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Overview 
Translational Gene Therapy Study  

• Safety and Efficacy of a Phase I Study using AAV2-ASPA 
for Brain Gene Transfer in patients affected by 
Canavan Disease 

RAC Review : March 2000 
FDA Approval : April 2001 represented the first clinical use of AAV in the human brain 



 Canavan Disease: Genetics  
• Autosomal recessive, ASPA gene mapped to 

chromosome 17p13 
•  Loss of aspa function results in the accumulation of   

  NAA to 8-14mM (normal range: 3-10mM). 
• 1/45 to 1/60 Ashkenazi Jewish carry Canavan trait 
• Different types of mutations possible in Jewish and 

non-Jewish  populations 
• Prevalence of Canavan Disease = 500 
• Incidence of Canavan Disease = 50 



Canavan Disease 
Clinical Features & Neuropathology 

• Patients present in infancy with 
hypotonia, lack of head control, 
macrocephaly, seizures, visual 
abnormalities, failure to thrive. 

• Severe motor impairment, 
epilepsy, mental retardation, 
blindness. 

• Spongy change of lower parts of 

cortex, subcortical white matter, 
cerebellar cortex, 

• Microscopically – accumulation of 
fluid within myelin lamellae, 
disintegrating of myelin sheaths, 
swollen astrocytes, severe 
vacuolation  
 

2 yrs 5 yrs 



   Clinical Phases 



Enrollment Criteria 
1. A definitive diagnosis of Canavan disease, based upon 
biochemical criteria and genetic (mutation) analysis.  
 
 
 
 
 
2. The patient must demonstrate clinical or radiologic findings  
Consistent with Canavan disease, such as macrocephaly, hypotonia, 
developmental delay, seizures, or other positive findings. 
 
3. The patient must be between the age of 3 and 96 months. 



 
ASPA 

 
 



Atypical Canavan Disease 

Velinov M et al. 



Natural History of Canavan Disease 

Strategy for analyzing longitudinally assessed measures was to fit a mixed 
effects model (Laird & Ware, 1983) with random intercept and age.  
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 AAV-Based Gene Therapy 



Characterization of rAAV-ASPA 



Study Outcomes:  
Measuring Effects of Gene Transfer 

1) Quantification of NAA levels in brain, urine, CSF, serum 
2) Magnetic Resonance (i.e., DTI/Anisotropy/FA, T1/T2, brain 

atrophy) 
3) Serum analysis: CBC, protein electrophoresis for a,b,g globulin & 

quantitative immunoglobulins, cytochines. 
4) CSF analysis: cells, protein, electrolytes  
5) Anti-AAV2 neutralizing antibody titers 
6) Clinical outcomes (i.e., Canavan Neurological Exam, Gross Motor 

Function Measure/GMFM, HELP-135) 
7) Psychometric tests (i.e., Mullen Scales of Early Learning, 

Pediatric Inventory of Disability Index/PEDI) 
8) Data were analyzed fit with longitudinal, mixed-effects models 

(Laird and Ware, 1983) with subject-specific coefficients for 
intercept, pre-treatment slope, and post-treatment slope. 



Viral Gene Transfer For Canavan Disease 

First Patient June 5th, 2001 

 
       



AAV2-ASPA administration in 13 patients (1X1012g.t.) 
~ 60 minutes for first cohort of 3 patients   

(Genomic Titer 8X1011 ml - 4.0ul/min.)     ~ 15 minutes for second cohort of 7 patients     (Genomic Titer 1X1012 ml - 2.0ul/min.)   
~ 60 minutes for the third cohort of 3 patients 

 
(Genomic Titer 5X1012 ml- 1.5ul/min.)   

   2001 

2003 

2005 

Surgical Phase 



Canavan Disease   
Clinical Gene Therapy Development 

Demographics-Enrolled 



Canavan Disease   
Clinical Gene Therapy Development 

Demographics - Untreated 



 
 

Toxicity/SAE 
 
 



PT# 01-118-24 (SAE) 

1 yr Post - Gene Therapy 8 yrs Post- Gene Therapy 



NAA Changes 
 after Gene 

Therapy 



NAA Changes after Gene Therapy 

Choline Changes after Gene Therapy 





Brain Atrophy after Gene Therapy 





 
T1 Slope (3 regions) 



Stabilization of hydrocephalus 



   Canavan Disease:  Brain Atrophy 
 



 

 MR Studies: Conventional MR Analysis  
Effect of gene therapy on MRI (T2 W/I)  

 
Pre-GT (18 months)    Post-GT (36 months) 



Diffusion Tensor Studies/Fractional Anisotropy  

 

1 month Pre- Gene Therapy 

18-month Post - Gene Therapy 



Fractional Anisotropy 
Pre-GT (1 month)                Post-GT (18 months) 

 
 
 

 



AAV NAB titers pre- and post-
rAAV2 administration to the CNS ( 

cohort 1 + 2) 



Cytokine and NAB Profiles in Pt. H 



Adenovirus AB titers in sera & AAV AB Titers in CSF 



 
Effect of Gene Therapy on Neurodevelopment: Lying and Rolling  

Post-Treatment effect (18mts)  
P = 0.04  

GMFM Normative Values 
(CD patients assessed 10-108 
months post-GT) 
 4-6 months - Gross-Fine Motor 
 2 months -Visual 
 9 months -Receptive Language 
 15-17mts-Expressive Language 



    Effect of Gene Therapy on Neurodevelopment: 
Alertness 

Post-Treatment effect (60 mts)  
P = 0.008 (- 1st Cohort) 



Effect of Gene Therapy on Neurodevelopment: 
Social Function 

Post-Treatment effect (18 mts)  
P = 0.04  



Effect of Gene Therapy on Neurodevelopment: 
Seizure 

Post-Treatment effect (60 mts)  
P = 0.001 



Survival  

Pt #118-33 – Youngest 3.7 months at GT 
Pt #118-33 – Oldest 6.9 years at GT 



 
Long-Term Follow-Up following AAV2 
mediated Gene Therapy in the CNS 
1) Intraparenchymal delivery of recombinant AAV2-ASPA 

was well tolerated 
2) Intraparenchymal delivery of recombinant AAV2-ASPA 

resulted in, a decrease in elevated NAA, in clinical 
stabilization and slowed progression of brain 
atrophy  

3) The low levels of immune response detected in this 
study, at this dose and with intraparenchymal 
administration, suggested that recombinant AAV2 is safe 

4)   Early intervention would be recommended to maximize 
benefit 
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