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A B S T R A C T

Objectives: Despite improved survival rates of patients with HPV-associated OPSCC, a subset has distant me-
tastasis or develops local recurrence during follow-up. To investigate potential underlying genetic alterations, we
analyzed patients with HPV-driven OPSCC who suffered from recurrence in comparison to matching pairs with
successful tumor control.
Materials and methods: We performed chromosomal copy number analyses and targeted next generation se-
quencing using a custom panel comprising genes that are frequently mutated in HPV-associated OPSCC.
Results: Specific differences regarding chromosomal aberrations were not observed between both groups. In
HPV-driven OPSCC from patients with recurrence we found higher mutation rates compared to patients with
successful tumor control. Especially mutation rates of HRAS (p≤ 0.05) PIK3R1, STK11 and TP63 (p≤ 0.1 each)
were statistically significant or trending towards significance. The respective genes can be linked to transcription
factors and signaling pathways involved in cell cycle regulation, proliferation and survival. Additionally, com-
binations of alterations were observed on chromosomes 16 and 19, which might also influence outcome.
Conclusion: Patients with HPV-driven OPSCC who develop recurrence or have metastasis may be defined by
genetic alterations that might be responsible for poor outcome after standard therapy. This might be of im-
portance for stratification in future de-escalation and targeted therapy.

Introduction

Besides overall decreasing incidences in head and neck squamous
cell carcinoma, a growing number of oropharyngeal squamous cell
carcinoma (OPSCC) are associated with human papillomavirus (HPV)
high risk type 16 infections [1]. Despite differences regarding biological
and clinical characteristics and improved overall survival (OS), patients
with HPV-associated and non-HPV-associated (HPV-negative) OPSCC
are treated equally. Hence, de-escalating treatment strategies for pa-
tients with HPV-driven OPSCC are widely discussed and examined in
various clinical trials [2,3]. However, a subset of patients with HPV-

associated OPSCC exhibits an increased risk of recurrence and death
[4]. Those patients are characterized by local recurrence or distant
metastasis (LDR). Especially mutations in driver genes (PIK3CA, KRAS,
and NRAS) are associated with worse survival prognosis [4]. Further-
more, subtypes of HPV-associated head and neck cancers with different
responses to treatment and prognosis were identified; they are dis-
tinguished by grade of differentiation, gene expression patterns and
genomic aberrations [5,6]. Therefore, patients with an increased risk
towards the outcome might not be treated sufficiently by de-escalated
treatment protocols and may later develop local recurrence or distant
metastasis.
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We hypothesize that patients with HPV-driven OPSCC and LDR have
a more aggressive kind of the disease based on a higher mutational
burden and mutational profile distinct from non-LDR patients.
Therefore, genetic aberrations in primary tumor tissue of patients with
HPV-driven OPSCC who developed relapse were compared to matching
patients without treatment failure. Hence, primary tumor tissue of the
selected patients was analyzed for chromosomal aberrations and short
nucleotide variants. A custom panel for targeted next generation se-
quencing (tNGS), with gene regions frequently described to be mutated
in HPV-associated OPSCC, had been developed. Identification of pa-
tients with an increased risk for treatment failure and implementation
of monitoring at close intervals post-treatment might be especially
important regarding the current debate on treatment de-escalation for
patients with HPV-associated OPSCC. Based on the observation of pa-
tients with HPV-associated OPSCC with different outcomes, we aimed
to identify patterns of specific mutations and genetic alterations that
can be associated with treatment failure and development of local or
distant relapse.

Materials and methods

Patient selection

Characteristics and survival of all patients treated for a primary
OPSCC at our hospital between 2000 and 2013 were investigated.
Primary tumor tissue of patients with LDR during follow-up until May
2016 was examined. For comparison, primary tumor tissue of best
matching counterparts of patients with HPV-associated OPSCC without
treatment failure (non-LDR) was analyzed correspondingly. These
counterparts were matched for N-stage, risk factors (nicotine, alcohol)
and T-stage (Table 1 and Supp. Table 1). HPV-association was defined
by expression of CDKN2A (p16INK4A) and detection of high-risk HPV
type 16 DNA as previously described [7–10]. All patients were treated
following approved guidelines, receiving surgery with or without ad-
juvant radio-/radiochemotherapy or definitive radio-/radio-
chemotherapy. The study was approved by the local ethics committee

(reference number: 95/15).

DNA isolation and sequencing library preparation

Formalin-fixed paraffin-embedded (FFPE) primary tumor tissue was
stained with hematoxylin and eosin to define tumor regions. DNA was
isolated from macrodissected FFPE tumor tissue with the Maxwell® 16
FFPE Plus LEV DNA purification kit (Promega, Madison, Wisconsin,
USA) following manufacturer’s protocol. DNA concentration was de-
termined with the Qubit™ 1.0 fluorometer (Thermo Fisher Scientific)
and the High Sensitivity DNA Kit (Agilent 2100 Bioanalyzer). DNA was
amplified and prepared as described in the protocol for the Ion
AmpliSeq™ DNA and RNA Library Preparation (Thermo Fisher
Scientific) kit. Approximately 10 ng DNA from the primary tumor tissue
were used to prepare the tNGS library. Sequencing was performed on
the Ion Torrent PGM (Thermo Fisher Scientific).

Targeted next generation (tNGS) panel and variant calling

90 target regions in 22 genes that are frequently described to be
altered in HPV-associated OPSCC [11–17] were selected for the tNGS
panel (Supp. Table 2). Primers were designed with the Ion AmpliSeq
Designer v5.4.2 (Thermo Fisher Scientific). Additionally, the coding
sequence of TP53 was included (exon 2 - exon 11). Sequencing data
were analyzed using the pipeline appreci8 [18] and aligned to GRCh37
(hg19). Read depth was set to a minimum of 50 and the minimum
number for variant allele reads to 20. The alternative’s average base
quality of reads must be at least 15 and the difference of the average
base quality between reference and alternative must not be greater than
7. Only protein altering mutations were taken into consideration for
further analysis.

Genome-wide SNP-array analysis

100–200 ng DNA derived from primary tumor tissue samples con-
taining at least 70% tumor cells in a final volume of 4 µL were prepared
for the Infinium® HD FFPE Assay (Illumina, San Diego, California, USA)
following protocol. Prior to this, samples were analyzed and prepared
with the Infinium HD FFPE QC Assay protocol (Illumina, San Diego,
California, USA) and the FFPE Restore Protocol (Illumina, San Diego,
California, USA) following manufacturer’s protocols. Signals were
analyzed with KaryoStudio v1.4 (Illumina, San Diego, California, USA)
by two independent researchers and uncertain results were reviewed
collectively for agreement. Data from the B allele frequency were
weighted higher than from the log R ratio. Only alterations with
agreement of both researchers were taken into consideration and
counted as true aberration. Fig. 4 was visualized using Circos [19].

Statistical analysis

Statistics were performed using the SPSS statistical software (IBM
SPSS 24.0, Chicago, Illinois, USA). Overall survival (OS) was calculated
from initial date (date of routine biopsy confirmed by histology) to date
of death. Disease-free survival (DFS) was calculated from end of treat-
ment of the primary tumor to date of diagnosis of relapse. OS and DFS
rates were calculated by the Kaplan-Meier method and the significance
of differences was calculated by log-rank test. Qualitative and quanti-
tative data were compared using Fisher’s Exact test and t-test for in-
dependent samples, two-sided each. Significance of results was ex-
pected for p-values≤ 0.05.

Table 1
Patient characteristics of LDR (n= 12) and non-LDR (n= 12) patient cohort.

LDR non-LDR

Age Young (< 60) 5 41.7% 8 %
Old (≥60) 7 58.3% 4 %
Median 65.8 years 57.4 years
Mean 67.0 years 59.4 years

n [%] n [%]
Gender Female 3 25.0 4 33.3

Male 9 75.0 8 66.7
T-stage T1 0 0.0 3 25.0

T2 3 25.0 5 41.7
T3 4 33.3 1 8.3
T4 5 41.7 3 25.0

N-stage N0 2 16.7 1 8.3
N+ 10 83.3 11 91.7

M-stage M0 7 58.3 12 100.0
M+ 5 41.7 0 0.0

Smoking Yes 8 72.7 8 66.7
No 3 27.3 4 33.3
Unknown 1 – – –

Alcohol Yes 2 18.2 1 9.1
No 9 81.8 10 90.9
Unknown 1 – 1 –

Surgery Yes 6 50.0 10 83.3
No 6 50.0 2 16.7

Radiotherapy Yes 9 90.0 10 90.9
No 1 10.0 1 9.1
Unknown 2 – 1 –

Chemotherapy Yes 9 90.0 6 50.0
No 1 10.0 6 50.0
Unknown 2 – – –
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Results

Identification and characterization of patients with HPV-associated OPSCC
and treatment failure

In survival analyses for all OPSCC treated between 2000 and 2013
in our hospital, we observed that patients with HPV-driven OPSCC
showed significantly better OS (n= 100; 5y-OS: 75.4%; p≤ 0.001)
compared to HPV-negative OPSCC patients (n= 331; 5y-OS: 37.8%). In
the LDR subgroup of HPV-driven OPSCC, 5-year OS rates were 13.3%
(n=15) compared to 86.7% in patients without relapse (n= 85)
(Fig. 1A). Patients with HPV-driven OPSCC and relapse had decreased
OS rates compared to HPV-negative patients (p≤ 0.001). In the case of
LDR in HPV-driven OPSCC, more patients developed distant metastasis
than local recurrence (60% vs. 40%) compared to HPV-negative LDR
patients (Fig. 1B). Median time of disease-free survival (DFS) did not
differ significantly between patients with HPV-associated and HPV-
negative OPSCC (0.8 vs. 1.1 years; p= 0.316, Fig. 1C).

Primary tumor tissue of all patients with HPV-associated OPSCC and
LDR with sufficient material, which passed DNA quality control
(n= 12) were sequenced by tNGS. Matching counterparts (n= 12,
non-LDR) were also included in the study (see Methods section). 5/12
(41.7%) patients with HPV-associated OPSCC suffered local relapse, the
remaining 7 patients (58.3%) developed distant metastases (2 liver, 4
lung, 1 bone). The median age of the HPV-associated LDR group was
65.8 years and 75% were male. Cohort and individual patient char-
acteristics are listed in Table 1 and Supp. Table 1, respectively.

Targeted next generation sequencing (tNGS)

The average depth of base coverage was 3289 reads and over 97%
of bases had more than 100 reads in the sequenced gene regions.
Overall, mutations were detectable in 7/12 (58.3%) primary tumor
tissue samples of patients with LDR and in 5/12 (41.7%) of non-LDR
patients (Fig. 2). Only one of the selected genes (KRAS) was not mu-
tated in patients with LDR, while 14 genes were not mutated in non-
LDR patients. HRAS and TP53 were the most frequently mutated genes

in our cohort with LDR (41.7%). In non-LDR patients, the most fre-
quently affected genes were PIK3CA, TAF1 and TP53 (16.7%). Alto-
gether, tumor tissue from patients with LDR harbored 164 distinct
mutations (13.7 mutations/tumor) versus 18 mutations (1.5 mutations/
tumor) in non-LDR patients (p= 0.097, t-test; Supp. Tables 3 and 4).
Taking into consideration whether LDR patients developed local or
distant recurrence, a trend for a higher mutation rate in patients with
local recurrence was detected (p=0.167, t-test). A significantly higher
mutation rate was detected in HRAS (p≤ 0.05, Fisher’s Exact test) in
tissue of LDR-patients compared to non-LDR patients (Fig. 2). More-
over, the mutation frequency of STK11, TP63, and PIK3R1 (p≤ 0.1
each, Fisher’s Exact test) showed a trend towards significance for tissue
of LDR patients compared to non-LDR patients. Six variants in patients
with LDR and only one in a non-LDR patient resulted in a truncated and
therefore putatively non-functional protein (Fig. 2). All detected single
mutations can be found in Supp. Table 4.

In silico analysis of HPV-driven OPSCC

For comparison, we investigated published data from 22 HPV-
driven OPSCC patients sequenced by The Cancer Genome Atlas (TCGA)
research group [13]. The relative number of mutations in all genes is
comparable to our group of non-LDR patients (Fig. 2). On one hand, in
our non-LDR patients we found mutations in TP53, KRAS, TAF1 and
PDGFRA, which were not detected in the HPV-driven TCGA cohort. On
the other hand, patients sequenced by TCGA had mutations in RB1,
FANCA, CYLD, PIK3R1, NOTCH1 and JAK1, which were not mutated in
samples from our non-LDR patients, but in our cohort with LDR. The
genes FBXW7, BCL6, DDX3X (DDX3) and EP300 were mutated to a si-
milar extent in non-LDR patients of our group and samples analyzed by
TCGA. PIK3CA was mutated in both cohorts. However in approximately
40% of the cases analyzed by TCGA, while it was only mutated in 15%
of our non-LDR patients.

Variants in the tumor suppressor gene TP53

Altogether, we detected 25 TP53 variants in primary tumor tissue of

Fig. 1. Survival of patients with OPSCC (n= 431). A: Overall survival (OS) of patients with HPV-associated (HPV+, red, n=100) and HPV-negative (blue, n=331)
OPSCC (solid lines). Dotted and dashed lines show patients with LDR (dashed; n=15) and non-LDR (dotted; n=85) in HPV-associated OPSCC. B: Ratio of distant
(grey) and local relapse (black) in HPV-associated (n= 15) and HPV-negative patients (n= 112). C: Disease-free survival (DFS) of patients with LDR according to
HPV-status (blue: HPV-negative, n= 112; red: HPV+, n=15). (For interpretation of the references to colour in this figure legend, the reader is referred to the web
version of this article.)
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LDR-patients and only in two of non-LDR patients (Supp. Table 4). 17/
25 variants found in OPSCC of LDR-patients are located in the DNA-
binding domain: one in the oligomerization domain, six in the C-ter-
minus and one in exon 8 between the DNA-binding and the oligomer-
ization domain. The two variants in tissue of non-LDR patients are lo-
cated in exon 4 (between the transactivation and the DNA-binding
domain) and in exon 7 (DNA-binding domain). Comparing the dis-
tribution of TP53 mutations in our study with published data from the
international agency for research on cancer (IARC, release R19) [20],
differences exist in exon 6, exon 7 and exon 11. While the IARC counts
13.4% of all mutations in exon 6, 24.9% in exon 7 and 0.1% in exon 11,
we detected 4% in exon 6 12% in exon 7 and 24% in exon 11 in our
cohort with LDR (Fig. 3).

Chromosomal aberrations in relation to mutations

DNA with sufficient quality was isolated from 18/24 (9/12 of each
group of patients) primary tumor tissue samples and further analyzed
for chromosomal aberrations. Three tumors showed no imbalances: two
from non-LDR patients and one from a patient with LDR. The most
common gains were observed on chromosome 3q. Gain on chromosome
3q26–q29 was observed in 5 samples from patients with LDR and non-
LDR, each (Fig. 4). Amongst others, this region covers the genes
PIK3CA, TP63 and BCL6, which are also mutated in primary tumor
tissue of some patients with LDR. The most common losses were seen on
chromosome 11q and 14q (Fig. 4). Loss on chromosome 11q22.3–q24.2
was seen in 4/9 tumors tissues of patients with LDR and non-LDR each.
Loss on chromosome 14q23.3–q32.33 was observed in 4/9 (44.4%)

Fig. 2. Mutation pattern of HPV-associated
OPSCC with local/distant recurrence (left) and
non-recurrence (right). Shown are 12 patients
each in the group with LDR (left columns) and
non-LDR (right columns). Each row corresponds
to one or more regions of the indicated gene
analyzed by targeted sequencing. Black bars in-
dicate the percentage of patients with a variant
in that group. Type of recurrence and overall
survival data are shown for LDR patients below.
Data from HPV-driven OPSCC (n= 22) analyzed
by TCGA are added in beige for in silico analysis.
Red: missense mutation, blue: truncating muta-
tion, green: frameshift mutation, OS: overall
survival, L: local recurrence, D: distant recur-
rence. (For interpretation of the references to
colour in this figure legend, the reader is referred
to the web version of this article.)

Fig. 3. TP53 mutations in patients with local/distant recurrence (top) and non-recurrence (bottom). The diagram shows the relative frequency of somatic mutations
in the indicated exon of our patients with LDR (n= 12; black) and of the IARC TP53 database (n= 28,869; beige; IARC, Lyon, France [20]). Exons are represented in
black boxes labeled 4–11; domains are highlighted in green with their respective functions indicated. Exons 2 and 3 containing the transactivation domain are left out
because no variants were detected. Length of each dot represents the number of patients with a mutation in the respective position. Italic numbers: amino acid
residues; red: missense mutation, black: truncating mutation, green: frameshift mutation. (For interpretation of the references to colour in this figure legend, the
reader is referred to the web version of this article.)
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OPSCC with LDR and 3/9 (33.3%) non-LDR. Tumor tissue of one pa-
tient with LDR had a gain on chromosome 14q23.3–q32.33.

Considerable differences could be observed on chromosomes 16 and
19. Tumor tissues from four patients with LDR had alterations on
chromosome 19p (1x deletion, 3x mutations in STK11) while the tumor
sample of one non-LDR patient had a loss of heterozygosity on chro-
mosome 19p13.3 (Fig. 4). Chromosome 16q12.1–q24.3 was lost in 3/9
(33.3%) OPSCC of patients with LDR but in none with non-LDR. 5/9
(55.5%) samples of patients with LDR who were analyzed for both,
mutations and chromosomal aberrations, had an alteration on chro-
mosome 16q: two patients had only deletions, two patients had only
mutations and one patient had both, mutations and deletions. The
chromosome regions carrying CYLD, CDH1 and FANCA were deleted in
OPSCC of 3 patients with LDR. Additionally, FANCA was mutated in
tumor tissue of one patient with LDR; CDH1 and CYLD were mutated
each in one OPSCC with LDR. In line with this, from non-LDR patients
only one tissue sample showed loss of heterozygosity on chromosome
16q23.1–q26.3.

Discussion

Alterations in patients with local/distant recurrence are associated with
tumor progression

By comparing HPV-driven OPSCC with LDR and non-LDR, we de-
tected different mutation frequencies in several genes. Primary tumor
tissue of patients with LDR had mutations in more genes analyzed by
the custom designed panel and more distinct mutations in single genes
than non-LDR patients (Fig. 4, Supp. Tables 3 and 4). Especially STK11,
HRAS, PIK3R1 and TP63 were more frequently mutated. In line with
previous findings, we did not detect any mutation in codons 12, 13 or
15 of KRAS [21]. However, one mutation in KRAS was found in non-
LDR patients but not in patients with LDR. The detected missense

mutation in codon 17 (S17N) had been shown to completely block
KRAS activation [22].

A weakening of our study is the low number of primary OPSCC
specimen from patients developing LDR. Respective cases are rare and
we analyzed all samples that had been available at our site. Only
multicenter studies can overcome this issue, which might be initiated
based on our findings in future. A second weakening is the application
of tNGS instead of genome wide methods, which is related to the
foregoing point. We were dependent on FFPE OPSCC samples from our
archive. Therefore, only tNGS based methods are currently suitable, but
progress in sequencing technologies might overcome this issue.
Nevertheless, with our limited panel of sequenced regions, this study
yielded some interesting and (regarding TP53) unexpected findings.

TCGA data does not contain information on treatment failure in
patients with HPV-driven OPSCC. Nevertheless, considering the sample
size of the TCGA data and the recurrence rate in patients with HPV-
driven OPSCC, we assume that all 22 patients are non-LDR patients.
Mutations in TP53 are absent in TCGA data of HPV-driven OPSCC [13],
while we found TP53 variants in five OPSCC patients with LDR (41.7%)
and two (16.7%) with non-LDR. Apart from exon 6, exon 7 and exon 11,
the frequency and distribution of TP53 mutations across all exons are
similar to published databases (Fig. 3). Exon 6 and exon 7 (lower mu-
tational frequency found in our cohort with LDR) are part of the DNA-
binding domain, while no functional domain is described for exon 11.
However, exon 11 (higher mutational frequency in our cohort with
LDR) is known to contain residues important for the biological function
of p53 (like variant p.G389E) or for post-translational modifications
influencing transcriptional activity [23–25]. It was reported that me-
tachronous recurrent OPSCC share a genomic landscape with HPV-ne-
gative OPSCC and also exhibit higher frequencies of TP53 mutations
[26]. Although absent in HPV-driven cancers in general, TP53 muta-
tions seem to be an important factor for the development of recurrence
in our cohort. It remains open, whether LDR in patients with HPV-

Fig. 4. Chromosomal aberrations for patients with HPV-associated OPSCC. Chromosomal aberrations are shown for 9 patients with local/distant recurrence (A) and
non-recurrence (B), each. The outer circle (black) represents each chromosome of the entire genome, labeled with the respective number. Chromosomes are shown
clockwise from short (p) to long (q) arm. Each inner circle (grey or white) represents one patient. Centromere regions are not sufficiently covered with SNPs and were
therefore not analyzed. Black diamonds on the outer circle indicate the location of genes examined by tNGS (Fig. 2). Blank (small) circles indicate if a mutation was
detected in the respective gene in the particular patient. Red: gain; dark red: amplification; blue: loss; yellow: loss of heterozygosity. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of this article.)
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driven OPSCC is causally related to individual TP53 mutations or
whether additional lifestyle-risk factors (e.g. smoking) and corre-
sponding (pre-cancerous) genetic alterations in patient’s history have
been superimposed by carcinogenic mechanisms due to HPV-infection.

Evidence strongly supports the hypothesis that the N-terminally
truncated major isoform of the p53-related protein p63 (ΔNp63α; en-
coded by TP63) is an activator of the receptor interacting serine/
threonine kinase 4 (RIPK4) [27]. RIPK4 is a protein involved in WNT/β-
catenin signaling and aberrant expression was reported to be associated
with progression and poor prognosis in cervical squamous cell carci-
noma patients [28]. In our study, TP63 was mutated in tumor tissue of
four patients in the group with LDR but in none with non-LDR
(p < 0.1, Fisher’s Exact test). Interestingly, HPV-DNA integration
within or close to TP63 has been reported for head and neck cancers
[29–32] and one of the few HPV-positive head and neck cancer cell
lines (UM-SCC-47) harbors HPV-DNA integrated in TP63 [33]. There-
fore, we presume a putative relation between HPV, p63 and RIPK4,
which might have an impact on cancer progression in HPV-driven
OPSCC.

HRAS is a potent oncogene, Especially codons 12, 13 and 61 have
been described as common mutational hotspots. HRAS was mutated in
tumor tissue of five patients with LDR in our cohort but in none with
non-LDR (p < 0.05, Fisher’s Exact test). Hotspot codons 12 and 13
were affected in two cases. An additional mutation was found in codon
17 (S17N). The latter alteration leads to a dominant negative effect and
inhibition of endogenous Ras-signaling [34,35]. Four detected muta-
tions in exon 3 (p.G115R, p.C118Y, p.D119N, p.A122T) are located in
the GTP-nucleotide binding domain. Residues p.C118 and p.D119 are
critical elements for nucleotide sensing and nucleotide specific inter-
actions [36]. Our results show that HRAS mutations might indeed play
an important role in the development of relapse in HPV-associated
OPSCC as it has been suggested for HPV-associated cervical and oral
carcinoma [37,38].

Hotspot amino acid mutations in PIK3CA (residues p.E542, p.E545
and p.H1047) and mutations in PIK3R1 have been reported in nu-
merous human cancers [39–42] (and recently reviewed in [43]). We
found PIK3CA hotspot mutations equally in two patients of each group
with LDR and non-LDR, indicating an association with HPV rather than
disease outcome. In colorectal cancer, the PIK3CA mutation p.G106S,
we found in one LDR patient, was shown to result in weaker interac-
tions with the regulatory subunit PIK3R1 compared to PIK3CA wild-
type [44]. PIK3R1 mutations, we detected in the LDR cohort, are lo-
cated in the RhoGAP and the SH2 domain, which play a role in binding
and activating downstream targets and signal transduction. Previous
studies reported oncogenic effects of such mutations by weakening the
inhibitory interaction between PIK3R1 and PIK3CA [43]. Additionally,
it has been shown in breast cancer that mutation or loss of PIK3R1
increases PI3K/Akt signaling and oncogenic transformation, suggesting
a role as tumor suppressor [45]. In a whole exome study, patients with
alterations in the PI3K-pathway showed improved outcome [46]. In
contrast, our findings suggest that aberrant PI3K/Akt pathway signaling
by altered PIK3R1 and an instable PIK3CA/PIK3R1 complex might be
involved in cancer progression and poor prognosis.

The tumor suppressor STK11 (LKB1) is a serine/threonine kinase
originally identified as an activator of the AMP-activated protein kinase
(AMPK) pathway. In our study, STK11 was mutated in OPSCC of four
patients with LDR and in none with non-LDR (p < 0.1, Fisher’s Exact
test). Mutated STK11 promotes progression and cell proliferation in
HPV-driven cervical carcinoma [47,48] which is in line with our find-
ings.

Gain of chromosome 3q was detected in 10/18 (55.6%), partial loss
of chromosome 11q in 8/18 (44.4%) and partial loss of chromosome
14q in 7/18 (38.9%) patients with HPV-associated OPSCC, irrespective
of the outcome and in line with literature [49–51]. Synchronous dele-
tions of TRAF3 (14q32.32) and CYLD (16q12.1) was observed in tumor
tissue of three patients with LDR but in none with non-LDR. TRAF3 has

been suggested as tumor suppressor during pathogenesis of viral in-
fection and tumor progression [52]. In line, defective TRAF3 promoted
cancer cell survival and drug resistance in HPV-associated head and
neck cancer [53], supporting our findings. Defects in TRAF3 and CYLD
have also been related to NF-κB signaling activation and an improved
overall survival [54]. In contrast to our data, mutations in TRAF3 and
CYLD did not occur simultaneously in the mentioned study, which
might indicate synergistic effects of alterations in both genes.

The HPV-specific set of genes we investigated by tNGS results from
the technical demands regarding FFPE samples. Methodic development
in sequencing techniques may help in future to yield more information
from this demanding sample type. Although patients with HPV-asso-
ciated OPSCC and local/distant recurrence are rare and our patient
cohort was limited, we could provide new findings. We show that genes
associated with tumor progression are more frequently mutated in
tumor samples of patients with LDR compared to non-LDR patients.
Regarding chromosomal copy aberrations, no obvious differences be-
tween tumor samples from patients with LDR and non-LDR could be
detected. However, additive effects of mutations and chromosomal
aberrations like synchronous deletion of CYLD and TRAF3 might have
an impact on disease outcome. In order to corroborate our findings,
functional assays of the detected variants in cell culture models should
be performed. In addition, bio-banking of fresh-frozen tumor samples is
adjuvant to support future research, especially regarding rare entities.

In summary, genetic markers potentially relevant for the outcome of
patients with HPV-associated OPSCC were found in a limited experi-
mental setup. Our data demonstrates that suitable methods for detec-
tion of such markers might support patient selection, particularly in
consideration of future de-escalating strategies for patients with HPV-
associated OPSCC.
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