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ABSTRACT

Background Head and neck, salivary glands and
aerodigestive tract cancers (HNACs) rank sixth in cancer
incidence in Australia, posing significant public health

and economic challenges. However, data on HNACs in the
Northern Territory (NT) are lacking, crucial for healthcare
planning.

Objective This study aims to analyse HNACs
epidemiology, risk factors and survival outcomes in the NT,
focusing on Indigenous and non-Indigenous Australians.
Methods We conducted a retrospective analysis
(2009-2019) of HNACs cases from the NT Cancer Registry.
Ethically approved, the study assessed incidence, mortality,
risk factors and survival across ethnic populations.
Results Of 612 potential cases, 524 were analysed, with
35.5% identifying as Aboriginal or Torres Strait Islanders.
Predominantly affecting males (median age: 62 years),
HNACs showed an age-standardised incidence of 21.9

per 100 000, with stable trends. The 5-year survival rate
was 39.6%, notably lower in Indigenous Australians (25%)
and remote areas (18%) vs the national average (68%).
Oropharyngeal malignancies were common (36% survival).
High-risk behaviours such as alcohol use (73%) and
smoking (91%) prevailed. Most patients (73%) presented
with advanced disease (stages Ill-V), with one-third
offered palliative care at diagnosis. P16-negative tumours
predominated, with increasing P16-positive cases in non-
Indigenous patients.

Conclusion HNACs survival rates in the NT are
significantly lower than the national average, especially
among Indigenous Australians and remote residents.
Targeted interventions are needed to improve service
planning and delivery, considering identified risk factors
and cultural sensitivities, and promoting Indigenous
participation.

INTRODUCTION

Head and neck, salivary glands and aerodiges-
tive tract cancers (HNACs) are recognised as
the sixth most prevalent cancers globally, with
an upward trend in incidence rates." These

,"2 Kate Thimbleby,® Bhavya Balasubramanya,*

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Before this study, it was understood that HNACs are sig-
nificant health concerns in Australia, with known prev-
alence, risk factors and survival outcomes. However,
comprehensive data specifically from the Northen
Territory, especially concerning Indigenous Australians,
are limited. This gap in data is crucial as it hinders the
development of targeted healthcare strategies and inter-
ventions suitable for this unique demographic.

WHAT THIS STUDY ADDS

= This study provides a detailed analysis of HNACs in
the Northern Territory over a 10-year period, focusing
on both Indigenous and non-Indigenous Australians. It
reveals that the overall 5-year survival rate for HNAC
in the Northern Territory is significantly lower than
the Australian average, with even lower rates among
Indigenous populations and individuals in remote ar-
eas. The study also highlights the impact of factors like
stage at presentation, treatment intent, P16 status and
the high prevalence of risk factors like smoking and
alcohol consumption. These findings are instrumental
in understanding the specific challenges faced in the
Northern Territory, guiding future healthcare planning
and interventions.

cancersinclude malignancies in the oral cavity,
nasopharynx, salivary glands, hypopharynx
and larynx, but exclude thyroid cancers.” Key
risk factors encompass lifestyle habits such as
tobacco smoking, betel nut chewing, alcohol
consumption, and poor nutrition and denti-
tion, predominantly impacting individuals
between 50 and 70 years.”*

Recentyears have seen a growing link between
human papillomavirus (HPV) and head and
neck squamous cell carcinoma (HNSCC).® P16,
a surrogate marker for HPV, is often used in
tumour analysis due to constraints related to cost
and time.’ It is noted that in the USA, up to 70%
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HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR
POLICY

= The insights from this study underscore the need for targeted
healthcare strategies and interventions in the Northern Territory,
especially for Indigenous communities. It suggests the necessity
for early detection programmes, culturally sensitive healthcare ap-
proaches, and enhanced infrastructure and resources in remote ar-
eas. The study could influence policy-makers to allocate resources
more effectively and encourage further research into the unique
healthcare needs of Indigenous Australians. Additionally, it may
lead to the adoption of more comprehensive and culturally sensitive
healthcare practices, potentially reducing the disparities in HNACs
outcomes in the region.

of oropharyngeal SCC cases are P16-positive, indicating a
more favourable prognosis.”® This prevalence of P16-positive
SCC, however, varies regionally.” "’

HNAGC: are staged using the TNM system as defined by
both the Union for International Cancer Control and the
American Joint Committee on Cancer (AJCC)."

In Australia’s Northern Territory (NT), spanning 1349129
km® the incidence of HNACs is significantly higher
compared with the rest of the country. This increase is partic-
ularly evident in males (52% higher) and to a lesser degree
in females (10.2% higher), as categorised under the Austra-
lian Statistical Geography Standard (ASGS).'*™*

Government statistics from 2013 to 2017 reflect a
72% b5-year survival rate for individuals diagnosed with
HNAG:, including lip cancer, with women experiencing
slightly higher rates than men."> However, disparities in
outcomes are evident, particularly among Indigenous
Australians. A study by Moore el al identified socioeco-
nomic status, comorbidities and delayed treatment as key
factors influencing survival in HNACs, noting a higher
likelihood of death from non-cancer causes among
Indigenous patients.'® Furthermore, a Queensland
study (1998-2004) highlighted no significant differ-
ences in HNAGs incidence between Indigenous and
non-Indigenous Australians yet found a markedly higher
mortality rate among Indigenous patients.'

This study aims to conduct a comprehensive and
methodically examination of head and neck cancers
in the NT over a 10-year period. We intend to gather
detailed epidemiological data focusing on factors such
as stage, gender, ethnicity, risk factors and comorbidities
at diagnosis. Additionally, the study will analyse overall
and disease-specific survival rates, with a focus on identi-
fying modifiable factors that could significantly improve
patient outcomes, especially within the Indigenous
population.

METHODS

Study setting

The study was conducted in the NT of Australia, char-
acterised by a low population density and a significant
proportion of Indigenous residents, many of whom live
in remote or very remote communities. This unique

demographic and geographical context provides a crit-
ical setting for investigating head and neck, salivary
glands, and upper aerodigestive tract cancers (HNAC),
particularly in relation to Indigenous health outcomes.

Study participants

The study encompassed all adults (18+ years) diagnosed
with head and neck, salivary glands, and upper aerodi-
gestive tract cancers from 1 January 2009 to 31 December
2019. The NT Cancer Registry (NTCR) provided the
data, from which duplicate records and cases of skin,
lip or haematological cancers were excluded, resulting
in 524 cases for analysis (186 Indigenous and 338 non-
Indigenous patients) (online supplemental material, no.
of cases). These data allowed for an in-depth analysis of
HNAC incidences, patterns and outcomes in both Indig-
enous and non-Indigenous populations.

Patient and public involvement

This study was a retrospective analysis based on data from
the NTCR. As such, no patients were directly involved
in the design, recruitment, conduct or dissemination of
the research. The research questions, outcome measures
and study design were developed independently by the
research team without patient or public involvement.

Data source and collection

The NTCR, it is a comprehensive database that system-
atically collects information on cancer incidences in the
NT. The registry operates on a prospective data collec-
tion basis, ensuring timely and accurate recording of new
cancer cases. The data encompass demographic details,
diagnosis information, staging, treatment modalities and
outcomes, providing a rich resource for understanding
cancer patterns and impacts in the NT population.

Comorbidity analysis

Comorbid conditions significantly influence the prog-
nosis of HNACGs patients. To assess the impact of comor-
bidities, the Charlson Comorbidity Index (CCI) was
employed. The index includes a range of comorbid
conditions such as diabetes with complications, conges-
tive heart failure, peripheral vascular disease, chronic
pulmonary disease, both mild and severe liver disease,
hemiplegia, renal disease, leukaemia, lymphoma, meta-
static tumour and acquired immunodeficiency syndrome.
This method enables a comprehensive evaluation of
comorbidities’ effects on patient outcomes, crucial for
understanding the complexity of HNACs cases.

Stage at presentation

The AJCC eighth edition guidelines were followed for
cancer staging. This system classifies cancers into early
stages (I and II) with tumours confined to the original
site and advanced stages (III and IV) with larger, more
invasive tumours.

P16 status analysis and Epstein-Barr virus status analysis
In the context of oropharyngeal SCC, the P16 status was
assessed to understand its prognostic implications. P16

2 Reyes-Chicuellar N, et al. BMJ Public Health 2024;2:e000551. doi:10.1136/bmjph-2023-000551

'salbojouyoal Jejiwis pue ‘Buluresy |y ‘Buiuiw elep pue 1xa) 01 parejal sasn 1o} Buipnjour ‘ybLAdod Ag pajoslold
1senb Aq GZ0z yore ¥ uo wod'fwg yiesyalgndiway//:sdny woly papeojumoq +z0zZ YdIe 62 U0 TSS000-€202-Udlwg/oeTT 0T St paysiiand isiy (yyesH dliqnd CINg


https://dx.doi.org/10.1136/bmjph-2023-000551

3 BMJ Public Health

serves as a surrogate marker for HPV-associated onco-
genic activity, particularly in HNSCC cases. The study
focused on P16 status for its relevance in predicting treat-
ment responses and survival outcomes.

The EBV (Epstein-Barr virus) status was collected when
available for nasopharyngeal carcinoma cases. However,
given the specificity of the study and the broader scope
of our analysis, we have chosen not to include a detailed
discussion of EBV status in the current results and anal-
ysis section. Instead, we plan to explore this aspect in a
future article dedicated to a more focused examination
of nasopharyngeal carcinoma and its associated factors.

Survival analysis

A comprehensive analysis of b-year survival rates was
conducted, with a focus on progression-free survival
(PFS) and overall survival (OS), employing log-rank tests
and multivariate regression models to compare primary
cancer subsites and patient demographics.

Statistical analysis

In the demographic analysis, key variables such as age
at diagnosis, gender, ethnicity (distinguishing between
Indigenous and non-Indigenous populations), and the
geographical location of the patients at the time of diag-
nosis (categorised into regional ASGS level 3, rural ASGS
level 4 or remote ASGS level 5) were examined. The data
was processed and analysed using advanced statistical
software, including STATA V.18 (2023) and SPSS V.29.
This involved stratifying clinical characteristics based on
Indigenous status and applying relevant statistical tests
for thorough analysis.

The study also paid close attention to potential risk
factors such as tobacco and alcohol usage, employing the
Shapiro-Wilks distribution test to assess their distribution
and impact. Additionally, the influence of comorbidities

Non-
Indigenous
(n=338, 65%)

Patients
(n=524)

Indigenous
(n=186,35%)

p-

Clinical variables
value

Age (years) (median

(IQR)) 0.651%*

62.1(57.60) | 62.05(57.79) | 62.1(57.60)

Sex (Male) 430(82%) 141(27%) 289(55%) | 0.004*

ASGS level 3 289 (55%) 38(7%) 251(48%) [0.001% =

ASGS level 4 122(23%) 57(11%) 65(12%) | 0.642 “

<0.001 S

*

ASGS level 5 113(22%) 91 (17%) 22 (4%)

Remote (ASGS 4 or 5) | 235(45%) 148 (28%) 87(17%)  [0.001%

Smoking history 478(91%) 176 (34%) 302(57%) |<0.01*

PYH 39(30.40) | 37(30,39) | 40(35.45) [0.001%

Alcohol history 381(73%) 139(27%) 242(46%) |<0.01%

Figure 1

Age standardized incidence

on different ethnic groups was rigorously evaluated
using multivariate ordered logistic and linear regression
models to discern patterns and correlations.

For a more focused analysis, primary cancer subsites
were selectively reviewed based on their P16 status, using
multivariate regression models to understand the rela-
tionship between this biomarker and various cancer char-
acteristics. The survival analysis, a critical component of
the study, concentrated on both 5-year PFS and OS. This
analysis was facilitated by log-rank tests and supported
by a suite of analytical tools including STATA IC V.15,
R Project for Statistical Computing V.4.2.0, GraphPad
Prism V.9.2.0 and Tableau Software 2022.1, to ensure
comprehensive and accurate interpretations of the data.

RESULTS

Overall clinical and demographic data

The research encompassed 524 patients with HNACs, of
whom 430 were male (accounting for 82% of the study
group) and 94 were female (making up the remaining
18%). Within this cohort, 186 individuals (35.5%) were
identified as Indigenous Australians, while the remaining
338 participants (64.5%) were non-Indigenous.

In this cohort, males comprised the majority (82%),
and most participants were non-Indigenous Australians
(65%). A substantial proportion, over half (55%), were
from regional areas as per the ASGS level 3 classifica-
tion. The median age at diagnosis across the study was
62 years, which remained consistent when comparing
Indigenous and non-Indigenous patients. Multivariate
analysis revealed a significant difference in the incidence
of head and neck aerodigestive tract cancers (HNAC)
between the NT and the rest of Australia. Specifically, the
OR was 11.23 with a 95% CI of 10.26 to 12.28 (p<0.0001)
(as shown in figure 1A).

Age standardize Incidence by Gender

40
35

s
20 o
2000 200 2011 202 2013 2004 2005 2006 207 2018 2009

pe— Female

Age standardized incidence by ethnicity

e Indigenous

- /\/\//’“‘\

20 — v

Non-indigenous

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

2009 2000 2011 2012 2013 2014 2015 2016 2017 2018 2019

(A) Clinical and demographic profile of patients with Head and neck, salivary glands and aerodigestive tract cancers

(HNACS) patients by Indigenous status (B) Age-standardised incidence. Overall incidence, incidence by gender and by ethnicity
are represent. P value derived from two-tailed proportions z-test for categorical parameters and Kruskal-Wallis rank test for
continuous parameters. *Significance at p<0.05. ASGS, Australian Statistical Geography Standard; PYH, pack-year history.
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In the study of HNAGs in the NT, the analysis included a
breakdown by cancer type and primary subsite. The study
examined various primary subsites of HNAC, identified
by the TNM, ICD-10-CM Diagnosis Code. These included
nasopharynx, sinonasal, oral cavity, oropharynx, major
and minor salivary glands, hypopharynx, larynx and
unknown primary.

The most common subsite was the oropharynx, which
accounted for 205 cases (30%) of the total, comprising
130 non-Indigenous and 75 Indigenous patients. The
study also reported survival rates by subsite, revealing
significant differences in outcomes depending on the
subsite affected. For example, salivary glands showed
the highest probability of survival at 61.8%=1.22%, while
the nasopharyngeal subsite had the lowest survival rate
at 21.4%+0.7%. The oropharyngeal subsite had a proba-
bility of survival of 36.3%+2.1%.

These details are crucial as they provide insights into
the behaviour and treatment of different types of head
and neck cancers, which are essential for planning
targeted interventions and improving patient outcomes.

Incidence

During the decade-long investigation in the NT, the age-
standardised incidence rate of HNAGCs stood at 21.9 per
100000 individuals, with no significant changes observed
through the period (figure 1B). A pronounced disparity
in incidence rates was apparent between genders, with
males presenting a notably higher rate of 36.1 per 100
000, while females had an incidence of 8.5 per 100000.

The study also found that males are more commonly
affected by HNAGs in both the NT and the rest of
Australia, with a male-to-female ratio ranging from 2:1 to
4:1. However, the incidence rate in NT males was signifi-
cantly higher than that seen in males across the rest of
Australia, while the rates for females were comparable
between the NT and the rest of the country.

In terms of ethnicity, the Indigenous population in the
NT had a median HNAC incidence of 24.5 per 100 000,
which was higher than the 20.1 per 100000 observed in
the non-Indigenous population. Further analysis using a
multivariate approach showed an OR of 1.22 (p=0.0037
[95%CI 0.62 to 2.40]), suggesting that Indigenous indi-
viduals have a 22% higher probability of developing
HNAC compared with non-Indigenous individuals in the
NT.

Overall survival

Figure 2 presents the 5-year survival rates for head and
neck cancer patients in the NT, as determined by Kaplan-
Meier analysis. The OS rate for these patients was 39.6%
(with a margin of error of #2.9). A breakdown by gender
revealed that males had a lower survival rate of 36.3%
(x4), while females had a notably higher rate of 48.3%
(+4). When considering ethnicity, the survival rate for
Indigenous patients was 25.6% (+1.8), significantly
lower than the 46.0% (£2) survival rate observed in non-
Indigenous patients.

Survival by stage at presentation

Our analysis revealed that a minority of the study partic-
ipants, specifically 27.67%, were diagnosed at the early
stages (I and II). In contrast, a significant majority,
72.33%, presented with cancer at the advanced stages
(IIT' and 1V), as illustrated in figure 3A. Notably, within
the Indigenous subgroup, which constitutes 32.33% of
the study population, there was a pronounced tendency
for advanced-stage diagnosis; 86% of these patients were
found to be in the advanced stages, with stage IVa being
the most frequently observed stage at the time of diag-
nosis. This was in comparison to the non-Indigenous
population, where 66.4% were diagnosed at advanced
stages.

Further, figure 3B delineates the 5-year survival rates
based on the stage of disease. The data indicated that
patients diagnosed at later stages (Il and IV) had notably
lower survival rates (42.4% for stage III and 19.4% for
stage IV) compared with those diagnosed at earlier stages
(76.5% for stage I and 67.3% for stage II). This pattern
suggests a grimmer prognosis for patients with advanced-
stage cancer. Significantly, the 5-year survival rate for
Indigenous patients was substantially lower at 25.6%,
compared with 46.0% for non-Indigenous patients. This
disparity is attributable, in part, to a higher incidence
of advanced-stage diagnosis among Indigenous patients
(86% in stages III and IV) as opposed to 66.4% in the
non-Indigenous group. These findings underscore the
critical importance of early detection and intervention,
particularly in the Indigenous community, to enhance
patient outcomes.

Survival by treatment intent: curative versus palliative
An analysis of different treatment approaches revealed
that at the time of diagnosis, 38.6% of patients received
palliative care. Among these patients, a higher percentage
were Indigenous (22.4% among Indigenous patients
compared with 16.2% among non-Indigenous patients).
Interestingly, Indigenous patients were twice as likely
to receive palliative care (with an OR of 2.159, and a
p<0.0001) as shown in figure 3C. Additionally, patients
who received palliative care had worse survival rates
(11.4% compared with 53.4%), as depicted in figure 3D.
figure 3D,E illustrates the impact of excluding patients
offered palliative care from the analysis. This exclusion
resulted in an overall 5-year mean survival rate of 53.4%,
which is more consistent with the overall 5-year survival
rate for head and neck cancers in Australia. According to
the latest data from the Australian Institute of Health and
Welfare from 2016 to 2017, the national survival rate for
head and neck cancers in Australia is 64%.""

Patients who received curative intent treatment had
better survival outcomes, underscoring the importance
of timely and appropriate treatment for head and neck
cancers. The most common curative treatments included
chemoradiotherapy, followed by trimodality therapy and
surgery with postoperative adjuvant radiotherapy. Only
a small percentage (7.25%) of patients received primary
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Overall survival analysis

>

100 kL

Probability of Survival
o0
o

Survival by ethnicity

100 ~+ Overall survival
— |ndigenous

—— Non-Indigenous

50

Probability of Survival

o4 : : ; ; ' o4 T ' ' r )
1 2 3 4 5 0 1 2 3 4 5
Time, years Time, years

. Variables KM Five-year survival p-value
Overall 39.6% 2.9 <0.001*

Males 36.3% + 4 0.001%*

Females 483% + 4 0.001%*
Indigenous 25.6% £ 1.8 <0.01*
Non-Indigenous 46.0% + 2 0.001*

P16 Positive 51.9% +2.3 0.001*

P16 Negative 31.2% £ 1.7 <0.01*

RA3. Outer Regional Australia 46.8% +2.1 0.774
RA4. Remote Australia 525% 13 0.079
RAS. Very Remote Australia 18.1% £ 2.8 0.001*

Figure 2 Five-year relative mean survival. (A) Overall survival for Head and neck, salivary glands and aerodigestive tract
cancers (HNACs), male, female and combined. (B) Five-year survival analysis comparing Indigenous, non-Indigenous
population and combined. (C) Table showing clinical variables and Kaplan-Meier’s 5-year survival. P value derived from
two-tailed proportions z-test for categorical parameters and Kruskal-Wallis rank test for continuous parameters against the
Australian mean 5-year survival. *Significance at p<0.05. P16: Cyclin-dependent kinase inhibitor 2A highly correlated with
human papillomavirus infection in head and neck squamous cell carcinoma.*’32 RA, remoteness area.

radiotherapy alone, as shown in figure 3F. The choice
of treatment takes into account individual factors such
as tumour characteristics, comorbidities and patient
preferences.

Survival by subsite
In this study, we examined cases of HNACs using eight
primary subsites as defined by the ICD-10-CM Diagnosis
Code. These subsites include the nasopharynx, sinonasal,
oral cavity, oropharynx, major and minor salivary glands,
hypopharynx, larynx and cases where the primary site
was unknown. Among these subsites, the oropharynx was
the most common, accounting for 205 cases (30%) in
total, with 130 cases among non-Indigenous patients and
75 among Indigenous patients, as shown in figure 4A.
We conducted a 5-year survival analysis for each subsite,
which is presented in figure 4B using Kaplan-Meier anal-
ysis. Salivary gland cases had the highest probability of
survival, at 61.8%+1.22%, while cases originating from
the nasopharynx had the lowest survival probability, at

21.4%+0.7%. Oropharyngeal cases (the most frequent
subsite) showed a survival probability of 36.3%=2.1%.

Figure 4C provides a comparison of the 5-year survival
rates across the different subsites, indicating an OS prob-
ability of 39.6%+2.9% and a median survival duration of
2.75 years. Statistical analyses using p values derived from
two-tailed proportions z-tests for categorical parameters
and Kruskal-Wallis rank tests for continuous parameters
revealed significant differences in survival rates among
the various subsites, with a significance threshold of
p<0.05.

Risk factors

Alcohol and smoking history

The study identified smoking and alcohol consumption
as primary factors associated with HNACs. Among indi-
viduals with HNACs, 91% were smokers, with a median
pack-year history (PYH) of 39 (range: 30-40), and 73%

had a documented history of alcohol consumption.

Reyes-Chicuellar N, et al. BMJ Public Health 2024;2:e000551. doi:10.1136/bmjph-2023-000551 5

'salbojouyoal Jejiwis pue ‘Buluresy |y ‘Buiuiw elep pue 1xa) 01 parejal sasn 1o} Buipnjour ‘ybLAdod Ag pajoslold
1senb Aq GZ0z yore ¥ uo wod'fwg yiesyalgndiway//:sdny woly papeojumoq +z0zZ YdIe 62 U0 TSS000-€202-Udlwg/oeTT 0T St paysiiand isiy (yyesH dliqnd CINg



BMJ Public Health

A Stage at presentation
o StageAgreed Stage Agreed
L I
| U
= B
11.98% WA

e
LIS

-
[=4
o

x7s

Jsate 1875%

Probability of Survival
(2]
o

—— Stage Il
—— Stage lll
—— Stage IV

Survival by Stage of Disease

—— Stagel

o
-

ey
pro—
0 T
I m-.

3 4

.=

Time-lapse in years

Survival by Treatment Intent

C  Treatmentintent

Probabiy of Survival

Probability of Survival

~ Paliative intent
50

'I'me Iapse in yeals

Overall survival removing patients with palliative intent

100
50
[

0 1 2 3 4 5

Time-lapse in years

Treatment modality
—— Curative intent

Treatment

B Chemo and Radiotherapy
I Radiotherapy alone

I surgery + ChemoRT

I surgery alone

Figure 3 This figure presents an analysis of the stage of cancer presentation broken down by ethnicity. (A) Colour table

with details of the staging by grades and ethnicity. (B) Five-year mean survival by stage of disease. In regard of the analysis
of treatment modalities by ethnicity and corresponding 5-year survival rates. (C) Staging by curative intent and ethnicity. (D)
Kaplan-Meier 5-year mean survival rates by treatment intent. (E) Effect of excluding palliative intent patients on 5-year survival
rates in head and neck aerodigestive tract cancer study. (F) The treatment modalities for patients with curative intent.

Additionally, a high median PYH of 39 was observed,
indicating an association with a higher HNAC risk (see
figure 1A).

Comorbidities

In our study, we found that the average CCI was 7.4+1.23,
indicating a substantial comorbidity burden within the
entire population under examination. Notably, there was
no significant distinction in CCI between the Indigenous
and non-Indigenous groups, implying that comorbidities
may not be a prominent contributing factor to the differ-
ences in survival rates.

P16 status (in oropharyngeal subsite)

Our findings showed that among the 205 patients with
oropharyngeal SCC in the NT, 61.88% were P16-negative,
while 38.12% were P16-positive. Importantly, P16-positive
tumours were associated with significantly better survival
rates, ranging from 50% to 57%, compared with 21% to
29% for Pl6-negative tumours (p<0.0001). This high-
lights the prognostic importance of P16 in oropharyn-
geal SCC (figure 5A,B).

The analysis of P16 status in the NT oropharyngeal SCC
cohort highlights significant differences between Indige-
nous and non-Indigenous groups. Overall, 38.12% of the
cohort tested positive for P16. However, a distinct pattern
emerged showing a lower prevalence of P16 positivity

among Indigenous patients as compared with their non-
Indigenous counterparts. This disparity in P16 status
distribution is statistically significant, as evidenced by a
x” test result of 14.36, which notably exceeds the critical
value of 3.841 at a 0.05 significance level. This statistically
significant finding underscores a substantial difference
in the molecular characteristics of oropharyngeal SCC
between these two populations.

Rurality

In our study, the majority of participants resided in
either inner or outer regional areas; however, a notice-
able discrepancy emerged between Indigenous and
non-Indigenous patients. Notably, a higher propor-
tion of Indigenous patients lived in areas classified as
very remote (ASGS level 4 or 5) in comparison to non-
Indigenous patients (28% vs 17%, p<0.001), as illustrated
in figure 5C and figure 1.

Furthermore, when we conducted a survival analysis
based on geographical location, a noteworthy trend
emerged. Patients residing in very remote areas exhib-
ited significantly lower survival rates, with a 5-year survival
rate of only 18%, in contrast to the 45%-54% survival
rates observed for those residing in rural or regional loca-
tions (p=0.0005) as shown in figure 5D. These findings
emphasise the substantial impact of geographic location
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Figure 4

ey

Survival 5-year probability | Median survival p-value
comparison by of survival in years
subsite
Overall 39.6% 2.9 2.75 <0.001*
Hypopharynx 31.9%*1.1 1.68 0.05*
Larynx 41.1%+ 1.7 2.87 0.001*
Nasopharynx 21.4% 0.7 277 <0.05*
Oral cavity 42%+ 12 317 0.001*
Oropharynx 36.3% 2.1 2.38 <0.05*
Salivary glands 61.8%* 1.8 >5 years (8.81) 0.001%*
Sinonasal 26.6% 1.7 252 <0.001*
Unknown primary 32%*2 3.32 <0.001*

(A) Subsites of aerodigestive cancer of the head and neck showing the oropharynx as modal. (B) Kaplan-Meier

(KM) curves by subsites of aerodigestive cancer of the head and neck. (C) Table representing KM’s 5-year survival analysis by
subsite. Survival is expressed in probability of survival (%) and in median survival years. *Significance at p<0.05.

and access to healthcare resources on the prognosis and
treatment outcomes for individuals with head and neck
cancer.

DISCUSSION
This study is the first comprehensive investigation of head
and neck salivary glands and upper aerodigestive tract
cancers (HNAGs) in the NT, examining patient demo-
graphics, incidence, risk factors and survival outcomes
for Indigenous and non-Indigenous Australians. It uses
data from the NTCR database, covering the Top End
and Central Australia Health Services during the study
period. The research reveals significant disparities in
HNAGs outcomes due to the unique features of the NT.
These disparities highlight health inequalities compared
with the rest of Australia and differences between NT
Indigenous and non-Indigenous patients, building on
previous studies on HNACs among Indigenous Austral-
ians."* 1918 The NT’s distinct features, such as its vast land
area covering one-sixth of Australia, sparsely populated
regions with only five remote urban centres (two of which
have populations exceeding 10 000), and a significant
Aboriginal and Torres Strait Islander population (28%,
the highest in Australia, with 70% residing in remote
communities), make it a crucial context for studying
HNAC trends among NT Indigenous Australians.

This study generates significant data to address key
research questions regarding HNAC in the NT:

1. It examines a 10-year epidemiological analysis, includ-
ing age-standardised incidence.

2. It conducts survival analysis, encompassing OS and
subsite-specific survival.

3. It investigates risk factors influencing stage at presen-
tation and survival in HNAC, including alcohol and
smoking, comorbidities, P16 status, stage at presenta-
tion and treatment intent.

This study stands apart from previous research by
encompassing a wide time frame and evaluating age-
adjusted incidence rates, while also comparing risk factors
and survival outcomes across diverse groups, including
Indigenous and non-Indigenous Australians and individ-
uals from regional, rural and remote areas. Out of the
524 patients diagnosed with head and neck aerodiges-
tive tract cancers (HNAC) during the study period, the
majority (82%) were male and non-Indigenous (65%),
with a median age of 62 years, which is consistent with
the Australian Government’s 2022 data indicating that
around half of the newly diagnosed patients with head
and neck cancer are male and over the age of 60.%" 1> %!
Notably, the study also incorporated a substantial cohort
of Indigenous patients, numbering 186 or 35.5% of the
total.

In 2017, the age-standardised incidence of head and
neck cancer was reported at 16 cases per 100000 people,
with a higher incidence in males (25 per 100 000)
compared with females (7.7 per 100 000).** '° By 2022,
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(A) Analysis of rurality broken down by ethnicity. (B) Survival by rurality. Colour shows details about rurality: RA3

(outer regional) in blue, RA4 (remote) in orange and RA5 (very remote) in red. (C) The coloured table describes the analysis of
P16 status in the oropharyngeal (modal) subsite broken down by ethnicity. (D) Survival analysis by ethnicity and P16 status for

oropharyngeal subsite. RA, remoteness area.

the estimated lifetime risk of being diagnosed with head
and neck cancer by age 85 was 1 in 58 (1.7% overall),
with the risk being greater for males (1 in 39 or 2.6%)
than for females (1 in 112 or 0.89%).'® In the NT, the
incidence of head and neck cancer was notably higher,
325% greater than in other parts of Australia.”” '* Our
study over a 10-year period found an incidence of 21.9
new HNAC cases per 100000 population in the NT,
without a discernible trend over time. Significantly, an
OR of 11.23 with a 95% CI of 10.26 to 12.28 (p<0.0001)
indicates that NT residents are more than eleven times
as likely to develop HNAC compared with those in other
Australian regions.

Further analysis within the NT reveals a marked differ-
ence in HNAC incidence between Indigenous and
non-Indigenous populations. Specifically, Indigenous

Australians in the NT have an incidence of 24.5 new cases
per 100000 population. A relative risk calculation shows
that Indigenous Australians are approximately 2.3 times
more likely to suffer from HNAC compared with their
non-Indigenous counterparts in the NT, emphasising the
heightened risk in this demographic.

The Australian Government** reported that in 2014—
2018, individuals diagnosed with HNACs (including lip)
had a 72% chance (71% for males and 74% for females)
and 68.2% chance in 2006-2010 (without including lip) "
of surviving for 5 years.'® In America, the 5-year survival
between 1992 and 1996 was 55% without including lip.
A report for the period of 2002-2006 noted survival
improvement to 66%; a finding attributed to better
treatment outcomes of HPV-associated HNSCC." Our
study reveals significantly different overall 5-year survival
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rates: 39.6% (36.6% for males and 48% for females)
overall, 25.6% for Indigenous Australians, and 46% for
non-Indigenous counterparts. Five-year survival rates by
subsite ranged from 21.4% for nasopharyngeal to 61.8%
for salivary gland malignancies. Oropharyngeal malig-
nancies, the most common subsite, had a 5-year survival
rate of 36.3%. Lip malignancies, which usually have good
survival rates, were not part of this study. Compared
with studies outside the NT, our findings indicate lower
survival rates for both Indigenous and non-Indigenous
HNAC patients, with Indigenous patients experiencing
the poorest outcomes.”

Alcohol and tobacco use are well-known risk factors
for HNAGs, leading to a 2.5-fold increase in the risk
of head and neck cancer compared with non-smokers
and non-drinkers.® *! Despite the long-term downward
trend in tobacco smoking and alcohol abuse in Australia
since 1991 (from 24% to 11% in 2019), there is still a
high prevalence of smoking and alcohol consumption in
remote areas of Australia (19.6%) compared with inner
regional areas (13.4%) and major cities (9.7%).%" In our
study on HNACGs, we found a high prevalence of tobacco
and alcohol use, with 91% of patients being smokers
and 73% reporting excessive alcohol consumption. This
trend contrasts with the national decrease in smoking
and alcohol abuse in Australia, particularly highlighting
the need for targeted interventions in high-risk, remote
areas.” ¥ While our data shows these risk factors are
significantly present in the HNAGs patient population,
it does not specifically differentiate between Indigenous
and non-Indigenous groups. Given the poorer outcomes
in Indigenous populations, further analysis is necessary
to determine if these risk factors are more prevalent
among Indigenous patients, which would be crucial for
understanding and addressing the disparities in HNAC
outcomes in the NT* .

HNACGs patients often have associated comorbidi-
ties, influenced by behaviours like smoking and high
alcohol consumption, which increase disease risk.?! To
assess the risk of death within 1 year of hospitalisation
due to specific comorbidities, CCI is used, validated for
HNAC.”" Comorbidity severity is categorised as mild
(CCI 1-2), moderate (CCI 3-4) and severe (CCI>H).
Patients with severe comorbidities tend to have worse
survival outcomes and more complications.”” ** Our
study found a mean CCI of 7.4 (indicating severe comor-
bidities) at presentation, with no significant difference
between Indigenous and non-Indigenous patients. This
underscores the need to address comorbidities in HNAC
management, particularly in patients with severe comor-
bidities. Importantly, it challenges the common belief
that worse outcomes for Indigenous patients can be
solely attributed to higher comorbidities compared with
non-Indigenous counterparts.

HPV-associated HNAGs, especially oropharyngeal
SCC, is on the rise in Australia, particularly among
younger, educated and healthy individuals, potentially
contributing to better survival rates in this group.” **

Interestingly, we found no studies reporting the prev-
alence of P16 status in HNAC among the Indigenous
population in Australia. P16 data were available for the
oropharyngeal subsite in 93% of the patients studied,
with 61.88% being Pl6-negative and 38.12% P16-
positive. Patients with P16-positive disease had a 5-year
survival of >50%, nearly double that of P16-negative
disease (<28%). This aligns with Australian data.?
Analysis by ethnicity revealed a significant difference
in disease aetiology between Indigenous and non-
Indigenous groups, with only 9.21% of Indigenous
patients having PIl6-positive disease compared with
29.91% in the non-Indigenous group. Overall, the NT
population with HNACs is predominantly identified
with P16-negative disease, associated with smoking and
alcohol intake.

Foley and Varinder emphasised rurality as a signifi-
cant risk factor for disparities in head and neck cancer
diagnosis and treatment.”” Patients with HNAC in rural
or remote areas face challenges in accessing initial care,
emotional support, rehabilitation and follow-up services,
exacerbated by long distances. The entire NT is classified
as regional, remote or very remote (ASGL level>3), with a
higher proportion of Indigenous patients in very remote
areas. Our study revealed a significant trend (p=0.001)
of lower survival rates (18%) for patients in very remote
areas compared with rural (46%) or regional (52%)
areas. Patients in very remote areas had 28% lower odds
of survival (OR (95% CI) 0.72 (0.57 to 0.90)) compared
with those in rural and regional areas. These findings
align with Kaur et al. and underscore the need for
targeted interventions to improve outcomes for remote
HNAC patients.™

HNAGs are severe diseases with significant morbidity
and mortality. Clinical stage at diagnosis is a crucial
predictor of patient outcomes. Stages I and II offer a
60%-95% chance of cure, while stages IIT and IV present
a greater than 50% risk of recurrence or distant metas-
tasis, leading to higher morbidity and mortality. Late-
stage diagnosis and treatment delays contribute to these
disparities.” Indigenous patients are often diagnosed with
advanced-stage HNAC compared with non-Indigenous
patients, with studies indicating these differences.”

A study in a Northern Queensland regional hospital
found 77% of Indigenous patients had advanced-
stage cancer, contrasting with 66% of non-Indigenous
patients.” *” A report from the NT’s palliative care depart-
ment noted that 70% of HNAC patients between 2011
and 2014 had advanced-stage disease, leading to pallia-
tive care as the primary approach.”*” Our study showed
that only 7.67% of patients were diagnosed at early stages
(I-II), while the majority (72.33%) were diagnosed at
stages III and IV. Indigenous patients were more likely
to present at advanced stages (86%) compared with non-
Indigenous patients (66%), resulting in over one-third of
the population being offered palliative care at diagnosis,
with a higher proportion among Indigenous patients
(19%) than non-Indigenous patients (16%).
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When we excluded patients who commenced palliative
intent treatment in our OS rates for HNACs we realised
a figure of 53.4% which is still lower to but more compa-
rable to the survival outcomes reported by the Bureau
Australian Statistics.*’ We appreciate that reported results
will likely include some patients with palliative intent
treatment, but the exercise is simply to demonstrate the
potential impact of early detection and timely manage-
ment, which could help reduce the burden of HNACs
and improve patient outcomes.'”

Patients receiving curative intent treatment had a
better survival rate of 53.4%, highlighting the impor-
tance of timely diagnosis and access to modalities like
surgery, radiotherapy and chemotherapy. Early detection
is crucial for improving HNAC outcomes. Unfortunately,
many Indigenous HNACs patients in the NT present
at advanced stages, leading to higher morbidity and
mortality. Understanding the reasons and developing
early detection strategies are vital. More Indigenous
patients receive palliative care due to factors like at-risk
behaviours, limited healthcare access, distrust of the
system and cultural perspectives. Accessible local treat-
ment options can encourage Indigenous patients to seek
care, allowing them to stay close to family members.***

Addressing outcome disparities in NT’s HNACs patient
population is an urgent public health priority. Identifying
atrisk patients in early disease stages through prevention
and potential screening measures is crucial. Research
has demonstrated that simple oral cancer screening, like
mouth examinations, can significantly enhance early
detection and outcomes.*” Novel developments such as
Point-of-care Analysis for Non-invasive Diagnosis of Oral
Cancer (PANDORA) screening kits, designed for oral
cancer detection in primary care for high-risk patients,
hold promise for early identification, as demonstrated
in the PANDORA study).* Educating primary care
providers in remote areas can aid in early patient iden-
tification and screening. Access to specialist nurses and
clinicians is essential for provider support, and leveraging
digital image capture and telehealth services can further
enhance patient management.

Expertise and infrastructure are crucial for local treat-
ment. Culturally sensitive care, local community engage-
ment and involving Indigenous ambassadors can build
trust and improve early presentation. While all these
points of intervention can be instituted there is a cost
implication to an already financially stretched NT Health-
care system. Protected funding to facilitate these targeted
improvements to local service provision is imperative at
both local government and federal level to achieve better
outcomes for our patients and help close the healthcare
gap. In summary, addressing the issue of late presenta-
tion of HNACs in NT requires a multifaceted approach
that involves early detection, specialist engagement at
primary care level, understanding the barriers to early
presentation, and providing culturally safe and sensitive
care. Improving trust and building relationships with
Indigenous patients and communities can help break

down barriers to early presentation, leading to improved
outcomes for patients with HNACs (online supplemental
addendum 1). HNAGs is a flow diagram the authors hope
will help achieve an efficient care model for all HNACGs
patients inclusive of cultural sensitivities that incorpo-
rates the findings and discussion points of this study.

Limitations

This retrospective study has inherent limitations,
including potential biases, incomplete or inaccurate data
and challenges in ascertaining disease-specific mortality.
The data are specific to the NT, which has a unique popu-
lation and geography that may not represent the broader
Indigenous population in other Australian states and
territories.

Australia’s Indigenous population is diverse, with
varying cultural and linguistic backgrounds, potentially
impacting the presentation, treatment and outcomes of
head and neck cancer (HNAGs). Unfortunately, similar
studies among Indigenous Australian HNAC patients in
other regions and Indigenous populations worldwide are
lacking, limiting direct comparisons.

Nonetheless, this study provides valuable detailed
demographic and clinical information, including survival
analysis, presentation stages, treatment intent and HNAC
risk factors in the NT.

CONCLUSION

In conclusion, this comprehensive study of Head and neck,
salivary glands and aerodigestive tract cancers (HNAGs) in
Australia’s NT reveals significant challenges, particularly
lower survival rates influenced by factors like late diagnosis,
aggressive P16-negative disease profiles, and prevalent life-
style risk factors such as smoking and alcohol use. Our find-
ings underscore the urgent need for targeted public health
interventions focusing on lifestyle modification, especially
smoking cessation and alcohol use reduction, to improve
patient outcomes in the NT. These strategies are vital, as
they directly address modifiable risk factors that significantly
impact the incidence and prognosis of HNACs.

We advocate for a patient-centred care model specifically
designed for HNACs (online supplemental addendum 1),
which respects the unique cultural and social backgrounds of
Indigenous patients. This model should integrate the exper-
tise of senior clinicians, foster collaborations with local elders
and healthcare teams, and include Indigenous ambassadors
to ensure comprehensive and culturally sensitive treatment.
By enhancing early detection and treatment, this approach
aims to improve survival rates and overall health outcomes
for patients.

Moreover, in light of the critical role of lifestyle factors
in HNAGs prevalence and prognosis, we emphasise
the importance of public health campaigns and educa-
tion programmes in high-risk and remote areas. These
interventions could substantially reduce the incidence
of HNAGs and lead to better health outcomes. In addi-
tion, continued research and investment are necessary to
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develop more effective strategies for managing HNAGs,
particularly for Indigenous communities in the NT. By
implementing these measures, we can move towards a
more equitable healthcare system that not only addresses
the immediate needs of HNACs patients but also works
proactively to prevent the disease and improve the
quality of life for all affected individuals, especially those
in marginalised communities.
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