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Disclaimer

This presentation was not officially cleared, and the views offered here
do not necessarily represent the official positions at MOHW, including
TFDA. fﬁ”
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o ¥ W FDA* 2021 # 12 * % # 2z T Investigational New Drug
Application Submissions for Individualized Antisense
Oligonucleotide Drug Products for Severely Debilitating or Life-
Threatening Diseases: Chemistry, Manufacturing, and Controls
Recommendations, Guidance for Sponsor-Investigators | FDA

© EETRREH ALY 215
T e

P EEARBESER P
B center For Drug Evaluation @

Oligonucleotide

> 1£1990# Jorgensen ¥ 4 3 JILRNA -+ #£ (RNA interference > RNAi) 3R
Ferd koo I BEAPRCA I A FI AR PAPM AT 0 R P - A
LA o W PR R 2 FERDLAR

> F 1% H p(Oligonucleotide) & 7
* & &% 174 & (antisense oligonucleotides » ASOs)
* &+ 354 pL(short interfering RNAs > siRNAs)
o J&o] % BE 5 fa (microRNA)
o % p& ¥ ¥ (aptamer)




Antisense Oligonucleotide

> F R E P HFL(ASOs) | 15208 1 5 fa o & enmapiph » £ 48
Y mRNAZ 4 08 48RNA > 7 F 38 5 mRNAS & K drd [ et

7 o
ssASQ TTTTTTIIITITIITIT
}
> F# %ASOSL FFB ’EE : Torgetiia RNase
. ¥v % [ (target affinity) 3 55 W
o -k %% @t % 14 (nuclease resistance) # &_ &

l RNA degradation

o ez i (off-target effecty 0 TTmTmmmmmoommoTToos

ssASO = single-strand antisense oligonucleotide

B EFABESLSElP e
B cCenter For Drug Evaluation J. Biol. Chem., 2021, 296, 100416 @

= R{EE{ZEfiZ ASOs

Commonly used backbone modification _ for improve ASO performance

o] 0
Ri),‘ax k(j?,‘ﬁx
o m o m * One of the oxygen in the phosphate
O=f O=p .
g o . # o ] moiety replaced by sulfur
By B: . .
v L(_T "  Enzymatic stability
0 ¥ o m
3 8
Phosnnutiester Phosphorothioate
(PO) (PS)
™o
\[OJ’B * The ribose is replaced by a morpholino
/‘N-;\O and phosphorodiamidate
° \on,a * Improve aqueous solubility, higher
N binding affinity
Phosphorodiamidate
et@=%-  morpholino oligo ;
» o J. Biol. Chem., 2021, 296, 100416
cemert (PMO) J. Clin. Med. 2020, 9, 2004 @




PS Oligonucleotides Z & 12

Base

DMTO
4. capping, next cycle o)
1. detritylation
R
DMTO Base
o HO
o}

2. coupling with

Oﬁr B addition
DMTO ase of activator
Base
DMTO
Base

3. oxidative sulfurization

Solid Phased Synthesis of Phosphorothiosate (PS) Oligonucleotides

HEFEABBSER P e
B center For Drug Evaluation @
www.fda.gov
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B R{EEZEh 2 ASOs

Commonly used 2’ modification_ for improve ASOs performance

™0 "0
Oyt k@,u * 2’ position of the ribose :
U‘ / e 2’-O-methyl
SN g * 2’-O-methoxy-ethyl
it » Higher binding affinity,
Methoxyethyl 2'-O-Methyl

(MOE) (Me) enzymatic stability, reduced
immune stimulation

Fully modified
© 2'-O-MOE
(B85 5 0000000088+ & & W 5-10-5 gapmer
P EEARBESER P .
B Conter For Drue Evaluation J. Biol. Chem., 2021, 296, 100416
' ° ' J. Clin. Med. 2020, 9, 2004




Antisense Oligonucleotides (ASOs) Drug Products

> F BB P RASO)E
o W2 %8 FF ! fomivirsen ~ mipomersen ~ eteplirsen ~ nusinersen (fg "R
F# ﬁa?l F 000057%%) -~ inotersoen ~ volanesorsen ~ golodirsen ~ viltolarsen
o ¥4 L BASOE 50 TRk R I B
c R REEEF LA A TR SRR

» Spinraza :
« FDA2016# ; EMA2017# ; W} 2019 (#3%F %ﬁ%—?OOOOSHﬁ)
* e dzd & A F R P % S5k (spinal muscular atrophy © SMA)i R &
% % 3 p& (antisense oligonucleotide; ASO)% 7. o

* The first FDA-approved treatment for SMA

 ® center For Drug Evaluation https://www.spinraza.com/ w

Antisense Oligonucleotides (ASOs) Drug Products

» Spinraza (nusinersen )

« FDA2016, B} 2019# (G
#1785 F 0000575)

« Antisense oligonucleotide N 7
(PS, 2°-MOE modification )

o FRLMICE X g% (spinal
muscular atrophy; SMA)

* The first FDA-approved R = OCH,CH,OCH, (OME)

treatment for SMA

(\ P EEARBESER P
B center For Drug Evaluation \flwvt\pylj\,;.'];(/j\f/\./\?v?/vspinraza com/




Antisense Oligonucleotides (ASOs) Drug Products

» Vitravene (fomivirsen)

* no longer marketed

e 1998 (first approved ASO) Nl
H,N 7 \
2 a N

* Antisense oligonucleotide e

(PS modification )
« E ¥z :f}%i AR e B
[k ARSI S R P Nature Revi Drug Di 19, 2020, 673-694
» ?e”“j;;r D—:'Q Evaluation hte::sr?//er?(tlvei\l,(vifoecrilijg.o:;fv?r\illfi%omivirsen @

Antisense Oligonucleotides (ASOs) Drug Products

» Milasen (milasen)

R
- FDA2018 ] -0 pase
* Aritisense oligonucleotide (PS, 0.7 'E'-_;mux"‘*
2>2MOE modification ) B;HF\D o Base
VoA L’_‘;,‘_;Uiﬁji ”54&,?{;‘5%%& X=00orS ‘W Me
(neuronal ceroid lipofuscinosis; ; ~g
NCL)
2-0- MOE: 2-0+2-Methoxyethyl)-RNA
R e
o )R ZMilam L 3 & 4

HEFABBELEEE P < ¢ Patient-Customized Oligonucleotide Therapy for a Rare Genetic Disease | NEJM
B center For Drug Evaluation https://www.oligotherapeutics.org/october-2019-paper-of-the-month/
p: 9 p




ASOs Challenges

> % g (impurity) g 4] © & - 32 eh# % [ @ (identification thresholds)
81 % 7% | 18 (qualification thresholds)

> % B3 (impurity) 4 #5 -
o BHEEIEL I RFEAI T EEE GRS B
o ML FEE D A P peak >t HPLC A #iE 42 ¢ iG>0 42178 & fp

Promant OST colamn, 2.4 = 100 mm. FK 166000485

001 | [ Aot e blank preceding sampke njochon ¢1 ‘

il
.
8
; ,||
HE
t s li | || || || 7 https://www.waters.com
2 I ML DS:TWWW. T
t 1 i Il e e W (sequencing of synthetic
HEEABESLBIR P d | ! T e i i i
B center For Drug Evaluation T R T ::,:gﬁ?itjiglse)ondes and their

ASO#¥ 5.:7INDZ 3 % £

EHE ARPERES PR EEE . RH R E ) A

2N N\ 2 s= 2> L
O R TR A A= e

>R E R N B2 Hid s R AT EE

(e SRR N
BTk iRk R - 24,5
JER LSS
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> o2 e AR AR AT AR > FA T Fm § oarec g
TR BB St 2P R ERAEN/Z D T 8t
2\; "‘7 7}9&’%?‘,."

> R i*#(drug substance) © — 4L T~ ik~ B BHET
1'%?%1 ®RBIE R X T

> =}2 &(drug product) : = & H;{ii ﬁa‘% E. NI ) 2 ]?/éf\//h—‘l]’} E1:
S W~ RAUBE A AR B RIE AR F LS
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oW: e BHE - R
>R

i SNCECRE £ 2 ORRUE SRS £ 3 - RS 4
@)

g 758 F 7F (backbone) ~ BRI £ 4 A B S P H
(internucleoside)dt 2 & ip ¥+ (F { * ) E

> 4 TR
o AfRER S BRMEGIEEE(EE Y )E
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wp R Hies REF LR FHE

PR R R R ¢ K RRLFRAREL
2P a2 f g

>EAR 2 QAR E 2 g i AR RS WAzt

> i AZR] © #r3 % & (coupling)/4fif £ (chain elongation) ~ 2 i
A ",ﬁi Brw i ig)* 2
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Ja L

%, p >EWRET I RF REPHRESL L 1447»;\37; ft gﬂs i+ @ (4
v % 3 & 25 (nucleotide sequencing) ~ 3 f#iE & 2 %A 47

DAV B

¢ %&a@ilz R 'pq F 1B AR ﬁuﬂg:ﬁ s EREE ?EE’L 7“5‘"} é%m% A
P (F &5 HPLCAP $HF T R -2 ¥ 3 2 17 4 3f)

© R BP S AARZHE iéi%ﬁ%ﬁ%&%ﬁ,ﬁiﬁﬁ
PR M2 g TR (Ble - g AL 3 B PR )

>Rk R R EP R AR TR R R ER T R
)%ﬁq—’ ‘h«},'_l,( Lbﬁi{*&,}\ > rr,?ﬁ‘(l]] _hr- : i:)% ]V} p"i t-'e,)i)
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¥ 2_* ' J7 (specified impurities) 2 3+ 2 7 % 4 (grouped
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#F

4eie {2 4F 24 B 4 (specified impurities) ~ # £ 7 % 47 (grouped

7

19
-

impurities) ~ # — A F23% 7 4 4~ (individual unidentified impurities)?

¥ T3 ¥ (specified impurities) * F TR RO & > S e vz 7
#

o ¥ 27 %4 (grouped impurities) : A 7 2 &2 A P2 F B SPHPLC
PETRITA LY ¥ U UHPLCAR A TR R 7 4

© H - XAmik# ¥4 (individual unidentified impurities) © 45 A& fv2 3 ¥
PV FlEAEE T REEY > H 2§ 4 ireporting threshold » 2
* 4Z i@ identification threshold
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European Medicines Agencies
Network Strategy to 2025

EMA Regulatory Science to 2025
Strategic reflection

Digitalization

\ £, ll
‘ JM - b

Internet ‘ (Machines)

LY b
/| & A S
Pharma EMA : New Quality Innovation Expert Group (QIG)
4.0 > Periority topic (2023 work plan for the QIG)

1. Continuous Manufacturing (CM)
2. Decentralized manufacturing (DCM)
3. Digitalization and automation

UEFEABTELBEERP e
Center For Drug Evaluation

Modernizing the Way

Dl’ugS Are Made on CDER SCIENCE
US FDA: Emerging Technology Program

Biological molecules

SFPOTLIGHT

» CM fordrug substance « CM for downstream process
» CM fordrug product A small manufacturing platform
« Model-based control strategy for CM
10i' CM » Advanced process control
» Continuous aseptic spray * Multi-attribute method
drying 3D printing « Next generation sequencing
manufacturing « Controlled ice nucleation for
* Ultra-long-acting oral lyophilization process
formulation

B Conter o Druy Evation Continuous Manufacturing (CM) process  (6)




EEREmEZE 7158 RA

FDA In Brief: FDA supports critical
research to spur innovation for
continuous manufacturing technology
to support and advance drug and
biologics development. 2018 RRNRODTA T 20 S RN

-

-

US FDA: Guidance for Industry- (¥ %)

Quality Consideration for Continuous
Manufacturing (draft). 2019

RN 11 & 08 4 29 8
UL RS L P 11

HEEABBLER P
Center For Drug Evaluation

ICH Q13 ) @I

INTERNATIONAL COUNCIL FOR HARMONISATION OF TECHNICAL
REQUIREMENTS FOR PHARMACEUTICALS FOR HUMAN USE

* Chemical entities R
— New drugs
— Generic drugs
« Biological entities DRFE?E;?Q{??-E!&}EJ DRIG PRODUCTS
— Therapeutic proteins
— Biosimilars

Funal veruon
Adopeed on 16 November 2022

' mr 11 Beem devriopee spyroprase JCH Expert Worbmg Gre o
syt o comunitotion bn the tepmiatary parte, m acror dos e ICH Process. dr Sup 4
HEEABBE BB P of thy Prowens the fimal droft o recommmended e adoptyse %o the regeiatory bodes of JH regaom

Center For Drug Evaluation
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BERE IR (npu SR X A RS 24P - T
Y5 52A0 k) (output) h AE 155 4 10 0 21 58 L RO 072 -

ALy EE /PR O o TR

Capture:

Cahiliiisie Polishing 1:
Bioreactor Clarification Mixer multicolumn ? T Mixer multicolumn
virus inactivation
chromatography chromatography
Polishing 2: ; ' i : ;
y = - Virus reduction . Concentration : Final sterile
Mixer repetitive batch Mixer : 2 Mixer e z Mixer 2 =
chromatography filtration and diafiltration filtration

HEEASBLBER P <

K Subramanian G. (2022), Process Control, Intensification, and Digitalisation in Continuous Biomanufacturing, Wiley-VCH
Center For Drug Evaluation
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Perfusion Capture S [»] . Captus
[ IMedin ol cuture Horvest  (Chrom3) Chom2  Chrom3  Fitration 08 Media cd‘ cum‘ Harvest [chm ) Chrom3  Fitration m
Figure 1. Coltintdous upstream (perfusion), batch downstream. Figure 3. Continuous upstream + capture, batch downstream.
& A
BAAl A [ con H i | “ ] !
[Contirubus » »
LU oo gl g b
Media :udus:n {Ccaﬁture ) Chroms 2 and 3 Filtration Drug
Capture - Drug culture rom 1 substance
Media ce!l aulhure Harvest h.m (Chrom 1) Chrom2and3 Fi substance
Figure 4. Continuous upstream and downstream
Figure 2. Batch upstream, continuous downstream.

J Pharm Sci . 2015 Mar;104(3):813-20.

HEEASBRLBER P <
Center For Drug Evaluation
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é/é Product Nonproprietary name Indication Company | Year
Orkambi Lumacaftor, ivacaftor Cystic fibrosis Vertex 2015
Prezista Darunavir HIV Janssen 2016
\/ Verzenio Abemaciclib Breast cancer Eli Lilly 2017
Symdeko Tezacaftor/ivacaftor Cystic fibrosis Vertex 2018
Daurismo Glasdegib Myeloid leukemia Pfizer 2018
Tramacet Tramadol/paracetamal Pain lanssen 2018
Trikafta Elexacaftor/ivacaftor/tezacaftor | Cystic fibrosis Vertex 2019
Dolutegravir Doluegravir HIv GSK 2019
Fluticasane Fluticasone propionate Allergy relief GSK 2019
\/ Duvrog Daprodustat Renal anemia GSK 2020
Xofluza Baloxavir marboxil Influenza Reche 2020
Tazverik Tazemetostat Follicular lymphoma Eisai 2020
\/ Cibingo Abrocitinib Atopic dermatitis Pfizer 2021
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