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SMA 3 
walks  independently (may be lost) 

3a: onset before 3 years 
3b: onset after 3 years 
 

 
SMA  2 
can sit independently 

ranging from just able to sit (2.1) to 
ability to stand with minimal support (2.9) 
 

 
 
SMA  1  

inability to sit unsupported 
 

 



What was known: natural history data 
type 2 and 3 SMA are  progressive 
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Russman, et al., Neurology. 1996 Oct;47(4):973-6.                                           Zerres et al., J  Neurol Sci 146(1 997) 67-72  

            Still sitting                            Age at death 

Zerres et al.,  J Neurol Sci. 1997;146: 67-72.  

22.0%  

70.3%,  

SMA type IIIa 
 
SMA type IIIb 

4 y (168 p SMA from 6 centers) 
Barois et al., 2005 
Significant worsening (~20%) 
 Muscle strength 
 Muscle function index 
 Respiratory index  



What we learned in the last decade 

 
• Type 2 (and 3) SMA are less progressive than classically reported 

 
• Very little changes over relatively short intervals  (1-2 years) 



 
 
 
 
 
 

• Cross sectional data in 44 type 2 and 59 type 3 
 

• Longitudinal data (more than 2 MFM) 12 type 2 and 3 type 3 
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Natural history studies: MFM 



Fig 1  
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MFM total score according to age in patients with SMA type 2 (dark squares) and type 3 (clear dots). 
 Patients with SMA type 1 (gray triangles) are represented without fitting line. 
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Natural history studies: HMFSE 
1 year data 

• Longitudinal data: 
• 65 SMA patients 

 



Natural history studies: HMFSE 

Longitudinal data: 79 type 2 and 3 SMA 



Are we measuring the right thing? 

• Are the scales not sensitive enough or  the small mean changes do 
not reflect  the variability found in individual patients? 
 

• Is there variability and if yes can we identify prognostic factors or 
trajectories? 
 
 



Mean 12 month changes: 0.45  
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Mean 12 month changes: 0.45  

12 month changes: individual  changes ranging from -12 to +11  



 
• PNCR  (US) 
• Italian network for SMA 
• SMA Reach UK 
• Belgium data (Leuven) 

 
• Largest  database available with longitudinal data using the same 

measure in SMA 
 

• 268 with longitudinal assessments (12 months)  
• age ranged between 2.5 and 55.5 years at baseline (mean 10.65).  
• 68 were ambulant and 200 non ambulant  



• Mean 12 month changes 
close to 0 (-o.5 points)  

• Most of the changes are 
within +2 points,  

• Changes can range 
between -12 and +10. 
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 Mean change : -0,52238806 



• 1: different patterns of progression according to age 



Baseline values and age 



12 month changes and age 



12 month changes  

In the  whole cohort  most of the negative changes occurred in patients before puberty 



Fig 3  

Archives of Physical Medicine and Rehabilitation 2013 94, 1555-1561DOI: (10.1016/j.apmr.2013.01.014)  

Change in MFM D1 subscore according to age in 23 patients with SMA type 3. Gray lines correspond to ambulant patients 
and black lines to non ambulant ones. 
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• 1: different patterns of progression according to age 
• 2. different patterns  according to type of SMA  
 



12 month changes in type 2 and 3 SMA 

Different patterns in type 2 and type 3  but type 3 non ambulant had results more similar to the type 2 



• 1: different patterns of progression according to age 
• 2. different patterns  according to type of SMA  
• 3. different patterns in ambulant and non ambulant patients 



Different patterns in ambulant and non ambulant   
 

 positive changes in ambulant patients occur at  5 to 10 years,  later age than in non ambulant  



Different patterns in ambulant and non ambulant :  
 

Most negative changes in ambulant patients occur at  10 to 15 years,  later age than in non ambulant  



 
• Variable progression of the disease  

 
• Ambulant and non ambulant patients have different 

trajectories 
 

• Age effect different in the two groups 
 
 
 
 
 
 

What we know now 



In non ambulant patients  
• Some improvement can be observed in younger children 

(below 5 years) 
• Faster decline more frequent from the age of 5 

 
 

In ambulant patients  
•  Improvement can also be noted after the age of 5 
• More marked decline is observed at the time of reaching 

puberty 
 
 
 
 
 



• Clinical practice 
• Inclusion criteria/stratification for clinical trials 
• Trial design 
• Interpretation of results 

 
 
 
 

Identification of different trajectories  important for  
 



Work in progress 

• Better identify outliers in both ambulant and non ambulant groups 
 

• Other variables possibly affecting trajectories: copy numbers? 
Scoliosis? Surgery?  
 

• Defining effect of standards of care on trajectories and more generally 
on natural history  
 

• Consider new methods for identifying trajectories 
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