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Abstract

Background: Human papillomavirus (HPV) infection, a common sexually transmitted disease, is associated with cancers of
the cervix, vulva, vagina, penis, anus, and head and neck. Oropharyngeal squamous cell carcinoma (OPSCC; throat cancer) isa
type of cancer involving the head and neck area that is rapidly increasing across the globe. There are higher rates of OPSCC
among | ndigenous popul ations rel ative to non— ndigenous Australian popul ations, athough the HPV-attributabl e fraction remains
unknown. For the first time at a global level, we plan to extend an Indigenous Australian adult cohort to monitor, screen, and
ultimately prevent HPV-associated OPSCC and to undertake extensive cost-effectiveness modelling around HPV vaccination.

Objective: This study aims to (1) extend follow-up to a minimum of 7 years post recruitment to describe the prevalence,
incidence, clearance, and persistence of oral HPV infection; and (2) conduct clinical examinations of the head and neck, oral
cavity, and oropharynx and collect saliva samples for early-stage OPSCC testing.

Methods: Wewill continue to implement alongitudinal design for the next study phase, where we will ascertain the prevalence,
incidence, clearance, and persistence of oral HPV infection at 48, 60, and 72 months; undertake clinical examinations/saliva
assessments to detect early-stage OPSCC; and refer for treatment. The primary outcome measures are changes in oral HPV
infection status, biomarker measures of early HPV-related cancer, and clinical evidence of early-stage OPSCC.
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Results: Participant 48-month follow-up will commence in January 2023. The first results are expected to be submitted for
publication 1 year after 48-month follow-up begins.

Conclusions: Our findings have potential to change the way in which OPSCC among Australian Indigenous adults is managed,
with desired impactsincluding cost-savings on expensive cancer treatments; improved nutritional, social, and emotional outcomes;
and improved quality of life for both Indigenous adults and the Indigenous community more broadly. Continuing a large,
representative Indigenous adult cohort to track oral HPV infection and monitor early OPSCC isessentid to yield critical information

to include in the management armamentarium of health and well-being recommendations for Australia’s First Nations.
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Introduction

Human Papillomaviruses

Human papillomaviruses (HPV s) are a heterogeneous group of
circular, double-stranded DNA viruses that grow in stratified
epithelium (skin and mucosa). Prior to the implementation of
vaccination, HPV was the most common sexually transmitted
infection in Australia, with an estimated 4 out of 5 Australians
having an HPV infection at some point in their lives [1]. HPV
isa precursor to arange of cancers, including cervical cancer,
other anogenital cancers, and oropharyngeal cancer. It isusually
transmitted within 2-5 years of sexual activity debut [2]. The
prevalence of HPV infection at a population level in Australia
isunknown asthereisno national level or representative survey
data, and dmost al surveys have focused on femalesonly. There
is reasonable HPV DNA data on prevaccination cervical HPV
infectionin femalesin both general and Indigenous populations.
For example, prior to HPV vaccination, a survey of females
aged 15-40 years attending routine Papanicolaou screening at
16 Indigenous health services, 8 family-planning services, and
10 community clinics sites across Australia estimated the
age-standardized prevalence of any high-risk (oncogenic) HPV
type as 31.3% and 30% among 655 Indigenous and 1494
non—Indigenous females, respectively [3]. The prevalence of
HPV 16/18 in this group was 12.2% among Indigenous and
12.8% among non-Indigenous females, respectively.

HPV and Oropharyngeal Squamous Cell Carcinoma

Oropharyngeal cancersinclude cancer of the middle part of the
throat: the tonsils, soft palate, and the base of the tongue [4].
HPV-associated oropharyngeal squamous cell carcinoma
(OPSCC) has one of the most rapidly increasing incidencesin
high-income countries [5], with survival rates of
HPV-attributable OPSCC being much higher than
non—HPV-attributable OPSCC [6]. The increased incidence,
whichis particularly notable among males and younger cohorts,
may be attributableto increased carriage of high-risk HPV types
(especially HPV 16 or 18) via increased oral exposure to
infected anogenital sites with changing sexual behaviors, as
opposed to the more traditional risk factors such as smoking
and alcohol [7,8]. Although estimates vary by setting, the
proportion of OPSCC attributable to HPV (mainly HPV 16)
has been cited in high-income countries as between 65% and
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83% [9-11]. OPSCC has now surpassed cervical cancer asthe
most common HPV-driven cancer [12,13].

Burden of OPSCC in Australia

In 2008, age-standardized rates of lip, oral cavity, and
oropharyngeal cancer in Australia were 11.0 per 100,000 for
males and 4.1 per 100,000 for females [14]. Overall rates of
overal lip, ora cavity, and oropharyngeal cancer declined
between 1982 and 2008, but when considered in isolation,
OPSCC rates increased during this time (1.2% per annum for
males and 0.8% per annum for females), possibly due to an
increased incidence of ora HPV infection [14]. Hocking and
colleagues[15] similarly found asignificant increasein OPSCC
in Australiabetween 1982 and 2005, with an annual percentage
increase of 1.4% for males and 1.0% for females. Hong and
colleagues [16] reported that the proportion of OPSCCs that
were positive for HPV DNA and p16 increased in males from
19%in 1987-1990 to 47% in 2001-2005 and 60% in 2005-2006.
In 2 Brishane-based studies, the HPV prevalence in patients
with OPSCC diagnosed from 2004-10 was 49% and increased
to 72% in patients diagnosed from 2013-15[17,18].

Thereislittle documented evidence of theincidence of OPSCC
among Australian Indigenous persons. I ndigenous personsliving
in Queensland were more likely than the total Queendand
population to be diagnosed with head and neck cancers between
1997 and 2012, specificaly in the base of the
tongue/tonsil/oropharynx; the standardized incidenceratio was
2.16 (n=81) [18]. Theincidence of oral cavity and oropharyngeal
cancer among Aboriginal South Australians between 1977 and
2001 was 29.7 annual cases per 100,000 compared with 8.5 per
100,000 in the non-Aboriginal population[19]. It wasthefourth
most common cancer type in Aboriginal women, after lung
cancer, gynecol ogy-related cancer, and breast cancer. Between
1991 and 2005 in the Northern Territory, oral cavity and
oropharyngeal cancer incidencefor Indigenous Australianswas
2.5 times that of the general Australian population, with the
mortality rate being 4.8 times higher in Indigenous men and 4.0
times higher in Indigenous women [20]. In 2015, the rate ratio
of disability-adjusted life years due to ora cavity and
oropharyngeal cancer among Indigenous Australians was 3.8
times that reported for the total Australian population [21].
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Early Detection of OPSCC

HPV 16-E6 antibodies are detectable in peripheral blood before
diagnosis in the mgjority of HPV 16—driven OPSCCs. Using
data from 743 incident OPSCC cases and 5814 controls from
9 population groups across Australia, North America, and
Europe, Kreimer and colleagues[13] reported that HPV 16-E6
seropositivity increased with lead time: 0%, 13.5%, 23.7%, and
38.9% with lead times of >30 years (n=24 cases), 20-30 years
(n=148), 10-20 years (n=228), and <10 years (n=301),
respectively (P<.001). Of the 47 HPV 16-E6 seropositive cases
with serialy collected samples, 17 cases seroconverted during
follow-up, ranging from 6 to 28 years before diagnosis. For the
remaining 30 cases, robust seropositivity was observed up to
25 years before diagnosis. The authors concluded that the
immune responseto HPV 16-driven tumorigenesisis detectable
several decades before OPSCC diagnosis.

Accuracy of Saliva Samplesfor the Detection of
Early-Stage OPSCC

Saliva covers the oropharyngeal mucosa and can be collected
noninvasively, making it an ideal bodily fluid for early
biomarker detection of HPV-induced OPSCC. Recent studies
have examined HPV mitochondrial RNA (mRNA) in oral
(oropharyngeal swab or saliva) samplesfrom patientswith head
and/or neck squamous cell carcinoma. The high rates for HPV
E6 oncoproteins and E6/E7 mRNA suggest that most patients
were experiencing transcriptionally active HPV-related OPSCC
[22,23]. The clinically validated Hologic Aptima assay gives a
result for the presence of HPV E6/E7 mRNA for 14 HPV types
(16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68). There
is also an option to examine whether the specific HPV typeis
HPV 16 or HPV 18/45. Aswith the findings from Kreimer and
colleagues [13], the persistence of HPV 16 is a precursor for
OPSCC.

The Indigenous Australian HPV Cohort Study

The first phase of this prospective longitudinal cohort study
was developed in partnership with Aboriginal communitiesin
South Australiaand funded by the National Health and Medical
Research Council in 2016. The study is governed by an
Aboriginal Reference Group, with data collected by trained

Figure 1. Timing of data and sample collection. T: time point.
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Aboriginal research officers [24]. To be eligible at baseline,
participants needed to identify as being Aboriginal and/or Torres
Strait Islander, aged 18+ years, and residing in South Australia.
Participants were recruited from February 2018 to January 2019
across 8 South Australia sites, primarily through Aboriginal
Community Controlled Health Organi sations (ACCHOs) whose
chief executive officers are key stakeholders. The 1011
participantsrecruited at baseline represented 5% (1011/20,220)
of Aborigina South Australian adults eligible during the
recruitment period, 8.2% (633/7720) of those eligible in
nonmetropolitan locations, and 3% (376/12,533) of those in
metropolitan locations. Participants were followed-up at 12
months (March 2019 to March 2020), with data from 749
(74.1%) out of 1011 participants obtained (suspended early due
to COVID-19 restrictions). Follow-up at 24 months ceased in
December 2021, with data from 815 participants obtained.
Across baseline and 12- and 24-month follow-ups, saliva
samples to test for oral HPV infection were collected in
commercialy available kits, and the DNA was tested for HPV
detection.

Study Aims

In continued partnership with Aboriginal South Australian
stakeholders and study participants, the aims of the second phase
of the Indigenous Australian HPV cohort study are as follows:

Aim 1. To extend follow-up to a minimum of 7 years post
recruitment to describe the prevalence, incidence, clearance,
and persistence of oral HPV infection, including high-risk types,
across 48-, 60-, and 72-month follow-ups and to correlate with
lifestyle and sociodemographic characteristics

Aim 2: To conduct athorough clinical examination of the head
and neck, ora cavity, and oropharynx and to collect
anthropometrics and saliva samples for OPSCC testing

Methods

Study Design

We will continue to implement a longitudinal design for the
next study phase. A study schemaisincluded in Figure 1.

T=0 months T=12 months T=24 months

Baseline Follow-up Q Follow-up Q
questionnaire (Q) Saliva sample Saliva sample
Saliva sample n=749 n=815

N=1011
[Completed] [Completed] [Completed]

Inclusion Criteria and Retention

All participants initially recruited will be eligible for the 48-,
60-, and 72-month follow-ups. Retention strategieswill involve
those successfully used thus far: (1) continuing to employ
Aborigina staff who have built up personal relationships with
participants and who are committed to following up participants
despite challenges in doing so; (2) ensuring participants are
contacted regularly to ensure the accuracy of contact details;
(3) ascertaining contact details of 3 new key personnel who may

https://www.researchprotocol s.org/2023/1/e44593

T=60 menths
Follow-up Q
Saliva sample
Clinical exam
Anthropometry

T=48 months
Follow-up Q
Saliva sample
Clinical exam
Anthropometry

T=72 months
Follow-up Q
Saliva sample
Clinical exam
Anthropometry

[To be completed)] [To be completed] [To be completed]

know the whereabouts of participants should the study team be
unable to contact them; (4) sending birthday and Christmas
cards to participants; and (5) facilitating one-on-one
relationships between study staff and participants, with study
staff ideally seeing each of their participants for each research
phase. We perceive no difficulties in continuing with the high
retention of participants given our past success.
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Ethical Approval

Ethics approval has been received by the Aborigina Health
Council of South Australia sHuman Research Ethics Committee
(04-22-1001) and the University of Adelaide’sHuman Research
Ethics Committee. Prior to being recruited, al participantswill
be required to sign an informed consent form, which includes
consent for the authors to publish the findings in the
peer-reviewed scientific literature.

Data Collection

After completing informed consent with the assistance of the
Aboriginal research staff, participants will be again asked to
provide saliva samples using acommercially available kit from
which microbial DNA and mRNA for genotyping will be
extracted. This will involve the participant (1) not eating or
drinking for 30 minutes prior to collection; (2) removing the
funnel lid on the container; (3) spitting until 2 mL of saliva
reaches the fill line on the container (this will take 2 minutes);
(4) closing the lid and unscrewing the lid from the funnel; and
(5) placing the small cap on the tube and shaking the tube for
5 seconds. The salivasampleswill be sent to Victorian Cytology
ServicesLtd for analysis.

A thorough clinical examination of the external head and neck,
intraoral cavity, and oropharynx will be undertaken by trained
and calibrated dental professionals. Soft and hard tissue
characteristics, caries experience, periodontal disease, and
gingivitis will be assessed through standardized oral
epidemiological examinations used in national ora health
surveys. Weight will be measured in duplicate to the nearest
0.1 kg using Seca model 803 scales and averaged. Height will
be measured in duplicateto the nearest 1 mm using a Secamaodel
213 portable stadiometer, using a standard anthropometric
procedure. Any pathology detected viathe clinical examination
or saliva results will be immediately fed back to participants,
with referrals to specialist or local primary care services
promptly arranged.

Data collection will be at participants homes, ACCHOs, or
wherever participants feel the most comfortable.

Data Analysis
In brief, the analysis plan for each aim is as follows:

Aim 1: Oral HPV Infection Prevalence, I ncidence,
Clearance, and Persistence at 48, 60, and 72 Months

Salivasampleswill be stabilized at the point of collection using
PreservCyt media. Samples will be run on the real-time
polymerase chain reaction—based Seegene HPV 28 assay using
the Starlet extraction platform and the BioRad CFX96
amplification/detection instrument. The Seegene HPV 28 assay
isthe benchmark for HPV surveillance[25] duetoitshigh level
of automation, which reduces variation in the
sengitivity/specificity between specimens processed at different
time points. The Seegene HPV 28 assay givesindividua HPV
type outputs from 28 HPV types (19 high-risk HPV types: 16,
18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 69, 73,
and 82; and 9 low-risk HPV types: 6, 11, 40, 42, 43, 44, 54, 61,
and 70), including the 14 HPV types defined by the International
Agency for Research on Cancer (IARC) as oncogenic, the
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additional 2 nononcogenic types covered by HPV vaccination
(HPV 6 and HPV 11), and 3-globin (for DNA integrity check).
HPV 13 and HPV 32 are not included in the Seegene HPV assay
but the DNA extraction from this assay is able to be run on a
separate polymerase chain reaction based on the protocol by
Bolisand colleagues[26]. The prevalence, incidence, clearance,
and persistence of oral HPV types across all time points from
recruitment at an individual level and collectively will be
calculated using simple descriptive anaysis.

Aim 2: Oral Clinical Examinations/Saliva Samples for
OPSCC Testing

The prevalence, extent, and severity of dental diseases, including
early clinical signsof OPSCC, will be calculated using standard
World Health Organization (WHO) ora health benchmarks
[27]. Therecently completed 2017-18 National Survey of Adult
Ora Health data set [28] will enable comparison with both
general and Indigenous population-level estimates. General
analysis will comprise chi-square and Student t test (2-tailed)
within the study sample and nonoverlapping 95% Cls when
comparing popul ation estimates. Antibodiesagainst HPV 16-E6
will be measured using saliva samples (Aptima HPV assay)
[22]. Assay results will be interpreted based on the
signal-to-cutoff ratio, with values = 0.5 considered positive.

Results

Of the 1011 participants recruited, 910 (90%) provided 3-globin
positive saliva samples (3-globin isa DNA integrity check). Of
these 910, 35.1% (n=319) were positive for any HPV infection
[29]. This was 15 times the prevalence reported in a study of
young non-Indigenouss Australians [30] and 5 times the
prevalencereported in asystematic review involving the United
States, Brazil, Mexico, and Finland [31]. Antonsson and
colleagues[32] described alongitudinal study (0O, 6, 12, and 24
months) of 704 people from Brisbane (18-70 years old). They
reported an oral HPV infection prevalence of 10.7% (high-risk
HPV prevalence of 6.4%) at baseline in 636 people who were
B-globin positive. In our study, the most prevalent HPV types
at baseline were those associated with Heck disease (multifocal
epithelial hyperplasia; 207/910, 23% of the HPV types
found)—a relatively benign and rare condition caused by oral
HPV 13 or 32 infection that is more preva ent among | ndigenous
populations [33-35]. Clinically, Heck disease presents as soft,
distinct, mostly multiple, and smooth papul es or nodules having
the same color as the surrounding mucosal epithelium (a
“cobblestone” appearance), predominantly affecting the lower
and upper labial mucosa and tongue. The condition usually
regresses naturally but can be treated by surgical excision or
cryotherapy when lesions are aesthetically unpleasing [36]. The
next most prevalent HPV types were those associated with
OPSCC (HPV 16 or 18; 30/910, 3.3% of the types found)
[29,32].

In our Indigenous Australian HPV Cohort study, of the 749
participants retained at 12-month follow-up, 645 (86.1%)
provided B-globin positive saliva samples. Of these, 43%
(277/645) were positive for any HPV infection. The most
prevalent HPV types at 12-months were again those associated
with Heck disease (213/645, 33% of the HPV types found),
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followed by HPV types associated with OPSCC (HPV 16 or
18; 16/645, 2.5%). A total of 588 participants had samples at
baseline and 12-month follow-up that were 3-globin positive.
The prevalence of any oral HPV infection increased from 34%
(200/588) to 44% (259/588). This increase was largely due to
increases in HPV types 13 or 32 (Heck disease): from 20%
(118/588) at baseline to 34% (200/588) at 12 months. The
prevalence of HPV 16 or 18 decreased from 3.9% (23/588) at
baseline to 2.7% (16/588) at 12 months. The prevalence of
high-risk HPV types according to the IARC definition [37]
decreased from 8.5% (50/588) at baseline to 7.1% (42/588) at
12 months [38]. A total of 473 participants had samples at
baseline and 12- and 24-month follow-up that were (3-globin
positive. The prevalence of any oral HPV infection was 24.7%
(117/473), the prevalence of HPV type 13 or 32 was 15.6%
(74/473), and the prevalence of HPV type 16 or 18 was 1.7%
(8/473).

Participant follow-up for this study will commence in January
2023. We anticipate the first results to be submitted for
publication 1 year following initial recruitment.

Discussion

Expected Findings

Our findings have potential to change theway in which OPSCC
among Australian Indigenous adults is managed, with desired
impactsincluding cost-savings on expensive cancer treatments;
improved nutritional, social, and emotional outcomes; and
improved quality of life for both Indigenous adults and the
Indigenous community more broadly.

Approachesto Aboriginal Community Engagement

The strong Aboriginal partnership, engagement, and buy-in of
the first study phase were reported against the Consolidated
Criteria for Strengthening Reporting of Health Research
involving Indigenous Peoples (CONSIDER) statement [39,40].
The success of our community engagement processes was
summarized as (1) engaging with ACCHOs as equal partners
very early in the research process; (2) having an Aborigina
Reference Group; (3) having ACCHOs actively promote the
study; (4) having aflexible agendathat is responsive to broader
environment demands; and (5) including Aboriginal capacity
building. Specific lessons learned include the need for active
and wide Aborigina community consultation that is initiated
early in the research process, strong and sustained Aboriginal
capacity building, and an active Aborigina Reference
Group—all of which we will continue to incorporate in the
proposed second phase. There are additional benefitsin having
Aboriginal staff as representatives in each of the field sites.
These representatives have been able to build their reputation
inanew areaof Aborigina health, with oral HPV infection not
being noticeably recognized previously. Australian Indigenous
communities now have a contact, with study continuation
facilitating improved HPV knowledge for both the ACCHO
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workforce and broader community. The next phase of this study
will continue to implement and strengthen these community
engagement strategies.

Why Is Continuation of This Cohort Important?

By December 2021, study participants had been followed for a
median of 3.5 (range 3.0-3.9) yearsfrom baseline, allowing the
analysis of short-term outcomes including oral HPV infection
prevalence, quality of life, health state valuations of OPSCC,
and incidence/clearance in the 12-24 months after baseline.
There is not, however, sufficient follow-up to assess whether
oral HPV infections, especialy persistent high-risk HPV
infections, lead to early-stage OPSCC and what the attributable
risk from HPV will be. Continuing the largest I ndigenous HPV
cohort in the world to track oral HPV infection and to monitor
the early stages of OPSCC is essential to yield critical
information to include in the management armamentarium of
health and well-being recommendations for Australia's First
Nations. Itisespecialy relevantin light of theimminent rollout
of self-sampling HPV testing initiativesin Australia.

Strengthsand Limitations

There are 2 main strengths of the Indigenous Australian HPV
Cohort study. The first of these has been the engagement of
South Australia' s Aboriginal communities. This has contributed
to the excellent recruitment and follow-up rate (approximately
749/1011, 74% to 815/1011, 80.6%), which needs to be taken
into context. For example, this study has been undertaken over
vast distances (travelling 700 km west, 400 km east, and 800
km north of the city of Adelaide), involving highly
disadvantaged participants who have, in the past, not always
enjoyed positive research interactions. The fact that over 1000
participantswererecruited in lessthan 12 months demonstrates
the widespread community support. The second strength isthe
multidisciplinary skill set of the team that is Aboriginal led.
The main limitation is the lack of clinical examinations,
anthropometrics, and samples to detect HPV 16-E6 antibodies
that would yield important biomarker estimates, with funding
not provided for thisin the first 3 waves of the study.

In conclusion, by continuing the follow-up of the Indigenous
Australian HPV Cohort, we will generate novel information
regarding oral HPV exposure and OPSCC, including a range
of cost-effectiveness modelling to ascertain cost-savings of
extending HPV vaccination initiatives beyond what is currently
available. Thisinformation has potential to vastly increase the
relatively unknown causes of such dramatic HPV-related
OPSCC incidence rates. Over the past 7 years, we have
established excellent community buy-inwith Aboriginal groups
across South Australia. Everything isin place to continue the
follow-up of this essential cohort, with findings likely to be
game-changing in terms of influencing Indigenous HPV
vaccination policy, oral HPV infections, OPSCC, health policy,
and clinical guidelines throughout Australia and, indeed, the
world.

Funding for this study is from a National Health and Medical Research Council (NHMRC) project grant (APP1120215). GG is
supported by an NHMRC investigator grant (APP1176651). LJis supported by an NHMRC research fellowship (APP1102587).

https://www.researchprotocol s.org/2023/1/e44593

JIMIR Res Protoc 2023 | vol. 12 | e44593 | p. 5
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Hedges et al

Data Availability

The data sets generated and/or analyzed during the current study are not publicly available dueto privacy issues of the participants.
Data are available from the corresponding author on reasonabl e request.

Authors Contributions

All authors are named investigators on the project; they all contributed to the intellectual input of the study design and in writing
this protocol.

Conflictsof Interest

KC is co—principal investigator (Pl) of an investigator-initiated trial of cervical screening, “Compass’, run by the Australian
Centre for Prevention of Cervical Cancer (ACPCC), which is a government-funded not-for-profit charity. Compass receives
infrastructure support from the Australian government and the ACPCC has received equipment and a funding contribution from
Roche Molecular Diagnostics, USA.

KC isalso co-Pl on amajor implementation program Elimination of Cervical Cancer in the Western Pacific which has received
support from the Minderoo Foundation and the Frazer Family Foundation and equipment donations from Cepheid Inc.

Multimedia Appendix 1

Peer-review reports from the National Health and Medical Research Council - 2021 Clinical Trialsand Cohort Studies- Australian
Government (Canberra, Australia).
[PDE File (Adobe PDF File), 90 KB-Multimedia Appendix 1]

References

1.  Human Papillomavirus. Australian Government Department of Health and Aged Care. 2015. URL : https./

/immuni sationhandbook.heal th.gov.au/contents/vaccine-preventabl e-di seases/human-papillomavirus-hpv [accessed
2023-03-14]

2. Marur S, D'Souza G, WestraWH, Forastiere AA. HPV-associated head and neck cancer: avirus-related cancer epidemic.
Lancet Oncol 2010 Aug;11(8):781-789 [FREE Full text] [doi: 10.1016/S1470-2045(10)70017-6] [Medline: 20451455]

3.  Garland SM, Smith JS. Human papillomavirus vaccines: current status and future prospects. Drugs 2010 Jun
18;70(9):1079-1098. [doi: 10.2165/10898580-000000000-00000] [Medline: 20518577]

4. BoyleP, Zheng T, Macfarlane GJ, McGinn R, Maisonneuve P, LaVecchia C, et a. Recent advances in the etiology and
epidemiology of head and neck cancer. Curr Opin Oncol 1990 Jun;2(3):539-545. [Medline: 2092772]

5. Graham D, Prue G, Baker P, Nutting C, Greenhouse P, Lawler M. Early detection of HPV-associated oropharyngeal
cancer-authors' reply. Lancet 2019 May 25;393(10186):2123-2124. [doi: 10.1016/S0140-6736(19)30291-0] [Medline:
31226047]

6. OuP Gear K, RahnamaF, Thomas S, Nagappan R, Kee D, et al. Human papillomavirus and oropharyngeal squamous cell
carcinoma: a New Zealand cohort study. ANZ J Surg 2018 Apr 20;88(4):E278-E283. [doi: 10.1111/ans.13759] [Medline:
27647686]

7. D'SouzaG, Kreimer AR, Viscidi R, Pawlita M, Fakhry C, Koch WM, et a. Case-control study of human papillomavirus
and oropharyngeal cancer. N Engl JMed 2007 May 10;356(19):1944-1956. [doi: 10.1056/NEJM 0a065497] [Medline:
17494927]

8. HongA, LeeCS, JonesD, Velllard A, Zhang M, Zhang X, et a. Rising prevalence of human papillomavirus-related
oropharyngeal cancer in Australiaover thelast 2 decades. Head Neck 2016 May 25;38(5):743-750. [doi: 10.1002/hed.23942]
[Medline: 25521312]

9. Liederbach E, Kyrillos A, Wang C, Liu JC, Sturgis EM, Bhayani MK. The national landscape of human
papillomavirus-associated oropharynx sgquamous cell carcinoma. Int J Cancer 2017 Feb 01;140(3):504-512 [FREE Full
text] [doi: 10.1002/ijc.30442] [Medline: 27667729]

10. Reuschenbach M, Tinhofer I, Wittekindt C, Wagner S, Klussmann JP. A systematic review of the HPV-attributabl e fraction
of oropharyngeal squamous cell carcinomasin Germany. Cancer Med 2019 Apr 25;8(4):1908-1918 [FREE Full text] [doi:
10.1002/cam4.2039] [Medline: 30821126]

11. Taylor A, Eade T, Veivers D, Gill AJ, Pang L. Human papillomavirus and oropharyngeal squamous cell carcinoma: a
12-year retrospective review in a New South Wales tertiary referral centre. Aust J Otolaryngol 2019 Jan;2:1-1. [doi:
10.21037/28j0.2019.01.01]

12. Tang KD, Vasani S, Menezes L, Taheri T, Walsh LJ, Hughes BG, et al. Oral HPV 16 DNA as a screening tool to detect
early oropharyngeal squamous cell carcinoma. Cancer Sci 2020 Oct 07;111(10):3854-3861 [FREE Full text] [doi:
10.1111/cas.14585] [Medline: 32713038]

https://www.researchprotocol s.org/2023/1/e44593 JMIR Res Protoc 2023 | vol. 12 | e44593 | p. 6
(page number not for citation purposes)

RenderX


https://jmir.org/api/download?alt_name=resprot_v12i1e44593_app1.pdf&filename=9d59d29259f5b27b96f6903b5b128547.pdf
https://jmir.org/api/download?alt_name=resprot_v12i1e44593_app1.pdf&filename=9d59d29259f5b27b96f6903b5b128547.pdf
https://immunisationhandbook.health.gov.au/contents/vaccine-preventable-diseases/human-papillomavirus-hpv
https://immunisationhandbook.health.gov.au/contents/vaccine-preventable-diseases/human-papillomavirus-hpv
https://europepmc.org/abstract/MED/20451455
http://dx.doi.org/10.1016/S1470-2045(10)70017-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20451455&dopt=Abstract
http://dx.doi.org/10.2165/10898580-000000000-00000
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20518577&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2092772&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(19)30291-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31226047&dopt=Abstract
http://dx.doi.org/10.1111/ans.13759
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27647686&dopt=Abstract
http://dx.doi.org/10.1056/NEJMoa065497
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17494927&dopt=Abstract
http://dx.doi.org/10.1002/hed.23942
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25521312&dopt=Abstract
https://onlinelibrary.wiley.com/doi/10.1002/ijc.30442
https://onlinelibrary.wiley.com/doi/10.1002/ijc.30442
http://dx.doi.org/10.1002/ijc.30442
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27667729&dopt=Abstract
https://europepmc.org/abstract/MED/30821126
http://dx.doi.org/10.1002/cam4.2039
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30821126&dopt=Abstract
http://dx.doi.org/10.21037/ajo.2019.01.01
https://europepmc.org/abstract/MED/32713038
http://dx.doi.org/10.1111/cas.14585
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32713038&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Hedges et al

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Kreimer AR, Ferreiro-Iglesias A, Nygard M, Bender N, Schroeder L, Hildesheim A, et a. Timing of HPV 16-E6 antibody
seroconversion before OPSCC: findings from the HPV C3 consortium. Ann Oncol 2019 Aug 01;30(8):1335-1343 [FREE
Full text] [doi: 10.1093/annonc/mdz138] [Medline: 31185496]

Ariyawardana A, Johnson NW. Trends of lip, oral cavity and oropharyngeal cancersin Australia 1982-2008: overall good
news but with rising rates in the oropharynx. BMC Cancer 2013 Jul 06;13(1):333 [FREE Full text] [doi:
10.1186/1471-2407-13-333] [Medline: 23829309]

Hocking JS, Stein A, Conway EL, Regan D, Grulich A, Law M, et al. Head and neck cancer in Australia between 1982
and 2005 show increasing incidence of potentially HPV-associated oropharyngeal cancers. Br J Cancer 2011 Mar
01;104(5):886-891 [FREE Full text] [doi: 10.1038/5.bjc.6606091] [Medline: 21285981]

Hong AM, Grulich AE, Jones D, Lee CS, Garland SM, Dobbins TA, et al. Squamous cell carcinoma of the oropharynx in
Australian males induced by human papillomavirus vaccine targets. Vaccine 2010 Apr 26;28(19):3269-3272. [doi:
10.1016/j.vaccine.2010.02.098] [Medline: 20226244]

Antonsson A, Neale RE, Boros S, Lampe G, Coman WB, Pryor DI, et a. Human papillomavirus status and p16(INK4A)
expression in patients with mucosal squamous cell carcinoma of the head and neck in Queensland, Australia. Cancer
Epidemiol 2015 Apr;39(2):174-181. [doi: 10.1016/j.canep.2015.01.010] [Medline: 25677091]

Johnson N, Garvey G, Ariyawarana A, Baade P. Head and neck cancers among Indigenous Australiansliving in Queensland,
1997-2012. In: Abstract for Indigenous Cancer Conference, Brisbane. 2016 Presented at: World Indigenous Cancer
Conference (WICC) 2016; April 12-14, 2016; Brisbane, Australia.

Government of South Australia. Aboriginal and Torres Strait Islander Companion Document to the Statewide Cancer
Control Plan 2011-2015 and Cancer Care Pathway. Adelaide, Australia: SA Health; 2011.

Cunningham J, Rumbold AR, Zhang X, Condon JR. Incidence, aetiology, and outcomes of cancer in Indigenous peoples
in Australia. Lancet Oncol 2008 Jun;9(6):585-595. [doi: 10.1016/S1470-2045(08) 70150-5] [Medline: 18510990]

Cancer in Aboriginal and Torres Strait |lander peoples of Australia: an overview. Australian Institute of Health and Welfare.
2013 Oct 3. URL: https://www.ai hw.gov.au/reports/cancer/cancer-in-indigenous-australians-overview/summary [accessed
2023-03-14]

Chernesky M, Jang D, Schweizer J, Arias M, Doerwald-Munoz L, Gupta M, et al. HPV E6 oncoproteins and nucleic acids
in neck lymph node fine needle aspirates and oral samples from patients with oropharyngeal squamous cell carcinoma.
Papillomavirus Res 2018 Dec;6:1-5 [FREE Full text] [doi: 10.1016/j.pvr.2018.05.003] [Medline: 29842928]

TanakaH, Suzuki M, Takemoto N, Fukusumi T, Eguchi H, Takai E, et al. Performance of oral HPV DNA, oral HPY mRNA
and circulating tumor HPV DNA in the detection of HPV-related oropharyngeal cancer and cancer of unknown primary.
Int J Cancer 2022 Jan 01;150(1):174-186 [FREE Full text] [doi: 10.1002/ijc.33798] [Medline: 34486724]

Jamieson L, Garvey G, Hedges J, Mitchell A, Dunbar T, Leane C, et al. Human papillomavirus and oropharyngeal cancer
among Indigenous Australians: protocol for apreval ence study of oral-related human papillomavirus and cost-effectiveness
of prevention. IMIR Res Protoc 2018 Jun 08;7(6):€10503 [FREE Full text] [doi: 10.2196/10503] [Medline: 29884604]
Shilling H, Murray G, Brotherton M, Hawkes D, SavilleM, Sivertsen T, et al. Monitoring human papillomavirus prevalence
among young Australian women undergoing routine chlamydia screening. Vaccine 2020 Jan 29;38(5):1186-1193. [doi:
10.1016/j.vaccine.2019.11.019] [Medline: 31767467]

Bolis SM, Mahmoud M, Gumma SE, Bilal NE, EIKhidir . Molecular detection of juman papilloma virus genotypesin
children with focal epithelial hyperplasiain Khartoum State. J Virol Sci 2019;5:86-89 [FREE Full text]

Oral hedlth surveys: basic methods - 5th edition. World Health Organization. 2013 Nov 12. URL: https.//www.who.int/
publications/i/item/9789241548649 [accessed 2023-03-14]

Australian Research Centrefor Population Oral Health. Australia's Oral Health National Study of Adult Oral Health 2017-18.
The University of Adelaide. 2019. URL : https://www.adel aide.edu.au/arcpoh/national -study/report/ [accessed 2023-03-14]
Jamieson LM, Antonsson A, Garvey G, Ju X, Smith M, Logan RM, et al. Prevalence of oral human papillomavirusinfection
among Australian Indigenous adults. JAMA Netw Open 2020 Jun 01;3(6):e204951 [FREE Full text] [doi:
10.1001/jamanetworkopen.2020.4951] [Medline: 32511719

Antonsson A, Cornford M, Perry S, Davis M, Dunne M P, Whiteman DC. Prevalence and risk factorsfor oral HPV infection
inyoung Australians. PLoS One 2014 Mar 17;9(3):€91761 [ FREE Full text] [doi: 10.1371/journal.pone.0091761] [Medline:
24637512]

Wood ZC, Bain CJ, Smith DD, Whiteman DC, Antonsson A. Oral human papillomavirusinfection incidence and clearance:
asystematic review of theliterature. JGen Virol 2017 Apr;98(4):519-526. [doi: 10.1099/jgv.0.000727] [Medline: 28150575]
Antonsson A, de SouzaM, Wood ZC, Carroll A, Van K, Paterson L, et al. Natural history of oral HPV infection: longitudinal
analyses in prospective cohorts from Australia. Int J Cancer 2021 Apr 15;148(8):1964-1972 [FREE Full text] [doi:
10.1002/ijc.33442] [Medline: 33320983]

dela Garza-Ramos MA, UrrutiaBaca VH, Urbina-Rios CS, Garcia-Robayo DA, Tamez-Guerra P, Gomez-Flores R.
Prevalence of human papillomavirusin the oral cavity of an indigenous community from Southwest México. Infect Genet
Evol 2020 Sep;83:104283. [doi: 10.1016/j.meeqid.2020.104283] [Medline: 32194258]

https://www.researchprotocols.org/2023/1/e44593 JMIR Res Protoc 2023 | vol. 12 | e44593 | p. 7

(page number not for citation purposes)


https://linkinghub.elsevier.com/retrieve/pii/S0923-7534(19)31271-2
https://linkinghub.elsevier.com/retrieve/pii/S0923-7534(19)31271-2
http://dx.doi.org/10.1093/annonc/mdz138
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31185496&dopt=Abstract
https://bmccancer.biomedcentral.com/articles/10.1186/1471-2407-13-333
http://dx.doi.org/10.1186/1471-2407-13-333
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23829309&dopt=Abstract
https://europepmc.org/abstract/MED/21285981
http://dx.doi.org/10.1038/sj.bjc.6606091
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21285981&dopt=Abstract
http://dx.doi.org/10.1016/j.vaccine.2010.02.098
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20226244&dopt=Abstract
http://dx.doi.org/10.1016/j.canep.2015.01.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25677091&dopt=Abstract
http://dx.doi.org/10.1016/S1470-2045(08)70150-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18510990&dopt=Abstract
https://www.aihw.gov.au/reports/cancer/cancer-in-indigenous-australians-overview/summary
https://linkinghub.elsevier.com/retrieve/pii/S2405-8521(18)30003-X
http://dx.doi.org/10.1016/j.pvr.2018.05.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29842928&dopt=Abstract
https://europepmc.org/abstract/MED/34486724
http://dx.doi.org/10.1002/ijc.33798
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34486724&dopt=Abstract
https://www.researchprotocols.org/2018/6/e10503/
http://dx.doi.org/10.2196/10503
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29884604&dopt=Abstract
http://dx.doi.org/10.1016/j.vaccine.2019.11.019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31767467&dopt=Abstract
https://www.bibliomed.org/mnsfulltext/118/118-1549754167.pdf?1678827652
https://www.who.int/publications/i/item/9789241548649
https://www.who.int/publications/i/item/9789241548649
https://www.adelaide.edu.au/arcpoh/national-study/report/
https://europepmc.org/abstract/MED/32511719
http://dx.doi.org/10.1001/jamanetworkopen.2020.4951
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32511719&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0091761
http://dx.doi.org/10.1371/journal.pone.0091761
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24637512&dopt=Abstract
http://dx.doi.org/10.1099/jgv.0.000727
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28150575&dopt=Abstract
https://onlinelibrary.wiley.com/doi/10.1002/ijc.33442
http://dx.doi.org/10.1002/ijc.33442
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33320983&dopt=Abstract
http://dx.doi.org/10.1016/j.meegid.2020.104283
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32194258&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Hedges et al

34. WuJSA, Florian MC, Rodrigues DA, Tomimori J. Skin diseases in indigenous population: retrospective epidemiological
study at Xingu Indigenous Park (X1P) and review of the literature. Int J Dermatol 2017 Dec 09;56(12):1414-1420. [doi:
10.1111/ijd.13716] [Medline: 28791692]

35. RuizR, SilvaGR, Menchaca HRM. Focal epithelial hyperplasia. Lancet 2014 Jul 12;384(9938):173. [doi:
10.1016/S0140-6736(13)62221-7] [Medline: 24269109]

36. Sethi S, Ali A, JuX, Antonsson A, Logan R, Jamieson L. An update on Heck's disease-a systematic review. J Public Health
(Oxf) 2022 Jun 27;44(2):269-285. [doi: 10.1093/pubmed/fdaa?56] [Medline: 33501985]

37. International Agency for Research on Cancer. Biological agents: volume 100 B, areview of human carcinogens. World
Health Organization. 2012. URL: https://monographs.iarc.who.int/wp-content/uploads/2018/06/monol00B.pdf [accessed
2023-03-14]

38. Jamieson LM, Garvey G, Hedges J, Leane C, Hill I, Brown A, et al. Cohort profile: indigenous human papillomavirus and
oropharyngeal squamous cell carcinoma study - a prospective longitudinal cohort. BMJ Open 2021 Jun 03;11(6):€046928
[FREE Full text] [doi: 10.1136/bmjopen-2020-046928] [Medline: 34083343]

39. HedgesJ, Garvey G, Dodd Z, Miller W, Dunbar T, Leane C, et al. Engaging with Indigenous Australian communities for
a human papilloma virus and oropharyngeal cancer project; use of the CONSIDER statement. BMC Med Res Methodol
2020 Apr 25;20(1):92 [FREE Full text] [doi: 10.1186/s12874-020-00981-5] [Medline: 32334519]

40. HuriaT, Palmer SC, PitamasS, Beckert L, Lacey C, Ewen S, et a. Consolidated criteriafor strengthening reporting of health
research involving indigenous peoples: the CONSIDER statement. BMC Med Res Methodol 2019 Aug 09;19(1):173 [FREE
Full text] [doi: 10.1186/s12874-019-0815-8] [Medline: 31399058]

Abbreviations

ACCHO: Aboriginal Community Controlled Health Organisation

CONSIDER: Consolidated Criteriafor Strengthening Reporting of Health Research involving Indigenous Peoples
HPV: human papillomavirus

IARC: International Agency for Research on Cancer

MRNA: mitochondrial RNA

OPSCC: oropharyngeal sgquamous cell carcinoma

WHO: World Health Organization

Edited by T Leung; The proposal for this study was peer reviewed by the National Health and Medical Research Council - 2021
Clinical Trialsand Cohort Studies - Australian Government (Canberra, Australia). See the Multimedia Appendix for the peer-review
report; Submitted 24.11.22; accepted 19.02.23; published 17.05.23.

Please cite as:

Hedges J, Sethi S, Garvey G, Whop LJ, Canfell K, Dodd Z, Larkins P, Antonsson A, Smith MA, Mittinty M, Leane C, Reid N, Ooi EH,
Ju X, Logan R, Jamieson L

The Indigenous Australian Human Papillomavirus (HPV) Cohort Sudy 2, Continuation for 5to 10 Years: Protocol for a Longitudinal
Sudy

JMIR Res Protoc 2023;12: 44593

URL.: https://www.researchprotocols.org/2023/1/e44593

doi: 10.2196/44593

PMID:

©Joanne Hedges, Sneha Sethi, Gail Garvey, LisaJWhop, Karen Canfell, Zell Dodd, PriscillaLarkins, Annika Antonsson, Megan
A Smith, Murthy Mittinty, Catherine Leane, Nicolas Reid, Eng H Ooi, Xiangqun Ju, Richard Logan, Lisa Jamieson. Originally
published in IMIR Research Protocols (https://www.researchprotocol s.org), 17.05.2023. Thisis an open-access article distributed
under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in IMIR Research
Protocols, is properly cited. The complete bibliographic information, a link to the original publication on
https://www.researchprotocols.org, as well as this copyright and license information must be included.

https://www.researchprotocol s.org/2023/1/e44593 JMIR Res Protoc 2023 | vol. 12 | e44593 | p. 8
(page number not for citation purposes)

RenderX


http://dx.doi.org/10.1111/ijd.13716
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28791692&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(13)62221-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24269109&dopt=Abstract
http://dx.doi.org/10.1093/pubmed/fdaa256
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33501985&dopt=Abstract
https://monographs.iarc.who.int/wp-content/uploads/2018/06/mono100B.pdf
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=34083343
http://dx.doi.org/10.1136/bmjopen-2020-046928
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34083343&dopt=Abstract
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/s12874-020-00981-5
http://dx.doi.org/10.1186/s12874-020-00981-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32334519&dopt=Abstract
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/s12874-019-0815-8
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/s12874-019-0815-8
http://dx.doi.org/10.1186/s12874-019-0815-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31399058&dopt=Abstract
https://www.researchprotocols.org/2023/1/e44593
http://dx.doi.org/10.2196/44593
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

