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Tumorvakzinierung: Aktueller Stand

Cancer vaccination: Present stage
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this can be recognized by T cells

This is true for all
proteins inside a

- - cell, also for tumor
Antigen presentation associated changes,

by HLA molecule including mutations
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3 categories of tumor antigens:

tissue specific

o . tumor associated mutated or viral
(“differentiation antigen®)

germline antigens

for mutated antigens
eg., NY-ESO1, only possible in
MUC1, IMA 901, .... individualized approach

e.g. Provenge

Are mutated
peptides

presented in all
human cancer
types?

- . We know plenty of such antigens;
Limited to few cancer entities .
: immune responses tend to be weak
Well established for

with the immunomodulation measures

antibodies (eg., Rituximab) used so far

Popular targets for CARs



Thus: the majority of cancer patients will not benefit from checkpoint
inhibition (alone)

Formation of
neoantigens
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Fig. 2. Estimate of the neoantigen repertoire in human cancer. Data depict the number of somatic mutations in individual tumors. Categories on the right
indicate current estimates of the likelihood of neoantigen formation in different tumor types. Adapted from (50). It is possible that the immune system in
melanoma patients picks up on only a fraction of the available neoantigen repertoire, in which case the current analysis will be an underestimate. A value of 10
somatic mutations per Mb of coding DNA corresponds to ~150 nonsynonymous mutations within expressed genes.

70 3 APRIL 2015 » VOL 348 ISSUE 6230 sciencemag.org SCIENCE

T. Schumacher & R. Schreiber



Thus: the majority of cancer patients will not benefit from checkpoint
inhibition (alone)

Is therapeutic vaccination an option
for this majority?



So far no real successful therapeutic vaccination in phase lll trials.

Neither with peptides nor with anything else.

In contrast, there is a large number of phase Il or earlier clinical trials,
and case reports, reporting therapeutic vaccination with tumor
antigens

- viral, mutated, tumor-associated or tissue specific —

leading to antigen specific T cell responses associated with clinical
benefit.



Some selected examples for therapeutic
vaccination approaches
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Immune Impact Induced by PROSTVAC (PSA-TRICOM),
a Therapeutic Vaccine for Prostate Cancer
James L. Gulley', Ravi A. Madan', Kwong Y. Tsang', Caroline Jochems', Jennifer L. Marté,

Benedetto Farsaci’, Jo A. Tucker', James W. Hodge', David J. Liewehr?, Seth M. Steinberg?,
Christopher R. Heery', and Jeffrey Schlom'

Cancer Immunol Res; 2(2) February 2014



MRNA-Vaccination in prostate carcinoma patients / CureVac

Kibler et al. Journal for InmunoTherapy of Cancer (2015) 3:26 ( Lo

DOI 10.1186/540425-015-0068-y ‘ Journal for
e.. ImmunoTherapy of Cancer

RESEARCH ARTICLE Open Access

Self-adjuvanted mRNA vaccination in o
advanced prostate cancer patients:
a first-in-man phase I/lla study

Hubert Kiibler'", Birgit Scheel” Ulrike Gnad—\/ogt2, Kurt Miller?, Wolfgang Schultze-Seemann®, Frank vom Dorps,
Giorgio Parmiani®, Christian Hampel7, Steffen Wedel®, Lutz Trojang, Dieter Jocham'®, Tobias Maurer', Gerd Rippin”,
Mariola Fotin-Mleczek?, Florian von der Mulbe?, Jochen Probst?, Ingmar Hoerr?, Karl-Josef Kallen?,

Thomas Lander’ and Arnulf Stenzl'?



G uicc o1 1JC

global cancer control International Journal of Cancer

Vaccination-induced functional competence of circulating
human tumor-specific CD8 T-cells

Petra Baumgaertner!, Camilla Jandus®, Jean-Paul Rivals?, Laurent Derré?, Tanja Lovgren?, Lukas Baitsch?, Philippe Guillaume?,
Immanuel F. Luescher®, Gregoire Berthod?, Maurice Matter?, Nathalie Rufer®, Olivier Michielin> and Daniel E. Speiser®

*Clinical Tumor Immune-Biology Unit, Ludwig Center for Cancer Research of the University of Lausanne, Switzerland
University Hospital Center and University of Lausanne (CHUV), Lausanne, Switzerand
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Vaccination-induced functional competence of circulating
human tumor-specific CD8 T-cells

Petra Baumgaertner?, Camilla Jandus®, Jean-Paul Rivals?, Laurent Derré?, Tanja Lovgren®, Lukas Baitsch?, Philippe Guillaume?,
Immanuel F. Luescher', Gregoire Berthod?, Maurice Matter’, Nathalie Rufer®, Olivier Michielin®? and Daniel E. Speiser’

*Clinical Tumor Immune-Biology Unit, Ludwig Center for Cancer Research of the University of Lausanne, Switzerland
*University Hospital Center and University of Lausanne (CHUV), Lausanne, Switzedand
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IMA901 phase 2 results, multipeptide vaccination in RCC
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Peptides 1.d., adjuvans: GM-CSF.
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Percentage survival

T cell responses were weak and rare
only seen after 12 day restimulation in vitro
|even with viral peptides

® Patients who have received Cy and had T cell responses to
IMA901 showed longer survival

*Walter et al., Nature Med. 2012



An open-label, randomized, phase 3 study
investigating IMA901 multipeptide cancer vaccine
in combination with sunitinib vs. sunitinib alone
as first-line therapy for metastatic RCC

B. Rinil, A. Stenzl?, R. Zdrojowy?3, M. Kogan?®, M. Shkolnik>, S. Oudard®,
S. Weikert’, S. Bracarda?®, S. Crabb?®, ). Bedke?, J. Ludwig!®, D. Maurer?, R.
Mendrzyk!®, A. Mahri®, J. Fritschel?, T. Weinschenk?®, H. Singh?®,

A. Kirner®, C. Reinhardt!®, T. Eisen!!

ICleveland Clinic Taussig Cancer Center, Cleveland, USA; *University of Tuebingen, Tuebingen, Germany; *Wroclaw Medical
University, Wroclaw, Poland; *Rostov State Medical University of Roszdrav, Rostov-on-Don, Russia; *Russian Scientific Center
of Radiclogy and Surgery Technologies, 5t. Petersburg, Russia; SHopital European Georges Pompidou, Paris, France; "Vivantes
Humboldt Clinic, Berlin, Germany; *Ospedale San Donato, Arezzo, Italy; *Southampton General Hospital, Southampton, UK;
Wimmatics biotechnologies GmbH, Tuebingen, Germany; 2University of Cambridge, Cambridge, UK

published in: Lancet Oncol. 2016 Nov;17(11):1599-1611




General problem with most attempts of
therapeutic vaccinations, in particular with
multipeptide vaccines:

Weak immune responses,
unless combined with strong adjuvants

Strategy:

1. ldentification of relevant tumor
antigens

2. Efficient immune response by strongly
adjuvanted vaccination



|dentification of relevant tumor antigens



3 categories of tumor antigens:

tissue specific
(“differentiation antigen®)

tumor associated mutated or viral
germline antigens

for mutated antigens
only possible in
individualized approach

eg., NY-ESO1,
MUC1, IMA 901, ...

eg., PSA, PSMA, CD19.

Limited to few cancer entities  We know plenty of such antigens; Are mutated
Well established for immune responses tend to be weak peptides
antibodies (eg., CD19) with the immunomodulation measures presented in all
Popular targets for CARs used so far human cancer

types?
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Isolation of Naturally Presented HLA-Ligands

Tissue Sample
malignant/ benign
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HLA ligandome landscape discovery
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Determination of the HLA ligandome of normal tissues
(from autopsies)

Current sample overview

« Sample acquisition in Ziirich * Samples analyzed so far:

Muscle 3 Small Intestine
Thyroid 6 Colon
Bone Marrow

« 14 donors — 810 runs
. UD to 22 oraans ver donor = 68,845 unique class | peptides _
P gansp = 103,600 unique class Il peptides Marian
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We found mutated MHC | presented peptides in mouse
and human tumor cell lines, and in melanoma samples.

We rarely find mutated HLA | ligands in human tumor
tissue of intermediate mutation rates (HCC, RCC, OvCa,
Leukemias, Glioma)



Neoantigens

from Toni Weinschenk, immatics

Expressed Somatic
non-synonymous Peptides with

mutations mutation Peptides %
Own MHC ligandomics data X ;
B16F10 melanoma 563 (casnie 2012 1 ORE N . CANCER
GL261 glioblastoma 2003 61a08, pers. comm) 1 0.05% el "
Yadav et al. 2014
CT26 colorectal carcinoma 1172 (castie 2014 1 0.09%
MC-38 colon carcinoma (yapavous 1290 7 0.54% 0.1%
TRAM P'Cl [YADAV 2014] 67 0 000%
Published Proteomics studies
SW480* colorectal line jwanes 20121 3501 33 0.94%
RKO* colorectal line waczo2 3995 43 1.08% 1%
TCGA** Breast cancer (n=105
[MERTINS 2014] ( ) 91.4 1.1 1.20%

© 2015 immatics biotechnologies GmbH.



ARTICLE

Received 9 May 2016 | Accepted 30 Sep 2016 | Published 21 Nov 2016

Direct identification of clinically relevant
neoepitopes presented on native human melanoma
tissue by mass spectrometry

Michal Bassani—SternbergL':"*, Eva Bréunleinzf*, Richard Klarz, Thomas Engleitner3'4, Pavel Sinitcyn1,

Stefan Audehm?, Melanie Straub®, Julia Weber>#, Julia SIo’[’[a—Huspenina5/6r Katja Spechts, Marc E. Martignoni7,
Angelika Werner’, Ridiger Heing, Dirk H. Buschg, Christian Pesche|2'4, Roland Rad3'4, Jurgen Cox/,

Matthias Mann'** & Angela M. Krackhardt?4**

5 patients

>1.000 nonsynonymous mutations per tumor
11 mutated neoantigens found by MS

8, 2, or 1 per patient

4 out of 11 immunogenic
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An immunogenic personal neoantigen vaccine for

patients with melanoma

Patrick A. Ott"?**, Zhuting Hu'*, Derin B. Keskin'*#, Sachet A. Shukla'4, Jing Sun', David . Bozym', Wandi Zhang',
Adrienne Luoma®, Anita Giobbie-TTurder®, Lauren Peter’®, Christina Chen!, Oriol Olivel, Todd A. Carter?,

Shugiang Li*, David J. Lieb?, Thomas Eisenhaure?, Evisa Gjin_ig, Jonathan Stevens!'?, William J. Lane'”, Indu Javeril!,

1

Kaliappanadar Nellaiappan', Andres M. Salazar'?, Heather Daley!, Michael Seaman’, Elizabeth L. Buchbigderl’2'3,
Charles H. Yoon™'?, Maegan Harden*, Niall Lennon?, Stacey Gabriel?, Scott I. Rodig”!?, Dan H. Barouch®”®, Jon C. Aster™'?,
Gad Getz>*!, Kai WucherpfennigB'S, Donna Neubergé’, Jerome Ritz!"*3, Eric S. Lander®*, Edward F. Fritschb#4, Nir Hacohen®#1%

& Catherine J. Wul-23+4

Effective anti-tumour immunity in humans has been associated
with the presence of T cells directed at cancer neoantigens', a
class of HLA-bound peptides that arise from tumour-specific
mutations. They are highly immunogenic because they are
not present in normal tissues and hence bypass central thymic
tolerance. Although neoantigens were long-envisioned as optimal
targets for an anti-tumour immune response?, their systematic
discovery and evaluation only became feasible with the recent
availability of massively parallel sequencing for detection of

agonist poly-ICLC* (Hiltonol) (Fig. 1a and Supplementary Information
1-3). We evaluated this vaccine in a phase I study in patients with
previously untreated high-risk melanoma (stage ITIB/C and IVM1a/b)
after surgical resection with curative intent (Extended Data Table 1 and
Supplementary Information 4a).

Of the ten patients enrolled, eight demonstrated the high mutation
rate expected for melanoma, carried expected melanoma-associated
mutations (that is, in BRAF, NRAS, and others) and predominantly
C—T transitions (consistent with ultraviolet exposure), and expressed

97 unique neoantigens used across patients, respectively. These
T cells discriminated mutated from wild-type antigens, and in some
cases directly recognized autologous tumour. Of six vaccinated

and immunogenicity ot a vaccine that targets up to 20 predicted
personal tumour neoantigens. Vaccine-induced polyfunctional
CD4*" and CD8" T cells targeted 58 (60%) and 15 (16%) of the
97 unique neoantigens used across patients, respectively. These
T cells discriminated mutated from wild-type antigens, and in some

cases directly recognized autologous tumour. Of six v; qted
patients, four had no recurrence at 25 months after S
while two with recurrent disease were subsequently tr rith

anti-PD-1 (anti-programmed cell death-1) therapy and experienced
complete tumour regression, with expansion of the repertoire of
neoantigen-specific T cells. These data provide a strong rationale
for further development of this approach, alone and in combination
with checkpoint blockade or other immunotherapies.

To generate a vaccine that targets personal neoantigens, we conducted

rash, and fatigue (Supplementary Intormation 4b).

At a median follow-up of 25 months (range 20-32) after vaccina-
tion, four patients who entered the study with stage ITIB/C disease
remained without disease recurrence. Two patients entered with
previously untreated stage IVM1b disease (lung metastases); both had
disease recurrence evident on restaging scans obtained after the last
vaccination. Subsequently, both patients underwent treatment with
the anti-PD-1 antibody pembrolizumab and, after four doses, both
achieved complete radiographic responses that are ongoing (note that
complete radiographic response rate of pembrolizumab as first-line
treatment for metastatic melanoma was reported as 6.1% (ref. 5))
(Fig. 1b and Extended Data Fig. 1d).

Overlapping 15- to 16-mer assay peptides (ASP) spanning the
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Personalized RNA mutanome vaccines mobilize
poly-specific therapeutic immunity against cancer

Ugur Sahin'23, Evelyna Derhovanessian!, Matthias Miller!, Bjérn-Philipp Kloke!, Petra Simon!, Martin LéwerZ, Valesca Bukur!-2,
Arbel D. Tadmor?, Ulrich Luxemburger!, Barbara Schrérs?, Tana Omokoko!, Mathias Vormehr!+*, Christian Albrecht?,

Anna Paruzynski!, Andreas N. Kuhn!, Janina Buck!, Sandra Heesch!, Katharina H. Schreeb!, Felicitas Miiller!, Inga Ortseifer!,
Isabel Vogler!, Eva Godehardt!, Sebastian Attig??, Richard Rae?, Andrea Breitkreuz!, Claudia Tolliver!, Martin Suchan?,

Goran Martic?, Alexander Hohberger?, Patrick Sorn?, Jan Diekmann', Janko Ciesla*, Olga Waksmann?,

Alexandra-Kemmer Briick!, Meike Witt!, Martina Zillgen!, Andree Rothermel?, Barbara Kasemann?, David Langer!,

Stefanie Bolte!, Mustafa Diken'-, Sebastian Kreiter’2Z, Romina Nemecek®, Christoffer Gebhardt®’, Stephan Grabbe®,

Christoph Héller®, Jochen Utikal®”, Christoph Huber"%3, Carmen Loquai®* & Ozlem Tiireci®*

T cells directed against mutant neo-epitopes drive cancer immunity.
However, spontaneous immune recognition of mutations is
inefficient. We recently introduced the concept of individualized
mutanome vaccines and unplemented an RNA-based poly neo-

and RNA sequencing of routine tumour biopsies and healthy blood
cells. Mutations were ranked according to: (1) predicted high-affinity
binding to autologous HLA class II and high expression of the
mutatlon encodmg RNAZ, and (2) predlcted HLA class I bmdmg

Vaccine-induced T cell infiltration and neo-epitope-specific killing
of autologous tumour cells were shown in post-vaccination resected

metastases from two E!Jatientsi The cumulative rate of metastatic

INUIU IS VACCLIE NCU-CPILopres al upr v iy
Vaccine-induced T cell infiltration and neo-epitope-specific killing
umour cells were shown in post-vaccination resected
metasfs om two patients. The cumulative rate of metastatic
events ly significantly reduced after the start of vaccination,
resulting in a sustained progression-free survival. Two of the five
patients with metastatic disease experienced vaccine-related
objective responses. One of these patients had a late relapse owing
to outgrowth of 32-microglobulin-deficient melanoma cells as an
acquired resistance mechanism. A third patient developed a complete
response to vaccination in combination with PD-1 blockade therapy.
Our study demonstrates that individual mutations can be exploited,
thereby opening a path to personalized immunotherapy for patients
with cancer.

SINZIC-UILIL PErceiiages.

Cancer mutations can form neo-epitopes recognized by T cells

TINEULALL LLITE IDPOTI SCRCCLIOLIL OL IITULELIOILS W VAaCCIe IEledse 1o 1uD Uﬂ}".’)
(range 89 to 160 days). Patients with NY-ESO-1- and/or tyrosinase-
positive melanoma received an RNA vaccine encoding these shared
tumour-associated self-antigens until release of their neo-epitope
vaccine. At least eight doses of the neo-epitope vaccine were injected
percutaneously into inguinal lymph nodes under ultrasound control
(Fig. 1d). Previously, in mouse models, we showed efficient uptake,
translation of RNA-encoded antigens by lymph-node-resident
dendritic cells (DCs), and intrinsic adjuvant activity'®.

All patients completed treatment with a maximum of 20 neo-epitope
vaccine doses (Extended Data Table 1), which they tolerated well
without related serious adverse events. The immunogenicity of each
of the 125 mutations administered in this study was analysed by IFN~
ELISpot in CD4™ and CD8™ T cells in pre- and post-vaccination blood
samples (Supplementary Table 2). Responses were detected against 60%



Frequency of presented neoantigens on MHC | vs crosspresented MHC II?
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Neoantigens appear to be rare if not absent in
many tumors.

But:

There are many germline sequence tumor
associated HLA ligands,

and T cell responses against such antigens
correlate with overall survival or other clinical
benefit.



3 examples
of attempts

to identify relevant tumor antigens



The immunopeptidomic landscape of ovarian carcinomas

Heiko Schuster?, Janet Kerstin Peper!, Hans-Christian Bosmuller?, Kevin Rohle?!, Linus Backert?, Britta Ney?, Markus
Loffler’>, Daniel Johannes Kowalewski?, Nico Trautwein?, Armin Rabsteyn®®, Tobias Engler3, Sabine Braun3, Barbara
Schmid-Horch?, Diethelm Wallwiener3,Oliver Kohlbacher?, Falko Fend?®, Hans-Georg Rammenseel-, Stefan

Stevanovi¢l®, Annette Staebler? and Philipp Wagner?®3

Heiko Schuster and Janet Peper et al., manuscript provisionally accepted (PNAS)

Stevanovic¢ Lab




Enrichment and label free quantification

OvCa tumor Enzymatic ‘ ‘
. . 5@
dissociation . Tumor Immunoaffinity
Q §° $ cells —l purification
b — ; - MHC |
Z’SQ’ ‘ TlLs -
Oa MACS QP % (W6/32)
$z§l enrichment .
- Stroma % Acidic elution
100- cells
0 gl ' % Ultrafiltraion
8 60
o 40
2 20 :
01 .

@ leukocytes

Tumor cells K\ Liguid chromatography coupled
& mass spectrometry (LC-MSMS)




HLA expression within OvCa tissue
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The immunopeptidomic landscape of
OvCa — MHC class |
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The immunopeptidomic landscape of
OvCa — MHC class |l
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Frequency and number of HLA ligands
among OvCa samples

1 peptide [l 2-5 peptides [ 6-10 peptides [[ll]l > 10 peptides

MUC16 32/42 ) 76.47%
CRAEBP2 15/42 | 32.35%
EYA2 13/42) 29.41%
MMP11 1142 23.52%
IDO 12742] 23.52%
LGALS1 11/42) 23.52%
FOLRA 10/42 ) 23.52%
KLK10 9f42 | 17.65%
MSLN 642 | 11.76%
[ace NN TN T T Tasao[ o7.c00
MSLN 15/30) 50.00%
PTPRS 13/30] 43.33%
UBE 10/30] 33.33%

MUC16 3/22 | 13.64%
DPPA2 4/30 | 18.18%




Immunogenicity analysis of EOC presented HLA ligands from
MUC16 and further EOC exclusively presented antigens

HLA
A*01
A*02
A*02
A*03
A*11
A1
A*24
A*24
A*24
A*25
A*25
A*25
A*25
B*07
B*07
B*07
B*07
B*07
B*07
B*07
B*07
B*07
B*15
B*15
B*18
B*27
B*51
B*51

A*03
A1
A*24
B*07
A*25
A*02
A*Q2

Sequence
STETSTVLY
ITEVITRL
KMISAIPTL
SVLADLVTTK
STSQEIHSATK
GTSGTPVSK
TYSEKTTLF
QFITSTNTF
AVTNVRTSI
EVITSSRTTI
EVISSRGTSM
EVTSSGRTSI
ETILTFHAF
SPHPVTALL
SPQNLRNTL
TPGNRAISL
SPLFQRSSL
SPHPVTALL
LPHSEITTL
TPGGTRQSL
SPSKAFASL
VPRSAATTL
SQGFSHSQM
FQRQGQTAL
TETEAIHVF
ERSPVIQTL
DPYKATSAV
DALVLKTV

RSYHLQIVTK
RSYHLQIVTK
RYMPPAHRNF
NPKAFFSVL
EVAPDAKSF
RTTEINFKV
RALAKLLPL

Protein
MUC16
MUC16
MUC16
MUC16
MUC16
MUC16
MUC16
MUC16
MUC16
MUC16
MUC16
MUC16
MUC16
MUC16
MUC16
MUC16
MUC16
MUC16
MUC16
MUC16
MUC16
MUC16
MUC16
MUC16
MUC16
MUC16
MUC16
MUC16

IDO1
IDO1
IDO1
IDO1
LGALS1
CRABP1/2
KLK10

positive/tested donors
0/3
3710
4/6
0/1
2/6
0/5
3/3
1/2
1/3
1/1
1/3
2/3
2/2
171
2/3
5/5
1/3
1/2
1/3
0/3
3/3
2/3
4/5
1/6
1/1
1/2
3/3
1/3

1/1
1/1
4/4
3/5
171
1/2
2/2




Individualized peptide cocktail according to HLA ligandome

and Exomseq analysis, ovarian carcinoma patient

Personalized multipeptide vaccine for patient OvCA 100

class |
MUC16 KMISAIPTL A*02
MUC16 SPHPVTALL B*07
MUC16 SPSKAFASL B*07
MUC16 TPGNRAISL B*07
IDO1 NPKAFFSVL B*07
DDR1 FLAEDALNTV A*02

class I

Longest variant
MSLN DLPGRFVAESAEVLLPR
MUC16 ELGPYTLDRNSLYVNG | SB DRB3*0101

Predicted neoantigens from Exomseq

MUC16

SSLTHELSSRVTPIP

A*02

PLEKHG2

PGGGAPASSRGSWSS

B*07

s"”El-'ﬂ'ch_O"‘,g

- Sx300 pg o

 _ Art-Nr.
24.01201; v’



To do for each patient:

1. start first rq EU FP7 projects:
shelf)

2. select addit Glioblastoma I
www.GAPVAC.eu

and class Il lig al
modifications), S

round of vaccl|

Hepatocellular carcinoma

www.HEPAVAC.eu
combine a
efﬁCientiﬁuuu.u_ BRAAA%LE®AIAYA N ‘E
a a
EPTIDng
X 300 pg
u.o??mN; ‘1”
N
EBERHARD KARLS ) ) — o
UNIVERSITAT G KRR G | s, R R s "
TUBINGEN 4 TUBINGEN T Partnerstandot Tibingen J Prof. Dr. Hans-Georg Rammensee



http://www.gapvac.eu/
http://www.hepavac.eu/
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J. Hepatology 2016

Personalized multi-peptide vaccination induces immune
responses associated with long term survival in a patient
with metastatic intrahepatic cholangiocarcinoma

Markus Loffler2*, Anoop Chandran P*, Karoline Laske!, Christopher Schroeder?, Irina Bonzheim?, Mathias Walzer!?, Franz J. Hilke3, Nico Trautwein?,
Daniel J. Kowalewski!, Heiko Schuster?, Marc Giinder?, Christopher Mohr®, Marc Sturm?3, Huu-Phuc Nguyen3, Olaf Riess3, Peter Bauer?, Sven Nahnsen?,
Silvio Nadalin?, Derek Zieker?, Jorg Glatzle?, Karolin Thiel?, Stephan Clasen®, Hans Bésmiiller?, Falko Fend?, Oliver Kohlbacher®, Cécile Gouttefangeas?,
Stefan Stevanovicl’/, Alfred Kénigsrainer?, Hans-Georg Rammenseel”
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Composition of the multi-peptide vaccine used

Samples analyzed L06/10 = PO3/12 | LOG/10

GLASFKSFLEK RG55 1096.6 74-83 A*03 (14) NM_003617 32 81 +
SLLTSSKGQLOK ADFP-2 1288.7 369-380 A*D3 (13) NM_D01122 525 53 +
TSALPIGOK ADFP-3 969.6 63-71 A*03 (13) MM _001122 525 53 +
SLFPNSPEWTSK MMP7-(1) 1390.7 75-90 A*03 (16) NM=502423 141 1113
NPPSMVAAGSVVAAY CCND1 1368.7 198-212 DR (15, 17) NM_053056 70 30 n.d.
HSKINIKKGHAKDSO IGFBP3 1802.1 142-157 DR (17) NM_0010133598 1 o n.d.
SODDIKGIOKLYGKRS MMP7-(2) 1835.0 153-168 DR (9,17) NM_002423 141 1113 n.d.

41 |
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Induction of peptide-vaccine specific T cell responses correlates with long term
survival in a patient with metastatic cholangiocarcinoma

Clinical Course

2010 2011 2012 2013 2014 2015 2016

Q1 Q2 Q3 Q@ Q1 Q2 Q3 Q4 Q1 Q2 Q@ Q4 | Q1 Q2 Q3 Q4 | QA1 Q@2 Q@ Q4| A1 Q2 Q3 |1 Q2
June March April March July
- é i no detectable tumor
( in CAT scans
* L R 4 * 4 *
initial diagnosis local recurrence local recurrence pulmonary metastasis .3 \
cholangiocarcinoma ( 1
L06/10 L03/11 L04/12 P03/13
atypical liver resection atypical liver resection right hemi-hepatectomy extended middle
(seg. IVb/ VI VI) (seg. IIf V[ V1) Atypical liver resection lobe resection
R1 RO R1 RO
1 lesion 2 lesions 3 lesions (rhs @ 1cm) 1 lesion
(@ 11.5 cm) (@1.4cm/1cm) 2 lesions (lhs @ 0.9 cm) (@ 1.7 cm)

pT1, pN1, cMO,

L0 V0 G3 September

post surgery 2010 post surgery 2012 y multi-peptide vaccination %
\ 'J.-'_
) %ﬂg 1ﬁ1 221 282 352 429 485 555 625 716 Sﬂﬂ 1ﬁ8 1ﬁ11
AL 180 1111 141 1 l !
26 131 189 254 317 387 450 520 589 653 779 954 1150 days after

V5V 10V 15V 20V 25V 30V
¢ CT ¢ MRI PET/CT ﬂpeptides + montanide s.c. + imiquimod ﬂpeptides i.d. + Imiquimod

1** vaccination
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Tumor Characterization

Primary Recurring Recurring  Pulmonary
tumor liver tumor  liver tumor  metastasis
L06/10 L03/11 L04/12 P03/13
(2010) (2011) (2012) (2013)
. \/Z,ﬂ} \/ET?) .
Driver mutations | 'DH1 IDH1 IDH1 IDH1
detected by PBRM1 PBRM1 PBRM1 PBRM1
panel sequencing [ KMT2C KmT2C KMT2C KMT2C
of tumor DNA | PTGS2 NOTCH2 PTGS2
PIK3R1 PTPN11
L06/10 L03/11 L04/12 P03/13
cp3* 45.1 16.5 78 119.3
Hep-Par-1 - na na na
§ TTF1 - - - -
'g Napsin A na na na -
S |CK7 ++ +++ +4++ ++4+
g MMP7 +++ +++ ++ ++
£ |cenp1 + + + +
c ¥
E |Perforin " P - g
s
- - - ++

* average cell count in 10 high power fields
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Leukemias

HLA ligandome analysis in CLL identifies non-
mutant epitopes associated with improved

patient survival
Kowalewski et al., PNAS 2015

, , Juliane Stickel
Daniel J. Kowalewski




HLA ligandome analysis in CLL identifies non-mutant epitopes
associated with improved patient survival kowalewski ... Stickel et al., PNAS 2015

Antigen presentation in the HLA ligandomes of 30 CLL patients vs. 30 normal individuals

T 100 -

50 | H“
0 1

50

mCLL nHV

Frequency of
presentation

100

= 10 000 proteins
. >
representing

LiTAAs (Ligandom-derived TumorAssociated
Antigens) and corresponding LiTAPs (peptides)

=>» 49 LiTAAs (225 LiTAPs) with tumor exclusive presentation in = 20% of
CLL patients




Association of spontaneous anti-LITAA T cell responses with patient survival

Peptide

PA'OJ.‘
PA‘032
PA‘033
F’A'O?1
PA‘()??
P2’
PA‘OZ‘1
pA‘025
F’A'OZ6
Peeor'
pB‘O 72
PB'O7J
pB‘07‘
F’B'lﬂ5

6
PB‘O7

Peptide

Py
Py?

Sequence Source protein CD8+ T-cell . . .
response in CLL Retrospective overall survival in 45 CLL
YGYDNVKEY CDCA7L 3/13 (23.1%) . . . .
AVFDGAQVTSK TP53111 4/13 (30.8%) patients (from time of d lagn05|s)
SSSGLHPPK DMXL1 5/13 (38.5%)
ILDEKPVII ABCAB 2/12 (16.7%)
YLNKEIEEA CTDP1 3/12 (25,0%)
SILEDPPSI ASUN 3/12 (25.0%)
DLDVKKMPL PARP3 2/12 (16.7%)
QLLDQVEQI TMED4 3/12 (25,0%) s
AAANIIRTL RASGRF1 112 (8.3%) — >_1 LI-rAPS
SPRPPLGSSL KDM2B 416 (66.7%) © L .
APLQRSQSL TBC1D22A 4/8 (50.0%) % 0-1 LITAPS
SPTSSRTSSL CELSR1 3/6 (50.0%) g
KPRQSSPQL DNMBP 3/6 (50.0%) EE
SASVQRADTSL ZFANDS 4/14 (28.6%) ﬁ
APGSVLPRAL TAGAP 0/9 (0%) E
Seuquence Source CD4+ T-cell
protein response in CLL
LPSQAFEYILYNKG  CTSH 2/15 (13.3%) 0 : . . P= 0.0(‘?95
RVEYHFLSPYVSPK TFRC 1/15 (6.7%) 0 100 200 300 400
NSVIIVDKNGRLV TFRC 2/15 (13.3%) Time [months]
DIMRVNVDKVLERDQKL VAMP2 2/15 (13.3%)
YKAFSSLLASSAVSPE IL4R 3/15 (20.0%)
VDKVLERDQKLSELDDR VAMP2 2/15 (13.3%)
DAGSYKAQINQRNFE ~ LY9 0/15 (0.0%)

- Trend to improved OS in patients with >1 T cell responses against CLL antigens
identified by mass spec



iIVAC-L-CLLO1: Patient-individualized peptide vaccination in combination with

lenalidomide after first line therapy of CLL

NCT02802943

Juliane Walz, Helmut Salih



Present and future developments for (individualized)
active antigen-specific cancer immunotherapy:

Use better adjuvants

Improve immune responses by immunomodulators

Combine with checkpoint inhibition after first
induction of immune response



Problem adjuvant:

Peptide vaccination generallly results in weak immune responses, especially after i.d.
injection with GM-CSF.

Vaccination with Montanide gives stronger responses, but is described to be problematic
(T cell sink, T cell dysfunction described)

Adjuvants shown to induce CD8/Th1CD4 responses in humans:

CPG (TLR9-L): probably best one so far, but not GMP-available anymore

GM-CSF: weak, may induce MDSCs

Imiquimod, TLR7-L:, topically: efficient, GMP-substance not easily available for adding to
vaccine

Poly-IC, TLR3-L - supply limited, GMP-problems

RNAdjuvant (TLR7-L), developed by CureVac: probably very efficient, but limited supply



Efficient immune response by strongly
adjuvanted vaccination



In vivo priming of virus-specific

cytotoxic T lymphocytes with
synthetic lipopeptide vaccine

Karl Deres™, Hansjorg Schildt,

Karl-Heinz Wiesmiiller®, Giinther Jung*

& Hans-Georg Rammenseet:

CHy-CH- CHy TH,- CH
¢ | i
C=0 =0 D=L

TLR ligand!

TLR2

Lipotripeptide P,€SS

5 ED—SEF~5EF—T~T—H—R—T—R—A—L~¥—T—G

Influenza nucleopretein
peptide
NP 147-158 (R-}

Nature 1989

long peptide!




New synthetic lipopeptide
Pam,Cys-GDPKHPKSF (XS15)

0
W‘“«WD _|:||-|E
WWWWGJI:'H

8 r_l,HE

1
CH,
0 |
Www fﬁl:H“'h-h
N CO—GDPKHPKSF



Karl-Heinz Wiesmtller, EMC microcollections, 2015:

new lipopeptide, XS15, (Pam3Cys compound), watersoluble, easy to purify
by HPLC: GMP-friendly

Test of XS15 with short synthetic viral peptides and Montanide in a healthy volunteer.

Peptides are not coupled to the lipopeptide, they are just
included in the emulsion!

PRPVSRFLGNNSILY (HLA-DR, EBV) Personalized
LTDLGQNLLY (HLA-AOL, Adenovirus) Multi-Peptid-
ELRSRYWAI (HLA-BO8, Influenza) Vaccine

80 ug XS15

240 ug per Peptide
200 pl Montanide ISA51
Injected s.c. abdominally, total volume 400 pl




04-12-2015

19-01-2016

Day 31 Ex-vivo IFN-g ELISPOT 22-01-2016

LTDLGQNLLY ELRSRYWAI PRPVSRFLGNNSILY GSEELRSLY
1 I 1
:- 19:/’?"\‘;:\:' 1 //""“\-‘:.:" o \,-‘v::.-\. 3//,—'—“—-.?:»- 1//./’~~‘.\-_:\.:. o//—‘—\_qiu 1 .

- A \.\‘ ’,.’ o \\ £ \\ ‘.\

K XK X X X))

300000 cells/well

\\\l '/’
ETVITVDTKAAGKGK PHA-L RAKFKQLL
Synth. No. Protein Sequence HLA
%NNSM 121209 Hex-Ade LTDLGQNLLY A0l
Vaccine peptides 2 % S
LTDLGQNLLY Pep 131288 Inf-NCAP EI_:RbRYWA{ BO08
ELRSRYWA 141206 | EBV-GP350 | PRPVSRFLGNNSILY DR
- each 3 mg dissolved in 1 ml DMSO/H20. 121178 HIV GSEELRSLY A01
- from this 400 pl + 150 pul | XS15 (400 pg) + 450 pl H20 | Negative controls| 141345 HIV GGKKKYKL BOS
+ 1 ml Montanide ISA51 emulgated. 110311 Filamin A ETVITVDTKAAGKGK DR
= from this 400 ! s.c. belly left Positive control | 91212 | BZLF1 EBV RAKFKQLL B0S
LTDLGONLLY ELRSRYWAI ' PRPVSRFLGNNSILY ‘ GSEELRSLY
1 il

300000 cells/well

. ]

ETVITVDTKAAGKGK PHA-L RAKFKQLL Aoop
23-01-2016




04-12-2015

19-01-2016

Day 31 Ex-vivo IFN-g ELISPOT 22-01-2016

LTDLGQNLLY ELRSRYWAI PRPVSRFLGNNSILY GSEELRSLY
1 I 1
:- 19:/’?"\‘;:\:' 1 //""“\-‘:.:" o \,-‘v::.-\. 3//,—'—“—-.?:»- 1//./’~~‘.\-_:\.:. o//—‘—\_qiu 1 .

- A \.\‘ ’,.’ o \\ £ \\ ‘.\

K XK X X X))

300000 cells/well

\\\l '/’
ETVITVDTKAAGKGK PHA-L RAKFKQLL
Synth. No. Protein Sequence HLA
%NNSM 121209 Hex-Ade LTDLGQNLLY A0l
Vaccine peptides 2 % S
LTDLGQNLLY Pep 131288 Inf-NCAP EI_:RbRYWA{ BO08
ELRSRYWA 141206 | EBV-GP350 | PRPVSRFLGNNSILY DR
- each 3 mg dissolved in 1 ml DMSO/H20. 121178 HIV GSEELRSLY A01
- from this 400 pl + 150 pul | XS15 (400 pg) + 450 pl H20 | Negative controls| 141345 HIV GGKKKYKL BOS
+ 1 ml Montanide ISA51 emulgated. 110311 Filamin A ETVITVDTKAAGKGK DR
= from this 400 ! s.c. belly left Positive control | 91212 | BZLF1 EBV RAKFKQLL B0S
LTDLGONLLY ELRSRYWAI ' PRPVSRFLGNNSILY ‘ GSEELRSLY
1 il

300000 cells/well

. ]

ETVITVDTKAAGKGK PHA-L RAKFKQLL Aoop
23-01-2016




Day 43

BEDG-PET/MRI




Differential gene expression analysis

Granuloma center vs. normal skin g
0 o
® 5
CD4 L 2
-
CD40LG 2 5
CD8A <« Il-1a
<« IL-1B
CD3E < TLR2
PDCD1 € CXCL10
<« TGF-B
CDhsB <« CCL2
CD19 <« TLR1
CDS6 < 11-10
IDO2
LAG3 < HIF-1a
CTLA4
CD80
IFNG
IGHV4-28 TLR3=>
IGLV1-44

Hallmark ,inflammatory response”
GSEA dataset (197 genes)

log 2




Ex-vivo IFN-y ELISPOT Plate 1
1 2 3 4 5 6 7 8 9 10 1 12
o Ve Ve Vo ' Ve Y
A A TR A A ¢
PBMCs AT AT AT AN 4
04-02-2016 ‘ Y Va7 VYV V™
300.000 cells/well B : |
6 8
c
high frequency of functional antigen
syn.no |Protein Sequence HLA ., .
o [faeeecas oy ol specific Ty, CD4 and CD8 T cells in the
vaccinated peptides | 2 | 131288|Inf-NCAP |[ELRSRYWAI B08
e pmeans 2 | granuloma infiltrating lymphocytes
N ti trol 5| 141345|HIV GGKKKYKL BO8 .
s R 6 | 110311|Filamin  |ETVITVDTKAAGKGK |DR prOdUCII’]g IFNY, ”_2’ TN F, and
GDP...peptide 7 - - -
P3C_ : 8] - - - CD107 for cD8 cells
Positive peptide 9| 91212|BZLF1_EBV |RAKFKQLL BO8
Positive control 10 - PHA-L [
E
GlLs SETNY
04-02-2016 s
50.000 cells/well \

06-02-2016
Anoop



Prep: W6/32 20% DDMS: ADV_Hexon Protein: LTDLGQNLLY (A*01)

Primary Sample
HGR-GRO1
W6/32 20% DDMS

SynPep
L9 15N labeled!
(300 fmol w/o matrix)

Extracted from: C:\Users\dk\Desktop\HGR - Granulom\160211 - Prep\160215_DK_HGR-Gr01_W_20%_#1_25cm90min_DDMS_400-650mz_msms2.raw #18406 RT:79.61
FTMS, CID@35.00, z=+2, Mono m/z=575.31177 Da, MH+=1149.61626 Da, Match Tol.=0.02 Da

bo*
] 968.54089
254
2
2 204
T
g
3
L0154
z by
i - . 628.33014 byt
I R 48477411 52229211 855.45709
182.08119 . . by*-NH;
05 ¥z by Yo 95151770
295.16492 14324985 707.37244 1770
. | | | J
\ ‘ \ W
o2 Soe’Teloe i3 Staot 108'30021 —
2, Pt A 925'21208
18508118 . PR
L I 49233501 25358915 822'92003
£ o5, ni, [
s P €58'3301%
ERhE P
=
E
5 504
g
2 5o ]
30 o
20023805
324 P{

ELN2' CID@3R°00' S=+5' INOUO W\S=R\R'8TOTS DY’ WH+=TTR0'@TS3e DY' WICl 10'=0'0S DY

EXASCI6Q L0 C/N2612/qK/DE2KI0b/HEH - CLIUNIOW/TROSTT - bleb/Te0STR DK™ 2Mbebe HEBAICOT 30010 SRCA0WIL DDING™ 300-900WS WaWaT0lom #TS¢3T

Bl 1328

All 3 vaccine peptides are detectable as HLA-
bound peptides in the granuloma 44 days after
injection.




: A vaccine-site granuloma develo ed contamlng
at day 44:

functional antigen specific T cells

highly activated CD4 and CD8 T cells,
macrophages and B cells

all 3 vaccine peptides presented on HLA
molecules (shown by mass spec)
Iymph0|d structures







@" Department of Immunology
& T-cell monitoring - I CS res u Its -

ICS after cultivation with Anti-CD3 and IL2 of GlILs — 19.02.2016

Il cpio07a+ . . . .
o Characterization of in vitro expanded HGrlLs.
Bl 2+
40 M L10+ - )
] TNF+
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Single vaccination with CMV-peptides plus XS15 induces strong CMV- specific CD8
and CD4 T cell response in CMV-seronegative indidual within 4 weeks (ex-vivo ELISPOT)

PRPVSRFLGNNSILY EBV preexisting response:
I PRPVSRFLGNNSILY ) VTEHDTLLY CMV, Al vacc, but negative
1 " 0 e 3 N ELRRKMMYM CMV, B8 vacc, but negative
04-12-2015 ( : ‘ KPGKISHIMLDVAFTSH CMV, DR vace, but weak
o : » YQEFFWDANDIYRIF CMV, DR new
Vaccination T —_— YSEHPTFTSQY CMV, Al vace, but negative
22-12-2015 E— ot |
19-01-2016 One shot vaccination with CMV-peptides plus XS15 induces

\44é;pvsa or)  strong CMV-T-cell response CMV-seronegative individual within
4 weeks (Ex-vivo ELISPOT)

ex VivO EBV_PRPVSR.. (DR) CMV_KPGK.. (DR) cMmv YQEFF (DR) CMV_VTEH..(A*01) =~ CMV_ELRRK..(B*08) CMV_YSEHP.. (A*01)
141149 165056 1610 164103 121173 154276

O ﬂ m m O

07-02-2017

Vaccination

29-02-2017
27-03-2017

CMV_VTEH..(A*01) CMV_ELRRK..(B*08) CMV_YSEHP.. (A*01)
164103 121173 154276

after 12d in vitro restimulation




Patient with MDS (Myelodysplastic syndrome), 14 validated
mutations

1st vaccination Dec 16, 2015, peptides i.d. with Aldara topical.
8th vaccination Feb 19, 2016, peptides i.d. with Aldara topical.

LEKFLQNHSHLFFPL mut GREB1 H1820N DR*01/B*1501

TEVVRRCPHYERCSDSDGL mut TP53 H179Y elongated A*03

NO response



Patient with MDS (Myelodysplastic syndrome), 14 validated
mutations

1x peptides, XS15, Montanide
07.05.17

ICS 05.07.17, 12d



Vaccine cocktail

pre vaccine
response

post vaccine
response

LEKFLQNHSHLFFPL

mut GREB1 H1820N

- ++
DR*01/B*1501
TEVVRRCPHYERCSDSDGL mut TP53 H179Y _ _
elongated A*03
KLLPENNVLSPLPSQAMDDL p53 wt NT ++
FRLGFLHSGTAKSVT 53 wt NT
o3 W ++
MAIYKQSQHMTEVVRR p53 wt NT _
TAKSVTCTYSPALNKMF p53 wt NT +
TLGEFLKLDRERAKN Survivi NT
urvivin ++
KTSLYNLRRGTALA EBV EBNA1 cl I,
classIl, no _ +4++

preexisting response
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Conclusions:

1. XS15 is a watersoluble TLR2 ligand inducing a strong
CD8 and Th1CD4 response against free short peptides in
Montanide ISA51 after a single s.c. injection

2. Vaccine peptides persist at the injection site at least for
7 weeks

3. Vaccine induced response persists for > 1 year

4. Works for viral, mutated, and non-mutated self peptides



A new synthetic lipopeptide is an
efficient adjuvant for one shot peptide vaccination
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Future of tumor vaccination

Active immunotherapy with individually selected peptides
with strong adjuvant (e.g., the TLR2 ligand XS15) in a water-in-oil or

other subcutaneous depot could advance the field, in particular in
the MRD setting

In patients with tumor load checkpoint inhibition after induction of
vaccine specific T cell responses should be considered






The awesome landscape of tumor antigens beyond
mutated neoantigens

mutated neoantigens

shared nonmutated antigens (incl.
viral)

private non mutated antigens (incl.
posttranslational modifications)




