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- 24 Anti-sense (ASO), siRNA, miRNA S (Oligonucleotide)  Conventional Drug
- CHE 2F=: 1. Spinraza (lonis / Biogen) M&MZA2(=Z (HOH= 2 2X)
2. Leqvio (Alnylam / Novartis) MM 1X|&€Z = Alnylam XH4| siRNA & MB=:62.5%
= High-Yield Productivity of Alnylam RNAi Therapeutics Platform
| RNA 7|HI_I' Ilﬁx‘” :g Comparison of Historical Industry Metrics to Alnylam Portfolio’
%”é.* . ’é'%' (Exﬁ-‘ E_I_I_H_I_Iljél)o_" EH@’ tE—.)5'0| ?I:% i Probability of Success (POS) by Phase Transit_it_)[\ ___________
Aot o (Ziekst oF= CIXtel) p HUA ob™ 214 OfLy @ o7 s :
LA 7{9] glg (CHHE ASZIR Qi) P 7|E X|2X| oY 22 - wi_|
I|StEAL 22 X|SH 24P Leqvio 28|/H, Repatha 1-23]/2! £ '
ShA| CHH| ZRIA P Leqvio $4,000 0|38t, Repatha $5,850 gz .
ofF . Z&| (BE &7|)0 chigt Mefdo] 5, 7t = ol V=2 & 2 & 2 Il i
b LNP S Chofet Myl et (m) al u n |
7Od:|l, II:-IIcLl- % EO_IF%H:I':]I 7HAL-|9§ EI_-II Iol-jl z|I-EH (-?l Iol-, oI_I-J_I’l-) W Alnylam? M Industry (blomarker-driven programs)® M Industry (overall)®
Avidityjil: AOC (Antibody oligonucleotide conjugates) s et e cbotpreeverierine= SO [ZH : Alnylam]

CHEFMAL HO|E =8, 27t 5 > 22| CDMO 2tH, Shortage



Market 0 RNA-based Therapeutics (Oligo A|&)

= RNA 7|8 X=X AlEQ| 7h=t7|
18 ZEM|E £1} 7|= (Gal-Nac) ME = THEERO 2 X=X S =, 22ENAAS2| RNA 7|8 X| =8| Do ZatQl JHY &5
%

Leqvio (Inclisiran) 2 EF2 '24 AR E THEES RNA Aok Alst S0l o4 p #E (Oligonucleotide) =2 23 MY

N ger 2
n A|EF A2t 22| 152|QEH0|S CMO

20| D520 EIO|E £2 0f|& p Areist A HZE2F 12 Ton ER

RNA 7|5t | 2| Global A& 72 : 21, 6.5X2 P ‘304, of >32.6% ¢ Mat

= Sk i = A0 Ht &
== HA| AL Sk |On|S, AInyIam sHA 7= } XEA| 712 =tcy ObA &3 2 22| 152 QEH|C iy 51 U T Qs 67 AR AE
- pMiES SoZA floRISUY EAS  ozEs
Y A=A gt B g 5 L 4z
Aol OFIXo| o gH= jqo = IH & IT (mg) s (mg) ()* B kg
] = Ctol. of
FDA RNA 52| & 0= +0| [S 14 f “E] cHl: $1091 Pelacarsen MEBES  Apo@  P3 80 2 %0 1000000 %0  Novartis
W IXNESHZK  ANGPTI3 P2 8 %0 1380000 1 A EDH
3.5 . ATlabx} panorsen [&5 R|=2K 35 garEt
. 31 Olezarsen AR R Apocll P3 50 1 600 1000300 600
3.0 . 2H| 2 ) e (ONSAGTUX NEYIEE AT P2 80 s 60 067 36
I
: 25 IONA4O (AZDE23D  OMRIEEE  PCK9 P2 120 2 B0 1380000 497 AstraZeneca
7|E} 2.4 2.5 )
25 29 . oh224 HUSATEZIE DGAT2 P2 80 1 %0 640000 614
. . — S— _ IONIS-MAPTiX Yzsoim AW AU P2 0 4 400 1500000 600 Bogen
2.0 Bepiovirsen BY7IIXISN MRV P2 30 6 1800 1000000 1800 GSK
: ’l 5 Leqvio (ndisiran) O|AIX|HHS PCSK9 oy s 300 22 600 1380,000 828  Novartis
1.5 Anylam  Ziebesian (ALN-AGD)  DEQIEIEA  AGT [ 600 P 1200 1,000,000 1200
’ ALNHBVO2 VIR218) B ZIIXIZH BV P2 200 b 400 500000 200
1.0 Dkema  DCRHBVS RGGME)  BEZIEXSH  HBY P2 30 43 1440 500000 70 Roche
ARO-ANG3 OMREEE  ANGPTIS P2 200 2 400 1380000 552
0.5 L HUSSTTIE HDI7EE P2 200 P 400 1000000 a0 G
e 39 B3 7RI B0~ HBY [ 200 34 1200 500000 600 Janssen
0.0 AMGEY) Olpasian) /@ =3 P@ P2 200 4 800 1000000 80 Amgen
I QA 2A THQ ST2 £9 82 U 5% 717 WS T15: 0|2, 2 S MEIZ LY ERZA 8%} 222 10-20%E 7
2018 2019 2020 2021 2022 2023 x}g:m}x}gﬂ;gi;g 8 8571503, 7Y, 22, 33 S USRS HE @R 29 i [E4] : AMSH]
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AIF
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—_

= ‘23 RNA 7|8 X[=H| 71 S
RE B0l ZH 3,1507H 0]&f2] RNA X|ZH|7} 7 5
52%7t 2022'd Z2E] JHE AR, 12314 Skell RNA A12F 2297 7+

(22|12 +1237H, mRNA +1067H)

1,0007H O|&r2| mRNA Alef 7 = (2 43371, & 30171 S)
got 82|10 Aok Y4 5 19871 5 B 2507 (HI2>HTE>HF)
S2t MRNA Mok QUAAIE 12071 5 2 1937H (B> |5 ek e

RNA

¢ 4Beacon

Status Distribution of mRNA Therapies on Beacon RNA

557 hansonwade
' 1
HdF 2=
« 21,0007 mRNA 212 7t §
400
o
£
a
S
2 300
5 232
& -
200
97
100 - ——
52
- . -
0 re—
mRNA-Based Antibody mRNA-Based Protein mRNA-Enhanced Cell Non-Amplifying RNA  Self-Amplifying RNA  Unspecified mMRNA

Vaccine Vaccine

= Discontinued & Not Active

Therapy
mApproved  mClinically Active  mPreclinical

Production Replacement

ZX: Beacon RNA]

RNA-based Therapeutics A|%

0.| -gorxﬂ; |;||;||-Ej-|| grxr 7<

20234 22|10

5! mRNA Alo} S

2=% 12374, 10671 37t

RNA Modalities & Their Growth in 2023
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Circular RNA Guide RNA-Mediated Messenger RNA Oligonucleotides RNA-Targeted Small
Gene Editing Molecules

mApproved  wClinically Active  wDiscontinued = Not Active (Preclinical)  wNot Active (Clinical) Preclinical Added In 2023
k=] ol [e] X=2¥o1 fe] ] k=3 =
=2|10 3 mRNA 422 otetn| 2 HEH| 2t &

Oligonucleotides vs mRNA for Oncology

Oligonucleotides

+ 250 total therapies
« 164 still in preclinical development
+ 198 clinical trials

w
=1

Number of Therapies
3 o 8 B

°

(?

Namsonwade

Oligonucleotides — Top Cancer Indications
24

23 23
I I I 13
j @
& &
N o@e q’@’b \) @
&
mApproved m Clinically Active Discontinued

« mRNA

+ 193 total therapies

« 119 still in preclinical development
« 129 clinical trials initiated

mRNA — Top Cancer Indications

&
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@
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Number of Therapies
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&P id o"' O <P (}" <
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Not Active (Clinical) Not Active (Predinical) = Preclinical

[EX: Beacon RNA]
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Market

= Novartis

- = Algatast Mof 374 & 27078 22|10 &Sk (Leqvio, Pelacarsen)

- X+ 22|10 Hetsh= MY 2317|282 7HE DTx IHOHE 10iE2{0] ol

- O}0| QLA e} MEEtEIst ASO(QIE|MIA 22|10) Mo ZSIHEr sk #|Z

- '24.1, A5l OF2 112 RNA 7[dt M at/chALEISH X[ 2X| SS7HL 2ok A2
- '24.4, Leqvio®| ASCVD 2txt CHAN 2EEQ 20t IF (4.6. ACC LH)

= Roche

- WU O ZHE NHRK|Z | Zilebesirans 3%

- "19.10, DicernaZ2E THEBHZIH siRNA 22|10 MeFS 17A 20| L/I

-'23.9, O}0|L| AR} ASO 7|8t 2 X5I0|Het
|

-'24.1, Remix Therapeutics2t RN

GSK

-'22.12, Wave2t 19 780HE &2 S| Mok e o
'23.2, MIZ 3! RTXHE X|=H|of| £XH SE 2H#, S| A
- '23.7, Elsie HIO|QH| L Z X[ St QIAE Tl= LI,
'23.11,J&J2| BHEdBHZIE X=X JNJ-3989E 104 21{0] L/I

=

RNA-based Therapeutics A|%

= Novo Nordisk

- 214 AL TAOA BE HRHE 2otollA| RNAI BHE XE 72 ¢E
2

-'21.11, GalXCet= ME7|=2 71X Dicernags 332 2{0f 2l

-'23.7, 8t Q1T T 7|&2 HR%t Eleven Therapeutics?t THEL] Y A2k X| &
- '23.10, 17 Egt siRNA X|ZX| nedosiran X|=X| FDA {7}

I

- '24.3, microRNA/ASO 7|8t X|=H| 7He2|At Cardior Pharma. €100]| 2l

« Lilly

e

- '21.5, MiNA Therapeutics?}t saRNA ZSHE S SHHE &k H&H
- '21.9, ProQRzt 122 5HDHEE] 29 RNA HE X|=H| 7Hafzet A&
-'22.2, RNA 2 DNA 7t & R&D MIE &0 792 EXt
124, Lp(a) &E= siRNA X 2| | ELC|A|ZE 24 I3t

= [onis

- '23.11, EMA7} =|Z X|Z2X| elsunersen(w/ Praxis) 24 AE 2FE X|H

- '24.2, Bepirovirsen(w/ GSK), Eplontersen (w/ AZ) fast-track 57 2= X

- '24.2, 0|= FDA7} Olezarzeng 3|7 QA+EO0Z X|H

-'24.3, 13 Z2 ASO X=X e Zet 2 H (Biogeni}t 721 S5 Z2HE T

|I—|
(S

E)
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Business o Oligonucleotide CDMO

= Oligonucleotide CDMOZ2| SHA AXH= = Oligo Pipeline (FA| ZE=XE > 207H)
- Global 3 2| L Oligo CDMO & (4452 6.4mol, Global No. 1) S0
- Global 2| Monomer / Oligo SA| A4H AJAH A Hss Phasel Phase?2 Phase3 Commercial
P Z7i0iE Qis 7t M, Exlo| RAUM, oHEXQl 35 S2 R0t A axE= °
- Global Z|% Pharma Z1412| Oligo 2% SRUT|A B HAaNDQEE J
- Strong Track Record (Since 1983) Z2HHio| 28| C MDS/MF/AML ®
22410/ 28 D NupEs J
= Oligo CDMO 0= 0] [Eol:ofel]  2=IgHo|ledD  RELEmEE °
S 2RI A SUHsS '
CAGR 64% =SEHNAALE oHy BY 7t  J
224610/ 28 D EFSES o
ECLEIN ok B 74 o
SRHTIAL G SHote o
S2HH|2MAL G ok BY 7k °
2018 2019 2020 2021 2022 2023
. 124 A TEHE X7 =
TZHA =SS TIZHA HES TZHAL ESS OZHAL X35
SEEHAAG BY7Y = 2HN|ALE SEZM A =2 HF|FAH g4 S2HN|LAIK Unknown
ZE2HH|AHAGC 2 X35t0|H S 2HN|2ALA Unknown S [EIN opZl&E S 2N QFAIL IXEH=
=E2HKN|2LFAIG Sl =Z2HH|FAIA 7t ERZI SiRNA =2HKN|2AH ™S =2HKN|2FAIM I|2A4E
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Business Oligonucleotide CDMO

= O 222|105 (73) &2: T ME A& (High-growth market)2| 228t £2 (strong demand)0il A%| CHS

[1 mole 9f 167kg ~ 500kg]

21 Y 22 AL 254 2Q(E) '26'4 2Q(E)
Oligo 44t 1S, 24k 54
g A 1S (Glolj)lgl S L;_%E o Al 25 1E8 Al 25 280
AH] Line (cH) 1 4 7 10
. 2.0 mole 6.4 mole 8~9 mole 12~14 mole
S CAPA (2 330kg~1t) (2 1t-3.21) (2f 1.4t-4.61) 14mol 7|E (9 2.3t-74)
* dH|Line2 HH7| ERE I|IE
= M222[1s THE « =030 Mt 5Ed Y

mAEY mEAY | EHE
2022 2023 2021 2023 2021 2023
2198 23 L i
Nt 43kg ntiXl 54kg (25% A) B 3 Y = Jh

H O
nHiX| 2HM S ™A 272 ndiX| 2 Sl ME 19 (29% W) S SFAN S2IXIAIHM HSMAL
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Business

0 ALLINI A7 HIF{L|S

= SHHEO|Z{A &1 (MT-4 MZEZ)

o

§) ===

Raltegravir ® AZT & Primitegravir

IC5, (NM) y 56.0 |
H — P . B~ i —
= LHAJ0| 2ot HIVO| CHet gHiol2]A 21t
500
- tHIV-1y,, 5 452
400 L : Protease Inhibitor-resistant
Bl . Reverse Transcriptase Inhibitor-resistant
300 EN B : |ntegrase Inhibitor-resistant
200
96.7
100

3.99 185 0.86 1.723.84 1.02 1.5

1Cso ("M)

Pirmitegravir (STP0404)

17.1 .3.53 31.2 218
— —

Raltegravir

1} STPO404

Table 3. Antiviral activity in Raltegravir-resistant strains

Average ICs (range, niM)

Compounds PEMC M4
STPO404 0.08 (0.02~0.22} - 240 (0.85~3.48)
Fidowubine 796 (0.22~20.7) 37.84 (28.7~57.8)
Raltegrawir 1.227.70 (12.5~3,038) 2525 (351~4,322)
Elvitegrawvir - 2751.5 (276~10,000)

Dolutegrawvir - 4 57 (3.07~8.54)

RAL-resisonr Srans: 4736 2, 4735 4 80701, 8oT0_2 15001

< HERN oz FAMOFE ChH| 2 ~ 338 &
o2 A 25 20l

< HIV-10j ci3t =2 oY =tol
X|ZX|Z= (TI, Therapeutic Index):
- STP0404 >6,020, ZE|J2HH|Z >2,710

& 7|E 0| =X ZHE2 HIV 252 2= K|
< OEMEISHSE 105 O|AF M2 7| X 9| Alok Hx
< LiAMO| 2dst HIVO| CHol A = 2| J2tH| 2 CHY|

4 ~ 400HH O|& &2 eHHI0|2 A 25 %
< CHEZX QI Q1E|22tH| X[
- EH|O2H| 2, #H|H 2=, SFH| 22| =

el

& ATOIR 9ol 22 o=

¢ O o
- SFE|O2HH[= (GSK E[H|7|0]) of 2.3x=#
- AH|E|22tH| = (Z2|0{= HILO0F) of 3.2 3
- 2fHJ2H|=2 (MSD OMIER|A) °F 0.8 F
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Business 0 ALLIN| A7 H|Z{L|S 2} STP0404

= STP04042| A7 MOA(EHE H|7IL|E) = STP04042| X-ray 28 7=

X‘I x| HATT (A)

(A) (B) The catalytic site

Infectious HIV-1 Non-infectious HIV-1
withoutinhibitor treated with allosteric bound to two metals Asp -
integrase inhibitor (ALLINI)

LEDGF/p75
binding site

integrase + ALLINI

oA

The catalytic site
bound to two metals

Kessl et al, Cell, 2016, 166, 1257

TEM study in Emory Univ.

» 0|2 S22tk 8 M. Kvaratskhelia 147+ ALLINI (Allosteric integrase inhibitor) 2| Al 22 H|IZ LSS YA, "16H LHE
= QIE|TJ2kH| 24+= 0i|0|= HIO|2HAL| RNAS =3 MZ0|| MESIH Sdt= WS FLXISHH, virionh (SFMEIF HH5| ZHE0 220 = Htn Ql= AEf) sy HE (A)
= ALLINI= QIE[32tN| 247} HIo[2{A 2] RNASE Zetdh= A2 ARMISH QIE| 22| 24| HIF 44Xl S2| nHetE £XI6HH, HHO|2{A RNAS| =48}
(H2IX| A4 mislocalization)E =& (B)
= STP0404 £0{ (B)= 00| = H}O|2{AC2| RNAE HIO|ZHAE HS6h= 29l HA|E HIO = Q510 H|ZHEAM T QIXIE oMot
= New MOA for HIV-cure as “maturation inhibitor” - “Divide and Conquer”, not ‘Shock & Kill" or ‘Block & Lock"
» ALLINI &1 HIAHLIZ #EE 2Iol 18 O|= Z=IEHJ (NIH) ¢+ X[ 2|2 M, of|22| chst, S=2tT ity IS T

nz
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ALLINI 2141 H|FL|E 2t STPO404

= St AN 3 ot 2R
HIV: Three trials to watch in 2024
-'23.12.18 glﬂ 1"_r¢0" 20245 _75_%-5“0': 'éél- HIV xIEI'" %Ig- 3?10." E'g'!- After a pivotal vaccine trial failed earlier this year, research into treatment

and prevention of HIV continues to be vital.
Abigail Beaney December 18, 2023

PLOS PATHOGENS July, 2021 Share this article <
RESEARCHARTICLE Ll s mBjoo

A highly potent and safe pyrrolopyridine- Prena =S
based'aIIo;ternEEH[;\é-;/in;ggrase inhibitor The Drug-Induced Interface That Drives HIV-1 Integ

Largeling ot piaiteglase Hypermultimerization and Loss of Function

interaction site

Tatsuya Maehigashic™, Seohyun Ahn>?*, Uk-Il Kim®, Jared Lindenberger®®, Matthew R. Singer,” Tung Dinh,” Lev Levintov, Arun S. Annamalai,” Juan S. Rey," Lorenzo Briganti,” Nicc

Adrian 0o (', Pratibha C. Koneru®, Bijan Mahboubi', Alan N. Engelman -5, lan A. Taylor,® Kyungjin Kim,® Alan N. Engelman,"® Baek Kim,™ (* Juan R. Perilla, ”Mamuka Kvaratskhe

Mamuka Kvaratskhelia’*, Kyungjin Kim,?*, Baek Kim,"**

RETROINTEGRATION:2023}

7th INTERNATIONAL CONFERENéE_ ON RETROVIRAL INTEGRATIO

) a
Longer-acting, less resistant treatment is needed in HIV

ST Pharm’s Pirmitegravir is a first-in-class potent HIV-1 allosteric integrase inhibitor

(ALLINI) that targets the noncatalytic sites of the viral integrase and interferes with the
integrase-viral RNA interaction during viral maturation.

July 31- August 4, 2023, Boulder, Colorado, USA Discovery and development of novel pyrrolopyridine derivatives as a highly
e e e potent and safe allosteric HIV-1 integrase inhibitor The novel MoA could help in the fight against resistance and could be longer lasting than
SESSION 4 HIV-1 INTEGRASE INHIBITORS AND NOVEL keIl Kim', lll Young L The Nonclinical & Clinical Development of a Novel P CUrTent therapies which would improve the quality of life for HIV patients.
: ANTIRETROVIRAL COMPOUNDS = Integrase Inhibitor, Pirmitegravir
Chairperson: Daniel Adu-Ampratwum, The Ohio State University ! ST PHARM, New D1

Institute of Chemical * Xue Menq', Uk-II Kim', Baek Kim??, Kyungjin Kim'* The Phase Ila, randomised, double-blinded, placebo-controlled, study (NCT05869643) is

SR Kygii Poter K “Cormesponding Auth investigating the antiviral effect, safety, tolerability, and pharmacokinetics of pirmitegravir
ST PHARM, Seoul, Republic of Korea. " ST PHARM, New Drug Innovation, Seoul, Republ . gating the ; Y ¥ P p g
The Fellowship of the Ring: Quest to develop Pirmitegravir, a University, School of Medicine, Department of Pediatrics, 4 1* tréatment-naive adults.
% ?:Zf:ﬁl(;‘em and safe HIV-1 allosteric integrase inhibitor Children’s Healthcare of Atlanta, Center for Drug Disc
- States
* Corresponding Author “This was the first therapy with an ALLINI mechanism of action to reach clinical

development,” Chisholm says. “In Phase I, pirmitegravir was shown to be well tolerated with
a consistent pharmacokinetic profile supporting once-daily dosing. With Phase II data
eagerly anticipated, pirmitegravir will be one to watch in 2024.
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