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Comments:

This lecture describes recent developments in 
management and therapy of neuromuscular
disorders – especially Duchenne Muscular
Dystrophy (DMD) and Spinal Muscular Atrophy
(SMA).

Basic knowledge of the genetics, symptoms and
natural history of these diseases is a prerequisite
for understanding.

The following table describes the temporal and logical
sequence from basic science to clinical research
and patient care.



Defining the „new era“

Co-ordinated by national and international networks of basic and
clinical researchers, advocacy groups and pharmaceutical companies

Gene-related therapy,
Pathophysiology-derived
drugs

Conduct of valid and
reliable clinical trials

Definition of standards of
care, to improve function
and as a basis for clinical trials

Deciphering
the genetic
codes

Natural history,
Validated
outcome
measures

Interest in 
everyday
function, QOL

Evidence based
medicine, 
biometrics, 
clinical trials

International 
Classification 
of Function, 
Disability and 
Health

Animal models, 
pathophysiology



Comments:

In a situation with a lack of results from prospective, 
controlled and randomized studies, „Standards of 
Care (SoC)“ have been developed by international 
experts in the respective fields in formal consensus 
processes.

Such SoCs are available for the most important 
groups of diseases and in part have been revised 
recently.

Patient- and family-friendly versions have been
published in addition to the scientific publications.



Progress in defining „Standards of Care“

• Duchenne Muscular Dystrophy (DMD) 
• Birnkrant DJ, et al.. Part 1-3, Lancet Neurol 2018

• Spinal Muscular Atrophy (SMA)
• Mercuri E, et al. Neuromuscular Disord 2018

• Finkel RS, et al. Neuromuscular Disord 2017

• Congenital Muscular Dystrophies (CMD)
• Wang CH, et al. J Child Neurol 2010

• Congenital Myopathies (CM)
• Wang CH, et al. J Child Neurol 2012

To be downloaded from the
TREAT-NMD Website
www.TREAT-NMD.org



Comments:

In the following slides, as an example for the SoCs the 
one for Duchenne Muscular Dystrophy is 
presented.

For more details, especially concerning practical
aspects you should read the full or patient-friendly
publications.



2018-Standards of Care for DMD

• Diagnosis

• Neuromuscular management

• Rehabilitation management

• Endocrine and bone health management

• Gastrointenstinal and nutritional management

• Respiratory management

• Cardiac management

• Orthopedic and surgical management

• Psychosocial management

• Transitions of care across the life-span

Stage 1 Stage 2 Stage 3 Stage 4 Stage 5

At diagnosis Early 
ambulatory

Late
ambulatory

Early non-
ambulatory

Late non-
ambulatory



Neuromuscular Management

At diagnosis
Early 

ambulatory

Late

ambulatory

Early non-

ambulatory

Late non-

ambulatory

• Regular specialized clinic visits to assess each patient’s unique disease 
course, aiming to advise on prognosis and complications

• Counselling of patients and their families as they define and revise their 
individual care goals over time

• Discussion of
corticosteroids

• Initiation of corticosteroids, monitoring and
management of side effects

• Advocate for high-quality care at patients’ institutions and in their 
communities



Rehabilitation Management

Early ambulatory Late ambulatory
Early non-

ambulatory

Late non-

ambulatory

• Regular standardized and validated assessments (Range of Motion, North-
Star-Ambulatory Assessment, timed function tests, MFM etc.)

• Physical, occupational and speech therapy, based on assessments and
individualised to the patient

• Home stretching program focusing on ankles, knees, 
and hips

• Add focus on upper 
extremities

• Prevention of contractures, 
overexertion, and falls; promotion of
appropriate exercise or activity; 
provision of orthoses

• Provision of mobility devices, 
seating, supported standing devices, 
and assistive technology



Orthopedic Management, Orthotics and Leg Surgery

Early and late ambulatory Early non-ambulatory Late non-ambulatory

• Night-time AFOs 
when passive 
dorsiflexion <10°

• Day-time AFOs to 
delay worsening of foot 
deformity

• Additionally consider 
wrist and hand splints

• Initiate standing in 
standing device or 
wheelchair

• Use standing 
programmes with 
caution

• Ankle surgery for 
equinus deformity to 
improve gait if good 
quadriceps and hip 
extensor strength

• Foot and ankle surgery 
to improve foot position 
and passive standing, 
but only if advocated by 
patient

• Foot surgery only for
severe pain or
otherwise untreatable
skin problems



Assessment and Treatment of Scoliosis

Early and late

ambulatory
Early non-ambulatory Late non-ambulatory

• Visual inspection • Visual inspection of the spine every 6 months

• X-ray if curve 
observed

• X-ray when patients 
become non-ambulatory; 
then every 6 to 12 months

• Annual spinal 
radiographs in case of 
progressive scoliosis

• Avoid use of spinal orthoses

• Consult with cardiology and respiratory specialists before any surgical 
intervention

• Posterior spinal 
instrumentation and fusion
if curve >20–30° in 
prepubertal boys

• Posterior spinal 
instrumentation and
fusion if curve is 
progressive



Respiratory Management

Ambulatory
Early non-

ambulatory
Late non-ambulatory

• Spirometry or
sleep-studies
only if needed

• Assess respiratory function regularly every 6 months

• Polysomnographic sleep study for obstructive sleep apnoea or 
sleep-disordered breathing

• Lung volume recruitment when FVC < 60% predicted

• Start Assisted Cough when Peak Cough Flow 
<270 L/min

• Start Non-Invasive Nocturnal Ventilation at 
symptoms of sleep-disordered breathing, 
abnormal sleep study, or abnormal blood gases

• Add assisted daytime ventilation when
daytime blood gases abnormal, or
symptoms of awake dyspnoea



Cardiac Management

Early ambulatory Late ambulatory Early non-ambulatory
Late non-

ambulatory

• ECG and ECHO-CG 
annually, cardio-MRT if
possible without anaesthesia

• Assess cardiac function annually, more
often with symptoms or abnormal imaging

• Monitor for rhythm abnormalities

• Initiate ACE inhibitors or
angiotensin receptor blockers by
age 10 years

• Heart failure interventions (ß-blockers, 
ACE inhibitors, eplerenone or other
diuretics) when function deteriorates

• In case of surgery: ECG and ECHO-CG; make anaesthetist aware of 
increased anaesthesia risks in DMD



To remember!

 As long as the present and future
pharmacological research has not defeated
the disease progression,

 Adherence to the Standards of Care is the
best - if not only - way to maintain function
and quality of life in patients with
neuromuscular diseases.



Comments:

For decades basic and clinical research has tried to 
develop drug treatments to reverse, stop or 
ameliorate the progressive degeneration of muscle 
fibres and loss of function in DMD.

This research has been intensified by the detection of
the genetic cause and better understanding of the
pathophysiology and natural history of the disease.

The following two slides present the status of clinical
research of drugs against DMD in 2018. There is
an even larger number of preclinical studies going
on.



Drug, Sponsor Phase 1 Phase 2 Phase 3 approved

Stop-codon readthrough

Clinical trials in DMD, 1

Ataluren (Translarna®), PTC

Compounds to reduce fibrosis

Exon skipping

Anti-inflammatory drugs

Drisapersen, Prosensa/Biomarin/GSK

Eteplirsen, Sarepta

Vamorolone, Reveragene OLE      prep

Edasalonexent, Catabasis OLE                           prep

Cosyntropin, Mallinckrodt prep

Epicatechin, Cardero, UC-Davis

FG319, Fibrogen

Idebenone, Santhera

Halofuginone, Akashi

USA, EU

USA

://

://

According to: Annemieke Aartsma-Rus, TREAT-NMD website and clinicaltrials.gov
OLE = in open label extension; prep = in preparation; :// = program stopped due to lack of effect or complications



Drug, Sponsor Phase 1 Phase 2 Phase 3 approved

Clinical trials in DMD, 2

PF06252616, Pfizer                                                                   OLE

Drugs improving muscle mass and quality, Calcium homoeostasis

Drugs to upregulate dystrophin-associated glykoproteins

SMTC1100, Summit prep

rAAV-GALGT2, NCH Columbus/Ohio

Adnectin, BMS/Roche

AAV-Follistatin gene transfer, NCH Columbus/Ohio

ACE-031, Acceleron

Rycalls, Servier prep

Rimeporide, EspeRare prep

Tamoxifen, University Basel                                                  prep

Givinostat, Italpharmaco OLE

Drugs to improve vasodilation

Lisinopril, NCH Columbus/Ohio

Epleronone, Ohio State University

Tadalafil, Eli Lilly ://

://



Comments:

In the following slides the two principles of exon-
skipping and stop-codon read-through and their
actual results are described. 

Following the presented data (although they carry a 
high risk of bias), exon-skipping with Eteplirsen has
been approved for treatment of DMD in the USA, 
but not yet in Europe and other countries. 

Stop-codon read-through with Ataluren has been 
approved in the USA, Europe and some other 
countries, restricted to boys with DMD and a 
proven stop-codon mutation, who are still able to 
walk for a reasonable distance.



Exon skipping in DMD

• 80% of DMD cases are due to deletions or duplications of more than
one exon in the dystrophin gene.

• „Skipping“ of additional exons by anti-sense oligonucleotides (AONs) 
can restore the genetic reading frame and could hopefully turn a DMD 
to BMD phenotype.

• The AONs are exon-specific, 15% of patients could be treated by
skipping of exon 51.

• Two compounds with different „backbone“-biochemistry (2‘OMePS-
AON and PMO-AON) have been tested in clinical trials:

1. The development of Drisapersen (s.c.-application) has been
stopped by the pharmaceutical company due to low effectiveness.

2. Eteplirsen (i.v.-application) has accelerated approval in the USA, 
but has not been approved by the European agency EMA.

 PMO-AONs directed at other exons are under development.



Eteplirsen for paediatric patients with Duchenne muscular

dystrophy: A pooled-analysis
L. Randeree, Journal of Clinical Neuroscience 49 (2018) 1–6

Author Design Duration N= Baseline At conclusion

6 Minute Walking Distance (6MWD)

Kinali et
al 2009

Open label, local
injection

4 weeks 7 n.d.

Cirak et 
al 2011

Open label, iv, dose 
escalation

44 weeks 19
335.3 m 
(Range 100–500 m)

334.7 m 
(Range 0–505 m) 

Mendell
et al 
2013, 
2016

plac.-controlled, iv
24 weeks, 
then OLE

12
Verum 362.5 m 

(Range 255–420 m) 
264.2 m 
(Range 0–483 m)

13
Matched
historical
controls

354.8 m 
(Range 200–460 m) 

98.4 m 
(Range 0–360 m) 

Mendell, Annals of Neurology 2013



Stop-Codon readtrough

• 13% of DMD cases are due to point-mutations giving rise to

premature stop-codons.

• Ataluren is an orally applicable drug adressing the 60S-

subunit of ribosomes giving rise to readthrough of premature

but not normal stop-codons.

• Placebo-controlled clinical trials have shown a variable 

clinical effect, measured by 6 minute-walking test.

• The effect was significant only in boys still able to walk a 

distance of 300-400m in 6 minutes at start of the study.

• The drug has conditional approval in Europe, but payment

has not yet been accepted in all health systems.



Ataluren Phase 3 study
Craig M McDonald Lancet 2017; 390: 1489–98

ANCOVA applying multiple imputation: 
*p=0・012. †p=0・032. ‡p=0・030. §p=0・
007.

Ataluren Placebo

A ITT population: n=114 n=114

B baseline 6-minute walk distance 
<300 m 

n=24 n=21

C baseline 6-minute walk distance of 
300 m or more to less than 400 m 

n=47 n=52

D baseline 6-minute walk distance of 
400 m or more 

n=43 n=41



Comments:

Also in SMA an increasing number of clinical trials is
going on. 

The following slide presents an overview on this field.

While the results adressing metabolic processes are
still poor, astonishing results have been reached
especially in the mutation-oriented treatment of
spinal muscular astrophy.



Drug, Sponsor Phase 1 Phase 2 Phase 3 approved

Clinical trials in SMA

Nusinersen (Spinraza®) (CNS-delivered), Ionis/Biogen

Upregulation of SMN2, antisense nucleotid (AON)

Upregulation of SMN2, small molecules

AVX-101, Avexis (systemic)

Olesoxime, Roche-Genentech (oral)

RG2916, Roche-Genentech/PTC/SMAF (oral)

AVX-101, Avexis (CNS-delivered)

CK2127107-Reldesemtiv, Cytokinetics/Astellas (oral)

LMI070-Branaplam, Novartis (oral)

USA, EU, 
Japan, Kanada, 
Brazil, Switzer-
land

Increasing muscle mass

Neuroprotection

sAAV9-mediated SMN1 gene transfer

According to: Website Cure-SMA, SMA drug pipeline and Clinicaltrials.org

USA



Comments:

The following slides give a short introduction in the mechanism of
Nusinersen and its efficacy both in children with SMA Type 1 
(the deleterious infantile form) and the later onset cases with
SMA Types 2 and 3.

Due to these findings treatment with Nusinersen has been
approved in nearly all countries with a high ecomomical level
for treatment of all types of SMA due to mutations in the
SMN1-gene.

However, the treatment is very expensive and it has to be
applied by regular lumbar punctures, leading to restrictions in 
low economy situations and in patients with severe scoliosis.

Trials with different orally applicable drugs with a similar mode of
action are underway, their results (and their price!) have to be
awaited.



Nusinersen: AON-induced SMN-upregulation in SMA

Mode of action
• Blocks excision of Exon 7 in the SMN2-gene and induces

integration of Exon 7 in SMN-mRNA and -protein

• Does not cross blood-brain-barrier,  intrathecal application via 
multiple lumbar punctions is necessary, half-life-time 6 months

Clinical trials
• Phase I: 28 SMA patients between 2 and 14 years, open-label, 

single-dose escalation

• Phase II: repeated injection in SMA Type I, age at diagnosis 1-6 
months

• Phase III: trials with sham-injections in SMA1 and SMA2 patients

• Phase I trial in  presymptomatic SMA Type1 infants



Phase 3 trial – Nusinersen in SMA Type 1
Finkel et al, NEJM 2017



Developmental milestones in trials in SMA Type 1
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Phase 3 trial in later onset SMA (CHERISH)
Mercuri et al, NEJM 2018

• Children with SMA Type 2 (2-12 years of age)
• Randomised, double-blind, sham-controlled
• 126 patients (Nusinersen N= 84, sham N= 42)

Gross motor function assessed by HFMSE 
(Hammersmith Functional Motor Scale Extended)

Upper limb function assessed by RULM 
(Revised Upper Limb Module)



Comments:

Gene replacement therapy in a group of 15 young
infants with SMA Type 1 has resulted in thrilling
effects, not only in survival but also in functional
development over the time span of 24 months.

This has given rise to approval of the compound in the
USA, for infants with genetically proven SMA type 1 
younger than 2 years.

The approval process in other regions of the world is
ongoning.

This is a one-time intravenous treatment; at the time 
being it is under discussion as the most expensive 
drug in the world (nearly 2 Million US-$ per patient)! 



Single-dose gene-replacement therapy for SMA
(AVXS-101) Mendell et al, NEJM 2017

• 15 patients with SMA Type 1 (< 8 months)
• Single injection of sAAV9-vector with coding DNA 

for SMN1-protein
• Cohort 1 low-dose (N=3, 6.7×1013 vg per kilogram 

of body weight), cohort 2 high-dose (N=12, 2.0×1014

vg per kilogram)
• 4 patients showed increase of transaminases 

responsive to prednisone



24-months follow up of gene therapy (AVXS-101) 
Al-Zaidya et al 2019, J Neuromusc Diseases, online prec. press

Al-Zaidya SA. AVXS-101 (Onasemnogene
Abeparvovec) for SMA1: Comparative
Study with a Prospective Natural
History Cohort. Journal of Neuromuscular 
Diseases 2019

Permanent ventilation-free survival 
probability analysis. 
(A) composite survival endpoint (death or 

permanent ventilation) 
(B) survival alone 

SMA1 AVXS-101–treated (green line, n = 12)
NN101 infants with SMA1 (blue line, n = 16)
NN101 healthy infant (orange line, n = 27)



CHOP-INTEND score (AVXS-101) 



Motor milestones (AVXS-101) 



A new era in management of NMD?

• Yes, the former nihilistic approach to the management
of patients with genetic neuromuscular diseases is no
longer justified!

- Significant improvements in supportive and rehabilitative 
care.

- Increased interest of pharmaceutical industry in the
development of disease-directed treatment.

- Pharmacotherapeutic benefits have been shown for a 
number of patients.

• However, for most patients the ultimate goal of cure or
arrest of progression has not yet been achieved.

- High cost of the new treatments hinders participation of
patients in low-income regions. 



Thanks for your
interest!

And to all colleagues and collaborators of

• the German neuromuscular network MD-Net

• the European and international network TREAT-NMD,

• the Department of Neuropediatrics and Muscular

Disorders at Freiburg University Medical Center


