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Disclosures

e clinical trial activities (Pl and sub-I1) for Sarepta Therapeutics, Pfizer,
Italfarmaco, FibroGen, ReveraGen, PTC Therapeutics, Biomarin,
GlaxoSmithKline, Santhera Pharmaceuticals, Lilly, Prosensa, Wave Life
Sciences

e ad hoc scientific advisory board activities for Santhera
Pharmaceuticals, Pfizer, Italfarmaco



Duchenne spierdystrofie (DMD)

* X-linked progressieve spieraandoening
» 1/3.500-7.000 levend geboren jongens

Guillaume Duchenne

* skeletspieraantasting met verlies van ambulantie op jonge uitaume Duchenn
leeftijd —

 aantasting van hartspier en ademhalingsspieren Lo

* cognitieve en neuropsychologische moeilijkheden

» geen curatieve behandeling, enkele genetische therapieén
met beperkte werkzaamheid, vooral multidisciplinaire
supportieve/symptomatische aanpak




DMD gen codeert voor het dystrofine eiwit
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Becker musculaire dystrofie (BMD)
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Spierschade resulteert in ontsteking, necrose en fibrosevorming

INJURY —3 MUSCLE —>3 REGENERATION _, FIBROSIS —>3 MUSCLE LOSS
NECROSIS
Skeletal muscle INFLAMMATION Active Increased Severe loss of
contraction regeneration fibrosis' 2 muscle tissue'?
causes damage™ Muscle fibre of muscle to
necrosis results in replace or
phagocytosis and repair damaged
inflammation™*? fibres'12

Muscle l '}
damage ’
' Il
' Immune

cells

I y : an_ 3rd
Muscle weakening Death  decade

of life

takeonduchenne.eu; Loboda et al. Pharmacol Reports 2020
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EARLY AMBULATORY LATE AMBULATORY Within the first} years of Iif'e, aﬂmed'infam: By aged 5, promingnt By age 1’0-12, Maqy pa'tliems reguire Advancgd respiraltovy )
STAGE (Il) STAGE (1ll) and young boys with DMD show measurable  muscle weakness is >70% of boys noninvasive ventilator and/or cardiac compl|(§lt|on,
deficits in gross and fine motor function”® observed’ lose ambulation”  support at night by age 15’ lead to mortality'*”’
e * Labored gait
.
Difficulty climbing stairs
- Waddling gait . ty 9
= Achilles contractures
* Toe walking
* Calf hyperirophy
PRESYMPTOM
STAGE() EARLY NONAMBULATORY LATE NONAMBULATORY
PLATEAUS STAGE (V) STAGE (V)
R Able 1o self 1
« Able to prope
*+ Family history e = Limited upper limb function
* Elevated CK IMPROVING ostu
« Scollosls + Wheel chair bound
= Scoliosis worsens
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courtesy of Dr. Goemans; takeonduchenne.eu



Spierschade resulteert in ontsteking, necrose en fibrose

HE MT Dystrophin Laminin

Normal

DMD

Duan et al. Nat Rev Dis Prim 2021



Spierschade resulteert in ontsteking, necrose en fibrose

Baseline (6MWT = 280 m)

Godi et al. Ann Clin Transl Neurol 2016



Behandeling van Duchenne spierdystrofie

CURATIVE TREATMENTS

GENE REPLACEMENT
MINI- OR
MICRO-DYSTROPHIN

EXON-SKIPPING
STRATEGY

CRISPR-Cas9
TECHNOLOGY

COMBINED THERAPIES
FOR MUSCULAR DYSTROPHIES

THERAPEUTIC TREATMENTS

REGULATION OF
Ca2+ AND Na+
HOMEOSTASIS

ANTI-INFLAMMATORY
AND ANTI-FIBROTIC
DRUGS

METABOGENIC AND
NUTRACEUTICAL
SUPPLEMENTS

MODULATION OF
DEGENERATION/REGENERATION|
CYCLES

de productie van dystrofine herstellen
v' gentherapie
v exon skipping
v" non-sense mutation read-through

de symptomen van het tekort aan dystrofine
behandelen

v ontsteking verminderen

v fibrose tegengaan

v verbeteren van spiergroei en
bescherming van spieren
calcium evenwicht herstellen
herstel energie cellen
hartfunctie verbeteren

NN



Dystrophin restoration:

5

' Mutation in DMD gene

Functional replacement/restoration:
Utrophin replacement: C71700, AAVrh74. MCK.GALGT2 —>
Cell therapies:Donor-derived myoblasts —>

Membrane repair: —>
Recombinant Mitsugumin 53

Improved Calcium homeostasis: —>
Streptomycin; BGP-15; AT-300; Rimeporide

Anti-inflammatory:
Corticosteroids; Edasalonexent; Vamorolone; Increlex; TAS-205;
Flavocoxid; Givinostat; Tamoxifen

Abnormal
Muscle Regenerative

it *—:Bm L _

Anti-fibrotic:
Pamreviumab; Losartan; Halofuginone; Infliximab; Suramin; Imatinib Mesylate

/ N\

| <— Oxidative

<— Exon skipping: Golodirsen; Eteplirsen; Viltolarsen; Casimersen; SRP-5051;D08-5141b
<— Stop codon readthrough: Ataluren; NPC14

<— Gene addition: PF-06939926; rAAVrh74. MHCK7,; SGT-001

- < Gene editing: CRISPR-Cas9

<— NO-cGMP pathways:
L-arginine, Sildenafil

<— PDES inhibitors:

Coenzyme Q10; Idebenone; N-acetyicysteine Tadalafil; Sidnefil

<— Increase cAMP:
GLPG0492; Urocortin
rAAV1.CMV.huFollistatin344

<— Metabolic support:
L-Arginine

Yao et al. Front Cell Dev Biol 2021



Aangrijpingspunten voor therapieén in DMD

afwezig dystrofine

¥

minder

doorbloeding

¥
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genetische therapieén
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» oxidatieve

stress

. fibrose
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3 ¥
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verlies spierweefsel
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beschadiging
mitochondrién

"/

verlies spierkracht




Ontsteking verminderen

ANTI-INFLAMMATORY THERAPY

X

Mechanism Company Drug Status

Corticosteroid standard of care PTC Therapeutics Emflaza Approved

Non-hormonal steroid submitted FDA/EMA Reveragen Vamorolone @ Ciinical [ |
NHE-1 Inhibitor EspeRare Rimeporide @ Ciinical

CD49d expression inhibitor Antisense Therapeutics ATL1102 @ Ciinical

Estrogen receptor inhibitor University Hospital in Basel Tamoxifen @ Ciinical

Anti-IL1beta antibody Children’s Research Institute llaris @ Ciinical

Nitric oxide donator Ca+ modulator Myotherix MRX-1043 ® preclinical B
Steroid alternative Mallinckrodt Cosyntropin ® Discontinued”

Non-steroid anti-inflammatory Catabasis Edasalonexent @ Discontinued*

cureduchenne.org



Ontsteking in DMD

Muscle
Damage DAMPs

HMGB1 @

M1 macrophage ‘ b
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Muscle regeneration Muscle fibrosis

Tulangekar et al. Biomed 2021



Calcort 6..H

[k Deflazacort/Prednisone

standard of care: consistent gedemonstreerd effect

* langer bewaren spierkracht en 1970 — 1990 Spinal Surgery and Ventilation g
motorische functie H oss of Standing
* uitstel verlies van ambulantie .

Contemporary: wrth Steroids and Improved Carcéliac Management

langer bewaren longfunctie = o ‘
vermijden/uitstellen scoliose == |

[ ]
chirurgie : : , 3 .
8 Steroids affect disease progression in DMD ‘
° c over the entire course of the disease prolonging x
ve rbete rde ove r|EVI ng clinically meaningful fiunctions (time to loss of milestanes)

Lynn et al. Neuromusc Dis 2015
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@&, ‘“y Corticosteroiden in DMD

daily/excessive dosing
( NG
Liver Pancreas Bone Adipose Tissue HPA Axis Full-body
. 2 @
QO =
' g e '
: ex ‘ Y~

1 gluconeogenesis ! glucagon osteo:l:os;: g:::ocyte + lipolysis | adrenal insufficiency | obesity

T excess glucose secretion ¢ insulin + calcium absorption  + adiponectin + growth hormone | metabolic syndrome
4 insulin secretion 1 B-cell death + bone mass ! resistin & leptin ¢ full-body growth 7 diabetes mellitus

t insulin resistance t insulin resistance

Quattrocelli et al. J Neuromusc Dis 2021



Vamorolone (Reveragen)
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Glucocorticoids
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Kourakis et al. Orphanet J Rare Dis 2021



Vamorolone (Reveragen)

E Primary and secondary end points
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Vamorolone

[A] Time to stand velocity Time to run or walk 10 m
0.4+ 2.4

0.3 2.14
0.2+

1.8

0.1

Time to stand velocity, rises/s
Time to run/walk 10 m velocity, m/s

o

o

Age, y

IE‘ Time to climb velocity
0.5

0.4

03

0.2+

Time to climb velocity, tasks/s

0.1

Age, y

(Reveragen

[o] BmI

1.254

1.00

BMI, z score
o
~
“v

4

w

1=}
T

0.25

60

[E] Height percentile

40+

Height percentile
~N w
i =

=
o
T

80 100 120
Age, mo

Cohort

DNHS
——— LTE high dose

40

60

80 100 120
Age, mo

Mah et al. JAMA Netw Open 2022



Vamorolone (Reveragen)

vergelijkbare werkzaamheid als predisone
minder nevenwerkingen

v’ betere lengtegroei

v botmetabolisme

v" minder effect op gedrag

in review bij FDA en EMA
mogelijks op de markt eind 2024



Rimeporide (EspeRare Foundation)

e Decreased heart function
e Cardiomyopathy

hd

e Weak diaphragm

Rimeporide

Rimeporide

e Loss of muscle mass Rimeporide
e Inflammation
e Fibrosis

parentproject.md.org



ATL1102 (Antisense Therapeutics)

Dystrophic muscle fibre Repair Outcomes

Damage No treatment T Inflammation
T Fibrosis

0® o Fibrosis 1 Muscle function
MACS* T-cells b b‘ o:: .b

. 0 @ ° ®
Cytoklnes ° ‘oo o b *

ATL1102 Treatment l iinfiserimation

* & T Muscle function
) KB
o0
®e
\' T-cells (CD49d+)

T Inflammatory cells

Coles et al. Biomedicines 2022



Tamoxifen (University Hospital Basel)
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Dorchies et al. Am J Pathol 2013



Fibrose tegengaan

ANTI-FIBROSIS THERAPY
X

Mechanism Company Drug Status

Anti-CTGF antibody FibroGen Pamreviumab @ Ciinical

HDAC inhibitor Italfarmaco Givinostat @ Ciinical

Renin-Angiotensin System Agonists BioPhytis BIO101 @ preclinical [ |
Anti-fibrotic Akashi HT100 ® Discontinued* |

cureduchenne.org



Fibrose in DMD

Anti LTBP4

Tgp,
C

Latent TGFp

=

Legends
— Activation
—= Inhibition
= === Indirect action

Pamrevlumab

Active TGFp

ActRIIB:ALK4-Fc

— R

' Nucleus

Anti TGFp CTGF
Decorin
Ang 1
/ \ ACE1
Suramin

| [jgoren |

Coonr)
x&,

\— ibronectin

F
Pro-fibrotic genes Collagen
CTGF

Nilotinib
Crenolanib
Nintedanib

Inflammation

Extracellular

Cytoplasm

Sildenafil
Piclamilast

nNOS

Muraine et al. Cur Opin Pharm 2023



Pamreviumab (Fibrogen)

humane recombinante
monoclonale antistof tegen CTGF

fibrose tegengaan g'"jury
IV 1 x/2 weken SMAD3 O //
Pamreviumab
goed veiligheidsprofiel Tg=>[3 + CTGF
primaire eindpunt niet behaald in NTRK1/Integrins/LRP6/LRP1
LELANTOS en LELANTOS TWO
< Growth
Fibroblasts el o Fibrosis

“ Inflammation



Givinostat (Italfarmaco)

HDAC inhibitor: verhogen expressie factoren spierherstel
3-voudige werking

v ontsteking verminderen

v’ fibrose tegengaan

v’ spierherstel

orale oplossing

goed veiligheidsprofiel, wel diarree, braken, thrombocytopenie, koorts,
hypertriglyceridemie, arthralgia beschreven

primaire eindpunt werd bereikt in studie met ambulante patiénten (EPIDYS)



MODE OF ACTION

ROLE OF HDAC IN THE PATHOGENESIS OF DMD %TALFARMACO

Disease progression Amplified immune

s« system activation

Resident immune /

cell activation

DAME feantigen chamoines &
reease w —_ other factors Fibroblast activation

‘ Extracellular
o) oo Podoc R0 R oo M}
O &@m&%@&%ﬁ&@&&ﬁmﬁbﬁ@

QoI
&@&%&%&@& S

> | llul
“ ~» = " dystrophin-associated ~0 ntracellutar
D/stx hin Protein complex o
{I * (DPAC) Downstream signaling &
\ e muscle cell necrosis

\ (

\:AT A
HDAC W
Data presented at 7th

Reduced translation of muscle International Myology
regeneration factors Congress and mitoNice

12-17 September 2022
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MODE OF ACTION

GIVINOSTAT MECHANISM OF ACTION IN DMD PATIENTS %TALFARMACO

Reduced fibroblasts activation

Decreased

activation of
immune cells g * @ @

0
‘ Restored regulation of
\.a cytokines & chemokines
Extracellular

T R A O

Intracellular

WD PP R SRR
P Ee IR
- >

/ dystrophin-associated protein
DystXphin complex (DPAC)

Givinostat q HDAC WW QA
Data presented at 7th

NucIeus International Myology
t_' Restored gene expression Congress and mitoNice
12-17 September 2022



Epidys - Phase 3 Study design %TALFARMACQ

e Randomized, double blind, placebo-controlled study with 179 male ambulant subjects randomized 2:1 (Givinostat:placebo).

Givinostat Oral Liquid Suspension
Givinostat Oral Liquid
Suspension

Placebo Oral Liquid

Screening Study Visits Open Label Extension
4 weeks 72 weeks Study

Primary Objective:
Givinostat preserves muscle mass
and delays disease progression

Clinicaltrials.gov: NCT02851797 30




Epidys - Phase 3 Endpoints %TALFARMACQ

e Endpoints were assessed before and after 18 months of treatment of Givinostat versus placebo in target population
Primary Endpoint v"Mean change in 4 standard stairs climb (4SC) test

v"Mean change in NSAA
v Cumulative loss of function on the NSAA
v"Mean change in Time to Rise from Floor
v"Mean change in 6MWT

v"Mean change of muscle strength evaluated by knee extension; elbow
flexion as measured by hand-held myometry (HHM)

v"Mean change in fat fraction of vastus lateralis muscles using Magnetic
Resonance Spectroscopy

Secondary Endpoint

31




The EPIDYS study met its primary endpoint %TALFARMACQ

Givinostat reduces by =40% the decline in time to climb 4 stairs (4SC, Primary Endpoint).

Results are statistically significant and clinically meaningful®).

8.0
18 Months
10 —
60 A =178 sec
- 9 1
‘a" —
: % 8 ’ '
8 5
B lns] 7
o 404 +
@ - c
: === b —— T -
g z .
0
2.0+ E 3
G =]
E b=
I
o 2
0.0 -
Givinostat (n) 81 81 81 81 81 81 81 1
Placebo (n) 39 39 39 39 39 39 39 -
T T T T T T T V
Baseline Month 3 Month 6 Month 9 Month 12 Month15  Month 18 Gwinostat Placebo

|Treatment ~ ——&— Givinostat (N=81) — —— - Placebo (N=39) |

p-value = 0.0345
Compared to published literature: Bendixen et al. Disabil Rehabil 2014;36:1918-23; Duong et al. J Neuromuscul Dis. 2021;8(6):939-948

Data presented at 7th International Myology Congress and mitoNice 12-17 September 2022




Key secondary endpoints consistent %TALFARMACQ
with primary endpoint

Endpoint N. of Patients (%) Std Mean Diff. & 95% ClI Mean Diff. & 95% CI p-value
Givinostat (N=81) Placebo (N=39) in favour of placebo
Ti limb 45C
St St R e e 0850745,0%89) 00345
c Total NSAA score 81(100) 39 (100) . 1.91(0.295, 3.533) 0.0208 *
®]
‘g E Cumulative LoF of the NSAA 81 (100) 39 (100) 0.61 (0.408, 0.927) 0.0202 »
D
Time to rise from the floor 81 (100) 39 (100) = -3.28 (-9.573, 3.018) 0.3044
BMWT 81 (100) 39 (100) . 9.96 (-12.071, 31.983) 0.3723
-%3 [ | Muscle strength - Overall Knee £ 81 (100) 39 (100) 0.19(-0.03, 0.401) 0.0902
S 1
(T‘; Muscle strength - Overall Elbow F. 81 (100) 39 (100) " 0.09 ('0'041‘ 021 3) 0.1818
g _[ VL MFF as assessed by MRS 77 (95.1) 37 (94.9) b 292 (5.641,-0204) 0.0354
E I I I I 1 | | 1 1 1
-5 -4 -3 2 -1 0 1 2 3 4 5
LoF: Loss of Function; * Nominal

Givinostat consistently reduces muscle function and strength decline and fatty infiltration over time




Givinostat reduced by =30 % muscle fatty infiltration measured by MRI W"ALFARMACO

_ 48 weeks
Baseline 72w (EOS)
16 -
20 20
18 g 1 = 0.0354* @ - +10.948.6
3 = B = @ Placebo (n=39) :
o~ 16 »n =16 RN W— !
= @ et 2. i — :
c 14 - Q1 69 A Givinostat (n=81) +8.245.9 &
o == I
e 12 S & 12 oo 107 i R i
(8] P « o 1 | - '
© 10 o & 10 we g -
I 2 (] fd © ,” 1
8 < £ 8 c-C '
s S wo !
w 6 G 8 6 N
= 4 c e 4 >® +7.5+7.1
> 3 (]
2 s 2 =
0 0 +3.815.6
Placebo  Givinostat Placebo Givinostat
48 60 72
n (Givinostat): 77; n (placebo): 37 Timeiwesks)
|

G .
Nominal  G|yiNOSTAT IN DMD: Results of the EPIDYS Study with particular attention to MR measures of muscle fat fraction
KRISTA VANDENBORNE, PhD Director, ImagingNMD

v
Presented at the 2023 MDA Clinical & Scientific Conference, Dallas, USA, 19-21 March 2023 I M AGXN G



%TALFARMACO

Givinostat delays age at persistent loss of ambulation versus natural history matched patients

107 - | ‘
\W%
ECEE . .. o . .
e YO T Patients receiving givinostat in
2 084 N Sommommom oo addition to steroids preserved
5 L*m . ! their ability to walk for an
= L ! o)
el 0.6 - o ' additional of 2.7 years,
& . . .
i ‘H“L | respectively, compared with
5 “lq : patients receiving
0.4 .
£ SoC alone (control group)
S group
L
[=] )
o 0.2
0.0 | Treatment Group Control Group - - - - - - Givinostat (ITF2357) |
: T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20 22
Age (years)
Control Group 197 197 197 197 163 118 7r 41 13 7 3 0
Givinostat (ITF2357) 148 148 148 148 147 123 75 29 8 3 0

Presented at the 2023 MDA Clinical & Scientific Conference, Dallas, USA, 19-21 March 2023




Groei en bescherming van spier verbeteren

MUSCLE REGENERATION
X

Mechanism Company Drug Status
-
X2
Follistatin gene therapy Q’} Milo Biotechnology rAAV1-Follistatin @ Discontinued”
— Sl
Myostatin Antibody ‘éo Roche RO7239361 @ Discontinued™
>

Myostatin Antibody *éz Pfizer PF-06252616 @ Discontinued™

Mechanism Company Drug Status !

Muscle Stabilizer Edgewise Therapeutics EDG-5506 ® Ciinical i}

cureduchenne.org



EDG-5506 (Edgewise Therapeutics)

inhibeert fast myosin isovormen — sterkere binding tussen actine en

myosine
oraal small molecule

Duchenne
Membrane stress (K Ca’ Ca* X Injury
and disruption ‘ y ! ¥
1)
. Sarcomeric
\ Calcium influx saress
Necrosis and hypercontraction
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Injurious
Acto-myosin
contraction

—_—

Modest reduction in
active contraction
with mysin inhibitor

Duchenne
+ EDG-5506

Normalized
membrane stress

Reduced sarcomere stress
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Reduced
Acto-myosin
contraction

Rusell et al

. JClin Invest 2023



Te onthouden...

ontsteking en fibrose spelen een belangrijke rol in het ziektemechanisme bij DMD
corticosteroiden verminderen ontsteking en remmen ziekteprogressie af,
vamorolone met een beter nevenwerkingenprofiel

Givinostat mogelijks 15t niet-genetische therapie voor DMD

combinatie van genetische en ‘symptomatische’ therapieén in de toekomst?
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Dank u wel
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