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First reports of progressive o Targetlng of B cells is confirmed as

multifocal leukoencephalopathy an effective therapy for RRMS

with natalizumab treatment ® Ocrelizumab becomes the first drug

to be approved for treatment of PPMS | | Oral fingolimod is

Subcutaneous Natalizdmab is the the first disease-
IFNB-1b is the first mofoclonal For the first time, a generic modifying therapy
first drug to be The first drug | | antibodf and Fingolimod § the drug — a generic version of to be approved for
approved for for treating high-efffcacy drug first oral drufj to be glatiramer acetate — is treatment of RRMS
treatment of SPMS is to be approved for approved fo Oral dimethyl | | approved for the treatment in paediatric
RRMS approved treatmeht of RRMS treatment of RRMS | | fumarate of RRMS patients

1993 1996 2000 2002 2004 2005 2010 2012 2013 2014 2015 2016 2017 2018

Subcutaneous ® Intravenous Ihtravenous Oral Oral dimethyl Subcutaneous Oral fingolimod
IFNB-1b mitoxantrone talizumab fingolimof fumarate daclizumab for RRMS in
e Subcutaneous paediatric
* Subcutaneous IFNB-1b for iral * Intravenous Generic glatiramer patients
glatiramer SPMS riflunomide alemtuzumab || acetate
acetate * Subcutaneous —
® Intramuscular Subcutarjeous PEG-IFNB-1b ® Oral cladribine
IFNB-1a IFNB-1a e Intravenous ocrelizumab for RRMS
® Intravenous ocrelizumab for PPMS

I era (1993-2003) I era (2003-2011) Il era (2011-o0ggi)

From Tintore et al, Nat Rev Neurol, 2019



Immunomodulators
1° line treatments

injectables oral

Teriflunomide Dimethylfumarate

Interferons Glatiramer acetate

Reduction of relapse rate : 30%-40%
Safety : good

Impact on disability progression : none or weak
N




Immunosuppressants
2° line treatments

| |
Natalizumab Fingolimod Alemtuzumab Ocrelizumab Cladribine Ofatunumab Ozanimod
oral \Y; v oral SC

s

Reduction of relapse rate : 50-70%
Effect on disability progression: moderate

Safety : questionable




Objectives
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«NEDA» - new efficacy outcomes

No MRI
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Disability did
not worsen
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No loss of
brain volume

Disability did
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No relapse
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 Neurodegeneration |

CSF/serum

NEDA - 4
Brain atrophy as a
“marker” of the
neurodegenerative
component

From Cree et al, Curr Opin Neurol, 2019

NEDA -5
Adding cognitive
measures and
recently, serum
neurofilaments



* Early treatment: rational
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Treatment choice

Escalation

Start safer drugs, even though they are
less effective, and shift to more
aggressive therapies in case of disease
activity

VS

Induction

Begin treatment with a highly effective
DMT even with a higher risk of adverse
effects

JAMA Neurology | Original Investigation

Clinical Outcomes of Escalation vs Early Intensive
Disease-Modifying Therapy in Patients With Multiple Sclerosis

Katharine Harding, PhD; Owain Williams, MBBCh; Mark Willis, PhD; James Hrastelj, MBBS;
Anthony Rimmer, MBBS; Fady Joseph, MD; Valentina Tomassini, PhD; Mark Wardle, MD;
Trevor Pickersgill, MRCP; Neil Robertson, MD; Emma Tallantyre, PhD

Figure 2. Time to Sustained Accumulation of Disability
by Initial Treatment Strategy
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JAMA | Original Investigation

Association of Initial Disease-Modifying Therapy With
Later Conversion to Secondary Progressive Multiple Sclerosis

J. William L. Brown, MRCP; Alasdair Coles, PhD; Dana Horakova, PhD; Eva Havrdova, PhD; Guillermo Izquierdo, MD; Alexandre Prat, PhD;
Marc Girard, MD; Pierre Duquette, MD; Maria Trojano, MD; Alessandra Lugaresi, PhD; Roberto Bergamaschi, MD; Pierre Grammond, MD;

Raed Alroughani, MD; Raymond Hupperts, PhD; Pamela McCombe, MBBS; Vincent Van Pesch, MD; Patrizia Sola, PhD; Diana Ferraro, MD;
Francois Grand'Maison, MD; Murat Terzi, MD; Jeannette Lechner-Scott, PhD; Schlomo Flechter, MD; Mark Slee, PhD; Vahid Shaygannejad, MD;
Eugenio Pucci, MD; Franco Granella, MD; Vilija Jokubaitis, PhD; Mark Willis, MRCP; Claire Rice, FRCP; Neil Scolding, PhD; Alastair Wilkins, PhD;
Owen R Pearson, MD; Tjalf Ziemssen, MD; Michael Hutchinson, MD; Katharine Harding, PhD; Joanne Jones, PhD; Christopher McGuigan, MD;
Helmut Butzkueven, PhD; Tomas Kalincik, PhD; Neil Robertson, MD; for the MSBase Study Group

o
o
|

HR, 0.66 (95% Cl, 0.44-0.99), P=.046

0.6

0.4

Glatiramer acetate
or interferon beta

Fingolimod, alemtuzumab,
or natalizumab

Proportion Converted to Secondary
Progressive Multiple Sclerosis

Time From Matching, y

Significative reduction of the
risk of conversion to SPMS in
patients initially treated with
Fingolimod, Alemtuzumab or
Natalizumab vs Glatiramer
acetate or IFN-beta



Waiting for... 2023 — results from RCTs

DELIVER-MS: Determining the Effectiveness
of Early Intensive Versus Escalation
Approaches for the Treatment of Relapsing-
Remitting Multiple Sclerosis

TREAT

v

The TREAT-MS Clinical Trial for Multiple Sclerosis (MS) Patients
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v Side effects of 1° line DMTs

Dose/route of administration Side effects

Avonex® (interferon beta-1a) 30 mcg intramuscular once a week * headache, flu-like symptomes,
injection site pain and
inflammation

Copaxone® (glatiramer acetate) 20 mg subcutaneous injection every * Injection site reactions, flushing,
day, or 40 mg subcutaneous injection shortness of breath, rash, chest
three times per week pain

Aubagio® (teriflunomide) 7 mg or 14 mg capsule once daily * Headache, hair thinning,

diarrhea, nausea, abnormal liver
tests

* Decrease in white blood cell
count and more frequent
infections

¢ Controindicated in pregnancy

Tecfidera® (dimethyl fumarate) 120 mg capsule twice daily for one *  Flushing, gastrointestinal issues
week, followed by 240 mg capsule *  Progressive multifocal
twice daily thereafter leukoencephalopathy (PML)

* Herpes zoster (shingles) and
other infections

* Decreases in white blood cell
counts

* Liver problems
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Side effects of 2° line DMTs

Dose/route of administration Side effects

Tysabri® (natalizumab)

Gilenya® (fingolimod)

Lemtrada® (alemtuzumab)

300 mg intravenous infusion once every 28 days

0.5 mg capsule once daily for adults and children
weighing greater than 40 kg or 0.25 mg once
daily for children weighing less than or equal to
40 kg

12 mg per day intravenous infusion for five
consecutive days, followed by 12 mg per day on
three consecutive days one year later

Headache, fatigue, joint pain, chest discomfort
Risk of infections: urinary tract, lower respiratory
tract, herpes, gastroenteritis, vaginitis, abdominal
discomfort

Progressive multifocal leukoencephalopathy
(PML)

Liver damage

Low blood platelet counts

Headache, flu, diarrhea, back pain, abnormal liver
tests, sinusitis, abdominal pain, pain in extremities
Bradycardia

Progressive multifocal leukoencephalopathy (PML)
Macular edema

Basal cell carcinoma and melanoma
Controindicated in pregnancy

Rash, headache, fever, nasal congestion, nausea,
urinary tract infection, fatigue, insomnia, upper
respiratory tract infection, herpes viral infections,
Infusion reactions

Autoimmune diseases

Increased risk of certain cancers

Progressive multifocal leukoencephalopathy (PML)
Bleeding disorders

Thyroid disorders
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Side effects of 2° line DMTs

Drug name Dose/route of administration Side effects
Ocrevus ® (ocrelizumab) 600 mg intravenous infusion every 6 * Infusion reactions
months (first dose: 300 mg on day one and * Increased risk of infections, including
300 mg 2 weeks later) respiratory tract infections and herpes
infections

* Infections, including hepatitis B
reactivation that may cause serious liver
problems

* Risk of cancers including breast cancer

Mavenclad® (cladribine) Capsules in two cycles of treatment fortwo ¢ Respiratory infection, headache, low
years white blood cell count
* Increased risk of cancer
e Serious infections such as TB,
hepatitis B or C, and shingles (herpes
zoster).
*  Controindicated in pregnancy
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Infectious risk minimizing strategies for DMTs

Drug

Fingolimod

Dimethyl fumarate

Teriflunomide

Azathioprine

Recommendations before

active or latent
mfectlon (CBC. CRF.ESR; HIV/
HBV/HCV/tuberculosis testing)

* MRI check for PML depending on
previous treatment

* Leukocyte subpopulations
depending on previous

. Exclusion of active or latent

previous treatment

* Leukocyte subpopulations
depending on previous
treatment

* Exclusion of active or latent
infection (CBC; HIV/HBV/HCV/
tuberculosis testing)

* MRI check for PML depending on
previous treatment

* Leukocyte subpopulations
depending on previous
treatment

» Exclusion of active or latent
infection

* VZV antibody status; if negative,
individual decision for active or
passive immunization

Recommendations after
treatment

. Alertness for herposwrus infections and PML
* No combinations of immunomodulatory
drugs beyond clinical trials

* CBC and lymphocyte counts before and
every 3 months during treatment

* Stop treatment if confirmed leukopenia (cell
counts <3x 10¢ cells per [) or lymphopenia
{cell counts <0.5x 10° cells per ) (6 months)

* Standard relapse treatment after MRI

» Alertness for PML

* No combinations of immunomodulatory
drugs beyond clinical trials

* CBC months 2, 4 and 6 and subsequently
every 3 months

* Standard relapse treatment

* No combinations of immunomodulatory
drugs beyond clinical trials

* CBC and differential blood count weekly
for the first 2 months (higher frequency of
monitoring in older patients, when using
high doses, and if renal or liver function is
impaired)

* After 2 months, CBC and differential
blood count every month or at least every
3 months

* CBC and differential blood
count until normalization

* Delay of subsequent
treatment depending on
planned drug

* CBC and differential blood
count until normalization

* Delay of subsequent
treatment and laboratory
testing depending on planned
drug

* CBC and differential blood
count until normalization

* Delay of subsequent
treatment and laboratory
testing depending on planned
drug

* CBC and differential blood
count until normalization

* Delay of subsequent
treatment and laboratory
testing depending on planned
drug



SARS-COV-2 vaccine? Yes or no?

YES!

But patients in treatment with: Ocrelizumab, Rituximab, Cladribine
must keep a distance between treatment and vaccine and viceversa:

3 months

Treatment _> Vaccine

6 weeks

Vaccine ﬁ Treatment



New therapies

Sphingosine 1 phosphate modulators
*Ozanimod[] RRMS
*Siponimod (so far used off-label)[J SPMS

CD-20 antagonist
eOfatumumab( | RRMS



Ozanimod (Zeposia)

4.1 Indicazioni terapeutiche

Zeposia € indicato per 1l trattamento di pazienti adulti con sclerosi multipla recidivante-remittente
(SMRR) con malattia in fase attiva, come definito da caratteristiche cliniche o di imaging.

< artedi, 21 settembre 2021

Sclerosi multipla: AIFA ha approvato la
rimborsabilita di 0zanimod

Si tratta di una nuova terapia orale che riduce recidive e rallenta
lesioni




Ozanimod and its major metabolites are highly selective for S1P1 and S1P5

kil

Ozanimod 1.0
ECso
(e CC112273 3.0

CC1084037 0.2

Ozanimod CC112273 CC1084037

t;» (mean, at steady state)® -21 hours -11 days -11 days
Total agonist exposure at steady state (%)'2 6% 73% 15%

« The mean apparent volume of distribution of ozanimod is 5590 L2
« The elimination of ozanimod after discontinuation may take up to 3 months?

Derived from GTPYE binding in Chinese hamater avary cells expressing the human recombinant receptors.
w2, nalt maximal effective concertraticn; GTPYS, [1*S]methicnine labeled guancsine 5'-0'(gamm~shj3.|u-iu"-ospl‘etc: S1P, mphingasine 1-phesphate; S1P, ¢, sphingasine 1-phosphate receptor subtypes 1 through 3; t. 3, hali-life.
duct-information/zeposia-cpar-product-infeamation_en.péf URL accessed June 2021,

1. Surapaneni S et al. Drug Metad Dispes. 2021;49:405-419. 2. Zepasia (azanimed| EU SmPC. https: ! 'www.ema.curcpa. eulen/documents/




Ozanimod mechanism of action

SIS E K

Bloodstream
Bloodstream Lymphoid Organ
PRk Afferent Reduced Egress of 3
;b B3 tymph Ozanimod-Induced Lymphocyte Subsets May Prevent
‘--\_;\ ‘-%;9’- X verel B cell Receptor Binding and Into the Circulation Migration of Cells
Beell O 1333 N » Internalization?-3 With Preservation of to the CNS
N ; \ . Immunosurveillance45
stp Na::;\\ p E ] e ‘T Oligodendrocyte  Astrocyte
T cell ’\\ . ‘ Q 3
S1P, Receptor ° N  Effector
‘, ) "’” o memory

T cell
SRy Receptor Effector /

memo
Ozanimod T cell o
Innate
s Efferent immune
lymph cells*
TR vessel Microglia
Innate \ _ Neuron
Antigen immune L o I
cells* = + |Ozanimod May Have Direct Effects in
Antibodies L ( y

Central P the CNS by Acting on S1P Receptors
Cytokines m‘:':n?ry \ “ on Oligodendrocytes, s Astrocytes,

Microglia,” and Neurons?




Phase 3 SUNBEAM' & RADIANCEZ?: study design

. =\
S
©
©
(=]
™M . 5
= . A . Open-label extension (DAYBREAK):3 ozanimod
g Randomized 1:1:1 Ozanimod 0.46 mg Oral QD > 0.92 mg n = 2494
¢
A
y
7-day dose escalation?®
| I I I
1 1 1 | I I
Month -1 0 6 12 24 Ongoing

(Up to 5 years)
« Exclusion criteria related to immune cells:3#
Days 1-4 0.23 mg QD — Neutrophils < 1500/pL
— Absolute white blood cell count < 3500/pL; absolute lymphocyte count <800/pL

Ozanimod dose escalation regimen

Days 5-7 0.46 mg QD

« Absolute lymphocyte counts < 0.2 x 10%/1, if confirmed, led to interruption of ozanimod therapy until the level
Days 8 and thereafter | 0.92 mg QD reached > 0.5 x 10°/1 when re-initiation of ozanimod was considered®

#An initial 7-day dose escalation was used for ozanimod and oral placebo. ®In SUNBEAM, all participants continued on treatment until the last participant completed 12 months; the treatment period in RADIANCE was 24
months. At the end of the trial all participants had the opportunity to enter DAYBREAK. “The ozanimod clinical development program in RMS included 4 randomized trials: an unpublished phase 1
pharmacokinetic/pharmacodynamic study, a phase 2 study that included a dose-blinded extension, and 2 similarly designed phase 3 trials of differing durations. Upon completion of any of those trials, participants were
eligible to enrol in DAYBREAK, an ongoing open-label extension (OLE) study.® ALC, absolute lymphocyte count; IFN, interferon; IM, intramuscular; QD, once daily; RMS, relapsing multiple sclerosis. 1. Comi G et al. Lancet
Neurol. 2019;18:1009-1020. 2. Cohen JA et al. Lancet Neurol. 2019;18:1021-1033. 3. Supplement to Comi G et al. Lancet Neurol. 2019;18:1009-1020. 4. Supplement to Cohen JA et al. Lancet Neurol. 2019;18:1021-1033. 5.

Selmaj KW et al. Mult Scler Relat Disord. 2021;51:102844. Figure adapted from Lancet Neurol. 6. Zeposia (ozanimod) EU SmPC. https://www.ema.europa.eu/en/documents/product-information/zeposia-epar-product-
information_en.pdf URL accessed July 2021.



Primary Endpoint:
Annualized Relapse Rate over 1 & 2 Years

SUNBEAM™ RADIANCE™
(1 Year+) (2 Years)
I
06 r 06 -
© )
- F [} bl
g O 5 % 0 5 1
2 2
5 ko)
x 04 { 31% % . 21% reduction
g reduction 48% 84a P=oie 38% reduction
503 l Feifiie reduction - Rl I P < 0.0001
£ P < 0.0001 £ Il '
ks 02 3 02
5 0.350 ?
=4 2 0.276
<01 < 01
00 : . 00 : )
IFNB-1a30pug Ozanimod 0.5mg Ozanimod 1 mg IFN B-1a 30 yg Ozanimod 0.5 mg Ozanimod 1 mg
(n = 448) (n = 451) (n = 447) (n = 441) (n = 439) (n = 433)

ARR was analyzed using a Poisson regression model adjusted for region (Eastern Europe vs Rest of World), baseline age, and baseline number of GdE lesions, with natural log transformation of
time on study as an offset term.



SECONDARY ENDPOINT Number of GdE Leslons )
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SUNBEAM' RADIANCE?

2,5 - 25
—~ 20
@ § o "g -1.06%
3% 3%
o B
oE a2 15
=3 23
m w
%3 A8 40 -45.8%
§ 8 FNB-1a {n=445) é g e
E 08 ——hteae E 05 .
= —=—Ozanimed 0.46 mg (n=453} = _g‘:t;mn;nuing (n=439)
0.0 -—-Ozanimo? 0.82 mg (n=44l8) ' X 0.0 = Ozanimed 0.92 mg (n=434)
BL 3 6 9 12 BL 3 6 9 12 15 18 21 24

Month
Month

* Mean ALC decreased from baseline at month 3 and then remained stable'2:2

W/hile the population mean remained stable after month 3, values for individual patients may vary.
AT absolute lymphocyte count; BL, baseline; IFN, interferon; RMS, relapsing multiple sclerosts; SE, standard error.
1. Supplement to Comi G et al. Lancet Neurol. 2019;18{11):1009-1020. 2. Supplement to Cohen JA et al. Lancet Neurod. 2019;18(11):1021-1033. Figures adapted with permission from Lancet Neurol.



Ozanimod dose and side effects

Dose escalation schedule for all patients:
eInitiation of ozanimod therapy with starter pack (day 1 to 7)
*Maintenance dose of 0,92 mg Ozanimod once a day from day 8

Day 1 to 4 0.23 mg once a day
Day 5 to 7 0.46 mg once a day

From day 8 0.92 mg once a day §>

Side effects [ ] infections (viral and bacterial), hypertension, elevated LFTs,
bradycardia_but much less than Fingolimod!
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JOURNAL OF COMPARATIVE EFFECTIVENESS RESEARCH, VOL. 9,NO.4 | RESEARCH ARTICLE QOSG

Comparative safety and efficacy of ozanimod versus fingolimod for
relapsing multiple sclerosis

Elyse Swallow™, Oscar Patterson-Lomba, Lei Yin, Rina Mehta, Corey Pelletier, David Kao, James K Sheffield,

Tim Stonehouse & James Signorovitch

-t
T

B Ozanimod HCI 1 mg M Fingolimod 0.5 mg

-
no
1

-
o
1

Patients (%)

! T l
Any conduction First-degree Second-degree Received extended Discontinued Received day 2
abnormality AVB AVB monitoring >6 hours on day 1 monitoring




S Siponimod (Mayzent)

4.1 Indicazioni terapeutiche

Mayzent ¢ indicato per 1l trattamento di pazienti adulti con sclerosi multipla secondariamente
progressiva (SMSP) con malattia attiva evidenziata da recidive o da caratteristiche radiologiche di
attivita infiammatoria (vedere paragrafo 5.1).

Sclerosi multipla: il farmaco siponimod (Mayzent)
rimborsabile per le forme secondariamente progressive
attive

Il trattamento era stato approvato da AIFA nel maggio 2020 in classe C. Nella Gazzetta Ufficiale

ile si concede la rimborsabilita a carico del Sistema sanitario Nazionale
15/04/2021




Siponimod mechanism of action

Sivonimod i acive 1P : Aol Animal models suggest penetration and
iponimodiis a sefective receptor moduiator distribution of siponimod in the CNS

Activation

Activation / Down-modulation

Siponimod

fs

-

Siponimod (i.v. 1 mg/kg, mouse)

s )
s Brain
Lymphocytes E
v Astrocytes, EC . £ 2
Astroglial cells 2 2 Lymphocytes Oligodendrocyte, €
atrial myocytes CH3,[ECs/SMCs atral ?ﬁ%cytes’ (low expression) natural killer cells § 1
C, ] Blood
[E.
@ 0 2 4 6 8 10 12 14 16 18 20 22 24
Time (Hrs)
123] radiolabeled SPECT-imaging of the siponimod

Reduced egress of pathogenic .
Endothelial cell function,
lymphocyte from LN. n £ oo et Oligodendrocyte maturation &
A f vasomotor tone and = Lol
Reduced astrocyte and microglial 6-8 survival Pro-myelination”9.10
activation?s pes e

analog (MS565) in two NHPs in non-human primates
@ &‘ m 0-2 hours p.i.
CNS, central nervous system; EC, endothelial cells; SMC, smooth muscle cells; S1P, sphingosine 1-phosphate é m o -
-8 hours p.i.
1. Chun J and Hartung HP. Clin Neuropharmacol. 2010;33:91-101; 2. Mandala S, et al. Science. 2002;296:346-9; 3. Gergely P, et al. BrJ 6 _"&\ 12-14 hours p.i.
Pharmacol. 2012;167:1035-47; 4. Matloubian M, et al. Nature. 2004;427:355-60; 5. Seabrook T, et al. Mult Scler. 2010;16:S301. Abstract P

#858. 6. Brinkmann V. Pharmacol Ther. 2007;115:84-105; 7. Mizugishi K, et al. Mol Cell Biol. 2005; 25:11113-21; 8. Rosen H, et al. Nat
Rev Immunol. 2005:5:560-70: 9. Kimura A. et al. Stem Cells. 2007:25:115-24: 10. Jaillard C. et al. J Neurosci. 2005:25:1459-69. &9 2628 hoursp.i.

28-30 hours p.i.

=
a 30-32 howurs p.i.
o

47-48 hours p.i.

Bigaud M. et al, Neurology Apr 2020, 94 (15 Supplement) 1536 Poster presented
at the annual meeting of the American Academy of Neurology. 2020
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EXPAND — A randomized, double-blind, placebo-controlled,
event- and exposure-driven study

Study design: EXploring the efficacy and safety of siponimod in PAtients with SecoNDary

progressive multiple sclerosis

Event-and exposure-driven duration (actual: 37 months)AL up to 7 years
I, LPFT-LPLT !
2 . I {actual: 11 months) |
c =
§ F -
88 Open-label
extension
part
S o A Siponimod 2 mg/day (N=1105) E
E ™ e @ o o ®
1§ 4 A @) ﬂ
3 7N Placebo (N=546) y
Month 3 6 9 12 15 18 21 24 27 30 33 3GEoCP
% 220 480 6-day dose titration MRI @ EDSSIT25FW )
* 374 events of 3-month CDP and 21 year of exposure for >35% randomized patients were required (463 events were
observed)
* Patients with 6-month CDP had an option to swiich to open-label siponimod or other DMTs while remaining in the core part

of the study
CDP, confirmed disability progression; DMTs, disease-modifying treatments; EDSS, Expanded Disability Status Scale; EoCP, end of the
core part; LPFT, last patient first treatment; LPLT, last patient last treatment; MRI, magnetic resonance imaging; T25W, timed 25-foot walk
Kappos L ef al. Lancef. 2018; 391(10127):1263-1273



Siponimod reduced the risk of disability progression compared to

placebo
Time to 3-month CDP vs. placebo* Time to 6-month CDP vs. placebo*
(Primary endpoint) %0
SRS £ &
& P o 8
[T} P Q
£ L
T 30 | T 30
o [~]
E E
(] w
£ =
2 T2
£ i
E 10 E 10
HR*: 0.79, p=0.013; (95% Cl: 0.65, 0.95); HR*: 0.74, p=0.006; (95% ClI: 0.60, 0.92);
Risk reduction: 21% Risk reduction: 26%
0 0 1= -
0 6 12 18 24 30 36 42 0 6 12 18 24 30 36 42
Study Month Study Month
Number of patients at risk Number of patients at risk
Siponimod 1099 947 781 409 289 101 4 0 Siponimod 1093 960 811 526 306 106 5 0
Placebo 546 463 352 223 124 a5 0 0 Placebo 546 473 361 230 128 37 1 0

=+——+—+ Siponimod (N=1099) ~+——+— Placebo (N=546)

*Full analysis set; “*Cox regression analysis.
CDP, confirmed disability progression; Cl, confidence interval; HR, hazard ratio
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Siponimod reduced brain volume loss
compared to placebo

Full analysis set Per-protocol set

N Siponimod (N'=894) ] Placebo (N'=436) O Siponimod (N'=700) ] Placebo (N'=344)

Months 0-12 Months 0—-24 5 Months 0-12 Months 0-24
6 3
=
@ 07
o
Ec
[o]
= : 0.4 -
oo
5%
5 =
o T -0,6 -
8
c
S 0,8 -
(1]
= 209 15%, 3108
1,0 - p=0.0196 1,0 - p<0.0001

Nommal age-related annual rate of brain volume loss in healthy individuals is 0.1-0.3% per year (De Stefano N, et al. CNS Drugs
2014;28:147-56). N'=number of patients with at least one MRI scan post-baseline and non-missing covariates.
Comparisons at Month 12 and 24 are carried out using adjusted means obtained from a repeated measures model.

Fox et al. Multiple Sclerosis Joumal 2017; 23: (S3) 8-84 (ECTRIMS)
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Siponimod reduced the increase of T2
lesion volume compared to placebo

Full analysis set

Il Siponimod (N'=995) [] Placebo (N'=495)

J

1000

800

Change from baseline (mm?),
adjusted mean

Per-protocol set

[l Siponimod (N'=783) []Placebo (N'=392)

1000

800

600

400

200

880

\ 4

0 50
Months 0-12 Months 0-24 Months 0-12 Months 0-24
p<0.001 for all time points in both analysis sets
N'=number of pa:ne”ls with at least one n'ag'et C resonance Imaging scan post-baseline and non-missing covanales
Difference between treatment is by comparing adjusted means obtained using repeatad measuras model

Fox et al. Multiple Sclerosis Joumal 2017; 23: {(§3) 8-84 (ECTRIMS)




Lower risk for clinically relevant deterioration in cognitive
processing speed in patients on siponimod treatment

Percent of patients with sustained

70 { decrease in SDMT score by 24 points

80 -
60 4
£ 50
@
3 40 -
S
€ 30 4
o
Q
a 20 4
10

Hazard ratio (95% ClI), 0.79 (0.65, 0.96), p=0.0157

—a— placebo (n=546)
—e— siponimod 2 mg (n=1099)
Log Rank Test, p value: 00032

Number of patients at risk

Siponimod 1090
Placebo 541

6 12 18 24 30 36 42
Study month

999 849 582 356 128 6 0

497 408 281 158 48 1 0

Overall risk reduction for
decrease in SDMT score,
siponimod treatment versus
placebo:

* by 24 points: 21.3%
(p=0.0157)

* by 23 points: 28.6%
(p=0.0002)

These results were obtained using a Cox
proportional hazards model with treatment,
country/region, baseline EDSS, baseline
SDMT-Oral score and SPMS group (with-
fwithout superimposed relapses, baseline
definition) as covariates.

EDSS, expanded disability status score; SDMT, Symbal Digit Modalites Test; SPMS, secondary progressive MS;

Benedict et al. Neurology Jan 2021, 86 (3) e376-e386
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Dosage and side effects

 Siponimod is metabolized through the CYP450 system

(primarily through CYP2C9, subsequently by CYP3A4).
 Genetic variants to the CYP2C9 enzyme can slow

Clin Pharmacol Ther. 2019 Nov; 106(5): 1113-1124. PMCID: PMC6851657
Published online 2019 Aug 11. doi: 10.1002/cpt. 1547 PMID: 31199498

Prediction of the Impact of Cytochrome P450 2C9 Genotypes on the

siponimod metabolism. This is important in determining e
the correct dose and titration schedule for a given patient. et S

CYP2C9 *3/*3 genotype is a contraindication to

siponimod.

S ipornimoa

1-mg dose DAY DAY DAY DAY DAY
1 2 3 4 E

e/ 1mg

1x0.25 mg 1x025mg 2x025mg 3x025mg b

TITRATION 4x025mg ®
2-mg dose DAY DAY DAY DAY DAY DAY Dl IMAYZENTM' ?;
- $9enimad) tablets
STARTER PACK 1 2 3 4 5 6 @ ) table g‘

v o AEABITEATANIS o {
1x025 mg 1x025mg 2x025mg 3x025mg $x025ma DALY DOSE = M gy ?“
TITRATION 1x2mg

h

* Main side effects| ]| Headache (16%), Nasopharyngitis (19%), UTI (16%), rare bradycardia,
macular edema, elevated LFTs.



Ofatumumab (Kesimpta)

4.1 Indicazioni terapeutiche

Kesimpta & indicato per 1l trattamento di pazienti adulti con forme recidivanti di sclerosi multipla
(SMR) con malattia attiva definita da caratteristiche cliniche o radiologiche (vedere paragrafo 5.1).

Novartis receives EU approval for Kesimpta® (ofatumumab), the
first and only self-administered, targeted B-cell therapy for adult
patients with relapsing multiple sclerosis

Mar 30, 2021
N

* Siamo in attesa dell’'approvazione dell’ AIFA



Mechanism of action
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Figure 1. Three Anti-CD20 Antibodies: Rituximab, Ocrelizumab, and Ofatumumab. mAb: monoclonal
antibody, Th: T-Helper, IL: Interleukin.



ORIGINAL ARTICLE

Ofatumumab versus Teriflunomide in Multiple Sclerosis

Stephen L. Hauser, M.D., Amit Bar-Or, M.D., Jeffrey A. Cohen, M.D., Giancarlo Comi, M.D., Jorge Correale, M.D., Patricia K. Coyle, M.D., Anne
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Ofatumumab dose and adverse effects

After initial dosing, KESIMPTA is administered once monthly’

INITIAL DOSES MONTHLY DOSING

ONCE-MONTHLY DOSING
STARTING AT WEEK 4

Adverse effects[] injection-related reactions, nasopharyngitis, headache,
injection-site reaction, upper respiratory tract infection, and urinary tract infection.



Subcutaneous Natalizumab

News Under-the-skin Injection of Tysabri Approved in Europe

Under-the-skin Injection of Tysabri
Approved in Europe

@ by Marisa Wexler MS ' April 8, 2021 SHARE THIS ARTICLE: @

Contents lists available at ScienceDirect

Multiple Sclerosis and Related Disorders

ELSEVIER journal homepage: www elsevier.com/locate/msard

Commentary

Check for

Natalizumab subcutaneous injection for the treatment of relapsing multiple &&=
sclerosis patients: A new delivery route

Pablo A. Lopez™ , Ricardo Alonso ® Berenice Silva”, Edgar Carnero Contentti ™

® Neurou logy Unit, Department of Neuroscience, Hospital Alemian, B Atres, Argentina
b Neurology Department, Centro Universitario de Bsclerosis Miiltiple (CUEM), J.M. Ramos Mejia Hospital, Faculty of Medicine, University of Buenos Aires, Buenos Aires,
Argentina
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concentration (mcg/mL)

Mean (SD) trough natalizumab
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REFINE TRIAL

0

No. of patients at risk
300mg IVQ4w 52
300mgSCQ4W 43
300 mg IVQi2W 43
300 mg SC Q12W 48
150 mg IvQi2w 41
150 mg SC Q12w 37
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300 mg IV Qaw

300 mg SC Q4W
—e— 300 mg IV Q12W
—e— 300 mg SC Q12W
—o— 150 mg IV Q12W
—e— 150 mg SC Q12W

No. of patients at risk
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300 mg SC Q12W
150 mg IV Q12W
150 mg SC Q12w

|11 ]

48
39
40
42
34
30

REERYS

24
Time (weeks)

49
35
32

21

36

43
36
32
25
14

48

37
35
21
14
10

35
30
10

Mean serum concentration of
Natalizumab ev and sc are
similar.

Saturation of a,f3 -integrin is
similar.

Trojano M, et al. A randomized study of natalizumab dosing
regimens for relapsing—remitting multiple sclerosis. Mult
Scler )



REFINE TRIAL
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300mg IV 300mgsc 300 mg IV 300 mg SC 150 mg IV 150 mg SC
Q4w Q12w Q12w Q12w Q12w
[n=353) (n = 45) (n=48) (n=352) (n=43) (n = 38)

ARR

Natalizumab 300 mg sc was comparable to standard 300 mg IV every 4 weeks with
respect to: clinical and MRI efficacy, PK/PD, safety and immunogenicity.
Subcutaneous administration could therefore be a valid alternative to endovenous
administration.

Trojano M, et al. A randomized study of natalizumab dosing regimens
for relapsing—remitting multiple sclerosis. Mult Scler J
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Stem cell therapy?

3 PHASES

m Time to disease progression
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Effect of Nonmyeloablative
Hematopoietic Stem Cell
Transplantation vs Continued Disease-
Modifying Therapy on Disease
Progression in Patients With Relapsing-
Remitting Multiple Sclerosis

A Randomized Clinical Trial

Richard K. Burt, MD'; Roumen Balabanov, MDZ; Joachim Burman, MD3; etal
» Author Affiliations | Article Information

JAMA. 2019;321(2):165-174. doi:10.1001/jama.2018.18743
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But...

» Stem cell therapy is limited to serious cases, especially if we consider
that they are not a life saving procedure.

* Adverse effects:
* Infections
* Viral reactivation: CMV[] pneumonia, EBV[! lymphoma, HSV[] zoster
* Chemotherapy toxicity
* New autoimmune conditions (hypothyroidism)
* Neoplasms
* Sterility (83% of women persistent amenorrhea as in early menopause)



NATURAL HISTORY

CURRENT TREATMENT ERA

C Relapsing MS Progressive MS
8
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2
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TIME (years) Onset 5 10 15 30
8
START HIGH-EFFICACY TREATMENT
6
EDSS
4
2
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Hauser, and Cree BAC. 2020. “Treatment of
Multiple Sclerosis: A Review.” The American journal of
medicine



When does progression begin?

RIS-Prodrome

Relapsing phase

Progressive phase

Clinical disability

Brain volume

10-15 Years;

20+
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Future directions: target neurodegeneration

Myelin repair or neuroprotection

Drug in development Status

Bexarotene Phase Il
Clemastine Phase Il
Ibudilast Phase Il
Opicinumab Phase Il

Temelimab Phase Il




Other ongoing trials

Primary progressive MS

Ibudilast Phase Il

Idebenone Phase II

Laquinimod Phase Il

Masitinib Phase IIl ReIaPSing remitting MS

ATX-MS-1467 Phase I

secondary progressive MS Diroximel fumarate (ALKS 8700) Licensing
Amiloride Phase Ponesimod Appraisal
Fluosstine Tl Ublituximab Phase i
Ibudilast Phase Il
Masitinib Phase Ill
MD1003 (Biotin) Phase Il
Opicinumab (Anti-LINGO-1, BIIBO33) Phase Il
Riluzole Phase Il
Simvastatin Phase Il
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Ongoing trials in our centre:

BTK inhibitors

*BTK is essential for the differentiation
and activity of B cells during immune
system ontogeny and normal adaptive
immune response.

*In vitro cell base experiments suggest
that antagonism of BTK leads to
inhibition of BCR dependent B cell
proliferation  and  reduction  of
inflammatory cytokine production from
myeloid cells, all of which is involved in
the pathophysiology of MS disease
progression.
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ORIGINAL ARTICLE

Placebo-Controlled Trial of an Oral BTK
Inhibitor in Multiple Sclerosis



Trials on BTK inhibitors in our centre

Recrditment Aboutlto About to
termipated start start

EVOLUTION FENHANCE PERSEUS

Lol l

RRMS patients RRMS patients PPMS patients

Evobrutinib vs teriflunomide  Fenebrutinib vs teriflunomide Tolebrutinib vs placebo

Approved BTK inhibitors:

IBRUTINIB (mantle cell lymphoma,chronic
lymphocytic leukemia, Waldenstrom's
macroglobulinemia)

ACALABRUTINIB (relapsed mantle cell lymphoma)

ZANUBRUTINIB (mantle cell lymphoma)




Thank you



