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Intérét d’un traitement précoce




Intérét d’'un traitement précoce: rationnel

Progression irréversible du handicap liée a plusieurs mécanismes:
— seéquelles de poussées
— inflammation infraclinique
— neurodégénérescence / atteinte axonale




Intérét d’un traitement précoce: rationnel

Progression irréversible du handicap liée a plusieurs mécanismes:
— séquelles de poussées
— inflammation infraclinique

* TAP les 5¢s années et intervalle P1-P2:
associés a la progression du handicap a long terme et a la conversion SP 12

 Essais cliniques (+ extensions) 34>

— importance d’un DMT précoce (des le CIS) afin d’augmenter P1-P2 et de réduire
'activité inflammatoire (P/IRM)

1.Langer Goud, Arch Neurol2006 ; 2. Scalfari, INNP 2014
3.Kappos, Neurol 2006; 4. Leist, Lancet Neurol 2014 ;
5.Comi, Lancet 2009



Atteinte axonale précoce

IRM: atteinte axonale
présente avant I'apparition
d’un handicap significatif

Sections axonales

Données anapath ! oy .
irréversibles 2

Demyelination at the edge of an active lesion? . 3 N
APP*-positive axons in lesions

MRI measure of axonal damage3
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Green: nonphosphorylated neurofilament
Sections axonales irréversibles plus
abondantes dans les zones
d’inflammation active, qui
prédominent dans la phase précoce 1. Trapp BD, N EnglJ Mgd 1998
de la SEP 2. Kuhlmann T, Brain 2002

3. De Stefano N, Arch Neurol 2001



Handicap irréversible: une progression en 2 temps

* La progression du handicap durant la premiere phase est probablement dépendante de I'inflammation
focale (poussées, |ésions IRM T2 et T1 gadolinium)
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Figure 1 Disability progression during Phase 2 (mean time from DSS 3 to DSS 6) in five subgroups defined according to the duration of
Phase 1 (mean time from multiple sclerosis clinical onset to DSS 3) in the 718 multiple sclerosis patients who had reached both DSS 3 and
DSS 6.

 Durée de la phase 2 identique dans tous les groupes (6-9 ans)

* Lessentiel de la progression irréversible du handicap > EDSS 3 n’est finalement pas ou trés peu lié a
I'atteinte focale

Leray, Brain 2010



Intérét d’'un traitement précoce: I'apport des cohortes

Cohorte Barcelone (1058 CIS)
DMT des le CIS: diminue le risque d’atteindre EDSS 3

HR (C.L 95%)

I
]
Males : 0.8 (0.5-1.2)
Females —g——
40-49 years s
30-39 years P 0.7(04-1.2)
20-29 years —_— 0.6 (0.3 - 1.0)
risq ue 0-19 years —_— 1.0 (04 -2.1)
. ]
d’atteindre Other : 060410
Optic neuritis —— bt :
EDSS 3 '
OB absent &
OB present : —_— 20 (1-2 - 3-6)
0 lesions ?
1-3 lesions _— 09(03-21)
|
4-9 lesions —— 1.2(0.5-2.8)
>= 10 lesions : S 2.9 (1.4 - 6.(])
DMT after 2nd attack ?
DMT before 2nd attack map— 0.5(03-0.9)
T
1

Tintoré, Brain 2015 8



Intérét d’'un traitement précoce: I'apport des cohortes

COhO rte su édOise (n =639) Cox proportional hazgrds regression
Suivi moyen 8 ans
Augmentation risque EDSS 4: oLl

+7% par année non traitée s

~ -
Table 2. Hazard ratios for time to irreversible EDSS 4 from treatment start. 0 Follow-up :i?noe (months) = o
Covariate SE p-value Hazard 95% CI for hazard ratio Treatment start from MS onset
ratio Lower Ui within 1 year 1to 3 years
——— more than 3 years
Time to treatment from MS onset in years 0.01 <0.001 1.074 1.048 1.101
Age at onset 0.01 <0.001 1.05 1.03 1.07
Baseline EDSS 0.11 <0.001 1.96 1.76 2.18
Gender 0.23 0.224 1.25 0.87 1.80
Exposed to second-line DMD treatment 0.45 0.17 1.51 0.84 2.71
Treatment start from MS onset?
Within | year (<12 months) Reference
1 and 3 years (13-36 months) 0.38 0.26 1.37 0.80 2.35
More than 3 years 0.59 <0.001 2.64 1.71 4.08
Treatment start from MS onset®
More than 3 years (=37 months) 0.33 0.001 1.86 1.31 2.64
EDSS: Expanded Disability Status Scale; SE: standard error; CI: confidence interval; DMD: disease-modifying drug; MS: multiple
sclerosis.

“Adjusted for age at onset, baseline EDSS, gender and exposure to second-line treatment. )
bAdjusted for propensity score. Kavaliunas , MSJ 2017 9




Intérét d’'un traitement précoce: I'apport des cohortes

Cohorte danoise (n=3795)

Suivi moyen =7 ans
Augmentation risque d’atteindre EDSS 6 (HR 1.4)

early : < 2 ans apres CIS

later : 2- 8 ans apres CIS

Probability of not reaching an EDSS score of 6

0.4 -
0.2
0.0 -
| I | | I I | I I
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
Follow-up time (years)
Later treated 1480 1322 1056 621 339 172 83 21 0
Early treated 2316 2076 1634 1044 630 352 136 28 0

Chalmer, Eur J Neurol 2018



Quel objectif thérapeutique ?
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Quel objectif thérapeutique ?

Absence de handicap a long terme !

PAS DE
PROGRESSION

DU HANDICAP

12



Quel objectif thérapeutique ?

* Absence de progression du handicap
* Absence de poussées
e Stabilisation des lésions en IRM

NEDA 3 (no evidence of disease activity)

ABSENCE D’ACTIVITE CLINIQUE

PAS DE
PROGRESSION
DU HANDICAP

PAS DE
NOUVELLE
LESION T2

.....
-------
. ‘.
o .

RMS

PAS DE
POUSSEE

Disabili

PAS DE LESION
GADO+

13

ABSENCE D’ACTIVITE IRM



Selon quelle stratégie thérapeutique ?
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Arsenal thérapeutique

Chronologie des approbations des DMT

1995 2010 2015
@ / L 2 ®
IFN béta-1b SC IFN béta-1b SC teriflunomide peglFN béta-1a
1995 2008 2013 2014
IFN béta-1a IM mitoxantrone fingolimod diméthylfumarate cladribine
1997 2003 2011 2014 2017
IEN béta-1a SC natalizumab ocrelizumab
1998 2004 alemtuzumab 2018
2013
acétate de
glatirameére SC
2001

D Injection

D Oral

D Perfusion

15
Source: sites ANSM et EMA



Stratégies thérapeutiques

Traitement tres efficace
Escalade thérapeutique d’emblée

Sécurité d’emploi Efficacité

Therapeutic targets

. . NEDA-1&2 —> NEDA-3 —> NEDA-4/5
MS Disease Activity .. . . - .
Clinical activity Focal MRI activity Brain atrophy / CSF-NFL levels
Rapidly-evolving Nz/Az/Ocr/Fingo/Dac/Clad
- i Nz/Az/Ocr A
AA :
. . Fingo/Dac/Clad .
Highly-active Fingo/Dac/Clad
: AN
IFN-B/GA/Teri/DMF ..
A =
i . IFN-B/GA/Teri/DMF
Agve Watchful waiting B/GA/Ter/
Conventional step-care Rapid escalation Early top-down
Inactive ‘Treatment Ladder’ ‘Treatment Escalator’ ‘Flipping the Pyramid’

Therapeutic approaches

NEDA = no evident disease activity; NEDA-2 = clinical only (relapse-free and progression free); NEDA-3 = clinical and focal MRI activity; NEDA-4/5 = clinical and focal MRI activity free and normalising brain atrophy loss & normalisation of CSF
neurofilament levels. IFN-B = interferon-beta; GA = glatiramer acetate; Teri = teriflunomide; DMF = dimethyl fumarate; Fingo = fingolimod; Nz = natalizumab; Az = alemtuzumab; Dac = daclizumab, Clad = oral cladribine, Ocr = ocrelizumab

16
Giovannoni, Curr Opi Neurol 2018




High efficacy therapies

High efficacy

therapies :
Registre suédois rituximab*
et MS base ocrel!zumab
natalizumab
mitoxantrone
alemtuzumab
B
_ . late : 4-6 ans
o 012 Hazard ratio 0-46 (95% Cl 0-31-0-68)
ke p<0-0001
0o
o
Q.
%5
T 06+
-tc: W
£ 0:3
5 IR
Z —___ early: 0-2 ans
- 0 T T T T T T T T T
0 1 2 4 5 6 7/ 8 9 10
Number at risk
(censored)
Late group 253(0) 253(0) 253(0) 253 (0) 253(0) 253(0) 253 (0) 175 (78) 116 (137)  63(190) 36 (217)
Early group 213 (0) 213 (0) 213 (0) 213 (0) 213 (0) 213 (0) 213 (0) 148 (65) 98(115) 53 (160) 30(183)

* Absence d’AMM dans la SEP

HE, Lancet Neurol 2020
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High efficacy therapies

High efficacy

therapies :
Registre suédois T O e
et MS base ocrelizumab
natalizumab

mitoxantrone
alemtuzumab

¢ late : 4-6 ans
037 Hazard ratio 0-38 (95% Cl 0.17-0-81)
p=0-013
02 -

disability progression

early: 0-2 ans

Cumulative hazard of confirmed

T
6 7 8 9 10
Time (years)
Number at risk
(censored)
Late group 253 (0) 175 (78) 116 (137) 63 (190) 36 (217)
Early group 213 (0) 148 (65) 98 (115) 53(160) 30(183)

* Absence d’AMM dans la SEP HE, Lancet Neurol 2020



High efficacy therapies

Cohorte Royaume Uni (n=592)

Figure 2. Time to Sustained Accumulation of Disability
by Initial Treatment Strategy

+ 0.3 pt EDSS en 5 ans
100 +
= ¥ High efficacy T:
G o natalizumab
£ . . alemtuzumab
2 Early intensive treatment
T 40-
3
1= EIT
= 20
ESC Escalation approach Moderate efficacy T:
0 ] , ] , . IFNb, AG
0 4 8 12 16 20 5 .
Time Since Starting DMT, y (fingolimod)
No. at risk teriflunomide
ESC 316 75 21 6 1 .
ET 89 29 12 1 0 dimethylfumarate

Adjusted hazard ratio, 0.74; 95% Cl, 0.52-1.06; P = .10. DMT indicates _

disease-modifying therapy; EIT, early intensive treatment; ESC, escalation
approach; SAD, sustained accumulation of disability.

19
Harding, JAMA 2017



Résultats Ocrelizumab

Taux annualisé poussées sur 6 ans

OPERA I et Il: OCR vs IFN sur 2 ans
puis OLE: OCR en ouvert sur 4 ans

— P=0.97 P=0.69 P=0.91
0,065

0,6 = B Patients receiving IFN B-1a 44 pg during the DBP
B Patients receiving OCR 600 mg during the DBP and continuing OCR into OLE
05 1 B Patients switching from IFN B-1a to OCR at OLE baseline
[}
® 0,4 - P<0.001
= .
03 o 0’273 P<0.001
7 1
2, 0,202 P=0.77
o
<

0,043 0,045

0 =
[l [l [l [l [l [l [
n=829 n=827 n=713 n=765 n=623 n=702 n=594 n=665 n=570 n=639 n=550 n=616
Year 1 Year 2 Year 3 Year 4 Year 5 Year 6
(OLE Year 1) (OLE Year 2) (OLE Year 3) (OLE Year 4)

Estimates are from analysis based on GEE Poisson regression model with repeated measurements using unstructured covariance matrix,
adjusted by randomised treatment, study, baseline EDSS (<4.0 vs 24.0), geographical region (US vs ROW), year and treatment-by-year
interaction. Log-transformed exposure time is included as an offset variable.

ARR, annualised relapse rate; DBP, double-blind period; EDSS, Expanded Disability Status Scale; GEE, generalised estimating equation;
IFN, interferon; OCR, ocrelizumab; OLE, open-label extension; ROW, rest of the world.

Giovannoni, ECTRIMS 2019 (Poster P1015).



Résultats Ocrelizumab

Instauration précoce d’Ocrelizumab : effet bénéfique sur la progression du handicap a 5 ans

30 — IFN B-1a/OCR 600 mg (N=829)
OCR 600 mg/OCR 600 mg (N=827)
25 =
2
c -
g 2
® O
o W 1 .
“— a 1 OLE: tous les patients sous OCR
°3 15 1 : i
c O 1 ] 1
O o 1 1 1
£ g 1 1 1 1
S 2 DBP: HR=0.43; ( 1 : ! !
e ® : HR=0.43; (p<0.001) H i 1 H
o< 10= i i | !
a 1 T 1
1 1 1
1 1
: :
- 1 1
5 : : :
1
: A=4.40 (1.92, 6.88); 1A=5.20(2.19, 8.21) 1A=4.71(1.29, 8.14) 14=5.37 (1.76, 8.97)
1 p<0.001 }p<0.001 1p=0.007 $=0.004
0
I I I I 1 | || 1 ] | 1
BL 24 48 72 96 120 144 168 192 216 240 264
Year 1 Year 2 Year 3 Year 4 Year 5
OLE Baseline (OLE Year 1) (OLE Year 2) (OLE Year 3)
No. of patients at risk Time to onset of CDP (weeks)
IFN B-1a/OCR 600 mg 829 789 753 715 690 657 639 618 606 552 540 527 525 512 507 491 490 474 471 459 457 319 297
OCR 600 mg/OCR 600 mg 827 795 778 762 751 735 724 712 699 665 650 633 629 600 599 586 585 575 573 560 559 397 380
Without imputation. ITT population. Pooled OPERA | and OPERA Il population;
DBP clinical cut-off dates: April 2, 2015 and May 2, 2015, respectively;
OLE clinical cut-off date: February 5, 2018. Data shown up to Week 240,
the last visit all ongoing patients completed. CDP, confirmed disability progression; Hauser SL. AAN 2019 (POSter P32'054)
BL, baseline; DBP, double-blind periods; EDSS, Expanded Disability Status Scale; HR, hazard ratio; GiOVGnnoni. ECTRIMS StOCkhO/m 2019 (POSter 1015)

IFN, interferon; ITT, intention-to-treat; OCR, ocrelizumab; OLE, open-label extension.



Identifier tot les patients a risque de handicap

afin de leur proposer un traitement tres efficace d’emblée

NEDA-4/5
Brain atrophy / CSF-NFL levels

Nz/Az/Ocr/Fingo/Dac/Clad
A

Early top-down
‘Flipping the Pyramid’
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Margueurs pronostiques reconnus

* Terrain: sexe masculin, age élevé

» Caractéristiques des poussées (P) initiales
— P multifocales
— P avec atteinte motrice / cérébelleuse / cognitive
— Récupération incomplete apres la P
— Fréquence élevée de P
— Faible délai entre les P

e Criteres IRM

— Charge lésionnelle élevée en T2, multiples |ésions gado+, black holes,
atrophie, lésions sous-tentorielles

Rush, Nat Rev neurol 2015 ; Weinshenker, Brain 1989 ;

2
Rudick, Ann Neurol 2006 ; Langer Goud, Arch Neurol2006 :



Facteurs pronostiques apres un CIS

B
I HR (C.L 95%)
I
Viales : 0.8 (0.5 - 1.2)
Females g
40-49 years s
risque 30-39 years — 0.7 (04 -1.2)
d’ ind 20-29 years —_— 0.6 (0.3-1.0)
atteindre 0-19 years e — 1.0 (0.4 -2.1)
EDSS 3 :
_ Other : 0.6 (0.4 - 1.0)
Optic neuritis ——
OB absent ®
OB present : — 2.0 (1.2 - 3.6)
0 lesions ?
1-3 lesions —— 0.9(03-21)
]
4-9 lesions —— 1.2(0.5-23)
>= 10 lesions : —_— 2.9 (1.4 - 6.0)
DMT after 2nd attack ;
DMT before 2nd attack —o—: 0.5(0.3-0.9)
1 T T
0 1 10

Tintoré, Brain 2015 24



Facteurs pronostiques apres un CIS

SEP agressive :
EDSS>a 6
dans les 10 ans

baseline number of T2 lesions

value

150

100

50

0.75

0.50

0.25

0.00

Number of T2 lesions at baseline

[median (1QR): 7 (1-19) [median (1QR): 71 (28-95)
(mean (sd): 17.7 (28.5) [mean (sd): 68.8 (42.1)]

no yes
Aggressive MS

Aggressive MS prediction by number of lesions at baseline
Prediction performance

i

“/- Threshold of > 20 lesions

sens = 0.85
spec = 0.76
accu = 0.76
PPV =0.11
NPV = 0.99
LR, =35

0 10 20 30 40 50 60 70 80 90 100110120130140150160170180
number of lesions at baseline

20 lésions T2
IRM baseline

Tintoré, MSJ 2019
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Facteurs pronostiques apres un CIS

SEP agressive :
EDSS>a 6
dans les 10 ans

contrast enhancing lesions at baseline

value

Number of contrast enhancing lesions at baseline

40

0.50

0.25

0.00

[median (IQR): 0 (0-1)] (median (IQR): 3 (1-24)]
(mean (sd): 10.1 (12.1)]

H

H

H

2

.

L3

o

ks

H

L T

no yes

confirmed EDSS 6.0
\ //i Threshold of > 2 CEL
{ sens = 0.73
spec = 0.79
accu = 0.78
PPV =0.14
NPV = 0.98
LR, =34
0 10 20 30

number of CEL at baseline

-~ sensitivity =*= specificity

2 lésions gado +
IRM baseline

Tintoré, MSJ 2019
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sclerosis

MS base

Age at onset -

EDSS -

Treatment — second line (10y) -
Pyramidal signs -

No. relapses -

Cerebellar signs -

Disease duration (1st visit) -
Hospitalization -
Bowel/bladder signs -

Gender -

Treatment - first line (1y) -
Treatment — second line (1y) -
Steroids -

No. serious relapses -
Treatment ~ first line (10y) -
Partial recovery -

Follow-up time -

Predictor

Q

Early clinical markers of aggressive multiple

SEP agressive :
EDSS>a 6
dans les 10 ans

e S e —

——— ]

———————————————————————

P — :

e

_—

—

—

s

e

= -y

= Best fitting model

= " Included

: " Notincluded

II 1] ; 1] 1]
o o

Posterior inclusion probability (PIP)

Age > 35 ans
EDSS 2 3 (1A)
Signes Pyr (1A)

Malpas, Brain 2020



Early imaging predictors of long-term Q

L [ ] [ ) f ' :
outcomes in relapse-onset multiple sclerosis s ,
. . Ul
: ,’ '
166 patients CIS suivis 15 ans s )
A il
T . 150 A\
Devenir a 15 ans: 15% de SPMS >
: .
A" 74N RN\
Table 2 Multivariable logistic regression models investigating early MRI predictors of secondary progressive disease . <X
course after |5 years
R
Odds ratio 95% CI P C-statistic Accuracy (95% CI)
Baseline (n = 164) 0.76 85% (79%, 90%)
Baseline GdE lesions (versus 0)
I 1.33 0.35, 5.07 0.678
=2 3.16 1.08, 9.23 0.035
> | baseline spinal cord lesions (versus 0) 4.71 1.72, 12.92 0.003
Baseline-1 year (n = 136) 0.86 91% (85%, 95%)
Baseline GdE lesions (versus 0)
l 231 047 1140 0306
=2 4.58 1.19, 17.71 0.027
= | new spinal cord lesions (versus 0) 572 1.67, 19.56 0.005
= | new infratentorial lesions (versus 0) 7.02 2.06, 23.94 0.002
Baseline-3 years (n = 121) 0.89 88% (81%, 94%)
= | new spinal cord lesions (versus 0) 38.68 4.67, 320.53 0.001
= | new infratentorial lesions (versus 0) 3.28 0.87, 12.31 0.079

Brownlee, Brain 2019 28



Early imaging predictors of long-term \
outcomes in relapse-onset multiple sclerosis :\

166 patients CIS suivis 15 ans A BT \
Devenir a 15 ans: 15% de SPMS e

* IRM baseline: |
5% SPMS a 15 ans si pas de lésion médullaire ni gado+ N
45% SPMS a 15 ans si lésion médaullaire et 2 lésions gado+

* |RM a1 an: nouvelles lésions médullaires ou infratentorielles associées a
conversion en SPMS

85% risque si IRM initiale avec 2 lésions gado+ ET nouvelle lésion
médullaire/infra-tentorielle a 1 an

Nouvelles lésions médullaires et infra-tentorielles précoces
sont prédictives du passage en SP a 15 ans

Brownlee, Brain 2019  2°



Aggressive multiple sclerosis (1): Towards a
definition of the phenotype

Ellen Iacobaeus, Georgina Arrambide’ >, Maria Pia Amato, Tobias Derfuss| =),
Sandra Vukusic' ®, Bernhard Hemmer{*, Mar Tintore
and Lou Brundin; for the 2018 ECTRIMS Focused Workshop Group®.

Multiple Sclerosis Journal

2020, Vol. 26(9) 1031-1044

DOI: 10.1177/
1352458520925369

© The Author(s), 2020.

Article reuse guidelines:
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permissions

Clinical
e Atonset
- Older age®’
- Motor symptoms®>°

e During early follow-up
- Poor recovery from the first two relapses®’

- High relapse frequency (=3) within the first 2 years after MS onset?’
- Any signs of breakthrough disease within 2 years of treatment with a highly active DMT7>7}

e (Combined factors

Age >35 years at symptom onset, EDSS =3.0 in the first year, and presence of pyramidal signs in the first year of

disease evolution (32.0% risk)'

Imaging
e Atonset
- =2 Gd+ lesions'’
- High T2 lesion load®"!

- Presence of spinal cord > infratentorial lesions3*3+7
e During early follow-up

- =2new Gd+ lesions*""!

- =1 new spinal cord lesions*’

- Atrophy measures, possibly spinal cord > brain; PBVC decrease below -0.817% in the first year37.70.75.76

Combined factors

=20 lesions on T2-weighted images and =2 Gd+ lesions at disease onset (18.9% risk)"?

Biomarkers
e At the time of diagnosis®
- NfL CSF levels > 386 ng/L*
e During follow-up
- Upper tertile NfL levels in serum or CSF3?

Table 4. ‘Red flags’ that may indicate highly active MS

30




EDSS 2 3 (1A)
Signes Pyr (1A)

Criteres de mauvais
pronostic

2 lésions gado +
20 lésions T2
Lésions ME
IRM baseline

Risque = SEP agressive

NEDA-4/5
Brain atrophy / CSF-NFL levels

Nz/Az/Ocr/Fingo/Dac/Clad
A

Pour tous : traitement précoce

Absence de criteres de

mauvais pronostic

Nz/Az/Ocr
AA

Fingo/Dac/Clad
A .

IFN-B/G:A/.Teri/DMF

Rapid escalation
‘Treatment Escalator’
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