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Pancreatic Ductal Adenocarcinoma (PDA)

Ductal = Exocrine

• enzymes released in gut

• digestion

Endocrine

• hormones (e.g. insulin)

• metabolism

PDA:

• Most common type of pancreatic cancer (>90% of cases)

• Most deadly type of pancreatic cancer
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>90% Pancreatic Ductal Adenocarcinoma

non-resectable resectable

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

Oettle JAMA 2007
70% recurrence 

in 2 years!

~80% ~20%

Pancreatic cancer management to date
Surgery is still only effective treatment



4

Pancreatic cancer management to date

>90% Pancreatic Ductal Adenocarcinoma

non-resectable resectable

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

Oettle JAMA 2007
70% recurrence 

in 2 years!

~80% ~20%

My objective:

• Counter devastating recurrence rate by means of 

immunotherapy

Starting point:

• European Pancreas Center, Heidelberg

• Large patient cohort

• Tumor biopsies primary resectable PDA Markus Büchler
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PDA is NOT a ‘cold’ tumor !!!

CD3 IHC
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Vast desmoplastic tumor areas scarcely infiltrated

500 um

Tissue micro-arrays

Whole slide Locate tumor

Apply grid ‘Immunomap’

VisiomorphTM

Niels Halama

Whole slide imaging
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Tertiary Lymphoid Structures (TLS)

CD3 CD20

CD208 (DC-Lamp+ DC) CD21 (follicular DC)

• Definition: B and T cell areas with
appropriate DC subsets; HEV

• Associated with good prognosis in
lung, breast and colorectal cancer

Frank
Bergmann
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PDA TLS: evidence for clonal T-cell expansion
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Prognostic relevance of intra-tumoral TLS

TLS+

TLS-
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PDA TILs very similar to melanoma TILs

Isabel 
Poschke
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Ex vivo expansion of Tumor-Infiltrating Lymphocytes

the melanoma ‘young TIL’ protocol

tumor

activated T cells

cluster of
proliferating T cells

Minced tumor bits
in 24 well format

with high-dose IL-2

Rapid expansion on 
allogeneic feeders, 
anti-CD3 and IL-2

Large number of
activated T cells
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PDA Melanom
0

500

1000

1500

2000

2500

fo
ld

 T
 c

e
ll 

e
xp

a
n

si
o

n
 

ex vivo day 14 day 28
0

20

40

60

80

100

%
 P

D
1

+
 o

f C
D

8
+

ex vivo day 14 day 28
0

20

40

60

80

100

%
 C

D
3

+
 o

f v
ia

b
le

 s
in

g
le

 c
e

lls

Fold expansion
PDA vs melanoma

T-cell enrichment (PDA)

Down-modulation of PD-1 (PDA)

Ex vivo expansion of Tumor-Infiltrating Lymphocytes
the melanoma ‘young TIL’ protocol
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Ex vivo expanded PDA TILs are tumor-reactive
 TIL therapy

17/20
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Strategy towards T-cell therapy in PDA

TIL study in melanoma

 GMP test runs

 Trial

– MEL-TIL Study

– Protocols J. Haanen, Amsterdam

– EudraCT No. 2016-004644-11

– Stage 3-4 melanoma

– 8 patients

– Endpoints:

 Safety

 RECIST

 PD biomarkers

Stefan Eichmüller

DKFZ cell therapy
GMP unit

Isabel 
Poschke

Further characterization of TIL repertoire

 TCR repertoire by deep sequencing

 TCR cloning 

 Antigen-specificity 

 Tumor recognition
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Analysis of TIL repertoire by TCR deep 
sequencing

Tumor biopsy

Patient blood

RNA TCR
repertoire

Repertoire size tumor < blood

tumor tumor bloodblood

NGS

Ugur Sahin
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TCR sequences greatly enriched in tumor

Up to 10.000 – fold more frequent in tumor than in blood

tumor blood tumor blood tumor blood

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

Pancreatic cancer Melanoma

Top-10
TCR
tumor

Top-10
TCR
blood

Strobel Hassel
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Cumulative evidence for T-cell tumor interplay in PDA

1. Immune cell infiltration, including T-cells

2. ‘Antigen experienced’, activated phenotype

3. T-cells can be readily expanded ex vivo

4. 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. OncoImmunology 2016        
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Mesothelin
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Thymic tolerance
T-cells targeting ‘self’ antigens are rare

Not auto-reactive

Weakly auto-reactive

Highly auto-reactive

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

Kyewski, Nat Rev Imm 2004

AIRE
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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)

• Attraction to tumor by immunogenic event may create therapeutic window

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

Paul Robbins, NCI

Peptide neo-epitope

KILL

T-cell

tumor
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Number of somatic mutations in PDA more 

limited than in melanoma

primary resectable PDA: ~50-100 non-synonymous mutations + several indels



24Low tumor cell content in PDA tumors hampers
NGS-based mutation scoring (and other applications)



25Parallel mutation scoring in primary tumor
and PDX model

Michael Volkmar



26Improved mutation calling in PDX exomes
using hybrid reference genome
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Improved neo-epitope calling in PDX exomes

using hybrid reference genome

Tumor biopsy: 20-30% of mutations/potential epitopes missed
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Complementary strategies for POC identification 

mutanome-encoded neo-epitopes in PDA

Peptide neo-epitope

KILL

T-cell

tumor

FWD Immunology
• Starting point: TILs/TCRs
• Clone TCRs
• Identify epitopes

REV Immunology
• Starting point: mutanome
• Predict neo-epitopes
• Generate TCRs
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Cloning of TCR alpha/beta pairs on basis of TCR-seq

TIPC161
alpha beta

α1

β1α2
β2

Pairing difficult
Pairing difficult

 Single cell TCR cloning
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proliferation

activation

activation/exhaustion

CD4+ Tregs

CD4+ Th

5/10 top-10 clones, incl. #1 and 2 3/10 top-10 clones, incl. #3

activated, proliferating CD8+ other CD8+ sub-type

10xGenomics
CD8+ T-cells

Single cell TCR cloning in context of
frequency and phenotype



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

30-mer peptides encompassing non-syn mutations in expressed genes

Transduced into autologous APC
• expanded TILs
• BCL‐6/BCL‐XL B-cells)

PANC-STRAT
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Are top TCRs found in TIL repertoire tumor-reactive?

Elas-tTA/tetO-Cre KrasLSL-G12D/+
p53LSL-R172H/+ GEMM  30364 cell line
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H-2Kb/SIINFEKL dexramer staining 

Spontaneous OVA-specific CD8+ T-cell response

17.6

16.5

3.2

2.91.5

1.7 0.4

0.1
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Dominant TCRs are OVA tumor antigen reactive

m3870 m3885 m6402
0

5

10

15

20
20

40

60

%
 D

e
x
+

 i
n

 C
D

8
+

ctrl (ADPGK)

Ova

m3870 m3885m6402

3+

21

Q
1

Q
2

Q
3

Q
4

Q
5

CALGNSGTYQRF

C
A

A
S

E
L
L
N

M
G

Y
K

LT
F

CAASGSTASLG
KLQF

CAMREGGVAGNTGKLIF

CAASHNAGAKLTF

3+

21

Q
1

Q
2

Q
3

Q
4

Q
5

CAVSEPSSGQKLV

C
AV

S
DY

S
N

N
R
LTL

CAVSSRGSALGRLHF

CAASGTTASLGKLQF CAFDSGTYQRF

3+

21

Q
1

Q
2

Q
3

Q
4

Q
5

CAVSEPSSGQKLV

C
AVSD

TN
AYK

VIF

CAASGEGADRLTF

CAMDEEGADRLTF

CARDYSNNRLTL

3+

21

Q
1

Q
2

Q
3

Q
4

Q
5

CASSPRHSSYEQ

C
A
SAR

D
FQ

D
TQ

YF

CASSSRKNTGQLYF

CASGERGASYEQYF

CASSPRQDDYTF

3+

21

Q
1

Q
2

Q
3

Q
4

Q
5

CASRDTGQLYF

CASSRPGTGGSYEQ

CASSRPADRGGYEQYF

CASSSTKNTGQLY
F

CA
S
SD

VF
NY

AE
Q
FF

3+

21

Q
1

Q
2

Q
3

Q
4

Q
5

CASRD
TG

Q
LYF

CAWRGALAETLYF

CASIRGNTGQLYF

CASSDSG
GSNERLFF

C
A
W
S
TA

N
T
G
Q
LY

F

alpha

beta

SIINFEKL-dextramer+ CD8+ T-cells

TCR-seq (mouse protocol)

TCR 1 (shared)

Mock TCR 1 TCR 2

TCR 2

RNA-electroporated human TILs

TIL
 O

nly
PH

A

30
36

4

30
36

4+
IF

N
g

30
36

4+
SIIN

FEK
L

30
36

4+
M

ar
t1

30
36

4 
O

VA

30
36

4 
O

VA
+IF

N
g

0

10

20

30

%
 o

f 
T

N
F

+
 o

f 
to

ta
l 
C

D
3
+

 C
e
ll
s

Ova 1+2 TCRs

Functional testing

mock irrel. TCR



35

Reverse immunology strategy

• Identification of potential neo-epitopes based on tumor mutanome data

• Isolation of reactive TCRs from human PBMC and HLA/huTCR-tg mice

HLA/human TCR-transgenic mice
A2.1; DR4, DR1

Blankenstein & Willimsky
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TCRs selectively recognizing neo-epitopes
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TTC39A_S57R

FARP1_V785I

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

FILIP1L-F109V

TTC39A-S57R

Workflow:

 Peptide immunization

 Isolation IFNγ+ T-cells

 Cloning TCRs

 Expression in human T-cells

 Testing against peptide

 Testing against PDX

• in vitro

• in vivo
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TCR gene therapy instead of TIL therapy

Shotgun cloning

tumor-dominant TCRs

Mutanome-based 

generation TCRs

(recurrent antigens >

patient-spec. antigens)

Tumor-dominant TCRs

Tumor DNA/RNA-seq
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TCR gene therapy of PDA: Stardate 2318?
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Personalized cancer therapy is the future!

Tumor mutanome NSG will 
soon become SOC procedure 

Anything scalable can become 
economically profitable/feasible

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)

500 um

Difficult to penetrate
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Focus on primary resectable disease

>90% Pancreatic Ductal Adenocarcinoma

non-resectable resectable

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

Oettle JAMA 2007
70% recurrence 

in 2 years!

~80% ~20%

Short time window

• Longer time window

• Primary tumor

• Mutanome

• TILs

• TCRs

• Clinical markers

• Stage

• LN mets

• R0/R1

• CA19-9

• ctDNA
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Strategies towards harnessing T-cell response
in patients with primary resectable PDA

Neo-adjuvant Adjuvant

diagnosis resection primary tumor Follow up

3-6 weeks 0.5-2 years

Agonist CD40 Ab

Anti-PD-L1/TGFβ-trap

Adoptive T-cell therapy

Mutanome-based vaccines

PD-biomarker studies!
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My Pancreatic Cancer Lab @ German Cancer Research Center

Div. Molecular Oncology of Gastrointestinal Tumors
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IAPACA Trial : Agonist anti-CD40 Ab in PDA
EudraCT No. 2016-000496-24

1 8 15 18-20

GMZ

+ αCD40GMZ

Surgery

ChiLob7/4

Martin
Glennie

Peter
Johnson

Sahin
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CD40 expression in PDA

TIPC171, 100% tumor, 
1.5x

TIPC171, 10x

TIPC177, 100% tumor, 
2x

TIPC177, 10x
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Synergistic anti-tumor action by MEKi and CD40 Ab

Daniel Baumann

DO NOT POSTTherapeutic impact depends on T-cells



47Interest in T-cell immunity against PDA mutanome
is on the rise



48Interest in T-cell immunity against PDA mutanome
is on the rise

MMR

 BRCA-ness

 ‘regular’ PDA
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Ex vivo expanded PDA TILs are tumor-reactive
 TIL therapy

17/20

Low frequency of tumor-reactive T-cells



50Ex vivo TIL expansion can result in loss
tumor-dominant TCRs

PDA



51Ex vivo TIL expansion can result in loss tumor-
dominant TCRs

0 1 2 3 4

MEL

PDA

no. of clones maintained

Melanoma



52Poor outgrowth of activated T-cell clones
as observed in limiting dilution cultures
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