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Abstract

Head and neck cancers consist of a heterogeneous group of cancers that are difficult to treat
successfully. Limited screening options lead to advanced stages at presentation, and difficulty with
treatment options and post-treatment surveillance can lead to poor outcomes. In this setting, tools
for early and precise detection of disease will be highly valuable. Liquid biopsies, or use of
analytes in blood, saliva, and other body fluid samples, provide new avenues for cancer screening
with the potential for early detection, treatment modification, and surveillance of head and neck
cancers. Early studies of liquid biopsies in specific head and neck cancers have had encouraging
results. Nevertheless, various challenges remain before routine adoption into clinical use is
feasible. With continued advancement in the field of liquid biopsies, there is great promise for
clinical implementation and significant improvement in head and neck cancer care.

Introduction

Head and neck cancers, particularly advanced head and neck squamous cell carcinomas
(HNSCC), remain a challenging disease to treat successfully. Existing screening options are
primarily limited to clinical exams and radiological tests, which are imprecise and may
result in delayed detection. Subsequently, many head and neck cancer patients thus present
with advanced stage disease, leading to poorer outcomes. As a result, little progress has been
made in improving survival from head and neck cancer. In this setting, early detection and
surveillance of head and neck cancers has long been a goal for optimizing patient outcomes.
Additionally, rather than invasive diagnostic testing, the concept of a quick liquid sample to
diagnose disease has long been appealing.

In response to these difficulties in cancer detection, development of new screening
modalities has garnered significant interest in recent years. Key amongst these are “liquid
biopsies,” or the collection and examination of analytes in body fluid samples, such as blood
and saliva specimens. Liquid biopsies are proposed to offer the potential for early
identification of initial cancers or early detection of tumor recurrences or metastases.
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Importantly, they offer a less invasive and potentially less expensive screening option than
their traditional screening and diagnostic techniques (e.g. invasive biopsies or frequent
radiologic exams). Currently, such biopsy techniques are being investigated for utilization in
multiple paradigms, including early cancer detection or screening, considerations for
treatment planning and therapies, and surveillance for disease persistence and recurrence.

Various types of liquid biopsies have been proposed, but the ones most rigorously being
investigated and implemented are circulating tumor DNA (ctDNA) and circulating tumor
cells (CTCs). Additional analytes under study, but with less current data, include tumor
antigens, cell free coding and noncoding RNAs, as well as extracellular vesicles and
exosomes. Briefly, ctDNA has been identified as a subset of total circulating cell free DNA
(cfDNA) in the bloodstream. While total cfDNA is raised in conditions ranging from
infection to trauma (Wan et al., 2017), ctDNA is believed to be shed by tumor cells
undergoing apoptosis or necrosis (Schwarzenbach et al., 2011). Circulating tumor cells are
thought to be free tumor cells in the bloodstream arising from primary tumors in low
numbers (Alix-Panabieres et al., 2012). Each has their distinct advantages and
disadvantages, and advancements in both recent years has been dramatic. In cancers of the
head and neck, each has significant potential for improving cancer detection and treatment.

Current Liquid Biopsy Efforts in Head and Neck Cancers

Nasopharyngeal Carcinoma

While there certainly has been extensive research in liquid biopsies across various cancer
types, liquid biopsy in head and neck cancers have played a seminal role in their
advancement. The earliest and most robust clinical application of liquid biopsy in head and
neck cancer was with the detection of Epstein-Barr virus (EBV) cfDNA in nasopharyngeal
cancers. In the late 1990s, EBV cfDNA was identified in the serum of patients with
nasopharyngeal carcinoma (NPC) (Lo et al., 1999a; Lo et al., 1999b; Mutirangura et al.,
1998), and subsequently was found to correlate with NPC prognosis and recurrence (Chan et
al., 2002; Le et al., 2005; Wang et al., 2013). In a recent landmark study, Chan et al.
examined over 20,000 Southeast Asian male subjects and showed that EBV cfDNA in
plasma samples could be useful in screening for early asymptomatic NPC in populations
with a high prevalence of the disease (Chan et al., 2017). Impressively, the investigators
were able to identify a large number of patients with early-stage NPC. As this cancer often
presents at late stages with nodal metastases, this liquid biopsy has the potential for
significant improvement in early treatment and a resultant survival benefit. Furthermore,
recent modifications of their screening and analysis techniques have improved sensitivity
and specificity of this method, improving clinical feasibility. Thus, EBV cfDNA is arguably
the gold standard for clinical use of a liquid biopsy in head and neck cancers.

HPV-Positive Head and Neck Squamous Cell Carcinoma

An additional etiologic virus in head and neck squamous cell carcinomas, human
papillomavirus (HPV), is being actively investigated as a potential target for liquid
biomarkers. HPV-positive HNSCCs represent a clinically and genetically distinct subset of
HNSCCs with increasing prevalence and currently comprising the majority of oropharyngeal
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SCCs (Fakhry et al., 2008; Kim et al., 2015; Vokes et al., 2015). Predictable genetic
alterations underlie HPV positive HNSCCs, such as the presence of HPV-16 viral DNA,
p16!NKAA gverexpression, increased mutation rates in PIK3CA, and FGFR3 dysregulation
(Cancer Genome Atlas, 2015; Chung et al., 2015; Seiwert et al., 2015; Slebos et al., 2006;
Stransky et al., 2011). Similar to the studies done for EBV in NPC, researchers have found
HPV DNA present in both blood (Ahn et al., 2014; Capone et al., 2000; Mazurek et al.,
2016) and saliva (Ahn et al., 2014; Chai et al., 2016) samples of HPV-positive HNSCC
patients, offering the possibility of a simple blood draw or saliva swab to detect cancer.
Notably, HPV detection sensitivity varies by the tested body fluid (Ahn et al., 2014; Spector
etal., 2017; Wang et al., 2015), and correlations with clinical outcomes have been shown to
differ by which type of sample was used (Ahn et al., 2014). On the other hand, pretreatment
serum HPV DNA, while correlated with OPSCC staging, has not been found to predict
disease recurrence (Dahlstrom et al., 2015). While encouraging, much remains to be
optimized in terms of sensitivity and specificity of liquid biopsies for HPV DNA, with
reported sensitivities ranging from 47-100% and most reports less than 90% (Wang et al.,
2015). Of note, given low recurrence rates for OPSCC and myriad of tools for detecting
HPV through liquid biopsies, future studies will likely require large sample sizes and
standardized combinatory HPV detection methodology.

HPV-Negative Head and Neck Squamous Cell Carcinoma

For HPV-negative head and neck cancers, unlike other cancers, there is no ubiquitous
activating mutation or biomarker. However, there are a number of promising uses for liquid
biopsies for these HNSCCs. There is also evidence that CTCs are an independent prognostic
marker for disease-free and overall survival in HNSCC in particular (Grobe et al., 2014;
Hristozova et al., 2011; Kulasinghe et al., 2015; Tinhofer et al., 2014), although many of
these studies are small, and include a number of head and neck tumor sites (Buglione et al.,
2012; Grisanti et al., 2014; Jatana et al., 2010). Interestingly, a recent study has correlated
PD-L1 CTCs levels in HNSCC with poorer survival outcomes (Strati et al., 2017). In this era
of immunotherapeutics (with anti-PD-1 agents approved in HNSCC) and immune
surveillance in cancers, identification of PD-L1 positive circulating cells may prove to have
significant prognostic potential, and may inform use of adjuvant immunotherapeutics.

Initial proof of principle analyses of the ability to detect ctDNA in saliva or plasma
specimens in HNSCCs have been encouraging. Wang et al. (Wang et al., 2015) were able to
identify up to 100% of ctDNA from saliva and plasma from various HNSCCs. Of note their
sensitivity range across tumor stages and subsites was quite broad, suggesting further
optimization is necessarily for such detection methods. Moreover, for HPV-negative tumors,
they utilized genomic sequencing of the primary tumor to subsequently identify the mutated
ctDNA, which may be of limited practicality for a cost-effective screening modality.

The Cancer Genome Atlas demonstrated that specific genes and pathways are commonly
altered in head and neck cancer, namely 7P53, NOTCH1, PIK3CA, among other genes
(Cancer Genome Atlas, 2015). There have been efforts, especially in other cancers, to
develop sets of probes to screen for commonly mutated genes in ctDNA. In one study
assessing patients with colorectal, breast, lung or ovarian cancer with a 58 gene panel,
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mutation detection rate was between 59-71% in early stage disease (Phallen et al., 2017).
While a suboptimal sensitivity rate, this is an exciting initial step towards developing gene
panels of commonly mutated genes to screen for disease. In a similar fashion, panels against
commonly mutated HNSCC genes may have analogous applicability. As assays expand from
assessing individual “hotspot” mutations to cover entire genes or multiple genes, however,
the cost of the assay increases exponentially. Thus, in order to control cost, the selection of
what genomic loci to monitor is highly dependent on the purpose of the assay: early
detection assays should monitor the alterations that are most common across all tumors, and
disease monitoring assays should focus more on the alterations most likely associated with
an individual’s tumor.

Other Head and Neck Cancers

There is limited data but significant potential for liquid biopsies in other head and neck
cancers. Gene fusions are common and tumor-type specific in salivary cancer (Andersson &
Stenman, 2016; Stenman et al., 2014), which affords the potential for a molecular target for
liquid biopsies. In particular, MYB-NFIB gene fusions (Ho et al., 2013; Stephens et al.,
2013) are common in adenoid cystic carcinomas, while CRTC1/3-MAML2 gene fusions
have been identified in high frequency in mucoepidermoid carcinomas (Birkeland et al.,
2017). These salivary cancers are frequently high-grade malignancies that have a propensity
for recurrence and metastasis, often many years after initial treatment (Bhayani et al., 2012).
Thus, these fusion genes have potential as targeted options for detection with liquid biopsies.

Thyroid cancers, while overall carrying a good prognosis, have subsets of cancer with higher
rates of recurrence or may degenerate into anaplastic thyroid cancer. Researchers are
studying whether blood tests for the common BRAFV600E mutation found in the more
common differentiated thyroid carcinoma tumor types could predict which subset of well-
differentiated thyroid cancer carry a worse prognosis (Lubitz et al., 2016; Nikiforova et al.,
2003). Building on understanding of the genetics of anaplastic thyroid carcinoma (Kunstman
etal., 2015; Landa et al., 2016; Sykorova et al., 2015), recent work has identified ctDNA
with mutations in commonly altered genes: BRAF, PIK3CA, NRAS, PTEN, and TP53
(Sandulache et al., 2017), suggesting a role for liquid biopsies in detection and treatment
stratification of aggressive thyroid cancers.

Future Clinical implementation of Liquid Biopsies in Head and Neck Cancer

Building on these initial data, one can imagine numerous potential modalities in which to
employ liquid biopsies for head and neck cancer detection. This can include initial disease
screening or detection, evaluation of disease persistence or recurrence after initial treatment
regimens, and screening for recurrence in patients successfully treated from their cancer
(Figure). Moreover, unique to head and neck cancers, saliva may be able to be used as a
source for liquid biopsy. While none of these liquid biomarkers have been fully adopted for
standard use in head and neck cancers, many are increasingly being considered for clinical
care.
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Screening for Initial Disease

Cost-effective and sensitive liquid biopsy screening of at-risk patients remains an enticing
prospect for head and neck cancers. Importantly, a critical decision point is how to optimize
patient selection to improve the value of these tests (i.e. maximizing positive and negative
predictive values for the tests). For instance, with a carefully selected NPC cohort (an age-
appropriate Southeast Asian male population) and with a sensitive and specific EBV cfDNA
analysis, only 34 out of over 20,000 patients were ultimately diagnosed with NPC (Chan et
al., 2017). Certainly for other cancers, there is a need to optimize screening for patient
populations at highest risk for development of disease or recurrence who may not be
detected at early time points with our current methodologies. For instance, EBV screening
for NPC would not have the same level of clinical value in other cohorts with low incidence
of NPC. Similarly, there may be limited value in screening all smokers for head and neck
cancer liquid biopsies, but rather those with especially high risk based on risk-stratification
or those with premalignant lesions. For HPV-positive HNSCCs, lack of traditional risk
factors makes it difficult to identify an at-risk population. As rates of high-risk HPV
infection are better defined epidemiologically, considerations into screening paradigms may
develop. Liquid biopsies could also play a role in early tumorigenesis screening for patients
with hereditary cancer syndromes including Fanconi’s anemia and Li-Fraumeni syndrome.
Such an application of liquid biopsies could reduce the frequency of radiologic imaging and
perhaps provide a higher sensitivity than current clinical screening parameters. Future work
remains to explore distinguishing germline and somatic genetic changes in liquid biopsies
for such patients.

Response to Initial Therapies/Treatment Opportunities

For existing cancers, liquid biopsies can be tailored to evaluate response to treatment, as well
as to screen for disease persistence, recurrence and metastases based on their unique genetic
signatures. Preliminary work has explored the dynamics of cfDNA during treatment
(Mazurek et al., 2016), which opens the possibility that liquid biopsies could select patients
for whom treatment should either be de-escalated or intensified. This has great implications
for induction therapy regimens, which are commonly employed in certain head and neck
cancers, such as laryngeal squamous cell carcinoma (Urba et al., 2006). Similarly,
assessment of cfDNA or CTCs in window of opportunity trials, where short neoadjuvant
courses of new therapies (e.g. anti-PD-1 antibodies) are delivered prior to definitive therapy.
Given the recent investigations on PD-L1 expression on CTCs in head and neck cancer,
assessment of changes in responsive to nivolumab or pembrolizumab may have interesting
prognostic results (Strati et al., 2017).

Detection of Recurrent and Metastatic Disease

In consideration for screening criteria for cancer persistence or recurrence, liquid biopsies
could focus on patients who are at highest risk for recurrent head and neck cancer after
treatment. For instance, high-cost screening protocols may not be prioritized for most HPV-
associated HNSCC, where the majority of patients respond well to treatment and do not
develop recurrences (Ang et al., 2010). As we further identify clinical and biologic
predictors of poor outcomes in this cohort of patients, we may begin to consider utilization
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of liquid biopsies for these patients. Similarly, for other head and neck cancer patients,
careful patient selection for liquid biopsy surveillance will be critical.

Liquid biopsies offer an additional benefit in apart for identification of recurrent and
metastatic disease in previously treated patients. Initial studies have identified mutations and
other genetic alterations in CTCs and ctDNA, distinct from the primary tumor, that may
correlate with clinical resistance mechanisms. For instance, patients who initially responded
to anti-EGFR therapy but subsequently relapsed demonstrated consistent mutations in
downstream pathways in their ctDNA (Bettegowda et al., 2014). Further investigation into
unique gained mutations in ctDNA and CTCs may have significant value in determining
subsequent treatment options. There is a need to consider the cost and the
comprehensiveness of sequencing both the primary tumor and CTCs/ctDNA in such
scenarios. Alternatively, given the current limitations of individualized direct primary tumor
sequencing and biomarker detection protocols, some groups have begun working on overall
oncogenic signature patterns in liquid biomarkers, thus not relying on individual genetic
mutations, but rather a common “cancer signature” for screening purposes (Zviran et al.,
2018).

Conclusion

Overall, liquid biopsies are an exciting new field of study with enormous potential for
improving early cancer detection, treatment modification, and surveillance for disease
recurrence. Initial efforts for liquid biopsies in head and neck cancer have had encouraging
results, particularly with NPC and HPV-positive HNSCCs. Much remains to be done in
regards to optimization of liquid biopsies and incorporating them into routine clinical use.
Current challenges, particularly in HPV-negative HNSCC, where there is not a ubiquitous
mutation, are to identify appropriate liquid biopsy screening parameters. With further
refinement of methodology, and implementation into clinical protocols, there exists
considerable potential for liquid biopsies to play a significant role in the improved care of
head and neck cancer patients.
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B. Pre-malignant lesion C. Locoregional recurrence

C. Harin,,

A. Primary malignancy

D. Distant recurrence E. Post- treatment

Figure. Time pointsfor the Potential Utilization of Liquid Biopsies.
Cancer ctDNA or CTCs (green) can be differentiated from non-cancer cell free DNA and

cells (blue). Liquid biopsies can be utilized to screen for primary cancers or premalignant
lesions (A, B), or to detect recurrence or post-treatment persistence (C-E).
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