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Presentation Notes
Genetic code is dispersed (for most genes, not just DMD – but DMD is special – very big!)



Splicing 
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Duchenne: genetic code disrupted 
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Duchenne: genetic code disrupted 
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Protein translation stops prematurely 

Dystrophin not functional 

Exon 46 Exon 47 Exon 51 Exon 52 ? 



Becker: genetic code maintained 
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Becker: genetic code maintained 
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Protein translation continues 

Dystrophin partly functional 
Less damage 

Exon 46 Exon 47 Exon 52 Exon 53 



Exon skipping: restore genetic code 
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Applicability 
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Action Plan 
 

3 year plan 
 

Milestone-driven 
approach 

  
Maintains network 

momentum & establish 
new goals  

Website & 
Communication 

 
Extensive website 

 
250,000 annual page hits 

 
70,000 visitors annually 

 
Monthly newsletter sent 

to 3,500 recipients 
 

Proven communication 
platform 

 
 

Secretariat - Kate Bushby  
Volker Straub 

 
Funding – EC (operating 

grant) 
 

TACT 
 

TREAT-NMD Advisory 
Committee for 
Therapeutics, 

 
Expert multidisciplinary 

body  
 

Independent and objective 
guidance on advancing 

new therapies for 
neuromuscular diseases 

 
 

Chair – Dominic Wells 
 

Funding  - US (Dept of 
Defense)  

Joint research 
 

Regular meetings to 
consolidate efforts and 
jointly tackle common 

problems 
 

Topics based on necessity, 
hosting to be rotated 

between partners 
 
 
 
 

Leads - Eric Hoffman 
Annemieke Aartsma-Rus  

 Filippo Buccella   
 

Funding - COST 

SOPs 
 

Unified experimental 
protocols improve the 

comparability of studies 
 

Drawn up by a group of 
independent researchers 

(listed in each protocol)  
 

Approx 40 sops updated 
regularly 

 

EuroBioBank 
 

Unique network of 18 
members 

 
Stores & distributes 

440,000  quality DNA, cell 
and tissue samples 

 
 
 
 
 
 
 

 Leads - Marina Mora 
Lucia Monaco 

Anna Ambrosini  
 

Funding - Fondazione 
Telethon 

 
 

Patient Registries 
 

Standardized genetic & 
clinical core data for trial 

recruitment 
 

Interface can vary 
between countries whilst 

still able to share core data 
 

Ethical & governance best 
practice 

 

>10,000 DMD patients 
across 30 countries 

 
Leads - Jan Verschuuren 

Hugh Dawkins 
 

Funding  - AFM & EC 
(operating grant) 

 

Care & Trial Site 
Registry 

 
Information about each 

registered trial site kept in 
one location for ease of 

comparison 
 

Addresses  organisational 
difficulties of identifying 
appropriate  sites when 

setting up a trial 
 
 
 
 

Coordinated by University 
Medical Center Freiburg 

 

Outcome measures 
 

Tests to decide whether 
treatment being tested in 
a trial is having any effect 

 
Vital to use the correct 

outcome measure to 
prove if a treatment works 

 
Working to harmonise the 

use of most appropriate 
outcome measures for 

different diseases 
 

Lead - Eugenio Mercuri 
 

Funding - Telethon  & Parent 
Organizations  

 

Standards of 
Diagnosis & Care 

 
International consensus 

publication recommended 
standards of care 

 
DMD-SMA-CMD-LGMD 

 
Family guides 

in 25 different languages 
translations verified 

 
Printed booklets or 

download from 
website 

 
Leads - Thomas Sejersen 

Kathy North 

 

2007-2011 
EU funded Network 

 

2012 onwards 
Alliance funded 

through multiple 
streams with global 

partners & membership 
 

Governance 
Chair – Hanns Lochmüller 

Vice – Annemieke Aartsma-
Rus 

 
Executive Committee 

Supported by academic 
advisory board (“task force”) 

of NMD leaders 



Exon skip chemistries 

Annemieke Aartsma-Rus 

•  Two chemistries in clinical development 

•  GSK/Prosensa: 2’-O-methyl phosphorothioate 
 (drisapirsen) 

•  AVI-Biopharma/Sarepta: phosphorodiamidate 
 morpholino oligomers (eteplirsen) 

•  Exon 51 



Eteplirsen: Intramuscular trial (AVI) 

Annemieke Aartsma-Rus Kinali Lancet Neurol 2009, 8: 918-28 

•  Two doses tested (0.09 and 0.9 mg) 

•  EDB muscle 

•  Exon skip in all doses 

•  Dystrophin restoration only for high dose 
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Eteplirsen (0.5, 1, 2, 4, 10 & 20 mg/kg) 

• Intravenous delivery 
• Weekly for 12 weeks 
• 2-4 patients per group (19 total) 
• Biopsies 

• Pre and 2 weeks post treatment 
• Dystrophin in 7/19 patients 
• 3 good responders 
• No functional effects observed 

Systemic study Sarepta 

Cirak et al, Lancet 2011, 378: 595-605 
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Systemic study Sarepta II 
AVI-4658 (30 and 50 mg/kg) 

• Intravenous delivery 
• Weekly 12 weeks 50 mg/kg: biopsy 
• Weekly 24 weeks 30 mg/kg: biopsy 
• Weekly placebo 12 or 24 weeks: biopsy 
• After 24 weeks treatment: all 30 or 50 mg/kg/week 
• Patients have been treated for >90 weeks now 



Annemieke Aartsma-
Rus 

Department of Human Genetics 16 

Dystrophin staining 

Annemieke Aartsma-Rus 
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Dystrophin results 

Annemieke Aartsma-Rus 
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Eteplirsen summary 
•  Dystrophin restored for all patients 24 weeks after 
 treatment 

•  6 minute walk test stabilized in 10/12 treated 
 patients 

•  No real placebo group 

•  Sarepta plans confirmatory study for 2014 

•  Also preclinical work ongoing for exon 50, 45, 53 
 and 44) 



Dirsapersen Intramuscular trial 

Annemieke Aartsma-Rus Van Deutekom NEJM 2007; 357: 2677-86 

0.8 mg  in TA 



Systemic trial (GSK/Prosensa) 

Annemieke Aartsma-Rus 

• Subcutaneous treatment for 5 weeks  
• 0.5, 1, 2 & 6 mg/kg 

• Dystrophin restored in 10/12 patients 
• 60-100% fibers dystrophin positive 
• Dystrophin levels up to 15.6%  
• Dose dependent increase in dystrophin levels 

 
 



Systemic study (GSK/Prosensa) 
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Dose Not treated 

* 

Goemans et al, NEJM 2011, 364: 1513-22 



Systemic trial (GSK/Prosensa) 

Annemieke Aartsma-Rus 

•  All patients then enrolled in an open label 
 extension study 
•  6 mg/kg drisapirsen per week for 72 weeks 
•  Then 8 weeks break 
•  Then cycles of 8 weekly doses, 4 week break 
•  All patients still in trial 
•  Treated now for almost 4 years 

 
 

Goemans et al, NEJM 2011, 364: 1513-22 



Open Label Extenion Trial Drisapersen 
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•  Side effects observed 

• Local injection site reactions 

• Proteinuria (reversible during breaks) 

• Thrombocytopenia seen for some patients  

• 6 minute walk distance maintained for >3.5 years 
 in  8/10 ambulant patients 

•  Very encouraging results but no placebo group   

 

 



Placebo-controlled trial drisapersen 
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•  54 patients 

•  Early stage of disease 

•  Steroid treated 

•  Treatment for 48 weeks with 6 mg/kg drisapersen 
 subcutaneous or placebo 

• Weekly injections (18 patients) 

• Intermittent regimen (17 patients) 

• Placebo (18 patients) 

 

 



Placebo-controlled trial drisapersen 

Annemieke Aartsma-Rus 

•  51 patients 

•  Early stage of disease (rise from floor <15 seconds) 

•  Steroid treated 

•  Treatment for 24 weeks with 3 or 6 mg/kg 
 drisapersen subcutaneous or placebo 

•  24 week wash out 

 Increased 6 minute walk distance for patients 
 treated with 6 mg/kg vs placebo and 3 mg/kg 
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Drisapersen summary 
•  Dystrophin restored in dose dependent manner 

•  6 minute walk distance stabilized in 8/10 ambulant 
 patients for >3.5 years  

•  6 minute walk distance improved in early phase 
 patients in 2 small placebo controlled studies 

•  Placebo-controlled trial in wider age range shows 
 no significant improvement 

•  Further analysis ongoing in subgroups 
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Other trials Prosensa/GSK 
Drisapersen 

• Treatment drisapersen studies suspended pending 
further analysis 

Exon 44:  

• Compare subcutaneous and intravenous ongoing 

Recently started: exon 45 and exon 53 

Preclinical work: 

• Exon 55 & exon 52 and rare mutations   
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Preclinical work 
• Other AON chemistries 

• Tricyclo  

• Peptide conjugated AONs 

• Muscle/heart homing peptides 

• Exon skipping gene therapy 

• Antisense gene in AAV 

• Longer lasting effect 

• Trial planned in France for 2014 



Exon skipping summary 

Annemieke Aartsma-Rus 

•  Opportunities 

•  AON delivery easier than genes/cells 

•  Clinical trial results encouraging 

•  Challenges 

•  Mutation specific approach 

•  Need to develop many AONs to treat majority 
 of patients 

•  Repeated treatment needed (also opportunity) 

 



COST Action BM1207 
Networking towards clinical application of antisense-mediated exon skipping 
Involving all key stakeholders (clinicians, scientists, industry, patients & regulators)  
• Facilitate the clinical development of antisense-mediated exon skipping for rare diseases 
• Exploit exon skipping for as many patients as possible 

 

Objectives 
1. Achieve consensus biochemical outcome measures  
2. New regulatory models to allow testing of personalized medicine approaches 
3. Foster synergistic work (workshops and key stakeholder meetings and exchange visits) 
4. Address therapeutic misconception by training early stage researchers 

 

Current parties involved 
Denmark, France, Germany, Israel, Italy, Netherlands, Norway, Spain, Sweden and United 

Kingdom 
 

If you are interested to join, please contact the Chair of this Action 
Annemieke Aartsma-Rus, a.m.rus@lumc.nl 

 

 
 

Presenter
Presentation Notes
Address each of the challenges
Dystrophin quantification to facilitate comparison between trials and groups working on preclinical develoment. 
BIO-NMD and NIH funded work will provide serum biomarkers. Global disease, so need to tackle this globally. Funding in US in place: will cover their own costs

Regulatory models: 2 pilot meetings in the past. Now follow up meetings. Now that new data on 51 trials becomes available, issues need to be discussed further for the development of additional AONs. Again: global disease, so need to tackle this globally
Workshops to maintain leading role EU in exon skipping work
Workshops now for DMD, but expect additional diseases to join (SMA, Progeria, HD, SCA, Atherosclrerosis, many more – see exon skipping book, currently in preclinical stage, some quite advanced). Stakeholder meeting will help to disseminate but also to get people working on additional diseases involved. Some of their challenges may have been overcome by us, and some may be for the entire field.

Therapeutic misconception and education: needed. Especially for RD: many clinicians do not know state of the art of AO work. Educating them will help tackle ther misconception. Education of young scientists will help as well.
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