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Commentary

Despite advances in multimodality treatment, a significant
proportion of patients with squamous cell carcinoma of the
head and neck (SCCHN) eventually presents with either local
recurrence or distant metastases. Although imaging and
tissue biopsy are the cornerstones for the diagnosis of relapse,
tissue acquisition is impeded by the complex anatomy of head
and neck tumors which frequently necessitates open biopsies
via examination under anesthesia; therefore, understanding
the underlying molecular biology is challenging. In this
context, liquid biopsy, a general term which encompasses the
analysis of cancer-related signals in biological fluids such as
blood and saliva, enables a comprehensive real-time view of
cancer progression [1]. Liquid biopsy has been introduced in
2010 [2] and mainly includes the analysis of circulating tumor
cells (CTCs) or circulating tumor DNA (ctDNA) that represent
tumor-derived circulating biomarkers shed into the blood
following necrosis, apoptosis or active secretion [3].

Clinical applications of liquid biopsy vary from early detection
of cancer [4,5], and identification of patients with localized
cancer at high risk of relapse [6] to real-time monitoring of
treatment efficacy. Most importantly, ctDNA detected in blood
plasma has been demonstrated to reflect the mutational
profile of the primary tumor at the specific time of the blood

sampling. This “tracking” of tumor evolution would require
repeated tissue biopsies, which are invasive procedures
associated with complications [7]. In addition, as reported
by Gerlinger et al., there is significant genetic heterogeneity
between primary tumor and different metastatic sites
depending on the location [8].

Based on these considerations, our group conducted a
pilot study that sought to assess the concordance of somatic
mutations in matched tissue and ctDNA samples obtained
from patients with localized SCCHN and evaluate the
correlation of changes in ctDNA levels at three timepoints with
survival [9]. Blood samples were collected at baseline, at the
end of treatment and at disease progression. The molecular
analysis of tissue and blood samples was performed by a
next-generation sequencing (NGS) UID error correction-based
technology (SafeSeq) that was used to detectarestricted group
of mutations in four selected genes (TP53, CDKN2A, HRAS and
PI3KCA). Indeed, the complex process of carcinogenesis results
in a plethora of genomic aberrations in solid tumors, and this
might complicate the sensitivity of ctDNA analysis. Due to the
unknown “in-depth” genetic profile of the tumor, the ctDNA
assay should at least incorporate the most frequent genomic
alterations in possible cancer genes. In our study, the selection
of genes was based on published data regarding genotyping
of SCCHN from the Cancer Genome Atlas (TCGA) [10]; TP53,
CDKN2A, HRAS and PI3KCA are fundamental genes in head
and neck carcinogenesis and known to yield abundant patient
coverage of the SCHHN mutational landscape defined in TCGA
[10].
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We consider our study a pioneering effort in the field of liquid
biopsy in head and neck cancer for a multitude of reasons.
First, it is a prospective study evaluating serial plasma samples
obtained at specific timepoints (baseline, end of treatment,
disease progression) in patients with locally advanced SCCHN
treated with chemoradiotherapy with curative intent. We
demonstrate that the detection of genomic alterations in
plasma ctDNA is feasible using a highly sensitive NGS-based
method. In our cohort, 41% of patients were found to be
ctDNA positive at baseline [9]. This percentage has been found
to be much higher in other studies, where different principles
for detection are used [11,12]. Briefly, ctDNA technologies
can be subcategorized into targeted approaches that seek to
identify mutations in a set of predefined genes and untargeted
approaches, such as whole-genome sequencing (WES) that
seek to assess the whole genome [13]. For example, the RaDaR
assay is a so-called “tumor-informed"” assay that is based upon
personalized multiplex PCR amplification of cell free DNA
following identification of tumor-specific variants by WES of
the primary tumor [12].

Second, we show that the concordance of genotyping results
between ctDNA at baseline and tumor DNA is low (53.3% in
our cohort [9] and widely ranging between 2.7% and 66% in
other studies [14-17]), possibly mirroring the greater tumor
heterogeneity of SCCHN. Indeed, the molecular signatures
of HPV-associated SCCHN are strikingly different from non-
HPV-related (HPV-negative) SCCHN [10]. In addition, SCCHNs
are classified in four molecular subgroups, each with distinct
genetic profile [10]. In a recent study that included more than
3,000 patients with non-small cell lung, colorectal, breast and
prostate cancer, patients underwent concurrent tissue and
ctDNA NGS [18]. It was found that the concordance between
tissue and ctDNA-based assays was 66.4%, which was highest
in colorectal cancer (75%) and lowest in prostate cancer
(51.2%). Although it is widely accepted that tissue-based
NGS is the standard method to guide therapeutic options
in solid tumors, it might be unable to capture molecular
intratumor and intertumor (across different metastatic lesions)
heterogeneity and, most importantly, the biological variations
of subclones that contribute to drug resistance [19]. On the
other hand, ctDNA NGS analysis might provide false positive
results attributed to clonal hematopoiesis of indeterminate
potential (CHIP) [20]. Thus, concurrent NGS testing might
provide additional information to timely guide therapeutic
options to each patient with cancer.

Third, we found that the presence of mutations in tissue and
plasma was associated with decreased survival [9], which was
consistent with one previous report in SCCHN [14]. Similar
findings for ctDNA analysis have been reported in metastatic
breast cancer and non-small cell lung cancer [21-23]. Indeed,
TP53 mutations, which are common in SCCHN are associated
with short survival and resistance to therapy. However,
change in ctDNA dynamics did not correlate with survival in
our study; we consider this a result of the small sample size.

In non-small cell lung cancer, lack of decrease in ctDNA levels
post immunotherapy or chemo-immunotherapy has been
associated with inferior survival. Therefore, a longitudinal
ctDNA model could be used as a valuable tool to predict
response to treatment much earlier than conventional
imaging and is currently being evaluated in multiple clinical
trials as a stratification factor to guide modifications in
treatment approaches.

In conclusion, we conducted a pilot study which is proof
of concept that liquid biopsy in SCCHN enables real-time
molecular characterization of tumors and may be correlated
with survival. The discovery of ESR1 and PI3KCA mutations as
emerging biomarkers that are detected in ctDNA and guide
treatment decisions in breast cancer paved the way for more
clinical applications in other solid malignancies [24,25]. As the
emerging field of ctDNA research has opened new avenues
for cancer diagnostics and has offered many opportunities
for applications in clinical practice, we eagerly await large
prospective studies which will demonstrate the clinical utility
of liquid biopsy in SCHHN.
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