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Abstract

Head and neck cancer (HNC), typically defined as squamous cell carcinomas of
the oral cavity, pharynx and larynx, is the 7t most common cancer type
globally. In the UK there over 12,000 new cases each year, with some of the
highest incidence rates in Scotland. Major risk factors of HNC include smoking
and alcohol consumption, both acting with independently and synergistically on
HNC risk. Other key factors include sociodemographics (age, sex and
socioeconomic deprivation). Human Papillomavirus (HPV) is another major risk
factor for cancers of the oropharynx. With HNC incidence continuing to increase,
primarily driven by the growing burden of HPV-associated oropharynx cancer
(OPC) cases, there is a need for an increased focus on further understanding
epidemiological changes and developing prevention strategies.

Chapter 1 summarises the literature focusing on definitions, epidemiology and
risk factors for HNC. The chapter also goes on to describe the literature on
approaches to the prevention of HNC.

Chapter 2 details the overarching aims and objective of this thesis and of each
of the research studies.

Chapter 3 is presented as a journal publication. In this chapter, a rapid review
of the literature using a systematic search of multiple databases was conducted
on existing HNC risk models. In this review, 14 studies were identified according
to pre-planned search criteria. The papers were assessed using the Prediction
model Risk Of Bias ASsessment Tool (PROBAST) framework, in addition to an
independent quality assessment. Six of the 14 models were classed as high
quality, and of these, three were also high performing (AUC > 0.8, 0.87-0.89). A
narrative synthesis of these models was performed and found that high-quality
models had tailored the selection of predictors to the target populations. The
synthesis identified models should include behavioural and sociodemographic
predictors, in addition to clinical variables or biomarkers, where practical. The
review found that some existing models have potential to predict HNC risk, but
there is scope for improvement, with many of the models lacking external
validation.

Chapter 4 is presented as a journal publication. In this chapter, data from the
Scottish Cancer Registry were analysed. HNC incidence trends were evaluated by
calculating age-standardised rates and using Poisson regression with interaction
tests to assess changes in HNC incidence over time (2001-2020). This analysis
revealed that the burden of HNC is changing (RR = 1.05, 95% Cl = 1.01-1.09),
primarily driven by increasing OPC rates (RR = 1.78, 95% Cl = 1.65-1.93),
accompanied by a stabilisation of OCC rates and a decline in larynx cancer rates
(RR =0.73, 95% Cl = 0.68-0.79). However, the sociodemographics of people with
HNC in Scotland have remained largely unchanged. Incidence over time was
consistently higher among males (RR = 2.83, 95% Cl = 2.74 - 2.91) and among
those aged 60-64 and 65-69 years. Large area-based socioeconomic inequalities
also existed and remained wide over the study period in all subsites, with the
highest rates observed among those from the most socioeconomically deprived
areas when compared with those from the least (RR = 2.87, 95% Cl = 2.73-3.00).
The Cancer Registry analysis assessing the HNC sociodemographic profile over
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time largely supported the subsequent use of a case-control study (ARCAGE)
conducted in 2002-2004 for the HNC risk prediction model development and
subsequent validation in the UK Biobank cohort study, which is still ongoing
(2006 - present).

Chapter 5 is presented in a traditional thesis chapter format. It aimed, to
investigate the associations between individual socioeconomic status (SES) and
HPV-positive and HPV-negative OPC in a European multicentre case-control study
(Alcohol Related Cancers And Genetic susceptibility in Europe - ARCAGE, 2002-
2004). Logistic regression analysis found no conclusive evidence of an association
with a higher socioeconomic status and HPV-positive OPC (University education
vs primary education; OR = 3.07, 95% Cl = 0.92 - 10.30). However, this analysis
was constrained by limited numbers of HPV-positive OPC cases (n = 74). This
work lays the foundations for future international pooled analyses of multiple
case-control and cohort studies within the HEADSpAcE (Head and Neck Cancers
in South America and Europe) Consortium.

Chapter 6 is presented as a journal publication, detailing the process of
developing and validating a HNC risk model. Following the findings of the review
and supported by the findings of the registry analysis, a clinical risk prediction
model was developed with data from the ARCAGE case-control study (1926 HNC
cases and 2043 controls). Using established predictors from the literature, a
clinical risk prediction model was devised using predictors chosen with ease of
use in primary dental care at the forefront. The model exhibited fair
performance in the developmental dataset (AUC = 0.75, 95% CI = 0.74-0.77) and
had acceptable, but more limited, performance in the validation dataset, the UK
Biobank cohort (384,616 participants, 1177 HNC cases; AUC = 0.62, 95% Cl, 0.61 -
0.64). Such a model has potential to be developed into a tool and feasibility
tested in primary dental care for prompting preventive interventions (e.g.
smoking cessation, alcohol counselling) and recall intervals. The model could
also potentially be improved with the use of biomarkers (e.g. HPV).

Chapter 7 is presented in a traditional thesis chapter format. It aimed to
describe the existing HPV data within the UK Biobank. The viability of using
multiple imputation to project HPV serostatus was assessed. Analysis of available
HPV data within the UK Biobank revealed some associations with HPV-serostatus,
mostly sexual behaviours, but the substantial volume of missing HPV data (>98%
missing) made any potential imputations untenable. The utility of exploring HPV-
mediated HNCs in the UK Biobank at the time of writing, was limited by the
small, random sample of HPV-serology data available.

Chapter 8 is presented as a traditional thesis discussion. It describes the key
findings of this thesis, including the under-utilisation of HNC risk models, a lack
of validation and feasibility testing, the unchanging sociodemographics of HNC
and the performance of the ARCAGE model with recommendations for future
feasibility testing and areas for improvement. This chapter also compares the
findings of this thesis with the wider literature and details other advancements
published over the time-period of this thesis. The strengths and limitations of
each study are also detailed, followed by recommendations for practice, policy
and future research.
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HNC = Head and Neck Cancer
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OCC = Oral Cavity Cancer

OLK = Oral Leukoplakia
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OPMD = Oral Potentially Malignant Disease

OR = Odds Ratio

PICO = Patient/Population, Intervention, Comparison and Outcomes
PNN = Probabilistic Neural Network

PROBAST = Prediction model Risk Of Bias ASsessment Tool

RR = Rate Ratio

SIMD = Scottish index of Multiple Deprivation
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SES = Socioeconomic status

SPEC = Specificity

TRIPOD = Transparent reporting of a multivariable prediction model for
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1 Chapter One — Background

1.1 Introduction and Definitions

Head and neck cancer is a collective term for a series of cancers with similar
aetiological patterns, primarily defined as cancers of the pharynx (International
Classification of Disease (ICD) codes C09-13), larynx (ICD C32) and the oral cavity
(ICD C00-06 - excluding the outer surface of the lip). (World Health Organization
(WHO), 2004, Winn et al., 2015a) Pathologically, 90% of these cancers are
squamous cell carcinomas, developing in the squamous cell lining epithelium
that is characteristic of many anatomical structures in the head and neck region.
(National Cancer Institute, 2021 , Sanderson and Ironside, 2002b) A visual

representation of these primary sites can be seen in Figures 1 and 2.

The following ICD-10 definitions are used in this thesis: oral cavity (inner lip -
C00.3 - C00.9, dorsal, overlapping or NOS tongue - C02, gingivae - C03, floor of
mouth - C04, soft palate, uvula, palate or NOS - C05 and cheek, other and NOS
mouth - C06); oropharynx (base of tongue- C01, lingual tonsil - C02.4, tonsil -
C09, oropharynx - C10, pharynx - C14.0,14.2); larynx (C32); all HNC - above sites
in addition to tumours of the nasopharynx (C11), piriform sinus (C12),

Hypopharynx (C13) and other overlapping sites (C14.8).

Cancers of the brain or eyes are defined separately and, as such, are not
included in the defintion of head and neck cancer. (Centers for Disease Control
and Prevention, 2020b) It should be noted that there is some variation in how
head and neck cancers are defined; some defintions also include overalpping
sites of an unknown primary tumour of origin (C14), non primary sites such as
the salivary glands (C07,08), paranasal sinuses, nerves, the nasal cavity or
middle ear (C30). Cancers of many of these structures are rarer and differ in
aetiology or anatomical features. For these reasons, they are often not included
as primary subsites of head and neck cancer. Head and neck cancers are also
grouped as they are generally managed clinically by multidiciplinary teams
(MDT). (Homer and Winter, 2024)
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Figure 1-2: Example oral cavity cancer + oropharynx cancer Sites (Conway et al., 2018a)

In this thesis, head and neck cancer was defined as malignancies of the oral
cavity, pharynx and larynx, according to defintions generally accepted and used
in epidemioligcal studies, unless otherwise specified. (Conway et al., 2018a) This
chapter reviews the background literaure on the presentation, descriptive

epidemiology (burden, trends, survival) and analytical epidemiology (risk



1 19

factors) of head and neck cancer. In addition, the literaure on approaches to

prevention will be reviewed.

1.2 Clinical Presentation of Head and Neck Cancer

Head and neck cancers may present with various signs or symptoms depending
on the subsite. In some cases, people with HNC may present asymptomatically.
Patients may present with symptoms such as a persistent sore throat, difficulty
or pain on swallowing (dysphagia / odynophagia), stridor (a high pitched noise
caused by reduced airflow and airway obstruction on inspiration), hoarseness of
the voice, unintentional weight loss, referred unilateral ear pain (otalgia) or a
persistent lump in the neck. (NHS Online, 2021, NHS Scotland, 2019) Further
signs of head and neck cancer may include palsy of the cranial nerves, presence
of a mass in the lateral aspect of the neck or the orbit, persistent red, white or
mixed patches in the mouth (that cannot be gently scraped away), persistent
oral ulceration, swelling or loose teeth unexplained by trauma or periodontal
disease. (Mehanna et al., 2010) (NICE, 2021b) NHS Scotland guidance suggests an
emergency referral should be completed in the event of severe breathing
difficulties (stridor), while both Scottish and NICE guidelines advise an urgent
suspicion of cancer referral (to be reviewed within two weeks) where patients
present with a persistent unexplained neck lump for a period greater than three
weeks, a non-healing intra-oral ulcer or lesion for greater than three weeks, or
have persistent hoarseness of the voice. (NHS Scotland, 2019, NICE, 2021a)

Oral potentially malignant disorders (OPMD) are a group of pre-malignant
conditions that carry a risk of progression to oral cavity cancer.
(Warnakulasuriya, 2020, WHO, 2023 ) Common examples of OPMD include oral
leukoplakia, oral erythroplakia, oral submucous fibrosis, oral lichen planus,
actinic keratosis. (IARC-WHO, 2023) There is varying evidence on malignant
transformation rates. A systematic review and metanalysis by locca et al
estimated the overall malignant transformation rate of OPMDs to be 7.9%, with
lichen planus carrying the lowest risk (1.4%) and proliferative verrucous

leukoplakia carrying the highest risk (49.5%). (locca et al., 2020)



1.3 Descriptive Epidemiology of Head and Neck Cancer

Descriptive epidemiology is commonly defined as the understanding of the
distribution of a disease and its determinants. (Liu, 2018) This section describes
the incidence and mortality of head and neck cancer and relevant subsites at a

global and national level.

1.3.1 Head and Neck Cancer Incidence

1.3.1.1 Global Disease Burden and Trends of Head and Neck Cancer

Head and neck cancers are the 7" most common cancer globally. (Johnson et
al., 2020b, Sung et al., 2021) In 2022 alone, there were an estimated 892,128
novel cases of head and neck cancer. (GLOBOCAN, 2022b) The greatest overall
burden of cases by continent was in Asia with an estimated 575,411 cases. When
assessing age-standardised rates per 100,000, Oceania and Europe have the
highest incidence rate of 11.3 and 10.7 cases per 100,000 respectively.
(GLOBOCAN, 2022b)

The overall incidence of head and neck cancer is rising across the world, with an
increase of 36.5% over the last decade. (Bray et al., 2018) (McDermott and
Bowles, 2019) Incidence is also projected to increase by 30% by 2030. (Gormley
et al., 2022b) There is some geographical variation within this changing
incidence due to differing exposures and population risk profiles. (Simard et al.,
2014)

1.3.1.2 Global Disease Burden and Trends by Head and Neck Cancer
Subsite

In recent years, changes in the global burden of head and neck cancer by subsite
have been observed. Oral cavity cancer incidence has risen, and is projected to
continue to rise. (Gormley et al., 2022a) The largest burden and increase of OCC
cases was recorded in Asia and the Pacific. (GLOBOCAN, 2022b) This higher

burden of OCC is associated with betel quid and chewable tobacco behaviours
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that are commonplace in these regions. (Warnakulasuriya et al., 2005, Shield et
al., 2017)

Similarly, rising head and neck cancer rates in the USA and Europe have been
largely driven by increases in oropharynx cancer, where the highest rates of OPC
are recorded. (GLOBOCAN, 2022b) This has been attributed to a growing burden
of Human Papillomavirus (HPV)-mediated OPC cases. (Menezes et al., 2021) The
incidence rates of OPC in these regions are projected to continue to increase,
primarily by HPV-related tumours, and eventually surpass OCC rates.
(Purkayastha et al., 2016, Conway et al., 2018a) At a global level, larynx cancer
incidence has increased but rates have declined in higher-income countries
where changes and reductions in smoking behaviour patterns have occurred.

(Fitzmaurice et al., 2017, Gormley et al., 2022a)

1.3.1.3 Stage of Head and Neck Cancers

Globally, the majority of HNC cases are diagnosed at advanced stages (lll to IV).
(Abrahao et al., 2018, Abrahao et al., 2020, Moon et al., 2022) A pre-SARS-COV2
pandemic analysis of UK cancer registries by Creaney and colleagues found that
59% of HNC cases in the UK were diagnosed at more advanced stages. (Creaney
et al., 2022) This remained true across all countries in the UK. In Scotland, 65.4%
of cases with stage data were diagnosed with advanced stage disease. With
regards to subsite, oropharynx cancer cases constituted the largest proportion of
advanced stage disease, while laryngeal cancers had the lowest proportion of

advanced stage disease.

1.3.1.4 UK and Scotland Burden and Trends of Head and Neck Cancer

Head and neck cancer is the 8" most common cancer type in the UK. In 2022,
there were 12,609 novel head and neck cancer cases in the UK. (GLOBOCAN,
2022a) Furthermore, the overall incidence of head and neck cancer is increasing;
between 1993-1995 and 2016-2018 the UK age-standardised incidence increased
by 34% from approximately 15 cases per 100,000 persons to 20 cases per 100,000
persons. (Cancer Research UK, 2020b)

Within the UK, Scotland has the highest incidence rates. There are

approximately 1200 incident HNC cases per year, making it the 6" most common
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cancer in the country. (Public Health Scotland, 2021) Incidence rates were

highest in the west of Scotland, where some 50% of cases are diagnosed.

Across the UK, common trends in subsite incidence have been observed.
Incidence has been characterised by increases in OPC across the UK.
(GLOBOCAN, 2022a) This was observed in an earlier Scottish Cancer Registry
analysis, with an 85% increase in OPC from 2001-2012. (Purkayastha et al., 2016)
OCC rates increased in England and stabilised within Scotland, while
stabilisations or declines in larynx cancer rates were also observed. (McCarthy et
al., 2015, Purkayastha et al., 2016)

1.3.1.5 Incidence Trends by Sociodemographic Factors

Age, sex and area-based socioeconomic deprivation are important determinants

in the risk profile of many cancers, including HNC. (Gormley et al., 2022a)

As with most cancers, head and neck cancer has a greater incidence with
increasing age, most commonly developing between a patient’s 5t and 7t
decade of life. (Johnson et al., 2020b, Gormley et al., 2022b) In Europe, over
50% of head and neck cancer cases have been reported to be among those over
the age of 60. (Mehanna et al., 2010) With the global phenomenon of aging
populations, whereby the average age of populations are increasing owing to
both reducing birth rates as well as reducing death rates, trends in the cancer
burden are increasing across the world. (IARC-WHO, 2024)

Of the estimated 892,128 head and neck cancer cases in 2022, 679,498 cases
were male and 212,630 cases were female. (GLOBOCAN, 2022b). Head and neck
cancer is generally more common among males, but rates among females are
also increasing. (Gormley et al., 2022b) This has been attributed to sex-specific
patterns in smoking and alcohol behaviours among females. (Simard et al., 2014,
Miranda-Filho and Bray, 2020) Men are two to four times more likely to develop
HNC. (Johnson et al., 2020a) UK analyses reveals similar trends, males being one
and a half to over four times more likely to be diagnosed with head and neck
cancer. (McCarthy et al., 2015, Purkayastha et al., 2016) The greatest
differences in the proportion of cases by sex were observed among cases of the

larynx, while the smallest differences were among OCCs.
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Area-based socioeconomic deprivation, defined as a combined measure of
economic and social affluence, is an important demographic marker of HNC
trends. (Baker, 2014) In descriptive epidemiology analyses, socioeconomic status
is typically measured by area-based socioeconomic indices, e.g., the Scottish
Index of Multiple Deprivation. (Conway et al., 2019b, Scottish Government,
2020) There are strong socioeconomic inequality patterns measured in the HNC
disease burden, with the highest rates observed among those from
socioeconomically deprived areas. (Purkayastha et al., 2016, Conway et al.,
2021b)

1.3.2 Mortality and Survival Rates of Head and Neck Cancer

Descriptive epidemiology studies also consider the burden of cancer in terms of
mortality and survival rates (typically over a one-year, five-year or 10-year
period). In 2022, there were an estimated 458,486 global deaths attributed to
head and neck cancer (Age Standardised Rate (ASR) = 4.6 per 100,000), with the
greatest burden and mortality rate (321 212, ASR = 5.6 per 100,000) in Asia.
(GLOBOCAN, 2022 -b) Mortality outcomes are poor in the UK: some 4,143 deaths
were recorded from 2017-2019 (European ASR = 6.6 per 100,000). The highest UK
mortality rates were observed in Scotland with 516 recorded HNC deaths from
2017-2019 (European ASR = 9.7 per 100,000). (Cancer Research UK, 2022 ) As
with incidence, there is a strong inequality pattern in HNC mortality, with the
highest mortality rates among those from the most socioeconomically deprived

areas. (Brown et al., 2021)

The overall survival prognosis of head and neck cancer is poor and has seen
limited improvements in recent decades. Overall, five-year survival is estimated
to be over 50%, with the lowest rates observed among those with cancers of the
hypopharynx. (Pulte and Brenner, 2010a, Gormley et al., 2022a) For reference,
the overall five-year survival for breast and colorectal cancers are estimated to
be 91% and 65%, respectively. (National Cancer Institue (NCI), 2022 ) (National
Cancer Institue (NCI), 2024) Improvements in survival have been attributed to
developments in management techniques and the changing epidemiology of HPV-
positive associated head and neck cancers, however, advanced stage
presentation remains a major challenge. Wide inequalities in HNC survival also

exist; those from more deprived socioeconomic backgrounds have been shown to
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have poorer long-term survival and quality of life outcomes. (Ingarfield et al.,
2019) (Mirza et al., 2019)

Survivors of head and neck cancer can face short- and long-term complications
such as infection, impaired speech, swallowing, mastication, soft tissue damage
or reduced salivary flow (and be further predisposed to dental disease as a result
of this). (Gomes et al., 2020) (Melo Filho et al., 2013) Survivors of advanced
stage cancers may also lose their speech entirely or require extensive facial
reconstruction. Such invasive treatments and their complications can have
significant psychological and psychosocial ramifications. (Fundakowski, 2020)
Thus, from a long-term survival perspective, the importance of prevention and

early detection cannot be overstated.

1.4 Analytical Epidemiology: Risk Factors for Head and

Neck Cancer

Analytical epidemiology is defined as the measurement of the association
between exposures and diseases. (Thun MJ, 2003) There are various risk factors
that can heighten an individual’s risk of head and neck cancer. These have been
rigorously investigated and appraised in the international literature by a
number of systematic reviews, meta-analyses and pooled analyses. This section

aims to summarise the main risk factors for HNC.

Commencing in 2004, the International Head and Neck Cancer Epidemiology
Consortium (INHANCE) is a global consortium of pooled HNC studies with a
cumulative total of 25,500 HNC patients and 37,100 controls. Many of the most
recent and robust HNC analytical epidemiological studies have originated from
this consortium. These analyses have been summarised in two overview papers.
(Winn et al., 2015a, Bravi et al., 2021) Although many of the included studies
are case-control in design, which are subject to their own potential recall biases
and a limited representation of studies in Asia where the significant global
burden of HNC occurs, the consortia serves as a large and robust resource that

has informed our understanding of HNC. (Winn et al., 2015a)
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The findings of the INHANCE consortium along with other published systematic
reviews and meta-analyses and evidence / monographs from the International
Agency for research on Cancer (IARC) of the World Health Organisation (WHO)

informed the discussion of risk factors in this chapter.

1.4.1 Tobacco and Alcohol

There is a large and well-established evidence base surrounding individual
behaviours and the risk of head and neck cancer. Alcohol and tobacco use
(including smokeless versions) are often cited as the primary drivers of HNC,
with smoking and alcohol associated with some 73-75% of head and neck cancer
cases. (Hashibe et al., 2009, Anantharaman et al., 2011)

1.4.1.1 Tobacco Smoking

The WHO classifies tobacco smoking as a grade | carcinogen, attributable to
many cancers including those of the head and neck. (IARC-WHO, 2004) The
carcinogenic effects of smoking have been heavily studied; over 70 different
carcinogens have been identified in cigarette smoke. (Jethwa and Khariwala,
2017) Smoking is one of the most significant factors for head and neck cancer,
smokers being at a ten times increased risk of HNC versus non-smokers. (Jethwa
and Khariwala, 2017) Smoking carries a significant and independent risk of HNC,

even among never drinkers. (Hashibe et al., 2007)

Pooled analyses have revealed that there is a significant dose-response effect
associated with both frequency and duration of smoking behaviours. As with lung
cancer, the duration of smoking is more important than frequency of
consumption (i.e. fewer cigarettes over more years carries a higher risk than
greater frequency over a shorter period). (Peto, 1986, Lubin et al., 2009) These
findings have remained consistent even among those with a lower frequency of
smoking. (Berthiller et al., 2016) Starting smoking at a younger age is also
associated with an increased risk but is also mediated by cumulative exposure.
(Chang et al., 2019) The proportion of risk attributable to smoking exhibits some

variations by subsite, carrying the highest risk for tumours of the larynx and a
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significant, but lower, risk for oropharynx and oral cavity cancers. (Hashibe et
al., 2007)

There is also evidence from analysis of the INHANCE consortium that frequent
and prolonged second hand exposure to smoking may also increase individual risk
of head and neck cancer among non-smokers, particularly of the pharynx and
larynx. (Lee et al., 2008)

1.4.1.2 Smokeless Tobacco and Areca Nut

In low- and middle-income countries, particularly in Asia where HNC is one of
the most common cancers, other forms of tobacco products present a significant
risk. These can include various forms of chewable tobacco, Betel quid and Areca
nut consumption. (Joshi et al., 2014) Pooled analysis of studies has shown
smokeless tobacco to be a significant risk factor for HNC, particularly for
tumours of the oral cavity. (Wyss et al., 2016) Whilst less common in high-
income nations, an increasingly globalised world means these behaviours are
becoming more common place in the USA and Europe, which is something

clinicians should be conscious of when working with diverse communities.

1.4.1.3 Alcohol Consumption

Alcohol is another major risk factor for head and neck cancers. (Gormley et al.,
2022a) As with smoking, the WHO classifies alcoholic drinks as a carcinogen,
harmful to human health and attributable to many cancers including those of the
head and neck. (Baan et al., 2007) Research has found that higher frequency
alcohol consumption over a shorter period carries a greater risk than lower
frequency alcohol consumption over a longer period. (Kawakita and Matsuo,
2017, Di Credico et al., 2020) High-frequency alcohol intake has been found to
be an independent risk factor for HNC, even in the case of never-smokers.
(Hashibe et al., 2007, Gormley et al., 2020) As with smoking, variations in
attributable risk vary by subsite; alcohol consumption has been shown to carry
the greatest risk for tumours of the oral cavity and oropharynx. (Lubin et al.,
2011)

Research on the risks by type of alcohol is limited. Analysis of pooled studies on

alcohol subtype and HNC risk concluded that the risks of HNC associated with
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different types of alcohol (beer, wine and spirits) were largely comparable in
risk. (Marron et al., 2012) Similarly, analysis of the INHANCE consortium showed
that the risks associated with beer and spirit drinking were similar. (Purdue et
al., 2009) Wine drinking was found to have a slightly weaker association with
HNC, but researchers emphasised that confounding could not be excluded and

that these differences were very modest. (Purdue et al., 2009)

1.4.1.4 Combined Effects of Tobacco Smoking and Alcohol Consumption

Tobacco and alcohol do not only have independent exposure risks but they also
have a synergistic effect on individual risk, collectively accounting for 72% of
HNC cases. (Gormley et al., 2022a) Similarly, the population-attributable risk of
joint tobacco and alcohol use has been estimated to be 73-75%. These effects
were the greatest among cases of the larynx (89%), reduced among cases of the
oropharynx (74%) and the least pronounced among cases of oral cavity (61%).
(Hashibe et al., 2009, Anantharaman et al., 2011) This can result in as much as
an over 35-fold increase in risk among heavy alcohol and tobacco users. (Dal
Maso et al., 2016)

1.4.1.5 Electronic Cigarettes

Electronic-cigarette usage (a.k.a. “vaping”) is a contemporary exposure.
Comparatively, electronic-cigarette usage is safer than smoking and has been
shown to be an effective aid in tobacco smoking cessation. (Lindson et al., 2024)
Although vaping has currently been shown to have no link with an increased risk
of HNC in the short term, the long-term effects, and risks of vaping for HNC and
general health are unknown. (Szukalska et al., 2020) In vitro studies have
suggested the presence of some carcinogens in electronic-cigarettes and
subsequent genetic changes associated with exposure. (Raj et al., 2020)
However, there is a lack of longitudinal studies and further research is

warranted.

1.4.2 Socioeconomic Factors

There is a vast and well-described association with low socioeconomic status and

poor health. (Pathirana and Jackson, 2018, Wang et al., 2024) Socioeconomic
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status can be measured using area-based metrics, e.g., the Scottish Index of
Multiple Deprivation (SIMD) is an area-based SES metric which uses domains such
as local crime, housing, education, occupation, income and access to healthcare
/ services. (Scottish Government, 2020) Socioeconomic status can also be
described using individual measures, such as individual income, educational and
occupational data. Both are subject to their own advantages and limitations; for
example, SIMD is subject to the assumption that individuals in an area are
socioeconomically homogeneous, while individual metrics are generally harder to
record and are subject to individual variability and biases. It is recommended,

where possible, to use both types of metrics. (Conway et al., 2019b)

There is an increasingly established evidence base highlighting low
socioeconomic status or position as an independent risk factor for head and neck
cancer. (Gormley et al., 2022a) Education is a strong individual level measure of
SES that is commonly evaluated in studies. Analysis from the INHANCE
consortium revealed that those with a lower level of education were at a
significantly increased risk of HNC versus their more educated peers (OR = 2.50;
95% Cl = 2.02-3.09). This remained true even among those who were reported as
never-smokers or drinkers (OR = 1.61; 95% Cl = 1.13-2.31). (Conway et al., 2015)
Similarly, relative to those with a higher income, individuals with a lower
income were found to be associated with an increased risk of HNC (OR = 2.44;
95% Cl = 1.62-3.67). (Conway et al., 2015)

There is some evidence to suggest that occupational exposures can increase an
individual’s risk of HNC. IARC have published detailed monographs on the risks of
occupational exposures, with some industrial occupations and exposures
particularly relevant for tumours of the larynx. (Loomis et al., 2018) Analysis
from the INHANCE consortium found those in vocational jobs such as
construction, cleaning or painting were found to be at a higher risk of HNC, with
a dose-response relationship according to duration of employment. (Khetan et
al., 2019) Additionally, occupational socioeconomic status / prestige was found
to be important in another INHANCE analysis with these effects not explained by

occupational exposures. (Conway et al., 2021b)

Ultimately, while behaviours (especially smoking and alcohol) are major drivers

of HNC, they only partially explain the massive socioeconomic inequalities
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observed in head and neck cancer. Other socioeconomic mechanisms of HNC risk
could include “direct” pathways, e.g., theories of psychosocial stress and its

impacts on the immune system or biological aging. (Conway et al., 2019a)

1.4.3 Ethnicity

Ethnicity is often considered as a social determinant for HNC. Generally,
ethnicity is not considered to be an independent risk factor for head and neck
cancer, with incidence disparities among ethnic groups often attributed to
socioeconomic inequalities and behavioural (smoking and alcohol) patterns.
(Daraei and Moore, 2015, Stingone et al., 2013) However, ethnic-specific risk
factors have been found to be significant, for example, betel quid usage among
Asian communities and variation in alcohol and smoking patterns among
different ethnic groups. (Voltzke et al., 2018, Hashim et al., 2019b) (see Section
1.4.1.2).

There may be evidence to suggest that those of certain ethnic backgrounds
could be more genetically predisposed, e.g., individuals with alleles of the
ALDH2 (alcohol metabolism) gene more commonly found in Asian populations
(see Section 1.4.9). Ethnic inequalities have also been observed in survival, even
when adjusted for SES. (Russo et al., 2020)

1.4.4 Sexual Behaviours and Human Papillomavirus

There are over 100 types of Human Papillomavirus (HPV) and 15 of these are
associated with carcinogenesis. The virus is associated with anogenital cancers,
in addition to tumours of the oropharynx. (Nassif et al., 2022) In particular, HPV-
16 is the primary type associated with OPC, which has been identified in 90% of
HPV positive OPC cases. (Kobayashi et al., 2018) Reviews of primarily case-
control studies have suggested that persons who engage in oral sex, have a

greater number of sexual partners and a younger sexual debut are at an
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increased risk of HPV infection and HPV-related OPC. (Chancellor et al., 2017,
Durrant et al., 2024)

HPV has been identified as one of the main emerging drivers underlying the
changing epidemiology of head and neck cancer, particularly cancers of the
oropharynx. (D'Souza et al., 2007, Gormley et al., 2022a, Gillison et al., 2015)
The number of HPV-associated HNC cases is increasing, with persistent infection
by the virus being attributed as the most common cause of OPC. HPV infection
has been attributed to roughly 30-60% of Oropharyngeal cases. (Menezes et al.,
2021) HPV has not been found to have an aetiological role in other HNC subsites.
(Menezes et al., 2021)The role of HPV in OPC development has been observed

among both sexes at similar rates. (Sabatini and Chiocca, 2020a)

There is an increasing number of reports that the sociodemographics of people
with HPV-positive OPC differ from other HNC sites. HPV-positive OPC cases have
been reported to be younger than their HPV-negative counterparts and not share
the behavioural characteristics of HPV-negative OPC such as a history of actively
smoking and having a high alcohol intake. (Deschler et al., 2014a, Young et al.,
2015) However, there is also evidence to suggest that a notable proportion
(approximately 30%) of people with HPV-positive OPC also report high levels of
smoking or alcohol usage. (Anantharaman et al., 2016a) The analyses of
sociodemographic factors in OPC (with relation to HPV) have primarily originated
from smaller clinical cohorts and clinical reports, rather than larger

epidemiological studies.

1.4.5 Diet / Nutrition

Diet and nutritional factors are considered as both risk and protective factors for
many cancers. (Clinton et al., 2020, Malcomson et al., 2023) Nutritional
epidemiology is challenging to investigate; limitations in heterogeneity,
measurement and study design mean that the role of diet in cancer and other
disease is not yet fully understood. (Willett, 1987) However, various pooled

case-control analyses and cohort studies have assessed the role of dietary
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factors in the risk of head and neck cancer. While overshadowed by major
predictors such as smoking and alcohol, INHANCE pooled analysis found that fruit
and vegetable intake were the most significant dietary predictors when assessing
head and neck cancer risk; relative to those with a lower fruit / vegetable
intake, a higher frequency of consumption was associated with a protective
effect. (Freedman et al., 2008, Chuang et al., 2012a)

Relative to those who consumed the least fruit, a higher (quartile) consumption
of fruit was associated with a protective effect (4™ vs 15t OR = 0.52, 95% Cl 0.43
- 0.62). Similarly, relative to those who consumed the least vegetables, a
protective effect was associated with regular consumption (4t vs 15t OR =0.66,
95% Cl 0.49 - 0.90). (Chuang et al., 2012a) These protective effects have been
observed across all age-groups. (Toporcov et al., 2015) Other notable but less
significant dietary risk factors included meat and animal product consumption -
in particular, red and processed meat. Dietary effects on HNC risk were also
largely consistent across subsites. (Chuang et al., 2012a, Edefonti et al., 2012,
De Vito et al., 2019)

1.4.6 Body Mass Index (BMI)

A higher body mass index (i.e. overweight or obese) is recognised by the WHO as
a risk factor for many cancers. (Lauby-Secretan et al., 2016) In contrast, analysis
of case-control studies has mostly suggested that lower BMI is a risk factor for
head and neck cancer, with BMI exhibiting an inverse relationship. (Gaudet et
al., 2010a, Park et al., 2011) However, studies have also noted the possibility of
reverse causation underlying this. (Maasland et al., 2015b) (Park et al., 2011)
Many of the analyses suggestive of low BMI as a risk factor for HNC originate
from case-control studies, which are subject to potential confounding and
reverse causality. Cohort studies for other cancers have suggested that,
conversely, an increased BMI (i.e. being overweight or obese) is a risk factor for
developing cancer. Thus, caution should be exercised when considering BMI

associations and HNC risk.
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1.4.7 Oral Health, Oral Hygiene, Oral Microbiome

While not considered a major risk factor, poor oral health has been suggested to
be associated with a modest increase in risk of head and neck cancer. (Hashim
et al., 2016a) Numerous systematic reviews and meta-analyses of case-control
studies have identified an increased risk of HNC associated with poor oral
hygiene, dental disease and irregular attendance at a dental practice. (Zeng et
al., 2013, Gopinath et al., 2020, Bai et al., 2023) In particular, periodontal
disease has been suggested to be significantly associated with head and neck
cancer, even when adjusted for smoking behaviours; relative to those without
periodontal disease, patients with periodontal disease were at a significantly
increased risk OR = 3.17, 95% Cl, 1.78 - 5.64). (Gopinath et al., 2020).
Systematic review evidence has also indicated a protective role associated with
regular dental attendance; compared with regular attendance at a dentist,
irregular or never attendance was associated with an increased risk of all HNCs
(OR = 2.24, 95% CI 1.89 to 2.65). (Gupta et al., 2019)

Currently, there is no strong review evidence to suggest that the oral
microbiome is a major HNC risk factor. However, there have been suggestions of
potential associations between the oral microbiome and head and neck cancer,
particularly related to alcohol metabolism. (Smedra and Berent, 2023)
Differences in the microbiome among HNC patients and disease-free controls
have also been observed although their effects are not fully understood.
(Dorobisz et al., 2023) Similarly, there may be evidence to suggest a protective
effect from some commensal bacteria. (Hayes et al., 2018) Ultimately, further

research in this area is needed.

1.4.8 Comorbidities and Medications

At the time of writing, there is a limited quantity of literature which evaluates
the role of pre-existing comorbidities for HNC risk. However, there is some
evidence to suggest comorbidities are a common and important feature among
people with head and neck cancer. (Piccirillo, 2000) Analysis of the ARCAGE

case-control study revealed that a history of prior infections (candidiasis, warts
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and verrucae) was associated with a reduced risk of HNC. No associations with
gastro-oesophageal reflux and HNC were observed. (Macfarlane et al., 2012)
Other large cohort studies have observed associations between diabetes and HNC

risk in Asian populations. (Tseng et al., 2014, Choi et al., 2022)

There is mixed evidence on the role of medications and HNC risk. Analysis of
ARCAGE case-control study suggested a protective effect was associated with
aspirin usage, however this was confined to tumours of the larynx and
hypopharynx. (Macfarlane et al., 2012) A systematic review conducted by Herran
et al. found a protective effect associated with metformin and NSAID usage
against HNC. (Saka Herran et al., 2018) However, there was large heterogeneity
in study quality, and many did not assess key confounders such as smoking and
alcohol. Another review by Wilson et al. found no clear effect associated with

NSAIDs or aspirin consumption on risk. (Wilson et al., 2011)

1.4.9 Familial and Genetic Risk Factors

There has been a growing interest in potential hereditary and genetic
components to an individual’s risk of head and neck cancer. Pooled analysis has
shown that a family history of head and neck cancer has been shown to be a
significant risk factor, with individuals being at least twice as likely to develop
head and neck cancer if they have a relative with a family history of the disease,
especially if the relative was a sibling. This increased significantly if those with a
family history were also alcohol and tobacco users (OR = 7.21, 95% CI 5.46 -
9.54). (Negri et al., 2009)

There has been an increasing research emphasis on the role of individual
genotypes in the development of HNC. (Leemans et al., 2018) Various genome
wide association studies (GWAS) and case-control analyses have assessed the risk
of head and neck cancer among cases and controls associated with genetic
polymorphisms. GWAS have identified several loci that could be implicated in
individual HNC susceptibility. Notably, protective effects against OPC were
associated with variations within the Human Leukocyte Antigen (HLA) region.

(Lesseur et al., 2016) (Shete et al., 2020) Polygenic risk scores, a composite
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score of genetic variants, have also been used to assess genetic risks for HNC.
(Lee et al., 2024)

Genes associated with tumour suppression and cell proliferation have been
shown to be associated with the development of HNC. (Leemans et al., 2018)
Research has also found risks that are attributable to alleles of the (ALDH2)
gene, which are responsible for the metabolism of acetaldehyde in the
breakdown of alcohol. (Boccia et al., 2009) These alleles are more commonly
found in Asian populations and result in poorer metabolism of acetaldehyde, a
known carcinogen. (Seitz and Stickel, 2010) There has also been an increasing
emphasis on the epigenetics of HNC, with suggestions that DNA methylation,
histone modifications, and various signalling pathways can influence individual
risk of HNC. (Liu et al., 2022)

Other genetic risk factors identified by research include null or dysfunctional
genotypes which encode for enzymes that perform detoxication functions.
Dysfunction of the p53 gene, responsible for halting cell cycle or initiating
programmed cell death, was also found to be a significant predictor of HNC.
(Cadoni et al., 2012) (Hiyama et al., 2008) However, a common agreement
among genomic HNC research is that genetic factors may vary by subsite and
HPV serostatus, and more extensive research is required. Currently, there are no

genetic biomarkers of strong risk prediction utility. (Kasradze et al., 2020)

1.5 Primary Prevention of Head and Neck Cancer

Primary prevention is defined as interventions aimed at preventing a disease in
susceptible individuals or populations. (Kisling LA, 2023) There are several
primary prevention strategies that can be utilised against HNC. Primary
prevention against HPV-related cancers of the oropharynx can be achieved via
the use of the HPV vaccine. (Kreimer, 2014) (Nassif et al., 2022) This has already
been used in a preventive role against cervical and other anogenital cancers in
school-age girls, but vaccination programmes have only recently been expanded
to school-age boys in some nations (2019 in Scotland). (Public Health Scotland,
2023c)
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Systematic review of studies has shown that oral HPV prevalence among males
has reduced with the vaccine, which will have potential implications for the
future OPC burden. (Tsentemeidou et al., 2021, Macilwraith et al., 2023) HPV-
vaccination strategies show great promise, particularly given recent reductions
in cervical cancer; no novel cervical cancer cases were recently recorded among
women vaccinated at 12-13 years of age in Scotland. (Palmer et al., 2024b)
However, given the longer latent period between HPV infection and
development of OPC, projections suggest that it will take decades for the
protective effects of vaccines against OPC to become apparent. (Zhang et al.,
2021)

Other HNC primary prevention strategies pertain to the management of
modifiable risk factors described in Section 1.4. At a policy level, HNC
prevention can be implemented via modification of environmental factors. This
can be achieved by the regulation of tobacco and alcohol, for example, smoking
bans or alcohol price policies. (Wilson et al., 2012, Frazer et al., 2016, Rekve et
al., 2019) As such, the WHO details alcohol and smoking policy recommendations
among their “Best Buys” to reduce the burden of hon-communicable disease.
(WHO, 2017)

The International Agency for Research on Cancer has published evaluations and
guidance on the primary prevention of HNC, with an emphasis on the benefits of
cessation interventions. (Bouvard et al., 2022, Gapstur et al., 2023) Research
has found that the cessation of smoking can greatly reduce an individual’s risk of
head and neck cancer, a significant reduction in risk being observed in as little
as 1-4 years. (Marron et al., 2009) Alcohol cessation was also found to exhibit a
beneficial protective effect. However, this was only the case over a much longer
period (>20 years). (Marron et al., 2009) Nevertheless, there are still major

benefits in the cessation of alcohol and smoking.

At a primary and secondary care level, clinicians can support patients with a
higher risk of head and neck cancer with behavioural advice, adjustment of
recall intervals and signposting or referrals to support services. (Mathur et al.,
2015) In primary care, this is commonly done via a “brief intervention” where
behavioural advice and motivational counselling is given to patients with risk

factors during a visit to a healthcare provider. (BIEN et al., 1993) As such, the
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dental setting has been identified as an excellent setting for tobacco cessation
interventions due to the wide population reach, regular patient contact and
ability to communicate the health and aesthetic benefits of smoking cessation

orally and systemically. (Tomar, 2001)

The dental setting has also been shown to be effective in the delivery of smoking
cessation interventions. (Omana-Cepeda et al., 2016) In the UK, clinical
guidance advises the use of brief interventions in the prevention of HNCs. This is
detailed in the “Delivering Better Oral Health Toolkit” for smoking and alcohol
misuse, a clinical guideline document which has systematically appraised the
literature on prevention in dental settings.(Department of Health and Social
Care, 2021b, Department of Health and Social Care, 2021c) Currently, no HNC
risk prediction models are used as a primary prevention tool in the dental setting
to support decision making or assist with behavioural counselling. This has been

identified as a gap in the literature.

1.6 Secondary Prevention of Head and Neck Cancer

Despite the global population growth and the growing incidence of all cancers,
an overall reduction in cancer mortality rates has been observed over the recent
decades. In addition to improved treatment outcomes and availability, this has
also been attributed to screening and early detection. (Stang and Jockel, 2018,
Siegel et al., 2021, Global Burden of Disease Cancer Collaboration, 2022)
Screening is a prevention strategy commonly defined as a test applied to a
population that differentiates between those who may have disease and those
who may not. (Wilson et al., 1968) A screening programme must strictly meet 19
criteria detailed by the United Kingdom's National Screening Committee. (UK
National Screening Committee, 2003); for example, a screening programme must
be cost-effective, have a proven reduction in mortality and be supported with

appropriate evidence base.

In the UK, the NHS currently provides several cancer screening programmes for
cancers of the cervix, breast and colon. (NHS Online, 2022). These have been

successful in reducing incidence and consequent mortality rates. For example, a
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systematic review and metanalysis of observational colorectal screening studies
has found that screening measures reduced colorectal cancer incidence by 64%
(95% Cl, 50 to 74%). (Brenner et al., 2014) Similarly, assessment of breast and
cervical cancer screening revealed significantly reduced mortality risks among

participants of screening programmes. (Massat et al., 2016, Landy et al., 2016)

To date, no “true” screening programmes for head and neck cancer have been
implemented. Head and neck, especially OCC, examination and prevention have
been discussed in the literature. However, HNC examination does not always
meet the specific criteria of screening for several reasons. (Speight et al., 2017)
First, the evidence base for HNC screening programmes and their evaluation is
limited; to date, the only trial which has evaluated the potential of screening
was the Kerala randomised control trial conducted in India. (Sankaranarayanan
et al., 2005) Four rounds of OCC screening using conventional intra-oral
examinations were conducted over the study duration. The results from this trial
found that the use of standard intra-oral examination as a screening tool did not
reduce overall mortality but that the use of targeted examination in higher-risk
groups could have benefits. (Subramanian et al., 2009) Similarly, other reviews
have concluded that while there may be benefits from examination targeted to
higher-risk groups, there is insufficient evidence to support the use of OCC

screening programmes. (Brocklehurst et al., 2013, Speight et al., 2017)

The closest equivalent to HNC “screening” are opportunistic routine intra- and
extra-oral exams carried out by general Dental Practitioners (with other allied
dental staff) and the use of suspected lesion referral pathways. (Al-Helou, 2021)
(NICE, 2015) While a sensitive examination technique, routine intra-oral exams
are not specific and subject to other limitations as they do not entirely meet the
criteria of an effective screening test (e.g., specificity). As such, diagnostic
biopsy and histological assessment remain the gold diagnostic standard. (Walsh
et al., 2021) While some biomarkers show potential, there is no clinical trial
evidence to support the use of a biomarker test or test adjunct in an HNC
screening programme. (Speight et al., 2017) Ultimately, intra-oral examination
remains an important tool in the arsenal of secondary prevention against HNC.
“Opportunistic screening” is advised with standard intra-oral examination for all

patient groups as per the findings of the Kerala trial and subsequent reviews.
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(Brocklehurst et al., 2013, Speight et al., 2017) Delivering Better Oral Health /
NICE recall guidance indicates that in dental settings, patients at a higher risk of
OCC (defined as smokers, high alcohol consumption) should have more frequent

recall intervals. (Department of Health and Social Care, 2021a)

The themes of this thesis are especially relevant in the context of the recent
developments in the NHS. NHS management recently published their “long term
plan”; one of the long-term objectives described is a focus on early cancer
detection, with the aim to have 75% of cancers diagnosed at an early stage (Il or
II) by 2028 (NHS UK, 2022). Given the aforementioned challenges associated with
head and neck cancer, especially late presentation, an emphasis will need to be

made upon primary and secondary prevention strategies.

1.7 Management / Treatment of Head and Neck Cancer

Suspected HNC is typically managed using rapid referral pathways. In the UK,
NICE clinical guidelines advice an urgent suspicion of cancer (USOC) referral
(aiming to provide an appointment in two weeks) for those with persisting signs
and symptoms discussed in Section 1.1.2. (NICE, 2015) Referrals are usually from
primary care (General Medical or Dental Practitioner), but patients can also
present with emergency symptoms or be referred from other specialties. Urgent
referral pathways have improved the detection rate of cancers; however, it is
argued by some that the efficacy of these pathways is limited or that it requires
further refinement. (Lyons et al., 2004, McKie et al., 2008, Mettias et al., 2021)

In the UK, there are standardised multidisciplinary guidelines for the
management of HNC. (Homer and Winter, 2024) Following a diagnosis, a
multidisciplinary team (MDT) meeting is conducted where relevant healthcare
professionals meet to determine (often complex) treatment plans. Treatment
can impact many of the complex systems and functions of the head and neck,
such as eating and speech. Thus, treatment necessitates a coordinated effort
across several specialties including surgeons (OMFS and / or ENT), oncology
(radiation or medical), dietary specialists, speech and language therapy, dental

restorative specialists, social workers and many more. (Taberna et al., 2020)
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There are several treatment strategies that can be used for HNCs, with curative
or palliative intent. Treatment guidelines vary globally; a global review
identified surgery and adjuvant radiotherapy as the main treatment modalities,
however, in lower-income counties with fewer resources, there is a greater
emphasis on surgery with more limited use of radiotherapy treatments. A lack of
clinical guidelines was identified in Oceanic and Latin American counties, where
a significant burden of HNC occurs. In the UK, the primary modalities of curative
treatment are surgical excision and adjuvant radiotherapy. Advanced-stage
disease may involve more radical surgical approaches (e.g., total laryngectomy,
glossectomy) and the use of donor sites to reconstruct lost bone or soft tissue
(e.g., radial forearm, latissimus dorsi, anterolateral thigh, fibula or pectoralis
major flaps). (Homer and Winter, 2024) More aggressive surgical excisions and
chemo-radiotherapy can have significant quality of life implications (section
1.3.4).

Other treatment modalities include radiotherapy, chemotherapy,
immunotherapy (e.g. cetuximab), best supportive care or combinations of these.
(Homer and Winter, 2024) Where more advanced disease exists, radiotherapy
and / or chemotherapy is often used adjunctly in combination with surgical
excision. (Johnson et al., 2020b) (Homer and Winter, 2024) Management can
depend on the stage and grade of the cancer; if caught at an early stage, some
cases can be managed effectively by local surgical resection alone. Research has
shown that multidisciplinary team management has a positive effect on

outcomes and survival rates. (Shang et al., 2021)

1.8 Risk Prediction Models and Tools

In this thesis, a risk prediction model was defined as a statistical model that
predicts the risk of an outcome of interest, combining information from several
variables. (Janes et al., 2008) A risk tool was defined as a model that has been
implemented in clinical practice, for example via software. (Usher-Smith et al.,
2015) Algorithms and models have been used in many care settings, for example,

the widely-used Glasgow Coma Score (GCS) which is used to assess a patient’s
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consciousness in acute care settings. (Mehta and Chinthapalli, 2019) Models and
algorithms can also be used for risk assessment purposes. Risk prediction models
have already seen use in prevention and screening efforts for cardiovascular
disease and cancers of other subsites. Many models that assess patients’ risk of
breast, colorectal, lung and skin cancer have been developed. (Anothaisintawee
et al., 2012, Gray et al., 2016, Louro et al., 2019, Usher-Smith et al., 2016,
Williams et al., 2016, Usher-Smith et al., 2014) Many of these models have
undergone extensive review processes. Some of these models have seen clinical
usage, including the Q-Cancer and Cancer Risk Assessment Tools (RATs). (Clin
Risk) (Cancer Research UK, 13th July 2020).

Evaluation of such risk assessment models in the primary care setting has shown
that they do have predictive utility, in addition to other beneficial
characteristics including prompting behavioural change. A systematic review and
metanalysis of cancer risk tool trials by Walker et al. identified that health
messages within tools had a positive effect on behavioural change and had the
potential to improve patient knowledge and the understanding of risk. (Walker
et al., 2015b) However, a common finding of reviews of cancer risk models is the
necessity for further evaluation of their implementation and validation in
primary care settings. (Usher-Smith et al., 2015) (Medina-Lara et al., 2020).
Cross-sectional research conducted in primary care has found that such tools are
often underutilised in UK general medical practices, with low uptake rates
despite being less resource-intensive than other investigations (16.7%, 95% Cl =
12.1 to 22.2). (Price et al., 2019) Furthermore, at the time of writing, no cancer

risk tools are utilised in UK general dental practices.

It was found that there are several barriers and facilitators to the development
and use of cancer risk tools in primary care. (Akanuwe et al., 2021) Common
barriers included time pressures for consultations, potential to induce anxiety in
patients, additional training requirements, potential for over-referral and
logistical challenges of integrating novel tools into practice IT systems.
Conversely, facilitators to the uptake of tools included improved tailoring of
care to a patient, the potential to induce behavioural change, and aiding clinical

decision making and improving referral times.
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Despite the clear clinical potential of cancer risk prediction models and tools,
only a limited number of head and neck cancer risk models exist. Initial
literature searches identified at least four head and neck cancer risk prediction
models. (Lau et al., 2018) (Lee et al., 2020) (McCarthy et al., 2020) (Tikka et
al., 2020). Three of these models were developed in the UK and the remaining
one was developed in the USA. The models were developed using case-control or
cohort data, one of which evaluated individual risk at multiple, separate subsites
(Lee et al., 2020). The remaining three calculated an overall risk of head and
neck cancer. Only one risk model was found to have seen any clinical use, which
was used to triage patients during the Covid-19 pandemic. (Hardman et al.,
2021b)

While comprehensive reviews exist for risk models for cancers of other sites
(e.g. breast and colorectal), there were no existing reviews of head and neck
cancer risk prediction models and tools. (Anothaisintawee et al., 2012) This was

identified as a significant gap in the literature and a primary aim of this thesis.

1.9 Summary of Literature Review Findings

This Chapter has reviewed the background and literature on the epidemiology of
head and neck cancer, covering the disease burden and trends alongside risk
factors. Additionally, the potential prevention approaches for head and neck

cancers have been reviewed.

Head and neck cancer is a devastating disease with an increasing global burden.
Major risk factors include HPV, low individual socioeconomic status, smoking and
alcohol behaviours, while minor risk factors include poor oral health,
occupational exposures, BMI, dietary and metabolic factors. Prevention remains
a challenge with limited use of risk prediction support tools in this effort. With
an aging population and an increasing proportion of disease diagnosed at
advanced stage, there is a growing need for an emphasis on prevention and early
detection strategies, as described by the Scottish Cancer Strategy. (Scottish

Government, 2023a)
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This chapter has also highlighted some evidence gaps in the literature around
the availability, quality and use of risk prediction models in primary care for
both primary and secondary prevention of head and neck cancer. Additionally,
there is limited knowledge on the epidemiological pattern of trends over recent
decades in the sociodemographic profile of head and neck cancers, especially by

subsite, which warrants detailed investigation.
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Chapter Two describes the overarching aims and objectives of this doctoral
thesis. Based upon the review of existing literature of HNC, risk determinants
and cancer risk prediction, this thesis aimed to answer the following research
questions: Could a head and neck cancer risk prediction model be developed
from a case-control study and validated in a UK population cohort, with a view
to implement in a primary dental care setting. Additionally, what is the

sociodemographic profile of HNC, and is this changing?

2.1 Overarching Aims

The overarching aims of this thesis were to assess the epidemiology and
sociodemographic profile of HNC and to develop a clinical risk prediction model
to predict individual HNC risk. These aims will be accomplished by fulfilling the

thesis research chapter aims and objectives described below.

2.2 Chapter Aims and Objectives

Chapter Three: Risk prediction models for head and neck cancer: a rapid

review.
The aims of this chapter were to:

i. Identify the range of head and neck cancer risk prediction models from

around the world.

ii. Understand their uses and quality appraise the methods deployed to

develop and validate them.
The objectives of this chapter were to:

¢ Identify and collate any existing HNC risk prediction models using a

systematic search of multiple databases.

e Describe each model’s study and performance characteristics.
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e Conduct quality assessment of each model using the PROBAST quality
assessment tool and further assessment of validation methods and clinical

applicability.

¢ Undertake a narrative synthesis and discussion of the models, following an

independent quality assessment.

Chapter Four: Head and neck cancer incidence is rising but the
sociodemographic profile is unchanging: A population epidemiological study
(2001-2020).

The aims of this chapter were to:

i. Investigate contemporary trends of the incidence of HNC in Scotland.

ii. Investigate whether the sociodemographic profiles of head and neck

cancer and subsites are changing over time.

The objectives of this chapter were to:

e Describe and analyse trends in the incidence of HNC and key subsites over

the study period using data from the Scottish Cancer Registry.

e Assess the sociodemographic profile in the incidence of HNC and main

subsites by age, sex and area-based socioeconomic status.

e Assess whether the sociodemographic of people with HNC is changing over

time.

Chapter Five: Socioeconomic status and HPV-related cancers of the oropharynx
in the ARCAGE Study

The aim of this chapter was to:
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Assess the relationship of oropharynx cancer with sociodemographics and
behaviours, considering human papillomavirus (HPV) serostatus in an
international multicentre case-control study (ARCAGE - Alcohol Related Cancers

and Genetic-susceptibility in Europe).

The objectives of this chapter were to:

¢ |dentify and stratify oropharyngeal cancer cases in the ARCAGE study
according to their Human Papilloma Virus (HPV) serostatus.

e Describe and quantify any associations among the sociodemographics
(socioeconomic status, along with age, sex) and behaviours (tobacco
smoking and alcohol consumption) of HPV-positive oropharynx case

participants versus controls participants.

e Describe and quantify any associations among the sociodemographics
(socioeconomic status, along with age, sex) and behaviours (tobacco
smoking and alcohol consumption) of HPV-negative oropharynx case

participants versus controls participants

e Describe and quantify any associations among the sociodemographics
(socioeconomic status, along with age, sex) and behaviours (tobacco
smoking and alcohol consumption) of HPV-negative oropharynx case

participants case versus HPV-positive oropharynx case participants.

Chapter Six: Development and external validation of a head and neck cancer

risk prediction model.

The aims of this chapter were to:

i. Develop a head and neck cancer risk prediction model using the ARCAGE

case-control study.
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ii.  Externally validate the head and neck cancer risk prediction model in the
UK Biobank cohort study.

The objectives of this chapter were to:

e Conduct a descriptive analysis of data on exposures associated with head

and neck cancer from the ARCAGE case-control study.

e Using data from the ARCAGE case-control study, develop a multivariable
head and neck cancer risk prediction model that can accurately predict

and quantify an individual’s risk of head and neck cancer.

e Validate this model in the UK Biobank cohort and assess model

performance.

Chapter Seven: Human Papillomavirus (HPV) serostatus and burden in the UK
Biobank Study

The aims of this chapter were to:

i.  Explore the burden of HPV seropositivity among HNC cases and non-events in
the UK Biobank.

ii.  Assess the feasibility of multiple imputation to address missing HPV tumour
data.

The objectives of this chapter were to:

e Describe the existing HPV biomarker data within the UK Biobank in the

context of head and neck cancer.

e Test for associations between HPV serostatus and sexual behaviour data

or other demographic data.
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e Discuss and quantify the strength of any associations, with a view to
assess the suitability of multiple imputation as a technique to address
missing HPV data in the study.

Chapter Eight: Discussion.

The objectives of this chapter were to:

e Summarise the findings of this thesis.

e Discuss the findings of this thesis in the context of the wider literature.

e Discuss the strengths and limitations of the thesis studies.

e Draw conclusions on the key findings and propose recommendations for

practice, policy and research.
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3 Chapter Three: Risk Prediction Models for Head
and Neck Cancer: a Rapid Review

The contents of this chapter were published to the journal Laryngoscope
Investigative Otolaryngology on the 28t of November 2022.

doi: 10.1002/lio2.982 PMCID: PMC9764804 PMID: 36544947
https://www.ncbi.nlm.nih.gov/pmc/articles/ PMC9764804/
“Risk prediction models for head and neck cancer: A rapid review”

Craig D. L. Smith (corresponding author)" 2, Alex D. McMahon', Alastair Ross',
Gareth J. Inman?:3, David |. Conway'?

Affiliations

1 School of Medicine, Dentistry, and Nursing, University of Glasgow, Glasgow UK
2 Institute of Cancer Sciences, University of Glasgow, Glasgow UK
3 Cancer Research UK Beatson Institute, Glasgow UK

3.1 Abstract

Background: Cancer risk assessment models are used to support prevention and
early detection. However, few models have been developed for head and neck
cancer (HNC).

Methods: A rapid review of Embase and MEDLINE identified n = 3045 articles.
Following dual screening, n = 14 studies were included. Quality appraisal using
the PROBAST (risk of bias) instrument was conducted, and a narrative synthesis
was performed to identify the best performing models in terms of risk factors

and designs.

Results: Six of the 14 models were assessed as “high” quality. Of these, three
had high predictive performance achieving area under curve values over 0.8
(0.87-0.89). The common features of these models were their inclusion of
predictors carefully tailored to the target population/anatomical subsite and

development with external validation.

Conclusions: Some existing models do possess the potential to identify and

stratify those at risk of HNC but there is scope for improvement.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9764804/
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3.2 Background / Aims

Head and neck squamous cell carcinomas - generally defined as aerodigestive
squamous cancers of the oral cavity, larynx, and pharynx - are a growing
challenge for healthcare systems across the world: they are the 8™ most
common cancer, accounting for an estimated 878,348 new cases and 444,347
deaths globally in 2020. (Bray et al., 2018) (Global Cancer Observatory, 2020)
The risk profile of head and neck cancer is also changing - with oropharyngeal
cancer increasingly associated with human papillomavirus (HPV) infection
(Chaturvedi, 2012), and inequalities in the burden of HNC associated with

socioeconomic status. (Conway et al., 2010)

Overall head and neck cancer (HNC) survival varies greatly by subsite and stage
of diagnosis. Despite advancement in treatments, 5-year survival has seen no
major improvements observed in recent decades. (Hoffman et al., 1998) (Pulte
and Brenner, 2010b) (Carvalho et al., 2005) Furthermore, marginal
improvements in prognosis may be undercut by the overall increased disease
burden, particularly due to the changing epidemiology of HPV-associated

oropharyngeal cancer.(Guo et al., 2021) (Argirion et al., 2019)

As with all cancers, prognosis is worse with advanced stage disease at
presentation. Thus, a major challenge posed by head and neck cancer is its
traditionally late presentation with over half of cases diagnosed at stage Ill or IV,
when locally advanced or regional or distant metastases are present. (Sanderson
and Ironside, 2002a) (Northern Ireland Cancer Registry, 2019) (Lagiou et al.,
2009) (Abrahao et al., 2018) (Abrahao et al., 2020)

Given the twin challenges of increasing HNC incidence and poor survival
associated with late-stage detection, further attention needs to be given to
primary and secondary prevention strategies - utilising the potential of head and
neck risk prediction models to identify those at risk and direct them to

appropriate prevention and early detection / diagnosis and treatment pathways.

There has already been some success and clinical adoption of other cancer
prediction models in primary care; for example, the Q-series risk prediction

models or cancer Risk Assessment Tool (RAT).(Cancer Research UK, 2020a) (Risk,
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2013) These models have been well evaluated, demonstrating the potential of
“personalised medicine” to identify and stratify those at risk.(Jackson and
Chester, 2015) (Usher-Smith et al., 2015) (Medina-Lara et al., 2020) (Collins and
Altman, 2013) (Kostopoulou et al., 2022) However, they do not assess for head
and neck cancer risk and there seem to be few risk prediction models for head
and neck cancer developed or adopted for clinical use. Furthermore, there have
been no comprehensive reviews of head and neck risk cancer prediction models

or tools published.

The aim of this study is to undertake such a review - via systematically searching
and identifying models in the international literature, describing their
characteristics and performance, quality appraising these models, and
performing a narrative synthesis to compare and contrast risk prediction models

for head and neck cancer.

3.3 Methods

A rapid review methodology was employed, following the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines. (Page et al.,
2021) The review was also based on similar reviews on risk prediction models of

other cancer sites / diseases.

3.3.1 Search Strategy

An electronic literature search of Ovid MEDLINE(R), (and In-Process, In-Data-
Review & Other Non-Indexed Citations), and Embase (1947-Present, updated
daily) databases was conducted using the following combination of key headings

and search terms:

[(((risk prediction or risk factor or risk model or risk assessment or risk calculator
or risk tool or risk score) and (cancer* or tumour or tumor or neoplas* or
malignan® or squamous cell carcinoma) and ((head and neck) or oral cancer or
oral cavity cancer or oropharynx cancer or oropharyngeal cancer or larynx
cancer or laryngeal cancer leukoplakia or erythroplakia or submucous fibrosis or

OPMD or Oral Potentially Malignant Disorder)) not (prognos* or survival))
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Abstract + title (tw), no filters date: 22:03 23/09/2021 Results: Embase: 1787
results, Medline: 1258 results]

Studies were included if they satisfied all of the following criteria: (i) used a
statistical model/tool to predict head and neck cancer risk including subsites
and potentially malignant conditions; (ii) were published in English; (iii)
considered multiple different risk factors; (iv) provided a measurement of risk;

and (v) were applicable to the general population.

Given that the focus of this review was on risk prediction, studies that
developed prognostic or recurrence models were excluded. Similarly, studies
that only considered highly selected groups or risk variables such as highly
specific genes were also excluded (as per (v) of inclusion criteria). If multiple
publications of the same model were identified, the most extensive and recent

report of the model was included.

The reasoning behind a statistical model / tool forming a part of the inclusion
criteria was to ensure that there was a robust methodology underlying model
development. Crucially, this was also to separate risk models from numerous
case-control studies that considered multiple risk factors individually, often
expressing these in odds ratios but not evaluating these in the form or context of
a risk prediction model or tool. Reporting of a comparable measure of risk was
also considered to be, at least, reporting of performance metrics (e.g. AUC) but

ideally assigning a value to an individual (e.g. 5-year risk).

Articles that were ultimately sourced from search, were loaded into Endnote X9
[Clarivate Analytics] reference management software and from here were
imported into Covidence [Covidence systematic review software, Veritas Health
Innovation], which was used to remove duplicates and perform study screening

and data extraction.

3.3.2 Screening and Study Selection

Two reviewers (CS, DIC) independently screened search results at a title /

abstract level and then at a full-text level using the eligibility criteria. In the
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event of a disagreement, articles were discussed and included or excluded by

mutual consensus.

3.3.3 Data Extraction and Quality Assessment

Following full-text screening, data extraction was undertaken by two reviewers
(CS, DIC) using a customised form containing pre-defined fields including items
on: study characteristics (location, study design, cancer site/subsite and risk
factors included. The data extraction form also assessed the requirement of
clinician input (based on whether reported or the nature of the data required to
run the model - for instance a patient would not be able to use machine learning
tools or conduct HPV serology analysis), along with items on predictive
performance (discrimination, sensitivity / specificity, calibration, PPV/ NPV and
risk threshold cut-offs) and the method of validation (if undertaken). Measures
of discrimination were considered to be “acceptable” if an Area Under the Curve
(AUC) value over 0.7 was reported, and “excellent” if a value greater than 0.8
was reported. (David W. Hosmer Jr., 2013) Measures of calibration were assessed
by the Expected/ Observed ratio or gradient of a calibration slope to the ideal
value of 1 and of its intercept to the value of 0.(Richard D Riley, 2019) (Van
Calster et al., 2019)

Two reviewers (CS, DIC) also examined the risk of bias of each model using
PROBAST, a tool specifically designed to appraise clinical risk prediction
models. (Wolff et al., 2019) Risk of bias (“high”, “low”, or “unclear”) and
applicability of the risk models was assessed using 20 questions across four

domains (participants, predictors, analysis and outcomes).

An overall quality assessment was also given to each model considering model
validation, and the risk of bias, and applicability concerns assessment (from
PROBAST). This was categorised as “High”, “Moderate”, or “Low”. If the model
had a (i) low risk of bias, (ii) a low or unclear applicability concern, and (iii) a
robust method of validation then it was considered “High” overall quality. Model
performance was also considered separately by evaluating each model’s
discriminative ability. If a model achieved an “excellent” AUC over 0.8 it was
classed as high performing (green in table).(Mandrekar, 2010) Models that

achieved acceptable discrimination between 0.7 and 0.8 were classed as
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moderate (amber in table) and discrimination less than 0.7 was classed as poor
(red in table). These classifications also reflected for confidence intervals for

model AUC (where reported).

3.3.4 Synthesis

The heterogeneous nature of risk prediction models makes the possibility of
pooling the data between the models inappropriate. However, a narrative
synthesis was conducted - focusing on the model overall quality / performance
and including comparing and contrasting risk factors used in the risk prediction
models - grouping them as sociodemographic factors (e.g. age, sex,
socioeconomic characteristics), behaviours (smoking, alcohol), biomarkers (e.g.,
HPV, genetic/polygenic data), clinical information (e.g. symptoms, oral
potentially malignant disorders). Models were also compared across subsites of

head and neck cancer.

3.4 Results

Following the removal of 100 duplicates, 2945 studies were identified by the
search. Of these, 2900 were excluded by title or abstract screening. Of the
remaining 45 studies, 34 were excluded following full-text assessment, with
reasons for exclusion noted (Figure 3-1). The most common reasons for exclusion
were studies did not use a statistical method to develop a risk model, or did not
consider multiple risk factors together, or on further examination were a
duplication of model already included. One conference abstract paper was
excluded because the full text was not available despite attempts to contact the

author.



g 3045 papers identified and
= imported for screening
o Duplicate records removed by
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Papers screened at title and pabers excluded
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(n = 2945) N
Papers excluded: (n = 34)
w0 19 Duplicate Model
é 6 Do not provide a comparable
g v measurement of risk / use a model
4 Consider risk factors individually
Full-text screening for eligibility
(n = 45) »| 2 Previous versions of another
model
2 Not head and neck cancer
outcome
1 No full paper / data available
N’
v
)
Papers included in review
(n=14): . .
B 2 papers |dfent|f|ed from
E 11 included from full-text screening |« reference lists
§ 2 identified from reference lists 1 paper identified from research
1 identified from research collaborations
collaborations
N/

Figure 3-1: Preferred Reporting Items for Systematic Reviews and Meta-Analysis flow
diagram

A further three articles were identified - two of these were identified from
reviewing the reference lists and the third (at the time of writing yet to be
published) was identified from one of reviewer’s research collaborations (DIC).
Thus, in total, 14 papers were ultimately included in this review (Figure 3-1).
(Amarasinghe et al., 2010) (Budhathoki1 et al., 2021) (Chen et al., 2018)
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(Cheung et al., 2021) (Koyanagi et al., 2017) (Krishna Rao et al., 2016) (Lau et
al., 2018) (Lee et al., 2020) (Liu et al., 2017) (McCarthy et al., 2020) (Sharma
and Om, 2015) (Sun et al., 2019) (Tikka et al., 2020) (Tota et al., 2019c) Within
these studies, three of the 14 models featured “sub-models”, using broadly
similar methods but stratifying models by subsite or sex. (Budhathoki1 et al.,
2021) (Chen et al., 2018) (Lee et al., 2020) These have been reported and

considered accordingly, where reported.

3.4.1 Study / Model Characteristics

A summary of the 14 studies including model characteristics and performance
information is shown in Tables 3-1 and 3-2 respectively. Of the 14 models, three
were conducted in India, one in Sri Lanka, three in China, three in the USA,
three in the UK, and one in multiple centres across Northern America / Europe.
The majority of the studies (11 out of 14) used a case-control design or built
upon previous case-controls for model development. These were mostly of a
hospital-based case-control design. One study used data collected from a
randomised control trial.(Cheung et al., 2021) The other two used a cross-
sectional and prospective cohort study method respectively. There were 11
models which utilised a form of logistic regression analysis approach to
evaluating head and neck cancer risk. Two of the three remaining models used
machine learning methods, while one used a cox-regression approach to

evaluate risk.

A variety of cancer outcomes were considered - one model considered the risk of
OPMD, and another two included the risk of developing oral cancer from OPMD.
Three further models evaluated the risk of oral cancer. Six models evaluated the
overall risk of head and neck cancer, two of these stratifying risk by sex and
various subsites including cancers of the oral cavity, hypopharynx, oropharynx
and larynx. One model considered the risk of oral and oropharyngeal cancer.

Finally, one model considered the risk of oropharyngeal cancer.

Eight of the 14 models were deemed likely to require clinician input in order to

be used, and six could possibly be used in a self-assessment role by patients.
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Study Characteristics

Components of Model

Study ID Country / Year / Study design Participants Cancer outcome / | Method + Factors Included in model Clinician
site + sub models Input
Amarasinghe et | Sri Lanka / Community-based case- 101 OPMD cases OPMD excluding Multivariate Logistic regression was used to develop the No
al 2010 control and 728 controls lichen planus model. Effect estimates of each factor on the risk of OPMD
(men and women) were derived. Gradients for each factor were given a score
November 2006 - November 2007 derived from adjusted odds ratio and ultimately used to
develop a 12-point score cut off model.
Predictors used included Age, Socioeconomic Status, Betel-
quid chewing, Alcohol drinking, smoking.
Budhathoki et North America/ Europe - 4 Case- 10,126 head and Head and neck Predictors were selected based on those that were Yes
al control studies, 1 prospective cohort | neck cancer cases | cancer (10126), oral statistically significant from univariate logistic regression
(Unpublished) - a mixture of hopsital and and 5,254 cavity cancer (2431) via backwards stepwise selection. The final models used
population-based case-controls. controls and oropharyngeal multivariate logistic regression to assess risk with separate
Recruitment dates - not specified cancer (3727) models for men and women.
(6 sub models for 3 Predictors include Smoking status, Drinking status,
sites including Education, HPV serostatus and Polygenic risk score
separate models for
men and women)
Chen et al 2018 | China - Hospital based Case-control 978 cases and Oral cancer (tongue, Unconditional logistic regression was used, independently No

2646 controls
SEPARATE models
- 1924 men and
1700 women.

Conducted from September 2010 to
March 2017

buccal, gingiva, floor
of mouth, palate, lip,
and unspecified or
overlapping) (380
tongue, 135 buccal,
128 gingival, 72 floor
of mouth, 69 palate,
34 lip, and 160

significant variables being included in the final nomogram
models. Different sets of predictors were used to create
separate nomograms for males and females.

Men; (Smoking (pack-year), Alcohol drinking, Tea
consumption, Fish, Seafood, Vegetables, Fruits, Teeth loss,
Regular dental visits, Repetitive dental ulcer)
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unspecified or
overlapping)

Women; (Passive smoking, Cooking oil fume exposure, Tea
consumption, Vegetables, Fruits, Beans, Teeth loss,
Regular dental visits, Repetitive dental ulcer, Age of first
intercourse)

Cheung et al India - Analysis of a previous Oral 95,354 control Oral cancer Model was developed using a Cox regression-based risk No
2021 Cancer Randomised Control Trial arm 96,516 prediction model for 7-year oral cancer incidence. Follow
conducted screening arm up time was used for a time scale and covariates were
(Male and female) selected prior to analysis.
Screening was conducted in 3 waves
with a 3 year interval between each Predictors included Sex, Age, Education, BMI, Tobacco
induvial screening - 1996-1998, 1999- chewing, Tobacco smoking, Chewing-smoking interaction,
2001, and 2002-2004 and Alcohol use.
Koyanagi et al Japan - Hospital-based case control 365 HNC cases 3 separate models - Three models were constructed for each subsite: a genetic, | Yes
2017 and 1260 controls | Head and neck an environmental and an inclusive model. The latter,
2001 - December 2005 (Male and female) | cancer (model of categories of alcohol and ALDH2 were coded as dummy
interest), Upper variables. Interaction terms were used to assess the
365 HNC cases and 1260 controls aerodigestive tract combined impact of alcohol and ALDH2 interaction. The
(Male and female) cancer, Oesophageal | models were derived using conditional logistic regression
cancer models.
Predictors included Age, sex, ALDH2 genotype, cumulative
smoking and alcohol consumption.
Krishna Rao et India - Hospital based, unmatched 180 cases and 272 | Oral cavity and Multivariable logistic regression was used to identify No

al 2016

Case-control

Conducted between July 2011 and
August 2012.

180 cases and 272 controls (men and
women)

controls (men and
women)

oropharynx cancer

significant predictors. Those predictors were included in
the final model. This and ROCs were used to develop the
risk score and cut offs required for further referral.

Predictors included - Smoking, chewing tobacco, chewing
quid with tobacco, alcohol, spiciness of food, fruit
consumption, family history of UADT cancer, rinsing mouth
with water after eating/chewing.




control studies from INHANCE
consortium.

Conducted between 1981 and 2010

and 10,301
controls (Male
and Female)

cavity, oropharynx,
hypopharynx, or
larynx. (By subsite)
2,388 oral cavity,
2,820 oropharynx,
459 hypopharynx, and
1,632 larynx

(Separate models for
men and women
considering 4
different subsites - 8
sub models)

dataset. Hazard and incidence rates from the Surveillance,
Epidemiology, and End Results (SEER) Program were
applied to the model. Competing risk models were used to
ascertain risk by individual subsite but also an overall
measure of absolute HNC risk.

Models considers Age, sex, race/ethnicity, education,
cigarette smoking duration and intensity, and/or alcohol
drinking intensity; the second set of models additionally
included family history of HNC, except for oropharyngeal
cancer in both sexes and laryngeal cancer in men.
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Study ID Country / Year / Study design Participants Cancer outcome / | Method + Factors Included in model Clinician
site + sub models Input
Lau et al 2018 UK - 2 hospital-based case-control 73 cases and 932 Head and Neck Regularised logistic regression was performed on 60% of the | Yes
studies controls (men and | Cancer data to identify key predictors. Using information form
women) this, the model was refined and underwent split sample
(01/07/2009-01/07/2010 (622 (20%) and cross validation (20%).
patients)) (1/4/2013-31/8/2013 (453
patients)) Predictors include Age, Sex, Smoking, Alcohol and
Symptoms.
73 cases and 932 controls (men and
women)
Lee et al 2020 USA - Pooled analysis of 14 US-case 7,299 HNC cases Cancer of the oral Logistic Regression Models developed using 70% of the No
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Liu et al 2017 China - Hopsital-based Cohort study 28 OLK, 41 OSCC Risk of developing Peaks RF method was used for model development. Split Yes
and 18 controls Oral cancer from Oral | sample testing was used to evaluate the model in addition
March 2008 to July 2016. (men and women) | Leukoplakia to 10-fold cross validation. Subsequently the training set
was used to train the model which was used to test the
validation set.
Predictors included Age, Sex, Site, Smoking and Drinking.
McCarthy et al UK - Nested case-control conducted 702 HNC cases Head and Neck The model was developed using multivariable logistic No
2020 in the UK Biobank and 423,050 cancer excluding regression, final predictors being selected upon clinical
controls (men and | laryngeal cancer - no | significance in literature and consultation with a patient
2006 - 2016 women) reporting of numbers | and public involvement group
by subsite
- Predictors included Age, Sex, Smoking status, Townsend
deprivation index, Body Mass Index, Alcohol consumption,
Moderate Exercise and Fruit and vegetable intake.
Sharma et al India - "retrospective chart review" - 1025 patients - Diagnosis of Oral Dataset underwent filter reduction to select attributes for Yes
2015 case control June 2004 to June 2009 not specified if cavity cancer - (no a PNN/GRNN model - Probabilistic and General Regression

men and women

reporting of numbers
of cases by subsite)

Neural Network. A leave one out method was then
subsequently used for internal cross-validation.

Attributes included sex, socioeconomic status, clinical
symptom, history of addiction, comorbid condition, gross
examination, site,

predisposing factor, neck nodes, and tumour size.
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9327 controls
(unweighted)
12,656 vs
154,532,508
(weighted) - men
and women

propensity weighted according to incidence rates in the
population identified by National Cancer Institute’s
Surveillance, Epidemiology, and End Results (SEER)
program. Using this, a one-year absolute risk was
calculated.

The model predictors include Age, sex, race, smoking,
alcohol use, lifetime sexual partners, and oral oncogenic
human papillomavirus (HPV) status.

Study ID Country / Year / Study design Participants Cancer outcome / | Method + Factors Included in model Clinician
site + sub models Input
Sun et al 2019 China - Cross sectional study 269 patients: Risk of developing Risk factors included in the final model were developed Yes
Conducted from August 2016 to May OPMD (n=192) and | Oral cancer from from univariate logistic regression. Multivariate logistic
2018 0SCC (n=77), OPMD (leukoplakia or | regression was then used to evaluate the risk factors in a
(men and women) | oral lichen planus) model, the beta-coefficient being used to assign a risk
score to each factor. Cut-offs were determined using the
ROC curve considering sensitivity and specificity.
Risk factors included Gender, Age, Lesion site, Local
stimulus, and Alcohol drinking
Tikka et al 2020 | UK - Prospective data collection, 307 HNC cases Head and Neck The final multivariate logistic regression was developed Yes
(v.2) building upon previous version of and 3224 controls | cancer - “all primary | using univariate logistic regression and backwards
model developed using case-control. (men and women) | cancers to the HaN elimination of non-statistically significant variables. The
regions (n = 247), final model was then used for bootstrap validation on the
January 2017 until December 2018 metastatic cancers to | final model.
the HaN from other
regions, including Variables included Age, Gender, Unintentional weight loss,
lymphoma (n = 48) Smoking, Alcohol, Positive and negative symptoms / Signs
and cancers in of HNC.
neighbouring regions
that manifested with
HaN symptoms (n =
12)”
Tota et al 2019 | USA - Synthetic Case-control study 241 Cases Oropharyngeal The model was developed using multivariable Weighted Yes
(unweighted) and | Cancer binary logistic regression. Cases and controls were

Table 3-1: Model characteristics
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Development Model Performance Validation
Study ID AUC (95% Cl) and Sensitivity / Calibration - Cut-offs Method of Validation Performance
Specificity (where reported) E/O (95%Cl)
PPV, NPV (%)
Amarasinghe | OPMD excl. lichen planus: Not reported AUC of 0.87 External AUC of 0.87 (95% CI: 0.83 -0.91), SENS
et al 2010 0.84 (0.81, 0.87) (95% Cl: 0.83 - 95.5%, SPEC of 75.9%,
SENS / SPEC: 93.7% / 67.7%, Exc. Lichen 0.91), SENS (Different setting) Phase 2: Suburban
Planus 27.5%, 95.5%, SPEC of population of the Colombo district and
All OPMDs: 98.8% 75.9%, in a rural population in selected PHM
0.78 (0.75, 0.81) areas of the Bulathkohupitiya MOH area
SENS / SPEC 81.1% / 67.7% (All) PPV 50.9%, in the Kegalle district of Sri Lanka.
NPV 89.6%
Budhathoki Not reported for development - see Plots are Not reported Internal
et al (internal) validation provided but The model was internally validated HNC [0.72, 95%CI=0.69-0.75 in men and
(Unpublished) not quantified - using a split sample approach; data was | 0.75, 95%Cl=0.71-0.79 in women]

SENS / SPEC - Not reported

good calibration

Not reported

randomly split into a training (70%) and
testing set (30%) Total N = 4,601 (3,030
HNC cases/1,571 controls)

[OCC - (AUC=0.73, 95%Cl=0.69-0.77 in
men and AUC=0.79, 95%CI=0.74-0.83 in
women).]

[Model + HPV serology for OPC-
(AUC=0.94, 95%ClI=0.91-0.95 in men and
AUC=0.89, 95%CI=0.82-0.92 in women)]




SENS / SPEC - Not reported

Not reported

validation was carried out with a
second case control study (HERPACC-3)
conducted between November 2005 and
March 2013

309 head and neck cancer cases and
654 matched controls were recruited.
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Chen et al 0.768 (0.723, 0.813) for men, Plots are Not reported Internal N.A. - see Development
2018 provided but
0.700 (0.635, 0.765) for women not quantified Model was internally validated with
in 1000 repeat samples
SENS / SPEC - Not reported supplementary
table. Male
model had
better
calibration
(closer to 1).
Cheung et al Not reported for development - see Not reported Not reported Internal AUC = 0.84; (95% Cl, 0.77 - 0.90)
2021 (internal) validation for Calibration = 1.08; (95% CI, 0.81 - 1.44)
development - Internally validated using 5-fold cross
SENS / SPEC - Not reported see (internal) validation of the development
validation population evaluated for discrimination
and calibration and accounting for right
Not reported censoring.
Koyanagi et (Most extensive model) 1.00 Not reported External AUC = 0.73 (0.70-0.77)
al 2017 0.72 (0.69, 0.75)

Calibration= 0.97




SENS / SPEC - Not reported

Not reported

Model underwent cross-validation and
temporal validation using a further 235
patients from same hospital
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Study ID AUC (95% Cl) and Sensitivity / Calibration - Cut-offs Method of Validation Performance
Specificity (where reported) E/O (95%Cl)
PPV, NPV (%)
Krishna Rao 0.866 Not reported Development Internal AUC = 0.865,
et al 2016
SENS / SPEC: 0.746 (0.682, 0.810), PPV 0.767 SENS - 0.928 Internally validated from original SENS 0.744 (0.740-0.750), SPEC 0.851
0.846 (0.802, 0.890) (0.704-0.831), (0.890-0.966 dataset with 200 bootstrap samples. (0.848-0.854)
NPV 0.830 SPEC -0.603
(0.785-0.875) (0.545-0.661) PPV 0.773 (0.768-0.777), NPV 0.830
PPV - 0.607 (0.827-0.833)
(0.550-0.665)
NPV - 0.927
(0.888-0.965)
Lau et al 0.79 Not reported Internal
2018 Not reported SENS / SPEC - 31%, 92%
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Lee et al
2020

Not reported for development - (See
Validation)

SENS / SPEC - Not reported

Provides plots
for each subsite
(male and
female) but not
quantified -
mostly good
calibration bar
male and
female
hypopharyngeal
cancer

Not reported

Not reported

Internal
Internally validated using random split
sample (30%)

AUC lowest to highest = 0.643 - 0.820,
A) Male oral cavity cancer (AUC =
0.752);

B) female oral cavity cancer (AUC =
0.718);

C) male oropharyngeal cancer (AUC =
0.643);

D) female oropharyngeal cancer (AUC =
0.745);

E) male hypopharyngeal cancer (AUC =
0.784);

F) female hypopharyngeal cancer (AUC
=0.820);

G) male laryngeal cancer (AUC =
0.794);

H) female laryngeal cancer (AUC =
0.870).

Liu et al 2017

1

SENS / SPEC: 100.00%, 99.02%

Not reported

PPV 98.94%,
NPV 100.00%

A cut-off of 0.5
was used (50%
risk)

Unclear - poor reporting

102 controls, 82 OLK, 93 OSCC

AUC =1,
SENS 100.00% , SPEC 100.00%
PPV 100.00%, NPV 100.00%

McCarthy et
al 2020

0.69 (0.66, 0.71)

SENS / SPEC - Not reported

Plots but not
quantified for
development
population - Cls
are also
included - good
calibration

Not reported

Not reported

Internal

Model was internally validated (split
sample) with 60,240 individuals Cohort
from North West England UK Biobank

Discrimination = 0.64 (0.60-0.68),
Calibration = 0.83
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Study ID AUC (95% CI) and Sensitivity / Calibration - Cut-offs Method of Validation Performance
Specificity (where reported) E/O (95%Cl)
PPV, NPV (%)
Sharma et al | 0.9974 Not reported Not reported Internal (Unclear if this for same PNN/GRNN
2015 model)
SENS / SPEC: 98.01%, 98.68% PPV 99.35%, Internally cross validated with data
NPV 98.01% from original sample AUC = 0.821
SENS 87.67%, SPEC 69.46%
PPV 62.86%, NPV 88.17%
Sun et al 0.83 (0.77, 0.88) Not reported Cut-off score of | N.A N.A.
2019 3
SENS / SPEC: 67.53%, 81.25% PPV 59.09%, Development only
NPV 86.19%, SENS, 67.53%,
SPEC 81.25%
PPV 59.09%,
NPV 86.19%,
Tikka et al 0.8856 (0.8818, 0.8879) Not reported USOC referral = | Internal See development metrics
2020 (v.2) 0.071
USOC- SENS / SPEC: 85%, 78.3% PPV 20.7%, NPV | probability only internal validation in v.2 with 1000
2ndary 4 week referral - SENS 97.1%, 98.6%. 4-week 2nd bootstrap samples
SPEC 52.9% clinic
classification = BUT Previous version of risk model did
0.022 externally validate.
probability
Tota et al 0.94; (0.92, 0.97) 1.01 (0.70, Not reported External AUC = 0.87;( 95% Cl, 0.84-0.90)
2019 1.32)

SENS / SPEC: Not reported

Not reported

External validation was conducted on a
historical series of 116 oropharynx
cancer cases recruited at the Johns
Hopkins University,

Calibration - 1.08 (0.77-1.39)

Table 3-2: Model Performance Information
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3.4.2 Discrimination

Discrimination, the ability of a model to discern between a positive and a
negative result for disease, is a crucial performance metric of a risk model. All
14 models provided measurements of discriminatory accuracy in either their
development, validation populations, or both. Ten of these models described the
statistical uncertainty of their findings. Many models (n=9) reported AUC values
(and intervals where reported) greater than 0.7, achieving “acceptable” or
“excellent” discrimination. One model with the highest AUC value reportedly
achieved a “perfect” model discrimination of 1.0, however, this model was
constructed from a very small sample size, in addition to other key limitations
and bias concerns such as a failure to report statistical uncertainty and any

missing data. (Liu et al., 2017)

3.4.3 Accuracy

Measurements of accuracy in the form of sensitivity and specificity were
described in seven of the 14 studies. These ranged from 67.53% to 100% (Sun et
al., 2019) (Liu et al., 2017), and 67.7% to 100% for each measure respectively.
(Amarasinghe et al., 2010) (Liu et al., 2017) The model that reported the highest
sensitivity and specificity achieved 100% in both of these metrics in their

validation population.(Liu et al., 2017)

3.4.4 Calibration

Calibration, the degree of correspondence between the estimated probability of
an outcome predicted by a model vs the outcome observed is an important
measurement to consider when evaluating model performance, in order to
minimise overfitting. Despite this, calibration is often overlooked in favour of
model discrimination (AUC also known as the C-statistic).(Van Calster et al.,
2019) Measurements of model calibration, either in the form of an expected /
observed ratio or calibration plot were described in seven out of the 14 models,

however, statistical uncertainty was reported in only three of these.
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Calibration was evaluated in light of hierarchy definitions described by Van
Calster and colleagues. (Van Calster et al., 2016) Calibration was good in most, if
not all, of the models where this metric was reported, with the exception of
male and female hypopharyngeal cancer models in one study where calibration
was sub-optimal in these particular calibration plots. (Lee et al., 2020) Most of
the models that did report calibration presented graphs or statistics that were
close to the ideal calibration slope (expected / observed) value of 1, with some
models slightly above this value indicating some over-prediction. (Richard D
Riley, 2019)

3.4.5 Positive Predictive Value (PPV) / Negative Predictive Value
(NPV)

PPV and NPV are defined as the proportion of patients who actually have the
disease that test positive and the proportion of patients without the disease that
test negative respectively. Six models reported measurements of PPV and
NPV.(Parikh et al., 2008) As such only one model reported the statistical
uncertainty of this.(Krishna Rao et al., 2016) The PPV and NPV values reported
ranged from 20.7% to 100% and 83% to 100%. Again, Liu and colleagues(Liu et al.,
2017) achieved the highest PPV and NPV values of 100%.

3.4.6 Model Risk Cut-offs

Of the 14 models, only five reported model risk cut-offs during development.
Two models used a risk probability as a cut-off.(Liu et al., 2017, Tikka et al.,
2020) Three models reported cut-offs using performance metrics including AUC,
sensitivity and specificity and PPV/NPV. (Amarasinghe et al., 2010) (Krishna Rao
et al., 2016) (Sun et al., 2019)

3.4.7 Validation

Only three of the 14 models reported external validation - Amarasinghe et

al(Amarasinghe et al., 2010), Koyanagi et al(Koyanagi et al., 2017) and Tota et
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al. (Tota et al., 2019¢) Three others reported robust methods of internal
validation via split random sampling. (Budhathoki1 et al., 2021) (Lee et al., 2020)
(McCarthy et al., 2020)

3.4.8 Risk Factors

Altogether, the 14 models considered over thirty various risk factors. The most
common factors included were age (13 models), alcohol consumption (13
models), sex (12 models) and tobacco smoking (12 models). Notably, two models
considered HPV serostatus in model development - Budhathoki et al(Budhathoki1
et al., 2021) and Tota et al.(Tota et al., 2019c) The number of risk factors
included in models ranged between five(Liu et al., 2017) (Sun et al., 2019) and
13.(Chen et al., 2018)

3.5 PROBAST

The evaluation of each domain of the PROBAST risk of bias assessment tool is

summarised in Table 3-3.

Of the 14 models, seven were deemed to have a “high” risk of bias in at least
one domain. The “analysis” section was the most common domain where a high
risk of bias was identified. Common reasons for these included low numbers of
the outcome of interest, a lack of external validation and limited or no internal
validation, failure to report statistical uncertainty of findings and no discussion
of missing data (and procedures in the event of this). Five of the 14 models were
reported to have an “unclear” applicability concern whereby aspects of the
model may limit its applicability but as such these were not major limitations.
The “participants” section was the most common domain where applicability
concerns were classified as “unclear”. Reasons for these included limited
generalisability owing to the outcome considered, limiting the analysis to those
of one ethnicity, use of non-primary Head and Neck Cancer (HNC) cancer sites

and low-quality reporting of methods.
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Where models had a limitation but were otherwise fairly robust and well-
developed the risk of bias was deemed as “low”. Overall, seven of the 14
models were deemed to have an overall low risk of bias(Amarasinghe et al.,
2010) (Budhathoki1 et al., 2021) (Koyanagi et al., 2017) (Lee et al., 2020)
(McCarthy et al., 2020) (Tikka et al., 2020) (Tota et al., 2019c).



Amarasinghe et al
2010 (28)

Budhathoki et al
(Unpublished) (29)

Chen et al 2017 (30)

Cheung et al 2021
(31)

Koyanagi et al 2017
(32)

Krishna Rao et al
2016 (33)

Lau et al 2018 (34)

Lee et al 2020 (35)

Liu et al 2017 (36)

McCarthy et al (37)

Sharma et al 2015
(38)

Sun et al 2019 (39)

Tikka et al 2020 (v.2)
(40)

Tota et al 2019 (41)

Table 3-3: PROBAST Performance by Model

Participants Predictors Outcome Analysis Overall
Study ID Risk of | Applicability | Risk of | Applicability | Risk of | Applicability | Risk of Bias Risk of | Applicability
Bias Concern Bias Concern Bias Concern Bias Concern

70
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3.6 Overall Quality Assessment

The overall quality assessment of the 14 models and the components considered

in this quality assessment along with model predictive performance assessment

can be seen in Table 3-4.

uality Performance

Study ID PROBAST PROBAST Validation - Overall AUROC
bias applicability external, Quality
internal, no Assessment
Amarasinghe LOW UNCLEAR External HIGH 0.87 (95% Cl: 0.83 -
et al 2010 0.91)
(28)
Budhathoki et | LOW UNCLEAR Internal - large | MODERATE HNC [0.72, 95%CI=0.69-
al data 70/30 0.75 in men and 0.75,
(Unpublished) split 95%Cl1=0.71-0.79 in
(29) women]
Chen et al LOW MODERATE 0.768 (0.723, 0.813) for
2018 (30) men, 0.700 (0.635,
0.765) for women
Cheung et al LOW MODERATE 0.84; (95% Cl, 0.77 to
2021 (31) 0.90)
Koyanagi et al | LOW LOW External HIGH 0.73 (0.70-0.77)
2017 (32)
Krishna Rao et LOW 0.865,
al 2016 (33)
Lau et al 2018 LOW 0.79
(34)
Lee et al 2020 | LOW LOW Internal - large | HIGH Poorest model to best =
(35) data 70/30 0.643 - 0.820,
split
Liu et al 2017 UNCLEAR 1
(36)
McCarthy et al | LOW LOW Internal - large | HIGH
2020 (37) data split
Sharma et al UNCLEAR 0.9974
2015 (38)
Sun et al 2019 UNCLEAR 0.83 (0.77, 0.88)
(39)
Tikka et al LOW LOW Internal - HIGH 0.8856 (0.8818-0.8879)
2020 (v.2) bootstrap, BUT
(40) previous
version did

Tota et al LOW LOW External HIGH 0.87 (0.84-0.90)
2019 (41)

Table 3-4: Overall Quality / Performance Assessment




Of the 14 models, six were assessed as “high” quality (Amarasinghe et al., 2010)
(Koyanagi et al., 2017) (Lee et al., 2020) (McCarthy et al., 2020) (Tikka et al.,
2020) (Tota et al., 2019¢), three as “moderate” quality, and five as “low”
quality. The main components, which impacted on quality were PROBAST risk of

bias, applicability concern, and validation methods.

In terms of performance, eight of the 14 models were high performing, with
AUCs greater than 0.8, ranging from 0.83 to 1.(Amarasinghe et al., 2010)
(Cheung et al., 2021) (Krishna Rao et al., 2016) (Liu et al., 2017) (Sharma and
Om, 2015) (Sun et al., 2019) (Tikka et al., 2020) (Tota et al., 2019c) Of the six
high quality models, three had high predictive performance with good
discriminative accuracy - Amarasinghe et al(Amarasinghe et al., 2010), Tikka et
al(Tikka et al., 2020) and Tota et al. (Tota et al., 2019¢c)

3.7 Synthesis

All six of the high-quality models were more recently developed (since 2010).
Despite the heterogenicity of the models, generally, those that were assessed as
high quality shared common design aspects. All of the models were developed
from case-control study data with some variation in design such as hospital-,
community-, synthetic-controls, or a mixture of population and hospital
controls. All six high quality studies also used a form of logistic regression to
derive their risk models. These included binary, multivariate or conditional
logistic regression. Three of the models required clinician input to use: two of
these due to HPV or genotype information (Koyanagi et al., 2017) (Tota et al.,
2019c), and one due to use of clinical examination information. (Tikka et al.,
2020)

With regards to factors included in the high-quality models, all six had some
sociodemographic factors - age was evaluated in all six of them and sex in five -
one model did not analyse or adjust for sex which in turn resulted in reduced
applicability. Four of the models adjusted for at least one additional

sociodemographic factor (education, ethnicity, or socioeconomic
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deprivation).(Amarasinghe et al., 2010) (Lee et al., 2020) (McCarthy et al., 2020)
(Tota et al., 2019c) Two high-quality models evaluated socioeconomic
deprivation, one synthesising educational and occupational status to define this,
the other measured deprivation using an area based socioeconomic

index. (Amarasinghe et al., 2010) (McCarthy et al., 2020) Similarly, all six also
incorporated behavioural factors into their model - using both alcohol intake and

smoking.

Notably, one model used betel quid chewing as an additional behavioural
predictor, an important aetiological risk factor for the target population for this
model. (Amarasinghe et al., 2010) One model also used exercise and fruit /
vegetable intake as additional factors. (McCarthy et al., 2020) Two of the three
models that used biomarker (genetic or HPV) data in their models were
ultimately among the six assessed as high quality. One high quality model used
HPV serostatus as a predictor.(Tota et al., 2019¢) Another used DNA sampling to
assess ALDH2 genotype.(Koyanagi et al., 2017) Only one of the high-quality
models reported family history as a predictor.(Lee et al., 2020) Finally, one of
the six high quality models used clinical sighs and symptoms as predictors to
inform model design.(Tikka et al., 2020)

The critical design feature common to all of the high-quality models was robust
validation methods. These included the use of external validation in another
setting(Amarasinghe et al., 2010) (Koyanagi et al., 2017) (Tota et al., 2019¢), a
history of this (in a previous developmental version of the model)(Tikka et al.,
2020), or the utilisation of well-conducted internal validation with a large split
sample.(Lee et al., 2020) (McCarthy et al., 2020) All the high-quality models that
did not use an external validation approach described this as a limitation and a

next step in their model development.

In addition to the high quality models having a low risk of bias, five of the six
also had a low applicability concern(Koyanagi et al., 2017) (Lee et al., 2020)
(McCarthy et al., 2020) (Tikka et al., 2020) (Tota et al., 2019c), while the
remaining model scored “unclear” for applicability concern

assessment. (Amarasinghe et al., 2010) This was primarily due to the model
evaluating the risk of OPMD only and not accounting for sex as a predictor during

model development.
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The high-quality models mostly had fair to good performance. One model had a
sup-optimal AUC of 0.64(McCarthy et al., 2020), two high quality models
reported a fair AUC over 0.7(Koyanagi et al., 2017) (Lee et al., 2020) and three
of the high quality models achieved excellent AUC values over 0.8.(Amarasinghe
et al., 2010) (Tikka et al., 2020) (Tota et al., 2019¢)

The better the discriminative performance, the more accurately those at risk of
disease can be identified. Two of the six high quality models did not report
calibration metrics. (Amarasinghe et al., 2010) (Tikka et al., 2020) This was the
main limitation of these models. Four models reported calibration, either
numerically or via plots, illustrating that the models could accurately predict
outcomes in line with the observed event of interest (head and neck cancer),
with most of the calibration graphs or reported expected / observed values
being close to the perfect prediction value of 1. Therefore, for the most part,
head and neck cancer models, where reported, showed good calibration

between the expected and observed risk of head and neck cancer.

Of the six high quality models, three were also high performing, achieving
excellent discrimination with AUCs over 0.8.(Amarasinghe et al., 2010) (Tikka et
al., 2020) (Tota et al., 2019c) The three models predicted the risk of OPMD,
head and neck cancer, and oropharyngeal cancer respectively. Two of the
models were externally validated in another cohort(Amarasinghe et al., 2010)
(Tota et al., 2019c), whilst the other model had a history of external validation
in its first version.(Tikka et al., 2020) This model has also seen some clinical use,
being used to triage patients remotely during the COVID-19 pandemic.(Paleri et
al., 2020) The three high-quality, high performing models all used similar
sociodemographic and behavioural factors but where the three high performing
models differed and ultimately excelled was in the choice of additional
predictors used. These included the aforementioned use of betel quid in one
model(Amarasinghe et al., 2010), clinical examination and symptoms in another
model(Tikka et al., 2020), and the use of HPV serostatus and ethnicity in the
third high quality model.(Tota et al., 2019¢)

Those that were classified as moderate overall quality had at least one major
methodological limitation, but generally had fair predictive performance.

Studies that were classified as low quality had at least two significant
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limitations; some of these reported very good model discrimination, although

this needs to be interpreted with caution.

3.8 Discussion

A range of risk prediction models for head and neck cancer were identified.
These models were heterogeneous in their risk factors and outcomes, were
developed with variable methodological approaches and rigour, and several
models demonstrated the potential to predict and identify those at a higher risk

of head and neck cancer.

The six high performing models incorporate the major head and neck cancer risk
factors of tobacco smoking and alcohol consumption, in addition to the
sociodemographic factors of age and sex. Additional factors are included
contributing to improved performance. Four included socioeconomic factors,
one: family history, one: betel quid chewing, one: HPV serology, one included a
genetic marker, and one included clinical examination findings. These selected
factors are consistent with the international analytical epidemiological literature
which has identified tobacco smoking and alcohol drinking as the major risk
factors (accounting for up to ~70% of the population attributable risk) (Dhull et
al., 2018) (Cogliano et al., 2011) (Hashibe et al., 2009), the important role of
demographics of age in cancer risk(Johnson et al., 2020b), and sex - particularly
men being more predisposed to head and neck cancer. (Centers for Disease

Control and Prevention, 2020a)

Moreover, the important role of HPV particularly in oropharyngeal
cancer(Sabatini and Chiocca, 2020b) and betel quid chewing in oral cavity
cancer in particular populations(Guha et al., 2014), and the increasingly refined
role of genetic factors in head and neck cancer are reflected in the models.
(Riaz et al., 2014) (Beck and Golemis, 2016)

Three of these high performing predictive models were of high quality and
consistent methodological rigour - all included major behavioural and
sociodemographic factors along with an additional factor. They were generally

more specified models that were tailored to their target population or subsite



3 76

e.g to South Asia (the inclusion of betel quid)(Amarasinghe et al., 2010) or to

oropharyngeal cancer (the inclusion of HPV serology).(Tota et al., 2019¢)

Perhaps counterintuitively, some of the models that included many additional
risk factors generally had lower predictive performance. This could be explained
by a statistical phenomenon known as model overfitting, whereby a model
becomes too tailored to a developmental dataset with unnecessary components.
This violates the principle of parsimony, in turn limiting a model’s
generalisability when applied to another independent dataset. (Hawkins, 2004)
The higher performing models and particularly the high performing, high-quality
models generally required clinician input, reflecting the nature of the variables

required.

It could be hypothesised that HPV serostatus and genetic markers could help
better inform individual risk, in line with the growing popularity of “personalised
medicine” in other diseases. However, this may in turn limit the practicality of a
model - for example, primary care medical or dental practices where time and

resources may already be limited.

Several similar reviews of risk prediction models have been undertaken for other
cancer sites including colorectal (Usher-Smith et al., 2016) (Williams et al.,
2016), breast (Anothaisintawee et al., 2012) (Louro et al., 2019), and lung. (Gray
et al., 2016) The reviews of colorectal and lung cancer models both identified
models with high performance (0.65-0.75, 0.76-0.96, and 0.57-0.879), while the
breast cancer models generally reported poorer performance (0.56-0.63 and
0.56-0.71).

The poor performance of these breast cancer models was attributed in the
reviews to limited knowledge and data on risk factors for breast cancer leading
to sub-optimal prediction. The performance range of the head and neck cancer
models was similar to the colorectal and lung cancer reviews and might in part
be attributed to the growing epidemiological research base in the field. (Bravi et
al., 2021) (Winn et al., 2015b)

The methodology of this review is similar to reviews of risk models for other
cancers.(Usher-Smith et al., 2016) (Williams et al., 2016) (Anothaisintawee et
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al., 2012) (Louro et al., 2019) (Gray et al., 2016) This review employed robust
quality and methodological assessment including the PROBAST risk of bias and
applicability concerns tool, and a focus on the nature of model development and
validation approach. While validation is a domain of the PROBAST tool, this was
explicitly assessed separately as external validation is gold standard
methodology of risk prediction model development.(Ramspek et al., 2020)
(Altman and Royston, 2000)

To our knowledge, this is the first review of head and neck cancer risk prediction
models. This review has some strengths including searching multiple databases,
dual article screening, as well as the comprehensive quality assessment. A
detailed thematic narrative synthesis drew on the model quality and

performance to identify key design characteristics.

There are some limitations to this review, including not publishing a protocol.
The study started as a rapid review - but ultimately became more systematic in
nature - particularly in term of quality assessment methods. However, it was not
feasible to register the review retrospectively, hence the review was not
registered with PROSPERO. The PICO / research question and search / inclusion

criteria were developed a priori and did not change during the review.

The review was also conducted following PRIMSA guidelines and was advised by a
subject librarian in the field. Secondly, the inclusion of papers published only in
English may have excluded other pre-existing models. As with most reviews, the
nature and limitations of available data can influence the overall quality of
evidence synthesised - the source data of this review are largely from case-
control studies which do have some potential recall and selection biases. (Tenny
et al., 2022)

This review has also been conducted within the overarching objectives of
developing a risk model for head and neck cancer and translating it to a clinical
setting. Any findings of this review are intended to help inform model

development.
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3.9 Conclusions

This review illustrates that there is a limited but growing number of head and
neck cancer risk prediction models. Some of the models reviewed do have the
potential to identify and stratify those at risk of head and neck cancer. Model
predictor selection should include, as a minimum, well established risk factors as
well as sociodemographic predictors. Additional genetic, biomarker, or clinical
factors have the potential to improve predictive performance. However, care
should be taken to ensure a limited number of predicting factors are chosen to

avoid model overfitting.

Such early identification of risk factors in the context of a HNC risk level could
have important applications including using this “teachable moment” for
behaviour change, directing patients to preventive care pathways (e.g. for
smoking cessation), or in identifying the need for tailored frequencies in recall
intervals for clinical examination (e.g. with primary care dental practitioners).
These models could form the basis of a personalised approach to head and neck
cancer prevention. Further work can be undertaken to refine, improve and

validate these models and potentially trial in the clinical setting.
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4.1 Abstract

Background:

Increasing incidence of head and neck cancers (HNCs), driven by rising rates of
oropharynx cancer (OPC), has been recorded around the world. This study
examined trends in HNC and subsites (oral cavity, oropharynx, and larynx
cancers) in Scotland focusing on assessing whether the sociodemographic profile
has changed over the past 20 years.

Methods:

Scottish Cancer Registry data (2001-2020) including European Age Standardised
Rates of HNC and subsites were analysed in multivariate Poisson regression by
age, sex, area-based socioeconomic status, and year of diagnosis (with
interaction tests).

Results:

Overall HNC and oral cavity cancer (OCC) incidence remained relatively stable.
OPC incidence rates increased by 78%, while larynx cancer incidence declined by
27%. Over time, there were marginal shifts to a slightly older age profile for HNC
(p=0.001) and OCC (p=0.001), but no changes in OPC (p=0.86) and larynx cancer
(p=0.29). No shift in the sex profile of HNC was observed except for minor
increases in female OCC rates (p=0.001), and the socioeconomic distribution
remained unchanged across all HNC subsites.

Conclusions:

There have been no significant changes in the sociodemographic profile of HNC
in Scotland over the last 20 years, despite the changing trends in HNCs with
dramatically increasing incidence rates in OPC and reducing larynx cancer. This
information can be used to target or stratify HNC prevention and control.

4.2 Introduction

Squamous cell carcinomas of oral cavity, larynx and pharynx are commonly
known as head and neck cancers (HNC). As the seventh most common cancer
globally, it is a growing and increasing public health challenge with over 800,000
incident cases and 400,000 deaths in 2020. (Johnson et al., 2020a, Sung et al.,
2021, Global Cancer Observatory, 2020)

In the UK patterns are in keeping with this; since the early 1990s HNC incidence
has risen by 37%, with approximately 12,400 cases and 4,100 deaths annually.
(Gormley et al., 2022a) (Cancer Research UK) Incidence rates of HNC vary by
geographical region and HNC subsite; large increases have been observed in
oropharyngeal cancer rates in the UK as a whole (ranging from 45% to an 85%

increase in Scotland). This has been accompanied by reports of modest increases
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in oral cavity cancer rates and declines in larynx cancer rates. (Purkayastha et
al., 2016) (Louie et al., 2015) (McCarthy et al., 2015) Wide socioeconomic
inequalities in HNC incidence are observed, with the highest rates consistently
found among those most socioeconomically deprived groups. (Purkayastha et al.,
2016) HNC is more common among older people and men are typically at a two-
four-fold increased risk of head and neck cancer compared with women.
(Johnson et al., 2020a) (Park et al., 2022)

In recent years, the increase in oropharyngeal cancer rates has become a global
phenomenon, and largely attributed to Human Papilloma Virus (HPV),
particularly in the United States and Europe. (Gormley et al., 2022a)
(Purkayastha et al., 2016) (Robinson and Macfarlane, 2003) (Louie et al., 2015)
Within these trends, there are emerging reports of changes in the
sociodemographic profile of people with head and neck cancer, especially
oropharyngeal cancer. Some of these studies suggest the demographics of
patients with OPC are younger, female, with higher socioeconomic status (SES)
and presenting without a history of smoking or alcohol consumption, the
traditional risk factors for HNC. (Dona et al., 2020) (Mariz et al., 2020) (Deschler
et al., 2014b) (van Monsjou et al., 2013) (Dahlstrom et al., 2015a) (Tota et al.,
2019a) (Gillison et al., 2008) (Mahal et al., 2019) (Liederbach et al., 2017)
Here, we aimed to investigate the trends in incidence and sociodemographic
profile (age, sex, and area-based socioeconomic deprivation) of cancers of the

oral cavity, oropharynx, and larynx over time at a population-level.

4.3 Methods

Scottish Cancer Registry data for the years 2000-2021 were accessed including:
Incident cases of HNC and its subsites - defined using international classification
of disease (tenth edition ICD-10) codes and grouped as: oral cavity (inner lip -
C00.3 - C00.9, dorsal, overlapping or NOS tongue - C02, gingivae - C03, floor of
mouth - C04, soft palate, uvula, palate or NOS - C05 and cheek, other and NOS
mouth - C06); oropharynx (base of tongue- C01, lingual tonsil - C02.4, tonsil -
C09, oropharynx - C10, pharynx - C14.0,14.2); larynx (C32); and all HNC was

defined as the above sites in addition to tumours of the nasopharynx (C11),
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piriform sinus (C12), Hypopharynx (C13) and other overlapping sites (C14.8).
(Public Heath Scotland, 2022) (World Health, 2004) (Conway et al., 2018b)
Available sociodemographic factors of cases were also included: age (in five-year
bands), sex (male / female), and an area-based index of multiple deprivation -
the Scottish Index of Multiple Deprivation (SIMD). (Scottish Government, 2020)
This small area-based deprivation index is calculated from several domains
including income, employment, education, health, access to services, crime,
and housing. In the Scottish Cancer Registry, this decile-based data were divided
into fifths, where SIMD-1 was the most socioeconomically deprived and SIMD-5
was the least socioeconomically deprived. (National Records of Scotland (NRS),
2022)

European age-standardised rates were calculated for all subsites, age, sex, SIMD,
and year of diagnosis. Using Poisson regression, rate ratios were calculated to
describe and compare HNC incidence by subsite, age, sex, SIMD, and year of
diagnosis. Age-standardised incidence rates were plotted by subsite to visualise
trends in HNC incidence. In order to assess for temporal changes in incidence,
interaction tests were also conducted for the 5-year aggregated data. All

statistical analyses were conducted with SAS version 9.4.

4.4 Results

In Scotland there were 20,850 HNC cases identified by the Scottish Cancer
Registry from 2001-2020. Of these cases, 70.5% (n = 14,706) were male and
29.5% (n = 6,144) were female. The crude number of cases and age standardised
incidence rate per 100,000 for each subsite is summarised in Table 1 by age, sex,
SIMD, region and year of diagnosis. Substantial increases in age standardised
oropharynx cancer (OPC) incidence and declines in larynx cancer rates were
observed. The age standardised incidence rate of HNC was greatest among 60-
64-year-olds (3.41 cases per 100,000). OPC incidence peaked in 60-64-year-olds
(1.00 per 100,000), whilst OCC incidence (1.17 per 100,000) and larynx cancer
incidence (1.07 per 100,000) peaked among 65-69-year-olds.
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Table 2 details Poisson regression rate-ratios and interaction tests for each
subsite by age, sex, SIMD, and year of diagnosis in 5-year periods. From 2001-
2005 to 2016-2020, the overall age-standardised HNC incidence rate increased by
5%, (RR =1.05, 95% Cl = 1.01 - 1.09). (Figure 1a) Within this same period, OPC
incidence rates increased substantially by 78% (RR = 1.78, 95% Cl = 1.65 - 1.93).
Oral cavity cancer (OCC) incidence rates remained relatively stable, exhibiting a
modest but non-statistically significant decrease during the overall study period
by 23% (RR = 0.94, 95% Cl = 0.88 - 1.01), while larynx cancer incidence rates
decreased significantly by 27% (RR = 0.73, 95% Cl = 0.68 - 0.79)
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Table 4-1: Counts and Age-Standardised Incidence Rates for HNC and subsites by year,

age, sex, SIMD (with peak incidence in bold)

Year
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

Age
Under 25
25-29
30-34
35-39
40-44
45-49
50-54
55-59
60-64
65-69
70-74
75-79
80-84+

Sex
Male
Female

SIMD

SIMD:
SIMD:
SIMD:
SIMD:
SIMD:

O~ wWDNPEF

HNC OPC ocCcC Larynx

N EASR N EASR N EASR N EASR
885 20.09 160 3.54 318 7.25 318 7.27
881 19.81 162 3.58 327 7.37 291 6.59
903 20.04 167 3.64 352 7.77 294 6.63
933 20.57 192 4.20 335 7.39 310 6.90
893 19.40 191 4.03 340 7.45 283 6.24
968 20.84 207 4.34 336 7.27 321 6.98
987 20.92 214 4.44 366 7.80 300 6.39
937 19.56 216 4.42 357 7.50 281 5.92
1058 21.74 288 5.71 371 7.72 288 6.02
1044 21.23 258 5.11 379 7.76 309 6.40
1062 21.35 275 5.41 368 7.42 296 6.06
1164 22.94 341 6.61 401 7.95 283 5.64
1139 22.31 330 6.30 412 8.14 289 5.75
1111 21.48 304 5.75 423 8.22 297 5.81
1164 22.17 339 6.32 409 7.85 297 5.70
1112 21.02 318 5.92 400 7.63 285 5.39
1153 21.40 369 6.76 397 7.42 272 5.08
1217 22.39 399 7.23 407 7.55 288 5.32
1126 20.45 390 7.03 342 6.25 276 5.04
1113 20.07 401 7.17 368 6.65 228 4.14
64 0.06 6 0.01 33 0.03 3 0.00
48 0.04 7 0.01 27 0.02 6 0.01
80 0.08 18 0.02 39 0.04 11 0.01
222 0.22 66 0.06 84 0.08 41 0.04
502 0.47 166 0.16 198 0.19 93 0.09
1095 1.00 417 0.38 370 0.34 215 0.20
2049 1.93 811 0.77 604 0.57 433 0.41
2990 281 1016 0.95 926 0.87 757 0.71
3507 3.41 1030 1.00 1149 1.12 984 0.96
3333 3.36 775 0.78 1158 1.17 1064 1.07
2816 3.06 563 0.61 1019 111 919 1.00
2029 2.27 370 0.41 766 0.86 697 0.78
2115 2.28 277 0.30 1035 1.12 582 0.63

14706 32.03 4135 8.63 4377 9.63 4593 10.25
6144 11.47 1387 2.59 3031 5.64 1212 2.28

6290 36.04 1557 8.76 2005 11.34 2023 11.88
4867 25.49 1193 6.15 1682 8.65 1492 8.03
3972 19.80 1107 5.41 1457 7.15 1023 5.27
3275 16.39 992 4.78 1249 6.20 741 3.92
2446 12.92 673 3.36 1015 5.33 526 2.97

HNC = All Head and Neck Cancer, OPC = Oropharyngeal Cancer, OCC = Oral Cavity Cancer, Larynx = Larynx Cancer,

N = Number, EASR per 100,000 = European Age-Standardised Rate per 100,000 persons, SIMD = Scottish Index of
Multiple Deprivation, where SIMD-1 was the most socioeconomically deprived and SIMD-5 was the least
socioeconomically deprived
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Table 4-2: Adjusted Rate-Ratios and interaction tests for HNC and subsite incidence by Age, Sex, SIMD and Year of Diagnosis (5-year period)

Interaction
Age*Year
Sex*Year
SIMD*Year

Year

2001-2005
2006-2010
2011-2015
2016-2020

Age
Under 25
25-29
30-34
35-39
40-44
45-49
50-54
55-59
60-64
65-69
70-74
75-79
80-84+

Sex

HNC OoPC OocCC Larynx
95% 95% 95% 95%
95%CI1 95%CI Cl Cl Cl 95%ClI Cl 95%CI

RR Lower Upper p RR Lower Upper p RR Lower Upper p RR Lower Upper p

0.001 0.86 0.001 0.29

0.55 0.22 0.01 0.59

0.75 0.55 0.23 0.15
REF REF REF REF REF REF REF REF REF REF REF REF
1.04 1.00 1.08 0.05 |1.27 1.16 1.38 <.0001(1.02 0.95 1.09 0.65 |0.94 0.87 1.01 0.08
1.10 1.05 1.14 <.0001|159 147 1.73 <.0001|1.06 0.99 1.13 0.10 (0.85 0.79 0.91 <.0001
1.05 1.01 1.09 0.03 |1.78 1.65 193 <.0001(0.94 0.88 1.01 0.08 [0.73 0.68 0.79 <.0001
0.01 0.01 0.02 <.0001|0.00 0.00 0.01 <.0001|0.02 0.02 0.03 <.0001|0.00 0.00 0.01 <.0001
0.05 0.03 0.06 <.0001]|0.02 0.01 0.04 <.0001|0.08 0.05 0.12 <.0001(0.03 0.01 0.06 <.0001
0.08 0.06 0.10 <.0001|0.05 0.03 0.07 <.0001|0.11 o0.08 0.16 <.0001|0.05 0.03 0.10 <.0001
0.21 0.18 0.25 <.0001(0.17 0.13 0.22 <.0001]|0.24 0.19 0.30 <.0001(0.20 0.14 0.27 <.0001
0.47 0.42 0.52 <0001|041 0.34 0.49 0.54 0.46 0.65 <.0001]|043 0.34 0.55 <.0001
REF REF REF REF REF REF REF REF REF REF REF REF
192 1.79 207 <.0001|1.98 1.76 223 <.0001(1.68 1.48 1.92 <.0001(209 1.77 2.46 <.0001
3.01 281 3.23 <.0001(266 2.37 298 <.0001|2.77 2.46 3.12 <.0001(391 3.36 455 <.0001
3.97 3.71 424 <.0001(3.02 270 3.39 <.0001|3.8 342 433 <.0001(5.72 493 6.62 <.0001
430 4.01 460 <.0001(|259 230 292 <.0001|4.41 3.92 496 <.0001(|7.07 6.11 8.19 <.0001
437 4.08 469 <.0001(228 201 258 <.0001(4.64 412 523 <.0001|7.39 6.37 8.57 <.0001
4.17 3.87 448 <.0001|2.00 1.74 230 <.0001|454 401 514 <.0001(7.48 6.42 8.71 <.0001
3.65 3.39 3.92 <0001|1.25 1.08 1.46 0.0035(4.97 441 560 <.0001|5.47 4.68 6.40 <.0001




Male
Female

SIMD
SIMD: 1
(20% most
deprived)
SIMD: 2
SIMD: 3
SIMD: 4
SIMD: 5
(20% least
deprived)

2.83
REF

2.87
2.02
1.56
1.28

REF

2.74
REF

2.73
1.92
1.48
1.22

REF

2.91
REF

3.00
2.12
1.64
1.35

REF

<.0001

<.0001
<.0001
<.0001
<.0001

87

3.35
REF

2.60
1.84
1.60
1.42

REF

3.16
REF

2.38
1.67
1.45
1.28

REF

3.57
REF

2.85
2.02
1.76
1.56

REF

<.0001

<.0001
<.0001
<.0001
<.0001

1.74
REF

2.18
1.66
1.37
1.18

REF

1.66
REF

2.02
1.583
1.27
1.09

REF

1.82
REF

2.35
1.79
1.49
1.28

REF

<.0001

<.0001
<.0001
<.0001
<.0001

4.57
REF

4.28
2.85
1.85
1.34

REF

4.29
REF

3.89
2.58
1.67
1.20

REF

4.87
REF

4.71
3.15
2.06
1.50

REF

<.0001

<.0001
<.0001
<.0001
<.0001

HNC = All Head and Neck Cancer, OPC = Oropharyngeal Cancer, OCC = Oral Cavity Cancer, Larynx = Larynx Cancer,

RR = Rate Ratio (derived from Poisson Regression), 95% Cl = 95% Confidence Interval, * = interaction test, REF = Reference Category

SIMD = Scottish Index of Multiple Deprivation, where SIMD-1 was the most socioeconomically deprived and SIMD-5 was the least socioeconomically deprived
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Overall, males were observed to have significantly higher HNC incidence rates
(Figure 1c) (RR = 2.83, 95% Cl 2.74 - 2.91). This effect was also observed across all
subsites (Table 2); male incidence rates were over three times that of females for
OPC (RR = 3.35, 95% Cl 3.16 - 3.57), over one and a half times greater for OCC (RR
=1.74, 95% Cl 1.66 - 1.82) and over four times greater times for larynx cancer (RR
=4.57, 95% Cl 4.30 - 4.87).

Temporally, HNC incidence rates by SIMD have remained stable. Large inequalities
persist with the highest incidence rates of HNC observed among those most
socioeconomically deprived (Figure 1d). (RR =2.87, 95% Cl 2.74 - 2.91). The
incidence rate trends by SIMD reflect the trends of each subsite (for example,
increasing rates across all SIMD quintiles for OPC) but within each sub-site, the

same strong inequality gradient remained true.

As can be seen from the Figures 1a-d and Supplementary Figures 1-9, there have
been no major shifts in the peak incidence rates by age-groups, SIMD, or sex.
Interaction tests conducted within the Poisson models were suggestive of no
temporal associations in the relationship between sex and HNC incidence (p=0.55).
This remained true for cancers of the oropharynx (p = 0.22) and larynx (p = 0.59).
A significant interaction was observed when assessing OCC incidence by sex over
time, with small increases and declines in the burden of female and male cases,

respectively (p = 0.01).

There were no temporal changes or associations observed when assessing HNC
incidence by SIMD over time (p = 0.75). This remained true for all subsites (OPC: p
= 0.55, OCC: p =0.23, Larynx: p= 0.15). Temporal associations of increasing cancer
incidence with age over time varied by subsite. No temporal interactions were
observed for OPC cases (p=0.86) or larynx cancer by age-group over time (p =
0.29). The interactions tests were suggestive of fluctuations in OCC incidence by
age over time (p = 0.001). However, upon interpretation of plots and table values,
there was no consistent pattern change in OCC incidence, although there was a
marginal shift to a slightly older peak age (65-69 years) (Supplementary Figure 2).

At an overall level, a significant temporal interaction was associated with age and
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HNC incidence (p = 0.001). This could be explained by a similar, but also marginal,
shift to a slightly older peak-age group (65-69 years). A consistent increase in

patients aged 75-79 years old was also observed over time (Figure 1b).
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Figure 4-1: (a-d) Combined Plot of Age-Standardised Overall HNC Incidence Trends by Age-group, Sex and SIMD

Figure 1a: Age Standardised Incidence of HNC 2001-2020 Figure 1b: Age Standardised Incidence of HNC by Age Group 2001-2020
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HNC = All Head and Neck Cancer, OPC = Oropharyngeal Cancer, OCC = Oral Cavity Cancer, Larynx = Larynx Cancer, EASR per 100,000 = European Age-Standardised Rate per 100,000 persons,

SIMD = Scottish Index of Multiple Deprivation, where SIMD-1 was the most socioeconomically deprived and SIMD-5 was the least socioeconomically deprived
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4.5 Discussion

This study shows that the predominant sociodemographic profile of people with
all types of HNC is consistently males in their early to mid-60s (and older) from
low socioeconomic backgrounds and this has remained unchanged over the last
20 years. Over this period, OPC incidence rates have risen while rates of larynx
cancer have declined, and OCC rates have remained stable. In this changing
makeup of head and neck cancer diagnoses and despite differing aetiologies, the

underlying sociodemographic profile is unchanged.

Our results contrast with previous reports which have suggested a changing
sociodemographic profile of HNC. (Dona et al., 2020) We found no evidence of
changing sex distribution of HNCs overall, with incidence rates consistently
greater among men for all subsites and across the study period - consistent with
previous studies. (Gillison et al., 2015) (Sonawane et al., 2017) (Conway et al.,
2016) A significant interaction was observed for sex over time for OCC cancer
incidence - relating to only marginal increases in female OCC incidence,
although incidence rates among males remained at least 1.5 times higher than
females across the entire study duration. Increasing OCC cancer among women
has previously been reported across the world potentially explained by latent
uptake of smoking and alcohol behaviours in women (Gillison et al., 2008)
(Chaturvedi et al., 2013) (Renou et al., 2023)

Low socioeconomic Status (SES) is an established determinant of HNCs. (Conway
et al., 2021b) (Johnson et al., 2008) (Conway et al., 2015) (Creaney et al.,
2022). A strong inequality gradient was consistently observed across all HNC
subsites, including OPC, over the study period. Furthermore, interaction tests
showed no temporal interactions with time for HNC incidence. In contrast with
previous reports that suggested people with OPC tended to be from higher
socioeconomic groups, we found a consistently strong socioeconomic gradient
and greater disease burden among those from lower socioeconomic groups.
(Deschler et al., 2014b) (Dahlstrom et al., 2015a)

These previous studies evaluating the sociodemographic profile of OPC were

smaller clinical cohort or case-control studies mainly conducted in the USA. In
91



4 92

these studies, the socioeconomic profile reported may have been skewed
towards more affluent participants with access to insurance and healthcare by
the nature of recruiting cancer centres. Prior research has shown that high-risk
sexual behaviours (which are also associated with an increased risk of HPV
infection and HPV-positive OPC), have a similar socioeconomic pattern to the
other major HNC risk factors smoking and alcohol consumption - i.e., greater

among lower socioeconomic groups. (Wellings et al., 2001) (Jackson et al., 2012)

Ultimately, this study contradicts suggestions that the socioeconomic pattern of
OPC differs from other HNC subsites and that this pattern is not changing over
time. These findings are consistent with previous studies of HNC stage and
mortality in Scotland, where similar inequality patterns have been observed.
(Creaney et al., 2022) (Ingarfield et al., 2018) The strong inequality gradient
observed in this study highlights the need for targeted primary and secondary
prevention strategies to reach at risk groups in socioeconomically deprived

areas.

Our study revealed that there been no substantial shift in the age profile of
people with HNC. While other reports suggest people with HNC are increasingly
of a younger age (Deschler et al., 2014b) (Chaturvedi et al., 2013) we found that
rates generally increased with age-group and there was no consistent shift to
younger age profile over time across all HNC subsites. This was supported by the
interaction test results which revealed no temporal change in the age-profile of
people with OPC and larynx cancer and marginal increases in the peak age of
OCC and overall HNC. These findings could be explained by an aging population

observed in Scotland . (Scotland's Census, 2022)

The incidence trends observed in this study are in accordance with a global
trend of increases in HNC driven by OPC, accompanied by declines in smoking-
related cancers (larynx) among higher-income nations. (Gormley et al., 2022a)
Prior epidemiological analyses of UK and international cancer registry data have
also shown similar findings of increasing HNC incidence, with rapidly rising OPC
rates, declining larynx cancer incidence, and plateauing OCC rates. (Purkayastha
et al., 2016) (Louie et al., 2015) (Mourad et al., 2017) (Chaturvedi et al., 2013)

92
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(Gillison et al., 2015) Our analysis was constrained by a lack of individual patient
data but the findings were consistent with behavioural trends in the literature.
The stabilisation of OCC rates may be explained by persisting alcohol behaviours
and the stronger synergistic effects of alcohol and tobacco behaviours associated
with cancers of the oral cavity. Increases in OPC are suggestive of a growing
burden of HPV-mediated disease. (Lechner et al., 2022) (Wakeham et al., 2019b)
(Gribb et al., 2023) The reduction of larynx cancer rates may be explained by
declining tobacco smoking trends (Cabinet Secretary for NHS Recovery, 2021),
while OCC - which is also associated with smoking and the HNC subsite most
strongly associated with alcohol drinking (Lubin et al., 2009) - may not be
changing due to persisting levels of harmful alcohol consumption. (Cabinet
Secretary for NHS Recovery, 2021) (Hashibe et al., 2009)

This study had several strengths. Notably, the use of high-quality data recorded
and kept by the Scottish cancer registry which allows for a robust, population-
wide analysis of HNC trends over time. The registry uses a thorough verification
process when recording cases, in addition to quality and accuracy checks, with
high levels of accuracy and limited numbers of data discrepancies reported.
(Brewster et al., 1994) (Brewster et al., 2002) A robust analysis approach was
employed to assess the sociodemographic profile of HNC and subsites including

assessing interaction with time.

This analysis had some limitations; the Scottish Cancer registry does not collect
tumour HPV data, meaning we were unable to compare the sociodemographics
of people with HPV-positive and HPV-negative OPC directly. Future work should
investigate the associations between the sociodemographics of people with HPV-
positive and HPV-negative OPC in a similarly large study. The registry also does
not possess behaviour (smoking / alcohol consumption), nor does the registry
include individual-level socioeconomic metrics, e.g., education or income. While
postcode-derived (data zone) Indexes of Multiple Deprivation can provide some
insight into SES, they are limited by the assumption that individuals within areas
are all socioeconomically homogenous. Nevertheless, SIMD is considered a
comparable and powerful measure of socioeconomic deprivation at the
community level. (Scottish Government, 2020) (Bradford et al., 2023)
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4.6 Conclusions

We have shown that the sociodemographic profile in terms of age, sex, and
socioeconomic background of the incidence burden of head and neck cancers has
remained largely unchanged in the last 20 years despite increasing incidence
rates which have been driven by rises in oropharynx cancer. These findings are
important to help inform efforts to stratify and target prevention, early
detection, and cancer services to reach those at the greatest risk. The stark
inequality gradient in HNC incidence across all subsites reinforces the
importance of upstream tobacco and alcohol regulation, with universal and
proportionate prevention strategies to tackle such wide socioeconomic

inequalities.
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5 Chapter Five: Socioeconomic Status and HPV
related Cancers of the Oropharynx in the
ARCAGE Study

Chapter Four observed a clear inequality gradient with those from lower
socioeconomic areas having the greatest incidence of Oropharynx Cancer (OPC).
However, the exact relationship between individual-level socioeconomic status
(SES) and Human papillomavirus (HPV)-mediated OPC remained unclear due to
individual SES and HPV tumour data not being captured by the Scottish Cancer
Registry. Chapter Five is a preliminary analysis using data from the ARCAGE
case-control study to investigate and quantify any associations between
individual socioeconomic status and HPV-mediated OPC risk.

5.1 Introduction

Oropharyngeal cancer (OPC) is defined as squamous cell carcinomas of the soft
palate, base of the tongue, tonsils, uvula and posterior pharyngeal wall. As with
all head and neck cancers, smoking and alcohol are major risk factors for OPC.
However, in more recent years, persistent infection with Human Papillomavirus
(primarily strain 16 and to a lesser degree, 18) has been confirmed by the WHO
as a causative agent for OPC. (WHO, 2023) (D'Souza et al., 2007)

The incidence of oropharyngeal cancer has dramatically increased, particularly
in high-income countries in North America and Europe. (Lorenzoni et al., 2022)
In 2022 there were an estimated 106,400 novel cases and 52,305 deaths,
globally. (GLOBOCAN, 2022 -a) As consistent with many European nations, OPC
incidence in the UK and Scotland has risen dramatically in recent years; OPC
incidence in Scotland increased by 85% from 2001-2012. (Purkayastha et al.,
2016) Globally, HPV is estimated to be attributable to 33% of OPC cases.
(Carlander et al., 2021) There is wide Geographic variation, however, with the
highest rates of HPV-positive OPC in the USA and Europe. (Lechner et al., 2022)

The rise of HPV-mediated OPC has led to HPV-negative OPC occurring alongside
growing numbers of HPV-positive OPC. HPV-positive and negative OPC also differ
clinically in terms of disease progression and prognosis. HPV-positive disease is

more responsive to treatments and associated with significantly improved
96
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survival. This improved prognosis for HPV-positive OPC has been attributed to
several factors including fewer alterations in the genetic environment, increased
sensitivity to oncological therapies, and people with HPV-positive OPC
reportedly being of a younger age and better performance status. (Posner et al.,
2011, Fakhry et al., 2014) Despite the improved prognosis associated with HPV-
positive OPC, the long-term effects of treatment can still have significant
impacts on quality of life. (Ang et al., 2010)

As such, the diseases are now staged and treated differently, with the American
Joint Committee on Cancer (AAJC) releasing a separate staging system for HPV-
positive tumours of the oropharynx in 2018. (Lydiatt et al., 2018) The rationale
for this can be explained by the biological and clinical differences exhibited by
the tumour types and the necessity to differentiate by HPV status. For instance,
nodal involvement, whilst massively detrimental and associated with poor
prognosis for people with HPV-negative tumours, is less significant for people
with HPV-positive tumours. The introduction of the AAJC 8t edition staging
system has been shown to be beneficial for the staging and management of
people with OPC. (Valero and Shah, 2021)

Global epidemiological research has indicated that a greater proportion of HPV-
positive OPC cases are among males (4:1 Male-Female ratio). (Menezes et al.,
2021, Lorenzoni et al., 2022) The registry findings of Chapter 4 (RR = 3.35, 95%
Cl 3.16 - 3.57) were also consistent with these observations. It has been
hypothesised that males may be more predisposed to HPV-infection and
subsequent OPC via various behavioural and sexual factors. Males are
predisposed to HPV-positive OPC due to sexual and anatomical factors, are more
likely to have a greater number of sexual partners, participate in oral sex and
have subsequent higher oral HPV prevalence. Females may also be at a lower
risk due to existing HPV antibodies from prior cervical infections. (Menezes et
al., 2021)

Socioeconomically, HPV-positive OPC patients are reportedly more likely to be
from less deprived socioeconomic backgrounds and subsequently will have a
better prognosis than HPV-positive patients from more deprived backgrounds.
(Dahlstrom et al., 2015b) (Marks et al., 2021) This evidence, however, largely
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originates from data gathered in the USA, with a different socioeconomic, ethnic
and healthcare landscape to that of Europe. The former study was also
constrained by limited numbers of HPV-negative patients. In contrast, a large
analysis of SEER and CDC data conducted in the United States found a lower SES
was associated with increased incidence of OPC and OCC. However, this analysis
was limited by no tumour HPV data and the combined grouping of the two
subsites. (Benard et al., 2008) The registry analysis conducted earlier in this
thesis consistently observed the highest rates of OPC amongst those most
deprived. This strong socioeconomic gradient was observed across the entire
study duration. However, that analysis was constrained by a lack of tumour HPV
status data. With this unclear relationship between individual socioeconomic

status and HPV-positive disease, there is a gap in the literature to explore this.

5.2 Aims

The primary aim of this analysis was to assess and quantify the association
between individual-level socioeconomic status (educational attainment) and
HPV-positive oropharynx cancer. This analysis also aimed to assess other

demographic and behavioural associations with HPV-positive OPC.

5.3 Methods

5.3.1 The ARCAGE Study and data collection

Data from the ARCAGE study was used for this sociodemographic analysis. The
ARCAGE study is a multicentre European case-control study that was coordinated
by the International Agency for Research on Cancer (IARC). (Lagiou et al., 2009)
Participants were recruited across 15 different centres in 11 counties from 2003-

2005, with cases and controls matched by five-year age bands and sex.

Ethical approval was obtained via the University of Glasgow Medicine,
Veterinary and Life Sciences (MVLS) Ethics System (Project no. 200210024,

approved 2/11/21) The majority of the participating centres gave consent to
08
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share study data apart from the Norwegian centre (Oslo). A description of cases
and controls by recruitment centre is detailed in Table 5-1. Population-based
controls were employed in the UK centres (recruited from matched general
medical practices), while all other study centres utilised hospital-based controls.
Control participants were inpatients or outpatients recruited from the same
hospitals as participating cases. Controls that were admitted for alcohol,
tobacco or dietary related reasons were excluded. Recruitment was designed to
ensure no single diagnostic group constituted more than a third of the study

controls.

The study defined UADT cancer cases as the following ICD-10 codes: “C00 Lip;
CO1 base of tongue; C02 Other and unspecified parts of the tongue; C03 Gum;
C04 Floor of the mouth; C05 Palate; CO6 Other and unspecified parts of the
mouth; C09 Tonsil; C10 Oropharynx; C12 Pyriform sinus; C13 Hypopharynx; C14.0
Pharynx, wall of pharynx, lateral wall of pharynx, posterior wall of pharynx,
retropharynx, throat (all these sites non-otherwise specified); C14.8 Overlapping
lesion of lip, oral cavity and pharynx; C15.0 Cervical oesophagus; C15.3 Upper
third of oesophagus; C15.4 Middle third of oesophagus; C15.5 Lower third of
oesophagus; C15.8 Overlapping lesion of oesophagus; C15.9 oesophagus
unspecified; and C32 Larynx. Neoplasms were assigned to the subcategory that
included the apparent point of origin of the tumor. Data on CO7 (Parotid gland)
and C08 (Other and unspecified major salivary glands) cancer cases were also
recorded in a separate database for future analyses.” (Lagiou et al., 2009) In
this thesis, cases of the oesophagus and salivary glands were excluded from

analyses.
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Table 5-1: List of ARCAGE study centres and participants

Table of Centre by Case

Centre HNC Cases

Frequency

Col % Cases |Controls Total

Prague (Czech 128 187 315

Republic) 6.7% 9.2%

Bremen 276 328 604

(Germany) 14.3% | 16.1%

Athens (Greece) 222 194 416
11.5% | 9.5%

Aviano (Italy) 133 151 284
6.9% 7.4%

Padavo (Italy) 118 130 248
6.1% 6.4%

Turin (Italy) 150 198 348
7.8% 9.7%

Dublin (Ireland) 24 19 43
1.3% 0.9%

Glasgow (UK) 97 91 188
5.0% 4.5%

Manchester (UK) | 151 186 337
7.8% 9.1%

Newcastle (UK) 65 113 178
3.4% 5.5%

Barcelona 185 166 351

(Spain) 9.6% 8.1%

Zagreb (Croatia) 54 46 100
2.8% 2.3%

INSERM 323 234 557

(France) 16.8% @ 11.5%

Total 1926 2043 | 3969

Detailed sociodemographic, behavioural, and dietary histories were recorded
using detailed standardised questionnaires delivered via interviews by trained
research teams. Various medical and dental health data were also recorded.
Biological and genetic samples were collected; blood samples were largely
collected at the interview stage or otherwise at the most convenient
opportunity. If possible, fresh tumour samples were collected, with careful

recording of handling methods and pathology reports. (Lagiou et al., 2009)

Participant cases and controls were given identical questionnaires (translated

into the corresponding language for each centre) and underwent standardised
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interviews, where interviewers were trained to minimise missing data by
“probing” missing questionnaire responses during interviews. Interviewers were
trained according to a standard protocol defined by IARC. Participants were
blinded to the research aims of the study to reduce recall biases (e.g., a patient
attributing their diagnosis to certain exposures). These methods were informed

by a previously conducted feasibility study.

5.3.2 OPC Analysis

Cases in this analysis were defined as tumours of the oropharynx and re-staged
according to AJCC 8t edition definitions for tumours of the oropharynx. (Lydiatt
et al., 2018) Due to ARCAGE using an older TNM staging classification, the
pathological staging system was used to allow for the updated staging of cases.
Stages | and Il, were classified as “early-stage disease, while stages Il and IV
were defined as “advanced-stage disease”. The cases were stratified into HPV-
positive and HPV-negative disease using HPV serology data collected from
patient blood collected at the respective study sites. This was done using
previously established and described bead-based multiplex serology testing
techniques at the DKFZ, Heidelberg, Germany. (Waterboer et al., 20053,
Anantharaman et al., 2013) The HPV-16 seropositivity of cases was derived using
definitions detailed by Holzinger et al. (Holzinger et al., 2017b) This was defined
as a test of HPV-16E6 MFI > 1000, or three out of four E-proteins greater than
threshold values (HPV16 E1 > 200 MFI, HPV16 E2 > 679 MFI, HPV16 E6 > 484 MFI,
HPV16 E7 > 548 MFI).

To account for multinational heterogeneity, a standardised education level
variable was used by investigators to assess socioeconomic status. Individual
educational level data was categorised as “Finished primary school / Worker”,
“Finished further school / clerk” and “University degree/Manager”. Participant
smoking and alcohol status was described as “never”, “former”, “current” or
“missing”. Measures of smoking frequency and duration were captured using
smoking pack-years, where an individual’s typical daily number of packs of
cigarettes smoked is multiplied by the participant’s years of smoking. This was
formatted categorically (Never, < 20, 20-39, 40-59, 60+ Pack years, Missing),

along with alcohol frequency of consumption data, which was defined using
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standardised measures across all sites (Never, less than once per month, 1-4 per

month, 1-3 per week, Most days, Every day, Missing, Not in INSERM).

5.3.3 Statistical analysis

Descriptive statistics were calculated for controls and OPC cases further
stratified by HPV-serostatus. Where variables were continuous, two sample t-
tests were calculated. Chi-squared, or Fisher’s tests were calculated for
categorical variables. In order to assess associations between socioeconomic
status, behaviours and HPV-mediated OPC risk, logistic regression models were
constructed for each variable. Unadjusted and fully adjusted multivariable
models were constructed, the latter adjusting for age, sex, smoking pack years
and alcohol status (owing to data availability). Associations were described using
odds ratios and 95% confidence intervals. The descriptive and modelling results
were detailed in summary tables. These analyses were conducted for HPV-
positive and negative cases, where they were compared directly. HPV-positive
and negative cases were also compared indirectly using controls as a sensitivity

analysis. All of these analyses were conducted using SAS v9.4.

5.4 Results

There were 452 OPC cases and 2043 controls available for analysis. Of the 452
cases, 61% (n=276) had blood HPV serology data. Of these cases, 74 (26.8%)
tested positive for HPV-16, while 202 cases (73.2%) tested negative for HPV-16.
Of the HPV-positive and HPV-negative OPC cases, 53 and 161 patients
respectively had TNM data that allowed for revised staging according to AJCC
eighth edition definitions. This process is summarised in Figure 5-1. Descriptive
statistics and associations for these participants are detailed in Tables 5-2, 5-3
and 5-4.
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Figure 5-1: ARCAGE Study OPC Case Ildentification Flowchart
{ Participant Flow Diagram ]

ARCAGE HNC Cases,
n=1926

OPC Cases, n =452

Stratification

\ 4

OPC Cases with HPV
Serology status, n = 276

SN

HPV -ve Disease, n = 202 HPV +ve Disease, n =74

5.4.1 HPV-Positive OPC

The results of descriptive statistics and tests of association for the HPV-Positive
OPC Cases and controls are summarised in Table 5-2. A notable proportion of
HPV-positive patients (28.4%, n = 21) had missing stage data. Among the HPV-
positive OPC cases with staging data, many presented at an early stage, with

48.97% of cases presenting at stages 0, 1 or 2 (n = 36).
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Table 5-2: HPV-Positive disease and controls - descriptive statistics and model results
95% Confidence Adjusted 95% Confidence
Variable Status Odo_ls Interval Odds Interval D
—_ Controls HPV+ve OPC Ratio Ratio
(n =2043) (n=74) Lower Upper Lower Upper
Age*, Years (mean % SD) 59.3 (£11.6) 58.8 (x 9.5) 1.00 0.98 1.02 1.00 0.98 1.03 0.77
Sex * 0.20
Female 491 (24.0%) 18 (24.3%) REF REF REF REF REF REF
Male 1552 (76.0%) 56 (75.7%) 0.98 0.57 1.69 0.68 0.38 1.22
Disease
Early n.a. 36 (48.7%) n.a. n.a. n.a.
Advanced 17 (23.0%)
Missing 21 (28.4%)
Stage
0 n.a. 2 (2.7%) n.a. n.a. n.a.
1 22 (29.7%)
2 12(16.2%)
3 12 (16.2%)
4 5 (6.8%)
Missing 21 (28.4%)
Smoking Status
Never 664 (32.5%) 12 (16.2%) REF REF REF
Former 700 (34.3%) 27 (36.5%) 2.85 1.47 5.54
Current 679 (33.2%) 35 (47.3%) 2.13 1.07 4.25
Smoking Pack Years 0.003
Never 664 (32.5%) 12 (16.2%) REF REF REF REF REF REF
< 20 Pack Years 545 (26.7%) 24 (32.4%) 2.44 1.21 4.92 2.53 1.22 5.22 0.95
20-39 Pack Years 458 (22.4%) 30 (40.5%) 3.62 1.84 7.15 3.95 1.93 8.09 0.93
40-59 Pack Years 224 (11.0%) 5 (6.8%) 1.24 0.43 3.54 1.34 0.45 3.95 0.97
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60+ Pack years 148 (7.2%) 3 (4.1%) 1.12 0.31 4.03 1.26 0.34 4.68 0.97
Missing 4 (0.2%) 0 <0.001 <0.001 >999.999 <0.001 <0.001 >999.999 0.96
Alcohol Status 0.38
Never 258 (12.6%) 5 (6.8%) REF REF REF REF REF REF
Former 184 (9.0%) 4 (5.4%) 1.12 0.30 4.23 0.83 0.48 1.44 0.98
Current 1600 (78.3%) 65 (87.8%) 2.10 0.84 5.26 1.17 0.52 2.67 0.97
Missing 1 (0.1%) 0 <0.001 <0.001 >999.999 <0.001 <0.001 >999.999 0.98
Alcohol Frequency
Never 238 (11.7%) 5 (6.8%) REF REF REF
Less 1 per month 107 (5.2%) 4 (5.4%) 1.78 0.47 6.76
1-4 per month 179 (8.8%) 3 (4.1%) 0.80 0.19 3.38
1-3 per week 408 (20.0%) 21 (28.4%) 2.45 0.91 6.58
Most days 185 (9.1%) 10 (13.5%) 2.57 0.87 7.66
Every day 608 (29.8%) 27 (36.5%) 2.11 0.81 5.55
Missing 84 (4.1%) 4 (5.4%) 2.27 0.60 8.64
Not in INSERM 234 (11.5%) 0 <0.001 <0.001 >999.999
Education (Years) 10.3 (¥4.2) 11.4 (¥3.6) 1.78 0.47 6.76
Highest level of
education attained 0.79
Finished primary
school/Worker 548 (26.8%) 21 (28.4%) REF REF REF REF REF REF
Finished further
school/Clerk 1275 (62.4%) 44 (59.5%) 0.90 0.53 1.53 0.83 0.48 1.44 0.95
University
degree/Manager 214 (10.5%) 9 (12.2%) 1.01 0.50 2.43 1.17 0.52 2.67 0.94
Missing 6 (0.3%) 0 <0.001 <0.001 >999.999 <0.001 <0.001 >999.999 0.94

HPV+ve = HPV-Positive, OPC = Oropharyngeal Cancer, 1.00 (REF) = 1.00 Reference Value, * = Matched, n.a. = not applicable

Adjusted = Adjusted for Age, Sex, Smoking Pack Years, Alcohol Status, Highest level of education attained
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Relative to never smokers, current and former smokers were at an increased risk
of HPV-positive OPC. Similarly, relative to never-smokers, participants with a low
to moderate smoking packyears were associated with an increased risk of HPV+ve
OPC (<20 pack years OR = 2.53, 95% Cl = 1.22-5.22); (20-39 pack years OR = 3.95,
95% Cl = 1.93 - 8.09). At higher levels of smoking pack years, no associations were
found at a univariable or multivariable level (40-59 pack years OR = 1.24, 95% Cl =
0.43-3.54); (60+ pack years OR = 1.12, 95% Cl = 0.31-4.03). Similarly, no
associations were observed for alcohol consumption status and frequency. Relative
to those with a low education level, there was no association with a higher
socioeconomic status when comparing controls and HPV-Positive OPC cases
(multivariable OR = 1.17, 95% Cl = 0.52-2.67).

5.4.2 HPV-Negative OPC

A descriptive analysis comparing HPV-negative cases and controls is detailed in
Table 5-3. In contrast with their HPV-positive counterparts, many patients with
HPV-negative OPC presented with advanced-stage disease (58.4%, n = 118). As with
the HPV-positive cases, a notable proportion of the HPV-negative patients had
missing stage data (20.3%, n = 41) While non-significant univariably, an increasing
age was associated with a small reduction in the risk of HPV-negative OPC at a
multivariable level (OR = 0.98. 95% Cl = 0.96 - 0.99). Similarly, sex was not
associated with HPV-negative OPC risk univariably, but upon multivariable
adjustment, male sex was shown to have a protective effect (OR = 0.49, 95% Cl =
0.33 - 0.73).
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Table 5-3: HPV-Negative disease and controls - descriptive statistics and model results

95% Confidence

95% Confidence

107

. Status . Interval Adjusted Interval
Variable Controls HPV-ve OPC Odds Ratio Oddjs Ratio L
(n =2043) (n =202) Lower Upper Lower Upper
Age*, Years (mean = SD) 59.3 (£11.6) 57.7 (£8.7) 0.99 0.98 1.00 0.98 0.96 0.99 0.001
Sex* 0.001
Female 491 (24.0%) 42 (20.8%) REF REF REF REF REF REF
Male 1552 (76.0%) 160 (79.2%) 1.21 0.85 1.72 0.49 0.33 0.73
Disease
Early n.a. 43 (21.3%) n.a. n.a. n.a. n.a. n.a. n.a.
Advanced 118 (58.4%)
Missing 41 (20.3%)
Stage
1 n.a. 21 (10.4%) n.a. n.a. n.a. n.a. n.a. n.a.
2 22 (10.9%)
3 39 (19.3%)
4 79 (39.1%)
Missing 41 (20.3%)
Smoking Status
Never 664 (32.5%) 12 (5.9%) REF REF REF
Former 700 (34.3%) 38 (18.8%) 3.00 1.56 5.80
Current 679 (33.2%) 152 (75.3%) 12.38 6.81 22.50
Smoking Pack Years < 0.0001
Never 664 (32.5%) 12 (5.9%) REF REF REF REF REF REF
< 20 Pack Years 545 (26.7%) 24 (11.9%) 2.44 1.21 4.92 2.25 1.10 4.60 0.0004
20-39 Pack Years 458 (22.4%) 82 (40.6%) 9.90 5.34 18.36 9.21 4.85 17.49 0.06




40-59 Pack Years
60+ Pack years
Missing

Alcohol Status

Never

Former
Current
Missing

Alcohol Frequency

Never

Less 1 per month
1-4 per month
1-3 per week
Most days

Every day
Missing

Not in INSERM

Education (Years)

Highest level of education
attained
Finished primary school/Worker
Finished further school/Clerk
University degree/Manager

Missing
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224 (11.0%)
148 (7.2%)
4 (0.2%)

258 (12.6%)
184 (9.0%)
1600 (78.3%)
1 (0.1%)

238 (11.7%)
107 (5.2%)
179 (8.8%)
408 (20.0%)
185 (9.1%)
608 (29.8%)
84 (4.1%)
234 (11.5%)

10.3 (+4.2)

548 (26.8%)

1275 (62.4%)

214 (10.5%)
6 (0.3%)

50 (24.8%)
33 (16.3%)
1 (0.5%)

5 (2.5%)
42 (20.8%)
155 (76.7%)

0

5 (2.5%)
8 (4.0%)
4 (2.0%)
22 (10.9%)
10 (5.0%)
125 (61.9%)
28 (13.9%)
0

9.2 (+3.4)

73 (36.1%)
121 (59.9%)
8 (4.0%)
0

12.35
12.33
13.82

REF
11.78
5.00
<0.001

REF
3.56
1.06
2.57
2.57
9.79
15.87
<0.001

0.93

REF

0.71

0.28
<0.001

6.46 23.60
6.22 24.45
1.44 133.11
REF REF

4.57 30.34
2.03 12.30

<0.001 >999.999

REF REF
1.14 11.13
0.28 4.02
0.96 6.87
0.87 7.66
3.95 24.22
5.93 42.43

<0.001 >999.999

0.90 0.97
REF REF
0.52 0.97
0.13 0.59

<0.001 >999.999

12.56
13.92
12.01

REF

8.32

4.21
<0.001

REF

0.64

0.34
<0.001

6.37 24.75
6.75 28.72
1.16 124.91
REF REF

3.11 22.24
1.66 10.69

<0.001 >999.999

REF REF
0.46 0.90
0.16 0.73

<0.001 >999.999

0.003
0.002
0.47

< 0.0001
0.96

0.97
0.97

0.01

0.93
0.95
0.93

HPV-ve = HPV-Negative, OPC = Oropharyngeal Cancer, 1.00 (REF) = 1.00 (REF)erence Value, * = matched, n.a. = not applicable

Adjusted = Adjusted for Age, Sex, Smoking Pack Years, Alcohol Status, Highest level of education attained
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Smoking status (former and current) was shown to be a significant predictor of
HPV-negative disease, this increasing with frequency (p < 0.001). Relative to
never-drinkers, alcohol usage status was associated with an increased risk of HPV-
negative disease, particularly former alcohol consumption (multivariable OR =
8.32, 95% Cl = 3.11 - 22.24). Relative to never drinkers, a high frequency of
consumption was also associated with an increased risk of HPV-negative OPC (OR =
9.79, 95% Cl = 3.95 - 24.22).

Educational level also exhibited a clear association with disease status, with an
increased educational level associated with a protective effect relative to those
who reported primary school level education, particularly where participants
reported a university education or managerial occupational level (multivariable OR
=0.34, 95% Cl = 0.16 - 0.73).

5.4.3 HPV-Positive and HPV-Negative OPC

Descriptive statistics and tests of association comparing HPV-positive and negative
OPC cases are summarised in Table 5-4. Upon comparing HPV-negative and positive
disease, no significant associations for age were observed in favour of HPV-positive
or negative disease (p = 0.35). No associations with sex were observed at a
univariable analysis (OR = 0.82, 95% Cl = 0.44 - 1.53) and upon adjustment for
other variables males, relative to females, had an increased but non-significant
association with HPV-positive disease (OR = 2.04, 95% Cl = 0.95 - 4.41).
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Table 5-4: HPV-Positive and HPV-Negative OPC - descriptive statistics and model results

95% Confidence

95% Confidence

. HPV-16 Status of OPC Cases , Interval Adjusted Interval
Variable Negative Positive B ©dds Ratio Odds Ratio
(n =202) (n=74) Lower Upper Lower Upper
Age,Years (mean * SD) 57.7 (£8.7) 58.8 (£9.5) 0.35 1.01 0.98 1.05 1.03 0.99 1.06
Sex 0.53
Female 42 (20.8%) 18 (24.3%) REF REF REF REF REF REF
Male 160 (79.2%) 56 (75.7%) 0.82 0.44 1.53 2.04 0.95 4.41
Disease <.0001
Early 43 (21.3%) 36 (48.7%) REF REF REF
Advanced 118 (58.4%) 17 (23.0%) 0.17 0.09 0.34
Missing 41 (20.3%) 21 (28.4%) 0.61 0.31 1.22
Stage <.0001
0 0 2 (2.7%) >999.999 <0.001 >999.999
1 21 (10.4%) 22 (29.7%) 16.55 5.60 48.92
2 22 (10.9%) 12(16.2%) 8.62 2.74 27.09
3 39 (19.3%) 12 (16.2%) 4.86 1.60 14.77
4 79 (39.1%) 5 (6.8%) REF REF REF
Missing 41 (20.3%) 21 (28.4%) 8.09 2.84 23.03
Smoking Status <.0001
Never 12 (5.9%) 12 (16.2%) REF REF REF
Former 38 (18.8%) 27 (36.5%) 0.71 0.28 1.82
Current 152 (75.3%) 35 (47.3%) 0.23 0.10 0.56
Smoking Pack Years <.0001
Never 12 (5.9%) 12 (16.2%) REF REF REF REF REF REF
< 20 Pack Years 24 (11.9%) 24 (32.4%) 1.00 0.38 2.66 1.03 0.35 3.05
20-39 Pack Years 82 (40.6%) 30 (40.5%) 0.37 0.15 0.90 0.41 0.14 1.17
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40-59 Pack Years 50 (24.8%) 5 (6.8%) 0.10 0.03 0.34 0.09 0.02 0.34
60+ Pack years 33 (16.3%) 3 (4.1%) 0.09 0.02 0.38 0.07 0.02 0.34
Missing 1 (0.5%) 0 <0.001 <0.001 >999.999 <0.001 <0.001 >999.999
Alcohol Status 0.004
Never 5 (2.5%) 5 (6.8%) REF REF REF REF REF REF
Former 42 (20.8%) 4 (5.4%) 0.10 0.02 0.48 0.11 0.02 0.74
Current 155 (76.7%) 65 (87.8%) 0.42 0.12 1.50 0.45 0.09 2.14
Missing
Alcohol Frequency <.0001
Never 5 (2.5%) 5 (6.8%) REF REF REF
Less 1 per month 8 (4.0%) 4 (5.4%) 0.50 0.09 2.81
1-4 per month 4 (2.0%) 3 (4.1%) 0.75 0.11 5.24
1-3 per week 22 (10.9%) 21 (28.4%) 0.96 0.24 3.78
Most days 10 (5.0%) 10 (13.5%) 1.00 0.22 4.56
Every day 125 (61.9%) 27 (36.5%) 0.22 0.06 0.80
Missing 28 (13.9%) 4 (5.4%) 0.14 0.03 0.72
Education (Years) 9.2 (x3.4) 11.4 (£3.6) <.0001 1.19 1.10 1.29
Highest level of
education attained 0.03
Finished primary
school/Worker 73 (36.1%) 21 (28.4%) REF REF REF REF REF REF
Finished further
school/Clerk 121 (59.9%) 44 (59.5%) 1.26 0.70 2.29 1.48 0.74 2.94
University
degree/Manager 8 (4.0%) 9 (12.2%) 3.91 1.34 11.39 3.07 0.92 10.30

OPC = Oropharyngeal Cancer, 1.00 (REF) = 1.00 (REF)erence Value, * = Test for Trend, ** = matched, n.a. = not applicable
Adjusted = Adjusted for Age, Sex, Smoking Pack Years, Alcohol Status, Highest level of education attained,
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Despite large quantities of missing stage data (20.3% HPV-ve, 28.4% HPV+ve), an

association was observed between disease stage and the HPV-serostatus of OPC

Cases (p < 0.001) (Figure 5-2). Early-stage disease (0, | or Il) was significantly

associated with HPV-positive disease, with HPV-positive OPC cases being 83% less
likely to present with advanced-stage (lIl or IV) disease (OR = 0.17, 95% Cl = 0.09

- 0.34). No significant association was observed among cases with missing stage
data (OR = 0.61, 95% Cl = 0.31 - 1.22).

OPC HPV-16 status by Disease Stage
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Figure 5-2: Histogram of Early and Advanced Stage OPC disease burden by HPV-
seropositivity with Chi-squared test of association.
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Participants that reported a current smoking status and high values of pack years
were associated with HPV-negative disease at a multivariable level relative to
never-smokers (40-59 pack years - OR = 0.09, 95% CI = 0.02 - 0.34); (60+ pack
years OR = 0.07, 95% CI = 0.02 - 0.34). Former (multivariable OR = 0.11, 95% Cl =
0.02 - 0.74) and daily alcohol consumption (univariable OR = 0.45, 95% CI = 0.09
- 2.14) were both associated with an increased risk of HPV-negative disease
relative to never-drinkers, however, this association was only significant among

former drinkers.

OPC HPV-16 status by highest educational level
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Figure 5-3: Histogram of educational level of OPC cases by HPV-seropositivity with Chi-
squared test of association.

Descriptive tests revealed a (narrowly) significant association between individual
educational level and HPV-mediated OPC (p = 0.04) (Figure 5-3). Compared with
those that completed primary school alone (or workers), the highest category of
educational level (University Degree / manager) showed an increased risk of
HPV-Positive OPC versus HPV-negative disease at a univariable level (OR = 3.91,

95% Cl = 1.34 - 11.39). However, upon multivariable adjustment, a higher
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educational level was still associated with an increased risk in favour of HPV-
positive disease, but this association lost statistical significance (OR = 3.07, 95%
Cl =0.92 - 10.30) (Table 5-3).

5.5 Discussion

This analysis sought to describe the HPV-16 burden among OPC cases within the
ARCAGE study and compare the socio-demographics of these patients with HPV-

negative disease and controls.

There was some variation in the relationship between individual socioeconomic
status (educational level) and the risk of OPC by HPV-serostatus. Upon
assessment of HPV-positive OPC cases versus controls, there was no clear
association between HPV-positive disease and educational level (p = 0.64). This
was the case at both a univariable and a multivariable level. In contrast, earlier
research has suggested HPV-positive OPC cases are of a higher SES. (Dahlstrom
et al., 2015b)

The comparison of HPV-negative cases with controls revealed that an increased
socioeconomic status in the form of educational level was associated with a
protective effect, particularly if participants had a university education or held
a managerial position (OR = 0.34, 95% Cl = 0.16 - 0.73). This remained true
across all categories and in both univariable and multivariable analyses. This
phenomenon has been shown in several prior analyses, including large pooled
international case-control studies, where socioeconomic status has been shown
to be an independent predictor of head and neck cancers, even when adjusted
for other demographics and behaviours. (Conway et al., 2008) (Conway et al.,
2021b)

However, a direct comparison of HPV-positive and HPV-negative disease
revealed more mixed findings. A university education or managerial occupation
was associated with HPV-positive disease when compared with HPV-negative
counterparts. However, upon adjustment, these findings lost significance (OR =

3.07, 95% Cl = 0.92 - 10.30). The tendency of increased socioeconomic status
114



5 115

towards HPV-positive disease does correlate with some earlier research
suggestive of a less-deprived socioeconomic profile associated with HPV-positive
OPC. (Dahlstrom et al., 2015b) However, other analyses observed inequality
gradients within OPC, irrespective of HPV status.(Semprini and Williams, 2023)
The differences in findings could be attributed to study design and geographical
heterogeneity; prior research on the SES of people with HPV-mediated OPC has
primarily originated from the United States of America, with a different
healthcare and socioeconomic landscape to that of Europe. These prior studies
were clinical cohorts or smaller case-control studies; the more affluent
socioeconomic profile reported may have been skewed towards higher SES
individuals with access to insurance and healthcare. Ultimately, there was no
strong evidence from this analysis to definitively suggest a higher socioeconomic
status is linked with HPV-positive OPC.

HPV-negative disease was strongly associated with smoking and alcohol
behaviours. The strength of these associations increased with frequency and
duration. This association was not shared with HPV-positive disease, with only
lower frequency smoking associated with statistically raised odds of disease.
Upon direct comparison of HPV-positive and HPV-negative disease, smoking and
alcohol behaviours were more strongly associated with HPV-negative disease.
Our results suggest that tobacco smoking (and potentially alcohol) behaviours
may still have an aetiological contribution to the development of HPV-positive
OPC, but that persistent HPV infection is likely a larger aetiological factor of
disease. These findings echo the existing literature on the role of tobacco and
alcohol behaviours in the role of non-HPV-mediated OPCs. (Anantharaman et al.,
2016b) Reverse causation could also explain some alcohol findings, where
declining health or symptoms of undiagnosed cancer could cause cessation and
artificially result in a higher risk associated with cessation than current

consumers. (Gapstur et al., 2023)

Variations in associations by age and sex were observed. Despite reports of HPV-
positive OPC patients being characteristically younger (median age of 53 years vs
66), there were no significant associations upon the direct comparison of HPV-
positive OPC cases with controls nor HPV-negative disease. (Johnson et al.,

2020b) HPV-negative patients were younger when compared with controls (p =
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0.02). Whilst a non-significant univariable association was observed, when
adjusted for other variables, age regained significance. These findings could
potentially be attributed to the 5-year age and sex matching of cases and
controls which may have attenuated the strength of any of these relationships

with subsequent risk.

The relationship between sex and OPC risk was also subject to variation. No
significant relationship was observed when comparing HPV-positive disease
versus controls. Meanwhile, a protective effect was observed in a multivariable
analysis for male sex against HPV-negative disease when compared with
controls. (OR =0.49, 95% Cl = 0.33 - 0.73). The inconsistent findings of this
analysis could be explained by the sex-matching of controls conducted in the

ARCAGE study or by adjustment for smoking and alcohol behaviours.

Upon adjustment, the multivariable model comparing HPV-negative and HPV-
Positive disease directly revealed that males were at an increased but non-
significant risk of HPV-positive disease (OR = 2.04, 95% Cl = 0.95 - 4.41). In the
context of the wider literature, incidence rates of both HPV-positive and
negative disease among males have been observed to be higher than among
females. (Menezes et al., 2021) However, another systematic review and meta-
analysis observed a higher proportion of overall OPC among males, but a similar
proportion of HPV-positive OPC among male and female patients. (Mariz et al.,
2020)

Our analysis had some limitations; the primary limitation of this study was the
limited number of HPV-Positive OPC cases (n = 74), as evidenced by some of the
wider confidence intervals reported when assessing these cases. The HPV
prevalence among the OPC cases was reflective of the more limited HPV-driven
disease burden in Europe during the early 2000s. (Lechner et al., 2022) The
study also collected no sexual history data; systematic reviews and meta-
analyses have shown that a greater number of sexual partners, a younger sexual
debut and oral sex behaviours have all been shown to be significant risk factors
for HPV infection and OPC. (Chancellor et al., 2017, Durrant et al., 2024) With
the exception of UK centres in ARCAGE, the majority of sites in the ARCAGE
study used hospital-recruited controls, which may not be as generalisable to the
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population. (Sadetzki et al., 2003) Our analysis had some strengths; the ARCAGE
study was a well-conducted study and a robust data source. It was a multicentre
study conducted according to a standardised protocol from various European
centres. Whilst numbers of HPV-positive cases were limited, precise and reliable
HPV serology testing methods were used, and detailed behavioural histories

were captured for all cases and controls. (Lagiou et al., 2009)

5.6 Conclusions

In conclusion, this analysis found no evidence to suggest a higher socioeconomic
status (education) is linked with HPV-positive OPC. A higher educational level
was associated with a protective effect against HPV-negative disease, whereas
for HPV-positive disease, there was no clear association. While strong
behavioural risk associations were observed for HPV-negative disease, limited or

no associations were found for HPV-positive disease.

With no conclusive evidence to suggest HPV-OPC patients have a more affluent
socioeconomic profile, this analysis, in conjunction with the prior registry work,
supports our inclusion of individual socioeconomic status in the all-HNC risk
prediction model. There is a further need to replicate this analysis with
sufficient case numbers in different strata. This preliminary work lays the
foundation for further socioeconomic analysis of OPC cases using pooled data
from the VOYAGER and HEADSpACE Consortiums. As larger and more
contemporary studies, they could offer valuable comparisons with the findings of

this analysis and allow for further assessment of the sociodemographics of OPC.
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6.1 Abstract

Background: Head and Neck Cancer (HNC) incidence is on the rise, often
diagnosed at late stage and associated with poor prognoses. Risk prediction tools

have a potential role in prevention and early detection.

Methods: The IARC-ARCAGE European case-control study was used as the model
development dataset. A clinical HNC risk prediction model using behavioural and
demographic predictors was developed via multivariable logistic regression
analyses. The model was then externally validated in the UK Biobank cohort.

Model performance was tested using discrimination and calibration metrics.

Results: 1926 HNC cases and 2043 controls were used for the development of the
model. The development dataset model including sociodemographic, smoking
and alcohol variables had moderate discrimination, with an Area Under Curve
(AUC) value of 0.75 (95% ClI, 0.74 - 0.77); the calibration slope (0.75) and tests
were suggestive of good calibration. 384,616 UK Biobank participants (with 1177
HNC cases) were available for external validation of the model. Upon external
validation, the model had an AUC of 0.62 (95% CI, 0.61 - 0.64).

Conclusions: We developed and externally validated a HNC risk prediction model
using the ARCAGE and UK Biobank studies, respectively. This model had
moderate performance in the development population and acceptable
performance in the validation dataset. Demographics and risk behaviours are
strong predictors of HNC, and this model may be a helpful tool in primary dental
care settings to promote prevention and determine recall intervals for dental
examination. Future addition of HPV serology or genetic factors could further

enhance individual risk prediction.
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6.2 Introduction

Head and neck cancers (HNC), comprising of cancers of the oral cavity (OCC),
pharynx and larynx, are the eighth most common cancer globally with over
800,000 cases and 400,000 deaths in 2020.(Global Cancer Observatory, 2020)
(Bray et al., 2018) The incidence of HNC is increasing and projected to further
rise by 30% by 2030.(Johnson et al., 2020a)

Key risk factors include tobacco smoking and alcohol consumption, both alone
and synergistically in combination.(Hashibe et al., 2009) Additionally,
socioeconomic factors are important with those from lower socioeconomic
groups having a greater risk and burden of disease.(Conway et al., 2010) The
incidence of oropharyngeal cancers (OPC) are the most rapidly rising, which has
been attributed to human papillomavirus (HPV) infection. (Parkin and Bray, 2006)
(Anantharaman et al., 2017) (Van Dyne et al., 2018) (Schroeder et al., 2020)
HNC often presents late, with the majority of global HNC cases being diagnosed
at advanced stage (lll or IV), which is associated with poorer outcomes and
prognosis.(Creaney et al., 2022) (Abrahao et al., 2018) (Abrahao et al., 2020)
(Thompson-Harvey et al., 2020) (Ingarfield et al., 2021)

Given the concurrent challenges of growing incidence and late-stage
presentation, there has been an increased emphasis on the need for primary and
secondary prevention strategies. Risk prediction models and tools have been
proposed as having a potential role to help improve earlier detection and
promote preventive interventions, such as referrals to smoking cessation
services.(Freedman et al., 2005) Risk prediction models for other diseases and
cancer sites have already been utilised in primary care settings, for example the
Q-risk and Q-cancer series of risk tools. (Hippisley-Cox et al., 2017) (Clin Risk,
2013) Assessment of clinical risk prediction tools has suggested they are
beneficial in supporting clinical management and promoting behavioural
change.(Walker et al., 2015a) (Kostopoulou et al., 2022)

However, there are a limited number of existing HNC risk tools that have been
developed or translated into practice. A review of existing HNC risk models

identified that many of the models did not undertake external validation (i.e.
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testing the model in a dataset that is independent from that within which the
model was developed).(Smith et al., 2022a) This external validation is now
widely considered to be an essential feature of clinical risk model development,
ensuring that the model is both reproducible and generalisable to other
populations.(Ramspek et al., 2020) (Altman and Royston, 2000) (Collins et al.,
2014) The growing number of large population-cohort studies offers new
opportunities for developing and validating clinically applicable risk

models. (Riley et al., 2016)

The aim of this research was to develop and validate a multivariable logistic-
regression HNC risk prediction model that can accurately predict and quantify an
individual’s risk of overall HNC (OCC, OPC and larynx) in the population. This
model was designed as part of a primary prevention strategy with the intention
of later conducting a feasibility study in primary dental care settings. We
hypothesised that a HNC risk model developed using a dedicated HNC case-
control study and externally validated in a large population cohort could achieve

good predictive performance and generalisability in the population.

6.3 Methods

6.3.1 Definitions and Data Sources

HNC cases were defined as squamous cell carcinomas of the oral cavity, pharynx,
and larynx according to WHO International Classification of Disease-10 (ICD-10)
codes and definitions (ICD- 10 codes C00.3 - C06, C09 - C14, C32).(World Health
Organization, 2004) (Conway et al., 2018b) Cases of the salivary glands and the

oesophagus were excluded.

The Alcohol Related Cancers And Genetic susceptibility in Europe (ARCAGE)
study was selected as the training dataset for the model. (Lagiou et al., 2009)
ARCAGE is a large European multi-centre case control study that was
coordinated by the IARC, with 14 different sites across 11 nations.(WHO, 2022)
The study recruited over 2000 Upper Aero-Digestive Tract (UADT) cancer cases
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and controls (age and sex matched) from 2002 to 2005. Further descriptions of

study methods and data collection are detailed in Chapter 5.

The UK Biobank cohort study was selected for model validation. It has over
500,000 participants recruited from 2006-2010. Data included sociodemographic,
behavioural, clinical, and genetic information. The UK Biobank is also linked to
national cancer and death registries, which allows for ready identification of
newly diagnosed and existing cases within the cohort.(Sudlow et al., 2015)
(Conroy et al., 2022) (Rory, 2007)

The HNC risk prediction model development and validation were conducted in
accordance with the Transparent Reporting of a multivariable Prediction model
for Individual Prognosis Or Diagnosis (TRIPOD) guidelines.(Collins et al., 2015a)
Ethical approval for secondary data analysis was obtained from the MVLS college
ethics committee of the University of Glasgow (Project no: 200210024). The
ARCAGE study had original ethical approval from IARC and local research ethics
boards, while the UK Biobank received ethical approval from the North West
Multi-centre Research Ethics Committee (MREC).

6.3.2 Model Development in ARCAGE

Logistic regression modelling was used to compute odds ratios (ORs) and 95%
Confidence Intervals (95% Cl). Model discrimination was reported using the Area
Under Curve (AUC) values with 95% Cls and the calibration was reported using
Spiegelhalter’s Z statistic.(Walsh et al., 2017) The model was designed for
practicality in a primary care setting. Frequencies and means were also
calculated for each variable. In addition, univariable logistic regression analysis

was conducted and AUCs and ORs with 95% Cls were reported.

Three sequential strategies were used for variable predictor selection. Firstly, a
“black box” approach was used, which was essentially an agnostic logistic
regression of all available variables in the ARCAGE study to identify key
statistically significant variables. Following this, the logistic regression model

was refined based upon existing evidence of HNC risk factors; models were
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constructed using HNC risk factors established by pre-existing literature
including original ARCAGE study analyses. (Gormley et al., 2022a, Shaw and
Beasley, 2016, Hashim et al., 2019a, Hashibe et al., 2013, Bravi et al., 2012,
Bravi et al., 2021, Macfarlane et al., 2010, Anantharaman et al., 2013, Ahrens et
al., 2014) The third and final strategy entailed finalising the model informed by
the black box and literature with variables that were (i) available in the UK
Biobank, and (ii) would be feasible for recording in a clinical setting (for
example, behaviours such as smoking and alcohol behaviours are relatively easy
to assess and are recorded routinely at new patient or check-up examinations in
primary dental care, while a food frequency questionnaire might prove difficult
to include in such routine appointments). Forward selection was used to select

variables, with backward selection also used as a quality check.

Descriptive statistics and univariable associations were described for the key
variables considered for the model at the literature-informed stage. Variables
that were not ultimately selected were excluded for the following reasons:
failure to survive stepwise selection in a multivariable model; considered
impractical to test in a primary dental care setting; or the variable lacked
sufficient data in the validation dataset. ORs and 95% Cls were calculated in
multivariable logistic regression for the variables that were ultimately selected
in the final model. A complete case analysis approach was adopted; variables
with 10% or more missing data were categorised or removed from model
development altogether.(Hughes et al., 2019) (Roderick J. A. Little, 2002)

6.3.3 Model Validation in UK Biobank

Cases were identified in the UK Biobank by adopting previous methods and code
used by Burrows and colleagues, but matched according to our pre-defined list
of ICD codes. (Burrows and Haycock, 2021) Cases with cancer diagnoses prior to
1st April 2007 (baseline assessment) were excluded (n=61). If more than one
cancer was diagnosed, the first chronological instance was taken to avoid
duplication of cases (n=285). Non-cancer patients were defined as individuals
with no cancer diagnosis (n=383,442). Variables were formatted to match the
formatting of the ARCAGE study variables that were selected during model

development. A later attempt to stratify models by sex was also made.
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Once the HNC cases within the cohort were identified, descriptive analysis,
probability calculations and the subsequent logistic regression using the
coefficients from ARCAGE were conducted. The methods used for reporting the
performance during model development were repeated for the validation
process. Model discrimination was reported using the Area Under the Receiver
Operating Curve (AUC) with 95% Cls and calibration was reported using

Spiegelhalter’s Z statistic.

Frequencies, means and descriptive tests were also calculated for each variable,
using two sample or Welch’s two sample T-tests and Chi-square or continuity

corrected score tests for categorical data.

Model training and validation analyses were conducted using SAS v9.4 and R

version 4.2.2

6.4 Results

6.4.1 Model Development in ARCAGE

The ARCAGE study had 1926 HNC cases and 2043 controls for model
development. A summary of the descriptive results of the study are summarised
in Table 6-1. Cases and controls were broadly similar in terms of age and sex, as

expected with the ARCAGE study matching controls by age-group and se
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Table 6-1 Descriptive, univariable and multivariable results for key model development variables in the ARCAGE Study

Univariable Odds

Final Model

Age, Mean (+ SD)

Sex:
Male
Female

Years of Education:
16+ years
No education
1-3 years
4-6 years
7-9 years
10-12 years
13-15 years
Missing

58.8 (+10.2) years 59.3 (+11.6) years 0.18

1584 (82.2%)
342 (17.8%)

98 (5.1%)
35 (1.8%)
53 (2.8%)
285 (14.8%)
439 (22.8%)
491 (25.5%)
165 (8.6%)
360 (18.7%)

<0.0001
1552 (76.0%)
491 (24.0%)
<0.0001
196 9.6%)
34 (1.7%)
34 (1.7%)

255 (12.5%)
433 (21.2%)
599 (29.3%)
236 (11.6%)
256 (12.5%)

1.00 (0.99 - 1.00)

1.47 (1.26 - 1.71)
REF

REF
2.06 (1.21 - 3.50)
3.12 (1.90 - 5.11)
2.24 (1.66 - 3.00)
2.03 (1.54 - 2.67)
1.64 (1.25 - 2.15)
1.40 (1.02 - 1.91)
3.36 (1.88 - 6.01)

Variable Cases (n = 1926) %‘— :n p Ratio Oclj\/(ljusltlg/;t:loat()glg%
(95% CI) iy
Oral Cavity 490 (25.4%)
Oropharynx 452 (23.5%)
Larynx 670 (34.8%)
Hypopharynx 184 (9.6%)
Overlapping 130 (6.7%)

1.01 (1.002 - 1.02)

0.61 (0.50 - 0.75)
REF

REF
1.61 (0.87 - 3.00)
2.00 (1.13 - 3.54)
1.49 (1.06 - 2.09)
1.41 (1.03 - 1.92)
1.23(0.91 - 1.67)
1.27 (0.90 - 1.81)
1.32 (0.95 - 1.83)
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Highest Educational Level:
Finished primary school
Finished further school/clerks
University degree/Manager
Missing

Smoking Status:
(Never)
(Former)
(Current)

Smoking, Pack years Mean (£ SD)

Alcohol drink status:
(Never)
(Former)
(Current)
(Missing)

Alcohol Daily Drink Frequency
(Measures):

Never
<1
lto2
3to4
5t06
7+
Missing

684 (35.5%)
1117 (58.0%)
120 (6.2%)
5 (0.3%)

158 (8.2%)
452 (23.5%)
1316 (68.3%)

41.2 (+34.5)

111 (5.8%)

309 (16.0%)

1505 (78.1%)
1 (0.1%)

111 (5.8%)
414 (21.5%)
522 (27.1%)
367 (19.1%)
233 (21.1%)
236 (12.3%)
99 (2.2%)

548 (26.8%)

1275 (62.4%)

214 (10.5%)
6 (0.3%)

664 (32.5%)
700 (34.3%)
679 (33.2%)

21.6 (+33.7)

258 (12.6%)
184 (9.0%)
1600 (78.3%)
1 (0.1%)

258 (12.6%)
733 (35.9%)
647 (31.7%)
224 (11.0%)
73 (3.6%)
67 (3.3%)
41 (2.0%)

0.32

<0.0001

<0.0001

<0.0001

0.02

2.23 (1.73 - 2.86)
1.56 (1.23 - 1.98)
REF
1.48 (0.44 - 4.98)

REF
2.71 (2.20 - 3.35)
8.15 (6.69 - 9.92)

1.03 (1.02 - 1.03)

REF
3.90 (2.93- 5.20)
2.19 (1.73 - 2.76)
2.32 (0.14 - 37.5)

0.26 (0.20 - 0.35)

0.35 (0.28 - 0.42)

0.49 (0.40 - 0.60)
REF

1.95 (1.43 - 2.66)

2.15 (1.56 - 2.96)

0.64 (0.41 - 1.01)

Not included*
Not included*
Not included*
Not included*

REF
1.96 (1.54 - 2.50)
5.27 (4.11 - 6.76)

1.01 (1.004 - 1.01)

REF
Not included*
Not included*
Not included*

0.05 (0.00 - 1.09)

0.47 (0.37 - 0.59)

0.60 (0.48 - 0.74)
REF

1.83 (1.32 - 2.53)

1.81 (1.29 - 2.53)

0.72 (0.43 - 1.20)
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BMI kg/m?, Mean (+ SD)

Fruit Consumption:
Never
Once per month or less
Several times per month
Once per week
Several times a week
Once per day
Several times per day
Missing

Frequency of Dental Attendance:
Never
Less than every 5 years
Every 2 to 5 years
At least every year
Missing

Denture Use:
Never
Ever
Missing
Not in INSERM

127

24.3 (+4.5)

69 (3.6%)
69 (3.6%)
43 (2.2%)
192 (10.0%)
550 (28.6%)
481 (25.0%)
492 (25.6%)
30 (1.6%)

298 (15.5%)
501 (26.0%)
348 (18.1%)
423 (22.0%)
356 (0.18%)

770 (40.0%)
830 (43.1%)
3 (0.2%)
323 (16.8%)

26.2 (+4.4) <0.0001
0.54
33 (1.6%)
35 (1.7%)
17 (0.8%)

104 (5.1%)

421 (20.6%)

618 (30.3%)

799 (39.1%)
16 (0.8%)

<0.0001
174 (8.5%)
389 (19.0%)
402 (19.7%)
820 (40.1%)
258 (0.13%)

<0.0001
1065 (52.1%)
739 (36.2%)
5 (0.2%)
234 (11.5%)

0.91 (0.89 - 0.92)

REF
0.94 (0.53 - 1.69)
1.21(0.60 - 2.43)
0.88 (0.55 - 1.43)
0.63 (0.41 - 0.96)
0.37 (0.24 - 0.57)
0.30 (0.19 - 0.45)
0.90 (0.43 - 1.87)

REF
0.75 (0.60 - 0.95)
0.51 (0.40 - 0.64)
0.30 (0.24 - 0.38)
0.80 (0.46 - 1.40)

REF
1.55 (1.36 - 1.78)
0.83 (0.20 - 3.48)
1.91 (1.58 - 2.31)

Not Included**

Not Included**
Not Included**
Not Included**
Not Included**
Not Included**
Not Included**
Not Included**
Not Included**

Not included***
Not included***
Not included***
Not included***
Not included***

Not Included*
Not Included*
Not Included*
Not Included*
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HPV-16 Negative 1078 (56.0%) 1252 (61.3%)
HPV-16 +ve Positive 85 (4.4%) 5 (0.2%)
Missing 763 (39.6%) 786 (38.5%)

<0.0001

REF
19.73 (7.99 - 48.78)
1.13 (0.99 - 1.28)

Not included***
Not included***
Not included***

Note: Statistical significance is highlighted in bold (p < 0.05). Model intercept =-0.18
* - not included for statistical reasons / variable inclusion
** - not included for clinical practicality reasons

*** . not included due to no comparable variable or insufficient data in Biobank dataset
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As consistent with the “black box” model and evidence from existing literature,
male sex, increasing age, lower educational attainment (and virtually
synonymous years of education), smoking, alcohol consumption frequency and
HPV-16 seropositivity, (defined as a test of HPV-16E6 MFI > 1000, or 3 out of 4 E-
proteins greater than threshold values (HPV16 E1 > 200 MFI, HPV16 E2 > 679 MFI,
HPV16 E6 > 484 MFI, HPV16 E7 > 548 MFI1)) were associated with an increased HNC
risk. (Holzinger et al., 2017a) Regular dental visits, fruit and vegetable

consumption, and increased BMI were associated with modest protective effects.

The ARCAGE study collected a detailed food frequency history which was
deemed impractical to replicate in a clinically applied model, resulting in the
decision to drop dietary variables from the final model. The BMI variable offered
only a marginal improvement in prediction (AUC of 0.76), and there were
concerns about conflicting evidence on the relationship between BMI and HNC
risk from case-control studies and cohort studies - such that validating case-
control derived data in a cohort would not improve prediction. Moreover, BMI
was considered more challenging to accurately measure in some primary care
settings (e.g. dental practices) where scales and stadiometers may not always be
routinely available. This could also lead to potential recall biases and metric
conversion challenges, impeding this variables utility. For these reasons, BMI was

not included in further modelling.

Frequency of attendance at a dental practice was a statistically significant
predictor of HNC risk. However, the UK Biobank had no comparable variable and
participant data for dental practice attendance frequency, which was

consequently dropped from the model selection.

HPV-16 serostatus data provided an increase in HNC prediction (AUC of 0.80, 95
% Cl =0.79 - 0.82) and excellent calibration (Supplementary Figure 6-3).
However, a number of the ARCAGE study participants lacked HPV serology (n =
1549, 39.0%). Furthermore, at the time of writing, 9,695 UK Biobank participants
were randomly sampled for HPV testing and subsequently, only a proportionately
small proportion of our validation UK Biobank dataset sample (n = 7238, 1.9%)
had HPV serology data available for analysis. Of these participants with HPV
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serology data, only four of the 1177 HNC cases had an HPV-positive serology test

(0.3%) - making effective validation with this variable non-viable.

Thus, the final prediction model included age, sex, socioeconomic status via
categories of years of education, smoking status, smoking pack years, alcohol

consumption status, and alcohol consumption frequency (Table 6-1).

Age was associated with an increased risk association with each year. Females
were at an increased risk of HNC versus their male counterparts, which may be
attributable to matching. Increased risks for HNC were observed for: low relative
to a high number of years in education; current (and former) smoker relative to
never smoking status; increased number of pack years relative to zero; and a

high frequency of alcohol consumption relative to never drinking alcohol.

The final risk prediction model for development (Figure 6-1) had an AUC of 0.75
(95% Cl, 0.74 - 0.77). The results of Spiegelhalter’s Z-test for calibration (-0.603,
p = 0.55) suggest the model was calibrated.

Figure 6-1: Receiver Operating Curve for final ARCAGE Development Model
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6.4.2 Model Validation in UK Biobank

Table 6-2: UK Biobank Cohort study Descriptive Statistics Results

UK Biobank HNC Cases, Univariable Odds
Variable Cohort (%) % Ratio p
n = 384,616 n= 1177 (95% CI)
Oral Cavity na 490 (25.4%)
Oropharynx na 452 (23.5%)
Larynx na 670 (34.8%)
Hypopharynx na 184 (9.6%)
Overlapping na 130 (6.7%)
gg‘;' LS, [ 55.6 (+8.1) 58.3 (¢7.1) 1.05 (1.04-1.05)  <0.0001
Sex <0.0001
Female 208740 (54.3%) 313 (26.6%) REF
Male 175876 (45.7%) 864 (73.4%) 3.29 (2.89 - 3.74)
Years of Education (%) <0.0001
: . <0.001 (<0.001 -
2 N [EebERer 376 (0.1%) 0 >999.999)
1. <1-3 Years 320 (0.1%) 1 (0.1%) 1.28 (0.18 - 9.15)
2: 4-6 Years 243 (0.1%) 2 (0.2%) 3.39 (0.84 - 13.70)
3: 7-9 Years 3258 (0.8%) 20 (1.7%) 2.56 (1.61 - 3.97)
4:10-12 Years 180575 (46.9%) 646 (54.9%) 1.47 (1.29 - 1.67)
5:13-15 Years 44908 (11.7%) 130 (11.1%) 1.19 (0.97 - 1.45)
6: 16+ Years 154936 (40.3%) 378 (32.1%) REF
Missing 0 0 N.A.
Smoking Status (%) <0.0001
e 214642 (55.8%) 326 (27.7%) REF
Former 127382 (33.1%) 524 (44.5%) 2.72(2.36 - 3.12)
Current 40355 (10.5%) 316 (26.9%) 5.19 (4.44 - 6.06)
Missing 1060 (0.3%) 11 (0.9%) 3.25(1.78 - 5.93)
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Smoking Pack years,
mean (x SD)

Alcohol Drink
Frequency (%)

0: Never

1: 1/2 x a week or
Special Occasions only

2: 1-3 x a month
3: 1/2x a week
4: 3/4 x a week
5: Daily or almost daily

Missing

6.5 (+14.2)

31494 (8.2%)

44257 (11.5%)
43477 (11.3%)
99803 (26.0%)
88527 (23.0%)
75820 (19.8%)
331 (0.1%)

132

19.8 (+26.4)

127 (10.8%)

86 (7.3%)
78 (6.6%)
290 (24.6%)
233 (19.8%)
358 (30.4%)
5 (0.4%)

1.03 (1.03 - 1.03)

REF
0.48 (0.37 - 0.63)

0.44 (0.34 - 0.59)
0.72 (0.58 - 0.89)
0.65 (0.53 - 0.81)
1.17 (0.96 - 1.44)
1.00 (0.41 - 2.45)

<0.0001

0.02

Note: Statistical significance is highlighted in bold (p < 0.05).

Descriptive statistics of the validation population are summarised in Table 6-2.

Following data management procedures (Figure 6-2) there were 384,616

participants that were available for model validation. Within this, there were

1177 HNC cases, of which the largest proportion were cases of the oropharynx (n

= 453, 38.5%). Upon external validation, the final risk prediction model (Figure

6-3) had an AUC of 0.62 (95% CI, 0.61 - 0.64). The results of Spiegelhalter’s z-

test (-0.013, p = 0.99) suggested that the model has acceptable

calibration.(Walsh et al., 2017)
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Figure 6-2: ARCAGE and UK Biobank Participant Flowchart
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Figure 6-3: Receiver Operating Curve for the Validation of the HNC Risk Prediction Model in
the UK Biobank
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6.4.3 Sensitivity Analysis

An attempt to account for potential HPV-associated OPC cases was made by
trialling the same model for OCC and Laryngeal cases only (Supplementary
Figure 6-1). However, this only yielded a marginal improvement in discriminative
performance in the validation dataset with an AUC of 0.63 (95% Cl, 0.60 - 0.65).

Similarly, a model was created using exclusively UK participants in ARCAGE to
account for potential heterogeneity associated with the multi-national nature of
the study; ARCAGE UK centres used population controls, while other centres
used hospital patient controls. On validation, this also offered limited
discriminative performance (supplementary Figure 6-2) with an AUC of 0.52 (95%
Cl, 0.51 - 0.54) in the UK Biobank. Another model, including denture use offered
little improvement in performance (AUC of 0.77, 95% Cl, 0.75 - 0.78) and had
limited discrimination upon validation (AUC = 0.61, 95% Cl, 0.59 - 0.63).
(Supplementary Figures 6-4 and 6-5).

6.5 Discussion

We developed a risk prediction model for all HNC sites using two separate
sources - a European multicentre HNC case-control study for model development
and a UK population-based cohort study for model validation. The model
performed well in the developmental dataset. Upon validation, the AUC results
show that while the model can predict individual risk of HNC, its discriminative
ability is acceptable, but more limited, in the UK Biobank. Similar findings were
observed when the model was developed from OCC and laryngeal subsites, and
exclusively UK participants. The models were calibrated, with non-significant
results for Spiegelhalter’s Z-test suggestive that we can accept the null

hypothesis that models were well calibrated.

Two other HNC risk models have made use of these study datasets. Budhathoki
and colleagues recently developed multiple models stratified by subsite using
pooled data from five separate studies including data from the ARCAGE and UK

Biobank studies. The models included epidemiological risk factors, HPV
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serostatus, polygenic risk scores (PRS) and combinations of these.(Budhathoki et
al., 2023) Our model took a different approach, opting ultimately for feasibility
and practicality of use by predicting overall HNC risk using epidemiological
predictors that could readily be captured in a clinical setting, as opposed to the
site and gender specific models created by Budhathoki and

colleagues. (Budhathoki et al., 2023) These epidemiology models performed
marginally better than our model using demographic and behavioural factors.
However, interestingly, the variable selection was largely similar. The models
were also well calibrated. The discrepancy in performance could perhaps be
explained by the larger sample size from the pooled studies used by Budhathoki
et al for both model development and validation via randomly splitting the
dataset rather than using an independent external validation dataset as
conducted by our study.(Budhathoki et al., 2023) The models using HPV
serostatus were highly predictive of OPC but seemingly less predictive for overall
HNC risk, as consistent with our findings. Similarly, the models using a
combination of epidemiological and PRS had good predictive performance.
However, the use of models incorporating these factors is not as feasible to

replicate in primary care and community settings at present.

Another HNC risk prediction model developed by McCarthy and colleagues using
the UK Biobank, split the dataset geographically for development and validation.
(McCarthy et al., 2020) This model used demographic predictors, in addition to
smoking and alcohol consumption status, BMI, exercise levels and daily fruit /
vegetable consumption. (McCarthy et al., 2020) The model had good calibration
and marginally improved, but relatively limited, discriminative performance
with an AUC of 0.64. The performance of this model, like ours, could perhaps be
explained by the sole use of the UK Biobank as a validation dataset and use of

epidemiological predictors.

Notably, following our evaluation of this, we opted to exclude BMI due to
temporal variability on its risk relationship in the literature. The relationship
between BMI and HNC risk may be subject to temporal variation depending on
the time point assessed. There is an existing body of evidence derived from
case-control analyses, including that of the ARCAGE study, suggestive of a lower

BMI being associated with an increased HNC risk. (Chen et al., 2019) (Park et al.,
136



6 137

2011) (Gaudet et al., 2010b) While some of these studies assessed BMI estimate
at mid-life (e.g. at age 30-years), longitudinal cohort studies show either an
increased or no clear HNC risk with higher BMI over a longer period(Gaudet et
al., 2012) (Maasland et al., 2015a) (Gormley et al., 2023) (Recalde et al., 2023),
which is more similar to the risk relationship for many other cancers where an
increased BMI is associated with increased inflammatory burden, various
comorbidities, and subsequent cancer risk.(Recalde et al., 2023) (Bhaskaran et
al., 2014)

Studies developing risk models for other cancers (including colorectal and renal
cancers) in the UK Biobank have shown variability in performance. (Harrison et
al., 2022) (Usher-Smith et al., 2018) Most models showed limited to reasonable
(AUC > 0.60) levels of discrimination within the UK Biobank, with similarly
varying levels of calibration. The variables selected for our model and those
considered for selection, but not ultimately chosen, chime with the existing
literature on HNC epidemiology. Demographic factors including age, sex, and
socioeconomic status are well established predictors of HNC. (Gormley et al.,
2022a) (Park et al., 2022) (Purkayastha et al., 2016) Our model performance
metrics are also supportive of these findings. Similarly, smoking and alcohol
consumption have also been shown to be highly predictive of HNC both in the
literature and within our model, these also having clear dose

relationships. (Hashibe et al., 2009)

The extent of missing HPV data in the UK Biobank (98.1%) and limited number of
HPV-Positive HNC cases meant accurate validation of an HPV model was not
viable. Furthermore, our model was designed with the intention to be non-
invasive for feasibility testing in a clinical setting, so our variables were chosen
with the practicalities of this in mind. However, there is undoubtedly future
scope for HPV status to be used for risk prediction of OPC, especially as
technology and testing methods continue to improve. This is evidenced by a
recent cohort study that was undertaken in Hamburg, where population HPV
antibody testing and follow-up were used in order to inform risk stratification
and investigations. This allowed the investigators to detect HPV positive OPC
cases at an earlier stage.(Busch et al., 2022a) Suggestions for any further

modelling would be to utilise HPV serology status data (ideally with the
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development of a “rapid” test that could be used in primary care) for use in a
separate OPC risk model, as conducted by Budhathoki et al or Tota et
al.(Budhathoki et al., 2023) (Tota et al., 2019b) However, as stated, this was out
of the scope of this project. While genomic or HPV biomarkers could improve the
predictive accuracy of a risk model, their inclusion limits the utility of a tool in
primary care settings with limited time/resources. There may be evidence to
suggest that given the heterogeneity of subsites (and their relevant risk factors)
included in HNC, future models should stratify by subsite. However, high-risk
behaviours (such as smoking and alcohol) and sociodemographic predictors are
generalisable across all HNC subsites, even among people with HPV-positive
tumours. This approach also becomes more challenging for less common subsites

where fewer cases for analysis are available (e.g. hypopharynx).

Another notable HNC risk prediction model was the HANRC V.2 tool developed by
Tikka and colleagues. (Tikka et al., 2020) This model had excellent performance
and has seen use in secondary and tertiary care settings.(Tan et al., 2024)
(Banerjee et al., 2021) However, the model focuses on clinical signs and
symptoms of HNC, many of which are associated with existing or advanced stage
disease. In contrast, our model was designed with the specific complementary
intention of primary prevention activity in a dental care setting, where at the
time of writing, no such tool exists. Thus, what sets this model apart was its
deliberate design with ease of use in primary care at the forefront, achieved
through the integration of robust yet readily accessible predictors that could

inform preventive dialogues and inform recall activity.

This study had some strengths. We used a large, multinational HNC-focused
case-control study that allowed for the selection of robust and predictive
variables to assess HNC risk. The pooling of participants allowed for more
accurate estimates of risk and greater generalisability, than a UK-based study
alone. The use of a large UK-based population cohort as a validation dataset
allowed for high-quality model validation. All of these analyses were also

conducted in accordance with TRIPOD guidelines.

Our model also faced some limitations. Firstly, the cases were age-category and
sex matched in the ARCAGE case-control study. This could have potentially
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weakened or altered the associations between two key demographic predictors
(as observed with sex, where being female was associated with an increased
HNC risk multi-variably). However, despite this, the model fared well in the
development stages. Stratification by sex yielded modest improvements in male
predictive performance upon validation but at the cost of female predictive

performance (Data not shown).

There is also evidence to suggest that, comparatively, participants in the UK
Biobank are less socioeconomically deprived than the general population. (Fry et
al., 2017) Thus, the “healthy volunteer” effect associated with large volunteer
cohorts may have also attenuated the performance of the model in the
validation dataset, as previously observed leading to underestimation of the

strength of associations between exposures and outcomes. (Lyall et al., 2022)

Finally, one of the major limitations and challenges of this analysis was the
matching of predictor variables between the studies - first the variable (or a
similar variable) had to exist and second it had to exist in sufficient quantity
within both datasets. In some instances, this resulted in the exclusion of
otherwise potentially viable variables, most notably HPV-16 serostatus and
frequency of dental attendance. However, the comparative heterogeneity of the
studies also served as a strength - it ensured the total number of variables was

kept minimal and truly served to test the generalisability of the model.

6.6 Conclusions

We have developed and externally validated a HNC risk model using the ARCAGE
and UK Biobank studies respectively. This model had good performance in the
development study and had a fair level of performance in the UK Biobank
validation dataset. Ultimately, demographics and behaviours are strong
predictors of HNC, however, these factors alone cannot reliably predict
individual risk with a high degree of accuracy. Future incorporation of further
biomarkers such as HPV-16 serostatus or high-risk genetic variants, could
enhance the model prediction. The developed model still has potential to be

feasibility tested and adapted for use as a clinical decision support tool in the
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primary care settings (including dental practices) - informing patient recall

intervals and prompting preventive interventions.
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7 Chapter Seven Human Papillomavirus
(HPV)Serostatus and Burden in the UK Biobank
Study

Chapter Six detailed the process for the development and validation of a head
and neck cancer risk prediction model. However, a lack of Human
Papillomavirus (HPV) data in the UK Biobank cohort meant the validation of an
HPV model was not viable. This additional thesis analysis sought to explore and
describe the available HPV data in the UK Biobank, to assess the feasibility of
using other variables to impute HPV serostatus across the cohort.

7.1 Background

7.1.1 Definitions

Human Papillomavirus (HPV), is a double-stranded DNA virus of the
Papovaviridae family, and a common Sexually Transmitted Infection (STI).
(Centres for Disease Control and Prevention (CDC), 2021) As an STI, HPV is
primarily transmitted through sexual behaviours including vaginal, penile, anal
and oral sex. Transmission can also occur via skin-to-skin contact. Risk factors
for infection with HPV include an earlier sexual debut, an increased number of
sexual partners, smoking behaviours and long-term oral-contraceptive usage.
(Vinodhini et al., 2012) (Chelimo et al., 2013) Men who have sex with men (MSM)
are also at an increased risk of anal HPV transmission and subsequent anogenital

cancer. (Goldstone et al., 2011)

HPV infection typically occurs during adolescence or early adulthood, shortly
after an individual’s sexual debut. Most individuals’ immune systems will
naturally clear an HPV infection within a one to two-year period. (Rodriguez et
al., 2008) In a minority of patients, HPV infection will be persistent. Infection
with HPV is often asymptomatic, although infection with some strains (namely 6

and 11) can cause genital warts. (Greer et al., 1995)

There are over 200 different strains of HPV that have been identified by genomic
sequencing. (Centres for Disease Control and Prevention (CDC), 2021) The
majority of these are harmless. However, some strains have been identified to
be “high-risk”, possessing carcinogenic potential. The following fourteen HPV
strains are classified as high-risk: HPV strains 16, 18, 31, 33, 35, 39, 45, 51, 52,
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56, 58, 59, 66, and 68. Where individuals have a persistent infection with a high-
risk oncogenic strain, there is an increased risk of developing a pre-malignant or
malignant condition. (Okunade, 2020) (Cuschieri et al., 2005)

High-risk HPV strains have been shown to play a key causative role in the
development of cervical, anogenital and oropharynx cancers, and as such are
classified by the WHO as grade | carcinogens. (World Health Organisation (WHO),
2023) A large global cross-sectional study showed high-risk HPV strains were
attributable to some 71% of invasive cervical cancers and 94% of cervical

adenocarcinomas. (de Sanjose et al., 2010)

7.1.2 OPC and HPV-mediated OPC Epidemiology

Oropharynx cancer is defined as squamous cell carcinomas (SCC) of the soft
palate, base of tongue, tonsils and uvula. Classically, OPC has been linked to
smoking and alcohol behaviours. However, in more recent years, persistent
infection with HPV (strains 16 and 18) has been confirmed by the WHO as a risk
factor for OPC. Briefly, persistent HPV infection in the stratified squamous
epithelium typical of surfaces of the oropharynx allows for conditions whereby
abnormal cells can proliferate and differentiate. Subsequent oncogenic changes

result in an eventual progression to malignancy. (Lechner et al., 2022)

As discussed in previous chapters, the epidemiology of HNC is changing. There
has been a global shift in HNC disease patterns; the incidence of HPV-mediated
oropharyngeal cancer has dramatically increased, particularly in high-income
countries. (Gormley et al., 2022a) Globally, HPV is estimated to be attributable
to 33% of OPC cases, with wide geographic variations in prevalence; the highest
rates of HPV-positive OPC in the USA and Europe. (Lechner et al., 2022)

In the UK, an estimated 52% of OPC cases are HPV-positive and these numbers
are expected to rise. (Schache et al., 2016) As with many Western nations, OPC
incidence in the UK and Scotland has risen dramatically in recent years; OPC
incidence in Scotland increased by 85% from 2001-2012. (Purkayastha et al.,
2016)
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The rise of HPV-mediated OPC has led to HPV-negative OPC existing alongside
growing numbers of HPV-positive OPC. HPV-positive and HPV-negative OPC also
differ in terms of disease progression and prognosis. HPV-positive OPC is more
responsive to treatment modalities and is subsequently associated with
significantly improved survival. (Ang et al., 2010, Fakhry et al., 2014). In 2018,
the American Joint Committee on Cancer (AAJC) released a separate staging

system for HPV-positive tumours of the oropharynx. (Lydiatt et al., 2018)

7.1.3 Prevention

Preventive methods against HPV infection and associated cancers include safe-
sex practices such as condom use, regular cervical screening and immunisation
against HPV. (Chelimo et al., 2013) HPV-vaccination is a key aspect of the WHQO’s
strategy for the elimination of cervical and other HPV-related cancers. (World
Health Organization, 2022)

The Gardasil®9 vaccine is now the main HPV vaccine used in UK national
immunisation programmes. (Department of Health and Social Care, 2023) (Public
Health Scotland, 2023c) The vaccine protects against strains 16 and 18 (which
previous bivalent vaccines targeted), in addition to strains 11, 31, 33, 45, 53 and
58. (Cheng et al., 2020) In Scotland, school-age girls (12-13) have been offered
the HPV vaccine since 2008. (White, 2008) In recent years, the HPV
immunisation programme has been expanded to school age boys (12-13) since
2019. The vaccine is also offered to MSM up to the age of 45. (Public Health
Scotland, 2023c¢)

HPV vaccination has already been shown to be effective in the reduction of HPV
prevalence and subsequent cervical and cervical carcinoma in situ rates among
women in the UK and Scotland. (Palmer et al., 2019, Falcaro et al., 2021)
Although there is a larger latent period between HPV infection and subsequent
oncogenesis associated with oropharyngeal cancer (OPC) than cervical and other
anogenital cancers, the hope is HPV vaccination will also be effective in reducing
OPC rates in the future.
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7.1.4 HPV Serology in the UK Biobank Study

The UK biobank cohort study collected blood, urine, and saliva samples from
study participants with the objective of assessing infectious agents and
biomarkers within the population. Complete details of these are previously
described in the UK Biobank study protocol. (Rory, 2007)

One of the study objectives was to estimate the seroprevalence of various
infectious diseases in the study population using various antibody response levels
and biomarkers. A working committee selected 20 key pathogens for an
infectious disease panel. These were selected for their known role as risk factors
for cancers, cardiovascular or neurodegenerative diseases or as agents of
interest. Among these 20 pathogens, HPV-16 and HPV-18 were chosen to be

included in the disease panel.

A sample of UK Biobank participants (n = 9,724) was selected at random as part
of a pilot study assessing the seroprevalence of these pathogens. The samples
were assayed in July 2016 at the Deutsches Krebsforschungszentrum (DKFZ) in
Heidelberg, Germany, using Multiplex serology. The methodology and validation
of this was described in detail by Waterboer and colleagues. (Waterboer et al.,
2005a) (Waterboer et al., 2006) The majority of samples (99.7%, n = 9,625)
passed subsequent quality and validity checks. The outputs of the Multiplex
serology were quantified using median fluorescence intensity values for each
disease-specific antigen. Cut-offs for seropositivity were defined using percentile

plots and prior validation work.

HPV-16 antigens L1, E6 and E7 were included in the infectious disease assay
panel. HPV-16 Seropositivity was defined as either (i) an MFI > 175 for the L1
antigen or (ii) an MFIl > 120 for the E6 antigen and / or MFI > 150 for the E7
antigen. The seroprevalence of HPV-16 within the pilot study (n = 9,695) was
calculated to be 4.4%. These were consistent with other studies’ estimates of

seroprevalence within UK populations. (Tanton et al., 2017). (Jit et al., 2007)

Further details of the sample collection, methodology and cut-offs are described

in detail by Mentzer and colleagues and the UK Biobank infectious disease
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serology pilot study information document. (Mentzer et al., 2022) (UK Biobank,
2019)

7.1.5 Existing HPV Research in the UK Biobank

Currently, there is little existing literature exploring HPV serology in the context
of HNC research within the UK Biobank. At the time of writing, the only
publication which specifically investigates HPV serostatus within the UK Biobank

is the work by Brenner and colleagues. (Brenner et al., 2020)

Following the exclusion of HPV-associated malignancies, Brenner et al. described
the HPV serology data included in the pilot study sample within the UK Biobank.
Brenner et al. assessed various risk factors for the prediction of HPV-
seropositivity for several antigens using logistic regression analysis. Behaviours
were largely shown to be non-significant predictors, whilst sexual factors (age of
sexual debut, number of sexual partners and same-sex intercourse) were

associated with HPV-antigen seropositivity.

7.2 Aims

A limited quantity of HPV data is available for analysis within the UK Biobank.
Building upon the work of Brenner and colleagues, this analysis aimed to map
out existing HPV biomarker data within the UK Biobank in the context of HNC,
then test the strength of any associations with sexual data or other demographic

data and HPV serostatus.

The first aim of this analysis was to assess the strength of associations between
sexual data and other relevant fields with HPV serostatus. If associations were
strong, the next aim would be to consider the imputation of HPV serostatus
across the dataset using data collected from these predictors, to validate an
existing ARCAGE HPV model. Whilst multiple imputation is typically reserved for
use in the context of limited numbers of missing data, if sexual (or other) factors
were shown to be very strongly associated with HPV serostatus, there may be
grounds to attempt multiple imputation to assess an estimated seroprevalence

and compare with existing estimates. Notably, the samples were selected at
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random, meaning that the mechanism of missing data for HPV data was non-

systematic.

7.3 Methodology

Following the external validation of the thesis risk model in Chapter Six, a small
number of participants (n= 43) withdrew their consent to partake in the study.
The records for these individuals were removed (using corresponding anonymised
ID numbers) from the dataset prior to this analysis. HNC cases and non-events
were identified using the same methodology to describe cases and exclude other

cancers as described in Chapter Six.

The sociodemographic data captured in the study included age, sex, ethnicity
(“White, Asian, Black, Chinese, Mixed, or Other / Unknown”) and socioeconomic
status. Both area-based (Townsend Index) and individual-level socioeconomic
predictors were collected. This included educational attainment (College or
University degree, A levels/AS levels, O levels/GCSEs, CSEs or equivalent, NVQ
or HND or HNC, Other professional Qualification, Prefer not to Say, or None of
the above) and income (Missing / Prefer Not to Say, Less than £18,000, £18,000
to £30,999, £31,000 to £51,999, £52,000 to £100,000, or > £100000).

Smoking alcohol and sexual behaviour data were also collected. Smoking data
included smoking status (Never, Former, Current, or Missing / Prefer Not to Say)
while individual smoking frequency and duration data were captured using
smoking packyears, where an individual’s typical daily number of packs of
cigarettes smoked is multiplied by the participant’s years of smoking. This was
treated as a continuous variable. Individual alcohol status (Never, Former,
Current, Missing / Prefer Not to say) and frequency of alcohol consumption
(Prefer not to say, Daily or almost daily, 3/4 x a week, 1/2 x a week, 1-3 x a
month, Special occasions only, Never) variables were included. Sexual behaviour
data included the practice of same-sex intercourse (Never, Ever, Prefer Not to
Say), age of sexual debut (Never had sex, 17 or younger, 18-19, 20 or older,
Missing / Prefer Not to Say) and number of sexual partners (Never had sex, 1, 2-
3, 4-5, 6-10, 11 or more, Missing / Prefer Not to Say).
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Descriptive statistics of the existing HPV data, sexual behaviours,
sociodemographics and behaviours were calculated and reported. Continuous
variables (age, area-based deprivation (Townsend index), smoking packyears),
were described using two-sample t-tests, and Welch’s t-test where equal
variance could not be assumed and categorical variables were described using
Chi-squared or Fisher’s exact test, where appropriate. Univariable and
multivariable logistic regression models were used to assess the associations
between sexual, sociodemographic and behavioural factors with HPV serostatus.
Multivariable logistic regression models were adjusted for age and sex. Odds
ratios (OR) with corresponding 95% confidence intervals (Cl) were reported for

each variable.

7.4 Descriptive Results — UK Biobank

7.4.1 HPV-16 Status Definition I. Results

Descriptive statistics and tests of association for participants with HPV serology
Definition | (MFI > 175 for the L1 antigen) are detailed in Table 7-1. Following
the application of prior eligibility criteria described in Chapter 6, 7238
participants of the 384,616 included in the study had HPV-serology data.
According to definition one of HPV-seropositivity, there were 6913 participants
with HPV-negative serology results and 325 participants with positive HPV-16 MFI

tests.
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Table 7-1: HPV-16 Definition (i) Descriptive statistics and associations
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HPV-16 Status Def. 1 Odds 95% CI Adjusted 95% CI
Variable _ N Ratio Odds
Negative Positive p Upper Lower Ratio Upper Lower

Status 0.01

Non-events (%) 6896 (99.8%) 321 (98.8%) REF REF REF REF REF REF

HNC (%) 17 (0.3%) 4 (1.2%) 5.06 1.69 15.11 6.46 2.11 19.79
Age, (mean = SD) 55.7 (£8.2) 52.8 (£7.5) <.0001 0.96 0.94 0.97 0.96 0.94 0.97
Sex <.0001

Female 3851 (55.7%) 233 (71.7%) REF REF REF REF REF REF

Male 3062 (44.3%) 92 (28.3%) 0.50 0.39 0.64 0.49 0.38 0.63
Ethnicity 0.09

White 6457 (93.4%) 299 (92.0%) REF REF REF REF REF REF

Asian 172 (2.5%) 4 (1.2%) 0.50 0.19 1.36 0.48 0.17 1.29

Black 111 (1.6%) 10 (3.1%) 1.95 1.01 3.75 1.53 0.79 2.98

Chinese 30 (0.4%) 1 (0.3%) 0.72 0.10 5.30 0.53 0.07 3.91

Mixed 1 (0.0%) 0 <0.001 <0.001 >999.999 <0.001 <0.001 >999.999

Other / Unknown 142 (2.1%) 11 (3.4%) 1.673 0.896 3.123 1.49 0.80 2.81
Townsend, (mean + SD) -1.32 (£3.08) -0.88 (£3.19) 0.01 1.05 1.01 1.08 1.04 1.004 1.08
Educational Attainment 0.22

College or University degree 2242 (32.5%) 115 (35.5%) 1.25 0.88 1.77 0.93 0.65 1.34

A levels/AS levels 773 (11.2%) 28 (8.6%) 0.88 0.55 1.42 0.64 0.39 1.04

O levels/GCSEs 1498 (21.7%) 72 (22.2%) 1.17 0.80 1.70 0.88 0.60 1.30

CSEs or equivalent 407 (5.9%) 25 (7.7%) 1.50 0.91 2.46 0.98 0.58 1.64

NVQ or HND or HNC 445 (6.4%) 13 (4.0%) 0.71 0.38 1.33 0.62 0.33 1.17

Other professional Qualification 329 (4.8%) 20 (6.2%) 1.48 0.86 2.53 1.33 0.77 2.28

Prefer not to Say 71 (1.0%) 4 (1.2%) 1.37 0.48 3.91 1.20 0.42 3.47
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None of the above

Income
Missing / Prefer Not to Say
Less than £18,000
£18,000 to £30,999
£31,000 to £51,999
£52,000 to £100,000
> £100000

Smoking Status
Never
Former
Current
Missing / Prefer Not to Say

Smoking Pack Years,
(mean = SD)

Alcohol Status
Never
Former
Current
Missing / Prefer Not to say

Alcohol Frequency
Prefer not to say
Daily or almost daily
3/4 x a week
1/2 x a week
1-3 x a month
Special occasions only
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149

1144 (16.6%)

993 (14.4%)
1286 (18.7%)
1452 (21.1%)
1590 (23.1%)
1246 (18.1%)
330 (4.8%)

3950 (57.1%)
2244 (32.5%)
684 (9.9%)
35 (0.5%)

6.46 (+14.48)

323 (4.7%)
244 (3.5%)
6327 (91.6%)
13 (0.2%)

8 (0.1%)
1375 (19.9%)
1579 (22.9%)
1762 25.5%)
785 (11.4%)
836 (12.1%)

47 (14.5%)

30 (9.4%)
65 (20.3%)
69 (21.6%)
77 (24.1%)
60 (18.8%)
19 (5.9%)

179 (55.1%)

111 (34.2%)

34 (10.5%)
1 (0.3%)

6.38 (+13.26)

18 (5.4%)
10 (3.0%)
302 (91.2%)
1 (0.3%)

0
66 (20.4%)
70 (21.6%)
92 (28.4%)
21 (6.5%)
43 (13.3%)

0.22

0.84

0.91

0.64

0.14

REF

0.60
REF
0.94
0.96
0.95
1.14

REF
1.09
1.10
0.63

1.00

REF
2.04
1.16
1.94

<0.001
0.85
0.78
0.92
0.47
0.91

REF

0.39
REF
0.67
0.68
0.67
0.67

REF
0.86
0.75
0.09

0.99

REF
0.99
0.66
0.24

<0.001
0.55
0.51
0.61
0.27
0.57

REF

0.93
REF
1.33
1.34
1.37
1.93

REF
1.39
1.60
4.63

1.01

REF
421
2.05
15.98

>999.999
1.31
1.20
1.39
0.83
1.45

REF

0.56
REF
0.89
0.80
0.73
0.94

REF
1.29
1.17
0.74

1.01

REF
2.20
1.27
2.32

<0.001
1.05
0.85
0.98
0.44
0.84

REF

0.36
REF
0.63
0.56
0.51
0.55

REF
1.00
0.80
0.10

1.00

REF
1.06
0.72
0.27

<0.001
0.67
0.55
0.64
0.25
0.52

REF

0.87
REF
1.26
1.13
1.07
1.60

REF
1.64
1.71
5.48

1.01

REF
4.56
2.25
19.57

>999.999
1.62
1.32
1.48
0.77
1.34




Never

Same Sex Intercourse
Never
Ever
Prefer Not to Say

Age Sexual Debut
Never had sex
17 or younger
18-19
20 or older
Missing / Prefer Not to Say

Number of Sexual Partners
Never had sex
1
2-3
4-5
6-10
11 or more
Missing / Prefer Not to Say
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564 (8.2%)

6007 (96.3%)
206 (3.3%)
27 (0.4%)

74 (1.2%)
2296 (36.4%)
1576 (25.0%)
2162 (34.2%)

206 (3.3%)

74 (1.2%)
1681 (26.6%)
1367 (21.7%)
911 (14.4%)
982 (15.6%)
731 (11.6%)

568 (9.0%)

32 (9.9%)

0.03
291 (93.9%)
19 (6.1%)
0

0.0003
1 (0.3%)

150 (48.2%)

74 (23.8%)

77 (24.8%)
9 (2.9%)

<.0001
1 (0.3%)
31 (10.0%)
38 (12.2%)
64 (20.6%)
72 (23.2%)
62 (19.9%)
43 (13.8%)

REF

REF
1.90
<0.001

0.29
1.39
REF
0.76
0.93

0.73
REF
151
3.81
3.98
411
4.60

REF

REF
1.17
<0.001

0.04
1.05
REF
0.55
0.46

0.10
REF
0.93
2.46
2.59
2.56
2.96

REF

REF
3.09
>999.999

2.10
1.85
REF
1.05
1.89

5.44
REF
2.44
5.89
6.10
6.58
7.14

REF

REF
1.80
<0.001

0.32
1.38
REF
0.88
1.09

0.81
REF
1.49
3.78
411
5.45
4.58

REF

REF
1.09
<0.001

0.04
1.04
REF
0.63
0.53

0.11
REF
0.92
2.43
2.65
3.44
2.84

REF

REF
2.95
>999.999

2.31
1.85
REF
1.22
2.22

6.06
REF
2.41
5.88
6.38
8.62
7.39

HPV = Human PapillomaVirus, Definition (i): MFI > 175 for the L1 antigen, HNC = Head and Neck Cancer, SD = Standard Deviation, REF = Reference Value,

Adjusted = Adjusted for Age and Sex
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Of the participants with HPV-16 definition | (L1) serology data, 21 HNC cases were
identified. Four of these patients tested positive for HPV-16. Participants with
HPV-seropositivity were, on average, younger with a mean age of 52.8 (+7.5)
versus controls with a mean age of 55.7 (£8.2) (p <.0001). The majority of HPV-
positive participants were female, constituting 71.7% (n =233) of positive tests.
Relative to females, males were less likely to be HPV seropositive (adjusted OR =
0.49, 95% Cl = 0.38 -0.63). There were no significant associations between
ethnicity and HPV status (p = 0.09).

Some associations were observed between individual SES and HPV-seropositivity.
HPV-negative patients had, on average, a lower Townsend Score of Deprivation
with a mean value of -1.32 (+3.08) versus HPV-positive participants, suggesting a
higher socioeconomic status. (-0.88 (£3.19)) (p = 0.01). This was also reflected in
logistic regression analysis, whereby an increase in Townsend score was (narrowly)
associated with an increased risk of HPV-seropositivity (multivariable OR =1.04,
95% Cl =1.004 -1.08). No associations were observed for individual educational
level. Income was largely not associated with HPV-serostatus; the only exception
was participants who had not reported their income, which was associated with a
protective effect relative to those who earned less than £18,000 (OR = 0.56, 95% Cl
=0.36 - 0.87).

Limited associations were found between alcohol and smoking behaviours and HPV-
serostatus. At a multivariable level, participants who reported a former smoking or
alcohol use status were observed to have an increased risk relative to never
smokers (adjusted OR = 1.29. 95% Cl = 1.00 -1.64) and never drinkers (adjusted OR
=2.20, 95% Cl = 1.06 - 4.56). These could perhaps be explained by past high-risk
behaviours and a quitting effect associated with malignancy or declining health. No
significant associations were observed for smoking pack-years or alcohol frequency

at a multivariable level.

Several associations were observed between sexual behaviours and HPV serostatus.
A younger sexual debut (age 17 or younger) was associated with an increased risk
of HPV seropositivity at both a univariable and multivariable level relative to those

aged 18-19 (OR = 1.38, 95% Cl = 1.04 -1.85). Same-sex intercourse was also
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associated with an increased risk ever vs. never - adjusted OR = 1.80, 95% Cl = 1.09
-2.95). Finally, an increased number of sexual partners was also significantly
associated with an increased risk of HPV-seropositivity. HPV serostatus was
strongly associated with an individual’s number of sexual partners (p <.0001).
Relative to those with one sexual partner, participants who reported intercourse
with 11 or more people were over five times more likely to be HPV-seropositive
(adjusted OR = 5.45, 95% ClI = 3.44 - 8.62).

7.4.2 HPV-16 Status Definition Il Results

Results from the descriptive analysis of HPV-16 Definition Il (MFI > 120 for the E6
antigen and / or MFI > 150 for the E7 antigen) serology data are described in Table
7-2. Of the 7238 participants with HPV-16 Definition Il serology, 6907 participants
tested HPV-seronegative, while 331 participants had a positive serology test. A
small number of HNC cases were identified (n = 21) and only seven were HPV-
positive. No significant difference was found between the mean age of
seronegative and seropositive patients (55.5 years (+8.2) and 56.4 years (+8.2)
respectively, p = 0.06). Significant associations were observed for participant sex
(p = 0.004). In contrast with L1 seropositivity definitions, male sex was associated
with an increased risk of definition (ii) seropositivity (adjusted OR = 1.39, 95% Cl =
1.12 - 1.73). No associations between HPV status and participant ethnicity were
found (p = 0.84).

No significant differences nor associations were observed between the
participants’ socioeconomic status and HPV serostatus. HPV-negative and HPV-
positive participants had, on average, similar Townsend scores. HPV-positive
participants reported a slightly higher (more affluent) Townsend score (-1.31 (z
3.09) and -1.18 (+ 3.08) respectively, p =0.46). Participants reported similar levels
of educational level (p = 0.98); the largest proportion of seronegative and
seropositive participants reported a college or university-level education. These
findings were also observed for participant income, where no significant

differences were shown (p = 0.65).

152



7 153

Table 7-2: HPV-16 Definition (ii) Descriptive statistics and associations

153

. HPV-16 Status Def. 2 Odds 95% ClI Adjusted 95% Cl
Variable _ N Ratio Odqls
Negative Positive p Upper Lower Ratio Upper Lower

Status

Non-events (%) 6893 (99.8%) 324 (97.9%) <.0001 | REF REF REF REF REF REF

HNC (%) 14 (0.2%) 7 (2.1%) 10.64 4.27 26.54 9.87 3.94 24.73
Age, (mean = SD) 55.51 (£8.18) 56.39 (£8.22) 0.06 1.01 1.00 1.03 1.01 1.00 1.03
Sex 0.004

Female 3923 (56.8%) 161 (48.6%) REF REF REF REF REF REF

Male 2984 (43.2%) 170 (51.4%) 1.39 1.11 1.73 1.39 1.12 1.73
Ethnicity 0.84

White 6445 (93.3%) 311 (93.7%) REF REF REF REF REF REF

Asian 170 (2.5%) 6 (1.8%) 0.73 0.32 1.66 0.73 0.32 1.67

Black 117 (1.7%) 4 (1.2%) 0.71 0.26 1.93 0.77 0.28 2.09

Chinese 30 (0.4%) 1 (0.3%) 0.69 0.09 5.08 0.78 0.11 5.75

Mixed 1 (0.0%) 0 <0.001 <0.001 >999.999 <0.001 <0.001 >999.999

Other / Unknown 144 (2.1%) 9 (2.7%) 1.30 0.65 2.56 1.34 0.67 2.65
Townsend, (mean + SD) -1.31 (= 3.09) -1.18 (= 3.08) 0.46 1.01 0.98 1.05 1.02 0.98 1.05
Educational Attainment 0.98

College or University degree 2251 (32.6%) 106 (32.1%) 0.97 0.70 1.36 1.04 0.74 1.47

A levels/AS levels 769 (11.1%) 32 (9.7%) 0.86 0.55 1.34 0.94 0.60 1.48

O levels/GCSEs 1493 (21.6%) 77 (23.3%) 1.07 0.75 1.52 1.16 0.81 1.66

CSEs or equivalent 411 (6.0%) 21 (6.4%) 1.06 0.63 1.77 1.20 0.70 2.03

NVQ or HND or HNC 439 (6.4%) 19 (5.8%) 0.89 0.53 1.52 0.90 0.53 1.54

Other professional Qualification 332 (4.8%) 17 (5.2%) 1.06 0.61 1.85 1.09 0.62 1.91

Prefer not to Say 72 (1.0%) 3 (0.9%) 0.86 0.26 2.82 0.87 0.27 2.85




None of the above

Income
Missing / Prefer Not to Say
Less than £18,000
£18,000 to £30,999
£31,000 to £51,999
£52,000 to £100,000
> £100000

Smoking Status
Never
Former
Current
Missing / Prefer Not to Say

Pack Years, (mean £ SD)

Alcohol Status
Never
Former
Current
Missing / Prefer Not to say

Alcohol Frequency
Prefer not to say
Daily or almost daily
3/4 x a week
1/2 x a week
1-3 x a month
Special occasions only
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1136 (16.5%)

979 (14.2%)
1295 (18.8%)
1452 (21.1%)
1595 (23.2%)
1238 (18.0%)
329 (4.8%)

3956 (57.3%)
2234 (32.3%)
682 (9.9%)
35 (0.5%)

6.38 (+14.34)

323 (4.7%)
244 (3.5%)
6327 (91.6%)
13 (0.2%)

8 (0.1%)
1363 (19.8%)
1566 (22.7%)
1771 (25.7%)
774 (11.2%)
853 (12.4%)

55 (16.7%)

44 (13.4%)
56 (17.0%)
69 (21.0%)
72 (21.9%)
68 (20.7%)
20 (6.1%)

173 (52.3%)

121 (36.6%)

36 (10.9%)
1 (0.3%)

8.12 (+16.11)

18 (5.4%)
10 (3.0%)
302 (91.2%)
1 (0.3%)

0

78 (23.6%)
83 (25.2%)
83 (25.2%)
32 (9.7%)
26 (7.9%)

0.65

0.30

0.05

0.84

0.14

REF

1.04
REF
1.10
1.04
1.27
141

REF
1.24
1.21
0.65

1.01

REF
0.74
0.86
1.38

REF

0.69
REF
0.77
0.73
0.88
0.83

REF
0.98
0.84
0.09

1.001

REF
0.33
0.53
0.17

<0.001 <0.001

1.16
1.08
0.95
0.84
0.62

0.75
0.69
0.61
0.50
0.36

REF

1.56
REF
1.58
1.49
1.83
2.38

REF
1.57
1.74
4.80

1.01

REF

1.62

1.40
11.14

>999.999
1.81
1.67
1.47
141
1.07

REF

1.07
REF
1.11
1.11
1.40
151

REF
1.17
1.16
0.61

1.01

REF
0.71
0.81
1.24

<0.001
1.08
1.03
0.93
0.85
0.64

REF

0.72
REF
0.78
0.77
0.96
0.88

REF
0.92
0.80
0.08

1.00

REF
0.32
0.50
0.15

<0.001 >999.999

0.69
0.67
0.60
0.51
0.37

REF

1.61
REF
1.60
1.60
2.05
2.58

REF
1.49
1.68
4.50

1.01

REF

1.56

1.33
10.05

1.68
1.61
1.44
1.43
1.10




Never

Same Sex Intercourse
Never
Ever
Prefer Not to Say

Age Sexual Debut
Never had sex
17 or younger
18-19
20 or older
Missing / Prefer Not to Say

Number of Sexual Partners
Never had sex
1
2-3
4-5
6-10
11 or more
Missing / Prefer Not to Say
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568 (8.2%)

6025 (96.4%)
202 (3.2%)
25 (0.4%)

72 (1.1%)
2322 (36.7%)
1581 (25.0%)
2144 (33.9%)

205 (3.2%)

72 (1.1%)
1643 (26.0%)
1349 (21.3%)
936 (14.8%)
993 (15.7%)
752 (11.9%)

579 (9.2%)

28 (8.5%)

273 (91.6%)
23 (7.7%)
2 (0.7%)

3 (1.0%)
124 (41.2%)
69 (22.9%)
95 (31.6%)

10 (3.3%)

3 (1.0%)
69 (22.9%)
56 (18.6%)
39 (13.0%)
61 (20.3%)
41 (13.6%)
32 (10.6%)

0.0001

0.63

0.24

REF

REF
2.51
1.77

0.96
1.22
REF
1.02
1.12

0.98
REF
1.00
1.01
1.48
1.28
1.29

REF

REF
1.61
0.42

0.29
0.91
REF
0.74
0.57

0.30
REF
0.70
0.67
1.03
0.84
0.84

REF

REF
3.93
7.49

3.11
1.65
REF
1.39
2.20

3.20
REF
1.44
151
2.13
1.93
1.99

REF

REF
2.51
1.67

0.91
1.21
REF
0.97
1.05

0.99
REF
0.99
0.99
1.46
1.30
1.32

REF

REF
1.59
0.39

0.28
0.90
REF
0.70
0.53

0.31
REF
0.69
0.67
1.03
0.39
0.86

REF

REF
3.96
7.12

2.97
1.64
REF
1.33
2.08

3.23
REF
1.42
1.48
2.08
4.32
2.02

HPV = Human PapillomaVirus, Definition (ii): MFI > 120 for the E6 antigen and / or MFI > 150 for the E7 antigen, HNC = Head and Neck Cancer, SD =

Standard Deviation, REF = Reference Value,

Adjusted = Adjusted for Age and Sex
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There were largely no associations between HPV serostatus and smoking or
alcohol behaviours. No differences in HPV serostatus by smoking and alcohol
status were observed (p = 0.30 and p = 0.84 respectively). Similarly, no
associations between smoking pack years and HPV status were observed
(adjusted OR = 1.01, 95% Cl = 1.00 - 1.01). Alcohol behaviours were also not

shown to be associated with HPV serostatus.

Sexual behaviours showed weaker associations with HPV definition Il serostatus.
Same-sex intercourse remained significantly associated with an increased risk of
seropositivity (adjusted OR = 2.51, 95% Cl = 1.59 - 3.96), which was consistent
with findings from the definition | serology analysis. However, no associations
were found with a younger sexual debut (p = 0.63) and limited associations were
found with an individual’s humber of sexual partners (p = 0.24); relative to those
with a single sexual partner, only those who reported 6-10 sexual partners were
found to be at a statistically significant increased risk (adjusted OR = 1.46, 95%
Cl =1.03 - 2.08).

7.5 UK Biobank Discussion

This analysis sought to describe HPV serology and HNC data in the UK Biobank
and to potentially impute HPV data to validate a clinical risk model if the

findings were supportive of it.

7.5.1 Associations

Associations between participant demographics and HPV serostatus were limited.
A younger age was associated with an increased risk of HPV definition (i)
seropositivity but not definition (ii). Participant sex associations varied; male sex
was associated with a reduced risk of HPV definition (i) seropositivity, however,
the opposite finding was observed for definition (ii) seropositivity.
Socioeconomically, HPV-positive and negative participants were comparatively
similar, with few to no associations observed. Similarly, there was no evidence
to suggest any associations between ethnicity and HPV serostatus. This does not

chime with existing research, which has reported higher HPV seroprevalence
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among those of black and minority ethnic backgrounds. (Lin et al., 2015)
(Berenson et al., 2021) However, it is worth acknowledging that the UK Biobank
participant population (and subsequent HPV serology sample) was largely white
Caucasian, with over 93% of those with HPV serology data of a white Caucasian

ethnicity.

Weak or non-existent associations were observed between alcohol, smoking
behaviours, and subsequent HPV-16 serostatus. This remained true for status and
measures of frequency or duration. This finding also contrasts with existing
literature, which suggested an association of smoking and high-frequency alcohol
behaviours with an increased risk of HPV infection. (Schabath et al., 2012)
(Schabath et al., 2015) (Chung et al., 2015)

Besides participant sex and a diagnosis of HNC, sexual behaviours were the only
variables which exhibited significant associations with HPV serostatus. However,
even within these, some variation was exhibited; only same-sex intercourse
remained significant across both seropositive definitions. Whilst age of sexual
debut and number of partners were significantly associated with definition (i)

HPV seropositivity, this was not the case for definition (ii).

The variation of associations observed for participant sex and sexual behaviours
could potentially be explained by the differing roles of the threshold proteins
used to classify seropositivity. The L1 protein is associated with the outer
capsule of the HPV virus (also known as the viral capsid). (Buck et al., 2013)
Raised antigen levels associated with this protein are suggestive of exposure to
the outer shell of the virus - which would be more readily associated with sexual

transmission and behaviours.

HPV-16 E6 and E7 are oncoproteins responsible for the regulation of cells and
viral replication that are typically associated with higher-risk HPV strains. Thus,
E6 and E7 proteins are associated with the virus’s ability to persist in the cell
lining and, with time, subsequent oncogenesis. (Narisawa-Saito and Kiyono,
2007) Raised antigen levels for L1 protein may be indicative of more recent viral
exposure that is associated with sexual activity, whereas raised E6 / E7 antigen

levels could be indicative of a persistent infection, rather than more immediate
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sexual activity and transmission. This is consistent with the weaker associations
with sexual behaviours that were observed for definition (ii) positivity.
Furthermore, this hypothesis is also reflected in the stronger association
between HNC and E6 or E7 seropositivity versus L1 seropositivity. Similarly, it
has been hypothesised that, in contrast with females, males may be at an
increased risk of prolonged HPV infection (and subsequent oncogenesis) due to a
variety of mechanisms including a lack of protection conferred by prior cervical
HPV infection.

7.5.2 Multiple Imputation

Multiple imputation is a technique that can be used to handle missing data. It
works by replacing missing data using plausible values derived from known data
or associations. (Li et al., 2015, Rubin, 2018) Multiple imputation is typically
performed in two steps. The first of these entails computing replacement values
for the missing data (i.e. imputation) and the generation of multiple subsequent
datasets. The second step entails the synthesis and analysis of these generated
datasets. Multiple datasets are created with estimated plausible values for the
variable with missing data. This allows for the quantification of uncertainty
when describing plausible values for an imputed variable, as opposed to a single

imputation, which can lead to incorrect levels of precision of estimates.

There are no explicit guidelines for the use of multiple imputation. Some authors
have suggested that estimates from multiple imputation are at an increased risk
of bias where over 10% of data is missing. (Bennett, 2001) Whilst multiple
imputation is listed as a strategy for the handling of missing data in the TRIPOD
model development guidelines, there is no explicit mention (at the time of
writing) of the use of multiple imputation in the validation guidelines, nor a

defined acceptable quantity of missing data. (Collins et al., 2015b)

Even though the HPV data was missing completely at random (MCAR) due to the
random selection of participants for the disease panel, the large volume of
missing data far exceeded the maximum quantity recommended by some for
multiple imputation. As can be seen from the descriptive tables, analysis of HPV

serostatus and burden in the UK Biobank revealed some associations between
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participant behaviours, sexual history and HPV serostatus. However, the large
volume of missing HPV data (>98%) and the lack of (consistently) strong
associations meant that any attempts to conduct multiple imputation using
sexual behaviours could not have been considered reliable nor of a robust

standard.

7.5.3 Limitations and Strengths

This analysis had some limitations; the primary limitation of this analysis was the
limited number of participants with HPV serology data. It has also been
suggested that, socioeconomically, UK Biobank participants are less deprived
relative to the general population. (Fry et al., 2017) This may have potentially
limited the representativeness of the results. Similarly, most participants with
HPV serostatus data were of a white ethnicity, potentially further limiting the
generalisability of findings to other ethnic groups. This analysis also had some
strengths. The quality of the data collected was high, with the vast majority of
HPV serology samples passing quality checks. (UK Biobank, 2019) Similarly, the
questionnaires used for data capture were thorough and supported by trained

interviewers. (Rory, 2007)

7.6 Conclusions

While a large and robust dataset, this analysis has shown that in the context of
HPV-driven HNCs, the utility of the UK Biobank is ultimately hindered by a lack
of HPV data. If HPV serology testing were to be expanded beyond the limited
numbers of randomly selected pilot-study participants in the cohort, there may
be scope for future studies in the UK Biobank to improve our understanding of

the aetiology of HNC.
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8 Chapter Eight — Discussion

In this chapter, the key findings of this thesis are discussed in the context of
the wider literature, in addition to the strengths and limitations of the thesis
studies included. Conclusions and recommendations for future policy, practice,

and research are also presented.

8.1 Findings

This thesis has described the changing epidemiology of head and neck cancer
and the potential of risk prediction modelling for HNC. While risk prediction
modelling is a more common phenomenon for cancers of other sites and

comorbidities, it remains an underutilised concept in the prevention of HNC.

What is the current evidence base of head and neck cancer risk prediction

models and tools?

The development of the HNC risk prediction model discussed in Chapter Six was
informed by undertaking a comprehensive review of the international literature,
in which existing HNC models were identified, assessed and their findings
synthesised using the PROBAST framework and an additional quality assessment.
(Wolff et al., 2019) The review identified a gap in available fully validated risk
prediction models and models translated into clinical tools. Three of the models
in the published literature were identified to be high quality and high
performing (AUC > 0.80). A narrative synthesis of the models highlighted that
simpler HNC risk models and those that were tailored to their target population
or subsite had better predictive performance. It also informed methodologically

rigorous approaches to developing the risk prediction model of this thesis.

What is the sociodemographic profile of head and neck cancer and is it

changing over time?

The analysis of the Scottish Cancer Registry in Chapter Four highlighted the
changing burden of disease in Scotland but that the sociodemographic profile
(defined by age, sex and area-based socioeconomic status) of HNC is unchanging

over time. Relative to the 2001-2005 period, significant increases in the
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incidence of OPC were observed by the 2016 to 2020 period (RR = 1.78, 95% Cl =
1.65-1.93). Over the same period, oral cavity cancer incidence remained stable
(RR =0.94, 95% CI = 0.88-1.01) and larynx cancer incidence rates declined (RR =
0.73, 95% Cl = 0.68-0.79). The registry analysis also revealed that while the
burden increased at an overall level, the sociodemographic profile of people
with HNC has remained largely unchanged - both overall and within subsites
where there were no major shifts in terms of age, sex and socioeconomic status.
A consistent and strong socioeconomic pattern was observed, with the highest
rates among SIMD 1 (20% most socioeconomically deprived RR = 2.87, 95% Cl =
2.73-3.00) compared with SIMD 5 (20% least socioeconomically deprived).

The primary limitation of the registry analysis in Chapter four was a lack of
tumour HPV data. In the global context of increasing trends of HPV-positive OPC
incidence, the increases in OPC observed in the Scottish Cancer Registry analysis
were likely HPV-mediated; an estimated 60% of OPC cases in Scotland test HPV-
positive. (Wakeham et al., 2019b, Gormley et al., 2022a) The analysis would
have been enhanced if there was the ability to distinguish between HPV-positive
and HPV-negative OPC cases. Using data from the ARCAGE study, an analysis of
case participants with OPC and HPV serology data was conducted in Chapter
Five. The sociodemographics (age, sex and educational level) and behaviours of
HPV-positive and HPV-negative were compared directly and with controls as a
sensitivity analysis. There was no strong evidence to suggest people with HPV-
positive OPC possess a different sociodemographic profile from people with
HPV-negative OPC. Relative to controls, HPV-negative participants reported a
lower socioeconomic status (University / manager vs primary education / worker
- OR =0.34, 95% Cl = 0.16 - 0.73). Smoking and alcohol behaviours were more
strongly associated with HPV-negative OPC. When compared with controls, there
was no association with a higher educational level and HPV-positive OPC (OR =
1.17, 95% Cl = 0.52-2.67).

When participants with HPV-positive and negative cases of the oropharynx were
compared directly, there was an unclear association with a higher, relative to a
lower, educational level and HPV serology status (University / manager vs
primary education / worker) (OR = 3.07, 95% CI = 0.92 - 10.30). These findings

contrasted with the limited existing literature which was suggestive of a higher
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SES associated with HPV-positive OPC patients. (Dahlstrom et al., 2015b) The
smaller numbers of OPC cases is highlighted by the imprecise estimates (wide
95% Cl) in this analysis. Further analyses of pooled international studies are

warranted.

Could a head and neck cancer risk prediction model be developed and
externally validated, with a view to implementing in a primary dental care

setting?

A risk prediction model for head and neck cancer is described in Chapter Six.
Using data from the ARCAGE case-control study, a clinical risk prediction model
was developed using established and readily ascertainable risk factors in the
clinical setting including patient sociodemographics and high-risk behaviours.
The model was designed with consideration of the applicability of use in the
primary care setting. While performing moderately well in the developmental
stages (AUC = 0.75, 95% Cl = 0.74-0.77; Spiegelhalter's Z test = 0.603, p =0.55),
the model had a reduced but still acceptable performance level in the UK
Biobank cohort validation dataset (AUC = 0.62, 95% Cl = 0.61-0.64;
Spiegelhalter's Z test = -0.013, p=0.99)).(Hosmer Jr et al., 2013) Attempts to
revise the model (using further variables (denture status, BMI), stratifying by the
risk of OCC and larynx cancer and using only UK centre data) yielded no or

minimal improvements.

Due to small numbers of participants in the UK Biobank with HPV data, it was
not feasible to effectively validate a model which included HPV serostatus. It is
likely that the inclusion of HPV serostatus would have improved the performance
of the model based on its promising performance in the developmental dataset
(AUC = 0.80, 95% Cl = 0.79-0.82) and the larger proportion of OPC cases in the
UK Biobank dataset. While subject to some limitations, the UK Biobank
validation analysis has shown that epidemiological risk factors can offer
generalised HNC prediction but biomarkers may enhance individual risk
prediction and provide the opportunity for a precision medicine approach.
(Ginsburg and Phillips, 2018)
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Chapter Seven explored the availability of HPV data in the UK Biobank and the
feasibility of imputing HPV serostatus across the dataset for the testing of an
HPV model. Limited demographic and behavioural (smoking and alcohol)
associations with HPV serostatus were observed. Some associations were
observed with sexual behaviours but even these were not consistent across
definitions with the only exception being the practice of same-sex intercourse.
The limited strength of associations and the large volume of missing HPV
serology data (>98%) meant that imputing HPV serostatus across the dataset was
impractical. If serology testing were to be expanded to a larger cohort sample,
the UK Biobank could be a useful resource in furthering the understanding of

head and neck cancer epidemiology.

Ultimately, the performance of the risk prediction model was considered to be
fair but could be improved. If the model were to be used for secondary
screening and major clinical decision making, e.g. deciding whether to conduct a
biopsy, this level of performance may not be sufficient. However, for the
purposes of primary prevention, the model could still have utility in prompting
behavioural discussions and helping to inform patient recall decisions in the
dental setting. A study protocol was also developed with a future view to pilot

the feasibility of a model in primary dental care.

8.2 Comparisons with the International Literature

Over the course of this thesis, there have been several additions to the
literature since the initial summary of the literature in Chapter 1 and published
rapid review of risk prediction models. This section explores these and the key

thesis findings in this wider context.

8.2.1 Reviews of Head and Neck Cancer Risk Models

The published review of HNC risk models (Chapter Three) compares with a
recently published systematic review of oral cancer risk prediction models which
has expanded upon some of the research conducted and reported in this thesis
with a detailed review of OCC models. (Espressivo et al., 2024) This systematic
review identified and appraised 23 different models using a similar methodology

to this thesis, including the use of the PROBAST tool, and identified many models
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in common with those described in Chapter Three (n = 11). The review also
identified several models that were not included in the rapid review, including
six models that used genetic factors. Upon examination, these can primarily be
attributed to models being published at a date after the conclusion of the thesis
review’s literature searches, the exclusion of genetic models or publications not

explicitly using the word “model” or “tool” in the title or abstract.

The systematic review’s assessment largely chimed with the findings of the
thesis rapid review. The authors identified several models that have potential
utility. (Espressivo et al., 2024) Many of the models made use of at least one
behavioural factor, many including key predictors such as smoking and alcohol,
as consistent with the thesis review. They noted the importance of the
feasibility of implementation, highlighting the merits of epidemiological models
that can use readily accessible variables such as demographics or smoking. The
review also discussed the predictive potential of HPV as a biomarker for models.
Crucially, the authors also noted that many of the models lacked external
validation and clinical testing and recommended that future research should

focus on the validation of existing models.

Espressivo et al’s (2024) systematic review had several strengths, including the
publication of a protocol, robust appraisal methodology, and a detailed synthesis
and discussion. It also had some limitations in comparison to the Thesis review as
it was confined to only OCC risk models. The review also only included papers
published in English, excluding several papers from regions with high OCC
incidence. Notable differences were also observed in the use of the PROBAST
tool, primarily harsher judgements and use of domains; several studies were
classified as having a high risk of bias owed to the use of a case-control study for
the development of a model. While case-control studies are subject to some
limitations, they remain an important epidemiological tool in furthering the
understanding of disease aetiology and often offer detailed exposure data not
always captured by larger cohort studies, especially for lower volume diseases
such as HNC and OCC.
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8.2.2 Epidemiology

The key novel finding of the registry analysis was the unchanging
sociodemographic profile of HNC in spite of the substantial increases in OPC
rates. This was not consistent with reports of significant changes in the
sociodemographics of people with HNC driven by HPV-related OPC. (Gillison et
al., 2008, Dahlstrom et al., 2015b) These studies were smaller clinical case-
controls or cohorts constrained by limited numbers of people with HPV-positive
OPC. These studies were also conducted in the United States, where the SES
differences observed could be explained by a socioeconomic skew towards
higher SES patients with insurance and access to healthcare. (Hoffman and
Paradise, 2008)

The peak age incidence of HNC remained relatively stable with a modest
increase in age at an overall level and for OCC. These findings make sense in the
context of an aging population in Scotland. (Scotland's Census, 2022) Although
OPC patients were slightly younger (60-64) than other sites (65-69), the age
distribution of people with OPC remained stable. Similarly, observed rates were
consistently higher among males across all subsites, mirroring the findings of
previous studies. A strong socioeconomic gradient was also observed in HNC
incidence, with the highest rates consistently among the most deprived areas.
Purkayastha et al. observed a similar inequality gradient across all HNC subsites
in Scotland. (Purkayastha et al., 2016) Although the English Cancer Registry data
used in a study by Mcarthy et al. did not include socioeconomic status data,
regional data suggested a similar trend in England; the highest rates of HNC
were observed in the North of England, which has higher levels of socioeconomic
deprivation than the South of England. (McCarthy et al., 2015, Office for
National Statistics, 2023)

This finding was also observed in OPC incidence trends and remained unchanging
across the study duration. With approximately 60% of Scottish OPC cases
estimated to be HPV-positive, the clear inequality gradient observed is not
coherent with the suggestion of a higher SES associated with HPV-positive OPC
cases observed in studies conducted in the USA. (Wakeham et al., 2019b) Prior

studies have suggested that high-risk sexual behaviours, risk factors for HPV
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infection and HPV-positive OPC, are similarly socioeconomically patterned with
these more common among those of a lower socioeconomically status. (Wellings
et al., 2001, Jackson et al., 2012) Moreover, these findings suggest that a similar

inequality pattern exists in both HPV-positive and HPV-negative OPC incidence.

The findings of an unchanging sociodemographic profile in the context of
growing overall HNC incidence from the Registry study offer an important
contribution to the literature. The incidence trends observed (substantial
increases in OPC and declines in larynx cancer rates) in Scotland also correlate
with existing global incidence trends of increases in OPC and declines in larynx
cancer rates in some high-income countries. (Gormley et al., 2022b) Similarly,
the findings were consistent with other robust UK registry analyses. (McCarthy et
al., 2015, Purkayastha et al., 2016) In a previous Scottish Cancer Registry
analysis by Purkayastha et al., it was forecast that OPC rates would supersede
those of the OCC rates. The study findings of this thesis have confirmed these
projections. (Purkayastha et al., 2016) The large increases in OPC incidence
rates were also consistent with trends observed in England by McCarthy et al.
(McCarthy et al., 2015) In their analysis, OCC rates increased and larynx cancer
rates stabilised, while stabilisations in OCC rates and declines in larynx cancer

rates were observed in this thesis’s Scottish Cancer Registry analysis.

The findings are consistent with a global trend of an increasing burden of (likely
HPV-mediated) OPC and declines or stabilisations of smoking and alcohol -
mediated disease. (Gormley et al., 2022b) Scottish Health survey data has
suggested a decline in population smoking trends, but harmful alcohol drinking
levels persist. (Cabinet Secretary for NHS Recovery, 2021) This may explain the
findings of a decline in larynx cancer rates and a stabilisation in OCC rates,
where it has the strongest association with alcohol consumption. (Hashibe et al.,
2009)

Similarly, the findings of the sociodemographic analysis of people with OPC in
the ARCAGE case-control study in Chapter Five did not chime with existing
literature. While some prior studies had suggested an increased risk of HPV-
positive OPC among high socioeconomic groups, no significant associations were
observed between a higher socioeconomic status and HPV-positive OPC in this
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chapter. This and the clear inequality gradient observed among all OPC cases in
the registry analysis contrasts with existing research suggestive that people with
HPV-positive OPC are of a higher SES. (Dahlstrom et al., 2015b) However, like
prior studies, the analysis was constrained by limited numbers of HPV-positive
OPC cases. Further investigation of the SES profile of HPV-positive OPC is

warranted.

8.2.3 Head and Neck Cancer Risk Models

The model developed in this thesis (Chapter Six) was informed by a methodical
review of the literature (Chapter Three) and used two large and robust studies,
one for development and the second for external validation. The key finding of
an unchanging sociodemographic profile in the Scottish Cancer Registry analysis
supported the use of the ARCAGE study (2002-2004) to develop a risk prediction
model that could be validated in a more contemporary dataset (2006 - present).
When compared and contrasted with other studies in accordance with the rapid
review, it would likely be considered as a high-quality model due to its robust
methodology, but it would not be considered high-performing due to the drop in
model performance exhibited on external validation (AUC < 0.80). Nevertheless,
the model still has a reasonable level of performance sufficient for primary
prevention activity. The most comparable risk prediction models to that of this
thesis are the works of McCarthy and colleagues (2020) and Budhathoki et al
(2023). (McCarthy et al., 2020, Budhathoki et al., 2023) The authors developed
separate models using data from the UK Biobank and the ARCAGE studies,
respectively, while this thesis developed and validated a model with these

studies.

The study by Budhathoki et al. (2023) created a series of high-performing models
for all HNC and several subsites. The authors pooled several studies from the
VOYAGER (Human Papillomavirus, Oral and Oropharyngeal Cancer Genomic
Research) Consortium including the ARCAGE, Carolina Head and Neck Cancer
Epidemiology (CHANCE), Pittsburgh and Toronto case-control studies and the
Head and Neck 5000 cohort. (World Health Organisation (WHO), 2024b)A split
sample approach was conducted, where data were divided into a training and

hold-out (internal validation) datasets and the UK Biobank study was used to
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estimate absolute population risks. These models stratified by sex and used both
epidemiological (age, smoking packyears, alcohol drinking intensity and
socioeconomic status (education) and biomarkers (polygenic risk scores, HPV
status) predictors. This study was well conducted, and the large number of cases
was a major strength. The models had good performance, particularly the HPV
and epidemiology models for the oropharynx (Male - AUC = 0.92, 95% Cl = 0.90-
0.94, Female - 0.91, 95% Cl = 0.86-0.94). A key limitation of this study was that
the authors did not employ external validation. Comparatively, the models
performed better than the thesis model (Chapter Six). However, the
epidemiology models for HNC had better, but still modest, performance (All HNC
Male - AUC = 0.69, 95% Cl = 0.67-0.71: Female - AUC = 0.75, 95% ClI = 0.72-0.78).
The combined epidemiology and biomarker (polygenic risk scores, HPV) models,
especially the OPC models which utilised HPV serostatus, had significantly
improved performance characteristics. However, the clinical utility of this
biomarker approach would currently be restricted by limited (HPV or genomic)
testing capabilities in primary care. The findings of this approach suggest that
epidemiological models have predictive potential but that future models, where
practical, should strive to incorporate biomarkers. This correlates with the
findings of the model development study in this thesis, where HPV serostatus

was highly predictive in HNC model.

The model developed by McCarthy et al. (2020) was designed for use in primary
care settings. In this model, the UK Biobank dataset was split geographically into
a development and validation dataset using the North of England. The model
used similar predictors to those chosen in the ARCAGE model. This included
demographic factors (age, sex, and area-based socioeconomic (Townsend)
Deprivation score), behaviours (fruit consumption, exercise, smoking, and
alcohol status) and BMI. Smoking packyears / duration data were also not
included due to missing data. The model had several strengths; it was a well-
developed and robust model, which followed TRIPOD guidelines. The variables
chosen were largely clinically feasible to capture. The authors also utilised
patient and public involvement in the model’s design. Like the risk prediction
model described in this thesis (Chapter Six), the model’s performance dropped
to acceptable but limited levels of discrimination (AUC = 0.64, 95% CI = 0.60-

0.68) upon validation. Collecting BMI from patients may have proven challenging
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in a dental setting, with currently no evidence assessing it’s feasibility. BMI is
also subject to potential reverse causation in HNC risk, as discussed in this thesis

and acknowledged by the authors.

The model in this thesis shares several similarities with this study. (McCarthy et
al., 2020) Both of the models used epidemiological predictors and were
explicitly designed for use in a clinical setting. Following the findings of the
rapid review, whereby simpler models tended to report better performance, and
in consistency with the statistical principle of parsimony, the thesis model was
intentionally designed to include a minimal number of variables. At the time of
development, it was theorised that the drop in performance between the
development and validation phases observed in the McCarthy et al. (2020) model
was attributable to overfitting and the use of additional, non-major risk factors.
However, given the similar drop in performance observed upon validation of the
thesis model, it may suggest that the UK Biobank dataset may not be necessarily
representative of the general population. The UK Biobank cohort population has
been shown to be, on average, more socioeconomically affluent than the general
population, which may have limited it’s suitability for the risk prediction of HNC
which disproportionately affects those from lower socioeconomic groups. (Fry et
al., 2017) Alternatively, it may suggest that epidemiological predictors are
insufficient to precisely stratify those at risk and that biomarker adjuncts are
needed. In the discussion, McCarthy et al (2020) also acknowledged that HPV
serostatus could improve the prediction of a model but at the cost of limited
clinical utility, in agreement with the suggestions of this thesis. Another key
theme in the discussion by McCarthy and colleagues was the potential role for a
model in a dental setting for preventive activity which were the implications and

conclusions also drawn in this thesis.

Since the publication of the rapid review, a risk model which was developed into
a clinical tool (the Head and Neck Cancer Risk Calculator, HANCRC v.2 by Tikka
et al. (2020)) has since undergone further testing. This model was included and
described in the thesis rapid review. Work by Simpson and colleagues evaluated
the accuracy of HANCRC v.2 against a cohort of urgent suspected cancer
referrals to an Oral and Maxillofacial Surgery unit for the first time. (Simpson et

al., 2023) The calculator was shown to be effective in assessing referrals, with
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good accuracy, recommending 76% of malignancies and only 41% of non-
malignancies for urgent referrals. The model also had a high Negative Predicted
Value (NPV) of 99.2% (i.e. 99.2% of all negative results will be truly negative).
The authors also concluded that the tool could improve the triaging of referrals
but could also be improved for OCC specific signs or symptoms (e.g. oral
erythroleukoplakia). The study was subject to some limitations, namely smaller
numbers of patients with confirmed malignancy and a binary classification
between desirable and inappropriate referrals which does not fully consider
many of the OPMDs included, which can carry a high risk of malignant
transformation and would also need referral and further investigations, e.g.
biopsy. (locca et al., 2020) This work confirms prior evaluations of this risk tool
that highlighted its effectiveness in the secondary screening of symptomatic
patients. (Hardman et al., 2021a) Ultimately, the work by Tikka et al (2020) has
a different clinical function to the potential role of the thesis model developed

in this thesis.

8.2.4 Risk Factors for HNC

Further studies on HNC risk factors have also recently been published. Work from
the INHANCE consortium by Goyal et al. revealed that risk associations with
behaviours vary internationally with higher risks observed in lower-income
countries. (Goyal et al., 2023) This study observed that longer term smoking
behaviours was associated with a higher risk of OCC and larynx cancer in higher
income countries, whereas long-term smoking was associated with an increased
risk of OPC and hypopharynx cancer in lower income nations. Similarly, long-
term alcohol behaviours were associated with an increased risk of OPC, larynx
and hypopharynx cancer in lower income countries. These differences were
attributed to geographical variations in tobacco and alcohol products available
and the burden of HPV-mediated disease. These differences suggest that there
are global differences in exposure profiles, both geographically and

economically, but reinforce the universal importance of regulation.

A recent study using data for the INHANCE consortium by Sassano et al. observed
a significant protective effect associated with aspirin against HNC, particularly

for tumours of the oropharynx and larynx. (Sassano et al., 2024) A dose response
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effect was also observed with duration. The authors theorised that the anti-
inflammatory effects of the drug could have an anti-neoplastic effect, but also
cautioned against potential recall biases and confounding associated with
hospital-based controls. This exposure was explored in the development of the
model (Chapter Six) but lost significance at the black box stage, suggesting it

would likely have had a limited impact on the risk model, at best.

Although not feasible to include in the thesis model due to data limitations (the
ARCAGE study had no recreational drug use data), several publications assessing
recreational drug usage as an exposure have also emerged. A Scottish analysis
among laryngeal patients, although limited by a smaller sample size, found an
increased morbidity in outcomes among patients which used recreational drugs.
(Woodley et al., 2022) Similarly, analysis of the INHANCE consortium found a
weak but increased association between cocaine inhalation and HNC. However,
this sample was primarily limited by limited numbers of cocaine users. (Zhang et
al., 2024) In consistency with this, a recently conducted systematic review
suggested strong associations with opioid usage and HNC risk, especially for
tumours of the larynx. (Mohebbi et al., 2024) Future models could explore the

inclusion of recreational drug usage.

8.2.5 Primary Prevention and Risk Prediction

The thesis research including the review, registry analysis and development and
validation of a risk prediction model are comparable to similar research on other
cancers. The thesis review was robust and well-conducted, learning from and
adapting methodologies to previous reviews of colorectal, breast and lung
cancers. (Usher-Smith et al., 2016, Louro et al., 2019, Gray et al., 2016) These
reviews also made use of the PROBAST tool and undertook a detailed synthesis.
The performance of the models identified for HNC were broadly comparable to
those of other cancers. A lack of external validation and testing of models in the

clinical setting was a commonly identified theme.

The evaluation of patient demographics and risk characterises is crucial for
prevention. The Scottish Cancer Registry analysis conducted in Chapter Four is of

a similar nature and quality to that of other registry analyses such as that of
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melanoma, breast and thyroid cancers. (Reynolds et al., 2005, Brewster et al.,
2007, Mesa-Eguiagaray et al., 2020) The analysis was also similar to previous
head and neck cancer registry analyses. (Purkayastha et al., 2016) Large
socioeconomic inequalities were also observed among cancer other cancers in
Scotland. (Tweed et al., 2018)

The general findings of this thesis are in accordance with the literature on other
cancer risk prediction models. The potential preventive benefits and resource-
efficiency of cancer risk models have been described, including positive
behavioural change effects, no increased cancer worry and improved patient
knowledge of risk . (Walker et al., 2015b) Despite this, cancer risk prediction
tools are under-utilised especially in the primary care setting where there is

inherent preventive potential. (Usher-Smith et al., 2015)

There is an abundance of prognostic models for HNC, many of these having
undergone review. (Tham et al., 2019, Russo et al., 2021, Aly et al., 2023) Many
of the challenges described with prognostic modelling were similar to those of
risk prediction models, particularly a lack of external validation and testing.
With the success of the Tikka et al. (2020) referral model, there has been an
increased focus on secondary detection studies as well as contemporary changes
to referral guidelines such as the new Scottish “Optimal Head and Neck Cancer
Diagnostic Pathway”. (NHS Scotland, 2023)

Comparatively, the literature focused on the primary prevention risk modelling
of HNC is much more limited. There are currently no studies or reviews of the
utilisation of HNC cancer risk models in primary dental care, nor could any
studies of testing risk prediction models for HNC in dental settings be identified.
This is consistent with the literature suggesting that cancer risk models are an

underutilised tool in the primary care setting. (Price et al., 2019)
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8.3 Limitations of Thesis Approaches

8.3.1 Review Methodology

The studies of this thesis were subject to some limitations. The primary
limitation of the rapid review (Chapter Three) was a lack of a published protocol
which would clearly set out the review methods a-priori, as per PRISMA
systematic review guidelines. Despite this, the review was very thorough (having
been informed by a subject librarian, included dual screening and a rigorous
quality assessment with the PROBAST framework and a defined PICO question).
While there was no published protocol, the methods of systematic search (search
terms, and multiple databases), quality / performance appraisal (PROBAST) and

synthesis were decided a-priori.

8.3.2 Data Limitations

The primary limitation of the analysis of the Scottish Cancer Registry was related
to the limitations of the data available, including a lack of tumour HPV status.
Some trends, e.g. declines in predominately smoking-driven laryngeal rates,
could be somewhat explained by smoking and alcohol data reported by sources
such as the Scottish Health survey. (Scottish Government, 2021) With an
estimated 60% of Scottish OPC tumours diagnosed as HPV-positive, it was not
feasible to differentiate between HPV-positive and negative tumours and further
assess for sociodemographic changes. (Wakeham et al., 2019a) This is
increasingly important because HPV-positive and HPV-negative OPC are

commonly considered as distinct diseases. (Elrefaey et al., 2014)

Attempts to account for this limitation were made in the subsequent Chapter
(Chapter 5), where the demographics and behaviours of people with HPV-
positive and negative tumours of the oropharynx were investigated. However,
this analysis was constrained by a limited number of HPV-positive OPC study
participants. This chapter, however, serves as a preliminary analysis for future
international collaboration with partners in the HEADSpACE consortium. With a
much larger pool of people with oropharynx cancer, this future analysis could

have more power to help answer this research question.
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8.3.3 Modelling Data and Approaches

The risk prediction model analyses (Chapter Six) were also subject to some
limitations. While the model underwent external validation in an independent
dataset (UK Biobank population cohort) and was constructed with a large and
robust developmental dataset (ARCAGE case-control study), the use of two
heterogenous datasets meant the matching of variables for inclusion was more
limited. This resulted in the exclusion of otherwise potentially relevant risk
predictors such as an individual’s frequency of dental attendance, which would
have made particular sense in the context of the risk prediction tool potentially

influencing decisions on future recall intervals.

While using an all-site approach improved the generalisability and ease of use of
the thesis model, this grouped approach was also less specific to HNC subsites
and may have limited the predictive utility of the model. Some of the site-
specific models developed by Budhathoki et al., (2023) exhibited a significantly
higher performance. For example, the HPV and epidemiology model for OPC.
Although there was a high number of events per variable (EPV) and variables
were carefully selected to minimise overfitting, further internal validation
strategies to minimise overfitting such as bootstrapping or cross validation were
not utilised. Given the pre-approved methodology of external validation in the
UK Biobank (and time sensitivities of the project), further internal validation
was deemed to be unnecessary since external validation is regarded as more

robust. This could be revisited in future modelling and validation studies.

The UK Biobank is also subject to the “healthy volunteer” effect whereby, on
average, participants in the study are of a higher SES than the general
population. (Fry et al., 2017) This coupled with the (age-group and sex)
matching conducted in the ARCAGE study may have attenuated the strength of
key sociodemographic predictors in the model, and in turn led to the
underrepresentation of the predictive effects of these variables. No patient and
public involvement (PPI) was utilised for variable selection; however PPI
engagement (via Radnet) was planned for the feasibility testing of the model

(Appendix 8).
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While the use of a robust case-control study meant there was strong behavioural
data capture, the use of heterogenous datasets may have also limited the utility
of the model for longitudinal estimates, e.g. 10-year risk. Most of the studies
assessed in the rapid review used the same study type for development and
validation (i.e. case-control data and case-control datatset). Longitudinal
estimates would either require closely matching recall estimates for risk
behaviours (if one of the studies was a case-control) or longitudinal follow-up
with outcomes, e.g. development and validation with two cohort studies (for
example, the Q-series / cancer tools make use of this). (Hippisley-Cox and
Coupland, 2015, Hippisley-Cox et al., 2017) While this increases the complexity
of modelling, there may be grounds to suggest this should become standardised
practice. Population cohorts, while a good data source, also require large
participant numbers and long follow up time for “low-volume” outcomes such as
HNC. Equally, a “snapshot” of risk may be sufficient for preventive prompts and
informing recall intervals as part of a “brief advice” intervention. (Omana-
Cepeda et al., 2016, Department of Health and Social Care, 2021c) Nevertheless,
this thesis has shown that it is possible to build and validate a model using two

heterogenous study types, and still possess reasonable prediction performance.

The limited quantity of HPV data in the UK Biobank study (>98% missing) also
meant an HPV model could not be explored in the context of HNC risk prediction
(Chapter Seven). This lack of data was so extensive that even multiple
imputation methods were deemed inappropriate. However, this could be re-

explored if HPV testing were to be expanded to a larger proportion of the study.

8.4 Strengths of Thesis Studies and Approaches

8.4.1 Review Methodology

The studies included in this thesis had a number of strengths. The rapid review
undertaken in Chapter Three offered a robust, in-depth summary of existing HNC
risk models, using the established PROBAST quality-assessment framework.
(Wolff et al., 2019) It made use of a pre-defined research question, a systematic
search supported by a subject librarian, dual screening and an independent

quality assessment with narrative synthesis. The review was the first of its kind
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for HNC at the time of the publication and offered an important contribution to

collating the international evidence base in the field.

8.4.2 Data Strengths

The analysis of the Scottish Cancer Registry in Chapter Four was informed by
registry data which has a high reporting accuracy and data completeness.
(Brewster et al., 1994, Brewster et al., 2002) This national population-level data
allowed for the examination of trends beyond a local or study level and answer
an important question in HNC research in terms of patient demographics. The
analysis was undertaken in a robust manner following methods of peer-reviewed

publications. (Purkayastha et al., 2016)

The data from the ARCAGE study, used to assess the sociodemographics of OPC
case participants and for development of the risk model in Chapters Five and Six
respectively, is another major strength of this thesis. The ARCAGE study was a
large and well-powered international multicentre case-control study with 14
sites across 11counties in Europe. Detailed clinical, behavioural and
sociodemographic data were captured by trained standardised interviewers
following a standardised protocol. (Lagiou et al., 2009) HPV tumour status data

was informed by sensitive HPV serology techniques. (Waterboer et al., 2005b)

The UK Biobank cohort data used in chapters Six and Seven was another strength
of the thesis analyses. The study was well powered with over half a million
participants, with comprehensive data collection via standardised interviews and
provided a dataset resource well-suited to cancer research with linked data to

cancer and death registries. (Conroy et al., 2022)

8.4.3 Modelling Approaches

The development of the model discussed in Chapter Six also had several merits.
It was developed in accordance with TRIPOD guidelines, which advises on the
reporting of the rationale, methodology, reporting of results and evaluation of
models. The developmental dataset (ARCAGE) was a large, multi-centre case-
control study coordinated by IARC with standardised procedures, detailed data

capture, via trained interviewers. It also offered a reliable dataset to begin
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exploring sociodemographic and behavioural associations within OPC (Chapter
Five) with harmonised educational data according to UNSECO classifications.
(Conway et al., 2015) The model itself was carefully designed using several
approaches to ensure the validity of variables included, with practicality of use
at the forefront. The UK Biobank study also served as a large, reliable and well
conducted study to validate the ARCAGE model in.

The external validation of the model was a large strength of this study, a lack of
validation being a common pitfall of many other models. (Wolff et al., 2019,
Smith et al., 2022b) Another common pitfall in the model “pipeline” is a lack of
a plan for clinical implementation and testing. (Markowetz, 2024) Clinical
applicability was considered throughout the development and validation process,
with the preparation of an entire study protocol for further piloting (Appendix
8).

8.5 Conclusions and Recommendations

8.5.1 Conclusions

The burden of HNC is changing, but crucially the sociodemographics of people
with HNC in Scotland remain unchanged. This phenomenon remains true across
all subsites including OPC cases and challenges prior studies which have
suggested the demographics of HNC are changing, driven by increasing numbers
Of HPV-positive OPC. Wide socioeconomic inequalities in incidence were
observed across the study duration. Moreover, in contrast with the limited
existing literature, analysis of the albeit small sample of OPC case participants
in the ARCAGE study detected no significant socioeconomic status differences
among HPV-positive case participants with OPC versus other OPC cases and

controls.

The model analyses have shown that it is feasible to develop a HNC risk
prediction model using epidemiological predictors with acceptable performance.
Although a large and robust population cohort, analysis of the UK Biobank was

hindered by a lack of HPV data. Future modelling could potentially be enhanced
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with the use of biomarkers, primarily HPV-16 serology data, especially with the
growing incidence of OPC observed in this thesis and in the global literature.
However, these recommendations would also necessitate improvements in
testing capabilities for the primary care setting. Expansion of HPV serology

testing may improve the study’s utility for HNC research.

The HNC risk prediction model developed in this thesis still has merit for
generalised prevention activity in the primary dental care setting. Risk
thresholds could be adjusted such that the model may offer a clinician “prompt”
and a “teachable moment” for those presenting with high-risk behaviours but
yet to develop disease (e.g., alcohol consumption, tobacco smoking). Clinical
prompts have been shown to improve patient safety, follow up and
documentation. (Sutton et al., 2020) In the context of the recent shift to risk-
based “dental check-ups” in Scotland, this model could also help inform recall
decisions, rather than clinical judgement, alone. (NICE, 2020, NHS Scotland,
2024)

8.5.2 Practice Recommendations — a Primary Prevention Model

The risk tool referral developed by Tikka and colleagues (2020) is a robust
and well-developed model. At the time of writing, it is arguably still one
of the best-performing and clinically tested HNC models. It is well suited
for secondary prevention and the triaging referrals, i.e. symptomatic
patients potentially with head and neck malignant disease. However, for
primary prevention purposes, recall and longitudinal risk assessment, the
model is less suitable and there is still a gap for a HNC risk prediction tool

in primary care settings.

Moreover, there is very limited evidence on the utility of risk prediction

support tools in dental settings. There is currently no evidence evaluating
the use of a head and neck cancer risk prediction model in primary dental
care. At the time of writing, regular dental check-ups have moved from a
six-monthly to annual frequency in Scotland to a risk-based recall interval
with lower-risk patients suggested to be reviewed every two years. Recall

frequency is based upon clinical judgment and knowledge of risk factors,
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alone, with no aids to support these decisions. (NHS Scotland, 2024) Some
evidence from the NICE clinical recall guidelines and from a primary care
dental trial on recall intervals support the use of risk-based recall
informed by clinical judgement. (NICE, 2020, Clarkson et al., 2021) In
these circumstances, a clinical risk prediction model could be used to

help support and inform said clinical judgments.

A worthy continuation of the thesis research would be the feasibility
testing of the HNC risk prediction tool in primary dental care. An early
version of a protocol was developed for such a study (see appendix 8).
Unfortunately, due to the time constraints of an intercalated PhD, this
was not feasible. However, the work of this thesis and protocol
development lays the foundations for future feasibility testing of a HNC

risk model in primary dental care.

Improvements in earlier detection and prevention cannot be achieved in a
vacuum; it will require greater efforts to incorporate patients and primary
care physicians’ views and experiences into discussions as to how best to
implement and utilise clinical risk prediction models, in addition to

barriers and facilitators. (Taylor et al., 2023)

8.5.3 Policy Recommendations
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Smoking and alcohol remain two of the biggest preventable risk factors
for head and neck cancer. (WHO, 2017 ) Smoking regulation policies have
been shown to reduce smoking uptake and related disease. (Frazer et al.,
2016, Flor et al., 2021) Although smoking behaviours may be on the
decline in some high-income countries, they are still common-place and
strongly socioeconomically patterned with the highest rates amongst
those most deprived. (Gormley et al., 2022b, Scottish Government,
2023b) Future restrictions or a complete generational ban of tobacco
products are warranted; a modelling study conducted by the UK
government predicted substantial reductions in uptake, smoking related

disease and death in England. (UK Government, 2023)
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Alcohol regulation has also been shown to be effective; for example,
despite fierce industry opposition and delays, alcohol minimum unit
pricing regulation in Scotland was shown to have reduced alcohol-related
harms and deaths, with the greatest impact in lower SIMD areas. (Wyper
et al., 2023) Further alcohol control is required including reviewing
minimum unit pricing, other taxation strategies, licensing and advertising

restrictions. (Scottish Government, 2018)

HPV-vaccination is an effective primary prevention strategy against many
HPV-related cancers including those of the oropharynx. (World Health
Organization, 2014) The HPV vaccination programme shows promising
results, particularly with the recent report of no novel cervical cancer
cases among those fully vaccinated at age 12-13 years in Scotland.
(Palmer et al., 2024a) In the context of OPC, it will take several deacdes
decades before the full protective effects of the vaccine become
apparent. (Zhang et al., 2021) Vaccination efforts should be continued
and carefully monitored to ensure there is wide population coverage and
protection against infections and subsequent HPV-mediated cancers in the
future; disparities in vaccine uptake by area-based socioeconomic status
and by sex have been observed in Scotland. (Public Health Scotland,
2023b)

Access to dental care is another crucial policy consideration, which is
currently a topic of political interest. In the UK, NHS dentistry faces a
plethora of challenges including a retention crisis, delays in contract
reform, underfunding and access challenges associated with widening
socioeconomic inequalities. (Evans et al., 2023) Although registration
rates with a dental practice are high in Scotland, dental participation
rates have exhibited widening inequalities among children and adults.
(Scotland, 2023) Ensuring sufficient and equitable access to dental care is
essential to improve the primary prevention of HNC and other dental
diseases in practice, which is potentially offered through translating the

work of this thesis.
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While improvements in treatment and early detection strategies will
inevitably yield some benefits for patients, it is crucial to acknowledge
and tackle the underlying role of socioeconomic inequalities in these
cancers. Future policy will need to look carefully at social determinants
and develop strategies to help address the inequalities and barriers facing
those most vulnerable with universal, but proportionate, interventional

strategies.

8.5.4 Research Recommendations

The research recommendations of this are described below.

8.5.4.1 Feasibility Testing

The risk model developed in this thesis should also be feasibility tested in
dental practice, assessing the viability of a risk prediction model in the
dental setting and clinician / patient acceptability. A draft protocol for
such a study has been developed as part of this thesis and is described
(Appendix 8). This would have assessed the acceptability and barriers /

facilitators of implementing a model with patients and clinicians.

Future research could also assess the feasibility of opportunistic
examination and risk prediction for HNC among high-risk individuals in
other screening settings, for example lung cancer screening where
smoking behaviours are a major risk factor in common. (Walser et al.,
2008, Cavers et al., 2022)Similarly, with improvements in testing
technologies, HNC risk assessment and investigations could be supported
by multi-cancer blood tests such as those currently being evaluated in the
Galleri trial. (Klein et al., 2021, NHS, 2021)

8.5.4.2 Data and Modelling Approaches
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While the Scottish Cancer Registry offers various demographic and clinical
information fields, the registry currently has no data on tumour HPV
status. P16 testing is now the clinical standard for suspected

oropharyngeal tumours and is provided on all pathology reports. The
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addition of HPV status information to the Scottish cancer registry would
help inform the assessment of the epidemiological burden of HPV-
mediated cancers, the efficacy of the vaccine rollout and other
interventions. This work could also, in theory, be undertaken via data
linkage but there is currently no single national pathology database for
Scotland, and therefore collating multiple health board databases would

be a substantial undertaking.

Model validation with the ARCAGE HPV model that was created in Chapter
Six should be conducted in another external study or dataset which
possesses sufficient HPV data. Tests run in Biobank suggested an HPV
model could have been predictive but due to the limited amount of HPV

data, it was not possible to draw definitive conclusions.

The future of risk prediction modelling and answers to the challenges
described in this thesis may lie with large population / Biobank datasets
which are linked to health records. For example, the FinnGen consortium
of studies where some 12% of the Finnish population are participants.
(Kurki et al., 2023) Models like that of McCarthy and colleagues (2020)
and the model of this thesis made use of epidemiological predictors and a
large population dataset (the UK Biobank) are steps in the right direction.
(McCarthy et al., 2020) There must be an emphasis on data completeness,
particularly for exposures of interest such as alcohol usage, individual

socioeconomic status, and HPV.

Similarly, it will be important to ensure study populations are
representative of the general population - a potential limitation of the UK
Biobank. The linkage of health data to datasets for research would have
significant financial and ethical considerations for both policy makers and
the public, but the insights afforded from such datasets would have

immense research benefits for HNC and many other diseases.

8.5.4.3 Research in Risk Factors

Tobacco, alcohol and more recently, HPV, are recognised as the major

risk factors for HNC. (Gormley et al., 2022b) However, they do not
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entirely explain the burden of disease and risk, with only marginal
progress made in further understanding the aetiology of HNC in recent
years. It is recommended that future epidemiological research on HNC
and exposures must be increasingly agnostic in nature and look further to
the surrounding environment and determinants. (Davey Smith et al., 2023)
Future work should continue to explore the molecular epidemiology of
HNC and markers of subsite beyond HPV with international collaboration
and sharing of resources / expertise. Some other potential exposures that
may merit further investigation are listed in this section. Studies should
strive to assess how these exposures interact with HNC risk, which in turn

could help inform management and prevention strategies.

Poor oral health and dental attendance has been established as a modest
risk factor for HNC. (Hashim et al., 2016b) However, the relationship
between the oral microbiome and HNC risk is not fully understood.
(Dorobisz et al., 2023) Similarly, although some genetic variants of
interest have been identified, there is currently no singular major genetic
risk factor that explains HNC susceptibility. (Gormley et al., 2022b)

Further research is needed in these areas as markers of risk.

Dietary factors are described as a minor risk factor for HNC. (Chuang et
al., 2012b) However, dietary factors are notoriously hard to accurately
measure, much of the existing evidence originating from case-control
studies which are subject to their own recall and reporting biases.
(Clinton et al., 2020) Further research on diet and HNC risk is needed,
particularly with the growing quantity and availability of processed foods.
Processed food consumption has already been attributed to an increased
mortality risk. (Fang et al., 2024) Prospective population cohorts may

help offer future insights into diet and HNC risk.

Recreational drug usage is a relatively unexplored exposure in terms of
HNC risk. Reviews and pooled studies have suggested opioid and cocaine
usage is associated with an increased risk. (Zhang et al., 2024, Mohebbi et
al., 2024) Moreover, recreational drug usage presents a major public

health challenge in Scotland and, like HNC, is strongly socioeconomically
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patterned. (Scottish Government, 2021) Future research and modelling on

these exposures is warranted.

8.5.4.4 Socioeconomic Inequalities

Socioeconomic inequalities can be described as inequalities in economic
and social affluence. These can be described using individual (e.g.
education, income, and occupation) or area-based measures. (Conway et
al., 2019b) Socioeconomic inequalities impact across the HNC continuum,
from risk to prevention / early detection, diagnosis / treatment, and
outcomes. Future research should continue to monitor and quantify
socioeconomic inequalities in head and neck cancer, with a view to
developing interventions such as targeted early detection or vaccination
programmes. Lessons will also need to be learned from research in other
cancers where barriers and challenges have been identified for early
detection / screening among marginalised and vulnerable groups.
(Cuypers et al., 2024) (Kotzur et al., 2022) It will also be crucial to ensure
that relevant HNC clinical trials and population studies are representative

of the patient / general population. (Bibbins-Domingo, 2022)

8.5.4.5 OPC and Inequalities Research
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Primarily driven by HPV, OPC incidence has increased significantly in
recent years and differs from other subsites in terms of biology,
epidemiology, management and subsequent outcomes. (Gormley et al.,
2022a) In Chapter Four a 78% rise in OPC rates was observed from 2001-
2005 to 2016-2020 in Scotland; OPC is one of a few cancers which has
exhibited an alarming increase in incidence over a short period, along
with cancers of the thyroid and liver. (Cancer Research UK, 2021) This
necessitates a need for new approaches and strategies to improve
prevention, early detection and subsequent disease outcomes. The
preliminary analysis of HPV-OPC cases by socioeconomic status in the
ARCAGE study sets the stage for future work with the HEADSpACE and NIH-
funded VOYAGER consortiums. (World Health Organisation (WHO), 2024a)
(World Health Organisation (WHO), 2024b) A large pool of OPC cases and

controls, with HPV data could help overcome the limitations identified by
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these analyses and help elucidate the relationship between individual SES
and HPV-mediated OPC. This subsequent analysis could also identify any
international variations in patterns of HPV-OPC by SES and analyse
whether there are any other potential explanatory factors (e.g. smoking
and alcohol behaviours). This, in turn, could help better stratify

individuals for early detection interventions.

The growing burden of OPC is, and will continue to be, a major challenge
for healthcare systems. Primary dental care remains an ideal and
relatively untapped setting for HNC early detection. Although intra-oral
examination is routine in the dental setting, there may be potential for
the early detection of OPC via HPV testing in the dental setting, where
GDPs have ready access to the oral cavity and oropharynx. The concept of
HPV testing in the dental setting has already been demonstrated by the
HOPSCOTCH study, where oral rinses were shown to be a viable method of
testing the prevalence of HPV. (Conway et al., 2016) The results of this
study were consistent with the international literature on oral HPV
prevalence. (Kreimer et al., 2010) As evidenced by the Hamburg
population cohort study by Busch et al., HPV-informed serology testing
can allow for the early detection of OPC at stage |. (Busch et al., 2022b)
Using HPV serology data taken from participants’ blood in a population
cohort, the investigators followed up those with positive HPV tests. They
identified three early-stage OPC cases among the nine HPV-positive
participants who attended for follow-up over two years. This study
highlights that HPV serology testing has the potential to identify and

stratify those at risk in a population.

Management strategies for people who test and remain HPV-positive will
also be needed. For example, this could entail an enhanced monitoring
pathway in primary or secondary care with additional endoscopy or
ultrasound testing, similar to further testing for those with a family
history of breast cancer and the BRCA gene. (NIH National Cancer
Institute, 2020) Although HPV-informed early detection strategies show
promise, these will necessitate improvements in point-of-care testing

capabilities.
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8.5.5 Final Remarks

This thesis started with identifying gaps in the literature, so, to close, | will use
an anecdote on a gap. Throughout the course of my PhD, the theme of World
Cancer Day (2022-2024) has been “Close the Care Gap”, emphasising the
importance of global cancer care inequities, working together to address these
and make a difference. To the unacquainted, epidemiology could seem
somewhat removed from this theme. However, the goal of epidemiology is not
just to quantify and describe disease, but to ultimately cure it. | hope this thesis
embodies this theme and it will serve as one step, however small, in this
direction. | hope | can continue to work with colleagues near and afar on

“Close(ing) the Gap”. Our mission is not over yet.

Fin

186



8

Appendices

187

Appendix 4: Scottish Cancer Registry Analysis
Supplementary Material (Chapter 4)
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Age Standardised Incidence of Laryngeal Cancer by Age Group 2001-2020
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Age Standardised Incidence of OCC by Sex 2001-2020
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Age Standardised Incidence of Laryngeal Cancer by SIMD 2001-2020
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Appendix 6-1: Development and External Validation of a
Head and Neck Cancer Risk Prediction Model -
Supplementary Material (Chapter 6)
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Supplementary Figure 6-1: OCC + Larynx Model Validation Result
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ROC Curve for Model
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Supplementary Figure 6-2: UK-only model Validation Results
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ROC Curve for Model
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Supplementary Figure 6-3: ARCAGE HPV model development Results
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Supplementary Figure 6-4: ARCAGE Denture model development Results
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Supplementary Figure 6-5: Denture Model Validation results
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Appendix 6-2: TRIPOD Guidelines

Section/Topic

Checklist Item

Page

Title and abstract

Identify the study as developing and/or validating a multivariable prediction model, the target

Title ! DV population, and the outcome to be predicted.
. Provide a summary of objectives, study design, setting, participants, sample size, predictors,
Abstract 2 D;V s X R
outcome, statistical analysis, results, and conclusions.
Introduction
3a D:V Explain the medical context (including whether diagnostic or prognostic) and rationale for
Background and ’ developing or validating the multivariable prediction model, including references to existing models.
objectives 3b DV Specify the objectives, including whether the study describes the development or validation of the
’ model or both.
Methods
. Describe the study design or source of data (e.g., randomized trial, cohort, or registry data),
4a D;V P - :
separately for the development and validation data sets, if applicable.
Source of data . - - - -
4b DV Specify the key study dates, including start of accrual; end of accrual; and, if applicable, end of
’ follow-up.
5a DV Specify key elements of the study setting (e.g., primary care, secondary care, general population)
’ including number and location of centres.
Participants 5b D;V Describe eligibility criteria for participants.
5¢c D;V Give details of treatments received, if relevant.
6a DV Clearly define the outcome that is predicted by the prediction model, including how and when
Outcome ’ assessed.
6b D;V | Report any actions to blind assessment of the outcome to be predicted.
7a DV Clearly define all predictors used in developing or validating the multivariable prediction model,
. ’ including how and when they were measured.
Predictors
7b D;V Report any actions to blind assessment of predictors for the outcome and other predictors.
Sample size 8 D;V | Explain how the study size was arrived at.
Missing data 9 D;V !:)escrlb_e how missing data were hanqled (e.g., complete-case analysis, single imputation, multiple
imputation) with details of any imputation method.
10a D | Describe how predictors were handled in the analyses.
10b D Specify type of model, all model-building procedures (including any predictor selection), and
. method for internal validation.
Statistical — - —
. 10c \ For validation, describe how the predictions were calculated.
analysis methods - - -
10d DV Specify all measures used to assess model performance and, if relevant, to compare multiple
’ models.
10e \ Describe any model updating (e.g., recalibration) arising from the validation, if done.
Risk groups 11 D;V | Provide details on how risk groups were created, if done.
Development vs. 12 v For validation, identify any differences from the development data in setting, eligibility criteria,
validation outcome, and predictors.
Results
13a DV Describe the flow of participants through the study, including the number of participants with and
’ without the outcome and, if applicable, a summary of the follow-up time. A diagram may be helpful.
Participants . Describe the characteristics of the participants (basic demographics, clinical features, available
13b D;V ; ; - An : e :
predictors), including the number of participants with missing data for predictors and outcome.
13¢ v For validation, show a comparison with the development data of the distribution of important
variables (demographics, predictors and outcome).
Model 14a Specify the number of participants and outcome events in each analysis.
development 14b D | If done, report the unadjusted association between each candidate predictor and outcome.
Present the full prediction model to allow predictions for individuals (i.e., all regression coefficients,
Model 15a D . - - . > -
specification and model intercept or baseline survival at a given time point).
P 15b D | Explain how to the use the prediction model.
Model 16 D;V Report performance measures (with Cls) for the prediction model.
performance
Model-updating 17 v If done, report the results from any model updating (i.e., model specification, model
performance).
Discussion
Limitations 18 DV DI.SCl:ISS any limitations of the study (such as nonrepresentative sample, few events per predictor,
missing data).
19a v For validation, discuss the results with reference to performance in the development data, and any
. other validation data.
Interpretation - - - — — — —
. Give an overall interpretation of the results, considering objectives, limitations, results from similar
19b D;V f h
studies, and other relevant evidence.
Implications 20 D;V | Discuss the potential clinical use of the model and implications for future research.
Other information
Supplementary i Provide information about the availability of supplementary resources, such as study protocol,
; : 21 D;V
information Web calculator, and data sets.
Funding 22 D;V | Give the source of funding and the role of the funders for the present study.
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Appendix 8: Head and Neck Cancer Risk Prediction Tool -
Feasibility Study Protocol

5T CANCER i University NHS
piL RESEARCH o ( } W N
) .%. UK Qf lasgo Gre::‘zrglyazjsgow

Research Study Protocol

Running title: Feasibility study of a Head and Neck
Cancer Risk Prediction Tool

Protocol Version: 2.0

Date: 4/4/23

REC Reference Number: UGN230ON131

ISRCTN/Clinical trial.gov: N/A
Sponsor’s Protocol Number:
Sponsor: NHS Greater Glasgow & Clyde
Funder: Cancer Research UK
[Grant number 315941-01]

Amendment Date Protocol version
number

1. 4/4/23 2.0
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(Student)

Mr. Craig DL Smith

BDS-PhD Candidate, TRACC Programme
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378 Sauchiehall Street

Glasgow G2 3]Z

Tel: 07803 419158

E-mail: xxxxxxxx@student.gla.ac.uk
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Prof David I Conway

Chief Investigator, Professor / Honorary Consultant in Dental Public
Health

University of Glasgow School of Medicine, Dentistry and Nursing
378 Sauchiehall Street

Glasgow G2 3JZ

Tel: 0141 211 9750

E-mail: david.conway@glasgow.ac.uk

Dr. Alex D McMahon

Reader in Epidemiology (Dental School)

University of Glasgow School of Medicine, Dentistry and Nursing
378 Sauchiehall Street

Glasgow G2 3]Z

Tel:

E-mail: Alex.McMahon@glasgow.ac.uk

Dr. Al Ross

Senior Lecturer in Human Factors in Healthcare (Dental School)
University of Glasgow School of Medicine, Dentistry and Nursing
378 Sauchiehall Street

Glasgow G2 3]Z

Tel: 0141 211 9811

E-mail: Alastair.Ross@glasgow.ac.uk

Prof Gareth J Inman

Director of Research (School of Cancer Sciences)
(Beatson Institute for Cancer Research)
Switchback Rd, Bearsden,

Glasgow G61 1BD

E-mail: Gareth.Inman@glasgow.ac.uk
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Sponsor: NHS Greater Glasgow and Clyde

Sponsor Representative:
Ms. Emma-Jane Gault

Research Regulation & Compliance Manager

Room 327, Wolfson Medical School Building, University Avenue,
Glasgow, G12 8QQ

Tel: 0141 330 5519

E-mail: Emmalane.Gault@glasgow.ac.uk

General Dental Practioner Representative (TBC)

Dr. Ailsa Creaney

GDP Representative

General Dental Practioner
Address:

Tel:

E-mail: ailsa.woodley@nhs.scot

Patient and Public Involvement Representative (PPI) (TBC

Linda Galbraith

Patient and Public Involvement Representative (PPI)
Patient

Address: TBC

Tel: TBC

E-mail: TBC

STUDY FLOW CHART
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ABBREVIATIONS
BDA British Dental Association
COH Community Oral Health
CI Chief investigator
ENT Ear Nose Throat
EPV Events Per Variable
GDH Glasgow Dental Hospital
GDP General Dental Practitioner
GUSS Glasgow University Software Services
HNC Head and Neck Cancer
HPV Human Papilloma Virus
NHS GG&C Greater Glasgow and Clyde Health Board
SES Socioeconomic Status
SIMD Scottish Index of Multiple Deprivation
RAT Risk Assessment Tool
REC Research Ethics Committee
TAU Treatment As Usual
UofG University of Glasgow
STUDY SYNOPSIS
Title of Study: Feasibility study of a Head and Neck Cancer Risk
Prediction Tool
Study Centre: NHS Dental Practices + Glasgow Dental Hospital and
School, NHS Greater Glasgow & Clyde,
Duration of Study: 3 months feasibility + 3 months write up / synthesis
Primary Objective: To assess the feasibility (rate of completion) of a
HNC risk prediction tool in a dental setting.
Secondary Objectives: e To gain patient and clinician feedback on the
acceptability of the HNC risk prediction tool.
e To assess if the HNC risk prediction tool
increased patient awareness of HNC risk
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factors, promoted discussions of prevention
or had any negative effects.

e To assess if clinicians found the tool helpful in
communicating HNC risk to patients and
identify any key barriers / facilitators to its
success.

Primary Endpoint:

Completion of use of the HNC risk prediction tool.
This will be measured by participation completion
rates.

Secondary Endpoint:

Patient and Clinician perceptions on the acceptability,
the feasibility and process of the HNC risk tool,
including barriers / facilitators to use /
implementation. This will be measured by patient and
clinician questionnaires.

Rationale:

Characterised by growing incidence and common late
stage-presentation, it has been suggested that there
needs to be an increased emphasis on primary
prevention strategies for HNC. Risk prediction tools
have been proposed to have a potential role to help
clinicians identify those at risk earlier and where
possible, improve prevention pathways and promote
behavioural change.

However, there are relatively few HNC risk models
and even fewer that have seen clinical testing. There
exists a gap in the literature and crucially, scope to
test the feasibility of a HNC risk tool in a dental care
setting where the preventative potential of a HNC risk
model could be fully realised. Our team at the
University of Glasgow Dental School / School of
Cancer sciences have developed and validated a risk
prediction tool for HNC for use in primary care
settings.

Methodology:

Cross-sectional Feasibility study

Sample Size:

150-200 patients; one clinician per setting

Screening:

Dental team / clinician screening of patient lists on
selected study appointment days — approval and
inclusion / exclusion based on clinical or personal
circumstances of patient

Registration:

All eligible patients (subject to dental practitioner
approval) with routine dental examination / checkup
appointments at practice research sites during
course of the study will be invited to participate.

Main Inclusion Criteria:

e Adults aged 18 and above registered with a
NHS general dental practice.

Main Exclusion Criteria:

e Participants unable to give consent
e Participants unable to read English (and thus
complete questionnaire)
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e Participants with a history of HNC,
undergoing treatment for HNC or carcinoma
in situ.

e Patients attending for emergency dental
appointments or attending for treatment.

Intervention: Following completion of standard care, (treatment
as usual — clinical oral exam and prevention advice)
a non-invasive clinical risk tool will be used to assess
individual patient risk of Head and Neck Cancer.

Delivered after treatment as usual (TAU) i.e
standard dental history, examination and
preventative advice.

Questionnaire issued at end of patient appointment
and to clinicians at the end of patient recruitment.

Duration of e Information and informed consent process
Intervention: obtained before patient appointment. (10
minutes)

e Brief use of risk tool after (with no change to)
standard care (5 minutes at most).

e Patient Questionnaire post consultation (5
minutes) in close room

Statistical Analysis: Recruitment, completion, retention rates and
confidence intervals will be calculated.

Descriptive analysis of the questionnaire responses
will be carried out through analysis of tables with X2
tests and logistic or ordinal regression.

Thematic analysis will be used for the open-ended /
semi-structured questions in the patient and
clinician questionnaires, respectively.

INTRODUCTION

1.1  Background

Head and Neck Cancer (HNC), defined as squamous cell cancers of the oral cavity,
pharynx and larynx, is the 7t most common cancer globally. (Johnson et al.,
2020b) With some estimated 848,000 global incident cases in 2020 alone,
incidence has risen by a third over the last decade. (Bray et al., 2018) In Scotland
there are approximately 1200 incident cases each year; there were 1182 incident
cases recorded from April 2020 to March 2021. (Public Health Scotland, 2022)
Incidence rates are especially high in the West of Scotland, where some 50% of
cases are diagnosed. (Conway et al., 2006)

Maijor risk factors for HNC include smoking and alcohol consumption, these having
a synergistic effect. (Hashibe et al., 2009) Other notable risk factors include low
socioeconomic status (SES), HPV (for cancers of the oropharynx) and a diet low in
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fruit and vegetables. (Conway et al., 2015, Spence et al., 2016, Chuang et al.,
2012b)

Despite technological advances in treatment, there have only been marginal
improvements in overall survival; most cases are detected and diagnosed at later
stages where treatment is typically more complex, and subsequent outcomes are
poorer. For example, analysis of the Scottish Cancer Registry from 2009-2018
revealed that 65% of HNC cases were diagnosed at advanced stages (3 or 4).
(Creaney et al., 2022) Overall 5-year HNC survival in the UK is poor varying
between 28-67% by subsite. (Cancer Research UK, 2016 )

1.2 Rationale

Considering these challenges, it has been suggested that there needs to be an
increased emphasis on primary prevention strategies for HNC. Risk prediction tools
have been postulated to have a potential role to help clinicians identify those at
risk earlier and where possible, improve prevention pathways and promote
behavioural change. Patient-clinician interaction has been suggested to be a key
component in creating “teachable moments” and promoting behavioural change.
The use of a risk prediction tool provides a quantifiable output. Such an output
has scope for creating opportunities for discussion and a potential “teachable
moment”. (Lawson and Flocke, 2009)

Non-invasive clinical risk tools such as Q-cancer or Cancer Risk Assessment Tools
(RATs) have been developed for other cancers including colorectal, breast, and
lung cancer. (Q-Cancer, 2017) (Cancer Research UK, 2020a) Some of these
models have been evaluated extensively and seen some success. The former, for
example, being integrated into the General Medical Practice management system
Egton Medical Information Systems (EMIS). Such tools have been shown to be
underutilised in practice but also to possess great potential in aiding decision
making. (Price et al., 2019)

Despite this, there are relatively few HNC risk models and even fewer that have
had clinical testing. We have previously reviewed the international literature on
HNC risk prediction models. (Smith et al., 2022c) Of the few existing models, only
one model developed by Tikka and ENT colleagues in Glasgow had seen any
significant clinical piloting being used with good effect in a secondary care setting
to triage patients during the pandemic. (Hardman et al., 2021a)

Dental care settings have inherent primary prevention and secondary preventative
potential. The dental setting has been shown to be effective in various screening
and preventative efforts, for example SARS-CoV-2 testing, the detection of HPV in
dental settings and most famously, the world-renowned Child Smile programme.
(Conway et al., 2021a, Conway et al., 2016, Turner et al., 2010)

Whilst some online resources exist to help support oral cancer screening - for
example the BDA oral cancer toolkit - to our knowledge, no HNC risk tools have
been utilised in dental settings. (British Dental Association, 2015 ) Thus, dental
settings offer an untapped area of potential - there still remains a gap in the
literature and crucially, scope to test the feasibility of a HNC risk model in a dental
care setting where the preventative potential of a HNC risk model could be fully
realised.

The risk tool, (HANS?) is a risk prediction tool developed in collaboration with
Glasgow University Software Services (GUSS). The tool was derived using data
captured and analysed via logistic regression from the Alcohol Related Cancers
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and Genetic Susceptibility in Europe (ARCAGE) multi-centre case control study and
subsequently externally validated in a large UK wide cohort study, the UK Biobank.
During this process we selected various sociodemographic and behavioral
variables for our final model.

None of these variables are physically invasive in nature i.e. they do not require
examination information or biological sample collection e.g., blood or stool sample.
All of these variables are routinely collected as part of the clinical history
conducted by dentists as per standard clinical examination.

The tool calculates an individual’s probability (or risk) of developing HNC according
to the answers supplied in the data fields. This is not dissimilar other to risk tools
available and used in primary care general practices (e.g Q-Cancer). Final variable
selection (is to be confirmed) includes as demographic data (age, sex, SIMD) and
behavioral data (alcohol and smoking behaviours). By design, the tool is simple
and compact allowing for ease of use and conciseness in already busy clinical
settings.

2 STUDY OBJECTIVES

Aim:
To undertake an initial feasibility study of using a head and neck cancer risk
prediction tool for patients attending a clinical dental setting.
Objectives:
Primary Objective
To assess the feasibility (rate of completion) of a HNC risk prediction tool in a
dental setting.
Secondary Objectives
To gain patient and clinician feedback on the acceptability of the HNC risk
prediction tool.
To assess if the HNC risk prediction tool increased patient awareness of HNC risk
factors, promoted discussions of prevention or had any negative effects.
To assess if clinicians found the tool helpful in communicating HNC risk to patients
and identify any key barriers / facilitators to its success.

e Primary Endpoint

o Completion of use of the HNC risk prediction tool. This will be
measured by participation completion rates.
¢ Secondary endpoints

o Patient and Clinician perceptions on the acceptability, the feasibility
and process of the HNC risk tool, including barriers / facilitators to
use / implementation. This will be measured by patient and clinician
questionnaires.

3 STUDY POPULATION

Participants will be continuously recruited from general dental practices or dental
hospital clinics, with a target population of 50 patients (and a minimum of 40) per
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setting. One clinician in each setting will also complete feedback on the tool at the
close of the study. Sites are:

e Four dental practices

¢ One dental hospital / secondary care setting

Participating staff will constitute of one GDP per site. One nurse per site will also
be part of the study team for participant recruitment.

Practices in low or mixed socioeconomically deprived areas will be purposively
selected to capture different SES risk profiles. SIMD is a common area-based
multiple deprivation index, calculated from factors such as income, education,
housing and local crime scores. ranging from low (1 most deprived) to high (10
least deprived).

As discussed in the background, low SES is an important predictor of HNC. For this
reason, practices in low SIMD areas (SIMD 1/2/3) will be selected (for more detail
please see section 3.3).

3.1 Inclusion criteria
e Eligible participants shall include adults aged 18 and above registered with
a general dental practice attending for an examination / appointment.
e Patient recruitment methods should, by nature, allow for age, sex, SES and
ethnic diversity during the recruitment process.
1.2  Exclusion criteria

e Participants unable (do not have capacity) to give consent shall be
excluded.

e Participants with a history of HNC, undergoing treatment for HNC or
carcinoma in situ shall also be excluded.

e Patients unable to read English (and thus complete questionnaire) -
resources available for feasibility study preclude interpretation / translation.

e Patients attending for emergency appointments (e.g trauma, bleeding etc)
or scheduled treatment

¢ Clinician knowledge of prohibitive personal circumstances for either clinical
(e.g. medical history, adverse mental health) or personal reasons (e.g
recent bereavement)

Reason for non-participation in study, if provided, will also be recorded using a
Participation Log. This shall be used to collect the age / sex of excluded patients,
the reason for exclusion and will be completed by a dental practitioner or a
member of the research team.

3.3 Recruitment and consent of dental team

For this feasibility study, a target number of 4 practices was defined, in addition to
a general clinic in Glasgow Dental Hospital. We will fully assess their suitability in
relation to location, patient profile, and practical issues (such as space, spare
room for questionnaire completion, sufficient throughput and diversity of
patients.). Practices in low SIMD will be selected using existing research networks
linked to the UofG Dental School COH department.

Participating clinicians and staff will be approached and consented prior to the
start of the study. Each potential site centre and staff participant will be sent the
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study information sheet and other relevant documentation before being contacted
by telephone to enable discussion of the study in greater detail and confirm
suitability to take part. (Please see attached ‘Clinician Information Form 1.0’ and
‘Clinician Consent Form V1.0")

Staff will be provided relevant training and manuals, be required to undertake GCP
training and attend a training session in order to be familiar with use of the risk
tool, gaining informed consent and all study procedures. This will ensure
participating staff are calibrated to the tool’s intended use / function. (For more
details on patients / staff see participants section). Clinicians will be provided
standard CPD guild rates for the training session.

Clinicians or practice staff can withdraw their support from the study at any time.

3.4 Identification of (patient) participants, recruitment and consent

Participating dentists / dental nurses will screen lists of patients attending for
examination / checkup appointments during the course of the study.

Eligibility will be assessed based on inclusion criteria and (where applicable) the
practitioner’s knowledge of any prohibitive personal circumstances (See sections 3.2
and 3.3). All eligible patients will be invited to participate on arrival. Informed verbal
and written consent will be sought by NHS research staff / nurses at each study
site, with patients guided through pre-defined information and consent forms
explaining the research procedures in simple terms. The information and consent
forms will be in English. Patients will be made aware that participation is voluntary
and that they can leave the study with no effect on their care.

Patients will be asked to provide consent for the following:

(a) To attend for an appointment as normal with the use of the risk prediction
tool at the end of a routine consultation.

(b) Answering the risk prediction tool questions as honestly and accurately as
possible (commonly asked during routine histories e.g smoking status)

(c) To complete a brief study questionnaire at the end of the appointment, and
leave this in the practice (see Appendix).

(d) To be approached with opportunities to participate in further studies

Only consent to (a) and (b) (c) are pre-requisites to participation, non-consent to
(d) and do not preclude participation.

(See attached forms ‘Patient Information Form v1.0" and ‘Patient Consent Form
V1.0".

3.5 Withdrawal of Participants
Participants, both patient and clinician can freely withdraw from the feasibility study
at any point for any reason.

The investigator can also withdraw patients from the study in the event of iliness,
protocol violations or any other relevant reasons. If the participant consents, all data
(e.g questionnaire) up to the point of withdrawal will be retained. If consent is not
given to retain data in the event of withdrawal, data collected up to that point will
be destroyed.
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Reason for non-participation / withdrawal, if provided will also be recorded using a
non-Participation Log (see section 3.2 and appendix) This would contain
demographic data and reason for withdrawal / exclusion. Postcodes would be used
to identify patient SIMD and then immediately deleted.

4 STUDY PROCEDURES
4.1 Proposed Overall Study schedule

» September 2023: Once ethical and management approvals have been
obtained. We will look to begin participant recruitment.

> Prior to September 2023 Practice Recruitment (Identify eligible and willing
sites)

» September 2023 (one week prior to beginning of study): Clinician
recruitment and consent with Information / Consent forms. Training session
on use of tool / research practices (See appended Information Forms
Consent forms)

> September 2023 — February 2024 (latest): Patient recruitment on sites for
simultaneously trialling the tool and gaining feedback in each practice using
the patient questionnaire for approx. 3 months each or until sufficient
collection of data has occurred. At the conclusion of the study, we will also
collect feedback from clinicians using the clinician questionnaire. The details
of these processes are summarised in the study flow chart.

> February 2024: Conclusion of study to allow for analysis and thesis writeup.

4.2 In Practice Procedures

Prior to appointment
o Identification of potentially eligible patients on lists attending
e Patient Participant Information form
e Consent form (written) — completed in private room

End of appointment
e Use of tool with no alteration to standard care
e Generation of unique 5-digit identifier

Following appointment
e Patient completion of Questionnaire in practice (with identifier)

e Completed questionnaire collection in practice
Close of the study

°
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1.3  Study Outcome Measures

e Consent rates for the study
e Completeness and return rates of patient feedback questionnaire
e Completeness and return rates of clinician feedback questionnaire

e Preliminary estimates of feasibility / acceptability of a HNC cancer risk tool in
primary care

1.3.1 Primary Outcome Measure

e To assess the feasibility (rate of completion) of a HNC risk prediction tool
in a dental setting.
1.3.2 Secondary Outcome Measure (Questionnaire)

e Patient and clinician feedback on the acceptability of the HNC risk
prediction tool.

e Patient awareness of HNC risk factors, promotion of discussions of
prevention or any negative effects.

e How helpful clinicians found the tool in communicating HNC risk to
patients

o Identification of any key barriers / facilitators to its success.

e Any other comments

4.4 Delivery of Risk Tool

The aim is for the tool to be delivered to patients after routine treatment and thus
will not interfere or alter the clinical pathway / standard of care. Clinicians will be
trained and calibrated with the tool prior to commence of the study. (See section
3.3) Use of the tool will generate a unique five-digit identifier which will
correspond to each patient questionnaire (and setting). This will help provide
information on setting which will aid qualitative synthesis. Data collected by the
tool will be securely stored on a secure University of Glasgow One-Drive Cloud e.g.
demographics and smoking status.

The study and tool are by design, not an alteration of routine clinical practice /
care. Routine social history taking, discussions of behavioural change and
communication of risk should be standard practice. Thus, the tool should serve as
aid for clinicians and in no way alter the standard of care. If a patient were
identified to be high-risk, we will encourage discussion of risk, smoking cessation,
careful monitoring and earlier recall times as per good clinical practice guidelines.
For example, chapters 3,6,11 and 12 of Delivering Better Oral Health.
(Department of Health and Social Care, 2021a)

We have a number of points of contacts for advice for research staff, dentists (or
their team), and research participants to access appropriate advice. E.g smoking
cessation.

This study is a low-risk study from the point of view of patient safety, with the study
design conferring no immediate risks of harm to any participants. However, as a
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tool intended to evaluate and promote discussion of the risk of HNC, this may have
the potential to induce some worry or anxiety. We do not anticipate that this would
be over and above the typical nature of concerns that the dental team are highly
skilled in managing. Staff involved in the intervention would have additional training
(see section 3.3) in the use of the tool including emphasising to patients that this is
a theoretical tool to predict risk and that it is not a definitive diagnostic tool in any
form.

If in the event a patient is presenting with signs or symptoms or presentation
suggestive of HNC, patients should be referred for urgent further investigations in
secondary care within 2 weeks (USOC referral) as per standard clinical guidelines.
(NICE, 2015) (NHS Scotland, 2019)

4.5 Questionnaires

The questionnaires have been developed to answer the research questions posed
in the secondary objectives, assessing acceptability, clarity etc. The majority of the
questions use Likert scales ranging from strongly disagree (1) to not sure (3) to
strongly agree (5). The final question is an open-ended question for any further
feedback and qualitative / narrative analysis.

Patient questionnaires will be filled with a corresponding 5-digit identifier to identify
practices and link to risk data. These will be completed immediately after
consultation so as to minimise any potential loss to follow-up. Results / feedback
shall be transcribed verbatim by the research team for subsequent qualitative and
thematic analysis. Completeness and return rates will be measured.

The questionnaires will include items on:

Understanding the need for the tool

Clarity / appropriateness of the questions / variables
Trust in the results

Whether the tool caused anxiety

HNC awareness (Patient)

Likelihood to change behaviours

Overall Acceptability of the tool

Strengths and Limitations

Any further feedback

Participants will be asked to complete the questionnaires on paper forms either in
the waiting area or in a private room, if desired. As per the number generated use
of the tool, a unique five-digit identifier will correspond to a patient’s questionnaire.

At the conclusion of the study, each clinician will also complete a separate clinician
questionnaire evaluating the tool. These will also address the primary and
secondary research questions posed. This questionnaire includes a mixture of
Likert scales, ranging from strongly disagree (1) to not sure (3) to strongly agree
(5), and semi-structured questions, culminating with an open-ended question.
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Both questionnaires are included in appendix A. Synthesis will be conducted using
a thematic analysis approach to identify key barriers and facilitators to
implementation and strengths / weaknesses as per discussed primary and
secondary objectives.

2. STATISTICS AND DATA ANALYSIS
1.1  Statistical analysis plan

Questionnaires are the main data collection method. Clinician interviews were
considered for initial study proposals. However, this was ultimately reconsidered
due to time, resource and staff constraints in favour of questionnaires to allow for
high-quality qualitative analysis.

Data collected from questionnaires will be transcribed to Microsoft Excel / Word
documents for synthesis with the aims of identifying key barriers and facilitators to
implementation and strengths/weaknesses as per discussed primary and secondary
objectives. Those with missing data shall be excluded unless for good reason which
will be thoroughly documented.

Analysis: Confidence intervals for recruitment, completion of questionnaires and
retention will be calculated using binomial proportions and the Wilson method. In
small subgroups, exact methods, using the Binomial Distribution may have to be
used. When comparing subgroups, rate ratios will be used with tests and confidence
intervals based upon the large sample normal approximation, if appropriate, or
exact small sample methods otherwise.

Descriptive analysis of the questionnaire responses will be carried out through
analysis of tables with X2 tests and logistic or ordinal regression.

Thematic analysis will be used for the open-ended / semi-structured questions in
the patient and clinician questionnaires, respectively.

5.2 Primary efficacy analysis
Not efficacy study but one variable explored is the proportion of patients willing to
take part in the study and whether this proportion will vary across sites.

5.3 Secondary efficacy analysis

Again, this is not an efficacy study. Acceptability of the tool questionnaire will
include analysis of consent rates, response completeness of individual questions,
and qualitative analysis of the open-ended feedback question at the end of the
questionnaire.

5.4 Software for statistical analysis
(SAS Version 9.4)

5.5 Sample size
Feasibility studies are generally used for hypothesis construction and may
ultimately inform subsequent (pilot) studies which do have power calculations.
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Given that feasibility studies are also largely qualitative in nature, power
calculations are often deemed unnecessary. However, it was agreed that there
must be a sufficient sample size to ensure there were distinct risk profiles among
patients, e.g. high vs low risk, heavy smokers vs non-smokers.

For logistic regression risk model development, a value of 10 Events Per Variable
(EPV) is often quoted as a rule-of-thumb value (Moons et al., 2014)This was
satisfied during model development. For pilot studies, a minimum of 50 patients is
a commonly quoted number, derived by Sim and colleagues (Sim and Lewis,
2012) An audit of feasibility and pilot studies in the UK found the median number
of participants in a feasibility study was 36, ranging from 10 to 300 (Billingham et
al., 2013).

Public Health Scotland data for NHS dental service patient registration and
participation were also examined to help inform target recruitment numbers
(Public Health Scotland, 2023a). According to data as of the 30th of September
2022, 95.4%% of the adult population were registered with a dentist. When
measured by the Scottish Index of Multiple Deprivation (SIMD) quintile, this
translates to 42.7% of people living in the most deprived areas and 53.5 % of
those from the least deprived areas attending for an appointment within the prior
2 years.

In consideration of the above, (with purposive selection of practices from deprived
SIMD quintiles) a target sample size of 30-40 patients per practice, was deemed
sufficient to meet the study objectives. Assuming a recruitment rate of at least 5
patients per week (or one a day), this provides a projected total target sample
size of 150-200 patients and 5 clinicians over the 2.5 - 3-month study period.

5.6 Management and delivery
The statistical / qualitative analysis of the study data will be led by Mr. Craig DL
Smith, Prof David I Conway, Dr Alex J McMahon and Dr Al Ross in an advisory role.

6.0 STUDY CLOSURE / DEFINITION OF END OF STUDY

The study will end when the investigators agrees that one or more of the following
situations applies:

i.  The planned sample size has been achieved;
ii.  The maximum planned duration of the study has been reached;
iii. Recruitment is so poor that completion of the study cannot reasonably be
anticipated;

7. DATA HANDLING

7.1 Consent/study registration forms and Questionnaire paper forms
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Data confidentiality will be safeguarded. Data collected by the risk prediction tool
will be transferred securely onto a University of Glasgow Cloud as per the study
Data Management Plan (sections 2, 3, 5) and DPIA.

The paper consent forms will also be the study registration form. These will be
stored safely in the dental practice before being securely transferred by a member
of the research team to the University of Glasgow Dental Hospital and School
(Community Oral Health department), where the consent forms will be stored. The
participation logs will also be analysed to assess any differential completion rates.

The paper questionnaire forms will be the primary method of data collection in this
study. Data collected from questionnaires will be transcribed verbatim by a study PI
with the support of a secretary as a quality check, to Microsoft excel / word
documents for synthesis. There are no specific patient identifiers in analysis /
synthesis. However, participants will be assigned a unique identification number for
recording of questionnaire analysis/ qualitative synthesis. Data will be saved to a
secure Dental Hospital J-drive.

The paper copies of questionnaires will be secured in locked drawers within the
Dental Hospital. The questionnaires will contain no identifiable data. Digital
Transcribed (digital) data will be stored on the Dental Hospital J drive hosted by
official university server as per the COH data security protocol (for more information
please see appended Data Management Plan).

Monitoring will be continuous and ongoing throughout the study. This will be
conducted by study PIs. Any temporary or permanent halt to the study will be
reported to the sponsor representative, in the first instance. Additionally, any
deviation form protocol or delays e.g due to iliness or administration delays will also
be reported to the sponsor representative, for further guidance. For further details
of data management and monitoring please see the relevant Data Management Plan
(appendix).

7.2 Record Retention

Data will be retained and archived with the University of Glasgow for 10 years
(following University of Glasgow Data and Community Oral Health Security
Protocols).

8 STUDY GROUP

The study will be coordinated from the University of Glasgow Dental School COH
department by the Study Management Group. The study management group
comprises the Research Team, the PPI representative and the GDP advisor. The
study NHS-University Research Governance Officer would be advised of any relevant
information arising during the course of the study.

The role of the group is to monitor all aspects of the conduct and progress of the
study, ensure that the protocol is adhered to in accordance with the principles of
GCP and the relevant regulations. NHS GG&C, the study sponsor, may audit the
conduct and progress of the study.
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Decisions about continuation or termination of the study or any amendments to the
protocol will be the responsibility of the Study Group.

9. AMENDMENTS

Change to any approved element of the study will require an amendment. Any
proposed amendments will be initiated by the CI following discussion with the Study
Steering Committee and any required amendment forms will be submitted to the
sponsor representative, in the first instance, before being submitted for any
necessary approvals.

10. ETHICAL CONSIDERATIONS

Favourable ethical opinion will be sought from an NHS research ethics committee
(REC) and NHS Research & Innovation (R&I) management approval from the
participating health board before participants are entered into this study.
Participants will only be allowed to enter the study once they have provided fully
informed and written consent.

The PI will be responsible for updating the sponsor representative and ethics
committee of any new information related to the study.

11.  INSURANCE AND INDEMNITY

This study has been submitted for approval and sponsorship by NHS Greater
Glasgow & Clyde. NHS indemnity is provided under the Clinical Negligence and
Other Risks Indemnity Scheme (CNORIS). Protocol authors substantively employed
by University of Glasgow will be covered by the organisation’s Clinical Trials
insurance policy.

The NHS has a duty of care to patients treated, whether or not the patient is taking
part in a study, and the NHS remains liable for clinical negligence and other
negligent harm to patients under its duty of care.

12. FUNDING

This work was funded and supported by Cancer Research UK as part of the TRACC
programme, Beatson Institute, Glasgow [Grant number 315941-01]

13. CONFLICTS OF INTEREST
None to declare.
14. DISSEMENIATION AND PUBLICATION PLANS

The methodology and findings of this work will be included in CS’ PhD thesis —
“development and validation of a head and neck cancer risk model”. This will be
published on the UofG Enlighten service
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Findings will be published on the study website, a link for which will be added to
the Participant Information Sheet.

In addition to research reports, we may look to disseminate our study findings via
submitting papers for publication in peer review journals and present our findings
at national / international academic and clinical conferences across our
multidisciplinary networks.

Such work will likely also be presented at university academic or Community Oral
Health departmental meetings in addition to stakeholders in the (To train and
Retain Academic Cancer Clinicians) TRACC programme or CRUK.
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