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A B S T R A C T

Liquid biopsies (LB) are emerging in the oncology field, with promising data as new diagnostic, prognostic and
treatment-monitoring tools. Squamous cell carcinoma of the head and neck (SCCHN) is a heterogenous disease
and many challenges remain to improve patient outcomes. Liquid biopsy could be of interest at different stages
of SCCHN disease, including better screening to diagnose more patients at an early stage, early detection of
relapse after curative treatment, and the implementation of precision medicine. As LB is very attractive by the
ease of sampling, this field is moving fast. Therefore, it is important to be aware of the potential applications but
also the limitations of these new tools in regards to technical aspects and interpretation of the data. In this
review, we will first give an overview of potential clinical applications and technical challenges of circulating
tumor DNA (ctDNA) and then focus on current available data of ctDNA in SCCHN. Although the literature on
ctDNA analysis for SCCHN is scarce compared to other tumors, preliminary results seem to hold promise for the
future, including the detection of minimal residual disease or the detection of potentially targetable events
through liquid biopsy. Prospective liquid-biopsy driven clinical trials are needed to validate its clinical re-
levance.

Introduction

Squamous cell carcinoma of the head and neck (SCCHN) is the se-
venth most common malignancy and is responsible for 3.7% of cancer
deaths worldwide [1]. The main risk factors are alcohol and tobacco.
The human papillomavirus (HPV) is another risk factor for orophar-
yngeal cancer (OPC) and its incidence is rising [2].The 5-year survival
rate of SCCHN is still poor, ranging from 25% to 60% depending on
tumor staging and site [3]. Most patients present with locally-advanced
disease, but despite multimodal treatment including chemoradiation or
surgery followed by (chemo)radiation, > 50% of patients will relapse.
Once patients have incurable recurrent/metastatic (R/M) disease, the
standard of care is palliative systemic treatment. Platinum-based che-
motherapy, programmed cell-death 1 (PD-1) inhibitors and cetuximab
improve survival, but the prognosis is dismal with an overall survival of
10–15 months [4,5]. Many challenges remain to improve patient out-
comes in SCCHN including better screening to diagnose more patients
at an early stage, early detection of relapse after curative treatment, and
the implementation of precision medicine.

Liquid biopsies (LB) are emerging in the oncology field with

promising data as new diagnostic, prognostic and treatment-monitoring
tools [6–8]. LB refers to the sampling and analysis of several biological
fluids as opposed to solid biopsy which analyzes a tissue sample [9].
The most popular form of LB is the analysis of blood samples, but LB
can also refer to samples of saliva, urine, ascites, cerebrospinal fluids
and pleural effusions. Different composites are exploitable in a blood-
based biopsy to characterize tumors, including circulating tumor cells
(CTCs) [10], circulating tumor DNA (ctDNA), circulating cell-free RNA,
circulating extracellular vesicles (EVs), proteins and metabolites. Be-
sides genomics, including the mutational profile and copy number
variations, LB can provide information regarding transcriptomics [11],
epigenomics [12], proteomics [13] or metabolomics [14]. Currently,
only assays analyzing CTCs and ctDNA have been approved by the US
Food and Drug Administration (FDA). CTC enumeration (CellSearch®,
Menarini Silicon Biosystems, Huntingdon Valley, Pennsylvania USA) is
FDA-approved and has a prognostic value in metastatic breast [15,16],
colorectal [17], and prostate cancers [18], but its clinical utility is still
to be demonstrated. The FDA also approved the cobas® EGFR Mutation
Test v2 (Roche Molecular Diagnostics, Pleasanton, California, USA) to
detect EGFR mutation in the cell-free DNA (cfDNA) of lung cancer
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patients [19,20]; and Epi proColon® (Epigenomics, Berlin, Germany) to
assess the methylation status of the SEPT9 promoter in cfDNA to screen
patients for colorectal cancer [21–23].

The gold standard for cancer diagnosis remains tissue biopsy as, in
contrast to liquid biopsy, it provides histological features of the tumor
in addition to molecular characterization. However, obtaining a tissue
biopsy can sometimes be challenging and technically difficult due to
disease localization. LB is easily accessible, less invasive and more
comfortable for the patient. At the molecular level, LB should theore-
tically be able to capture intra-patient tumor molecular heterogeneity
as it allows ctDNA released from multiple tumor regions to be analyzed.
Therefore, it should be able to reflect the different genomic alterations
between the primary tumor and metastatic lesions [24]. In addition, LB
may also address tumor heterogeneity over time [25] by enabling
multiple samples to be taken over the course of the disease.

With ease of sampling making it clinically attractive, the field of LB
is rapidly evolving. Awareness of its potential applications, technical
limitations and supportive evidence is now useful knowledge for clin-
icians. In this review, we provide an overview of the potential use and
technical challenges of ctDNA and then focus on the available data of
this new diagnostic tool in squamous cell carcinoma of the head and
neck.

Potential clinical applications of ctDNA

ctDNA is cell-free DNA (cfDNA) from tumoral origin that is essen-
tially derived from apoptotic or necrotic tumour cells [26,27], although
active release is also implicated [28]. The analysis of ctDNA can pro-
vide information on tumor-specific genomic alterations including so-
matic mutations, copy number alterations, fusions or epigenetic al-
terations. Below, we briefly describe the potential clinical applications
of ctDNA.

Cancer diagnosis and early detection

The first potential application of ctDNA is cancer screening and
early diagnosis in the hope that earlier treatment will lead to improved
outcome. Some studies have focused on quantitative analyses of cfDNA
as an indicator of tumor burden. Indeed, the level of cfDNA has been
shown to be higher in cancer patients compared to healthy controls
[29,30]. Moreover, cfDNA levels seem to correlate with tumor stage.
However, knowing only the quantity of cfDNA is not particularly in-
formative as other parameters, including inflammation, exercise, auto-
immunity, smoking, pregnancy and heart dysfunction, can influence
cfDNA levels [31]. In contrast, ctDNA is more attractive as it detects
genomic alterations that are tumor-specific, and this has been explored
in various studies. Bettegowda et al. reported ctDNA detection across
various cancer types in 82% of patients with stage IV and in 47% of
patients with early stage disease [32]. Using the targeted error cor-
rection sequencing (TEC-Seq) approach, Phallen et al. detected somatic
mutations in the plasma of 71%, 59%, 59%, and 68% of patients with
early-stage (I/II stage) colorectal, breast, lung or ovarian cancers, re-
spectively [6]. Another blood-based test, CancerSEEK, which combines
mutations in cfDNA and circulating proteins, was positive in 70% of
1005 patients with non-metastatic clinically detected cancers (43%,
73%, and 78% in stage I, II and III, respectively).

Changes in methylation patterns are early events in carcinogenesis
and may also be useful in cancer detection. Aberrant circulating DNA
methylation patterns have been shown to be a potential tool for the
early diagnosis of disseminated breast cancer [33] or ovarian cancer
[34]. Copy number alterations detected by whole genome sequencing
have led to the detection of early ovarian cancer [35]. These studies
outline the potential application of early cancer detection through
ctDNA analysis. However, important challenges remain before this
evolving diagnostic field can be confidentially implemented. Clonal
hematopoiesis, or the presence of somatic mutations within

nonmalignant hematopoietic cells, is described in up to 10% of in-
dividuals aged over 65 years and this could lead to false positive results
[36,37]. Furthermore, some studies have described the presence of
somatic mutations in normal cells from apparently healthy individuals
[38,39]. Recently, results of a substudy from the Circulating cell-free
Genome Atlas (CCGA) study on 2301 participants (1422 cancer, 879
non-cancer), showed that targeted methylation technology had a sen-
sitivity ranging from 59 to 86% (across cancer types and stages) with a
99% specificity [40]. This low false-positive rate is critical before po-
pulation-based screening test can be implemented. Using a novel mul-
tivariate cancer risk score (NCRS) model that combines shallow whole
genome sequencing of cfDNA and protein markers, Mao et al. reported
71.8% sensitivity and 97.7% specificity for detection of multiple cancer
types [41].

Prognosis and detection of minimal residual disease

ctDNA can be used to detect minimal residual disease (MRD), de-
fined as the persistence of microscopic cancer after treatment that
cannot be detected with current medical imaging modalities [42]. MRD
is correlated with an increased risk of disease recurrence and poorer
outcome. Several studies have shown the feasibility of ctDNA to detect
MRD after curative treatment in various cancer types including breast
[43] and colon cancers [44]. MRD detection often requires the identi-
fication of a somatic mutation in the solid tumor biopsy at baseline that
will be followed longitudinally by digital polymerase chain reaction
(PCR) [43] or next generation sequencing (NGS)-based assay [44].
However, Chaudhuri et al. have shown that ctDNA may be useful to
detect MRD even without prior knowledge of a tumor’s mutational
status [7]. In a post-treatment sample, ctDNA detection was reported in
94% of lung cancer patients with disease recurrence. In these studies,
ctDNA detection often preceded clinical recurrence.

Characterization of molecular landscape, precision medicine and treatment
selection

Several studies have shown that ctDNA has the potential to reflect
the mutational landscape of a tumor. High concordance rates between
liquid and solid biopsies have been reported for driver oncogenes, in-
cluding KRAS and EGFR [45,46]. This can be of particular interest to
identify actionable mutation(s). For example, many efforts have been
made to detect EGFR mutations in the plasma of patients with lung
cancer as obtaining biopsies can be challenging in lung cancer and
EGFR mutations are predictive of response to EGFR tyrosine kinase
inhibitors (TKI). Although the sensitivity of EGFR mutation detection in
plasma was reported to be only 65.7% [45], these tests can avoid in-
vasive tumor biopsies to a significant number of patients.

Monitoring of treatment and emergence of resistant clones

The short half-life of ctDNA and the ease of sampling make LB an
interesting tool for monitoring treatment response longitudinally.
ctDNA dynamics have been shown to correlate with tumor response in
many cancers [8,47,48]. In breast cancer, ctDNA outperformed cancer
antigen 15-3 in predicting response to chemotherapy and relapse [8]. A
study in non-small cell lung cancer found that ctDNA could distinguish
between residual disease and treatment-related imaging modifications
[48]. This illustrates the complementary role that ctDNA can provide to
imaging for disease monitoring. Somatic mutation analysis can also
provide information regarding potential resistance mechanism(s) such
as the emergence of RAS mutations in colorectal cancer patients [49]
treated with EGFR-targeted therapies, or the appearance of the EGFR
T790M mutation in lung cancer patients that confers resistance to ge-
fitinib and erlotinib [50].
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Technical aspects of ctDNA somatic mutation analysis

The optimal sequencing technique should consider the end goal(s)
of ctDNA analysis. The main challenge with ctDNA analysis is that the
proportion of ctDNA can sometimes be extremely low (< 1%) [47].
Therefore, the detection of MRD, for example, will require a highly-
sensitive technique that is able to detect ctDNA at very low proportions.

Table 1 provides an overview of ctDNA sequencing approaches.
There are multiple techniques to analyse ctDNA and these vary in the
number of genomic alterations covered by the sequencing technique
and in the limit of detection. The limit of detection is the lowest mutant
allele fraction or the lowest allele concentration that will confidently
discriminate the relevant mutations from the background noise [51].
Below this threshold, the analysis will be hampered by technical arte-
facts such as PCR or sequencing errors. The mutant allele fraction
(expressed in percentage) is the ratio of the number of mutant reads
divided by the total number of reads at a specific genomic position
number, and the mutant allele concentration (expressed in copies per
mL) is the number of mutant DNA fragments per unit volume.

The extent of ctDNA analysis can vary from a single mutation or a
limited multiplex panel to whole genome.

The cobas® EGFR mutation test v2 is an example of an allele-specific
real-time PCR-based test which focuses on EGFR mutation detection
with a limit of detection of 25 copies/mL. In digital-PCR based tech-
nologies, like digital droplet PCR (ddPCR) [52,53] or bead-emulsion-
amplification-magnetics (BEAMing) [54], the partitioning of the DNA
sample into thousands of individual fractions before PCR-amplification
enables absolute quantification without standard curve and a lower
limit of detection compared to real-time PCR. These techniques, how-
ever, only have the potential to detect a limited number of mutations of
interest. They can be used for hotspot mutation detection [50] or de-
tection of MRD [43]. In the latter, knowledge of the presence of specific
mutations in the tumor tissue biopsy of each individual patient is re-
quired. Advantages of these techniques include the absence of bio-in-
formatic analysis and a rapid turn-around time.

Targeted NGS techniques, using PCR amplicons or hybrid-capture,
enable broader gene panels to be targeted. For standard NGS techni-
ques, detection is limited to variants with a mutant allele fraction of 1%
because of the background error rate [55–57]. These errors can be re-
duced by implementing barcode based approaches or specific bioin-
formatic tools. For instance, the Safe-sequencing system (Safe-SeqS)
[57] uses unique molecular identifiers (UMI) or molecular barcodes
that will tag sequences from the same DNA fragment to identify pos-
sible errors. Personalized profiling by deep sequencing (CAPP-seq) [48]
is a capture-based enrichment strategy that includes a specialized
bioinformatic workflow. It can be further improved by the coupling of
integrated digital error suppression (iDES) to eliminate artefacts

observed in cfDNA sequencing [58]. These techniques do not need
patient-specific tumor analysis and have the advantage over standard
NGS approaches [55,59] to offer a lower limit of detection.

Finally, whole exome or whole genome sequencing offers the most
comprehensive approach but at the cost of a lower limit of detection
estimated at 5% because of the lower sequencing depth [60]. Shallow
whole genome sequencing with a 0.1–0.2 × low sequencing coverage is
used for copy number alteration detections [61,62]. The drawback of
NGS-based techniques is the bio-informatic expertise needed to analyze
the data and the higher cost compared to digital PCR-based techniques.

cfDNA in SCCHN

Some studies have explored LB as a diagnostic, prognostic or
monitoring tool for SCCHN, but data are limited compared to other
cancers and there is currently no clinical application. LB could, how-
ever, be of interest at different stages of SCCHN disease (Fig. 1). For
instance, 40–50% of patients treated with curative intent will recur. The
suspicion of local relapse is currently based on physical examination,
including flexible head and neck fiberoptic endoscopy and imaging. The
differential diagnosis with treatment-induced fibrosis or radionecrosis
can be difficult, leading to delayed diagnosis and treatment. Ad-
ditionally, in some cases of locoregional recurrence without distant
metastases, salvage surgery or (chemo)radiation can still be curative.
Therefore, early diagnosis of locoregional recurrence is primordial.
ctDNA could be useful to distinguish the difference between local re-
lapse and treatment-related complications, and to detect MRD, with the
ultimate goal of identifying patients who need additional treatment.

Another interesting field for LB is precision medicine. The char-
acterization of the SCCHN molecular landscape has identified potential
therapeutic targets with new treatment opportunities [63,64]. SCCHN
is a heterogenous disease, and multiple molecular assessments during
the disease course may be required to adapt the treatment strategy.
Identifying potentially actionable alterations through LB could be an
attractive alternative when obtaining a biopsy is challenging or not
feasible.

Blood-based DNA analysis for SCCHN includes not only the detec-
tion of tumor-specific mutations but also the detection of the human
papillomavirus (HPV) DNA for HPV-positive oropharyngeal cancer
[65–67]. Furthermore, different studies have investigated ctDNA mi-
crosatellite alterations [68,69], methylation levels [70,71], and copy
number aberrations [72].

ctDNA detection trough somatic mutation analysis

Somatic mutations in ctDNA can be analyzed using two different
approaches: a targeted approach and a tumor-agnostic approach. The

Table 1
Overview of sequencing technologies for cfDNA analysis (non-exhaustive).

Extent of analysis Examples of technology Assay limit of detection Potential clinical applications

Single mutation or limited multiplex panel BEAMING [88]
ddPCR [52,53]

0.01%
0.001%

Detection of hot-spot mutations [50]
Disease monitoring and detection of minimal residual disease
[43]

Targeted panel gene (10 kb to 50 Mb) Standard NGS [55,89]
Safe-SeqS [57]
SiMSen-Seq [90]
CAPP-seq [48]
iDES

1%
0.1%
0.1%
0.02%
< 0.01%

Mutational landscape [91]
Detection of actionable mutations [55,81]
Disease monitoring and detection of minimal residual disease
[7,44,92]
Detection of de novo mutations implicated in resistance
mechanisms

Whole Exome
Whole Genome

Hybrid-capture exome sequencing
[60]
Plasma-seq [61]

> 5%
5–10%

Detection of resistance mechanism [60]
Genomic landscape [61]

BEAMING, bead-emusion-amplification-magnetics; CAPP-seq, personalized profiling by deep sequencing; ddPCR, digital droplet PCR; iDES, integrated digital error
suppression kb, kilobases Mb, megabases; NGS, next generation sequencing; PCR, polymerase chain reaction; Safe-SeqS, safe-sequencing system; SiMSen-Seq, simple,
multiplexed, PCR-based barcoding of DNA for sensitive mutation detection using sequencing.

R. Galot and J.-P.H. Machiels Cancer Treatment Reviews 85 (2020) 101992

3



targeted approach identifies genomic alteration(s) in tumor tissue that
can be used as marker(s) for ctDNA presence through different high-
sensitive sequencing techniques. Another approach is the tumor-agnostic
approach or non-targeted approach, whereby ctDNA is analyzed without
prior knowledge of the mutational status of the tumor [7]. This could
also be of high interest when tumor biopsies are not feasible or difficult.

Targeted approach
Different studies in SCCHN have used a targeted approach to detect

ctDNA in plasma based on somatic mutation(s) previously identified in
the tumor (Table 2). The main clinical applications for this approach
are baseline ctDNA detection and disease monitoring or minimal re-
sidual disease detection.

The largest study was reported by Wang et al. [73]. The group ex-
plored the detection of tumor-specific DNA in the saliva and/or plasma
of 93 SCCHN patients including 20 patients (22%) with early stage (I or
II) disease. At least one genomic alteration was detected in the tumor of
each patient including the detection of HPV16 DNA in 30 patients
(32%), a somatic mutation in genes commonly altered in SCCHN in 58
patients (62%), or another driver mutation/translocation in the last five
patients. Subsequently, digital PCR or Safe-SeqS for the detection of
HPV DNA and point mutations/translocation, respectively, was applied
to the saliva (n = 93) and plasma (n = 47). The investigators detected
ctDNA in 87% of the 47 patients whose plasma was tested. This de-
tection rate increased to 96% when both plasma and saliva were
combined. Importantly, it was demonstrated that a limited panel of
genes, containing HPV DNA 16 sequences and the most common altered
genes in SCCHN (TP53, PIK3CA, CDKN2A, NOTCH1), led to the de-
tection of ctDNA in 95% of SCCHN. Therefore, ctDNA detection seems
feasible in SCCHN when highly sensitive techniques are used.

In the same patient cohort, 14 patients with sequenced plasma had
locoregional recurrent disease. ctDNA was detected in all of them,
highlighting the potential of ctDNA to help diagnose recurrent disease.
Although it was not the main purpose of their work, Wang and col-
leagues also examined the follow-up samples of nine patients who had
detectable ctDNA before surgery. In three of these patients, tumor DNA
was detected in the saliva or plasma after surgery and before clinical
relapse, but none of the five patients without recurrence had detectable
tumor DNA. The same investigators also showed on this limited number
of patients that those with undetectable tumor DNA in their saliva/
plasma after surgery had a better disease-free survival, suggesting a
prognostic value.

In contrast, Perdomo [74] et al. detected ctDNA in only 42% of
patients using a targeted approach. As cfDNA samples used for this
analysis were up to 10 years old, sample storage and handling may
explain these modest results.

Van Ginkel et al. [75] focused on the TP53 gene. His group per-
formed TP53 testing in surgically resected primary tumor samples of six
SCCHN patients, and designed mutation-specific ddPCR assays to detect
the mutation in plasma. The mutation was detected in all six plasma
samples with an allele frequency down to 0.01%, demonstrating that a
highly sensitive PCR-based technique could be used as a post-treatment
monitoring tool in SCCHN.

The first study focusing on detection of minimal residual disease
was recently published [76]. Seven patients, with identifiable muta-
tions in the primary tumor, were tested for the presence of these same
patient-specific mutations in their plasma. Plasma-sequencing assays
(SiMSen-Seq) were designed based on the mutations identified in the
tumors (2–7 mutations per patient). In six patients (86%), ctDNA mu-
tations were detected at baseline and these were followed for up to

Fig. 1. Potential clinical applications of circulating tumor DNA at different stages of SCCHN disease The figure shows how cancer lesions shed tumor DNA into
the blood circulation and how ctDNA could reflect tumor heterogeneity in case of multiple tumor clones. The box in the middle illustrates the flow diagram for ctDNA
analysis. (a) The graph shows the potential clinical applications of ctDNA kinetics during the curative setting. The blue and the green lines represent ctDNA kinetics of
2 different patients undergoing curative treatment for locally-advanced SCCHN. Both patients have ctDNA detected at baseline. After treatment, the blue curve show
ctDNA clearance, reflecting possibly that this patient is cured and could benefit from a close follow-up without adjuvant treatment. The green curve however, could
potentially indicate minimal residual disease for this patient and guide an adjuvant treatment. Serial longitudinally ctDNA could lead to earlier detection of loco-
regional relapse that is still curable. In case of incurable/metastatic relapse, ctDNA could identify potentially actionable alterations. (b) The graph shows how ctDNA
kinetics could guide treatment for incurable/metastatic SCCHN; monitoring treatment response (red curve) to systemic treatment, identify potential targets as well as
the emergence of resistance clones (blue curve).
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18 months after therapy. Out of the four patients diagnosed with clin-
ical recurrence, three had at least one mutation detected in their
longitudinal plasma samples.

All these studies demonstrate that targeted approaches based on
high-sensitive techniques are feasible with promising potential clinical
applications.

Tumor-agnostic approach
Non-targeted or tumor-agnostic approaches sequence cfDNA

without knowing the genomic alterations of the corresponding solid
tumor. The main clinical applications are characterization of the mo-
lecular landscape, identification of actionable events and investigation
of treatment resistance mechanisms.

Table 3 provides an overview of tumor-agnostic studies performed
in SCCHN. Mazurek et al. [30] studied the cfDNA of 200 patients with
the primary aim of correlating cfDNA quantification with clinical
characteristics. Higher cfDNA levels were found in oropharyngeal
cancer as well as in clinical N2-N3 and in stage IV disease. The in-
vestigators also looked for plasmatic HPV16/18 DNA, KRAS G12C and
EGFR mutations. HPV DNA was detected in 14% of patients but no
KRAS or EGFRmutations were detected; these two latter alterations are,
however, not frequent in SCCHN. Perdomo et al. [74] also explored the
non-targeted approach by sequencing the TP53 gene independently in
the tumor, saliva and plasma of 37 patients with late-stage SCCHN. As
expected, TP53 mutations were detected in 28/37 of solid tumor
biopsies (76%), but surprisingly, these mutations were only observed in
three plasma samples. Only in one patient was the same mutation de-
tected in tumor, plasma and oral rinses. Again, the low plasmatic de-
tection rate observed by Mazurek and colleagues might be explained by
the long storage of plasma samples. An important finding of the study
was the identification of TP53 mutations in the oral rinses of a few non-
cancer individuals with an allele frequency ranging from 0.001 to
0.004%. The detection of TP53 mutations has been previously reported
in the plasma, peritoneal fluid and skin of healthy controls
[38,39,77,78]. Clonal hematopoiesis has also been reported as potential
origin of false-positives [36]. These findings need to be taken into ac-
count when considering ctDNA for early cancer detection.

A targeted NGS-approach has been used to screen for the emergence
of specific EGFR ectodomain or activating RAS mutations in patients
treated with cetuximab-based therapy [79]. The primary tumor at
baseline before cetuximab treatment was analyzed for the same specific
mutations. The appearance of an activating RAS mutation was found in
the cfDNA of 6/13 (46%) patients that had progressive disease during
cetuximab-based treatment, while all the tumor baseline samples of
these patients were RAS wild type. This underlines the possibility to
detect hotspot mutations using ultra-deep NGS testing as well as de novo
mutations possibly implicated in treatment resistance. The detection of
a hotspot PIK3CA mutation was also reported in 9/29 (31%) patients
with treatment-naïve SCCHN using an allele specific amplification
technique [80]. This could be of clinical interest as PIK3CA p.E545K is a
potentially targetable event, and the technique that is used has a short
turn-around time. Recently, another group detected HRAS mutations in
three patients with locally-advanced SCCHN that were not present in
the baseline tumor samples [81]. Furthermore, the investigators de-
scribed the appearance of HRAS mutations in three other patients who
progressed on nivolumab. Such data could potentially inform a targeted
treatment strategy as SCCHN patients harboring a HRASmutation could
potentially benefit from tipifarnib, a farnesyltransferase inhibitor [63].

We have explored the potential of liquid biopsy for tumor muta-
tional profiling of SCCHN using targeted NGS (Ilumina HiSeq4000,
custom panel of 604 genes with a median coverage of 1000 X) [82].
Although liquid biopsy did not reflect the complete mutation profile of
the tumor, we identified some potential targetable events for patients
with no tumor biopsy available. The concordance between the solid and
liquid biopsy was low due to the limited sensitivity of the standard NGS
approach.Ta
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Analysis of cfDNA for methylation patterns, microsatellite alterations or
copy number alterations

Other cfDNA analyses can be performed, including the investigation
of methylation patterns (Table 4). Mydlarz et al. [71] investigated the
ability of three methylation probes (endothelin receptor type B
(EDNRB), deleted in colorectal carcinoma (DCC), and cyclin-dependent
kinase inhibitor 2A (CDKN2A) hypermethylation probes) to detect al-
tered methylation in serum samples from 100 patients with untreated
SCCHN and 50 healthy controls. EDNRB hypermethylation was re-
ported in the serum of 10% of patients whilst none was observed in the
control samples, highlighting a high specificity for this test but limited
sensitivity as a biomarker for SCCHN. In contrast, Schrock et al. [70]
reported that Short stature homeobox 2 (SHOX2) and Septin 9 (SEPT9)
DNA methylation had a higher sensitivity (52%) and a specificity of
95%. They also found that methylation levels predicted overall survival
(OS) and correlated with tumor and nodal category.

Different studies have investigated microsatellite alterations in
ctDNA [68,69]. Nawroz et al. detected microsatellite alterations in the
serum of 47% patients, and these were identical to the ones seen in the
corresponding tumors. Patients with microsatellite alterations detect-
able in their cfDNA had a higher rate of distant metastasis but there was
no correlation with OS. Hamana et al. [69] also looked at the micro-
satellite status of patients with SCCHN and analyzed pre- and post-
operative samples. Allelic imbalances (AI) were observed in 38 out of
64 tumor tissues. They detected at least one AI in the serum of 33 of
these 38 patients. All the serum AI patterns were matched with the
corresponding tumor. Serum AI were detected preoperatively in 44%
(28 of 64) and postoperatively in 20% (13 of 64) of patients. In the pre-
operative positive patients, 20 (71%) had no detectable ctDNA post-
operatively and none recurred. Two patients with detectable post-op-
erative ctDNA died within 44 weeks of surgery.

Finally, copy number alterations (CNA) can also be analyzed
through cfDNA. Schirmer et al. analyzed ctDNA derived CNA in SCCHN
patients with low-coverage NGS [72]. They calculated a copy number
instability score (CNI) from the number of copy imbalances as a general
measure of the genomic instability that occurs in the tumor and in the
concentration of ctDNA. They found sensitivity for tumor detection that
ranged from 46% for pT1 tumors to 94% for pT4. Patients with a CNI
above the median (> 72) had worse survival with an OS survival rate at
three years of 62% compared to 90% in patients with CNI < 72.

Circulating HPV DNA

In HPV-related OPC, there is expression of viral-specific oncogenes
(E6 and E7) [83]. Some studies have focused on the detection of these
viral oncogenes in LB to use HPV cfDNA as a biomarker for HPV-po-
sitive OPC (Table 5). Ahn et al. reported a sensitivity and a specificity of
76% and 100%, respectively, when HPV DNA analysis of pretreatment
saliva and plasma samples were combined [65]. The sensitivity of LB
alone was 67.5%. More recently, Chera and colleagues reported a
sensitivity of 89% with a more sensitive digital PCR technique [84].

HPV cfDNA levels seem to correlate with tumor burden as patients
with stage IV and high N category had a higher rate of detectable
pretreatment serum HPV DNA as reported by Dahlstrom et al.65 This
was confirmed by Hanna et al. [85] who tested HPV cfDNA in 17 pa-
tients with R/M disease. The median HPV cfDNA levels increased with
disease spread: 4.6 copies/mL in locoregional disease, 163 copies/mL in
pulmonary-only disease, and 452.8 copies/mL in extra-pulmonary dis-
ease [85]. In this study, the median plasma HPV cfDNA level negatively
correlated with survival, suggesting a prognostic value. The opposite
was however shown in another study where low pre-treatment HPV
cfDNA was associated with worse outcome, possibly related to lower
tumor HPV copy numbers and greater likelihood of HPV integration
which are adverse tumor genomic features [84].

Finally, evidence is emerging that cfDNA could be used for

monitoring. One study reported that HPV DNA detected in post-treat-
ment saliva was associated with a higher risk of recurrence [65]; in two
other studies, changes in HPV cfDNA levels confirmed treatment re-
sponse or progression [85,86]. Recently, Chera and colleagues showed
in a prospective biomarker trial that a rapid clearance profile of HPV
cfDNA, defined as having a high baseline copy number (> 200/mL)
and> 95% clearance by day 28 of CRT, could predict disease control in
patients with HPV-positive OPSCC treated with definitive CRT [84].
However, patients with detectable HPV cfDNA at the end of week 6 of
CRT did not have a higher incidence of residual disease or recurrent
disease.

Saliva

Most of the studies that investigate LB in SCCHN are based on blood
analyses, although another interesting “liquid” in this disease, as pre-
viously mentioned, is saliva. Saliva can contain molecular biomarkers
through ultrafiltration from blood, passive diffusion, or active transport
[87]. Moreover, DNA can be released immediately into the upper
aerodigestive tract by the necrosis of SCCHN epithelial cells. In the
study by Wang et al. tumor DNA was detected in 76% of saliva samples
(n = 93). Combined analysis of saliva and plasma increased the de-
tection of ctDNA from 87% to 96% compared to plasma analysis alone.
This same trend was observed for the detection of HPV cfDNA when
plasma and saliva samples were combined [65]. The sensitivity of
ctDNA detection in saliva seems to be site-dependent. Tumor DNA de-
tection was achieved in 100% of oral cavity cancers but only in 47%,
70% and 67% of oropharynx, larynx, and hypopharynx cancers, re-
spectively [73]. Perdomo et al. [74] described a TP53 mutation de-
tection rate in oral rinses that was also higher in oral cavity (54.2%)
and oropharynx (60%) cancers compared to larynx cancer (16.7%).

Conclusion

Although the literature on cfDNA analysis for SCCHN is scarce
compared to other tumors, preliminary results seem to hold promise for
the future. Early evidence suggests that highly sensitive techniques on
limited gene panels could be useful to detect ctDNA in a substantial
proportion of patients with SCCHN. This is of particular interest to
detect minimal residual disease, for which proof of concept has already
been shown. The next step would be to evaluate the clinical utility of
ctDNA detection in this setting to select upfront patients who would
benefit from complementary or adjuvant therapy after primary treat-
ment.

Moreover, exciting results have emerged regarding the detection of
potentially targetable events through liquid biopsy, like PIK3CA or
HRAS mutations, for which tipifarnib may be a potential therapeutic
option [63]. Some of these mutations were not present in the baseline
tumor sample and others emerged during therapy [79,81]. Liquid
biopsy could thus be an attractive tool in the future, complementing
tissue biopsy to capture tumor heterogeneity, or replacing it when a
biopsy is not feasible or challenging.

To conclude, large-scale prospective studies are required to further
study ctDNA in SCCHN and to verify its clinical relevance. Based on
current data, we believe that ctDNA has the potential to guide perso-
nalized treatment strategies for patients with SCCHN and to hopefully
improve their outcome.
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