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Spinal muscular 
atrophy (SMA) is…

A generic term

SMAs are genetic 
disorders, 
characterized by 
degeneration and loss 
of motor neurons in 
the anterior horns of 
the spinal cord and 
brain stem, leading to 
symmetrical muscular 
atrophy and weakness 

Chromosome 5q SMA 
and “non-5q” SMAs
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5q Proximal SMA is…
An autosomal recessive disorder caused by 

loss or mutation of the SMN1 gene and 
retention of the SMN2 gene.

SMN1 and SMN2 genes encode the    
“survival (of) motor neuron (SMN)” protein

SMA is caused by decreased levels rather 
than complete loss of the SMN protein, 
leading to selective dysfunction of motor 
neurons in the spinal cord and brain stem
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Spinal Muscular Atrophy Timeline: 
Description to Classification 
(1891-1991): 100 years 

Kolb SJ, Kissel JT. Arch Neurol 2011 Aug;68:979.
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Classification of SMA 
(1961)

Arch Neurol. 1961 Aug: 5:140-164
Byers RK, Banker BQ
Boston Children’s Hospital
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Classification of SMA
(Munsat et al. ENMC, 1991)

Type Age at Onset* Life Span
Type 0 Prenatal <6 months (1999)

Type I 0 – 6 months <2 years

Type II 6-18 months ~70% alive at 25 
years

Type III
IIIa
IIIb

<3 years
>3 years

Almost normal

Type IV >21 years Normal

* 1/3 can not be classified accurately by age at onset
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Classification of SMA: 
Continuum of severity- Phenotypic spectrum

FUNCTIONAL CLASSIFICATION:

 SMA, Type  I (severe---“non-sitters”)
 Onset:  birth to 6 months
 Course:  never  sit  unsupported
 Survival: < 2 years without aggressive treatment

 SMA, Type  II (intermediate---“sitters”)
 Onset:  < 18 months (7-18 months)
 Course:  never stand or walk but sit at some time
 Survival: 98% to age 5 years, 70% to age 25 years

 SMA, Type  III (mild---“walkers”)
 Onset:  > 18 months  (IIIA < 3 years, IIIB > 3 years)
 Course:  able to stand and walk at some time
 Survival: Almost normal life span
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Spinal Muscular Atrophy 
Timeline

Kolb SJ, Kissel JT. Arch Neurol 2011 Aug;68:979.

SMN genes 
identified 

Basil T Darras MD New Biologics for Neuromuscular Disorders

Copyright © 2020 Boston Children’s Hospital 9

  

 



Darras BT. Pediatr Clin North America  
2015 Jun;62:743-66.

Created 
by Erica 
Sanborn,
GC, 2005
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SMA Type & SMN2 Copy Number

SMA I 80% have 1-2 copies SMN2
SMA II 82% have 3 copies SMN2
SMA III 96% have 3-4 (1% has 5)

copies SMN2
Carrier 1 copy SMN1 / 0-3 copies 

SMN2
Normal 2-3 copies SMN1 / 0-3 copies 

SMN2
Normal? 0 copies SMN1 / 5 copies 

SMN2
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Feldkotter M et al. Am J Hum Genet 2002;70:358-368.
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The SMN2 Gene
An important gene
A major phenotypic modifier

 It allowed the creation of animal models by 
introducing a number of SMN2 copies into 
mouse SMN knockouts (SMN mouse)
Severe phenotype (death at 14-17 days)

Smn -/- Smn2 +/+ Smn delta7 +/+

Therapeutic target using SMN2 splicing 
modulators and upregulators

Hsieh-Li HM et al. Nature Genet 2000
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Butchbach MER. Human Gene Therapy 2011;22:121-125.
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SMA Therapeutics

Goal of most drug trials is to 
increase the full-length SMN 
protein production from SMN2
gene

Unique “translational” disease
Genetic defect  same in all patients
Clear target
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Therapeutic Strategies for SMA
1. Neuroprotection

 Riluzole
 Gabapentin
 Thyrotropin-Releasing 

Hormone

1. Amplification of SMN 
protein production
 Phenylbutyrate
 Hydroxyurea
 Valproic Acid
 Trichostatin A
 Quinazoline (Repligen

RG3039)

PNCR Network

2000, NIH 
targets SMA
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Pediatric Neuromuscular Clinical Research  
(PNCR) Network for SMA:

Participating sites

Supported by SMA Foundation, NY

Columbia U. New York

Boston Children’s

University Rochester

CHOP Philadelphia 

Nemours, Orlando

Stanford, CA
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 To study the natural history of  SMA in a 
genetically and clinically well defined cohort 
of SMA patients

 To establish network infrastructure
 To collect data needed for trial planning
 To develop and validate outcome measures
 To conduct clinical trials for SMA
 To interact with patient population
 To provide comprehensive care integrated 

with research 

PNCR Network for SMA (2004):
Objectives
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Natural History Study: 
status 04/2020
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SMA Natural History Study

PNCR Network
 496 subjects enrolled over a 13-year period
NH study (4 years, 119 subjects): 3 publications
Minimal dataset study ( 7 years, 377 subjects)

Developed, validated, tested 3 outcome 
measures
Children’s Hospital of Philadelphia Infant Test of 

Neuromuscular Disorders CHOP INTEND (Type I )
Hammersmith Functional Motor Scale- Expanded 

HFMSE (Types 2 and 3) 
6- Minute Walk Test  6MWT (Type 3) 

Created an extensive biomaterials repository
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HFMSE
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PNCR Network for SMA. Natural History 
Study: Results

 Archives of Neurology 2011;68(6):779-786 (Types II and 
III)

 Neurology 2012;79:1989-1897 (Types II and III)
 Neurology 2014; 83:810-817   (Type I)
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Summary of NHS of SMA Type II 
and 3 key findings

 Stable course over 12 months in terms of motor 
and pulmonary function 

 Slow decline in motor and pulmonary function in 
SMA II and III over 48 months 

 Patients under the age of 6 years may improve 
without intervention; hence the need for RDBCTs

 Implications for short clinical trials
• Treatments need to cause improvement in function 

rather than slowing/arrest of decline
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Spinal Muscular Atrophy (SMA) Studies 
at Boston Children’s Hospital

Clinical 
Studies

Natural History 
of SMA (PNCR)

Biomaterials 
(PNCR) 

EIM and US in 
SMA (Rutkove / 

Darras)

SMA Infant 
Biomarkers 

(NeuroNEXT)) 

Interventional
Studies

IONIS SMNRx
(IONIS Pharmaceuticals)

CK-2127107
(Cytokinetics/Astellas)

R06885247
(Roche/PTC/SMAF)

In progress

Gene AAV9 Rx
(AveXis/OSU)
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Spinal Muscular Atrophy 
Timeline

Kolb SJ, Kissel JT. Arch Neurol 2011 Aug;68:979.

PNCR Network
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Therapeutic Strategies for SMA
1. Neuroprotection

 Riluzole-F
 Gabapentin-F
 Thyrotropin-Releasing 

Hormone
 Olesoxime (TRO19622) 

“Trophos” compound-F

2. Amplification of SMN 
protein production
 Phenylbutyrate-F
 Hydroxyurea-F
 Valproic Acid-F
 Trichostatin A
 Quinazoline (Repligen

RG3039)-T
 RG7916 (PTC-Roche)

3. Muscle anabolism
 Albuterol
 Carnitine
 Creatine
 Anti-myostatin

4. Cell therapy (stem cells)

5. Replacement of SMN1 
(gene therapy)

6. SMN2 exon 7 inclusion 
(antisense oligo-
nucleotides, ASOs)
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Oligo Rx: SMN2 Exon 7 Inclusion

 Screening of oligos for 
exon 7 retention in SMN2
mRNA

 Long-term retention of 
exon 7 after ICV infusion in 
SMA  mice

Hua et al 2008, 2010
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 Uniformly 2’-O-methoxyethyl modified (MOE) antisense drug
 Corrected the splicing disorder in SMN2, resulting in the production of 

fully functional SMN protein in model systems
 In mild and severe mouse models of SMA provided a phenotypic and 

pathological benefit when delivered centrally*
 Distributes broadly to spinal cord motor neurons after intrathecal 

delivery in monkeys*
 Has a long half life in CNS tissue (> 6 months in animal models)

IONIS-SMNRx: Modulating Splicing of 
SMN2 to Increase Normal SMN Protein

*Hua et al., Genes Dev., 2010; Passini et al., Sci Transl Med, 2011; Hua et al., Nature, 2011
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Mechanism of Action for SMN 
Antisense Drug

Courtesy Frank Bennett, PhD, IONIS Pharmaceuticals, Inc.
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1 – Boston Children’s Hospital; 2 – Columbia University 
Medical Center; 3 – University of Utah; 4 – UT 

Southwestern Medical Center;
5 – Isis Pharmaceuticals, Inc.

Results of an Open-Label, Escalating Dose 
Study to Assess the Safety, Tolerability, and 

Dose Range Finding of a Single Intrathecal Dose
of ISIS-SMNRx in Patients with Spinal Muscular 

Atrophy (CS1)

No safety or tolerability issues (1,3,6,9 mg)  n: 6-6-6-10
No serious adverse events or dose-limiting toxicities were reported in 28 patients 
with later onset SMA, Type II and III  (2-14 years)
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Mean change in
HFMSE scores
through 9-14 months
post-dose 
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Phase 2 Multiple-Ascending Dose, Open-Label 
Study in Medically Stable SMA Patients 2-15 

Years of Age

 Objectives:
 Evaluate the safety and tolerability of multiple intrathecal doses of ISIS-SMNRx

 Evaluate CSF, plasma PK, and clinical outcomes related to SMA (including HMFSE)

 Status:
 3 mg, 6 mg, and 9 mg cohorts completed; 12 mg cohort was added

Screening
(≤28 days)

Day 1
Dose

Open
Label

Cohort Total 
Dose

n

3 mg 9 mg 8

6 mg 18 mg 8

9 mg 18 mg 9

12 mg 36 mg 9

Day 29
f/u &
Dose

Day 85
f/u &
Dose

24 weeks

Post-Treatment
f/u Period 

SUBJECT DEMOGRAPHICS N=25
SMA Type Type 2 = 10; Type 3 = 15
Ambulatory/Non-ambulatory 9/16
Mean age (range) 7.5 years (2-15)
SMN2 Copy # 2 copies = 1; 3 copies = 20; 4 copies = 4
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Darras B1, Chiriboga C2, Swoboda K3, Iannaccone S4,
Montes J2, Castro D4, Holuba N2, Rausch N3, Ramos C3,
Visyak N1, Dunaway S2, Trussell D3, Pasternak A1, Neilson 
L4, De Vivo D2, Norris D5, Bennett F5, Bishop K5

Interim Results of a Phase 1/2 
Study of ISIS-SMNRx in Children 
with Spinal Muscular Atrophy

1 – Boston Children’s Hospital; 2 – Columbia University Medical 
Center; 3 – University of Utah; 4 – UT Southwestern Medical 
Center;  5 – Ionis Pharmaceuticals, Inc.

World Muscle Society Meeting, Berlin, 2014
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Summary of Results of Phase I/II Open-
Label Studies in Children with SMA

 IONIS-SMNRx had been well tolerated when given as 
multiple doses up to 12 mg - no safety or tolerability 
concerns have been identified

 CSF and drug concentrations were dose-dependent and 
consistent with predictions; CSF half-life was about 4-6 
months
- Observations supported infrequent administration

 Dose and time dependent SS increase in HFMSE scores 
observed (even 9-14 months after last dose)

 Additional secondary endpoints (6 MWT, ULM) supportive, 
although open-label study and small numbers limit 
interpretation

 These data informed the design of Phase 3 registration-
enabling studies in infants and children with SMA
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SMN Protein was Found in Neurons of ISIS-SMNRx-
Treated SMA Infant in which ISIS-SMNRx was Present

Immunofluorescence Staining for SMN Protein and ISIS-SMNRx

3
5

ISIS-SMNRx
Green

SMN Protein 
Red

DAPI Stain (for 
nuclei) 
Blue
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ENDEAR (Nusinersen) Phase 3 Study in SMA 
Infants 

A Phase 3, randomized (2:1), double-blind, sham-procedure 
controlled study in infants with SMA Type I

 Global study in ~120 SMA infants ≤ 7 months old with 2 copies of 
SMN2

 13-month study duration
 Evaluate the efficacy and safety of IONIS-SMNRx

» Primary efficacy endpoint is time to death/permanent ventilation
» Additional efficacy endpoints include CHOP INTEND and motor 

milestones
Study initiated August 2014   Interim analysis: July 2016

Screening

R≤21 days

M13
Last 
Visit

Study
Complete OLE

4 Induction Doses

2 months 11 months

Maintenance Dose 
Every 4 Months

2:1

Cohorts
Sham control

12 mg ISIS-SMNRx
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ENDEAR (Nusinersen) Phase 3 Study in 
SMA Infants – Milestones

R
2:1
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ISIS-SMNRx (Nusinersen) Phase 3 Study 
in SMA Infants ENDEAR– Milestones

R
2:1
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HINE
Hammersmith Infant 

Neurological 
Examination

Section II:  
Developmental 
milestones

0 1 2 3 4

Not 
included
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Motor milestones: Interim Analysis
Percentage of patients achieving a motor 

milestone response

• p < 0.0001

ENDEAR
(Nusinersen) Phase 3 Study in SMA Infants

SPINRAZA (nusinersen) was approved by FDA on 12/26/16

NUSINERSEN group:    41% (21/52)

SHAM-CONTROL group: 0% (0/30)
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video
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(Nusinersen) Phase 3 Study in SMA 
Type II  - CHERISH 

 A Phase 3, Randomized (2:1), Double-blind, Sham-Procedure 
Controlled Study in Children with SMA

 Global study in ~120 SMA children with SMA Type II

 15-month study duration

 Determine the efficacy and safety of IONIS-SMNRx
• Primary endpoint is change in Hammersmith motor function score.

It also met its primary endpoint.

Screening

R
2:1

≤28 days

M15
Last 
Visit

Study
Complete

OLE

3 Induction Doses Maintenance Dose 
6 Months Later

Cohorts
Sham control

12 mg IONIS-SMNRx
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Spinal Muscular Atrophy (SMA) Studies 
at Boston Children’s Hospital

Clinical 
Studies

Natural History 
of SMA (PNCR)

Biomaterials 
(PNCR) 

EIM and US in 
SMA (Rutkove / 

Darras)

SMA Infant 
Biomarkers 

(NeuroNEXT)) 

Interventional
Studies

IONIS SMNRx
(IONIS Pharmaceuticals)

CK-2127107
(Cytokinetics/Astellas)

RO7034067/RG7916
(Roche/PTC/SMAF)

Gene AAV9 Rx
(AveXis/OSU)
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PTC-Roche Pharmaceuticals: Oral 
SMN2 splicing modifier (1)

• RO6885247: a small molecule to treat SMA 
by altering SMN splicing
• Extended life of SMNΔ7 mice from 14-17 days 

to more than 150 days.
• Single dose study in Europe on adult healthy 

volunteers was completed, and SMA trial 
(MOONFISH) was initiated.

• Phase 1 (MOONFISH) study was discontinued 
(retinal toxicity in non-human primates)
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• RG7916 (Risdiplam): A second SMN2 
splicing modifier
• Various studies in SMA Types I (FIREFISH) 

and II/III (SUNFISH, JEWELFISH) are in 
progress in the US, Europe and elsewhere.

• Advantages: oral administration, systemic 
distribution.

• It was approved by FDA in August 2020 as 
Evrysdi for adults and children over 2 months 
of age.

• Yearly Cost: As high as $340,000!

PTC-Roche Pharmaceuticals: Oral 
SMN2 splicing modifier (2)
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Spinal Muscular Atrophy (SMA) Studies 
at Boston Children’s Hospital

Clinical 
Studies

Natural History 
of SMA (PNCR)

Biomaterials 
(PNCR) 

EIM and US in 
SMA (Rutkove / 

Darras)

SMA Infant 
Biomarkers 

(NeuroNEXT)) 

Interventional
Studies

IONIS SMNRx
(IONIS Pharmaceuticals)

CK-2127107
(Cytokinetics/Astellas)

RO7034067
(Roche/PTC/SMAF)

In progress

Gene AAV9 Rx
(AveXis/OSU)
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Adenovirus  &  Adeno-associated Virus

Adenovirus
(childhood cold)

1999 Jesse 
Gelsinger

Adeno Associated 
Virus

(non-pathogenic)
> 25 clinical trials

Remarkable safety
Long-term expression
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Gene Replacement by
Early I.V. Delivery of scAAV9

Foust KD et al
Nature Biotech
February 2010

D1: good effect 
D5: partial effect 
D10: no effect
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Gene Replacement Therapy by
Delivery of SMN via scAAV9

 Ohio State University (Jerry Mendell, MD)
In 2013, NINDS award  to Brian Kaspar, PhD, in collaboration 
with FSMA to advance a CNS-directed gene therapy to IND

 Results on the first treated 15 SMA Type I infants (IV) (START 
phase 1/2 study) were very encouraging. Similar to 
Nusinersen or better? But single site study with high SOC

 Type I and II gene therapy Phase 3 studies (STRIVE and 
STRONG) sponsored by AveXis are ongoing or have been 
completed at BCH and other sites in the US but also in Europe 
SPRINT is a study for pre-symptomatic infants

 Approved for patients under 2 years of age as  onasemnogene
abeparvovec xioi (Zolgensma) in May 2019 (cost: $2.15 M)
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Three scAAV9 
SMA Studies:
AveXis
STRIVE for 
Type I (IV)
STRONG for 
Type II (IT)
SPRINT (IV) 
for 1-6 weeks
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Spinal Muscular Atrophy: 125 years later 
the first approved treatment… but 

can SMA be prevented?

Kolb SJ, Kissel JT. Arch Neurol 2011 Aug;68:979.

2016
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Loss of Anterior Horn Cells in SMA
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Can SMA be prevented?
 If a therapeutic is partially effective in symptomatic patients, 

it will probably be even more effective or preventive of the 
disease, if the treatment is started early in life before the 
onset of symptoms. 

 Pilot newborn screening program in NY, approved in MA

 Patients with less than 4 copies of SMN2 may need to be 
treated presymptomatically ASAP after the diagnosis is 
made with newborn screening, particularly patients with 2 or 
3 copies of SMN2

Nusinersen NURTURE Study Presymptomatic, for 
patients with 2 or 3 copies of SMN2 

Basil T Darras MD New Biologics for Neuromuscular Disorders

Copyright © 2020 Boston Children’s Hospital 59

  

 



Basil T Darras MD New Biologics for Neuromuscular Disorders

Copyright © 2020 Boston Children’s Hospital 60

  

 



Spinal Muscular Atrophy: 125 years later 
the first approved treatment… but 

can SMA be prevented?

Presymptomatic treatment
 Diagnosis at birth with newborn screening    

but……
• Treatment very expensive ($125.000/dose)
• Life-long treatment and invasive (LP)
• $750.000 (1st year), $375.000 per year
• Perhaps need for Rx of peripheral tissues

Preconception carrier screening
Tay-Sachs reduced by >90% in 10 years
Thalassemia reduced by 50-80% in 3 years
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Emerging Therapies 
in Duchenne 

Muscular Dystrophy
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Clinical phenotypes

Duchenne muscular 
dystrophy
Becker muscular dystrophy

Intermediate phenotype / “outliers”

Manifesting DMD/BMD carrier females

X-linked dilated cardiomyopathy

Muscle cramps with myoglobinuria

Dystrophinopathies
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DMD gene mutations
Deletions  (~60-70%)

Duplications (~5-10%)

“Small” mutations 
[microdel/dupl, point mutations, 
splicing errors, (~20-30%)]

Dystrophinopathies (DMD)
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Reading Frame Hypothesis

•DMD gene - each exon fits together with specific shape
•These shapes represent the reading frame
•Maintaining the reading frame - a partially functional protein
•Milder disease
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Emerging therapies for 
DMD

Gene therapy
After 20 years, no success
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Major issues

Choice of vector (AAV1. AAV8)
Duration of the effect
Practicality of administration

Usually injected, oral administration does 
not seem practical

Packaging capacity of vector
Host immune response
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Emerging therapies for 
DMD

Gene therapy
After 20 years, no success 

till recently…

Basil T Darras MD New Biologics for Neuromuscular Disorders

Copyright © 2020 Boston Children’s Hospital 72

  

 



Emerging therapies for 
DMD

Gene therapy (Sarepta, Mendell J., 
Nationwide Children’s)

3 patients treated with AAVrh/micro-D/MHCK7
Robust expression of micro-dystrophin
Day 90 biopsies: mean 38.2% dystrophin by WB
1.6 vector copies per nucleus
Mean reduction of CK levels of over 87% at Day 60

Basil T Darras MD New Biologics for Neuromuscular Disorders

Copyright © 2020 Boston Children’s Hospital 73

  

 



Emerging therapies

Cell-based therapy
After 25 years, no success
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Emerging therapies

Antisense oligonucleotides
for deletion mutations in 

DMD
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Antisense oligonucleotides

Also known as exon skipping

 2’-O-methyl antisense 
oligoribonucleotides (morpholinos)

Designed to bind to targeted mutant exon

 Induces a frame-preserving skipping of 
that exon during transcription

Basic idea: Convert DMD into BMD
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Exon Skipping
PRO051 Prosensa/GSK project failed
No FDA or EMA approval

No efficacy (FDA analysis)

Safety issues
• Injection site reactions

• Thrombocytopenia

• Proteinuria
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Exon Skipping
Eteplirsen, by Sarepta, Cambridge, MA 
Approved by FDA as ExonDys51 in Sept. 2016

Accelerated approval (conditional)

Emotionally charged meeting

Approved against the recommendation of an 
expert advisory panel (“stunning exception”)

Clinical trials still ongoing. Weekly IV infusion

Cost: $300.000 to $500.000 a year!
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Eteplirsen/ExonDys51
FDA label

 EXONDYS 51 is an antisense oligonucleotide indicated for the 
treatment of Duchenne muscular dystrophy (DMD) in patients 
who have a confirmed mutation of the DMD gene that is 
amenable to exon 51 skipping. This indication is approved under 
accelerated approval based on an increase in dystrophin in 
skeletal muscle observed in some patients treated with 
EXONDYS 51 [see Clinical Studies (14)]. A clinical benefit of 
EXONDYS 51 has not been established. Continued 
approval for this indication may be contingent upon verification 
of a clinical benefit in confirmatory trials.

 _______________DOSAGE AND ADMINISTRATION 
 • 30 milligrams per kilogram of body weight once weekly 
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Eteplirsen/ExonDys51
FDA label

Dystrophin levels in muscle tissue were 
assessed by Western blot. In the 12 patients 
with evaluable results, the pre-treatment 
dystrophin level was 0.16% ± 0.12% (mean ±
standard deviation) of the dystrophin level in 
a healthy subject and 0.44% ± 0.43% after 48 
weeks of treatment with EXONDYS 51 (p < 
0.05). The median increase after 48 weeks 
was 0.1%. 
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Emerging therapies for 
DMD

Stop codon read-
through

Basil T Darras MD New Biologics for Neuromuscular Disorders

Copyright © 2020 Boston Children’s Hospital 82

  

 



Basics

 Gentamicin too toxic
 PTC124, (3-[5-(2-fluorophenyl)-[1,2,4]oxadiazol-3-

yl]-benzoic acid, C15H9FN2O3
 PTC = post-transcriptional control
 Nonsense (stop) mutations

 UAA, UAG, UGA in mRNA
~13% of DMD cases

 Specific for premature stop codons, not for 
termination codons (UGA>UAG>UAA)

 These compounds cause read-through of the 
stop codon and preserve normal transcription
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PTC Therapeutics, Inc. © 2009 – Slide 84

Normal Translation

Full-length 
Protein

Ribosomes

Amino acid Protein mRNA

Normal flow of genetic information 
results in full-length protein production

Normal
Termination

Codon
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YIELD

Ataluren facilitated translation

Full-length 
Protein

Ataluren (PTC124) was designed to 
overcome nonsense mutations

Protein mRNA

 A nonsense mutation must be present for ataluren to be active
 Full-length gene sequencing can determine if a nonsense mutation 

is present

Normal
Termination

Codon

Nonsense
(Premature 

Termination)
Codon
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PTC124 clinical trials

Phase 2a
 26 DMD patients treated orally for 28 days 

at low, medium and high doses
Muscle enzymes decreased significantly
 Increased dystrophin production in 

cultured myotubes and in vivo at low and 
mid doses

However, no significant change in muscle 
strength and timed function tests
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PTC124 (Ataluren) clinical trials

Phase 2b
Ataluren is safe but not effective, Phase 

2b data analysis, 3/3/2010
ACT-DMD, Phase 3 (medium dose)
Failed to meet endpoint (30 m on 6MWT)
A subset met the endpoint (300-400 m 6MWT)
Approved by EMA as Translarna (conditional)
Ataluren not approved by FDA (10/11 experts)
Clinical trials continue (also 2-5 years)
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Other Emerging therapies

Myostatin inhibition (BMS)
Utrophin upregulation (Summit) D/Ced
Idebenone/Raxone (Santhera)
FB-3019 (anti-CTGF Ab) (FibroGen)
Catabasis (anti-NF-B pathway)
CRISP-Cas9
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Emerging therapies for 
DMD

• Despite the huge investment
the course has been a rocky one

• ~10 companies in Cambridge, 
MA, working on DMD drug 
development
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Economics of genetic disease treatment

Robert (“Berch”) Griggs—International Congress of 
Neuromuscular Diseases, Naples 2010, was the first person I 
heard warn about the costs of therapies for genetic disorders.

“If a therapy costs $500,000 per year and you extend survival to a 
lifespan of 70 years, then the therapy will total $35m per patient.  
Health services simply cannot afford this.”

Insurers Battle Families Over Costly Drug for Fatal Disease
By Katie Thomas, June 22, 2017

Asian Ocean Myology Center (AOMC) Annual Meeting, August 
2017, Singapore.  Singaporean health economist Jeremy Lim:
 “It has to be cost effective.”
 “It must fit in with the health budget of the country.”

From:  Nigel Laing, PhD, University of Western Australia
World Muscle Society Meeting, St. Malto, France, 2017
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Thank you
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