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Executive Summary (English)

The pharmaceutical industry continues to grow through technological innovation and market
expansion. Among them, the biopharmaceuticals market is expected to grow to approximately USD 1.2
trillion by 2032, at a compound annual growth rate (CAGR) of 8.5 per cent, driven by cell and gene
therapy, immunotherapy, and RNA-based therapies that have emerged in the Covid-19 era. In addition,
the emergence and development of telemedicine and digital healthcare is expected to make precision
medicine and personalized care more common, with Al and big data enabling efficient management,

including patient monitoring.

This is due to the aging population and the increasing prevalence of chronic diseases around the
world, which will further increase the demand for prevention and treatment, and for this, it is necessary to
actively implement cooperation and technology sharing among global pharmaceutical companies,
including Korea, to accelerate the development and commercialization of cutting-edge new drugs that are

converged with various platforms.

Therefore, this paper aims to present key technology development strategies for the growth and
success of mRNA-based therapeutics as a new modality in the field of immuno-oncology. In particular,
based on the success of MRNA vaccines during the Covid-19 pandemic, we will explore the potential for
expansion and future growth of mRNA technologies as cancer vaccines and rare disease therapeutics, and

prepare for policies and governance to foster optimization technologies.

Two core technologies of the RNA platform that emerged as Covid-19 mRNA vaccine products to
overcome and combat the outbreak of Covid-19 are mRNA, which serves as a carrier of DNA genetic
information, and LNP (Lipid nanoparticle) technology, a delivery system that safely delivers mRNA to
target tissues and cells, which is emerging as an innovative technology that can overcome the limitations
of traditional platforms. This technology has the advantage that it can be rapidly designed and produced
by knowing only the genetic information of the pathogen, and can help deliver it safely and accurately to
the target tissue inside the cell. This makes it highly suitable for personalized cancer vaccines as well as
rare disease treatments. In order for Korea to hurriedly secure next-generation technologies beyond the
mRNA platform and delivery chain, LNP technology, which are currently monopolized by global
companies, and successfully apply them to treatments such as immuno-oncology and personalized cancer
vaccines, | believe the following strategic approaches should be taken.

First, to strengthen technology research and development, we need to lay the groundwork for
developing new technologies by increasing investment in basic research to optimize mRNA sequences,

improve nanoparticle- and polymer-based delivery systems, and modulate immune responses, among



others. Next, we need to optimize manufacturing processes and increase cost-effectiveness to enable mass
production.

Second, in the development of personalized therapies, we expect to provide optimized treatment to
patients if we discover biomarkers that can predict treatment response based on patients' genetic
information and establish treatment strategies based on them.

Third, by strengthening industry, academia, and research collaboration, we can quickly derive the
latest research results and use them to accelerate development, while promoting technology sharing and
joint research through international collaboration with global companies and research institutes, we can
enhance our technological competitiveness.

Fourth, in terms of government support and policies, governments should fund R&D, build
infrastructure, and establish policies to protect intellectual property rights and facilitate technology
transfer so that domestic companies can compete in the global market.

Fifth, to expand clinical trials and collaborate with regulatory authorities, we need to provide data
demonstrating safety and efficacy through clinical trials for various cancer types and rare diseases, while
working closely with regulatory authorities to facilitate expedited approval processes.

Sixth, for continuous education and human resource development, it is necessary to establish
training programs to foster experts in mRNA and LNP delivery system technologies, and to strengthen
domestic research capabilities by attracting excellent researchers from overseas.

Seventh, it is necessary to analyze the regulatory environment and market demand in each country
to help establish effective technology and commercialization strategies to enter the global market.

Lastly, in order to secure next-generation technologies that overcome the gap with global
companies, we believe it is crucial to further connect with the 4th bio industry such as artificial
intelligence (Al) and big data. To do so, we need to optimize drug development through data analysis and
predictive modelling, which analyses large-scale genetic data, clinical data, and patient records, and uses
machine learning algorithms to predict the patient's response to treatment to suggest the optimal treatment
method that minimizes side effects. In addition, the ultimate need, which was painfully experienced and
learnt by underdeveloped and developing countries during the Covid-19 era, is that products must be
supplied to patients at the right time and in a seamless manner, which requires a supply chain that can
automate the production process and increase efficiency by leveraging Al and loT technologies that can
be mass-produced and easily controlled for quality, while ensuring good sourcing of raw materials and

delivery of products.

In conclusion, MRNA technology is expected to play an important role in the development of next-
generation vaccines against future pandemic threats, cancer vaccines, and rare disease therapies, so Korea
should be prepared to identify and overcome issues related to mRNA and LNP platforms and establish a

strategic drive system for technology advancement.
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A PP EA Ropl A Y % AT A8l DA A% W A o] Foaln
oA o A F BEA g FPFULh oldF e AT, St 22 49
e 237 AN @ 1% D AN FFY Jl%el W AR R AL Basy
HAHoR Suslor @ % R A Rob R AAA A 5L Avny gelHolw ey
& A s g,

I1.MRNA/LNP € 7] /18, uiAd 2 /g 83

1. mRNA & LNP 7|9 718

3
)
b
>
i}
pc)
i
N
iy
flo
ol
= g
2
A
i
do
=
e
-
)
o
z
o
K
%0,
rﬂ
)
z
>
N
Ju s
I,
B
=
=
N

<= COVID
24 AFY A
RNA)S| =2

l_\

[(e]

L

£

B o=
d

5 E
C

r U

2,

av)
2 ox
i)
o
]

rfLooX oy
il
b
X9,
aly

{ 40
2
o
t
]
v
o
2
>
-0,

O
e
it}
2
Ho
2
o
fz
ru1ru
é
b
i
O
o

o
&

Antigen-coding sequence

T7 AA .
A 5 (; AAAA

» 5'UTR Open Reading J UTR
Frame (ORF)

In vitro transcriotion
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mMRNA®] 7|32 Fx (19 4= 2= 3k DNA, RNA S3F&a4 (T7, SPS,
T3), 5°-Cap, 5°-UTR (Untranslated region), ORF (Open reading frame), 3°-UTR 2 3°-Poly A tail =
TAAE o] dshE wd (F)e] AES ORFYl F24stE oz wai gy
= A = dsyHh

5 UTR CORF 3UTR

o cor QHEH HE— Poveny

mRMNA structure

'}:‘E Components of lipid nanoparticles
Lipid-basaed mRMA Cholastoerol

nanoparticle phosphalipid
onizable lipid
FPEG-conjugated lipids

<718 4>LNP 9 HYd¥ mRNA 734 2o max

F71 19 acA e} ol o] o]HA 3dE mRNATE A F Al Sk= LNP (Lipid
nanoparticle)oll & ¢1=o] AUZ dEs = JeTS st o] mRNA 7} ALEe] AlZ= 507t

A wEe A o] BAE wude] FAl AL FEsE <GAr owA qFe 7
S8 St B WAL Wk ol o]F ESFE T WALE BHHAYDZ FAA
Wee fEste] WAL B AZES AN BAG] FHL Aue e )
AA i Aol QapHel HejolA AAA Sdele & & At

=AR, A2 19 WAle] AbEelA HgEo]l mRNA wAle] e v
W AlSA f9e T whEA AAlska AkE
A AR Qs Ax oA AFEE e BEEE /e bl "olAE A= %ﬁut}

rﬁ
—_>‘4—",
o
o
2o
>
2
o

T oEekdstez Aol 4 ZeiEA FEF P HoR AE ol
e A B g ZlEddyd (2 5).
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aga AEAEA LNP E9F 7S o= d= 212 RNA 7|4k ik eje] il
I 7)1 WAl 7 Had wf Aol goldtar 2 Ak WAl 2l
Al R gl dieto m FolrhA] ol Qb Aol ok HolA|w
Lol AEZUd 2 °
nanoparticle, LNP) 2= X2 AdAE d4=2

o] 8 A< LNP (¥ 6, 7)F UWFH o R 4714 =
BAZIEel 3 AE, A 25 TERE ST ol AHEI FE2HE, mRNAE
A& 3tsk= helper lipid, W A|=81e] Q14 S W AW XS5 FHA7I= SedEd
=2 & (polyethylene glycol, PEG) 52 A vl&=2 £33t FJE|Z mRNASH G 7]4 dkg-o
2 st ol FA W 1 mRNAE A|U°] RNA &3 S4ZHE Hodtes 48S sta
Al Az g3 mRNAS] Y 58S FolEyth

% Zgddd =g Z(Polyethylene glycol)e] F-zH& 2 oA
(thermal stability) ©]4r& =&t 2 &83rhH, o] mRNA S H-2 W 7, A4
Z, bt Fof = o ofFoll A3 4 o= A EEE E(Modality) =A]
E_ =]
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TORMNR Mrouiaw W ; T1IL PEGAS

B DR BN B 20 : E LY
998 28 TR 55 4R " RS BN R0
' VR O T

SO eRNEn b, 7 2REIIRN

Mirrdearg hason B0 Lyt gl Bl
g - Vv R
<1¥ 7>LNP 7 249 54

RNA 51 LNP 33 7]wk WAl B A 842 745 = A=shd AAlSe] v 57
2 o o, ulw, Ay dAny Av, dxselv], Fiy, A, A} W
of gk Ady A9 Z2 H2 wHele vA, A9 B FAASe g A8 9 oo
=S A& AAAH, & o] A1 F2 2HE-2 Moderna Therapeutics,
BioNTech AG, CureVac AG, Sangamo Therapeutics, Inc., Argos Therapeutics, Inc., Translate Bio, Inc.,
In-Cell-Art, eTheRNA Immunotherapeutics, ethris GmbH, ~2#] 3L Tiba Biotech. 5°] 1554t}
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Reading frame) & ©< 4 U %71 2 gl oy ol AthA o2 RNA A7|7F #
i, AE FHE AEYd A wlg- EQbAetar, Ao 54 4, mRNAS A &HH] WS
Agtetnz 15k mRNA Fol7l Zadd ofdd Ao R s AEE 7o FaA
Ha sy
olof MEF 7]==E A7 53 RNA (Self-amplifying RNA)= Replicon-based RNA 41 ©.
= RNA & &5 xol7] flal A7t SFol #ofdh= JA 734 (replicase) S A+ 3t
Qroll A &edell aiFsl= Fd=dE A7F SFHste] 9 EiES B go] A
Aetes R o] 84e dunlo]E A~ Al (positive-sense RNA Hhole]~) & H|-%
FA2F (nsP 1~4)9F T2 F7AF (Capsid, E2/E1) S s Aw FE2E 7HAI o] 9
o

H
otk 71ERE 9% P RNA (Circular RNA)E 28] 9l FHl9] %4 $xy
2oz EAskE &Y 7Y RNAS fd oz mxZato]l] (Backsplicing)s 53
RNA ?H44d& seol7] 918l 49 RNAS 7ldstal lsych o 99 RNAE & A9 &5

:I:’
o
o,
il
s
=

= =
3HA] (Exon junction complex) S 7}?<1J_ 9ol guld AL TG gHES TojoE J)E
& pasne 1y B 2Es Wl el s,
N s o @ Conventional mRNA 5" UTR
T7, T3 or SPS promoter - W Antigen-encoding
Sy L.} .a pONA segment
-’M — templste
Vo . .. ~— F'UTR
Rng opening l l In vitro transcription
L
< W\‘" \* “’ 5 cap HOOOTIIL] ORF [Gena of interest)| 2 UTR-AnnAARAA
W - — ' M e Poly(A) tad
S /‘M’:‘l_) VS ‘?‘t‘
. > -~ e b Self-amplifying mRNA
Gene of interest
6 Y 1P P P STUTR Roplcase B § 3 UTR-AAAAAAAA
———— Subgenomic promoter
B AT A 4
" : N PAAR L
‘\M - ol © Trans-emplifylagmRNA . \sdifiad nucteotide

Replicase Tran

Bl Geeotioeos

d Circular mRNA Gare of inerest
(R B S —  mme
e — o-Emm
!HJ ; d I 00-('-\ ’ \
Fwy 1 [T F Faan 3 F ey d y T‘

Intermediate 3 INrO.

<71¥ 8> Invitro transcribed MRNAE 9|8t 4714 Type T3 HA}
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2)LNP 7= 2 /e |3

mRNA 7]Rke] mAl 8l X 5A] 7ol 9lof 4 24 mRNAZE e ¥ #] &a 58
Aoz AEX WYz dAdsts 7=l ol AdA| (carrien)® AF Y Y AHLNP)7} AH-8-5
AHUTH Ad Ui A mRNAZE A W 24 ol o8 BaEA fdEE wiEsa
mRNAZ} 731 %dﬁ‘}‘z TIAA AlxY T3 58S Folal AXE U2 502 AES
(Endosomal escape) ste] A3ZZ (cytoplasm) ol Al 2 A

oy,
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>
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il
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_IZi
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it o{
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il

7= 8% 7lse —’Ffﬁ%qﬁ‘r.
LN

P (Lipid nanoparticle)E Tstil U= 47H4 AHE vha 149 99

2ol 7% 2 AL e Ao B A g
AAl, S0l &4 MRNAS 35283l A ] BrES ol Joled AW Wi

ol o]t AA F, Fol&A A A (Cationic lipids) 7]¥F Y= A= Dioleoyl-3-
trimethylammonium  propane (DOTAP)¥}  1,2-di-O-octadecenyl-3-trimethylammonium  propane
(DOTMA) 7} l=Hl o] 222 %2 mRNA a3t 31 54718 (of: v%, #)S £43t &

=
F Qe A AeHe AUD Yo Yol 9g & glo] ol mA BAR H4L A
o

}elal W2 pHOlA mRNA %= S 24T 5 & o234 4 (lonizable lipids)S A}
&stal A5y

A, AQA olFTS At A G &S FolE TAANAY FHHE AFLS
Ui 4ape] A4 9 wre] RAAS A Alx B dEE gt §3hE X5kl Al

2
= A

¥ W 43 (endocytosis) & A=< 3 (endosomal escape) 7152 FAATE S gy}
AA, PEG-#2 24 (PEG, polyethylene glycol) & F+A %o & AAA= ¢

o] A S wolal Al Wl sl FAS FASHAA v ke RIS SR

71%S YTk ok, 2o AFRY A I Z87HEl (polycations)S mRNA WAlS- 9%

Uk 42 924 ZFAES 7 A e ol fJA FA 2 3shA o] v

mMRNAZ RNase 3l 258 BHosu AE W 43 2 ded 255 a9%

7I'eE 7HAAL dssydh

rlr

2 e %0 g. ‘f
o| 25} T ),,\:’-‘ 27
%:Olgg xIxEI W oo : ¥ - ® -® ..]\’
//. X = o S . °.‘o oQ.::J
>— | mRNA . h 2 3
P SalnEHE el §°§ e
‘f Lipid nanoparticle (LNP)
PEG X| & =100 Nnm

_

o

<14 9> A4 =Sl 72 3 F8 7Y
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of Aol Al A2 1998 Nyttt BE|E|A] EZEFH|oF theke] Pieter Cullis =7}
o

A G gt gigk 712 AN E 58 T3k, o E 2~ (Arbutus) 3AME YA
FUth @A, Ad vx el #g Fo AA7]E2 o E 2~ (Arbutus)o] 5l gk A}
E9E wol &85 JdE FUULL olg Po] YHAEFHE TRt Fo| g Fad,
A 2oy, dtol#}, obF ek, dEd, GSK, EWAYY Hlo] e B T AlofAbE Aj RS-
Ad Y=Qizas AA gt Qe 94Ut

A, Fd¥ F7F 71U US FDA ZHE S == Arbutus, Acuitas, Alnylam,

Genevant’7} A& AAAFES AFsta om I AR EE COVID-19 WAl 7]wke]l Moderna
(MRNA-1273)¢] LNP (74 AJ¥: SM-102, DSPC, Cholesterol, DMG-PEG 2000) ¢} BioNtech
(BNT162b2) ©] LNP (-4 A ¥&: ALC-0315, DSPC, Cholesterol, ALC-0159) & A% o] U5

H, AEAY A7 IS B, Y BF, olstAtTa o] ug ATE S
=24 08 el o] 23t A HE pH o wet o3t AEj7t WststeE 54
of LFES] RNA oF= Sd Alx Wl ddo] 7hed Ad Ui AAHLNPs)E A5
Yt} 3, o]3toitl 9} mRNA, siRNA 5 RNA WAzt X549 {74 %%@%iﬂ =94
=9 5§ 7H e Ay Fow da syt

9] 79+ University of Texas Southwestern, Medical Center= tH3 LNP 54 & 2~
Elrﬂ‘é(screening) sto] 2+, #7295 EA 7|do] Mg oz mRNAS HEd 9,1%
LNP BEFAE B 1 Z3to] sk A& F&f 7I¢ 3 xF o] dEFom dduo] o
Sdistel= A5 W Fol sy Lela 1de o} H 2hFE 2 (Intellia Therapeutics)+=
CRISPR/Cas9< Ah&ste] §F B A7t st A gy 7Ids xdgsta Ay

7104 g Ad v gAY A2 AEs T Alx 9 A WYy wkes
Tt BERA ans A o deE ol AHe TLR4 235 FA 38l
mRNA ¢F W2le] & T4 G55 FHATI=

3
& 4 glol CART AIE Foe] FAFE 5@ Jloz AT dgyth

i}

(o7

Rl
4

4719 NP BAe 22W J19Ee] HHsta glo] o gAY 53 5L 3]
& Q= SAH NP Aol BRI, o W@ ol 1HA 2 Fole v}
woolWA R FEAS 2 oAl AY el AT NP AR fEYS A WY
FE, BE 59 FAA3} S g ATE SRk A Mg 2AEUE AR G
wvbgel Aol o W ARE AT AAT TES 5 Ay

3)MRNA 2 LNP 7|9 24 2 A 53

F 1 300 Ava o

A S Al7]Z mRNA ZHE <] obd

>
=2

o,
%
Jo _12i
fol
o,

B8] 91 9771 A4=501} CoviD
of FEo] e Wat ofe} ok}
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A4S & F537] s Age] WaAE JFdch o] TAEFL s Fx7F
gl i Eoel ol BRle] A AR FrEchd @y ) AAV s GRS
AYar Utk ole 2023 VFo2 AR 19 MAS Aed F2 do]Llle QE
Tz, G, HIV, SE7IAEGtolel 2, 53 WAl & 49 o WAl (78%), HA43
s A4S A 5§ oF MA(22%) o] ARSI glow o]E AW EF AA wE s
S8 & HFE Ry ok wogdaW, wd oA o, Ay T HFE oAl
Mo FE=o A F dFynh

AEE 9, I "I edA A MEe A A5S HAgs A Aol E7FSD
(Cytokine) ! &5 &= Al|(Co-stimulators)®} 72 W AHHS Z4ARAAE AF Y= IVT mRNA
E A Adele WHoR 3 T A4S Astele Aol &E glan, g
A Rl A= IVT mRNA & o] &3to] Al BRES &3t v gAlsts dude o
A e Ags Beete] AA ikl 7hsst s fieshe AT o] EEa glal
aga AR Ete 7] AE AAES AFYE = IVT mRNA-ZZ 18 A7 AlLES
THEAd (Pluripotency) S 7M=& FX28tAY FE9Hs<= 7] A 3 (induced pluripotent stem cells,

iPSCs)= #3} A7|EdHxE g oz A

A3 dFYTr (28 10).

e
i
g
=
o

(reprogramming) dH=d] ATl = o

Field of application Therapeutic mRNA encoding Ex vivo transfer In vivo transfer

<71% 10> mRNA 7]%9] A& % $&

2.MRNA ZIHZ 7|<9 oA

dAole A WA AR od powe] JFeR HE AUES %E
Aot Aol gl WA FAE nw, 7

*
Yo oz A E W AZE AAPE AFol




Holah= WelAel M8ty 54, 7159 W, AR 1 gdAe oF, 7t5e o
AR AL WS, st Qg Wy Ash Fo] Aol old el fH
o 7hEd Aow dista glayh

e, mRNA SR ES 28stw A7futole s, il dlEel, oA E
2PFRTIFT vhold s & ALWE 4 AWl ﬁ%t‘»}ﬂl A = gl om Al
7HEstE THesAl @ Aoz AAAY ol & FAY, #5% ¥ v, g Az
HHAF ok SO olfE AEAQ WA B iR tiFd ol vt &
T Uk ol=A, WAl Blowe] gk mAle] it RS 29% o Sutd ALR 4
Fakar E

1) mRNA €3 7| 19 F8 A

MRNA 7]=2 W2l F4 &3} opA = 18 <9 COVID-19 7} 7| §0s go=
A%k AW WA ok 9ol SrkskaL alel oIS wimlshy] s A& WAl Ay
AadE FHSE Aol gady o Vles FESe AHeRE f4 JRE 489
= Aol ng V)& A wale nle) 4l&Ad B8, g Suel AR Aawe B
T A9w ol oF WA s, ojel= B AriE e, sAdg A5A T S E8 7F
ol A7) el FE2Y 2o gad ojfE FAsti = Vel & 4 glsy
EE A vee] 31 a4, B R ] 55 A 3 SikEE Shleks A
AR desivta & APy

2) mRNAS] XA 7]& 7o "eA

AR, mRNAE FAst7] 8] AH8HE A 54 549 AA gE7F dasolor g
Utk 1 o]f-E 5ol FallE mRNAE AW el Toll like receptoer 7 & 89 €]3 Uridine ©]
Aol EaEe=d ol WHWES syl fE Uridines 1’41’&3}% N1-
Methypseudouridines ©]-§3k3 AW H& 7Aoo = s At v]§o] st
2 olo] g AgstrF ety =3 Cap analog 1A mRNAS] %ﬂ”é Hoo
M 2 FFel wE Adas @ bR S mAE AEdd dAl, o] E4

Zl#ol o8] FeolEdom dlel AA <l TriLink] CleanCap ©] Ed3akar glo] A4k vj& A

A, MRNAE ©9 7bo R Belgd B4R 2ALdA f50 aTHw Qo] &%
M 3% 5 AE 7k dse A9lel sue old ug Aze g 2 el Bagy

AR, mRNAE @ 7lgdog ZExstea Ao £A)8tE RNase #he #3] &40l
olalf w=A 7] witol o]l& AdstAY wHd BHS gE&H 0w G F e
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A3 0 AR NP EE A4 A AgAZE Bagdh o, Ax, 4858 LNPE
A8 FhE uEe] FAL AILD o) oI AT AHEBAE JuA7] AA 4 2
el uge sl AT FE dgunh

_{

LJUZH, LNPS] 4l A9l o8t de] AS, A a8 S7H717] A8 AR
¥} Endosomal escapes FXldh= Hit o2 FAE O] glo o]st A AL FAAR] 54

RES (reticuloendothelial system) uptake, A<+ 52 2
4 A4 (DSPC, DOPE)¢] Al&% 119
TFAE -

o= PN FRAYIE PEG-REA AW FAF 9 9%, AL, EFEW 5 oh
A2 WS FED S Arha FelA Qo] ol e thek AFAEe] Bagi

THHom AES Aow, @Y 7HH mRNAS dAE SEE7] fEiA = A
RNA 2 Self-amplifying RAN 5 M2 7]&9] 7o) A3 wojd dg
3. 7Y mRNA 719 EAE 2 AA

T 7lES oF WAl idel ARE Follew A 27 Akl wEE deu

COVID-19 WEm oz Qs W 4Esue] AR & 982 PAw w2t 7

Jut
il

=
e AoMA Adsok & BAMel e FAT + AL
A WAL o] WA AX s P FHol EEFEC] 94 Pop B
of ol g Wepgol}t RAF el olrh WAHe] 250 Aol FFE wkd

71l 50] AASHA FoldEH T
1) =9 mRNA 7|9 EAH
mMRNAT A S38tE Aol & Z4ol7] wio] dEow Axvs
T AEQteRE o o gl i dEo] kel vtomw o5 JfAET] ¢l
Ad Y A= BHeste] 7] By 8 Folsjol gt H[E mRNA 7]&o] 4837t
HAARE A& 7)ol Jhde] o] FolK ok st FE, mRNA ZHEA (LNP, Lipoplex,
Organic chemistry 5), mRNA =335 (Cap analogue, Molecular biology, new mRNA ), mRNA

o &
o ®
fass
|o
s
Mz Mo

mass production (&2 A% 5), mRNA E% 4 (A9U94, 54 %) 2 Targeting

disease (M4 B 3| AAS TG oF WA S LI Aok S Ui E AN
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Q) =Ll AHATE R

mRNA2] =2 A% DS (Drug Substance)ll 3 d3sl= mRNASE o] & 4Hsl= %4 1}
%= 47} (Lipid Nano Particle) 2 /%o 2F Ut mRNAE slstd o= 3tdo] 7hash Ao
7F AgHA o] 7] wiiEo] AAE BE8HAQl AAFA (in vitro transcription)oll A RNA HALF A&
£ 83 LNP= dol24 A4, JAAHE, FH&HE, PEG-AHE & 4714 &4 stdES
z9ste] et eAS Sa AU webA, o] FEHEY A4 e EoF B 1 Vs
of AH AR el Lolr i 1 el e EAIH B e sjof & AbEke] s A4St

R AL
]
.
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& 53] 298 J¥gsta 9doerw 1 HE ©]o] Moderna, INST military medicine academy
military sciences 5°] AHFUTEH AAE, mRNA AA] 2 EAde] Eolo A= CureVac ©]
2017l A5 =LE o] F 2020 o]F FEd] FFetal v AAPYH YAZ, mRNA
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$H, F38 935 3= DNAO] RNA S3E 24, RNA @At 78 A4l (Cap analog) 5
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of & A& g SHAES okt o] Vwa Bl gyt
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Vaccine type ‘Combination Conditions NCTnumber (phase) Start Status Outcome measures
(delivery route) year
Personalized mRNA None Advanced cesophageal NCTO3468244 (NA)'® 2018 Unknown AEs, DCR, PFS, TTP and OS
tumour vaccine sguamous carcinoma,
encoding necantigens pancreatic
Gy adenocarcinoma
Lipid nanoparticles None Melanoma, NCTO3480152 2018 Terminated ORR. AEs and the number
loaded with mRNA gastrointestinal cancer, G and I1y** of patients with increased
encoding necantigens genitourinary cancer number and quality of
(i and hepatocellular circulating antigen-specific
cancer T cells

Personalized mRNA None Oesophageal cancer NCTO39208671 (NAY™ 2019  Unknown The number of patients
tumour vaccine and NSCLC with AEs, DCR, PFS, TTP
encoding necantigens and OS
(s.c.)
LPX loaded with mRNA Atezolizumab (anti-PDL1) and Prostate cancer NCTO41681755 (1) 2019 Active, not DLTs
encoding necantigens MFOLFIRINOX recruiting
(s.c.)
RO7198457 Pembrolizumab (anti-PD1) Advanced melanoma NCTO38150568 (1) 2019 Active, not  PFS, ORR, OS and DOR
(s.0.) recruiting
ROT7198457 None Colorectal cancer NCTO4486378 (1) 2019 Recruiting DFS, RFS, TTR, TTF and OS
(i)
Personalized cancer Pembrolizumab (anti-PD1) Melanoma NCTO3897881 (1IN 2019 Active, not RFS, DMFs and DLTs

cine mMRNA-4157 recruiting
(i.m.y
MRNA-5671 vaccine Pembrolizumab (anti-PD1) NSCLC, pancreatic NCTO3948763 (1) 2019 Completed DLTs, AEs, ORR and TCR
(voa1) neoplasms and
() colorectal neoplasms
GRT-CO01 and GRT-CO02  Nivolumab (anti-PD1) and NSCLC, colorectal NCTO3639714 2019 AEs, DLTs, ORR, DOR,
wvaccines (saRNA) ipilimumab (anti-CTLA4) cancer and urothelial (1 and 1™ recruiting PFS, OS and the immune
(i.m.) carcinoma response to necantigens
GRT-C801 and GRT-C802  Atezolizumab (anti-PDL1), Colorectal necplasms NCTO5141721 2022 Recruiting PFS, AEs, OS, CBR and the
vaccines (saRNA) ipilimumakb (arltl CTLA4), (1 and iy duration of response
) flucropyrimidine, bevacizumab

(anti-VEGF), oxal-plaun
PGVOO2 mRNA vaccine Anti-PD1 Solid tumour NCTO5359354 (NA)Y" 2022 Not yet MTD, DLT, ORR, PFS and the
(NA)Y recruiting reaction of antigen-specific
T cells in peripheral blood
Neocantigen mRNA None Solid tumour NCTOS5198752 (1) 2022 Notyet DLT and ORR
personalized cancer recruiting
waccine SW1115C3
(s.c.)
PGVOO2 mRNA vaccine Anti-PD1 and anti-PDL1 Gastric cancer, NCTOS192460 (NAY™ 2022 Recruiting AEs and ORR
(NA) oesophageal cancer
and liver cancer

Personalized necantigen Anti-PD1 and anti-PDL1 Gastric cancer NCTO5227378 (NAY“" 2022 Notyet AEs, ORR and PFS
tumour vaccine recruiting
(NA)
MRNA tumour vaccine Navuliumab Advanced solid tumour NCTO5202561 (1) 2022 Recruiting AEs, DCR and the changes
encoding necantigens (anti-PD1) of the immunoreactivity
(s.c. and iv.) during treatment
Personalized necantigen Atezolizumab (anti-PDL1), Colonic neoplasms and NCTOS5456165 (1) 2022 Recruiting AEs, RFS, DFS, OS and the
tumour vaccine ipilimumakb (anti-CTLAA4) and colorectal neoplasms T cell response
(im) adjuvant chemotherapy
MRNA-4359 vaccine Pembrolizumab (anti-PD1) Solid tumours NCTOS5533697 2022 Recruiting DLTs and AEs
(i.m.) ( and 1™

ul Pct!nn:.znd mAMNA Vaccinage En-nndilg
T oo et Gt Lung g e (NCTo3s08

Cienbcasl [ Paumnll-aﬂ MRNA Vaccine mm Bioloqicall pedsonalmed [RECTUITING
Wiih A Digestve System IMFMA DT VAT
Masplasns cucmm:ht]
Maossengoer RNA (mRNA-Bas Parsenalized Cancer Biologicall mRMNA -4 157 Terminated
Wapccina: alnst b er‘_l._ d by tha A Bﬂggm
Cancer [ e ]

An EMoacy Study of Adpeant Trostmesnt Wk tha P sy Buological: mRMNA -5 157 Recruiting
Parsonalized c-nc:a-r Waccine mRENA-4 167 and Biolagical: pemibroliramaly
Pomibralir umsl I Patants With High- Fisk Malanomes
[KEYNOTE-S42; uc‘rmnuu

U';#'P.?"fm (Aran Cancer Dirug: W oowal wacoing Recruiting
mRNA Vaccing l:nmblu-llon “I’I [MNeo- qu'nnt
Chemothecepy [NCT 001600 h
Phase 172 sllﬂﬂrmﬂmm A Plartastans Dirug: dunvalumab Rescruming
mRANA Vaccine Subjocts With NSCLC [lﬂ.‘}"l’glI BATTZ) NSCLG Drug: tremelimurmats
Biological: Bl 13616848
T aarwd Icll; of mMRNA=L 15T Solid wamors Biologicall mBMNA-4 157 Recrulting
Alone in ] Wi s and in au:gm pemibrolEsmaty
[ Winh i With
L Sl T mm 1377Fa)
TﬂH ol ai RINAC e Warcclive In RS MNSCLC Biological CWe201 Completad
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ARE BZlow AT A T s
OgFEA et AxTHe A AR
(Product quality attributes) 2 7]5 2 A 7 |
THHoR QAgstE EE mRNA 7|REe] ofE fokg AedstE AAA A B B
E7sk FHE 7hestA & Blolghar Azt
AR =, mRNA Vaccine #&ol tigh A o= ZwE7 (53], DNA template), Drug
substance (DS) <} Drug product (DP)2] 41", Lipid nanoparticle (LNP)oll gt o] F=9 A}
gto 2 1 549 identity, content, integrity, purity, potency % safetyS 4 F2 5
F3F<5Uth 53], DP (Drug product) o4& LNPY B4 (7], EAHERE, 59, &
W S)E EYUHSkE s T8 o7lar AAEojx o gyt
EA 2, mRNA A2HS in vitro chemoenzymatic 27 S ©]83lo] Al =d 5 cap, UTR

>

[
X,
o
i
M

of

(upstream and downstream untranslated regions), coding region, poly (A) tail S Z 4= 47}%] A& o2
TAAEAA ded 2t Fxe F49 A4S gRlets Zlo] Fagyn A7t 5EA4E B
™ Cap incorporation®] & (%)S RP-HPLC % IP RP-HPLC W o= HUEs3|oF stal, UTR
o] Aol FxE WA FHS o= x4 lxtolil UTR librariesE® AM&3ko] o] ¢17)
Aol HAAH3ZE A FUoh Poly(A) taile] Zol= half-life ¢ WY &4 (Translation
efficiency)ol QIS 71X Q4R o] EAS F<lsly] Y38 IP RP-HPLC WY o2 U
sloF gyt (¥ 1D).

w2, mRNA Z7]9F AFS oS FFA7]= codon HA3E & 4 A= TR
EAolal o] AVIME A5 BUHSE U 53 7]F2 ok 29 113 #o] AF

] =
g 5 9 o Had F4AA BrhHolol Fudh ol Aze mud
1ol e wlow st mRNA Al Aol 20308 AFE AP H4E dgelnw

A&H o RFHE A whshor T AU

Quality Artribute Method

High throughput seauencing (HTS)

Idantity MRNA sequence Identity confirmation Sanger sequencing

Reverse Transcriptase — PCR (RT-PCR)
Quantitative PCR (QPCR)

Content RNA concentration _Digital PCR (dPCR)

_Oitrs copy (UV)

Capillary electrophoresis®
Integrity MRNA Intactness Capillary gel electrophoresis (CGE)®
Agarose gel electrophoresis )
Reverse-phase Quid Chromatography Mass Spectroscopy
S* capping efficiency R A/
1on pair reversed-phase high-porformance lkquid
chrorr aphy ( - LC)
lon pair reversed-phase high-performance liquid
chromatography (P -RP-MPLC)

Immunoblot

2° polylA) taill length

Product related lmpwill‘i - dsRNA

_Enzyr. unosorbent assay (CLISA)

Purity Product related impurities - aggregate Size 1 vhigh-perfo. lauid raphy
quantitation AL (SEC-HPLS)®
Product related impurities - percontage
of fragment rmRNA
Process related impurities - residual DNA
template.

Roversed-phase MPLC (FRP- NPI.C)"

Quantitative PCR (QPCR)

Process related impurities - aua X © tiquid chro"n.to.r-pl\y Mmass spectroscopy
_ of free/non-incorporated nucieosides. (RP—LC-MS/PAS)]
Process related impuritios - residual T7 ===
BRNA polymerase content Enzyrm t assay (ELisA)
Porency Expression of target protein Cell-based assay
Endotoxin USP <85>
G Bioburden USP <61>, <62>, <13115>
Appearance USP <790>
Other Residual solvents USSP <aAG7>
e USP <791

© Donated methods

<71¥ 12> mRNAdrug substance®] 7+7 % Z3&}A ¢
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1. 3238 x}Ad] mRNA 7]8F 71& s A=
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A Ag 2 o WAl AJ85E $3F Messenger RNA (MRNA)E 3001 B¢k 47}
=9 o] F9 Ao 2212 naked modified mRNAS] o] Hl &
vk =Folgks AdYth o] mRNA 7} in vivool A g &tA ok

WA e AdistAY +x R ste WE, AA, a8
A1, vheketal A& A AY AIAE(LNPY AR AHE F), Fo A=
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g 7R 7dEar 228 Algle] gt IutESE oF walo® H3EA E AYYTh
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AR =2, mRNA modifications & 5-2%e] Capping # 4 3e= 71542 mRNAE RHE7]
A%k A FHoZ G522 Capping ¥ (o), Co-transcriptional capping %)< 7iZolu} A
el Al 50% ©]/39] capping &&S FXE F AT HAAE Mt ALY} £, HgdAd T
g S T 3L poly(A) taile] AgHek do], Wy Fol #we gzl

A Ael) s AHS Zolof Ut &4, mRNAE in vitro transcribed (IVT) mRNAS ] 23}
7] 918l 41+= RNA polymerase (T7, T3, or SP6)9} WYX S Zo]7] Y& Hydd d7|E A&
dlof st=dl, & 5 5-methylcytidine (m5C), Pseudouridine (W), N1-methyl pseudouridine (m1¥)
o o] ARgHY 719 ==Y 7o AAAHe R Qs AFH R AGHER ol o
A F AeE FAE Aol duth AA, HZol A5l linear mRNAE WA Az &
A 7] A WAl Folrl o sk whde| o] tiAAR e = 37HA B
°] mRNAs (Non-replicating mRNAs, Self-amplifying mRNAs, Circular mRNAs)+= Ttk 2 H,
3], o AzelA HAAQ AEHoR AEsta JFHY ol Hd a85 FolAY =4
S GEAU £5E7F =S mRNAsS @ 2 A FA 5o HASE aelste] sty ojof
o 9, IVT 2 A3 MRNA Templates 7]E A|A3l=d AF-8% = DNase H+

Iy ke
B2 (Impurities) S A7 4= 9= mRNA A4 2 2 4248 susor o ogAalA,
o]:%

=

A

o A AL g&8AAN 3G dFS A= A B 92 A% 231@2d,

= 4C WA)elAM A7F Edoly AR &3 B P WolA A &= 23S Fot
of Hytt (71 A2 671 wut, -20°C E= -80°C M),

npx]ul o 2 Naked mRANs ¢ RNase degradation (3)ol 93] T84 ¥k-g-3=

2 AX Y 558 & FE8AY £l (Degradation) A Al 3= LNP delivery systems=

3], ol 23 A S 7Rt 2 3 A vt dEAel @ #alo]

=]
A ERFOR wEA, wd A4 L B A% Sl o A a7
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Al o] Fojof o]yl AT~ 7¥to® thefgt A 7w side] Jhssirhar Azhsid

a9 o& 5o E¥, mRNA BAE Ad vw e Alxd AA sheE
T, AE U 4ol AW Hg Aol gk
g3k A, AW F=AE 7L
A A A Aol e, AE W pH, 2%, A|ZF WEke] we} mRNA #& Payload
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2. MRNAY] ¢+ #A 7at A=

A4, mRNA S5 A dgk Wk opue} tpaFek oF $hxpo] dAqtol|l Bo] 484
I = Aol ARAdUYTE 283l mRNA WAl Az 42 24 A]2®l Q1 next-generation
sequencing (NGS)& AH&sh= A& ¢ 8k} mith & 5ol%Ql 3z} WolEo] EA)aH

=4 o]+ tumor-specific antigens (TSAs) 2139 (encoding)S 7Fs 7l o =A 73 WY
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