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Table 1| Approved RNA medicines

Originator Mame {nonpruprl-nmrlv Siteof action  Platform modality MOA Approval Indication Dosage and administration (notes)
nama) year”
Alnylam AMVUTTRA (wutriziran)  Hepatocytes siRMA knockdown TTR 2022 RATTR-PM 25mg once avery 3months, SC
Alnylam LEQWIO (inclisiran) Hepatocytes siRMA knockdown PCSKS 2021 HeFH or ASCVD 284mg once every 6months®, SC
Alnylam OXLUMO (lumasiran) Hepatocytes siRNA knockdown HADT 2020 PH1 3mgkg ' once every 3months®, SC
Alnylam GIVLAARI (givosiran) Hepatocytes siRNA knockdown ALAST 2019 AHP 2.5mgkg™ once monthly, 5C
Alnylam OMPATTRO (patisiran) Hepatocytes siRMA knockdown TTR 208 hATTR-PN® 0.3mgkg™ once avery 3wesks, IV
Archamix  IZERVAY (avacincaptad  Eye Aptamer C5 inhibitor 2023 Geoographic atrophy  2mg once monthly, IVITRE
pegol)
Arcturus ARCTA54 DCs, lymph saRMNA vaccine 2023 (JMHLW)  COVIDA9 vaccine 5 g IM as hetarologous booster™
nodes, muscle
Dicerna RIVFLOZA (nedosiran) Liver siRNA knockdown LDHA 2023 PH1 160mg once monthly®, 5C
Gilead MACUGEN (pegaptanib) Eye Aptamer VEGF inhibitor 2004 Wat AMD 0.3mg once every 6weeks, IVITRE
{discontinued)
lonis QALSODY (tofersen) CNS ASO knockdown SOD1 2023 SOD1-ALS 100mg onece every 28days’, IT
lonis SPIMRAZA (nusinersen)  CNS ASO Alt splicing SMN2 206 SMA 12mg once every 4 months', IT
lonis VITRAVENE (fomivirsan) Eye ASO blocks CMV 1998 CMV retinitis 0.33mg once monthly’ (withdrawn
replication owing to low unmet needs)
lonis WAINUA (aplontarsen) Hepatocytes ASO knockdown TTR 2023 hATTR-PN A5mg once every dweeks, 5C
lonis WAYLIVRA Hepatocytes ASO knockdown APOC3 2018 (EMA) FCS 300mg once weekly, SC
{wolanesorsen) (important identified risk
of thrombocytopenia)
lonis TEGSED! (inotersen) Hepatocytes ASO knockdown TTR 208 hATTR-PN 284mg once weekly, SC (black box
warning: risk of thrombocytopenia
and glomerulenephritis)
lonis KYNAMRO Hepatocytas ASO knockdown APOB 203 HoFH 200mg once weakly, SC (black box
(mipomersen) warning: risk of hepatotoxicity)
Modama SPIKEVAX (elasomeran) DCs, lymph mRAMA vaccine 2022 COVIDAT vaccine 2«100pg, 4weeks apart, IM
nodes, muscle
NS Pharma VILTEPSO (viltolarsen) Skeletal ASO DMD Exon 53 2020 DMDyexon 53 80mg once waekly, IV
muscle skipping
Pfizer- COMIRNATY DCs, lymph mRMNA vaccine 2021 COVID-19 vaccine 2=30pg, 3weeks apart, IM
BioNTech  (tozinameran) nodes, muscle
Sarepta AMONDYS 45 Skeletal ASO DMD Exon 45 201 DMDyexon 45 30mgkg ™ once weekly, IV
(casimersen) muscle skipping
Sarapta VYONDYS 53 Skelatal ASO DMD Exon 53 209 DMDyexon 53 30mgkg once weekly, IV
(golodirsen) muscle skipping
Sarepta EXOMDYS 51 (eteplirsen)  Skeletal ASO DMD Exon 51 2016 DMDyexon 51 30mgkg™ once weekly, IV
muscle skipping

AHP. acute hepatic

porphyris; ALASY, S-aminclevulinate synthase 1; AMD, age-related macular degeneration; ASCVD, atherosclerotic cardiovascular dissase; A50, antisense cligonuclectide;

CMV, cytomegatovirus; CNS, central nervous system; DC, dendritic cells; DMD, Duchenne muscular dystrophy: DMD, dystrophin; EMA, European Medicines Agency: FCS, familiar
chiylomicronemia syndrome; HeFH, heterozygous familiar hypercholesterclsemia; HoFH, homozygous familiar hypercholestercleemia; hATTR-PH, hereditary transthyretin amyloidosis

peripheral neuropathy: IM. intramuscular;

T. intrathecal: IV, intravenous; FWITRE, intravitreal; IMHLW, lapanese Ministry of Health, Labor, and Welfare; LDHA, L-lactate dehydrogenase A chain:

MOA, machanism of action; PH1, primary hyparoxaluria typs 1: saRMA, self-amplifying RNA; 5C. subcutaneous; SMA, spinal muscular atrophy: SMNZ. survival mator neuron protain: S0D1-
ALS, amyatrophic lateral sclerosis caused by mutstions in superoxide dismutasa 1; TTR, transthyretin amyloidosis. *First approval by FDA unless otherwise noted. "Maintenance dose, to ba
combined with maximally tolersted statin therapy. “Maintenance dose for 20kg and abowve body weight. “Supplemental new drug application for treatmeant of ATTR cardiomyopathy rejectad in

October 2023,

MRNA % 4 ch=

Tk ¥P clinical) ~ = j ~

“For adultz »50kg body weight. 'Maintenance dose.
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Clhinical Direct injection of
mRMNA

Injection of DCx
transfected o vive

Inj=ction of T cells
transfected ax vive
Preclinical Direct injection of
mBENA
Clinical Injection of DCs
transfected ax vive
Allergy tolarization
Preclirical Direct injection of
mRNA

Protein replocement

Preclinical Direct injection of
mRMNA
Inj=ction of DCs
transfected ax vive
Injection of monocytes,
macropheges snd M5Cz
transfected ax vive

Cenmome engingering, gene editing

Preclinical Transfection axvivo

mRNA encoding

CEAY, NY-ES0M, gp 100 [REF H),
TRFZ, tyrosinase™, F5A and STEAF

MUC L [REF. 100], survivin®®, iLRP &

CAR-HER Lfneo™™", CAR-CDN1D
(REFS 131,122 EE].
CAR-mezothelin'™

Melan-A, tyrosinase, gpl0d,
MATEAL MATEAS and surviné
MIUC L, CEA HERL telomenazs,
MAGEAL and survivin™®

PSA™ telome raze™; CEA™, TriMix,
MAGEAI MAGECLZ, gpl0:0 and
tyrasinage == g0 ] 00 and
hl'uynm“?'WT!. [REF.8T]

'CAR comtaining masothelin-targested
antibody ™
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Table 1 | Therapeutic mREMA applications
Phase Method
‘Cancer immunotherapy
Preclinical Directinjection of
mRMNA
Injection of DCs
transfected ax vive
Injection of Tcells
transfected ax vive

Influssnmamassoci ated Agh e
B-azsociated HspbS [REF 247,
REV-Ag=i=

TriMizx, HIV-spescific Gag, Vipr Rew,
Tatand Mef mRMA TS

All=rgens causing typs | allergy e
peanut Ars b 202, ovalbumin, grass
poll=n Phl p 5, dust mite Derp 2

UREFS 147,148]

Vascpressin', AATS, EPOASS, SPaS,
FOMP3 [REF. 27, HEWI-TRS, VEGRA®,
BN

IL-4 (REF. 24]
IL-10 [REF. 17], P-selectin
ghycoprotein gand 1, SLe)+

Slmeping romn g Tt
ared Tol2 [REFE 175, 1ED]1:|'umpumen
Zincfirger nucleazes"

TALE i leazes -+

RMA-guided Cazd nucleaze -0

Genetic reprogramming of cells, tissue engineering

Preclinical Transhection axvivo

Transcription faobors™!- et
progerin®™!

P
Melanomea®, prostate cancert!
He=matological malignancies ™=
Crvarian cancer'™, lymphomat?,
leukaemiat 20,
mesotheliome'™
Malaroma™ renal cell carcinams™

Prostate cancer ™, pancreatio
canoer', metastatic
malignancies™, colon canosr®,
melanoma! LS E SR |y L semia®

Mezothelioma

Influenza® 143t benoulosiz ™,
resspiratony tract infection ™,
tick-bomne encephaligz'™*

HIV

Allergies for peanut, sgg whits,
grass pollen and dust mite™'34

Disbetes insipidus’, snaemial®,
congenital lung dizesse™, asthme,
mysoardial infarction, melanoma'
Autoimmune disbetes

Autoimmune myocarditis®,
inflammation™

CGenome enginesring

Cmres editing, enginesred animal
madsls

Gemres editing, enginssred snimal
madsls

Ceeree editing. enginesred mica™414,
ratst™, rd:hi'l:.“"nndrrunuquns""

Ceeresnerting iPSCgSi- i
model dizeazes™

AT, 0 anitrypaing Ag, antigen; Casd), CRISPR miam-dgmuh Oy CEA, carcinosembirpenic antigen; CRISPR, custered regulary
interapaced thar patndromiz repsar; D, dendritie call; EPO, snheopeisting FOXP, orkhesd ke #3; HER E, human spidanmasl
gremth laztor recaptor I HapBs, haat sheek peotain 65 kD HEYLTK, hafpas simphis virs rpps | chysnading kinddes: SLRE aatire

Lamsiniin resipster prateing iP5, ind i phinpoten stemn ol MACE, mialsnoms st gen;

MSLE, i sroe haraal snan el MUC L, srein &

PSA, prevtate-spacific anigen; RSV respiratory syreeytial virus; SPE, surlsessn protein B: STEAR siw craramembnans apithebal antigen
of preatars 13 TALEMN, transcniption sctbonte i sfectior nuchnse; TE, nubseoilosis; TriMix mANAs encoding CD40L, C D70 and
eonstituthnsty sctive TLRE; TRFZ, tyrosinse-related protsin 72 VEGFA, vaseiler ercethed al geowth factes A WT 1, Wil tumaer 1.
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2r wmEy HWEE () & &l HH HEEE(T) | WHEEGT) | BEEE(GT)
FERTEES 4 12975012 3 1 0 3,842,212 4,436,400 4,696,400
ELRERRE 4 7720000 2 2 0 3,340,000 4,380,000 0
MeRRRES 3 6,055,000 1 2 0 1,290,000 3,475,000 1,290,000
EERphEEA 6 9,800,000 1 3 2 1,000,000 3,750,000 5,050,000
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HIEBE 5 8,700,000 1 4 0 1,700,000 5,700,000 1,300,000
DB 7 14,090,000 4 1 2 5,150,000 4,140,000 4,800,000
R pe R 4 7,600,000 2 1 1 2,740,000 2,210,000 2,650,000
BEBEe 7 11,094,000 6 1 0 7,609,000 3,485,000 0
RiEE 12 23213000 5 0 7 7,503,000 5,930,000 9,780,000
Mm% - EE - %R
FpBe 8 11,271,000 2 2 4 2,085,000 3,430,000 5,756,000
B - WEEADD
B 6 10,300,000 4 8 1 1 4,570,000 2,250,000 3,480,000
HEZRGBE 6 7,356,000 3 2 1 4,100,000 2,116,000 1,140,000

Vit 87 162,031,355| 44 25 18 57,312,155|  57,456,800] 47,262,400
B R 2 8,000,000 © 0 2 0 0 8,000,000

@t 89 170,031,355] 44 25 20 57,312,155]  57,456,800] 55,262,400




% 2 Lipid nanoparticle-based drug delivery ¥ 5 B4t 5 » p| & # 3t 1 2 ¥ B2 hF s ¥ L

FPo o33 SE A ER 97008~ 2 RNAdrug#0&F -8 B34 » Wt 57 9

% 1500 3 ~ ; ¥ 12 RNA treatment 2 M42F 2P 5 X 2 » #7214 2 B/ > -5
74 £33 W?Eégﬁ;‘}%" Hildmg~ -
® Lipid nanoparticle-based drug delivery
lipid nanoparticle/ drug delivery systems
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® RNAdrug
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figp B8 E2 4 7,600,000 2 1 1 2,740,000 2,210,000 2,650,000
HIREE 71 11,094,000 6 1 7,609,000 3,485,000
R4 EEER 9] 19,863,000 5 0 4 7,503,000 5,930,000 6,430,000
MK - EE- %
e 1 8| 11,271,000 2 2 4] 2,085,000( 3,430,000 5,756,000
BhE - WREA
DINEE 6| 10,300,000 4 1 1 4,570,000 2,250,000 3,480,000
RERMREBE 6 7,356,000 3 2 1 4,100,000 2,116,000 1,140,000
et 74| 139,857,355 41 18 15| 54,142,155 | 48,554,800 37,160,400
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