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1 | INTRODUCTION

Head and neck squamous cell carcinoma (HNSCC) is a
malignancy characterized by heterogeneous nature both
at clinical and molecular points of view. Despite advances
in diagnosis and multimodal treatment strategies, 65% of
HNSCC patients develop recurrent or metastatic disease,
associated with an unfavorable prognosis.' The characteri-
zation of the molecular landscape of HNSCC has revealed
several driver genes involved in head and neck carcino-
genesis, such as TP53, CDKN2A, PIK3CA, NOTCH1, FAT1,
or EGFR, representing an opportunity for developing mo-
lecular targeted therapies. Furthermore, molecular sub-
typing has shown different genetic alterations in human
papillomavirus (HPV) negative head and neck cancer
(HNC), which are mainly characterized by the accumula-
tion of mutations in TP53 and CDKN2A tumor suppressor
genes.” Nowadays, the epidermal growth factor receptor
(EGFR) is the only proven molecular target for HNC man-
agement, representing an alternative therapy to cisplatin
unfit patients.’” Unfortunately, still today the standard of
care in HNC is based on the clinical and histopathologic
characteristics of the tumor, so there is a great need to
identify real-time tumor biomarkers for guiding therapy
selection in HNC that will help to improve the therapeutic
response rates in these patients.

Liquid biopsies based on circulating tumor DNA
(ctDNA), a fraction of total cell-free DNA (cfDNA), have
emerged as a potential non-invasive approach for tumoral
genome profiling.* Ongoing advances in next-generation
sequencing (NGS) technology have allowed the develop-
ment of multiple-gene panels for characterizing tumors in
both tissue and cfDNA samples. The feasibility to identify
tumor somatic genomic alterations such as single nucle-
otide variants (SNVs), insertions and deletions (InDels),

HNSCC were selected for validating in tumor, plasma, and saliva by digital drop-

Results: The TST170 panel identified 13 non-synonymous somatic mutations, of
which five were detected in tumoral tissue, other five in plasma cfDNA, and three
in both tissue and plasma cfDNA. Of the eight somatic mutations identified in tis-
sue, three were also identified in plasma cfDNA, showing an overall concordance

Conclusions: This preliminary study shows the possibility to detect somatic mu-
tations in tumor and plasma of HNSCC patients using a single assay that would
facilitate the clinical implementation of personalized medicine in the clinic.

cell-free DNA, droplet digital PCR, head and neck squamous cell carcinoma, liquid biopsy,
next-generation sequencing, saliva, somatic mutations

or copy number alterations (CNVs) in cfDNA, highlights
its clinical value for targeted therapy-decision making
and monitoring treatment response in cancer.””’ Due to
the molecular landscape of HNSCC harbors potentially
actionable alterations, cfDNA profiling could represent
an alternative to tumor biopsy for detecting and moni-
toring somatic alterations over the course of the disease,
which will allow the application of precision medicine
in HNC. Recently, some studies have concentrated on
the identification of somatic mutations in liquid biopsies
using a tumor-tissue informative approach®’ or a tumor-
agnostic approach.'®! This pilot study aims to explore
whether a NGS panel (TST170) could be suitable for de-
tecting somatic mutations in tumor and cfDNA from lo-
coregional recurrent and/or metastatic HNSCC patients.
Furthermore, we also carried out an orthogonal validation
of somatic mutations in tumor, plasma cfDNA, and sali-
vary DNA.

2 | MATERIALS AND METHODS

2.1 | HNSCC patients’ recruitment

This study was approved by the Research Ethics
Committee Networks in Galicia (Ref. No. 2018/003)
and carried out under the principles of the Helsinki
Declaration (World Medical Association, 2013). Written
consent was obtained for each patient for use of their
tissues and liquid biopsies (blood and saliva) sam-
ples. This retrospective study enrolled patients diag-
nosed with locoregional recurrent and/or metastatic
HPV-negative HNSCC. Patients were diagnosed by
anatomo-pathologic analysis of the corresponding tissue
biopsy and HPV-status was determined using Anyplex II
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HPV28 (Seegene®) detection kit. HNSCC patients (n = 3)
were obtained at Department of Oral and Maxillofacial
Surgery from the Complexo Hospitalario Universitario
of A Corufia (CHUAC, SERGAS) and at Department
of Radiation Oncology, Centro Oncolégico of Galicia
(COG), in Galicia, Spain. Blood and saliva samples were
collected at diagnosis of locoregional recurrent and/or
metastatic disease and primary tumor samples were ob-
tained of tissue biopsy specimens from biobank. Patient's
anatomo-pathologic data are shown in Table S1.

2.2 | Plasma and saliva
samples collection

Peripheral blood samples were collected by drawing
blood into Streck Cell-Free DNA BCT® tubes. A two-step
centrifugation was carried out to isolate the plasma. First,
blood was centrifuged at 1600x g for 10 min at room tem-
perature. Then, plasma was collected without disturbing
the buffy coat layer and centrifuged at 5500x g for 10 min
at room temperature to remove remaining cells. Plasma
samples were stored at —80°C for further analysis.

Salivary samples were collected using the Oragene®
DNA Sample Collection Kit (DNA Genotek OG-500;
Ottawa, Ontario, Canada) according to the manufacturer's
instructions. Then, saliva samples were stored at —80°C
until further analysis.

2.3 | DNA extraction

Genomic DNA was isolated from formalin-fixed paraffin-
embedded (FFPE) tissues using the AllPrep® DNA/RNA
FFPE kit (Qiagen) according to the manufacturer's recom-
mendations. FFPE samples contained at least 40% tumor
cells on the hematoxylin and eosin slide. Genomic DNA
from tumor samples was eluted in 100pl elution buffer
AE and stored at —20°C for further use. DNA from saliva
and plasma cfDNA was isolated using the QIAamp DNA
Circulating Nucleic Acid Kit (Qiagen), according to the
manufacturer's instructions. Samples were eluted in 100 pl
of buffer AVE and stored at —20°C until further use. Isolated
DNA from tumor, plasma, and saliva was quantified by
Qubit 4.0 Fluorometer (Thermo Fisher Scientific). Agilent's
TapeStation 4200 (Agilent Technologies) was used to assess
the fragment distribution of the extracted DNA.

2.4 | NGS-based mutational analysis

Targeted NGS sequencing of genomic DNA and
plasma cfDNA was performed using the Illumina
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TruSight Tumor 170 panel (TST170). This hybrid-
capture panel is designed to target DNA variants of
170 cancer-related genes. The panel includes 55 genes
for fusions and splice variants, 148 SNVs and InDels,
and 59 amplifications (Table S2). A total of 60ng of
genomic DNA (FFPE samples) or cfDNA (plasma
samples) were used as input for sequencing library
preparation. Following manufacturer's protocol, DNA
from FFPE samples was first fragmented with an ul-
trasonocator (Covaris S220). This fragmentation step
was omitted in the case of cfDNA samples. All the
next steps were performed following the manufac-
turer's reference guides. A pool of oligos specific to
the 170 genes was hybridized to DNA libraries for a
minimum of 8 h to a maximum of 24 h at 57°C. To en-
sure high specificity of the captured regions, a second
hybridization step was performed for a minimum of
1.5 h to a maximum of 4 h at 57°C. After amplifica-
tion of the captured regions, the quantity of enriched
libraries was assessed using a fluorometric method
(Qubit) and, further, a bead-based normalization was
carried out. Sequencing was carried out on NextSeq
500 sequencing system (Illumina), according to the
TruSight® Tumor 170 protocol (Illumina).

2.5 | Bioinformatic analysis

FASTQ sequencing reads were assessed using the quality
control tool, FastQC.'? Reads were mapped to the hg19
reference genome by Burrows-Wheeler Aligner (BWA)-
MEM."* SAMtools were used to convert the aligned SAM
files to BAM files,"* applying Bammarkduplicates2 to
mark duplicated reads.” mosDepth was used for quan-
tifying coverage from BAM input files (https://github.
com/brentp/mosdepth). Variant calling was performed
using the Genome Analysis Tool Kit (GATK),'® together
with the Mutect2 tool in GATK (Benjamin D et al. 2019;
https://www.biorxiv.org/content/10.1101/861054v1), fol-
lowing best practices (https://gatk.broadinstitute.org/hc/
en-us/articles/360035894731-Somatic-short-variant-disco
very-SNVs-Indels-). The Ensembl Variant Effect Predictor
(VEP) was applied to determine the effect of genetic vari-
ants,"”” using SIFT and Polyphen scores to establish the
effect of differently called genetic variants.'®'’ Following
VEP annotations, variants were filtered in order to pre-
serve just those classified as probably pathogenic both
by SIFT and Polyphen, as well as those with a high im-
pact. As an additional control for somatic variants, each
of them must present an allele frequency observed in any
population from 1KGP, ESP, or gnomAD lower than 0.01
or not described, to assess they are not common in the
population.”
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2.6 | Validation of somatic mutations by
digital droplet PCR

Somatic mutations were detected by digital droplet
PCR (ddPCR) (Bio-Rad Laboratories), using the QX200
ddPCR system (Bio-Rad Laboratories). Data analysis
was performed on the QuantaSoftTM v.1.7 software
(Bio-Rad Laboratories) according to manufacturer's
recommendations.

3 | RESULTS

3.1 | Analysis of somatic gene alterations
in tumor and plasma cfDNA of HNSCC
patients by TST170

Targeting DNA sequencing using the TST170 panel iden-
tified 13 non-synonymous somatic mutations in tumoral
tissue and/or plasma cfDNA of 3 patients (Figure 1).
Overall, the detected somatic gene alterations correspond
to missense (61.53%), frameshifts (30.76%), and stop
gain (7.69%) variants. Interestingly, we found in tumor
samples three somatic mutations in patient No. 3, three
in patient No. 2, and two in patient No. 6. The targeted

NGS of tumoral DNA by TST170 provided a mean cov-
erage of 1120x (range: 15x —4937x). The allelic frequency
of mutant copies ranged from 1.1-50.6 in tumor samples
(Table S3). The targeted NGS of cfDNA by TST170 pro-
vided a mean coverage of 2008x (range: 4x—3837x). The
allelic frequency mutant copies ranged from 1.1-5.4 in
plasma samples. Of the eight somatic mutations identi-
fied in tissue, three were also identified in plasma cfDNA,
showing an overall concordance rate of 37.5%. A total of
eight somatic variants were identified in plasma, of which
five (62.5%) were not identified in tumor tissue.

Analyzing the intra-patient concordance, 1/6 variants
in patient No. 3 (16.66%), and 2/3 (66.66%) in patient No. 6
were found in both tumor and plasma.

3.2 | Analysis of selected somatic
mutations in tumor, plasma cfDNA, and
salivary DNA of HNSCC patients by ddPCR

A total of four somatic genetic alterations previously de-
scribed in HNC (EP300c.4241A > G,NOTCH]1 c.6208C>T,
TP53 c.723delA, and TP53 c.485T > A) were selected to
orthogonally validate our NGS analysis using ddPCR. In
addition to tumor tissue and plasma cfDNA, we included

0.075
0.050

ons per MB

% 0.025

uta

= 0.000

Translational Effect

. Synonymous
Non Synonymous

TP53 “

EP300
DNMT3A
TET21
RAD51C A
NOTCH1
MYCH
FGFR1
CHEK2

BRAF

604020 0

% Mutant

Mutation Type

- stop_gained

. frameshift_variant
. missense_variant

FIGURE 1 Matrix of somatic mutations detected in tumor and plasma cfDNA of the three advanced HNSCC patients.
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paired salivary DNA from the three HNSCC patients.
The EP300 c.4241A > G mutation was validated in tumor
DNA and plasma cfDNA with an allele frequency of mu-
tant copies of 30.2% and 0.72%, respectively (Patient No.
6). The NOTCH1 c.6208C > T mutation, detected only in
tumor DNA by NGS was validated in tumor and plasma
samples with an allele frequency of mutant copies of 7.7%
and 1.7%, respectively (Patient No. 3). The TP53 c.723delA
mutation, detected in the tumor by NGS, was validated in
tumor DNA with an allele frequency of mutant copies
of 37% (Patient No. 2). The TP53 c.485T > A detected in
plasma by NGS was validated by ddPCR in plasma and
saliva samples with an allele frequency of mutant copies
of 2.61% and 0.07%, respectively (Patient No. 2) (Figure 2;
Table S4).

4 | DISCUSSION

Our pilot study showed the ability to detect somatic
mutations in cfDNA from HNSCC patients using the
TST170 targeted NGS panel designed for screening ge-
netic alterations in solid tumors. Recently, our research
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group demonstrated the potential clinical utility of the
TST170 panel for detecting gene variants in cfDNA from
metastatic colorectal cancer patients, supporting the ap-
plication of this NGS approach to non-invasively charac-
terizing the genetic landscape of tumors.” In the present
study, we evaluate for the first time the applicability of the
TST170 panel on tumor tissue and cfDNA from HNSCC
patients. The molecular characterization of HNC patients
using cfDNA has emerged as an opportunity for identify-
ing predictive biomarkers and developing targeted thera-
pies. We detected somatic variants (SNVs and InDels) in a
total of ten genes in tumor and/or cfDNA, of which TP53,
NOTCH1, and EP300 are described as common driver
genes in HPV-negative HNC.

The feasibility of detecting somatic alterations in lig-
uid biopsies from HNSCC has been previously explored
in different studies.'"*** Wang et al. analyzed HPV and
somatic mutations in TP53, PI3KCA, CDKN2A, FBXW7,
HRAS, and NRAS in plasma cfDNA and salivary DNA
of 93 HNSCC patients. Although a higher rate of ctDNA
detection was observed in plasma for advanced stage dis-
ease and in saliva for early-stage disease, this PCR ap-
proach was restricted to a limited set of genes previously

NGS wt 5.4% NP NGS

NOTCH

39.1% wt NP
TP53
2.61% 0.07% c.723delA  ddpCR 37% wt wt
Tumor Blood Saliva
NGS 5.5% wt NP
€.6208C>T  ddPCR 7.7% 1.7% wt

NGS

1.8% NP

0.72% wt

FIGURE 2 Validation of selected somatic mutations detected by NGS (TST 170 panel) on tissue, plasma, and saliva from HNSCC
patients by ddPCR. (A) Patient No. 2 with tongue squamous cell carcinoma and lung metastasis (T3N2M1) at baseline diagnosis; (B)

Patient No. 3 with gingival squamous cell carcinoma at baseline diagnosis and after surgery and postoperative radiotherapy (RT) treatment,
locoregional lymph node recurrence, and distant metastasis in vertebra (T4N3M1); and (C) Patient No. 6 with hypopharynx tumor and
lung metastasis at baseline diagnosis (T3NOM1). ddPCR, digital droplet PCR; LN, lymph nodes; MX, metastasis; NGS, next-generation

sequencing; NP, not performed; PT, primary tumor; WT, wild-type.
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identified in tumor biopsy.22 Later, Perdomo et al. ana-
lyzed by ctDNA sequencing 65 tumor mutations in 5 genes
(TP53, NOTCH1, CDKN2A, CASPS8, and PTEN) observing
ctDNA alterations in 42% of plasma samples, with an
overall concordance rate of 28%.** Using a more compre-
hensive genomic approach, we explored the performance
of TST170 panel in detecting gene variants in plasma
cfDNA and tumor DNA from HNSCC due to this panel
covered 60% of the most common mutated tumor sup-
pressor genes and oncogenes in HNC based on COSMIC
database. An overall concordance rate of 37.5% was found
between plasma cfDNA and tumoral tissue in advanced
HNSCC patients. Similarly, Galot et al. sequenced both
cfDNA from plasma and tumor DNA by a custom panel of
604 genes in 39 HNSCC patients showing a concordance
rate of 42% in metastatic HNC patients. However, this rate
decreased to 18% in patients with locally advanced dis-
ease.'’ Interestingly, lower concordance rates have been
reported when different clinically available NGS panels
were applied for sequencing tumor tissue and cfDNA.***
To overcome this challenge, we tested the applicability
of a targeted NGS tumor panel for detecting somatic al-
terations in cfDNA. The use of targeted NGS panels that
allows the detection of gene variants in tumor tissue and
cfDNA at the same time may provide a potential strategy
for the molecular characterization of the tumor in a sin-
gle assay without the need of designing a specific cfDNA
panel. In addition, ctDNA sequencing at primary diagno-
sis can reflect the somatic gene alterations both primary
tumor and metastatic lesions contributing to capture the
mutational profile heterogeneity that may be underes-
timated by tissue biopsy.”**® In this sense, 62.5% of the
plasma variants were not found in tumor tissue that could
be explained by the high intratumorally heterogeneity
of HNC that is not represented in tissue biopsy samples.
Therefore, sequencing of cfDNA can provide valuable in-
formation into tumor heterogeneity and clonal evolution
from diagnosis through disease progression.

Our study included cfDNA from three advanced
HNSCC patients. Of the three sequenced patients, liquid
biopsies were taken simultaneously as tumor biopsy in
two patients (No. 2 and No. 6), whereas in the third patient
(No. 3) liquid biopsies were taken at the recurrence and
tumor tissue biopsy at the time of primary disease. The
patient No. 6 showed a high concordance rate (66.66%)
between plasma cfDNA and tumor tissue biopsy. In this
case, the tumor was located in the hypopharynx and
the metastasis in the lung. Interestingly, the profiling of
cfDNA revealed one somatic mutation in plasma that was
not detected in tumoral tissue, providing molecular infor-
mation about the metastatic profile of this patient. The
patient No. 3 showed a concordance of 16.66% between
cfDNA and tumor tissue. This lower concordance rate

could be the result of the different moment of collection
tumor biopsy (time of primary diagnosis) and liquid biop-
sies (at recurrence). In this case, the primary tumor was
located at gingiva and the recurrence was in the cervical
region with distant metastasis in vertebra. A total of three
variants were detected exclusively in plasma probably re-
flecting the molecular evolution of the disease. However,
in the patient No. 2, with a tongue tumor and lung metas-
tasis any of somatic variants detected in tumor was identi-
fied in plasma. This discordance could be explained by the
intratumor heterogeneity and specific metastatic profile.

Since saliva is the biofluid of the oral cavity, proximal
and distant tumors may shed DNA into saliva represent-
ing an opportunity for detecting somatic mutations.®%
As tumor DNA was detected in saliva at frequencies
<1%*** we tested a set of gene variants reported as so-
matic mutations in HNSCC in total salivary DNA from
our patient cohort by ddPCR. We were able to detect the
mutation TP53 c.485T > A with a mutant allele fraction
of 0.079% in saliva from patient No. 2 which confirms
the possibility to detect somatic variants with an allele
frequency <0.1% by ddPCR. As previously reported by
Wang et al., the sensitivity for detecting tumor DNA in
saliva was anatomic site-dependent, showing a higher
rate of detection and fraction of mutant alleles in oral
cavity tumors compared to oropharynx, larynx, and hy-
popharynx tumors.** Although in the other two cases
(No. 3 and No. 6), tumor DNA was not detected in saliva,
somatic mutations were validated in plasma. These find-
ings suggest that plasma could be a more sensitive pre-
dictor for detecting tumor DNA than saliva in patients
with advanced HNC.

One of the strengths of our work is the application
of the same sequencing technology to tumor and cfDNA
samples. TST170 allowed to detect somatic variations
with a variant allele frequency <0.1% in ddPCR. Also,
the detection of tumor-specific mutations by ddPCR in
liquid biopsies was technically feasible demonstrating
the clinical applicability of this tumor-tissue informa-
tive approach for detection and monitoring predictive
biomarkers in HNC. However, our study has several
limitations. The main limitation of our study is related
to its sample size and the heterogeneous nature of this
cohort. All patients included were male with advanced
stages of HNSCC at different anatomic locations. This
preliminary study was carried out to demonstrate the
ability of the TST170 panel to detect somatic gene alter-
ations in cfDNA samples of HNSCC patients. Another
important limitation was that no tumoral tissue from
metastatic sites was obtained. Also, the tumoral origin
of the genetic variants detected exclusively in cfDNA
should be considered cautiously due to the lack of data
on peripheral blood leukocytes to explore the role of
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clonal hematopoiesis mutations. Although we corrected
this issue by using a bioinformatic approach, our recom-
mendation is to analyze matched germline DNA from
each patient for identifying the contribution of clonal
hematopoiesis to false positive detection. Furthermore,
we only carried out the mutational analysis in plasma
and saliva at a single time point which did not allow us
to monitor mutations during treatment.

5 | CONCLUSIONS

This preliminary study shows the possibility to detect
somatic mutations in tumor and plasma of HNSCC pa-
tients using a single assay that would facilitate the clini-
cal implementation of personalized oncology in the clinic.
However, further research is necessary to validate our
findings.
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