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RNA based therapeutics
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<& 1. RNA based therapeutics type and pipeline>
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<Z1% 2. RNA products approved by type>
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<# 3. FDA-approved marketed therapies> (EHel, $m)

No. Product Company Type Indication Approved | Sales 2021 | Sales 2022 | Sales 2023
1 Amvuttra (vutrisiran) Alnylam SiRNA hATTR amyloidosis 2022 - 94 558

2 Leqgvio (inclisiran) Alnylam/Novartis | siRNA Hypercholesterolemia 2021 12 112 355

3 Amondys 45 (casimersen) Sarepta ASO DMD 2021 69 215 274

4 Comirnaty (tozinameran) Pfizer/BioNTech | mRNA COVID-19 2020 36,781 37,806 12,072

5 Spikevax (elasomeran) Moderna mRNA COVID-19 2020 17,700 18,400 6,671

6 Oxlumo (lumasiran) Alnylam SiRNA | Primary Hyperoxaluria type 1 2020 60 70 110

7 Viltepso (viltolarsen) NS Pharma ASO DMD 2020 70 110 121.31

8 Vyondys 53 (golodirsen) Sarepta ASO DMD 2019 90 117 130

9 Givlaari (givosiran) Alnylam SiRNA Acute hepatic porphyria 2019 128 173 219

10 Onpattro (patisiran) Alnylam siRNA hATTR amyloidosis 2018 475 558 355
11 | Tegsedi (inotersen sodium) lonis ASO hATTR amyloidosis 2018 56 * 30 * 35*
12 Spinraza (nusinersen) lonis/Biogen ASO SMA 2016 1,905 1,794 1,741
13 Exondys 51 (eteplirsen) Sarepta ASO DMD 2016 454 512 541
Total without vaccines 3,319 3,785 4,487

Total 57,800 59,991 23,230

=X : KPMG('24.01), Globaldata X744

*Tegsedi sales : including Waylivra sales.
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<H 4. RNA based therapeutics characterization overview>
. Major Targeting .
Type Structure Mode of Action . Challenge Potential
disease
RNAi - RISC mediated gene regulation ) )
Double ] T Liver, Kidney, Heart

(RNA (degradation or Inhibition) » - Controlling PKs
) strand ) conditions _ - Can directly target
interference) in cytosol - Improving stability

. mRNAs and
- Bypassing the target cell membrane )
. noncoding
ASO - RNaseH mediated degradation . - Accessing the cytosol or nucleus
) . . Rare diseases . . RNAs(ncRNAs)
(Antisense Single strand in cytosol & nucleus - Reducing immunogenicity
. , - o *(SMA, DMD, hATTR etc)
Oligonucleotide) - Splicing-switching

*SMA (Spinal muscular atrophy), DMD (Duchenne muscular dystrophy), hATTR (Hereditary ATTR amyloidosis)



FDA approval drugs

SQIEl RNAi, ASO A=2E2 0ffd M2Oo=Z RNA X|2HQ EXHES iZstF =X 4HEX <H 5>9| Vitravene 2 1998 & XS FDA S0lS
2h2 Novartis AF2| ASO EFR 2F=O|C} chemical backbone modificaiton & &5t RNase & ?2l9t RNA degradation = 2t2t5t10A} SHALE
Chemical backbone modification & Al 22 0| codon optimization, chemical nucleotide modification, conjugation 5= &350 stability &

MBI target Q27X MESIAL SHQI, RNA X|2H| 2] Chemical modification It delivery method 7 19| =2 #akdls A & &= UCH

<# 5. RNA therapy challenges and Clinically relevant Strategy example>

Drug Challenge Strategy Example

- first FDA-approved antisense oligonucleotide

Vit
0 | r.a\{ene) - Improving physicochemical stability | - Chemical backbone modifications | - incorporates a phosphorothioate backbone modification for
omivirsen

improved stability against nucleases

- first FDA-approved therapy for spinal muscular atrophy

Spinraza . . - Codon optimization i o
. - Reducing immunogenicity ) ) o - the 2'-O-methoxyethyl phosphorothioate modification
(nusinersen) - Chemical nucleotide modifications ] 7 ] N
reduces immunogenicity and improves stability
- first FDA-approved siRNA-based therapy, the lipid nano
- Controlling PK parameters - Codon optimization particle improves trafficking to the liver and its uptake by
Onpattro
( :) | (half-life & biodistribution) - Chemical nucleotide modifications target cells
patsiran
- Accessing the cytosol or nucleus - Use of endosomal-release agents | - ionizable cationic lipids mediate endosomal escape following

endocytosis

- Codon optimization

Givlaari . - Chemical nucleotide modifications | - a GaINAc—siRNA conjugate for improved uptake in liver
o - Bypassing the target cell membrane ) o
(givosiran) - Chemical backbone modifications Hepatocytes

- Conjugation to targeting ligands
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<H 6. FDA approval RNAi drug status>
L. Chemical Delivery
Type Company Product Approved MoA Indication / Target .
Modification method
Onpattro (patisiran) 2018 hATTR / TTR 2'-0O-Me LNP
Givlaari (givosiran) 2019 Acute hepatic porphyria / ALAS1
Alnylam
RNAi Oxlumo (lumasiran) 2020 mRNA &35 Primary Hyperoxaluria type 1 / HAO1 PS GalNAC-SIRNA
2'-0-Me .
- conjugate
Amvuttra (vutrisiran) 2022 hATTR 2'-F
Novartis Leqvio (inclisiran) 2021 Hypercholesterolemia / PSCK9




<3 7. FDA approval ASO drug status>

. L. Chemical Delivery
Modality | Company Product Approved MoA Indication / Target L
Modification method
) Vitravene 1998 ) o ) . Intravitreal
Novartis . N Cytomegalovirus Retinitis by HIV infections / IE-2 2'-H
(fomivirsen) /2006& 3| N (FEIH L FAh
mRNA 23
Kynamro 2013 . ) PS
Genzyme . N homozygous familial hypercholesterolemia / ApoB Subcutaneous
(mipomersen) /2019 3| 2'-MOE
Exondys 51 o o ) 2'-MOE )
Sarepta ; 2016 Exon skipping DMD / DMD pre-mRNA splicing, exon 51 skip intravenous
(eteplirsen) PMO
) Spinraza ) ) . ) ) PS Intrathecal
Biogen . 2016 Exon inclusion SMA / SMN2 pre-mRNA splicing, exon 7 inclusion
(nusinersen) 2'-O-MOE HF=Z W FAh
PS
lonis Tegsedi (inotersen) 2018 mRNA 235} hATTR / TTR Subcutaneous
ASO 2'-0-MOE
Vyondys 53 o o ) 2'-MOE
Sarepta : 2019 Exon skipping DMD / DMD pre-mRNA splicing, exon 53 skip Intravenous
(golodirsen) PMO
. . - . . 2'-MOE
NS pharma | Viltepso (viltolarsen) 2020 Exon skipping DMD / DMD pre-mRNA splicing, exon 53 skip MO Intravenous
Amondys 45 L . )
Sarepta . 2021 Exon skipping DMD / DMD pre-mRNA splicing, exon 45 skip PMO Intravenous
(casimersen)
PS
Biogen Qalsody (tofersen) 2023 mRNA =3 SOD1mt ALS(amyotrophic lateral sclerosis) / SOD1 PO Intrathecal
2'-0O-MOE
ASO+= RNaseHE O|8%t =F 7|ZZ 7HA|M cytosoldt nucleus 2F0IA ZESICH SQ21E ASOX|Z2X+= chemical modificationg &3+ 0Ot
Y42 0|1 O, HEZU, Y S EPN J|BoR N Fojsio] 42S MU US ¥ & ATk NudeusOIME X8 4+ = 4o
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