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Learning Objectives

1. Describe “Rare Disorders’
2. Summarize Lysosomal Storage Diseases
3. List the therapeutic approaches and challenges in LSDs

4. Cite the current and emerging therapies for LSDs




I@\ U.S. Food and Drug Administration
r /Q Protecting and Promoting Public Health

www.fda.gov

Rare Disease FAQs B

Rare (aka Orphan) diseases:

“...any disease or condition which affects less than 200,000
persons in the U.S...”1

* In reality, most rare diseases are far less prevalent than
this
* Individually rare, collectively--large public health
problem
- ~7,000 different rare diseases
- Atffect 25-30 million Americans (~1:10)
— Most are serious, most have unmet medical needs

1Orphan Drug Act, Public Law 97-414, as amended 1984



Rare disorders: Think Differently

» Lack of recognition

» Qverlapping clinical presentations

» Lag in diagnosis
» Biased information

« Limitations of evidence-based medicine



Diagnostic Challenges: LSDs are underdiagnosed

®* How common are LSDs?

In live births? 1:5000 or 1:50,000 or 1 in 100,000
How frequently is a baby born with an LSD worldwide?

® LSDs are underdiagnosed
® LSDs present during infancy, childhood and adulthood

® LSDs are multi-systemic disorders: Complete clinical examination LSDs cause
including skin, eyes, skeletal system, visceral organs, and multisystemic
neurologic examination (including auditory) is mandatory

® Specific therapies exist for some LSDs dysfunction

® The earlier the diagnosis is made, the earlier treatment can start
and the better chances are to prevent further affected offspring in
the family

&




W\ LSDs: Examples
~ Collective prevalence: 1 in 5000 live births

Lysosomal membrane transport B Glycoproteinoses Mucopolysaccharidoses (MPS)
disorders * Mannosidosis * Hurler syndrome
» Sialic acid storage disease « Sialidosis * Hunter Syndrome
iCystinosis -

Lysosomal enzyme transport
disorders
* Mucolipidosis (l-cell)

Sphingolipidoses \

« GM1 gangliosidosis types 1-3

« GM2 gangliosidosis (Tay-Sachs and 50+
Sandhoff diseases) _ / \
- Gaucher disease recognized Others

Fabry disease types * Lysosomal acid lipase deficiency
Niemann-Pick disease * Neuronal ceroid lipofuscinoses

Krabbe disease (CLN2/Batten disease)
Metachromatic leukodystrophy  Acid ceramidase deficiency (Farber

« Multiple sulfatase deficiency disease)
» Glycogen storage disease (Pompe

ujisease) /

Wappner RS. Pj":



Disease Spectrum in LSDs:

Variation in Onset and Severity

MPS

Attenuated forms
with normal cognition

or minimal
visceral/skeletal
involvement

Whybra C, et al. Orphe
Gimovsky AC, et al.

Tay-Sachs

“Late-onset” forms:

* Cerebellar degeneration

* Anterior horn cell
involvement

» Psychiatric manifestations
in adolescence/adulthood

Gaucher

Symptom onset
across lifespan,
even within
families

Neurodegeneration begins in utero with MPS types IVA and VII, Gaucher type 2,
GM1 gangliosidosis, Niemann-Pick type C, Farber disease, infantile-free sialic acid storage disease,
Mucolipidosis type Il (non-immune hydrops fetalis)

Fabry
Females

Cardiac/renal variants

Pompe

Adult-onset mimics
LGMD*
Lacks cardiomyopathy

* LGMD = limb-girdle muscular dystrophy



Enzyme Activity and Disease Severity

High

For most LSDs,
severe vs
attenuated

phenotypes are

determined by
residual

enzyme activity

Residual enzyme activity

Threshold —

Low

e

Normal Mild Intermediate Severe

Parenti G, et al. Mol Ther 2015 23(7) 1138-1148



Targetmg pathways for treatment of LSDs
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Therapeutic
Challenges
In

Lysosomal
Storage
diseases

®* Complex (cellular) pathology

® Phenotypic variability

®Delivery to all systems
(brain, joints, bone, lungs)

® Inflammatory component



Therapeutic Approaches for LSDs

» Enzyme replacement therapy (ERT)
- Exogenous recombinant enzymes with M6P “tags”

- Overcome catabolic pathway block, affect clearance of stored substrate
> Most do not cross the BBB

» Small molecules
- Substrate reduction therapy (SRT)

- Reduce the production of substrate by inhibiting upstream paths
- May cross the BBB

- Chaperone therapy

- Rescue the misfolded protein and deliver to lysosome
- May cross the BBB

» Hematopoietic stem cell transplantation
» Gene therapy: ex vivo, in vivo




Current and Emerging LSD Treatments

Human Trials ‘@ T
FDA-Approved ( Phase 2/3) Pre/early clinical Off label

ERT—-IV (I, Il, IVA, < ERT-=IV,IT
VI, VII) * in vivo gene therapy

* in vivo gene therapy HSCT

* ER/Chaperone

Pompe disease ERT — IV .
* in vivo gene therapy

* in vivo gene therapy

: ERT - IV e o . * in vivo gene therapy
Gaucher disease SRT in vivo gene therapy . e uilve Gane deEm
* ERT
Fabry discase ~ ERT—IV » SR ¢ I e EEme SRy
* in vivo gene therapy
* ex vivo gene therapy
Krabbe disease HSCT

*Awaiting 1st human dose

ClinicalTrials.gov. https://clinicaltrials.gov/.


https://clinicaltrials.gov/

Gene Therapy

Vectors Used in Gene Therapy Clinical Trials @

WILEY

Adenovirus 18.6% (n=574)
Retrovirus 17.0% (n=524)
Naked/Plasmid DNA 15.1% (n=466)
Lentivirus 9.9% (n=304)
Adeno-associated virus 7.9% (n=244)
Vaccinia virus 6.8% (n=211)
Lipofection 3.9% (n=119)

Poxvirus 3.6% (n=111)

Herpes simplex virus 3.2% (n=99)
Other vectors 7.1% (n=218)
Unknown 6.8% (n=211)

The Journal of Gene Medicine, © 2019 John Wiley and Sons Ltd
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