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Targeted Treatment Solutions will be the Blockbusters of the Future

rsoforE
(Traditional Products)

St A|OF
HOL-"
(High density Products)

Hto|A10F
(Targeted treatments solutions)

SEIRE 7| Aok
(Gene based therapies)

1980 1990 2000 2010 2020

£X: IBM Pharma 2010: The Threshold of Innovation
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g 0% Biotech Products Within Top 100 to = 0%
& 50% /, Rapidincrease in share of Top 100 products: 2 2022 Split: rEEg
S - 2008:30% Biotech: n=46 (avg. $3.8bn) 5! o A gfy
o >
= 40% - 2015:47% Conv: n=55 avg. $3.1bn) 1= >
> oo - 2022:50% =
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° no =" 0 o 28% 29% 29%
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2 10% 17% 17% 18% 18% 20% H
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0% =5
2008 2009 2010 2011 2012 2013 2014:2015:2016 2017 2018 2019 2020 2021 2022 ;él;s
e el
~0~ Biotechnology =®= Conventional/Unclassified I'Q'.'EQU"
Ofor 2
Technology 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 ng
Biotechnology 17% | 17% | 18% | 18% | 20% | 22% | 23% | 24% | 25% | 26% | 27% | 27% | 28% | 29% | 29%
Conventional/Unclassified 83% | 83% | 82% | 82% | 80% | 78% | 77% | 76% | 75% | 74% | 73% | 73% | 72% | 71% | 71%
Total Prescription & OTC Sales |100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
Technology 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Biotechnology 117 | 119 | 128 | 141 | 152 | 165 | 178 | 184 | 200 | 220 | 242 | 266 | 290 | 315 | 337 Ef.ﬂaﬁ
Conventional 423 | 433 | 442 | 463 | 440 | 431 | 442 | 433 | 440 | 453 | 473 | 497 | 526 | 556 | 582 "ﬁ, 03
Other Unclassified Sales 151 | 145 | 151 | 162 | 161 | 166 | 168 | 159 | 171 | 185 | 196 | 207 | 220 | 232 | 245
Total Prescription & OTC Sales | 691 | 697 | 720 | 766 | 754 | 762 | 788 | 776 | 812 | 858 | 911 | 970 | 1037 | 1102 | 1164

ZEX{: Evaluate Pharma, World preview 2017, Outlook to 2022
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+ 100t &JoFE % Blo] 2. &JoFFo] 52%(20) 1 )
— 100 v}o] @ o]oF& (Evaluate Pharma ‘14): 21%('06) — 45%('13) — 52%(°20)
— AlA 109 oekE: 170(00) — 77H(13): Fmleh(19], 939 &), Aol =(29],
829 &) 5

201641 M7 Ak2l 1004 QIoFE 38

2012(GEN 20134 48 20163(GEN 20

=5 HiZ =5 HEA HiZ
1 | Losec/Priosec | &d 63 Humira | HIO|2 | 93 Humira | HIO|2 | 161
2 Zocor et 53 Remicade | HIO|2 | 82 Harvoni e 91
3 Lipitor e | 52 Enbrel | HIO|2 | 80 Enbrel | HIO|2 | 89
4 | Epogen/Procrit | HIO|2 | 47 Seretide | &4 73 Rituxan | HIO|2 | 86
5 Norvasc gy 34 Rituxan | HIO|2 | 73 | Remicade | HIO|2 | 78
6 Pravachol 2 29 Lantus | HIO|R | 66 Reviimid | H0|2 | 70
7 Prozac et 26 Herceptin | HIO|2 | 64 Avastin | HIO|2 | 67
8 Zyprexa =R 24 Crestor | HIO|2 | 63 Herceptin | HIO|2 | 67
9 | Seroxat/Paxi IP | &4 23 Avastin | HIO|2 | 63 Lantus | HO|2 | 60
10 Claritin e 22 Cymbalta | HIO|2 | 50 Prevnar | HIO|2 | 57

£X: Evaluate Pharma, World Preview 2018, Genetic Engineering & Biotecnology News XH-4
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3, u]2L 1,9749] (20154 7]2)9] AR A

M2 XIS Hlo|2olotE AldRE U HEE MuE
(EH2I: US 109 =21, %)

= 20154 & x|EH HET HEE (2016~2020)
o= 1274 143
= 128 a7
U= 126 2.1
mZA 83 2.1
= 6.9 78
FHLtCt 6.0 32
JEC 48 7.1
A2l 4.1 203
St 16 58
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« Hjo] @ OJekZ I} 3| OJokE 5 Specialty &JoFE Alo] A &H o= Sfjd o= A
- 18 5 = A (Primary Care)o] obd, ¢ 5 E422HSecondary Care)

— Specialty 2JoFE H|Z(MIDAS) : 563915(14%, ‘02) — 1,96991E(23%, ‘12)

ot 5 3

20%

. . Oncology
18% Key growth drivers : Key growth drivers :
Descovy (GILD), Genvoya (GILD) Opdivo (BMY), Reviimid (CELG), Keytruda (MRK),
16% Bictegravir/F/TAF (GILD), Triumeq (GSK)  Ibrance (PFE), Perjeta (Roche), Tecentrig (Roche)
EQ, 14% Key growth brakes : Key patent expiries :
o 12% Harvoni, (GILD), Sovaldi (GILD) Gleevec (Novartis) 2016; Rituxan (Roche) 2016+,
= 0 Truvada (GILD), Atrlpla (GILD) Alimta (LLY) 2015+; Herceptin (Roche) 2014+
n 10% .
S o ) Key contributors to CAGR growth :
< 8% . : Anti-diabetics Stelara (JNJ); dupilumab (SAN) -
S Anti-rheumatics expected 2017 WW launch;
= 6% Anti-virals' Bronchodilators Ozanimod (CELG) - expected 2018 launch
§ 4% Dermatologicals
2% ; Vacai
Anti-hypertenslves ) accines Sensory
0% MS therapies Organs Immunosuppressants
-2%

-4% -2% 0% 2% 4% 6% 8% 10% 12% 14% 16%
% Sales Growth : CAGR 2015-22

ZEX{: Evaluate Pharma, World preview 2017, Outlook to 2022
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FS|A 19+ Roche¢]il, 29+ Sanofi &
=2 A4S Bl R A=

o| Sixfiet 02 STE

WW Sales($bn) WW Market Share Rank

Company 2015 202 %A o015 2022 g cne.
1. Roche 31.1 43.6 +5% 16.9% | 129% | —4.0pp +0
2. Sanofi 14.9 253 +8% 8.1% 75% | —0.6pp +2
3 Novo Nordisk 15.1 24.4 +7% 8.2% 7.2% | —1.0pp +0
4. Amgen 188 23.2 +3% 10.2% 6.9% | —3.3pp -2
5. | Bristo-Myers Squlbb 45 18.2 +22% 2.5% 54% | +2.9p +6
6. Johnson & Johnson 10.9 17.7 +7% 5.9% 52% | —0.7pp +1
7. Abbvie 14.8 15.5 +1% 8.0% 46% | —3.4pp -2
8. Eli Lilly 6.6 154 +13% 3.6% 46% | +1.0pp +1
9. Pfizer 11.9 14.8 +3% 6.5% 44% | —21pp -3
10. Merck & Co 79 13.0 +7% 4.3% 3.9% | —0.4pp -2

ZX{: Evaluate Pharma, World preview 2017, Outlook to 2022
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& X1(Open innovation)& 38

TS S{AIT} HATLO| UAAIE B S MBS HIm
0,
0% 929, 500
2 90% - 450 , 8
© 0 oo
S 80% 76% 75% 400 g;
2 70% 35° 68% - 350 5 £
2 50% \: = e 30 8>
1)
S 50% 22 250 EG
5 40% 36% 200 <2
= ® ©
= 30% o - 3X higher
O Ph |
_‘g" 20% 112. o ’ > toaﬁstzd
o 0 D 11% robability
o 130//0 68 9 01 ° cF))fsuccess
0
Start Phase | Phasell Phaselll Filed**

Drugs sourced via an Ol model* probability of success

«©= Drugs sourced via an Ol model*

I Drugs sourced via a closed/traditional model probability of success
<@ Drugs sourced via a closed/traditional model

ZX{: Deloitte Recap LLC database; Deloitte Consulting LLP analysis
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Ssiitz =4

= == = EU/ni=) 2018 | 2014

Humira adalimumab AbbVie 2018/2016 10.7 12.5
Remicade infliximalo Johnson&Johnson | 2015/2018 6.7 9.2
Rituxan/MabThera rituximab Roche/Biogen Idec | 2013/2018 77 87
Enbrel etanercept Amgen/Pizer 2015/2029 84 85
Lantus insulin glargine Sanofi 2015/2015 7.6 7.3
Avastin bevacizumalb Genentech 2022/2019 72 72
Herceptin trastuzumab Genentech 2014/2019 6.8 6.8
Neulasta pedfilgrastim Amgen 2015/2015 44 59
NovolLog/NovoRapid insulin aspart Novo Nordisk 2011/2014 47 5
Epogen/Procrit/Eprex epoetin alfa Amgen/Janssen otz /2015 33 3.1

AL 107 A 67.5 742

EX: BHMYTISH, BHMYEA|T vol, 197(2015.10.)
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Impact felt already

- Rising geopolitical volatility

- Mobile internet and cloud technology

- Advances in compution power and Big
Data

- Crowdsourcing, the sharing ecomomy and
peer-to-peer platforms

- Rise of the middle class in emerging
markets

- Young demographics in emerging markets

- Rapid urbanization

- Changing work environments and flexible
working arrangements

- Climate change, natural resource
comstraints and the transition to a greener
economy

2015-2017

- New energy supplies and technologies

- The Internet of Things

- Advanced manufacturing and 3D printing

- Longevity and ageing societies

- New consumer concerns about ethical
and privacy issues

-Women's rising aspirations and economic
power

2018-2020

- Advanced robotics and autonomous
transport

- Artificial intelligence and machine learning

- Advanced materials, biotechnology and
genomics

£X: Future of Jobs Survey, World Economic Forum(January 2016)
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T AlZE (HAC| HEE) A At *E +¢ 2K
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2013 22,283(12.4%) 18,654 4,432 8,061 A3,629
2014 19,849(A 10.9%) 16,818 6,203 9,234 A3,031
2015 16,406(A 17.3%) 17,209 9,156 8,353 803
2016 18,308(11.6%) 20,079 12,346 10,576 1,770

* AT = AAL 4 201 A
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5 EABEA 800 1,185 59 481
6 MZX|2H| 340 365 18 7.4

A 17,209 20,079 100 16.7
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ARl EAI7E gl A XXL( J&sha 540l RAIE= M wollA deiel, Al
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ZX: Frost&Sullivan, Future of Cell Therapy in the Regenerative Medicine Market(2016.5), A4HZSPHRMATLMIE] X7 12
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Juno 2018 Lif EA| o2l ek = LHSHY BAIIRE
Therapeutics | “CAROTS|PNaSe 2| cop T ym “orixi x| B4 2o wey
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Pharmaceutical KTE-C19|Phase 2| &332 tX|M EoZ X|= 2z
ZX: Frost&Sullivan, Future of Cell Therapy in the Regenerative Medicine Market(2016.5), AHZSPHRATLMIE] X7 +2
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1. S7|M=X|=H S&7

v E7)NEARAL A 7] Qah A 2] ne 7

« A|E7) o] wket wjote] 27] wre BAoA whEe] A& wjolE7] M (Embryonic
stem cell) A=A, AAe] thafst Ao AgtA o2 EAsh= A 7M1 (Adult
stem cel)X|2A|, LHF AN EZE JEIAA 27] 0]E3s A2 et JE3E7]A|
EZ(Induced pluri potent stem cell) X 24| o2 FLE

- A% o] et 2R 24l Z7HES o|4lels ARV MEA RA, Bhele] £ e
AEE o]k SERAZTINEARA, 58| Z7|HLE olgahs o|FE7|HE ==
A8A Som Hed =

=7IMEZR|2R 55 yole
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P
e~
R Of
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I
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o415 MR A Ol5E7 IMZ 2K oz
RE e &
ege
]
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7t MIZ 7|2of| 2 25
o WOk 7| M| 2= AR TR A o] & Aofl vjote] 27| HIAYEA F SRl &
HjctA o] EA5= WA 23 (Inner cell mass)oA 53 E7|A|224 B35 & .
>
Eahs Qlajol wet Ao BE choig AlER 2ahE 4 oY) o] AsHE S S
k™

whs A ZehE o
- Rl £4  4~5% R AHR 50~150070e) AEES A glen

O HESS Y B2 F7INER £ U=
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Fojuors ogshe W, AMIE fref dE

F7k slo]A) 224 5 4714 W] 9l

AAE7 M2 = Aoy 4919 Z4(Bone marrow)e} @ 5 E37F B QA
ZA ol 713 3t3tol| EA5kAL Q= u|iEshe o NEZ AAU ALLE 223} A
E7F SAEGAY w3 | A 25w A, A %4 Nz=2 Bajelo] &4

5 5142 5 e A2

— o} 7t AN = A H A7) A|EZE B3tu]7] A YANEZEA R A|E
(Hematopoietic stem cell)?} 719 =7]A|Z(Mesenchymal stem cell), A7EZ7]
Al (Neural stem cell) S0] S
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- ShAES olgsiol A, S, 0 5 st esiol ol sio] shve) Ay
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e

Bt AR Y AL 7R S 7HAISE AIAL =

— ARSETMEE HiokE7IM S} A R Y W B8t adol HE AR o
A o, AlE=FHE, A7, Boksd "ol frAkste] dEstErIAE E
UlEef Aol ot oF WA 7hs /ol EAR T EAIR el AL FA) wtol %
S0l FAAE HEAA BHE7] di2ef Al digt #-27F e v

T GAR AGet 7R A7l 288 Ao B

K

Lt Xz Lol IE =&

A7 B Al SAF ALY 27 ES R & £35), Y AIAY Zash
221 7hsto] A2 S HSAA SHAIT Al2E SR} A1 EzA of o4 :'Z:gu‘%';
ste A 2AY Eg -
=
e
s sEAE7INEA A e A E7IMEE EEske] E3) T APIAY & -
;ﬂﬂ 71s& Folatr] flsto] Badt 2215 7lste] A2 Fas WA A FAAR H
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 OIFEVIMEABAlE TE AFS E7IHEE o8k Aol okl Algol ofd & ‘Eg_‘f'.'_.'n>|
=9 E7IHEE o] 8ohe MEZEX AR FE/dl et w=5o] Al T:E-EE
2. SERXIZH 57 "
e
- Sk
71 RUKt X|=Re| BF e 1t g3
8
n AR BA = A 7ol o7t 25, Al 34 %t & ToE oA g "
Ao, ARkl F 7Hd e EF= ex vivoet in vivoR AR BAE RS
(1) Ex vivo $-4A 2124
« Ex vivo #77} X] W& 2R Eoﬂ/ﬂ TS AEstarst sh= Al2E 3T £, E.E'."%"'
a0 B &0 WolEown X 0%

of Ao A& l% ALe v, oA Al2E
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« AL I vivo QAR X 20] kAol ‘o Tgl Faf @ H}Olﬁi Aol oJslf &+
g 4 ol WRRSE et £Y 4 oS E3 A QoA fAAE A F o)
oA thAl Fsh7] Aell, A A3k Ao thsiA A, 4, F4 B 3T
Folong 7Rl P 9 A5 FHske Zlo] 7Hs

- J EZBto]F A (Retrovirus) HE] E+= HE] vlo]2 2 (Lentivirus) HES 0] 83H= 7
¢ F= AN

(2) In vivo A&} A 2H
« In vivo FAA} A &Y A& FHAAE 236kl e 42 Ag HEE S &
of A4 FYshH, FUH AR A WE7F g AEZZ So7kA A& AL &
oM, 2w 5 A e W

AR O RE Ex vivo FAA AR AAE At HEE YFsta, AR =9E
AZE o] B40% Yolit WARE 34o] B gl

SEA|GE, o] W o] 749 Hsk= B4l 0]]e] 2ot Ao A A mfAA AR =
‘@ 2 el aTHOff—Target Effect) 7} dojd 4= &

L ORE Wl whgo] ofalk §AAADA} Bl Aze] £es] Aol AAHO.
24 B 4T 4 9

« o]t AR A ' obdiculolg A (Adenovirus) HE, ot FaHo] 2 A
(Adeno—Associated Virus, AAV) g 52 o] &5= AL F2 AR5 = 549

In vivo Xt X|2 2} Ex vivo REX} X|2H HlZ

ZEX: “Gene therapy on the move”, EMBO Molecular Medicine, 2013



n 52 25O AL Aol A 5E YA A Hgene)E FE(medicine) 2 ARE-3}
£ Aoy, o3t fHAE AEst YAz HEsl7] HsiA EPOTE} el AgA| S|

m 7P wol o] §H Qle AR AYAE Hiolg A HE 2 HA fAA A7 AT
] 68.5%°1A1 /\P Eli’ lem, I thgo] EekAn|E DNA(17,.8%), 12jal 2k
(Liposome)& o443t 2|2 # A (Lipofection, 5.4%)°] 1 T}&O& AMEE T 9JS H}
o]z A g %oﬂﬁh ofd|iufolg) A WE| 7} 22.3%= 714 wWo] o]&x1 glon, g
E 2102 2(19.6%), WAYo} vlo]|# A (5.7%), 181 ofg|ieH&ulo]2] A (Adeno—
Associated Virus, AAV, 5.6%)7} 1 t}20 2 AR5 Q)L

OENEREED
cHlolE At Y GG AR 5 T2 $3E AEstel, B4 2 F4o] 5t
= 3k 94 olelet wole 0] fAA Mg BAL IR £, Helei2t 7|

I Qs B AR & A A& ARSEAL e Zlo] wholE A HEAY

M1 O

s

r*°

(71 ofd|i=Hlo]# A (Adenovirus) HE
» ofEicHfolH A AFOAA T2 2FTI(FV), £517], 2eal w0l 49e 4o
£ Htol AR AMBIE CHQ Ad29} Ad57H 7HE Wol AMElT IS

ofd|ieufolgis WEl = Fdshs AEU REsH] o AlE B 4EE o glem,
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(Wh g EZ8o]#H A (Retrovirus)/AE]vto] 2] A(Lentivirus) HE|

FAAL A5 H22 o] gH vpo|g A WEEN 8 S ’\194 ZPL Yol 214
Ao g ARINZICTN, A7 AT} A4e JEE 2Eo g Agat 2 9l7] wio|
4 AgkE A7) gt A A7) At S 7HA AL Qs

SHARE B ERbto|2| A W= B Adhs Aol A E, 55 A2 A5 Aol F
X‘Hﬂ o= “%15171 UH*"ﬂ % o]:

JE=Zvtolg 20 dFQl e Htolg s WE = tEAH 2 HIV(Human
Immunodeﬁmency Virus)E 7|22 3lo] AZtE]glon, 7|& g ERHlojzA HE e}
97 Bk HE 2 ohe, B gk AZolE 1T 4 Utk 540l 98

(th) ofd|ie H<& vio]2| 2 (Adeno—Associated Virus, AAV) =g
<ol R4 vlolg AL T Hlo]H AT (Parvoviridae)o] &3k, of-t}o]

A (Adenovirus), #AYo} vlo]#] A (Vaccinia virus), ¥+ 3|25 Avfo]g| A
(Herpesvirus)?} 722 B zHpo]2] X (helper virus)? E290] gloj= AAR EA|sH=
Aol B7Hs3 vholg Ay

A

ofe|ie B vho]e ks Hedshs Ao} BaAshA] oz AE BE A3 4 9l 4
e AT YA, vholelz AR A350) 27|17 Aobd sk Az fHAE AR
SRt A7 Sleks Aol Bae)

E3 e PAsHs 3] v Bash, Aol Bol £R8E A I 48t
£ shed] glold B0l H A, A olefd Hie] FHET glo, Hopd ¢
A ABOIA 1 Aol F7skan Gl FA14

58] AAVE] 49 AHERIe] weba] FhE 22o] thy] tfRel, AA, 21, 1
231 2§ S0l SolZel AAV WElsL e w 91

(2h) 7]} Hhol el e
- $lolA el FEmubole/dEutolal, ofdliblolas, Telm ofd 4 ul

ojgA o]Qlof|, ZT oA HAF o WAoo o]gE o] Yl WAL o} Hfo]HA
(Vaccinia Virus)E ©]-88to] £ A/ Hhol2]2 ¥ (Oncolytic Virus Vector)E 7
stAY, S48 e o s = S vholg] A H“Ei(Herpes
Simplex Virus vector)E ©]-8-5Fo] T}31H (Parkinson’s disease)©|t ¥=stolH 2
3HAlzheimer’s disease)tt 7+ A1AA Aghe A 2lH= A7 A3 98
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ool el R AU olels AN v B Bl o] s
2o njolel2 A Bk 94k T Hlojel s AR} Pe welu
St A7) 42 oA o, sholaizs HetAlol WA A} Bolh

shAE, vholel AkAlol uls) Ak go] WolAlw, AAAl §iA} W
s17] o], el UAIHQ) o] BT ANt F-85HA ALST 5 e

FBL
2
N
o

(7P Ylo]7]= DNA/Ze}An| = (Naked DNA/Plasmid)
- lolpiAg olgala) ok $A A W Aol T mel ol8HT Sk e
1712 DNA E&= ESA0EE TR FASH: A9, o] Wi %

Yo =
99 W) QIE Rofak 2 2AoN HBHOR AR GAAE WAL 5 9k

Aol ShelElglon ofu] chkst QoA ol gHa &

P A5 fAA] HRolet BAT HAA] R A 9O Hy] o], 71 o
A3 AR Aol A, Holel s Wejo] ulsIA] AR $AH4 Hago] AT o
W, 2% 5 Fol7l §olat 2918 A5t A5 ofele Zlo] By

- Y Rgo] WA B o]y = DNA B Heban|se] 49 58S S047)7] 9

Sk A47E ZegElo] ghom, o]F FalA A7) g (electroporation), 23 H-3H
(sonoporation), 1831 & YAHgold particle)ol] DNAS T &3t & 2| Z(gene gun)
< o] gsto] Mest= Wi Ee] WEEH S
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o
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o
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lo

s A Aeags Age] MdAZ = AJAARE in vivo BF0lA
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Bl B, o7 i
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(1) 2]22F(Liposome)

« YEEE o83 #lZH H(Lipofection) HiolH A HAGA7F 7L Q= aER &
gkAT|E DNAZF 7FA 3L Q1= obAAS A A6 &aksl vl gl Z&-DNA E3h4=
S(+) sk war ol7] whzoll, () AskE waL 9l A2 el 2 Agsid, 2l
T A E A2 (endocytosis)ofl 2] sf E}Z\ Alxzg o7k #
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H3E HE % RHINEHY AT - X 38

1. MEX|=ZHe| AESeF
7k MZEX|ZH AgeiE | T

n F2Y AZARA A2 201549 4092 olA A%t 20.1%2 AJAstel 20209
10098 R g3 A

* A AAIA o2 Eohs 5007) 719 5 Ak ofde] nl=re]l glem, o= Qlsf =t Al
7ol Aol 7 A YE I} §Hto] 2 ofAof AR w2 A A%
— 1]=} 50%, 59 30%, oFAlo} 16,5% o2 NEXEA F2H AR M4

22 MEXIZH| MY 38 2 H(2015~202041, 3f) L XIHE AZ HRB(20154, 2)

T
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L non i gy
$148 !
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ET B 165% ¢

WAAE ﬂa 8 a

2015 2018 2020

ZX: Frost&Sullivan, Future of Cell Therapy in the Regenerative Medicine Market(2016.5), A4HZSPHRMATLMIE] X7 |2

n A ) $A AZARAE 15 8 ZEAA B Alwe vSel wou, e 2

A
of so] ekl Fo W A2

L 20159 71 2AE AEN2AS AP HEL 1R 2227 23to] 6%
2 YRS A5 glon,
— 7k 91 sfolmekele FoF 49,79, HEEA Adte] 11.7%2 AZARA| st}

o g

gud



MIZZ|ZHe| T2ictel HEH20155)

SAEMS7IE mo|=z2fel 7j=

Z£X: Frost&Sullivan, Future of Cell Therapy in the Regenerative Medicine Market(2016.5), A4 HZSPHRMATLMIE] X7 |2

Lt MZX|ZH AE dE 201
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CAGR%
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2016 2017 2018 2019 2020 2021 2022 2023
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1. High cost of gene therapy HH

treatment ron
2. Unwanted immune responses 0'_0_||
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DRIVERS
1.Increase in funding for R&D activities of
gene therapy

2. Rise in prevalence of cancer

3. Increase in awareness regarding gene
therapy
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TOTAL 2018 GENE & GENE-MODIFIED CELL THERAPY TISSUE 35};

GLOBAL FINANCINGS CELL THERAPY ENGINEERING I-J(?Q

$7.5 Billion $4.5 Billion $4.0 Billion $446.1 Million =
raised in 2017 raised in 2017 raised in 2017 raised in 2017

78.5% increase from 2016 164% increase from 2016 122% increase from 2016 5% increase from 2016

Z£7x{: 2017 Annual Report, Alliance for Regenerative Medicine
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20161 0|2 AEE MAoISt 2 HO|Q 7| B|AE
A 323 Al
Magenta Therapeutics Inc. $93mm 2018 6&
MeiraGTx Holdings PLC $80.2mm 2018 6&
Autolus Ltd. $139.5mm 20184 6
AVROBIO Inc. $106.6mm 20184 6&
Neon Therapeutics Inc. $93mm 20184 6&

Homology Medicines Inc, $154mm 20184 3¢
Unum Therapeutics Inc. $66.8mm 20184 3¢
Solid Biosciences Inc. $133.7mm 20184 1€

Nightstar Therapeutics Ltd. $80.3mm 20174 98

Krystal Biotech Inc. $42.4mm 20174 9¢
Tocagen Inc. $90.9mm 20174 4¢
TiGenix NV $31.6mm 20164 12¢
CRISPR Therapeutics AG $42mm 20164 10€
CollPlant Ltd. $25mm 20164 102
Fulgent Genetics Inc. $40.4mm 2016 9

Audentes Therapeutics Inc. $69.7mm 2016 78
GenSight Biologics SA €40mm 2016 7€
Selecta Biosciences Inc. $65.1mm 2016\ 6
Intellia Therapeutics Inc. $115.5mm 2016 58

Editas Medicine Inc. $101mm 20164 2&
AveXis Inc. $98.2mm 20164 2&
\oyager Therapeutics Inc. $74.9mm 20154 12
Mesoblast Ltd. $55.6mm 2015 12
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Wave Life Sciences Ltd. $94.9mm 20154 128 3—3%—
Dimension Therapeutics Inc $66.5mm 20154 108 Eg_l. "
REGENXBIO Inc. $148mm 2015 98 =
Benitec Biopharma Ltd. $12.8mm 2015\ 88
NantKwest Inc. $222mm 20154 68
Kiadis Pharma Netherlands BV €33mm 2015 63
Celyad SA $93.1mm 20154 68
Corestem Inc. $36.2mm 20154 6
Adaptimmune Therapeutics PLC $178mm 20154 58
SanBio Co. Ltd. $67mm 20154 4&
Cellectis SA $212.3mm 20154 3% =
Bone Therapeutics SA $32.2mm 20154 28 ?ﬁ%
Spark Therapeutics Inc. $172mm 20154 1€ EE %‘5;5;
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ol W EAST BAAEo| of Hoph 4k nld wAwE ety & Hojeta -
7IHskaL Sltke 2 S ol
FEXX=A|, MZX|EH 2H 7|HE2| 7IH7IX| g"agl %—
s " 9~
SEU A a7 o 5B
Tocagen Inc. 20174 4& $230.35mm $191.36mm =
TiGenix NV 2016\ 12& $118.35mm $636mm
CRISPR Therapeutics AG 20164 10& $554.59mm $2.98 l-g%
CollPlant Lt 20164 102 $36.79mm $18.83mm %%?»
Fulgent Genetics Inc. 20164 o $156.48mm $73.35mm lr]%ll.:gl N
Audentes Therapeutics Inc. 2016\ 7& $318.04mm $1.43B P
Selecta Biosciences Inc. 2016 6& $250.59mm $303.73mm
Intellia Therapeutics Inc. 20164 5& $775.63mm $1.32B
Editas Medicine Inc. 20164 2& $649.73mm $1.78B
AveXis Inc. 20164 22 oF $665.99mm $8,028 i =
“ﬁ, 03
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Sangamo Therapeutics signs $545mm hemophilia A gene therapy collaboration

with Pfizer, including $70mm upfront May 10, 2017
Janssen Biotech signs $350mm agreement with Legend Biotech USA & Legend Dec21. 2017
Biotech Ireland ’

Kite Pharma signs $250mm Agreement with daiichi snakyo, including $50mm upfront Jan 9,2017
Oxford BioMedica signs $100mm agreement with Novartis, including $10mm upfront Jul 6, 2017
Takeda sings $100mm agreement with GammaDelta Therapeutics May 9, 2017
Histogenics signs $97mm agreement with MEDINET for NeoCart, including Dec 21, 2017
$10mm upfront

Sangamo Therapeutics signs $3.01B Gene Editing Technology in Allogeneic

and Autologous Cell Therapy Programs in Oncology collaboration with Kite, Feb 22, 2018
Including $150mm upfront

Voyager Therapeutics signs $895mm CNS gene therapy collaboration with Feb 20. 2018
Abbvie, including $69mm upfront ’
Sigilon Therapeutics signs $410mm Encapsulated Cell Therapies collaboration Apr 04, 2018

with Lilly, including $63mm upfront

Z£x: 2017 Annual Report, Alliance for Regenerative Medicine, Strategic Transaction, Informa

R 20} A1 S EXSE

Total Global Financings by Type, by Year

2017: $230M
2016: $588M

2017: $3,978M - Up 348% from 2016
2016: $889M

CORPORATE 2017: $1,086M - Up 68% from 2016
PARTNERSHIPS = /i Key
(UPFRONT PAYMENTS) 2017
VENTURE 2017: $1,328M
CAPITAL 2016: $1,194M
2017: $649M
MERGERS & )
ACQUISITIONS 2016: $1 053M
(UPFRONT PAYMENTS)
ZEX{: 2017 Annual Report, Alliance for Regenerative Medicine
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ZEX: GSRAC report, =LI2| RijMo|=20F =7t R&D FX} &

+ 7PE & =71 R&D ] Ao FAF 712 E vlagt 23}, v|=mofA= & R&D o
H] oF 2%E ARl FAFSIAL 9o, F=ro] A& R&D FAF =71 & R&D

5t

Eaje] 1,0%E ROl glonl, S| Fxh ul&o] oF 0, 7% Ve

ZQ 27 £ R&D CHH| XHAQ|ZE0} X} HIS(2011-2015)

=7} 7= 20114 20124 20134 20144 201544
IAO|ZEXIHZ(A) | 28936 32,279 28618 30,225 30,659
o= ZIIERDTFE(B) | 1,533,321 | 1,492,713 | 1,452,778 | 1,434,454 | 1,379,172
HIE(A/B%) 1.89% 2.16% 1.97% 2.11% 2.22%
Ao 2 EXHE(A) 2,084 2,084 2,084 3,619 3,858
U= Z7IERRDTEE(B) 277804 | 292685 | 325128 | 311,730 | 298736
HIS(A/B.%) 0.75% 0.71% 0.64% 1.16% 1.29%
A2 EXIHE(A) 865 1,106 1,112 1,547 1,985
gz 7}ERDTEZ(B) 134740 | 125930 | 138,136 | 143052 | 147,811
HIZ(A/B,%) 0.64% 0.88% 0.81% 1.08% 1.34%
o2 EXIHE(A) 617 1,363 1,314 1,358 1,538
2y Z7}ERDTEE(B) 165,882 | 176505 | 178112 | 191833 | 200,386
HIE(A/B.%) 0.37% 0.77% 0.74% 0.71% 0.77%
Ao 2 EXFHE(A) 567 554 544 607 600
FLCE | 271ER&DTE(B) 99,680 102,768 | 103,392 | 101,682 -
HI=(A/B.%) 0.57% 0.54% 0.53% 0.60% -

B7|: GSRAC report, 2LH2] A4OIZ20t 27} RED S} Bt
TMolz EXH T : 2t To| W W X2 Y Y UAIE

=7t & R&D T2 : OECD GENR 7|&(http: //stats.oecd.org/2017. 08 7|&)

(242 Ahol= HO0k RED FAIIS blmvt HESIEE 2017.08 2 2 B8 712 Hskz W10 HAIZ)

=
(=

=
=]
|
~
=

CIR iR i S BlY
it MBI YG i &
e

=
o~
onll 03




M

ol

Ht

0 ZaRoAE 712 AT Wel 2% 5 27] RAelA Holu Akl BAshE
Sfat #1349l RED R4 W Mt SAbY|T glom, A4 Raje] Helh 7%
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£7|MZ/TY0I2 RD FAF BiEH

=713 R XA X|H 72
- HabE RIRI0IA 27 |ME H2o| RRD EXIS X2 X5t S
- 0= NHOIM= 104 XHOISIMIEIS Meisto] izt $52mil.S XIRIBIACL O MIRI2 | o011 7=
o= 1449 48 ZREAS oF 27 22

— NH= xHA0|2 200l M MARCZ 7hY & 72 EXIE BoFH, 20164 71&
Gene therapy $297 million(2f 3,389 #), Z7 M= 200l $1,516 milion( 17,298
2), 11 2| 7|Et RHAo|Z 0] $886 milion(2F 10,1092 &) EX}

(2F 3x9)

« B2 UK Stem Cell InitiativeZ E3l ‘06~'15E SO Z|ch 1 23 2lof f
st Z7|MZ 20 EXHAEE fEstden, 153 7|1& Z|ti £100.8mil.2f of

X Ex} 20174 712

o oFf ot gl c
BT | i 7 o)z 2 MER|2 S0l TRME s} Atelst 2Xo2 £l KI ﬂ(c?ﬁsgrz;t,;)—
H}E = |, =
— AlR5t RIS 95t CTC '151 2 A & £15.4mil,
- 16 S7|ME Het UE S5 55 LR ojy/Het 42 20164 712
HHLATH - clgrme 161 38 S7|ME SHS Qs AN WET0 SHARS XIgst | 9 8 2
7| 5K $300mil, X[ LHE (o_||: 88570—19,:-])

SN oM USISIN 2|, 7|ZHTOIM MB2IIK| XS 2 XA
StAt 5h= 2802 154 48 Japan Agency for Medical Research and

Development A2 20174 7|12
UE | - A7lol BE 2R0EBHY, SN-EN ARMNO| oAS S31510] AR U 168 2
7|ol| b2t (2F 1,768212)
— 20151 OffAt: 1,24824910(0, IS0fM HAo|Z ASist 5olYo] 74 Z2HEN &
¥ 1482 X2

15 118 TSI EAIA 22E 1=
1610] 15712] CHE Z2MEQ} 10742 AT TENE| 0.5bi, Ot E¢ 20164 7|1=
70| 177H2] T ZRHEQ} 10742] A T=MEof 1.6pi. FI0F = Y | 0.5bil. {2
HM13x}F 57HE 27t 7|28d A2E el £7(ME L Aoz 20F 7HE A=l (2F 826242)
22016 72)

i

20054 0| HMEXIRO| X AEC2 E7|ME H7H| £X7F E71517| AR
t= | SIRCM, 2012 ZTIRIRIS 7 |ME SHder Ot 3 BA R Zel2 &7) | 20154 VI

= M= R&D EX} 2ty 91,162
— 153 E7|M|Z 20}of| Choll MR EX U2 F 1,162AH
Z7: GSRAC report, ZLHQ| x{AiC|Z 20} =27+ R&D EX} $& GSRAC X7+

https: //report.nin.gov/categorical_spending.aspx, GSRAC XH7|—3—
09—13 : The table shows historical data for FY 2009 through FY 2012
14H-17A : The table shows historical data for FY 2013 through FY 2016
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Regenerative Medicine) Py P Regenerative Medicine
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Accelerating Center, a5 g7l
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S0 A0 TSt | and Biological Sciences
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Content and Review of Preclinical assessment of investigational

idance for Industry: Gene therapy
cal trials- observing participants for
delayed adverse events

CMC information for cellular and gene therapy products
human gene therapy IND

Testing for replication competent retrovirus in retroviral vector based gene therapy
products and during follow-up of patients in clinical trials using retroviral vectors

Guidance for Industry: FDA guidance for human somatic cell therapy
and gene therapy

Guidance for Industry: Potency test for cellular and
gene therapy products

Guidance on quality, non-clinical and clinical aspects of medicinal products
containing genetically modified cells

Quality, non-clinical and clinical issues relating specifically to recombinant
adeno-associated viral vectors

Guideline on Guideline on the non-clinical studies
development and required before first clinical use of gene
manufacture of lentiviral therapy medicinal products
vectors

Follow-up of patients administered
with gene therapy medicinal products

Guideline on the non-clinical testing for
inadvertent germline transmission of
gene transfer vectors

MHLW
ICH
MFDS SQHAX|EHC| BXIts R |= LA™ - XAY
Hio|2A AlEof st 7tol= O|&tetSol| chH|St Stxt 2Hzt
H2 PCRS 0|88t RAXIR|ZH|
2 2A MHaln|o|MA| T2{Atet
Hl et A AEE
EX . SURXIEN AHL L FRISE 2015, 2015,12, AFQ|AUZ X

7,

Ol=2| R 2157} E2Y

ul= FDAOA = F-AARR] 5 A of] Tdste] A2 mA4 o] YA, F4 e, 5244 A

2E Az HE o T, v AlFe] et AL nk(1998W)3taL o5 75t

28

— AAF A2 A4 o] AFEES (2006), Retrovirus HElS ARESH A} A 29
A EA 715 Retrovirus A|3of| @3k 7lo]=akel (20064), YARel Al
A2 2 A|S] EAB 7] 23k 7ho]=atel (200849), & AIF (20114), H]UAF A3
(2013Q)e]l thgh B AFEAQ] 7hol=aRlS TR

- AR ZA o AHE-E= WA Q] HlojH A HE o] HHE o= 2006H 9
Retrovirus #ejo]] ¥k o] st &4 o4 A-7F 2t Adenovirusth
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B3k SRR Ao AEA2) FolSetelo] gl AR
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Guidance for Industry: FDA Guidance for Human Somatic Cell Therapy and Gene

Therapy 1998

Guidance for Industry: Gene Therapy Clinical Trials—Observing Participants for

Delayed Adverse Events 2006

Guidance for Industry: Supplemental Guidance on Testing for Replication Com—
petent Retrovirus in Retroviral Vector Based Gene Therapy Products and During 2006
Follow—Up of Patients in Clinical Trials using Retroviral Vectors

Guidance for FDA Reviewers and Sponsors: Content and Review of Chemistry,
Manufacturing, and Control (CMC) Information for Human Gene Therapy Investiga— 2008
tional New Drug Applications (INDs)

Guidance for Industry: Potency Test for Cellular and Gene Therapy Products 2011

Preclinical Assessment of Investigational Cellular and Gene Therapy Products 2013

EX|: QXA HTHE L FHSEE 2015, 2015.12, AIZO|QFZOLM

(1) Guidance for Industry: FDA Guidance for Human Somatic Cell Therapy and Gene
Therapy (19984)
« o] 7lolEgFele 19919 ‘Points to Consider (PTC) in Human Somatic Cell
Therapy and Gene Therapy' & tiAIol= A2, 1 59t F-HAAABA| Hoke] Wi
I} gEo] ARAREolA SRR 2AY] At D 54 I AYAF A|AE] mRAE
Hpol A W3 ), FAAF A58 Azt WE ] Fof v (e B AY )
ol thoto] =& AEE Ao Do/dof 7|Hkste] 19980 A= vhEol 5l
— AA|EZ A 2o} AR X =l Tt FOE thaat 2ol Hkal Al
* HME X2 (somatic cell therapy)2t X|2, ZITH E= ofdlo] 202 MAI NI} Opd X7}
MIZ, SEMZ, E= 0IBMEE QIHjol Foists S 2ol MME RIZ0l| AIBElE Xt

ME, SZME, = OIEMZE 1) Mool £, FA| Mgo] 3iHS MRS X, 2) MZof
ok2 XIS B 21, 3) S5 SRS WSAIZ! 22 Eala

olr

-1 = o=

*

RTIXL X|= (gene therapy)2t XZLE oY SMo2 MEE RIMoZ Zafeh= A 2lo|st
o, Olm MZ= HeloM REMe2 ZAE = UACH, IR0IM 2F FHXIE Mz F
P S MZE Mo REMCzZ ZAGIH Fofohs E2, 0l= HMMIZE XI=0i=
A =

pe
Ol ol



(2) Guidance for Industry: Gene Therapy Clinical Trials—Observing Participants for

Delayed Adverse Events (200611)

« 2 7hol =Rl 2006W 11 ¢ E% Retrovirus HE]5 o|-§3t A2 24 ol of
gk 7hol =aRelof thsto] 744 AlekE SHIL b, 7L ©]% FDAOA = 7=}
E9°| Retrovirus W7} ofd A2 ]EHH BAfole A7 & A7Hor galEo
A o] Fatgo] Wy o fig 22 2Alet: AlYS AlS-E5 HLsel

&

1' nlo

— A ARE fIsiA Aesha B4 A7IRE Al s Aol BaskARE, of=t &
7|12k et 24 HE2 Y e ol SOl @A FAE EE Ut

540l 9%
- olugo] Aeslo] WAk YO R vlolei 2N HeEle] H7)He)
217 chromosome |2 k2] A1, Y fAe) B 49l Wl

REERREOECEETE R
- w3, e A 2T L ARE B
A A8 ARSI A1 o]

w3t A AEE Zstal )=

A A%,
Sojzl 44

)

WIQAF A AN eIk A
QAR 7158 2]

o2

(3) Guidance for Industry: Supplemental Guidance on Testing for Replication
Competent Retrovirus in Retroviral Vector Based Gene Therapy Products and
During Follow—Up of Patients in Clinical Trials using Retroviral Vectors (2006%)
« 2 7lo|=@lel e Retrovirus HEE o] &3t SAHRAEAQ AF & Eojuke 32}
o] FAzAP 245+= EA| 75 Retrovirus(Replication Competent Retrovirus,
RCR) Al ol gt 7ho] =2fel 9l
— AR BA A2 T AlEZSY ©A B EHE I E g SolA el RCR Sl

e -8 Fo $hke] RCR 57 Al719F AR 5= PCRY 52 278kl Q=

(4) Guidance for FDA Reviewers and Sponsors: Content and Review of Chemistry,
Manufacturing, and Control (CMC) Information for Human Gene Therapy
Investigational New Drug Applications (INDs) (20084)

o2 7ho|=iele Sl AR Aol et RAAREA Y] £ wElof et g
& AR 9
TR A9 A 20 } w = HHE, :
AR, FARA|mA O] 482 FHAES ndE AR,
A

o i) BB A TH

(5) Guidance for Industry: Potency Test for Cellular and Gene Therapy Products (2011¢)
c 2 7polEERlE AlE 9 FHAREAE 1L B R Qlste] a8 AlES gHdt=
gl ojggo] Qlo], a8 Ao AAA] IARR;S 6L O



agolt JokEo] A7 AL oulshs Aoz Al ATt YA HlolE R A ¢
= 88 AFL in vitro B in vivo AP E LAEN RE YESHE AEo| &
Q
[e)

(6) Preclinical Assessment of Investigational Cellular and Gene Therapy Products
(20134)
o B 7lo]=gkele 19989 ‘Guidance for Industry: Guidance for Human Somatic
Cell Therapy and Gene Therapy & 7§A¢H A2 MEZX| 24 W FARA] 2 A 2] H]
A Bkl ot A AR ThEAL QL
— 7|&9] 3le} oofEo] dEA O AgEo] eH HM A Y A, FEAd Bt
oF 2] gdAo|a 3 AJFo] ol BTt gen, A mA ol AlE
of 7EAQl Ag7dely E4S argfste] dEjor fAsHA Alsfor & da
ol 7] d=dd

— 7)ol FAAA Bl ®IFE oL} o] A oot
* Hio|2{AY HIEE AFESIX| 9= E2tADIE 7|8te] X|ZA|, H| Al HIO[2A HIEE A

5= X|2A|, Oncolytic virusE Af2sh= X|Z2X|, 0|MSE HIEE ARsh= X|IZM|(0, Listeria,
Salmonella, E. coli, bacteriophage 5), Ex vivoOllA SXX}F ==l M=

\I

L}, o] STXIX|IZH| OI5{7} FH

S AT MUY U3 (European Commission)= ATMP(Advanced Therapy
Medicinal Product)2f= 80]2 AFE-3Fa 9o, ATMPe| tfall Regulation (EC) No
1394/20075 20079 119 13Y AAsIHoH, FHAT 3= o 540"
20084 12€ 304 HE ago] WlE| o] o]& BAMA O &2 ATMPH' S 29
— EMA(European Medicines Agency)= 2}at20l 715 3)517] Yato] 77 ¢

31E F1 9=, ATMPSF Haste] HEA = $Y3] (Committee for Advanced
Therapies, CAT)Q} Felx| & 25 A41& 21¥3] (Committee for Medicinal Products
for Human Use, CHMP)7} 344]o]m, o]Zo| CATS HEHoke} T wfakal A%
ol thslf 2sha] B7F E= 2ekE] 7tole A FA 9 2ot At )T R o

72 gjgjurol 433

S AR 7 A (Genetic Therapy Medicinal Products, GTMP), AAZ X =2A|

(Somatic Cell Therapy Medicinal Products, SCTMP), ZZF&HA|A|(Tissue

Engineered Products, TEP) W o|& A|&2] ai4] HE o g2 X g 7)] o]Ate] 9|7 7]7]

£ 2371 A& (Combined Advanced Therapy Medicinal Products, Combined

ATMP)E 4744 357} 9l

- EMAoA = AR EA HistolA vt g vpolg s wWE ZF shkel
Lentivieus #E|o] 282 9 AFA 7ho|=eklo] 2005 =) 7Hd HA vh=



ojF o, GHR A WE 9 germline transmission®] thgt 7S 3t v YA}
AE Zhol=eiRl (2006d), AT ol o] 8tEl= v Aol tigh 7te] =zt
2l (20084), AR =A| Fol ghxto] 24 2AF (20109)0]] TRt 7ol =eelo] i
re]o] AR BAl Ao S50 whet o] =efelo] Al7] A -skA A A= o
ZAo% He

- 2010d 9] AAV HIE}E ARS-3E Glybera®] 5|7} Hhabazo] A 23t AAVE AMSSE
AR RA G S, v, Aol tid 7tel=etelo] B2 theolfls. E3
AR o] ARt Al AMEShe AR B Al st A= 2, v, Aol tigt

7tol=gfelo] 2012¢ ) AIA =SS
— FAAA 2AO oncolytic virus vectorZt AREE= -9, ICHOA] 2009 of 7k

O
Ao
3} oncolytic virus vectoro]] gt 7ol Egtel-S g3}l )

Ulo

« EMAOIA ] 3L 4 7 TA|S] AR 24 B Zhol=aiele ofdjiof d

FEHO| REUXIX|EH 2 Jlo|=atel HE

Guideline on Development and Manufacture of Lentiviral Vectors 2005

Guideline on Non—Clinical Testing for Inadvertent Germline Transmission of Gene

Transfer Vectors 2006
Guideline on the Non—Clinical Studies Required before First Clinical Use of Gene 2008
Therapy Medicinal Products

ICH Consideration — Oncolytic viruses 2009
Follow—Up of Patients Administered with Gene Therapy Medicinal Products 2010
Quiality, Non—Clinical and Clinical Issues Relating Specifically to Recombinant Adeno 2010
—Associated Viral Vectors

Guideline on Quality, Non—Clinical and Clinical Aspects of Medicinal Products 2012

Containing Genetically Modified Cells

EX: RTXR|EM A0 Y FHSE 2015, 201512, AZQAUZ X
(1) Guideline on Development and Manufacture of Lentiviral Vectors (2005%)

2 7Pl Aol A AlEZE FAA} 23Sk -t ofyE A ' Atk
£ A3 dAdshs 4ol 285E LentivirusE o] 83 FAAA 2A] 71EAS] 117

% vlolel2 QIx} HF S| vpolel s



(2) Guideline on Non—Clinical Testing for Inadvertent Germline Transmission of

Gene Transfer Vectors (20061)

« 2 7lo|Eeele QAR BA| Fo] St A SFAXAEA Q] germline transmission
© afd 2 A HolA ZAIE 9o & Sl RAA AY WE 9 germline
transmission 7Fs/dell thate] B4} Al ©AlolA BeetA B7tohs 2%

— o]]| germline transmissionol] #oto] FHAABAR L= L Gl= vlol2 A
e o] tigh, 9% WA FaFS vlA= AL, WA, At AA Bt dHleold
SfjA] Foll ek FEE 23kl S

(3) Guideline on the Non—Clinical Studies Required before First Clinical Use of Gene
Therapy Medicinal Products (2008)
2 7hol el ofolut A7 HA o7 QAo FolE= EetAu|E DNA, Hio2] A
3 e, vl vloly /g e, fAAL o] Hpol| A W §R}F 22 AL E 0] 85
TR 2 A o 283
— SARA ZA o gt UubA Q] 7lo|=Eele ‘Note for Guidance on the
Quality, Preclinical and Clinical Aspects of Gene Transfer Medicinal
Products (CPMP/BWP/3088/99) oA A-&=E oLt Ao 2x2 GHAFH
2AS R i) BR A77F Rl AAS GFAL gk S, ICH AR
o] ‘ICH M3 (M) Note for Guidance on Non—Clinical Safety Studies for the
Conduct of Human Trials for Pharmaceuticals Specifies Studies Needed
before First Clinical Use of a Medicinal Product @] 7% 7|Z2] 3}3t 0|2k o
AgE= Ao FARA A A-&st7]ol= A Qlef, & 7hol=aieloflA =
WIAIR el F 22 S01717] Aofl =3sh= W9 Aldol 28+

— YA WY Mol Zagt Hagho] v A Are HER ofR AIY, B2 A9,
Fof & 2% 174 XPE =4 AR, AAAE F8AE Ao
/d/uto] : Lokl

- HMEV’“ ”“Eia *l&*l A,
(virulence)o] djgt 719l Hr} 2
B 9] 7ol WE] AA|of tiet 54587kl tigt Had= Aushal Sl

=,

(4) ICH Consideration — Oncolytic viruses (20094)

* Oncolytic virust= FYA|EAA MeF oz FAlsto] Eefl(lysis)oh= §42 71
vlo|g AL oF=SIA|T] straing Ao &2 &S Adenovirus, Measles virus,
Herpes Simplex virus, Sendai virus §¢] &

— oJ7]9= oncolytic virus®] E4 <1, H]QAF W QJAF AJF o) 3t R0 2 T
TAE o] 9o

— B4 Selof i FoF AuAel] e B ARehA B4, 4 WolE, 9Ia) 2R} A



o, v Aol & 29 A, A% A5, X, viral sheddingol] tsto] of
IO, A AlRIAE SFesEet W et 24, Wauks, Aeehd o
5

(5) Guideline on Follow—up of Patients Administered with Gene Therapy Medicinal

Products (20104)

« 2 ZPolEERle A A FolAY sUEE FAAAIRAIE o EAfA
Fof 279 Ut o] dHkgolut o/31t--(delayed adverse events)©]l Higt
WA HYE Y 5 2 2] w3t
— AR RA 9 FFel whet et

TeRlofA= WE 9 Fio &

=

YOER, F 7}o]
olo.
=

(6) Quality, Non—Clinical and Clinical Issues Relating Specifically to Recombinant
Adeno—Associated Viral Vectors (20104)
- o] Ffo|=ele o1§ 3 GAAXRA Aol Yold B, v B WY
o olgrell that ﬂeww PRI ghe
— A2 AAV RBAAY] Adenovirus®} 22 helper virus 5= ©]-83 A, A
23N HZ2HY 2 AL RE AAF =) Fof| Bk AR, FE o Bagth Hiol
22 A7Htiter), CEAIF, AAV-29F 22 2 EEFO AR e ARFS 7l&

Blpie=y
— HAAA S 93t 555 AEA] 1AM, germline transmission & E38H=
Az, LI H7E Foll Bt AR, AAAAAIY AAlRE, HRA, A7 F

(7) Guideline on Quality, Non—Clinical and Clinical Aspects of Medicinal Products
Containing Genetically Modified Cells (201241)
« 2 7ol Bl FAAF 22 NS 23eh= AR A O] WEE AoRE §HA 2
A A, HAA, A AlRE TR S
- §HA o2 A E A|3E(genetically modified cells)S FHAX] BAZ /= Ak
A 2 2A) Bt 232 38} Xﬂ%ﬁ’% Azl A4
- AR 22 N 2E TS AEY ol ool Zo] AATEEAL Sl
* ool @M Asto| X|=20f| ALl RTXF EE ME, BY HY X2 TR ZEF XM
ME = MIZZARM 21Z3Cytotoxic Lymphocyte) B ME MAt =& Xt HESME
A (

(Autologous Chondrocytes), A& &gt X222 SMAF & MM (Progenitor Cells), i
&M 3122 2ot MR == 'T'E-% M| (Osteogenic Cells)

— E40] tfstol AEE FAHOR 2oy RTHE AR B It A I
WA Aol Tistel Bl 33:%] =8 A o3t Aol A,
A Ro] gapo] Arhae] RS AT 5 Uk v AT] B AY, AYAE

=

O

]



AL AZ % EQ1E SRl gt okesty B4 sl o W AwT
o] 27 zAjo] B AFFE TR QLS

Ct Y29| RTXIX|=H| 21517 F=

« AR AR A 7ol Eatele FA Yl QA FEof| wet X[3Jo] 1995d ] U3t
gof SAAoRE njmEuE wE Zlo]=atelo] fEold v, FAAAE g
ol ek 213e] 200210l W7 ol = AR =A A Al WA, B, 22
ao]2i & WE Fof disiA= obz] Fie] X 50] HHEolA A ¢+
— L2 FAAAEA Zhol=atele F B Q1A Bhio] et AFJo] 19954 9] &

Zreo] SAIH SR E vt w2 ho] E8ielo] whEolxl vhd, AR = A4
Aol w3t A3l 20029 LR o2 FARABA| LAY WY, B,
Zyzto] upo2| & Wlg 5o tisfiA = of4] o AR Eo] el A4 o A Y
— 22y, AR EA Y] S W A ShEo] ARt AR oA = Blol2 A HE ¢
ofl %= w] Bloj2| &4 WE|E 0|85k ol thiek Aol AdAIH o2 AA =] o=

N

1o

- olmo] g RA ) QAbedTe] Tt MWL AR ATo] Wolals BAES] Al
AR W] ek A gat A8 Ageis Aol 2

. O]

AR o] TAI = (Ministry of Health, Labour, and Welfare)ollA] B]QJAF 9 QJA}
A A FAAA A B 7ho|=2iele oot

36 YE0| FUAIX|=A| 2 7j0|=2t21 g

Ex|: QUAX|EH HTHE L FHSEF 2015, 2015.12, AIZO|QFZOLM X

(1) Guideline for Assun'ng the Quality and Safety of the Gene Therapy Products (1995%)
« 2 7to|EERRle AR B A FA 9 Qb s Wk AR o 2A, AR A=
O] BAO R AR QoREe] SHAA B HA SR E 9o agt 7]EAel 8 A
&2 Aok ALR, 199540 kel on, 20020 A7 1, 200490 L A
A=
— of7]olle FAAR BA] Aol ARE= FAAF &9 ol w)
J, HY

THARY I A AL - e A, 72 9 AR A%
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SN

{

x
o

119




(2) Guideline for Gene Therapy Clinical Research (2004%)
o2 TholEEjl e R A ' AAFATel W A H o2 20020 WFE Yo,
20049 ol A5 A=, 4, A E fasdo] B W8-S Egstale AT

[e]

A HD 5 &2EQd A 9 AR Hof det 229 @% Faslen, A4

Ato] et e AL S GAb] B U= 2 oRAL Sl

— o7l E FAdAF A= Histe] AW ARE HALR A Be FAAE =9
g AIES AR Aldfel] Foshe A #A1E S g

— f AR mAE gL el ilitﬂ 7HHE% SHo2 B S FU £ 21
7} 5 SRS 293t Aﬂz =
-3 e fEAAR

sy
* ISt M TS, o SHY HUABEST Ve MBS YIHEIs U EE Aol TisS
PRSP Hojcals T8, QXK X2 U 0] Ofpt K| F1bt BiAY TSt Ch2 W
Ofl BlsH 245t ZTHE LIEK 2o B3| oAl 8, TIZXIOA SRt XI2 LY o
S S8 ¢S 4 = 0/200] BO[2US MBIt HO= EEE Y

7}, EEHMo| R HEot wo

- 71%3] 219(10¢1, 2016 59 Hro)), Had 2l(129], 20164 119 Hre)) F 23]
ojlo] faket wieke 2 Aoz 53] o
- HoAg ool A g el Wk WENHSE oY twHo|(ejtvE A

227%))
- HAg el e] A1 9 b st HEQ (M4 oY i) (QH s A
34243%))

+ 20164 109 9] HARA 93] ¥t 29 A & AERIA U AR T



M1E &3

x1|2£(’§;9I)
HIBZ(CH2 HETO| 2H)
HAZ (27| M)

%t 712A 2l 43 5
He=(7|2A &0 28 5)
HeZ(AlEiA 2o +8 B)

M7 Z(HERA ol 2 A o|9|215))

T HThHA ool AAl U IS

M1 (T = Al
MIBZ (T A= 2|7 [2)
HIOZ(REIRMO|Z AN O] S2J)
HM10Z(HEtRHAI=Z AMA0] ChEt A

20|
O

)

4%t AMetxjaio|z of Za|
M17 R (RTRpA | 2 2| 7 |2
M18Z(PFHY ZLIE{Z!0t O|AHES H 1)
MO (R7|FEHZA)
H20E(X = - ZH= 5)
H21 =3 - 17| HH 5)
227 (A "*E“'E*)
(517
(
Z(

H23% 3S)
H24Z=

oM'

_I’.—:l_

Ho% E""

I1|277‘(1‘-°r* ‘55789 Atg 2X)
M28Z (743! - 1t 19| FX))
M20Z(H|L '—’é SEIR=N)

Hl11 (Rl 2 Alo| 23 XlER %]
H12Z(HERICIZ M2l HR0E(HE)
x i = S ——\==
B _ X R(QFeH X
Ho& Mol ol XIS legg EJ_'jEEHg)o)
A1 AR(EERRYOIZ0| 7|27 2 MIIE) &
M16X(HErHMolz ol EXIE 5) 1)
H16Z (ol RIS 0| H2) o
< Adlsr AR Allx): HAAEARS] A7 ATE Eolal, wulo] kA A&
= 7 e A FEAA 2 7)e il A8 ek vk o =N HtAg o
B e e = A% 9 A9 A el olrkAlRks HA o R 9
M1 &3 H4Z FERdO|= of oMtz

HBX(CIE HEDIO| )
HAZ=(Z7to| 2HR)

HM2ZF MEtxfMo|Z of X
HoZ(7|2A | 48 8)
HeZ=(AlAI=lQ] 4~ *E' S)
x-||7+(x4|:}xHAHo|§I-IxH |°_|§_|)
MBZ=(7 127 2 MHTIS)

HIOZ= (AL EXfEi] 5)
MI1OZ (MR |2 X247 2ol XIF)

X-”gxl- ng:foAHo|§o| A|A|
M R (HTIHAC|Z AAL7 ]2
X‘”‘]Z;(’E,EI‘IH)‘HO EAIA|O| EO|)
|13 (M| Z Ao CHEE AlQ]

=1}
R AZ (R |2 AlolRl2I5(0] 74)
HI152(e|2Alole|2I5l0] 22)

A1 (RO R ME A2 AL
HM17EE7 IMESO| H4)

9)

x1|18x(i4|:f HAHO|§0|-I-|:'_}E|7|I|L_})
H19Z(QHHM ZLIEZ 0t o[4S H )
H20Z(E7 |FRZA

H1ZXE - 2= 5)

HM22z=(3] - u1|7l EERS)
x1|23x(*|x-ln=|a1)

24z (&7 H

S)
_I_o

X1|6’é* HE|
HI30ZE
H31=x
HI32Z
H33=

HX|
=

24xx|o] )
bl T )
TIERE)

EH
=
N
[e]
o=

(
2(
(
(



« 5 HokY] Apol= 2 Aol Kol QU] il MRS HE AfE B
& Sk, ARl S g sl] Qg AAE vk
O} HEIhMo|= ol X3 I 2zlof et | MU= ol X 2 otz o
== HECH 2ot HE
o HCIRjAo|Z 0| & i 0|z,
S0l0| oixtsn At syl | SEAKIIEA TS 2US =00
ZE XMH2 A Q-2 J|& SAlT} Al =210] 2FXSHA| & HEEE v UES
S5 Soois g s ol | S SR 718 S e
(1zm) EHENEA0d e mar | U DI2IBIO 2 M REHIA)
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H2ZE =018 SJME X REIKIEX

3 R&D X 33 Hiul

1. E7|MZX| =M R&D X|& F=H
7L E7IMZ/RYe|= 2= R&D FXleigt

1) w=
s =] E7IAIE AFAEL A AT, vls SYPEAANIHE) @ Aejzyof
APt AT A AAHCIRM) &) AFAL FALR T2 4

(71 NIH
« NIH Ats} 277 ©4) % NIBIB, NIDCR, NIAMS, NIDDK, NHLBI 5-& $4 22 &

NN ZATL A Y2L B o5h T A 27 2

—'10¢ A JsHAlE] (Center for Regenerative Medicine, NITH-CRM)E A& 3}o]
&7k $52 million(¢F 5919 ¥)E 2| FH2014, 04 &)

- NH-CRME= REBKSEY|MEo| 2y X2 2i3t o170l TE £Xt 3

— 179 E7|MZ Fof oAk oF $1,570 million(2F 1,762 ¢)

— 18 E7|A2E Foke] o4k 24 A]= $1,660 million(9F 1,863 ¢)o& A &A 08
At 57F A

H 37 NIHS| E7IMZ A7 X| &S 0|

(=] : milion $)

Human Stem Cell Non—Human Stem Cell o
Embryonic  Non—Embryonic  Embryonic = Non—Embryonic
20144 $166 $443 $150 $627 $1,386
20154 $180 $445 $159 $632 $1,416
20164 $206 $457 $146 $652 $1,461
20174 $252 $484 $129 $704 $1,569
2018E(F%) $266 $516 $136 $745 $1,663

ZEX{: NH /|0 |X|(https: //report.nih.gov/)



(1)) CIRM(California Institute for Regenerative Medicine)
« E7IAIE A 7Y Ths/d Tt Q7tfolE Ao tiRk dIiAE AW 7|Hte® g
Qbof ZABo] el olsol Al 20049 A
* California Stem Cell Research and Cures Act, Proposition 71, 20044 112 S1}

« CIRM 1.0 (2004~2014)
— 17] AF & A $3 billion(SF 3.3% Y)olH, 27| A AL 22 A8 &
ZIMIZE(HjotE7 M2 5) 71 % Stoll A
— 20129 o] X &A| L FIgh ATl S FAHAZE ¢F 3,300 € A¢)

+ Alpha Stem Cell Clinic : 20134 AZH=|glom, Bxjo)A) obasha, Fupg o Ha
R AR18 AT L ARAS A7) A T YYAT Az 2 A 4

FRY(R>A 20717} e A )

+ CIRM 2.0 (2015~2020)
- 15WRE 2087 BAEARAL GHS DL AdeE BER 27] A9 FA

< 171 A 32 F A3 TRAES FoflA] Hujdt TRAE O] HH| S gl ol 2
Felat 25 g
— 2 $890 million(¢} 9,870¢ ¢) el4bE E7IA|2E A-to] FA; dAolw, o]F oF
50%5 ARl FAb ol
—2016d 79, 23YA ALA(Scripps Research Institute) @ A3 HA S
Y (Scripps Clinic)& #7144 254 AF7E 98l California Institute for
Regenerative Medicine(CIRM) 2.2+ oF $240 millionS A ¥ Wk

CIRM 2.0 17H| £} A|Zl(2015~2020)

(=] : milion $)

Program 20164 20174 20184 2019 20204 Total (H|E)
Education(1€) 10 10 10 10 10 50(5.6%)
Discovery(7|Z 1) 15 50 50 35 20 170(19.1%)
Translation(Z 7S+ 30 45 45 40 20 180(20.2%)
Clinical( QIAA|E) 90 100 100 100 50 440(49.4%)
Infrastructure(Q1ZZ2}) 15 15 20 0 0 50(5.6%)
Total(&HA)) 160 220 225 185 100 890

£5x : CRM, CIRM Strategic Plan 2016 & Beyond, 2015.11
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« Z7| M3 ZZAE (a stem cell Accelerating Center)™ A% ¥H#(2016, 06)
*ZI|IME EXIMIE|(a stem cell Accelerating Center): HTRXISO|AH| LMAIRICl ME SIES
=0[7| 5t wAll ¥ 2| X2t Clojef 2| I 24 Mu|A X
- Aetd = EHAYAE(Quintiles Transnational Inc*)Z} TtEUYA A 2L S35

$15 million(eF 1719 )& EAH7| & 9]
5 QMTHAIZ EXI517| /5101 CIRM

* ZEfUx E-MALIAME 1 0|=F CRO A, XIZA| /iYL & st
200 £Xi5 28

i
b

« Z7|H|3E Z7)AlEl (a stem cell Translating Center)® A3 2#(2016, 10)
* E7|M= SIhMIE|(a stem cell Translating Center): H|Z=, CFHM HIAE, U 7|Et 52 Sdt
O FDAQ| 012 ot E7IMIZ 2| &t AltS HESH MAR 4= UEF MH|A XIS
— At = IMS(Quintiles IMS™)¥} THEUA A Ast3laL, CIRMOlA = F71 Al of
$15 million(2F 1719 )& FA oI
* Quintiles IMS Holdings, Inc.: 20162 10", IMS Holdings, Inc.2} Quintiles Transnational

Holdings IncQ| EfHo 2 HE| HA

« Z7|H1E ZZAE (a stem cell Accelerating Center)@t &7|4Z F7AlE] (a stem
cell Translating Center)7t ¥F n& 9 dz % AlglE= CIRMQ “Pitching

Machine”© 29 &3k 5} 9

EllO hid

A€l (a stem cell Accelerating Center)?} &7|H1E Z£7HAlE](a stem

«Z7IAE 3
cell Translating Center)®] E8-& Fsto] Aa|xzyote] Qlaze}l 153 AAAIE

(clinical trials)22] A& Y-S BA o7 §H
CIRM 17| Al 27| At Hlw

3|7 HRIY Zattof thet E7IMZ x|z2e =

o|Ad
18 (To accelerate stem cell treatments to patients with unmet medical needs)
=372t 2004~2014 2015~2020
oo oAt $ 3 bilion $ 890 million
= (2 3% 4,128 ¢) (2 1 1249 2)
_ . ) M2 CEA| D= A = illi
oAt Ex funding from state—issued bonds =8 Sl %%‘51 mﬁfgﬁ 3 bilion)
7|zt 104 54
0|AfEt — Alpha Stem Cell Clinic — Accelerating Center A% (2016.06)
e (B7IMZ AT, MAL QUM X|F) — translating Center A2 (2016.10)

Zx: CIRM Z|0|X|, CIRM Strategic Plan 2016 & Beyond, 2015, 11



(th NYSCF(New York Stem Cell Foundation)
+ 2005\ A nl=ro] £7] Az v AT
- Z7IMEE o83t A7 A A A7 oz b

* NYSCFol A= & $150 million(¢F 1,7059] ) 2} 213
- A A4 2 FE A7) HelA s 7M1 AR 9 7| R0A AL
2 o]ofx|= F/AF X d
— E3] 2] A5 2Hpostdoctoral fellow)E thAte 2 w4 Y 9 o ATES

Brlslo] A award) A

e
e

@D (1) vi=ro Aoz #7718 - A%

FERT ol ol mo| Mol 17 7IE U M| HEH2012~201451)

(2] : milion $)

LA~ E]|
012 y8 7l RHAMO|Z o1 43 LIS 2012-31 |*2*°14-—
e S FQlof| Tt ARK| Ridl, 2abd i, A 252.63
(Department of Defense) £ 3 24 5ol thato] S, XA (2F 2,86721%)
) E|Z] ZO1S Y= ARK| Rhd, 2lady =&Y,
ekl HE & 5y 2 ofL2} HES, SUHE S 40,95
(Department of Veterans Affairs) | LI0|7t EHM LIELI= 24 £RF Sof (2 465212)
cheh & o X1
=S 5 XAIS SpAL oI5t 7|% 3 40.23
i i i < = ot 7| oI+t TR
(National Science Foundation) 2R XINE AP 22t 7|2 A T (SF 457AH)
AlFoler= o2 MF Al & #E JHLS I8 Y, 8.63
(Food and Drug Administration) | &4 % 3 (2F 9821RY)
Of| LA X[ SOk A o xk =
: = . 2 K| 7|& FHAM npskR C| ol
(National Nuclear Security 1}55 gl%l Fi%% jac kP ofocfof 7 & (otg'58<141°._|)
Administration) =c= T TS =
ERES eI Molz K{EO| AlCEbl et s =%
(National Institute of Standards xH,‘i"%xﬂ:Eo‘;‘-;’cfjp +H7 A Sot=s 72 23, 0F2-3g°
and Technology) =78 55 FE ML (e 2749)

£X 1 US GAO—-15-553, Regenerative Medicine, 2015. 06.

(2) B
(7h AR elm Borol of=to] Ak 733} B 114 (Building on our own potential: a UK
pathway for regenerative medicine, 2015, 03, RMEG*) 3%

* RMEG(Regenerative Medicine Expert Group): 20135 I AM@l 1jst7|&Q 13|17} x|z 2t
2 M2k 3l Asi|E 22 Qo MRS QAL MSIAL S|, HE HEE THE M7 a8
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(1} Innovate UK : g=7|&4= L3
<159 7Y, YR E AZ AR Fofol] ZRAE Aln AYst HHOoRE £8
million A& 93
— Innovate UK+ Q1A Al - 22 - A7)0 4 715 B8 diAISHEAY ARYA7]7]
9Jgt FA4 o5k 2|7 2|

L QA AYBL 7Hs S A EA AL B AR} Y ZRAEQR~30)E Aot

[

2

rjg

(c}) UK Regenerative Medicine Platform(UKRMP) : 9=t ZjA o5 Z4Z
+2013¥ A2 =¥ UKRMP+- BBSRC(Biotechnology and Biological Sciences
Research Council), EPSRC(Engineering and Physical Science Research Council),
MRC(Medical Research Council)®] ¢S E3|] £25 million & EA}sto] d¢, &
AT W 3 mE gL 1A /90
- AlE e Sl Ao R SRA Ego] E 4 e AFA A AE
ks

« % 5709] Hub9} 57H] A9 EsE Z22Eo| 19
- 5709 Bz V)& dbeh W AwA| NS B9 A ] S AR o

xel
AL 714 S SAA S AL 71

UKRMP 5 Hubs 2|AE

Theme 1 Cell behaviour, differentiation and manufacturing Hub
Theme 2 Engineering and exploiting the stem cell niche Hub
Theme 3 Safety and efficacy, focussing on imaging technologies Hub
Theme 4 Acellular approaches for therapeutic delivery Hub
Theme 5 Immunomodulation Hub

= : UKRMP Annual Report 2016

(2} Cell & Gene Therapy Catapult
< 712ATe APEE dETOEN 9] ME/FAAANEA A A EXE 5
02 20124 5¥0f A=



+ 2| Cell & Gene Therapy Catapult+= Cell and Gene GMP Manufacturing AEE
FAH o2 JNFBIAAL o] F Bl FuE VIWe R b= AlA 29 AAA X =AM
Ej(Advanced Therapies Treatment Center, ATTC)ZE FAE Y EYIAES &3 o

The Cell and Gene Therapy Catapult Turnover & Capital funding (‘18. 03 7|&E)

(&9 = £'000)
Turnover 20184 201744
Innovate UK core revenue grant funding 12,580 14,116
Collaborative research and development and other grant income 4,825 2,336
Commercial income 3,660 1,573
Capital funding 20184 20174
Innovate UK capital grant funding 5,851 24,931

ZX : Cel Therapy Catapult Annual Review 2018, 2018, 03

+ < Cell Therapy Catapultoll A+ 4R} dA+tof it S84 ohelslal ‘16
P& (Gene 57} :Cell and Gene Therapy Catapult)S ¥7

s

24

DO

014

1/5)1-

3

delol 1,200m” o] Aedd 9 AR 331 Guys Hospitale 143}
ZEAL PSR ohdE} Qg FAISIA] thEs 1207 o] Aol 2

[e]

o]
=

S
=]

40 o
=1
e

+ 2017 Stevenage®] £55 million(2F 8209 ) EA}slo] 7,200m? F22] Cell and
Gene GMP Manufacturing A ES AHs}92
= AgHo 2 FAFIHE 77k A §AJs] qlo] N AL ERE AlEZo] oA

29l 2% 7Hs

(e w2t

+ 20149 69, 9 DefiniGEN Ltd. = Z7|M|Z2 84 AF E3-2 918 Providence

Investment Company, Cambridge Capital Group, Wren Capital ¥ Ranworth
Capital &2 3807 2&|E A "ok

(3) At
(b Mt AR, 7142 At $9 million(eF 1069 ¢) A (2016, 11.)
AUt R E7AE A9 22 ECL AAIES Ykl 20160l wiEE o4t
$12 million(2F 1412} ) ¢lof] 712 $9 million(2F 1069} )& A3t

LI

F3

TNICE BN

>
rio
Ho
(14

AL X
[]

=
o
03




£ 20169 19 Aok HF 2,0008 2l Agdste] Avteh E2Ee] S714EA 24
A A8 AU

(L}) CCRM(Center for Commercialization of Regenerative Medicine)
« o] A o) Eatoke] thsf AtollAl Adstel o2 AREE ©@EA1717] $1% 7]
<= M 719 A E FAY 5 A A A 9 =)
-2011d 69 A¥d 7|#o2, 20104 7yttt NCE(Networks of Centres of
o] 9. 2011-2017) A ke

LR =)

Excellence)ol|A] $15 million(2F 170

« E2E &t (University of Toronto)2'Medicine by Design™ Z=2 130 A3}
TEYRA Zho] F(15, 07)

SIXIRNZE flot M2 Fefzg Ti&stetn o duts

ME Solo] 2Tt 7|22 22 A=

* Medicine by Design 2124 :
== 4NX o|2oz HASIT, CCRMItL| HtEL

H= ©
E7|MZAT 52 252 2o S $114million(1,262%) =Xt XIg4

TN & U
- 159 A2 EoF 45712] 7| o] ZEHE A ALAIAS 5
— AAA Y Yol Aiyrie] STEMCELL TechnologiesAtel 71 €] th=t#] 71912l GE

=0 iI§
aai-%]'

Healthcare, Pfizer, Lonza
- ZF MAEXISTH 12710 SSIHY TIEEHN M

— 2 ‘169 019 $20 million(eF 2279 ¥)2 AMF(Advanced Manufacturing

Fund®)o]] oJaf] z]guto} 20184 12¥7H4] Manufacturing AlE] A% o3

* AMF (Advanced Manufacturing Fund) : Canadian Centre for Advanced Therapeutic Cell
AR OF $ 43 8million(2F 49821 &) &

Technologies ZEMEQ| 2sto = Xx| o

2 417 SFEUET AR 7149 448tE 9
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(B9 9) oz
JQ UN
Revenue 20184 20174 HH
o
Innovation, Science and Economic Development Canada Grant 6,135,878 5,777,118 0ft
Networks of Centres of Excellence Grant - 696,163
Annual conference sponsorship and registration 279,048 147,950 -
Contributed services in—kind 71,342 66,000 ‘;:-E
Interest 8,105 15,392 }Eo =
oF
160%
Expenditures 20184 20174 HH
rer
Administration and general support 467,380 651,669 0fok
Amortization 4532 2,712 yr
=
Annual conference 582,393 399,294 to
=
Business development 13,743 45,823 Eﬁ =
Communication and outreach 410,028 388,554 »atS S5
02 2902
Research 4560386 | 5000024 ==
R by
SCN board and committees 45,698 39,406 =
Training program 120,342 71,139
Workshops 76493 58777 vk
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(b)) AMED(Japan Agency for Medical Research and Development), Y25 17
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Al Eok A e wore] olihe Batelol 2 % e 19 15
9 49 A1
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CHEE FH02 $EUSEYIAEIPS)ATE B el 4 ATA )
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o Tl o] dEARE=17A AR AAE AR AE W5 (15, 06)
- Aoz Arish TFE sl duwt slele] 107) 719 EEAeR FelaA
A 1Y &
*SHE 719 Fuijifim, Astellas Pharma, Janssen Pharma, Regience, Rohto Pharmaceutical,
Cell Seed, Wako Pure Chemical, Takara Bio, Tella, MediNet
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(W) = 459 R&D A1 A%}

<154 119 =7t A A®] Z## (National Science and Technology

=

Information System, Public Service Platform)< =
- 15 QAT diolg W AvE ARoA s 54 7

<16 15709 giE Z2AESL 10719 A ZR2AE0| 0.5 billion B(2F 8269

<170 17709 gE Z2AESL 10719 A ZRAE| 0.6 billion B(SF 9919

Ve FUT oY
- w3 oh3 o] o] tjsto] SHH LR AT WE(2016d 8%

- pluripotent stem celle] &2t K|

- tissue stem cell@| &=, 7|51} A

- E7| M2l 23t

- E7|MZol 0]A & MF| Jsel AY % =Y

- REO] 7|5 MY

- SE DS ALEE ETIMES M A EA It
CET7ME AN A

« A|132}F 571 =7} 7148 Al A8 (The 13th Five—year National technology

Innovation Plan) 23 (20163 79)

~ A3 570 7} 714 A AZe] Fa Hobe 9K B, WA R, AZ AR,

2714 3 AAYe)2, 3D rhol e Y Hokz iy

L}, 2L{ &5t RED EXF5iE

(1) vHSH7IE D A 97 FHo=2A Fa4ol 44

PR R W SAANE ok ulg) BAYIE D A A BHORA

FT840] FAE A LA 02 YR R&D FAPZE o] FoIA AL =



o= Z7IME 27} R&D FAHS2H(2005~2015, £H91: 242)
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‘05 oed ‘o7 ‘ogE 09 10 11 f12d 13d 14 15d

[ 27+ E7|MIE R&D FXIH <0- =X|5 E7|MIZ R&D FXIY

S S7|ME RAD S} $EH2005~2015)

(el - o )

23 054 06 074 ogd 094 104 11 12W 134 144 154 7
O[2hE=ntste 426 | 457 | 450 | 489 1,822
min =y 110 | 185 | 218 | 218 | 223 | 327 1399 59 76 90 | 79 1983
ENES 106 | 121 107 | 119 116 | 143 156 | 427 | 448 | 471 | 494 2,708
Alokx] 22 21 24 | 67
SER 4 6 |17 26 | 28 33 | 35 | 55 57 64 51 | 376
X|Ze** 25 19 | 6 23 38 28 28 14 16 11 24 232
Al 245 | 331 348 386 405 531 617 | 991 1,076 1,150 1,162|7,121

*'1241 0|5 WYY
12 0|5 AISARIRIE S5: 2t A= B7|MIE AJ7)2/(2006~2015)

« Y S7|HZEEOF R&D FAR= 2000 HH A|ZERoH 2012W AUAH] 37%
(36491 1) F718hH EA&H o] % ‘12U~ 156\ 7HA] A5t Bx G 54|

(2) 2000 ) A £2} 53
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o|% Z7|H|E Eoke] R&D T4 A&31E §J3 TARLA 7k @Y &3
- 20069 WA FAA 7 AR Y E7|HZAFAHA R (~2015)S HE
— 2006\ 5¥ E7MH|Z AT FAFAAG(07~15) 4

— 200949 79 E71A12 A7 2499 WUer3s) mE7E e 9)

(3) 20109 o|F ¥ =7 Eaf
£ 20114 SFEIALTR-AMIS] &4] 0% 71473 Bhag 917 AR ol
— 20114 6019 ¢ — 20124 1,004%] Yo 67.1% Z7}
- 20113 M| Z= Al QIS|7IE =5t ZI|MZEX|ZX| SAIZ Qlsl 1FSt7 20| opl ‘At
o= SM57| 93t HL oJx| Ust
3 3R TRl TN thR RED SXt U MMKIEOR ) ALholo] T1aAt Alst
°E1§ oI5t EX} Ztst
- 7N EAT FEEAAZ(07~15), 3TEA(12~15)914F Sl vk

= 201241 19 27|42 R&D FAEES} Yot 49 (71 9199)
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<159 E7|M 2 ool Hisl BF A g F 1,1629 o 9
— B 5(oF 49491 ¢, 42.6%), WIF-(2F 4899 ¢, 42, 1%) -2 el gl
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— 1]=+ NIH AFs} =+ okl i2x(National Eye Institute) A ¢-g Whe ALE 235 &
AR R R $7] Mg Furds 71 7o AlgE BE
— dAuYol ety Zxett et AT wol A AR Ae® Al &
AE o FARA R A8 THssithe S H2E 418
* XI27KI2 SEAE M2 0j218t otutEiste] RMAIX|RE Hate| X7| HAloATt S0t
7t Qe A= U

s QR AGR - E2HQ] KA 71e e % 5|z & 859 <ll(eF 9009 ¢) &
o AE(~20204)

- 28y AR EA NS S 542 7H7IE Brbe O 259 A EE

7IHEo 2 Agolif ujAE] FHAF 220 R oJokkolL} R U8 5 &%

O 2 fiFg A 5 e Al a eSS oA

« gy AR FHAAA A AN A= 20149 7] 599 o' 2AK2014,
NTIS ZHA| i 24
— HA L BEXE 309, vl 199, wsR 59 5
— AArEE L EAE Ao mTs ARy 169, ulef i vho] e - o m]s AT
99, EAR AA=FE7|E/NIA 89 &

s Folld= A 20159 39 Hpol e wiH kbl S dEF - whol e mielidef
I(uto] 2.ofofE) & B3l A=Al $4 S/l oA T
— A 2= HF 71E AT ARAE N SA0] BAEY ARIE 9
sto] 229 A 7Rt AR RAl Z1eE A1

« S AT KHA 797 E AAY ER
- FAR 7HE 1996@ 1Ad HABAFEHCIA(ZFN), 20119 2410 &=
(TALEN)S A 20139 FgA#E WA Foln, At 7zl a4 19944
7ZFN Qo st & AF7HA] 44 719 A5 ol S s
% U|0|X| H}O|H|Z=ZX|(Nature Biotechnology) S 229 & XEof| H7M0 &

Lt 217 X8 S
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— Sfo|A= AupA HiEHrE A l 2,000‘& 299 Adegs Aeded, FF 4l

- ofge, 2} Eﬂar%aa% %m WEAS B Ao R SR X 2E AAs
of Al2jo] AR IS ROLS. olelolE okt Adte| ] FANXRA} LIS

ol Al T4 9

» wHFE] A (Novartis)= Al QA E ol AME-217] $18l CRISPR—Cas 44+ 719

7)< 70 AAlef 1,500% E £}

— Al°Fg YAl= CRISPR-Cas 71&& N 52 ol g8 A(Intellia
Therapeutics)

o

~ CRISPR-Cas= & S&47 3349 924 B71424 2ol 9t 5% £
A B W 5A Fs
A

~ ww}e] 2k CRISPR-Cas 714 FAR SH4X 24 Aol 714318 0=

- B0l A8 o] YUY A4S 24T 5 B AR 94 U5

— ¥ FNUT OFE, OJOFg T A, CAR-T AIE, AAZIE A4 5
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e

o

« 9 Alo] 28} 712 dvto] Q= BIMA L (BngO)Ats T2 WAL & 1371 AAIe 35

o2 )3 of|tjekx v tj&(Editas Medicines)oll 1.29) 2](2F 1,4009] ¥)& FAls}
712 2A
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— 2,000%t 22(eF 2209 )& AAHskar 5 5¥zE AN WE-C.2 22007 2
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Lt 27H8 YA 15

= 199995 20161 Afolofl = § AU A 3144 T = F 4615 S50

S| MEX|ZR| 201651 7 QUM A3

of, 1557 2t ulate] ojo] Al PHAR B NS AT A0 SIS

« 1999 2 E] 2016W7HA] AAE 3144 2 0|22 49%2 714 =2 1
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AHZCTX, B7|MZX|ZH JHE X 8| S& 2016, 2017.4.19.
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D AEZOERHN, E7|MER|EA e & x| S 2016, 2017.4.19
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1999-2009 2010-2012 2013-2014 2015-2016

R: AFIUFTR, E7IMZRIZA Y X A S 2016, 2017.4.19

2 200995 AU < %7H‘s'—i% AFFsto] A& or el A T 2d7t
A 52 PAFATY] vl &2 oF 20%2 TS FAE A E YEPtS
29913 o] 2etell 2 2010~20124 Afo] FA8] F7HE o 5 uid H] gt =0 i

TE F7heto] 5% A5 vlEE fAlshaL o

ARIQAR AR Jolls w0 ) 9910 glont, B B3 A4 F7H)
o 7let FABY PER FUHR stel vl QRHFES AL 210 H3) By
S as e
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EX: AZAFCITN, E7MER|ZH L X A S 2016, 2017.4.19

<A 7Nzl AR A BAAE EFE AETE 51%(1617), A7 AlZ7)

49%(15671) = B S Holal 9l

FZPER SR B AT, QAR FF0) AR 20108 oldost Akt
SABATE 1 ol Eae0 vlgo] 27 ZTkson, i 4d el
A7k A Hlgo] thal F7He A0 U

S AIBEE SIT Al ATk E7A LR BEGE S7IHES o) gl
Aol © gelsth Aol 71908 o2 V|UFEd AdTellE B 2714
27k Z7Rte oL, AT A7k 7| AATEESVRS o 83 AAo] n]3 FolA
9 FHEORN, A7ked AEE o] gat Aol S7he Az BAE gty
A9

m ZV|N|29 275 27 E7]A £ (Mesenchymal Stem/Stromal Cells, MSC), 2E8&
714 (Hematopoietic Stem Cells, HSC), 7|2 & #H3](Stromal Vascular Fraction,
SVF), A4 =7])AZ(Neural Stem Cells, NSC), vjolef<7|A2E (Embryonic Stem
Cell (ESC)—derived), 7|&} 5 o8 Frasto] QAT HlES #45HS
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EX: ABQIAEIN, E7IMZX|ZH L I A S 2016, 2017.4.19.

n S7IHEY V1Y 24 S E, ANERE, AYE T2 725k AT dRE 24

st

B A 717 S FaRd E7IMETY 31%R 7Y w2 vES AL, AHx

A7} Ah o] 24zt 24%9t 16%E Lebd:
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— Raw materials related to the manufacturing including the compliance of
biological raw materials with the Standard of Biological Raw Materisls in
Japan

— Manufacturing process for drug substance and drug product

— Quality control of the final product

— Stability of the products/ MCB, WCB and final product

— nonclinical studies

— nonclinical pharmacology/ efficacy studies

— nonclinical Biodistribution studies

— design of clinical studies
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Clinical trial notification

4 Timing of submission

v First time to administer an investigational drug to humans in Japan:
at least 31 days before contract execution with clinical sites

i " 30-day |mnnﬁqdim N

' ﬁ " ime
| Submita diniml [c?luery A sponsor can exchange
| trial notification a confract with a site.
[ Purpose of 30-day investigation: ]
To prevent from jeopardizing public health and hygiene

v Second time or later:
at least 14 days before contract execution with clinical sites
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Transplantation of donor hematopoietic
progenitor cells(HPC) for patients in

need of hematopoietic and immunologic

AIIocordT:"A;| CIevecoTrA(AJIW,
Hemacord™, Ducord™ and
three more which do not have HPC Cord Blood
a trade name reconstruction
None yet Cord Blood Collection Unit Bags for cogecting “rT‘b”‘.Ca' cord blood
uring childbirth
Laviv™ Autologous Fibroblast Treatment of nasolabial fold wrinkles to
(azficel-T) improve appearance
Maci® Autologous Cultured Chondrocytes Repair of cartilage defects of the knee
. . For application on top of a surgically
Gintuit™ Allogeneic CuItt_Jred Keratinocytes created vascular wound beds in the
and Fibroblasts o .
treatment of mucogingival conditions
Imiygic® Talimogene laherparepvec For treatmept of melanoma on the skin
or in the lymph glands
™ CART cells T cell therapy for the treatment of B cell
Kymriah . . .
(tisagenlecleucel) precursor acute lymphocytic leukemia
Gene therapy to treat patients with a
Luxturna™ Voretigene neparvovec—rzyl biallelic RPE65 mutation which causes
retinal dystrophy
Provenge® T cell therapy (sipueleucel—T) For treatment of metastatic castrate
resistant prostate cancer
CART cells Autologous T cell immunotherapy for
(Axicabtagene ciloleucel) treatment of large B cell lymphoma
For patients treated with rivaroxaban
and apixaban,when reversal of
anticoagulation is needed due to life—
threatening or uncontrolled bleeding

Coagulation factor Xa
Not available

Yescarta™
(recombinant),
inactivated—zhzo

Andexxa®
Plasma Cryoprecipitate
(For Further Manufacturing Use)

Plasma Cryoprecipitate
Z£X: Immunoassay Applications in Gene and Cell Therapy: A Market Analysis of Companies Conducting Gene and Cell Therapy
SHRA EA F IMLYGIC(Amgen)S AHIIE, 8|7} A] Al&Atas

Product Development (2018)
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e AEEAR



- SAAEE T dEler Al AlE

1) &3] gstREoF 309 H&7IE 9 53] iR RoF 569 R &
OncoVEXGM—CSF9] ¢tdA 2 AHHEE 7S 935 ncoVEXCM-CSF
2x108PFU/mL2] ¢4~ 81ute] Balb,c v} thAF A3

2) 53] Fa} HHE-FEo 3 56Y 327|759 OncoVEXGM—-CSF 2] QA 9 AYAIY
23 FG71E 913 OncoVEXGM—CSF 2x108PFU/mL2] o<~ 69u}2] BALB/c 1}
oA A A

3) 123)(54%7}) %= 53| (YARE) 18t HhEFolof| mhE OncoVEXGM-CSF 9]
oA W AAWEZH 7S 913 OncoVEXGM—CSF 2x108PFU/mLe] ¢4 204
ahe] thdLB/c mh-2 A AR

4) AZF4 %9 OncoVEXmouseGM—CSF2} OncoVEXGM—CSF2] 1jsleHEE o
o] obdAL HAE 93t OncoVEXGM—-CSF 1x109PFU/mg, OncoVEXGM—
CSF 6x108PFU/mg, OncoVEXmouseGM—CSF 3,7x108PFU/mg,
OncoVEXmouseGM—CSF 4,5x108PFU/mg £ A1¥

5) B]2A AF AW OncoVEXGM—CSFZ bolusFEoiste] &4 @ AR UL 7}

£ 9J3t0ncoVEXGM—CSF9] 6ut2] 4271 8|24 thAk Al

6) Talimogene Laherparepvec(OncoVEXGM—CSF) 9 &z ¢l v A=A
B715 913+ OncoVEXGM—CSF 108PFU/mLe} 1979}2]9] ¢ Lé A o2 A
BALB/c U2 o4} A&

) AEEAE HEY 7 o8 Folslgls o S 71 913 OncoVEXGM-CSF
107 PFU/mL %o} A@AE7} A&E e

1) AR5 stage IO, IV 54150 11‘41?‘{ AR B, FHETA AT A A
W7 2] A2, HA| AE71L 1R AT,

9) ol 4] Qom e g% 11—41—}04 A uh
X QR 371 248 ol EE 1] B TR A

- YA 3

1) 22 i) tfsto] 24421 RES-&, AAYE7I1ZE, 7P =k AgkEQl vk
716 7 Eeet A, WESAIZ A BAS7A] Al AIRE, BREAIG, B A S
ITT 9] 436, talimogene laherparepvec®o] 295, GM—CSF £ 1413 ¢
Ao 12AU(EE A AES e B 18748 A1

2) &2 o) diste] AA| W5, 44?0 W35S talimogene laherparepvec
Fo] 27, GM-CSF o] 3% 5 & 309 &4 tio=2 71 1274 °J(sz}x}7} Q)
AR S g e, A 7R Bkt A AR AEE



" 73 EMA 37} 7| M 22 2A] 9 AR 24 @3

« S oA EMAS] Z2A¢] CAT (Committee of Advanced Therapies)7} 574 &
A2 A 2A| ] B|7FE FAISEL Q1AL 97]9] AlFo] 5R1E oLt 4712] AJEo] UA] 5
A 9 A3 FrE|o] & 5719 AlERke] AR 7HsEH2018'E 5¢Y 3¢ 71%)

TH EMA 517} E7IMZX 2N " FHAX|=H Sigt

Chondrosphere | Autologous Three—dimensional For patients suffering from cartilage

Approved TEP

(Spherox®) chondrocyte spheroids knee lesions
Given after haematopoietic
stem cell transplantation (HSCT)
Zaimoxis® Genetically modified allogeneic Approved | CTMP of patlen_ts with hlgh—n;k
T cells haematological malignancies to
increase transplantation success
and minimize risk of infection
Autologous CD34+ transduced For patients lacking sufficient
Strimvelis® to express Human Adenosine | Approved | GTMP amount ADA leading to
Deaminase (ADA) immunodeficiency
Imlygic® Talimogene laherparepvec Approved | GTMP For treatment of melanoma on the

skin or in the lymph glands

e Treatment for limbal stem—cell
Autologous corneal epithelial

Holoclar® cells containing stem cells Approved TEP | deficiency caused by burns to the
9 eyes
® Autologous Cellular ) For treatment of metastatic castrate
Provenge Immunotherapy(sipueleucel-T) Withdrawn | CTMP resistant prostate cancer
® Autologous Cultured Repair of cartilage defects of the
Maci Chondrocytes Suspended | TEP knee
For patients with familial lipoprotein
Glybera® Alipogene tiparvovec Discontinued | GTMP Ilpase def|C|ency(LPlL.D) and
sufferingfrom pancreatitis attacks
despite fat restricted diet.
Chondrocelect™ | Autologous cartilage cells Withdrawn | TEP Repair of cartiage defect of the

femoral condyle of the knee

£X : Immunoassay Applications in Gene and Cell Therapy: A Market Analysis of Companies Conducting Gene and Cell Therapy
Product Development (2018)
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AlE)9
— PN AR =
A& 7F AEE U2
- FAEAA RS AE SAE S AlxE AF(EU site)2h g3NA A
gl oHEo] dt AR F54E dSdhe SAARMAIIA):
1) 71745k 2AHAke] Alst= A d8kx7t Sipuleucel-TE AAlsk=d] AgHet =g
2) TNC®} CD54+458-2 EUS v|=7t oheket A4 7F 555k, vl=r9] A7t
A AR AR A= BUS 1703 A dAe) Al A nke} 555
3) TNC®} CD54+A2E =210 thgt 554 THAl= S5d] AATS HolF
4) Pharmacellol|A] A2E vjx]= PAP-5o]4 TAZ7} §3td ¢S Uetdr=
AR

fa)

o

A Az7k aEgon, A A
WP, by A B AEEA S

b EUABL AAEF, SARY, Aggelol thete] 87 W
goll thste] ofefet 2o] 4R Hestglon, 24 AYAF LS PH T FF

)

H|QAH(1 Xt S2A[E]) 2= HIEXIZ(Provenge, S

A2t L ee 2o xizar pap | PAP. IPAP, PAPHPAP, mfst, BHE/
HEES o I:H_%l_l'l_EH ’E‘a ;;ow;mﬂ Ovalbumin, hPAP - mGM—CSF, HHISE | Copenhagen
= amT =Tee= et ipAP - mGM—CSF =22 CE= Wistar
hPAP SO Z5to)| st s} oA/
LEHAH= — o| &5to| oo . — — o, T
Erare) glfoAlF’;}OrlnGM CSFe| 8ol ¥ | hPAP - mGM—CSF, hPAP ol DBA/2
PAP S0/, HLA-DR1 H3tX ot/
HAS  murine THIE 82| &2l 1 - C57BL/6
(=1} , . — I iy
SMEN  So| 4S5l pap ojmEm | 'PAP - hGM-CSE 15t gromuTTa)
(epitope)2] EQ1 DriN3
= -1 hPAP, rPAP, rPAP - rtGM—CSF, Ov—
gps, SRMSOEEEs Rusls L S et | 52 HE/
Hoja| | DRSOl MEMS Hit " - aldl, | Copenhagen
HAHD 5i= oi=o| M= 50| spleen derived APCs, Ovaloumin i T Wistar
= gFem e -= loaded spleen derived APCs - =
PAPZS! S0 Chgt
hPAP - hGM—CSF loaded spleen
gzx TPAP- rGM—CSF_ Ioad_e d APCS derived mouse APCs 2.5 xﬁOS 2% Ot/
SEC ol HAEIZZ Ql5t HSEo| s/ : -e C57BL/6
10| cells/mouse

= =

* &X : EMA ¥ALO|E Provenge EPAR(EMEA/H/C/002513/0000)



QT ARRE G 1/24, 24, 3l diet 9 A=TF 8o, (& 200 Al S

= = ) e
Fd A2s Fats 9=
o 0%
o
QUMAR B3 HEALE (Provenge, SE) "
AF
o3 =z get A am S0z 8%
o
Fo|Ad 0,4, 8 24%0f = i
OIAb | . OFXIM TEiMet 12 °=I§1%: ) =
| —_ - — _>'||_
1/2¢f | - HELE Sipuleuce-T 0.2x10 cells/m’ o=
ZOMHIS 0.6x10°cells/m (IS
(ACT9610) | « St A o 0=
eer-e E:-Ei-l S 19 1.2x10°cells/m? fﬂ'ﬁ
CECO QIAAL: 1 2x10%cells/m? ol
o) 0,48, 12, 16% HALSIFA v
OIAIDAL | .« OFXIA Hzjafof 13 FOiAl APC8O15§E"°F 2
QMY | - QMY =80 : MMD ~ 1.2x10°cells/m W
(ACT « HAEES Sipuleucel-T - — =
g702) - BUES HO|A 0,2, 4,8 125 YAMGIFAL =
X{2I A{ot 21 E0{A| APC801522F =
sEee : MMD ~ 1.2x10%ells/m’ 0% yo 2=
ox 79 0%
0,2 4, 163 NERE
QIAHAF | « OFXIA] 2524 %%F—Eg: . SET
SIS Hoe | APC8026 ol 15 1.0x10°cells/m =
(D98O1T) | - At Fells/m’ -
=Tee MMt 2.5x10°cells/m T
4.0x10°%cells/m?
- Oty
- MZEZ(09) Sipuleucel-T(APC8015) E=
< TTP ) OxS M olok
O |AMAL - ToTOo =
ey | CTDRP - SBGRURTT o I g ool (0-0-4%)
cHgsE/ T MMt ' E0JA| APC80152] 8 : MMD
372t Z|AR2F 1 3 x 10° CD54+cells
- piojHlg
e Sipuleucel-T(APC8015) TF=
| HERO09 Toxs olop =
QAIZA «TTP Sipuleucel-T | Z[ASA 98 " Hl
(D9902A) |« TORP Jolor Mol | (6533 | O SME0I(0-2-4%) o=
e AL Mz Mot "'5'042! APCB0159] 8 : MMD He
O — — 0O = A EF . ~ad J =
g
— PA202432I0] Q= APCsZ R
At - Z5lsl= Xt7kRe] PBMC, | =
QUIAIBAM | . OFFIA ' Sipuleucel-T : 0,2,4%F 3%
[=Fiore] S - ,Z,
(plvotal) ° gzn_:‘%(OS) %Ilpc))t,:leucel T/ (3 4?1 1271 ) £ B
(D9902B) -+ TTP e ’ — PA20243t0| Qe A7l
SX|IMENC| APCs : 0,2,4F
33| B
N 0 o
Z7{: EMA 2IAJ0|E Provenge EPAREMEA/H/C/002513/0000) [II-E g
k=
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QY WIS SIBtel 3712 a7 ARt ofdlet 2
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(D9905)

o

(D9906)

AUY1/2
(ACT9702)

N

(PO9-1)

OIAM Ab
oo l'c

(D9801)

QoA

(D9903)

71 UAKIR (Provenge)

SRIQIHF(2:1)
o[z
A, Ot

s

SH,

HI-THZ Al

SH,

HI-CHZ= Al

S,
H|-THZ,
837t

AE

SN,
HISHA
ok

S,
HISHX
Ch7 |2

S,

HIS

ST,
ch7 |2

TELHAIY
(Salvage study),
30, HISH
& o2

TEQHAH
(Salvage study),
S0, HISH
M Chy|g

Sipuleucel—
TR

=113:59

Sipuleucel—
T:19

Sipuleucel—
T:18

Sipuleucel—
T:34

Sipuleucel—
T:98

Sipuleucel—-
T:15

APC8026:15

—Sipuleucel—~
T:23
-119:47
(PA2024
Sug/mL,
2ug/ml)

APC8015F:109

APC8015F:56

AR ME|
&(radical pros—
tatectomy)0|&
PSA ZIgi b|T
0|4 ADPC
ZE 50 F,
PSA ZIgiA b|H
0l MMt
mCRPC
U= Heixt

ZIs4M mCRPC

RIS
Z(radical pros—
tatectomy)
oo
ESEipSiel=
=A MMA0|

fo]

i
;

ZIs4M CRPC

D9902BAIE 2|
et 712
o ZH2xol Ay
TIRts FicHie

mCRPC&X}

D9902ANELQ]
HolthEZ 712
o ZH2kxiol A
TIRtS TITHe

mCRPCEIXt

Z7: EMA 2IAL0|E Provenge EPAREMEA/H/C/002513/0000)

175

19

18

98

71

113

56

38| FUL0] (0-2-4%)
82 : 3x 10° CD54+cells
(2003 12%0|H)

20 x 10° CD54+cells
(2003H12€0|%)

Sipuleucel-T(APC8015)
43| HoHE04 (0-2-4%)

o—T
22k MMD(~1.2x10° cells/m?)
Sipuleucel-T(APC8015)
33| HUEO] (0-2-4%)

QUM A 23] HUMEO (0-4F)

E0{A| APC801522F: MMD(~1.2 x 10°
cells/m?)

PA2024 SHIS 35| MUZAL 8-12-16F
PA2024 222 1 0.3, 0.6, 1 mg
A4 23] YUS04(0-25F)

E0{A| APC801582F: MMD(~1.2 x 10°
cells/m?)

PA2024 SIS 33| HOHFA} 4-8-12F
PA2024 8% : 1mg

33| YUEH 0-2-4 F

E0{A| APC8015 2 : MMD

Z|AF 1 20 x 10° CD54+cells

33| YU E0f 0-2—-4%F
E0JA| APC8015 22 : MMD
A2 20 x 10° CD54+cells

43 HUFA} 0-2-4-16%
1 x 10° cells/m’
2.5x10° cells/m?, 4x10° cells/m?

33| HUEN 0-2-4%F

E0{A| APC8015 82 : MMD
Z|A82F: 20 x 10° CD54+ cells

CHE PA2024 &9l =(10, 5, 2 ug/mL)

0-2-4% 33| U0

Z|AR2: 3x10° CD54+ cells

0-2-4% 33| HUE

Z|A82F: 3x10° CD54+ cells
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— AlFl tiste] 1) AlE, A AlEEA, 2) A=, 3) AlEe] A ML
BN (ES8/584), 4) BAEA, 5) AlF ol dsto] Asi=s Hoj gle
o, FF=l teide 2= A =

« QP B Aol 1) AlF B4, 2) T B ARE J‘?L?Lﬂil N
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et Xhit 51CrZ WAMd #4H 2 F(51Cr—JR-031)& vh¢-20f Foisto] H7)gt
e Al

Fl:l

« B]YA} SPHAlo] T3t AR 2 E REEEEAAFH Y AFAZ o] AEE oy, 7]E
AR 2N ACI HESGH MSCEMSC)E 0] 83 T3] FolEAAE, HHEEo]EA A
9 9 7} AF 2] AlFA R o] A&

< AR 5o AR B AR E FATAAH R =R o &gt g5 A
=4 GVHDSHAE tjAto & 3t ) Al 1/ 1A AlF(JR-031-201A1%) 9 =1
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SJAF 1AF9] Al oFE T dle], talimogene laherparepvec(An oncolytic virus being
studied for the treatment of melanoma and other cancers)> HHUW FYUsI=
5 517] gfjef|, Tst=2 FYE= GM-CSF&= o421 dizxde] & 4 ¢ o‘;q 13}
GM-CSFRARE 2He WS A5 4 Qi ) #210] dhet efsael mao] o
gt 2do] HA| e AL ey

e R R 5y AR A%, AZHYE
B el A 73% i 243 ool

N
ol
>

ol
ol
K

K
s
~N
rlr
o,
o
H
rlr
=)
juied)

, AR oOHE R4 frobol digt talimogene
gof that 27} glof BLA A&o] tisto] 7 melo
i3t Al vt ET AZSE QT HHE 12T} o7l o5t Al 2hET}
Sl gk, 7] @A SHAE o] Higt fagh B4o] =513 Amgen?] ¢

FAH20120324)7F 3ol Q17 wizell 91944, #Hlaf A=, 2lmloll thste] A 2l
A& A 52 Bote] AAY] gt A S ghEsljof Ptk PR A Woly



« 9]Zz}7} Aokt talimogene laherparepvec®] 2H-8-7] 7S
Nz HHolE Ttk Ae Harl7le A g 1Y ‘ﬂ%oﬂ ot 71‘— de X
Setale %101’}, gt 24871 ol tisiAl= olsfislr| 7t otk BlRo S WSk
o}, oo A9 Aute] FAof thgh 7oA -2 vt 9lS

AL

(9, Aetol 2 olokE Al2l) EMA(CAT/CHMP)IA 817k 2s§at 57) kol 2]

o AEE] ot} B/ WA AEAR 5 2ol

-Cerepro(Adenovirus—mediated herpes simplex virus, %= ArkAHArk
Therapeutics)): -G-AA} 714l ]k A]oF
— F4o| tiste] FARES] MY, WL, del=7] FEAdol thsto] AuskAl &k

on AAFE wiR| oA 7] 08 AEEE A7 ofd|eHto] 2 A(RCA)7F A
oA A=A Sk
— v W Ao GLPstol| 3= A] ootal, gt #HEfox T2k
25o| Advexin BAEA] g¥gkon] Az @ vto] thk RCAS] 7]o\7} WeslA] b,
WS A o] AlEAl i A-sHA Ag=A sttt A
— YA cﬂa}oq Al Ao o] A TedE of SQlAF 2932 AL HlolH
UA AL 7o shal, FEXE diole= HaE A& o (survival

benefit) ¥t EUX|eh= 5, BAI Al AT dabdo] B

]

+ Advexin(contusugene, 1=+ INTORGENAD T4 59 - RFA] 24
— &4 tisto], ATA A Zt7] thE AlZRaolA] LA oJokEe] AitEl= A, &
Al w22} 531 Aol EZF GMPE 57514 &2 4
— BV AR Higte] 24871 9 Bl A AR NE = LA HHEA
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Stem Cell
Therapeutics Corp.
(SCT)/ Trillium
Therapeutics Inc.(TTI)

BioTime Inc./ Geron
Corporation

Living Cell
Technologies
Limited(LCT)/ Otsuka
Pharmaceutical
Factory Inc.(OPF)

Smith & Nephew
plc/ Healthpoint
Biotherapeutics

AxoGen Inc./ PDL
BioPharma Inc.

Kensey Nash/ Royal
DSM

Shire plc/ Pervasis
Therapeutics

Cytomedix Inc./
Aldagen
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Gene therapies for orphan patients CNGB3 (Phase |)
AGTC suffering with impaired vision from Gene Achromatopsia
(the US.) Achromatopsia and X—linked XLRS (Phase I)
Retinoschisis. X—Linked Retinoschisis
HORA-RPEG5 (Phase I/1l)
RPEG5 Retinitis pigemntosa
Horama Developer of gene therapies to treat rare Gene HORA—PDEGB (Phase I/1l)
(France) ophthalmic inherited diseases PDEGB Retinitis pigemntosa
HORA—-RLBP1(Preclinical)
RLBP1 Retinal dystrophy
Focus is on developing and NSR—REP1 (Phase i)
Nightstar commercializing novel, one—time Choroideremia
Therapeutics = treatments for patients suffering from Gene
(the U.S) rare inherited retinal diseases that would NSR-RPGR (Phase I/1)
otherwise progress to blindness, X-linked Retinitis Pigmentosa
Quethera Dedicated to improve the future treatment Gene _
(the UK)) of common blinding eye diseases.

EX{: Immunoassay Applications in Gene and Cell Therapy: A Market Analysis of Companies Conducting Gene and Cell
Therapy Product Development (2018)

Agilis Bio Target rare monogenic diseases that Gene AGIL—AADC (Phase I/1l)
(The US.) affect the central nervous system AADC Deficiency
AVXS—-101 (Phase Il)
) Spinal muscular atrophy(SMA,
AveXis Developing gene therapies for rare Gene P . TLi/pe 1 Pyl )
neurological genetic diseases
(o lie) probgical genetic & AVXS—101 (Phase )
SMA Type 2
‘ Developer of gene therapies using viral
CombiGene | vectors and NPY-receptors to treat Gene CGO1 (Phase I/1l)
(Sweden) patients suffering from epilepsy and other Epilepsy
neurological diseases.
L G LYS—SAF302 (Phase l)
(Frésn%geer:ﬁe Developers of gene therapies to treat aer%e Sanfilippo A
U S') neurodegenerative disorders. viruses LYS-GM101 (Preclinical)
a Gangliosidose
Voyager . .
) Focus is on severe neurological VY—AADC (Phase )
Trgispjgt';:s diseases. Gene Advanced Parkinson’s Disease

ZX{: Immunoassay Applications in Gene and Cell Therapy: A Market Analysis of Companies Conducting Gene and Cell
Therapy Product Development (2018)



CART % TCR M= 23 HY oo X2 = 7|Y

bb—2121 (CAR T) (Phase I/Il)
Multiple Myeloma cancer

Lenti-DTM (Phase Ii/Ill)

Developing both
gene therapies

Bl(l{'ﬁ:'[JdSB)'o and cancer Gecnei & Adrenoleukodystrophy
'(rgfgnftggggfns) BB305/LentiGlobinR (Phase 11/
) Transfusion—dependent b—thalassemia, severe sickle
cell disease
UCART19 (Phase )
Designing nexi— Acute lymphoma leukemia
lecti generation UCART123 (Phase |)
(('3:e ec IS) immunotherapies by Gecr; & Acute myeloid leukemia, blastic plasmacytoid
TENes gene editing CAR T dendritic cell neoplasm
cels. UCART22 (Preciinical)
B—acute lymphocytic leukemia
CMD-003 (Phase Il)
Hodgin lymphoma
Cell Medica = Developing of CAR Gene & CMD—602 (Phase I)
(Europe, the | T cell and TCR cel Acute lymphoma leukemia, non small cell lung

us.) immunotherapies. cancer

CMD-501 (Phase I/1l)
Neuroblastoma, small cell lung cancer

Developing CAR

(BeIC?L'}ﬁdthe T cel-based Gene & CYAD-01 (Phase I/}
gU S)’ immunotherapy cell Different cancer forms
) against cancers.
SD—101 + Anti IL—10 (Phase )
Developing Multiple Malignancies
Dynavax immunotherapies Gene & AZD1419 (Phase Il)
(Europe, the | based on Tol— cel Asthma
us) t'i‘;%gyeceptor (LR SD—101 + Anti PD—1 (Phase I/I)
: Melanoma / Head and Neck Squamous Cell
Carcinoma
_ Developing novel GS010 (Phase Il
GenSight therapies for patients Lhon
Biologics with severe retinal Gene o
(France) neurodegenerative GS030 (Preclinical)
diseases. Retinitis pigmentosa
Developing JCARO17 (Phase )
Juno autologous cellular Non—Hodgkin Lymphoma
. biologics by
(g;rrsgr?utlt%se engineering T cell Gene JTCRO16 (Phase I/1)
Us ;/ to treat cancer Acute lymphoma leukemia
- and other severe JTCRO16 (Phase I/1l)

diseases. Non—Small Cell Lung Cancer, Mesothelioma



Developing of
immunotherapies
with TCR technology
to treat various
cancer forms.

MediGene AG
(Germany)

Gene &
cell

Developing
transforming immune
gene therapies

that target cancers’
most fundamental
molecular defects.

MultiVir

(the U.S)) Gene

The initial
applications

of Poseida’s
technologies will

be in gene therapy
and CAR-T product
candidates for

liver disorders and
cancer, respectively.

Poseida
Therapeutics
(the US.)

Gene &
cell

Developing
immunotherapies
for cancer,

X ; ' Cell
infectious disease

and autoimmune 1
disease.

Tmunity
Therapeutics
(the US.)

Have developed

a versatile gene

therapy platform that | Gene &
represents a new cell
approach in cancer
immunotherapy.

Tocagen
(the US.)

Developing
immune—targeted
therapies for the
treatment of cancers
and infectious
diseases.

Transgene
(France)

Gene &
cell

EX{: Immunoassay Applications in Gene and Cell Therapy:
Therapy Product Development (2018)

DC Vaccine (Phase Il)
Acute myeloid leukemia

MDG1011 (Preclinical)

Acute myeloid leukemia, myelodysplastic syndrome

P-BCMA-101 (Clinical POC)
Multiple Myeloma, CAR—T Therapy

1 Solid Tumour CAR-T Program in Clinical
Development

Solid Tumour TCR Program in Clinical Development

Toca 5 (Phase Ill)
Recurrent high—grade glioma

Toca 6 (Phase |)
Metastatic solid tumours (CRC, RCC, Melanoma,
Pancreatic, Lung and Breast)

Toca 7 (Phase I)
Newly diagnosed high—grade glioma

TG4010 (Phase I/1l)
Therapeutic vaccine, non—small cell lung cancer

TG4001 (Phase Il)
HPV positive cancers (therapeutic vaccine)

Pexa—Vec (Phase IIl)
Hepatocellular carcinoma — 1st line (PHOCUS)
(oncolytic viruses)

A Market Analysis of Companies Conducting Gene and Cell
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Askbio
(the US))

FinVector
(Finland)

Lentigen Corporation
(Europe, the U.S)

Vector BiolLabs
(the US.)

Virovek
(the US.)

Sirion Biotech
(Germany)

StrideBio
(the US.)

Owns and operates a cell line manufacturing process and an extensive
capsid library. They generate third generation gene vectors

Research and development of viral—based gene therapy products

Manufacturer of custom lentiviral vectors for pre—clinical and clinical
applications

Suppliers of AAV and adenoviral products

Suppliers of AAV products

Viral vector engineering and production; AAV, lentivirus, adenovirus

Focusing on creating and developing novel adeno—associated viral (AAV)
vector technologies

ZX: Immunoassay Applications in Gene and Cell Therapy: A Market Analysis of Companies Conducting Gene and Cell
Therapy Product Development (2018)
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EB—101 (Phase Ill)
Epidermolysis Bullosa Dystrophica

Thértz)a%%rll?ics Diseases in dermatology, Gene ABO-101 (Phase /1)
(the US) metabolic and hematology. Sanfilippo Syndrome Type A
ABO—102 (Phase I/Il)
Sanfilippo Syndrome Type B
Uses mesenchymal stem apcethTM— 201 (Preciinical)
cells (MSC) and their genetic Graft—vs—Host Disease (GvHD), inflammatory
Apceth modification to for example |~ ¢ ' bowel disease, diabetes type |, vasculiis or
Biopharma promote tissue regeneration cel chronic lung disease
(Germany) | of diseased and damaged -
tissues. They have no apcethTM— 301 (Preclinical)
products in clinical Phase. Glioblastoma multiforme, other solid tumours,
_ AT132 (Phase I/Il)
Audentes Strives to develop gene X—Linked Myotubular Myopathy
Therapeutics = therapies for life—threatening Gene
(the US)) diseases. AT342 (Phase I/l
Crigler—Najjar Syndrome
Developers of lentiviral—based
Avrobio gene therapies in Fabry, Gene AVR-RD-01 (Phase I/Il)
(the US.) Gaucher and Pompe diseases Fabry disease

and Cystinoses,



BlueRock
Therapeutics
(the US.)

Calimmune
(the US))

Errant Gene

Therapeutics

(Europe, the
u.s)

Freeline
Therapeutics
(The UK.)

GenVec, Inc.
(the US.)

Krystal
Biotech
(the US.)

LogicBio
Therapeutics
(the U.S)

NanoCor
Therapeutics
(the U.S)

Orchard
Therapeutics
(the UK)

Develop allogeneic cell
therapies that aim to

replace dead, damaged, or
dysfunctional cells in patients
with degenerative disease.

Clinical—stage company,
main development area are
novel outpatient ex vivo gene
therapies for hematologic
diseases.

Developer of gene therapy
drugs against rare diseases
and disorders.

Developer of gene therapy
products against bleeding
disorders like Haemophilia B.

Clinical—stage company using
their AdenoVerseTM gene
delivery platform to develop
therapeutics and vaccines.

Developing gene therapies
to treat rare orphan
dermatological disorders with
their Skin TARgeted Delivery
platform, or STAR-D platform.

Developer of GeneRideTM
which is used when
integrating therapeutic

transgenes while gene editing.

Gene therapy for
Cardiovascular Disease.

Focus is on primary immune
deficiencies and inherited
metabolic disorders.

Parkinson’s disease (Preclinical)
Developing dopaminergic neurons that can
replace the dopamine—secreting cells,

Cell Cardiac Diseases (Preclinical)
With help from stem cells they want to
replace heart muscle cells in patients who
lost muscle cells after heart attacks.
CAL—1 (Phase I/)
HIV/ADS
Gene -
CAL—H (Preclinical)
Hemoglobinopathies
Thalagen (Preclinical)
Thalassemia
JW-1521 (Preclinical)
Gene Refractory prostate cancer
MSKCC product (Preclinical)
Sickle cell anemi
Gene -
Gene CGF166 (Phase )
Hearing loss and vestibular dysfunction
KB103 (Phase I/1l)
Dystrophic EB
KB105 (Research)
Gene TGM-1 Deficient ARCI
KB106 (Research)
Wound healing
Viral
vector & -
gene
Gene Carfostin (Research)
Strimvelis (commercialized)
OTL—102 (Clinical POC)
Gene = <finked chronic granulomatous disease

(X—CDG)

OTL—300 (Clinical POC)
Beta—thalassemia



RT—100 (Phase I/l
Congestive heart failure(gene therapy)

Renova Developing definite treatments G
Therapeutics = for congestive heart failure peptide RT-400 (Phase )
(the US) and type 2 diabetes. Acute decompensated heart failure
(peptide therapy)
Solid Focusing on solving -
Biosciences Duchenne muscular Gene SGT—001 (Ciinical)

(the U.S) dystrophy. Microdystrophin Gene Transfer

Spark . . .
Trzerapeuti)cs Qgﬂ;ﬁ%ﬁ; s%g treating Gene LuxturnaTM (FDA approved)
the U.S. )

ZX{: Immunoassay Applications in Gene and Cell Therapy: A Market Analysis of Companies Conducting Gene and Cell
Therapy Product Development (2018)
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n (ZE2Y 7]9) 229 Aot B2 AE ESULE WO E Open Innovation 7|8k
0 2o Aokt fEchel e B AW AR Als
« Za9 20t AofBlAte] oMo R FUA 5 E4UEHSpeciality) S FHOE F
ZoaL o] & 7Nt = 4l5=te] Az} tfju]e} 7]E npA| Pt M&AE S-E3
m (7]%) 42} A Y 718749 vlo] Q@A Hopg shak 9 g3
o
<'led thEA XY AR 43 Al wE FAREY Hio] e FA HRofR
o SHik
« 42} 4bd S rgo] wefighol whet vho] @ A o Aol Qo] 7|8, Aed AlLH
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« (=) H7F vpo] AR HARI(129)& S8l Biol e AN Tl FUHAE SOl
gk A & A F3E A4

« (BU) vl @AY 54 54 Hofs Aesta g5 A7 9 miof T Zoj(of
14.324)E ¢J3F ‘Europe 2020 A2 A|A]

< (44) AFer 2okl A=y &4 FXE el 5d eyl A
‘gfol i ool e’ 9 AMEDS| R&DEH7IF ¥ 5 228
A AA 4

« (5= 122} 570 A”(11~15)9] Yo =7F HFA T 454 5 Hio] Al

< Agsto] 49 QJek(eF 72 Y) FAF 31

(Y A1) 20164 HFo] ©.0)OFE AR} J1mls oF 1% 8 3089 Y02 ARSI} 2015
W b 11.6% AFES BIon, TR QlojAs 2T 5Uzt 7MY W a5
71 &892

+ Ho @ OJ0FE AAPE AL AE 19 WAnHA e 5 Aol okE, THk) =
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7h 2R FR pEE0R il A
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@ 719) B2l AET NS Fo) me) A 9 oA Aok ate] Hek

A A% 5 22 A A= 7S

QA ET A, ENRA § 7] S0] Satste] HopiE WF
Aol 0 24 AT EF A AA 2919 A S8 1Y Ao oy I

(4) R BEol HBHEL Gt WAL
b et 28 BXINE FHBE QYO A
A&, 2017.07)

EEEREEEE

HlAE =T o] 83 42 QLR o] A% 4
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2. JtHlo|e|ekFo| HI|

(1) A=A 2
n (4o)) AZABAE “Holgl A7k, §%, o)F AZE AN wof - FASAL A
s 5 Beld, S, BRA WHoR 2astel A2ok JoRE”

n (9] MEZABAE S7IHZARA, 22F A, HAMZARA, AAE 222 2

(2) E71HZA2A
m STAEE 2AESE BN & = Gl ESE AR, JAAE HASe YR 2
2072 23} 753k Al

« Z7)N 2= 2358 (Differentiation), AH7FEASE (Self-renewal), & &1+
(Homing effect) 2] 1143+ EA*S Ay

< 23t 7He S 71 o2 210070 B QMR £3) 7HeRt WY 71129} 3
~ 57 E4 A2 23} 7Heek T E7IAER AR T

« Z7|MEE SElote Al 9 A WAl whet YAIETIAIE, HiolE A2,
TERtEE7 M (PSC) 2 & 7S

(3) SAAHEA
" (39) APAE 5 BHOR AAle] FYSHE SUBA EL AL TFHL 9

& oo

" (49) SAAH AL AZHPET AL weh Mot o] 3

s (A=) 4 242 A3 FAA Rt In vivo AR RS} A oA WA
52 Azo] ABRAAE 2G5 4 24 ol AEE SAbelA FUshes Ex
vivo FAAA =7} Sl

- (RER) vRol A8 AMgSlE # X}Xlﬂ DNA®} RNA & J the ARgShE vlEo
oA AR R, AR EE AZE ARShe Al FAARART S

:ELEH-I x-||:|-|:||.o|9_o|o | X} 1_$_|-

(1) A=ZA =A]

n Z2H NEZBA AL 20154 409 EollA] AEt 20.1%2 AAsHe] 20204
100 ‘LL1 'FFEE HXl—'{;_ % P%}



<A AR O FESH 5007 719 F BuE o)4po] ulFe] glon o= gla) u]F A
Ape] Aol /g AA AR} ) FER obAlof AAE WEA A%

(2) Z7| A ZEX2A
n 229 ZV|NE AL 20179 6289 9 RS FA, FF wEA FAste] 2025
Y 39440 ke] FrE AAs Aol

s 27 MEABA Y A 7TE H-

5} A4 5ol wet S22 7|42
s e A

AT
A2

F719k Z71AE 71l Aok 24
A% 4% z

$E 25.8%(17~25)= I

() AR =A|
n 229 SARREA AF FEE 201740 78,4069 SR HriE o, 2017
YR 2023A7H4] 33.3%2] ABH AAES 2ol 202300 449 1947 2| 7}A]
AT AR d54
+ 20169 Hop|g}7t X oA %XMEXH A e 39 2754 92 AlA A%
9] 51.8%°l Yot HAA-E&S Belon 32.8%9 A%+ YHER 20239 229
2,386 gejof gek Aow 24

4. =24 HTHI0|R2|E FX} el

(1) 22 Hehho| 2 olokE FA5Y
o 228 AENRA L SHAAANRAL NG A2 0R Y] et s Hopol
o AR 3A) Bk ol

+ 99 712k o] Hofol that thepg FAGo| WpElo] ghovt A sjg HololAe] 7t
4 9l AnESol e QAR ABsk: Aclart ket 5 o] glojA] £
7h A %A O R o] FolX 11 g

n Aolal BopollAl Al A% olol btk B8 Akl-halbo] FEeld dekd A gt
52 So] o 918

Che A TS e Tl 19 7F 3L

4
A2} A W EASo] o] Foix 1 9
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7 e 7193 229 719 7o)

20N

EN

IR a2 i 8 Rl
=it W2 YRS i@ TNICE Bz

=
o~
on [ 03




M

of

0l

Ht

284

5. =28 HEHI0|22E 55| X =

" AAHOE F7VAE - Aol Hopel BR RED FA4E st glov, B3] 2 3
HEe B/ E/AYBAGS FH5] 913 ATEAE B4 Teid B et
s 9l

* 20154 7] vl=ro] F 3% 6599 o FAEIL 9l WhA, sl= oF 1,5389) ) FAF

TR Ve vlso] s AR o] of 208, o] - =i EAL o] of 3uf
W 4

71 FAIA Rl Al B4dsks

=3
HSP@%EOJ ReD 574 3 4SS 712 9100, 5] W) A2

(2) = wol Lol £AFF

n (R&D $7) 4Re] AFH BAS vigoR, PN wkRAe] 4N 4IHE Fusty

o FE A4 Su L WA - AH £ 37 B

w

- (RHEAL 1) vho] . RED B41) WS ATE JREATL AT Esfohs Ag]
u, of 5] AT thul EANFE

(UZHEAD ol dllA] AFefo] F53t Ao, Biole. - o& Zopo] HA7ud Fab
< waA St

g 2)z9] vloloMlalet & S = ulo] LU A ol ‘004 sl 2807)

olAko @ 12} WA B o]Z, ‘161 AAY F4 - WA 7| 9] A7 27}

2|Foll= 7ML AT Hols Hlol o]0l Wol AL gh|okE 5 Al
] o
—?j_.

WS AoAHE o] th 7142 o] Hshe SR ukE Mol 4 1, 24
37 QA SAle] AnolA 945 AAL ol vlo eMlA o] UehbA o
E47} 1%

vho] o Hofo] that A= 2000del4] 201087HAE A WA FAFY 2~8%
o) FAAAS Bold, 201393E 1025 W71HY 2014, 1590l 16~17%
S, 201690 597149 Aate AA MARARE] 1875 1915 A%

ol

=35k
S o

MHO

“Hchuto] @ 0jokE” Hoto Al w|=E3] 11,60171(32%), #A153] 10,88541(30%), U
53] 6,68171(19%), =531 3,40671(10%), FHE3] 3,19271(9%) <) HH&2 Y



- “Hehufo] 0 OJofR” )% Hok= 1987d o] FR &¢o] UEhie, 19954 0|3 & S
o] FZ17] AZHR FASE 1990 T) FrE] Edo] ALH o2 ool e
=08 e i

&

m Hohdto] @ OJokE Fopo] Zex7hd Al SHedFS AnEd, g v, 4, fEH 2
5 20009 o] F7hsto] el =7tollA 2015W ot UAFE 7SS AeR
Uperd i
T
[=]
> = o=
« Aetafo] 9 OJokE Fok= A MIAIH SR R&D7F §43] 7kl 9o, HAe] A%} j—gn"i
E|3 Q= AdEiQl Ao R ey, 23 P ThsAdo] 2 Ao E uetE [Hj
— [
o Achulo] @ ook o] 7| =& A K gene therapy, vector gene therapy, o8
Medium culture, culture medium, stemcell 5ol d7F AFEL Qle Hofg
ehd =
e
e —
N - N o
n Aehutol 9 OJopE Fool A Z7IMEA AL 9,867 (56%), AEARAL 7,6277 s
(44%)9] 982 1l ES
w
o Ahlo] @ 0JokE 74 Fok= 19974 o] F & A& 07 WSl Q= A0 R UER =
Al
m Zchio] 9.0jokE Bofoll A F7hd =8 Bake Abwun ulato] 9,7097(59%)2 7H4 =
) o 12
B g et gl Alo® Uehton], dsto] 4,07371(25%) 0.2 1 HE e g
Ao tehy e
ez
6. E7|M= ¥ FHXIX|ZH| 215171 X[ H3Y
.I‘E
(1) E7IHZA2A [ﬁE
. . . _ Sz
m 58] Zh= A= E7IME 5 o] 85 HAAA ot Thedut aETTER] 9] A mEE@
A 58 At 7|2 AFEE AF ] o|277HA] tZtEE AU AE A|gE 5%115
»a

- (A=) 2okE Aube] thste] oJshA dawol weh Adat AAF 2 §]7F A HA|
AAAl ol daf 2 214171 A ZEH(21st Century Cures Act H)Z &

sk glom,
~ 20164 128 13, MRS (LAY, w—mm A7, AFATAE 9 AT
T AF AEYT AT XY, QAESATE Hgt AAA Ak st A,
(3)3fd H ko] HA|E ARRFE 4303} 93t P NIH and Cures Innovation Fund 2
ZA R 3F= 2147] Cures®(21st Century Cures Act ) &a
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— 21417] CuresH2 u|=r ZHEAYNIH), AEJFEH(FDA), AfaE
(CDC)E F%2.2 3o Ato|A] AEL 7 U 59l0f o]27|7kA] =0l HA R4
< Y3t didigel S BRE okl 3l

c (79) AAAAL ds7HE A5l & A 9 AlE7EE A YA = (PRIME, PRIority
[e)

MEdicine)7} 20179 39 414 =0} 2= 911, o] v O R PRIME A=E &

3 EMAS] 28 2| Y A}gRS ofaf o} 72-2

- FAES GJofFol ARAIA B, AlEE7E AR Aol 252 Q1 A AT AR
ol3E 7] $I3 EMAS] CHMP ¥+ HAX2A U3 (CAT) &%9] Hdat
(rapporteur)7} A4

- A E @A EMA b9 ls] Bl AR ad A7tz o] fol7l vkl IF
1} 37 FHA 3] 2 (kick—off meeting) S % A|5}aL, AukA el uk A% 2 A
Zefoll et Qh Al

- BA7]eg7e 2 7 B RESS @ AAIske] A Al I A ol A
peha] 2o A%

— Aol 95k A1 AJ- oA Al AlALe] 75 AL HAt

;

i

=21 LB 9\)\
< At (i/\P’H A ‘ﬂoﬂ J&Hxl—t#é ’ﬂ*éo AL, ookt Sl Aol = Al
AFIE AU 5 S Op} A% A AR U GMP A} RS BARoR

~ PMDA BAARE A8shaA AEA S0 bt A AE A=S 3 7129
£ 1 92]7)9 UgatE Ssto] A
w9} 2913 BR} dAASt] AT

BEREEER
n GAAHRA Aol Thaket WEe} ofo] AgElE Fuv|so] WEE glo, B
27h0] Tjol=etelo] AEE W EF S 7|4 A of7d ol wdElo] 7}

MR os

- 44 A /‘]4 A4 o) ‘ﬂg (ZOOGH) Retrovirus ““H% A3 9K 2} 2] 2o
A EA 7F5 Retrovirus AlEe] 33t 7ol =akel (2006d), ¢lAksel Al
AR 2A 9] FAH 7ol et o=kl (20089), &8 AlF (20114), H]
(2013¢)0l thgh Bt AlEA Q1 7ho| Eejelo] THES S



AR ZA o AHGEE AEAQ) Hlo]g 2 wEo] BAY HORE 20064 ) 5
Retrovirus #Eo] 33t Zo] fdsid, A I A47F &3 Adenovirusth lf_g-:'.-
AAV WlEjo] djat Mz 9] slo|Eatele ok 18 Eat HRE o]Qlet AEES A} T
45k SARR| BA o A8)EQl Fto]=atelo] gl AA 9 &

(£38) A3 #3Y¥3](European Commission)= ATMP(Advanced Therapy
Medicinal Product)2f= 8-o]2 A5k 9o, ATMPe| tfall Regulation (EC) No [

1394/20072 20074 119 139 Algstelom, feiolg 89 nro) TEA0m S
o=
20084l 129 30%5E] o] HAE o] o] 2 BAH 07 ATMPY'S 29 o
— EMA(European Medicines Agency)= 2}at20l BH71E =3)517] Yato] 77 9 Es’il'
32 T2 9=, ATMPS THEsle] T2 93] (Committee for Advanced oRe
Therapies, CAT)&} To14|8 2] F A& Y 3] (Committee for Medicinal Products
for Human Use,CHMP)7} &Alo|w o]Zof CATS AHEHoke} e ulsha] A7 %
Soll el Hsha] J7h Ei= gk Thold A FAQ] 2QF A3 TR TR %g
2.2 glolo} 43y Soem
0x 190
125
() AR RA tolEtele E 9 obdA 2huo] Tt 2)Fo] 19950] Wk -
e
Hol gAY R vmETE WE Tho|Eelelo] whEold v, SRR YA =
Trofl et 2ol 20020 W o2 FAAXEA A v, B, 272t H
Hio]g| A HE Fof thefji= ofF] Mol 2|30 thEolX] 2] o5 >r|1|.>E.-E
)
— RO FAAABA 7ho|=ekele FA 9 oA ShEof wsh x| F o] 1995 of W U;ju-z_»._
2hEjo] FAH LR vlSEE WE sjo|=2ielo] RSoldl v, $HAAR A e
Aol E 2ol 2002¢ ) WHE o2 AR BA AEAe] v, B ;*igﬁ
=
Z}Z+ 9] vpolg A WE Fof tisfjA= oF2] Mo X3 F0] TEolA]x] 2 A< =
- AR EAY] FA 9 PdA Shof st xR oA = o] A4 HE Llofk b
Hio| g A4 HE]S o] 8dk= 790l tigh A3 o] AA|H o= AA=o] Q& W
ok
SNk =
(&) ARl R MBS, o] 2.0J0RE Higt uo) =g
— A B Hro R 71539 (109], 2016.5), Asllseld(129], 2016¥ ET':IL:EEQ'

bl

1194bo)) &= 23] ojQlo] SARE Hoto 2 AA oW o a A Aol AE Al
Slwo] WallH= AR Bz AHES ATt 7] Akt o2 S8 A AATY
Fashchs Ast gl W, A o] B GAShEA A% B B

— Feito] 2 oJofE Bjte B AE5o(117], 2017.8)=8] Wrej=lo] 8] sAAE
N AEAT} A3 TORAPH A} upo] @ oJokEL ofokz ) HAdt WA A S 24t
I Q7] whizef who] @ oJoREe] S4r/do] Fto] NEFEA| ok A+ - Aol of
2ol wt2d, At - §371%0] A gH ol joRE 5 ERB| AAL BHUT A
Fofl tet A 57} Hasith= 2|2 o] A7
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7. E7|Mx2 ¥ FHXIX|2H| R&D XA FH

(1) 271 M= 2 A
n oj9) 22 Yl BYHE 5 o8 HeAA Y ofsty AT TR e A
4 59 Aeio] 7] 2QTRE AEA ] 0] 271714 TztER AAHAE A

< (U]5) wl=e] E7ME AT YL ZA A", v= SHEALNIH) 2 He
o} ZJ g olstA LA AR HCIRM) &) AWA Y FAZ L7
— NIH A3} 2770 w4 % NIBIB, NIDCR, NIAMS, NIDDK, NHLBI 5& Z4lo&
E7|MEAT LTS Boobe T A
— CIRM+& £7|A122 A 59 7Hs 41} L{PHHOFﬁﬂ*ﬂﬂﬂ gt AAbE Ads 71EkE
o2 g yiQk o] At He|amyolelA] 20049 APt AFAY

+ (931 Innovate UK, UK Regenerative Medicine Platform(UKRMP), Cell & Gene
Therapy Catapult 5 theFst 7)ol A S/ EZXEA] o] gt 2| HL& 3} 9}
o, E3] Cell & Gene Therapy Catapult o4+ GMP Manufacturing AlE|E 7
Aslo] g2 7HEe R sH= A4 Fxo Huz 28 E (Advanced Therapies
Treatment Center, ATTC)Z A% YEYIE Alad o5

< (5= ‘159 11¢Y 7k HA| A8 Z21#(National Science and Technology

Information System, Public Service Platform)& &

— ‘160 157119 the Z2AEQ} 107]9] 4% Z2AE 0,5 billion El(2F 826
A FA

—17doll= 177H0) thE ZRAEQ} 10749] A7 ZEAE] 0.6 billion E(2F 991¢]
e FUL A%

o (BHE) AEo A 2015W % 7|42 Bolo] & 1,16299L8 Ex13F
- S 7] MZEF ReD FAHE 20009 RE Az en, 2012 At
37%(3649] 1) 271510 EXBH) o] 12W~15W7H] YR E4) 2o 4]

- PAME PSR REAL, DY, SUSAAESE 9171% SR WF, A
AEAAUR, BABK| R, A FOlFEHRAA L AAH QAT WFHoZ 2|

) $HAR2A

n SRR RA AT fE e AU Tohl] FE APolglont, AT $4
A 7917140 5o o8] GHAARA ] A o] ThA] AlohbrA] HR mrks
717E 204 AT st EA7} SateA e Kol



+ (U]=7) NIH= 20139 AR = ool 2,422 (9F 2,800/ )] A8l FAFst

i glom, o= A NIHS| AARY qFELe] ~1.5%F 14| o
— n]= NIH A} 2ot L4 (National Eye Institute) A| gL 2 o LS E3] & ﬂiﬁ 0
AAA 2 7] M Garelg 7hd Ho) Age Be t:

~ WA o} st E2ect thate] FEATHL wold AT AER AETF &
Ag T fARH R 28 TFe stk AE HEE Y
- (282) SAHQ fAA 71 el I 543t & 859 <(eF 900919) F S
A2l (~202049) t‘—gu__:;
— AR RA AL I3 $A A71S mrke 22 FAE A7AakE T W
2 AFolut nEe] fAA 220 oofgot YR YR §& AEHOR T i
A 5= 9l A BA71ES LT A

- (F=) ARY FAAREA] QTN FAR= 20144 71 599 Hom 2AH2014H,
NTIS A4 H4 2Ah
— =dleld= Ad 20151 3¢ o] ) HrAtel 4] e — vpol e m ey
[(uto] 2. 0) k)& Tl FARARAl S5 S0l oAl U=
— A FA-AE f1F) 7IE AT ARAE N SA 0] BAEY ARIE 9

sto] 22 A 7 A=A 71 A1
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8. E7|MZE U FHXIX =M et Al eig Sk
ez

(1) 2AZAEA g
" 19999 HZE /YA FEY ARATI AR ofdf, 201640 AEA F2E 47
219] YA TP, 20164 129 3197H & 314719) HAH QAT WY
AL, 1% Fol AL, Sao] el o] ik RO Y "

=
e
Sk
C AR A AT ASE BASE AT 2006dRE A7E At 4ol 10097 8 T
Ol ;O
ez 242 AR AFAT7E AR QLo 2011d7HA] et ST B ot 2

20144 3 3 Fek 4571, 20159 & 8 F<k 51700] AEA 55 ol olo], 20169
ol 47719) 9ol MEAl TE5E AR LEhd

(2) AR ZA|

AR EA O] At BEste] W sheEd> 1995\ 0% 1999 o] 16712
= S EHA vl 16~18%Ho] W3 E o] F 293Ho| W3R E|]laL, 2003l 7H B
253 o] W
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S7hEe AR A3, nlso] 15980 7H Ho] MEsglon, 1 thgort 59
199, 93 189 202 pehd, AFoAL 57| o] EY

SARNEA PHAT BA 2030 PATARRE ERIARY 14o] /4 gL 150
A} 1/24)F 564, 24 44H 0] W7k 1 34to] THO & [GAHRA 2Al= A4 o &2 J)
W 27) S g AoR o}

9. =W & - ¢Us7t IS Akl

(1) (F)SAEZA Fu)2=®F (Cupistem® injection)
m A A 717 F 61W(2006~2012)0] A28 F 9o F 5,890,000 U+ -

1,940,0004 ¢ / @7k : 3,950,000 ¢)2] =& 20129 1€ 18 =y 3|77} &
A= A=

W4 4T aamt ofgel 28
AL A A2 AR DUEAAZN B AU A 251

w3k, @%*XH FWE Prﬁ}Ele ’%%‘fﬂ‘ii%
EX
T’_T

TAEA (RAEX]F 2 Az ojokEo}
o
=

(2) Zot2”I(F) FwEUE-Y® (NEURONATA-R®)
m A7 R 717 E 114(2003~2014)0] AQEQom E 7,824,925 Y (HE ¢

2,463,533 / Wzt 1 5,361,393 )] FA= 20149 74 309 =4l sV 5
A= A5

W 4F a2t ofde 2

g

o 191, F7-E3 AAAEE 95t EER =
A AARE Baksted, 8171 & A 717F 59H2026A71A]) AloF Wl 5] 7] o] oFF.0 2 A €]
=47 295 712

< 2014¥ EE3|71S

L 150 18T T Ao A 2} 55
of Sl el A AA



(3) 2B FAHF) AHAP-H 0|5 (INVOSSA®—K inj.)
m AT A 717 & 18W(1999~2017)0] 4QEglon & 15,440,000 L (F %
8,210,000 / W17k 1 7,230,000% ) 9] FA= 20179 749 129 =] 81717k 51=9he

447 aans el 28
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4 SHAM AEA T 7ol & AR VI

-
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n SARAALE AR
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