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Interessenkonflikte

« Alexion

* Amgen/Horizon

- Bayer Healthcare

* Biogen

«  Bristol Myers-Squibb
« Celgene

* Merck Serono

«  Mylan/Viatris

* Novartis

Roche
Sanofi-Genzyme
Sanofi-Aventis
Stada

Teva

Janssen-Cilag
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Disease Modifying Treatments

I I I I I i I I ! I I I
1994 | 1996: 1998 2060 2002 2004 2(5106 2008 2010 2012 2614 2016 | 2018 2020 2022 | pyvIF
Fingolimod DMIF Ofatumumab
.IFN B-l1as.c. GA ?EG IFN B1-a Oc.:relizumab Ponesimod
IFN B-1ai.m. TeriflurIomide GA Generic Ozanimod
IFN B-1b s.c. Mitoxantrone Natalizumab Alemtuzumab Cladribine Siponimod
RRMS Progressive MS
Interferon (IFN) 3 - Mitoxantron Interferon (IFN) B
Glatiramer acetate (GA) e Natalizumab Siponimod (Cladribine,
Teriflunomide Fingolimod, Ozanimod, Ocrelizumab, Ofatumumab,

Dimethyl fumarate (DMF) Ponesimod

Diroximel fumarate (DxMF) Alemtuzumab

Cladribine

Ocrelizumab

Ocrelizumab

31.05.2023 EMA Ublituximab
28.07.2025 Tegomilfumarat



PRISM-Studie Interferon B-1a s.c. A Kt

Proportion of patients free from progression
1.0

0.8

Rx44

0.6

' -
Figure 2. Kaplan-Meier curves for time to confirmed pro- "1

gression in disability for years 1 through 4 (all patients).

Proportions of patients are those free from progression. Placebo/44 ?

The patients recetving highest cumulative dose of therapy

have the lowest rate of progression as opposed to those re-

ceiving the lowest dose who had the highest rate of pro- Placeb0l22
gression. Late treatment was not associated with a 0 4 & I . T T T ; .

catch-up of benefit to early therapy.

0 6 12 18 24 30 36 42 48
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Interferon B-1b s.c. A Kt

30 4
Delayed treatment
Early treatment
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0 T T T T 1
0 180 360 540 720 900
Time (days,
Numbers at risk (days)
Early treatment 292 268 250 240 225 217
Delayed treatment 176 159 150 141 125 109

Figure 2: Kaplan-Meier estimates for the probability of progression on the expanded disability status scale (EDSS) confirmed after 6 months within the
3-year period
The cumulative probability of EDSS progression was lower in the early treatment group (p=0-022, log-rank test).

‘%’ Universitatsmedizin Essen
Kappos et al. 2007 Lancet



Konzepte zur Therapie A K e

A
Fruhe Spate
Intervention Intervention
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Frihe Intervention

Zeit
Konzept und Abbildung stammen von Miller et al 2004. Sie beruhen auf Uberlegungen zu den Ergebnissen der
CHAMPS/CHAMPION (Avonex®) und PRISM-4 (Rebif®).

(% Universitatsmedizin Essen
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Disease Modifying Treatments

1994 = 1996 1998 2000 2002 2004

IFN B-1a s.c. GA
IFN B-1ai.m.
IFN B-1b s.c. Mitoxantrone
RRMS

Platform DMDs

1 1 1 T
2(5306 2008 2010 2012 2614 2016 : 2018 2020 2022 | pxMmF
Fingolimod bMF Ofatumumab
?EG IFN B1-a 0<.:relizumab Ponesimod
Teriflu|.10mide GA Generic Ozanimod
Natalizumab Alemtuzumab Cladribine Siponimod

Interferon (IFN) 3

Eskalation

Glatiramer acetate (GA)
Teriflunomide

Dimethyl fumarate (DMF)
Diroximel fumarate (DxMF)

Natalizumab

Fingolimod, Ozanimod,
Ponesimod

Alemtuzumab

Cladribine

Ocrelizumab

Progressive MS

Interferon (IFN) B

Siponimod (Cladribine,
Ocrelizumab, Ofatumumab,

Ocrelizumab

31.05.2023 EMA Ublituximab
28.07.2025 Tegomilfumarat



Kategorie 3: Natalizumab A it

A Natalizumab (@b

VCAM-1

Vascular Cell Adhesion Protein-1
CcD106

VLA-4
Integrin 41 (Very Late Antigen-4)
CD49d & CD29

¢
Qf) Universitatsmedizin Essen



Kategorie 3: Natalizumab

/} Klinik far
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Konzept: Keine Evidenz fiir eine Krankheitsaktivitat (NEDA)

G
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NEDA-6

Cognitive impairmenti<d!
(MRI? Neuropsychological assessment?)

Neurofilament levels®!
(NfL in CSF)

/ " NEDA4

NEDA-5

Brain volume

A

loss (annualized atrophy rate) \\

“~ NEDA-3

Relapse activity

signs/symptoms)

Lesion activity on
MRI (Gd+ T1, T2)

(neurological

Disability
progression

(EDSS) _Z

\
|

2009 Havdrova et al. Lancet Neurol
post-hoc Analyse AFFIRM-Studie
~Disease-Activity-Free” Status

2010 Havdrova et al. Neurology
~Freedom from Disease Activity”

2014 Nixon et al. Adv Ther
»No Evidence of Disease Activity”



Konzepte zur Therapie A K e

A
Fruhe Spate
Intervention Intervention
% .
S Therapeutisches
& Fenster
5
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Frihe Intervention

: >
Zeit

Der Begriff ,window of therapeutic opportunity“ wurde von Alasdair Coles im Zusammenhang mit Alemtuzumab eingesetzt.
2016 gewann der Begriff mit Giovannoni Popularitat (Giovannoni et al. 2016 MSARD).

(% Universitatsmedizin Essen



Konzepte zur Therapie A K e

A
Fruhe Spate
Intervention Intervention
% .
S Therapeutisches
& Fenster
5
o
©
[
=
@
Frihe Intervention

Zeit
Optimierung der Therapie bis das Therapieziel NEDA (NEIDA) erreicht wird.

(% Universitatsmedizin Essen



Konzepte zur Therapie A Kt

Evidenz

Dliniiasea & hghiy @
Ointiesed 2 low 32 mocentey g

Data are from a retrospective cohort study of 4,861 patients with RRMS (Danish registry N= 2,161 and Swedish registry
N=2,700) from Sweden and Denmark initiating their first DMT between 2013-20161

‘%’ Universitatsmedizin Essen
Spelman et al. 2021 JAMA Neurology



Konzepte zur Therapie A Kt

Umdrehen der Behandlungspyramide?

Therapeutic targets
MS Di Activi NEDA-1&2 —_— NEDA-3 > NEDA-4/5
sease Activity Clinical activity Focal MRI activity Brain atrophy / CSF-NFL levels

Nz/Az/Ocr/Fingo/Dac/Clad

Rapidly-evolving

Severe A
. . Fingo/Dac/Clad .
Highly-active A Fingo/Dac/Clad
IFN-B/GA/Teri/DMF .
A ¥
i 0 IFN-B/GA/Teri/DMF
Active Watchialwai B
Conventional step-care Rapid escalation Early top-down

Inactive Treatment Ladder’ ‘Treatment Escalator’ ‘Flipping the Pyramid’

Therapeutic approaches

NEDA = ne evident disease activity; MEDA-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 nermalising 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 = alemtuzumaly; Dac = daclizumab, Clad = oral cladribine, Ocr = ocrelizumab

¢
({) Universitdtsmedizin Essen
AAN 2018, Abstract 005



Konzepte zur Therapie A K e

A
Fruhe Spate
Intervention Intervention

g .

S Therapeutisches

& Fenster fur HET
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Frihe Intervention

Zeit
Aktuell: Diskussion uber den frihen Einsatz von hocheffektiven Therapien.

(% Universitatsmedizin Essen



Konzepte D Kt

Silent Progression in Disease
Activity—Free Relapsing Multiple Sclerosis

University of California, San Francisco MS-EPIC Team, Bruce A. C. Cree, MD, PhD, MAS,
Jill A. Hollenbach, PhD, MPH, Riley Bove, MD, MMSc, Gina Kirkish, MSc,

Simone Sacco, MD, Eduardo Caverzasi, MD, PhD ©, Antje Bischof, MD @, Tristan Gundel,
Alyssa H. Zhu, MSc, Nico Papinutto, PhD, William A. Stern, Carolyn Bevan, MD, MS,
Andrew Romeo, MD, Douglas S. Goodin, MD, Jeffrey M. Gelfand, MD, MAS,
Jennifer Graves, MD, PhD, MAS, Ari J. Green, MD, MAS, Michael R. Wilson, MD, MAS,
Scott S. Zamvil, MD, PhD, Chao Zhao, MSc, Refujia Gomez, Nicholas R. Ragan,
Gillian Q. Rush, Patrick Barba, Adam Santaniello, Sergio E. Baranzini, PhD,

Jorge R. Oksenberg, PhD, Roland G. Henry, PhD, and Stephen L. Hauser, MD

c
\.f) Universitatsmedizin Essen
Cree et al. 2019 Ann Neurol



Trotz NEDA ,,Silent Progression"

Silent progression in disease activity—free relapsing multiple sclerosis

0.996 +

Stable (N=109)
Non-Relapsing
Non-Worsening

0.986 |

Relapsing (N=125)
“Non-Worsening
Non-Relapsing (N=61)
Worsening

Relapsing (N=77)
Worsening

Relative Brain Volume (Brain/Brain+CSF)

Cree et al. 2019 Ann Neurol, Silent progression
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JAMA Neurology | Original Investigation

Contribution of Relapse-Independent Progression vs
Relapse-Associated Worsening to Overall Confirmed
Disability Accumulation in Typical Relapsing Multiple Sclerosis
in a Pooled Analysis of 2 Randomized Clinical Trials

Ludwig Kappos, MD; Jerry S. Wolinsky, MD; Gavin Giovannoni, PhD; Douglas L. Arnold, MD; Qing Wang, PhD; Corrado Bernasconi, PhD;
Fabian Model, PhD; Harold Koendgen, MD; Marianna Manfrini, MD; Shibeshih Belachew, MD; Stephen L. Hauser, MD

.
ersititemedizin £
(9) Universitatsmedizin Essen Kappos et al. 2020 JAMA Neurology



Konzept: Schubassoziierte und schubunabhangige Progression

@ Interferon B-1a
35+
304
25+
20+
154

104

Cumulative probability of events, %

Composite CDA
22.7% (170 events)

|PIRA£CDJ\ = 80.6% (137/170) I

RAW/CDA = 21.2% (36/170)

Composite PIRA
18.2% (137 events)

Composite RAW, 4.8% (36 events)

Baseline 12 24 36 48 60 72 84 9

No. at risk
Composite CDA
Composite PIRA
Composite RAW

Time, wk
829 788 719 659 617 580 549 520 467
829 790 725 671 634 598 573 545 490
829 793 762 727 702 677 662 643 579

@ Ocrelizumab

Cumulative probability of events, %

No. at risk
Composite CDA
Composite PIRA
Composite RAW

(VY]
w
]

304
254
20+
154

104

04

| PIRA/CDA = 89.1% (115/129) I

RAW/CDA = 12.4% (16/129)

Composite CDA
16.2% (129 events)

Composite PIRA
14.4% (115 events)

Baseline 12 24 36 48 60 72 84 96

827
827
827

Composite RAW, 2.1% (16 events)

Time, wk
795 751 718 690 663 642 622 562
795 754 724 697 672 652 632 573
800 782 767 758 744 734 723 654

Kappos et al. 2020 JAMA Neurol, RAW/PIRA



Konzepte zur Therapie A it

Auswertung von 5562 Patienten im Tysabri Observational Programme (TOP)

100+ —— Confirmed EDSS progression unrelaled to concurrent relapse
90+ — Overall confirmed EDSS worsening
~ 80+
g
z 70+
£ 504
2
& 50-
g
£ 404
s 37.1%
E 301 - 2/3 der
© 204 ' Behinderungs-
10- zunahme tritt
a schubunabhangig auf

0 24 48 72 96 120 144 168 192 216 240 264 288
Weeks from the first natalizumab infusion

Number of patients at risk

Confirned EDSS progression 5562 4904 4163 3497 2822 2115 1608 1183 819 520 284 174 92
unrelated to concurrent relapse
Confirmed EDSS progression 5562 4904 4164 3500 2825 2118 1609 1187 82 52 285 175 ¢

Baseline-Wert wurde ausgehend von einem beweglichen Referenzsystem neu bestimmt.
Schubassoziierte Verschlechterung: Schub trat innerhalb von 30 Tagen vor oder nach der zugehérigen EDSS-Bestimmung auf.

Modif. Kappos et al. MS J. 2018;24:963-973. DOI: 10.1177/1352458517709619

@
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Konzepte A Kt

PIRA
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I | | I
Baseline Re-baseline Onset Confirmation day

G s .
L{) Universitatsmedizin Essen Lublin et al. 2022 Brain



EDSS

Definition der PIRA

Neuroperformance

tests

Administered by clinician

Walking ability Hand ability

Coghnitive ability

25-foot TWT 9-HPT PASAT SDMT
l | ! |
Kappos et al.,, JAMA Neurol 2020 Cree et al., ||Bsteh et al.,, MSJ-
Cree et al., Ann Neurol 2019 Ann Neurol | [ETC 2020
2019

/\

PROMs

Self-administered

WST MDT

No publications

Walking ability Hand ability  Cognitive ability

PST

No publications

Tur, Carbonell et al., JAMA Neurology 2023; Meier et al., JAMA Neurol 2023; Cagol et al., JAMA Neurol 2022; Portaccio et al., Brain 2022; Lublin, Haring et al.,
Brain 2022; Bischof et al., Ann Neurol 2022; Gartner et al., Mult Scler 2022; Graf et al., Brain Communications 2021; Prosperini, et al., Neurol Neuroimmunol

Neuroinflamm 2021; Kappos et al., JAMA Neurol 2020; Bsteh et al., MSJ-ETC 2020; Cree et al., Ann Neurol 2019

Tur ECTRIMS 2023 oral presentation

21



Definition der PIRA

Nomenclature:

Miiller et al., JAMA Neurol 2023

First
demyelinating

‘ Event score
attack

Confirmation score ‘

Sustained score ]

Baseline clinical score

I Re-baseline clinical score

I Baseline clinical score

Time

PIRA after first attack

PIRA after a relapse

Legend
X  Detection of disability accumulation with respect to baseline /re-baseline EDSS

v Confirmation of disability accumulation 6 months later

Tur ECTRIMS 2023 oral presentation

22



Klinik fu
PIRA A Kt

Frequency of PIRA — 3 — 4% per year

Tur, et al., ECTRIMS 2Q23

y Cagol, et al., JAMA Neurol 2022

Meier et al., JAMA iurol 2023

Cree et al.,, Ann Neurol 2019

Bsteh et al.,, MSJ-ETC 2020

Kappos et al., JAMA Rledrol 2020

Bischof et al., Ann Neyrol 2022

Prosperini, et al., Neurol Neuroimmunol Neuroinflamm 2021 l
Graf et al., Brain Communications 2021 I

Portaccio, et al., Brain 2022

Tur, Carbonell et al., JAMA Neurology 2023 I

Gartner et al., Mult Scler 2022

Studies

Time from first attack (in years)

0 5 10 15 20

c
Qf’ Universitatsmedizin Essen N )
Carassiti et al. 2018 Neuropathol Appl Neurobiol



Fallbeispiel

q Klinik fiir
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EDSS
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(17 i R |
N —— | | | S — I . |
l’
24
 PIRA RAW PIRA
I
-
| | | | | | | | |
11/2012 11/2017 11/2022
IFN B-1a DMF DCZ CLD OCR Sip OFA

33 Jahre

43 Jahre
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Konzepte

BRAIN

ORIGINAL ARTICLE

How patients with multiple sclerosis acquire
disability
®Fred D. Lublin,™" @Dieter A. Haring,>" ®Habib Ganjgahi,> ®Alex Ocampo,?

®Farhad Hatami,? @Jelena Cuklina,? @Piet Aarden,? ®Frank Dahlke,?
®Douglas L. Arnold,* ®Heinz Wiendl,> ®Tanuja Chitnis,® ®#Thomas E. Nichols,?

Bernd C. Kieseier? and @Robert A. Bermel’

(% Universitatsmedizin Essen Lublin et al. 2022 Brain



Active-treated

Placebo-treated

Konzept: Schubabhadngige und -unabhangige Progression

RRMS SPMS PPMS
Niotal = 1582 Niota = 1099 Niotal = 483

65 (35.9%) 4(2.6%)
Miotal = 773 Niotal = 546 Niotal = 487

27 (20.0%) 6 (3.6%)

Lublin et al. 2022 Brain

26



PIRA and RAW D Ko
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Konzepte zur Therapie A Kt

Entziindungsgeschehen

Peripher initiierte
akute Entziindung?3

. Diagnose
({) Universititsmedizin Essen

MS Krankheitsverlauf

Lublin et al. 2022 Brain



Konzepte A s

.. R CD20+ B-Zellen
Entziindungsaktivitat

auch von den
Leptomeningen her

CD3+ T-Zellen

CD138+ Plasmazellen

(%) Universitatsmedizin Essen



Konzepte zur Therapie R ki e

"High" MS patient "Low" MS patient
high density of meningeal lymphocytes that low density of meningeal lymphocytes that do not
associate with subpial demyelination associate with subpial demyelination

@ Tcell @& Beell

Ahmed et al. 2023, JCl Insight

( Universitatsmedizin Essen i R UNIVERSITAT DUISBURG-ESSEN 30



Konzepte A Kt

Filipi et al. 2019 Lancet Neurol

G
Qf) Universitatsmedizin Essen



Konzepte

/} Klinik far
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SEL treten bei bis zu 83% der RRMS-Patienten auf und sind mit langfristiger
Krankheitsprogression assoziiert

SEL bei RRMS-Patientent?

100 -
90 -
80
70 -~
60 -
50 -~
40 4
30 -+
20 -~
10 +

Anteil Patienten [%]

Anzahl SEL

- =10

. 6-10
5
4
—83% -
2
I
0

\

0

1
RRMS
(n = 242)

SEL treten bei bis zu 83 % der RRMS-Patienten auf!

G
Qf) Universitatsmedizin Essen

NTZ, Natalizumab; FTY, Fingolimod

Langzeitbeobachtung von
RRMS-Patienten?

Clinical
evaluation

MRI
evaluation

I i I it
n
12 24,

t ? t ] ?

Baseline 6
months  months maonths years

Medianes follow-up 9,1 Jahre
52 RRMS-Patienten unter NTZ or FTY-Therapie

Klinische Verlaufskontrolle und MRT-Untersuchung lber 2

Jahre, gefolgt von einer einmaligen langfristigen klinischen
Nachuntersuchung

SEL sind mit langfristiger EDSS-Verschlechterung

und SPMS-Konversion verbunden?

1. Elliott C, et al. AJNR, 2020;41(9):1584-1591; 2. Preziosa P et al., Neurol Neuroimmunol Neuroinflamm 2022, 9:e1139
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Moll et al. 2011 Ann Neurol
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Konzepte A Kt

Biologische Mechanismen, die dem Fortschreiten
der MS-Erkrankung zugrunde liegeni-3

Akute axonale Schade/
De- und Re-
myelinisierungs-10
Blut und Liquor NfL
Erweiterte Bildgebung

Evo: Praklinisch und PhII NfL

Fokale Lasionen%>
Gd Enhancement

Evo: PhII und OLE

Meningeale

Entziindung? @
Leptomeningeales

Enhancement
Evo: Praklinisch
(Mausstudie)

SELs und PRLs®
(Erweiterte) Bildgebung

Evo: PhII SEL

Akute peripher initiierte Diffuse Entziindung

Entzindung - 7
) Chronische ZNS-kompartimentierte der weien Substanz

Entziindung PET oder Standardbildgebung
Peripher initiiert und ZNS-kompartimentiert Evo: Geplante PhIIISJtI:IE:;

@
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Konzept - Funktionelle Reserve 49D it e

Zum Hirnvolumen tragen bei

Neurone 46%
Myelin 24%
Glia- und andere Zellen 30%

MS-Hirnatrophie: Folge des axonalen Untergangs und der Demyelinisierung

¢
Qf) Universitatsmedizin Essen
Lycklama et al. Journal of the Neurological Sciences 2005
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Control Multiple sclerosis

Slide courtesy of Dr Klaus Schmierer

36



Konzept - Funktionelle Reserve A Kt

Clinical threshold

a4

Clinical thréshold

Brainstem/cerebellum Cerebral hemispheres Brainstem/cerebellum Cerebral hemispheres

Year 5 Year 20

(%) Universitatsmedizin Essen
Krieger et al. 2018 Neurologic Clinics



Konzept: Smouldering MS

Lifestyle factors
and comorbidities
Lack of exercise,
smoking, poor diet, etc.

CNS and systemic
Infections

EBV, HERVS, UTls,
Chest infections,
periodontal disease,
sinusttis, etc.

Disability

Ageing mechanisms
Age-related iron
accumulation, telomere
shortening,
remyelination failure, etc.

Innate immune

Smouldering MS

Acute Delayed ;
relapse-associated relapse-associated  Post-inflammatory Ageing

axonal damage neurodegeneration  neurodegeneration

activation
Microglial activation,
astrocytosis

¢ - Demyelination and
() energy deficits
Demyelination, axonal
plasticity, mtochondria
dysfunction

—p days-weeks —p months-years —p years-decades —p decades

Time

Adaptive immunity: intrathecal B-
cell, plasma cells and T-cells
Oligoclonal IgG bands, complement
activation, FcR-activation. Persistent helper
and cytotoxic T-cell activation.

Giovannoni et al. 2022 TAND

38



Lifestyle

@ Klinik fiir
Neurologie

Body mass
index

Physical
inactivity

(%) Universitatsmedizin Essen

Pathogens
The gut
Smoking ‘ \b\ micr:b?ome

m . Lipids and
lipoproteins
B .
‘ Risk Factors
‘_' , of Multiple
I\ Sclerosis Hypertension
V 4 0090
s < D
, AL, |
Diet o. * o .: Genetics
Diabetes

Landry et al. 2023 NeuroSci



Lifestyle A Kt

@ Original research

Association of obesity with disease outcome in
OPEN ACCESS . .
multiple sclerosis

Isabel Lutfullin," Maria Eveslage, Stefan Bittner,” Gisela Antony,” Martina Flaskamp,”
Felix Luessi @ ,°> Anke Salmen @ %’ Barbara Gisevius,® Luisa Klotz,'

Catharina Korsukewitz,' Achim Berthele, Sergiu Groppa @, Florian Then Bergh,®
Brigitte Wildemann,® Antonios Bayas,10 Hayrettin Tumani ' Sven G Meuth, '
Corinna Trebst, ™ Uwe K Zett|," Friedemann Paul,” Christoph Heesen, '®

Tania Kuempfel,"” Ralf Gold,® Bernhard Hemmer @ ,>'® Frauke Zipp,? Heinz Wiend, "
Jan D Linemann @, on behalf of the German Competence Network Multiple
Sclerosis (KKNMS)

¢
Qf) Universitdtsmedizin Essen )
Lutfullin et al. 2023 JNNP



Lifestyle

/} Klinik far
/g\ Neurologie

Log-rank-test, p<0.001
HR:1.87 (95% Cl:1.324-2.627)

= BMI > 30
== BMI< 30

N=1066 “T
2
o
é B0
g
[1'4
; 70
No. at Risk
BMI <30 907
BMI>30 159

@
Qf) Universitatsmedizin Essen

Time Since Baseline, Y

412
77

Lutfullin et al. 2023 JINNP



Lifestyle 0D it e

Schlussfolgerung:

¢ Adipositas stellt einen Risikofaktor hinsichtlich der Behinderungsprogression dar

¢
Qf) Universitatsmedizin Essen



SPMS-Anteil

@ Klinik fiir
Neurologie

Study Population (Number)

1500

(%) Universitatsmedizin Essen

Ofatumumab
ASCLEPIOS I/11
n=108 (5.7%)
Ocrelizumab
. OPERA I/11
IFN-beta 1b s.c. n= approx. 2 to 10%
North American Study Group of study population

IFN-beta 1b s.c n=939 (100%)

European Study Group Siponimod

n=718 (100%) EXPAND .;‘

n=1651(100%) — Eﬁ?ﬁiﬂ"&“
n=29 (2.6%)
IFN-beta Ta s.c.
SPECTRIMS
I . - N= 618(100%)
Cladribine
‘_' CLARITY
Mitoxantrone IFN-beta 10 s.c. n= approx. 28.2% ‘_. Cladribine
MIMS Nordic Study of study population® ONWARD
n=94 (50%) n=371(100%) n=26 [13.2%)
1395 2000 2005 2010 2015 2025 -
Year

Bayas,..,Pul,...,Meuth 2023 TAND
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Harderian
Gland

1952 Bruton Syndrom

Ogden C. Bruton berichtete {iber einen 8 Jahre alten Jungen mit rezidivierender

Thymus Pneumokokkensepsis und Agammaglobulinamie (XLA).

Tiermodelle zu Immundefizienz (Bursa/Thymus)
Bursa of

CHEEE 1962 Peterson et al., J. Nat. Cancer Inst.

1962 Szenberg and Warner, Nature

; . 1965 Lymphozyten in B- und T-Zellen (Cooper)
Cecal Tonsils

1990s wurde die ursachliche Mutation im BTK-Gen und der
Zusammenhang mit der gestdrten Signaltransduktion tiber den B-

Spleen ’
Peyer’s Patch Zellrezeptor nach AG-Kontakt entdeckt.

Bone Marrow

¢
(.f) Universitatsmedizin Essen ) _
Quelle: https://www.scoopfromthecoop.com/wp-content/uploads/2021/12/Chicken-Immune-System_1221-v4.jpg
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FcR = @) :
p. chemokine
BCR @ receptor

/AN

NFkB NFAT PKC MAPK

@
({) Universitatsmedizin Essen

B-Zellen

Mikroglia
Makrophagen
Dendritischen Zellen

Thrombozyten

Erythrozyten
Neutrophile

Geladaris et al. 2022 CNS Drugs
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2007 lbrutinib
2013 Zulassung zur Behandlung des Mantelzellymphoms (MZL)
2014 Zulassung zur Behandlung der chronisch lymphatischen Leukdamie (CLL)

2020 Acalabrutinib zur Behandlung der CLL

2020 Zanubrutinib zur Behandlung des Morbus Waldenstroms, CLL, MZL, FL
2021 Pirtobrutinib zur Behandlung des MZL, CLL

2024 Rilzabrutinib zur Behandlung der Immunthrombozytopenie

c
\.f) Universitatsmedizin Essen .
Siveen et al. 2018 Molecular Cancer
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Table 2 | Characteristics of oral Bruton tyrosine kinase inhibitors in development for multiple sclerosis

Characteristics Evobrutinib Tolebrutinib Fenebrutinib Remibrutinib Orelabrutinib
Molecular weight?® 4295 455.5 664.8 5075 4275
Formula Cy5HyN50, CaeHasNs O, CyHuNgO, Co7HyF5NsO; CosHasN;0;

Mechanism of action

Irreversible covalent
binding

Irreversible covalent
binding

Reversible non-covalent
binding

Irreversible covalent binding

Irreversible
covalent binding

Kinase selectivity

BMX (89-93%), BTK
(90%), TEC (80-82%),
BLK (36-42%), TXK
(30-36%), ITK (-2 to
13%), ERBB2 (1%), EGFR
(0-1%), JAK3 (0%)

>90% Inhibition for
7 of 250 kinases tested
at1uM

BTK (99%), BMX (56%), TEC
(23%), BLK (6%), JAK3 (5%),
TXK (4%), ERBB4 (1%), ERBB2
(=1%), ITK (<1%), EGFR (~7%)

BTK (99%), TEC (76%), JAK3

(51%), BMX (47%), ERBB2 (20%),
EGFR (18%), ITK (12%), TXK (10%),

BLK (0%), ERBB4 (0%)

>90% Inhibition of
BTK at 1uM

BTK occupancy

Dose-dependent;
>86% median
occupancy for all dose

>75% Mean occupancy
for all dose groups at
day 10

ND

>95% Median occupancy for all

dose groups at day 12

>99% For doses
<50mg (sustained
24h after dosing)

groups at day 14
BTK ICyq 8.9nM (8.8 ng/ml) 0.7nM (0.3ng/ml) 2.3nM (1.5ng/ml) 1.3nM (0.7ng/ml) 1.6nM (0.7ng/ml)
37.9nM (16.3ng/ml)
58nM (24.9ng/ml)
Phase Phase Il Phase Il Phase Il Phase Il

c
\:f) Universitatsmedizin Essen

Kramer et al. 2023, Nat Rev
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Table 2 | Characteristics of oral Bruton tyrosine kinase inhibitors in development for multiple sclerosis

Characteristics Evobrutinib Tolebrutinib Fenebrutinib Remibrutinib Orelabrutinib
Molecular weight?® 4295 455.5 664.8 5075 4275
Formula Cy5HyN50, CaeHasNs O, CyHuNgO, Co7HyF5NsO; CosHasN;0;

Mechanism of action

Irreversible covalent
bi

Irreversible covalent
binding

Reversible non-covalent
binding

Irreversible covalent binding

Irreversible
covalent binding

Kinase selectivity B . BTK >90% Inhibition for BTK (99%), BMX (56%), TEC BTK (99%), TEC (76%), JAK3 >90% Inhibition of
(90 -82%), 7 of 250 kinases tested  (23%), BLK (6%), JAK3 (5%), (51%), BMX (47%), ERBB2 (20%), BTK at 1uM
BLK ), TXK at1puM TXK (4%), ERBB4 (1%), ERBB2  EGFR (18%), ITK (12%), TXK (10%),
(30- K(-2to (-1%), ITK (<1%), EGFR (-7%) BLK (0%), ERBB4 (0%)
13%), (1%), EGFR
(0-19 (0%)

BTK occupancy Do ent; >75% Mean occupancy ND >95% Median occupancy forall ~ >99% For doses
>8 e for all dose groups at dose groups at day 12 <50mg (sustained
o) nc lldose day10 24h after dosing)
gro at 4

BTK ICyq 8.9nM (8.8 ng/ml) 0.7nM (0.3ng/ml) 2.3nM (1.5ng/ml) 1.3nM (0.7ng/ml) 1.6nM (0.7ng/ml)
37.9nM (16.3ng/ml)
58nM (24.9ng/ml)

06.12.2023

c
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Kramer et al. 2023, Nat Rev



Tolebrutinib Phase 3 HERCULES Trial in nrSPMS

ECTRIMS 2024

Presentation #0136

HERCULES: Study Design

Phase 3, Multicentre, Randomised, Double-Blind, Placebo-Controlled,

Event-Driven, Trial in Participants With nrSPMS

Treatment Period: 24-48 Months :
All Participants Continue in Study Until :
288 6-month CDP Events are Observed 1

Tolebrutinib S
RN : :-FTa-rEEiEa-n-t;-V\TiFh-' 60 mg oral (1 tablet daily) E
LScreeningill—| nrSPMS H o
""" ! Randomised 2:1 °
LosesseEeTas - Placebo 5
Oral (1 tablet daily) 8
[17]
® Months

11 L 1 1 1 i

Disability 10 12 15 18 21 24 27 30 33 36 EOSP

|
3 6 9
Assessments: o0 © 0 ©

B I

. . . Quarterl; .

o
& ©-=-0

-

Long-Term Safety
Extension Study

MAT-GLB-2406069 - 1.0 - 09/2024

Key Eligibility Criteria
Age 18-60 years
Diagnosis of SPMS

Absence of clinical
relapses in the 24
months before screening

Documented evidence of
disability progression in
the 12 months

before screening

EDSS score >3.0 and
<6.5 at screening

aThe 28-day screening period was considered Month -1. PEOS safety follow-up visit occurred 4 weeks after the last dose of study treatment for participants

not entering the long-term safety study.

CDP=confirmed disability progression; EDSS=Expanded Disability Status Scale; EOS=end of study; MRI=magnetic resonance imaging; nrSPMS=non-

relapsing secondary progressive MS; R=randomisation; SPMS=secondary progressive MS.

49



Tolebrutinib Phase 3 HERCULES Trial in nrSPMS Presentaton 20136

Primary Endpoint: Time to 6-Month CDP
40-

— Tolebrutinib
— Placebo

31% risk

reduction
P=0.0026b

30+

26.9%

20+

Cumulative Incidence
of 6-Month CDP,? %

HR (95% CI): 0.69 (0.55 to 0.88)
T T T T T T T T T T

1 | | |
0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45

No. at risk Months
Tolebrutinib 754 726 696 646 604 561 535 486 455 418 349 278 203 141 67 16
Placebo 377 367 341 311 280 261 246 218 201 181 156 129 84 59 22 4

« Tolebrutinib demonstrated a significant effect on disability accumulation in a non-relapsing SPMS
population

a6-month CDP is defined as an increase of =1.0 point from baseline EDSS score when baseline score is <5.0 or an increase of 20.5 points when baseline
score is >5.0, confirmed over 26 months. PP-value is from Cox proportional hazards model. 50

CDP=confirmed disability progression; CI=confidence interval; EDSS=Expanded Disability Status Scale; HR=hazard ratio. N ) o il e
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Presentation #0136

Secondary Endpoint: Time to 6-Month CDI

— Tolebrutinib

10 — Placebo

8- P=0.021b

1
2_

o] —

Cumulative Incidence
of 6-Month CDI,? %
(@)}
[

HR (95°/o CI): 1.88 (1.10 to 3. 21)

| 1 1 |
0 3 6 9 121518212427303336394245

No. at risk Months
Tolebrutinib 754 730 704 673 650 623 593 555 527 491 409 326 236 160 71 13
Placebo 377 371 360 340 330 314 306 285 277 257 223 183 124 83 34 6

» Proportionally more participants experienced CDI on tolebrutinib vs. placebo

a6-month CDI is defined as a decrease of >1.0 point from baseline EDSS score confirmed over 26 months. PNominal p-value from Cox proportional
hazards model.

51
CDI=confirmed disability improvement; CI=confidence interval; EDSS=Expanded Disability Status Scale; HR=hazard ratio.

MAT-GLB-2406069 - 1.0 - 09/2024
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Tolebrutinib Phase 3 HERCULES Trial in nrSPMS Presentation #0136

Secondary Endpoint: New/Enlarging T2 Lesions

Adjusted rate ratio (95% CI):
5 0.62 (0.43 to 0.90), P=0.011

B Tolebrutinib
I Placebo

N
L

Annualised Rate of New/
|_L
1

Enlarging T2 Lesions (95% CI)

o
1

« Tolebrutinib significantly lowered the annualised rate of new/enlarging T2 lesions vs. placebo

CI=confidence interval. 52
MAT-GLB-2406069 - 1.0 - 09/2024
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Tolebrutinib Phase 3 HERCULES Trial in nrSPMS Presentation #0136

Secondary Endpoint: Brain Volume Loss (BVL)

-9~ Tolebrutinib
-®- Placebo

% Change in Brain Volume
From Month 6, LSM (SE)

S o o o o

o) o IN N o

1 1 1 1 1

'10 1 1 | 1 I 1
6 (BL) 12 18 24 36 EOSP
n Months
Tolebrutinib 675 609 542 477 140 451
Placebo 336 295 266 234 75 223

« BVL from Month 6 to EOS was low for both tolebrutinib and placebo groups

Note: BVL is measured as percentage change in brain volume from Month 6 to exclude the potential confounding effect of pseudoatrophy.
aNominal p-value. PThe mean trial duration was 27 months. 53
BL=baseline; EOS=end of study; LSM=least squares mean; SE=standard error. N ) o il e
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Liver Safety

Bl Tolebrutinib (N=741)
A 4.1 B Placebo (N=372)

Participants, %

ALT >3xULN ALT 3-5xULN ALT 5-10xULN  ALT 10-20xULN ALT >20xULN ALT >3xULN
+ total BILI >2xULN?

A small (0.5%) proportion of participants in the tolebrutinib group experienced peak ALT increases of
>20xULN, all occurring within the first 90 days of treatment and most resolving without sequelae

20ne participant on tolebrutinib received a liver transplant and died due to post-operative complications. This case occurred prior to the implementation of a
revised protocol with more stringent monitoring.

54
ALT=alanine aminotransferase; BILI=bilirubin; ULN=upper limit of normal. MAT-GLB-2406069 = 1.0 - 09/2024



Nebenwirkungen R e e

(%) Universitatsmedizin Essen



Nebenwirkungen A Kt

(%) Universitatsmedizin Essen



Vielen Dank fur lhre Auftmerksamkeit! (0 o

https://www.facebook.com/Neur
ologie-Essen-443637079763753/

https://www.instagram.com/
neurologie.essen/

https://neurologie.uk-essen.de/
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