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Abstract: Background: PIK3CA pathways are the most frequently mutated oncogenic pathway
in head and neck squamous cell carcinoma (HNSCC), including virally driven HNCs. PIK3CA is
involved in the PI3K-PTEN-mTOR signalling pathway. PIK3CA has been implicated in HNSCC
progression and PIK3CA mutations may serve as predictive biomarkers for therapy selection.
Circulating tumour DNA (ctDNA) derived from necrotic and apoptotic tumour cells are thought to
harbour tumour-specific genetic alterations. As such, the detection of PIK3CA alterations detected by
ctDNA holds promise as a potential biomarker in HNSCC. Methods: Blood samples from treatment
naïve HNSCC patients (n = 29) were interrogated for a commonly mutated PIK3CA hotspot mutation
using low cost allele-specific Plex-PCRTM technology. Results: In this pilot, cross sectional study,
PIK3CA E545K mutation was detected in the plasma samples of 9/29 HNSCC patients using the
Plex-PCRTM technology. Conclusion: The results of this pilot study support the notion of using
allele-specific technologies for cost-effective testing of ctDNA, and further assert the potential utility
of ctDNA in HNSCC.

Keywords: circulating tumour (ctDNA), liquid biopsies; head and neck squamous cell carcinoma;
head and neck cancers; diagnosis; monitoring

1. Introduction

Head and neck squamous cell carcinomas (HNSCCs) are the 6th most common cancer globally
and arise from multiple anatomical sites [1]. Known risk factors for HNSCCs include tobacco exposure,
alcohol consumption, betel nut chewing and infection with oncogenic viruses, such as Epstein-Barr
virus (EBV) and Human papillomavirus (HPV, in particular HPV 16–18) [1]. Global incidence of
HNSCCs is 500,000 new cases annually with 350,000 associated deaths [1].

Current diagnostic methods rely on conventional medical imaging (MRI/CT/PET), clinical assessment
and histological (p16INK4a) staining of tissue biopsies to determine the HPV status. Intra-tumour
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heterogeneity, an added layer of complexity, may hinder treatment strategies that are based on a single
tumour-biopsy sample. Differences in somatic events spatially within the primary tumour, between
primary and metastatic sites, between individual metastatic sites; as well as temporally, within the
same single biopsy site, contribute to treatment failure and drug resistance [2,3]. As such, single-site
tumour-biopsy as a means of interrogating the genetic landscape of a tumour is inherently biased,
with said biopsies akin to looking through a keyhole of a much larger landscape [4,5]. Numerous
studies have shown that when multiple biopsies of the same tumour tissue were analysed, there were
vast genetic diversity between samples [2,5–7]. ‘Cell free’ circulating DNA (cfDNA) addresses this
unmet clinical need, whereby genetic alterations that are representative of a tumour’s genetic profile
and clonality are easily accessed via body fluids, in a non-invasive manner. Analysis of cfDNA in
particularly, cell-free tumour DNA (ctDNA) presents an avenue for unbiased characterisation of a
patient disease status, as well as response to treatment, as the DNA fragments in circulation should
represent all phenotypes within a given tumour and may provide a more thorough profile of the
tumour heterogeneity in turn facilitating better treatment decisions [8–10].

More recently, genetic interrogation of HNSCCs has revealed several common somatic mutations
amongst the different tissue subtypes; including aberrations within TP53, CDKN2A, PIK3CA,
NOTCH and HRAS oncogenes [11]. Unfortunately, a readily available genetic target has yet to
be found across the different subtypes of HNSCCs [11,12]; further obscuring the lack of clinically
available biomarkers for the early evaluation of disease, monitoring of treatment response or risk of
relapse [13–16].

Of note, the phosphatidylinositol-4,5-bisphosphate 3-kinase, catalytic subunit α, PIK3CA gene, is
frequently reported to harbour helical and kinase domain point mutations [17]. Of note is that PIK3CA
is also prominent in other solid cancers, including breast cancer [18], prostate cancer [19] and colorectal
cancers [20] and has been shown to induce oncogenic transformation in numerous in vivo and in vitro
studies [21–23]. Hence, PIK3CA mutation represents an important somatic event within solid tumours
and holds interest as a target for blood-based cancer tests, including detection of HNSCCs.

Characterisation of ctDNA requires highly sensitive assays for the detection of rare mutant
molecules amongst the wild-type DNA; platforms include Bead-based emulsion PCR (BEAMing) [24],
Ultra-deep [25] and High coverage Next Generation Sequencing (NGS), Digital Droplet PCR
(ddPCR) [26,27], Amplification-refractory mutation system (ARMS)-PCR [28], and Mutant-enriched
PCR [29]. The high cost of NGS sequencing for the detection of ctDNA has fuelled a push for
less-expensive, allele-specific amplification technologies [28] with similar sensitivities and specificity
to high-depth high-coverage NGS runs.

PlexPrime™ and PlexZyme™ is an allele-specific amplification technology to detect mutations in
a real-time PCR to discriminate rare mutant alleles from ‘wild-type’ backgrounds. The Plex-PCRTM

technology utilises 5’ primer annealing with a custom insert, and 3’ locking at the mutation
site, producing allele-specific amplicons with a ‘barcode insert’ [30]. Complementary inserts
produced during real-time PCR are recognised by specific PlexZymes, allowing for single-nucleotide
allele-specific detection.

We hypothesised that mutations in cfDNA can be amplified using the Plex-PCRTM DNA
amplification technology. In this pilot study, our aims were to determine whether Plex-PCRTM

technology could be used to detect PIK3CA p.E545K mutation in HNSCC samples.

2. Materials and Methods

2.1. Subjects and Study Design

Ethics approval was obtained from the Metro North and South Health Service District Human
Research Ethics Committee in accordance with the National Health and Medical Research Council’s
guidelines to collect samples from HNSCC patients attending the Royal Brisbane and Women’s
Hospital (RBWH) and Princess Alexandra Hospital (PAH) (HREC/12/QPAH381). All methods were
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performed in accordance with these ethical guidelines and regulations. The human ethics committee
of the Queensland University of Technology has also approved this study (Ethics number: 1400000617).
Patients were eligible to take part in this study if they had primary or metastatic HNSCC, with no
prior treatment. Written informed consent was obtained from participants and 10 mL blood samples
were obtained from patients presenting to the clinic. A pathology report was included for each patient,
which contained pathological staging of the tumour, histopathological classification and HPV status
based on p16INK4A immunohistochemistry (IHC) (Table 1).

Table 1. Head and neck cancer patients (n = 29) demographics data.

Patient # Age HPV Status TNM Staging Site DNA (ng/mL) Sample Type

1 60–65 Positive T2N2b Oropharyngeal 41.6 Plasma
2 55–60 Positive T2N2bM0 Oropharyngeal 22.5 Plasma
3 55–60 Positive T3N1 Oropharyngeal 10.2 Plasma
4 65–70 Negative T3N1 Oropharyngeal 15.4 Plasma
5 60–65 Positive T3N1a Oropharyngeal 7.8 Plasma
6 45–50 Positive T3N2b Oropharyngeal 10.5 Plasma
7 70–75 Negative T3N2b Oropharyngeal 21.8 Plasma
8 55–60 Negative T3N2b Oropharyngeal 7.2 Plasma
9 60–65 Positive T3N2c Oropharyngeal 38.6 Plasma
10 60–65 Positive T3N2c Oropharyngeal 10.2 Plasma
11 65–70 Negative T3N2c Oral Cavity 4.5 Plasma
12 60–65 Positive T3N2c Oropharyngeal 29.2 Plasma
13 55–60 Positive T4aN2a Oropharyngeal 28.4 Plasma
14 60–65 Positive T4aN2b Hypopharyngeal 36.4 Plasma
15 60–65 Negative T4aN2b Oral Cavity 22.9 Plasma
16 55–60 Negative T4aN2b Oral Cavity 4.4 Plasma
17 60–65 Negative T4aN2b Oral Cavity 29.7 Plasma
18 60–65 Negative T4aN2c Laryngeal 10.3 Plasma
19 65–70 Positive T4N0 Oral Cavity 21.9 Plasma
20 45–50 Negative T4N0 Unknown 6.0 Plasma
21 65–70 Negative T4N0 Oral Cavity 27.1 Plasma
22 65–70 Positive T4N2b Oropharyngeal 20.1 Plasma
23 45–50 Positive T4N2b Oropharyngeal 32.4 Plasma
24 65–70 Negative T4N2b Oral Cavity 9.0 Plasma
25 50–55 Negative T4N2b Oropharyngeal 7.7 Plasma
26 35–40 Negative T4N2b Oral Cavity 12.0 Plasma
27 Unknown Positive T4N2c Unknown 7.3 Plasma
28 65–70 Negative T4N0 Oral Cavity 9.8 Plasma
29 60–65 Negative T4N0 Oral Cavity 8.5 Plasma

# Patient number; HPV: Human papillomavirus; TNM: Tumour-node-metastasis staging.

2.2. Isolation and Quantification of DNA from Blood Samples

Peripheral blood was drawn into EDTA tubes. Within two hours of collection, tubes were subjected
to centrifugation at 800 × g for 10 min at room temperature. 1 mL aliquots of plasma were transferred
to 1.5 mL tubes and centrifuged again at 16,000 × g for 10 min to pellet remaining cellular debris.
Plasma supernatants were transferred to fresh tubes and stored at −80 ◦C. cfDNA was isolated
from plasma using the QIAamp Circulating nucleic acid kit (Qiagen, Hilden, Germany) according
to manufacturer’s instructions. cfDNA amounts were quantified using the Qubit 3.0 Fluorometer
(ThermoFisher Scientific, Waltham, MA, USA), and re-queried on the Agilent 2100 Bioanalyser (Agilent,
Santa Clara, CA, USA) using a high sensitivity DNA kit (Agilent Technologies, Santa Clara, CA, USA).
The concentrations of cfDNA are shown in Table 1.

2.3. Allele-Specific PlexPrime/PlexZyme Real-Time PCR

Given the increasing interest in PIK3CA’s oncogenic transformative effects, the helical domain
mutation, p.E545K, was chosen as a suitable candidate for HNSCC ctDNA plasma testing as this
point mutation has been widely documented with a high frequency in HNSCC tumour tissues
(11–33% of HNC) [31]. Allele-specific detection of PIK3CA p.E545K was achieved using SpeeDx
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PlexPrime and PlexZyme technology in real-time PCR as previously published [32]. Breast cancer
cell line, MCF7 (ATCC®HTB-22), was used as a p.E545K positive control, with HNSCC cell line FaDu
(ATCC®HTB-43) used as a ‘wild-type’ negative control. Genomic DNA was harvested from MCF7 and
FaDu cell lines and used in serial dilution, for testing and optimisation of the PlexPrime/PlexZyme
assay. Allele-specific assays containing 1 mM of PlexZyme probe mastermix, 2 mM MgCl2, 1 mM of
E545K PlexPrime mix, in a final reaction volume of 15 µL in 384-well plates. These reactions were
thermocycled according to the manufacturer’s instructions (SpeeDx, Sydney, Australia); 95 ◦C for 2
min followed by 10 cycles of 95 ◦C for 5 s, 61 ◦C for 30 s (−0.5 ◦C/cycle), and 40 cycles of 95◦C for 3 s,
52 ◦C for 60 s. All reactions were cycled on the QuantStudio 7 Flex Real-Time PCR system (Applied
Biosystems, Waltham, MA, USA).

2.4. Wild-Type qPCR

PowerUp SYBR Green Mastermix (ThermoFisher Scientific, Waltham, MA, USA) was used
for amplification of PIK3CA p.E545 regions. Briefly, reaction mixtures contained 5 µL of SYBR
Green master mix (ThermoFisher Scientific, Waltham, MA, USA), 3 µL of DNA/RNase-free water,
and 1 µL of forward and reverse primers; template DNA (2 ng) or no-DNA was added to each
reaction in duplicate, for a final reaction volume of 11 µL in 384-well plates. These reactions were
thermocycled using standard SYBR Green cycling conditions on the QuantStudio 7 Flex Real-Time
PCR system (Applied Biosystems, Waltham, MA, USA). Patient sample reactions contained 2 ng of
ctDNA template (or no-DNA), run in duplicate for both SpeeDx allele-specific amplification and SYBR
wild-type amplification. MCF7 and FaDu Cell-lines served as positive and negative controls for all
runs. E545K mutations were called based on delta Ct (∆CT) values observed between assays.

2.5. Mutation Calling

Mutations were called based on the delta Ct method (Mutation assay Ct—Wild-type assay Ct).
MCF7 E545K Ct values were subtracted from MCF7 E545 WT Ct values, to determine the cut-off for
‘pure’ mutation; FaDu delta Ct values served as the threshold for ‘pure’ wild-type. Samples found to
be significantly above the wild-type threshold value were deemed E545K positive, with samples at or
below threshold deemed E545K negative.

3. Results

The clinicopathological features of the HNSCC patients investigated are shown in Table 1.
HNSCC disease was classified using the American Joint Committee on Cancer (AJCC) ‘Tumour,
Node, and Metastasis’ (TNM) staging system. Patients enrolled in the study presented with stage
III–IV, treatment naïve HNSCC. None of the patients had evidence of distant metastatic disease
upon diagnosis.

E545K Allele-Specific Screening

PIK3CA p.E545K is a frequent somatic mutation in HNSCC tumours [31]. The PIK3CA E545K
assay (SpeeDx) confirmed the presence of this mutation in an orthogonal test. We then extracted
cfDNA from an independent cohort of HNSCC patients (n = 29), and tested for the presence of the
p.E545K using this technique; 9/29 plasma samples were positive for the p.E545K somatic mutation,
with ∆CT values above the ‘wild-type’ (WT) threshold (Figure 1). ∆CT of cfDNA from healthy control
plasma samples was found to be consistently below the threshold, highlighting the specificity of the
assay (Figure 1).
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H1-H10). Samples found above the WT ∆CT (represented by the dotted line) are positive for the E545K 
somatic mutation. Asterisk (*) indicates samples which are above the ∆CT threshold, hence will likely 
harbour the E545K somatic mutation; samples at and/or below the threshold are less likely to be 
positive. Patient # correspond to the individual patient numbers. 
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changes compared to standard tissue biopsy. Liquid biopsies overcome the challenges involved in 
obtaining repeat tumour biopsies over the course of treatment and can represent a more global view 
of the heterogeneity present in the tumour. Moreover, ctDNA analysis can be conducted in real-time 
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ctDNA has previously been explored in other solid tumours, but there are fewer studies 
pertaining to HNSCCs [33–35]. ctDNA is frequently reported as a predictor of treatment resistance 
and/or failure in breast [36], prostate [37], lung [38], melanoma [27], and colorectal cancers [34]; 
however, the potential clinical utility of ctDNA as diagnostic, prognostic and/or predictive 
biomarkers in HNSCCs has not thoroughly been explored [39]. This may partially be attributed to 
the inability to amplify and detect particular mutations in ctDNA, due to the low copy number. In 
this pilot cross sectional study, we used commonly mutated PIK3CA E545K mutation to demonstrate 
a novel PCR technology, PlexPrimer/PlexZyme. Using the sensitive allele-specific 
PlexPrimer/PlexZyme technology from SpeeDx™, we were able to detect this mutation in 9/29 stage 
3–4 HNSCC patient blood samples, demonstrating the feasibility of an allele-specific test for ctDNA 
testing. 

Figure 1. The bar graph showing the delta Ct (∆CT) of HPV Positive (Red) and HPV Negative (Blue)
plasma samples, w/high frequency of mutation in the positive control (MUT—light green) and a low
mutation call in a wild type negative control (WT—dark green), and healthy control samples (purple:
h1–h10). Samples found above the WT ∆CT (represented by the dotted line) are positive for the E545K
somatic mutation. Asterisk (*) indicates samples which are above the ∆CT threshold, hence will likely
harbour the E545K somatic mutation; samples at and/or below the threshold are less likely to be
positive. Patient # correspond to the individual patient numbers.

4. Discussion

A liquid biopsy for the assessment of ctDNA offers an effective means of assessing tumour
changes compared to standard tissue biopsy. Liquid biopsies overcome the challenges involved in
obtaining repeat tumour biopsies over the course of treatment and can represent a more global view of
the heterogeneity present in the tumour. Moreover, ctDNA analysis can be conducted in real-time and
offers highly sensitive and specific assays.

ctDNA has previously been explored in other solid tumours, but there are fewer studies pertaining
to HNSCCs [33–35]. ctDNA is frequently reported as a predictor of treatment resistance and/or failure
in breast [36], prostate [37], lung [38], melanoma [27], and colorectal cancers [34]; however, the potential
clinical utility of ctDNA as diagnostic, prognostic and/or predictive biomarkers in HNSCCs has
not thoroughly been explored [39]. This may partially be attributed to the inability to amplify and
detect particular mutations in ctDNA, due to the low copy number. In this pilot cross sectional
study, we used commonly mutated PIK3CA E545K mutation to demonstrate a novel PCR technology,
PlexPrimer/PlexZyme. Using the sensitive allele-specific PlexPrimer/PlexZyme technology from
SpeeDx™, we were able to detect this mutation in 9/29 stage 3–4 HNSCC patient blood samples,
demonstrating the feasibility of an allele-specific test for ctDNA testing.
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Previous studies have investigated the ctDNA as a potential diagnostic/prognostic biomarker in
HNSCCs, albeit in small patient cohorts (n = 3 and n = 10, respectively) [33,34]. In 2015, Wang et al.
demonstrated that ctDNA could be detected in the plasma and saliva of HNSCC patients [35].
Highlighted in the Wang et al. study, ctDNA was more readily detected in the saliva of oral cavity
cancer patients, with other cancer sites (oropharynx, larynx and hypopharynx) more effectively
sampled by plasma ctDNA. This is speculated to be a result of the tumour’s anatomical location and
directional shedding of ctDNA into local body fluids/surrounding vasculature. However, Wang et al.
study relied heavily on massively parallel ‘deep’ sequencing methods for the detection of very-low
levels of somatic mutations and HPV-16 DNA in the ctDNA. The high-cost of these methods makes
them impractical for largescale screenings of ‘at-risk’ individuals, as well as monitoring of patients
(requiring the testing of serial samples over a course of treatment). ‘Time-to-result’ for NGS runs
must also be accounted for when using ‘deep’ sequencing to query plasma and saliva for minute
fractions of ctDNA. More recently, studies have shown that high NGS coverage depth competes with
sequencing errors to balance mutation identification with low false discovery rate [10,40], Shu et al.
2017 showed that a 300× mean coverage is the minimum requirement for mutation detection at a
mutation allele frequency (MAF) cutoff of 1%. Shu et al. also highlighted that increasing the coverage
depth only slightly increased mutation detection in the ctDNA [10]. The increased potential for false
discovery/errors of single nucleotide variants (SNVs) in high depth sequencing, particularly in plasma
sequencing, where ctDNA fractions can exist at 0.01% of total cell-free DNA, may impact downstream
analysis and clinical action based on NGS data.

For the above discussed reasons, the use of allele-specific amplification techniques has emerged as
an alternative to NGS in the search for common cancer hotspot SNVs; particularly for its ease-of-use in
clinical workflows. Through the use of PIK3CA E545K Plex-PCRTM assay, we have demonstrated the
detection of a common hotspot mutation (p.E545K) in the plasma of 9/29 HNSCC patients. PIK3CA is
a prominent oncogene, reported as the most commonly aberrant gene within solid tumours; the p110α
catalytic subunit is frequently identified and implicated in oncogenesis of many solid tumours, as well
as in HNSCCs tumours [41]; with common ‘hotspot’ mutations within its helical domain (p.E545K)
and kinase domain (p.H1047L/R) shown to cause oncogenic transformation in mouse models [42].
Interestingly, sequencing studies show approximately 21% of HNSCCs contain PIK3CA amplifications
and/or somatic mutations, particularly HPV positive HNSCCs [11]. This trend can also be seen in
our study, with six out of the nine HNSCC patients positive for the E545K mutation, also being HPV
positive. This provides early data, which suggests that PIK3CA hotspot mutations, may be a candidate
for HNSCC patient screening. However, for clinical implementation, a number of commonly mutated
genes would need to be validated as HNSCC do not have exclusive tumour specific mutations.

For HPV-negative tumours, mutations are clustered within the ‘RTK-RAS-PI3K’ pathways and cell
cycle regulation (CCND1), with common loss/inactivation of CDKN2A and TP53 tumour-suppressors
and dysregulation of cell-proliferation and growth [11,43]. Conversely, in HPV-positive tumours
activating alterations frequently occur in PIK3CA, FGFR3 and E2F1, with HPV-oncoproteins E6 and E7
causing inactivation of wild-type TP53 and RB1 functions in cell cycle control [43,44]. Allele-specific
technologies that detect common SNVs in TP53, PIK3CA, CDKN2A and other solid tumour-associated
oncogenes may provide alternatives to NGS, allowing for rapid ‘time-to-result’, quick screening,
as well as monitoring of ‘at-risk’ patients. For longitudinal evaluation of ctDNA, use of allele-specific
technology would allow for ‘personalised’ tracking of mutations of interest, where increases in
tumour-specific DNA levels post-treatment might prompt the switching of treatments, prior to the
emergence of overt resistant and/or recurrent disease.

5. Conclusions

The late-stage clinical presentation of HNSCCs portends to locoregional and/or metastatic
disease upon diagnosis, comprising a challenge for clinicians treating HNSCCs; having no clinically
available biomarkers for non-invasive, early detection and/or prediction of patient treatment response.
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Examination of ctDNA in the plasma of HNSCC patients present an opportunity for diagnosis, as well
as monitoring of treatment responses, via tracking of tumour-specific genetic alterations. Personalised
allele-specific assays developed ‘case-by-case’, would allow for cost-effective monitoring of ctDNA,
as well as providing rapid ‘time-to-result’ for a quick clinical turnaround, realising precision-medicine.
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