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Topics for Discussion

• What are Rare & Common Diseases

• Approaches Prevention & Treatment

• Current Gene Therapy approaches

• Looking ahead



Definition of ‘Rare’ Disorders
• USA Orphan Drug Act as 

those affecting less than 200,000 people 
throughout the country

• Swedish National Board of Health and 
Welfare 
a maximum of one hundred people per one 
million inhabitants

• EU defines 
5 or less in every 10000

• Taiwan Rare Disorders and Orphan Drugs 
Act 
an incidence below a level defined and 
announced by the competent central authority



Definition of Orphan Disease

• One which has not been "adopted" by the 
pharmaceutical industry because it 
provides little financial incentive for the 
private sector to make and 
market new medications to treat or 
prevent it

• An Orphan Disease may be a Rare Disease, 
or a Common Disease which has been 
ignored because it is far more prevalent in 
developing countries than the 
developed





International Efforts in 
Management Rare Diseases

• France – information, screening, 
diagnostics, treatment

• Italy – National Network Centers of 
Excellence for Rare Diseases, 
National Registry

• European Commission – consultation

• USA – NORD, legislation, advocacy, 
policies

• Taiwan - TRDF





Global Distribution of Males with 
Glucose- 6-Phosphate Dehydrogenase (G6PD) Deficiency, 

1996*
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Treatment of Genetic 
Diseases

•Environmental Manipulation

•Physical Therapy

•Provision of Gene Products

•Provision of ‘Normal’ Genes



Developments in Orphan Drugs

• USA – 1800 drug candidates, 325 
approved, benefitting 25 M Americans

• European Commission – Register of 
designated Orphan Medicinal Products 
(total 571)

• Taiwan – 171 official rare diseases, 86 
orphan drugs & 40 special nutrients 
approved

• Hong Kong – Hospital Authority has ‘Rare 
Disease’ branch under Chief Pharmacist’s 
Office



Gene Therapy
• Historical

– Anderson 1987 proposed

– implemented 1990 ADA deficiency







Antisense Therapy

• Use Single strand synthetic 
nucleotide

• Induce SMN2

• 2010 clinical trial

• 2016 FDA approval

• Nusinersen (Spinraza)

• once 4 monthy, US$ 750,000 each





(CAR) T Cell Therapy

• Chimeric antigen receptor (CAR) 
therapy studied 2010

• for lymphoma treatment

• Autologous T cells> altered genes> 
infuse back

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

• also large B cell lymphoma therapy

• US$ 475,000 once





Leber Congenital Amaurosis

Present at birth
or infancy

Poor vision, 
night blindness
Pigmentary retinopathy
Heterogeneous
Gene therapy RPE65



AAV transgene therapy

• Leber Congenital Amaurosis II/RP

• 2017 Luxterna

• 6000 worldwide

• US$ 425,000 per eye

• vision retained upon follow up



AAV Gene transfer

• Spinal Muscular Atrophy

–Zolgensma

• other conditions

–hemophilia

–Duchenne Muscular Dystrophy



Gene therapy for hemophilia

Amit C. Nathwani, Gene therapy for hemophilia, 

Hematology Am Soc Hematol Educ Program, 2022, 

Copyright ©  2023 American Society of 
Hematology 





Global Distribution of 
Pathological Hemoglobin Disorders, 1996

Births with a pathological hemoglobin disorder per 1,000 live births



Genome Editing

• CRISPR-Cas9 since 2012

• 2021 clinical trial for

– sickle cell anemia

– thalassemia

• by Vertex Pharmaceuticals



Further Gene Editing trials

• 2019 

• clinical trials

–AAV gene editing Retina (EDIT-101)

–non-viral (NTLA-2001)

• nanoparticle based delivery of CRISPR to 
liver 



siRNA-based

• Hereditary ATTR amyloidosis

• 2018

• Onpattro



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

• Base editing

• Prime editing

• RNA targetted editing

• Epigenome editing

• CRISPR edit gene regulatory element

• Universal cell therapy



Thank You!
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