C
>
-
-
>
(0
u
X
v
m
.
-

=temiE-FT

H&E Electronic Journal
1424
AREBHEESAREZREDAL T Z PRI A

2021 7H



B 1421 FERESERAERERSYEEISPIRA

BB EYE 2K R AT I STE, B R XK (ASO). /AT RNA
(siRNAD. %/ RNA (miRNAD. /M RNA (saRNAD. {51 RNA (mRNA) & it
f& Captamer). #% i (ribozyme). $iEZRMEEK Y (ARC) %5, ZER KT K —M
B, RN THY ., EEAY. AL EHH —ANH 4R,

o R UL R T R IR 2 ) A I bR TR S A

% 2020 F 4 H 14 H, Alnylam 2 7 315 5 4 4 4 20 12 3 o B9 4% 55 2K SCHF H RNA
J7 3% vutrisiran 1 ALN-AGT M A4 K, B AWK IR inclisiran (— FKH [
PCSK9 A J7 = IH [ BE I 5E 19 RNAT IT ¥ ) A Sk 44 & 4 7 B 50%, #% %2 H #1 Alnylam
A HAH 148.92 {2kt . RN BAEHABKSQHE NGRS 48 % AL E KR &
S A A B AR BT R, KR R OE o Bl HE R R 2 W 0P N 3R & e AR

% 20204 4 A 3 H, WM AMEMAES 47T ANRTK C2 5%, A%l
FHHEEGRARNKGREESOR, P& BEES ., MM OB BAE W, 5B 5% A,
B g . E P &ES BIAL ., LBEARAXESNLBREAS ML HL RN
LERE. mEAMEFRKREFAE LRR . A WA E RN 0 0% |,
NI TR R EF S, RN IR 7

X MEEHEEBENBRK, MmRNAZEMHE KRR CE A FEEAE, WX — 880 o5 E
EEFE OB AR BB, 20204 4 H 16 H, Moderna 5 HAMEXSHH RS
% 5 (BARDA) A thil, ¥ 3KB M 4.83 LK 0% &k, AT XFHMKM
4277 mRNA-1273 % s HIE 2 X KA Al £ 2018 KL 6.04 IE c M H % T T 4
YR A A BB K IPO 5%, MUE HET T 151.31 143 8. 5 — K mRNA J7 %
2w BioNTech #F 2019 4 10 A 10 HIEXRE g S w, # %= HAriifE 107.68 12 3%

JG o



FDASECHL#E BT HIZIREZ54)

#£1 FDA 5 EC fitf EThaOkRg K64

T

Ik B W1 T L

Gendiene  Shenzhen Sibiono

SN pS3 BRI (recombinant lmman 2003 i Ad5-p53. DNA
adengris pS3 uyection) GeneTech
SHAS WL MR (recombinant lmman Onconre  Shanghai Swway 2005 e IO . e 4 A EIB AE2AdS. DNA
aderovims 5 irgection) BioTech Co
alipogens tiparvovec Glybera UriCure Ine. 2012 i AAVILPL. DNA
talimogere laherparepvec Imlygic Amgen Inc 2015 HSV-GM-CSF. DNA
veretigene neparvovee-rzyl Lustuma  SparkThempentie 2017 AAVIRPEES. DNA
Ine
OMAsEITMOEE Té ab epATvOVEC-3i0] Zolgersma  Novartis AveXis Inc 2019 AAV-5MN1. DNA
patisiran Onpattro Alrglam 2018 LNPs. siRNA
Phamaceuticals, Inc.
givesiran Givlaan Alrylam. 2019 GalNAe. siIRNA
Plar L, Inc
mtologous CD34' enniched cell fraction that contars CD34°  Struomvels  Glaxo Smuth Klne 2016 TRV-ADA. flW
cells tram duced with retoviral vector that encodes forthe Ple.
Iouman ADA cDNA sequerce
allogeneic T cells genetically modified with a whioviral vector  Zalmoxis MolMed 5. p.A 2016 T AL R A S 198§ 7T RV-HSV TK Mut2-
encoding for a buncated form of the lnuman low affruty nerve LLNGFR.
guowth factorreceptor (ALNGFR) and the herpes simplex
virus thynudine kimase (HSV-TK Mut2)
] tizagezleclencel Kymnah Novartis 2017 25 WL ! Ll 3 Lv-CD19
International AG B
axicabtagene cilolencel Yescarta Gilead 2017 il 3 RV-CD19.
mtologows CD3' cells encoding PA-TS7Q-globin gene Zynteglo Bluebird Bio 2019 1241 1 pO/RO- B (515 4y [14 BE[R) 4516 CD34 LV-p B (1,
it p s & | i T
EARIITEIES % . RV . RN . 1V . 8 F1B AE2: B4 % ; LPL {481 5
RPE&S # ¢ 65 WE : SMNL . @3 11, LNP: ] GalNAc . N- 7. Wi 7L 1% o
TF IR O R -HSV TK Muf2-ALNGFR ; il 15k B % : LV-CDI19 ; { i fi

HIEW B2

612311,

CHbHE BT 14RE T I B B R

£ (1 1) pA-TSTQ

Oligonucleotide Therapeutics* Origin Type Approved Year Size and Property Indication
Vitravene® (Fomivirsen) Synthetic Antisense 1998 (discontinued) |DNA 21mer Cytomegarowirus infection
Macugen® (Pegaptanib) Synthetic Aptamer 2004 RNA 28mer+PEGylated ?ge’rEDL;‘Ed macular degeneration

@ Synthetic Antisense 2013 RNA/DNA 20mer, Gapmer Homozygous famikal
Kynamro™ (Mipomersen) V! > Gapi ercholesterdlemia (HoFH
Exondys 51 (Eteplirsen) Synthetic Antisense 2016 DNA 30mer ?gﬂ;l’[u;nns muscular dystrophy
Spinraza® (Nusinersen) Synthetic Antisense 2016 DNA 18mer Spinal muscular atrophy (SMA)
Defitelio® (Defibrotide) Natural Oligonucleotide 2016 Porcine testine derived (H\fopaD”'c veno-occlusive disease
Tegsed® (Inotersen) Synthetic Antisense 2018 DNA 20mer ;'E’es";a%:(a':‘;%?“ n-mediated
2 (Patisi Synthetic SIRNA 2018 RNA 21mer, double stranded Hereditary ransthyretin-mediated
Onpattro™ (Patisiran) Y ) amyloidosis (RATTR)
Heplisav-B® (HepB-CpG) Synthetic CpG Oligo 2018 RNA 18mer, HBV adjuvant Hepatitus B virus infection
Familial chylomicronemia syndrome
Waylivra® (Volanesorsen) Synthetic Antisense 2019 DNA 20mer, Gapmer (FCS) and familial partial
lipodystrophy (FPL)
GIVLAARP(Givosiran) Synthetic SIRNA 2019 RNA 21/23mer, double stranded  |Acute hepatic porphyria (AHP)
VYONDYS 53% (Golodirsen) Synthetic Antisense 2019 DNA 25mer ?;&BE)"”E muscular dystrophy
Viltepso®(Viltolarsen) Synthetic Antisense 2020 DNA 21mer ?[;"\jlr[')a)"”e muscular dystrophy
Milasen Synthetic Antisense 201 DNA 22mer (personalized) E_Balten djseasa, neuronal ceroid
lipofuscinoses (NCLs

T Regitered Tragemark; Viraene” by 113 PRAMACEUiC s, "Macugen” by PIzer, “Kynamio by Sanoh GErzyme, "Exondys 5T by Sarepta Therapelics, "Sphiaza’ by Biogen, “DSReic” by

“Tegsedi™ by fonis F

Jazz F 3
Alnylam Pharmaceuticals, “VYONDYS 53" by Sarepta Therapeutics, “Viltepso” by Nippon Shinyaku Co. Lid

V- REE b 1i73~4F)

“Onpatiro” by Alnylam Pharmaceuticals, “Heplisav-B" by Dynavax Technologies, “Wayliwa™ by IONIS Phamaceuticals, , “GIVLAART by
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Fig.1 Market size and forecast of global nucleic acid drug between 2018 and 2024

Source: Evaluate Pharma/ Boston Consulting Group/ China Galaxy Securities
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Ref.; Pharmaceutical Technology, February 2020, p 30-34, https://www_pharmtech.com/view/designing-commercial-scale-
oligonucleotide-synthesis
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Ref.; Pharmaceutical Technology, Febmary 2020 p 30-34
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The elution profile for the TSKgel SuperQ-5PW (20) resin went off scale at 254 nm. The enlarged image of the main oligonuclectide peak, when
overiaid with a histogram showing the AIEC HPLC resuits for fraction purity, highlights the chromatographic separation of the full length
oligonucleotide that could not be determined by examining the elution profile alone. Note: This figure highlights just the area in full length
oligonuclectide elutes.
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Crude Crude | Crude Total % Full % Full % Yield | % Yield
Resin Loaded Purity | Purity | Recovered | Length Oligo | Length Oligo| of FLO | of FLO
(AEX) | (RPC) | (OD 260) (AEX) (RPC) (AEX) (RPC)
TSKgel SuperQ-5PW (20} 37.1mg/mL | B65% | 6296% | 1188 mg 97.3% 86.3% 743% | 69.6%
TOYOPEARL SuperQ-6508 450mg/mL | B6.5% | 62.96% | 1427 mg 95.6% 82.8% 741% | 67.7%
TOYOPEARL
GigaCap Q6508 30.0mg/mL | 66.5% | 6296% | 95.3mg 96.5% 85.5% 750% | 70.0%

Sample purity was determined by pooling the highest purity fractions (=85% full length oligonuclectide - FLO) from each column and analyzing

them on a TSKgel DNA-STAT HPLC column. The pooled fractions were also analyzed using a Waters Acquity OST C18 1.7 ym (2.1 mm ID x 10
cm) RP UPLC column. Recovery was determined by comparing the amount of full length oligonucleotide present in the crude sample loaded onto
the column with the amount of full length oligonucleotide present in the pool of high purity fractions.

= TSKgel SuperQ-5PW (20) showed slightly better results on yield and recovery than

TOYOPEARL GigaCap Q-650S.

+  TOYOPEARL SuperQ-650S5 showed higher dynamic binding capacity, while the yield and
recovery were slightly low among the three anion-exchangers examined.
*  TOYOPEARL GigaCap Q-650S showed 30 % lower volume for elution pool of the sample

compared with other anion-exchangers..

=. B/KER (HIC)

HIC: & ER T BRI R

HRHIFPR

= (NH4)2504F1Na2504 fi t NaCIH ER &R PR EH
= (NH4)2S04 £ IR T A F 4 .
- HEEEERE 1.5 mol/LEIRE L AR E.

2P pH R A HLE 7

«  pHEMAKR, —BCRH PRS-
= &M F0.1-0.5 mol/L NaOHF130% ) Z. fE s R B CIPiE Bt

PR

«  10—40g/L (30 — 80 % zh&ME 2 &; DBC:ca.20- 50 g/L) LG ER R BT

AR

HIC SERhG 7K 1
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o =FRERIEIAT ISR 89 % [EIWEFN 98.7 % 4lifE
»  TOYOPEARL Phenyl-650M %{ 3 5 &
Ref.; Tosoh Bioscience LLC Application Note No. 117
W. E. Evans et al,, TIDES 2020, poster
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Traditional Process New Process Properties on New Proces Applicable Resins
- . * Solid phase synthesis
‘ (Synthesis) | | {Improved synthesis) | - Liquid phase sis
. . TOYOPEARL TSKgel
(less hydrophobic)
‘ - | | - | * Aqueous process PPG-600M Phenyl-5P\W(20)
« Similar separtion to RFC ~ Phenyl-650MIS Phenyl-5PW(30)
. s Phenyl-600M
Bulyl- 650M/S
Lo Lo * Detritylation after HIC Butyl-600M
‘ Defritylation | | e | (or-column defritylaion)  Hexyl-650C
. s {more hydrophobic)
. R = Polishing GigaCap Q-6505  SuperQ-5PW(20)
‘ Mullipe precipitation | | [ | - Robust purification SuperQ-650S
s 3
‘ Lyophilized dry API | | UEDF | * Continuous process
<

- - Ready to fill drug substance
Liquid drug substance * Reduce process time
Reference

Hybridon Inc.. Patent WO D8/01268 (1006)
K. Ruanjsikaen et al., pr on by Biok West (2017). San Francisco, USA.
Biogen MA Inc., Patent WO 2017/218454 A1 (2017)
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