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Select DMD therapies in clinical development
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Modalita di approccio

Translation

a Transcription
Replication ™ ___

\- <Reverse transcription 4
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Oligonucleotidi antisenso
Exon skipping
Read-trough

AVXS-101 (Zolgensma)
Micro -distrofine



Farmaci che agiscono sull’RNA:

Oligonucleotidi anti senso (ASO)
Nusinersen
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Nusinersen: efficacia

A Event-free Survival

‘ ORIGINAL ARTICLE

Nusinersen versus Sham Control
in Infantile-Onset Spinal Muscular Atrophy

R.S. Finkel, E. Mercuri, B.T. Darras, A.M. Connolly, N.L. Kuntz, J. Kirschner,
C.A. Chiriboga, K. Saito, L. Servais, E. Tizzano, H. Topaloglu, M. Tulinius,
J. Montes, A.M. Glanzman, K. Bishop, Z.J. Zhong, S. Gheuens, C.F. Bennett,
E. Schneider, W. Farwell, and D.C. De Vivo, for the ENDEAR Study Group*
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Nusinersen in later-onset spinal muscular atrophy

Nusinersen: efficacia

Basil T. Darras, Neumlogy® 2019;92:el-el5.
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* SMA Type lll individuals treated with nusinersen demonstrated a mean (SE) change from baseline 6MWT distance of:

* 28.6(13.6) meters at Day 253
* 92.0(21.5) meters by Day 1150

* In a natural history cohort SMA Type Ill, mean change over 12 months was -1.5 meters?



Farmaci che agiscono sull’'RNA:
Oligonucleotidi anti senso

Eteplirsen

a Deletion of exon 50

Approvato dall’FDA

Exon skipping disponibile per esone 51

Pre-mRNA

“Exon 49

N
Splicing N
N

N -

e
-
-

Pre-mRNA

= Fo
-
—
-
-
-
-
-

SLL S S GLE 2 In-frame mMRNA

|

Truncated dystrophin

Distrofia muscolare
di Duchenne




Farmaci che agiscono sull’'RNA:

Oligonucleotidi anti senso
Exon skipping

Distrofia muscolare
di Duchenne

— may not be amenable

exon 51| 13% —
to exon skipping | ~20%

exon 53 | 8% -
exon 45 | 8% -
exon 44 | 6% - - other exon skips | ~30%
exon 52 | 4% -
exon 50 | 4% -
— exon 8| 2%
exon 43 | 4% — — exon 55| 2%

60% pazienti DMD



Farmaci che agiscono sull’'RNA:

Oligonucleotidi anti senso
Sclerosi laterale amiotrofica

Antisense oligonucleotides extend survival and reverse
decrement in muscle response in ALS models

Alex McCampbell,’ Tracy Cole,? Amy |. Wegener,? Giulio 5. Tomassy,' Amy Setnicka,’® Brandon ). Farley,' Kathleen M. Schoch,?
Mariah L. Hoye,” Mark Shabsovich,’ Linhong Sun,' Yi Luo,' Mingdi Zhang,' Nicole Comfort,' Bin Wang,' jussu:aAma:ker
Sai Thankamony,' David W. Salzman," Merit Cudkowicz,* Danielle L. Graham," C. Frank B 2 Holly B. Ki

Eric E. Swayze,? and Timothy M. Miller*

'Biogen, Inc., Cambridge, Massachusetts, ISA. ‘lonis Pharmaceuticals, Carlsbad, California, USA. “Department of Neurology, Washington University School of Medicine, St. Louis, Missourl, USA. “Department
of Neurology, Massachusetts General Hospital, Harvard Medical School, Boston, Massachusetts, USA.
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Neuron. 2016 May 4; 90(3): 535-550. doi:10.1016/j.neuron.2016.04.006.

Gain of toxicity from ALS/FTD-linked repeat expansions in
C9ORF72 is alleviated by antisense oligonucleotides targeting
GGGGCC-containing RNAs



Farmaci che agiscono sull’'RNA:

Read-through
Ataluren

Normal Translation

Approvato dall’EMA

Pazienti con mutazione non-senso
(stop codon prematuro)

Distrofia muscolare
di Duchenne

Incomplete Translation

Ataluren-Facilitated Translation
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Ataluren: efficacia

www.thelancet.com Published online July 17, 2017 http://dx.doi.org/10.1016/50140-6736(17)31611-2

Ataluren in patients with nonsense mutation Duchenne
muscular dystrophy (ACT DMD): a multicentre, randomised,
double-blind, placebo-controlled, phase 3 trial

Craig M McDonald, Craig Campbell, Ricardo Erazo Torricelli, Richard S Finkel, Kevin M Flanigan, Nathalie Goemans, Peter Heydemann,

Therapeutic Advances in Neurological Disorders Case Series

1-year follow up of three Italian patients
with Duchenne muscular dystrophy treated
with ataluren: is earlier better?
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Registro Stride

Ataluren use in patients with nonsense
mutation Duchenne muscular dystrophy:
patient demographics and characteristics
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v Buona tollerabilita del trattamento

v" Rallentamento del declino al Six Minute Walk Test

v Ritardo della perdita della deambulazione

(alcuni pazienti deambulanti hanno anche piu di 18 anni)

SO = TT o E]
Sweden 1 11 (5.2)
United Kingdom 7 37 (17.4)
Latvia 1 0 (0.0)
Norway 1 0 (0.0)
Portugal 1 0 (0.0)

v Follow-up di 5 anni (media di trattamenti 640 giorni)
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Farmaci che agiscono sul DNA:

Gene therapy
Vettori virali

Neutralizing anti-capsid antibodies

Innate immune response
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Episomal AAV Integrated

l genome AAV genome

v Retrovirus (8 kb)

v Lentivirus (8 kb) ]» Si integrano nel genoma dell’ospite

v' HSV-1 (40-150 kb)
v Adenovirus (8-30 kb) Non si integrano nel genoma dell’ospite

v' AAV (< 5 kb) Persistono nel nucleo dell’ospite come episomi



Farmaci che agiscono sul DNA:

Gene therapy
Vettori virali: AVXS-101 (Zolgensma)

Probability of Event-Free Survival (3]
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Atrofia muscolare spinale

SA. Al-Zaidy, | R. Mendell / Pediatric Neurology 100 [2019) 3—11
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Farmaci che agiscono sul DNA:

Gene therapy
Vettori Virali: mini distrofine
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Reconstituted 7-kb mini-dystrophin gene
(corresponding to a 250 kDa protein)

Distrofia muscolare
di Duchenne

DUAL AAV MINI-DYSTROPHIN FOR DMD DOG

HUMAM GEMNE THERAPY, VOLUME 29, NUMBER 3
i@ 2018 by Mary Ann Liebert, Inc.

Kasun Kodippili,



Farmaci che agiscono sul DNA:

Gene therapy
Vettori Virali: miotubularina

Video courtesy of
Martin Childers

Affected vs. Normal



Farmaci che agiscono sul DNA:

Gene therapy
Vettori Virali: are coming...
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Implicazioni future dei nuovi trattamenti:

Gestione dei costi

Efficacia e sicurezza a lungo termine

Conseguenze a lungo termine

Nuovi fenotipi
Screening neonatali







