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SMA: Broad Spectrum of Disease Severity Correlates 
with Copy Number of SMN2 Gene

 Most severe form  of SMA
 Age of symptom onset ≤6 months
 Very short life expectancy
 Recent natural history studies show 

the median event-free survival is 
6.11-10.5 months2

 Never able to sit 
 Most have 2 copies of SMN2 gene

Type 1 Infantile-onset

 Age of symptom onset >6 months
 Shortened life expectancy
 Able to sit or stand, but not walk
 Muscle weakness/skeletal 

deformities
 Most have 3 copies of SMN2 gene

Type 2 Later-onset

 Age of symptom onset >6 months
 Close to normal life expectancy
 Ability to walk declines over time 

to a non-ambulatory state 
 Muscle weakness/skeletal deformities
 Most have 3-4 copies of SMN2 gene

Type 3 Later-onset

Rudnik-Schöneborn et al. Clin Genet. 2009 Aug;76(2):168-78
Finkel et al. Neurology. 2014 Aug 26;83(9):810-7



Nusinersen- Mechanism of Action
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Preclinical Studies with Nusinersen Created a 
Solid Foundation Supporting Clinical Trials

 Proof of mechanism in cell culture and in transgenic mice

 Proof of biology in multiple transgenic mouse models of SMA

Optimized delivery methods and route

 Determined PK/PD relationship in transgenic mice and non-human 
primates to support human dose selection

 Completed comprehensive toxicology studies to support human 
clinical trials

 Published results



Natural History Studies Were Critical for the 
Design of the Clinical Program



Nusinersen Clinical Program Overview
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Increased Event-Free Survival in Nusinersen-Treated 
Infants with SMA Compared to Natural History (PNCR)

All infants continuing in study are 
older than 2 years of age

Median event-free age has not been reached 
in the Phase 2 nusinersen study

As of January 26, 2016

Finkel, RS et al, Lancet 2016; 388: 3017–26

Increased Permanent Ventilation-free Survival



Complicating Issues with PNCR Network 
Natural History Study in Type 1 SMA Patients

Time 
Period

The majority of type 1 patients enrolled in the study were 
older than the median age of survival at time of enrollment



ENDEAR Study Design

ITT = intention-to-treat; LPLV = last patient last visit. ClinicalTrials.gov, NCT02193074. aRandomisation was stratified by disease duration during Screening (age at Screening minus age at symptom onset): 
≤12 vs. >12 weeks. bInterim efficacy analysis was conducted on 15 June 2016, once ~80 participants had the opportunity to be assessed at Day 183 visit. Final efficacy analysis of ENDEAR will occur when 
the last surviving participant completes the Day 394 assessment or earlier, as per ethical considerations. 

• ITT and safety population: randomised and received ≥1 dose of study drug 
• Interim efficacy population: ITT participants who received nusinersen 

dose/sham procedure control ≥6 months before cutoff date for interim efficacy 
analysis and/or were assessed at any of the Day 183, 302 or 394 visits 

Dosing schedule:

Screening Double-blind 
treatment period

Pre-specified interim efficacy analysis: 
~80 participantsb

Day

D1 D15 D29 D64 D183
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screening

Study 
participants
transferred 
into SHINE 
open-label 
extension

2:1 randomisation; 13 months of treatment and follow-up

Loading dose Maintenance dose

D302
LPLV 

Day 394

Nusinersen 12-mg scaled equivalent dose (n=80)

Sham procedure control (n=41)



Motor Milestone Responders: IES Population
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a The interim efficacy analysis was conducted on 15 June 2016, once ~80 participants had the opportunity to be assessed at Day 183 visit. bn=78. IES = Interim efficacy set. 

Motor milestone responders, % Sham procedure control Nusinersen P-value

6 month visit (n=78) 7 39 0.0032

10 month visit (n=55) 0 47 0.0002

13 month visit (n=34) 0 43 0.0135

Highly clinically and statistically significant percentage 
of motor milestone respondersa



Consistent Changes in HINE Motor Milestone Scores 
Across Multiple Studies

Populations: NURTURE (232SM201) = interim efficacy set, CS3A = all dosed infants; ENDEAR (CS3B) = interim efficacy set. For each study, visits with n<5 are not plotted.
a Maximum total milestone score = 26. b Median (range) age at first dose: 19.0 (8–42) days. c Median (range) age at enrolment: = 155 (36–210) days. d Median (range) age at first
dose: 175.0 (30–262) days.

Finkel RS. (2017). Primary Efficacy and Safety Results From the Phase 3 ENDEAR Study of Nusinersen in Infants Diagnosed With Spinal Muscular Atrophy (SMA). Presented at the 43rd Congress of the BPNA, 
Cambridge, UK.

Improvement for SPINRAZA



Lessons Learned from Nusinersen Clinical Studies

SMA is a treatable disease

Most symptomatic patients continue to improve with continued treatment

Early treatment results in best outcomes
• Most infants treated before symptom onset obtain motor milestones at 

age appropriate windows

Published natural history studies were important for the design of the 
studies and interpretation of clinical results

• A contemporaneous prospective natural history study may have 
accelerated approval and negated the need for a controlled clinical trial

Going forward well designed NHS and access to source data will 
continue to be important for development of drugs for rare diseases 
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