S W O'I//'Ko?“\'.‘;’n O"I//'(o?‘ [ 4 | ;*;r;q-)'\\vw*;;'r; i-:o"\\\'t i‘:-,‘r"ﬂ-)'\\\'s‘;} CJ :}' O/ O\ s 80 4/ /8O g\ 5 90 J//5®7 g P L ;‘*:"'i.')'\\“" WY Pyt 0 i‘;‘-“r"i.)'\\YQ“‘""
D E BN S SN P I I L GLERE DY IS QLR Y A KL PESIN SR IS BN AR EESIN I IR Lo 1 R K2 RE 1) SO KR ) SR K e

! " )
l‘k‘! i© GENE THERAPY APPROVALS & QPS MILESTONES KEY ’.{"\‘
le

" ‘.! BIOANALYSIS ADME GENE THERAPY APPROVALS '(‘ )
e QPS ® 2009 ® 20m ° ° ° '--‘-\<

> —1 Oligonucleotides PK via Oligonucleotides LLo
J hybridization-LC-FLD Biodistribution ® 2014 2y 74

® 2003 via QWBA i i gt
Oligonucleotides PK via Oligonucleotides PK "\"

Oligonucleotides PK LC-UV Oligonucleotides Mass via LC-HRMS "‘"‘
via LC-MS/MS Balance/Excretion Oligonucleotides in vitro "'. L4 g
20

® 2010 Protein Binding N
2006 ) ) ® 2012 § (7
Oligonucleotides mRNA PK/ '-a
CLIA Assay - Biodistribution via Oligonucleotides Biodistribution via ® 'f.'.'
Inclusion/ Autoradiography Biodistribution via RT-gPCR 2016 ® 2018 ® 2021 s 2022 i-i’/‘

i iteri Microautoradiograph
Exclusion Criteria graphy ADA for Gene Therapy ddPCR for Insertion Copy F"’\‘
Dy

>

-
=)

-

-
‘e
‘k

""'
I"
o
P3RSy
[ ]

e
I

Oligonucleotides in vitro Vector PK/ Vectors (LNP and Viral

A~ Biomarkers - ; " Biodistribution/ CRISPR guide and AOC/POC PK via Number/Biodistribution N Y
Q}‘. Primary End-point Metabolic Stability @ 2013 Shedding via GPCR Vectors) CAS9 mRNA PK via Immunocapture “"‘\
{ . . 5 -
;.':“: Oligonucleotides Oligonucleotides (ASO, ADA from mRNA RT-qPCR LC-MS/MS ® 2023 ‘: .Q‘{
“. 1 ® 2007 Metabolite Identification siRNA, miRNA) ADA ® 2015 Expressed Proteins AOC/POC PK via LBA UPCR and RT-dPCR l'~"
- - -
)“ l; Oligonucleotides PK Oligonucleotides in vitro Oligonucleotides in vitro Oligonucleotides in vitro Oligonucleotides in vitro ADA via LBA L] \e{
r";'.‘ via hybridization-ELISA CYP Inhibition CYP Induction Reaction Phenotyping Drug Transport K:"
0 </
WAL o
!‘gl ® 1998 ® 2012 2016 ® 2017 ® 2019 ® 2020 ® 2022 ® 2023 g(.;:
p
r.‘: Gene Interference In vivo Gene Gene Interference Ex vivo Gene Gene Interference Gene Interference Gene Interference Gene Interference e .‘v
“"‘ via ASO Insertion via AAV1 via Polydisperse Insertion via CAR-T via siRNA via ASO via siRNA via ASO "L {
“. ] Vitravene Glybera Natural Oligonucleotides | Yescarta® Givlaari® Viltepso® Amvuttra® Tryngolza™ A '\)‘
‘ '1 Y (fomivirsen) (alipogene tiparvovec) Defitelio® (axicabtagene ciloleucel) (givosiran) (viltolarsen) (vutrisiran) (olezarsen) :" [)
54__ v (defibrotide) __L N\
- ‘ Ex vivo Gene Ex vivo Gene Gene Interference LY
L‘:‘. ® 2004 ® 2013 Gene Interference Insertion via CAR-T Insertion via LVV via siRNA ® 2023 ® 2024 L\.'}A
") ." Gene Interference Gene Interference via ASO Kymriah® Zynteglo® Oxlumo™ Gene Interference Gene Editing via CRISPR \'0‘
'.:- via Aptamer via ASO Spinraza® (tisagenlecleucel) (betibeglogene autotemcel) = (lumisiran) via ASO Casgewy® :-‘:
L Pyl Macugen® Kynamro® i . . »
";‘l (pegaf)tanib) (rzwipomersen) (nusinersen) In vivo Gene Gene Interference Ex vivo Gene Qalsody (exagamglogene ‘:~‘1
.Q‘.‘ Gene Interference Insertion via AAV2 via ASO Insertion via CAR-T (tofersen) autotemcel) ‘.'"‘
h-r..'. ® 2015 via ASO Luxturna® Waylivra® Tecartus® Aptamer N
AL Exondys 517 (voretigene neparvovec) (volanesorsen) (brexucabtagene Izervay™ T \"A
i"ﬁ In vivo Gene (eteplirsen) autoleucel) (avacincaptad pegol) “"‘
\J "‘ Insertion via HSV-1 ® 2018 In vivo Gene L) ')‘
\“. ‘ Imlygic® Ex vivo Gene Insertion Insertion via AAV9 ® 2021 Gene Interference L.'\ 9
) "' ‘ ) . . Gene Interference Zolgensma® ia SIRNA o4
AL (talimogene via Gammaretrovirus via SIRNA (onasemnogene Gene Interference ‘é’f’fT' Il‘\"
; lis® ; ivfloza™ -
&,";. laherparepvec) strimvelis Onpattro® abeparvovec-xioi) via ASO . (nedosiran) \“' 4
‘E" (auFologous CD34.+ (patisiran) Amondys 45 "}\’,1
'\ ".: GENE THERAPY enriched cell fraction) Gene Interference (casimersen) Gene Interference \' "
I Gene Interference via ASO . by
Jols ; Gene Interference via ASO A (
y .4-. via ASO ™ "
L‘O" - e Vyondys 53 via siRNA Wainua™ P~‘6
‘;".! egsed (golodirsen) Leqvio® (eplontersen) ." 5
\“-..}" (inotersen) (inclisiran) L‘\"
Y- 7Y 4
2L . , _ , . _ , - ~o . oy S , S B, BN 2
LY VAT I AT AT I TS T LAY AL AP L T-AY AJLAPNET AT R VAT )/ L TN Vit )/ L TN Vit )/ 4 Pt A\ SNCTHY KT ) SNICTHAY KT e N IO [
RO AT RO e A EO B R OO T R S OO Ik PR S OB S L G O ke A RO e A T EO RO OO T PR OO |4 A'}"g_.:'r.‘;ﬁ_{l..
IS TN M M IR NN R M IRE FOAT N 22 LA N 2 Y A TN S 7 Yl B Y T 4 TN M IR TV A M TR A CEOATT N 2 Y WA TN Sl Y 1A Iy TP il 'y Lot



