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Outline 

•  Lesions in MS 

•  Current use of lesions in MS management 
–  in diagnosis, prognosis, treatment response monitoring 

•  Quantitative lesion load measures in MS management 
–  Will they be useful? 
–  Can they be measured? 
–  How will they be used? 
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LESIONS IN MS 

5 



Lesions in brain WM and GM 

6 



MS lesions on various image types 

7 

B. Moraal, Radiology 2010 



GM lesions 

8 



GM lesions scoring & diagnosis? 

9 



GM lesions: DIR and PSIR 

10 
Favaretto et al. Plos One 2015 

•  PSIR detected 4 times as many lesions 
•  Artefacts were more easily identified by using 

both DIR and PSIR 



Is PSIR better than DIR for determining 
GM lesion locations? 

11 Sethi et al. Plos One 2013 



GM lesions:  
DIR and PSIR and MPRAGE 

12 



Lesions in the spinal cord 

13 

Kearney et al.,  
Nat Rev Neurol 2015 

Axial imaging is time-consuming! 



Quantification of lesion loads:  
brain WM lesions 
•  Most work on segmentation à brain WM lesions on T2 & FLAIR 

•  Therefore focus here on T2/FLAIR brain WM lesions 

14 Vrenken et al., J Neurol 2013 
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CURRENT USE OF LESIONS IN MS 
MANAGEMENT 

16 



•  Clear overview 
•  Helpful background considerations 

17 



Lesions in diagnosis 

18 

•  Visual evaluation by neuroradiologist 

•  Lesion counts, not volumes 



Lesions in prognosis 

•  Lesion counts 

19 



New lesions under IFNβ-1a treatment: poorer outcome? 

Bermel et al., Ann Neurol 2013 

•  136 patients 
•  IFNβ-1a 
•  2-year trial 
•  15-year EDSS 



Lesions in prognosis: volumes 

21 
V. Popescu et al., JNNP 2013 



Lesions in prognosis: volumes 

22 
V. Popescu et al., JNNP 2013 

•  1-year T2 lesion volume change predicted 10-year EDSS score 
–  in the whole group 
–  in relapse-onset MS 
– …but explained only few % of variance 



Lesions in prognosis: volumes 

23 
V. Popescu et al., JNNP 2013 

•  1-year T2 lesion volume change predicted 10-year EDSS score 
–  in the whole group 
–  in relapse-onset MS 
– …but explained only few % of variance 



Lesions in prognosis 

•  Still largely unused in clinical practice 

24 



Lesions in treatment response 
monitoring 
•  With more treatments available, response monitoring needed 

25 



Lesions in treatment response 
prediction 

26 

Wattjes et al.,  
Nat Rev Neurol 
2015 

Recommendations focus on 
visual assessment of new / 
enlarging lesions 



Lesions in treatment response 
monitoring 
•  With more treatments available, response monitoring needed 

•  Quantitative MRI outcomes may be useful 

•  What is needed to allow those to be used? 

27 
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QUANTITATIVE LESION LOAD 
MEASURES IN MS MANAGEMENT 

29 



Will quantitative lesion load be 
useful in the MS clinic? 
•  New / enlarged lesions indicate disease activity 

•  As more treatments become available, accurate lesion load 
change measurement can be one of a set of measures to 
assess efficacy of current treatment  

30 



Can quantitative lesion load  
be measured in the MS clinic? 
•  A large number of automated WM lesion segmentation methods 

exist 
•  Based on different approaches 

31 Mortazavi et al., Neuroradiology 2012 
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Example lesion segmentations for four methods 

In preparation; 
A. de Sitter,  
A. Ruet, M.D. 
Steenwijk et al. 
MAGNIMS 
Study Group 



Can quantitative lesion load  
be measured in the MS clinic? 
•  Performance of all methods leaves something to be desired! 

•  Dice’s Similarity Index typically 0.4-0.7, where 1 is perfect 

•  Volumes of misclassified voxels ~20-30% of lesion volume!! 

•  More work needed 
•  Challenge from 2008: http://www.ia.unc.edu/MSseg/ 
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Can quantitative lesion load  
be measured in the MS clinic? 
•  Technical limitations 

•  Heterogeneity across MR protocols 
–  Spatial resolution 
–  2D vs 3D acquisition 
–  field strength 
–  pulse sequence 
–  acquisition parameters 
–  geometrical distortion due to gradient non-uniformity 

•  Suggested standardized protocol: 
http://www.mscare.org/?page=MRI_protocol 

34 



Can quantitative lesion load change 
be measured in the MS clinic? 
•  Lesion segmentation from one scan is challenging 

•  …but what we’re really interested in is CHANGE OVER TIME 

•  How reliably can lesion change be measured? 

35 



Lesion load change assessment 

36 

B. Moraal, Radiology 2010 



Can quantitative lesion load change 
be measured in the MS clinic? 

37 
Lladó et al., Neuroradiology 2012 



Can quantitative lesion load change 
be measured in the MS clinic? 

38 
Lladó et al., Neuroradiology 2012 



Can quantitative lesion load change 
be measured in the MS clinic? 

•  The same technical limitations as for cross-sectional imaging 
•  + longitudinal stability issues 
•  + scanner changes etc. 
•  + atrophy and other disease-inflicted changes 

•  Measurement uncertainty has to be weighed in! 

39 Vrenken et al., J Neurol 2013 



Can quantitative lesion load change 
be measured in the MS clinic? 
•  Average lesion load changes in treatment trials:  

–  Up to 2 mL (2-y, 1-34% of baseline volumes of 6-7 mL)1 

–  But getting lower with more successful suppression of new 
lesion formation… 

•  Volumetric error of automated methods (cross-sectional):  
–  E.g. False negatives ~ 20-30% typically2  

(mean lesion volume 16.3 mL à 3-5 mL false negatives!) 

•  More work needed to achieve reliable measurement of lesion 
volume change3 

•  Recent challenge: http://iacl.ece.jhu.edu/MSChallenge 

40 
1Kappos NEJM 2010; 2Steenwijk Neuroimage: Clinical 2013  3Lladó Neuroradiology 2012 
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How can clinicians use focal lesion 
load measures? 
•  Supposing that technical “error” is lowered to acceptable levels 

•  Guidelines will be needed 

•  Guidelines should incorporate  
–  measurement uncertainty 

–  due to imaging, image analysis 
–  prognostic value 
–  evolution under treatment 
–  indications for treatment change 

42 



Conclusion 

•  Despite much work, automated quantification of WM MS lesion 
(change) remains far from perfect 

•  Application in individual patient care and treatment requires 
–  overcoming remaining technical challenges 
–  evidence-based guidelines on how to use these outcomes 

43 
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