lateral sclerosis: TDP-43 

The network-based degeneration hypothesis 
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