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NEOANTIGEN

Because neoantigens are only expressed in tumors, they may be the ideal targets of new cancer
vaccines and cell therapies.
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TISSUE SPECIFIC CANCER-TESTIS OVEREXPRESSED IN NEOANTIGEN

ANTIGEN ANTIGEN TUMOR

Tissue-specific antigens Cancer-testis antigens are Overexpressed tumor Neoantigens are new
are specific to the tissue but expressed mainly in tumors antigens are expressed in proteins created as the
upregulated in cancer cells, or testis but have low-level both tumor cells and healthy cancer cell goes haywire and
including MART-1, expression in normal tissues cells but have high expression mutation rates intensify.
gp-100, TRP-1/gp75. and include MAGE-A1 and in tumor cells.

NY-ESO-1 2017.

v Only found on tumor cells

@ Expression of antigen in normal tissue v" Arise from mutated genes
@ CExpression of antigen in the tumor In the tumor

v" Highly patient specific



NEOANTIGEN
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The complexity of
neoantigen prediction

HLA diversity

»

TCR diversity

Havel JJ et al 2019. Nature Rev. Cancer

Antigenic diversity generated by tumour-
specific genetic and epigenetic alterations

Genetic events that generate neoepitopes
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History of

Neoantigen

1953

1995

Identification of an
immunogenic CDK4
mutation that is shared
across multiple
melanoma patients (20).

T cells

specific fora

neoantigen derived from
an intronic region are first
observed (21).

Evidence is obtained

that the immune
system can recognize
carcinogen-induced

tumor

s (132). (134).

1950

1988

The first T cell-recognized
neoantigen is identified
in an MCA-induced
mouse tumor model
using a cDNA library
screen (133).

Figure 1

Neoantigen reactivity is
observed by CD4* T cells
in a mouse tumor model

—

1980 1990

1996

Neoantigen reactivity is
observed among
tumor-infiltrating T cells
in a melanoma patient
(135).

First evidence for
neoantigen reactivity in
human nonmelanoma
cancers (RCC) (138).

1 neoantigen by
standard molecular
cloning methods.

2003

Identification of
neoantigen reactivity by
human CD4* Tcellsin
melanoma. DFS
correlated with
peripheral persistence
of these cells (136).

—

2000

2004

Near-complete
regression in a
melanoma patient after
infusion of a cell product
with a high proportion
of neoantigen-reactive T
cells (137).

2008

NGS technology is used
for the first time for
comprehensive
mutation analysis of
matched tumor and
healthy tissue (139).

—

-

2005

Neoantigen
reactivity dominates
overreactivity to
shared antigens in
peripheral blood of a
long-term melanoma
survivor (22).

5 neoantigens in 1
patient by molecular
cloning methods.

NGS enables the identification of neoantigen candidates and
the creation of a personalized vaccine.

2012

First use of NGS
technology to identify
immunogenic
neoantigens in mouse
tumor models (24, 25).

Evidence for the
protective effects of
neoantigen vaccines
in the B16 tumor
model (25).

2010

The NGS era

—

2014

Neoantigens are the
major class of rejection
antigens targeted by ICB
in a preclinical mouse
model (52).

Mutational burden is
observed to correlate
with response to
anti-CTLA-4 therapy in
melanoma patients (36).

ACT using neoanti-
gen-specific CD4+ T cells
induces complete tumor
regression in a patient
with Gl cancer (6).

2019

Neoantigens

from gene
fusions

P—
2017
Personalized neoantigen
peptide and RNA vaccine
provide evidence for
vaccine-induced T cell
populations that
recognize autologous

-

—

2013

NGS is applied to
demonstrate
neoantigen-reactive T
cells in melanoma
patients (26, 27).

~

2013-2015
Evidence is obtained
that ICB influences the
number and
transcriptional state of
neoantigen-specific T
cells (27,32, 52).

2015

Neoantigen burden is
associated with response
to anti-PD1 in lung cancer
patients (32).

Mutational burden is
observed to correlate
with response to anti-PD1
therapy in mismatch-
repair-deficient cancers
(14).

[Personalized neoantigen
vaccines induce and
increase neoantigen-
specific immune
responses in melanoma
patients (123).

2016

ACT with T cells specific
against a public KRAS
neoantigen leads to
complete regression in a
patient with colorectal
cancer (34).

Response to ICB correlates
with number of predicted
clonal necantigens (41).

First mass spectroscopy
identification of T cell-
recognized neoantigens
on primary human tumor
tissue (110).

Schumacher TN et al 2019. Annu. Rev. Immunol

Historical overview of cancer neoantigens. Abbreviations: AC'T, adoptive cell transfer; DFS, disease-free survival; GI, gastrointestinal; ICB, immune checkpoint blockade;
MCA, 3-methylcholanthrene; NGS, next-generation sequencing; RCC, renal cell carcinoma.



The Rise of Neoantigen

Human
Genome Hol
: Next Whole
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Cancer immunotherapy approaches

/ \ Tumor-specific Adoptive Cell
: Cytokines
weak, unresponsive, MADS 4 Transfer
low responsiveness
immune systemes.
ex vivo-activated ~— —— —
cells or molecules. %
A .
\ Memory: No / ﬁ:-t-x Lo
Passive Immunotherapy oe 7 ,i,,_'f'_;
----------------------------- 4‘—':1‘Iﬁ lE{"'.sl'_.----------------------------
. & . . Active Inmunotherap
able to respond :
upon challenge, N~
stimulated — o
stimulate effector
functions in vivo
Peptide Allogeneic Checkpoint Oncolytic
Memory: Yes P’ D(_: whole cell NecKp :
\ / vaccines vaccines vaceines inhibitors viruses

Papaioannou NE et al 2016 Ann Transl Med



Tumor microenv

» Stimulatory
effect

_| Inhibitory
effect

Antitumor
cytotoxicity

Immuno-Oncology: Emerging Targets and Combination 1

PD-L1 binds to PD-1 and inhibits
T cell killing of tumor cell

Tumor cell

Blocking PD-L1 or PD-1 allows
T cell killing of tumor cell

Tumor cell
death




“The neoantigen vaccine is like the steering wheel, to guide
the immune response ... the checkpoint blockade is removal of
the brakes.” — Nir Hacohen, Director of the Center for Cancer
Immunotherapy, Massachusetts General Hospital

in Charlestown

PD-L1
Expression

Intratumoral
CD8+ T-cell
infiltrate intensity

neoantigen/
mutational load Proportion (%)

Surviving Patient

10
0 ]
0 1 2 3 4 5 6 7 8 9 10
Yea
Bl conventional chemotherapy [  2nd gen. immunotherapy Combination immunotherapy +
sequencing, dosage, duration,
. 1st gen. immunotherapy . Combination immunotherapy timing refinements

Immuno-Oncology: Emerging Targets and Combination Therapies/ Henry T. Marshall and Mustafa B. A. Djamgoz/ Front. Oncol. 8:315.



Nature Medicine 25, T67-775 (2019)

nature
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Association between fusion necantigens
and immunity matrics

Leukocyte fraction -

 head and neck tumors with low mutation burden, minimal immune e

infiltration and prevalent gene fusions, identified gene fusion-derived R

neoantigens that generate cytotoxic T cell responses. —
* RNA-seq data TCGA 30 cancer types: 1,404/5,825 fusion protein, 24% N

neoantigen predicted to bind to patient-specific HLA
e LOH-HLA was associated with a higher likelihood of a fusion neoantigen e

being present (P =0.018). T
e Fusion neoantigens were more frequent in tumors with more immune- i

depleted microenvironments or HLA loss. -5 E’ADQIDPW 5 10
e Cancers with low mutational load and minimal immune infiltration. ¢ >

Fusion naoantigen less fraquant
with increasing parameter

Fusion neocantigen more frequent
with increasing paramatar



: a Neo Hope

Cancer Wars
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Therapeutic Cancer Vaccine
using Neoantigen

Tumour-associated

* Overexpressed

¢ Tissue differentiation
¢ Cancer—testis

* Oncofetal

Tumour-specific
* Oncogenic viral
* Neoantigens

Protein-based or
peptide-based
Anti-idiotype antibody-
based

Heat shock protein-based

Nucleic acid-based
s DNA
* mRNA

Cell-based
* Whole tumour cells
* Antigen-loaded DCs

Vector-based
* Viral
® Bacterial

Hu Z et al 2018 Nature Reviews Immunology

TLR agonist

¢ Poly-ICLC

* MPL

* CpGODN

* Imiquimod
DC-targeted
monoclonal antibody
* DEC205

* Agonistic CD40-specific
Saponin-based

¢ [SCOMATRIX

* 05-21

GM-CSF

STING ligands

Tetanus or
diphtheria toxoid

Emulsions

* Montanide ISA-51
and Montanide
ISA-720

Liposomes
Virosomes
Nanodiscs

Neoantigen-based DC vaccine

Three patients previously treated with ipilimumab

NCT00683670

Cyclophosphamide

Intravenous administration of DCs pulsed with
7 HLA-A2-restricted neopeptides (9-mer)
[

Wy

I | | I [ [T I | [ I [ [ | [ [ T | [T |
0 4 3 12 16 20 24
Weeks

NeoVax

Six patients

Subcutaneous administration of up to
20 long neopeptides + poly-ICLC

Boost Boost
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Weeks

IVAC MUTANOME
Thirteen patients

Intranodal vaccination with

shared tumour antigen RNAs
(tyrosinase an;d NY-ESO-1)

Intranodal vaccination
with neoantigen RNAs
L
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4 8 12 16 20 24
Weeks
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Clinical trials using neoantigen vaccines

1. First human clinical trial in 2015

3 melanoma patients, 8-10mer neoantigen peptide for HLA-A*02:01 in human melanoma

with dendritic cells as the vaccine platform

Gerald P. Linette/ Washington University School of Medicine

Carreno BM, Magrini V, Becker-Hapak M, Kaabinejadian S, Hundal J, Petti AA, Ly A, Lie WR,
Hildebrand WH, Mardis ER, Linette GP. Cancer immunotherapy. A dendritic cell vaccine increases
the breadth and diversity of melanoma neoantigen-specific T cells. science. 2015 May 15;348(6236):803-8.

High risk of recurrence, a history of
surgical melanoma removal. All
LN (1/30/2011)  SKIN (6110/2012)  SKIN (610612013) ~Axilla (4119/2012) Breastg_j:umm) Ab wall (4/16/2013) LN (4/04/2005)

developed a relapse before the trial A~ e o
N Mi 443 [ 515\ [ 247 \ 437
began. Treated with ipilimumab. . mta: | \ o3 ) \ 403 )
all exomic mutations, ‘-\_\.:__:_____:J,; \__,____:__‘,._/

2 patients (MEL21 and 38): disease

progression > MEL21;stable AR 20 ‘ (o6 ) @ @ (a) 6
disease, MEL38; 2 month candidates o e

MEL21 MEL38 MEL218

. . v v
regression of lung metastasis H'i;‘f;;;;%‘fg, é () @ T (20
: . candidates pdl S’
1 pqtle.nt (MEL21 8). c':omple.te. N e amewe C%
remission = remain in remission, no HLA-A"02:01 RGP N 2 @
. FRIEHENERANHGENS \\‘ ?Egﬁﬁﬁ f:ggf OR8B3 T190/ 2 e EXOC8 Q656P
evidence of cancer. oS bl

PABPC1 R520Q



Clinical trials using neoantigen vaccines

2. Neon Therapeutics in 2017: NeoVax

_ _ | sentide (IMRy| SGSPPLRVSVGDFSQEFSPQEAQQD
« Brigham and Women's Hospital/Dana Farber Cancer Institute -
_ Assay| SGSPPLRVSVGDFSQ
. 15-30mer peptides + poly-ICLC platform veptides PLRVSVGDFSQEFSP
(ASP: 1518 mers) SVGDFSQEFSPQEA
: : DFSQEFSPQEAQQD
20 neoantigens from 6 melanoma patients L
EP':%DE T SVGDFSQEF
«  within 2.5 years, 4 of 6 patients > cancer free (EPT: 910 mers) L VSVGDFSQEF
« The remaining 2 patients > became cancer free after a-PD-1 Key =
NeoVax Recurrence  anti-PD1Ab  Clinical
. after vax response
e expanding Breast and Bladder cancers.... o
T S
Pt. 5 —
Stage Pt.2 — A RS
. . IVM1b Pt 6 —_— ) ¢
3. BioNTech in 2017: IVAC MUTANOME s N T S
Months post-surgery
e Germany, Austria Ott PA et al 2017 Nature

* 13 melanoma patients, a mix of 10 mMRNA (8 neoantigens, NY-ESO-1 and tyrosinase)

* Within 12-23 months, 8 patients of 13 patients - cancer free




The Rise of Neoantigen
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Syntekabio — Who We Are

PMAPTM Genome Bigdata Platform
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History of Syntekabio

2019 o 01. J.P. Morgan Conference

Human
: : . : : 04. Naver Cloud Genomics Collaboration MOU
- .EE“nmE ...... L R R 2018 4 .
: : : N t : wh I 04. JW Pharma Collaboration MOU
Prﬂject : ex : 101e 04. Yuhan Pharma Collaboration MOU
GE" El‘atlnn Exn me 09. INHA University Medical Center — Oncology Precision
: : . : Medicine Center Established
I SEqUEHCI“E ' Sequ EI'ICII"IE ' 12. Yonsei University Severance Medical Center — Rare Disease
: : : DatEI Precision Medicine Center

201 7 o 02. INHA University Medical Center, Precision Medicine Center MOU
06. Catholic Medical Center, Dementia & Cancer R&D MOU
08. ASAN Medical Center, DNA Extraction Technology Licensing In.

o . o . 08. UTAH University, R&D Collaboration MOU
11. Yonsei University Severance Medical Center MOU
’09 Compa ny Founded ‘11 Conducted Genomic 12. CJ Healthcare Application of Al for Drug Discovery —
Immunotherapy

Data Integration &

/lll_l E." q |.H |.0 | 9 AnaIVSiS of The National 2016 o 01. KFDA Certified NGS System Workflow Established

In silico Biology & Analytics Project for Personalized 02. Seoul National University, School of Medicine Academia &

Genomic Medicine Industry Cooperative Education MOU
06. Awarded New Excellent Technology(NET)* Certification for

Genetic Disease Screening



Genotype DB
1 23 .. 3Billion

S = Haplotype DB

1 23 .. 3Billion

s PMap

] Global 1000G
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Global Cancer Data (ICGC)

Allele depth DB

1 % 3 .. 3Billion

250 2525 500 250

[

3,600 Normal Genome &
2,000+ of Cancer Genome

4

Cancer patient
genome data

Predicting mutations A
“9: Sb'd

Disease association

Classify phenotypes

Analysis on Supercomputer Specifically Designed for Genomic Data

v Genome

bigdata
generation &
management

v Enables

iIntegrated
analysis and
discovery of
disease- or
drug response-
associated
genetic marker

" Genome bigdata platform PMAP™

Sona et al. BMC Bioinformatics (2018) 19:462
https:/idoi.org/10.1186/512859-018-2499-1

BMC Bioinformatics

METHODOLOGY ARTICLE Open Access

W

Integrated genome sizing (IGS) approach
for the parallelization of whole genome
analysis

Peter Sona', Jong Hui Hong', Sunho Lee, Byong Joon Kim', Woon-Young Hong', Jongcheol Jung', Han-Na Kim?,

Hyung-Lae Kim?, David Christopher®, Laurent Herviou®, Young Hwan Im?, Kwee-Yum Lee', Tae Soon Kim'* and
Jongsun Jung'”

Nucleic Acids Research, 2018 1
doi: 10.1093/narlghky445

Development of the variant calling algorithm,
ADIScan, and its use to estimate discordant
sequences between monozygotic twins

Yangrae Cho'21, Sunho Lee'**, Jong Hui Hong'#, Byong Joon Kim', Woon-Young Hong',
Jongcheol Jung', Hyang Burm Lee?, Joohon Sung®, Han-Na Kim®, Hyung-Lae Kim® and
Jongsun Jung'”

1Syntekabio Incorporated, Techno-2ro B-512, Yuseong-gu, Daejeon 34025, Republic of Korea, 2DFTBA, CALS,

Ka et al. BMC Bioinformatics (2017) 18:258
DOI 10.1186/512859-017-1671-3

BMC Bioinformatics

HLAscan: genotyping of the HLA region ~ ®*

using next-generation sequencing data

Sojeong Ka'", Sunho Lee®", Jonghee Hong', Yangrae Cho?, Joohon Sung?®, Han-Na Kim*, Hyung-Lae Kim**
and Jongsun Jungll
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NEOscan™ — Al-driven neoantigen identification
F_____ﬂ___"'\

i @
HEALTHLY CELLS TUMOR CELLS OnCOIOgiSt AI-Deep Learning based

l l MD simulation analysis

—— . . .
IDENTIFICATION OF TUMOR-SPECIFIC MISSENSE MUTATIONS - Deep-Matching filtering
BOBT T OGO ADISCAN - HLASCAN
NORMAL DNA TUMOR DNA
IDENTIFICATION OF EXPRESSED TUMOR MUTATIONS
1000 e\ ™ RNA-SEQ ANALYTIC PIPELINE 5

TUMOR RNA i
Syntekabio, Inc.

PREDICTION OF PERSONAL MHC-BINDING NEOANTIGENS
£ (~20) ' .

@é‘f.—I WEoson Al - 3D SIMULATION

EXPERIMENTAL VALIDATION

o0 %, co.

1Tk Cancer vaccine company
1359

Bioinformatics analysis &
T | Precise prediction of
Oncologist immunogenicity



NEOscan™ - Looking forward to...
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Winning in the cancer wars.....



Thanks a lot for listening!!!
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