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Learning objectives

By the end of this webinar you will be able to:

- Know the different steps of preclinical and clinical development of a 
therapy for a rare diseases

- Be aware of the challenges of rare disease therapy development
- Know the importance of involving all stakeholders in rare disease

therapy development
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Duchenne Muscular Dystrophy



Question 1:
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Q1. How do you think Duchenne patients rate their quality of life?

• Severely reduced compared to unaffected individuals

• Mildly reduced compared to unaffected individuals

• Comparable to unaffected individuals

• Better than unaffected individuals
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Dystrophin protein

• Acts as shock absorber

• Connects cytoskelletal actin to extracellular matrix

• Functional domains located at N- and C-terminal 

part of protein
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Exon 48-50 deletion

Disrupted reading frame

Exon 46 Exon 47 Exon 51?

Protein translation truncated prematurely

Dystrophin not functional

Exon 52
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Becker: reading frame maintained

Protein translation continues

Dystrophin partly functional

Exon 46 Exon 47 Exon 53

Reading frame not disrupted

Exon 52
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Duchenne vs Becker
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Exon skipping to restore reading frame

Exon 52Intron 51Intron 47/50Exon 47 Exon 51 Intron 52AON

Exon 46 Exon 47 Exon 52

Reading frame restored

Partially functional dystrophin



Antisense oligonucleotides
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• Requirements for splice modulating AONs
• Nuclease resistant

• Not induce RNase H

• Good PK properties

• Many chemistries available

• Used 2’-O-methyl phosphorothioate
• Stable

• Cheap

• Good PK properties



Aartsma-Rus

Exon 51 skipping in Δ exon 48-50 cells

5247

525147

M NT 51 -RT HC0h 4h 8h16h24h48h

NT 48 post transfection

MANDYS1 DYS2MANDYS1



Question 2:
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Q2. Which chemistry do you chose for your development (20 years ago)?

• The standard chemistry for which PK/PD and safety data is available from 

applications for other diseases

• A more recently developed chemistry with better efficiency in cultured cells, but 

for which PK/PD and safety data are not yet available
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Mutation specific approach

hotspot

Dystroglycan domain

Exon All mutations Deletions

51 14% 21%

45 9.0% 13%

53 8.1% 12%

44 7.6% 11%

50 3.8% 5.6%

43 3.1% 4.5%

8 2.0% 2.9%
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Communication
• Not applicable to all patients (mutation specific)

• Patient education

• Explain how approach works

• www.exonskipping.nl

• www.dmd.nl/gt/dance

• Realistic expectations

• Slows down disease progresion

• Not a cure

http://www.exonskipping.nl/
http://www.dmd.nl/gt/dance


Question 3:

Aartsma-Rus

Q3. Do you think patients want a slower disease progression?

• No, this prolongs their suffering

• Yes, but only if ambulation can be maintained/prolonged

• Yes, but only if it increases survival

• Yes, but only if there are no side effects

• Yes, they will want a slower progression even if this means side effects
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Is this what patients want?
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Clinical development
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Clinical development
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Question 4:
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Q4. How many muscles are there in a human body?

• <100

• 100-200

• 200-300

• 300-400

• 400-500

• >500
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Considerations for systemic delivery

• AONs very small (8-12 kDa)

• Filtered out by kidney

• Phosphorothioate modification

• Serum protein binding

• Less clearance by kidney

• Uptake by liver

• Uptake muscle poor
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Mdx mouse model

• Spontaneous nonsense mutation in exon 23 

• No dystrophin production

• Dystrophic muscles

• Milder phenotype

• Needs exon 23 skipping
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Systemic studies in mdx mice

WT Mice

Mdx Mice

AON levels in muscle and Liver

Gastrocn.
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Systemic studies in mdx mice
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Question 5:
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Q5. Which route of administration do you select for clinical development?

• IV

+ Higher amounts of AON are delivered to muscle

- Higher amounts of AON end up in liver and kidney

- IV delivery requires hospital visit

• SC

- Lower amounts of AONs are delivered to muscle

+ Lower amounts of AON end up in liver and kidney

- Home delivery may be possible in the future



27|TREAT-NMD BioBank

Patient 
Registries

Care & 
Trial Site 
Registry

Outcome 
Measures

Standards of

Diagnosis & 
Care

TACT

Website & 
Communications

Joint 
Research

Standard 
Operating 

Procedures

www.treat-nmd.eu

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

TACT

TREAT-NMD Advisory 
Committee for 
Therapeutics,

Expert multidisciplinary 
body 

Independent and objective 
guidance on advancing 

new therapies for 
neuromuscular diseases

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 
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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

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

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

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

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 

2007-2011
EU funded Network

2012 onwards
Alliance funded

through multiple
streams with global 

partners & membership

Governance
Executive Committee

Current Chair: Jim Dowling



Question 6:
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Q6. What do you do?

• Postpone trials until the DMD field is clinical trial ready

• See whether outcome measures are available in other fields that can be borrowed
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Trials were initiated (2008-2010)
Prosensa→ Lisenced exon 51 skipping drug to GSK

• Subcutaneous delivery 

• 2a: Dose escalation (n=12) 

• 2b: Dose regimen (n=51) 

• 2b: Dose comparison (n=51) 

• 3: Efficacy study (n=186)

• Open label extension study for each

• Primary endpoint: 6 minute walk test
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Side effects observed

• Local injection reactions

• Known effect of subcutaneous delivery of PS AONs

• Intraveneous delivery: no injection reactions

• Proteinuria (reversible during treatment breaks)

• Thrombocytopenia in some patients



Drisapersen - skin reactions
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Open label study after dose escalation
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Q7. Do you think this drug works?
• No

• Yes

• I need more information

• I do not know
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Phase 2b. Dose regimen study
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Q8. Do you think this drug works?
• No

• Yes

• I need more information

• I do not know
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Phase 2b. Dose comparison
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Q9. Do you think this drug works?
• No

• Yes

• I need more information

• I do not know
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Phase 3. Efficacy study
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Q10. Do you think this drug works?
• No

• Yes

• I need more information

• I do not know
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What we know now

Blue: below 7
Red: above 7
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Q11. Do you think this drug works?
• No

• Yes

• I need more information

• I do not know



Aartsma-Rus

What happened then
• GSK dropped drisapersen 

• Prosensa acquired by BioMarin → additional analyses

• Phase 3 population more advanced disease

• Younger subgroup shows response

• Older patients show response after longer treatment (OLE)

• Applied for approval with FDA and EMA

• Approval denied by FDA

• Application withdrawn from EMA
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And then…
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Lessons learned

• Interaction with regulators started too late

• Lack of outcome measures & natural history data

• Suboptimal trial design

Now

• Ongoing dialogue academics, patients and regulators in EU

• Development new outcome measures

• Future trials will be better



DMD exon skipping state of the art

• 2OMePS AON development stopped (drisapersen)

• 4 AONs approved (USA and Japan, none in Europe)

• PMO (so no PS backbone)

• Exon 51, exon 45 and exon 53 (2)

• Based only on dystrophin restoration (<1-5%)

• Functional effects still have to be confirmed

• Clinical trials ongoing

Aartsma-Rus
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Q12. Do you think ~1% of dystrophin is enough for slower 
disease progression??

• No

• Yes

• I need more information

• I do not know



Room for improvement
Focus areas:
1. Improve DMD exon skipping
2. Improve model systems and natural history
3. Improve muscle quality
4. Validation lab
5. Biomarkers for DMD
6. Study dystrophin transcript processing
7. Dystrophin and brain 
8. Exon skipping treatment for very rare mutations (DCRT)
9. Patient education
10. Collaborations on exon skipping for other genes/diseases
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