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MRI in the Individual Patient
(As Opposed to the Population)




MRI in MS Clinical Trials and Natural History Studies

Natural History Data -

From Fisniku et al

From Li et al

Question - The Relevance of Population Studies to
the Individual ?



FROM SIMPLE TO COMPLEX

T2-Lesions Magnetization Transfer

Gd-Enhancing Lesions Diffusion Tensor
T1-Black Holes Myelin Water
Atrophy Functional MRI

MR Spectroscopy

A ong Experience, Validated - Secondary Measures in Trials
Ancreasing Relevance to Care of the Individual Patient



| esion Overview



Gadolinium Enhancing Lesions

Leaky
Blood-Brain-Barrier




PD difference
(Dec-Jan)

Goodkin, Rooney, Sloan, Bacchetti, Gee, Ver mat hen,



T2 Lesions Non-Specific Pathology
Including Edema, Demyelination

Weeks later



The T2 Footprint is Stable Over Time
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Distribution--Periventricular >> Peripheral White

, Early

Non-Specific
Peripheral i other WMD

MS-Peripheral- Juxtacortical-Cortical



Brainstem/Cerebellum




T1 nAnBl ack Hol eso
A subset of T2 lesions with more damage

Chronic T1- Black Holes- Lesions of more severe pathology
Some Association with greater disability



Atrophy

Strongest MRI - disabllity correlations but still only modest



Spinal Cord

Proton density



Why MRI?

AMS Is Largely
Subclinical

A That is--most current
and new pathology Is
not known or detected
by the patient or the
clinician




Most of the Disease I1s Subclinical

Time of CIS
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Baseline-CIS 12 month 18 month
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No Clinical Event over 5 years - Cognitive Deficits
The Focal SubClinical Changes Are Relevant



MRI in Diagnostic Criteria



MRI Criteria for Diagnosis
(& earlier diagnosis) of MS

A Historical ( clinical) criteria for MS:
I Dissemination in time and space

A New Criteria

I Quantitative (counts of specific T2 lesions) to
document dissemination in space

I MRI used as substitute (& strong) criteria for
dissemination in time (second attack)



Accurate Prediction of Earliest MS
1991-1995

Clinically Isolated Syndromes: Brain MRI at
Presentation and Risk for Subsequent Progression to MS

After F I rSt CI I n ICaI IE)OLilr;:tir:pof Progression to MS*

Study (mo) Abnormal MRI  Normal MRI

Martinelli et al, 32 7121 (33%) 0/22

Event
A pOSitiVe M RI iS a Frc];(:)nli\s[cl:}et 11 7/31 (23%) 0/19

al, 1991 [20]

g()()d predict()r Of a Lee et al, 1991 24 52/118 (44%)  3/66 (5%)

21]°

Second CI | N iC a”y Jacobs et al, 6/23 (26%)  3/25 (12%)

1991 [22]

eve nt Wh IC h FOI['SBL]’I al, 1992 3¢ 11/12 (93%) 1/3 (33%)
In d I Catl n g M S M(i:)ri;;c\[zit] al, 64 37157 (65%) 32 (3%)

Beck et al, 1993 24 16/56 (31%)
(25]

Tas et al, 1995 16/34 (47%)
27)

Campi et al, 3 8/11 (73%) 0/19
1995 [26]

Total 160/363 (44%) 11/271 (4%)

*Clinically or laboratory-supported definite MS.

bIncludes clinically probable MS and chronic progressive myelop-
athy.

‘Includes minor abnormalities, all small or nonperiventricular.




MRI Predictors of Second Clinical Event (MS)

after a Clinically Isolated Syndrome

Table 3 Cut-off (minimum number of lesions), prevalence, positive predictive value, sensitivity and specificity of MRI
parameters using optimized cut-off point

MRI criterion Cut-off Prevalence CDMS PPV Sensitivity  Specificity  Accuracy
point (1) in) o) (%) (%) (%)
Periventricular lesions 3 35 24 69 73 73 73
Basal ganglia and internal capsule lesions I 15 10 67 30 89 62
Hypointense lesions on T1 1 20 14 70 44 85 65
Callosal/subcallosal lesions 1 38 26 69 79 71 74
Juxtacortical lesions | 38 24 63 73 66 74
Gadolinium-enhancement | 28 20 71 61 80 72
Infratentorial lesion 1 28 19 68 58 78 69
Lesions = 6 mm 2 30 21 70 64 78 72
Large gadolinium-enhancing lesion I 10 6 60 18 90 58
Occipital lesions l 30 12 40 64 78 72
Parietal lesions 3 33 23 70 70 76 73
Temporal lesions 1 39 26 67 79 68 73
Frontal lesions 3 35 24 69 77 73 73
Oval NA 39 25 64 76 66 70
Total number of lesions 9 30 24 80 73 80 77

See text for optimization of cut-off points. CDMS = clinically definite multiple sclerosis; PPV = positive predictive value; NA = not
applicable.

N= 39 (max)

From F. Barkoff



parkoftr
Combined Criteria
More Accurate Prediction of Second Clinical
Event

I 1 Enhancingor 9T2
I 1 Juxtacortic@lortical
I 3 Periventricular

I 1 Infratentorial




Baseline MRI predicts future attacks and disability in clinically isolated syndromes

M. Tintoré, A. Rovira, J. Rio. C. Nos, E. Grivé, N. Téllez, R. Pelayo, M. Comabella. J.
Sastre-Garriga and X. Montalban
Neurology 2006:67:968-972
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Validation of Barkoff Criteria




Recommended Diagnostic Criteria for
Multiple Sclerosis: Guidelines from the
[nternational Panel on the Diagnosis of

Multiple Sclerosis

X asky, MD'

McDonald Criteria
Annals of Neurology 2001

MRI Dissemination in MRI Dissemination in
Space Time
3 of the 4 Barkoff Components
1 Enhancing or 9 T2
1 Juxtacortical-Cortical
3 Periventricular
1 Infratentorial

Enhancing lesion
or
New T2 lesion



Classical Diagnosis of MS

Clinically Isolated Syndrome

Clinical’Obvious

i

Classic MS



Earlier Diagnosis of MS with MRI Event

Clinically Isolated Syndrome

udan

MS Classic MS



MS (Diagnostic Criteria) After a CIS

2005 - Polman et al
revisions

Spinal cord lesions can be
utilized to substitute for
brain lesions




PD

December 199LCIS 3 periventricular leBiang s n 6t me



Strong evidence for ongoing demyelination despite not meeting fort
initially



Modification of MRI criteria for MS in patients with
clinically isolated syndromes

Modified criteria for DIS: =1 T2 lestons(s) in =2 of the following regions:
- periventricular

- juxtacortical

- infratentorial”

- spinal cord

McDonald criteria for DIT: =1 new gadolinium enhancing lesion
Modified criteria for DIT: =1 new T2 lesion

Both criteria highly specific (>90%)
Modified criteria more sensitive (/7% v 46%)
Modified criteria more accurate (86% v 73%)

Swanton et al. INNP 2005



Diagnostic Criteria for Multiple Sclerosis:

2010 Revisions to the

McDonald Criteria

Chris H. Polman, MDD, PRD," Stephen C. Reingold, PhD,Z Brenda Barwell, D3
Michel Clanet, MD,? Jeffrey A. Cohen, MD,® Massime Filippi, MD,® Kazuo Fujihara, MD,”
Ewva Hawrdowa, MDD, PhD,® Michael Hutchinson, MD,T Ludwig Kappos, MD, ™2

Fred . Lublin, MD,"" Xavier Montalban, MD,'? Paul O Connor, MDD, '3
Magnhild Sandberg-Waollheim, MDD, PhD,' Alan J. Thompson, RD,TS

—

Emmanuslle Waubant, MDD, PhD,"® Brian Weinshenkeaer, MD,"7 and Jerry S, Wolinsky, PDTE

Mew evidence and consensus has led to further revision of the McDomnald Criteria for diagnosis of multiple sclerosis.
The use of mMmaging for demonstration of dissemination of central Nnervous system lesions i space and time has been

simplified,
revisions simplify the Criteria. preserve their

anmnd in some circumstances dissemination in space and time can be established by a single scan.
diagnostic sensitivity and specificity, address their applicability acrass

populations, and may allow earlier diagnosis and more uniform and widespread use.

These

AP NMEURCL 2011;69:292-302

TAELE 1: 2010 MecDonald MEI Criteria for
Demonstration of DIS

DIS Can Be Demonstrated by =1 T2 Lesion™ in at
Least 2 of 4 Areas of the CNS:

Periventricular
Juxtacortical

Infratentorial
. b
.".xp]:lml cord

Based on Swanton et al 2006, 2007.*%

*Gadolinium enhancement of lesions is not required for
5.

"If a subject has a brainstem or spinal cord syndrome, the
sympromatic lesions are excluded from the Criteria and do
not contribure to lesion count.

MRI = magnetic resonance imaging; DIS = lesion dissemi-
nation in space; CNS = central nervous system.

TABLE 2: 2010 MeDanald MRI Criteria for
Demonstration of DIT

DIT Can Be Demonstrated b}r:

1. A new T2 and/or gadolinium-enhancing lesion(s)
on follow-up MRI, with reference w a baseline scan,
irrespective of the dming of the baseline MRI

2. Simulraneous presence of asympromatic
gadolinium-enhancing and nonenhancing
lesions ar any time

Based on Monmlban er al 201

MRI = magnetic resonance imaging; DIT = lesion dissemi-
nation in time.

Dl-ﬁ




Presentation--Visual symptoms

Infratentoriahone
Enhancing or 9@
Juxtacorticalnot sure
Periventricula

2004



2003 Cortical Lesions only in retrospect




Even Earlier Diagnosis?
Radiologically Isolated
Syndrome



Incidental MRI anomalies su ggestive of

multiple sclerosis
The radiclogically isolated syndrome

Table 1 Proposed diagnostic criteria for the

Flgura 2 Faiphn-Medar curdes for dlinical and

radiologically isolated syndrome ol radiclogic endpoines

A. The presence of Incidentally Identified CNS white | oy Yot A Dok satancenen
matter anomalles maating the following MRI criterla: | . J

1. Owvold, wellcircumscribad, and homogenssus focl
with orwithout Invelement of the corpus callosum

2. T2 hy parintensitlies measuring =2 mim and fulfilling
Barkhof” criterla (at lesast 3 out of 4) for

dissemination In space i i 1 j R | R [ SN L

Torre: b mrsl suepecied srpmplomabc

danmipaisalng avants Jyharca
3. CNS white matter anomalles not conslstentwith a
vascular pattarn

B. Mo historical accounts of remitting clinical symptoms
conslstent with neurclogle dy sfunction

Lasion-fres sural

C. The MRl anomalies do not account for clinlcally / i i,
apparent Impalrmeants In soclal, eccupatlonal, er i | N Sl : . i y : 1
generalized areas of functloning | P L " = =

Tm-:LIln" niial 5us|m:tlr:-:| mf;:q.'-l:."alr.
demyeinaling events {yoars)
D. Tha MRl anomalles are not due to the direct physiologie
effects of substances [recreational drug abuse, toxic
exposure) or a medical conditlon

E. Exclusion of Individuals with MRl phenotypes
suggestive of leuksaralosls or extansive white matter
pathology lacking Invol ement of the corpus callosum

Leminn-fren survhesl [

F. The CNS MRI anomalles are not better accountad for by Lo S S * Tims from oot suspecied asympinmatc
another disease process demywinating svants )

Okuda et al. Neurology 2009;72:80(



WiFi

Worrisome Imaging Follow-up Indicated



Use of MRI to Follow Subclinical
Disease



Lesion Counts
Gadoliniumi enhancing or T2

Patient Month of scanning

Enhancing Lesions over 12 months 1
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Courtesy of Bill Rooney
(Goodkin et al Neurology 98) Enhancing Lesions 6 months after a ClI
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Untreated MS Patient
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Resumption of Disease Activity after IFN Discontinued
(CEL and T2LL)
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Use of MRI to Determine
Treatment Response

Responders - Non-Responders
Complications of Therapy



More specifically --- Can we
monitor treatment response to
disease modifying therapy by MRI
In Individual patients ?

In Principle Any Disease Modifying Thera



Evaluating the Therapeutic Response In
The Individual Patient

A Patient --------- Self-Report
A Physician ------ Global Impression
A Other ----------- More Obijective Data

I MS symptoms, relapses, disability
| Biological Markers
I MRI metrics

Adapted from R. Rudick, Cleveland Clinic



Evidence-Based Studies to Define Treatment
Failure

Classification Parameters & Outcome Measure

A Rudick et al (2004) Gd/New T2 /Relapse

A Rio et al (2008) Active Lesions (N,E,Gd+)
A Durelli et al (2008) Active MRI (and Nab)

A Kinkel et al (2008) Gd+ and T2

Qutcome Measure 1T_atrophy, disability, clinical event




RESEARCH PAPER Multiple Sclerosis 2008; 14: 479-484

Relationship between MRI lesion activity and response
to IFN-B in relapsing-remitting multiple sclerosis patients

| Rio', A Rovira?, M Tintoré', E Huerga?, C Nos’, N Tellez', C Tur', M Comabella’
and X Montalban’

Two year follow-up ; Outcome = Disability

Table 3 MRl variables assodated with increase of disability dur-
ing treatment with IFMN-J}

Active lesions at 1 year (OR 95% Cl  pwvalue

< 2 1.0
> 2 8.3 3.1-21.9 p< 0.0001

Active Lesions at One Year Post Therapy Predicted Disability




VIRI activity and neutralising antibody as predictors

of response to interferon P treatment in multiple
sclerosis Durelli et al, 2008

A Classification Parameter- Active Scan or NAb

A Outcome Measure-One or more relapses or
confirmed disease progression

MRI Activity (any month) and Nab positive status
/1% sensitive, 86% specific, 50% PPV, 94% NPV



Treated Patients with 2 or more lesions at 6 months after treatment

Are Non-Responders- Hazard Ratio 4.99 (p < 0.0001)
R. P. Kinkel , 1 P. W. O6Connor, 2 J. Si mon, 3 J. Car u

IM IFNB-1a: with <2 new T2 and <2 Gd+ lesions (n=113)

IM IFNB-1a: with =2 new T2 OR =2 Gd+ lesions (n=51) *
m=mm=s Placebo: with <2 new T2 and <2 Gd+ lesions (n=88)

Placebo: with =2 new T2 OR =2 Gd+ lesions (n=63)

IM IFNB-1a HR=4.99, P<0.0001

Placebo HR=1.60, P=0.1152

non-responder

r-----------------

r------f
gudmmm L

Cumulative Probability
of CDMS

10 13 16 19 22

Table 3. Hazard Ratios, 95% Confidence Intervals, and
P Values for Different Definitions of Nonresponse Based on
Lesion Activity at 6 Months

Placebo IM IFNB-1a
Hazard 95% Hazard
ratio 1 P value ratio 95% CI P value
>2 new T2 or 1.60 0.89, 0.1152 4.99 2.47, <(0.0001
=2 Gd+ lesions vs 2.88 10.11

<2 new 12 and

<2 Gd+ lesions Kinkel et aI, 2008




Odds Ratio 8.96 (p <0.001) for Advancing

to Worst Quartile EDSS after 15 Years

Early disease

OR (co

activity* interva
| G+ 8.96 (2.
=1 New T2 i 2.89 (0.
=| Relapse| | —g— 4.44 (1.
Gd+| i 1.79 (0.
o :
8| New T2 Fa—o 2.62 (0.
o :
TheBe%L %?o\'}l.lae rationale for monitoring IFN treated patients vvitr;| 53 (0.
MRI, and for chg' nging therapy in patients with active lesions
5 01 10 20 30 40



New atypical weakness or seizure
In a patient with established MS



