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Topic discussed

• What is dystrophin – the protein deficient in people with DMD

• Why there is progressive muscle damage: role of dystrophin in muscle

• DMD progression and trajectories

• Different treatment modalities give rise to very different treatment responses

• Cardiorespiratory involvement in DMD

• Brain dystrophin deficiency is responsible for the central nervous system manifestations in DMD



What is DMD

Most common muscular dystrophy 
of childhood

Incidence 1:4-5000 male births

Delayed motor milestones 50% cases

Never able to run

Max function: ~ 6 yrs

Mean age at loss of ambulation: 9.5yrs

Scoliosis in teen age yrs

Cardiorespiratory insufficiency late teens 

Progressive muscle weakness

• Lack of sarcolemmal protein dystrophin
• Protects muscle from contraction induced injury
• Absent dystrophin → progressive muscle destruction
• Muscle is replaced by connective tissue and fat



Genomic organisation of DMD gene, the largest in the human 

Skeletal and 
cardiac 
muscles

Brain



Clinical presentation 

• Subtle initial symptoms in the first 12-24 months of life

• 50% present with delayed speech and delay of acquisition of early motor milestones

• In the first few years children appear to “improve” although the gap with normally 
developing kids widens

• Mean diagnostic delay: ~ 2 years

• With current standards of care, corticosteroids are initiated shortly after the 
diagnosis (~ 5 years)

• Mean age at loss of ambulation changed in my professional life between 

9.5 and 13-14 years of age, largely due to steroids

• Dystrophin deficiency impacts on cardiorespiratory function

• Dilated cardiomyopathy and respiratory insufficiency, 2-3 decade of life 

• Mean age of survival late 20s, slowly improving



What causes weakness in DMD muscles

1. Reduced force generation in dystrophin deficient muscle

Absolute force Contraction time Relaxation time

Riddel et al, 
DM&M, 2023



What causes weakness in people with DMD

Consequences in the DMD boys of the reduced force generation

In the early stages of the disease, before major muscle 
damage occurs, reduced function is due to reduced 

muscle power, compounded in some kids by 
neurodevelopmental delay

Normally developing children

DMD

Chesshyre et al, JCSM, 2022

North Star
10MWT Rise from floor

Grip strength

Mattar et al, NMD, 2008



What causes progression of weakness in people with DMD

The progressive weakness observed from ~ 5 onwards is due 
to the loss of muscle mass, replaced by fibro-adipose tissue

Sharp& Wells, 2011

mdx EB uptake

Lack of dystrophin induces massive influx 
of calcium especially during eccentric 
exercise, followed by muscle degeneration

9.5 years 10.3 years 11 years



Which therapeutic targets are currently been explored

Cardiosphere→ extracellular vesicles
Muscle satellite cells exhaustion

Increase muscle mass and decrease fibrosis

Modified from Montagna et al, IJMS, 2025



Corticosteroids and derivatives: the oldest on the scene
Boost of muscle metabolic activity

Healthy DMD

Multiple anti-inflammatory effects

Due to the multiple effects of corticosteroids, 
the rapid increase in muscle power makes 

possible to consider short study design

Quattorcelli et al, JND 2021



Classical corticosteroids associated with severe long-term side effects

1. Increased weight gain

2. Cushingoid appearance

3. Bone health with fractures and loss of height – up to 30 cm

4. Adrenal suppression

5. Delayed puberty

6. Worsening of behavioural problems

7. Body image induced interpersonal relationship difficulties

The unequivocal beneficial effect of chronic 
corticosteroids in DMD is associated with 

very severe and often permanent side effects



• 65% out-of-frame DMD deletions
• 10% out-of-frame duplications
• 10-15%% nonsense mutations
• Remaining: small mutations

In-frame deletions → Becker MD

• Milder allelic variant
• Majority of patients ambulant until late adult life
• Cardiomyopathy common 
• Main age of survival middle 60s

DMD mutations
Extremely large gene, mRNA 11.5 Kb

X

Exon skipping strategies

Skip specific exons adjacent to the deletion



New antisense oligonucleotides to improve on 1st generation



Planning clinical trials based on dystrophin biology

• Major improvement of muscle power not expected

• Very low levels of dystrophin (in the 1-5%) reduce inflammation and muscle pathology but with limited 
protection from ongoing muscle damage

• Levels of 20-30% protect muscle from damage, and higher levels necessary to improve force generation

• Impact on timing :
Early intervention (2-4 years): 

  - Less fibrosis, more muscle mass and better dystrophin production
     but
  - Complexity of registrational studies in very young children 
  - Lack of robust natural history studies data 
  - Neurobehavioural complications

 Later intervention (5-10 years): only reduction of decline compared to untreated
  - Well validated outcome measures, and collaborative children
     but  

  - Prolonged study duration, with major consequences for placebo studies



AAV gene therapy strategies: finding the most efficacious 
transgene and viral vector

AAV micro-dystrophin ~ 1/3 of full length



AAV gene therapy strategies

Long-Term Delandistrogene Moxeparvovec in 
Duchenne Muscular Dystrophy: EMBARK Trial 3-Year 
Results
Submitted for publication

A lot of work to identify data driven criteria 
for propensity matching with external 

controls
Potential for residual bias on the use of 

external controls needs urgent clarification



Are randomised placebo controlled AAV GT trials perfect?

Clear unblinding in 60-80% of treated patients. 
Why is this considered a perfect study paradigm?
What is the regulatory position when facing this 

“RCT blinding misconception”



Consider the brain as a therapeutic target

Lack of brain dystrophin cause a 
“non-progressive synaptopathy”

This result in intellectual disability 
of neurobehavioural complications 
in 30-50% of patients, limiting their 
full participation to life

The brain phenotype in mdx mice is 
reversible with exon skipping and AAV 

gene therapy strategies



Take home message

• Natural history of DMD is complicated by different variables, temporarily dissociated between them

• Dystrophin restoration therapies address to different extent the route cause of the disease but long 
trials necessary.

• Do not think that a drug that “works slowly” over time is worst compared to a “fast acting” one

• However prolonged trials are financially unsustainable, and prolonged placebo studies ethically 
challenging

• Placebo studies are “gold-standard”, but they were not designed for therapies in which we can unblind 
in weeks more than half of the patients

• Role of well curated, independent from sponsors, registries to prospectively enrich RCT, and assess 
long term safety and efficacy of novel therapies
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