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MS betrifft ,,nur"

Rickenmark

"

Gehirn und Ruckenmark

*https://www.nachhilfe-team.net/leren-leicht-gemacht/wp-content/uploads/2024/03/ Anatomie-ZNS-2-1-e1710418418694-600x4650.welp
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Blut-Hirnschranke
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~,Krankheitsaktivitat”

erstellt mit ChoTQRT\‘

Universitatsklinik fur Neurologie - Johannes Kepler Universitét Linz



Universitats
Klinikum

¢ Kepler

JOHANNES KEPLER
UNIVERSITAT LINZ

JXU

Immunologie

|oYILIODDIXN[ + DN UIUSALSd

bungebp|lg

Universitatsklinik ftir Neurologie - Johannes Kepler Universitat Linz



Immunologie

J ¥ U ‘ gi?ﬁi‘sitéts

UNIVERSITAT LNz Klinikum

Phase 1

Inflammation

= EntzOUndung

Schibe

LAttacke von auBen" Uber BHS
neue Lasionen (+ KM Aufnahme)
Regenerationspotential

nimmt im Laufe ab

vorhandene Therapieoptionen

0 O O O O O

= Abbau/Verschleil3

kontinuierliche Behinderung

,ZAftacke von innen im ZNS

expanding lesions (- KM Aufnahme)
fehlendes Regenerationspotential
nimmt im Laufe zu

weitgehend fehlende Therapieoptionen

0 O O O O O
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Phase 1

schubférmige = sekundar progressive MS

nur im
MRT

schubférmig

BEHINDERUNG

sekundar progressiv
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https://www.oemsg.at/wp-content/uploads/2017/10/primaer_progressive_verlauf.ong 4
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Verlaufsform

Immunologie

Disability relative to baseline EDSS score
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Time, wk

*1 Giovannoni G et al. Smouldering multiple sclerosis: the 'real MS'. Ther Adv Neurol Disord. 2022 Jan 25;15:17562864211066Z41

(eeeii] &
Pyhrn-Eisenwurzen '! U Kepler o
Universitats
s | Klinkum

Universitétslehrkrankenhaus

PIRA: Progression independent of relapse activity

RAW: relapse associated worsening
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Mode of action

gezielte Zelllyse

Ocrelizumab
Ofatumumab
Ublituximab

Alemtuzumab o e
(Rituximab)

Lyse von Immunzellen : B

u.a. reife T- und B-Lymphozyten Lyse(r:ilf;r B Zellen—‘

cps2 A -r '( ﬁ}
< @5 TL®

rasche Reduktion von T- und B- @ -
Lymphozyten (ruhende Zellen) < Lymphocytes

Cladribin reduzierte Proliferation

N

Verringert die Verfigbarkeit von
Desoxyadenosin (teilende Zellen)

- i
% ,
> Lymphocytes

Teriflu nomid—| Verringert die Verfigbarkeit von
Pyrimidin fUr eine schnelle Zellteilung
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pleiotrope Effekte

Interferone Glatirameracetat
\ ¢
Aktivierung von Uber 100

Genender .Interfferon  —® Verdnderung der Th1/Th2-Balance

Response

Dimethylfumarat . Akfivierungvon Uber 700 Genen
Diroximelfumarat der ,,nrf2 Response und HCAR2

antimigratorisch

Bluthirnschranke

Fingolimod N tqlizumab
Ponesimod &

SIP1 Ozanimod
Q} Siponimod PNS

a4-Infegrin
Lymphknoten

F '\
Lo G
Q Lymphocytes
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- alle bekannten Wirkmechanismen zugelassener
Praparate wirken (hauptsdchlich) auBerhalb des ZNS

- Schub = Aftacke von auf3en in das ZNS

- Versuch ,,Peripherie" positiv zu beeinflussen um im ZNS
gunstige Wirkung zu erzielen

- Therapien ohne relevante Wirkung auf Degeneration =

7NS Attacke von innen

https://upload.wikimedia.org/wikipedia/commons/thumlo/0/0f/ Central_nervous_system.svg/1024px-Central_nervous_system.svg.png G5
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Abwarten

 Prognosefaktoren?

~
Kategorie 1 Keine Therapie?
Dimethylfumarat / Reﬂﬂg‘fﬂge
Diroximelfumarat (und MR-
Glatirameroide tomographische)
Interferon-beta - Kontrolle
Teriflunomid

*1 Hemmer B. et al., Diagnose und Therapie der Multiplen Sklerose, NMOSD und MOG-Ig G-assoziierten Erkrankungen, S2k-Leitlinie, 20
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Therapie

by Giovannonni @ Hot Topic 1: High efficacy therapies/ECTRIMS 2022

Different therapeutic strategies

Evolving therapeutic targets

MS Disease Activity NEDA-1&2 > NEDA-3 _ NEDA-4/5
Clinical activity Focal MRI activity Brain atrophy / CSF-NFL levels

Rapidly-evolving Nz/Fingo/Az/Ocr/Clad

severe A

Highly-active

Finén/CIad
A

IFN-beta/GA/Teri/DMF
A

Active IFN-beta/GA/Teri/DMF

wmhﬁ:l waiting

Conventional step-care Rapid escalation Early top-down
Ractive treatment ladder with cycling / horizontal switching treatment escalator / vertical switching flipping the pyramid
I Therapeutic approaches

Prognostic & patient profiling @ [I] {ﬁ“’ m
w risks [Dfamlly planning other =
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-@ = interferon-beta;
e s
GA = glatiramer acetats teriflunomide; DMF = dimethyl fumarate; Fingo = fingolimod; Nz = natalizumab; Az = alemtuzumab; Clad = oral cladribine, Ocr = ocrels Adapted from Giovannoni G. Curr Opin Neurol. 2018 Jun;31(3):233-243.
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ESC - Eskalation-/Stufenschema

Vs,

HEET - high efficacy early treatment
»hit hard and early*

Induktionstherapie

+flipping the pyramid*



Therapie

Early highly effective versus escalation tfreatment approaches in relapsing multiple sclerosis

Annualised relapse rate (adjusted)

A Escalation
0-8+

B Early highly effective

Peex<0-0001 Pse<0-0001
<0-0001 ,,,<0-0001

7d R P 1 %, Page

0-7
* @
4 ¢
0-6 N . * 2
DMT 3 = =
®,
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¢
“.’ "
0-4- 00‘ > N “. 2
DMT 2 * 0y
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Figure: Relapse incidence and escalation versus early highly effective treatment approaches in patients with relapsing multiple sclerosis

+HEET" zu bevorzugen! Richtige Pat. mittels RF identifizieren!
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Risikofaktoren fur hochaktive Verlaufsform onsanes kees Eliimilum

Reaching an evidence-based prognosis for personalized treatment of multiple sclerosis

Demographic and environmental factors Clinical factors
* Older age * Primary progressive disease subtype Renching an eademes-dased prognosts
* Male sex ¢ Ahighrelapse rate rr-losmenpy by dico o
* Not of European descent e Ashorter interval between the first and rods
® Low vitamin D levels second relapses
* Smoking * Brainstem, cerebellar or spinal cord onset
* Comorbid conditions w ( * Poor recovery from the first relapse

* A higher Expanded Disability Status Scale

score at diagnosis

® Polysymptomatic onset
e Early cognitive deficits

Poor prognosis

MRI observations Biomarkers
¢ A high number of T2 lesions e A high number of T2 lesions
* A high T2 lesion volume e The presence of IgG and IgM oligoclonal
* The presence of gadolinium-enhancing bands in the CSF
lesions ¢ High levels of neurofilament light chain in the
* The presence of infratentorial lesions CSF and serum
e The presence of spinal cord lesions e High levels of chitinase in the CSF
* Whole brain atrophy e Retinal nerve fibre layer thinning detected
* Grey matter atrophy with optical coherence tomography

Fig. 1| Predictors of a poor prognosis in multiple sclerosis. The demographic and environmental factors, clinical factors,
MRI observations and biomarkers that have been associated with a poor prognosis in multiple sclerosis are listed. CSF,
cerebrospinal fluid; IgG, immunoglobulin G; IgM, immunoglobulin M.
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Treatment escalation in multiple sclerosis based on isolated MRI activity —
how much is too much?

Gabricl Bstch'?, Maric Louise Aicher’, Janctte Walde!, Nik Krujnc'2, Lukas Haider',

Gerhard Traxler*, Christianc Gradl’, Anke Salmen’, Katharina Ricdl'2, Philipp Leyendecker, SN T DMT esosielion S pew T2L, =t DT ssosletion; ) ew 121,
Paulina Poskaite!, Patrick Altmann', Michacl Auer’, Klaus Berek’, Franziska Di Pauli’, 1.00
Barbara Komnek'?, Fritz Leutmezer'?, Paulus Rommer'?, Gudrun Zulchner'?, Tobias 90'75 N g
- 2 B D » . : Th 2 R = 0. N
L'“‘TI"';“M‘. and Harald Ilq'a:" Chan, N ol H - Helly g 0.50 ”""‘"’Wﬂ-w.,.. - ) Table 3: Relapse free probability at year 4 depending on MRI activity and treatment strategy score
Loz
0.00 " K
0 200 400 600 800 Do DMT esgalation DMT escalation.
2 Time to clinical attack [weeks]
.
131 RRMS patiens 1 87% 87%
e fi i i i Strata == no DMT escalation, 2 new T2L - DMT escalation, 2 new T2L New T2L
five MS centres in Austria and Switzerland T N P e DME
1.00 at Year 1
Zo7s 23 54% 81%
o
o
Follow-up 3 2'25(5) 1 69% 70%
& New T2L TEND/
0.00 on brain MRI 2 76% GLAT/
0 200 400 600 800 at Year 1 TER
Time to clinical attack [weeks] > 58%
' Relapse? Strata =+~ no DMT escalation, 3 or more new T2L DMT escalation, 3 or more new T2L
1.00 Legend:
5 % 075 Abbreviations: GLAT, glatiramer acetate; DMF, dimethyl fumarate; DMT, disease-modifying treatment; JENb, interferon-beta; TER, teriflunomide
g 050
£ 0.25
» Escalation & 500
* MRI+ |: 0 200 400 600 800
> i Time to clinical attack [weeks
DMT 0 escalation

MRI- ——» No escalation

RRR 65-80% bei Therapieeskalation >2 neuen Lasionen

Bsteh G et al. Neurology — under revigw:,
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Post-contrast

T2-weighted T1-weighted

KM-Aufnahme

- Dauer 2-6 Wochen

-  Homogen bis ringférmig

- Randstandig bei Reakftivierung von Ldsionen
- Im RUckenmark seltener

Bildgebung

*Rovira A et al. Magnetic resonance monitoring of lesion evolution in multiple sclerosis. Ther Adv Neurol Disord. 2013 Sep;6(5):298-3
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Therapieerneuerungen

il
Tysasrl. 150 mg

solution for injection in pre-filled syringe
natalizumab
Subcutaneous use

-

i
il

&

e RS 6
{
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i
e o

Tysabri subkutan

J ! U e Kepler
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—— Briumvi’
3 =il 150 mg
I‘. 505 Korzentrat zur Herstellong 1
Ocrevus’

| siner Infusionskisung
subkutan ~ Ublituximab *f !
Ocrelizuma™™__ 50 mo/6 mi |

Zur intravengsen Eriumvi’ 150 11
Anwendung nach SRl

Ocrevus subkutan Briumvi intravenos

https://images.coopvitality.ch/product-images/ocrevus-subkutan-inj-loes-220-mg-23ml-durchs tf-main-0037E2.jpg

hittps://images.ctfassets.net/evoedhvfuolp/14TUSOIL7YCpYZWu2kpglP /ca43217c2d37065ac5df4f31 1abd7d31/dosage4 _1.svg
https://static.neuraxpharm.com/wp-content/uploads/sites/6/2023/12/19123027 /np 2321 a-aufbereitung-packshot-paerchen-luckyu-02-rz-scaled,j
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Generika:
(' *‘ Once-daily —~—T— . )
NuGILENYA AUBAGIO < Tecfidera
(fingolimod) .; (’reriﬂunomide) L8 (dimethyl fumarate) S

- Gleicher Wirkstoff — gleiche Wirkung im Korper

- Gleiche Starke, Darreichungsform und Qualitat
— Tablette, Kapsel, Losung etc. entsprechen dem Original.
- Bioaquivalenz
— Wirkstoff geht in derseloen Menge und Geschwindigkeit ins Blut

- Unterschiede k&nnen nur in den Hilfsstoffen (FUlIstoffe, Farbstoffe, Bindemittel)
oder im Design/Verpackung bestehen

Universitatsklinik fir Neurologie - Johannes Kepler Universitat Linz £y
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BTK inhibitor

proliferation

Bruton-Tyrosin-Kinasen Inhibitoren [~ (@)
’ @

Phase Il Studien

Microglia

Inhibition of

macrophage

activation

Macrophage
« Demyelination
G « Axonal degradation
‘ Neuron
BBB

Fig. 2| Putative mechanism of action of Bruton tyrosine kinase in thei pathology of multiple sclerosis on both sides of the blood-brain
multiple sclerosis. Bruton tyrosine kinase (BTK) inhibitors directly modulate barrier (BBB)*. Although BTK inhibitors do not modulate T cell function directly,
the functions of B cells and myeloid cells (including macrophages and microglia) they can interfere with deleterious B cell-T cell interactions (not shown)'**. CNS,
and therefore target both adaptive and innate mechanisms that contribute to central nervous system.

Liquorgangigkeit: Wirksamkeit auf Degeneratione
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Phase 3: relapsing MS

Evobrutinib
EVOLUTION 1/2

Fenebrutinib
FENHANCE 1/2

Remibrutinib
REMODEL 1/2

Tolebrutinib
GEMINI 1/2

Phase 3: progressive MS

Fenebrutinib
FENTREPID (PPMS)

Tolebrutiniba
HERCULES (NRSPMS)

Tolebrutinib?
PERSEUS (PPMS)

2023 2024 2025 2026
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

https://practicalneurology.com/articles/2023-mar /updates-in-bruton-tyrosine-kinas e-inhibition-for-multiple-sclerosis/@g

< Kepler
Universitats
Klinikum

JXU

JOHANNES KEPLER
UNIVERSITAT LINZ

TABLE 2. STATUS OF CLINICAL
INVESTIGATIONS OF BTK INHIBITORS IN MS

BTK inhibitor | Phase of | MS subtype | Dosing
study
Evobrutinib 3 RMS 75 mg BID
Fenebrutinib |23 RMS, PPMS 200 mg BID
Orelabrutinib | 2 RMS (dose-ranging)
QD to BID

Remibrutinib |3 RMS 100 mg BID
Tolebrutinib 2 RMS, 60 mg QD

NRSPMS,

PPMS
Abbreviations: BID, twice daily; BTK, Bruton tyrosine kinase;
NRSPMS, nonrelapsing secondary progressive multiple sclerosis;
PPMS, primary progressive multiple sclerosis; QD, once daily;
RMS, relapsing multiple sclerosis.
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Btki — Brutinkinase Inhibitoren e gemer | e

Modulation von a B-Zelle Pl b Makrophage/Mikroglia
B-Zellen im ZNS

Immunkomplex

€D79a/b

Hirngangiger BTK-Inhibitor
Hemmung der

B-Zell-Aktivierung
und -Proliferation

Hemmung der Mikroglia-/
Makrophagen-Aktivierung

B-Zellen B-Zellen

R wasp | cocsz
Actin’

T .
Ign «g[s
< — BCAP
: :f
=

Zytokine
%0
Hemmung der 2
Makrophagen-

aktivierung

Makrophagen Makrophagen

Oligodendrozyt

Neuron = Aktivierung von Makrophagen/

B-Zell-Reifung, -Prolife- Mikroglia

ration und -AKtiv Sekretion
T-Zellen G — Antikorperproduktion Zytokine
Zytokinsekretion Aktivierung des Inflammasoms

Demyelinisierung
Axonale Degeneration

Blut-Hirn-Schranke

mit ChatGPT erstellt
https://www.ppt-online.de/_Resources/Persistent/7/c/e/c/7cec2abb748c5bb9c7ad1900b5c39a2c86b39c4e/kraemer_btk_ms_01_converted_eps-1162x1034.ppg
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Tolebrutinib Phase 3 HERCULES Trial in nrSPMS Sl Lot

Presentation #0136

Secondary Endpoint: Time to 3-Month CDP

504 i

[ . — Tolebrutinib [41.5% |
E "3‘ 40 — Placebo — 249% risk
T } reduction
on = b
£ : 304 P=0.013
14 L ° [ X
2§ 2% Verhinderung Entzundung =
1 : ° °
2 o 107 Verhinderung Degeneration
35
o 01 HR (95% CI): 0.76 (0.61 to 0.94) " " .

(I) é é é 1I2 1I5 1I8 2I1 2I4 2I7 3l0 3I3 3I 3I9 4I2 4I eChTe VerhlhderUng
No. at risk Months Degeneration vs
i o el s s Rl e g e i B versteckte subklinische

EntzOndungsunterdrickung?

« Tolebrutinib demonstrated a significant effect on time to 3-month CDP

23-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 0.5 points whe EMA - ZU Iass Un g :
score is >5.0, confirmed over =3 months. PP-value is from Cox proportional hazards model.
CDP=confirmed disability progression; CI=confidence interval; EDSS=Expanded Disability Status Scale; HR=hazard ratio. frU hes.l_ens AﬂfCI ng 2026 (Q ‘l )

niversitatsklinik fir Neurologie - Johannes Kepler Universitat Linz



e Kepler
Universitats
Klinikum

JXU

laufende Studientatigkeit oS sense

Remibrutinib (Btki) Voraussetzungen:
Phase lll Studien RMS

BTK inhibitor Brain-penetrant BTK inhibitor 565 O
7Y EDSS <56.5

laufend

Voraussetzungen:

SPMS + Worsening
' thei hology of multiple sclerosis on both sides of the blood-brai
Bruton tyrosineki (BTK) inhibi irectly barrier (BBB)*. Although BTK inhibii d tmodulate T cell function directly, E DSS 3 O _— < 6 O
the ions of B cells and myeloid cells (i ing mac d microglia) they can interfere with deleterious B cell-T cell interactions (not shown)'**. CNS, . J— .

and get bothadapti di isms that il central nervous system.

Beginn demndchst
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laufende Studientatigkeit
Frexalimab (Anti-CD40-Therapie)

Phase

e (s
k
S
19 ,
T g
T cells:*¥ '
= Th cell activation

- Inflammatory
cytokines

) fm- o e el
) nna DT e 5

Il Sfudien

anti-CD40L mAb

D40+ cells

B cells:2 '

= Activation

= Proliferation

= Antigen presentation
= Antibody production

cosoL | . ) )
Activation of CNS-infiltrated Activated
B cells and T cells? macrophages® microglia in EAE”
"""""""" REASRRmAR S,
Plasma call Beell Memory 8 cell |‘ :": ﬂ?iae CNEE' rons Astrooyies )
- f ! 3
Antibody o~ e = Y=
secretion e — — L /l 1 ¥ et :
H o
" \ =
T-cell Activated 8
activation macrophage Macrophage Immature DC Maturz DC
N ¢ : e
. — . 1 = —
- v
Secretion of i
pro-inflammatory
cytokines * ’ ‘ l ‘
Th1 Th2 Immune Antigen
activation presentation

! 1 !

Inflammatory T-cell regulation
response and suppression

Humoral
response

emn is frexalimab’s

impact on T, celis?

Innate immune cells

{macrophages/microglia, dendritic

cells); 131818

= Activation

= Inflammatory cytokines [TNFa.,
IL-1F, IL-&, IL-12, IL-18)

Endothelial cells:2®

= BBB permeability

| CD40L gh’HC-peptide complex | T cell receptor
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Voraussetzungen:

RMS
<550
EDSS <5.5

rekrutierend

Z



laufende Studientatigkeit
VHB937 (TREM2)
Phase Il Studien

sTREqu
TREM2

ADAMTY cD33 . TREM2 ligand (e.q., APOE, AB)
or ADAM10
o< j Tj ‘] DAP12 DA j T

—|

2

)

LI

o g
0- €
8-E-8—

Bicmarker Inierim Analysis

21 participants st 12 waeks
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Voraussefzungen:
PPMS + naSPMS
<60a

EDSS <6.0

Start Q1 2026

Interim Analysis: Primary Analysis:
(C5F sub-study) 200 ipants 340 pants
at min 48 weaks et min 48 weeks
"3 * *!
Core Part | [SHELET N ET

Blinded
Double-Blind Treatment | Transiies | Open-Label Tre i
1 period atrent [
' ﬁ '
P VHBAST 10 myfkg i ) : Safsty
: E : 1 1 Selected dose 1 . Follow-up
1 1 1 of VHBSIT 1 {up to
1@ : il 1 1 | 24 weaks)
' i \ i
H ! Placebo I | b
+ 1 I
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*1

A

beverages

Lifestyle

physical activity Q

night work

&

stress

vitamins

obésitv

multiple
sclerosis

smoking

Lifestyle ~ 50% Einfluss

jedoch zumeist kein krankheitsspezifscher Effekt!

air pollution

&
&0

&
Q’Q sun exposure

s
Jﬁﬁ ]

bacteria

sex

hormones

heritability %WW
]
ethnicity
genetic variants

:
viruses

*1 Hecker et al., Biomolecules. 2021 Oct 13;11(10):15)]
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Conclusio ousanes xeren Kl nilkeenn

Inflammation

Degeneration

Remyelinisierung
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Vielen Dank! o keoien

bei Fragen/Anmerkungen e-mail an:

gerhard.traxler@kepleruniklinikkum.at

[=] % [m]

el LT
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