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35'1e & Complexity — Small Molecule Drugs & Proteins

Small
Molecule Large Molecule Drug

Pxug lgG Antibody
~ 25,000 atoms

Large Biologic

hGH
~ 3000 a‘o"n')
Aspirin
21 atoms

Business Jet
~ 30,000 bs (without fuel)

Complexity

https://www.azbio.org/
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De novo drug discovery and development
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Post-Marketing
Surveillance

Drug Discovery Preclinical Clinical Trials FDA Review

5,000-10,000
COMPOUNDS

ONE FDA-
AFFROVED
DRUG

PHASET | PHASE 2
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NUMBER OF VOLUNTEERS
20-100 | 100-500 FEIENT
6-7 YEARS

INDEFINITE

0.5-2 YEARS

b IND SUBMITTED
P NDA SUBMITTED

Drug Discovery(Novartis) Scurce: PhRMAS

http://www.youtube.com/watch?v=3GI0gAcW8rw&feature=related
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1-3 1-2 1525 i i
1 year 4-8 years i <Z years . el
years years years : withdrawn
Target Lead Lead Pre-clinical § P1 P2 P3 Submission & Approval
Validation  Generation Optimization Development _
DRUG DISCOVERY PRE-CLINICAL DEVELOPMENT| |ND CLINICAL DEVELOPMENT E NDA/BLA
Phaselto | Phasellto Phase lll to
Phasell | Phaselll Aubmission
Small molecule 63% 38% 61% 91%
Large molecule B4% 53% T4% 96%
Clinical trial success rates
10,000 250 Approval:
Compounds animal small molecules * 1 approved drug

screened large molecules

testing

The estimated average pre-tax industry cost per new prescription drug
approval (inclusive of failures and capital costs) is: $2,558 million

https:/fwww slideshare net/VeronikaValdova/the-potential-of-utilization-of-stamp-in-drug-development
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CHR1:$bn
| 2011 | 2012 | 2017 | 2022%F
=92 Product Sales Product Sales Product Sales Product Sales
1 LIPITOR 12.5 Humira 9.6 Humira 184 Opdivo 14.6
2 PLAVIX 9.3 Enbrel 8.4 Rituxan 9.2 Humira 13.6
3 SERETIDE 8.7 Seretide 8.0 Revlimid 8.2 Revlimid 13.0
4 CRESTOR 8.0 Remicade 7.6 Enbrel 7.8 Xarelto 7.8
5 NEXIUM 7.9 Rituxan 7.1 Herceptin 7.4 Eylea 7.7
6 SEROQUEL 7.6 Crestor 6.8 Eliquis 7.4 Imbruvica 7.3
7 HUMIRA 7.3 Lantus 6.3 Remicade 7.1 Enbrel 7.2
8 ENBREL 6.8 Herceptin 6.2 Avastin 7.0 Prevnar 13 6.1
9 REMICADE 6.8 Januvia/J-met 6.2 Xarelto 6.3 Keytruda 6.0
10 ABILIFY 6.3 Avastin 6.1 Eylea 6.3 Januvia/Janu 5.9

met

Source: Evaluate Pharma, Statista
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- 2022E7kX| 6.5% ‘&1 $1.06 trno| XEO|E A|ZHZ O At
- oA checkpoint inhibitor(Opdivo, Keytruda)s0| &2 g A2 &
- Orphan drug(3| | X|2X))0| =2 48 B Ao Z H11, 202214 $209B Of A=l
Worldwide Total Prescription Drug Sales (2008-2022) Source: Evaluate, May 2017
1,200 +6.5% CAGR 2017-22 —
1,060
990
1,000 / 920
§ 81 860
w800 732 19 797 750 241 768 774
ﬁ 649 664 686
§ 600
587
S 587 567 579 =18 251
2 400 547
&
E 200
0
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Generics Orphan B Prescription excl. Generics & Orphan

Annual budget of Korean government is $357 B in 2017.

Semiconductor market: $364B in 2017 11
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Worldwide Total Pharmaceutical R&D Spend in 2008-2022

200
180
160
140
120

100

WW Pharma R&D Spend ($bn)
[ S 3] oo
o o o O

o

128

2008

136

127 128

=1
+2.5% CAGR 2008-16 " =

2008 2010 20Mm 2012

2013

Source: Evaluate, May 2017

+16%
+14%
181
- - » +12%
e i 176
pm wm wa 166 L. +10%
143, - "" 157 158 161
- 148 g9
+2.4% CAGR 2016-22 b
+5.9%
+6%
+29%  +3.0% +2.9% +4%,
= Q= 9
+2%
+0%
2%
4%
2014 2015 2016 2017 2018 2019 2020 2021 2022

R&D Spend Growth (%)
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- 20229 HIO|Q@O|QFE 0| MA|| o|AZ A|EIO| 30% X}X|EH ZHHo 2 &,
- &% 10070 F=0|A HO|22|F0| 52% XX A= =
Worldwide Prescription Drug & OTC Pharmaceutical Sales: Source: Evaluate, May 2017
Biotech vs. Conventional Technology
90% 83% 83% 82% 82%
80% 78% 77% 6%
75% -

$ 20% 74% T3% 729%
E 7% 7% 70%
O 70%
-
o
o
c 60%
2 =0 Biotech Products Within Top 100
g o Rapid increase in share of Top 100 products: 2022 Split:
:{ 0% - 2008: 30% 49% Biotech: n=48 (avg. $3.5bn)
- ; -2016:49% Conv.: n=52 (avg. $3.0bn)
2 -2022:52%
2 30% o ~& Y
o
2 20% 26% 27% 28% 29% 29% 30%
'FEJ @ - —— 20% 229, 23% 24% 25%
g 10% 17% % 18% 18%

0%

2008 2009 2010 201 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
=@= Biotechnology Conventional/Unclassified

13
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Worldwide Prescription Drug Sales from Biotechnology in 2022:

TOp 10 Companies Source: Evaluate, May 2017
WW Sales ($bn) WW Market Share
Rank Company 2022 % CAGR 16-22 2022 Chag. (+/-) M
1. Roche 319 38.7 +3% 15.8% 11.9% -3.9pp +0
2. Sanofi 15.5 24.2 +8% 7.7% 7.4% -0.3pp +3
3. Amgen 19.4 21.7 +2% 9.6% 6.7% -3.0pp -1
4. Johnson & Johnson 13.0 19.1 +7% 6.5% 5.9% -0.6pp +2
5. AbbVie 16.8 19.1 +2% 8.3% 5.8% -2.5pp -2
6. Novo Nordisk 15.8 18.4 +3% 7.8% 5.7% -2.2pp -2
7. Merck & Co 8.6 17.7 +13% 4.3% 5.4% +1.2pp +1
8. Eli Lilly 8.4 14.7 +10% 4.1% 4.5% +0.3pp +1
9. Bristol-Myers Squibb 7.3 14.4 +12% 3.6% 4.4% +0.8pp +1
10. Pfizer 11.4 14.0 +4% 5.6% 4.3% -1.3pp -3

Note: Company drug sales from undisclosed products are presumed to be from conventional (small molecule) technology.

14
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- 2022 X7 $192B, S HX| 2| $57.9B, SOIE|AKX|Z2X| $55.4B, tHIO|2{ A
N $42.8B, HiAl $275BO 2 O A5t U S
- HIAAKX A Q| HEE(CGAR 14%) = Of & &.

Top 10 Therapy Areas in 2022, Market Share & Sales Growth Source: Evaluate, May 2017
22%
Key growth drivers: Oncology
20% Keytruda (MRK), Revlimid (CELG), Darzalex (JNJ),

Ibrance (PFE), Tecentrigq (RHHBY), Opdivo (BMY)

18% . -
Key growth drivers: Key .ﬁntl-neoplas‘tlc MADbs launches:
16% Otezla (CELG), Xeljanz (PFE), ;“ﬁ”Z'T‘;‘i‘NE:\})e*pe“ef ‘Z 021;1'2‘7”“; )
@- ABT-494 (ABBV ova- - expecte auncn;
9;’ 1495 ( ) Tremelimumab (AZN) - expected 2018 launch
E Key growth brakes: Key growth brakes:
n 2% Harvoni (GILD), Sovaldi Remicade (JNJ; MRK), Enbrel
- .
g (GILD), Truvada (GILD), (AMGN; PFE), Humira (ABBV)
5 10% Atripla (GILD) Key contributors to CAGR growth:
= Stelara (JNJ); Cosentyx (NOVNJ;
§ 8% Anti-rheumatics Anti-diabetics dupilumab (SAN) - expected 2017 launch;
L. ozanimod (CELG) - expected 2018 launch
G Anti-virals
4% . Dermatologicals
2%, Vaccines
Bronchodilators
0% Anti-hypertensives Anti-coagulants Immunosuppressants

A%, -2% +0% +2% +4% +6% +8% +10% +12% +14% +6%
% Sales Growth: CAGR 2016-22

15
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- o=z 7H7t Keytruda, Imbruvica, Tecentrigs 1t 242 Immunotherapyl| =82 & 13%2| M
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Top 5 Oncology Products Worldwide in 2022

Rank Product

Revlimid
2. Opdivo
3 Keytruda
4. Imbruvica
5. Ibrance

Generic Name

lenalidomide

nivolumab

pembrolizumab

ibrutinib

palbociclib

Company
Celgene
Bristol-Myers
Squibb + Ono

Pharmaceutical

Merck & Co +
Otsuka Holdings

AbbVie + Johnson
& Johnson

Pfizer

WW Sales ($m)

Pharma Class 2016 2022
Immunomodulator 6,974 14,197
Anti-programmed cell 4,735 9,912
death-1 (PD-1) MAb

Anti-programmed cell 1,402 9,509
death-1 (PD-1) MAb

Bruton's tyrosine kinase 2,218 7,499

(BTK) inhibitor

Cyclin-dependent kinase 2,135
(CDK) 4 & 6 inhibitor

Top 5 Oncology R&D Products Worldwide in 2022

Rank Product

1. Abemaciclib
2. Epacadostat
3. Apalutamide
4. Tremelimumab
5. Selinexor

Generic Name

abemaciclib
epacadostat

apalutamide

tremelimumab

selinexor

Company

Eli Lilly
Incyte

Johnson &
Johnson

AstraZeneca

Karyopharm
Therapeutics

Pharma Class

7,074

Cyclin-dependent kinase (CDK) 4 & 6 inhibitor

Indoleamine 2,3-dioxygenase (IDO) 1 inhibitor

Anti-androgen

Anti-cytotoxic T lymphocyte associated protein

(CTLA) 4 MAb

Exportin (XPO)/chromosome region maintenance

protein (CRM) 1 inhibitor

20 16—22

13%

38%

23%

22%

1,792
1,728

1,629

992

920

320

At
O.

Source: Evaluate, May 2017

WW Market Share

2016

5%

1%

2%

2%

0.9%

0.8%

0.5%

0.5%

Marketed
5% Marketed
5% Marketed
4% Marketed
4% Marketed

Source: Evaluate, May 2017

WW Market Current
Share 2022 Status

Phase il

Phase il

Phase il

Phase lll

Phase lll

16
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Top 5 Anti-Diabetic Products Worldwide in 2022

=20
=

ijld

-

Source: Evaluate, May 2017

WW Sales ($m) CAGR WW Market Share
Rank Product Generic Name Company Pharma Class 2016 2022 2016-22 2016 2022
1. Januvia/ sitagliptin Merck & Co, Dipeptidyl peptidase IV 6,440 5,989 -1.2% 14.8% 10.3% Marketed
Janumet phosphate Ono, Almirall, inhibitor
Daewoong
2. Trulicity dulaglutide Eli Lilly Glucagon-like peptide 926 32,6568 +25.2% 2.1% 6.2% Marketed
(GLP) 1 agonist
3. Victoza liraglutide [rDNA Novo Nordisk Glucagon-like peptide 2,979 3,485 +2.7% 6.8% 6.0% Marketed
origin] (GLP) 1 agonist
4. NovoRapid insulin aspart Novo Nordisk Insulin analogue 2,964 2,553 -2.5% 6.8% 4.4% Marketed
5. Tresiba insulin degludec Novo Nordisk Insulin analogue 603 2,502 +26.8% 1.4% 4.3% Marketed

Top 5 Anti-Diabetic R&D Products Worldwide in 2022

Source: Evaluate, May 2017

Rank Product Generic Name Company Pharma Class WW Market
Share 2022

Semaglutide semaglutide Novo Nordisk Glucagon-like peptide (GLP) 1 agonist 2,243 3.9% Filed

2. Sotagliflozin sotagliflozin Sanofi Sodium glucose co-transporter (SGLT) 1/2 1,155 2.0% Phase Il
inhibitor

3. Semaglutide semaglutide Novo Nordisk Glucagon-like peptide (GLP) 1 agonist 624 1.1% Phase lll

Oral
4. SAR342434 insulin lispro Sanofi Insulin analogue 232 0.4% Filed
5. Ertugliflozin & ertugliflozin; Merck & Co Dipeptidyl peptidase (DPP) IV & sodium-glucose 220 0.4% Filed

Sitagliptin sitagliptin co-transporter (SGLT) 2 inhibitor

phosphate
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Top 5 Anti-Rheumatic Products Worldwide in 2022

Rank Product
1. Humira

2. Enbrel

3. Otezla

4. Simponi
5. Remicade

Generic Name

adalimumab

etanercept

apremilast

golimumab

infliximab

Company

AbbVie + Eisai

Amgen + Pfizer +
Takeda

Celgene

Johnson &
Johnson + Merck
& Co

Johnson &
Johnson + Merck
& Co + Mitsubishi
Tanabe Pharma

FRXE MRS =

L}

Source: Evaluate, May 2017

Aoz &=

WW Sales ($m) CAGR WW Market Share
Pharma Class 2016 2022 2016-22 2016 2022
Anti-tumour necrosis 16,515 15,901 1% 31.0% 28.7%
factor alpha (TNFa) MAb
Tumour necrosis factor 9,248 5,276 -9% 17.3% 9.5%
alpha (TNFa) inhibitor
Phosphodiesterase (PDE) 1,017 3,673 +24% 1.9% 6.6%
4 inhibitor
Anti-tumour necrosis 2,511 2,682 +6% 4.7% 6.5%
factor alpha (TNFa) MAb
Anti-tumour necrosis 8,070 2,742 -16% 15.1% 5.0%

factor alpha (TNFa) MAb

Top 5 R&D Anti-Rheumatic Products Worldwide in 2022

Rank Product
ABT-494

2. Sirukumab

3. Zilretta

4, ABP 710

5. Filgotinib

Generic Name

upadacitinib tartrate
sirukumab
triamcinolone
acetonide

infliximab

filgotinib

Company

AbbVie

Johnson &
Johnson

Flexion
Therapeutics

Amgen

Gilead Sciences +
Galapagos

Pharma Class

Janus kinase (JAK) 1 inhibitor

Anti-IL-6 MADb

Corticosteroid

Anti-tumour necrosis factor alpha (TNFa) MAb

Janus kinase (JAK) 1 inhibitor

1,214

1,162

457

235

227

Marketed
Marketed
Marketed

Marketed

Marketed

Source: Evaluate, May 2017

WW Market
Share 2022

2.1%

0.8%

0.4%

0.4%

Phase llI

Filed
Filed

Phase llI

Phase llI

18
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- HBAEORO| M= GSK, Sanofi, Pfizer, MerckAt7t A2 H|OHA EREY A2 EY
Top 5 Vaccine Products Worldwide in 2022 Source: Evaluate, May 2017
WW Sales ($m) CAGR WW Market Share
Rank Product Generic Name Company 2016 2022 2016-22 2016 2022
1. Prevnar 13 pneumococcal vaccine Pfizer + Daewoong 6,034 5,749 -1% 21.9% 16.3% Marketed
Pharmaceutical
2. Gardasil human papillomavirus (HPV) Merck & Co + CSL 2,488 2,513 +0% 9.0% T71% Marketed
vaccine
3. Pentacel DTaP, Hib & polio vaccine Sanofi 1,654 2,128 +4%, 6.0% 6.0% Marketed
4. Fluzone influenza vaccine Sanofi 1,683 2,068 +3% 6.1% 5.9% Marketed
5. Bexsero meningococcal b vaccine GlaxoSmithKline 528 1,170 +14% 1.9% 3.3% Marketed
Top 5 Vaccine R&D Products Worldwide in 2022 Source: Evaluate, May 2017
Rank Product Generic Name Company WW Market
Share 2022
1. Shingrix herpes zoster vaccine GlaxoSmithKline 1,126 3.2% Filed
2. NuThrax anthrax vaccine Emergent 890 2.5% Phase il
BioSolutions
3. RSV F Vaccine respiratory syncytial virus (RSV) vaccine Novavax 360 1.0% Phase lll
4. Combination influenza vaccine & respiratory syncytial virus (RSV) vaccine Novavax 247 0.7% Pre-clinical

Respiratory Vaccine

5. GEN-003 herpes simplex virus (HSV) vaccine Genocea Biosciences 241 0.7% Phase Il

19
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Top 5 Anti-viral Products Worldwide in 2022 Source: Evaluate, May 2017
WW Sales ($m) CAGR WW Market Share
Rank Product Generlc Name Company Pharma Class 2016 2022 2016-22 2016 2022
1. Triumeq abacavir sulfate; GlaxoSmithKline Nucleoside reverse 2,350 5,376 +15% 4.8% 12.6% Marketed
dolutegravir sodium; transcriptase inhibitor (NRTI)
lamivudine & HIV integrase inhibitor
2. Bictegravir/F/  bictegravir sodium; Gllead Sclences Mucleoside reverse - 4,378 n/m - 10.2% RE&D
TAF emtricitabine; tenofovir transcriptase inhibitor (NRTI)
alafenamide fumarate & HIV integrase inhibitor
3. Descovy emtricitabine; tenofovir ~ Gilead Sclences Nucleoside reverse 298 3,807 +53% 0.6% 8.9% Marketed
alafenamide fumarate transcriptase inhibitor (NRTI),

cytochrome P450 (CYP) 3A
& protease inhibitor

4. Genvoya cobicistat; elvitegravir,  Gllead Sclences Nucleoside reverse 1,501 3,605 +16% 3.1% B.4% Marketed
emtricitabine; tenofovir  + Torll transcriptase inhibitor (NRTI),
alafenamide fumarate ~ Pharmaceutical cytochrome P450 (CYP) 3A

& HIV integrase inhibitor

5. Tivicay dolutegravir GlaxoSmithKline HIV integrase inhibitor 1,291 2,600 +12% 2.7% 6.1% Marketed
Top 5 R&D Anti-viral Products Worldwide in 2022 Source: Evaluate, May 2017
WW Sales ($m) WW Market Share
Generic Name Pharma Class 2022 2022
1. Bictegravir/F/ bictegravir sodium; Gllead Sclences Mucleoside reverse transcriptase 4,378 10.2% Phase lll
TAF emtricitabine; tenofovir inhibitor (NRTI) & HIV integrase
alafenamide fumarate inhibitor
2. Glecaprevir & glecaprevir; AbbVie Hepatitis C NS3/4A protease & 1,254 2.9% Filed
pibrentasvir pibrentasvir hepatitis C NS5A inhibitor
3. Sofosbuvir, sofosbuvir; velpatasvir;  Gllead Sclences Hepatitis C NS3 protease, 1,143 2.7% Filed
Velpatasvir & voxilaprevir Hepatitis C nucleoside NSEBA &
Voxilaprevir NS5B polymerase inhibitor
4. 5-033188 - Shionogl Cap-dependent endonuclease 597 1.4% Phase lll
inhibitor
5. Fostemsavir fostemsavir GlaxoSmithKline HIV attachment inhibitor 434 1.0% Phase Ill

Tromethamine tromethamine

20
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New Drugs (NMEs) Approved by Size of Drug Sponsor/Owner

& &

# of NME Approvals
w
o

50
/ - 13
p, / 3 8
20 /25% nn ‘
15 - 8 (qgw| 4% g 8
| —rJ 4

O|= FDA CDEROJ|AM 2017 H K 4671 A2 57}t

CBEROJ|A] Novartis’ Kymriah, Gilead’s Yescarta or GSK’s Shingrix vaccineE 5{7}dl| &.
Peak saleA| $49.7BO 2 0f| At.

SAMZE 1370, HAYZEA| 470, 3|1 FHEE 471, SdH| 471, SHIo[2AH| 371 S €.
1771 2f=0| S| HE X=X =2 X|°H (38%)

2871 2t=0| O|=2x Z7[HoA L, FEZIHMM = 1371, 27|H0| 470 & SAE.

5|7t 2=2] 76%= mid-sized O|St2| M[2fALOA] LgtD, BiglO H|2FALO| A= 16717t SAlE.

New Drugs (NMEs) Approved by Size of Drug Originator

Top 10 Pharma's Institutions/others % of New Drugs Approved

ller ph h :

. fo"::m':,amamom Share of Approvals m Smaller pharmal/biotech companies Originated from Smaller
50 Mid-sized pharma companies Biopharma Companies

Mid-sized pharma/biotech

companies Other large pharmalbiotech companies
. ﬁ:’ large pharmalbiotech € : ‘  Top ten pharma companies
panies %) 47%| ! :
7 = Top ten pharma companies W " 46% "Yl/ |
36%/ |
— }
6

L
o

w
o
1

2

# of NME Approvals

N
o
1

-
o
1

16 |

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2000 200! AmS @RIN A2 AN 26 ARl ey 2T

Source: FDA (www.fda.gov), HBM analysis
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XIE: IMS Health(Th: 102 &2{)

Market analysis: 271 o|oZ A% 3 HEHE AEAE
2020 O|=2 HMA A&l 40%E XHX[5t2 o= 1.3% +=&.
Y G A XZ7IHIA|EO| A B2t A= O o &.
™ MHAIFER EetE AIE 2 2 s

= 0 e A}=: IMS Health(EH]: 109] ©2i)

KNI
A H|oH {2011 2016} A H|oH (2016—2021
120-135 9-12%
8-1

| xiote - =2be clorm aimrers o oy
7|t =7t
_ (12.7%)
H=2(1.2%
13 135
52 2
(12.5%) [40.2%)
430
5=
(10.8%)
FHLFCH
(1.8%) o
U= o8
[13.5%)

[7.3%)

20154

‘Pharma’®} &

S Eshe

* o E(Pharmerging)2 |

SH=2(1.3%)
20
7|et =274
== 9| 27}
(13.2%)
190 o=
oy 27} (40.5%)
é (25%) | 580
2=
111.8%)
170
FHLICY
[2.0%)
o=
(5.9%] ]
113.2%)

2020

= =&}
= =8

‘Emerging's B AZE0E FfLry MEA

g Edh=

)

0

= 10.9%
[=1-3 66.2 16.4% 95~110 1%
1}2;0‘ 45.1 18.2% 75~90 11-14%
=5 67.9 71% 75~90 2~5%
= 70.5 -2.5% 70-~80 0~-3%
57| 54.4 3.4% 60~70 2~5%
e - ug 54.4 2.5% 60~70 2-5%
23A 36.8 -5.0% 35~40 -1~2%
HIV 24.6 11.5% 35~40 6~9%
Ehdtoly 33.2 38.1% 35~40 0~3%
7|E} 230.2 5.5% 360~415 4~T%

23



Market analxsm CYSHOlZ O|OkZ AHA} Tl A[X}

- '16 o|ek=E MAtoOH2 1881 Fx o2 MUELCHH| 10.82% =7}51¢ 2.
. £Z02 362590 = HALfH| 8.58%, £ YW 6.54x 0= HMUCHH)
16.78% =716l S (A& : 21.73X &, ¥|2 58 HAEH A MEE : 3.10%).

- 1644 ME O[Ok MAIHS 201X QO 2 FMUCHH| 16.68%S 7}3t.
1.23x9 o2 MACHH| 34.83%, £QHe 1.06X 02 MUALHH|
26.6% ZtASIYCE (A|Z3E : 1.83X 9, |2 54 HmF MEHE : - 1.98%)

AE

B

oFEATA)

—~

24



Market analxsm HFO| QA| L 2{o| k= A|EF M Zt

[38 1] 2 SF|2lAF Szt WEST} Fol [18] 2] HIOIAILS A2 194 239°1ER{Z M7
(M=) mSol2t =" gloj#H0l= (Mefzra)
60 1 ls moftfAEl w54 el 30
50 25
40 20
58 RE XM o2 B0 UE S
30 15
20 10 l
10 2 I
g LN |5 2 .
0 [e] =t n L L [N L
(o] M~ s3] o] o — o ™ <+ w © pa pa 2N w ™~ @ =2}
S S S S o ) o o ) =) o o o o = o o =)
o (<] (] o (<] o (3] (] o (<] (Y] o o N o

X12:Global Data, SFEEXRSH X+=: Frost&Sullivan, =153



HIO| A2 ZA|: xigs =

4ol o &

Ao}

ESA}

-

&
M
1=
=
>

it
E
>E

st=2|of

SB9

2| X4

(8=23)

oA =E(UEE

HEZHEIFAR)

of
I
rm

(Et2EE)

A=A GIEIHLE)

oA o] =(Y

ESPXT)

SAEN(EEtA

4m
iz

FoOletolE 2+

2

2012.7
2015.7

2014.1

2015.9

2015.12

2017.11

2017.9

o 2
T e

2013.8
2017.2

2017.12

({713 1)

2016.1

2016.5

2017.11

2017.8

2017.1

0|2

2016.4

2017.6
(5171418)

2017.7
(517141%8)

2017.4

2017.12
(517141%)

2017.7

7|Et

4dEf|2,
15t HfO| 2 A2 2]

‘174 0= $118m
o]= ‘18 1Q $55m

4dEf|2,
15t HfO| 2 A2 2]

dEZ|2

2ddto| 20 o] 2,
15t HFO| R A| 23

174 3QHX|
$253m

tf‘gHto| 20 | &

2ddto| 20 o] 2,
15t HFO| R A| 23

4 ‘gHto| 20 | &
(E5{U= S THY)

tf‘gHto| 20 | &

(HrO| 2 A H[E|| O] )



S7|MZX=2H W2

CORESTEM HOLOCLAR

Ofl ZM|B | Tk | HC|ZAE otE2 RAZ|AHZFEIA T0pAE (O]
Sgu23M FEOEZE IBYEFE O[AHUISTEE FAE &S| = A
MIAZI= MHAZIE MIAIZIE X|ZZEA 0=71 7HE, & 7olorZ5{7} O[E20F 7|21,

IE7MEXIEN SEE7IMEXIEH  OISE7IMEXIZH  FHLICHOIAM ARHSIZ el ollA Rk 517t

EX: Hio|0|2HHef |, 0]2HEZEDFEIF('15.3)



=W Z[Z0] FHEXKX| =X 5{7}

20174 79 129, Alokx

FREYES! AULAHA|0IF 7HL

X} K|S H|(ZSALK))

TGF-B1" iR | -10 HYZESZO

of3t SIS X8

--------------------------------------------------------------------------------------------------

4002~5002HRA(E & Al 2f 1002+ Ol

N

28



| NDARES

% A A

p=1 B =P T 5

IND

7 HE | 22

s
B
L

= A

FHOo A" oo cl=s=

[
2 PAH A ST | A S
PL > —PAD

Folamy—AlCIE=

Folasmy—2r0fl015=

TN PPN I PE[E-1
CB—AC—01
CB—AC—0O2
CB—AC—0O3

HL 1O
= A
A
E
I:

HHO= 7 M= 72l MIZZX| =5

=ME=EXI=H|
=2ME=EX|=H|

HHO =7 IMIEE RaH MIEZEX| =X
HHOF= 7 IMIEE 7el MIZZX| =5

A
B
C
B

XKgtb=mel =2 M L XX | =)
combination therapy

Xl =7 M=

>0 > > PP

Eleddsr=s

Al —1 —FH AH

| Z3AY

— o E
—-I_I_‘_‘n_ —

It xmEH|ol=EH -E=

Ot=x| m|sed
Zhzaes
AET = = e
Zrel s
== 7

SOl A TrEe

FAAD L © | Ad S b A

L= — e

Suxl==s
2r=35}0|H
slsHC|A =
=== e
er=35}0 | =
GrwvHD
ET e S
S=sERE=
Tzt

=1 e A = <=
=== =5=

2-dalAt

O HO FEH A2

L= G ELY =

HC | =T =
oo e
ko |-
ko |-

H | A =
=Sl O | =2 S
Tho |-
o | ==
O | ==l
A - RO | 2 =
A - RO | 2 =
Ao | ==l
Ao | ==l
O | ==l
O | ==
Sratxl2f
H | T A =
ZrA R HEO | 2
o |
o
ML=
MIZZHO | =2
MIZZH O | =2
HIES
b e
HCO| XA E
HIC| XA E
HCO| XA =

ZrA S HEO | 25
2 bl
= bl
SHIxI2f
|0 |H ]
NS
SEAHIO |2 HI=

| O U |
LG=ESH



NOAEES
uar3at

14
4
N
i

1
4
>

=

sSetxl==

_ %x ]
==

A—IE=-:-:|

INnossa
WhA202—F A0
WNAZ202—DFPM

I A pEH]

GX—188E

WhAZ20O2—CAD
WNAZOZ2—AL S

WRAZ OGS RN
OL> 101

2 aHE 7 M= = ST XEx I =5
caornl:)lnahon therapy

HBENW X | =2H 1

>a>>D>

oL 201
OL > 3012
oL > 301D
KLS—2030

| =
B

QL= 102
oL 103
oL 104
oL 105
oL 106
O 01

KLS—1010

HKLS—3020

PN

B
L
A

2 siRMNA X | =5 FHEY

ElEddar=2s

A=A XIEIE=

%l—jcr—c-lg ﬂ Q-:-I-D

Zrer SlErer

Cervical
INtracpitihaelial
Meoplasia 2/3
SI=tad AIEFEISE

|=.__._A“|
—)“"?34 ==

f—
E=2C =12

HICH ==
e e e I
DB T b
=T
2+
=arer
Fi=rer
ElSH A T 2
mlad ==t
= by
= ey

ﬂ chlcggs

FObe| A ey
=HoreHa

= | OH

ES =T

[Tl

HFO | 2| =
HO | 2| =
HFO | 20| =

===l _Ac

2 Il

HIO | =Ml =
HIO | === 44
A FH O |2 =
=2 sl
==l
O O | AL 2
==lA
==12
==l
e st Horsh
HFO | 2 Hl =
=2 o | ==
Hiolgl=
==l
==lA
==1S
==1A
==l
==l
e =0 H=Hors)r
e sl ors)h
LGS
O HO | An 2y
O O | A2y
FHIO | oHIT)

30



HIO| 22| 2= 0| HHEAL: sxx =2x= Mk

[ -

QHX} WYZE B THay

o2

A A ef

TNF blocker: Humira, Enbrel, Remicade
Anti-CD20 Ab: Rituxan

Anti-VEGF-A Ab: Avastin

Anti-Her2 Ab: Herceptin
Anti-VEGF-A Ab: Lucentis

Human growth hormone
Insulin

G-CSF

EPO

Alpha interferon

Beta interferon
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Phage display

@ Human antibody library technology

SHIN ==

Transgenic mice

b Transgenic mouse technology

Mouse hybridoma

In wvitro antibody libraries

Transgenic mouse
Human hybridomas

!

Immunization

| E APV
E E ﬁ ‘: Humar: Ig locus e \ e
A J ( Y-
{0 105 101 100 1O AN A <%
00000 <&
Iterative selection rounds = o )
Target D)
antigen
ﬂ Isolate

Rituxan, Herceptin Stelara
Remicade Avastin Prolia
Raxibacumab * .. .. .. .. =
99999 (%) 0 C
Mouse Chimeric Humanized Human L T g (@) (%) ") C
| | | ©0o C
Genetic engineering Myeloma
V' gene cloning fusion partner
CDR grafting . Gegerate
Eukaryotic expression | Screen f hybridomas
sp(;?:?r::it(;' o o
0o
A A
“ Screen for
Cl d
x . “‘ ' ' transtect
ADC C
Fab (antibody drug Bispecific
conjugate) antibody

Mouse Human Drug Antigen-binding domain
* '
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Fc engineering:
o] A== A A7 T557t: Ab Drug Conjugate (hot area)

0| = gHA|: Bi-specific antibody
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Targeted Treatment Solutions will be the Blockbusters of the Future

FgollE
(Traditional Products)

HEo| Al
(Targeted l’tr(g:!dn"erts solutionis) %ﬁxf 7 |HJ A_IQf
(Gene based treatments)
\ :
l 1 ! | |
1980 1990 2000 2010 2020

Z£X: : IBM Pharma 2010: The Threshold of Innovation

= Bioinformatics
TS Biomarkers
Molecular Targeting
Nanotechnology
Personalized medicine
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Right Medicine for the right patients
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Immune
Checkpoint
Inhibitor

Oncolyitc : Artificial
virus Intelligence

Drug Pricing
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Public(Academia-government)-Private
partnership
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Novel strategies adopted by industry

To improve productivity and efficiency:

Intrinsic strategies: disease area prioritization, portfolio optimization,

concentrate on core-strength in later-stage clinical development.

Extrinsic strategies: M&A, joint ventures, licensing, technology platform

Partnership with the public sector (collaboration)

Deals in Antibody Therapeutics Market (2010-2011, GBI Research)

M&A: 21%
Licensing Deals: 44%

Partnerships: 35%
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Trends in the partnership models

Commonly used in the past

Unrestricted grants

Fee-for-service

Increasingly used in the present
Corporate venture capital funds

Academic drug discovery centers

Corporate mini-labs in the universities

Emerging in the future
Risk sharing

Competitive grants.
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Examples of collaboration models

Corporate Mini-Lab/ Biocluster

Pfizer's CTl(Center for Therapeutic
Innovation, 2010) Labs in UCSF, UC
San Diego, 8 Boston-based institutes,
8 New York city-based hospitals.

- Scientist collaborate with university partners (25 projects with
23 academic institutions).

- Academia access to antibody tools and tech.

- Each lab house a staff of antibody engineers, assay biologists,
protein scientists, project managers to focus on biotherapeutic
modalities (antibodies, peptides, proteins)

- Academia retain the right to patent and Pfizer has first right to
license.

Academic Drug Discovery Centers

ADDC (Academic Drug Discovery
Consortium)

- Independent centers affiliated with universities (Industry
entrepreneurs forming university units)

- A scaled-down pharma model.

- Therapeutic areas with high unmet needs.

- Fast-growing and rapidly evolving model
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Industry/government/nonprofit precompetitive partnerships

To share the cost of making early-stage discoveries (identifying biomarkers or disease pathways) for

drug development

IMI (Innovative
Medicines Initiative)

- Europe's largest public-private initiative aiming to speed up the development of
better and safer medicines for patients.

- Pre-competitive research and innovation activities

- Development of tools, standards and approaches to assess efficacy, safety
and quality of regulated health products

- Budget for 2014-2020: EU Horizon 2020(€1.6B), EFPIA companies
(€1.4B),others (€0.2B)

AMP (Accelerating
Medicines Partnership)

- A public-private partnership between the National Institutes of Health (NIH),
the Federal Drug Administration (FDA), 10 biopharmaceutical companies and
multiple non-profit organizations (launched in 2014)

- To transform the current model for developing new diagnostics and treatments
by jointly identifying and validating promising biological targets for therapeutics.
- Budget for 5 years: NIH ($118M), Industry ($110M)
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Synergistic Collaboration

Mutual complaints: difference in both practice and philosophy
- Industry adherence to strict project management goals.
- Academia drive to “publish or perish”.
- Academic scientists may not always be team-oriented, nor accustomed to
deadlines, budgets, product development timelines and regulatory

requirements.

It is critical when partnership agreements are negotiated,

1) the terms are openly discussed and clearly detailed,

2) mutual agreement on ownership of intellectual property, financial return,

nature and timing of resource contributions by each partner

‘ Close and synergistic relationships between the sectors is critical!
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Phage Display

Antibody validation Stable Cell Line Development

Antibody characterization Bioprocgss Development ioloai '
Antibody engineering Antibody ProdHctlon pf P_re—cllnlcal Biological materials
Humanization Optimization Stability Indicating Assays
Evaluation of Product Quality

. Process

Gene expression Development

Cell-based assay W Efficacy

Durg target binding analysis Analysis

MOA
Immunogenecity
Method development

Safety,
Immunogenicity

Molecular Modeling Protein
LC-MS, HPLC Identification
DSC
FT-IR

Q-ToF
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Enhanced serum half-life of Ab/Biologics through by Fc engineering

‘ BRIEF COMMUNICATIONS
oUnited States Patent o b USBIAR Bk
Chimberkiin ¢t il 4 Diteof Pitenl: D4, 2012
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e 19, (Xencor)

Widiype (Medlmmune) (KMU)

v" Genentech/Roche Genentech
A Member of the Roche Group

v" Amgen
v Xencor

v Macrogenics AmEN gsﬁxencor
v' MedImmune
v" Eli Lilly “ROGENICS

: IM| Medimmune

Specialty Care Division of AstraZeneca

MedImmune: engineered Fc
(Current Status: under active develoment (IND filed / 2015.4.1)

Binding Affinity with FcRn in pH 6.4

Completion of Domestic Patent Application (3)
/ Pending US- & Euro-PCT

Under PK experiment in monkey.
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National project

+ Coordinatina Center for Global Innovative Biotherapeutics(W40B, for 3 years)
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« Strengthen the global competitiveness in biomedicine
« Stimulate the investment of private funding

« Supporting to become one of the 7 bio powerhouses of the world by 2020
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Launching Global Innovative Biotherapeutics
Promoting Global Drug Company

CremeATE ¢ GeneTherpy StemGel Therapy . ...
v KOLON LIFE SCIENCE

R&D Outputs Spreading

Accelerating Bio-Industrial

Ecosystem M
- Administrative management - R&D resuits spreading Core technology analysis & sharing
- Management of R&D resuits - Clinical / regulatory consulting Catching-up trends
- Promotion/press release - Problem solving Networking
- Management of research funds Minkworkshop

49



DON'T PANIC,

i T —

S

e
& a‘ I - BIOHeaLTH
——

-
-1

: . - ‘}._ 1 .
" :_""‘:u{d_ﬁ;taf‘h i

50



. .
o‘- . e .l y
i .

| —
L




