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4 DONG-A SOCIO HOLDINGS

Healthcare { Non-Healthcare }

/ST PHARM

APl CDMO & New drug
development

) DONG-AST {7 DONG-A OTSUKA

Food & Beverage

-

Prescription Drugs

{17 YONGMA LOGIS

Logistics & Storage

{17 SO0 SEOK

Bottles Manufacturing

{17 CHULGEUN

Engineering & Construction

{7/ DONG-A PHARM DMEBIO {17 DA INFORMATION

OTC/Consumer Products Biosimilar (mAb) CMO E-Business & Solutions
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=] CMO At

Fully integrated in-house Production Capability
Nucleosides to Oilgonucleotides

Base” Oligonucleotide

DMTO
0
Base”
DMTO 0 w _ *siRNA/micro RNA
) ) g R ) * Aptamers
ou R " NCANo S NP " «Antisense

OH R
Nucleoside Protected Nucleoside Phosphoramidite * Decoys
* Other novel oligos
Base:A G,C,T(U)

v OFA|OF £|% GMP Oligo MAF AMH|A A|Z} (2008)

v HA REe RiM/EE|1 FA| ‘44 CMO

v 1574 o|4o| 22| DS Y4 14~34 ATE o) 0T S0 22
v O|=/Sd/d2 2 5 E GMP compliance and Data Integrity A4S

v 22 H %A Ct42] Nucleoside APIs 224802 ZEHSA|AH =
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Coding RNA

AT hy

replication

(DNA -> DNA)
DNA Polymerase

DTG pnNA

transcription
(DNA -> RNA)

RNA Polymerase

translation

(RNA -> Protein)
Ribosome

S-0-0-0-0-CD protein

Non Coding RNA
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S XXt (DNA)75% = RNA M@ 2 H
JafLt SHXHDNA)E 2%8t0| &t

RNA = DNAQ} EHEl 20| Z7HM| 2 2 7|s0| US A
Ot& LA Xote MZ2| 7|s1 2Ee 2A 7 A= A
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ZHCESE oF 2 CIXIQL: EFZI M EO AR MEE M
er/d & Solid Phase Synthesis
Lot AEFE £F (R&AD, HUYT|Zh <24)

=X, HX'8 HE 7ts (REHEE 3I)

[ -

O™ M: Chemical ModificationS 6} Sf0| of 2=

Off-Target HZXtg: Alslog2 HXlR M2 A{e MEH

Delivery: Lipid Nanoparticle, Receptor binding molecule
B0z B FM HO|Lt XI4Hel 7|&dso| Be
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e Antisense ¢ siRNA e miRNA Inhibitor

Gapmer Endogenous

mikMA
W Alnylam

b
ibitor
&10NIS), . YA ..}
== PHARMACEUTICALS RECDQ nition of Curing Chronic Hepatitis B S—
DMNA-RNA A

hybrids RNA Inhibition of
—— m AGO miRMNA activities

[ RNA ot ot

|ding
AGO2 siRNA

Loading
into AGO

RNA T

. S
Cleavage —= Degradation Cleavage — Degradation
* miRNA mimics ¢ Exon skipping & Epigenetic change
_ LASO @ Inhibition or
ds or ss miRNA e activation
mimics " f transcription
9 l( AREPT / ‘ of transcrip
mlaagenco — S |Hr|:}mE| uT u’aA Lil] — !HQMNTLQ
: \\;P"'f----____--- - o
—
\ Change of
alternative splicing
or

_— Exon inclusion Exon | Exon | Exon \'

Destabilization of mRNA/ . Dissociati
translational inhibition Exon exclusion _ [ Exon | Fxon Issociation

Chromatin modifiers/
splicing factors

" NATURE REVIEWS | DRUG DISCOVERY VOLUME 16 | MARCH 2017 | 167
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1978 Dr, Paul

Zamecnik publishes

first demonstration of
antisense technology
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Market size, optimism, visibility

Antisense technology

A [ Importance of RNase H }

antisense principle

splice-switching

[ Discovery of the }[ Discovery of J [ Momentum }

shifts to RNAI

Invention of
automated
oligonucleotide
synthesis

MOE, PMO, 2'F-ANA

increased potency

[ Discovery of LNA, ] [ Short ENA gapmers show

{ Foundational

chemistry: PS

KYMAMRO™

APPROVED
Fomivirsen Mipomersen approved
approval by FDA but not EMA
] Oblimersen [ Development of GalNAc ASOs J
fails in

| pase s Increasing understanding
of toxicity mechanisms

:

!

A ' ,
AN !.-.n§:1!|rrasls ‘ " Spiranza
approval \

Foundations of 1st

1980 1990 2000 2010 2020
Foundations of 2nd MNew designs improve
generation approaches potency and specificity

generation approaches

VOLUME 35 NUMBER 3 MARCH 2017
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Drugs

SPINRAZA®

KYNAMRO®
Inotersen
Volanesorsen
Volanesorsen
IONIS-HTT,,
IONIS-SOD1,,
AKCEA-ANGPTL3-L_,
IONIS-PKK,,
IONIS-GHR-L .,

Severe and Rare

IONIS-TMPRSS6-L5,

IONIS-FXlg,

M AKCEA-APO(a)-Ls,
Ell  AKCEA-APOCIII-Le,
IONIS-AGT-L,,,

IONIS-AR-2.5,,
IONIS-STAT3-2.5,,
IONIS-KRAS-2.5,,,

IONIS-HBV,,

IONIS-HBV-Ls,

IONIS-FB-L,,

IONIS-GCGR,,,
AKCEA-ANGPTL3-L,,

o
©
2
]
3
o
=

IONIS-DGAT2;,

Indication

SMA
HoFH
ATTR
FCS
FPL
Huntington's Disease
ALS
Rare Hyperlipidemias
HAE
Acromegaly
p-Thalassemia

Clotting Disorders
CvVD

CcvVD

Treatment-Resistant
Hypertension

Cancer
Cancer

Cancer

HBV

HBV

Complement-Mediated
Diseases

Diabetes

NAFLD/Metabolic
Complications

NASH

Partner
Biogen
Kastle
lonis
Akcea
Akcea
Roche
Biogen
Akcea
lonis
lonis

lonis

Bayer

Akcea/Novartis
Akcea/Novartis

lonis

lonis
AstraZeneca
AstraZeneca
GSK
GSK
lonis
lonis
Akcea

lonis

Commercial

= |IONIS

August 2017 = DLARMACEUTICALS
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SPINRAZA is Positioned to be One of the Top
Orphan Drug Launches in History

YTD SPINRAZA sales
of $521M as of 3Q:17*

s 88888

Cumulative Sales ($ M)
g

ok ambi
S PINRAZA

s AVO MO X
w—Cinryze

— S0l

Launch (Quarters)

August 2017
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Drugs Potentially
On the Market

Phase 2 Readouts

«  AKCEA-APO(a)}ls, * IONISHTT,,
» AKCEA-ANGPTL3-Ls, * IONIS-SOD1,,
* IONIS-DGATZ, o IONIS-PKK,,

Phase 2 Initiations

* IONIS-STAT3-25, * IONIS-AR-25,,
*  IONIS-GHR Ly, *  IONIS-KRAS-2 5,
*  IONIS-FB-Lg,

Multiple POC Initial Clinical Trial
Readouts

August 2017

b
-
-
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Market size, optimism, visibility

>

RNAi

5 g Development of
PECauen o Big pharma stabilized
HbAl enters GalNAc siRNAs
|
Nobel Prize to Fire Several advanced
and Mello clinical trials fail

[ Early clinical tnals | I [

Big pharma (
leaves

First product expected
~2018

LNPs continue to
show immune
effects

2020

2000 2005 2010 2015
Foundational Focus: minimal Focus: ex
biology modification modi
and LNP delivery and conjugate

VOLUME 35

NUMBER 3 MARCH 2017

NATURE BIOTECHNOLOGY
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Focused in 3 Strategic Therapeutic Areas (STArs):
@ Genetic Medicines ¢A ‘ n y

. Cardio-Metabolic Diseases

@ Hepatic Infectious Diseases

ARMACEUTICALS

HUMAN BREAKTHROUGH EARLYSTAGE LATESTAGE REGISTRATION/ COMMERCIAL

POC’ DESIGNATION  (NOorCTAFfled-Phase 2)  (Phase 2-Phase 3) COMMERCIAL? RIGHTS
Hereditary ATTR
Patisiran Amyloidoss & R 5 Global
. x Acute Hepatic )
Givosiran Porshiris 3‘ g ‘ Global
Hemophilia and Rare 15-30%
Fitusiran Bleeding Disorders 8, . Royalties
Milestones &
Inclisiran Hypercholesterolemia z ‘ up to 20%
/) Royalties
Hereditary ATTR 3
ALN-TTRsc02 Amyloidosis ) . Global
Lumasiran Primary Hyperoxaluria z o . Global
Type ] A A
Cemdisiran LC)?mp neat-Madioted 8 . Global
iseases A

m ST Pharm Co., Ltd. 14




Therapeutic Oligonucleotide Programs
All Programs by Class 2002-2017
- 0000000000000

422
CRISPR Oligo-Based gRNA B miRNA Inhibitors & Mimics siRNA
Exon-Skipping B Aptamer Immunostimulatory
M Decoy M Other* M Ribozyme

H Antisense

103 106

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Courtesy of Gary Carter, Agilent Technologies 2017 Asia TIDES Meeting in Kyoto

m ST Pharm Co., Ltd. 15




2EMNHO|= XsHx|

Imetelstat (G163)
| El A0 B XEkE]l 13mer2| Modified DNA 22|12 A
Telomerase A X|7| 52 SIQAUxEL =2 H
imetelstat binds to RNA template
preventing maintenance of telomeres

Telomerase

RNA Template
(hTR)

\mm ‘
Imetelstat

Telomere

m ST Pharm Co., Ltd. 16



Imetelstat - telomerase Inhibitor

> gobol v Xzl M8 (Z0|| TelomeraseZt BX0| =X|)

' —> essential thrombocythemia

platelets (ET) =gasiam=s
(abnormal)

of gl TM E »
® —— polycythemia vera (PV) ziMmgaizy;

red blood cells

malignant (abnormal)
prngenitor_\l
4 0 %—} myelofibrosis (MF) z44893
\ collagen and
1"

reticulin fibers
(fibrosis)

malignant
clone

acute myelogenous leukemia
(AML) FHELRAENULY

myelodysplastic syndromes
(MDS) =27dd0[dE52 T

m ST Pharm Co., Ltd.
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Best Practice Award from Frost & Sullivan

O|AE[ZH Z2H API AR M 24 M4 &4 Foa
BESTPRACTICES ¥
DRAE Of Mald, 47 5.0 JF FA0M 24 Ht ;‘; AWARDS y;

JIAIZAIZE 18.04.12 14:57 | 2|2 G0/ 18.04.12 14:57 \J)) (a

[GIC|AIO|EwA HO2 7[AH GAE[E2 A 119 'EE2AE O de|#(Frost & Sullivan)'Of
M Z25t= H|AE TElE| A 0] E(Best Practice Award)'Of|A 3= 7| 2|=2 2018 =&
H APl A2 (S| 1 F2LE0|E) 44 4 2|y Ar0| MdUCET 5l
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Making research creative & expediting drug development /\




New Drug Development of ST PHARM

Innovative Virtual R&D

| AE|&HO| Virtual R&DEF?

Ao sy AR Ao = CHYsh o LMot ES
HIlolo] SSHTF 2 in-licensingS Sl A
Aot of| AE|Ee| Chet o] HERT U
MY ntEL M S M3 28510 EEXQl out-

licensing® Z78Hs HERS| MOt T F

' X=X 20F

= Tankyrase Inhibitor (Cj %2
= Oral Heparin (3| &2}

Hio|2{ A X|&X| £0f
= HIV Integrase Inhibitor (AIDS)
»= Influenza virus (RAZF AU X})

Innovative
Virtual R&D

/ QF o|:Hlo| NS B3 TEHOl Moty
v @ EX}H|O| A

o

v 7| AAMCHA B E] out-licensing, joint venture,
ot
[ -

SE/ME S Crdet WEjel 70 MEf =%
v eF API CDMO At 3t AAE AKX ga H=

& X| 2R S0

= Oral Heparin (MSXHMHAMZE)

7| Ef
* Muscle Disorder (miRNA mimics
targeting SMAD4 (014 Z2ZUAS))

* NASH (H|Z =48 X[

22
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New Drug Development of ST PHARM

Innovative Virtual R&D Strategy

iTﬁ ST PHARM Making research creative and expediting development

v'In-licensing
v'Acquisitions

- incubaton 2

CROs
{ a N\
‘A M0ty GRS RESEARCH
y owxns'x Alﬁedl;cal Center %‘E v DX WIL
KRIiCT Sundia
= WuXi AppTec
. [ ]
s eurofins
KRIgd SOUTHERN RESEARCH
Boscrce &S INSTITUTE
\_ \_ ) L y

v' Strategic Partnership
v Co-development
v Out-licensing

23
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New Drug Development of ST PHARM
New Drug Development Snapshot

Project Status Indications Comments

= Action : Canonical Wnt signaling (PARP5a & 5b) antagonist
» Goal : First-in-class candidate targeting for mutant KRas/NRas

Tank . .

I:Il:ib);:?cfs M4 CH& patients & Cetuximab non-responders
= Market value : $4B
= Competitor : Roche/Genentech, Novatis, J&J, Amgen
= Action : Anticoagulant
» Goal : First-in-class candidate

. MBI M= = Market valtfe : $128. .
Oral Heparin | T Ql4t = No competitor : Emisphere (failed at Phase III, 2004)

= Diverse indication applications : Increasing market size
- Anticoagulants : A B2 Ho HHMZ (DVT)
- HojgoIN|ol HE R0 M2 o AU YHS (CAT)

= Action : Allosteric integrase inhibition

» Goal : First-in-class candidate

= Market value : $20B

AIDS » Replacement of the current AIDS drugs

- Novel mechanism (Allosteric integrase inhibition)
- No resistance predicted

- Strong candidate for combination therapy

HIV Integrase
Inhibitor

rad
o
(1}

‘Nj ST Pharm Co., Ltd. 24



New Drug Development of ST Pharm

Do Clinical Trial
Tankyrase Inhibition STP06-1002* Clinical Trial in
(CHE ) 2018

Pipeline

Oral Heparin Clinical Trial in
(DVT, CAT) STP02-3725* 2019
HIV Integrase . o
Inhibition STP03-0404 Clinical Trial in
(AIDS) 2019

Influenza Virus Lead
(QUSZAUXL Optimization

Lead
Optimization

T . DVT : Deep Vein Thrombosis (ME 0 X
(i?_ljg E-?:I'_J.\_%) Identification CAT: Cancer Associated Thrombosis (& 224
* X AT EEALY] K| TR

m&*@'

H3)

w ST Pharm Co., Ltd. 25
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