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Abstract

Given that oropharyngeal squamous cell carcinoma (OPSCC) have now surpassed
cervical cancer as the most common human papillomavirus (HPV)-driven cancer,
there is an interest in developing non-invasive predictive biomarkers to early de-
tect HPV-driven OPSCC. In total, 665 cancer-free individuals were recruited from
Queensland, Australia. Oral HPV16 DNA positivity in those individuals was deter-
mined by our in-house developed sensitive PCR method. Individuals with (n = 9) or
without (n = 12) oral HPV16 infections at baseline were followed for a median dura-
tion of 24 mo. Individuals with persistent oral HPV16 infection (> 30 mo) were invited
for clinical examination of their oral cavity and oropharynx by an otolaryngologist.
Oral HPV16 DNA was detected in 12 out of 650 cancer-free individuals (1.8%; 95%
confidence interval [Cl]: 1.0-3.2). Of the 3 individuals with persistent oral HPV16
infection, the first individual showed no clinical evidence of pathology. The second
individual was diagnosed with a 2 mm invasive squamous cell carcinoma (TINOMO)
positive for both p16INK4a expression and HPV16 DNA. The third individual was
found to have a mildly dysplastic lesion in the tonsillar region that was negative for
pl6INK4a expression and HPV16 DNA and she continues to have HPV16 DNA in her
saliva. Taken together, our data support the value of using an oral HPV16 DNA assay

as a potential screening tool for the detection of microscopic HPV-driven OPSCC.
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1 | INTRODUCTION

Oropharyngeal squamous cell carcinoma (OPSCC) (which includes the
tonsillar area, the base of tongue, the soft palate and the oropharynx)
is one of the most common subsites of head and neck squamous cell
carcinomas (HNSCC), accounting for approximately 97 000 deaths
annually worldwide.! In addition to excessive tobacco and alcohol
consumption, human papillomavirus (HPV) (predominately HPV16) in-
fection is regarded as an important causative agent for OPSCC.? Over
the past 2 decades, the incidence rate of HPV-driven OPSCC is esca-
lating when compared with non-HPV-driven HNSCC in the developed
world, including Australia.®* For instance, an increase in HPV-driven
oropharyngeal carcinoma (OPC) cases from 20.2% to 63.5% has been
reported in Australia over the last 2 decades.’

Current literature suggests that individuals with a greater num-
ber of lifetime sexual partners and high-risk sexual behavior are as-
sociated with an increased risk of developing HPV-driven OPSCC.5”
A recent study reported that the prevalence of HPV16 infection
was higher in men who currently smoked and had more than 5 life-
time oral sexual partners.8 In concordance with previous studies,
we found a positive association between poor oral hygiene/health
and oral HPV16 infection.? Importantly, chronic periodontitis was
found to be associated with HPV status of HNSCC.'° In addition,
it is well established that immunocompromised people (including
organ transplant patients) are at a higher risk of HPV-driven cancer
including OPSCC when compared with the general population.11

Accumulating evidence indicates that persistent high-risk HPV
infections are strongly associated with the development of HPV-
driven malignancies.*?*® This is supported by Agalliu et al who
prospectively demonstrated a positive association between HPV
infection and oropharyngeal malignancies.'* Moreover, Kreimer
et al reported the presence of HPV-specific antibodies well before
the development of OPSCC, further supporting the role of persistent
infections in the development of oropharyngeal malignancies.15
Previous studies have reported that the HPV DNA in both saliva and
tumor tissue samples was positively correlated.'®'” Meanwhile, on-
cogenic persistent oral HPV infection has recently been shown to be
a precursor to malignancy,18 and as such could potentially be used
as a biomarker to diagnose, monitor disease progression, and tumor
recurrence in OPSCC patients.'’

While oral HPV infection is the primary risk factor for OPSCC,
it is still under debate whether oral HPV DNA measurements could

be applied as a screening tool to identify individuals at a higher risk
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Larger multicenter studies across various geographic regions recruiting populations at
a higher risk of developing HPV-driven OPSCC are warranted to extend and confirm

the results of the current investigation.

biomarkers, human papillomavirus, oropharyngeal squamous cell carcinoma, saliva, screening

of developing OPSCC. The first aim of this study was to determine
any associations between oral HPV16 infections, lifestyle factors,
and oral health parameters in cancer-free individuals. The second
aim was to understand the natural history of oral HPV16 infection in
cancer-free individuals. The third aim was to identify whether can-
cer-free individuals with persistent oral HPV16 infection exhibit or

progress to malignancy.

2 | METHODS AND MATERIALS
2.1 | Study recruitment

Between May 2016 and October 2017, 665 participants were re-
cruited from individuals visiting The Royal Brisbane and Women's
Hospital (RBWH), The University of Queensland School of Dentistry
(UQDS), The Queensland University of Technology Health Clinics
(QUTHC) and Logan Hospital as shown in Figure 1.

Participants were recruited into 3 groups. Group 1 included 202
participants recruited from the general public as community con-
trols. Those individuals who had previously been vaccinated against
any high-risk HPV, those on antiretroviral drug therapy, and those
having any previous history of any cancer or radiation to head and
neck region were excluded from Group 1.

Groups 2 and 3 included 141 and 322 participants recruited from
the UQDS as healthy individuals with good and poor oral hygiene, re-
spectively. Inclusion criteria for both groups were identical, namely
age over 18y, and at least 20 teeth remaining in the mouth. The ex-
clusion criteria for Group 2 and 3 were (a) prior HPV vaccination, (b)
a history of any cancer or irradiation to the head and neck region, (c)
diabetes, autoimmune disease, cardiovascular disease, blood disor-
ders, hepatic dysfunction, dry mouth, aphthous ulcers and any other
systemic disease that could affect oral health, and (d) use of medica-
tions such as lipid-lowering drugs, hormonal replacement therapy, or
supplements other than oral contraceptives.

Twelve participants within Groups 1, 2 and 3 who tested pos-
itive for oral HPV16 at baseline as well as 16 randomly selected
participants (from Groups 2 and 3) who tested negative at baseline
were recruited for the follow-up study. Of those, 9 and 12 HPV16-
positive and HPV16-negative participants, respectively, were fol-
lowed up at 3-6 monthly intervals for a median duration of 24 mo
in the entire follow-up study as shown in the Figure 1. The others

were either lost to follow-up or withdrew from the follow-up study.
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FIGURE 1 Flow chart of study recruitment

This study protocol was approved by the QUT research eth-
ics committee (1400000641), UQ research ethics committee
(2014000862) and RBWH human research ethics committee
(HREC/16/QRBW/447). All individuals provided written informed

consent prior to participation.

2.2 | Sample collection procedure

Participants swished 200 mL of water around their mouth and
then swallowed it. This step cleansed the mouth of food debris.
Following this, a drool saliva (or unstimulated saliva) sample
was collected, followed by 2 oral rinse samples, as previously

described.?%!

2.3 | Procedures specific to each group following
sample collection

All participants in Groups 2 and 3 underwent an oral examination.
The following clinical variables were recorded: (a) presence or ab-
sence of bleeding on probing (BoP) (recorded as absent or mild-se-
vere), (b) Plaque index,?? (c) Calculus index,?® (d) Decayed, missing,
and filled teeth (DMFT) index?* and (e) Periodontal Screening and
Recording (PSR).2° BoP was recorded 30 s following probing the
gingival sulcus all around the teeth. Participants were categorized
as poor oral hygiene had plaque scores >1 and/or calculus scores
>0.7.

PSR was used to determine the presence or absence of peri-

odontal (gum) disease in subjects in Groups 2 and 3. The dentition

l

Participants positive for
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N=12(1.8%)

l

Participants enrolled in the
follow-up study

N=10 Participants withdrew from
l follow-up study
. 2 N=1
Included in the final analysis
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N=9

was divided into 6 sextants and each sextant received a score. If any
of the 6 scores were >3 or there was any clinical evidence of peri-
odontal disease (recession, mobility or furcation involvement), the

participant was classified as having periodontal disease.?®

2.4 | DNA solation

Total DNA was isolated from unstimulated saliva, oral rinse and tis-
sues samples using the QIAmp DNA Mini Kit (Qiagen) in accordance
with the manufacturer's instructions. Briefly, 200 pL of lysis buffer
was added to saliva and tissues samples with Proteinase K and in-
cubated at 56°C until the pellets were completely lysed. For tissue
samples, an additional incubation step (70°C for 10 min) was per-
formed with another 200 pL of lysis buffer. Then, 200 pL of 100%
ethanol was added to the mixture and subsequently transferred to

columns as per the manufacturer's protocol.

2.5 | HPV16 DNA nested PCR

To improve the sensitivity and specificity of the PCR assay, a HPV16
DNA nested PCR was developed as previously described.?* Two
pairs of primers flanking the HPV16 E6 opening reading frame
(ORF) region were designed (1F: GTTTCAGGACCCACAGGAGC; 1R:
GTCATATACCTCACGTCGCAGT;2F:CAGGAGCGACCCAGAAAGTT,
2R:ACTGTTGCTTGCAGTACACAC). Human f-globin was used as
an internal control (Forward: CAACTTCCACGGTTCACC; Reverse:
GAAGAGCCAAGGACAGGTAC). In addition, HPV16 DNA positivity

inthe saliva samples was further confirmed using Sanger sequencing.
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2.6 | HPV16 E6/7 DNA gPCR analysis

For HPV16 viral load calculation, HPV16 E6/E7 DNA stand-
ard calibration curve was generated using gPCR assay with
the QuantStudio™ 7 Flex Real-Time PCR System (Applied
Biosystems, Foster City, CA, USA) as previously described.?®
Forward (ACCGGTCGATGTATGTCTTGTTG) and reverse
(GATCAGTTGTCTCTGGTTGCAAATC) primers targeted against the
region of E6/7 ORF were used. HPV16 standard curve was designed
from threshold cycle plotted vs the logarithm of the copy number of
8-fold serially diluted (1 x 10 to 1 x 102 copies) of HPV16 plasmid
(ATCC® 45113™). To confirm the results, all oral HPV16 negative and
positive samples were run at least in duplicate and triplicate, respec-
tively, to confirm the results.

2.7 | Immunohistochemistry

To determine the cellular and tissue structure, hematoxylin and
eosin (H&E) staining on formalin-fixed paraffin-embedded (FFPE)
slides was performed. HPV status was evaluated by Queensland pa-
thologists using the CINtec® p16INK4a Histology Kit (E6H4 clone)
(Roche MTM Laboratories, Heidelberg, Germany) according to man-
ufacturer's instructions. pl6INK4a was regarded as positive when
the majority (>70%) of tumor cells had a strong, diffuse nuclear and
cytoplasmic staining pattern.

2.8 | High-risk HPV in situ hybridization

In situ hybridization (ISH) was performed on FFPE section using the
Ventana INFORM HPV Il Family 16 probe (B) kit (Ventana Medical
System, Inc), according to the manufacturers’ protocol. HPV was
regarded as positive when blue staining was co-localized with the

nuclei of tumor cells.

2.9 | Statistical analysis

Fisher's exact test was used to measure the significance of differ-
ence in oral HPV16 infection and lifestyle and oral health param-
eters between HPV16-positive and HPB16-negative individuals.
All statistical tests were two-sided and P-values less than .05 were
considered significant. All statistical analysis was performed using
GraphPad Prism 8 software version 8.2.1 (GraphPad Software Inc).

3 | RESULTS
3.1 | Characteristics of the study population

The demographic of clinically cancer-free individuals (n = 650) with

sufficient amounts of DNA is summarized in Table S1. Participants
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had a median age of 52 y (range 18-89 y). More than half of the study
population was female (56.9%), ever-smokers (55.4%), never-drinkers
(53.1%) and the majority were Caucasian (84.3%); 454 (69.8%) par-
ticipants underwent oral examination. The presence of BoP (89.2%),
supra-gingival plaque (59%) and calculus (69.6%) were common in
this study cohort. Only 211 out of 454 participants (46.5%) had a
high score of DMFT. Most of them presented with poor oral hygiene
(69.8%) and periodontal conditions (68.1%). Overall, the oral HPV16
prevalence at baseline was 1.8% (12/650) (95% confidence interval
[CI]: 1.0-3.2) in this study population. Participant lifestyle and oral
health-related parameters in relation to oral HPV16 infection are
detailed in Table 1. No significant difference in both parameters was
observed between HPV16-negative and HPV16-positive groups.

3.2 | Natural history of oral HPV16 infection in
cancer-free individuals

Nine HPV16-positive individuals were followed for a median of
24 mo (range 9-42 mo) and completed = 3 follow-up visits, while
12 HPV16-negative individuals who were randomly selected were
followed for a median of 24 mo (range 18-24 mo) and completed > 4
follow-up visits as shown in Table S2. Among the 9 HPV16-positive
individuals, 4 (44.4%) were found to persist > 3 mo and 3 (33.3%) per-
sisted = 30 mo (indicated as Individuals 1, 4, and 9). Most individuals
(66.6%) were cleared within 6 mo of infections. None of the 12 ini-
tially HPV16 negative individuals developed an incident oral HPV16
infection at any follow-up visits. As shown in Figure 2, Individual 1
had a low HPV16 viral load at baseline (11.37 viral copies/50 ng) and
remained unchanged throughout the follow-up period. Individual 4
had increasing levels of oral HPV16 DNA (from 3.43 to 1281.69 viral
copies/50 ng) over the course of the study,*® while Individual 9 with
oral squamous papilloma of the soft palate had the highest HPV16
viral load at baseline (940.83 viral copies/50 ng) that remained high

during follow-up.

3.3 | Clinical examination and imaging
studies of the oropharynx in individuals with
persistent oral HPV16 infection

The 3 individuals with persistent oral HPV16 infection (230 mo)
were invited for full clinical examination of their oral cavity and
oropharynx using both white light and narrow-band imaging by an
otolaryngologist.

Individual 1 demonstrated no clinical abnormalities and no radio-
logical imaging was performed.

Individual 48 presented with tonsillar asymmetry and a large
number of tonsillar mucous retention cysts as well as some subtle
narrow-band imaging (NBI) changes in the left gloss-tonsillar sul-
cus. Magnetic resonance imaging (MRI) scan did not demonstrate
any abnormalities (as shown in Figure S1). The patient was offered

surveillance or examination under anesthesia (NBI) with NBI-guided
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TABLE 1 Participant lifestyle and oral health parameters in
relation to oral HPV16 infection

HPV16 positive HPV16 negative
Variables No. % No. % P-value
Age (years)
<55 4 33.3 351 55 153
255 8 66.7 287 45
Sex
Male 6 50 278  43.6 772
Female 6 50 360 56.4
Race/ethnicity
Caucasian 10 83.3 538 843 >.999
Other 2 16.7 100 15.7
Smoking status
Never 6 50 354 55.5 774
Ever 6 50 284 445
Alcohol consumption
Never 7 58.3 338 53 776
Ever 5 41.7 300 47
BoP
Absent 0 0 49 11 >.999
Mild-Severe 7 100 398 89
Plaque index
<1 4 571 182 407 452
>1 3 42.9 265 59.3
Calculus index
<0.7 3 42.9 135 30.2 439
>0.7 4 57.1 312 69.8
Oral hygiene
Good 3 42.9 134 30 436
Poor 4 571 313 70
DMFT
0-14 2 28.6 241 53.9 .258
15-28 5 71.4 206 461
Periodontitis
Absent 1 14.3 144 322 439
Present 6 85.7 303 67.8

tongue base biopsies and bilateral tonsillectomy. The patient elected
to undergo surgery and all specimens were sent for histopathology.

Individual 9 presented with an area of NBI change in the right
anterior tonsillar pillar and a small raised lesion on the left base of
the tongue (BOT) as well as generalized left BOT hypertrophy. MRI
scanning suggested left BOT hypertrophy with no distinct lesions.
The patient was offered surveillance or examination under anesthe-
sia (EUA)- and NBI-guided biopsies. The patient elected to undergo
surgical biopsies. The decision to offer surgery in both cases was
undertaken in conjunction with the Head and Neck Multidisciplinary
Team at the RBWH.

3.4 | Histologically confirmed
diagnosis of oropharyngeal lesions in individuals with
persistent oral HPV16 infection

Based on the H&E staining, Individuals 4 and 9 were diagnosed with a
2 mm microinvasive squamous cell carcinoma (T1NOM0)18 and a mild
dysplastic lesion in the tonsillar region (Figure 3A,B), respectively. A
diffuse and strong p16INK4a immunohistochemistry staining (270%
of tumor cells) as well as HPV16 DNA positivity in the tumor tis-
sues samples were only detected in Individual 4 as previously de-
scribed.*® Further confirmation of high-risk HPV was achieved by
performing HPV family 16 probe-ISH test on FFPE section. Positive
nuclear signals of HPV family 16 were only detected in tumor cells
that exactly corresponded to the region of occult carcinoma and
pl6INK4a-positive staining (Figure 4). Individual 9 was negative for
both p16INK4a expression and HPV on ISH. Interestingly, HPV16
DNA in the saliva of Individual 4 reduced to undetectable levels 2 wk
after tonsillectomy. In contrast, oral HPV16 viral load in Individual 9
remained detectable 2 wk after surgery.

4 | DISCUSSION

HPV-driven OPSCC incidence particularly in the male popula-
tion is rising rapidly in high-income countries, including Australia.
OPSCC has overtaken cervical cancer as the most common HPV-
driven cancers in the UK and the USA.?” Therefore, it is pivotal
to understand how to identify individuals at risk of developing
HPV-driven OPSCC. Unlike cervical cancer, at present there is
no clinically validated screening test for HPV-driven OPSCC.
Screening for HPV-driven OPSCC has long been a topic of debate
as no-one has ever successfully detected an occult lesion either
through a salivary or serological test. In this study, we report on
2 asymptomatic, cancer-free individuals with oropharyngeal le-
sions that were identified based on repeat measurement of oral
HPV16 screening.

There is growing scientific evidence indicating that the current
prophylactic HPV vaccines (nine-valent HPV vaccine; Gardasil 9)
could prevent nearly 100% of infections with the HPV types tar-
geted by the vaccines, but do not help those already infected with
HPV. Cross-sectional studies have shown that HPV vaccination is
associated with a reduction in vaccine-type oral HPV prevalence?®
but, to our knowledge, there is lack of formal prospective studies
aiming to determine vaccine efficacy against oral HPV infection or
HPV-driven OPSCC within clinical settings. Given that oral HPV
infection is associated with a 22-fold increased risk of developing
HPV-driven OPSCC,* there is great interest in the epidemiology
of oral HPV infection in the general population over the past 2 de-
cades. A recent meta-analyses of 63 studies (sample size = 56 600)
indicated that the prevalence of oral infection with any HPV strains
and only HPV16 in the general population was 7.7% (95% Cl, 6.8-
8.6) and 1.4% (95% Cl, 1.0-1.9), respectively.29 In concordance with

the findings of previous studies from other western countries,
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FIGURE 2 Salivary HPV16 viral load in Individuals 1, 4, and 9 throughout the follow-up period. Individual 1 presented with no clinical
abnormalities; Individual 4 was diagnosed with p16INK4a positive tonsillar squamous cell carcinoma (TINOMO) and Individual 9 diagnosed

with a p16INK4a negative mild dysplastic lesion in the tonsillar region

(A)

()

FIGURE 3

Individual 9 was histologically diagnosed with a p16INK4a negative low grade (mild) squamous dysplasia. A, Hematoxylin-

eosin (H&E; x200 magnification). A mild squamous dysplasia presented as squamous atypia in the lower third of epithelial thickness and
was found in the tonsillar region. B, H&E x400. A mitosis was found in the suprabasal epithelium (white arrow). Note that, there is no full

thickness dysplasia and no invasive carcinoma

our reported oral HPV16 prevalence rate in a group of healthy
Australians was 1.8%; 95% Cl: 1.0-3.2.

Increasing evidence supports the notion that epithelial wounds in
the oral cavity mediated by chronic inflammation may serve as a por-
tal of entry for the HPV.2%3! For instance, periodontitis has been as-
sociated with HPV-positive HNSCC, particularly in OPSCC.° A recent
study by Dalla Torre et al reported a statistically significant association
with respect to oral HPV infections for individuals with tooth loss and
a higher number of extracted teeth.? Moreover, they also demon-
strated a positive association between poor oral hygiene practices
(with high levels of dental plaque and gingivitis) and oral HPV infec-
tion. Surprisingly, in the present study we found no statistically signifi-
cant difference in both lifestyle (ie smoking and tobacco consumption)
and oral health-related parameters between oral HPV16-negative
and HPV16-positive groups. Interestingly, an overwhelming major-
ity of oral HPV16-positive individuals presented with BoP (100%), a

higher score for DMFT (71%) and for periodontal conditions (86%),
further supporting the notion that chronic inflammation in the oral
cavity, which occurs in periodontitis, may facilitate oral HPV infection.

The clinical utility of detecting persistent HPV DNA in saliva as
a means of identifying individuals at risk of developing OPSCC or as
a possible screening method for active malignancy has been a mat-
ter of significant debate.®*3* It is obvious that population screening
based upon oncogenic oral HPV detection would be challenging due
to the lack of visible precancerous lesions for HPV-driven OPSCC.
Moreover, the origin of HPV in oral rinse/saliva samples remains un-
known, and further investigations are warranted to reveal the clinical
significance of an oral HPV test as a screening tool in the general
population. When planning such studies, a key question will be how
many samples are necessary from one patient over a given time inter-
val. In our laboratory, we have performed multiple sample collections

(at least 5 times over a period of 2 wk) on 5 cancer-free individuals (2
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FIGURE 4

Individual 4 was diagnosed with p16INK4a positive
tonsillar squamous cell carcinoma and was positive for HPV on in
situ hybridization. High-risk HPV in situ hybridization (ISH; x200
magnification). Positive HPV16 family ISH nuclear signals in blue in
the region of occult carcinoma

with low HPV16 viral loads (>20 copies per 50 ng) and 3 with HPV16
DNA negative). The agreement for HPV detection within the samples
was 100%. This consistency suggests that variation from day to day
is not significant. There is limited knowledge on the natural history of
oral HPV infections in the general population. The reported duration
of clearance for oral HPV16 infection varies from 3.5 to 20.7 mo?’
while oral HPV16 persistent infection was only reported in a few
studies and varies widely from 33.3% to 80.0% within 24 mo in those
studies.®>8 This large variation may be explained by several factors,
including different race or ethnicity, sampling variability, as well as
the use of different detection methods. In agreement with previously
published data, the clearance and persistence rates of oral HPV16
infections in our study cohort were 66.6% within 6 mo and 33.3%
within 30 mo, respectively.

The majority of cancer-free individuals with oral HPV infection
appears to have either transient infections or fail to progress to
malignancy. We have successfully found 2 oropharyngeal lesions
through the serial measurements of HPV16 DNA from saliva sam-
ples. Of the 3 individuals with persistent oral HPV16 infections, 2
with a higher oral HPV16 DNA viral load were found to have oro-
pharyngeal lesions and one of these demonstrated a malignancy.
Our findings are in keeping with previous studies showing that high
HPV viral load serves as a predictor for long-term persistent infec-
tion, as well as the risk of developing HPV-driven cancer.>**° In ad-
dition, retrospective studies suggest the potential clinical utility of
oral HPV as a biomarker for treatment surveillance in HPV-positive
HNSCC.#**2 Consistent with previous studies, HPV viral loads in the
saliva sample from the patient with tonsillar carcinoma decreased to
an undetectable level at 2 wk following tonsillectomy.

However, there was no detectable level of tumor HPV16 DNA
or p16INK4a in an individual with an oral mild dysplastic lesion. This

may be due to the size of oropharyngeal lesions at an earlier stage,

which are usually microscopic and inconspicuous, and therefore
hampering an accurate clinical diagnosis. Indeed, a MRI examina-
tion of the oropharynx and neck failed to detect an occult lesion
at the tonsillar region of the other individual, further supporting
the potential clinical utility of an oral HPV test as a screening tool
for HPV-driven OPSCC. The limitations of this study are as follows:
the relatively small sample size and a single-site recruitment (only
restricted in Queensland). Larger multicenter studies from diverse
geographic regions with at-risk populations (particularly in males)
may overcome these shortcomings. In summary, this study demon-
strates the potential for screening for early HPV-driven OPSCC
based upon persistent oral HPV16 detection in saliva samples.
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