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Pancreatic Ductal Adenocarcinoma (PDA)

Bile cuct

v Ductal = Exocrine

* enzymes released in gut

+ digestion

Endocrine

Duodenum’ 'Head of pancreas

* hormones (e.g. insulin)

Qa-cals () b-cels
Op-cels QPP cels |

« metabolism

Nature Reviews | Genelics

PDA:
« Most common type of pancreatic cancer (>90% of cases)

* Most deadly type of pancreatic cancer



Pancreatic cancer management to date
Surgery is still only effective treatment
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My objective:

* Counter devastating recurrence rate by means of

‘ ‘ European Pancreas Centre

+ European Pancreas Center, Heidelberg

immunotherapy

Starting point:

* Large patient cohort

+ Tumor biopsies primary resectable PDA Markus Blichler
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Vast desmoplastic tumor areas scarcely infiltrated

Whole slide imaging
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Tertiary Lymphoid Structures (TLS)
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Prognostic relevance of intra-tumoral TLS

100

Median survival after resection:
TLS + {n=76): 27.5 months

TLS — {n=51): 14.6 months
Statistics: log-rank test, p=0.0284
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PDA TILs very similar to melanoma TILs
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Ex vivo expansion of Tumor-Infiltrating Lymphocytes11

the melanoma ‘young TIL’ protocol
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Minced tumor bits
in 24 well format
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clusterof "«
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proliferating T cells:

2 weeks

Rapid expansion on
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« actiVated T cells: -\
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Ex vivo expansion of Tumor-Infiltrating Lymphocytes

the melanoma ‘young TIL’ protocol

Fold expansion
PDA vs melanoma
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Ex vivo expanded PDA TILs are tumor-reactive

- TIL therapy

tumor biopsy
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DKFZ cell therapy
GMP unit

m Strategy towards T-cell therapy in PDA
b‘?.

Stefan Eichmiiller Isabel
Poschke

TIL study in melanoma |F Further characterization of TIL repertoire

v GMP test runs
v" TCR repertoire by deep sequencing

» Trial K _
v" TCR cloning =
— MEL-TIL Study

— Protocols J. Haanen, Amsterdam » Antigen-specificity

— EudraCT No. 2016-004644-11 "
» Tumor recognition
— Stage 3-4 melanoma
— 8 patients

— Endpoints:

» Safety
> RECIST
> PD biomarkers




Tumor biopsy

Patient blood

Analysis of TIL repertoire by TCR deep

sequencing
Ugur Sahin
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TCR sequences greatly enriched in tumor

Top-10 CDR3 sequences in tumor sample
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Tumor-enriched TCR repertoire in PDA
B and in melanoma ONCT

Pancreatic cancer Melanoma
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Cumulative evidence for T-cell tumor interplay in PDA

1. Immune cell infiltration, including T-cells
‘Antigen experienced’, activated phenotype

T-cells can be readily expanded ex vivo

> W N

Findings pointing at antigen encounter and clonal expansion in the

tumor:
« Tumor-enriched TCR-sequences
« Tertiary lymphoid structures

« Tumor-reactivity of expanded TILs

Poschke et al. Oncolmmunology 2016



Mesothelin

e Cell surface glycoprotein

e Differentiation antigen
expressed only on mesothelial
cells of pleura, peritoneum &

I— Mesothelin (40 kDa)
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- GP|

Precursor protein (71 kDa)

I GPI

MPF (31 kDa)

pericardium I
Membrane

* Mesothelin is hlghly expressed in many cancers
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Thymic tolerance

T-cells targeting ‘self’ antigens are rare

Medullary thymic epithelial cells (mTEC)
express of most tissue-specific antigens

Tongue
Stomach

Umbilical cord
Bone marrow
Endothelium
Erythrocytes
Ameloblasts__.---

Mammary gland
Kidney
Thyroid gland

Epidermis
_eukocytes

I Placenta I Eye
3 Prostate [1Fat tissue

[ Skeletal muscle 3 Gall bladder
[ Uterus I Oocyte/zygote
[ Bladder Il Parathyroid
= Embryo glands

ﬂ : Kyewski, Nat Rev Imm 2004



Mesothelin-specific CART strategy

« Thus far limited efficacy in pre-clinical models and clinic
 RNA-transduced CART-meso seem well tolerated

« SAE with Lenti-transduced CART-meso (single case)
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« Attraction to tumor by immunogenic event may create therapeutic window

normal function of the T cells and it is expected that they
accumulate at locations with target antigen expression.
Pleura, pericardium, and peritoneum express a low level of
mesothelin, so the migration of the T cells to these places
are expected. So, far we did not see the signs of pericarditis,
pleuritis or peritonitis in this patient., however, these tox-
icities are expected in future studies. The continuous pro-
liferation of the T cells in the pleural cavity after repeated
negative tumor cell cytology can be explained by either
cxposure to mesothelin on the normal pleural lining or
pleural tumor sites, or by bystander proliferation in a milieu
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Ad-mTNFa-miL2
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h19-CART
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1 Hingorani et al. Cell 2015

2. June et al. J. Immunother. 2017
3. June et al. Gastroenterology 2018
4 June et al. JCI 2018
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Hypothesis: PDA TILs primarily target tumor mutanome

alpha . beta

).§ KILL ! !
d
‘ |

relative frequency
relative frequency

tumor blood tumor blood . .
Peptide neo-epitope

tumor Paul Robbins, NCI




Number of somatic mutations in PDA more

23

limited than in melanoma

ARTICLE

Signatures of mutational processes in
human cancer

dol: 10,1038/ nature12477

primary resectable PDA: ~50-100 non-synonymous mutations + several indels
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Figure 1 | The prevalence of somatic mutations across human cancer types.
Every dot represents a sample whereas the red horizontal lines are the median
numbers of mutations in the respective cancer types. The vertical axis (log
scaled) shows the number of mutations per megabase whereas the ditferent

cancer types are ordered on the horizontal axis based on their median numbers
of somatic mutations. We thank G. Getz and colleagues for the design of this
figure®®. ALL, acute lymphoblastic leukaemia; AML, acute myeloid leukaemia;
CLL, chronic lymphocytic leukaemia.



Low tumor cell content in PDA tumors hampers 2
NGS-based mutation scoring (and other applications
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Parallel mutation scoring in primary tumor 25

and PDX model

primary tumor ——» patient-derived xenograft
PDX
| Michael Volkmar
v v v v
RNAseq exome exome RNAseq
SNV pipeline SNV pipeline
human reference hybrid reference
genome genome
tumor compare xenograft
mutanome ¢ mutanome
- number of sSNVs
- driver mutations
- epitope prediction

HLA type prediction > expression analysis
expression analysis

expressed predicted epitopes
(targets for immunotherapy)



Improved mutation calling in PDX exomes

PDX - called somatic SNVs

A

using hybrid
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Improved neo-epitope calling in PDX exomes 2

using hybrid reference genome

T15 T102 H109

all
sSNVs:

nonsyno-
nymous
sSNVs:

HLA-A*02
epitope-
yielding
mutations:

Tumor biopsy: 20-30% of mutations/potential epitopes missed



Complementary strategies for POC identification
mutanome-encoded neo-epitopes in PDA

KILL ! !
* Peptide neo-epitope

| g/ ¥ REV Immunology
= &+ Starting point: mutanome
( % ) * Predict neo-epitopes
 Generate TCRs
tumor

| FWD Immunology

("R |+ Starting point: TILs/TCRs
% M- Clone TCRs

 |dentify epitopes
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Cloning of TCR alpha/beta pairs on basis of TCR-seq
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relative frequency
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tumor

blood

Single cell TCR cloning in context of

frequency and phenotype
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relative frequency
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tumor blood
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CD8+ T-cells

._proliferation

_activation
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activation/exhaustion

other CD8+ sub-type

10xGenomics
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% of CD3+

Unbiased neo-epitope screening by means of 31
LAMP1-based expression cassette

30-mer peptides encompassing non-syn mutations in expressed genes
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Are top TCRs found in TIL repertoire tumor-reactive?
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Spontaneous OVA-specific CD8+ T-cell response
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Dominant TCRs are OVA tumor antigen reactive

SIINFEKL-dextramer+ CD8+ T-cells
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Reverse immunology strategy

|dentification of potential neo-epitopes based on tumor mutanome data

|solation of reactive TCRs from human PBMC and HLA/huTCR-tg mice

HLA/human TCR-transgenic mice

A2.1; DR4, DR1
hyTCRap-T
HLA-Tg muTCR-KO

nonsyno-
nymous
SSNVs:

muMHC [-KO

‘

HLA-A*02
epitope-
yielding
mutations:

Blankenstein & Willimsky
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TCRs selectively recognizing neo-epitopes

human HLA-A*02:01
human TCR a, B

Workflow:

LN N N N NN

Peptide immunization
Isolation IFNy+ T-cells
Cloning TCRs
Expression in human T-cells
Testing against peptide
Testing against PDX

* invitro

. in vivo
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TCR gene therapy instead of TIL therapy

Tumor-dominant TCRs

alpha &= beta

infusion tumor biopsy
" Shotgun cloning /‘ \
tumor-dominant TCRs ks °
=L B

I.f‘ ‘-':“

relative frequency
relative frequency

tumor blood tumor blood

Tumor DNA/RNA-seq

o .
M Utanome'based Gene transduction //_.'“« S TCR cloning
autologous T-cells | |
generation TCRs A=

(recurrent antigens >

patient-spec. antigens)




TCR gene therapy of PDA: Stardate 23187
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Personalized cancer therapy is the future!

Tumor mutanome NSG will Anything scalable can become
soon become SOC procedure economically profitable/feasible

Moore's Law

s e e e i &

20012002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
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Europe is lagging behind in
clinical translation of immuno
oncology !
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Towards T-cell therapy of PDA: pick your battles

Non-resectable disease (primary tumor

icult ta-fﬁ?“.e.tr.a.te‘;
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Focus on primary resectable disease

Short time window »

>90% Pancreatic Ductal Adenocarcinoma

-80% 2 ~20%

non-resectable resectable
MS: 6-9 months MS: 2-3 years

4

Disease-Free Survival

Gemcitabine
— Observation
o 80+
g
2 Log-Rank P <.001
g 60- :
o
)]
2
= 404
-
= »
3
O 204

0 _1rz 54 3|6 4I8 GlO 7'2 é4 QIG
70% recurrence Months
in 2 years! Oettle JAMA 2007

« Longer time window

* Primary tumor

 Clinical markers

TILs

Mutanome

TCRs

Stage
LN mets
RO/R1
CA19-9
ctDNA
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Strategies towards harnessing T-cell response

In patients with primary resectable PDA

Neo-adjuvant Adjuvant

Disease-Free Survival

8

=— Gemcitabine
—— Observation

PANCREAS
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(=]
I

Log-Rank P <.001

£
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$

Cumulative Percentage
()]
o

N
o
L

Small intestine

3-6 weeks 0.5-2years o = & % & & % &
diagnosis resection primary tumor Follow up
Agonist CD40 Ab Adoptive T-cell therapy

Anti-PD-L1/TGF-trap Mutanome-based vaccines

PD-biomarker studies!



My Pancreatic Cancer Lab @ German Cancer Research Center

Div. Molecular Oncology of Gastrointestinal Tumors




AIACT ===
IAPACA Trial : Agonist anti-CD40 Ab in PDA

il EudraCT No. 2016-000496-24

GMZ + aCD40
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CDA40 expression in PDA
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Synergistic anti-tumor action by MEKi and CD40 Ab

B16-OVA
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Tumor volume (mm?®
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@ N D Lo @

Days after inoculation

Therapeutic impact depends on T-cells DO NOT POST
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Daniel Baumann
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Interest in T-cell immunity against PDA mutanome
IS on the rise

LETTER

doi:10.1038/nature24462

Identification of unique neoantigen qualities in
long-term survivors of pancreatic cancer

Vinod P, Balachandran®®®, Marta Fuksza®, Julia N. Zhao2®, Vladimir Makarov™>®, John Alec Moral%??, Romain Remark’,
Brian Herbst?, Gokce Askan®$®, Umesh Bhanot®, Yasin Senbabaoglu®, Daniel K. Wells!?, Charles lan Ormsby Carvy!?,
Olivera Grbovic-Huezo?, Marc Attiyeh!2, Benjamin Medinal, Jennifer Zhang!, Jennifer Lool, Joseph Saglimbeni?,

Mohsen Abu-Akeel®, Roberta Zappasodi®, Nadeem Riaz®!!, Martin Smoragiewicz!?, 7. Larkin Kelley!>14, Olca Basturk®,
Australian Pancreatic Cancer Genome Initiative*, Mithat Gonen!”, Arnold ], Levine®, Peter J. Allen!:2, Douglas T. Fearon!®14,
Miriam Merad’, Sacha anatic7, Christine A. lacobuzio-Donahue?®8, Jedd D). Wolchok?#181718 Ronald P DeMatteol:2,
Timothy A, Chan®>®!1, Benjamin D. Greenbaum!®, Taha Merghoub®*188§ & Steven D. Leachb2>28
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a MSKCC pipeline pYAC-5eq pipeline
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No. of Neoantigens

Interest in T-cell immunity against PDA mutanome *
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IS on the rise

JAMA Oncology | Original Investigation

LAssociation of Distinct Mutational Signatures
With Correlates of Increased Immune Activity
in Pancreatic Ductal Adenocarcinoma
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Ex vivo expanded PDA TILs are tumor-reactive

- TIL therapy

Low frequency of tumor-reactive T-ceIIs
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% of total TCRbeta reads

% of total TCRbeta reads

Ex vivo TIL expansion can result in loss
tumor-dominant TCRs
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% of total TCRbeta reads

% of total TCRbeta reads

Ex vivo TIL expansion can result in loss tumor- 1
dominant TCRs

Melanoma
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% of CD3+

Poor outgrowth of activated T-cell clones o2
as observed in limiting dilution cultures

Memory markers
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