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DISCLOSURES



1. To review disease mechanisms
2. To present data from leukodystrophy gene therapy trials
3. To discuss additional challenges in neurologic gene therapy trials
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OBJECTIVES



• Leukodystrophies are heritable disorders affecting the white matter of the 
central nervous system with or without peripheral nervous system involvement 

>30 distinct disorders whose primary 
pathology includes glial cell or myelin 
sheath abnormalities (such as 
oligodendrocytes, astrocytes)
• Significant axonal pathology
• Excludes neuronal disorders and gray 

matter disease
• Excludes inborn errors of 

metabolism, which are categorized as 
genetic leukoencephalopathies
(>90 disorders)

Vanderver A, et al. Molecular Genetics and Metabolism 2015 114:494
Image: http://www.qthera.com/live/getattachment/Technology/Overview/q-
thera-simplified-neuron-and-glia.png.aspx

DEFINING LEUKODYSTROPHIES



Organelle Leukodystrophy Pathology Vector

Lysosome Globoid cell 
leukodystrophy 
(Krabbe)

AAVhu68

Metachromatic 
leukodystrophy 
(MLD)

Lentiviral + 
HSCT

Peroxisome Adrenoleukodystrophy 
(X-ALD)

Lentiviral + 
HSCT

GENE THERAPY FOR LEUKODYSTROPHIES



Organelle Leukodystrophy Regional differences Vector

Lysosome Globoid cell 
leukodystrophy 
(Krabbe)

AAVhu68

Metachromatic 
leukodystrophy 
(MLD)

Lentiviral + 
HSCT

Peroxisome Adrenoleukodystrophy 
(X-ALD)

Lentiviral + 
HSCT

GENE THERAPY FOR LEUKODYSTROPHIES

Krabbe MLD



HEMATOPOIETIC STEM CELL TRANSPLANT: 
CROSS CORRECTION

Wynn R Hematology 2011;2011:285-291
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HEMATOPOIETIC STEM CELL TRANSPLANT



NO EVIDENCE OF CROSS CORRECTION IN MLD
• Design: Autopsy brain tissue

• MLD: N=8 (2 transplanted and 6 non-transplanted)
• Age matched controls: N=2

• 2 transplanted patients
• Donor macrophages were found throughout the white matter
• Unable to detect arylsulfatase (ASA) in oligodendrocytes or astrocytes, 

suggesting that true cross-correction to these cell types did not occur
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Wolf N et al. 
Annals of 
Clinical and 
Translational
Neurology 
2020; 7(2): 
169–180.



REMYELINATION IN MLD
• 2 transplanted patients

• Higher numbers of oligodendrocyte precursors and mature myelin-forming 
oligodendrocytes were present in brains of transplanted patients

• Ultrastructural evidence of remyelination
• HSCT supports survival, proliferation, and differentiation of 

oligodendrocytes, which in turn are capable of restoring myelin
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Wolf N et al. 
Annals of 
Clinical and 
Translational
Neurology 
2020; 7(2): 
169–180.



METACHROMATIC LEUKODYSTROPHY
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• Central and peripheral nervous 
system demyelination

• Various disease phenotypes
• Late-infantile
• Juvenile
• Adult

• Late-infantile MLD
• HSCT is rarely indicated due 

to rapid disease progression
• Supportive care



EX VIVO GENE THERAPY IN MLD
• Non-randomized, open-label, single-arm phase 1/2 trial of pre-symptomatic early 

infantile or early symptomatic juvenile MLD
• Comparison group: historical controls and sibling pairs

• Autologous stem cell transplant with ex vivo lentiviral gene transfer
• Conditioning regimen: Busulfan
• Enrollment

• 20 patients (Milan, Italy)
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• Transduction
― Targeted ≥2 vector copy number per genome
― Vector copy number: median 2.5 (1.7 – 4.4, 

efficiency 92.8%)

• Engraftment
― Begins at 1 month
― 45-80% of the colonies harbored the lentivirus 

genome

• ARSA activity
― Supra-normal levels of ARSA activity
― ARSA protein isolated from hematopoietic cells as 

early as 1 month
― Protein also detectable in cerebrospinal fluid at 1-2 

years

OUTCOMES

Biffi A, et al. Science 2013;341:1233158
Sessa M, et al. The Lancet 2016;388(10043):476-487



REMYELINATION ON MRI IN TREATED 
PATIENTS

Biffi A, et al. Science 2013;341:1233158
Sessa M, et al. The Lancet 
2016;388(10043):476-487



OUTCOMES
• Safety

• “At the time of analysis, all had 
survived”

• Median follow-up 36 months, range 
18-54 months

• “No serious adverse events related to 
the medicinal product were reported”

• Efficacy
• 8 patients: prevention of disease onset 

or halted disease progression
• 7 received treatment while pre-

symptomatic
• 6 patients: gross motor scores similar to 

normally developing children

9 patients: 
6 late-infantile (circle)
2 early-symptomatic, early-juvenile (diamond)
1 early-onset disease (unclassified) (triangle)

Biffi A, et al. Science 2013;341:1233158
Sessa M, et al. The Lancet 2016;388(10043):476-487



NEUROLOGIC OUTCOMES POST-TREATMENT

• Gross and fine motor difficulties
• Contractures
• Handwriting

• Cognitive decline
• Reading
• Spelling
• Math

• Pain
• Spasticity
• Peripheral neuropathy



LIBMELDY: AUTOLOGOUS CD34+ CELLS
ENCODING ARSA GENE
• Orchard Therapeutics
• EMA authorization 12/17/20
• Not yet FDA approved
• Future directions: MLD newborn screening initiatives



X-LINKED ADRENOLEUKODYSTROPHY
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• Peroxisomal disorder
• Various disease phenotypes

• Childhood cerebral ALD
• Addison’s disease
• Adrenomyeloneuropathy

• Newborn screening
• HSCT is indicated in EARLY cerebral disease
• Supportive care in those with elevated MRI score, neurologic 

and cognitive impairments



BLUEBIRD BIO: STARBEAM STUDY
• Multicenter, single group, open-label, phase 2–3 study
• Autologous stem cell transplant with ex vivo lentiviral 

gene transfer
• Conditioning regimen: Busulfan and cyclophosphamide

• Eligibility:
• Eligible for allogeneic hematopoietic stem cell transplant 

(HCT) but with no matched sibling donor
• Confirmed early-stage, active CCALD

• Gadolinium enhancement on MRI
• Loes score between 0.5 – 9.0
• Neurologic Function Scale ≤1

• Enrollment: 17 patients as of March, 2016

Eichler F, et al. NEJM 2017;377:1630-8. 



BLUEBIRD BIO: STARBEAM STUDY
• Endpoints:

• Alive
• No major functional 

disabilities at 2 years

Eichler F, et al. NEJM 2017;377:1630-8.



BLUEBIRD BIO: STARBEAM STUDY
• Initial enrollment N=18

• 1 deemed not eligible
• 15 /17 patients (88%) were alive and free of major functional disabilities

• 2 died
• Allogeneic transplant
• Rhabdomyolysis, acute kidney and liver failure

• Safety: “consistent with myeloablative conditioning”
• “One possibly drug-related serious adverse event”

• Grade 3 BK-mediated viral cystitis
• “One possibly drug-related adverse event”

• Grade 1 tachycardia

www.bluebirdbio.com
Eichler F, et al. NEJM 2017;377:1630-8.



Neurologic Function Scale

OUTCOMES

Eichler F, et al. NEJM 2017;377:1630-8.



DISEASE PROGRESSION AND INFLAMMATION 
ON MRI POST TREATMENT Gadolinium Enhancement on MRI

Eichler F, et al. NEJM 2017;377:1630-8.



CNS DELIVERY, CHALLENGES, AND TOXICITY
• Access to regional brain structures
• Need for improved outcome measures
• Ex vivo gene therapy and HSCT

• Neurotoxicity of the conditioning regimen

• In vivo gene therapy
• Dose limiting toxicities (1 x 1014 GC/kg) of systemic AAV
• ICM: Dorsal root ganglion toxicity

24



LEUKODYSTROPHY GENE THERAPY TRIALS
• MLD data challenge the theory of cross-correction
• Pre-symptomatic or early symptomatic intervention is critical

• Identified through families with other affected siblings
• Newborn screening initiatives

• Disease progression 
• Clinical symptoms in MLD
• MRI disease progression in X-ALD

• Efficacy trials require rigorous designs that account for brain 
development

• Improve treatment-related toxicities
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