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' Nucleic acid drugs
¥ Antisense oligonucleotide (ASO)




Table 1. The nucleic acid drugs approved by FDA and EMA.
Drug Company Indication Approved Time ref.
Fomivirsen (Vitravene) Isis/Novartis CMV retinitis 1998 e
Mipomersen (Kynamro) Genzyme hoFH 2003 m
Eteplirsen (Exondys 51) Sarepta DMD 2016 wa
ASO Nusinersen (Spinraza) lonis/Biogen SMA 2016 m
Inotersen (Tegsedi) lonis/Akcea/PTC hATTR 2018 me)
Volanesorsen (Waylivra) lonis/Akcea/PTC FCS 20199 (120
Golodirsen (Vyondys 53) Sarepta DMD 2019 =2
i Patisiran (Onpattro) Alnylam hATTR 2018 (4]
siRNA - . i s3]
Givosiran (Givlaari) Alnylam AHP 2019
Aptamers Macugen Pegaptanib) Eyetech/Pfizer AMD 2004 (4
[a] Volanesorsen (Waylivra) is approved in the EU, but is still at NDA stage in the USA. Others were approved by the FDA. CMV, cytomegalovirus; hoFH,
homozygous familial hypercholesterolemia; AHP, acute hepatic porphyria; DMD, Duchenne muscular dystrophy; FCS, familial chylomicronaemia syndrome;
FPL, familial partial lipodystrophy; hATTR, hereditary transthyretin amyloidosis; SMA, spinal muscular atrophy; AMD, age-related macular degeneration.
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GENE THERAPY MARKET
BY APPLICATION
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Peptide conjugated
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AAV (rAAVrh74-vector)
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(delivering a gene
that codes for alpha-
sarcoglycan protein)

AAV (AAVrh74)
(delivering a gene
that codes for alpha-
sarcoglycan protein)

AAV

AAV (AAVS)

Phase
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1/2
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12

Phase
1/2
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Duchenne Muscular Dystrophy
(Duchenne)

Duchenne Muscular Dystrophy
(Duchenne)

Limb-Girdle Muscular Dystrophy
Type 2E (LGMD2E)

limb-girdle muscular dystrophy
type 2D (LGMD2D).

LGMD2B/R2 Dysferlin
Duchenne Muscular Dystrophy

(Duchenne)
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Eplontersen (TTR)

Tofersen
(SOD1)

IONIS-MAPTRx*
(TAU)

ION859
(LRRK?2)

ION464
(SNCA)

ION541 (ATXN2)

ION582 (UBE3A-
ATS)

Tominersen
(HTT)

ION260
(ATXN3)

ION306 (SMN2)

Eplontersen
(TTR)

Pelacarsen

(Apo(a))
Bepirovirsen
(Hepatitis B Virus)

Hereditary ATTR
Polyneuropathy

Amyotrophic
Lateral Sclerosis

Alzheimer's
Disease

Parkinson's Disease

Multiple System
Atrophy &
Parkinson's
Disease

Amyotrophic
Lateral Sclerosis

Angelman
Syndrome

Huntington’s
Disease

Spinocerebellar
Ataxia Type 3

Spinal Muscular
Atrophy

Transthyretin
Amyloid
Cardiomyopathy
CVD

Hepatitis B Virus
Infection

Phase 3

(registration)

Phase 3

(registration)

Phase 2

Phase 2

Phase 2

Phase 2

Phase 2

Phase 2

Phase 1

Phase 1

Phase 3

Phase 3

Phase 3

AstraZeneca

Biogen

Biogen

Biogen

Biogen

Biogen

Biogen

Roche

Biogen

Biogen

AstraZeneca

Novartis

GSK
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LRx(Complement
Factor B)

IONIS-FB-LRx
(Complement
Factor B)

ION839 (PNPLA3)

ION455
(HSD17B13)

ION532
(APOL1)

GSk

IgA Nephropathy

Geographic
Atrophy/AMD

Non-Alcoholic
Steatohepatitis

Non-Alcoholic
Steatohepatitis

Chronic Kidney
Disease

Roche
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Phase 1
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biogene

AstraZeneca

Roche

Roche

AstraZeneca

AstraZeneca

AstraZeneca
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Donidalorsen
Sapablursen
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oligonucleotide
antisense
oligonucleotide
antisense
oligonucleotide
antisense
oligonucleotide
antisense
oligonucleotide
antisense
oligonucleotide
antisense
oligonucleotide
antisense
oligonucleotide
antisense
oligonucleotide
antisense
oligonucleotide
antisense
oligonucleotide
antisense
oligonucleotide
antisense
oligonucleotide
antisense
oligonucleotide
antisense
oligonucleotide
antisense
oligonucleotide
antisense
oligonucleotide

Phase 1/2
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Phase 1/2
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Phase 1/2

Phase 1/2

Phase 1/2

Phase 1/2

Phase 3/4

Phase 1/2
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Drug Phase Technology Delivery Disease
platform
Phase 1/2 antisense locked Angelman syndrome
GTX-102 oligonucleotide  nucleotide acid
UX111 Phase 3/4 Gene AAV Mucopolysaccharidosis
type IIIA or Sanfilippo
syndrome type A (MPS
II1A)
DTX401  Phase 3/4 Gene AAV Glycogen storage disease
DTX301  Phase 3/4 Gene AAV Ornithine
transcarbamylase (OTC)
deficiency
UX701 Phase 3/4 Gene AAV Wilson disease
Phase 1/72 ~ mRNA therapy LNP glycogen storage disease

UX053

S 2% iy 9 Sy Pipeline ow ) ol #-Y-Y
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Disease

name of company

amyotrophic lateral
sclerosis (ALS)

Adenosine Deaminase
Deficiency Severe
Combined
Immunodeficiency
(ADA-SCID)

Alexander Discase
alzheimer
ATTR amyloidosis-CM
Beta thalassemia

hemophilia B
Batten disease (CLN2)
Huntington’s Disease

Chronic Heart Failure
with Reduced Ejection
Fraction

cronic non infectious
uveitis
diabetic retinopathy
Fabry disease

Familial
chylomicronemia
syndrome (FCS)
Friedreich ataxia

Retinitis Pigmentosa
(RP)
Glycogen storage
disease type Ia (GSDIa)
Transthyretin (ATTR)
Amyloidosis
Wilson disease

Duchenne Muscular
Dystrophy (Duchenne)

HIV

N N = =

—_— N = DN

(98]

Biogene and ionis pharmaceuticals

Orchard Therapeutics

Ionis pharmaceuticals
Biogene
Alnylam Pharmaceuticals & intellia therapeutics

vertex pharmaceuticals and CRISPR
THERAPEUTICS

Alnylam Pharmaceuticals & pfizer
Regenxbio
ionis pharmaceuticals & UniQure
Ionis pharmaceuticals

eyevensys

Regenxbio
Sangamo therapeautics
Ionis pharmaceuticals

Adverum Biotechnologies

Adverum Biotechnologies & GenSight Biologics
UltragenyxPharmaceutical

intellia therapeutics & Alnylam Pharmaceuticals

UltragenyxPharmaceutical & Pfizer
sarepta therapeutics and regenxbio and pfizer

American Gene Technologies



Angelman syndrome

Hurler syndrome
(severe MPS 1)

IgA Nephropathy
labor congential
amourosis

LABOR heritary optic
neuropathy
Inherited Retinal
Dystrophy — PDE6b
Limb-Girdle Muscular
Dystrophy
Metachromatic
Leukodystrophy (MLD)

Multiple system
atrophy (MSA)

Geographic
Atrophy/AMD

Non-Alcoholic
Steatohepatitis

Parkinson’s disease

Recessive Dystrophic
Epidermolysis Bullosa
(RDEB)

hemophilia A

Hereditary Angioedema

Spinal muscular
atrophy (SMN)
Spinocerebellar Ataxia
Type 3 (SCA3)
Thrombotic Disorders

Mucopolysaccharidosis
(MPS)

UltragenyxPharmaceutical and biogene and ionis
pharmaceuticals
Regenxbio

ionis pharmaceuticals
Editas Medicine

GenSight Biologics
Horama
sarepta therapeutics

Orchard Therapeutics

biogene

ionis pharmaceuticals and Gyroscope
therapeutics & GenSight Biologics

ionis pharmaceuticals
biogene
Abeona Therapeutics
Alnylam Pharmaceuticals & Sangamo

therapeautics & pfizer

intellia therapeutics & BioMarin
Pharmaceuticals & Ionis pharmaceuticals

biogene
biogene
Ionis pharmaceuticals

Regenxbio & UltragenyxPharmaceutical &
Abeona Therapeutics



Treatment Resistant 1 Ionis pharmaceuticals
Hypertension
wet AMD 3 regenxbio & Adverum Biotechnologies &

eyetech Pharmaceuticals

sickle cell disease 4 CRISPR THERAPEUTICS & Editas Medicine
& vertex pharmaceuticals & Sangamo
therapeautics
Wiskott-Aldrich 1 Orchard Therapeutics

syndrome (WAS)

sickle cell disease

wet AMD

Mucopolysaccharidosis (MPS)
Hereditary Angioedema
hemophilia A

Geographic Atrophy/AMD
Angelman syndrome

Duchenne Muscular Dystrophy (Duchenne)
Wilson disease

Transthyretin (ATTR) Amyloidosis
Retinitis Pigmentosa (RP)
Huntington’s Disease

hemophilia B

Beta thalassemia

ATTR amyloidosis-CM

amyotrophic lateral sclerosis (ALS)

Company and Disease
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=
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1. Gene Therapy Market by Vector Type (Viral Vector, Non Viral Vector), by Therapy (In
Vivo Therapy, Ex Vivo Therapy), by Gene Type (Antigen, Cytokine, Tumor Suppressor,
Suicide, Deficiency, Growth factors, Receptors, Others), by Application (Oncological
Disorders, Rare Diseases, Neurological Disorders, Other Diseases): Global Opportunity
Analysis and Industry Forecast, 2020-2030

https://www.alliedmarketresearch.com/gene-therapy-market

2. Cell and Gene Therapy Market (By Therapy Type: Cell Therapy and Gene Therapy; By
Indication: Cardiovascular Disease, Cancer, Genetic Disorders, Infectious Diseases,
Neurological Disorders; By Delivery Method: In-Vivo and Ex-vivo; By End-Users:
Hospitals, Cancer Care Centers, Wound Care Centers, Others) - Global Industry Analysis,
Size, Share, Growth, Trends, Regional Outlook, and Forecast 2023-2032

https://www.precedenceresearch.com/cell-and-gene-therapy-
market#:~:text=What%20is%20the%20current%?20size,cell%20and%20gene%20therapy
%20market%3F

3. Gene Therapy Market Size, Share & Trends Analysis Report By Indication (Acute
Lymphoblastic Leukemia, Large B-cell Lymphoma), By Vector Type (Lentivirus), By
Region, And Segment Forecasts, 2023 — 2030

https://www.grandviewresearch.com/industry-analysis/gene-therapy-market

4. Gene Delivery Technologies Market Size, Share & Trends Analysis Report By Mode (AAV,
Lentivirus, Retrovirus), By Application (Gene Therapy, Cell Therapy), By Method (Ex-
vivo, In-vivo), By Region, And Segment Forecasts, 2021 — 2028

https://www.grandviewresearch.com/industry-analysis/gene-delivery-technologies-market

5. Cell and Gene Therapy Market (By Therapy Type: Cell Therapy and Gene Therapy; By
Indication: Cardiovascular Disease, Cancer, Genetic Disorders, Infectious Diseases,
Neurological Disorders; By Delivery Method: In-Vivo and Ex-vivo; By End-Users:
Hospitals, Cancer Care Centers, Wound Care Centers, Others) - Global Industry Analysis,
Size, Share, Growth, Trends, Regional Outlook, and Forecast 2023-2032

https://www.precedenceresearch.com/cell-and-gene-therapy-
market#:~:text=What%20is%20the%20current%20size.cell%20and%20gene%20therapy
%?20market%3F

6. Adeno Associated Virus Vector Manufacturing Market (By Scale of Operations: Clinical,
Preclinical, Commercial; By Method: In Vivo, In Vitro; By Application: Vaccine, Cell
Therapy, Gene Therapy; By Therapeutic Area: Genetic Disorders, Infectious Diseases,
Neurological Disorders, Hematological Diseases, Ophthalmic Disorders) - Global Industry
Analysis, Size, Share, Growth, Trends, Regional Outlook, and Forecast 2023-2032

https://www.precedenceresearch.com/adeno-associated-virus-vector-manufacturing-market



https://www.alliedmarketresearch.com/gene-therapy-market
https://www.precedenceresearch.com/cell-and-gene-therapy-market#:~:text=What%20is%20the%20current%20size,cell%20and%20gene%20therapy%20market%3F
https://www.precedenceresearch.com/cell-and-gene-therapy-market#:~:text=What%20is%20the%20current%20size,cell%20and%20gene%20therapy%20market%3F
https://www.precedenceresearch.com/cell-and-gene-therapy-market#:~:text=What%20is%20the%20current%20size,cell%20and%20gene%20therapy%20market%3F
https://www.grandviewresearch.com/industry-analysis/gene-therapy-market
https://www.grandviewresearch.com/industry-analysis/gene-delivery-technologies-market
https://www.precedenceresearch.com/cell-and-gene-therapy-market#:~:text=What%20is%20the%20current%20size,cell%20and%20gene%20therapy%20market%3F
https://www.precedenceresearch.com/cell-and-gene-therapy-market#:~:text=What%20is%20the%20current%20size,cell%20and%20gene%20therapy%20market%3F
https://www.precedenceresearch.com/cell-and-gene-therapy-market#:~:text=What%20is%20the%20current%20size,cell%20and%20gene%20therapy%20market%3F
https://www.precedenceresearch.com/adeno-associated-virus-vector-manufacturing-market

7. The global gene delivery technologies market size accounted for USD 4.01 billion in 2022,
and it is projected to surpass around USD 17.07 billion by 2032 with a compound annual
growth rate (CAGR) of 15.59% during the forecast period 2023 and 2032.

https://www.precedenceresearch.com/gene-delivery-technologies-market

8. Cancer Gene Therapy Market (By Therapy: Gene Induced Immunotherapy, Oncolytic
Virotherapy, Gene Transfer; By End-User: Hospitals, Biopharmaceutical Companies,
Diagnostic centers, Research Institutes, Others) - Global Industry Analysis, Size, Share,
Growth, Trends, Regional Outlook, and Forecast 2023-2032

https://www.precedenceresearch.com/cancer-gene-therapy-market

9. Nucleic Acid Therapeutics Market by Products (Anti-Sense Oligonucleotides (ASOs) and
DNA Aptamers, RNA interference [RNAi] and short interfering RNAs [siRNAs], Others),
by Application (Monogenetic disorders, Multi-genetic disorders), by End User (Hospitals
and Clinics, Academic and Research Institutes): Global Opportunity Analysis and Industry
Forecast, 2022-2031

https://www.alliedmarketresearch.com/nucleic-acid-therapeutics-market-A 17089

10. NUCLEIC ACID BASED THERAPEUTICS MARKET SIZE & SHARE ANALYSIS -
GROWTH TRENDS & FORECASTS (2023 - 2028)

https://www.mordorintelligence.com/industry-reports/nucleic-acid-based-therapeutics-market

11. Nucleic Acid Based Therapeutics Market Size, Share & Trends Analysis Report By
Product, By Application, By End-user, By Region, And Segment Forecasts, 2022 To 2030

https://www.grandviewresearch.com/industry-analysis/nucleic-acid-based-therapeutics-market-
report

12. Global Nucleic Acid-Based Therapeutics Market, By Application Monogenic Disorders
and Multigenic Disorders, Structure (Single Stranded RNA/DNA, Double Stranded DNA),
Technologies (Anti-Sense Technology, Gene Therapy, RNA and DNA Therapy, Aptamers,
Nucleoside Analogs, and Others), End-Users (Hospitals, Research Institutes, and Others),
Distribution Channel (Hospital Pharmacy, Retail Pharmacy, Others) — Industry Trends and
Forecast to 2030.

https://www.databridgemarketresearch.com/reports/global-nucleic-acid-based-therapeutics-
market

13. Nucleic Acid Therapeutics CDMO Market - A Global and Regional Analysis

https://bisresearch.com/industry-report/nucleic-acid-therapeutics-cdmo-market.html

14. CRISPR & Cas Genes Market (By Product and Services; By Application: Agricultural and
Biomedical; End-User: Contract Research Organizations (CROs), Academics &
Government Research Institutes and Biotechnology & Pharmaceutical Companies) -
Global Market Size, Trends Analysis, Segment Forecasts, Regional Outlook 2023 — 2032

https://www.precedenceresearch.com/crispr-associated-cas-genes-market

15. Nucleic Acid Therapeutics Market Size and Forecasts (2020 - 2030), Global and Regional
Share, Trends, and Growth Opportunity Analysis

https://www.theinsightpartners.com/reports/nucleic-acid-therapeutics-market

16. Nucleic Acid Therapeutics CDMO Market Size, Share & Trends Analysis Report by
technology (column-base Method, Microarray-base Method), By Product, By End User


https://www.precedenceresearch.com/gene-delivery-technologies-market
https://www.precedenceresearch.com/cancer-gene-therapy-market
https://www.alliedmarketresearch.com/nucleic-acid-therapeutics-market-A17089
https://www.mordorintelligence.com/industry-reports/nucleic-acid-based-therapeutics-market
https://www.grandviewresearch.com/industry-analysis/nucleic-acid-based-therapeutics-market-report
https://www.grandviewresearch.com/industry-analysis/nucleic-acid-based-therapeutics-market-report
https://www.databridgemarketresearch.com/reports/global-nucleic-acid-based-therapeutics-market
https://www.databridgemarketresearch.com/reports/global-nucleic-acid-based-therapeutics-market
https://bisresearch.com/industry-report/nucleic-acid-therapeutics-cdmo-market.html
https://www.precedenceresearch.com/crispr-associated-cas-genes-market
https://www.theinsightpartners.com/reports/nucleic-acid-therapeutics-market

(Pharmaceuticals Companies, Academic Research institute, Diagnostic Laboratories), By
Region, and by Segment Forecasts, 2023-2031
https://www.insightaceanalytic.com/report/global-nucleic-acid-therapeutics-cdmo-market/1348
17. Gene Therapy Market Size, Share & Covid 19 impact Analysis, By Application (Oncology,
Neurology and others), By vector Type (Viral and Non Viral), By Distribution Channel
(Hospitals, Clinics and Others), And Regional Forecast, 2020-2027.
https://www.fortunebusinessinsights.com/industry-reports/gene-therapy-market-100243
18. Gene Therapy Market - By Vector {Viral (Retro, Adeno-associated, Lentiviral), Non-viral
(Oligonucleotide)}, Delivery Method (In vivo, In vitro), Gene (Antigen, Tumor
Suppressor, Cytokine), Indication (Cancer, Neurological), Global Forecast, 2023 — 2032
https://www.gminsights.com/industry-analysis/gene-therapy-market



https://www.insightaceanalytic.com/report/global-nucleic-acid-therapeutics-cdmo-market/1348
https://www.fortunebusinessinsights.com/industry-reports/gene-therapy-market-100243
https://www.gminsights.com/industry-analysis/gene-therapy-market
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Novartis antisense cytomegalovirus 1998 Fomivirsen (Vitraven)
oligonucleotide (CMV) retinitis
Genzyme antisense hoFH, 2003 Mipomersen (Kynamro)
oligonucleotide homozygous familial
hypercholesterolemia
Eyetech/Pfizer first aptameric nucleic age-related macular 2004 Macugen Pegaptanib
acid drug degeneration (AMD)
Human Stem Cells Institute  plasmid encoding Peripheral  vascular 2011 Neovasculgen(Cambiogenplasmid)

VGEF disease; limb ischemia



Tonis/Biogen antisense SMA 2016 Spinraza (nusinersen)
oligonucleotide
Sarepta Therapeutics antisense  Duchenne muscular 2016 Eteplirsen (exondys 51)
oligonucleotide dystrophy
(DMD)
Sarepta Therapeutics antisense  Dystrophy, Duchenne 2016 Exondys 51 (eteplirsen)
oligonucleotide muscular
AIM ImmunoTech  mismatched, double- Chronic fatigue 2016 Ampligen(rintatolimod )
stranded RNA molecule syndrome
Alnylam lipid hATTR amyloidosis 2018 Patisiran (Onpattro)
nanoparticle/siRNA
Ionis antisense polyneuropathy 2018 Inotersen (Tegsedi) BSLI)
Pharmaceuticals/Akcea/PTC oligonucleotide  associated with
hereditary
transthyretin
amyloidosis
Tonis/Akcea/PTC antisense  hypertriglyceridemia 2019 Volanesorsen (Waylivra) 0!
oligonucleotide
Sarepta Therapeutics antisense  Duchenne muscular 2019 Golodirsen (Vyondys 53) ES¥j
oligonucleotide dystrophy
(DMD)
Alnylam GalNAc-SiRNA  acute hepatic 2019 GIVLAARI (givosiran)
porphyria (AHP)
Alnylam GalNAc-SiRNA  primary hyperoxaluria 2020 OXLUMO (lumasiran)
type 1
NS Pharma morpholino antisense ~ Duchenne muscular 2020 Viltepso(viltolarsen) K]
oligonucleotide dystrophy
(DMD)
Sarepta Therapeutics antisense  Duchenne muscular 2021 AMONDYS 45 (casimersen) B8
oligonucleotide dystrophy
(DMD)
Alnylam siRNA primary 2021 (inclisiran) Leqvio i/
hypercholesterolaemia
or mixed
dyslipidaemia
Orphatec  cyclic pyranopterin  Molybdenum cofactor 2021 Nulibry(fosdenopterin) BN
monophosphate deficiency
Alnylam GalNAc-SiRNA  hATTR amyloidosis, 2022 AMVUTTRA (vutrisiran)
Biogene antisense amyotrophic  lateral 2023 QALSODY (tofersen) [SAl)
oligonucleotide  sclerosis (ALS)-
SODI1-ALS
Slerdy Jojezme DY game ¥-F Joux
CS il oolaiwl 890 (5,9LS -
Epeius retrovirus carrying a Solid tumors 2006 Rexin(mutant cyclin-G1
Biotechnologies mutant gene)
uniQure  AAV transgene delivery lipoprotein lipase 2012  Glybera® (alipogene 2
(Amsterdam, deficiency tiparvovec)
Netherlands)
GlaxoSmithKline GMCT (retroviral ADA ADA-SCID 2016 Strimvelis 3
cDNA  delivery to
CD34+ cells)



Spark Therapeutics
Novartis

Kite Pharma (Gilead

orchard therapeutics

Kite Pharma

(Gilead)

bluebird bio

Celgene (Bristol
Myers Squibb)

bluebird bio

bluebirdbio
Legend Biotech

Merck & Co

PTC Therapeutics

BioMarin

Sarepta Therapeutics

Uniqure

Krystal Biotech, Inc.

vertex
pharmaceutical
and CRISP
therapeutix

Bluebird bio

AAV transgene delivery
GMCT (CAR-T)

GMCT (CAR-T)

AAV transgene delivery
GMCT

GMCT (CAR-T)

lentiviral vector

GMCT (CAR-T)

GMCT( (BCMA)-
directed genetically
modified autologous T

cell)

lentiviral vector
CAR-T cell

non-replicating
adenoviral vector

AAV2

AAV transgene delivery
AAV transgene delivery

AAV transgene delivery

herpes-simplex virus (
carrying COL7AL1 gene )

GMCT with CRISPR
(gene repair)
GMCT with

lentivirus (gene
addition, HSPC)

retinal dystrophy

Acute lymphocytic
leukemia; diffuse large B-
cell lymphoma; follicular
lymphoma

Diffuse  large  B-cell
lymphoma; nonHodgkin’s

lymphoma; follicular
lymphoma

SMA

metachromatic
leukodystrophy (MLD)
Mantle cell lymphoma;
acute lymphocytic
leukemia

Early cerebral
adrenoleukodystrophy
(CALD)

Diffuse  large  B-cell
lymphoma; follicular
lymphoma

Multiple myeloma

transfusion dependent beta
talasemia
Multiple myeloma

Bladder cancer

Aromatic L-amino acid

decarboxylase (AADC)
deficiency
Hemophilia A
Duchenne muscular
dystrophy

(DMD)

Hemophilia B
dystrophic epidermolysis
bullosa (DBE)

sickle cell disease
(SCD), and beta

thalassemia in UK

disease
(SCD)

sickle cell

2017
2017

2017

2019
2020

2020

2021

2021

2021

2022

2022

2022

2022

2023
2023

2023
2023

2023

2023

Libmeldy

luxturna

Kymriah(tisagenlecleucel-t)

Yescarta(axicabtagene
ciloleucel)

zolgensma
(atidarsagene
autotemcel) (OTL-200)

Tecartus(brexucabtagene
autoleucel)

Skysona(elivaldogene
autotemcel )

Breyanzi(lisocabtagene
maraleucel )

Abecma(idecabtagene
vicleucel )

Zynteglo

Carvykti(ciltacabtagene
autoleucel)

Adstiladrin(nadofaragene
firadenovec)

upstaza(eladocagene
exuparvovec)

ROCTAVIAN

ELEVIDYS (delandistrogene

moxeparvovec-rokl)

HEMGENIX

VYJUVEK(beremagene
geperpavec)

CASGEVY (exa-cel)

LYFGENIA (lovo-cel)
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1-Fomivirsen (Vitravene)

Jole O lgie @ gls cpl el (50 VY Olgs ygiud i (5T 054218 35501 S Fomivirsen :lod ygo
alor Sl londs ol Al s o5 Glilewy 10 (CMV) ' g pgglRegims oty ployd 55 (swony 2
Tadghb 6,98 b slayy JoSo abgtlS oIl o i Fomivirsen .ogd oo oolatwl ool 4 b
50 ol iled oo i3s3 oaedlSe 25k 51 ) gy ST g WS oo sl (Sl g g9 Sagiens
9 il axwgs Isis Pharmaceuticals lawgd w9 ol @S (NIH) coodls  Jo dcnge awgs ol o
0wl 15 el 08 g 13é ylosle Lawgs VAQA Lo ;s Fomivirsen .cé,5 15 aslllas 5,50 Novartis s Lalate
CMV 1 lge dlass (6 pSeie> j9b 4 HAART (55, anwgi b Lol clils 5929 juul 4 Dlie ol 31,0 CMV
Odsl 9 0gd o0 as e JIiL a4 Al 3l 5,55 (sl Vitravene gl oU L Fomivirsen .l jialS

el 00 agli (FDA) 15 ol (55,05 5 15¢ lojles daasgs a5 sl s 5T (59,00

S5 5] i 5] penilSe G2,k 51 A8 sl Silgu g phud 05 42lS 65951 S Fomivirsen : o s oo
Ly MRNA laciigiy) JoSo ol g05520S 55 JIgi 035 o0 6565 5l HOMV) Gl g 5299/ gs
S3972 (w9n9 1SS 9 (ewang 4dsl 0 Ole SR [E2 () iS00 O diiad (65900 gy 1S lp &S
Oy Ceiired XS oo transactivate | Sluil CMV sl ygigeg, pien IE2 5 a5 ool aseiis .ol
J¥ @ JLaI b L TE2 5 IEL slag) (omagis; 9 95 (o0 Joe 5058 pudom (loie 0 55 [E2 4l 5l oy
5 4l omsisy 155l paiz LIE2 ol of ol onds slgitn 035 oo 055 5 (CRS) T s (055 s
7 & 99 99,9 JFS 00 st B Geiared 5 01 Jels sk a3 sleosniSienlais 5 (ceges
ik « 332 MRNA @ Jlas! 51 o Fomivirsen oS oo bl Cigae jlion Cugdl (ol atags b 5l S

WS o JBe 1y g pg SS9 S oo Yl [ TE2 g

'Cytomegalovirus retinitis (CMV)
"Immediate-early region

3 Cis repression sequence (CRS)




2-Mipomersen (Kynamro)
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025 (glog ol oyad (132 35, JaSin (i & 55y 3md SOl sals il i &Moo ooy
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el L yiws o Kynamro las
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\+ | antisense oligonucleotide ¥ Duchenne muscular dystrophy
(DMD)
I si-RNA Y hATTR amyloidosis
\ aptamer Y hypercholesterolemia
\ plasmid \ cytomegalovirus (CMV) retinitis
\ mRNA \ age-related macular
degeneration (AMD)
\ cyclic pyranopterin monophosphate \ Peripheral vascular disease;
limb ischemia
\ SMA
\ Chronic fatigue syndrome
\ hypertriglyceridemia
\ acute hepatic porphyria (AHP)
\ primary hyperoxaluria type 1
\ Molybdenum cofactor
deficiency
\ amyotrophic lateral sclerosis
(ALS)- SOD1-ALS
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CMV occurs predominantly in people whose
immune system has been compromised, 15-
40% of those with AIDS.
1in 1000000

About 0.4% of people between 50 and 60
have the disease, while it occurs in 0.7% of
people 60 to 70, 2.3% of those 70 to 80, and
nearly 12% of people over 80 years old.

The overall disease prevalence of PAD is in
the range of 3%-10%, which increases to
15%-20% in persons older than 70 years of
age.

The incidence of SMA is approximately 10 in
100,000 live births.

The estimated incidence is 1 in 3600 male
live-born infants.
0.2—-0.4% of the population
The global prevalence of hATTR is estimated
at around 50,000 people with various
manifestations depending on affected
organs.
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cytomegalovirus (CMV) retinitis

hoFH, homozygous familial
hypercholesterolemia
age-related macular degeneration (AMD)

Peripheral vascular disease; limb ischemia

SMA

Duchenne muscular dystrophy
(DMD)
Chronic fatigue syndrome
hATTR amyloidosis




Recent data suggest the global prevalence

of ATTRv-PN is between 5500 and 38,500
persons.
1 per 100,000 persons
The incidence of very high

hypertriglyceridemia is approximately 2 per
10,000 persons, with a greater prevalence in

patients with diabetes or alcoholism.
Roughly 70% to 80% of all people with

primary hyperoxaluria have PH1—the most
common and severe type. Approximately 1

to 3 of every million people in Europe and
North America have PH1 and thereis an

even higher prevalence of the disease in the

Middle East and North Africa regions.
Molybdenum cofactor deficiency is a rare
condition that is estimated to occurin 1in
100,000 to 200,000 newborns worldwide.

6-9 per 100,000 persons

approximately 1 in 1,000,000 in the general

population
approximately 1 in 500,000 live births

The exact incidence of retinal dystrophies is

unknown, but the most common form,
retinitis pigmentosa, affects around 1 in
5000 individuals worldwide. Other
dystrophies like achromatopsia are rarer
with an incidence of 1:30000.
prevalence rate of 1 in 40,000-160,000
worldwide
Mantle cell ymphoma (MCL) is a rare
subtype of B-cell non-Hodgkin lymphoma
(NHL) with an annual incidence of one case
per 200 000 people.

The average person's lifetime risk of getting
ALL is about 1 in 1,000. The risk is slightly
higher in males than in females, and higher
in White people than in African Americans.
CALD is estimated to affect 1 in 5,000 to 1 in
17,000 newborns (both male and female),
and approximately 1 in 20,000 to 1 in
30,000 newborn males. CALD develops in

polyneuropathy associated with hereditary
transthyretin amyloidosis

acute hepatic porphyria (AHP)
hypertriglyceridemia

primary hyperoxaluria type 1

Molybdenum cofactor deficiency

amyotrophic lateral sclerosis (ALS)- SOD1-
ALS
lipoprotein lipase deficiency

ADA-SCID
retinal dystrophy

metachromatic leukodystrophy (MLD)

Mantle cell lymphoma

acute lymphocytic leukemia

Early cerebral adrenoleukodystrophy (CALD)




approximately 40% of affected boys and in a
smaller number of adult men.

The estimated rate for diffuse large B-cell
lymphomas is approximately 4.68 cases per
100,000 person-years.
Prevalence of follicular lymphoma is
estimated at about 1/3,000.

The worldwide incidence of MM is currently
160,000, and mortality is 106,000.
About 300 million people around the world
have the “thalassemia trait,” which puts
them at risk of having children with some
form of thalassemia. More than 1 million
people have non-transfusion-dependent
thalassemia, while more than 100,000
people have transfusion-dependent
thalassemia.

The rate of new cases of bladder cancer is
18.2 per 100,000 men and women per year.
Global prevalence is unknown, although
estimates report predicted birth rates of
1:90,000 in the USA, 1:118,000 in Europe
and 1:182,000 in Japan.
Hemophilia A affects 1 in 5,000 male births.
About 400 babies are born with hemophilia
A each year.

3.8 per 100,000 live males
To date, the widely estimated incidence
(0.2-6.65 per million births) and prevalence
(3.5-20.4 per million people) of RDEB has
been primarily characterized by limited
analyses of clinical databases or registries.

Diffuse large B-cell lymphoma

follicular lymphoma
Multiple myeloma

transfusion dependent beta talasemia

Bladder cancer
Aromatic L-amino acid decarboxylase
(AADC) deficiency

Hemophilia A

Hemophilia B
dystrophic epidermolysis bullosa (DBE)
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