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Integrated mRNA CDMO service: learning from
COVID-19 mRNA vaccine development
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Disclaimer

This presentation is information purpose only and does not replace independent professional judgment. It contains forward-looking statements that
are based on the current expectations and beliefs of ST Pharm Co. Ltd. All statements, other than statements of historical fact, are statements that
could be deemed forward-looking statements. These statements relate to future events and involve known and unknown risks, uncertainties and
other factors which may cause our actual results, performance or achievements to be different from any future performances or achievements
expressed or implied by the forward-looking statements. Each of these statements is based only on current data, information, results, assumptions
and expectations that may subject to change.

Forward-looking statements can be identified by the use of terminology such as ‘intend’, ‘aim’, ‘project’, ‘anticipate’, ‘estimate’, ‘plan’, ‘believe’,
‘expect’, ‘may’, ‘should’, ‘will', ‘continue’, ‘annualised’ or similar words. These statements discuss future expectations concerning the results of
operations or financial condition, or provide other forward-looking statements.

These forward-looking statements are not guarantees or predictions of future performance, and involve known and unknown risks, uncertainties
and other factors, many of which are beyond our control, and which may cause actual results to differ materially from those expressed in the
statements contained in this presentation. Attendees are cautioned not to put undue reliance on forward-looking statements.
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ST PHARM Family

AnaPath Service

Basel, Switzerland
Histopathology service
> (46 FTE)

AnaPath Research
Barcelona, Spain
Non-clinical animal safety service
(159 FTE)

) STPHARM

API CMO & COMO
& Newdrug development
.‘ (600 FTE)

Total > 800 FTE

STP America Research
Delaware, USA
—pe
..
[
Q Vernagen
LEVATIO Atlanta, USA
San Diego, USA mRNA vaccine
XRNA & CAR-NKT —

Gene therapy CDMO business from oligonucleotide to xRNA
Seamless development from manufacturing to non-clinical CRO service

) STPHARM

Journey from monomer to polynucleotide CDMO business

+ 1983
Samchully Pharm

Nucleoside

' Nucleotide

* 2018

* 2008
Oligo GMP Manufacturing

‘ Oligonucleotide '

e, * Antisense
/G & + SIRNA/microRNA
Nyt s \ ,I\m * Aptamers
NN N =™ * Decoys :
* Other novel oligos”
Zidovudine Sofosbuvir
) STPHARM

mRNA R&D

Polynucleotide

Conventional mRNA

Cap~ 5"UTR ORF

Self Amplifying mRNA

3R~ AAAAA,
Poly(a) Tail

CircRNA

.E’. Subgenomic promater
Cop.-.5CSE ""r ORF  3:GE-AAAAA
Paly(A] Tail
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Integrated oligonucleotide CDMO services

Fully Integrated In-House Production of Monomer and Amidite Manufacture Capability

“One-Stop Service” from Nucleosides to Oligonucleotides

* Innovative technology & manufacturing system
v Oligonucleotide GMP manufacturing with very low endotoxin limit
V' Minimizing PO impurity formation in the PO/PS mixed backbone oligonucleotides ‘(_ Cost competitive
v" Oligonucleotide purification process with on-column detritylation Y Supply continuity
v Quality stability
" Strong Track Record v' Expedition of process
v Selected as Asia-Pacific’s Top Oligonucleotide API Manufacturer
v" World's third largest oligonucleotide manufacturing capacity
v' Roche CDMO Award 2019: Oligo New Drug (First in global), Small Molecule New Drug (First in Asia)

Nucleoside Protected AT Oligonucleotide
Monomer Nucleosides ) BASE® + siRNA/microRNA

SE EP ONTO, + Aptamers

HO. DMTO 0 + Antisense

0. 0 S r * Decoys
NC. A~ P + Other novel oligos
OH R O N
) ST PHARM 8
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ST PHARM’s mRNA CDMO workflow

» Platform technology from in vitro transcription (IVT) mRNA to lipid nanoparticle (LNP) encapsulation
* |n-house 5’-capping reagents and LNPs in strong IP position

Plasmid IVT Synthesis & Formulation &
Manufacturing Linearization Capping Encapsulation Fill & Finish

.. s @,

-‘{\-"'_'j; Ij \\

| PlasmidDNA || DNA J mRNA J

Strategic Partners m STPHARM

() STPHARM
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ST PHARM’s mRNA platform technology

* mRNA and Lipid Nanoparticle (LNP) Platform at ST PHARM

,seeess Monomer ...,

\

eemssnsssnsssens Oligonucleotide vevseessneeses, &

s

Plasmid DNA
: . :

TSynthesis ~ :  NewS-Cap :

: Reagent :

i Novel 5'-capping reagent,

* In-house codon f SMARTCAP® :
optimization . H

. Apn:ple experiencein IVT * Capping library screeni-ng ,
optimization '::l :E,l :ct the best capping

-

+
*e ’
SarsnsnsaEERERRERERERREERt

* Analytical and biophysical characterization &
analytical method development
* Regulatory SOP & guideline preparation

CMCE

Regulatory.

() STPHARM

'

E . mRNA-LNP
: Diig ey Purification :

! System :

: * mRNA delivery by LNP * Applying in-house :

: * From in-licensed LNP oligonucleotide

i platformto 3rd purification know-hows

i generation LNP and methods to mRNA-LNP ;

' developed by the diverse ~ * One-pot purification

.,
"--

system

-

,, thampions in the field

.y -
AL L R R R Y R A

* Strong track record of nucleotide/oligonucleotide
GMP manufacturer
* All steps controlled under GMP conditions

GMP.

Manufacturing

Copyright © 2022 ST Pharm Co. Ltd. | NCC Cancer Forum

SMARTCAP® and Capping Library

-_ From Nucleoside to 5’-Capping Reagent

SMARTCAP®

* In-house 5'-capping analogs (ca. 30) with different ribose
and base combination

* Utilizing the know-hows & experience from oligonucleotide
RSM synthesis

® Strong IP position

* Updating stability data
- Both powder and solution form are stable at room
temperature (> 6 months)

Capping Library

= Screening capping library to identify the most suitable 5'-cap
analog with highest efficiency

* ORF-specific screening and selection

() STPHARM
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o "
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Western blot analysis of eGFP mRNA

* Four different SMARTCAPs compared with competitor’s cap, ARCA cap and non-cap in IVT efficiency
*  SC101 and SC103 have shown better results than non-cap or ARCA cap, and very comparable to competitor’s cap
* Western blot analysis of eGFP mRNA with different 5'-cappings in transfected Hela cell

* Results confirmed in GFP-B-actin semi-quantitative analysis

. 3 { ' %+ GFP--actin Quantitative Analysis

w‘ff f%f«s’?\wf&";é‘*

fff «9& A a4

901 GFP ...- -—
5.0Kb : :
BraClin o s — ——aa— T e
3.0Kkb : :
20Kb :
10Kb Con NC i A SCIO1 SCIO3SCI04 SCIO5 ARCA SC01 SC203
05Kb » :
Fol g :
Change 10 1.11:866 8.67 830 451 200 4.09 095 1.83

() STPHARM

Fluorescence images of eGFP mRNA

* Fluorescence images of eGFP mRNA with different 5'-cappings in transfected Hela cells

* Compared to ARCA cap, SC101 has significant expression level with high fluorescence intensity

Control Non-Cap Competitom ARCA 5C101 5C202 5C301 §C401

() STPHARM
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Flow cytometry analysis of GFP signals

= SMARTCAP® has shown significantly high GFP signal values with comparable results to competitor's cap

* SC101 has higher GFP signal value than other 5'-capping reagents

M

A i 2k, | £ Materials % parent-P3 Relative
k L— 1 Negative 04 10
m S el Ny | as | ompa
A k E f| competitorA 299 748 :
i v, i - sc101 356 8.0
J s s S
SC104 23 608
ARCA 94 35
1T o T T s Y
5c203 83 208
0 STPHARM [
Copyright © 2022 ST Pharm Co. Lt

Cell-dependent transfection efficiency

* In vitro hEPO transfection efficiency was tested in two cell lines using three different 5'-capping reagents

* SMARTCAPs and competitor’s cap were transfected in HEK293T and Huh7, and measured the protein expression level

* Protein expression levels of three capping reagents were similar in HEK293T but SC202 had significantly higher expression level

in Huh7
+ hEPO expression in HEK293T
ﬁ 160 143
= ns. % ‘i ‘[
: F e 1
o gu 040
W v ; ; T w ’\:: p = 1
& f' $ ¢ FE
bc

() STPHARM

hEPO (pg/mL)

+¢ hEPO expression in Huh7

LLd

|

3

ns.
ND _I_ }

&f‘;é}éf

Copyright &

Fold change compared to
Competitor A
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ST PHARM's Lipid Nanoparticles (LNP) - STLNP® & SMARTLNP®

) STPHARM

._ From Conventional to 3" Generation LNP

In-licensing

Image Source from Frecision Nanosystems

LNP

STLNP®

SMARTLNP®

* STPHARM is running three different LNP platform strategies

* In-licensing LNP technology

* Proven, unsurpassed and best LNP technology
* Applied to COVID-19 mRNA vaccine development

* ST PHARM's first generation LNP
* Used for mRNA COMO business
* Further application to cancer and autoimmune disease vaccines

* ST PHARM'’s second generation LNP
* Developed in collaborations with academies in KOREA
* Focused in increasing stability and improving immune response

Physicochemical properties of STLNP®

to competitors’

* ¢GFP encapsulated in STPLNP3003 shows comparable physicochemical properties with high encapsulation efficiency, compared

= ¢GFP encapsulated in STLNP3003 is more stable than in lipofectamine and shows comparable stability to competitors’

Sample Competitor X Competitor Y STLNP3003
Z-Average (nm) 81.16 94,95 83.47
PDI 0.096 0.191 0.076
Intensity(%) 100 98.7 100
Encapsulation efficacy (%) 9.8 95.5 95.3
eGFP expression (%) | Non-transfected cell | SC-Lipofectamine | Competitor X Competitor Y STLNP3003
0 week 0.45 55.14 94.18 93.17 90.99
3 week, 4°C 93.82 92.96 93.57
3 week, - 20°C 0.52 36.69 93.87 9191 93.32
3 week, - 80°C 94.97 94.18 92.98
U ST PHARM
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Comparison of eGFP in mRNA-LNP transfected in 293T Cells

= STLNP3003 and competitors’ LNP have shown similar activity and eGFP expression level in both flow cytometry and Western

blot analysis

# Flow cytometry analysis of eGFP mRNA-LNP transfection

.,
"

Western blot analysis of eGFP mRNA or eGFP-LNP transfected

(after 24 hrs) 2937 cells
: -
4 Competitor X f' ‘gr 4 +‘w ¢ & ;f ;"" .\"?
i ) P 99.51% é#ﬁf f'ffé
o e £ ¢
| I : !I.. T 2 _.---- P
: STLNP3003 | | Competitor Y .
. 99.72% 99.64% -
LR R R AT CompetitorX | Competitor Y STLNP3003
Sample
CompetitorX | CompetitorY STLNP3003 4h | 24h | 4h | 26h | 4h | 2h
Control ;
ah | 26h | ah | 2h | 4h | 2h Relative
Expression | 57.88 100 7194 | 13346 | 59.89 | 11111
049 | 9971 | 9951 | 99.09 | 99.64 | 9972 | 99.72 Level
() STPHARM

In Vivo Biodistribution of STLNP® (STLNP3003)

* FLuc mRNA with SMARTCAP® was encapsulated in STLNP3003 and competitor's LNP, and biodistribution observed up to 6 days

® STLNP3003 shows faster clearance from the liver than competitor’s LNP

= After 0.5 hr

() STPHARM

LNP Type Antigen Dose (ug)/50ul Competitor STLNP3003
I-A , 7.

Competitor Luciferase 5 arage o) 68 513
PDI 0.064 0.147

STLNP3003 Luciferase 5
Intensity(%) 100.0 100.0

PBS PBS
Encapsulation efficiency (%) 94.8 9.8
* After 6 hr

_’|6_




Capping reagent mass production

* Incorporating oligonucleotide CFT and SMB technology for capping mass production

* Mass production for diverse capping reagents including capping reagents of key companies, BioNTech-Pfizer & Moderna, and ST
PHARM'’s SMARTCAP® from key raw materials (> multi-kilograms/year)

* Both non-GMP and GMP-grade intermediate and product available

Copyright © 2022 ST Pharm Co

* 5'-capping reagent mass production scheme ... Oligonucleotide
& % w
o o
| )L BASE S remores /
(\NH N DMTIO. d S
X | BASE
N o SN HO avoualil !l_l’
HO. HO. ] :o: g x | i
j(i? — "\ E— AP W c
H matic
Uo:di:e ar e Biutr:::fu:matinn e
o BASE
Continuous Flow Technology (CFT) Simulated Moving Bed (SMB) Technology o °.,v_:§.3y§|°‘b
PR R, _of‘gﬂ 0 X
e A
'5.""'"'“"“=I mﬁ F 1
@::}_ b
STPHARM
m Copyright © 2022 5T Pharm Co. Ltd. | NCC Cancer F'\l'll"@
LNP lipid mass production
.ﬂﬂ’ or GMP-like LNP Manufacturing Service
!f%aw mtatiria'ls Tightly controlled under GMP-like condition o Jonizable ipids
rom strategic * PEG-lipi
partners N-1 or N-3 GMP mass manufacturing FEGalps
* Mass production of lipids in LNP
* RMs are supplied by strategic domestic partners that are reliable, qualified and cost-effective
* ST PHARM is manufacturing both ionizable and PEG-lipid, required for LNP formulation
= Production of key lipids will be available upon client’s request
BioNTech-Pfizer Moderna
e lonizable lipid ALC-0315 >3 MT/yr* $M-102 >3 MT/yr*
DD PEG lipid ALC-0159 >1 MTfyr* PEG2000-DMG |  >1MT/yr*
* ST Pharm's manufacturing capacity in Sihwa campus
0 STPHARM

td. | NCC Cancer For.




ST PHARM mRNA GMP facility

mRNA synthesis from milligram to kilogram scale proi

1. R&D and small-scale production (non-GMP)
* mRNA Plant (3F): Established in August 2020

= mRNA R&D and small-scale production for non-clinical Commercial-scale
animal study GMP Manufacturing
2. Mid-scale production (GMP) Facility
* mRNA Plant (1F & 4F): Expansion for ST PHARM's 7 000 ftz
COVID mRNA vaccine manufacturing in May 2021 J

* Production Capacity: Multi-gram/month

Mid-scale

3. Commercial-scale production (GMP)
» mRNA Plant (3F-6F): Further expansion of mRNA GlMEWantiactirig
manufacturing facility equipped with MF system Akl
® Expected expansion capacity: Multi-kgs/month 2 2 37 ftZ
» Customized or dedicated facility available as per !
client’s request

@ ST PHARM O

Copyright © 2022 ST Pharm Co. Ltd. | NCC Cancer Forum

Summary

ST Pharm provides seamless GMP manufacturing service
from LNP-encapsulated mRNA to key materials of caps & lipids in LNP

mRNA CDMO Business ’ LNP Technology and Lipid Mass Production

* Manufacturer of key raw materials in GMP * In-licensed LNP technology, STLNP® and 3"
or non-GMP standard generation LNP, SMARTLNP®
* Provding one-stop service from CDMO to * Mass production of key lipids for LNP
non-clinical GLP studies formulation — ionizable and PEG-lipids

|  SV%

-\
* In-house 5'-capping analog, SMARTCAP® | - ST PHARM * Expanding COMO business of RNA
therapeutics through strategic partnerships

= Total 30 capping analogs for capping

library screening with various RNA companies

* Building up of xRNA projects through

* Cost effective large-scale production of Levatio (circRNA) and Vernagen (mRNA)

diverse 5'-capping reagents

. |
5'-Capping Technology and Mass Production Post-COVID Strategy

@ ST PHARM O

Copyright © 2022 ST Pharm Co. Ltd. | NCC Cancer Forum
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Development of RNA therapeutics and lipid
nanoparticle (LNP) formulation for in vivo delivery
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"In vivo delivery of CRISPR-Cas9 using lipid nanoparticles enables
antithrombin gene editing for sustainable hemophilia A and B therapy." Sci
Adv. 2022 Jan 21;8(3):eabj6901.

"Engineered ionizable lipid nanoparticles for targeted delivery of RNA
therapeutics into different types of cells in the liver." Sci Adv. 2021 Feb
26;7(9):eabf4398.

"Combined hybrid structure of siRNA tailed IVT mRNA (ChriST mRNA) for
enhancing DC maturation and subsequent anticancer T cell immunity"”, J
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Development of RNA therapeutics and lipid nanoparticle (LNP)

formulation for in vivo delivery

In recent years, RNA therapeutics have received tremendous attention as a
tool to regulate gene expression in patients. These approaches include the
regulation of abnormal gene expression by short interfering RNA (siRNA) and
messenger RNA (mRNA). There have been two US FDA approved siRNA
therapeutics (Patisiran and Givosiran) for rare disease treatments. These drugs
target the selective degradation of mRNA to reduce the expression of disease
associated proteins in polyneuropathy and acute hepatic porphyria. In addition,
synthetic mRNA can produce insufficient proteins (e.g. Factor IX, VEGF) in
patients to treat various diseases such as hemophilia A and ischemic heart
disease. To fully realize the potential of RNA therapeutics, an efficient in vivo
delivery system is of the utmost importance. Ionizable lipid nanoparticles
(LNPs) have been widely utilized for the systemic delivery of RNA therapeutics.
LNPs are mainly composed of ionizable lipid or lipid like materials with helper
lipid, cholesterol, and polyethylene glycol (PEG)-lipid. Although LNPs are
particularly advantageous for in vivo delivery, systemic delivery of RNA
therapeutics other than liver hepatocytes remains highly challenging. Ionizable
lipid nanoparticles (LNPs) have been widely utilized for in vivo delivery of RNA
therapeutics into the liver. However, a main challenge remains to develop LNP
formulations for selective delivery of RNA into certain types of liver cells, such
as hepatocytes and liver sinusoidal endothelial cells (LSECs). Here we report
the engineered LNPs for the targeted delivery of RNA into hepatocytes and
LSECs.
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Research Topics

' Nucleic Acid Nanotechnology Based Gene Therapy

+ Development of biocompatible Bio-/Nano- « Technique of building up DNA structure based

N.A. nanostructure fusion technology based gene carrier gene carrier : .S z
based gene therapy « Optimization of disease specific nanocarrier  » Manufacturing of disease targeted DNA structure e
i ’ « Manufacturing technique Lipid/Peptide/Polymer S
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+ Screening of amine molecules for ionizable lipid « Delivery of therapeutic mRMA

Lipid nanoparticle synthesis
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Background and Significance

Recent Trends in the Drug Discovery Area

» Future of medicines is targeted and personalized therapeutic & diagnostic solutions

Gene
Protein Targeting
Drugs Drugs
(DNA/RNA) 2%

";I)

Past ) Current ' Future !

L)
Y N B NT NanoBiomaterial NanoTechnology Lab.

Background and Significance: Types of Gene Therapy

) | Systemic delivery
1 .@. &
endonucleases
Macrophage Bl . Iy | DNA

: G SIRNA or miRNA
L] °

Extracellular barriers

Extracellular matrix

Intracellular barriers
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mRNA miRNA
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Nature Reviews | Genetics
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Synthesis of IVT mRNA
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Comparison of IVT mRNA vs. pDNA

DMNA transfection

mRNA transfection
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IVT mRNA for the simultaneous induction of
multiple proteins

S'UTR P2A
™ " "
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Multiple Protein Expression

Lee et al. JIEC 2019
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IVT mRNA for the simultaneous induction of
multiple proteins
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IVT mRNA for the simultaneous induction of
multiple proteins
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Lee et al. JIEC 2019
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Lipid nanoparticle formulation
for in vivo delivery of NA therapeutics

Mudr e acw

Laminar Flow
Mixing
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Lipid Nanoparticle Technology

Components

i E PEG-lipid ’ Cholesterol

i i Structural lipid _PuP Nucleic acids

g lonizable lipid

@ 12
Function of lonizable Lipid
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Formulating: Storage: Circulation: Endosome:
Low pH, Charged pH ~7, Neutral pH ~7 .4, Neutral pH 5 - 6, Charged

. :
-
OH H
R OH \\[ R OH OH
amine epoxide lonizable Lipid

R

lonizable amine allows lipid to take advantage of surrounding pH
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PBS

In vivo liver uptake screening using
different ionizable lipid candidates

244C10 245C10 246C10 i 246C10
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10:1 26.5% 20% 52% 15% Di (nm) 66 70 68

Luc mRNA 0.1mg/kg, 1V
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Optimization of encapsulation efficiency
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*(12-200 : Previously reported lipidoid for siRNA and mRNA delivery
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Systemic Delivery of LNP - Target Liver diseases
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Problem of liver specific delivery by LNPs
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Effect of LNP size and their biodistribution

ORIGINAL ARTICLE

The size of endothelial fenestrae in human liver
sinusoids: implications for hepatocyte-directed gene
transfer
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NBNT  nanoBiomaterial NanoTechnology Lab.

Liver cell type specific delivery of siRNA

% Influence of particle size on the liver cell type specific
delivery

% siRNAs targeting coagulation factor 7 & factor 8 tested
to demonstrate liver cell type specific delivery

* SiRNA dose of 0.2mpk
C57BL/6

*
)

»
e

—_— Bleeding
3 days

SiFVII & siFVIII

_33_




& 19

NBNT  nanoBiomaterial NanoTechnology Lab.

Influence of particle size on the liver cell type
specific delivery of siRNA
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The difference between siRNA vs mRNA
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Optimization of mMRNA loaded LNPs
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246C10 LNPs induced tdTom fluorescence
specifically in the liver
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Ligand engineered LNPs for
liver cell type specific delivery
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Ligand engineered LNPs for

liver cell type specific delivery
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Ligand engineered LNPs for
liver cell type specific delivery

Mannose incorporated LNPs Galactose incorporated LNPs
400 [ - ant-CD206 100 - 3 - anli-CD206
H W +ant-CD206 g W +anti-CD206
=2 =] ns
3 3 =
=4 ] ns
!% 200 4 5 50 —_—
i i
3 100 i'a
= e

HepG2 cell, Luciferase mRNA
1.5-1.0: Total PEG-lipid 1.5% with 1.0% of Mannose-PEG lipid or Galactose-PEG lipid
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Sci. Adv. 2021
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Ligand engineered LNPs for
liver cell type specific delivery

PBS

PEG 3.0%
(wimannose 2.5%)

Hepatocyte Endothelial cells Kupffer cells
sl & 1l
10% | of A 359,

M 4 % %
=y T PEG 3.0 (wmannose 2.5%

tdTomato

Sci. Adv. 2021

_37_




& 27

} NBNT  nanoBiomaterial NanoTechnology Lab.

Ligand engineered LNPs for
liver cell type specific delivery
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Immune therapy using IVT mRNA

Modernal cmevis>

dclve T2 Pn.‘:h"‘b

Over 60 projects, clinical trials | 4oz, two in Phase Il and three in

planed for 2018 Phase | plus many at a preclinical
In collaboration with AstraZeneca, Sage
Marck, Aleodon In collaboration with Novartis, GSK,

€ 776m in cash in October 2015, Bashvinger; Sanoft JAJ

€ 157m invested, A . 200m i
a raise of $ 462m in Dec 14 (The Pamataly € gty
biggest private round in Biotech

ever)

Ultimate Review: How Could mRNA Overtake all other Biologicals in Medicine? Jerome et al. 2016
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Unmodified mRNA vs Modified mRNA

& Unmodified

. mRNA
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— heg
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Fig. 5. Various types of modified nucleosides utilized in the preparation of in vitro
transcribed (IVT) mRNA.

Emergence of synthetic mRNA : I vitro synthesis of mRNA and its applications in regenerative medicine. Kwon et al. Biomaterials. 2017
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Co-delivery of modified luciferase mRNA - adjuvant
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Co-delivery of modified luciferase mRNA - adjuvant
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Co-delivery of modified luciferase mRNA - adjuvant

Total IgG 1gG1 lgG2a

3 2.5
2.0
2 215
-
<1.0

0.0
SR gl 4 2
§§o§i¢

tetramer

Lee et al. Biomaterial Sciences 2019

_40_




[ 33
= NBNT  nanoBiomaterial NanoTechnology Lab.
ChriST mRNA for enhancing DC maturation
<ChriST mRNA>
5'CAP 5 UTR ORF 3'UTR poly A'tal.l RNAi sequence (AS)
I :-. T6-RNAi sequence (SS)
DNA/RNA
hybrid
Fig. 1. Sch I of the p of the ChriST mRNA and their application in the DOs-based cancer Immunotherapy.

Lee et al. JCR 2020
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ChriST mRNA for enhancing DC maturation
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Summary

» Synthetic mRNA is ideal for rapid onset of protein expression as compared to the
conventional DNA based vectors

> Delivery of IVT mRNA is achieved using lipid nanoparticles (LNPs) for efficient in vivo
expression of target proteins

> Potential applications include 1) therapeutic protein replacement, 2) mRNA based
vaccines, 3) genome editing
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Clinical studies for mRNA cancer vaccine
Hark Kyun Kim, MD,PhD. Deputy Director, National Cancer Center Onco-Innovation Unit

Clinical trials of personalized approach, are active outside Korea for neoantigen-targeted, customized mRNA
cancer vaccines. Neoantigens, such as somatic mutations, indels, and gene fusions, are more immunogenic
than self-antigens. Targeting neoantigens has exhibited clinical efficacy and advantages; 1.there is no need
for clinically-actionable molecular targets; 2.treatment is very safe, enabling the combination with other
immunotherapeutic agents.

While public neoanti%en can be developed as a universal, off-the-shelf therapeutic agent, it is extremely rare.
For example, TP53%"™", which is the most common mutation of the most commonly mutated gene, is present
less than 2% of solid tumor, and restricted to HLA-A2 allele. Only 24 of 911,548 private neoantigens are
common in more than 5% of patients with cancer’. Therefore, custom-synthesized mRNA vaccine is
developed to target multiple private neoantigens.

In a phase la/lb trial (NCT03289962), a neoantigen-based mRNA vaccine RO7198457 (BioNTech),
encoding ~20 patient-specific neoantigens based on neoantigen prediction, was injected intravenously to
previously heavily-treated patients with non-small cell lung cancer, colorectal cancer, melanoma, and breast
cancer, the majority of which express low levels of PD-L1. RO7198457 monotherapy achieved an objective
response rate (ORR) of 4 % (1/26, a gastric cancer), and RO7198457 in combination with anti-PD-L1
antibody atezolizumab achieved ORR of 8 % (9/108)°.

A phase 1 trial (NCT03313778) tested the intramuscular injection of mMRNA lipid-encapsulated neoantigen
vaccine mRNA-4157 (Moderna), alone or in combination with pembrolizumab (anti-PD-1). Of 63 patients
treated with mMRNA-4157/pembrolizumab, there were 3 complete remissions (CRs) (a head and neck
squamous cell carcinoma (HNSCC), a microsatellite instability-high (MSI-H) colorectal cancer, and a MSI-H
prostate cancer) and 8 partial remissions (PRs) (a bladder cancer, 4 HNSCC, 2 small cell lung cancers, and a
MSI-H endometrial cancer), with ORR of 39%. Notably, in the 10 anti-PD-1/PD-L1-naive HPV-negative
HNSCC patients, ORR was 50 % (1 CR, 4 PR, 4 stable disease (SD)) and median progression-free survival
(PFS) w?s 9.8 months [published ORR of pembrolizumab monotherapy is 14.6 % with median PFS of 2.0
months]®.

In summary, mRNA vaccines enable ~66% of private neoantigens to prime naive T cells to memory T cells,
augmenting the clinical efficacy of immune checkpoint blockade in many tumor types. Neoantigen mRNA
vaccines are safe and well tolerated in patients with advanced cancer, with needle-to-needle time, which is
required for design and manufacture, being less than 2 months in these trials.

In collaboration with MFDS, National Cancer Center plans to launch neoantigen vaccine clinical trials by
creating a nationwide cooperative group, and support the development of neoantigen prediction algorithms,
adjuvant therapies, and vaccine manufacturing. Since we are lagging far behind in core mMRNA cancer
vaccine technologies, which may offer breakthrough therapeutic options, unprecedented collaboration among
basic scientists, clinicians, and industry, as well as generous government support, will be crucial to benefit
Korean patients without alternative treatment options.

References
1. Cell Reports (2017) 18 :248
2. Cancer Res (2020) 80 (16_Supplement): CT169
3. Biomarker Research (2021) 9:61
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