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m  BARDA Table 1.Vaccine Candidates Supported by BARDA and Other Federal Agencies
Biomedical
Advanced Current Phase
Resezi\rch and Doses  (Preliminary
A e}c/ﬁ o F% ment Contract per  Effectiveness -
uthority, Company Type Value  Specifications Person U.S. Strain)? Storage
®m NIH, National Plizer/BioNTech  mRNAP  $5.97B 300 million doses 2 Phase Il (95%)  Ultra cold storage (-70° C)
Institutes of EUA Issued
Health
Moderna mRNA $4.94B 300 million doses 2 Phase Ill (94.5%)  Cold storage (6 mos, -20° C)
B HHS, Department of $954M Development EUA Issued Refrigerator (30 days, -2° to -8° C)
Health and Human , . .
Services AstraZeneca/ Viral $1.28 300 million doses 2 Phase IVl (70%)  Refrigerator (-2° to 8° C)
Oxford Univ. Vector<
u SDC, Cer&te s f0||' g [omsondjoson Vil - §IB 100 millon doses | Phase lll(72%)  Refrigerator (3 mos, -2° to -8° C)
isease Controland  (jnssen Vector
Prevention Pharmaceuticals) Hou Detsiomerk Gl
- FDA, Foo d and Drug Novavax Proteind  $1.6B 100 million doses 2 Phase IIl (95.6%)  Refrigerator (-2° to -8° C)
Administration Sanofi/GSK Protein  $2048 100 million doses 2 Phase Il Refrigerator (-2° to -8° C)

®  DOD, Department $30.8M Development
of Defense Mercki/IAVe Viral $38M Development! DISCONTINUED  N/A

Vector
u %amﬁma@a

Sources: https://www.medicalcountermeasures.gov/app/barda/coronavirus/COVID | 9.aspxfilter=vaccine;
https://www.defense.gov/Explore/Spotlight/Coronavirus/Operation-Warp-Speed/.
Note: Current as of March 1, 2021.
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% B — Stemirna Therapeutics mRNA DNA £ B - Arcturus Therapeutics /DukeNUS mRNA DNAX(ﬁ::=,‘§ FERE (ﬁg-
/g X — Entos Pharmaceuticals mRNA I LB -BRER EEES I I LR -BEAR BEEEG ' I LB -TuBY RERG _

fa‘mmﬁ%>\ B AR 137 >\ BE AR 23 >\ BEAR3E O\ %}&F&Eﬁﬁ >-
184 53 46 f 43 16

3% B — Scancell DNA # 4% — GeneOne DNA — Inovio DNA | & X #] — Reithera i 75 % Ak — N?“giﬁ Biopharma
&l
Ju4 A —Symvivo DNA Ef & — Gennova/HDT DNA | % B — City of Hope P)\ilas Blrr‘\ar?)tnBllj?ﬁSCh/ E——
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AR RZAE | & - Eyegene mRNA Therapeutics MRNA DNA

: 7B — Valneva/
N . . # B — Mahidol B A& —-KM Blologlcs ey,
% B — Meissa Vaccines R B 47 - BIOCAD BB %  University & 355 & =2 Dynavax 2 7& /% %
55 o5 R 3 A4 B RSV niversity 7 #%75 % * 78 I

4 & — Nykode DNA #& B — University of Tubingen DNA | #2% K — Medicago/GSK *
% B - Kentucky BioProcessing B e i, IR 2 ﬁiﬁ'é
1B M 4w i, 3K R 2 KB AR Ep & — Gennova Biopharmaceuticals | ¥ Bl —# %& 4 4/ % % A% R EBA(RE A 75%) | (k)
8 47 7% ARNA R F (R EEN)
48 B — German Center for PR - P F A B - SK Bioscience/
Infection Research 435 144 & % &% 2 — Cellid/LG Chem A% % 4 TE AAREMBEFEEE CHO%a i GSK /% #%& &

%k R R: The New York Times Coronavirus Vaccine Tracker (Dec 08, 2021 ¥ #7); WHO DRAFT landscape of COVID-19 candidate vaccines (Dec 07, 2021 % #7)
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Poly-A-tail
Cap UTR e CDS (Coding Sequence): '-
/ Modification of sequence, such as :
o , = codon optimization, have
5’ Cap: The efficiency of contributed to improved expression. .

capping and the cap
structure impact innate
sensing and protein
production.

Purity: removal of impurities reduces
innate sensing promoting expression.

Jackson et al, NPJ Vaccines
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(Carreno, et al., 2021, Nature)

B Only Sotrovimab, a broadly neutralizing sarbecovirus mAbs recognizing antigenic sites outside the RBM

retained neutralizing activity

B Omicron efficiently evades antibodies from infected or 2x mRNA vaccinated individuals
B 3x dose booster partially restored nAb titers
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Picture 2: Vaccine coverage—at least one dose administered (percent of population)
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1/31 Lee IJ/Tao MH Academia Sinica Omicron-specific MRNA vaccine induced potent neutralizing antibody against Omicron
but not other SARS-CoV-2 variants https://doi.org/10.1101/2022.01.31.478406
2/3 Hawman NIH/ University of Replicating RNA platform enables rapid response to the SARS-CoV-2 Omicron variant
D./Erasmus J. Washington School of  and elicits enhanced protection in naive hamsters compared to ancestral vaccine
Medicine https://doi.org/10.1101/2022.01.31.478520
2/4 Gagne M./Seder R. NIH/Moderna MRNA-1273 or mRNA-Omicron boost in vaccinated macaques elicits comparable B cell
expansion, neutralizing antibodies and protection against Omicron
https://doi.org/10.1101/2022.02.03.479037
2/7 Zang J/Huang Z Institute Pasteur of An mRNA vaccine candidate for the SARS-CoV-2 Omicron variant
Shanghai, CAS https://doi.org/10.1101/2022.02.07.479348
2/9 Ying B/Diamond M. Washington University Boosting with Omicron-matched or historical mRNA vaccines increases neutralizing
School of antibody responses and protection against B.1.1.529 infection in mice
Medicine/Moderna https://www.biorxiv.org/content/10.1101/2022.02.07.479419v1
2/14 Zhang N./Qin C. Academy of Military Rapid development of an updated mRNA vaccine against the SARS-CoV-2 Omicron
Medical Sciences variant. LETTER TO THE EDITOR_Cell Research
2/15 Fang Z./Chen S. Yale University School  SARS-CoV-2 Omicron-specific mRNA vaccine induces potent and broad antibody

of Medicine
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BidlReC

THUHMNEHRRPL

¥k 8 (2021.05-152)
MRNARIZE/EBiE B P FZEIND /

A 3¢ B BBl

19




- RIS SEIRES BidmReC

o S R R - 5|EEEMRNAERXRR, BREXEMPRHTREZKE

o R IR Al RZEER

« BUFETHEZHREG > TRARKERECSED

o BRIRRARZFE(PHENXEZES)

o EREEER
o G 3R & B

o ¥TAEBZRAUNIEC S (New cationic lipid)

o MBI BE IR 3E 2 47 (New biomaterials)

o FTEEEZEFLMT (Microfluidic reactor system)

« MRNAKTHE FETE FA 35 B RE A &, B4 Bim - EMESR ...etc
O fAE R EEI AT E

AZ3ER LA

MRNA St F-5F % %5

WP COUEFNBERAEARARERE EHFEHGMPAZ £ i
2 MRNA A 7525056 » FAsH N 111IE R RARBEE E -

© AEIEMRNATL & Prif B X B0 0 AR R AR
B B ok L AR 0% X BT R 0 NS B ER R 5
B+ EREEAZERARLATMT Z > Bl _
22 I 2 4k - ; =

o BT LURMB AT BURE RN A ey Az > AT
MRNAE @ B4 » 16 o35 L & B 14500, » 4Bk
gH A2 -

* BEEMRNAJL & Ba R — #Afo —HA B LA -

20




BidmReC
MRN A}i 1T]' E’J I_'E iﬁ 1E 1E fE }ﬁ F L TLLEEY
REMEE - Z2ERANMNE - E¥E{HCovid-19 mRNA VaccineB9%4z=

> BURERYE - EERERES - EmMRNARINTEE R AR SR
> FHA - mRNA EmEEARCOVID-19

Sales are for COVID-19 | |l Therapeutics Other prophylactic vaccines

vaccines only ITherapeuucvaccines . COVID-19 vaccines | Risk-adjusted Eﬁﬂ’gﬁﬁ% , 2021 EE{E{EE?@ 500
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(US$ billion)
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mRNA product revenue from COVID-19 vaccine COVID-19 Eﬁ'?gfﬁﬁ%*;ﬁ&h , ﬂ:l_‘,ﬁ
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Primary and Metastatic Tumors Have Shared Mutations
(Tumor Antigens)

Primary tumor Metastatic tumor
R1 (G3) . R2 (G3)
R3 (G4) e Lung @
~ el Ll? X R4 (G1) nmetastases

Ubiquitous Shared primary Sha red metastasis Private

X A

wiL

1. NGS was applied to sequence tumor tissues from primary renal cell carcinoma
located at different regions as well as samples from their metastases.

2. Inthe 101 mutations, some shared by primary tumors; some shared by
metastatic tumors; some are shared by both primary and metastatic tumors.

3. Intheory, anti-tumor T cells induced by treatment of primary tumors may be
able to recognize and control both primary tumors and their metastases.

Neoantigen mRNA Vaccine Design and

Manufacturing BigReC
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Sahin et al, Nature 2017
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CD4+ and CD8+ T Cells induced by Neoantigen

MRNA Vaccine BigieC_
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Neoantigen Vaccine Induced Long-term Clinical
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High specificity

medicine

Unstable
Undeliverable
Uncontrollable

Small
molecule
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WAcINo ZESEYNES

1990~ 2010~
EEFAE Gene therapy % BE 224 Nucleic acid medicine
» ' DNA vaccine « RNAI
« “Adenovirus « Aptamer
« Retrovirus + ASO
_v A LB v 4 — __Y r - 2 r A
/\ /\
#HEea Rz Cell therapy £ H Vaccine
« Dendritic cell « mRNA
« NKT
2020~
2000~
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Alnylam Pharmaceuticals

1.  Patisiran, 2018, to treat hereditary (+) 14 KD3
transthyretin amyloidosis (hATTR) (-)
Transthyretin mRNA J,

The FDA granted this application Fast Track, Priority Réview and Breakthrough Therapy designations. Onpattro also received Orphan
Drug designation, which provides incentives to assist and encourage the development of drugs for rare diseases. (US FDA)

(+) N=acetylgalactosamine (GalNAc)

1. Givosiran, 2019, to treat acute’hepatic (-) D 17 KDa
porphyria.

Aminolevulinate synthase 1 mRNA |

(+) N-acetylgalactosamine (GalNAc)

2. Lumasiran, 2020, to treat primary () , 17 KDa
hyperoxaluria type 1.

Hydroxyacid oxidase (HAO1) mRNA ,

Apr. 22,2022 Vacino Biotech 5

WAcivo W i SR i IS

* Huge market
— EGFR inhibitor

e C(Clinicai unmet need
—. Market leading drug

I

y

e Rare disease
— Orphan drug

Apr. 22,2022 Vacino Biotech 6
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Discovery Clinical trial
Compound design, Proof-of-concept Phase |, Phase II, Phase IlI
Patent application

IND submission
Medical protocol

Optimization

Pre-formulation, Stability,
Solubility,

PK/PD profile

Toxicology
Single dose, repeat dose,
mutagenesis

Controls of Manufacturing and Chemistry

Formulation, Scale-up processes, QC
Batch production

Apr. 22, 2022 Vacino Biotech
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o BEMIRY
—AT~C-T
o 4R
— Methylation
— Halogenation
— Psudonucleotide
« TNBEIZEM
— Linker
— Targeting
— Stabilizer

Apr. 22,2022 Vacino Biotech
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In vitro transcription

Plasmid PCR product

T7 promoter Restriction sites ) or = GENE a
GENE L
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EREEEH
Solid phase synthesis

n n
A Deprotection A

3 é

P A +1
T7 RNA polymerase l'" vitro transcript Cleavage & end A?
the synthesis )
5 RNA 3 Coupling
Next Cycle
/ l \ An_An+1 An-An+1
mRNA dsRNA siRNA, miRNA z Oxidation Capping 2
I,  uncoupled base
‘ o000 [’ 5 ([ )
Add cap, Poly A 5’ Fe
Wacino B YRV EC S AR E T =R
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e Stability

— Storage

— Administration
* Excipient

— Buffer

— Surfactant

— Salt

— pH
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ONPATTRO (patisiran) (2018)

2 A B YRV EC /5 RR R

GIVLAARI (givosiran) (2019) OXLUMO (lumasiran) (2022)

4

N,

— oNPATIRD WA | OKUMO_ | COMRNATY Gurplecap COMIRNATY (Graycap) ] ke ]
| RNA |

2 mg Patisiran

® 13.0 mg DLin-MC3-DMA
((62,92,282,312)-heptatriaconta-
6,9,28,31-tetraen-19-yl-4-
(dimethylamino) butanoate)

® 1.6 mg PEG2000-C-DMG (a-(3'-{[1,2-
di(myristyloxy)propanoxy]carbonylamin
o}propyl)-w-methoxy, polyoxyethylene)

® 3.3 mg DSPC (1,2-distearoyl-sn-glycero-
3-phosphocholine)

® 6.2 mg Cholesterol

2.3 mg Disodium hydrogen phosphate,
heptahydrate

0.2 mg Potassium dihydrogen phosphate,
anhydrous

8.8 mg Sodium chloride

Water for injections
pH~7.0

Apr. 22, 2022

189 mg Givosiran

Sodium hydroxide (pH
adjustment)
Phosphoric acid (pH
adjustment)

adjustment)

adjustment)

Water for injections

pH~7.0 pH~7.0

94.5 mg Lumasiran

Sodium hydroxide (pH

Phosphoric acid (pH

Water for injections

30 mcg of a nucleoside-modified
messenger RNA (mRNA) encoding the
viral spike (S) glycoprotein of SARS-CoV-
2

® 0.43mg((4-
hydroxybutyl)azanediyl)bis(hexane-
6,1-diyl)bis(2-hexyldecanoate) (ALC-
0315)

® 0.05 mg 2-[(polyethylene glycol)-
2000]-N,N-ditetradecylacetamide
(ALC-0159)

® (.09 mg 1,2-Distearoyl-sn-glycero-3-
phosphocholine (DSPC)

® 0.2 mg Cholesterol

0.07 mg dibasic sodium phosphate
dihydrate

0.01 mg monobasic potassium
phosphate

6 mg sucrose

2.52 mg sodium chloride, 0.01 mg
potassium chloride

Water for injections

pH:6.9-7.9

Vacino Biotech

30 mcg of a nucleoside-modified
messenger RNA (mRNA) encoding the
viral spike (S) glycoprotein of SARS-
CoV-2

® 0.43mg((4-
hydroxybutyl)azanediyl)bis(hexan
e-6,1-diyl)bis(2-hexyldecanoate)
(ALC-0315)

® 0.05 mg 2-[(polyethylene glycol)-
2000]-N,N-ditetradecylacetamide
(ALC-0159)

® 0.09 mg 1,2-Distearoyl-sn-glycero-
3-phosphocholine (DSPC)

® 0.19 mg Cholesterol

0.06 mg Trometamol

0.4 mg Trometamol hydrochloride

31 mg Sucrose

Water for injections
pH:6.9-7.9

100 mcg of nucleoside-modified messenger
RNA (mRNA) encoding the pre-fusion
stabilized Spike glycoprotein (S) of SARS-CoV-2
virus.

1.93 mg Lipid

® SM-102 (heptadecan-9-yl 8-{(2-
hydroxyethyl)[6-0x0-6-
(undecyloxy)hexyl]amino}octanoate)

® 1,2-Dimyristoyl-rac-glycero-3-
methoxypolyethylene glycol-2000
(PEG2000 DMG)

® 1,2-distearoyl-sn-glycero-3-
phosphocholine (DSPC)

® Cholesterol

0.31 mg Trometamol
1.18 mg Trometamol hydrochloride
0.043 mg Acetic acid

0.20 mg Sodium acetate trihydrate
43.5 mg Sucrose

Water for injections
pH: 7.0-8.0

11

AlEEES

Into the future

Apr. 22, 2022




B Rz R S V) Bl 5 2 2 55 32
AR EEERBITE
BRI EREES
AAEA AR E R P

35



IH
N g oLt L
LA E BRAFEFFL A M=
R

MBI A FESE%RY © FAiEY © FImpaf

AR AFERh%RY w FaAfEY o« FRESZFAA (2020001~
AR A FESE%Y o AELE FARFAA (2013/08-2019/12)
SAFEAF EFFL PLEET R (2013/01~2013/07)

RpiF? Ay AHBELFAT S £ 1LEF5 R (2010/02~2013/01)

36



EMADERAR > SPiEEGRER

Regulatory Science,Service for Life

HEEABRELER P : .
B Center For Drug Evaluation s @

AREBNBERNRERPOZEE -
NS REER AR AGEIREREEER
BRFBEEXERBEZIERAE -

N/

&

HBEATESERPC
B Center For Drug Evaluation 37 @




Outline
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The Central Dogma

%
: nYe,
4 '-1_"_-‘ Transcription &5 ‘S Translation £
N Lk
\ P
DNA mRNA Protein Disease
O.F
/g Proteins
Small molecules | Zea and M
Antibodies
m Antagonism or agonism of target m Antagonism or agonism of target
m Extracellular and intracellular targets m Extracellular targets
= Not all target classes can be modulated m Highly selective and potent
selectively and potently
m Lead ID and optimization slow m Lead ID and optimization slow
m Easy to synthesize m Difficult to produce
HEAEABBEIBR P 38
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o . ?!.
Transcription Translation nyv e

Nucleic Acid

- 5 ;
T e i T s
Decoy oligo siRNA )
Drugs Antisense aptamer
mRNA Protein Disease
Type Target Site of action Mechanism of Summary
action
siRMA mAMNA Insida the call mAMNA cleavage Double-stranded RMA with cleavage of mRNA
{cytoplasm) homologous to the sequence (siRNA), single-
stranded hairpin RNA (shRMA), etc. with effect
according to the principle of RMNAI
miRNA microRMNA Inside the cell microRMNA Double-stranded RNA, miRNA of single-stranded
{cytoplasm) replacement hairpin RNA or its mimic is used to strengthen the
function of miRNA deteriorated by disorders
Antisensa mRMNA. miRNA Insida the cell mANA and miRNA Single-stranded RNA/DNA which binds to the target
{in the degradation, mBMNA and miRMA to cause degradation or
nucleus, splicing inhibition inhibition, or acts to skip exon when splicing
cytoplasm)
Aptamer Protein Outside the Functional inhibition Simple-stranded RNA/DNA which binds to the target
(extracellular cell protein in a similar manner to antibodies/DNA
protein}
Decoy Protein Inside the cell Transcription Double-stranded DNA with identical sequence to
(transcription {in tha inhibitiomn the binding site for transcription factor, which binds
factor) nucleus) to the transcription factor of the affected gene to
suppress the target gene
Ribozyme RINA Inside the cell RMA cleavage Single-stranded RNA with enzyme function for
(cytoplasm) binding and cleavage of target RNA
CpG oligo Protein Cell surface Immunopotentiation Oligodeoynuclactide with CpG motif (single-
HBEABBESLERPC (receptor) stranded DINA)
Center For Drug Evaluation

Prophylactic vaccines Cancer

Encoded vaccines Intratumoral

i Localized Systemic secreted
immuno-
mENA(s) PCV oncology regenerative & cell surface
neoantigens therapeutics therapeutics

VEGF-A  ap against

Flu hMPVIPIV3 IL-12 Chikungunya
- H7Ng, RSV W % Relaxin
== "'Encoded \ /// —
| '/mRNA(s) - P o

. Systemic intracellular
Protein L. o, mmpeutics
chain(s) ) \
> ¥
Mitochondrion \w o
End, mic
Cyrozel Rmm

Nugleus
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Vitravene®(Fomivirsen) ]
ASO (FDA)
[ Macugen® (Pegaptanib)
aptamer (FDA)
2013 Kynamro® (Mipomersen) ]
Defitelio® (Defibrotide) ASO (FDA)
mixture of ss- and ds-
oligonucleotieds (FDA)
3 Others
51mAbs [ Spinraza® (Nusinersen)
ASO (FDA)
14 Enzymes & Exondys 51° (Eteplirsen)
125 Small Proteins ASO (FDA) Tegsedi® (Inotersen) ]
Molecules ASQ (FDA)
Onpattro® (Patisiran) ]
= siRNA (FDA)
Vyondys (Golodirsen)
[ ASO (FDA) ]—‘
Waylivra® (Volanesorsen)
[ ASO (EMA) ] -
15 Combined
ino Aci Drugs [ Givlaari® (Givosiran)
9 Amino Acids 20 Natural
Products siRNA (FDA) —| wm%‘:’:?‘:;mn} ]
A total of 278 new drugs were _[ Wm?gm;'m] ]
51
approved by the Food and Drug
Administration (FDA) from 2016 _— { O’"":::g'{'::'g:;"“} ]
to 2021. —
(1 Pfizer-BioNTech COVID-

. X . . 19 Vaccine
*Comirnaty (Pfizer-BioNTech COVID-19 Vaccine): FDA, August 23, 2021 ] mRNA (FDA)
*Spikevax (Moderna COVID-19 Vaccine): FDA, January 31, 2022 -

Moderna COVID-19
Vaccine
Amondys 45° (Casimersen) i
[ i Ji 2021\ mRNA (FDA)

UEFAERELEE P

Center For Drug Evaluation
[PMID: 35215334]

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/inotersen

-

e — { : V[ GalNAcsiRNAand } {  Several } { First RNAI |

obel Prize to ' Rx:“\d\it:?:n?e'm i { enhanced stabilizatio i | erapeutics|

| | Fire and Mello | { 2k chemistry approved |
S / H H

0 7 \ f
[ Several 41 concems of | i

safety issues |

1998:
Discovery of
post-
transcriptional
gene silencing
(RNAi) by
Andrew Fire and

W Ainylam stock

The Nobel Prize in \
Physiology or Medicine
2006

Craig €. Mello
Prize share: 112

Andrew Z. Fire
Prize share: 172

J

I Ionis stock
Craig Mello [1]
4 [l Dow Jones Industrial Average
P i iy . i P LTSN -
2005 2007 2009 201 2013 2015 2017 2019

1990 2002

In vivo injection of mRNA The first use of RNAI

to produce protein in mice to destruct HCV in mice
1961 1998 2010
Discovery of RMNA interference
messenger RNA discovered based on

1978
Inhibition of RSV
using antisense oligo

1998
The first antisense
RNA drug approved

1993 i 2004
Injection of influenze mRNA 1 The first RNA aptamer
to induce immune response i drug approved
Vitravene
(ASQ)
approved by
HBEATESERPC 40 FDA for
Center For Drug Evaluation CMV-retinits

The first clinical trial

RNAj
2020

2018
The first siRNA drug
approved

o

Onpattro
(LNP)
approved by
FDA for RATTR

[PMID: 32509554; PMID: 31034960]




Biological Barriers

A) Endo-lysosomal Entrapment C) Reticuloendothelial System

Interstitial fluid

Interstitial fluid

B) Exonuclease Cleavage S g D) Endothelium lining
FBFEABTELERP

Center For Drug Evaluation

[PMID: 35214074; PMID: 26674130]

ASO P e e LNP

~13-30 nucleotides { M\‘m M 0 OH !
i h SR ;
~5-10 nm in lengt A \ \l 3 0-p=0 e |

o - !
Solution —— N 3
Phosphorothioat Phosphorodiamidal (N pr
#SP) morphei otomer (FHO)
MNucleobase
H Base H medifications modifications
b Y. 20 5 i
9 } Base (2MOE) friseds
&)
0 OH S : = .

=50 nm

e, T
5-P=0 -p= o
o b R
0 H 0

Base ? 0.
? N-—% \‘DJ }L Positively chargad § Chalesteral
§ fonizable lipid
Neutral ionizable % A
) PEG-lipid
GalNAc-siRNA (GalNAC); carbohydrate moiety ,?L lipid
[ o £ Prospholipid \N\N
HO
9 0. N N_o Scaffold
HO P cal
e p —
oH oH ~20-25 bp, ~7.5 nm
HO s} i
HO.
AV NHA:\W | Phosphorothioate 2-0-methyl 2-Fluoro
@ (PS) (2-OMe) (2F)
Base Base Base
§ 6 §
o] 0 o}

ITR ITR

HBEATHESERPC
Center For Drug Evaluation

[PMID: 34059811]; https://www.creative-biolabs.com/gene-therapy/modified-oligonucleotides.htm




Nucleic Acid-
LNP

Asialoglycoprotein
Receptor (ASGPR)
Highly expressed in hepatocytes
High turnover (recycling time ~15 min)
Conserved across species

Sense Strand-
Antisense Strand-

— IILIEE siRNA

Antisense Strand %

ASO sl J’r Receptor e
Re AT~ A F &

N
HEPATOCYTE‘\ R \ ;E jm.c

o Vesicles

X 5 (e
5

X v

Antisense-mRNADuplex T Late RIsC
-‘\% Y Endosome OO, _JI'—Helncasu
= NEA e
s s
NUCLEUS =t e 2, — oy

. Center ru UIuy cvdiuduun

[PMID: 34020790]

FDA Approved Oligonucleotide Drugs

Name Type Modification Mechanism Indication/Target FDA Approval
Fomivirsen ASQ 21 nt PS DNA RNase H1 Cytomegalovirus retinitis/CMV UL123 Aug 1998
Pegaptanib Aptamer 27 nt 2'-F/2"-OME PEGylated Blocking binding Neovascular age-related macular degeneration/VEGF-165  Dec 2004

. i Homozygous familial
Mipomersen ASO Gapmer 20 nt PS 2-MOE RNase H1 . Jan 2013
Hypercholesterolemia/APOB

hepatic veno-occlusive

Defibrotide ssDNA and dsDNA Mixture of PO Non single sequence dependent based mechanism di Mar 2016
isease
Nusinersen Steric block ASO 18 nt PS 2"-MOE Splicing, intron 7 Spinal muscular atrophy/SMN2 exon 7 Dec 2016
Eteplirsen Steric block ASO 30 nt PMO Splicing, exon 51 Duchenne muscular dystrophy/DMD exon 51 Sep 2016
Milasen ASO 22 nt PS 2’-MOE Splicing Batten disease/CLN7 Jan 2018
Hereditary
Patisiran  siRNA LNP formulation 19 + 2 nt 2'-OME Ago2 transthyretin amyloidosis, Aug 2018
polyneuropathy-TTR
hereditary
[notersen Gapmer ASO 20 nt PS 2'-MOE RNase H1 transthyretin amyloidosis, Oct 2018
polyneuropathy/TTR
Givosiran  Dicer substrate siRNA  21/23 nt- GalNAc conjugate Ago2 Acute hepatic porphyria ALAS1 Nov 2019
Golodirsen Steric block ASO 25 nt PMO Splicing, exon 53 Duchenne muscular dystrophy/DMD exon 53 Dec 2019
Viltolarsen ASO 21 nt-PMO Splicing Duchenne muscular dystrophy/DMD exon 53 Aug 2020
Casimersen ASO 22-PMO Splicing Duchenne muscular dystrophy/DMD Exon 45 Feb 2021
Inclisiran siRNA 21/23 nt- GalNAc conjugate Ago2 Hypercholesterolaemia/PCSKK9 Dec 2021
LNP-RNA GalNAc-siRNA conjugates
Onpattro, patisiran (Alnylam Givlaari, Givosiran (Alnylam
Pharmaceuticals) Pharmaceuticals)
Comirnaty, tozinameran Legvio, indlisiran (Movartis/Alnylam
(BioNTech/Pfizer) Pharmaceuticals)

mRNA-1273 (Moderna/NIAID/BARDA) g;::r”;:c‘emcﬂ:lg;'” (Alnylam
EBEABESER P 42
Center For Drug Evaluation

[PMID: 35214074]
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02 Nonclinical Pharm/Tox Consideration of
ONTs
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Major ONTs

Mechanism of Action

Intravitreal

FAVAYaYa =

=

Intrathacal

AN =

#
-
'_ M ' ]
e

i) 1

Subcutaneous

FBFEABTELERP
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OCCUPANCY -ONLY

MECHANISM

Subratinal

Infravenous

&

l

Altering protein
conformation and
hindering functions

Created with BioRender.com

OCCUPANCY MEDIATED DEGRADATION

MECHANISM
LUy Dal>[
Gapmer siRNA
; Process and
lHyhridlze to lgum by
target RNA AGO-2

RISC
formation

/'.J.\.

Arresting ribosomal TITTTITTIIT c:;ogmd:t?ur:-nd
protein translation ASO
JL Nucleus

WAM

5'Cap ‘ 3' Poly A Tail
5'Cap 3' Poly A Tail

1) 5' Capping Inhibition
2) Splicing Modulatoin

3) 3' Poly Adenlylation Inhibition

O,

[PMID: 35214074]

m Have the properties of both NCEs and biopharmaceuticals

Highly target-specific: similar to biopharmaceuticals

Most ONTs are composed of nucleotides with various chemical

modifications: have the toxicological characteristics of new chemical

entities (NCEs)

SIMILARITIES AND DIFFERENCES BETWEEN OLIGONUCLEOTIDE THERAPEUTICS AND ExisTING DRrRUGS

Chemically synthesized drugs

Oligonucleotide therapeutics

Biopharmaceuticals

Molecular weight
Production method

Target

Species specificity
Metabolism/degradation

Predictability of toxicity

Toxicological mode of

action

Generally <1 kDa

Chemical synthesis

Intracellular and/or
extracellular

Nonspecific

Activation or inactivation by
metabolism

Unpredictable

Off-target effects, (toxicity
related to metabolites and
nonspecific toxicity
independent of mechanism
of action)

Generally <10kDa

Chemical synthesis

Intracellular and/or
extracellular

Occasionally species specific

Degradation to nucleic acids
and metabolism

On-target effects, predictable;
off-target effects,
unpredictable

Exaggerated pharmacology
and off-target| effects
(target dependent/target
independent)

Generally >30kDa
Biotechnology
Extracellular

Species specific

In vive degradation to amino
acids

Predictable

Exaggerated pharmacology
(known mechanism of
action)

FBFABTELERP
Center For Drug Evaluation

MNucleic Acid Ther. 2021 Apr:31(2):114-125.
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Hybridization to the target sequence
| (exaggerated pharmacology)

)
ON ‘=
TARGET % Surrogate (generally, one animal species) y

« Pharmacologically relevant species

/Hybridization-dependent (bind to non-\
Toxicity target sequence)

« In silico analysis

’ FF ’ - In vitro tests (e.g., qPCR, microarray,

RNAseq) using human cells

TARE ET \ Biological information of the intended geny

(OTEs) Unintended effects

Hybridization/Sequence-independent
(chemical modification, formulation, etc.)

- Conventional toxicity studies
« Rodents and non-rodents

B ana D)
Type of Study  New Chemical Entities *ONTs
(Generally) (Additional consideration)
Safety * Invitro hERG * Invitro hERG: generally not
Pharmacology + Core battery (CNS, CVS, RS) warranted

¢ Additional: as needed

HBEATESERPC
B Center For Drug Evaluation 45




Type of Study New Chemical Entities *ONTs

(Generally) (Additional consideration)

Table 1 Recommended Duration of Repeated-Dose Toxicity Studies to Table 2 Recommended Duration of Repeated-Dose Toxicity Studies to

Support the Conduct of Clinical Trials Support Marketing
Maximum Duration of Recommended Minimum Duration of Duration of Indicated Rodent Non-rodent
Clinical Trial Repeated-Dose Toxicity Studies to Support Treatment
Clinical Trials Up to 2 weeks 1 month 1 month

Rodents Non-rodents >2 weeks to 1 month 3 months 3 months

Up to 2 weeks 2 weeks® 2 weeks >1 month to 3 months 6 months 6 months
— —% — —%

nBl‘:.t:t‘}in 2 weeks and 6 | Same as clinical trial Same as clinical trial >3 months & months® 9 months 4
> 6 months 6 months?. ¢ 9 monthsb.c.d

UEFAERELEE P
B Center For Drug Evaluation

Type of Study New Chemical Entities *ONTs

(Generally) (Additional consideration)

DART * FEED, PPND studies: typically in * Species-specific surrogate
rodents molecule (if the clinical candidate is
« EFD studies: typically one rodent not pharmacologically active in the
and one non-rodent species routine species)

Local tolerance ¢ Separate studies are rarely needed

UEFAETELEE P
B Center For Drug Evaluation 46




Type of Study New Chemical Entities *ONTs

(Generally) (Additional consideration)

Photosafety * If there are particular photosafety * Chemically modified nucleic acids
concerns
Others * Case-by-case

CNS = central nervous system; CVS= cardiovascular system; DART = reproductive and developmental toxicity; EFD = Embryo-Fetal Development; FEED =
Fertility and Early Embryonic Development; FIH = first in human; ONT= oligonucleotide therapeutics; PPND = Pre- and Postnatal Development; POC= proof of

concept; RS = respiratory system
*Active ingredients include antisense oligonucleotides, siRNAs, or miRNAs, binding to a specific nucleotide sequence, and causing a biological reaction without
synthesizing a new protein.

UEFAERELEE P
B Center For Drug Evaluation @

onpottrog

(patisiran) i

CASE STUDY [P

Fewer
amyloid deposits
ONPATTRO ONPATTRO decreases the amount of This helps to decrease the
infusion TTR protein made in the liver amount of amyloid deposits

and may result in fewer symptoms

HBEABBELER ‘P.'L':, 47 @

Center For Drug Evaluation




Pathobiology of Transthyretin Amyloid

Small
oligomers

Folded Musfolded

\ monomers  amyleidgenic  Amorphous

TTR mRNA TTR tetramer 5;::11?2 monomers aggregates  Amyloid
fibrils

Cardiomyopathy

EE MR R E B %% (hereditary transthyretin amyloidosis, hATTR) 2ZF R

==ENIN=EI=SES= (prealbumin N EEBPARRZREA transthyretin, TTR) £2EZE
Peripheral and/or

44 EE A Beth S = =1
ST PSR o R BB R - p iR,
TTR TETRAMERS TTR MONOMERS MISFOLDED TTR AMYLOID DEPOSITS
TTR is primarily In hATTR amyloidosis, TTR monomers Amyloid fibrils are
synthesized in the liver the tetramer misfold and deposited at multiple
and is secreted as a becomes destabilized, aggregate into sites in the body,
tetramer composed of dissociating into amyloid fibrils. including the nerves,
identical monomers. monomers. heart, and Gl tract,

causing damage
that leads to clinical
symptoms.

HBEATESERPC
Center For Drug Evaluation

[PMID: 31171094]

Pathobiology of Transthyretin Amyloid

Small
oligomers

p i—
# —
Folded Musfalded

Cardiomyopathy

\

| .L/Ful Red monomers  amyloidgenic  Amarphous
TTR mRNA TTR tetramer : monomers aggregates  Amyloid
dimers ;
fibrils
TTR production siRNA ASO
I TTR gene TTR gene
RZNTNTNTNTN NN N RINTNTNTNTNINTNY N
TTR synthesis suppression Peripheral and/or
RiiliimiienionisalBN Transcription IR = AvoromkeNeuropetny
. = RMA silencing
- siRNA: patisiran, |
revusiran, vutrisiran
i TTR mRNA TTR mRNA
- 450 inotersen,
eplontersen LU LU
siRNA AS0
i T iy —
onpottro’ﬁ. HEE

(patisiran) s

RISC- RNase H1—(T> ?
Té\gsedf@ ??51

(inotersen)2sr.. < »
TTR mRNA Yt % TTR mRNA Y %
degradation X u_9'3>' degradation % n¥> »
UEFAETELEE P 48
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[PMID: 31171094; PMID: 35322226]




- IKEMFIRECERAER 2857 /27

Aimam y - EHERGFE0000635
onpattro?.

(patisiran) egmee o 3EREAE: WA EE A ATTR (transthyretin) X & 14 B 1% 2
ﬁé"@@%@?/ﬁ%@amilial Amyloidotic polyneuropathy) ° f8£&%R
- _HARYTE A -

Patisiran is the first

elinical treatment far . s
palyneurepathy of 44 E/] J ’ E BF b‘/\
hereditary X
transthyretin-meodiated

amyloidosisin adult
patients,

- RiERE: BATERE3007M A5 (300 pg/kg) - E3HEFFAKER
=

FBFEABTELERP
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onpottro%

patISWEin) Pl Compex

Sense strand
F=dT.dT.mU. /A, mC.mC.mU.mU. /A, mU.rG. rA. rG. AL rA. mC.mC. rA. fA. mU.rG. =5’

[ |
5 —rA. rU. rG. rG. fA.mU. A, rC.rU. rC.rU.rU. rG. rG. rU.mU.rA. fC.dT.dT.=3'
Antisense strand

Assembly at
acidic pH

r ?ﬂx ? O\@ Patisiran is an siRNA
DLin-MC3-DMA  |DSPC Cholesterol  IPEG2000-C-DMG P‘“—‘kﬂg‘?d'"t" aLNP
ionizable (+) amphiphilic lipid using four excipients

lipid pK_ 6.44 phospholipid
Nat Rev Drug Discov. 2019 Jun;18(6):421-446, PMID: 30846871

® The active substance, patisiran, is a chemically-synthesized, double-stranded
oligonucleotide.

® The lipid excipients associate with the siRNA, protect it from immediate degradation in the
circulatory system, and aid in its delivery to the target site in the liver.

® The drug product is a homogenous solution of nucleic acid/lipid nanoparticles with an
average size of approximately 60-100 nm.

® DLin-MC3-DMA and PEG,,,-C-DMG are novel excipients.

FBFABTELERP
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1- Guide strand

& : o
Patient with hATTR .. I Cleavage of
amyloidosis receiving TTR mRNA -""""'_-_
Onmpattra’™ to control the ﬂl‘ir.!ll’tﬂ:lIu Double-stranded small-
increased expression of lnl'.erf!nng RNA (ds siRNA) )
TTR mRNA Ll tein
I (muta nd wit) {g)
: Decreased circulation of

OnpattroZ Bpatisiran - —1EEHE/ N\ D F TEZIEZEL (sIRNA) - OJE—MEEIPTA  pecressed bets smyloid
REBFEFERTTR mRNAKI3 FFEEBPHERRTFS - PatisirantE M ISE = """"“’“:“"""
RMMLUESIRNABE X ZF MR - FARSEBEPTIREGNEZNR - 3EMHTER  occressedor stabiized

e L - cardiomyopathy and
RNAT 1 (RNADKW B A4B32 - patisiran5 | TTR mRNARI{E(CFFEEE - m{EM neuropathy
BTTREBRE R -
B Conter for brog Evatuaion @

[PMID: 31701435]

Key Nonclinical Studies with Onpattro (patisiran)

Pharmacology Studies

Type of Study Study Description

HBEATESERPC
B Center For Drug Evaluation 50

USFDA and/or EMA assessment report




Key Nonclinical Studies with Onpattro (patisiran)

Type of Study Study Description

Safety Pharmacology ¢ In-vitro hERG: only for LNP (with patisiran exchanged for an insect
luciferase siRNA with no target in the human genome)

* Invivo: CNS, cardiovascular, and respiratory parameters were
assessed in cynomolgus monkey (single IV infusion; Patisiran-LNP)

UEFAERELEE P
» Center For Drug Evaluation

USFDA and/or EMA assessment report

Key Nonclinical Studies with Onpattro (patisiran)

Toxicity Studies

Type of Study Study Description

Repeat dose « SD Rat (3 GLP studies)

(Pivotal IV toxicity - 4-week (Q4W) study (+60-day recovery): patisiran-LNP; less
studies) relevant to clinical use because of the less frequent dosing,

compared to that proposed for humans (Q3W)

- 6-week (Q2W) study (+60-day recovery): patisiran-LNP; a
separate group received AF-011-1955 (non-pharmacologically
active siRNA against insect luciferase, in same LNP formulation; 3
mg/kg only)

- 26-week (Q2W) study (+12-week recovery): *this study is not
considered an adequate assessment of the chronic effects of
patisiran-LNP

*50% of the animals had detectable ADA directed against PEG,,,-C-DMG; the lack of
detectable patisiran in plasma at the Day 183 sampling time

HBEATESERPC
B Center For Drug Evaluation 51
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Key Nonclinical Studies with Onpattro (patisiran)

Type of Study Study Description

Genotoxicity » Standard battery of genotoxicity assays (Patisiran-LNP)
- Invitro Ames assay (bacterial reverse mutation assay)

- Invitro chromosomal aberration assay in HPBL (human blood
peripheral lymphocytes)

- Invivo micronucleus assay in CD-1 mouse

HBEATESERPC
Center For Drug Evaluation

USFDA and/or EMA assessment report

Key Nonclinical Studies with Onpattro (patisiran)

Type of Study Study Description

DART Full battery <rat-specific surrogate formulation AF-011-18534 >

(Full battery) * Fertility and early embryonic development (FEED) in male Sprague-Dawley
rat: Patisiran-LNP; AF-011-18534 (highest dose)

*  Embryo fetal development (EFD):

- Combined fertility and early embryonic development and embryofetal
development in female Sprague-Dawley rat: Patisiran-LNP; AF-011-
18534 (highest dose)

- New Zealand White rabbit: Patisiran-LNP

* Pre- and postnatal development (PPND) in Sprague-Dawley rat: Patisiran-
LNP; AF-011-18534 (highest dose)

*Immunogenicity (development of ADA) that was observed, substantial decrease in systemic exposure to patisiran,
with no detectable levels near the end of the dosing period (Day 185) in the 26-week chronic rat study

HBEATESERPC 52
Center For Drug Evaluation

USFDA and/or EMA assessment report




Key Nonclinical Studies with Onpattro (patisiran)

Type of Study Study Description

HBEATESERPC
B Center For Drug Evaluation @

USFDA and/or EMA assessment report
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03 Nonclinical Pharm/Tox Consideration of
mRNA Prophylactic Vaccines
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O Evaluation of the quality, safety and efficacy of RNA-based prophylactic vaccines for
infectious diseases: regulatory considerations (WHO, 7 December 2021) (The
scope is confined to vaccines to prevent infectious diseases)

O Guidelines on the Nonclinical Evaluation of Vaccine Adjuvants and Adjuvanted
Vaccines, In: WHO Expert Committee on Biological Standardization. Sixty-Fourth
Report. Geneva, World Health Organization, 2014, Annex 2

O Guidelines on nonclinical evaluation of vaccines. In: WHO Expert Committee on

Biological Standardization. Fifty-fourth Report. Geneva, World Health Organization,
2005, Annex 1

UEFAERELEE P
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Basic Elements of Preclinical Evaluation and Testing of Vaccines

Pharmacological Properties

Safety » Functional Parameters
- Systemic Reactions/tox - Mode of action

- Local Tolerance

- Inmunogenicity

- Efficacy

- Protection

- Pharmacokinetics and Biodistribution

= Standard assays = Highly product-specific
= Clear requirements = GLP not required
= GLP compliance = “Case-by-case”

= Based on sound science

-2 Relevant Animal model is key!™

*“ .. a relevant animal model is one in which the test material is pharmacologically active...”

The more complex/novel the product the more complex and comprehensive testing scheme

UEFAETELEE P
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Primary Pharmacodynamics Studies

B Proof-of-Concept

e Assessment of immunogenicity

e Challenge-protection studies in a relevant animal model, if an

appropriate animal model is available

GLP-compliance is not essential for such
studies, but studies shall be “of high
quality and reliability”!!!
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Animal madsals

Animal species Key points

Mice . Wid type mice SARS-CoV-2 cannat invade cells through mouse Ace2.

Hurman ACEZ transgenic mice After SARS-CoV-2 infection, the mice show weight loss, virus replication in the lungs, and interstitial
pReumonia.

Syrian hamster After SARS-CoV-2 infection, the hamsters show rapid breathing, weight loss, and diffuse alveolar
damage with extensive apoptosis.

Femrets After SARS-CoV-2 infection, acute bronchialitis was observed in the lungs.

Cats After SARS-CoV-2 infection, intra-alveolar edema and congestion in the interalveolar septa were
observed. Abnormal arrangement of the epithelium with loss of cilia and ymphoeytic infiltration into the
lamina propria were also observed.

Cynomolgus macaques SARS-CoV-2 can infect both type | and type || pneumocytes. After SARS-CaoV-2 infection, pulmonary
consolidation, pneumonia, and edemna fiuid in alveolar lumina were observed.

Rhesus macaques Infected macaques had high viral loads in the upper and lower respiratory tract, humoral and cellular

immune responses, and pathologic evidence of viral pneumonia. The therapeutic effects of
adenovirus-vectored vaccine, DNA vaccine candidates expressing S protein, and remdesivir treatment
could be evaluated.
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Hamster

Animal model

Clinical symptoms

Histopatholegical features

Viral titer

Advantages

Disadvantages

- Syrian
Golden hamster

- Chinese hamster

Progressive weight loss
Rapid breathing
Lethargy, hunched back,
and ruffled furs

Has a similar course of
disease as in Syrian
hamster

Milder and prolonged

- Focal inflammation in the lung
- Diffuse alveolar destruction

- Pulmonary edema, and
alveolar hemarrhage
Mononuclear inflammatory
cell infiltration

- Lung consclidation

- Has a similar histopathological
picture of the disease asin
Syrian hamster

- High lewel of virus titer in

the nasal turbinates,

trachea, and lungs at

2-7 dpi

- The same as
Syrian hamser

- Easy to handle
- High susceptibility to
infection due to high

binding affinity of ACE2
protein to the Spike of

SARS-CoV-2

- Develop severe
pneumonia similar to
human patients

- Infected hamsters
develop immunity
against reinfection

Highly susceptible to

SARS-CoV-2 infection
- More suitable than Syrian

hamster due to its

pneumonia than in smaller size
Syrian hamster
HBEATESERPC
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Primates
Animal model Clinical symptoms Histopathological features Viral titer Advantages Disadvantages
Cynomolgus - Asymptomatic except - Focal pulmonary consolidation - Viral replication in both - Effective virus - Slower reproduction rate
macagques serous nasal discharge in in young and aged animals upper and lower transmission to other - Limited clinical signs
an aged animal - Edema in alveolar and respiratory tracts. animals developed
bronchiclar lumina - Viral replication peaks at - Development of lung - High cost
- Thickened alveclar walls the early stages of diseasa - Difficult handling
- Hyaline membrane formation infection. - Early peak of virus - Ethical reasons
- Hyperplasia of type Il - Higher level of viral RNA resembles
preumocyte, and expression and prolonged  asymptomatic patients

Rhesus macaques

- Asymptomatic or show

mild and transient
symptoms, such as,
reduced appstite, weight
loss, elevated body
temperature, rapid
respiration, hunched
posture, dehydration, pale
appearance, and
occasional coughing

mononuclear infiltration

- Lung consolidation, edema,
hemorrhage

- Thickened alveclar walls,
inflammatory infiltration

- Mild to moderate

interstitial pneumnonia

Old animals shows diffuse

severe interstitial pneumonia

virus shedding in aged
animals compared to
young animals

Viral RNA is in pharynx,
trachea, bronchi, and
lungs

High level of virus
shedding from the nose
and throat

( ACEZ2 receptors are ‘IOD%

identical to those of
humans

- The moderate and
transient disease
resemble that of human
cases

- Similar virus shedding
\paﬂem to that of humary

- Slower reproduction rate

- Moderate clinical signs
developed

- High cost

- Difficult handling [-]
Ethical reasons

HBEATESERPC
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Non-clinical Studies
on Safety Aspects

FBFEABTELERP
B center For Drug Evaluation

. Basic Objectives

B Risk mitigation before entering into clinical trial phase

B Detect any toxicities to be monitored in following clinical trials

and identify a safe human dose

B [f relevant, protection study shall include testing/monitoring for

any indications of enhancement of disease due to vaccination

GLP-compliance of pivotal non-clinical safety

studies is required!!!

FBFABTELERP
B center For Drug Evaluation 57




. Basic Consideration - potential source of toxicity

B Inherent toxicity of vaccine product?
B Toxicity due to impurities or contaminations?
B Toxicity due interactions of vaccine components, such as adjuvants?

B Toxicity due to side-effects induced by immune response?

FBFEABTELERP
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[PMID: 34068715]

Safety Pharmacology

B Detection of undesirable pharmacological effects on vital
functions (e.g., CNS, CVS, respiratory, body temperature, renal

function)

B [f feasible, inclusion of safety pharmacology endpoints in general

toxicology studies

B Before entering into FIH
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Single-dose Toxicity and Local Tolerance

B Stand-alone: not generally required

B Preferably be integrated into repeated-dose toxicity studies if

they are adequately designed

B Before entering into FIH

FBFEABTELERP
B center For Drug Evaluation

Repeat-dose Toxicity

B Species:
- Generally, one relevant species
-~ Should be able to elicit an immune response to the vaccine antigen

B Route: intended in human clinical trials

B Number of doses: should be equal to or more than the number of

doses proposed in humans (N+1, generally)

B Dose: highest absolute dose intended to be used in humans (if
feasible)
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Repeat-dose Toxicity (contd.)

B Groups: generally, should include a negative controls group(s),
treatment group(s), recovery group(s); if appropriate, active

controls (formulation without antigen)
B End-points:
« Similar to conventional repeated-dose toxicity studies

* Immune end points and local tolerance needs special focus

B Before entering into FIH

FBFEABTELERP
B center For Drug Evaluation

Genotoxicity and Carcinogenicity

B Genotoxicity:
* Normally not needed for the final vaccine formulation

/A standard battery of genotoxicity studies is generally
recommended for particular vaccine components (e.g., novel lipids
or any novel excipients)

e [fneeded

- Invitro tests for mutations and chromosomal damage should be
done prior to first human exposure

- full battery tests parallel to clinical trials

B Carcinogenicity: generally not needed

FBFABTELERP
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Developmental and Reproductive Toxicology

B Need depends on target population (e.g., pregnant women or

women of childbearing potential)

B [f need

* Fertility can be assessed as part of repeated-dose toxicity studies by
through standard histopathological examination on reproductive organs

* In general, focus on prenatal and postnatal developmental (study
endpoints covering the period from Stages C through F of ICH S5(3))

» Species: should demonstrate an immune response
* Route: should mimic the clinical route of administration

* Dose: ideally, the maximal human dose should be administered to the
test animal (typically full human, single dose level)

FBFEABTELERP
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Biodistribution and Persistence

B To assess whether the mRNA vaccine distributes away from the
tissue into which it was administered, into which tissues it

distributes, and how long it persists
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.Vaccine-associated Disease Enhancement (VADE)

——————————————————————————————————————————————————————————————————————————
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Outline

04 Conclusion
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Conclusion

B Nucleic acid-based drugs (i.g.,, ONTs) diversity: unique

mechanisms of action with diverse toxicology profiles/concerns

B Case-by case!
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- Center for Drug Evaluation, Taiwan

https://www.cde.org.tw/consultation_servic
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