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e Whatis OV?
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TAKARA BIO at a Glance

M Trade Name : TAKARA BIO INC.
M Established : April 1, 2002

M Issued Capital :¥ 14,965 million (As of
March 31, 2016)

M Head Office :Kusatsu, Shiga, Japan

B Number of Employees of Takara Bio
Group: 1,273 (As of March 31, 2016)

M Business Segments Future Growth

Businesses

Gene Therapy

Aiming to commercialize

sene thers Gene therapy
s for cancer and AIDS
Medical field

Cell therapy
for cancer

Stable Cash-generating

Businesses -
it CDMO business
Bioindustry
Support for R&D and Research reagents
production

Resaarch and production
coplracting services

. Biotechnology Scientific instruments

Secondary Income
Businesses

Genetic engineering
lechﬂdﬂzy FOOd ﬁe'd Le VETage biotechnologies
. Advanced cell biology in the food field
technology
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Center for Gene & Cell Processing
(Kusatsu, Shiga, Japan)

Total floor space: 6,500 m?,

1st floor: —! - NG
Cell banking (e.g. E. coli) v,,»"o
Plasmid vector manufacturing

E. coli culture for protein production ;

QC test (sterility, Mycoplasma)
Cell bank storage i

2nd floor:

Viral vector production

gamma retrovirus, lentivirus, HSV, adenovirus, __
AAV, HVJ , etc. |

Cell culture, Media preparation
Protein purification

Aseptic filling
3rd floor:

Cell processing

QC test (test for cells & viruses, gPCR, bio assay, etc.)

acin

ISPE Facility of
The Year 2016 Awarded
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Clinical Development Pipeline

Region Preclinical‘ Phase | ‘ Phase Il ‘ Phase Il

Oncolytic Virus

HF10 anti-cancer US Phase I
therapy (to complete by Mar 2017)
Phase |

Japan > (to complete by Mar 2017)
Engineered T-cell Therapy
NY-ESO-1 siTCR Phase |
gene therapy Japan (to complete by Mar 2017)
MAGE-A4 siTCR Japan Phase |
gene therapy P (to complete by Mar 2017)
CD19 CAR gene Phase |
therapy Japan > (to start by Mar 2017)

6 £=) Takara sponsored clinical trial I::> Investigators-initiated clinical trial @.Taﬁaﬂa



Oncoloytic Virus Immunotherapy



What is Oncolytic Virus?

Oncolytic virus (BB BEEDAILR)

EEMRBEICBEDIRGEES A5 LEKERBMBBATRERMICBEE. Hhail. B5

Virus spreads

HBERIETLSVAMILA (ICH considerations on Oncolytic Viruses FIER&LY)
x

»
a . & G b 3

Tumor cell Virus Tumaor cell
replicates  ultimately ruptures

Onoolytlc (cell lysis)

I_.o_..o_.

Healthy cell Virus dose not Healthy cell
replicate undamaged

8 (®TakaRa



History of OV

1954-55 Thirty patients with locally advanced cervical carcinoma were

1960~

1991 ~

treated with intratumoral injection of wild-type human
adenoviruses.

The National Cancer Institute. Cancer 9 (1956)
FEENAUICHLTT T/ OMILAETE

A large number of oncolytic viruses were studied in cancer
patients, including mumps, measles, bovine enterovirus,
Newcastle disease virus, etc.

Mumps : Asada, T. Cancer 34 (1974)

Measles : Gross, S. Lancet 1 (1971)
Virotherapy has been re-evaluated

HSV : Martuza, RL et al. Science 252 (1991).

AdV : Bischoff, JR et al. Science 274 (1996).
A IV AEED B
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Various OV

= Type s Examples of OV
e Wild-type OV e Adenovirus
HEE e Vaccinia virus
e Naturally attenuated OV - .
& 5k 75 B 25 5 7 e Herpes simplex virus
e Genetically modified OV * Measles virus
B FHER e Vesicular stomatitis virus
(VSV)
e Reovirus

e Newcastle disease virus
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New Treatment Option
— Oncolytic Virus Immunotherapy

J e AmgenttFAFE. BIT-VEC

e Phase 3 #58&: n=436. DRR T-VEC 16% vs GM-CSF 2%, OS
IMLYGIC" 23.3mo vs 18.9mo (p=0.051)

(talimogene laherparepvec) ® 2015%10 8 KEZEE. 12 B BRI Z&EE

NATIONAL CANCER INSTITUTE

NCI Treatment Option Overview

Five types of standard treatment are used:
Surgery

Chemotherapy

Radiation therapy

Biologic therapy

Targeted therapy

« Signal transduction inhibitor therapy
* Oncolytic virus therapy

* Monoclonal antibody therapy

« Angiogenesis inhibitors

OVEAHHI FAFEIR N

T-VEC

CAVATAK
HF10

G47A

Telomelysin

}7/=: K E - FRN A ER
+}7/)—3:K[E Phase 2

}3/)—%:XK[E Phase 2. HA Phase 1
fE9E - HAPhase 1%

H)F—<: B ERMEEPhase 2
BENA:BK ERMEEPhase 1

11
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HF10 — An Oncoloytic
Herpes Simplex Virus (HSV-1)
for treatment of cancer




HF10 — Oncolytic HSV-1

9

Spontaneous mutant strain of HSV-1 e O
with no external gene. ‘
Greater replication ability o.. P opltiies il iplues

- . oolytic cell lysis
= effective dose Is lower

. L-o—o0—
No toxicity to be caused by
exogenous gene (ex. GM-CSF) inserted.

Healthy cell Virus dose not Healthy cell
replicate undamaged

In addition to local oncolytic tumor destruction,
systemic anti-tumor immune response observed.

Established by Dr. Nishiyama at Nagoya University

Licensed rights for the global development of HF10 from
Nagoya University

13
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Oncolytic viruses and their application to cancer

Immunotherapy

Cancer Immunol Res. 2014 Apr;2(4):295-300.

OV:E;&

Innate

cells O
Antibodies _
\I l & l»
CPA
Tumor
cell
Virus

w‘

Innate responses
(IFN-o/B)

First phase
OV infection/replication

/"

Tumor I

CPA

Treg
—

V\
O \
O
>0
Virus
spread
—» C\‘/(O '
I!'nmun.e B cell
stimulation DC
@ Transgene
product Second phase

OV-directed antitumor
immune responses

© 2014 American Association for Cancer Research

PVD=EN

From topical treatment to systemic anti-tumor effects




HSV Genome Structure & HF10

HSV Ori Orig Orig
— - - -
L | ]
1 1 1
L component (82%) S component (18%)
e Since 1988, DNA all base sequence
e UL: 65, US: 14, Inverted repetitive sequence: 10 (Total 89)
e Accessory genes: 45
HF10 ’o

- XL -
/\ AULS56 3,832b deletion

UL55 UL54 UL53 e UL56 deletion
2,295b deletion o Partial deletion and insertion of inverted repetitive
6,027b Insertion sequence at the left end in L component

e Stability of genome in transfer of cultured cells

“ Lack of UL56 gene decreases HSV-1 pathogenicity )
. Without affecting viral replication ability

5 (®@)TakaRa



Attenuated virulence of HF10

Virulence of HSV-1 & 2 after Intraperitoneal Administration to Adult Mice (LDs, (pfu))

Virus Characteristics LD ., (pfu) Ratio
HSV-1 KOS Wild-type 2,200 1
HSV-1 hrR3 UL39-deletion > 5,000,000 >2,272.7
HSV-1 SP23 | Wild-type 5,600 2.5
HSV-1 N38 US9,10,11,12-deletion 100,000 45.5
HSV-1 HF 10 | 3.9kb-deletion including UL56 > 5,000,000 >2,272.7
HSV-2 186 Wild-type 63 0.03
HSV-2 L1BR1 | US3-deletion > 1,000,000 > 454.5
HSV-2 Y7 Clinical isolate 21 0.01
HSV-2 YN Clinical isolate 55 0.03

-> LD, reflect mainly neurovirulence
Ia N

HF10 showed strongly attenuated virulence

Jiang YM. et al. Microbiol Immunol. 39 (11) :905-909.1995 {/F?]\Tanaﬁa



Tumor Immunity in Bilateral

Subcutaneous Tumor Model

5000 nght side:
V7ot HF10 Injected Tumor
3500}
3000}
2500
2000 P<0.001
1500
1000}
500

O — e T
0 5 10 15 20 25

Days after infection

mm? Left side:

5000 ¢
oot Non-Injected Tumor
4000
3500 ¢
3000 r
2500
2000
1500
1000
500

Non-Injected Tumor  Injected Tumor

Control

Tumor Volume (mm)

——HF10 |
- Mock |

Tumor Volume (mm)

Control group (Day14)

0
0 5 10 15 20 25

days alter infection

HF10 reduced tumor growth in non-injected tumor

' - (ER
17 Watanabe D et al, J Dermatol Sci. 50(3), 185-196, 2008 1\[@*H‘a“aﬁa



HF10 Clinical Development

To date, a total of 2100 patients have been treated with HF10.

- Tumor type

Phase | monotherapy Solid tumor completed
Phase Il Combo with Ipilimumab Melanoma ongoing
(enroliment completed)
Japan Phase | monotherapy Solid tumor ongoing
Phase Il Combo with Ipilimumab Melanoma Planned
Phase I/l Combo with Gemcitabine  Pancreatic Planned
etc. cancer
Investigators Combo with Pancreatic completed
initiated Gemcitabine+Erlotinib cancer
clinical study monotherapy Breast, H/N and completed
Pancreatic
cancer —

18 R ianana



Phase 2 trial T14-10682 (US)

Title of the A Phase Il Study of Combination Treatment with HF10, a Replication-

study competent HSV-1 Oncolytic Virus, and Ipilimumab in Patients with Stage
[1IB, Stage IlIC, or Stage IV Unresected or Metastatic Malignant
Melanoma

Objectives To assess efficacy and safety with repeated administration of intratumoral
injections of HF10 at 1x107 TCIDg,/mL in combination with intravenous
infusions of 3mg/kg ipilimumab and evaluate the following objectives:
Primary Objective:

Best overall response rate (BORR) at Week 24

Secondary Objectives:

Safety and tolerability, ORR, PFS, DRR, 1-year survival rate, Evaluation
of correlative studies

# of patients | It is planned that at least 43 patients will be enrolled in the study

Methodology | a single arm, open label Phase Il trial

PrmCIPaI Iplllmumab 3mg/kg v q3wks x4 erC/mWHO 12, 18 24, 26 & 48 wks stitute
Investigator
T1 11 NERRRRRREERR
HF10 1x10’ TCID50/mL IT qlwk x4 wks then q3wks up to 45 wks e
19 (%) TakaRa




Phase 2 trial T14-10682 (US)
- Patient Demographics and Safety

Presented at ASCO 2016
Table 1: Patient Demographics Table 2: Safety Summary
Characteristics N (%) Characteristics N (%)
T e Treatment-Emergent Adverse Events Number of
(TEAEs) Patients (%)
Median 67 Male 27 (59%)
Range 2992 Female 19 (a1%)  Safety evaluable patients 46
With any TEAEs 46 (100%)
ECOG Status N(%)  Disease Stage N with any TEAES related to HF10 42 (91%)
0 34 (74%) ne 9 (20%) ] .
With severity = Gr 3 for HF10 related TEAEs 4 {9%)
1 12 (26%) e 20 (43%)
2 0 (0%) IV 17 (37%) With any TEAEs related to Ipilimumab 43 (93%)
With severity = Gr 3 for Ipilimumab related TEAEs 10 (22%)
HSV-1 antibody N (%) Prior Cancer N (%) _
Therapy 2 1 With any serious, HF10 related TEAEs 2 (4%)
(+) 30 (65%) | Yes 21 (a6%) | With any serious, Ipilimumab related TEAEs 9 (20%)
With any serious, unrelated TEAEs 6 (13%)
() 16 (35%) | No 25 (54%)
Who discontinued drug due to HF10 related TEAEs 0 {0%)

2 (®@)TakaRa



Phase 2 trial T14-10682
- Waterfall plot

(US)

Presented at ASCO 2016

21

600 N=43 N(% N(%
Overall response (irCR+PR) 17 (40%) 21 (49%)
230 Clinical Benefit (irCR+PR+5SD) 28 (65%) 28 (65%)
N 500 Complete response (irCR) 5(12%) 6 (14%)
o 300 Partial response (irPR) 12 (28%) 15 (35%)
0 Stable disease (irSD) 11 (25%) 7 (16%)
E 200 Progressive disease (irPD) 13 (30%) 13 (30%)
u 200 Not evaluable (NE) 2 (5%) 2 (5%)
Ej B StagelllB
- 150 B Stage IIIC
€ 100 B Stage IV M1a
O B Stage |V M1b
50 M Stage IV Mic
~=2
© 0 A® A A BSAA AASA
-90
-1UUIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
* patient has not reached 24 wks of treatment *patient has not reached 48 weeks of treatment Haﬁa




Figure 3: Response of Patient 001-005

7.0-
< 6.0
=
= 5.0 2
i irPR %
8 3
n 4.0
5
= 3.0-
2
x 2.0-
2
£ 1.0- Ey
i =23
0.0-
Baseline 12 wks 18 wks 24 wks

Bl Lesion 1 (imaged) E® Lesion 2 (lung)

Phase 2 trial
T14-10682
(US)

80 y/o male
with

stage IV
melanoma

Figure 3: Patient 001-005 Responses in Non-Injected Lesion (Lung)

— Tumor
Response in
non-injected

visceral lesion

37% Decrease

Baseline Week 12

80y/o male with stage IV M1b melanoma

71% Decrease

Week 18

75% Decrease

Week 24

73% Decrease

Week 36

*percent change calculsted from baseline

22 Presented at AACR-NCI-EORTC 2015, ASCO 2016 ‘&) TaKaRa



Phase 2 trial T14-10682 (US)

- Comparison with other immunotherapy

Therapy Grade = 3 AEs, % Response Rate, %
Monotherapy
Ipilimumab 27 =15
Pembrolizumab 13 27-38
Nivolumab 16 34-40
T-VEC 11 26
PV-10 15 51
CVA 21 0 28
Combination therapy
Nivolumab + ipilimumab 55 52
T-VEC + ipilimumab 1 50
T-VEC + pembrolizumab 56
HF10 + Ipilimumab 49

T-VEC : Treatment naive patients
HF10: = 2"d line patients ASCO 2016 CME symposium

- The Role of Immunotherapy in the Medical Management of Melanoma

(@) TakaRa



Phase 1 trial TB11401-01 (JP)

Title of the Phase | Trial of Intratumoral Administration of TBI-1401(HF10) in Patients
study with Solid Tumors with Cutaneous and/or Superficial Lesions
Objectives - To evaluate the safety and tolerability of HF10 at 1x10° and 1x107

TCID.,/dose in patients with refractory solid tumors with cutaneous
and/or superficial lesions (e.g., malignant melanoma, SCC of the skin).
 To look for evidence of the overall and local antitumor activity of
repeated intratumoral injections of HF10, as well as to investigate the
development of anti-HSV antibodies, and antitumor T cell reactivity.

# of patients | 6 patients

Methodology | open label, non-randomized, two-stage, dose escalation Phase | study

HF10 HF10 HF10 HF10
l‘e ZWI{DFJ-W}i < 2w l < 2w l
Safety Observation Period Option to continue on-study and 2 additional

injections (for a maximum of 4 injections)

Princip m

Investi
|

24

KRESE I HRROKIER 5 2R —heREORBRT A
HF1001x107 TCID50/ HETOH A NIZBIF AR B2 MR THLLDIT.

HERLE RO Z2ET 77Ol OENN A2 R 5 -
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EXxperiences in Regulatory process
In the US and Japan
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Reqgulatory status

Date of

Milestones completion
(italic: target)

Original IND submission (Phase 1

: Mar 31, 2007
Regulatory trial)
approvals in the US  |ND amendment#22 submission .

Us (Phase 2 trial) AL S, 20
Phase 2 study Completion of the enrollment Mar, 2016
ongoing Completion of primary analysis End of Sep, 2016

Pre-IND meeting with PMDA Sep 22, 2014
Regulatory . : e L
approvals in Japan Clinical Trlgl Notification Jan 21. 2015

JP (Phase 1 trial) ’

Phase 1 study Completion of the enrollment Aug, 2016
ongoing Completion of primary analysis Nov, 2016
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HF10 HKEERBEFEDEE D

To date, a total of 2100 patients have been treated with HF10.

- Tumor type

Phase | monotherapy Solid tumor completed
Phase Il Combo with Ipilimumab Melanoma ongoing
(enroliment completed)
Japan Phase | monotherapy Solid tumor ongoing
Phase Il Combo with Ipilimumab Melanoma Planned
Phase I/l Combo with Gemcitabine Pancreatic Planned
etc. cancer

REERRT—7 BLOGFERRE A ZIE L

HAToO R RIS

Pancreatic

cancer
30 R lanana
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Cutting edge of Oncolytic Virus Immunotherapy

® i . Robert H.I. Andtbacka, MD, CM

Surgical Oncology Department of Surgery University of Utah, Huntsman
Cancer Institute
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The 54™ Annual Meelting of Japan Sociely of Clinical Oncology
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S Lot ~ (Oncolytic Virus Immunotherapy) SRR |
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