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Supplementary Methods
DNA Sequencing and Bioinformatic Analyses

Identification of individual neoantigens was performed as previously described.?
Briefly, DNA was extracted from tumor specimens (most commonly formalin-fixed
paraffin-embedded (FFPE) material) and from EDTA blood. Sequencing libraries were
prepared from each sample using either the Agilent SureSelect workflow (Agilent,
Santa Clara, CA) or the Twist enrichment workflow (Twist Biosciences, San Francisco,
CA), with varying exome enrichment kits (SureSelect Human Exome versions 5, 6, and
7; Twist Comprehensive Exome version 1; CeGaT Exome Extra versions 1 and 2).
Library preparation and capture were performed according to the manufacturer’s
instructions and paired-end sequencing was performed on a HiSeq2500 or

NovaSeq6000 (lllumina, San Diego, CA).

Sequence variants were called with a minimum variant allele frequency of 5%.
Resulting variants were annotated with population frequencies from public databases
(dbSNP, GnomAD) and an internal database, with functional predictions from dbNSFP
(3), with publications from HGMD® and with transcript information from Ensembl,
RefSeq and CCDS. Blood and tumor data were analyzed comparatively to determine

germline/somatic status for each variant.

Tumor mutational burden (TMB) was defined as the number of somatic single-
nucleotide variants (SNVs), InDels and essential splice site variants (NAF = 0.1) per
megabase of coding DNA. Somatic variants with an in-house frequency of = 1% were
not included. TMB was classified as high, when = 10 Mut/Mb were present in the

tumor.23

For microsatellite instability (MSI), the prediction was carried out using MANTIS.#



Homologous recombination deficiency (HRD) score was calculated as the sum of the
markers described previously.>%’ The cut-off of a positive HRD-score was set to 30

based on internal validation approaches.

The TMZ signature was defined as C>T mutations in the following triplet constellations:
ACC, ACT, CCC, CCT, GCC, GCT, TCC and TCT (SBS11).8 The cut-off of a positive

TMZ signature was set to 15% based on internal validation approaches.
Peptide prediction

Identified somatic variants and in-phase germline variants were translated into peptide
sequences. MHC class | epitopes were predicted using SYFPEITHI, netMHC-4.0 and
netMHCpan-4.1.%-! Peptides containing somatic variants that are classified as binder
by at least one prediction method were further evaluated. The respective thresholds
for classification as binder were defined as <500 nM for netMHC and netMHCpan as
well as >50% of maximal score for SYFPEITHI. Peptides resembling a wildtype
sequence in the human proteome (based on UniProtKB/Swiss-Prot, human, 9/7/14)

were excluded.

An in-house developed and proprietary neoantigen selection algorithm was used to
select neoepitopes. Putative HLA class | epitopes with a high HLA class | binding
prediction score derived from variants with high allele frequencies were selected.
Peptides predicted to bind to different HLA class | molecules of the patient were
prioritized. Peptides which are predicted to bind to several HLA types were further
prioritized. Putative HLA class Il epitopes with a length of +/-17 amino acids were
designed to contain variants with high allele frequencies. Peptides spanning variants
in possible tumor drivers were prioritized. Peptides with a high percentage of
hydrophobic amino acids, peptides with a high probability for gelation or dimerization

were excluded to avoid solubility problems in an aqueous solution and problems



during synthesis. Peptides derived from genes most probably not expressed in the
patient’s tumor entity were excluded. For this purpose, expression data for the
respective variant were analyzed using RNA sequencing data of the tumor sample.
The bioinformatically identified somatic variants corresponding to all selected
peptides were manually reviewed in the sequencing data and filtered for false

positives.

Immune monitoring of vaccine-induced T-cell responses

Blood mononuclear cells (PBMC) including T-cells were isolated by Ficoll Hypaque
and cryopreserved in MACS® Freezing Solution (Miltenyi Biotec) for later use.
Cryopreserved PBMC were thawed and cells were cultured overnight to recover,
stimulated with patient-individual mutated peptides and cultured 12 days in the
presence of IL-2 and IL-7. For analysis, cells were restimulated for 12 + 2 hours with
peptides or incubated with medium only (unstimulated negative control) or 10 pl/mL
CytoStim™ (Miltenyi Biotec) in presence of Golgi-Plug (BD biosciences) at a
concentration of 1 pl/ml. After restimulation, the final readout was an Intracellular
Cytokine Staining (ICS). After cultivation, cells were washed twice followed by
extracellular staining with fluorochrome-conjugated antibodies titrated to their optimal
concentrations: CD3-BV785 (clone UCHT1; BioLegend; dilution: 1/33), CD4-FITC
(clone RPA-T4; BiolLegend; dilution: 1/100), CD8-APC/Cyanine (clone SK1,;
BioLegend; dilution: 1/50), Zombi Aqua Dye (BioLegend; dilution: 1/200). After
extracellular staining, cells were fixed and permeabilized (BD biosciences), followed
by an intracellular staining with the following antibodies: IFN-BV421 (clone 4S.BS3;
BioLegend; dilution: 1/50), TNF-AlexaFluor700 (clone MADb11; BioLegend; dilution:
1/50), IL-2-PE/Cy7 (clone MQ1-17H12; BioLegend; dilution: 1/50) and CD154 — BV711

(clone 24-31; BioLegend; dilution: 1/25). Finally, cells were measured on a Novocyte



3005R cytometer (ACEA biosciences). Peptide-specific responses were evaluated
using the stimulation index (SI). The stimulation index is the calculated ratio of
polyfunctional activated CD4+ or CD8+ T-cells (positive for at least two markers of IFN-
Y, TNF-q, IL-2 and/or CD154) in the peptide-stimulated sample to the negative control

sample (DMSO). Neoantigen-specific T-cells are defined as being present for SI 2.



Supplementary Figure 1: Gating strategy.
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We included only cells that were constantly measured over time (1; Forward-scatter

(FSC)-H versus Time). Herein, single (2; FSC-A versus FSC-H), viable (3; Zombie

Aqua-negative cells), lymphocytes (4; FSC-A versus Side-scatter (SSC)-A) and

CD3+ T-cells (5) were selected. CD3+ T-cells were further discriminated in CD4+ or

CD8+ T-cells (6). Within both CD4+ (7-10) and CD8+ T-cells (11-14), we determined

the production/expression of the functional markers IFN-y (7, 11), TNF (8, 12), IL-2

(9, 13) and CD154 (10, 14).



Supplementary Figure 2: Results of IMM for a GBM patient.
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5 FSQKSGSAF DST:NM_001144769:¢.C509T:p.S170F HLA-C*03:03, SI: 77.9 (13.0 %)
HLA-C*06:02 . -
0.30 0.80
6 HQKIHMGVKPY ZNF540:NM_152606:c.C1721T:p.T574M HLA-B*15:01
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T-cell responses for patients 1, 2 and 3 respectively, during and following peptide vaccine treatment. Vn denotes day of/after
vaccination. HLA: HLA which was predicted to bind the peptide. NAF: Novel allele frequency, frequency with which the mutated allele
was occurring in the tumor (1 corresponds to 100%). The observed frequencies are influenced by the tumor content of the analysed
sample and hence do not correlate directly to the mutation frequency of the tumor. SI: Stimulation index, ratio of polyfunctional
activated CD4+ or CD8+ T-cells (positive for at least two activation markers of CD154, IFN-y, TNF and/or IL-2) in the peptide-
stimulated sample compared to the unstimulated control. Additionally, the percentage of activated CD4+ or CD8+ T-cells (positive for
at least one activation marker of CD154, IFN-y, TNF and/or IL-2) above background and after in vitro amplification is given. The
percentage does not directly reflect the frequencies in vivo. Please note that SI and % values should be considered only in
combination and not independently from each other. S| 22: weak response (+), S| 23: positive response (++), S| =5: strong response

(+++), SI 210: very strong response (++++).
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Supplementary Figure 3: Representative pictures after the first and seventh vaccination of a GBM patient treated with a personalized

neoantigen-based peptide vaccine.

Representative pictures after the first and seventh vaccination of a GBM patient treated with a personalized neoantigen-based peptide

vaccine.

Picture of the injection site after the first (left) and the seventh vaccination (right, about 3 months after the first vaccination) showing
vaccine tolerability.
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Supplementary Figure 4: Evaluation of the matching quality between our cohort and

public datasets.
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Evaluation of the matching quality between our cohort and public datasets. The jitter
plot and histograms showed the balance of propensity scores before and after
matching. The balance of individual variables was evaluated using the standardized

mean difference and visualized by the variable balance plot.

14



Supplementary Figure 5: Vaccination protocol.
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Abbreviations: IMM, immune monitoring; V, vaccination
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Supplementary Table 1: Molecular characteristics of the patients’ tumors assessed by

next generation sequencing.

Patients %
Germline variants associated with hereditary tumor 31 18%
predisposition
Pharmacogenetic variants (DPYD, G6PD, RYR1, TPMT, 27 16%
UGT1A1)
Tumor mutational burden of at least 10 variants/megabase 7 4%
Microsatellite instability 4 2%
Homologous recombination deficiency score = 30 32 19%
Mutations in genes involved in DNA repair mechanisms 12 7%
Homozygous CDKN2A/B deletion 68 39%
RB1 inactivating alteration 24 14%
CDK4/CDK6 amplification 29 17%
MDM2/MDM4 amplification 24 14%
TP53 mutation 50 29%
PTEN inactivating alteration 60 35%
NF1 loss of function 31 18%
ATRX mutation 2 1%

Only mutations that were classified as functionally relevant were considered. For copy

number alterations, only amplifications with a strength of > 5 or homozygous deletions

were considered. Alteration is defined as either mutation and/or deletion.
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Supplementary Table 2: Number and frequency of vaccination related side effects
recorded from 173 GBM patients, classified and graded according to CTCAE

terminology version 5.0 (2017).

CTCAE Term CTCAE CTCAE Grade 3 | CTCAE Grade 4
Grade 1-2 N (%) N (%)
N (%)
No AE: N=654 (42%) --- - —
Injection site reaction 586 (38%) 1 (0.1%)
Pruritus 32 (2%)
Flu-like symptoms 3 (0.2%)
Fever 1 (0.1%)
Chills 3 (0.2%)
Headache 3 (0.2%)
Nausea 2 (0.1%)
Fatigue 6 (0.4%)
Dizziness 3 (0.2%)
Hypertension 2 (0.1%)
Allergic reaction 5 (0.3%) 1 (0.1%)
Anaphylaxis 4 (0.3%) 2 (0.1%)
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Supplementary Table 3: List of vaccinated peptides for a GBM patient.

Peptide | AA sequence Gene and coding information HLA NAF
DNA
1 YSFGVTCV EGFR:NM_005228:¢.C866T:p.A289V A*02:01, | 0.89
C*03:03
2 LLGRNSFEVHV TP53:NM_000546:c.G818A:p.R273H A*02:01 | 0.75
3 NLINEDIESA EPS8:NM_004447:c.G530A:p.S177N A*02:01 | 0.26
4 KQKPIITEKL RFC4:NM_181573:¢c.T973C:p.S325P B*13:02, | 0.32
B*15:01
5 FSQKSGSAF DST:NM_001144769:¢c.C509T:p.S170F B*15:01, | 0.42
C*03:03,
C*06:02
6 HQKIHMGVKPY ZNF540:NM_152606:¢c.C1721T:p.T574M B*15:01 | 0.30
7 SGPPVLGGKSNSNSSGG | SH2B1:NM 001145795:c.C591G:p.N197K Class 1l | 0.41
8 YQAEPNSSFMAQREENVP | PTPRN2:NM 001308267:c.G2290A:p.V764M | Class Il | 0.28
9 IKAKSQFKWRSTANNVE AP1IM1:NM 001130524:c.C907T:p.R303W Class Il 0.23
10 RVRPRAPATRVPGPGPS DACT3:NM 001301046:c.G1489A:p.A497T Class Il 0.24

Abbreviations: AA, amino acid; HLA, human leukocyte antigen, which was predicted

to bind the peptide; NAF, novel allele frequency, frequency with which the mutated

allele was occurring in the tumor (1 corresponds to 100%). The observed frequencies

are influenced by the tumor content of the analyzed sample and hence do not

correlate directly to the mutation frequency of the tumor.
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Supplementary Table 4: Number of patients included for the propensity score matching

from public datasets and our cohort.

Study Number Median overall | Number of Median
of survival in patients alive | follow up
patients months and at publication |timein
95% ClI data cutoff months and
95% CI
GLASS 86 22, [21, 27] 4 (4.7%) NA, [NA, NA]
Consortium,
Nature 2019'2
TCGA, Cell 2013%3 | 125 17.8, [16.5, 20.7] | 19 (15.2%) 92.6, [92.6,
NA]
MSK, Clin Cancer | 69 36.1, [25.3, 59.4] | 24 (34.8%) 58.6, [39.4,
Res 20194 NA]
Lakomy, Frontiers | 44 23.3,[17.4, 30.9] | 9 (20.5%) 34.8, [32.9,
in Oncology 2020*° NA]
Total patient 324 21.7, [20.8, 23.5] | 56 (17.3%) 61.2, [58, NA]]
number in 4
publications
Our treatment 159 31.1, [25, 36.5] | 86 (54%) 31.4,[26.8,
cohort 34.1]

19




Supplementary Table 5: Multivariate Cox regression analysis.

Variable Reference | p-value Hazard | 95% CI p-value of
level ratio Schoenfeld
residual test
Age at diagnosis 1 year 3.8e-04 1.03 [1.01, 1.04] 0.92
younger
Gender female 7.6e-02 1.33 [0.97, 1.82] 0.76
MGMT status methylated 6.6e-06 1.97 [1.47, 2.65] 0.81
Received no 1.9e-02 0.35 [0.15, 0.84] 0.87
Temozolomide
Received no 2.9e-01 0.76 [0.46, 1.26] 0.68
concurrent
chemoradiotherapy
Patient group untreated 4.0e-03 0.65 [0.48, 0.87] 0.83

The p-values are based on 2-sided tests.
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Supplementary Table 6: MGMT and recurrence status within n=97 patients with
available immune monitoring data.

1. MGMT status*

methylated unmethylated
INR 8 11
iR 46 27

2. Recurrence before 1t vaccination

recurrent Not recurrent
iNR 12 8
iR 35 42

3. Immunosuppressant intake

Received immunosuppressant

Did not receive

iNR (n = 20)

8

12

R(n=77)

37

40

Abbreviations: INR, immunological non-responders; iR = immunological responders

*MGMT information is missing for n=5 patients.

There was no association between MGMT status (P=0.12; Fisher’s exact test, 2-
sided), recurrence status (P=0.32) or immunosuppressant intake (P=0.62) and

induced T-cell responses.
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