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Neuromuscular disorders: a change in focus 

• NMDs have historically been seen as neurodegenerative conditions with no effective 
treatments 
– Acquired NMDS have sometimes had specific therapies 
– Genetic NMDs have generally been managed with symptomatic therapy 

• Neuromuscular disorders are now at the forefront of therapy development
– Seven new treatments for genetic NMDS approved internationally in the last 24m 

• This has resulted in a transformation in the focus of neuromuscular care
• We have moved from support to intervention
• This carries its own challenges

– Rapid diagnosis, best practice management, capacity building, collaboration  



Common NMDs

• CMT: 1 in 2500 individuals
• Myotonic dystrophy: 1 in 7000 individuals
• FSHD: 1 in ~8000 individuals
• SMA: 1 in 10 000 individuals
• Duchenne muscular dystrophy: 1 in 5000 boys
• Congenital myopathies: ~1 in 20 000
• Motor neurone disease: 1 in 50 000 individuals
• Congenital muscular dystrophies ~1 in 100 000



Duchenne muscular dystrophy

• X-linked recessive disorder affecting in 1 in 5000 boys  

• Presents at 3-5 years with weakness and falls

• Gradual loss of muscle function
– Wheelchair use ~12 y, assisted ventilation ~20 y

• Life expectancy previously ~30 years
– Deaths 80% respiratory, 20% cardiac 



DMD is caused by mutations in dystrophin 
Amino 
terminal 

Carboxyl 
terminus 



Therapeutic advances in DMD 

• Standard of care includes:
– Steroid therapy
– (Non)invasive ventilation and assisted cough 
– Greater emphasis on GI/nutritional health
– Better monitoring and treatment of bone health 
– Nutritional management
– Treatment of cardiomyopathy 

Birnkrant et al. Lancet 2018



Optimal steroid regimens: still not defined 



Gene and genetic therapies for NMDs 

1. Treatments aimed at the primary genetic cause 
• Exon skipping
• Stop codon readthrough
• Gene therapy
• Genome editing 
• Stem cell therapy 
2. Treatments aimed at the secondary disease pathology 



DMD therapies in development

IND NDA



Exon ‘skipping’ in DMD 
The ‘reading frame’ hypothesis

Fletcher et al. Mol Therapy 2010 

Aartsma-Rus et al. Hum Mutation 2009



Eteplirsen

• Morpholino AO given weekly IV for exon 51 deletion
• Initial study: subjects compared to a historical cohort. 
• Approved by FDA, not by EMA, not approved in Australia
• Confirmatory phase 3 study overdue
• Recent data suggests may slow loss of ambulation in DMD by ~2 years to ~15.2 y



Ataluren
• Oral agent which binds ribosomal subunits, impairs recognition of premature stop codons 
• Multiple phase II-III trials: safe and well tolerated 

• ACT-DMD: McDonald et al. 
Lancet 2017) 
• 6MWD in favour of ITT
• Difference greatest in  

6MWD 300-400m window
• Ongoing phase 3 study
• FDA: rejected 
• EMA: Conditional approval
• Registry: Long-term treated: 

median age of LOA 16.5y



Duan Mol Ther 2018, Min et al. Ann Rev Med 2019



Duan Mol Ther 2018, Min et al. Ann Rev Med 2019



Dystrophin restoration in DMD: challenges 

• Loss of muscle tissue and function starts very early in DMD: ? irreversible
• Functionality of microdystrophins in humans

– ~40% smaller than smallest dystrophin reported in BMD
• Longevity of transgene expression: limited by muscle turnover 
• Immune effects

– ~50% of patients have anti-AAV antibodies; patients can be treated only once 
• Any increase in dystrophin expression is likely to have some effect 

– Restoration of dystrophin unlikely to restore lost muscle tissue
– ? Minimal level required for effective therapy of DMD at different ages 



Spinal muscular atrophy 

• SMA affects 1 in 10 000 people worldwide  
• SMA causes hypotonia, progressive weakness and loss of motor function 
• SMA is the 2nd most frequent recessive disease
• SMA was formerly the most common genetic cause of death in infancy 
• 60-70% of all SMA patients have the most severe form, type 1 SMA  
• Until very recently there have been no specific therapies for SMA  



Onasemnogene SMN protein expression levels cannot be detected in blood (do not transduce in hematopoietic cells).
ASO, antisense oligonucleotide; SMA, spinal muscular atrophy; SMN, survival of motor neuron.

1. Zolgensma® (onasemnogene abeparvovec-xioi). Prescribing information. https://www.avexis.com/content/pdf/prescribing_information.pdf. 2. Spinraza® (nusinersen). Prescribing information. 
https://www.spinraza.com/content/dam/commercial/specialty/spinraza/caregiver/en_us/pdf/spinraza-prescribing-information.pdf. 3. EvrysdiTM (risdiplam). Prescribing information. 
https://www.gene.com/download/pdf/evrysdi_prescribing.pdf. 4. Charnas L, et al. Neuromusc Disord. 2017;27:S207–S208. 5. https://clinicaltrials.gov/ct2/show/NCT02644668.
6. https://clinicaltrials.gov/ct2/show/NCT03921528. All websites accessed August 2020.

SMA therapy overview
SPINRAZA®

(nusinersen)

DNA

Replaces SMN gene Mechanism

Strategy

Gene therapyDrug type

IVDelivery method

SystemicBody distribution

Single doseDosing

RNA

ASO

Intrathecal

CNS

4 loading doses over 63d 
then 4monthly IT 

Increases SMN protein by 
modifying SMN2 splicing

ZOLGENSMA®

(onasemnogene
abeparvovec-xioi)

Half-life N/A 135-177 days in CSF
63-87 days in plasma

RNA

Increases SMN protein by 
modifying SMN2 splicing

Small molecule 

Oral 

EVRYSDI®

(risdiplam

Systemic

Daily 

40-69h in blood 



Challenges in SMA therapeutics 

• Optimising timing, dosage, delivery route, distribution and uptake
• ? Importance of targeting other cell populations 
• Long-term effect, long-term toxicity 
• Biomarkers of disease progression and response to therapy 
• Ways to quantitate SMN expression in target tissues
• Studies of ‘combinatorial’ therapy
• Cost of therapy 



Gene therapy: adverse events

• Liver dysfunction 
• Potential for long-term oncogenesis

• Thrombocytopenia and bone marrow suppression
• Cardiac toxicity 
• Renal: atypical HUS
• SMA: DRG inflammation remains a preclinical finding, significance unclear
• Ocular gene therapies: local inflammatory reactions

Uncertainty



Advances in treatment of the congenital myopathies 

Jungbluth and Muntoni Semin Ped Neurol 2019 



Pompe disease 

• Metabolic myopathy caused by (AR) GAA mutations
• Effect of ERT proven for infantile-onset PD: motor and cardiac function 

– Adults: motor and respiratory parameters improved 
• Effect dependent on mannose-6-phosphate content of rhGAA and 

abundance of CI-MPR in target tissue  
• Approaches to improved outcome: 

– ERT with increased M6P or increased affinity for CI-MPR
– Chaperone or gene therapies

Corti et al. Hum Gen Ther Clin Dev 2018; Pena et al. Neuromusc Disord 2019; Parenti et al. Fut Med Chem 2014



New therapies for Charcot-Marie-Tooth disease

Morena et al. Int J Mol Sci 2019



Charcot-Marie-Tooth disease: challenges    
• > 100 genes, >1000 different mutations 
• All forms of Mendelian inheritance possible, plus some cases de novo 
• Different CMT phenotypes caused by mutations in the same gene
• Mutations in different genes may result in the same phenotype 
• Often unclear why mutations cause length-dependent degeneration of peripheral nerves 
• Gene replacement may be more useful for recessive neuropathies
• Dominant neuropathies may require ‘knock down’ interventions



Challenges with new treatments for NMDs 
Optimal clinical care 

• Mandated for clinical trials but often not well-defined
• Variation in standards of care internationally  
• Variation between paediatric and adult centres
• Standards of care are not always achievable by all centres
• Standards of care impacted by new therapies and altered 

expectations
• Need for best practice diagnostics 



Ethical considerations 

• Long-term prognosis in NMDs 
– Conversion of rapidly fatal disorder to one with long-term severe morbidity 

• Defining a meaningful clinical response in adults
• Difficulty choosing between different trials 
• Difficulty choosing between different agents 
• Ethics of placebo-controlled studies 
• Subject selection for trials 
• Inequity of access to trials and therapies





Treatment of neuromuscular disorders has 
changed radically 

• Many new therapies are being 
studied 

• This offers exciting opportunities for 
all clinicians engaged in this field

• Things will continue to change 
quickly

…   as will our patients  



Thank you 

Members of the RCH neuromuscular team 

Our financial supporters: SOS Duchenne Foundation, MDA and MDNSW 
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