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Glypican-3 (GPC3), a carcinoembryonic antigen, is an ideal target of
anticancer immunotherapy against hepatocellular carcinoma(HCC)

Relative ratio of expression of glypican-3 mRNA
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Years after resection
Nakatsura T et al, Biochem Biophys Res Commun. 2003 Shirakawa H et al, Cancer Sci. 2009

GPC3 is overexpressed specifically in HCC and correlates to a poor prognosis.
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Outline of mechanism of action of peptide vaccine therapy

Peptide is injected intradermally
or subcutaneously
== < Skin>»

« Whole body organization >

Cytotoxic
Normal

cells ¢

Cancer
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Phase | trial of GPC3 peptide vaccine for advanced HCC

Treatment schedule Immunization
(peptide+IFA) RECIST
'l ¥ ¥ VENTE ]y
i i i i >
0 2 4 8 (L)

Peptide dose No. of cases

Glypican-3 (GPC3) peptide vaccine

0.3 mg 8

HLA-A2 GPC3,,..5 (FVGEFFTDV) 1.0 mg 6
HLA-A24 GPC3,.,,;(EYILSLEEL) 3.0 mg 6
10.0 mg 7

30.0 mg 6

Total 33

Sawaday. et al Clin. Cancer Res. 2012, Yoshikawa T. et al Cancer Sci. 2011
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75y F multiple HCC, bone meta, lung meta, LN meta HLA-A*0207/1101
HLA-A2-restricted glypican-3 peptide: 30 mg per body, 3 times vaccination

A A A

Supraclavicular lymph
nodes metastasis

s :;-\@

Bone metastasis

‘Before vaccination 9/ 2/2008

e - E— ’ g 2 ! 0 - B ) . -
1 month after 3 vaccination 10/29/2008 Sawada. ef al Clin. Cancer Res. 2012
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Infiltration of a large amount of CD8-positive killer T cells
was proved in tumors that did not change in post-vaccine

- ) . »
" o ’ » .

Sawaday. et al Clin. Cancer Res. 2012
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A case experienced in clinical trials for advanced cancer

Before administration of GPC3 peptide vaccine
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Sawada Y et al. Hum Vaccin Immunother. 2013 :1228-33
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A case experienced in clinical trials for advanced cancer
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The majority of intrahepatic tumors are central necrosis. Viable tumor remains at
the periphery. CD8 positive lymphocytes observed nearby viable cancer cells

Sawada Y et al. Hum Vaccin Immunother. 2013 :1228-33
ASCO Breakthrough #ASCOBT19
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Ovarian clear cell carcinoma patient

Received Glypican-3 derived peptide vaccine (HLA-A24)

Patients gloup : advanced 42 YO, stagelllc HLA-A*24:02. 31-01
previous treatment : DNy .

operation (ATH+BSO-+sampling of retroperitoneal lymph node. residual tumor+) —TC treatment—IDS
(PEN+PAN+OM) —CPT-T+CDDP treatment

Peptide administration: 3.0 mg --CA125
-=CA72-4

LS —

pre- vaccine vaccine® vaccine@ vaccine@ vaccine® vaccine®

Suzuki S et al. Hum Vaccin Immunother. 2014 :338-43
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Ovarian clear cell carcinoma patient

Received Glypican-3 derived peptide vaccine (HLA-A24)

Patients gloup : advanced 42 YO, stagelllc HLA-A*24:02. 31:01
previous treatment : S .

operation (ATH+BSO+sampling of retroperitoneal lymph node. residual tumor+) —TC treatment—IDS
(PEN+PAN+OM) —CPT-T+CDDP treatment

Before vaccination

Peptide administration: 3.0 mg

2weeks after 2nd
vaccination
N\
' 2weeks after 5
vaccination

Suzuki S et al. Hum Vaccin Immunother. 2014 :338-43
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phase Il study of the GPC3-derived peptide vaccine
as an adjuvant therapy for HCC patients

3.0mg of GPC3 peptide emulsified with IFA
(intradermally)

EYILSLEEL peptide for HLA-A24-positive patients
FVGEFFTDV peptide for HLA-A2-positive patients

Vaccination
2R 2R 2R 2R 2R |

6 times vaccination every 2 weeks 4 times vaccination every 2 mont

Sawada Y. et al  Oncolmmunology 2016
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It is expected to recurrence-prevention effect
of GPC3 peptide vaccine in GPC3-positive HCC

1-year recurrence rate 24.0% vs 52.4% (p=0.047)
Recurrence free survival

HCC tumor of all these patients
showed evident GPC3 expression
in immunohistochemical examination

25 patients treated with surgery and the vaccination
21 patients underwent surgery alone in NCCE
(control)

20 30 40 50
P=0.377, log- rank Sawada Y. etal  Oncolmmunology 2016
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Overall Survival

GPC3 positive

Vaccination -
Vaccination +
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GPC3 negative

Vaccination -
Vaccination +

40 60
0s
(month)
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Phase | study of
Glypican-3-derived Peptide Vaccine Therapy

for pediatric patients with refractory solid tumors
oS andPFI:FS (CR hepatoblastomaogr not)
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Years from First Vaccination Years from First Vaccination

n the remission group at the time of enrollment,
all cases of hepatoblastoma remained remission and survival
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Monitoring of peptide-specific CTLs in the peripheral blood [Pt. 3230mg HLA-A*0201 ]

Pre- 2 weeks after 2 weeks after 2 weeks after 1 month after
vaccination 1%tvaccination 2™ vaccination 3" vaccination 3™ vaccination

Aspot number in

5 105 PBMCs 0 §) 441 329 172
The rate of peptide- (0% 0.09% 0.07% 0.03%

specific CTLs

GPC3
peptide

GPC3-
Dextramer

Dexiramer PE-A

LS 10*
CDBAPC-A CDSAPC-A

CD8

v
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Establishment and analysis of GPC3 peptide specific CTL clone

[Pt. 32 30mg peptide vaccine HLA-A*02:01 ]
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ex vivo IFN-y PBMCs at 2 weeks after 3™ vaccination ex ivo Dextramer

ELISPOT assay ex vivo Dextramer sort clone

GPC3-Dextramert cells were day 35
n sorted to a single cell. . 4

ex vivo-Pt32-4 GPC3-Dex

GPC3
peptide

»

+IL-2
+ PHA

Aspot number

The frequency in
PBMC 5x105 cells

GPC3-Dextrame

v
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CDB8 APC-A CD8
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Genetically modified T cell therapy

Peptide vaccine

Antibody therapy wﬂc cell

HLA-A2 GPC3144152 (FVGEFFTDV)
\W/4 HLA-A24 GPC3298-306 (EYILSLEEL)

Antigen presentation

- HLA-A2
HLA-A24

TCR

Transduction Cloning of TCR gene

of CAR gene

W | Endoplasmic reticulum Transduction

H / of TCR gene
s

Cancer cell
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Immunotherapies targeting neoantigens under development

Undisclosed

hd adssad Antibody Based
Both

DC Vaccine

Shared Personalized

T cell based

Small Molecule August, 2019

Neoantigen Targeted Therapies
Patent & Deal Analysis
CmaxInsight Market Intelligence
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z < e
Sponsor Region Target Cancer Vaccine Platoform Enroliment [Status] NCTNumber

Aug 2008
(Completed)
" . Jan 2014
Dana-Farber Cancer Institute USA Melanoma Peptide, poly-ICLC NCT01970358

(Enrollemnt completed
Nov 2014
(Enrollemnt leted)

University of Pennsylvania USA Melanoma Peptide-treated DC NCTO00683670

Dana-Farber Cancer Institute USA Glioblastoma Peptide, poly-ICLC, Radiotherapy NCT02287428

Dana-Farber Cancer Institute Chrenic
Oncovir, Inc. USA Lymphocytic Peptide, poly-ICLC, Cyclophosphamide
Neon Therapeutics, Inc. Leukemia

:;::ﬁ"::‘; Peptide, poly-ICLC [Enrollm::ltiilstu start) NCT03361852
Dana-Farber Cancer Institute Renal Cell s » Oct 2016

Bristol-Myere Squibb USA Carcinoma Peptide, poly-ICLC, Ipiimumab (Enroliment not to start) NCT02950766
Meon Therapeutics, UsA Lung, Melanoma,

Bristol-Myere Squibk Bladder

Sep 2018

(Enrollment not to start) NCT03213450

Dana-Farber Cancer Institute USA

Peptide, poly-ICLC, Nivolumab Oct 2016 NCT02897765

Washington University USA Breast(TN) Pelyepitope DNA Jun 2015 NCT02348320

Washington University USA Pancreatic Polyepitope DNA, electroporation Jan 2018 NCT03122106

gtom Hmiversity

e LLC

USA Ereast[TN] Polyepitope DNA, electr Apr 2018 NCT03199040

nvesttgator In tiated-erimteattrials oty Moz

Washington Umversn:y USA Glioblastoma Peptide, poly-ICLC Nov 2015 NCT02510950
tEontetecd;

PediatricBrain May 2018

Washington University USA Peptide, poly-ICLC NCT03068832

Tumor (Enrollment not to start)
Washington Universi UsA Follicular ——,_ tide, poly-ICLC, Nivolumab et A NCT03121677
ashington University Lympt Ephge. poN- v Lm (Enrollment not to start)

May 2018
(Discontinued)
Jun 2018

Washington University Glioblastoma Peptide, poly-ICLC, limumab, Nivelumab (Enrollment ot to start) NCT03422094

Washington University NSCLC Peptide, poly-ICLC, Pembrolizumab NCT03166254

Icahn School of Medicine at Mount Sinai Solid Tumer Peptide, poly-ICLC Apr 2016 NCT02721043
Icahn School of Medicine at Mount Sinai SR Peptide, poly-ICLC, Tumor Treating Fields Mat 2018
NovoCure Ltd. 1o oma (TTF) (Enrollment not to start)

NCT03223103

leahn School of Medicine at Mount Sinai Hrothellal Jul 2018
Carcinoma, Peptide, poly-ICLC, Atezolizumab

Genentech, Inc. Bladder ! ' (Enroliment not to start) NCTO3358239

Pancreatic,

M.D. Anderson Cancer Center Colorectal

Peptide, IFA May 2016 NCT02600949
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Clinical Studies for Personalized Immuno-oncology Therapies

Drug name
NEO-PV-01

GEN-009
iNeo-Vac-P01
AGEN2003, AGEN2017
IVAC MUTANOME
mRNA-4157, NCI-4650
mRNA vaccine
VB10.NEO

GNOS-PVO1
GRANITE-001

TG4050

Developer

Neon Therapeutics
Genocea Biosciences
Hangzhou Neoantigen
Agenus

BioNTech

Moderna Therapeutics
Stemirna Therapeutics
Vaccibody

Geneos Therapeutics
Gritstone Oncology
Transgene

Format
Peptide
Peptide
Peptide
HSP70 peptide
mRNA
mRNA
mRNA
DNA
DNA
Viral
Viral

Stage Indications

Phase Ib Melanoma, NSCLC, bladder

Phase I/1l melanoma, NSCLC, SCCHN, Urothelial, renal
Phase | Pancreatic, solid tumors

Phase | Solid tumors

Phase |, phase Il Melanoma, TNBC, solid tumor

Phase | NSCLC, CRC, pancreatic

Phase | Esophageal, NSCLC, Gastric, Pancreatic, CRC
Phase I/1l Melanoma, NSCLC, bladder, renal, H&EN
Phase | GBM

Phase I/1l NSCLC, CRC, gastroesophageal, bladder
Phase | Ovarian, H&N

T

o R
e THITUH TS

o Lk <
CTICOTYyUIC— v s

olfifdny spatisdited Llitiical

ADXS-NEQ

Advaxis

Bacte

YE-NEQ-001
Neoantigen Vaccines
MDG 1011

NeoTCR-P1

PACTN

IMA-101

NantBioScience
Likang Life Sciences
Medigene

PACT Pharma
Persimmune
Immatics

IMA-201, IMA-202, IMA-203 Immatics

TCR Sleeping Beauty
Lifileucel, LN-145
ATLOO1

Ziopharm Oncology

Yeast-based
DC

T cell-based
T cell based
T cell based
T cell based
TCR-T
TCR-T

lovance Biotherapeutics TIL based

Achilles Therapeutics

TIL based

Ahal s [ g |
Phase 1t eSO e SR, otaaaet

| I Melanoma, TNBC, breast, H&N, Lymphoma
1¥dals
et

Phase | RC, Breast, Melanoma, Pancreatic, Liver, SCCHN

Phase | HCC

Phase I/l AML, MDS, MM

Phase la/lb Solid tumors

Phase | Myelodysplastic Syndromes
Phase | Solid tumors

Phase | Solid Tumors

Phase | Solid tumors

Phase Il melanoma, solid tumors

Phase I/1 NSCLC, melanoma
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Personalized neoantigen peptide vaccine trial at DFCl and Neon Therapeutics

Phase | study (Ott et al., Nature. 2017)

Peripheral blood Melanoma *
mononuclear  Stage IlIB/C
Tumour cells Stage IVM1a/b (resectable)
procurement S 7

« DNA and RNA sequencing to identify
tumour-specific mutations
Tta’%,e' * HLA typing
ESiocton » Prediction of personalized HLA-
binding peptides

Poo!g.of l'
synthetic long §
peptides ~ + Poly-ICLC “§,
Personal
vaccine
manufacture

Vaccine

Boost Boost
administration !

!

8 12 16 24
Weeks

— A
Neoantigen Recurrence Anti-PD-1 Clinical
vaccination after vaccination  antibody  response

Patient 1
Patient 3
Patient 4
Patient §

Stage
ne/c

Stage Patient2
IVM1b Patient &

1é 1‘5 1‘3 2‘1
Months after surgery
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NT-001 Phase Ib study

NEO-PV-01 + nivolumab in aPD-1/PD-L1 naive subjects

Week 0 Week 12 Week 52
0 Premednation H cination Postvaccination

NSCLC
{smoking-associated)

MELANOMA NIVOLUMAB NEQ-PV-01

e ! 4444
i :'mhx

Tissue collection Il
to evaluate
immune response =

[® Sostonw @ siopw @ teukapheresis | (NCT02897765)

Objectives: safety, clinical efficacy (response rate and durability) and immune responses

36-week PFS
— DCB (11)
— No DCB (8)
— Censored  (4)
Study Stage:
®Pre-vaccine
¥ Post-vaccine

Change from Baseline (%)

Slides are the property of the author.
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Personalized RNA vaccine trial by TRON/BioNTech

a Time relative to neo-epitope RNA vaccination (month)

-24 -21 -18 <15 -12 9 -6 -3 +3 +6 +9 +12 +15 +18 +21 +24
Stage Patient
A4

v P01
AV4 w 7
g
v

S = =

P10 A7)

AV

mpl Mutation Neo-epitope Target Template DNA GMP RNA P11 AV
aquisition discovery pnomlzatlon selection design and manufacturing 7 9

P12
production and release
P17 AVAAV.V

lllc P19

/ Metastasis (resected) T Death V Vemurafinib R Radiotherapy | Ipilimumab
o V¥ Metastasis L Losttofollow-up « Interferona P Pembrolizumab D Dabrafenib
E + Days of vaccination, dose: 500 or 1,000 ug . Neo-epitope RNA vaccination + Initial diagnosis  * Measurable lesion at start of RNA vaccination
i I . ra B .11 15 22 29 43 :
Screening Neo-epitope discovery and ! - Pre neo-epitope RNA vaccination | | -~ New lesion subcutis chest
vaccine manufacturing - - -  continued tre ent -~ Post neo-epitope RNA vaccination =&~ Index lesion subcutis chest
Immune u u ﬂ B ﬂ ﬂ 4004+ New lesion subcutis gluteal
monitoring

I GMP, GeLP, GCP-compliant process

seceoes®®
e

3004

2004

Cumulative sum of
metastatic events

Lesion size (mm?)

1004
0

Months 12 15 18 21 24
Patient No. 13 1 13 13 12 11 11 10 10 0 . — - - -;
13 13 12 7 4 1 g
Cumulative 4 ) Q@ @‘d\‘ @'(@“0 ,\\{Q é\v @5\
observation 117 154 187 220 251 281 & Q':P ,569

time (month) 116 152 185 207 220 227 4 p

Sahin et al., Nature (2017) W’
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Peptide vaccine development

“ Short Peptides / IFA Long Peptides / PolyIC:LC

Potentially earlier IND Activation of CD4* T Cells as well as CD8* T
Potentially less development cost Cells

No one developing short peptides as a Precede studies with long peptides showing

personalized cancer vaccine (Originality) promising efficacy

Need to identify (predict) very peptide
v(p Juctyipep Potentially higher development cost

sequences to exactly bind MCH Class |
To use new adjuvant (not approved yet)
Activation of only CD8* T Cells ( CD4* T Cells)

. . . . ) -> To require some additional Tox studies
in which less efficacy might be available

Slides are the property of the author.
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Identification of neoantigens from patients

Work flow

HLA-binding affinity

Expression and presentation ) ]
Antigen presentation

/ in silico prediction and MS analysis

Intracellular processing

talerance

Immunogenic epitopes

Also, cross reactivity, bioactivity, solubility...
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Personalized Peptide Vaccines from Identification of Neoantigens to their Dosing to Patients

Clinical study Dosing of 20 peptides
1. progressive cancer 0.1 -1mg each/injection, several months
2. preventingrelapse
Cancer patients TS

Relapse  Progressive A
prevention cancer ‘
sy N Surgery resection
or

Biopsy
Manufacture of
2-3wks ‘ NGS mgs of each Peptides
6 mo-1lyr Hundreds of somatic mutations

Neoantigen predictionand
peptide design

10 - 20 peptides (GMP)

v
2-3wks ‘
Supply of CTMs to Clinical Sites T
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Conclusions/Take-Away

* Imnmunotherapies targeting neoantigens were developed.

e Many Clinical Studies for Personalized Immuno-oncology Therapies is
ongoing.

* We are also planning a clinical trial of peptide-based individualized
vaccines in cooperation with Japanese company.
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