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History

Century of vaccines!

Dwindling diseases Number of reported cases
Vaccines have beaten back infectious. —

Mumps diseases. Bubbles represent reported
USS. cases, but not all dseases were
notifiable in all years. For example.
mumgs was not reported until 1968,
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I ~ Mumps vacone is boensed
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Hepatitis A vacone is licensad. COC recommends. COCMWMAVM

. chmamnmmm recomemendation to all chidren.
and recommended
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the year after a vaccine was kcensed

*Chickenpon data were not reported by
a8 states between 1981 and 2003
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Hepatitis B vaccine is beensed. Initially used in COC expands hepatitis B vacone
highisk of inf 10 2 infants.
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Diphtheria taxoid is part of DT, the first Ms.m'wymm., 1986 1998 2004 December 2014-February 2015
oensed. It uses bve. weakened virus. After 3 wave of Lwsusts against vaccine- UK. doctor Ancrew Anl of report An outbreak of measies that
> makers, Congress creates the National alancet paper suggesting finds that nether thimerosal nor a
Diphtheria ’ & @ H $ o ¢ Vaccine Injury Compensation Program. R vaccine causes autism. the MMR vaccine causes autism. resistance.
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1947 1949 1955 1962-1963 1964~ 1n 1985 1993 1999-2001 2006
Tetanus taxoid is icensedas  LastUS.case  Cutter incident: 202 are New laws aliow the US. to hﬂon:nbehsgd«m The first combined “MMR™~ Haemophilus influenzae type b The U.S. Vaccines foc Children Tﬁwu&amwycau.wg HPV vaccine is licensed and added  The Lancet retracts the
part of OT childhood vaccine.  of smalipox. pedorkiled by vaccne  channel funds tostatesand  leads to births of 20,000 measies, mumgs, and rubelly vaccine is icensed. it soon becomes. is launched, allowing preservative. is removed from U, 10 the childhood vaccine schedule 1998 Wakefield ef al. poper.

with lve polio virus init. localties for vaccination. disablied US. babies. ~yaccne s hoensed. aroutine childhood vacone. gnvmhpouwm childhood vaceines. for girls. Boys are added n 2011

highly successful development to fight pathogen disease burden

MCBO Il - Cancer Vaccine Wadman and You, Science 2017
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challenge to apply vaccines as tumor immunotherapies

MCBO Il — Cancer Vaccine

Dobosz and Dziecigtkowski, Frontiers Immunol. 2019



fundamental difference

pathogen vaccine tumor vaccine
A pathogen is a foreign invader. A tumor is part of oneself.
The invader or parts of it can be directly used. The tumor cannot be directly used

vaccine is based on MATERIAL vaccine is based on INFORMATION

Q vector vaccines are the exception L> vector vaccines are the rule



Cancer vaccines work! ..... in mice
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Vaccine

Platform Vvs  Target
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Vaccine platforms

CD4 T cells

CD8 T cells

Finn, NEJM, 2008

General requirements

* target: antigen presenting cells (DCs)

* immune adjuvanticity

MCBO Il — Cancer Vaccine



Vaccine platforms

* Inside the body * outside the body

\\ DNA vaccine EX Vivo
e Built-in adjuvantssuch dlﬁerentlatlon
0 IM or electroporation asCpG (TLR9) o
®  Co-expression of

7 chemokinesto target Monocytes MoDC
specific DC subsets
J\\[’.' P Ex vivo culture
systems
Transcription -
i HSCs
\L RNA vaccine MRNA cDC1 cDC2
Intranodal and * Built-in adjuvantssuch 1
IV or lipoplex asssRNA and dsRNA
>« IV lipoplex vaccine can m
Vesicle access DCsglobally
Cord blood cDC3
Trandation
_ P : Administer antigen-
e ) . * No built-in adjuvants loaded and activated
L, Peptide vaccine Protein « Short peptidescan be DCsback into patient (530@00@6}
000%006) directly presented on
0 SCorIM MHC
R OOOOOOOé) >« SLPsyield best results Load matured DCs
with adjuvantsand with antigensin the
. CD4* T cell-activating form of DNA, RNA, ?L
Processing and helper peptides protein, peptide or /\\l

cross-presentation tumour lysate

QC%}Tumour lysate

MHCclasslor Il

Viral vector vaccine
* Intrinsic adjuvanticity

* DNA
IMor IV or + Potential to directly
> _— > . .
RNA kill cells -> antigen

spread
+  CD4"+ CDgYRCIh@Etion- Cancer Vaccine

Modified: Saxena et al., Nature Rev Cancer, 2021



Vaccine platforms

DNA vaccine

Transcription

e Built-in adjuvants
« Direct transfection of APC
* Low efficiency into DC

RNA vaccine Peptide vaccine
. ~ . ) é 'I ;
i s = Translation Antigen -
LYY m mhY presentation ‘ ‘
§
¢
* Naked/protamine/lipoplex * Short peptides: bind dirgctly to
nanoparticle formulation all MHC-I but lack co-stimulatory
y . molecule
* Nuclscside modificatton, * SLPs: DCs cross-present to
dsRNA removal activate CD4"* T cell, modularity

Fig. 5 Direct delivery of antigen. TAA or TSA, which are the antigens with tumor immunogenicity, could be delivered directly into the body as
DNA, RNA, or peptides using different adjuvants. DNA and RNA vaccines provide the potential for more efficient delivery and sustained
expression of the target antigen, while peptide vaccines are generally easier to produce and have a strong safety profile. TAA Tumor-
associated antigen, TSA Tumor-specific antigen, APC Antigen presentation cell, DC Dendritic cell, MHC-I Major histocompatibility complex-I,
SLPs Synthetic long peptides; dsRNA, Double-stranded RNA

Table 1. Advantages and disadvantages of different forms in neoantigen cancer vaccine

Vaccine types

Advantages

Disadvantages

DNA vaccine

RNA vaccine

Peptide vaccine

Cell-based vaccine

Viral and bacterial vector vaccine

@ Low cost;

@ Cell-independent production;

@ Long-lasting immune response

@ potential for targeting multiple neoantigens

@ Rapid development and easy modification;
@ High immunogenicity;

@ Cell-independent production;

@ Intrinsic adjuvant effect;

@ High efficiency into DCs

@ High specificity and safety;

@ Cell-independent production;

@ Low risk of autoimmunity;

@ Direct presentation on MHC in short peptides;
@ Proven clinical activity in SLP

@ Strong immune stimulation;
@ Multi-form antigen loading

@ High immunogenicity;
@ Long-lasting immune response;
@ Self adjuvanticity

@ Risk of integration into host genome;
@ Risk of autoimmune reactions
@ Low transfection efficiency

@ Fast degradation speed;
@ Potential for inflammatory reaction

@ High cost;

@® Complex manufacture;

@ Requirement for suitable adjuvants;
@ Potential for HLA-restriction

@ High cost;
@ Potential for immunogenicity of the cells;
@ Need for patient-specific customization

@ Potential for vector immunogenicity;
@ Need for specialized storage conditions

MCBO Il — Cancer Vaccine

Fan et al., 2023. Sig Transduct Target Ther




Vaccine platforms

We don’t have a shortage on effective vaccine platforms !!!

&

~white sugar

prtiatiss
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vaccine targets

tumor antigens

MCBO Il — Cancer Vaccine



Antigen presentation and recognition

antigen = only a SMALL PART of a protein

/?N\

peptide

S <
-
< =

MHC
molecule

MHC .

molecule '/'

/ !Q
&

T cell recognition is HIGHLY specific for certain epitopes

Cytotoxic T-cell

covered with a single = s "
type of receptor.

; \\._
The different colored spikes on ‘

the virus-infected cell represent
different types of MHC antigens.

| cytotoxic T-cell ;:

Viral antigen

Janeway Immunologie, 2018, Springer

Virus Infected Cell

Cytotoxic T-cell

MCBO Il — Cancer Vaccine

Boston University School of Public Health



Perfect world tumor antigen

@@ @@

selective expression in tumor cells

homogenous expression in all tumor cells

essential expression in tumor cells

high immunogenicity

MCBO Il — Cancer Vaccine



Perfect world tumor antigen

Q@eea@
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Tumor antigen classes

tumor SPECIFIC antigen tumor ASSOCIATED antigen
Neoantigen Oncoviral Cancer Testis | Overexpression Lineage
Foreignness high high low
Immunogenicity high high low
Tolerance low low high
Shared rarely mostly* mostly
Personalized mostly yes (HLA)/no rarely
Cost high medium medium

=TSA

MCBO Il — Cancer Vaccine

=TAA

* only few tumor entities



Non-personalized tumor antigens — examples

cancer testis

oncoviral (> 140 CTA) lineage overexpression
* HPVE6/7 * NY-ESO-1 * HER2/Neu ¢ MUC1
¢ LMP1/LMP2 ¢ MAGE-A -+ MUC1 « WT1

* SAGE * gp100 * EGFR

« LY6K

* C(CDCA1

* PRAME

MCBO Il — Cancer Vaccine



Oncoviral tumor antigens

Antigen Oncovirus Associated cancer

E6, E7 HPV cervix CA,
head-neck SCC

LMP1, LMP2 EBV Nasopharingeal CA,

B cell ymphoma

Large T, small T

Merkel Polyomavirus

skin CA

Tax

HTLV1 retrovirus

MCBO Il — Cancer Vaccine

T cell leukaemia



Cancer testis antigens

over 140 cancer testis antigens (CTA) known to date

CTA main examples CTA examples gastro-intestinal tumors

Antigen | Associated cancer
NY-ESO-1 | melanoma

MAGE-A | melanoma, || esophagus Cancer
lung
BAGE melanoma, Gastric Cancer

other cancers

PRAME melanoma, _ 8. Colorectal Cancer
eSS mi BCP-20
other cancers {

HSP70-2
LEMD1
IGF2BP3
SPAG
ATAD
CTAS55
PLAP

XAGE1B | multiple cancers

WT1 multiple cancers

MCBO Il — Cancer Vaccine Ai et al., Frontiers Immunology, 2023



Cancer testis antigens

Tumor-associated antigen clinical trials in lung cancer

Platform Name TAA Phase Patients Signs of efficacy
_°c_’ GVAX Autol. tumor cells /1 86 NCT00074295 negative
© Belagenpumatucel- L Allogenic NSCLC 1] 532 NCT00676507 negative
;; 1650-G Allogenic NSCLC Il 12 NCT00654030 n.a.
MAGE-A3 MAGE-A3 I 2312 MAGRIT, NCTO0480025 negative
© CIMAvax-EGF EGF Il 579 negative
T‘% Racotumomab-alum NeuGcGM3 I 1082 NCT01460472 low
= Tecemotide (L-BLP25) MUC-1 1] 1513 NCT00409188 negative
PRAME PRAME | 60 NCT01159964 negative
9 TG4010 MUC-1 Il 65 NCT00415818 positive
E LV305 NY-ESO-1 | 47 NCT02122861 positive
< V934/935 hTERT | NCT00753415
=
a
Cv9201 NY-ESO-1, MAGE-C1,2, Survivin, 5T4, MUC 1/ 46 NCT00923312 immunogenicity
% Cv9202 NY-ESO-1, MAGE-C1,2, Survivin, 5T4, MUC | 26 immunogenicity
mMRNA-5671/Vv941 KRAS (G12D, G12V, G13D, G12C) | 100 NCT03948763

[ = vector based gene transfer

=> few signs of efficacy

MCBO Il — Cancer Vaccine




Cancer testis antigens

THE LANCET
Oncology
A Disease-free survival in the overall population B Disease-free survival in the no-chemotherapy population
e 100 — MAGE-A3 -
JUNE 01,2016
90 — Placebo i
s : : ; : ~ 80 i
Efficacy of the MAGE-A3 cancer immunotherapeutic as adjuvant therapy in g
. . e Tﬂ 7 T
patients with resected MAGE-A3-positive non-small-cell lung cancer £ 6ol i
=)
(MAGRIT): a randomised, double-blind, placebo-controlled, phase 3 trial g 507 MAGEA3 1 MAGE-A3
5 40 Median: 60-5 months (95% CI 57-2-undefined) | Median: 58-0 months (95% Cl 56-6-undefined)
Prof Dr Joh ansteenkiste, MD 2 &1+ Byoung Chul Cho, MD + Tonu Vanakesa, MD - Tommaso De Pas, MD § 30 Placebo i Placebo
s 7 : . 2 Median: 57-9 months (95% Cl 557-undefined) Median: 569 months (95% Cl 44-4-undefined)
Prof Marcin Zielinski, MD « Moon Soo Kim, MD « Prof Jacek Jassem, MD « Masahiro Yoshimura, MD o 90 i
Jubrail Dahabreh, MD - Haruhiku Nakayama, MD « Libor Havel, MD - Haruhiko Kondo, MD 10 PP 07572
ubrail Dahabreh, aruhiku Nakayama, ibor Havel, aruhiko Kondo, T HR102 (95% C1085-118) T HRO97(95% C1080-1.18)
Prof Tetsuya Mitsudomi, MD « Prof Konstantinos Zarogoulidis, MD « Oleg A Gladkov, MD + Katalin Udud, MD 0 T T T T T T T T T T 1 — T T T T T T T T T T
Hirohito Tada, MD + Prof Hans Hoffman, MD « Anders Bugge, MD « Paul Taylor, MD « Prof Emilio Esteban Gonzalez, MD Number at risk 0 6 118 24 30 36 2 48 54 60 66 7 0 6 118 24 30 36 42 48 54 60 66 7
Prof Mei Lin Liao, MD « Jianxing He, MD + Prof Jean-Louis Pujol, MD + Jamila Louahed, PhD « Muriel Debois, MSc MAGE-A3 1515 1257 1115 1013 887 656 476 339 220 127 19 2 731 604 541 492 440 324 243 176 113 66 11
Vincent Brichard, MD « Channa Debruyne, MD « Patrick Therasse, MD « Nasser Altorki, MD « Show less Placebo 757 639 562 514 448 328 253 180 114 62 6 0 365 310 275 245 214 12 13 92 59 323
Published: April 27,2016 « DOI: https://doi.org/10.1016/S1470-2045(16)00099-1
C Overallsurvival in the overall population D Overall survivalin the no-chemotherapy population
1004 E
90 h
80 E
T 70 B
T 60 R
2
3 507 MAGE-A3 7 MAGE-A3
T 40 Median not reached (95% C 62.0-undefined) < Median not reached (95% CI 62-0-undefined)
g 304 Placeho | Placebo
Median not reached (95% Cl 60-2-undefined) Median not reached (95% CI 56-9-undefined)
20 1
p=0-6994* p=0-9824*
10 1R 104 (95% C1086-1.24) 7| HR100(95% C1078-1.29)
e e N T T T T T T T T T T 1
0 6 12 18 24 30 36 42 43 54 60 66 72 0 6 12 18 24 30 36 4 48 54 60 66 72
Time since randomisation (months) Time since randomisation (months)
Number at risk
MAGE-A3 1515 1459 1370 1273 1101 827 607 421 275 159 31 6 731 694 655 611 544 413 310 216 142 77 17 1
Placebo 757 731 693 654 570 427 330 235 145 78 14 5 365 353 335 315 283 210 169 122 74 39 6 3

Figure 2: Disease-free survival and overall survival in the overall population and in the population that did not receive adjuvant chemotherapy

=> no signs of efficacy



Lineage / differentiation antigens

main examples

Antigen Associated cancer
mesothelin multiple CA

gpl100 melanoma

tyrosinase melanoma

PSA/ PSMA prostate CA

CEA gastric cancer, pancreatic CA
CA19-9 gastric cancer

MUC1 multiple cancers

CA125 ovarian CA

MCBO Il — Cancer Vaccine



Overexpression antigens

main examples

Antigen Associated cancer
MUC1 multiple CA

WT1 multiple CA

EGFR multiple CA

PSA/ PSMA | prostate CA
MUC1 multiple cancers

MCBO Il — Cancer Vaccine



TAA combinations

NY-ESO-1, MAGE-C1, MAGE-C2, survivin, 5T4, and MUC-1

Cancer Immunology, Immunotherapy (2019) 68:799-812
https://doi.org/10.1007/500262-019-02315-

CLINICAL TRIAL REPORT m

Check for
updates

A phase I/lla study of the mRNA-based cancer immunotherapy CV9201
in patients with stage IlIB/IV non-small cell lung cancer
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Number of targeted antigens

=> limited immunogenicity
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o
Patients: n=37 e |
Events: n=30
0.0 T T 1
0 3 6 9
Months
Number
atrisk 37 18 14 7
2
E
©
2
g
o
Patients: n=37 .
Events: n=28
0.0 T T T T T T T 1
0 6 12 18 24 30 36 42 48
Months

Number
atrisk 37 30 16 10 9 9 3 0 0

Fig.4 Kaplan-Meier a PFS and b overall survival (OS) curves
from initiation of treatment for the phase Ila cohort (N=37; 86%
with stage IV disease). Dashed lines represent 95% CI. Median PFS
was 5.0 months (95% CI 1.8-6.3 months) and the 6- and 12-month
PES rates were 38.9% and 16.7%, respectively. Median OS was
10.8 months (95% CI 8.1-16.7 months) and survival rates at 1, 2, and
3 years were 44.4%, 26.7%, and 20.7%, respectively



TAA cancer vaccine clinical development

Meta-analysis

Breast CA
e 46 studies, 1698 patients: ORR* only 9%

Ovarian CA
e 32 studies, 426 patients: ORR* only 4%

*ORR = overall response rate (incl. stable disease, partial response, complete response)



Neoantigens

Qualities of neoantigens

Foreignness

The greater the similarity
to the wild-type amino
acid sequence, the higher
the probability of the
responding T cells to be
deleted during thymic
selection

Clonal distribution
Subclonal mutations are
present in a small
percentage of tumour
cells and have high
chance of losing
expression either
spontaneously or after ICI

Driver vs passenger
mutation

Passenger mutations are
subject to loss of
expression through
tumour evolution or
immune resistance. Driver
mutations are more
conserved as these serve
critical survival functions

MHC presentation
Neoantigen presentation
on MHC class | and/or
MHC class Il molecules
and expression in tumours
with higher HLA
heterozygosity in HLA
class | loci is more likely to
induce T cell infiltration
and increase survival in
response to ICl

TCR avidity

* High TCR avidity of
neoantigens induces a
strong CTL-driven
response to treatment

* Hard to predict

Wild type
0000000
000000
0000 00
00 00000

Foreign

Clone 1 Subclonal

=
CneZ T :
QULO
&
Clone 3
IS5 Clonal

Passenger
mutation

-

Driver
mutation

High

T
e

MHC class Il MHC class |

MCBO Il — Cancer Vaccine

Saxena et al., Nature Rev Cancer, 2021



Personalized neoantigen vaccine — the simplified view

/ ' \ @ Tumor & healthy
tissue aquisition

Vaccine ‘ :
formulation ==

Neoantigen-based
personalized cancer
vaccine

o

Immunogenecity i
screen

Computational analysis &
neoantigen selection

Whole exom
sequencing

Grimmett et al., 2022,Discover Oncology



Personalized neoantigen vaccine — the complex view

a. Neoantigen Prediction

Tumor Tissue
RNA-seq

PBMC
WES

( C ( CTum;;ETsissue <

I

Sequencing Data
Quality Control

Somatic Variant ; : Peptide-MHC -
Detection H ELAlyping H Reptide Rrocessing ” Binding Prediction || T Cell Recognition

b. Somatic Variant Detection

Neoantigen Prediction
and Ranking

M| T LY\
DEN B&:N : ‘ M
Single nucleotide Insertion or Gene fusion Copy number Splice variant M!crosa?e.lllte
variant deletion variant instability
c. HLA Typing d. Peptide Processing
MHC |
ZH:;:,\T » NetChop20S
P:I sii/er NetChopCterm
se y2h|a ;-:{:1 c:n FrofeaSM
4 9 PepCleaveCD4
HLAscan
HLA*PRG MHC NP I
MHC I )
Kourami APC
e. Peptide-MHC Binding Prediction f. T Cell Recognition
; NetMHCpan PanPep
2| i — MHCflurry GLIPH/GLIPH2
] mino acid residue b DeepTCR
5 MixMHCpred MHC TCR
DeepMHCII NefTCR
[ NetMHCllpan ;Ssza:h
b NetMHC B
MHC binding groove
NetMHCstabpan TITAN

epiTCR Fan et al. 2023, Sig Transduct Target Ther



Personalized neoantigen vaccine — CHALLENGES

Challenges with personalized neoantigen vaccines:
* Speed
* Metastatic heterogeneity
e« TMB (tumor mutational burden)
* Prediction

 HLA dependence

MCBO Il — Cancer Vaccine



Challenge | - speed

s . ]
é e GGAAA TTTCCE t | A | GeogC i =
=P Neemal -> o 2| B[ Fan | - ] - -
Ce— 3 | € | Ma8gS &
NGS, mm— MHC Restricti f ""
: estriction GGAAACHTTTTCCC '
Mutanome g g
Target identification and selection by NGS and immunoegenicity assays individual RNA Structure GMP-Manufacturing

MCBO Il — Cancer Vaccine
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Challenge | - speed

—

s . s
GGAAA TTTCCE 1| A | GaogC fﬁ
ORI pe 2| B | Faen | - /..) 3
GeArACKITTTTCCE R4

RS | a
Target identification and selection by NGS and immunoegenicity assays individual RNA Structure GMP-Manufacturing

Turn around time from tumor biopsy to GMP-grade production and treatment*:

< 1 month!!!

* “needle-to-needle” MCBO Il — Cancer Vaccine www.labiotech.eu



MRNA vaccine platform

Mode of action

Antibodies @ Neutralized

\\q )\ pathogen
7AS

mRNA vaccine

Pgocytic
® .. macrophage

Endosome

? @)
Inflammatory
cytokines

Proteasome

l (5 Antigen
(&

fragment
o O
f » —_—
MHC |

Cytotoxic

o Infected cell
Tcell ? (apoptotic)
Perforin and
granzyme

MCBO Il — Cancer Vaccine Chaudhary et al., 2021, Nature Rev Drug Discovery



MRNA vaccine platform

Challenge of using mRNA vectors

1. mRNA stability
2. mRNA delivery

3. mRNA reactogenicity

MCBO Il — Cancer Vaccine



MRNA vaccine platform Manufacturing mRNA - LNP vaccines
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MRNA vaccine platform

INSIDE AN MRNA COVID VACCINE

COVID-19 vaccines made from messenger RNA use lipid nanoparticles — bubbles of
fats — to carry the molecules into cells. The mRNA contains the code for cells to
produce the ‘spike’ protein that the coronavirus SARS-CoV-2 uses to enter cells.
Here are key innovations in the design of these vaccines.

SN\ S\ mRNA

.CCGAGWYCGWGWWYWYAA. .. Llpld nanoparticle
The vaccines made by Moderna and
Pfizer-BioNTech use mRNA that has been
chemically modified to replace the uridine (U)
nucleotide with pseudouridine (V).
This change is thought to stop the
immune system reacting to the
introduced mRNA.

To help the body mount an
effective immune response to
later SARS-CoV-2 infections,
the mRNA sequence is
adapted to stabilize the spike
protein in the shape it uses
when fusing with human cells.

Phospholipid <8 PEG-lipid*
%? ﬁ § Lipids Cholesterol  lonizable lipid

The fatty nanoparticle around the mRNA is made of four
types of lipid molecule. One of these is ‘ionizable’: in the
vaccine, many of these molecules have a positive charge
and cling to negatively charged mRNA, but they lose that
charge in the more alkaline conditions of the bloodstream,
reducing toxicity in the body.

*Lipid attached to polyethylene glycol onature

mRNA vaccines allow for a rapid turnover from design to clinical grade production:

MCBO Il — Cancer Vaccine

information input does not change biology/chemistry of compound
stable pharmacokinetics (PK) and pharmacodynamics (PD)

Dolgin, 2021 Nature



MRNA vaccine platform
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MRNA vaccine platform

MRNA vaccines allow for a rapid turnover from design to clinical grade production:
* information input does not change biology/chemistry of compound
e stable pharmacokinetics (PK) and pharmacodynamics (PD)

* "needle-to-needle” time down to 28 days!

MCBO Il — Cancer Vaccine



Personalized neoantigen vaccination via peptide vaccine platform

nature
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nature > articles > article

Article ] Open access | Published: 05 February 2025

A neoantigen vaccine generates antitumour immunity
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Challenge Il — heterogeneity of neoantigen landscape

Neoantigens often differ between primary and secondary tumor sites!

Primary tumour

Metastasss 1

B
E

Metastasis 2

Metastasis 3

Metastasis 2

Primary tumour

Metastasis 1

MCBO Il — Cancer Vaccine

 Metastasis §

*‘ y’ . ‘

W Vutation profile of  subclore
“ Truncal clonal mutation present
n primary tumour and all metastases
B Fruncal donal mutation lest in
mtastass 1 by deletion ar gene silencing
E Branched truncal donsl mutation
pressrt o metastass 1
Subclonal mutanion in metastasis 3
"“ .} T cells targeting trancal clanad
g necantigen

T cells targeting truncal donst
necantigen bast in one metastass

I cells targeting clanal
MEtastasis privalo necantigen

“‘ T cells targeting subclonal neoantigen

Lang et al., Nature Reviews Drug Discovery, 2022



Challenge Ill - dependence on tumor mutational burden (TMB)

mutation frequency varies between tumor types
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Challenge IV — computational prediction
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Challenge V — HLA dependency

HLA Variability
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Personalized neoantigen vaccine — clinical trials

Table 2 | Published clinical trials utilizing neoantigens as targets

Year of Investigator /sponsor Clinicaltrials.gov Indication Platform /treatment Key results Ref.
publication identifier, phase
2014 NIH NCTO1174121,1 Metastatic Adoptive transfer of Decrease in target lesions with 9
cholangiocarcinoma neoantigen-specific stabilization of disease, reinjection
(ERBB2IP ESO5G) led to tumor regression, single
CD4' T cells isolated patient report
from tumor
2015 Washington University NCTO0683670, 1 Stage lll or IV melanoma Intravenous CD8" T cell responses and 188,189
application of broadened antigenic breadth as
neoepitope well as clonal diversity
peptide-loaded DC
vaccine
2016 NIH NCTO1174121, 2 Metastatic colorectal Adoptive transfer of Regression of multiple lung 8
cancer neoantigen-specific metastases upon infusion of four
(KRAS G12D) CD8* different T cell clonotypes
T cells isolated
from tumor
2017 BioNTech NCT02035956, 1 Stage lll or IV melanoma Intranodal application J| CD8" and especially CD4" T cell 173
of naked mRNA responses against multiple
vaccine encoding for neoantigens, significant reduction
multiple neoepitopes of cumulative rate of metastatic
events after vaccination
2017 Dana-Farber Cancer NCT01970358, 1 Stage lll or IV melanoma Subcutaneous Polyfunctional CD8" and 172,190
Institute application of peptide  especially CD4" T cell responses
vaccine consisting with durable memory response,
of pooled mutated recognition of autologous tumor,
epitopes combination with anti-PD-1
therapy beneficial for clinical
outcome
2019 Immatics NCT02149225, 1 Glioblastoma Intradermal CD8"and CD4" T cell responses 191
application of peptide  against multiple shared and
vaccine consisting of mutated epitopes
shared and mutated
epitopes
2019 Dana-Farber Cancer NCT02287428,1/1b Glioblastoma Subcutaneous Polyfunctional CD8" and CD4" 192
Institute application of peptide T cell responses with enriched
vaccine consisting memory phenotype and
of pooled mutated augmented T cell infiltration to
epitopes the tumor
2020 Dana-Farber Cancer NCT02897765, 1 Advanced melanoma, Subcutaneous Durable CD8" and especially CD4" 193
Institute /Neon NSCLC, bladder cancer application of peptide T cell responses with cytotoxic
Therapeutics / vaccine consisting potential, observation of epitope
BioNTech US of pooled mutated spreading upon vaccination
epitopes combined
with PD-1 blockade
2020 NIH/Moderna NCT03480152,1 Metastatic Intramuscular CD8"and CD4" T cell responses 194
gastrointestinal cancer application of against multiple mutated
LNP-formulated epitopes, small patient group
mMRNA vaccine (n=4), no objective clinical
encoding for multiple response
neoepitopes
2021 NCT/ University of NCT02454634,1 Newly diagnosed glioma Subcutaneous Vaccine-induced CD4" T cell 174

Heidelberg

application of a single
IDH1 (R132H) peptide
vaccine

responses across multiple MHC
alleles in over 90% of the patients

D = vector based gene transfer

MCBO Il — Cancer Vaccine

Peri et al., Nature Cancer, 2023



Personalized neoantigen vaccine — clinical trials ‘ Example 1 ‘
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Personalized neoantigen vaccine — clinical trials

‘Example 2 ‘

Article
o o o
Personalized RNA neoantigen vaccines @~ Tumour
) ) )
stimulate T cellsin pancreatic cancer Pancreas
Surgical
removal
https://doi.org/10.1038/s41586-023-06063-y  Luis A. Rojas"**®, Zachary Sethna"**, Kevin C. Soares?*, Cristina Olcese? Nan Pang?,
Received: 10 January 2023 Erin Patterson?, Jayon Lihm*, Nicholas Ceglia®, Pablo Guasp'?, Alexander Chu®,
: Y L Yu'?, Adrienne Kaya Chandra'?, Theresa Waters'?, Jennifer Ruan'?, Tumour
Accepted: 6 April 2023 ka Amisaki'?, Abd k Zebk ij'?, Zagaa Odgerel'?, George Payne'?, cell
Published online: 10 May 2023 Evelyna Derhovanessian®, Felicitas Miiller®, Ina Rhee®, Mahesh Yadav®, Anton Dobrin’®,
. Y Michel Sadelain’, Marta tuksza®, Noah Cohen™, Laura Tang", Olca Basturk™, Mithat Génen'?,
Open access Seth Katz", Richard Kinh Do™, Andrew S. Epstein', Parisa Momtaz'*, Wungki Park®,
E Check for updates Ryan Sugarman', Anna M. Varghese™, Elizabeth Won™, Avni Desai", Alice C. Wei?*, DNA and_ RNA
P ichael 1. DAngelica®, T. Peter Kingham??, Ira Mellman®, Taha Merghoub®, sequencing
Jedd D. Wolchok™, Ugur Sahin®, Ozlem Tiireci®*®, Benjamin D. Greenbaum*”*,
William R. Jarnagin®®, Jeffrey Drebin?®, Eileen M. O'Reilly* & Vinod P. Balachandran'*** : .
9 Y y Neoantigen Neoantigen
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peptide sequence ;
> vaccine production

ICI
treatment
PD-1  PD-L1
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T cell immune cells
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Personalized neoantigen vaccine — clinical trials

Article
Personalized RNA neoantigen vaccines
stimulate T cells in pancreatic cancer

6 April 2023
Published online: 10 May 2023
Open access

[®] check for updates.

William R. Jarn:

* 16 pancreas cancer patients
* up to 20 neoantigens per vaccine compound

* co-treatment with checkpoint inhibitor anti-PD-L1 (atezolizumab)

* co-treatment with four-drug chemotherapy

e Study endpoints:

— Neoantigen-specific T cell immunogenicity assay

— 18 month recurrence-free survival

MCBO Il — Cancer Vaccine
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Personalized neoantigen vaccine — clinical trials Example 2

Article

Personalized RNA neoantigen vaccines
stimulate T cells in pancreatic cancer

Erin Patterson®, Jayon
Rebecca

Published online: 10 May 2023

Open access
[®] check for updates.
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Personalized neoantigen vaccine — clinical trials Example 2

Article
Personalized RNA neoantigen vaccines
stimulate T cells in pancreatic cancer

https://doi.org/10.1038/41586-023-06063y _ Luis A. Rojas'*, Zachan *, Kevin C. Soares™, Cristina Olcese?, Nan Pang?,
Received: 10 January 2023 X hut,
Accepted: 6 April 2023
Published online: 10 May 2023

Open access
[®] check for updates.
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Personalized neoantigen vaccine — clinical trials Example 2

Article

Personalized RNA neoantigen vaccines
stimulate T cells in pancreatic cancer

Published online: 10 May 2023

Open access
[m] check for updates

Michael I. DAngelica®*, T. Peter King
Jedd D. Wolchok™, Ugur Sahin®, &zlem Tiireci®*®, Benjamin D. Greenbaum*"*,
William R. Jarnagin®?, Jeffrey Drebin??, Eileen M. O'Reilly®* & Vinod P. Balachandran'***

Boost effect of mRNA vaccines after chemotherapy

Percentage of all

blood T cells

T cell boost
Responders (n = 8) Non-responders Responders
® n=1) with booster
O —
S (=7
109 ~— o &
14 T 22%
0.14 1
10
0.01 — 81%
0.001+ 7 n =77 clones
0.0001 =& & - Boost:
vo o 'mqh; vo oo 5' O Expanded
%E £ (E)v, .g.E IS %;;,- O Non-expanded
gE 2 g9 gE 2 8¢9 B Undetectable
L5 0 88 L5 0 88

Important: maintained T cell functionality under chemotherapy (up to 2 years)!
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Tumor antigens — quo vadis?

No Are the antigens Yes

defined before
treatment?
Anonymous antigens Predefined antigens

Are antigens

|

No Are antigens

Yes No : Yes
loaded onto expressed in many
APCs outside patients with the
the body? same tumor type?

_ Ex Vivo Personalized Shared

Tumor cells/lysates Cancer-specific Cancer-specific
containing antigens  mutations produce mutations produce
of the excised tissue  neo-epitopes that mutagens that are
are loaded onto are expressed only highly expressed in
autologous APCs on specific cancer the same cancer
and injected back cells from select type in many

into the patient. patients. patients.

Lin et al., Nature Cancer 2022
MCBO Il — Cancer Vaccine



Tumor antigens — anything else?

Private neoantigens Shared tumor-associated antigens

Black box

MCBO Il — Cancer Vaccine



Tumor antigens — anything else?

Private neoantigens Shared tumor-associated antigens

The road ahead

Shared neoantigens

driver mutations (e.g. KRAS, p53)
NON-coding regions

splicing variants

B A

cryptic peptides

MCBO Il — Cancer Vaccine



Shared neoantigen vaccine — clinical trials Example 3

naturemedicine

Explore content ¥  About the journal ¥  Publish with us +

nature > nature medicine » articles » article

Article | Open access | Published: 09 January 2024

Lymph-node-targeted, mKRAS-specificamphiphile
vaccine in pancreatic and colorectal cancer: the phase 1
AMPLIFY-201 trial

Shubham Pant &, Zev A. Wainberg, Colin D. Weekes, Muhammad Furgan, Pashtoon M. Kasi,

Craig_E. Devoe, Alexis D. Leal, Vincent Chung, Olca Basturk, Haley VanWyk, Amy M. Tavares,

Lochana M. Seenappa, James R. Perry, Thian Kheoh, Lisa K. McNeil, Esther Welkowsky, Peter C.
DeMuth, Christopher M. Hagq®™ & Eileen M. O'Reilly &

Nature Medicine 30, 531-542 (2024) | Cite this article
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Shared neoantigen vaccine — clinical trials Example 3

nature medicine 8

Lymph-node-targeted, mKRAS-specific
amphiphile vaccine in pancreatic and
colorectal cancer: the phasel
AMPLIFY-201 trial

AMPLIFY-201 Study Overview

Phase 1 dose-ranging study to assess safety and efficacy of ELI-002 2P as adjuvant treatment in patients who completed standard
therapy and have molecular disease

CLINICAL PROGRAM OVERVIEW: NCT04853017

Key Criteria / Local Therapy
(e.g., Surgery, Chemo)
v' mKRAS G12D / R — aligned to 2 peptide formulation
v' No metastatic disease after locoregional treatment I l 1-2 months

Basket Trial Enrollment

Pancreatic D I
ancreatic Ducta n=20

i

v No radiographic evidence of disease (NED)
v' High risk of relapse (MRD+ ctDNA/serum biomarkers) K) Prime

Adenocarcinoma (PDAC)
@ Colorectal Cancer (CRC) n=5
(6 doses over 8 weeks)
Baseline Characteristics l3-month
25 patients enrolled across 5 dose cohorts,

23 evaluable at database cutoff (4/25/2023) Boost ) @ safety

*  Advanced: 68% had stage Ill or oligometastatic (4 doses over 4 weeks)

resected stage |V disease
2 months

20-Months Follow-up

) Maximum Tolerated Dose (MTD) or RP2D

) ctDNA/serum biomarker change from baseline

+  Pre-treated: All received prior chemo and surgery, @ Immunological Responses

28% had prior radiation &) Relapse Free Survival (RFS)

@--©)--

Elicio Non-Confidential 15



Shared neoantigen vaccine — clinical trials Example 3

nature medicine

Lymph -node- targeted mKRAS spec1f‘ C
amphiphile vaccine in pancreatic and
colorectal cancer: the phase 1

AMPLIFY-201 trial
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Shared neoantigen vaccine — clinical trials

nature medicine a

Article https://doi.org/10.1038/541591-023-02760-3

Lymph-node-targeted, mKRAS-specific
amphiphile vaccine in pancreatic and
colorectal cancer: the phase 1

AMPLIFY-201 trial
a
Amphiphile mKRAS long
peptide antigens
ELI-002 2P -

@ Amph-mKRAS G12D
@ Amph-mKRAS G12R

i

Amphiphile TLR-9 agonistic
DNA adjuvant

Amph-CpG-7909

Tissue injection site
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e W,
g
PEG linker G12D or G12R peptide

TN
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(o &

__?
1

I
Albumin-bound amphiphiles
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binding

Subcutaneous
injection

Antigen-presenting cell T cell

o Delivery to
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immune cells

targeting
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Shared neoantigen vaccine — clinical trials

nature medicine a

Lymph-node-targeted, mKRAS-specific
amphiphile vaccine in pancreatic and
colorectal cancer: the phase 1
AMPLIFY-201 trial
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‘Example 3 ‘
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Shared neoantigen vaccine — clinical trials

nature medicine a

Lymph-node-targeted, mKRAS-specific
amphiphile vaccine in pancreatic and
colorectal cancer: the phase 1
AMPLIFY-201 trial

Fold change from baseline B

‘Example 3 ‘

Ex vivo T cell Average

b c
| & 01mg Amph-
o CpG dose response
X0
el level (n, %)
25mg =
W 50mg 0.1mg 2/3 (67%)
5
@® 00mg . Responders 0.5mg 4/6 (67%)
. Non-responders 25mg 4/5 (80%)
5.0mg 5/5 (100%)
- T 10.0 mg §/6 (100%)
Baseline  Max response
Total 2125 (84%)
CO4 + CDB T calls 9 Responders NR
COB T cells (n=21) (n=4)
[] co4 T celts i m— - ‘
TTHTT | I | |
Y ‘ | ‘ |
6 |
2z ‘ l
- 7 antigens 5 g 5 -
. 5-6 antigens €3 4
-
D 2-4 antigans o m 3 | |
- 1 antigen & g [ I | ‘ | | |
S
- GI2R responses z° 1
]| 1
. G120 responses o ne o ; ' T

D MNeither

Pt 2

N | Normal tissue

T | Tumor

» | Tumor infiltrating CD3*
> | Tumor peripheral CD3*
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Tumor antigens — quo vadis?

N Are the antigens Y,
© defined before es
treatment?
Y Y
Anonymous antigens Predefined antigens
Y Y
No Are antigens y,.o No Areantigens Yes
—— loaded onto —— —— expressed in many ——
APCs outside patients with the
the body? same tumor type?

Y Y Y

_ Ex Vivo Personalized Shared

Tumor cells/lysates Cancer-specific Cancer-specific
containing antigens  mutations produce mutations produce
of the excised tissue  neo-epitopes that mutagens that are
are loaded onto are expressed only highly expressed in
autologous APCs on specific cancer the same cancer
and injected back cells from select type in many

into the patient. patients. patients.

Lin et al., Nature Cancer 2022



Vaccination THROUGH Therapy

local therapy of melanoma skin cancer with oncolytic virotherapy
Baseline

7 months

=> Effect on remote metastases by virus induced immune activation

Andtbacka et al.,, Head and Neck 2016



Cancer in situ vaccination

antigens known/predicted

(a) Conventional vaccination

Identified
tumor antigen(s) Adjuvant
_eaon {}g
{?{;‘3

e \‘@’
Y Systemic

injection

@

—

Activate and expand effector T cells (Teff)
that recognize only the vaccine antigen(s)

antigen “agnostic”

(b) In situ vaccination

Adjuvant

[%*93’0 ™\ %
o«

L ee ~_

m
XY

Exploit all relevant tumor antigens
available in a tumor

2 Intratumoral
injection

.% .:“’ :m

Activate and expand effector T ceIIs (Teff)
that recognize all relevant tumor antigens

\0

WIREs Nanomed Nanobiotechnol. 2018;e1524.



Cell death modality impacts immunogenictiy recognition

Antigen
uptake
Recruitment P Activation
ICD inducer f : Maturation
e 5L ee > |
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> | { )
— /\ q
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OTAAs -= AA A

THE. . 4 O
o S 3 Type | IFN
\ L=
o
/

o~ JO Immunological
S memory

Viable
cancer Chemokines %,egﬁgy
cells ]
cells /
molecul Cytotoxic ‘ >" Cross |
X o ‘

o\/ response , )_Q pnmlng
cD8* : | )-O

Migration

Lytic

Clonal
expansion

CTLs \ .
_— OO ©
suppressive A .

. molecules
MHCI '@ Lymphnode

Galuzzi (2020) J Immunother Cancer



Questions???
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