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Head and neck squamous cell carcinoma (HNSCC) is a molecularly heterogeneous disease, with a 5-year survival rate that still
hovers at ~60% despite recent advancements. The advanced stage upon diagnosis, limited success with effective targeted therapy
and lack of reliable biomarkers are among the key factors underlying the marginally improved survival rates over the decades.
Prevention, early detection and biomarker-driven treatment adaptation are crucial for timely interventions and improved clinical
outcomes. Liquid biopsy, analysis of tumour-specific biomarkers circulating in bodily fluids, is a rapidly evolving field that may play
a striking role in optimising patient care. In recent years, significant progress has been made towards advancing liquid biopsies for
non-invasive early cancer detection, prognosis, treatment adaptation, monitoring of residual disease and surveillance of recurrence.
While these emerging technologies have immense potential to improve patient survival, numerous methodological and biological
limitations must be overcome before their implementation into clinical practice. This review outlines the current state of knowledge
on various types of liquid biopsies in HNSCC, and their potential applications for diagnosis, prognosis, grading treatment response
and post-treatment surveillance. It also discusses challenges associated with the clinical applicability of liquid biopsies and
prospects of the optimised approaches in the management of HNSCC.
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BACKGROUND
Head and neck cancer is the seventh most common malignancy
worldwide with 930,000 new cases and 470,000 deaths reported in
2020, an obvious increase compared to 890,000 cases and 450,000
deaths recorded in 2018 [1]. It comprises a heterogeneous group of
malignancies originating from the oral cavity, oropharynx, larynx,
nasopharynx and hypopharynx. The predominant histological
subtype (90%) is squamous cell carcinoma (head and neck
squamous cell carcinoma (HNSCC)) originating from the mucosal
epithelium of the oral cavity (OCSCC), oropharynx (OPSCC),
hypopharynx and larynx (LSCC). The remaining 10% of the
tumours originate from lymphocytes, cells of connective tissues
or salivary glands and include lymphoma, adenocarcinoma and
sarcoma [2]. HNSCC is of multifactorial aetiology, with major
associated confounding factors including use of tobacco, excessive
alcohol consumption and/or infection with Epstein–Barr virus (EBV)
and high-risk human papillomavirus (HPV) [3, 4]. HPV-16, and to a
lesser extent HPV-18, is a significant risk factor for oropharyngeal
squamous cell carcinoma (OPSCC) [5]. HPV-positive OPSCC typically
occurs at a younger age with no prior history of tobacco
consumption and is associated with a more favourable prognosis
than HPV-negative counterparts [5].

Current treatment paradigms for HNSCC includes surgical
resection followed by adjuvant radiation with or without
chemotherapy, depending on the disease stage and adverse
pathologic feature [6]. Despite improvements in molecular diag-
nosis, cetuximab, a monoclonal antibody targeting epidermal
growth factor receptor (EGFR), is the only Food and Drug
Administration (FDA)-approved targeted therapy available for this
disease [7]. However, the response rate to cetuximab monotherapy
is variable. Given the limited success of targeted treatment and
cytotoxic chemotherapy against locally advanced or metastatic
HNSCC, the current clinical focus has turned to immunotherapy
with antibodies targeting T cell inhibitory receptors that function as
immune checkpoints, such as programmed death-1 (PD-1) [4, 6].
However, despite improved locoregional control and reduced
treatment-related morbidity, the 5-year overall survival rate for
patients with HPV-negative HNSCC has remained relatively low, in
part due to failure in early diagnosis [8, 9].
While most of the HNSCC cases can be cured if detected early,

survival of patients with advanced-stage disease remains ~20–60%
[9], underscoring the need for an earlier diagnosis of cancer. With
the advancements in high-throughput next-generation sequencing
(NGS) technologies, tumour molecular profiling has become a
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significant and promising tool in disease diagnosis, prognosis and
post-treatment surveillance. In the diagnostic setting, analysis
based on conventional visual and tactile examination followed by
tissue biopsy is still the gold standard for head and neck
malignancies. However, the major drawbacks of this approach
include biased acquisition of tissue due to intratumoral hetero-
geneity, pain and discomfort caused by its invasive nature, and
difficulty in identifying occult regional metastasis [9]. Conse-
quently, while tissue biopsy remains useful for primary tumour
genetic profiling, over the past few years there has been a
significant interest in exploring liquid biopsies as an alternative
approach for molecular characterisation of HNSCC and detection of
cancer-specific biomarkers that can be applied for early diagnosis,
treatment planning, response monitoring and surveillance.
Given their minimally invasive and easy-to-collect nature, liquid

biopsies have emerged as a promising platform for inexpensive
screening, diagnosis, and monitoring of HNSCC, including for
cases that require serial sample collection over time. Circulating
tumour DNA (ctDNA), circulating tumour cells (CTCs) and
exosomal microRNAs (miRNAs) have been shown to be present
in patients’ body fluids, including plasma and saliva, and could
therefore be used as a surrogate for a biopsy [10–12]. In this
review article, we will summarise the current state of knowledge
on liquid biopsies and their potential clinical application in head
and neck malignancies as a non-invasive diagnostic, prognostic
and treatment monitoring tool. Furthermore, we will discuss the
significance of HPV quantification in liquid biopsy to aid treatment
de-escalation in HNSCC and provide an outlook on future
prospects in this rapidly emerging field.

TYPES OF LIQUID BIOPSY BIOMARKERS IN HNSCC
Studies of liquid biopsies in oncology have flourished over the
past decade, and are rapidly gaining importance as promising
non-invasive cancer biomarkers. Traditionally, the field was
segregated into two major strategies: detection of free nucleic
acids and isolating intact CTCs from different body fluids. More
recently, additional approaches such as identifying extracellular
vesicles (EVs) and targeted proteomics have emerged as
alternative sources of liquid biopsy biomarkers (Fig. 1). Although
a few liquid biopsy-based assays have been already approved for
clinical use and many more in clinical trials, each strategy comes
with its own advantages and drawbacks. The next section will
describe different liquid biopsy technologies applied to patients
with HNSCC and discuss their usability for clinical applications.

Somatic DNA mutations based biomarkers
Somatic mutations are among the hallmarks of cancer progression
that allow reliable differentiation between cancer and normal
tissues. The exclusive nature of tumour-defining driver genetic
alterations makes them attractive biomarkers with a theoretical
specificity approaching 100% when detectable. Although HNSCC
is considered to be a vastly heterogeneous disease, our group and
others have revealed that HPV-negative HNSCC is largely driven by
mutations in tumour suppressor genes, such as TP53 (mutated in
over 80% of the cases), followed by FAT1, CDKN2A and NOTCH1
alterations (detected in ~ 20% of the tumours) [13–15]. In addition,
mutations in the oncogene PIK3CA were also identified in
approximately 20% of head and neck malignancies. In fact, over
80% of the patients with HPV-negative disease harbour genetic
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Fig. 1 Liquid biopsy biomarkers and clinical applications. Schematic summary of a wide variety of blood- and saliva-based liquid biopsy
biomarkers and their application for precision medicine in HNSCC.
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alterations in the narrow number of frequently mutated genes
[16], which may serve as predictive biomarkers for detection of
HNSCC despite the considerable inter-tumoral heterogeneity
among HNSCC patients.
It is well established that as a tumour grows, it sheds tumour

cells and DNA into various body fluids, including saliva and plasma
[9, 12]. The idea that tumour-defining genetic alterations can be
detected in body fluids has been proposed nearly two decades
ago [17]. Over the years, multiple studies have shown that somatic
mutations detected in HNSCC tissue biopsies can also be
identified in matched body fluid specimens, and may act as
diagnostic and predictive biomarkers in patients with HNSCC
[9, 12, 17]. For example, multiplex PCR analysis of saliva DNA from
93 patients with HNSCC found tumour DNA (either somatic
mutations in TP53, PIK3CA, CDKN2A, FBXW7, HRAS and NRAS or
presence of HPV genes) in 100% of the patients with OCSCC,
whereas detection frequency was substantially lower (47–70%) for
patients with oropharyngeal, laryngeal and hypopharyngeal
cancers, suggesting enrichment for tumour DNA from the oral
cavity [12]. In contrast, tumour DNA was found in over 80% of the
matched plasma samples available for a subset of these patients,
demonstrating high detection frequency across different histolo-
gical sites [12]. Of note, three of the nine patients with available
“follow-up” samples were found to have tumour DNA in their
saliva or plasma after surgery, but before clinical evidence of
disease recurrence, supporting the feasibility of DNA-based liquid
biopsies for cancer surveillance. In a more recent study,
Shanmugam et al. explored the potential of saliva-based screen-
ing to identify patients who are at high risk of developing OCSCC
[9]. A custom NGS panel with unique molecular identifiers was
designed to cover the coding region of the seven most frequently
mutated genes in OCSCC. Applying this targeted sequencing
panel on DNA extracted from 121 treatment-naive OCSCC
tumours and matched preoperative oral rinse specimens revealed
that mutations identified in primary lesions were also detected at
high concordance (93%) in saliva samples, whereas no functionally
relevant mutations were detected in oral rinse DNA collected from
healthy individuals [9]. To date, several studies have correlated the
presence and abundance of tumour-specific DNA alterations
detected in patients’ plasma and/or saliva with clinicopathological
characteristics [18]. Mutation-based DNA biomarkers have several
distinct advantages—unlike RNA and protein, they have no
physiologic background and are not influenced by signalling
changes induced during disease progression or therapy. Further-
more, unlike RNA or protein-based assays, DNA-based alterations
should theoretically be found in appreciable levels only within
cancer cells and not normal cells, allowing high specificity.
Moreover, DNA is stable and amplifiable and may better
stoichiometrically correlate with disease burden. Collectively,
cancer-specific genetic mutations allow for tremendous specificity,
and its use in addressing the continuing challenges in clinical
oncology will grow.

Methylation-based biomarkers
Along with the mutational landscape, assessing the tumour-
specific methylation signatures in body fluids has also been
extensively studied over the past decade. DNA methylation is an
important epigenetic mechanism of gene expression regulation
and often occurs at an early stage of tumorigenesis, providing
the rationale for its use as a biomarker for early detection of the
disease.
Recently, a largely targeted methylation analysis of plasma

circulating cell-free DNA (cfDNA) that involved 6689 participants
across over 50 cancer types (including HNSCC) was performed to
localise the tumour tissue of origin [19]. Using both a whole-
genome bisulfite sequencing and a panel that targets >100,000
distinct methylation regions, the tissue of origin for a broad range
of cancer types at metastatic and non-metastatic stages was

localised with >90% accuracy, supporting the feasibility of
employing methylation analysis of cfDNA for early cancer
detection [19]. As an alternative to blood-based assays, several
studies have focused on detecting tumour-specific DNA methyla-
tion biomarkers in saliva, an attractive matrix for early detection of
head and neck cancers [20, 21]. For example, a recent study that
used methylation-specific PCR to assess the promoter methylation
status of p16INK4a, RASSF1A, TIMP3 and PCQAP/MED15 tumour
suppressor genes in salivary DNA from OCSCC and OPSCC patients
revealed that a subset of these genes was significantly hyper-
methylated in patients compared to healthy controls [20]. Another
study that performed a comprehensive meta-analysis to evaluate
the diagnostic potential of salivary DNA methylation for detecting
head and neck cancers showed a higher diagnostic accuracy of
combined methylation gene panel compared to individual gene
analysis [22].
While these and other studies [23–25] provide valuable insights

regarding the potential application of cancer-associated DNA
methylation changes in body fluids as an accurate tool for diagnosis
and monitoring of head and neck malignancies, the major challenge
to the discovery of biomarkers is inherent heterogeneity of
methylation profiles in clinical samples and unclear origin of
methylated cfDNA. This, however, does not preclude the discovery
of accurate correlative biomarkers that might become extremely
valuable in clinical practice.

Mitochondrial DNA-based biomarkers
Mutations in mitochondrial DNA (mtDNA) have been linked to risk,
progression and treatment response of HNSCC [26–30]. Due to
their clonal nature and high copy number, mitochondrial
mutations could serve as powerful molecular markers for the
detection of cancer cells in surgical margins, biopsies and lymph
node metastasis, especially at sites where tumour involvement is
not histologically apparent. Additionally, due to its circular
configuration, mtDNA is thought to be more stable than genomic
DNA, and may therefore be suitable for sequencing when isolated
from low-quality formalin-fixed paraffin-embedded or body fluid-
derived samples [31]. Over the past two decades, several groups
have demonstrated that mtDNA alterations are valuable markers
of head and neck tumorigenesis [32, 33]. However, only a few
studies have assessed tumour-associated mitochondrial genome
mutations and copy number changes in body fluids of patients
with HNSCC [34–36], in part, due to insufficient sensitivity of the
early sequencing platforms to detect low-prevalence heteroplas-
mies. Recently, our group has used an ultra-deep amplicon-based
sequencing approach that covers the entire mitochondrial
genome to reliably detect low-frequency tumour-associated
mtDNA mutations in sputum and serum specimens collected
from patients with HNSCC [31]. While these findings provide the
foundation for using mitochondrial sequencing as a non-invasive
cancer biomarker, additional studies in larger patient cohorts are
required to further validate the accuracy of the mtDNA sequen-
cing approach.

Exosomes and EVs as potential biomarkers in HNSCC
The EVs are actively produced by the tumour cells and released into
the tumour microenvironment (TME). According to their cell
compartment origin, diameter and surface protein markers, EVs can
be divided into three subgroups: exosomes (40–100 nm), micro-
vesicles (50–1000 nm) and apoptotic bodies (50–2000 nm) [37]. A
complex cargo of the EVs contains DNA, messenger RNAs (mRNAs),
miRNAs, long non-coding RNAs, circRNAs, proteins and metabolites.
These biologically active substances are detectable in biological fluids
and play a vital role in cancer progression [38]. Several techniques
have been developed for the isolation of exosomes based on their
biophysical properties or immune affinity [39, 40] and extensively
studied as potential biomarkers for HNSCC. For example, plasma
exosomes were evaluated for their levels of EMT markers (such as E-
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cadherin, N-cadherin and TGF-β1) by flow cytometry as a potential
biomarker of post-treatment surveillance [41]. It was found that
exosomes obtained at baseline had a mesenchymal profile (high
levels of N-cadherin and TGF-β1) that was associated with increased
tumour proliferation, migration and invasion, whereas exosomes
collected post-treatment with photodynamic therapy showed
epithelial phenotype [41]. In a more recent study, profiling of
circulating plasma exosomes was performed in 18 HNSCC patients
receiving a combination of cetuximab, ipilimumab and radiation
therapy. In patients whose disease recurred, total exosome proteins,
total exosome ratio, total CD3+, CD3(−)PD-L1+ and CD3+15s+ (a
marker of highly differentiated and most suppressive regulatory
T cells) exosomes increased from baseline levels compared to patients
who remained disease-free, supporting the role of exosomes as
biomarkers for post-treatment surveillance in HNSCC [42].
The tumour-specific exosomal miRNA signatures have also been

studied as potential liquid biopsy biomarkers for HNSCC. Langevin
et al. reported that exosomal miRNA content in saliva collected
from HNSCC patients is substantially different than the microRNA-
sequencing profile seen in saliva samples collected from healthy
controls, providing insights on the utility of miRNA signatures as
non-invasive saliva biomarker [43]. In another study, Rabinowits
et al. has demonstrated that plasma exosomal miRNA mirrored the
miRNA within the HNSCC tumour tissue, and tested the potential
for blood-borne miRNA to identify HNSCC and to predict outcome
[44]. Paralleling previous reports, patients with HNSCC exhibited
miRNA profiles within circulating exosomes that were distinct
from normal controls, with levels of most exosomal miRNAs being
suppressed in patients responding to therapy [44]. Several other
studies have explored circulating miRNA as a biomarker for early
HNSCC detection, prognosis and monitoring recurrence and
metastasis [45–48] underscoring that miRNA profiles within body
fluid exosomes may have utility in the HNSCC diagnosis and
disease monitoring.
Similar to exosomes, EVs represent an emerging liquid biopsy

modality in HNSCC. Apart from promoting cell growth, prolifera-
tion and migration, EVs and their cargos (miRNAs and proteins)
hold promise as potential biomarkers for cancer diagnosis and
prognosis [49, 50]. Dynamic examination of circulating EVs and
their contents has been shown to provide information on real-
time therapeutic response as well as therapy resistance in patients
with several types of cancer including HNSCC. Rodrigues-Junior
et al. explored EVs as plasma-based biomarkers that prospectively
segregate the outcome of HNSCC patients treated with chemor-
adiation therapy (CRT) [51]. Screening the EVs cargo isolated from
plasma of six HNSCC patients who responded to CRT and six
patients who presented incomplete response with antibody array
revealed a protein signature that was able to distinguish between
these two cohorts, posing the non-invasive EV evaluation as a
potential tool for response assessment and guiding therapeutic
decisions [51].
While these studies suggest the potential of exosomes and EV

profiling in body fluids for HNSCC diagnosis and surveillance, their
use in a clinical setting is associated with technical challenges in
terms of isolation, purification and quantification, and demands
future technological advancements to better understand the true
sensitivity of this approach.

Transcriptomic biomarkers
The genetic and epigenetic alterations associated with cancer cells
lead to altered gene expression patterns which can be identified
long before the phenotype is manifested. Altered gene expression
patterns exclusive to cancer cells can be exploited as molecular
biomarkers for early detection and management of the disease,
and have been studied in serum or plasma of several solid
malignancies including head and neck [52, 53]. One such early
study used microarray to investigate the distinct mRNA expression
patterns in saliva from OCSCC patients as a potential biomarker for

early cancer detection, reporting a small gene signature distin-
guishing OCSCCs from the controls [54]. A series of more recent
pre-clinical studies using whole-transcriptome analysis, such as
microarray and more recently RNA-sequencing, have demon-
strated the ability to detect tumour-specific gene expression
changes in both saliva and blood after cancer therapy and show
their associations with tumour staging, grading and clinical
outcomes [55–58]. However, none has gained traction in clinical
practice. Most of the transcriptomic signatures defined by these
studies are either platform-dependent, insufficiently validated in
independent cohorts or have a limited sample size, resulting in
high variability and limiting their translational value. Therefore,
there is a need for a well-validated, platform-independent and
easy-to-interpret gene expression signatures with high predictive
value before transcriptomic-based liquid biopsy biomarkers could
be successfully implemented as a diagnostic or prognostic tool
applicable to clinical practice.
Of note, while several recent studies have also investigated

circulating non-coding RNA and salivary microRNA as potential
biofluid-based diagnostic and prognostic biomarkers in head and
neck cancer [57, 59, 60], these results are not yet sufficiently
validated.

Non-genomic molecular biomarkers
Along with genetic and epigenetic biomarkers, tumour-specific
metabolites/metabolomic signatures, proteomic and lipidomic
signatures have also been extensively studied as promising
diagnostic and predictive biomarkers for head and neck
malignancies [61, 62]. Metabolomics, an emerging field in systems
biology, has been shown as a promising approach to measure
global changes in metabolic profiles in response to disease or
treatment via non-invasive analytes such as saliva and plasma
[62–64]. For example, screening plasma samples collected from
either healthy controls or patients with oesophageal squamous
cell carcinoma (ESCC) before, during and after chemoradiotherapy
using mass spectrometry determined global alterations in the
metabolic profiles between these cohorts and identified a
signature of altered plasma metabolites associated with ther-
apeutic responses and outcomes in ESCC [65]. In a more recent
study, Shahid et al. used mass spectrometry analysis to profile
plasma samples collected from 62 healthy individuals, 81 tobacco
snuff dippers and 91 oral cancer patients and identified stearyl
alcohol and sucrose as predictive biomarkers associated with the
progression of tobacco snuff dippers toward oral cancer [66].
Similar to metabolomic studies, protein and lipid profiling in

saliva and plasma of patients with head and neck cancers have
also been investigated as potential diagnostic and prognostic
biomarkers [67–73]. Blood-based protein biomarkers are attractive
targets, as they can reflect both variations in the TME as well as
the host immune response [70, 71, 73]. Similarly, changes in lipid
profile have also been associated with cancer progression, as
lipids play a key role in the maintenance of cell integrity [68, 69].
While promising, these have obvious limitations, including

questionable sensitivity and specificity, low half-life and influence
by signalling changes induced during disease progression as well
as therapy.

Circulating tumour cells
CTCs, passively shedding from the primary tumour or metastatic
lesion into the vasculature, may provide unprecedented insights
and definitive evidence of the aggressiveness of the tumour prior
to detection of identifiable metastasis. In head and neck cancer,
CTCs have been identified as a marker of disease severity with
poor outcomes [74, 75]. The recent advances in CTC detection
methods and their applications as “liquid biopsy” biomarkers for
disease aggressiveness, detection of metastatic disease, monitor-
ing treatment response and post-treatment surveillance
in patients with HNSCC are summarised in a series of recent
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reviews [76–80], supporting their potential diagnostic and
prognostic significance. For example, a recent study that
evaluated the prognostic value of CTCs in relapsing non-
resectable or metastatic HNSCC treated by chemotherapy and
cetuximab revealed that progression-free survival was significantly
lower in patients with increasing or stable CTC count [74]. In a
different study, it was found that CTCs were more frequent in
patients with stage IV compared to those with stage I–III cancer,
whereas partial or complete response was associated with
clearance of CTCs during the treatment [81]. While there is
mounting evidence for using CTC counts and CTC-derived
molecular signatures as prognostic and predictive biomarkers in
patients with primary or recurrent/metastatic HNSCC [82–84],
detection of CTCs in peripheral blood remains challenging, owing
to their low number in the circulation. With rapidly evolving
technologies attempted to overcome these pitfalls [74, 76, 77],
CTCs and the associated genetic material will be a valuable clinical
tool to improve the current treatment approach for this disease.

Viral-based biomarkers
In OPSCC, HPV status is an important prognostic factor and is
predictive of prognosis to treatment [85–88]. For this reason,
screening OPSCC tumour tissue for HPV is recommended by an
increasing number of organisations, including the National
Comprehensive Cancer Network and the College of American
Pathologists. While non-invasive HPV detection is an attractive
strategy, there is no standard or routine bodily fluid-based HPV-
DNA testing for patients with OPSCC. A number of retrospective
studies, including by members of our group, have reported that
high-risk ctHPV-DNA is detectable in plasma and saliva of patients
with HPV+OPSCC using real-time qPCR, suggesting its use for
disease surveillance [12, 89–91]. While these studies support the
clinical implication of this promising approach, detection and
quantification of low abundance viral targets in a complex
background of liquid biopsy using qPCR is challenging: it lacks
reliable endogenous reference for normalisation of results in
biofluids and when used in absolute quantification, it must rely on
the use of external calibrators [92]. Ultra-sensitive droplet digital
PCR (ddPCR) technology overcomes these complications and
offers an advantageous approach for rapid and highly sensitive
quantitative HPV genotyping in plasma specimens [93–96].
However, its clinical adoption as a routine screening practice is
hindered by a relatively high cost of the reagents and challenges
with performing higher-order multiplexing that enables the
simultaneous identification of multiple targets in a single reaction.
Due to the rapid decreases in sequencing cost and the
concomitant development of the infrastructure needed to
effectively apply sequencing data in clinical care, NGS is likely to
become more routinely available over the next few years and may
ultimately displace other HPV detection tests. However so far, this
method is not widely used for HPV diagnosis, and its accuracy is
yet to be confirmed [97, 98].
EBV infection is closely associated with nasopharyngeal

carcinogenesis. A series of recent studies using PCR assay,
targeted sequencing or serological analysis have reported the
clinical relevance of plasma EBV DNA liquid biopsy as a promising
biomarker for early detection, treatment response monitoring and
prognostication of the clinical outcomes in patients with
nasopharyngeal carcinoma (NPC) [99–105]. Furthermore, by using
genome-wide methylation profiling, Lam et al. have demonstrated
differential methylation patterns amongst NPC and healthy
subjects, along with the changes in fractional concentration
(count) and size of plasma EBV DNA [106]. Very recently, Tan et al
systematically evaluated the diagnostic efficiency of plasma EBV
DNA, anti-EBV antibodies and miRNA level. The analysis revealed a
76 bp fragment of the repetitive BamHI-W sequence as the most
sensitive early-stage detection plasma biomarker (sensitivity 96.7
% and specificity 90–94%) and reported that EBNA1 99 bp may

differentiate NPC patients with poor prognosis in an early and
advanced stage of disease, thereby reflecting evidence for
improved screening and monitoring of patients with NPC [107].

APPLICATION OF LIQUID BIOPSY IN PRE-CLINICAL AND
CLINICAL SETTINGS
As summarised above, different types of circulating tumour
biomarkers have been identified and studied as potential non-
invasive diagnostic, prognostic and surveillance tools in patients
with HNSCC. However, due to their clear tumour-specific origin,
somatic DNA alterations, HPV- and CTC-based biomarkers have
emerged as the most frequently studied and the most promising
liquid biopsy approaches in oncology. Therefore, the following
chapter will limit the discussion to these methodologies.

Early detection and screening
Tumour-specific somatic mutations, regardless of whether they
are driver or passenger aberrations, offer a unique opportunity for
early detection of the disease. As CTCs and ctDNA share common
somatic mutations with the primary tumour, it opens a window for
non-invasive early diagnosis and screening of high-risk popula-
tions. In an exploratory prospective study, saliva-based discrete
genetic signature comprising alterations in PMAIP1 and PTPN1
genes correctly discriminated 100% of HNSCC patients from
normal controls [108]. More recently, it was reported that
mutations identified in primary tumours are highly concordant
with mutations detected in ctDNA isolated from either saliva or
plasma of patients HNSCC [9, 12]. Notably, the sensitivity of ctDNA
detection in saliva was found to be site-specific, with higher
efficiency for tumours of the oral cavity, whereas plasma was
preferentially enriched for tumour DNA from the other sites of the
head and neck region [12]. Given these observations, saliva
samples could therefore be used as an easy-to-collect surrogate
for the oral cancer biopsy. Unlike ctDNA that can be identified
even at early stages of HNSCC, CTCs are more frequently detected
in advanced stages of the disease [50, 109], and correlate with a
poorer prognosis, locoregional relapse, and shorter disease-free
survival. As such, CTCs are more likely to be used as a prognostic
biomarker, rather than a platform for screening or early diagnosis
of head and neck malignancies [75, 110–114].
For HNSCC subtypes with a viral aetiology, detection of the viral

DNA in body fluids may provide a promising strategy for screening
and early detection. Several studies have investigated the
feasibility of plasma EBV as a marker for early detection of NPC
[105, 115, 116], and plasma or saliva HPV-DNA as a diagnostic
biomarker of HPV-positive oropharyngeal carcinoma [90, 117–121].
Taken together, DNA-based liquid biopsy biomarkers in head

and neck cancer hold great promise as a non-invasive tool for
early diagnosis of HNSCC and screening of high-risk populations.
However, robust large-scale pre-clinical studies are required to
further assess their true potential and limitations.

Predictive biomarker of response to therapy and relapse
Along with being promising diagnostic and screening biomarkers,
liquid biopsies are well-suited for measuring disease burden,
minimal residual disease (MRD) and predicting real-time response
to therapy, as shown in several proof-of-concept studies [74, 75, 81].
An important paradigm for utilising circulating biomarkers for
monitoring treatment response is that the changes in tumour
volume should be reflected by changes in biomarker levels. Several
studies reported that both ctDNA and CTCs in plasma and serum of
HNSCC patients have prognostic significance [110, 111]. For
example, in a prospective multicenter study (CIRCUTEC), Garrel
et al. dynamically collected peripheral blood from patients with
relapsing non-resectable or metastatic HNSCC treated by che-
motherapy and cetuximab [74], with the goal to determine whether
CTC level can predict progression-free survival (PFS) or overall
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survival (OS). It was found that median PFS was significantly lower in
patients with progressively increasing or stable CTC counts [74]. In
another study, Hilke et al. longitudinally analysed ctDNA dynamics in
plasma and corresponding clinical outcomes in patients with locally
advanced HNSCC and demonstrated a significant correlation
between tumour volume and patient ctDNA prior to the start of
the treatment [122]. Furthermore, a negative association of ctDNA
and HPV-DNA kinetics was observed with time and treatment
dosage in most patients, supporting the usage ctDNA as a potential
surrogate marker for disease burden [122]. More recently, a pilot
study using a targeted sequencing panel covering 61 tumour-
related genes has reported that the absence of TP53 and PIK3CA
mutations in plasma samples collected from patients with advanced
HNSCC at different time points post surgery was associated with
recurrence-free survival during over 20 months of follow-up [123].
Aligning with these observations, several recent studies have
reported the potential of ctDNA as a potential tool for monitoring
disease burden even at early stages, which may aid in improving
prognostication and selection of treatment strategies [11, 124–127].
These findings, supported by additional evidence, indicate the

potential of liquid biopsy biomarkers for real-time monitoring of
early response to systemic therapies as well as predicting PFS and
OS in patients with HNSCC [74, 75, 81].

Non-invasive tool to monitor therapy resistance
Cetuximab, an anti-EGFR monoclonal antibody and the only FDA-
approved targeted therapy for locoregionally advanced HNSCC, has
limited efficacy due to the development of resistance. Elucidating
the molecular mechanisms underlying the therapy resistance may
improve the clinical management of the disease. Liquid biopsies
have been exploited to track molecular dynamics of tumour
evolution and acquired therapy resistance in several solid malig-
nancies, including head and neck cancer. Braig et al. were the first
group that utilised plasma ctDNA to study clonal tumour evolution
leading to targeted therapy resistance in patients with HNSCC [128].
Specifically, NGS of plasma DNA samples collected from 20 patients
during and after cetuximab/platinum/5-fluorouracil treatment,
revealed that 46% of the patients with disease progression during
treatment carried acquired RAS mutations, whereas no RAS
mutations were found in a subset of patients who did not progress,
indicating that acquisition of RAS mutant clones significantly
correlated with cetuximab resistance to HNSCC [128].
Two PD-1 inhibitors (nivolumab and pembrolizumab) have

been shown to unleash antitumor immunity and produce durable
clinical responses in approximately 20% of patients with platinum-
refractory recurrent and/or metastatic HNSCC. In a very recent
study, Abbott et al. has assessed the development of resistance
mechanisms in HNSCC patients treated with nivolumab [129].
Whole-exome sequencing was performed on matched pre- and
post-intervention tumour biopsy biopsies, normal control samples
and plasma DNA specimens collected from 13 patients. The study
reports a rapid evolution of the TME and mutational profile
following therapy, with strong concordance, detected between
plasma and tumour variants at each timepoint. Notably, post-
therapy interrogation of cfDNA revealed dynamic changes in
numerous oncogenes and clinically relevant pathways, such as
ERK1/2 and MAPK, that were not observed in a solid tumour,
suggesting that single-lesion biopsy of the primary tumour misses
co-occurring, clinically relevant resistance alterations [129].
While these proof-of-concept studies provide evidence that

liquid biopsies can provide a more comprehensive view into
therapeutic response and resistance mechanisms in HNSCC,
further validation in larger patient cohorts is warranted prior to
advancing this concept to clinical settings.

An immunotherapeutic biomarker
Given the prognostic significance of CTC levels in HNSCC
[75, 110, 114, 130], an increasing number of studies have focused

on investigating the PD-L1-expressing CTCs as potential biomarkers
for selecting candidates for anti-PD-1/PD-L1 therapy [131–137]. Strati
et al. were the first to report the potential of PD-L1 overexpression in
CTCs to predict clinical outcomes using a prospective cohort of
HNSCC patients treated with induction chemotherapy [137]. PD-L1
mRNA expression was evaluated using a PCR assay at baseline and
at different time points during treatment. Overexpression of PD-L1
in CTCs was associated with short PFS and OS, whereas the lack of
PD-L1-overexpressing CTCs at the end of treatment was strongly
associated with complete response [137]. These observations were
further supported by a series of recent follow-up studies [131–137].
For example, in 2020 Economopoulou et al. investigated the
prognostic value of PDL-1 and IDO1 expression in CTCs at baseline
and following completion of chemoradiotherapy in patients with
locally advanced HNSCC [138]. This study revealed that patients
whose CTCs had concurrently decreased the expression of both
PDL-1 and IDO1 after treatment showed substantially longer PFS
[138]. It is important to note that the expression of immune-
regulatory molecules in the CTCs do not correspond completely
with that in the tumour tissue [134].
These cumulative findings suggest that the CTCs are rapidly

becoming a powerful tool in cancer treatments that involve the
use of immune checkpoint inhibitors; however, these concepts are
still developing and their clinical implementations remain a
challenge.

ctHPV-DNA: a promising biomarker for surveillance and
treatment de-escalation
Over the past several decades, there has been a dramatic increase in
the incidence of HPV-associated OPSCC despite a reduction in
smoking-related head and neck cancer [139]. A causal association
between high-risk HPV subtypes and OPSCC has been well
established, with HPV-16 being the most commonly implicated
strain [139]. As patients with HPV-related OPSCC show significantly
higher cure rates and improved survival, determining HPV status in
newly diagnosed patients is important for risk stratification and
prognostication. cfHPV-DNA represents a promising non-invasive
surrogate of disease burden in these patients, and several assays
focusing on detection of high-risk HPV in body fluids have been
developed in both academic and industrial settings [140, 141]. As
mentioned above, a series of studies using quantitative PCR assays
have demonstrated the potential usefulness of cfHPV-DNA for
OPSCC clinical management [90, 117]. However, the reported
detection rate of low-level circulating plasma HPV-DNA was modest.
Novel ddPCR technologies significantly enhance the cfHPV-DNA
detection rate and allow highly sensitive quantitative HPV genotyp-
ing in plasma specimens [93–96, 117], supporting its predictive and
prognostic potential. Indeed, a growing body of evidence suggests
that dynamic assessment of viral kinetics over time can capture
changes in disease burden associated with treatment response and
detect MRD in HPV-associated OPSCC [93, 95, 126, 142]. Recently,
our group has developed a highly sensitive assay for plasma HPV-
16/18 detection and quantification based on NGS technology, and
have successfully applied it to monitor therapeutic response in
HPV+OPSCC patients [98]. Prospective studies are underway to
further validate this and other approaches and evaluate the kinetics
of cfHPV-DNA as a predictor of response to therapy and disease
recurrence prior to radiography [143].
Current treatment for locoregionally advanced HPV+OPSCC

includes definitive concomitant chemoradiation or surgical resec-
tion followed by adjuvant radiation with or without chemother-
apy. However, standard combined modality therapy is associated
with substantial acute and long-term toxicities, which has led to
an interest in developing a de-intensification treatment paradigm
for HPV+OPSCC that optimises the therapeutic to toxicity ratio
for patients [144, 145]. Response to induction chemotherapy
represents an attractive strategy to select candidates for treatment
de-escalation in HPV+OPSCC. The rationale for this strategy is
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based on the observation that a favourable response to induction
therapy is associated with superior prognosis following subse-
quent definitive chemoradiation. While risk and response-adaptive
de-escalated chemoradiation is a promising strategy to dynami-
cally select patients for de-intensified definitive treatment
[146, 147], improved strategies to monitor and adapt treatment
response to personalise patient de-intensification is urgently
needed. Reliable quantitative HPV-DNA assessment in plasma and
oral rinses represent an appealing potential to dynamically monitor
treatment response during induction therapy, definitive treatment
and following completion of definitive therapy to monitor for
disease recurrence [118, 119, 126, 148]. Currently, several pilot
studies, including by our group, are set to evaluate the dynamics of
quantitative cfHPV-DNA levels in combination with an established
response-adaptive treatment de-intensification and provide the data
needed to develop a blood-based biomarker-driven strategy. Data
from such pilot studies will be invaluable in the design of a
subsequent larger proof-of-concept clinical trial incorporating long-
itudinal assessment of HPV-DNA as a component of treatment
response assessment, adaptive de-intensification and monitoring for
recurrence.

CURRENT CHALLENGES AND FUTURE DIRECTIONS
In recent years, tremendous advancement has been made to
adapt liquid biopsy as an alternative and non-invasive approach
for molecular characterisation of HNSCC and detection of specific
biomarkers for early diagnosis, treatment and response monitor-
ing. Although a growing body of evidence implicates the utility of
liquid biopsy to guide treatment strategies, there is no FDA-
approved liquid biopsy-based biomarker for use in the clinical
setting for patients with HNSCC. The major challenge that hinders
the translation of liquid biopsy methodologies is the sensitivity
and specificity requirements that have to be reached prior to
recognising these platforms as alternative or companion assays to
conventional tissue-based biopsy. The pre-analytical and analytical
steps such as sample collection, storage and specimen processing
quality control, along with the well-validated assay design, are
critical, as errors can result in unreliable measurements and
subsequently incorrect clinical decisions. The inherent hetero-
geneity of molecular profiles in clinical samples, difficulties
associated with detection and quantification of circulating
biomarkers with low half-life and stability add another twist to
the already complicated field. As such, standardisation and
refinement of detection techniques as well as identification and
targeting multiple unique molecular identifiers will facilitate the
adoption of liquid biomarker assays in routine clinical practice. As
tumours of the upper aerodigestive mucosal origin can shed
tumour cells, DNA and other tumour-specific analytes directly into
the oral cavity, several studies have investigated the utility of
saliva and oral rinse specimens as diagnostic and prognostic fluids
in patients with HNSCC. However, small cohort sizes and a lack of
validation limit the clinical utility of these findings.
With multiple clinical trials underway, liquid biopsies are rapidly

becoming an integral platform for cancer diagnosis, prognostica-
tion and assessment of treatment efficacy. Although at present,
liquid biopsy-based biomarkers are still imperfect for routine
clinical practice, studies summarised in this review support their
potential to effectively support clinical decision-making that may
lead to patient benefit. As various approaches have been applied
to overcome these challenges and improve the clinical relevance,
the value of this tool in addressing the continuing challenges in
clinical oncology will almost certainly increase over time.

CONCLUSION
The applications of liquid biopsies in head and neck cancer have
emerged at an incredible rate over the past few years, due to

their potential to provide valuable insights for cancer diagnosis,
prognosis, treatment response and surveillance. In this context,
there is growing hope that intensified efforts to improve sensitivity
and specificity of these assays, along with future prospective studies
set to assess dynamic changes in liquid biopsy biomarkers in large
and heterogeneous patient’s populations, will enhance their
adoption in a clinic and eventually improve clinical outcomes for
patients with HNSCC.
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