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Objectives

8 What MRI metrics are available to evaluate
disease activity / disease progression
– Focal changes
– Global changes

8 What was and is their utility in treatment trials

8 How can this experience be used in individual
patient management / for treatment decisions
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Inflammation /
Active lesion

8 Gadolinium enhancement indicates break down of blood
brain barrier

8 Active lesions enhance for 2 – 6 weeks
8 Modification of enhancement by

– Dosage of and delay after contrast material application
– Imaging parameters
– Steroid treatment

8 Outcome variables
– Active scan
– Number of contrast-enhancing lesions / scan or cumulative lesion

number
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Trace-weighted Trace

Duration of contrast enhancement in
26 RRMS patients on weekly MRI

Cotton F et al., Neurology 2003; 60:640-646

• 28.3 % of CE lesions
seen on one MR exam
only

• Average duration of
enhancement. 3.1 weeks
(median 2 weeks)

Dark grey : subgroup of lesions potentially affected by
corticotherapy (n= 21); „natural history lesions n= 92
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New T2 lesions
(enlarging lesions)

8 Occurrence of new (focal) T2 lesions is consistent with new
areas of MS related tissue damage

8 Usually associated with contrast enhancement in acute stage
but persistent

8 Modifications by
– Imaging parameters (sequence, slice thickness, etc.)

8 Outcome variables
– Number of new T2 lesions
– Number of enlarging T2 lesions

Number of newly active lesions
(new and enlarging T2 and new contrast enhancing lesions)
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Critique

8 Limited predictive value of contrast enhancing
lesions for further relapses (Kappos L. et al.,
1999)

8 Limited correlation of new lesions and / or of T2
lesion load with disability
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Correlation of MRI measures and disability

Goodin SD, Ann Neurol 2006;59:597-605
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MRI lesions contribute to disability but with different
weights depending on lesion type, location, etc.

Goodin SD, Ann Neurol 2006;59:597-605
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van Waesberghe JH et al. Ann Neurol. 1999
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Brain volume changes

8 Indicative of alterations in tissue integrity (including cell loss) and
composition (including water)

8 Frequently associated with „neurodegeneration“
8 Modifications by

– Imaging parameters (sequence, slice thickness, etc.)
– Analysis tools

8 Various measurement techniques and outcome variables
– Linear and regional measures
– Segmentation based methods
– Registration based methods
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Brain volume changes in MS

Inverse dynamics of same mechanism(s) may
increase brain volume !

Zivadinov R. et al., Neurology 2008;71:136-144
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Durand-Dubief F. et al., AJNR Am J Neuroradiol. 2012 Nov;33(10):1918-24
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Percentages of brain volume change at 12 months obtained between
sites MRI1 (*) and MRI2 (o ) by 7 different techniques

Durand-Dubief F. et al., AJNR Am J Neuroradiol. 2012 Nov;33(10):1918-24
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Measures of disease activity and tissue damage

Fazekas F. et al., J Neuroimag 2007;17:50S -55S
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Magnetic Transfer Ratio (MTR)
Higher Pathological Specificity Than Conventional MRI

van Waesberghe JH et al., AJNR Am J Neuroradiol. 1998;19:675-683.
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Histopathologic validation of MTR changes in a
single lesion

Chen JT et al.,
Neuroimage 2007
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Learning objectives

8 What MRI metrics are available to evaluate
disease activity / disease progression
– Focal changes
– Global changes

8 What was / is their utility in treatment trials

8 How can this experience be used in individual
patient management / for treatment decisions
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Sormani MP et al, Ann Neurol 2009;65:268-275

http://www.go2pdf.com


http://www.go2pdf.com


http://www.go2pdf.com


http://www.go2pdf.com


Barkhof F et al., Nat Rev Neurol 2011;8:13-21
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Barkhof F et al., Nat Rev Neurol 2011;8:13-21
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Barkhof F et al., Nat Rev Neurol 2011;8:13-21
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Clinical practice

8 MRI measures of disease activity need to be
– simple / easy accessible
– sensitive to change
– need to provide clinically relevant information

8 Lesion measures
– active (Gd enhancing) lesions
– new (T2) lesions
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8 Can these measures help to predict

the course of MS ?
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MAGNIMS – CIS cohort: remaining free of second attack,
i.e. from conversion to CDMS

Korteweg T et al.,
Lancet Neurol 2006
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Clinically isolated syndrome and
MRI: 10 year follow-up

Asymptomatic MR lesions
0 1 2-3 4-10 >10

Patients (n) 27 3 16 15 20

Development
of CDMS

3(11%) 1(33%) 14(87%) 13(87%) 17(85%)

EDSS >3 0 0 5(31%) 4(27%) 14(75%)

O‘ Riordan et al, 1998;121:495-503
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MRT Ausgangsbefund und
Behinderung nach 14 Jahren
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Brex et al. NEJM 2002
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Fisniku et al., Brain, 2008
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Further attacks following a clinically isolated
syndrome
Tintoré M et al., Neurology 2006:67:986-972
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Development of EDSS ?$3 five years after a
clinically isolated syndrome
Tintoré M et al., Neurology 2006:67:986-972
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Identification of patients at high risk to convert
to clinically definite MS

1 Barkhof et al., Brain 1997; 120:2059-2069. 2 Brex et al., J Neurol Neurosurg Psychiatry 2001; 70:390-393. 3
Jacobs et al., N Engl J Med 2000; 343:898-904. 4 Data on file – Subgroup of patients with at least on Gd+ lesion
AND 9 T2 lesions.

Risk of CDMS Barkhof1 Brex2 CHAMPS3

Median follow up: risk at 1 year risk at 2 years
39 months

All Patients 0.45 0.26 0.39

≥ 9 T2 hyperintense lesions 0.80 0.44

≥ 1 Gd-enhancing lesions 0.71 0.52

0.564

n = 74 n = 68 n = 190

n = 30 n = 25

n = 28 n = 21

n = 40
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8 84 patients with comprehensive clinical and MRI data from cross-
sectional and 2 year follow-up examinations were reassessed after a
mean of 10.8 +/-2.7 years to investigate prediction of the MSSS or
conversion to SPMS.

8 In univariate analysis the „black hole ratio“ at baseline (p=0.017,
beta=0.148) and at first follow-up (p=0.007, beta=0.154) was the only
MRI parameter showing a significant correlation with the MSSS.

8 In a multiple regression model, the independent predictive value of
imaging variables became statistically non-significant. The latest MSSS
was predicted primarily by the baseline EDSS (r2=0.28; p<0.001).

8 The „black hole ratio“ at baseline explained 9.5 % of variance of
conversion to SPMS (P=0.033)
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Predicting short-term
disease activity in MS

Sormani MP et al., Neurology 2007;69:1230-1235

Multivariates Modell zur Vorhersage weiterer Schübe
Arbeitsdaten: n = 539 Patientinnen
Validierungsdaten: n = 117 PatientInnen
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Predicting short-term
disease activity in MS

Sormani MP et al., Neurology 2007;69:1230-1235

Multivariates Modell zur Vorhersage weiterer Schübe
Arbeitsdaten: n = 539 Patientinnen
Validierungsdaten: n = 117 PatientInnen
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Gd- Aufnahme als Prädiktor eines
nächsten Schubes

Gadolinium-enhancing-lesion count n RR per 5
lesions

p

First year
At entry 215 1.09 0.100
Mean of entry at 6 months 215 1.06 0.257
Mean of all monthly scans months 0-6 170 1.13 0.023
SD of all monthly scans months 0-6 170 1.27 0.020

Second year
At entry 137 1.00 0.980
Mean of entry at 6 months 137 1.08 0.301
Mean of all monthly scans months 0-6 91 1.15 0.128
SD of all monthly scans months 0-6 91 1.59 0.010

Kappos L. et al., Lancet 1999;353:964-969
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Vorhersagewert kumulativer
KM-Läsionen

Kappos L. et al., Lancet 1999;353:964-969
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8 Can MRI measures serve to define

treatment failure ?
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Outcome variables
Definition of inadequate treatment response
during 24 months of follow-up

Ø Presence of relapses
Ø Disease progression ; increase in EDSS ?Q
1 point sustained for ?Ž6 months
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Predictor variables
R+ = ?�1 relapse within first year
P+ = increase of ?ë1 EDSS point within first year
MRI+ = > 2 active lesions (new or enlarging T2 or Gd+ lesions)
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Can J Neurol Sci. 2013; 40: 307-323
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DWI

ADC

T1 Gad

FLAIR

MRI to detect unwanted side effects of treatment
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Conclusions

8 MRI has become an indespensible tool for the assessment
of MS disease activity.

8 In clinical trials changes in various morphologic markers
have proven indicative of treatment effects and able to
predict clinical response – at least on a group level.

8 In clinical practice the number of reliable markers for
disaease acitivity and their significance is more limited.

8 Predictive information on the subsequent course of MS is
conveyed early on but not at later stages of the disease.

8 Decisions on treatment efficacy / for change of treatment
need to rest strongly also on the clinical evaluation (e.g.
further relapses, progression of disability) – but continuation
of MRI activity can be a valuable supportive aspect.
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Brain volume changes in MS

Inverse dynamics of same mechanism(s) may
increase brain volume !
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Unexpected course of brain atrophyCourse of brain volume change following
treatment with lamotrigine
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What is on the horizon ?

8 MS: new measures to monitor the disease
(M. Filippi and M.A.Rocca, The Lancet Neurology, 2013;12:12 – 13)

– Cortical lesions
– Cortical thickness
– Tract specific analyses
– Remyelination

8 Spinal cord
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Canadian treatment optimization recommendations

Freedman MS et al.,
Mult Scler 2008;14:1234-1241)
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Canadian treatment optimization recommendations

Freedman MS et al.,
Mult Scler 2008;14:1234-1241)
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Outcome variables
Definition of inadequate treatment response
during 24 months of follow-up

Ø Presence of relapses
Ø Disease progression ; increase in EDSS ?Q
1 point sustained for ?Ž6 months
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Predictor variables
R+ = ?�1 relapse within first year
P+ = increase of ?ë1 EDSS point within first year
MRI+ = > 2 active lesions (new or enlarging T2 or Gd+ lesions)
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