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A little ray of hope among neuromuscular disorders?



• In the early 1890s, Werdnig and Hoffman described a disorder of progressive muscular 

weakness beginning in infancy that resulted in early death, though the age of death was 

variable. 

• In pathologic terms, the disease was characterized by loss of anterior horn cells. The central 

role of lower motor neuron degeneration was confirmed in subsequent pathologic studies 

demonstrating a loss of anterior horn cells in the spinal cord and cranial nerve nuclei.

SMA timeline

Spinal Muscular Atrophy: A Timely Review. Stephen J. Kolb, MD, PhD; John T. Kissel, MD; Arch Neurol. 2011;68(8):979-984
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Scoto M et al Gene Ther. 2017 May 31



The clinical phenotype is defined by age of onset and max motor function achieved

Mercuri E, Bertini E, Iannaccone S, Lancet Neurol 2012



SMA disease progression
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SMA, spinal muscular atrophy. Swoboda KJ, et al. J Child Neurol. 2007;22:957-966
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“Floppy baby” syndrome
Muscle weakness (legs more than arms)
Poor head control
Belly breathing
Bulbar muscle weakness (weak cry, difficulty swallowing, aspiration)
Will never sit unsupported
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75% survival*

8.1 mos
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20 mos

Holds head steady 
alone; brings hands 

to mouth

Rolls over in 
both 

directions

Sits alone; 
crawls

Cruises; may 
stand alone

Walks alone; may run 
and walk up stairs; eats 

with a spoon

Climb furniture alone; 
kicks and throws a 

ball

Onset of SMA Type 1 by 6 months

Symptoms may present

90% of SMA Type 1 patients will not survive to the age of 2

Milestone for a healthy 

infant
SMA Type 1 survival rates (per 

Finkel1)

Natural history of SMA type 1

2. Finkel RS, et al. Neurology 2014;83:810–7 (PNCR);

1. De Sanctis, Roberto, et al. Developmental milestones in type I spinal muscular atrophy.  Neuromuscular Disorders 2016;26:754–9
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Mechanism of action of antisense oligonucleotides (ASOs)



Nusinersen (Spinraza) is administered intrathecally (12-mg equiv. dose)



Clinical studies using Nusinersen

Infants and Children With SMA Treated With Nusinersen in Clinical Trials: An Integrated Safety Analysis . Mercuri et al. 

The 22nd International Annual Congress of the World Muscle Society I 3-7 October 2017 I Saint Malo, France



2:1 randomisation; 13 months of treatment and 

follow-up

Dosing 

schedule:

ENDEAR study design

Screening Double-blind 
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Pre-specified interim efficacy analysis D183 

onwards: ~80 participantsb
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• Phase 3, randomised, double-blind, sham-procedure controlled study to assess the clinical efficacy, 
safety, and tolerability of intrathecal nusinersen in infants with infantile-onset SMA

− Key eligibility criteria: genetic diagnosis of SMA, 2 copies of the SMN2 gene, onset of SMA 
symptoms at age ≤6 months and age ≤7 months with no hypoxemia at screening

Sham procedure control (n=41)

Nusinersen 12-mg scaled equivalent dose 

(n=80)



Motor Milestone responders: ENDEAR Interim and End of study analysis

Infants treated with Nusinersen

showed continued improvement

0           1           2            3            4



Event free- survival (time to death or permanent ventilation)

Permanent ventilation: tracheostomy or >16 hours ventilator

support/day for >21 days in the absence of an acute reversible event 



• Ongoing, Phase 2, open-label, multicenter, multinational, single-arm efficacy and safety study in infants who initiate nusinersen in a 

presymptomatic stage of SMA (most likely to develop SMA Type I or II);

o No infants died or required permanent ventilation

o Infants achieved motor milestones not typically acquired by infants with SMA Type I (head control, sitting independently) or Type II 

(walking independently) and were continuing to achieve normal motor milestones for age

o Nusinersen was well tolerated and no specific safety concerns were identified

• 25 infants have enrolled in the study; enrollment is complete 

NURTURE Study: Interim Analysis (May 2018)

NURTURE study interim analysis data cutoff date: May 15, 2018; ENDEAR-SHINE integrated analysis data cutoff date: June 30, 2017. aHINE Section 2 was assessed in NURTURE participants up until the Day 778 study visit. bCS3A end-of-

study data for the cohort of infants with 2 SMN2 copies. ENDEAR participants with 2 SMN2 copies in the intention-to-treat population. ENDEAR data were windowed into intervals based on time from baseline. For each study, n≥5 are plotted.
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Return to 

contentsCHERISH: Primary Endpoint: Change in HFMSE Score

End of study analysis: mean change over time at end of study

3.9



Mean change from baseline in HFMS-E

Mean change from baseline in RULM and 6MWT distance



ENDEAR Trial sites • ENDEAR study stopped  SHINE OLE

• EAP for SMA1 announced August 2016

(initially to trial centres only)

• approval December 2016

• EAP started in UK  March 2017

(11 UK patients started abroad)

• approval June 2017

Major Events

NICE-NHSE approval May 2019

UK NUSINERSEN ACCESS UPDATE

• Scottish Medicines Consortium (SMC)Reimbursed Access Type I, II and III

• In 24 European countries SMA patients have access to nusinersen via regular reimbursement*
* there is a range of reimbursed access: in line with the label - 5q spinal muscular atrophy (SMA); for Type I, II, III (excluding IV) and in some cases age restrictions e.g. <18 yrs.



EAP in UK and Ireland: 95 patients (17 centres; March 2017 – October 2018: closure of EAP)
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Patients’ characteristic prior to treatment

Median age of symptoms 

onset

2.6 (range 0 - 6 months)

Median age at treatment 11.5 m (1.5m - 9.5y) 

SMN2 1 copy 1

SMN2 2 copies 56 (59%)

SMN2 3 copies 21 (22%)

SMN2 unknown copies 17 (18%)

No ventilator support 40 (42 %)

NIV < 16 hours/day 26 (27 %)

NIV >16 hours/day 20 (21 %)

Tracheostomy ventilation 3 (3 %)

Mean CHOP-Intend 25 (range 5 - 52)

Intrathecal Nusinersen treatment was well tolerated in a heterogeneous population of SMA type 1

56% demonstrated motor function improvement and 37% at least stabilization

15% acquired major milestones like sitting unsupported

60% patients demonstrated a degree of respiratory response (maintenance); 10% improvement

Patients treated earlier showed better response  NBS 





Small molecules to modify splicing of  SMN2

• FIREFISH: to Investigate the Safety, 

Tolerability, Pharmacokinetics, 

Pharmacodynamics and Efficacy of 

RO7034067 in Infants With Type1 SMA

• SUNFISH: to Investigate the Safety, 

Tolerability, Pharmacokinetics, 

Pharmacodynamics and Efficacy 

of RO7034067 in Type 2 and 3 SMA

• JEWELFISH: A Study of RO7034067 in 

Adult and Paediatric Participants With 

SMA who have been previously treated 

with a survival of motor neuron 2 

(SMN2)-targeting therapy.



Small molecules to modify splicing of  SMN2

Branaplam (LMI070) open label in SMA1:

14 patients enrolled in the trial, which took place

in Belgium, Denmark, Germany and Italy.

Results so far demonstrate good safety and

tolerability, improvements in CHOP-INTEND,

HINE and other efficacy measures.



AAV9 delivered

into an adult 

mouse via a tail 

vein injection

2009:

Kaspar Lab 

Made a seminal

discovery that 

changes how we

deliver therapies

to the brain

Over 90% of 
Spinal Motor Neurons 

were targeted

One Time Administration of AAV9-GFP to the Blood Stream
Led to Robust Expression in Cells Throughout Brain and Spinal Cord





• Primary objective 

– Safety and tolerability

• Secondary objective 

– Event-free survival defined as death or the need for ventilation for at least 

16 hours/day for at least 14 consecutive days*

• Exploratory objectives

– Motor-milestone achievements (particularly, sitting unassisted)†

– CHOP INTEND score

AVXS-101-CL-101

Key inclusion criteria

• Confirmed diagnosis of SMA, predicted to be Type 1 (Homozygous SMN1 exon 7 deletions and 2 copies of SMN2) 

• Onset of disease prior to 6 months of age with symptoms by clinical evaluation*

• Nine months of age (first 9 patients)/6 months of age (last 6 patients) or younger at day of AVXS-101 administration

Key exclusion criteria

• Genetic modifier c.859G>C modifier in SMN2 exon 7

• Anti-AAV9 antibody titers >1:50 

• Use of invasive ventilatory support† or pulse oximetry <95% saturation 

• Aspiration based on swallowing test, and unwilling to use alternative method to oral feeding



Results



Results





Pros of AAV Gene therapy

- Single IV injection

- Target CNS and PNS

- Encouraging data from 1st clinical trial

Cons of AAV Gene therapy

- Presence of pre-existing immunity

- How long to expect effect

- Adverse events (dose dependent?): Liver with increased

transaminases requiring transient immunosuppression   

(steroids)

- Re-administration  immunity after 1st exposure



Major Events

approval May 2019Zolgensma® Gene Therapy



SMA Type 1 Pivotal Trial

The open-label, single-arm, single-dose, multi-center trial (STR1VE) is designed to evaluate

the efficacy and safety of a one-time IV infusion of AVXS-101 in patients with SMA Type 1. The

co-primary efficacy outcome measures of the trial include the achievement of independent

sitting for at least 30 seconds at 18 months of age and event-free survival at 14 months of age

SMA Pre-symptomatic

Phase 3, open-label, single-arm study, multi-center of a single dose (SPRINT) in pre-

symptomatic patients with SMA with 2 or 3 copies of SMN2 gene

SMA Type 2 Phase 1 Trial

Open-label, dose-comparison, multi-center Phase 1 trial (STRONG) to evaluate the safety,

optimal dosing, and proof of concept for efficacy of AVXS-101 in two distinct age groups of

patients with SMA Type 2, utilizing a one-time IT route of administration.

• Primary outcome measure for patients <24 months of age at the time of dosing is the

achievement of the ability to stand without support for at least three seconds.

• Primary outcome measure for patients between 24 months - 60 months of age at the time

of dosing is change in HFMS-E from baseline.

• Secondary outcome measure for both age groups is the % of patients that achieve the

ability to walk without assistance (taking at least 5 steps independently).

Current AVXS-101 gene therapy scenario




