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Patient-individualized peptide vaccination iVacALL-1Immunotherapy with checkpoint inhibitors

Drake, C. G. et al. (2013) Breathing new life into immunotherapy: review of melanoma, lung and kidney cancer Nat. Rev. Clin. Oncol.

doi:10.1038/nrclinonc.2013.208

Peptide!



Antigen processing

Antigen presentation 

by HLA molecule

protein fragment

= peptid

this can be recognized by T cells 

This is true for all 

proteins inside a 

cell, also for tumor 

associated changes, 

including mutations



Limited to few cancer entities

Well established  for 

antibodies (eg., Rituximab)

Popular targets for CARs

We know plenty of such antigens; 

immune responses tend to be weak 

with the immunomodulation measures 

used so far 

Are mutated 

peptides  

presented in all 

human cancer 

types? 

tumor associated 
germline antigens

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



T. Schumacher & R. Schreiber 

Thus: the majority of cancer patients will not benefit from checkpoint 

inhibition (alone)



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 III trials. 

Neither with peptides nor with anything  else.

In contrast, there is a large number of phase II 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



cf. Provenge



mRNA-Vaccination in prostate carcinoma patients / CureVac 



vaccination of peptide + CpG

in IFA (Montanide ISA51) 

2012





IMA901 phase 2 results, multipeptide vaccination in RCC

• Second-line mRCC pts (n = 68) were randomized to receive or not 
cyclophosphamide (Cy) prior to vaccination with IMA901

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

*Walter et al., Nature Med. 2012

Peptides i.d., adjuvans: GM-CSF.

T cell responses were weak and rare

only seen after 12 day restimulation in vitro

even with viral peptides



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. Identification of relevant tumor 
antigens 

2. Efficient immune response by strongly 
adjuvanted vaccination 



Identification of relevant tumor antigens 



eg., PSA, PSMA, CD19.

Limited to few cancer entities

Well established  for 

antibodies (eg., CD19)

Popular targets for CARs

We know plenty of such antigens; 

immune responses tend to be weak 

with the immunomodulation measures 

used so far 

Are mutated 

peptides  

presented in all 

human cancer 

types? 

tumor associated 
germline antigens

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



Isolation of Naturally Presented HLA-Ligands

Daniel Kowalewski, Armin Rabsteyn



Peptide preparation

• Protein A affinity chromatography 

using W6/32-antibody

• elution with citrate buffer, pH 3

Andy Weinzierl

identification of 

peptides by mass spec



HLA ligandome landscape discovery

n tumor samples of different 
entities 
(AML, CLL, CML, RCC, HCC, OvCa, 
Colon Ca,...

n normal tissue samples (kidney, 
liver, bone marrow, blood, colon, 
...

Transfusionsmedizin
Tübingen

 1.5 Mio HLA class I ligands 
 0.6 Mio HLA class II ligands
 ≈ 15.000 source proteins

HLA-ligandome 
analysis



Current sample overview

Aorta 3
Heart 4

Trachea 1
Lung 5

Liver 4

Testis 4

Bladder 4

Mamma 1

Skin 2

Thyroid 6

Pancreas 1 Tongue 2
Esophagus 2
Small Intestine 2
Colon 3

Cerebellum 5
Brain 5

Spleen 3
Lymph Node 3

Adrenal Gland 1
Kidney 4

Bone Marrow 3

Muscle 3

• Sample acquisition in Zürich

• 14 donors

• up to 22 organs per donor

• Samples analyzed so far:

 810 runs

 68,845 unique class I peptides

 103,600 unique class II peptides Marian 

Neidert

Determination of the HLA ligandome of normal tissues 

(from autopsies)



We found mutated MHC I presented peptides in mouse 
and human tumor cell lines, and in melanoma samples.

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



© 2015 immatics biotechnologies GmbH.

Neoantigens

Expressed Somatic
non-synonymous 
mutations

Peptides with 
mutation Peptides %

Own MHC ligandomics data

B16F10 melanoma 563 [CASTLE 2012] 1 0.18%

0.1%

GL261 glioblastoma 2003 [OKADA, pers. Comm.] 1 0.05%

CT26 colorectal carcinoma 1172 [CASTLE 2014] 1 0.09%

MC-38 colon carcinoma [YADAV 2014] 1290 7 0.54%

TRAMP-C1 [YADAV 2014] 67 0 0.00%

Published Proteomics studies

SW480* colorectal line [WANG 2012] 3501 33 0.94%

1%RKO* colorectal line [WANG 2012] 3995 43 1.08%
TCGA** Breast cancer (n=105) 
[MERTINS 2014] 91.4 1.1 1.20%

from Toni Weinschenk, immatics

Yadav et al. 2014



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







Mutations at DNA sequence level

Protein

HLA class I ligandome

1000 

10 

1
MHC I

MHC I I x?     crosspresented HLA class II ligandome

cancer 

cell

APC

Frequency of presented neoantigens on MHC I vs crosspresented MHC II?



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 



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

Stevanović Lab

The immunopeptidomic landscape of ovarian carcinomas

Heiko Schuster1, Janet Kerstin Peper1, Hans-Christian Bösmüller2, Kevin Röhle1, Linus Backert4, Britta Ney2, Markus 

Löffler1,5, Daniel Johannes Kowalewski1, Nico Trautwein1, Armin Rabsteyn1,6, Tobias Engler3, Sabine Braun3, Barbara 

Schmid-Horch7, Diethelm Wallwiener3,Oliver Kohlbacher4, Falko Fend2,6, Hans-Georg Rammensee1,6, Stefan 

Stevanović1,6, Annette Staebler2 and Philipp Wagner1,3



OvCa tumor

Immunoaffinity
purification

MHC I 
(W6/32)

Enzymatic
dissociation Tumor 

cells

TILs

Stroma 
cells

MACS 
enrichment

Enrichment and label free quantification

Liquid chromatography coupled
mass spectrometry (LC-MSMS)

Acidic elution

Ultrafiltraion

Tumor cells

Leukocytes



benign ovary/
fallopian tube

ovarian cancer

HLA expression within OvCa tissue



The immunopeptidomic landscape of
OvCa – MHC class I 

• 34 OvCa samples

• 30 PBMCs, 10 bone
marrow, 15 liver, 

12 colon, 4 ovary, 

13 kidney samples
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EOC benign sources
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HLA ligand source proteins

The immunopeptidomic landscape of
OvCa – MHC class II

• 22 OvCa samples
• 13 PBMCs, 5 bone

marrow, 7 liver, 
2 colon, 17 kidney
samples



Frequency and number of HLA ligands
among OvCa samples





Personalized multipeptide vaccine for patient OvCA 100 

 class I  

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 II  

 Longest variant   

MSLN DLPGRFVAESAEVLLPR 

MUC16 ELGPYTLDRNSLYVNG SB DRB3*0101 

   

Predicted neoantigens from  Exomseq 

MUC16 SSLTHELSSRVTPIP  A*02 

PLEKHG2 PGGGAPASSRGSWSS B*07 

 

Individualized peptide cocktail according to HLA ligandome 

and Exomseq analysis, ovarian carcinoma patient



To do for each patient: 

1. start first round of vaccination with shared peptides („off-the-
shelf“)

2. select additional peptides representing patient-specific HLA class I 
and class II ligands (including mutations if one finds any, and post-translational 

modifications), synthesize and formulate to a cocktail, start second 
round of vaccination

Interfakultäres Institut für Zellbiologie

Abteilung Immunologie

Prof. Dr. Hans-Georg Rammensee

combine adjuvanted vaccination with 
efficient immune modulation

EU FP7 projects:

Glioblastoma

www.GAPVAC.eu

Hepatocellular carcinoma

www.HEPAVAC.eu

http://www.gapvac.eu/
http://www.hepavac.eu/


GMP center for individualized substances

Peptide production:

Stefan Stevanović

Patricia Hrstic

Monika Stieglbauer

Katharina Graf

Stefan Laufer



Personalized multi-peptide vaccination induces immune 

responses associated with long term survival in a patient 

with metastatic intrahepatic cholangiocarcinoma

J. Hepatology 2016



41 | 

Composition of the multi-peptide vaccine used



42 | 

Induction of peptide-vaccine specific T cell responses correlates with long term 

survival in a patient with metastatic cholangiocarcinoma

Clinical Course



43 | 

Tumor Characterization



Daniel J. Kowalewski

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

Juliane Stickel

Kowalewski et al., PNAS 2015

Leukemias



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

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

49 LiTAAs (225 LiTAPs) with tumor exclusive presentation in ≥ 20% of 
CLL patients

≈ 10 000 proteins
representing 

> 28 000 HLA ligands
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HLA ligandome analysis in CLL identifies non-mutant epitopes 
associated with improved patient survival Kowalewski ... Stickel et al., PNAS 2015



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

Retrospective overall survival in 45 CLL 
patients (from time of diagnosis)

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



iVAC-L-CLL01: 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 



Nature 1989

long peptide!

TLR ligand!

TLR2



New synthetic lipopeptide 
Pam3Cys-GDPKHPKSF (XS15)



Karl-Heinz Wiesmüller, EMC microcollections, 2015:

new lipopeptide, XS15, (Pam3Cys compound), watersoluble, easy to purify 

by HPLC: GMP-friendly

XXXXXX

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!

80 µg XS15

240 µg per Peptide

200 µl Montanide ISA51

injected s.c. abdominally, total volume 400 µl 

PRPVSRFLGNNSILY    (HLA-DR, EBV)

LTDLGQNLLY                (HLA-A01, Adenovirus)

ELRSRYWAI                  (HLA-B08, Influenza)

Personalized 

Multi-Peptid-

Vaccine



Day 31



Day 31



Day 43

18FDG-PET/MRI 



Differential gene expression analysis
Granuloma center vs. normal skin

0 5 10 15

IGLV1-44

IGHV4-28

IFNG

CD80

CTLA4

LAG3

IDO2

CD86

CD19

CD8B

PDCD1

CD3E

CD8A

CD40LG

CD4

log 2

Day 44



XS15conjugate

Day 44

high frequency of functional antigen 
specific TEM CD4 and CD8 T cells in the 
granuloma infiltrating lymphocytes  
producing IFNƴ, IL2, TNF, and
CD107 for CD8 cells



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

Primary Sample
HGR-GR01 
W6/32 20% DDMS

b₄⁺

443.24985

b₇⁺

742.37329

y₂⁺

295.16492

y₆⁺

707.37244

b₉⁺-NH₃

951.51770

y₁⁺

182.08119

y₄⁺

522.29211

b₉²⁺

484.77411

b₈⁺

855.45709

b₆⁺

628.33014
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968.54089
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Pre+H, Precursor, Precursor-H₂O, Precursor-H₂O-NH₃, Precursor-NH₃, Pre-H y, y-H₂O, y-NH₃

b, b-H₂O, b-NH₃

     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

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

b₄⁺

443.24994

b₇⁺

742.37311

y₂⁺

296.16196

y₆⁺
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b₉⁺-NH₃

952.51508

y₁⁺

182.08118

b₈⁺

855.45703

b₉²⁺

485.27261

y₄⁺

523.28912

b₆⁺

628.33014

b₉⁺

969.53802
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Pre+H, Precursor, Precursor-H₂O, Precursor-H₂O-NH₃, Precursor-NH₃, Pre-H y, y-H₂O, y-NH₃

b, b-H₂O, b-NH₃

     Extracted from: C:\Users\dk\Desktop\HGR - Granulom\160211 - Prep\160215_DK_SynPeps_HGRvac01_300fmol_25cm90min_DDMS_300-900mz_msms10.raw   #12431   RT: 79.58
     FTMS, CID@35.00, z=+2, Mono m/z=575.81012 Da, MH+=1150.61296 Da, Match Tol.=0.02 Da

All 3 vaccine peptides are detectable as HLA-

bound peptides in the granuloma 44 days after 

injection.



CD4CD68

CD8 CD20

A vaccine-site granuloma developed containing 
at day 44:

1. functional antigen specific T cells
2. highly activated CD4 and CD8 T cells, 

macrophages and B cells
3. all 3 vaccine peptides presented on HLA 

molecules (shown by mass spec)
4. lymphoid structures



CD68

Oil drop containing vaccine peptides

CCD4

CCD8



Department of Immunology 
T-cell monitoring - ICS results -

ICS after cultivation with Anti-CD3 and IL2 of GILs – 19.02.2016

*background
subtracted

*
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Characterization of in vitro expanded HGrILs.



Vaccination 
29-02-2017

after 12d in vitro restimulation

ex vivo 

Vaccination 
22-12-2015

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)

One shot vaccination with CMV-peptides plus XS15 induces 
strong CMV-T-cell response CMV-seronegative individual within 
4 weeks (Ex-vivo ELISPOT)



Patient with MDS (Myelodysplastic syndrome), 14 validated 
mutations 

LEKFLQNHSHLFFPL mut GREB1 H1820N DR*01/B*1501

TEVVRRCPHYERCSDSDGL mut TP53 H179Y elongated A*03

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

no response



1x peptides, XS15, Montanide

07.05.17

ICS 05.07.17, 12d 

Patient with MDS (Myelodysplastic syndrome), 14 validated 
mutations 



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 p53 wt NT ++
MAIYKQSQHMTEVVRR p53 wt NT -
TAKSVTCTYSPALNKMF p53 wt NT +

TLGEFLKLDRERAKN Survivin NT ++

KTSLYNLRRGTALA EBV EBNA1 class II,  no 

preexisting response
- +++

Vaccine cocktail



EBV 
EBNA1
KTS

GREB1
mut
LEK

TP53mut
TEVV

INFg                                                 IL2                                              CD154                  TNF



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
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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 





mutated neoantigens 

shared nonmutated antigens (incl. 
viral)

private non mutated antigens (incl. 
posttranslational modifications)

The awesome landscape of tumor antigens beyond 
mutated neoantigens
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