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Diagnosis of Multiple Sclerosis

No single biomarker or clinical finding provides enough diagnostic accuracy for diagnosing
multiple sclerosis

Patient-Doctor
dialogue!

Treatment
decisions?

TREATMENT @
ROOM

Diagnostic criteria

impact on:

Prognosis of
MS?

"

1. Hessen et al. Acta Neuro Scan 2023; 2. Tintore et al. Neurology 2021; 3. Howat et al. J Dental Res 1977; 4. Vucic et al. Mucle Nerve 2021
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Diagnosis of Multiple Sclerosis through the ages

Schumacher? Poser’ Integration of MRI Integration of oligoclonal
1965 1983 into diagnostic criteria® IgG bands into diagnostic
2001 criteria®
: 2017
Allison and Miller? Rose3 :

1954 1976

McAlpine3
1972

International McDonald criteria®®
2001, 2005, 2010, 2017
McDonald and Halliday*
1977

1. Allison and Millar. Ulster Med J. 1954;23(Suppl 2):1-27. 2. Schumacher et al. Ann N Y Acad Sci. 1965;122:552-568. 3. Gafson et al. Mult Scler Relat Disord. 2012;1:9-14.
4. McDonald and Halliday. Br Med Bull. 1977;33:4-9. 5. Poser et al. Ann Neurol. 1983;13:227-231. 6. McDonald et al. Ann Neurol. 2001;50:121-127. 7. Polman et al. Ann
Neurol. 2005;58:840-846. 8. Polman et al. Ann Neurol. 2011;69:292-302. 9. Thompson et al. Lancet Neurol. 2018;17:162-173.



MS diagnosis: McDonald 2017 criteria

Dissemination in space (DIS) Dissemination in time (DIT)

e >21T2lesion*in2 outof4

Simultaneous presence of
Gd+ and non-enhancing
lesions at any time

regions of the CNS

— Periventricular
New T2 and/or Gd+ lesion on

follow-up MRI

— Compared to reference
(baseline) MRI

— Cortical-Juxtacortical

— Infratentorial

— spinal cord

CNS= central nervous system; Gd=gadolinium,
CSF=cerebrospinal fluid

*Gd not needed for demonstration of DIS

Thompson AJ et al. Lancet Neurol 2017



Diagnosis of Multiple Sclerosis through the ages

Schumacher? Poser’ Integration of MRI Integration of oligoclonal
1965 1983 into diagnostic criteria® IgG bands into diagnostic
2001 criteria®
: 2017
Allison and Miller? Rose3 :

1954 1976

McAlpine3
1972

International McDonald criteria:’f"9
2001, 2005, 2010, 2017, 2024
McDonald and Halliday*
1977

Integration of ON, PRLs, and
CVS into diagnostic criteria
2024

1. Allison and Millar. Ulster Med J. 1954;23(Suppl 2):1-27. 2. Schumacher et al. Ann N Y Acad Sci. 1965;122:552-568. 3. Gafson et al. Mult Scler Relat Disord. 2012;1:9-14.
4. McDonald and Halliday. Br Med Bull. 1977;33:4-9. 5. Poser et al. Ann Neurol. 1983;13:227-231. 6. McDonald et al. Ann Neurol. 2001;50:121-127. 7. Polman et al. Ann
Neurol. 2005;58:840-846. 8. Polman et al. Ann Neurol. 2011;69:292-302. 9. Thompson et al. Lancet Neurol. 2018;17:162-173.



MS Diagnostic Criteria 2024

Proposed revisions

* RIS is MS in specific situations (biological diagnosis)
* DIT is not longer needed for diagnosis

* Need for paraclinical evidence to diagnose MS

* Optic nerve may serve as a fifth topography

* Updated DIS criteria

» Addition of CVS and PRLs as optional paraclinical tools for
diagnosis in certain situations

* More strict features for confirming diagnosis in individuals over
50 years, or with headache disorders (including migraine), or
with vascular disorders

* Laboratory tests (anti-MOG ab) for confirming diagnosis in
children and adolescents

* Additional imaging features for PPMS diagnosis
e kFLCs as another tool to support diagnosis

2023 McDonald Criteria Review
29 Nov-2 Dec 2023
Barcelona, ES

An Initiative of the International
Advisory Committee on Clinical Trials
in MS

i

2023 McDonald Diagnostic Criteria Review Meeting
Barcelona, Spain




MS or incidental findings in a young male subject?

Ovoid lesions

Juxtacortical lesions

Juxtacortical lesion L ' 5 o
&4 Corpusaallosum |e5|on

v
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* Criteria for dissemination in space fulfilled
* Very high probability of a first clinical event

Spinal cord lesion

RIS / preclinical MS?

B4

Type 2



From RIS to clinical MS RIC
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Christine Lebrun Frenay, International Advisory Committee on Clinical Trial in MS, Barcelona 2023 .
' V ! rsory ! Lebrun et al 2020, 2021; Okuda et al, 2009, 2014; Kantarci et al, 2016



Radiologically Isolated Syndrome (RIS): Clinical trials

Dimethyl

Radiologically Isolated Syndrome
The ARISE Randomized Clinical trial

Survival probability

Fumarate Delays Multiple Sclerosis

1.001
0.751
0501 .
HR=0.18(95%C1:0.05-0.63), p=0.007
0.251
0.001
0 100 200 300 400 500 600 700 800
Time to first relapse (days)
Number at risk
placebo{ 43 40 39 36 28 27 24 21 0
0 100 200 300 400 500 600 700 800

Time to first relapse (days)

Strata =+ placebo dimethyl fumarate

Okuda et al. Ann Neurol 2023

in

Teriflunomide and Time to Clinical Multiple Sclerosis in
Patients With Radiologically Isolated Syndrome
The TERIS Randomized Clinical Trial

Event-free probability

No. at risk
Placebo

45
Teriflunomide 44

L Teriflunomide

- 1

Placebo ‘l_‘—lL

T T T T T T T 1
60 72 84 96 108 120 132 144
Time to first relapse, wk

33 33 29 26 18 15 13 10
29 29 29 29 18 16 15 13

Lebrun-Frénay et al. JAMA Neurol 2023



2024 revisions of the McDonald criteria

Radiologically Isolated Syndrome
General Principle

e RIS is identified by the incidental discovery of CNS white matter T2-weighted
hyperintense foci on MRI highly typical of MS but without clinical
symptomatology related to inflammatory demyelination or findings on clinical
examination.

Recommendations

e |n patients with RIS, fulfilling DIS and DIT is sufficient for diagnosing MS.

e In patients with RIS, fulfilling DIS and OCB is sufficient for diagnosing MS.

e In patients with RIS fulfilling DIS, the presence of 26 CVS is sufficient for
diagnosing MS.

DIS: at least 2 out of 5 topographies



Demonstration of optic nerve inflammation

Table 1. Optic nerve lesion detection by test.

Optic neuritis represents the first
manifestation of MS in 25-35% of CIS
patients

Involvement of the optic nerve can be
assesed by MRI, VEP and OCT

Different rates of optic nerve
involvement have been reported in
established MS patients, based on the
sequence used, and MS disease
duration (ranging from 72.7% to 100%
in eyes with prior history of ON, and
from 8.8% to 72% in asymptomatic
eyes)

Study population

Technique for optic nerve
evaluation

Main results

Optic nerve MRI
Acute/subacute ON
Berg et al.??

Soelberg et al.**

Cellina et al.?!

Bursztyn
etal’?

MS patients
Hodel et al.”

Sartoretti
etal.26

Riederer
etal.®*

London et al.2®

Davion et al.””

First ON episode (CIS), n=104 (73% with
abnormal brain MRI; median time since ON:
Sdays)

First ON episode (CIS), n=31 (80.6% with
abnormal brain MRI; median time since ON:
21days)

First ON episode (CIS), n=37 (51.4% with
abnormal brain MRI; time since ON: 7 days;
corticosteroids allowed)

First ON episode (CIS), n=92 (median time
since ON: 11.5days)

ON confirmed clinically and with VEP,
can include MS patients, =31 (no clinical
information provided)

MS patients with no ON history, n=95 (disease
duration : 8.9 years); control group with other
diseases, n=50

CIS/RRMS/SPMS patients, n=39 (53.8% with
ON; might be acute); control group, n=17

CIS patients, n=66 (33.3% with ON; 92.4% DIS
fulfilment)

MBS patients, n=98 (median disease duration:
11.6years); analysis conducted at an eye level

Coronal fat-saturated T2
turbo and T1 post-Gd spin
echo (1.5T or 3.0T)

3D FLAIR, or 2D FLAIR, or
2D STIR(1.5T)

3D transversal STIR, and
transversal T1 spin echo fat-
saturated post-Gd (1.5T)
Coronal fat-saturated T2
turbo and coronal and axial
fat-saturated T1 post-Gd
(15T or3.0T)

2D coronal STIR FLAIR,
3D DIR sequence: 2D
coronal and multi planar
reconstruction, axial and
coronal T1 post-Gd (3.0T)
3D sagittal DIR with coronal
reconstruction (3.0T)

3D-DIR sequence

Multiplanar 3D DIR
reconstruction (3.0T)
3D DIR and 3D FLAIR
(3.0T)

T2 lesion: 79.8%

T1 Gd+ lesion: 74%

Both (T2 and T1-Gd+): 69.2%
T2 lesion: 80.6% in first MRI

T2 lesions: 65.8%
T1 Gd+ lesion: 34.1%

T2 lesion: 73.9%

T1 Gd+ lesion: 78.3%

Any (T2 and/or T1-Gd+): 83.7%
Both (T2 and T1-Gd+): 69.6%

2D STIR FLAIR: 84%
2D DIR coronal: 88%
3D DIR multiplanar: 95%

Asymptomatic ON lesion detection: 72% in MS
patients; 0% in control group

Whole cohort: 58.9%

Patients with ON history: 100%
Patients without ON history: 9.5%
T2 lesion in ON-CIS: 100%

T2 lesion in non-ON-CIS: 22.7%
Whole cohort: 61.2%

T2 lesion in ON eyes: 82.2%

T2 lesion in non-ON eyes: 48.8%

Vidal-Jordana et al. Mult Scler J 2024



Evidence supporting the addition of the optic nerve into DIS criteria
Optic nerve MRI, OCT and / or VEP

Table 2. Diagnostic performance of DIS criteria including the optic nerve.

Study design Optic nerve 2017 Dis Modified DIS All four studies evaluating the
Brownlee Retrospective, n=160 Clinical (26% VEP)  Sensitivity: (.83 Sensitivity (in ON-CIS): 0.95 1 1 1
ct al.!s (81% ON) Specificity: 0.68 Specificity (in ON-CIS): 0.57 Incorporatlon Of the optlc nerve
Outcome: CDMS Accuracy: 0.78 Accuracy (in ON-CIS): 0.81
Mean follow-up (ycars): to current (2017 McDonald) DIS
Vidal-Jordana Retrospective, n=388 VEP Sensitivity: 0.79 Sensitivity: 0.82 . .
etal.l (35.6% ON) Specificity: 0.52 Specificity: 0.52 criteria demonstrated an
Outcome: CDMS Accuracy: 0.75 Accuracy: 0.78
Mean follow-up (years): ° . ° °
74 improvement in diagnostic
Bsteh et al.!® Retrospective, n=267 OCT Sensitivity: 0.78 Sensitivity: 0.84
Outcome: CDMS Specificity: 0.84 Specificity: 0.52 . °
Mean follow-up (years): Accuracy: 0.66 Accuracy: 0.81 pe rforma nce Wlth a n lncrease
49
Vidal-Jordana Prospective, n=157 Optic nerve MRI Sensitivity: 0.88 MRI 1 H W H H
etal.l’ (38.2%) (71%), OCT (80%) Specificity: 0.82 Sensitivity: 0.92/Specificity: 0.72/ I n se n Slt |V|ty a n d d Iffe re nt
Outcome: McDonald 2017  and/or VEP (84%) Accuracy: 0.87 Accuracy: 0.87
MS OCT-pRNFL H H 1.1 1
Mean follow-up (years): Sensitivity: 0.91/Specificity: 0.74/ I m pa Ct o n SpeCIfI c Ityl m a I n Iy
23 Accuracy: 0.86
OCT-GCIPL 1
Sensitivity: 0.91/Specificity: 0.80/ d u e to St u d y d e S I g n a n d
Accuracy: 0.88 .
VEP
Sensitivity: 0.89/Specificity: 0.78/ po p u I at I O n ’ O Utco m e S u Se d ’ a n d

Accuracy: 0.86

CDMS: clinical defined multiple sclerosis, referring usually to occurrence of second relapse during the follow-up; DIS: dissemination in space; GCIPL: t I m e Of fo I I O W- u p *
ganglion cell and inner plexiform layer; MRI: magnetic resonance imaging; OCT: optical coherence tomography; ON: optic neuritis; pRNFL: peripapillary
retinal nerve fibre layer; VEP: visual evoked potentials; CIS: clinically isolated syndrome.

Vidal-Jordana et al. Mult Scler J 2024



4 topographies model (McDonald 2017)




5 topographies model (McDonald 2024)




MRI optic nerve: Technical considerations

Sequence Coverage Advantages Disadvantages

o Impossible to perform multiplanar and curvilinear
reformats (low in-plane resolution)

o Poor fat suppression if field inhomogeneities are
present

o Difficult to achieve in low field strength magnets

o Susceptibility artifacts

o Limited sensitivity for detecting asymptomatic
lesions and bilateral involvement

o Impossible to perform multiplanar and curvilinear
reformats (low in-plane resolution)

o Suboptimal effective fat suppression

Rovira et al, Neuroimag Clin N Am 2024

. Good effective fat suppression
High signal to noise ratio

2D fat-suppressed T2-
weighted fast/turbo SE

Anterior optic pathway

o Insensitive to field inhomogeneities o Low signal to noise ratio
2D STIR Anterior optic pathway e No susceptibility artifacts . Poor contrast of abnormal high signal of the
o Can be used in low field magnets affected optic nerve and the normal perineural
CSF

o Limited sensitivity for detecting asymptomatic
lesions and bilateral involvement




MRI optic nerve: Technical considerations

Advantages

Sequence

2D STIR

suppression

3D DIR
suppression

with

3D-T2-STIR-ZOOMit

2D fat-suppressed T2-
weighted fast/turbo SE

Coverage

Anterior optic pathway

Anterior optic pathway

3D T2-FLAIR with fat- Anterior optic pathway

and whole brain

fat Anterior optic pathway
and whole brain

Anterior optic pathway

Good effective fat suppression
High signal to noise ratio

Insensitive to field inhomogeneities
No susceptibility artifacts
Can be used in low field magnets

Good effective fat suppression

High sensitivity

Simultaneous whole brain coverage
Multiplanar and curvilinear reformats

Good effective fat suppression

High sensitivity (higher than 3D T2-
FLAIR)

Simultaneous whole brain coverage
Multiplanar and curvilinear reformats

High spatial resolution

High sensitivity

Optimal anatomical delineation
Multiplanar and curvilinear reformats

Rovira et al, Neuroimag Clin N Am 2024

Disadvantages

Combine qualitative (signal changes) and :

guantitative (volume) lesion assessment

Impossible to perform multiplanar and curvilinear
reformats (low in-plane resolution)

Poor fat suppression if field inhomogeneities are
present

Difficult to achieve in low field strength magnets
Susceptibility artifacts

Limited sensitivity for detecting asymptomatic
lesions and bilateral involvement

Impossible to perform multiplanar and curvilinear
reformats (low in-plane resolution)

Suboptimal effective fat suppression

Low signal to noise ratio

Poor contrast of abnormal high signal of the
affected optic nerve and the normal perineural
CSF

Limited sensitivity for detecting asymptomatic
lesions and bilateral involvement

Poor anatomical delineation
Only tested on 3.0 T magnets

Poor anatomical delineation
Low signal to noise ratio
Only tested on 3.0 T magnets

Long acquisition time

Field inhomogeneity artifacts (affecting
assessment of the intracanalicular segment)
Truncation artefacts (central optic nerve linear
hyperintensity)

Low signal to noise ratio

Limited availability of the sequence (vendor
specific)

Only tested on 3.0 T magnets



MRI in Optic Neuritis: 2D T2fs vs 3D DIR

3D DIR fs

3D DIR

eoutperforms 2D STIR for detecting optic nerve lesions

edetects signal changes in 38% of asymptomatic nerves in CIS patients

signal changes highly specific for optic nerve pathology (more sensitive than VEPs)

Hodel et aal. Eur Radiol 2014; Riederer et al. J Neurol 2019; London et al. Mult Scler J 2019



Ovoid shape: Dawson finger

demyelinating ovoid plaque
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venule

perivascular inflammatory infiltrate

MS Lesion
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Central Vein
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Gill et al., Eur J Immunol 2023

FLAIR

Ovoid shapé lesion
(Dawson finger)

Dawson J. Trans Roy Soc Edinb 1916; 50:517-740
Horowitz et al. Am J Neuroradiol 1989;10:303-5
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Central vein sign: 3D T2*w Segmented EPI GRE (T2*-EPI)

Sati et al. Mult Scler J 2014

° 3T Magnet NAIMS Criteria
* 650 um isotropic voxels  Thin hypointense line or small dot
* Whole brain coverage in 6 minutes * Visualized in at least two perpendicular planes (and appears as a

thin line in at least one plane)
* Small apparent vein diameter (<2mm)
* Runs partially/entirely through the lesion

* Positioned centrally in the lesion Sati et al. Nat Rev Neurol 2016



Central vein sign (CVS): Systematic review and meta-analysis

Up to August 24, 2020

e CVSinthe MS population was 73%. 35 studies for quantitative analysis)
e Diagnostic performance in MS cases,
. . ege o Study MSL Vein+ MSL Total Proportion 95% C.I. Weight
providing a pooled specificity of 92% and a |
.. 0 Al Zandl ot . 2018 330 380 0.87 - {g,ig; g,gi} 35%
nan et al. 2020 223 453 0.49 —&— : 45 0. 6%
SenS|t|V|ty Of 95%" Campion et al. 2017 291 338 0.86 i @ [0.82;0.89] 3.5%
Clarke et al. 2020a 120 240 0.50 —H— [0.44; 0_55] 3.5%
: 0 : Clarke et al. 2020b 410 636 0.64 - 0.61:0.68] 3.6%
e The Optlma| cut-off value was 40% with Cortose et al. 2018 625 783 0.80 | = {u,n; 0.32} 3.6%
Il lculated bv th Do Amaral ot a1 201 R S A etk B odn
. 74 .61;0.84 2%
excellent accura Cy Calculate y the area EI{:,eI::tril.ezgm 404 887 046 -8 {0.42 0‘49} 3.6%
Gabr et al. 2018 968 1076 0.90 : & [0.88:092] 3.6%
under the ROC (0946) Gaitén et al. 2013 11 15 0.73 = [0.47,0.90] 2.4%
Gaitan et al. 2020 327 380 0.86 — [0.82; 0.89] 3.5%
. Grabner et al. 2011 119 299 0.40 —8— [0.34;0.45]  3.6%
® The 3D—EP| Sequences ShOWEd bOth a hlgher Guisset et al. 2020 535 756 0.71 SCH [0.67;0.74] 3.6%
Kau et al. 2013 16 19 0.84 ———®—— [061:095] 23%
: Lamot et al. 2017 370 60 0.62 - 0.58;0.65] 3.6%
pooled proportion compared to other Lane ot at 2015 o e e . 055 070, 8%
Lummel et al. 2011 572 711 0.80 - [0.77:0.83] 3.6%
Luo et al. 2014 106 139 0.76 —HE— 0.68;0.83] 3.4%
Sequences rv;;Etrey otal. 2013 159 181 0.88 - Eu,az; 0,92} 3.4%
Mistry et al. 2016 305 436 0.70 @ [0.65:0.74] 3.6%
toparak et al. 2016 107 163 0.66 — 8 [0.58:0.73] 3.5%
e The 1.5 Tesla (T) scanners showed a lower ity R B B+ v v
. . . Sinnecker et al. 2019 1709 3505 0.49 = é 0.47:0.50] 3.6%
(58%) prOpOrtIOn of MS lesions with a CVS Solomon et al. 2018 191 236 0.81 = {0,75;0,55} 3.5%
Sparacia et al. 2018 128 313 041 —8— [0.36; 0.46] 3.6%
o 0 Tallantyre et al. 2009 292 337 0.87 . B [0.83:0.90] 35%
compared to both 3T (74%) and 7T (82%). Talartyre ot oL 200 e o om & lomviosy sen
Wuerfel et al, 2013 325 354 0.92 B [0.88:0.94] 3.4%
Random effects model 15482 0.73 __....._ [0.67; 0.79] 100.0%
Heterogeneity: I* = 98%, 1° = 0.6819, 15, = 1831.84 (p = 0} ' ' ' ! ' !
0.4 05 0.6 0.7 0.8 0.9
Proportions of MSL Vein+

MS: multiple sclerosis; ROC: Receiver operating characteristic; EPI: echo planar imaging Castellaro et al. Diagnostics 2020


https://en.wikipedia.org/wiki/Receiver_operating_characteristic#:~:text=ROC%20analysis%20provides%20tools%20to,analysis%20of%20diagnostic%20decision%20making.

Central vein sign: diagnostic performance

Figure 3. Central Vein Sign (CVS) for Discrimination Between Multiple Sclerosis (MS)/Clinically Isolated Syndrome (CIS) and Other Diagnoses M e
E Percentage of CVS-positive lesions per participant Performance of CV5 in discriminating a g n I m s \
MS/CIS and other conditions L
Diagnostic group 1.04 Magnetic Resonance Imaging in Multiple Sclerosis
MS
Cis 084
AQP4-positive NMOSD
Seronegative NMOSD
2 0.6+
MOGAD E
Migraine 2
} A 0.4
Inflammatory vasculopathies
Cerebrovascular disease
Fabry disease 0.27
Healthy control individuals ) AUC, 0.89; 95% CI, 0.86-0.91
! ! ! ! ! 0L+ : . . . \
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Sensitivity, % Specificity, % Accuracy, %
Cagol et al. JAMA Neurol 2024




Central vein sign: assessment

Rating methods

> 40% WML CVS positive:

* Time consuming (assess all lesions)
* High variability

* Automated tools

Simplified methods

Maggi et al. NMR Biomed 2020

—4-seconds-vs40-minutes;
Automatic assessment 1004 oo, WS
ye——y - .. .
St 75 - °P
=01 — [ 1)
o =) 4 4 " : .‘ e
L i'—__- Ay L
- (% 50 g .‘. e
= 'y [ ]
.m Q A
o 25 ads LA
A
|| Lot
A
04 & ICC(3,1)=0.83
3D Convolutional Neural Network —; = . .

Select 3

e Patients with < 3 lesions excluded

* Positive if 3/3 are CVS+ OR 2/3 are CVS+
Select 3*

e Patients with < 3 lesions excluded

* Evaluate if at least 3 lesions are CVS+

Rule of 6 / Select 6*

* Evaluate if at least 6 lesions are CVS+

* If <6 WM lesions, positive if CVS+ > CVS-

* Some studies: positive if 6/10 lesions are CVS+

Manual Assessment [%]

3D EPI GRE with Gad

Mistry et al. JAMA Neurol 2013; Solomon et al. MSJ 2018; Dworkin AJNR 2019; Maggi et al. Ann Neurol 2018; Maggi et . NMR Biomed 2020; Maggi et al. MSJ 2020



2024 revisions of the McDonald criteria

Central Vein Sign

General Principles and Recommendations

Demonstration of CVS by MRI may be used in the diagnosis of MS.
 Demonstration of CVS by MRI can increase specificity of diagnosis in MS.
 Demonstration of CVS is not mandatory for diagnosis of MS.

* In patients with typical symptoms and DIS the presence of rule of 6 CVS lesions is sufficient for
diagnosis of MS.

* In patients with typical symptoms and typical lesions in one topography, the presence of 6 CVS
plus DIT or CSF positive is sufficient to diagnose MS



Paramagnetic rim lesions (PRLs): MS versus other CNS disorders

Systemic vasculitis Multiple sclerosis

. Calvi et al. Mult Scler J 2020

Iron
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No. of lesions with iron rings
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Non-MS CIsS RRMS PMS

e 48% of CIS, 59% of RRMS and 39% of
PMS patients had at least one lesion

with an iron rim**
\ Clarke MA et al. AJNR Am J Neuroradiol. 2020




Paramagnetic rim lesions: Systematic review and Meta-analysis

29 studies comprising 1230 patients

a
Study Cases Total Prevalence (%) 95% C.l

Study Cases Total Prevalence (%) 95%Cl. | Kollia etal (2009) g 12 -t 250 [55;57.2)
Hammond et al. (2008) 31 403 - 77 (53107 | Orabneretal (2011) 7 8 e 87.5 [47.3,99.7]
Haacke et al. (2009) 11 422 = : 26 [13,46] | Bianetal (2012) 4 5 : - 80.0 [28.4,995]
Grabner etal (2011) R S 70 [44,105] | Hagemeier et al. (2012) 30 135 - | 222 [155;30.2)
Biantal Go12) - T ReR32%a | Kilsdonk et al. (2014) 4 16 .- 250 [7.3 524
gagemfier?t ?lé%?g) 1;3 1ggg . i zg.g “[92-75;2;-?} Sati et al. (2014) 1 15— 67 [02, 319

innecker et al. : Y BT 24 G . . -
Wuerfel et al. (2012) 145 354 —-— 410 (358 463 | Sinnecker etal (2016) 9 10 . 90.0 [55.5;99.7]
mfr:;a e; al (%3)4; ‘1‘8 333 - ;g {?? 32} Dal Bianco et al. (2017) 7 8 §—— 875 [47.3;997)

o ey ol 002260 | Chawla etal (2018) 3 9 -— 333 (75,701
Kuchling et al. (2014 196 852 I o 23.0 [20.2,26.0 ! : '
Satietal Q014) 3 18 i 53 b5 °e7 | Blindenbacher etal. (2020) 13 66 —&— | 197 [10.9: 313]
Chawla et al. (2016) 35 345 g 2 101 [7.2/13.8] Clarke et al. (2020) 58 112 - 473 [37.8,57.0)
Cronin et al. (2016) 30 304 - 99 [638;138] ' i ' g o
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* Pooled prevalences of 9.8% and 40.6% for rim lesions at lesion-level and patient-level

* Significant variation across studies

* Clear guidelines should be introduced to standardize their assessment

Kwong et al. PlosOne 2021




MRI: Technical considerations

Recommended MRI protocol for CVS and PRL detection’

Sequence name TR TE FA ETL In-plane Slice Image Reconstruction*
resolution thickness

T2*-weighted 3D (multishot) echo-planar- ~60 ms ~35 ~10° ~15 0.5-0.8 mm 0.5-0.8 mm (Enhanced) Magnitude
imaging (3D-EPI? or similar) ms Filtered Phase

Optimized'" Susceptibility-Weighted-Imaging ~20 ~5° N/A 0.5-0.8 mm 1-3 mm (Enhanced) Magnitude
3D Gradient-Echo (SWI2, SWIp3, SWAN?, Filtered Phase
SWAN-venule>, or similar)

TR: Repetition time; TE: Echo time; FA: Flip angle; ETL: Echo train length, SWI: Susceptibility-weighted-imaging (Siemens Healthineers), SWIip: Susceptibility weighted imaging with phase enhancement (Philips), SWAN: T2 Star Weighted

ANgiography (GE Healthcare).

" Protocol applicable at 3T and 1.5T. Longer TR and TE [A2] are recommended at 1.5T if scan time allows. Acquisition during the 5-min delay after GBCA injection[A3] is also recommended, especially at 1.5T, to compensate for lower susceptibility

effects.
+

for case-based example. If standard SWI or similar (with default flip angle) is used, then combination (or fusion) of SWI and T2-FLAIR is highly recommended for accurate CVS detection.®”

Optimized SWI or similar using low flip angle is recommended for generating adequate T2*-weighted contrast on magnitude images necessary for CVS detection (e.g., hyperintense lesions and hypointense veins). See supplementary figure below

¥ Enhanced Magnitude and Filtered Phase images can be obtained using vendor-provided image reconstruction methods (SWI, SWip, SWAN, or similar). Enhanced Magnitude images are recommended for sensitive CVS detection. Filtered Phase

images are recommended for sensitive PRL detection. Note that Quantitative Susceptibility Mapping (QSM) reconstruction® can also be used when available.



2024 revisions of the McDonald criteria

Paramagnetic Rim Lesions
General Principles and Recommendations

e Demonstration of PRLs by MRI may be used in the diagnosis of MS.

e Demonstration of PRLs by MRI can increase the specificity of diagnosis in MS.
e Demonstration of PRLs is not required for diagnosis of MS.

e |n patients with typical symptoms and typical lesions in one topography, the

presence of 21 PRL plus DIT or CSF positive is sufficient to diagnose MS




5 topographies model plus new imaging features(McDonald
2024)




2024 revisions of the McDonald criteria

DIS Topographies | Additional criteria needed for | Additional criteria needed for Additional criteria needed for

relapse onset progression from onset (212 months) incidentalimaging suggestive of
demyelination (RIS)

4-5 Any of the following:
« DIT
« CSF
« CVS
2-3 Any of the following: Any of the following: Any of the following:
« DIT « DIT « DIT
* CSF * CSF * CSF
 CVS  CVS « CVS
1 Any of the following: 22 spinal cord lesions and any of the following Not able to make diagnosis
* CSFandCVS * CSFandCVS
* DITand CVS « DITand CVS
e CSFandPRL e CSFandPRL
* DIT and PRL * DIT and PRL
0 Not able to make diagnosis Not able to make diagnosis Not able to make diagnosis

DIS: dissemination in space topographies on initial MRI Brain, MRI Spinal cord, MRI orbits (to be conducted in optic neuritis onset), and OCT/VEP (juxtacortical, periventricular, infratentorial, spinal cord, optic
nerve)

DIT: dissemination in time, second clinical attack or simultaneous presence of gadolinium enhancing and non-enhancing lesions at any time, or by a new T2-hyperintense or gadolinium enhancing lesion on
follow-up MRI

CVS: central vein sign, presence of 26 lesions or a majority of lesions with CVS when <6 lesions are present per NAIMS criteria

PRL: paramagnetic rim): presence of 21 lesions with a paramagnetic rim lesion per NAIMS criteria

CSF: cerebrospinal fluid, positive for oligoclonal bands or kappa free light chains

ECTRIMS 2024: nuevos criterios McDonald para el diagndstico


https://esclerosismultiple.com/ectrims-2024-criterios-mcdonald-podrian-acelerar-el-diagnostico/
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Optic nerve assessment with paraclinical tools

Importance of interpreting test results

Optic nerve MRI OCT VEP
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Open questions for future Revision

* Demonstration of DIT using VEP and/or OCT
* Refinement of the use of PRLs and CVS
* Solitary sclerosis, and other atypical presentations

* Performance of the criteria in diverse populations (e.g. Asia, LATAM
region, etc.)

* Use of other biomarkers as tools for diagnosis

International Advisory — National
Committee on Clinical - Multiple Sclerosis
Trials in MS o  Society
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Trals inMs T, L Signs or Symptoms
suggestive of MS

Initial workup suggestive of MS? W
« Maedical history and clinical examination

- Imaging and laboratory tests
 Differential diagnosis

MS diagnosis should only be
No » considered after ruling out
J better explanations

Yes

v

™ 4 )
Lesions present in 1 CNS topography

Lesions present in >2 CNS topographies
or
Patients with > 12 months progression and
>2 spinal cord lesions’

(including patients with = 12 months
progression)

l 4 - l 4
(Multiple Sclerosis may be diagnosed if one or more ) /Multiple Sclerosis may be diagnosed if one or more )
of the following are also demonstrated: of the following are also demonstrated:
« CSF+? « CSF+and CVS+
. CVS+ « CSF+ and PRL+°
« Dissemination in Time* « Dissemination in Time and CVS+
« Lesions are presentin 4 or 5 CNS topographies y o Dissemination in Time and PRL+ J

¥
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Incidental imaging findings suggestive
of demyelinating disease

v

Initial workup?

« Medical history and clinical examination No s MS d.iagnosis ShOU".j only be
« Imaging and laboratory tests considered afte.r ruling out
- Differential diagnosis better explanations

Yes

v

(Lesions are present in 22 CNS topographies)

v

[Multiple Sclerosis may be diagnosed if one or more )
of the following are also demonstrated:
- CSF+
« CVS+

. © Dissemination in Time )
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