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ABSTRACT

Background Biomarkers for response prediction to
anti-programmed cell death 1 (PD-1) immune checkpoint
inhibitors (ICl) in patients with head and neck squamous
cell carcinoma (HNSCC) are urgently needed for a
personalized therapy approach. We investigated the
predictive potential of inflammatory parameters and DNA
methylation profiling in patients with HNSCC treated with
anti-PD-1 ICI.

Methods We identified patients with HNSCC that were
treated with anti-PD-1 ICI therapy in the recurrent

or metastatic setting after progression to platinum-

based chemotherapy in two independent centers. We
analyzed DNA methylation profiles of >850.000 CpG

sites in tumor specimens of these patients by Infinium
MethylationEPIC microarrays, immune cell density in the
tumor microenvironment (CD8, CD3, CD45R0, forkhead
box P3 (FOXP3), CD68), PD-1 and programmed cell death
ligand 1 (PD-L1) expression by immunohistochemistry, and
blood inflammation markers (platelet-to-lymphocyte ratio,
leucocyte-to-lymphocyte ratio, monocyte-to-lymphocyte
ratio, neutrophil-to-lymphocyte ratio). DNA methylation
profiles and immunological markers were bioinformatically
and statistically correlated with radiological response to
anti-PD-1 ICI.

Results 37 patients with HNSCC (median age of 62 years;
range 49-83; 8 (21.6%) women, 29 (78.4%) men) were
included (Center 1 N=26, 70.3%; Center 2 N=11, 29.7%).
Median number of prior systemic therapies was 1 (range
1-4). Five out of 37 (13.5%) patients achieved an objective
response to ICl. Median progression-free survival and
median overall survival times were 3.7 months (range
0-22.9) and 9.0 months (range 0—-38.8), respectively.
Microarray analyses revealed a methylation signature
including both hypomethylation and hypermethylation
which was predictive for response to ICl and included
several genes involved in cancer-related molecular
pathways. Over-represented differentially methylated
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genes between responders and non-responders were
associated with ‘Axon guidance’, ‘Hippo signaling’,
‘Pathways in cancer’ and ‘MAPK signaling’. A statistically
significant correlation of PD-L1 expression and response
was present (p=0.0498).

Conclusions Our findings suggest that tumor DNA
methylation profiling may be useful to predict response to
ICl in patients with HNSCC.

INTRODUCTION

Immune  checkpoint inhibitors  (ICI)
targeting the programmed cell death 1
(PD-1) /programmed cell death ligand 1 (PD-
L1) axis have been successfully investigated in
recurrent/metastatic (R/M) head and neck
squamous cell carcinoma (HNSCC).

The CheckMate 141 and Keynote 040 studies
reported superior median overall survival
(OS) times of 7.5-8.4 months compared with
investigator’s choice therapy (5.1 and 6.9
months) in patients with platinum-resistant
R/M HNSCC, respectively.' * Based on these
findings, nivolumab and pembrolizumab
were approved in this setting in most parts of
the world. However, only a minority of patients
benefit from ICI. The objective response rate
(ORR) to single agent ICI (13.3%-14.6%)
was low and progression-free survival (PFS)
comparable between the treatment arms with
and without ICL” While PD-L1 expression has
been employed as a potential biomarker for
response to ICI in patients with HNSCC, clin-
ical trial data regarding its predictive value
are conflicting and discordant. Particularly,
the updated long-term analysis of CheckMate
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141 showed that PD-L1 negative patients could potentially
benefit from ICI as well.**® Considering the potential of
durable response to ICI, a more precise and personalized
biomarker is urgently needed.

Alterations of DNA methylation leading to deregulated
transcriptional gene activity are key features of tumori-
genesis and affect a variety of signaling pathways.”"!
Employing methylation profiling could help in reclassi-
fication and diagnosis of tumors with a wide spectrum of
histologic or molecular subtypes, including brain tumors
and sarcomas.'>'® In addition, certain patterns of DNA
methylation may be used as predictive biomarker for
therapy response, including immune checkpoint inhib-
itor therapy as shown in some tumor types.”‘19 To our
knowledge, the predictive value of DNA methylation
profiles has not been investigated in patients with HNSCC
yet.

This study reports DNA methylation profiles of tumors
from patients with R/M HNSCC treated with anti-PD-1
ICI in two independent oncology centers. Further, we
correlated methylation profiles with tissue-based and
blood-based immunological markers as well as therapy
response to assess potential new predictive biomarkers
for anti-PD-1 ICI therapy in patients with R/M HNSCC.

MATERIAL AND METHODS

Patients’ and clinical characteristics

Patients were retrospectively identified from two inde-
pendent centers (Center 1: Medical University of Vienna,
Vienna, Austria; Center 2: Paracelsus Medical University,
Salzburg, Austria) according to the following predefined
inclusion criteria: age >18 years, underlying histologically
confirmed HNSCC, application of at least one cycle of an
anti-PD-1 ICI antibody (pembrolizumab or nivolumab)
for platinum-resistant R/M disease, measurable disease
(lesions at least 10x10 mm) on radiological imaging prior
to anti-PD-1 ICI antibody therapy start, either at least one
radiological restaging under ICI therapyavailable or occur-
rence of death before the first radiological restaging could
be performed, formalin-fixed paraffin-embedded (FFPE)
tumor tissue prior to anti-PD-1 ICI therapy start available.
The collected clinical data of patients included baseline
patients’ characteristics, parameters of systemic inflam-
mation at ICI therapy start (platelet-to-lymphocyte ratio
(PLR), leucocyte-to-lymphocyte ratio (LLR), monocyte-
to-lymphocyte ratio (MLR), neutrophil-to-lymphocyte
ratio (NLR)) as well as survival times were obtained from
patient charts. Radiological assessment of response was
defined according to theResponse Evaluation Criteria in
Solid Tumours for immune-based therapeutics (iIRECIST
criteria) and performed by independent radiologists
from the centers.”” Objective response was determined
by complete response (CR) or partial response (PR) and
disease control by CR, PR or stable disease (SD) as best
achieved response. Patients who received at least one
cycle of anti-PD-1 ICI were evaluable for response assess-
ment. Patients who received one cycle of anti-PD-1 ICI

and died before the first restaging during ongoing ICI
therapy in case of early progression were determined as
non-responders. According to iRECIST criteria, the date
of immune unconfirmed progressive disease is regarded
as time point of progression if no subsequent restaging
followed due to clear clinical progression or death of the
patient.”’ Patients were independently treated according
to the current good clinical practice guidelines.

Assessment of immune cell subsets and immune-

checkpoint expression in the tumor microenvironment by
immunohistochemistry

Expression of immune cell subsets (cluster of differ-
entiation 3 (CD3), CD8, CD45R0O, FOXP3, CD68) and
immune-checkpoint molecules (PD-1, PD-L1) in FFPE
tumor tissue samples prior to anti-PD-1 ICI therapy
start from either the primary tumor or a metastatic site
(excluding lymph node metastases) were assessed by
immunohistochemical stainings and semi-automatically
analyzed as previously described.'” Staining antibodies
and dilution protocols are shown in online supplemental
table 1. Expression of immune cell subsets was described
by absolute counts of positively stained cells per square
millimeter tumor.

Genome-wide DNA methylation analysis

HNSCC specimens that were sampled before the first
application of anti-PD-1 ICI therapy and contained 270%
of tumor cells as evaluated by local pathologists were
selected for the analysis. Genomic DNA was isolated and
sodium bisulfite treatment was performed as previously
described." High throughput genome-wide DNA meth-
ylation analyses were performed with Infinium Methyl-
ationEPIC BeadChip microarrays (Illumina, San Diego,
California, USA) as previously described.'” The RnBeads
package was used to load raw microarray data (.idat files)
into the statistics program R (V.R 4.0.4, R Foundation for
Statistical Computing, Vienna, Austria) for initial quality
control, pre-processing and differential methylation
analysis.”'Single nucleotide polymorphism (SNP) associ-
ated probes, non-specific/cross-hybridizing probes and
probes specific for sex chromosomes were excluded from
the consecutive analyses. In addition, quality of methyl-
ation data were checked using the Greedycut algorithm
implemented in RnBeads which iteratively removes all
probes and all samples with unreliable measurements
(p>0.05) from subsequent analyses.”’ Data normalization
was performed using the SWAN algorithm.* Differential
methylation between groups was calculated by RnBeads
as a combined rank score originating from the differ-
ence in mean methylation levels of the two groups, the
quotient in mean methylation and a two-sided Welch
t-test assessing whether the methylation values in the
two groups originate from distinct distributions. The top
1000 differentially methylated CpG sites were selected
for further evaluation. Analyses of gene ontology (GO)
and KEGG pathway enrichment were conducted with the
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WebGestalt tool.” Heatmaps were generated using the
ClustVis tool.**

Assessment of copy number variations
Copy number variations (CNVs) were evaluated from the
.idat files retrieved from the Infinium MethylationEPIC
BeadChip microarrays using the R package conumee
implemented at https://www.molecularneuropathology.
org/mnp, as previously described."

Statistics

The PFS and OS from anti-PD-1 ICI therapy start were
determined from first application until progression
of disease or death. Patients that did not progress nor
die by the time of data cut-off were censored at their
last follow-up visit. The Mann-Whitney U test and the
Kruskal-Wallis test were used to test for differences
between groups. Statistical significance was indicated by
a two-tailed p value<0.05. Multiple testing was corrected
using the Bonferroni method. Statistical analyses were
performed with Statistical Package for the Social Sciences
(SPSS) V.23.0 software (SPSS, Chicago, Illinois, USA) and
standard R functions (V.R 4.0.4, R Foundation for Statis-
tical Computing, Vienna, Austria).

RESULTS

Characteristics of patients

Thirty-seven patients (8 women, 21.6%; 29 men, 78.4%)
with a median age of 62 (range 49-83) years were
included in the analysis. Patients had received a median
number of 1 (range 1-4) prior systemic therapies. Thirty-
four out of 37 (91.9%) patients received a platinum-based
chemotherapy prior to ICI while 3/37 (8.1%) patients
were not eligible for a platinum-based therapy due to a
low performance status or comorbidities. Twenty-four
out of 37 (64.9%) patients received cetuximab, 9/37
(24.3%) patients received a taxane and 17/37 (45.9%)
of patients received 5-FU before ICI therapy start. All
responders (5/5 patients) had received a platinum-based
therapy prior to ICI start, two responders had received
cetuximab, one responder had received 5-FU and none
of the responders had received taxanes prior to ICI start.
There was no significant difference in the number of
prior received systemic therapies between responders and
non-responders (p>0.05). Twenty-nine patients (78.4%)
received the anti-PD-1 ICI antibody nivolumab and eight
patients (21.6%) received pembrolizumab. The median
number of anti-PD-1 ICI cycles received was seven (range
1-45) while responders received a median number of 21
cycles and non-responders a median number of 6 cycles of
ICI therapy. The higher overall number of cycles applied
in responders is expected, as the ICI inhibitor therapy is
regularly terminated at the time of tumor progression.
The methylation signature is analyzed from tumor tissues
obtained before start of ICI therapy. One of 37 (2.7%)
patients of the cohort achieved a CR and 4/37 (10.8%)
patients achieved a PR under anti-PD-1 therapy, which

results in an ORR of 13.5%. Five of 37 (13.5%) patients
achieved a SD as best response, which results in a clinical
benefit rate of 27.0% (figure 1A and B). The median PFS
and OS from anti-PD-1 ICI therapy start were 3.7 (0-22.9)
months and 9.0 (0-38.8) months, respectively (figure 1D
and E). online supplemental figure 1 and online supple-
mental table 2) show detailed information on the
number of received ICI, time point of restagings and best
achieved responses per patient. Median PFS from ICI
therapy start was significantly longer in responders versus
non-responders (10.2 months vs 3.3 months, p=0.042,
log-rank test) while OS from ICI therapy start was numer-
ically longer in responders versus non-responders (22.8
months vs 7.2 months, p>0.05, long-rank test; figure 1F
and G). The median duration of follow-up from the
start of treatment for all patients was 8.1 months, while
responders showed a median duration of follow-up of
22.6 months and non-responders showed a median dura-
tion of follow-up of 6.8 months. Clinical patients’ charac-
teristics are listed in table 1.

Correlation of immune cell subsets in the tumor
microenvironment as well as blood-based parameters of
systemic inflammation with anti-PD-1 therapy response
Twenty of 37 (54.1%) patients showed PD-L1 expression
on tumor cells (PD-L1 21). All responders (5/5, 100%)
showed PD-L1 expression with a range of 1-100 inten-
sity of PD-L1 expression while 15/32 (46.9%) of non-
responders showed PD-LI1 expression (0-100 intensity
of PD-L1 expression). Expression of PD-L1 significantly
correlated with therapy response (Fisher’s exact test,
p=0.0498, figure 1C). Densities of investigated immune
cells (CD8 +tumor-infiltrating lymphocytes (TILs),
CD3 +TILs, CD45RO+TILs, FOXP3 +TILs, PD-1 +TILs,
CD68 +TILs) and markers of systemic inflammation
(NLR, LLR, PLR, MLR) are shown in table 2. No asso-
ciation of density of other investigated immune cells or
systemic inflammation markers with response to anti-PD-1
ICI treatment was seen (Mann-Whitney U test, p>0.05;
online supplemental figure 2).

Profiling of tumor DNA methylation patterns and correlation
with response to anti-PD-1 ICI therapy

To investigate if the methylation profiles of patients with
HNSCC differ between patients who achieved an objec-
tive response to anti-PD-1 ICI therapy (N=5) and patients
who did not achieve an objective response to anti-PD-1 ICI
therapy (N=32), we conducted Illumina MethylationEPIC
microarray analyses including 866895 probes. Initial
quality control of microarray data resulted in exclusion
of 139,721 probes overlapping with SNPs, 34,264 cross-
reactive probes and 5406 probes with unreliable measure-
ments, 1128 non-CpG probes and 16,243 sex chromosome
specific probes. Overall, data from 670,133 probes were
normalized and used for further statistical evaluation
(figure 2A). Principal component analysis based on these
data revealed variability within the patients with HNSCC
who did not respond to ICI while patients with HNSCC
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Table 1 Patients’ characteristics
Patients’ characteristics N=37 %
Center 1 26 70.3
Center 2 11 29.7
Gender
Female 8 21.6
Male 29 78.4
Age at anti-PD-1 ICl therapy start,
in years
Median (range) 62 (49-83)
Location of primary tumor
Oropharynx 14 37.8
Hypopharynx 5 13.5
Larynx 4 10.8
Oral cavity 9 24.3
Others 5) 185
HPV status in oropharyngeal
carcinomas (=14)
Positive 5 35.7
Negative 4 28.6
Missing 5 35.7
p16 status in oropharyngeal
carcinomas (=14)
Positive 6 42.9
Negative 4 28.6
Missing 4 28.6
Smoking status
Active/former smoker 32 86.5
Never smoker 5 13.5
Primary therapy
Surgery+adjuvant (chemo) 18 48.6
radiation
(Chemo)radiation only 17 45.9
Systemic therapy only 2 5.4
Therapy lines prior to anti-PD-1
therapy
Median (range) 1(1-4)
ECOG at anti-PD-1 ICI therapy
start
0 12 32.4
1 18 48.6
2 7 18.9
Anti-PD-1 ICI agent
Pembrolizumab 8 21.6
Nivolumab 29 78.4
Number of anti-PD-1 ICI therapy
applications
Median (range) 7 (1-45)
Continued

Table 1 Continued

Patients’ characteristics N=37 %

PFS (from anti-PD-1 ICI therapy
start), in months

Median (range)

OS (from anti-PD-1 ICI therapy
start), in months

3.7 (0-22.9)

Median (range)

OS (from primary tumor
diagnosis), in months

Median (range)

9 (0-38.8)

36.6 (7.6-193.4)

Deceased
Yes 30 81.1
No 7 18.9

ECOG, Eastern Cooperative Oncology Group; ICIl, immune
checkpoint inhibitors ; OS, overall survival; PD-1, programmed cell
death 1 ; PFS, progression-free survival.

who responded to this type of treatment cluster in closer
proximity (figure 2B).

In a next step, we tested for methylation differences
between responding and non-responding patients to ICI
using RnBeads. This analysis resulted in the identification
of 63,294 differentially methylated CpG sites. To focus on
the strongest methylation differences, we selected the
top 1000 differentially methylated CpG sites (DMP) for
further evaluation. These DMPs can be divided into 688
hypomethylated DMPs and 312 hypermethylated DMPs

Table 2 Inflammation characteristics

Inflammation

characteristics N=37 %
Tumor PD-L1 expression
Positive 20 541
Negative 17 45.9
Median Range
CD3 +TILs/mm? tumor 827.25 1.68-8811.74
CD8 +TILs/mm? tumor 533.77 5.34-11 528.43

CD45RO+TILs/mm? tumor 485.63 45.65-3696.09
FOXP3 +TILs/mm? tumor 258.67 7.68-1894.57
PD-1+TILs/mm? tumor 107.35 0-1220.61
CD68 +TILs/mm? tumor 528.62 100.17-1803.55
NLR (missing n=1) 7.26 2.26-91.83
LLR (missing n=1) 9.58 3.98-101.0
PLR (missing n=1) 390.88 96.43-3116.67
MLR (missing n=1) 0.75 0.28-6.0

FOXPS3, forkhead box P3 ; LLR, leucocyte-to-lymphocyte ratio
: MLR, monocyte-to-lymphocyte ratio ; mm?, millimeter; NLR,

neutrophil-to-lymphocyte ratio ; PD-1, programmed cell death
1; PD-L1, programmed cell death ligand 1 ; PLR, platelet-to-

lymphocyte ratio ; TIL, tumor-infiltrating lymphocyte .
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in responders compared with non-responders (figure 2C,
(online supplemental table 3). DMPs that were hypometh-
ylated and hypermethylated were evenly distributed
among all chromosomes as shown in figure 2D. Mapping
of these DMPs to their genomic position in the context
of gene-associated regions, 38.1% of hypomethylated
DMPs were found in gene bodies, 31.1% in intergenic
regions, 17% in transcriptional start sites, 9.4% in 5’
untranslated regions (UTRs), 2.2% in 3’ UTRs, 0.3% in
exon boundaries and 1.9% in first exons. These frequen-
cies were similar for hypermethylated DMPs, except of
higher transcription start site/first exon frequencies and
a lower gene body frequency (figure 2E). The associa-
tion of hypomethylated DMPs with CpG islands (CGI),
shore (2 kb regions flanking CGlIs), shelf (2 kb regions
of flanking shore regions) and open sea regions revealed
a non-CGI DMP over-representation (69.6%). There was
a lower frequency of hypermethylated non-CpG island
DMPs (27.9%, figure 2E). Additionally, the distributions
of hypomethylated and hypermethylated CpG island asso-
ciated DMPs were 16.6% and 38.5% for CGls, 8.7% and
29.8% for shore regions, and 5.1% and 3.8% for shelf
regions, respectively.

Cluster analysis of HNSCC samples using the top 1000
DMPs yielded four main clusters of which one included all
of the responders to anti-PD-1 ICI therapy and the other
ones contained only the non-responders (figure 3A).
Clustering of the samples was associated only with
response to anti-PD-1 ICI therapy and no other associa-
tion with center, gender, type of therapy, tumor location,
smoking status, HPV status, pl6 protein expression and
immune cell infiltration was seen. Of note, methylation
of the vast majority of the 1000 DMPs was relatively homo-
geneous (mean variance: 0.004) within the responder
cluster. By contrast, mean variances of methylation values
within the other three clusters were 4.3-7.1 times higher
compared with cluster one. After testing if these clusters
may be prognostically dissent we did not see a PFS/OS
difference between the three non-responder clusters (C2,
C3 and C4) but only a trend towards better PFS/OS of
the responder cluster (CI; online supplemental figure 3).

Functional characterization of differentially methylated genes
To determine the biological meaning of our predictive
methylation signature the 1000 DMPs described above
were mapped to 724 genes. These genes were used for
subsequent pathway enrichment analyses. Regarding
KEGG pathways, differentially methylated genes
between responders and non-responders were associ-
ated with ‘Axon guidance’ (hsa04360, false discovery rate
(FDR)=0.027; e.g. BMPRI1B, CAMK2D, EPHNA6, NTNGI),
‘Hippo signaling’ (hsa04390, FDR=0.027; for example,
AFP, BMP7, GLII), ‘Pathways in cancer’ (hsa05200,
FDR=0.027; for example, MAPKI10, IL2RA, IGFIR, AKT3,
MLHI, COL4AI) and ‘MAPK signaling’ (hsa04010,
FDR=0.028; for example, TAOK3, STK3, ILIRAP, MAP3K1)
were over-represented (figure 3B, (online supplemental
table 4 and 5). The difference in methylation pattern of

‘Pathways in cancer’ members in responders and non-
responders to ICI of our patient with HNSCC cohort is
shown in figure 3B. By GO enrichment analysis, we found
a statistically significant overrepresentation of factors
involved in many developmental processes, for example,
cell growth, fibroblast proliferation, vascular endothelial
growth factor receptor signaling pathway and many more
(online supplemental table 6).

CNV in HNSCCs

Because CNVs are frequently found in HNSCCs we inves-
tigated the difference of CNVs in responders and non-
responders to ICL?% A various extent of CNVs was detected
in the tumor samples which is illustrated in online supple-
mental figures 4 and 5). Some of the HNSCC specimens
contained no or only a low amount of CNVs, while others
showed many CNVs. By comparing CNV patterns between
responders and non-responders to ICI we did not see
distinct differences indicating that CNVs are not suited to
differentiate between responders and non-responders to
anti-PD-1 ICI therapy in patients with HNSCC.

DISCUSSION

ICI have high therapeutic potential, as in contrast to most
chemotherapy and targeted therapies durable responses
in patients with various solid tumor types including
HNSCC have been occasionally observed.?**® Unfortu-
nately, the ORR to ICI treatment is low in patients with
R/M HNSCC. In the present cohort the ORR was only
13.5%, similar to the ones reported in recent phase III
trials.! 2 Although ICI therapy bears the potential of
durable responses, immune-related side effects of the
treatment have to be considered. Thus, an accurate
biomarker to select patients is urgently needed. In the
present study we analyzed more than 850 thousand CpG
sites in patients with R/M HNSCC treated with anti-PD-1
therapy after platinum-failure in order to investigate the
predictive potential of DNA methylation profile as a novel
biomarker for ICI treatment.

The methylation profile of responding and non-
responding  HNSCC tumors in the present cohort
showed both hypomethylation and hypermethylation
and correlated with ICI response. Other tissue-based
parameters such as TIL density did not correlate with
ICI response in our cohort. In contrast, previous studies
have shown a positive correlation of TIL density and ICI
therapy response in some tumor typ<-:-s.29_32 However,
different cancers may differently respond to ICI although
showing similar TIL compositions, indicating a complex
interplay of cancer and immune cells.”” A possible expla-
nation for not seeing a correlation in our cohort could be
due to different prior therapy modalities including radio-
therapy and systemic therapies, which were shown to
influence the inflammatory microenvironment composi-
tion.* TIL density alone has not shown consistent predic-
tive potential so far and is therefore not used routinely
as a biomarker in the clinical practice. However, a strong
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Figure 3 Comparison of methylation differences with clinical variables and pathway enrichment analyses. (A) Heatmap
illustrating methylation values of 1000 CpG sites in 37 head and neck squamous cell carcinoma specimens. Patients’
characteristics including response to anti-PD-1 ICI, center, gender, type of therapy, tumor location, smoking status, HPV status,
p16 protein expression and expression of various immune parameters are shown according to the legend next to the heatmap.
Rows represent unique CpG sites and columns represent unique patient samples. Colors shown in the heatmap reflect 3 values
without centering/scaling. (B) Results from KEGG pathway enrichment analysis are shown in the left panel. Each dot indicates
a unique KEGG pathway. Methylation values of genes involved in the KEGG category ‘pathways in cancer’ are summarized in
the heatmap (right). The responder (blue) columns were stretched for better visibility. Heatmap colors reflect B values without
centering/scaling. FOXP3, forkhead box P3; ICI, immune checkpoint inhibitors; PD-1, programmed cell death 1; PD-L1,
programmed cell death ligand 1; FDR false discovery rate.
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prognostic role of TIL densities has been described in
different cancers including HNSCC, thus underlining
the importance of the inflammatory tumor microenviron-
ment composition for immune responses.35

Although, PD-L1 positivity correlated with therapy
response in the present cohort, a large fraction of non-
responding patients was also PD-L1 positive, limiting the
predictive accuracy of PD-L1 expression. Furthermore,
previous studies reported responses to PD-1/PD-L1
targeting therapies also in patients with PD-L1-negative
HNSCC, thus underlining the suboptimal predictive
value of this biomarker.”® The investigation of DNA meth-
ylation profiles, however, allowed a distinction between
responders and non-responders to anti-PD-1 ICI therapy
in the present study. Studies of our own group, as well
as from others, previously postulated an association of
the DNA methylation profile with response to ICI for
patients with sarcoma and patients with non-small cell
lung cancer treated with ICL'?*” To the best of our knowl-
edge, we show here for the first time a potential value of
DNA methylation signatures as a predictive biomarker in
HNSCC tumors, which should be confirmed in further
studies.

Pathway enrichment analyses based on genes included
in our differential DNA methylation signature between
responding and non-responding tumors identified
several affected molecular pathways. Here, genes associ-
ated with ‘Axon guidance’, ‘Hippo signaling’, ‘Pathways
in cancer’ and ‘MAPK signaling’ were differentially meth-
ylated between responding and non-responding tumors.
Although no exceptional inflammation pathway showed
differential methylation, inflammation associated genes
are included in the identified pathways. Interleukin
2 (IL-2) receptor alpha is included in the ‘Pathways in
cancer’ (figure 3B) and was previously postulated to
impact the tumor specific immune response. Preclinical
data suggest that IL-2 treatment enhances cytotoxic T
lymphocytes and improves the intratumoral T cell compo-
sition of effector and regulatory T cells.”® * On the other
side, IL-2 receptor alpha overexpression in tumor cells
was associated with tumor progression and poor outcome
in a head and neck cancer cell line.* Another example
of a differentially methylated gene associated with ‘Path-
ways in cancer’ is prostaglandin E receptor 4 (PTGER4)
(figure 3B), which is associated with immune suppression
in the tumor microenvironment.*" In preclinical studies
the inhibition of PTGER4 has been shown to decline
tumor growth, inhibit the immune-suppressive function
of prostaglandin E2 and was proposed for combinational
immunotherapy with PD-l-axis-targeting agents.*' *
Interestingly, methylated PTGER4 of blood samples has
been shown to be a useful marker for monitoring therapy
response in patient with stage IV lung cancer receiving
chemotherapy, radiotherapy and chemotherapy or tyro-
sine kinase inhibitors since the levels of methylated
PTGER4 significantly decreased in patients who achieved
a PR* Our data, therefore, imply that several genes
involved in immune responses against cancer are affected

by differential methylation between responders and non-
responders and emphasize further research on these
differentially methylated pathways and their potential
role as future therapy targets.

Importantly, limitations of this study need to be recog-
nized to correctly interpret our data. We could show the
potential of methylation patterns as biomarker for ICI
therapy response. However, this observation by now was
onlyinvestigated in some cancer types, for example, in this
cohort in patients with HNSCC and previously in patients
with sarcoma and patients with lung cancer.'?*” *** There-
fore, the methylome of other tumor entities being treated
with ICI needs to be investigated as well. Furthermore, the
sample size in this study is limited, however, we included
patients from two independent oncology centers forming
a multi-institutional well-defined patient cohort. The
observed response rate in the cohort of 13.5% reflects
the response rate in prospective trials of ICI treatment in
HNSCC, underscoring that our cohort s representative.1 2
Indeed, responders to ICI achieved a significantly better
PFS compared with non-responders, however, due to the
limited sample size we only observed a numerically better
OS in responders in our patient cohort of patients with
R/M HNSCC. Another limitation of our study is the retro-
spective study design, although clear inclusion and exclu-
sion criteria as well as a precise documentation of patient
histories were obliged for this analysis. Due to clinical
indications in our patients the first radiological response
assessments were performed after one to seven treatment
cycles which generates a variability of treatment duration
in our patient cohort. Radiological response assessment
was performed early if clinically indicated due to a strong
clinical suspicion of disease progression, that is, due to
the development of new symptoms, which is a common
approach in the real-world therapy setting. However,
given the current lack of reliable predictive biomarker in
HNSCC for ICI treatment our data should be validated
in future and larger investigations. Ideally this validation
could be performed retrospectively with patient samples
from large phase 3 clinical trials of ICI in HNSCC. This
set up would allow to validate the predictive potential
of the observed methylation signature in a well-defined
patient cohort. Further, prospective validation within an
upcoming trial, for example, as inclusion or stratification
factor would further direct the development of methyla-
tion signatures as a biomarker for ICI response.

In conclusion, this data indicates that DNA methylation
profiles may be usable as a biomarker for response to anti-
PD-1 ICI therapy in HNSCC. Further studies are needed
to validate our findings in order to establish a robust
methylation IO classifier as biomarker for ICI therapy
response.
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