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Outline of the talk 

1.  GM atrophy in MS: 

•  Natural history 

•  Clinical correlations 

2.  Cortical lesions in MS 

3.  Treatment effects on: 

•  GM atrophy 

•  Cortical lesions 



Grey matter damage in Multiple Sclerosis 

Geurts et al., Lancet Neurology 2012 



Atrophy – natural history in MS 

Giorgio et al., Neurology 2010 

Healthy subjects 



GM Atrophy – natural history in MS 

Pérez-Miralles et al, Mult Scler 2013 



Tiberio, M et al. Neurology 2005 

GM Atrophy – natural history in MS 
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GM Atrophy – natural history in MS 



BRAIN WHITE GREY 

Sastre-Garriga, J et al. Brain 2005 

GM Atrophy – natural history in MS 



Grey matter fraction - SPM - 1.49 % 

- 1.03 % 

P < 0.001 

P = 0.749 

P < 0.001 

0 - 12 months 

- 0.08 % White matter fraction - SPM 

Whole brain - SPM 

Sastre-Garriga, J et al. Brain 2005 

GM Atrophy – natural history in MS 



Lansley et al, Neurosci Biobehav Rev 2013 

Regions of gray matter loss 
(a) participants with RRMS 
+ CIS (top row) and (b) 
RRMS on ly subgroup 
(bottom row)  

Basal	  ganglia	  bilaterally	  /	  pre	  
and	  post	  central	  bilaterally	  /	  

cingulate	  bilaterally	  

GM Atrophy – natural history in MS 



Comparison	  of	  healthy	  
individuals	  with	  MS	  

pa<ents	  



Clinical correlations of GM atrophy 

Fisher et al, Ann Neurol 2008 



Clinical correlations of GM atrophy: CIS 

Dalton et al, Brain 2004 



Clinical correlations of GM atrophy: RRMS 

Fisniku et al, Ann Neurol 2008 



Clinical correlations of GM atrophy: RRMS 

Amato et al, Neurology 2004 



Lansley et al, Neurosci Biobehav Rev 2013 

Results	  of	  the	  meta-‐regression	  analysis	  showing	  
a	   significant	   inverse	   associa<on	   between	   EDSS	  
scores	  and	  grey	  maBer	  volumes	  in	  the	  leC	  pre/
post	  central	  cortex	  in	  RRMS.	  	  

Clinical correlations of GM atrophy: RRMS 



Calabrese et al, Neurology 2011 

Clinical correlations of GM atrophy: CIS 



Calabrese et al, Neurology 2011 

The patients were clustered (A+/A-) according 
to the presence of significant atrophy (i.e., 2 
SD below the NC mean) in: 

-  superior frontal gyrus 
-  thalamus 
-  cerebellum 

 
The risk of developing MS in the subsequent 
4 years was: 

 OR 9.6 in A+ CIS 
 OR 5.0 in DIS+ CIS 

 

Sensitivity Specificity Accuracy 
DIS 78% 59% 69% 
Focal GM 90% 52% 73% 

Clinical correlations of GM atrophy: CIS 



Cortical lesions 

A number of studies have made 
clear the presence of MRI-visible 
cortical lesions and their clinical 
relevance  

Geurts et al., Lancet Neurology 2012 

Open issues: 
 
1.  Relevance for diagnosis 
2.  Technical issues 

•  Sequences 
•  Scoring 



Cortical lesions: clinical correlations 

Filippi et al., Neurology 2010 



Cortical lesions: clinical correlations 

Filippi et al., Neurology 2010 



Cortical lesions: scoring difficulties 

Geurts et al., Neurology 2011 



Cortical lesions: scoring difficulties 

Geurts et al., Neurology 2011 



Handy Manny 

Atrophy – treatment effects 



Clinical trials - atrophy results licensed drugs (<2013) 

TRIAL Form Drug Reported results 
ETOMS CIS IFN Positive 
BENEFIT CIS IFN Negative 

CHAMPS CIS IFN Not reported 

PRECISE CIS GA Negative 

Pivotal Betaferon® RRMS IFN Not reported 

PRISMS RRMS IFN Not reported 

Pivotal Avonex® RRMS IFN Negative 

Eu-Can Copaxone® RRMS GA Negative 
AFFIRM RRMS NTZ Negative 

FREEDOMS I & II RRMS FTY Positive 
EUSPMS SPMS IFN Negative 

IMPACT SPMS IFN Not reported 

SPECTRIMS SPMS IFN Not reported 

PROMISE PPMS GA Negative 

Barcelona DBPC PPMS IFN Negative 

London DBPC PPMS IFN Negative 



Vidal-Jordana et al, J Neurol 2015  

Atrophy – treatment effects 



Zivadinov et al., J Neurol 2008 

Atrophy – treatment effects 



NTZ PLC p 

Baseline – 12 months -0.56% -0.40% 0.002 

12 months – 24 months -0.24% -0.43% 0.004 
Baseline – 24 months -0.80% -0.82% 0.822 

Atrophy – treatment effects 

Miller et al., Neurology 2007 



Atrophy – treatment effects 

Vidal-Jordana et al., Mult Scler 2013 



Atrophy – treatment effects 

Geurts et al., Lancet Neurology 2012 



Pérez-Miralles et al, Neurol Neuroimmunol Neuroinflamm 2015 

Atrophy – treatment effects 
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Atrophy – treatment effects 



Wolinsky et al, Mult Scler 2013 & Filippi et al, JNNP 2013  

Atrophy – treatment effects 
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Atrophy – treatment effects 
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Atrophy – treatment effects 



Rinaldi et al, Mult Scler 2012 

Cortical lesions – treatment effects 



Rinaldi et al, Mult Scler 2012 

Cortical lesions – treatment effects 



Conclusions 
Grey matter atrophy takes place early in Multiple Sclerosis and is 

observed in patients in their first months or years after Multiple 
Sclerosis initial clinical manifestations and seems to show regional 
differences, whereas not much change has been observed in white 
matter volume. 

 
Grey matter atrophy is clinically relevant, whereas clinical correlations 

with white matter atrophy are scarce or non-existent 
 
Cortical lesions have been also demonstrated in a number of studies in 

Multiple Sclerosis and maybe clinically relevant, but their reliable 
depiction using MRI at conventional field is still challenging 

 
There is evidence of a positive effect of present Multiple Sclerosis 

therapies on grey matter atrophy and cortical lesions, but their use as 
a treatment monitoring tool is still far from demonstrated and it may be 
that white matter measurements are more useful for this purpose 
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