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Topics for Discussion

e What are Rare & Common Diseases
e Approaches Prevention & Treatment
e Current Gene Therapy approaches

e L ooking ahead




Definition of ‘Rare’ Disorders

e USA Orphan Drug Act as

those affecting less than 200,000 people
throughout the country

e Swedish National Board of Health and
Welfare

a maximum of one hundred people per one
million inhabitants

e EU defines
5 or less in every 10000

e Taiwan Rare Disorders and Orphan Drugs
Act

an incidence below a level defined and
announced by the competent central authority



Definition of Orphan Disease

e One which has not been "adopted"” by the
pharmaceutical industry because it
orovides little financial incentive for the
brivate sector to make and

market new medications to treat or
orevent it

e An Orphan Disease may be a Rare Disease,
or a Common Disease which has been
dgnored because it is far more prevalent in

veloping countries than the
develope
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International Efforts in
Management Rare Diseases

e France — information, screening,
diagnostics, treatment

e [taly — National Network Centers of
Excellence for Rare Diseases,
National Registry

e European Commission — consultation

e USA — NORD, legislation, advocacy,
policies

e Taiwan - TRDF
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GloDal Distribution or Males wIth
Glucose- 6-Phosphate Dehydrogenase (G6PD) Deficiency,

<05%
0.5-2.9%
3-6.9% I
7-9.9% M
10-14.9% M
15 -26% Percentage of males with GBPD deficiency.
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Treatment of Genetic
Diseases

e Environmental Manipulation
e Physical Therapy

e Provision of Gene Products

e Provision of ‘Normal’ Genes



Developments in Orphan Drugs

e USA - 1800 drug candidates, 325
approved, benefitting 25 M Americans

e European Commission — Register of
designated Orphan Medicinal Products
(total 571)

e Taiwan — 171 official rare diseases, 86
orphan drugs & 40 special nutrients
approved

e Hong Kong — Hospital Authority has ‘Rare
Dic?ease’ branch under Chief Pharmacist’s
Office



Gene Therapy

e Historical
— Anderson 1987 proposed
- implemented 1990 ADA deficiency
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Ex vivo

U *é* iPSCs,
- T cells,
é ?" NK cells

Universal
autologous cells

\_‘ In vivo

Target cell

Engineered capsids,
immune evasion

Improvements in
AAV vectors

Nucleus
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Fig. 2 Schematic of ex vivo and in vivo strategies (shown in blue boxes) for treating genetic diseases. For ex vivo approaches (left panel), autologous
cells can be isolated directly from the patient and genetically modified to elicit a therapeutic effect, while allogeneic cells can be produced and readily
available "off the shelf.” In vivo strategies require targeting of specific cells in order to overexpress a therapeutic gene or correct pathological mechanisms

to allow functional gene expression (dashed arrows).
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Fig. 1 Timeline depicting milestones (in colored arrows) towards gene therapies for common disease. Approved treatments and year of their approval as
well as investigational therapies (in dashed boxes) are shown below each milestone. Further exploration of alternative therapeutic approaches and
fundamental scientific questions is still needed to accomplish later milestones (shown in bullets).



Antisense Therapy

e Use Single strand synthetic
nucleotide

e Induce SMN2

e 2010 clinical trial

e 2016 FDA approval

e Nusinersen (Spinraza)

e once 4 monthy, US$ 750,000 each
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(CAR) T Cell Therapy

e Chimeric antigen receptor (CAR)
therapy studied 2010

e for lymphoma treatment

e Autologous T cells> altered genes>
infuse back

e 2016 Tisagenlecleucel (Kymriah) by
Novartis approaved by FDA for ALL

e also large B cell lymphoma therapy
e US$ 475,000 once
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Leber Congenital Amaurosis

Present at birth

or infancy

Poor vision,

night blindness
Pigmentary retinopathy
Heterogeneous

Gene therapy RPE65




AAV transgene therapy

e | eber Congenital Amaurosis II/RP
e 2017 Luxterna

e 6000 worldwide

e US$ 425,000 per eye

e vision retained upon follow up



AAV Gene transfer

e Spinal Muscular Atrophy
— Zolgensma

e other conditions
— hemophilia
— Duchenne Muscular Dystrophy




Gene therapy for hemophilia

Timelines for hemophilia gene therapy

Lyophilised
plasma
derived FVIII
and FIX
FFP concentrates First First
mainstay of become Safer, successful successful Hemophilia A
treatment available for recombinant gene gene Emicizumab/ gene therapy
for HA and treatment of Cloning of FVIII for therapy for therapy for Hemlibra approved in
HB HA and HB the FIX gene treatment of HA HA approved Europe

¢ ¢

Mid Late
1960s | 1960s 1984 | 1989 | 1997 ﬂ

K

.

¢ ¢ ¢

Cryoprecipitate Hepatitis Successful Recombinant First HLE Phase Il HA Phase Ill HB
becomes and HIV cloning of FIX for clotting gene gene
available for contracted FVIIl gene treatment of HB factor therapy trial therapy trial
treatment of from plasma available start start
HA products

Amit C. Nathwani, Gene therapy for hemophilia,
Hematology Am Soc Hematol Educ Program, 2022,

Copyright © 2023 American Society of
Hematology

American Society o Hematology

Helping hematologists conquer blood diseases worldwide
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Global Distribution of
Pathological Hemoglobin Disorders, 1996
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Genome Editing

e CRISPR-Cas9 since 2012

e 2021 clinical trial for
- sickle cell anemia
—thalassemia

e by Vertex Pharmaceuticals



Further Gene Editing trials

e 2019

e clinical trials
— AAV gene editing Retina (EDIT-101)

—non-viral (NTLA-2001)

e nanoparticle based delivery of CRISPR to
liver



siRNA-based

e Hereditary ATTR amyloidosis
e 2018
e Onpattro
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Small interfering RNA (siRNA), sometimes known as short interfering
RNA or silencing RNA, is a class of double-stranded RNA at first non-
coding RNA molecules, typically 20-24 (normally 21) base pairs in
length, similar to miRNA, and operating within the RNA interference
(RNAI) pathway. It interferes with the expression of specific genes
with complementary nucleotide sequences by degrading mRNA after
transcription, preventing translation.[



Recent Advances

e Base editing

e Prime editing

e RNA targetted editing

e Epigenome editing

e CRISPR edit gene regulatory element
e Universal cell therapy



Thank You!
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