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Abstract

Objectives To investigate the risk and prognosis of oral squamous cell carcinoma (SCC) between Indigenous and
non-Indigenous populations of Queensland.

Materials and methods Retrospective analysis of data from the Queensland Cancer Registry (QCR) between the
years 1982-2018. Main outcome measures were age at diagnosis and cumulative survival to compare the risk and
prognosis of oral SCC between the populations.

Results 9424 patients with self-declared ethnicity were identified with oral SCC from the QCR, with a male to female
ratio of 2.56:1. Of these patients, 9132 were non-Indigenous (96.9%) and 292 Indigenous (3.1%). Indigenous people
were significantly younger at diagnosis (mean (SD) age 54.3 (10.1) years), compared to 62.0 (12.1) years in non-Indig-
enous people. Mean survival in the full cohort was 4.3 years (SD: 5.6), with Indigenous people presenting a signifi-
cant shorter mean survival of 2.0 years (SD: 3.5) when compared with 4.4 years (SD: 5.7) in non-Indigenous people
(p<0.001).

Conclusions Indigenous Australians are diagnosed at a significantly younger age and present with worse survival
and poorer prognosis. Due to missing variables in the Queensland Cancer Registry, it is not possible in the current
study to ascertain the scientific or social reasons behind these disparities.

Clinical relevance Results from this study can inform public policy and raise awareness in Queensland regarding
disparity in oral cancer prognosis.

Keywords Oral cancer, Indigenous Australians, Squamous cell carcinoma, Cumulative survival, Aboriginal and Torres
Strait Islander

Introduction
Oral squamous cell carcinoma (SCC) is the 12" most
common cancer worldwide in men [1]. It has a male pre-
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when the tumour is detected at TNM stage III and IV [3].
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The purpose of this study is to investigate and compare
the risk and survival rate of oral SCC between Indig-
enous and non-Indigenous populations within the state
of Queensland, Australia, with the hope that results can
inform governments regarding the allocation of resources
and provide awareness of the current challenges.

The relative chance of survival for 5 years in the Indig-
enous population after any cancer diagnosis is 54% [4].
Population data show that Indigenous populations were
also 1.4 times more likely to die from cancer than their
non-Indigenous counterparts [5]. These lower rates of
survival may be due to Indigenous populations being
socially disadvantaged, such as in education and employ-
ment and may not seek medical help until the very late
stages of disease. They are also more likely to partake in
higher risk habits such as smoking, have worse nutrition,
lower levels of physical inactivity, and poorer access to
health services due to living in remote areas [6].

Based on data collected between 2007-2014 [4], Indig-
enous populations had a 42% 5-year survival rate com-
pared to non-Indigenous populations at 66%, for all types
of cancer. Between the years 2009-2013, 414 cases of
head and neck cancers, including SCC were diagnosed in
the Indigenous population, and between the years 2011-
2015, 188 Indigenous Australians died from head and
neck cancer [4].

Although population data looking at risk of cancer in
Indigenous populations do exist [5], the information is
not up to date and specific information on oral SCC have
not been published. Therefore, our study aims to utilise
data obtained from the Queensland Cancer Registry to
conduct a comprehensive analysis on the differences in
health outcomes in relation to oral SCC, between the
Indigenous Aboriginal and Torres Strait Islander popu-
lations and the non-Indigenous populations in Queens-
land where Indigenous peoples make up around 4.6% of
the total population. We also aim to investigate the age at
diagnosis of oral SCC in these two populations.

Materials and methods
Approval to conduct this retrospective study was
obtained from the James Cook University Human
Research Ethics Committee (Ref. H8609) and further
approval under the Public Health Act 2005 provided by
Queensland Health. The Queensland Cancer Registry
(QCR) was accessed for the period 1982 (when data were
first compiled) to 2018 (most recent available data); the
dataset was received as a de-identified, password pro-
tected spreadsheet and managed in an encrypted Micro-
soft Excel spreadsheet using the Australian Code for the
Responsible Conduct of Research.

Following data retrieval, all statistical analyses were
performed using SPSS Statistics software, Windows
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version 28.0.1 (IBM Corp.). The number of patients, age
at diagnosis and survival in years in Indigenous and non-
Indigenous groups were analyzed using descriptive anal-
ysis, and were reported as mean, standard deviation (SD)
and percentages. For data that are normally distributed,
statistical significances between groups will be confirmed
using 2 sample t-tests, or one-way ANOVA if there are
more than two groups. If data are not normally distrib-
uted, non-parametric tests (Mann—Whitney test) will be
used to test for differences between groups. Cox regres-
sion analyses were used to investigate overall survival
between groups, using number of deceased patients and
years between diagnosis and death as dependent vari-
ables to calculate hazard ratios (HR) and 95% confidence
intervals for different ethnicities and cancer sites.

Results

Following data analysis, with the confidence interval
chosen was 95% and a P value of (<0.05), a total of 9424
patients with self-declared ethnicity, were identified with
oral SCC, with 9132 non-Indigenous (96.9%) and 292
Indigenous (3.1%) patients. Table 1 summarizes descrip-
tive analyses between Indigenous and non-Indigenous
groups. The overall mean (SD) age at diagnosis in all
patients was 61.7 (12.1). Indigenous people were signifi-
cantly younger at diagnosis (mean (SD) age 54.3 (10.1)
years), when compared to 62.0 (12.1) years in non-Indig-
enous people (p<0.001).

A total of 6777 males and 2647 females were identified
from the database, with a male to female ratio of 2.56:1.
Females have an overall higher mean (SD) age at diagno-
sis at 64.2 years (13.7) than that of males at 60.8 (11.2)
years (p<0.001). Females also have an overall higher
mean survival upon diagnosis (4.7 years, SD: 6.0) when
compared to males (4.1 years, SD: 5.5) (p <0.001).

Among all patients, 5189 patients (55.1%) had passed
away at the time of data collection. There was a higher
percentage of deceased patients among the Indigenous
(62.7%), compared to the non-Indigenous patients
(54.8%).

Figure 1 shows the trends in the increasing number of
diagnoses in Indigenous and non-Indigenous patients
from 1982 to 2018. Both groups showed an increase over
the 36-year period, with non-Indigenous people demon-
strating a greater increase. As displayed in Fig. 2, trends
in the number of deaths increased in both groups, where
cancer-related deaths are more prevalent than non-can-
cer related deaths.

The mean survival time for patients was 4.3 years (SD:
5.6), with Indigenous people also presenting a significant
shorter mean survival of 2.0 years (SD: 3.5) when com-
pared with 4.4 years (SD: 5.7) in non-Indigenous people
(p<0.001). In terms of tumour site, Table 2 summarizes
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Table 1 Patient demographics
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No. of patients

Mean age at diagnosis

No. of deceased (%) Mean survival in years

(SD) from diagnosis to death
(SD)
All patients 9424 61.7 (12.1) 5189 (55.1%) 43(5.6)
Males 6777 (71.91%) 60.8(11.2) 3652 (53.9%) 4.1(5.5)
Females 2647 (28.09%) 64.2 (13.7) 1537 (58.1%) 4.7 (6.0)
All Indigenous 292 54.3(10.1) 183 (62.7%) 20(3.5)
Male 216 (73.97%) 54.3(10.3) 130 (60.2%) 1.7 (3.3)
Female 76 (26.03%) 54.4(9.5) 53 (69.8%) 254.0)
All non-Indigenous 9132 62.0(12.1) 5006 (54.8%) 44 (5.7)
Male 6561 (71.85%) 61.0(11.2) 3522 (53.7%) 42 (5.5)
Female 2571 (28.15%) 64.5(13.7) 1484 (57.7%) 4.8 (6.0)
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Fig. 1 Trends in the number of diagnoses in Indigenous and non-Indigenous people from 1982 to 2018

the mean age at diagnosis and mean survival in years
between Indigenous and non-Indigenous people in vari-
ous tumour locations. Significant differences in mean
age at diagnosis and mean survival years between Indig-
enous and non-Indigenous people were observed in
tumour sites recorded in the floor of mouth (p<0.001),
hard & soft palate (p <0.001), tongue (p <0.001) and ton-
sil (p<0.001).

Regarding tumour differentiation, the most com-
mon tumours were graded as moderately differentiated
(47.84%), then poorly differentiated (24.9%), followed

by well differentiated (11.18%) and undifferentiated
(0.29%). Around 16% of tumours were not graded. Both
Indigenous and non-Indigenous groups have the high-
est percentage of tumour differentiation graded as well
differentiated.

Table 3 presents the hazard ratios in different ethnicities
and tumour sites using Cox regression analysis. Applying
non-Indigenous ethnicity as reference due to its higher
mean survival in years, ethnicity exhibited a significant
effect on mean survival with HR of 1.568 (95% CI: 1.352—
1.817) and p<0.001. Cumulative survival curves in Fig. 3



Alkandari et al. BMC Cancer (2023) 23:503

230

180

130

No. of deaths

80

30

1980 1985 1990

1995

2000

Year

—e— Non-indigenous cancer-related death

—&— |ndigenous cancer-related death

Fig. 2 Trends in the number of deaths in Indigenous and non-Indigenous people from 1982 to 2018

Table 2 Patient ethnicity, age at diagnosis and clinical outcome in corresponding tumour sites
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2020

No. of patients Mean age at p-value No. of deceased (%) Mean survival in years from  p-value
diagnosis (SD) diagnosis to death (SD)

Tumour site (Total) 9424 61.7(12.1) 5189 (55.1%) 3(5.6)
Indigenous 292 543 (10.1) <0.001 183 (62.7%) 0(3.5) <0.001
Non-Indigenous 9132 62.0(12.1) 5006 (54.8%) 44 (5.7)

Oropharyngeal cancer 2529 59.3(10.6) 1139 (45.0%) 3.76 (5.1)
Indigenous 90 52.6 (10.5) 0.948 49 (54.4%) 1.65 (3.0) <0.001
Non-Indigenous 2439 59.6 (10.5) 1090 (44.7%) 3.85(5.2)

Oral cancer 6756 62.6(12.5) 2757 (40.8%) 447 (5.8)
Indigenous 198 55.1(9.8) <0.001 93 (47.0%) 19 (34) <0.001
Non-Indigenous 6558 62.8(12.5) 2664 (40.6%) 46(5.9)

Other cancers 139 64.5(12.0) 98 (70.5%) 3.7 (49
Indigenous 4 533(11.6) 0.762 4 (100%) 0.0(0.0) 0.004
Non-Indigenous 135 64.8 (11.9) 94 (69.6) 3.88 (4.9)

also indicates the impact of ethnicity on mean survival in
years, which verified that Indigenous people had a lower
mean survival and thereby a worse prognosis when com-
pared to that in non-Indigenous people (p<0.001). It is

clear from Fig. 3 that around 50% of indigenous patients
had passed away at five years post-diagnosis, compared
to the non-indigenous patients, where around 50% of
patients survived to around eight years post-diagnosis.
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Table 3 Hazard ratios in Indigenous and non-Indigenous people among various tumour sites

Indigenous group Non-Indigenous group
Hazard ratio 95% Confidence interval p-value Hazard ratio 95% p-value
Confidence
interval
Ethnicity 1.568 1.352-1.817 <0.0001 Reference <0.0001
Tumour site
Buccal Mucosa and Vestibule 1.764 0.393-7.912 0459 1.601 1.377-1.861 <0.0001
Floor of Mouth 1.338 0475-3.770 0.582 1475 1.337-1.627 <0.0001
Gingiva Reference 0.894 1.293 1.127-1483 <0.0001
Hard & Soft Palate 1.107 0.356-3.441 0.861 1.897 1.688-2.131 <0.0001
Labial Commissure - - - 1.267 0.699-2.299 0435
Mouth 39.813 6.587-240.626 <0.001 1.855 1.442-2.386 <0.0001
Oropharynx 1.644 0.539-5.013 0.382 2.555 2.219-2.942 <0.0001
Retromolar 2.102 0.523-8456 0.295 1.695 1.462-1.966 <0.0001
Tongue 1.161 0424-3.185 0.771 1.262 1.167-1.365 <0.0001
Tonsil 0.868 0.307-2451 0.789 Reference <0.0001
Overlapping lesion of lip, oral 14.264 2.530-80433 0.003 1.975 1.395-2.796 <0.0001
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Fig. 3 Cumulative survival in years between Indigenous and non-Indigenous people
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For the analysis of overall survival data, the gingiva was
used as a reference tumour site in Indigenous people; and
tonsil was used as reference tumour site in non-Indige-
nous people to evaluate HR in various tumour locations.
The highest HR was recorded in the mouth in Indigenous
people, with HR of 39.18 (CI: 6.59-240.63) (p<0.001);
and oropharynx in non-Indigenous people with HR of
2.56 (CI: 2.22-2.94) (p <0.001), indicating that these sites
have a poorer prognosis when compared to other sites.

The remoteness profile of our sample of Indigenous
peoples was ranked in descending order, outer regional
40%, major cities 22%, very remote 19%, inner regional
15%, not known 4%.

Discussion

Oral health inequalities of Indigenous populations world-
wide are similar in their inequality, even across very
diverse geography, social structure, culture, and policy
[7]. This inequality in oral health access, education, out-
comes, and utilization would lead to lower attendance at
oral healthcare clinics and fewer opportunities to spot
oral malignancies at an earlier stage, resulting in under
ascertainment and diagnosis of oral SCC in the Indige-
nous population. Studies on Indigenous populations have
provided information on remote living, access to care,
and access to follow-up treatment in case of disease.

Based on the number of patients diagnosed with oral
SCC between 1982 and 2018 within our database, there is
a clear disparity in survivorship between non-Indigenous
and Indigenous populations. However, the rate of oral
SCC diagnosis is similar in the two groups, the Indige-
nous population being 4% of the total population within
the state of Queensland [8]. Our findings of decreased
survival align with conclusions made in other studies
which have shown an increased risk and worse progno-
sis in head and neck cancer, including oral SCC, as well
as other types of cancers [4, 9]. Our data from Queens-
land does not indicate that the risk of oral SCC is higher
in the Indigenous people, as the number of Indigenous
patients in our database was only 3.09% of the total num-
ber of cases, but it is impossible to ascertain whether
there is any under-reporting in remote-living Indigenous
populations.

Our data showed that Indigenous patients were diag-
nosed at up to 10 years younger than their non-Indige-
nous counterparts. Epidemiological surveys have shown
that Indigenous people were 2.9 times as likely to be
current smokers compared to non-Indigenous popula-
tions, with those living remotely showing a higher trend
(29% for major cities and 58% for very remote areas) [6].
In addition, Indigenous Australians aged 15 and over
were 1.5 times as likely to be obese compared to non-
Indigenous Australians [6]. Both smoking and obesity
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are independent risk factors for cancer development [10,
11]. Besides these lifestyle habits, Indigenous Australians
also tended to live in remote communities [9, 12], there-
fore restricting their access to healthcare. This restricted
access delays initial diagnosis and adds barriers to follow-
up, demonstrated by the fact that Indigenous persons are
40% more likely to die from cancer [5] than a non-Indig-
enous person.

Risk of cancer death analysis (matched for age, sex and
site) has shown that Indigenous populations tend to pre-
sent at a later cancer stage to diagnosis than non-Indig-
enous populations [9]. Indigenous populations were also
more likely to have distant metastasis at diagnosis when
compared to non-Indigenous (31.3% vs 22.0,) [9, 12].
After adjusting for stage, remote-living Indigenous resi-
dents were at higher risk of cancer death than non-Indig-
enous residents of metropolitan areas [9]. Travelling a
long distance to the hospital may also affect the provision
of treatment, especially when it comes to the provision
of radiotherapy, as well as during clinical follow-up post
treatment. This underlines the importance of access to
care that is trusted, timely, efficient, and provides a high
quality of multidisciplinary treatment to a wide range
of people. The lack of compliance to care and follow-up
may also contribute to recurrence cases which have not
been lodged in the Registry, second primaries, or if hav-
ing undergone radiotherapy, radiation induced sarcoma.

Many cases of tonsillar cancer are caused by Human
Papilloma Virus (HPV) infection, but as that data is not
available in the QCR we are unable to correlate if the
tonsillar cancer present in our data is due to HPV. How-
ever it is noted that the ratio of tonsillar cancer within
our dataset is 23% for both the Indigenous and non-
Indigenous population, and that the age of diagnosis and
post diagnosis survival time is similar in tonsillar cancer
to other cancer sites diagnosed and marked within the
database.

It is noted that health insurance providers in Australia
as well as state Patient Travel Subsidy Schemes do pro-
vide flight transportation from rural communities to
the closest district hospital as well as hotel stay for one
night for the diagnosis and treatment of cancer, though
the approval of said schemes does take up to five working
days prior to approval [13].

Improvement of trust within the Indigenous population
in the healthcare system is necessary before any improve-
ment in treatment could be achieved [14]. There is a
stark difference in mean survival in years after diagnosis
between Indigenous and non-Indigenous populations
in Queensland. Contrary to expectations for the general
population, although the Indigenous people present at a
younger age, and would more likely have a reduced risk
of comorbid disease, the survival rate is still lower than



Alkandari et al. BMC Cancer (2023) 23:503

the older-aged, non-Indigenous patients. It is known that
comorbidities can affect the prognosis and treatment
provided [15], and reduce tolerance to treatment [15],
so it would be interesting to investigate whether these
patients did indeed suffer from a host of co-morbidities,
contributing to worse prognosis.

The overweight/obesity rate is high in the Indigenous
populations (80% at age>35, 6], as is the rate of smok-
ing, with 40.5% of the Indigenous population reporting
as daily smokers (2018-2019) [6], compared to 11% for
the Australian national average [16]. The shorter survival
time and higher percentage of deceased in the Indig-
enous population studied in this current study could be
explained by the unequal access to care, lack of trust of
healthcare professionals, cultural differences, or differ-
ence in stage at presentation between the two groups. It
is noted that in some instances the primary language of
Indigenous populations may not be English, and as such
their understanding of the treatment options offered, or
their acceptance of it may be reduced [8].

Indigenous populations tend to live in very remote
communities [12], with 32% of those who are classified
as living in remote or very remote places being Abo-
riginal and Torres Strait Islander people based on esti-
mated Indigenous population projections for 2021 [17];
this is reflected in our own Indigenous population data
on remoteness. Living in remote areas can have a nega-
tive effect on follow-up and the treatment of recurrence,
second primary diagnoses, or radiation induced sarco-
mas if the patient had undergone radiation treatment,
as well as the management of sequelae from either the
surgical or radiation treatment. This could be one of the
reasons why the Indigenous population is diagnosed at a
younger age in our study, as older patients when suspect-
ing a lesion, may choose not to make the trip needed for
diagnosis. It is noted that health insurance providers in
Australia as well as state Patient Travel Subsidy Schemes
do provide flight transportation from rural communities
to the closest district hospital as well as hotel stay for one
night for the diagnosis and treatment of cancer, though
the approval of said schemes does take up to five working
days prior to approval [13].

It is noted that in Australia there are healthcare institu-
tions dedicated to Aboriginal and Torres Strait Islander
(Indigenous) populations, National Aboriginal Commu-
nity Controlled Health Organisation (NACCHO), and
there are 28 such institutions within the state of Queens-
land, which are board elected and not state controlled
[18]. However, the majority of these institutions provide
primary care and outreach programs, whereas oral SCC
is primarily treated in a surgical manner requiring spe-
cialist equipment and adequately trained personnel,
which are usually located in large regional hospitals.
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In addition to provision of better healthcare services,
within the Indigenous population, cancer is considered
a taboo subject, and is usually kept a secret, even from
friends/family, and many may ignore symptoms as they
view the diagnosis as a death sentence and do not see
value in seeking treatment [14]. Those that do share their
diagnosis with others may also face rejection, isolation,
and fear, as there are some in the community that believe
cancer is a contagious disease and may be transferred
from one person to another [19]. This lack of support
from those closest to the patient can lead to poor survi-
vorship and the act of “giving up” [19]. Cultural beliefs
of Indigenous populations also view the body as sacred,
and that surgery is a violation of this sacredness [19], so
patients may reject treatment on this basis. The combi-
nation of cultural practices, remote living and difficulty
accessing healthcare may explain why the patients in our
study presented at a younger age within the Indigenous
populations, as the younger generation tend to be better
educated and are more likely to seek treatment.

Our results show that the Indigenous population were
found to have a worse prognosis when compared to non-
Indigenous populations when the oral SCC was found to
be at the floor of mouth, hard and soft palate, tongue, and
tonsil. Assessment of these and other subgroups should
be taken with caution as the number of Indigenous
patients in each subgroup is very small. Tumours appear-
ing in particular sites may be more prone to a lower sur-
vival rate, due to the stage of presentation or time till
diagnosis; the patient may defer seeking help if it is pain-
less and in an area that does not interfere with functions
such as eating, speech, or swallowing.

It is noted here that the Queensland Cancer Registry
does not collect data on cancer or TNM staging, a very
important prognostic factor that is necessary to guide
treatment modality. Therefore, we are unable to ascertain
whether Indigenous patients were actually diagnosed at a
later stage. Another failure of the registry is the designa-
tion of the anatomical site code of “mouth” for oral can-
cer, as “mouth” is all encompassing and does not provide
accurate information as to the exact site of oral SCC. Risk
and lifestyle factors were also not documented, such as
smoking habit, alcohol intake, chewable tobacco use, rec-
reational drug use, housing status, etc., so we were not
able to conduct a more detailed analysis on the risk fac-
tors associated with oral SCC in Queensland.

Limitations to this study

Although it is a legal requirement in Queensland for
healthcare providers to lodge each cancer case in the
QCR, there is no information regarding loss to follow-
up nor any information on any cancer-related deaths
which were not previously lodged as a diagnosed cancer
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case undergoing treatment or palliative care. In addi-
tion, patient compliance is not known to the QCR, as the
requirement on the clinician is only to report the cancer
and/or cancer death. There are no requirements to report
follow-up compliance nor to report what treatments
were given.

Conclusion

This study has shown that when compared to their non-
Indigenous counterparts, Indigenous Australians are
diagnosed at a significantly younger age and present
with worse survival and poorer prognosis. Due to miss-
ing variables in the Queensland Cancer Registry, it is
not possible in the current study to ascertain the scien-
tific or social reasons behind these disparities between
populations.

It is suggested here that since Queensland has a system
to systematically collect data on cancer cases, it would
serve the community to add variables including cancer
staging, treatment modalities and lifestyle habits of each
patient. It would also be prudent to include attempts for
follow-up, at least by telephone, and the success/failure
of those attempts to be noted in the QCR to guide future
policy.

Based on the data available and the likely under-rep-
resentation of diagnosis in the Indigenous population in
Queensland, oral health and oral cancer education, and
oral screening in the Indigenous population could be
a cost effective method in reducing the disease burden.
This could be achieved in tandem with other screenings,
such as for heart disease, diabetes mellitus, and lung,
breast, colorectal, and prostate cancers. With regard
to screening for oral malignancies, this should be con-
ducted in primary care clinics in addition to outreach
programmes accessible to the Indigenous populations
in their own communities so that not only the “worried-
well” are screened.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512885-023-11002-1.

Additional file 1: Table 3. Tumour differentiation in various cancer loca-
tions. Supplementary Figure 1. Cumulative survival in various reported
tumour sites in Indigenous people. Supplementary Figure 2. Cumulative
survival in various reported tumour sites in non-Indigenous people.

Acknowledgements

Poornima Ramamurthy, College of Medicine & Dentistry, James Cook Univer-
sity, Australia. (poornima.ramamurthy@jcu.edu.au). Prof. Dileep Sharma, Oral
Health at School of Health Sciences, College of Health, Medicine & Wellbeing
at the University of Newcastle, Australia (dileep.sharma@newcastle.edu.au).

Authors’ contributions
ASA wrote the manuscript, JCYH conducted the data analysis and wrote the
methods and results section, SWC wrote the manuscript, directed the conduct

Page 8 of 9

of the data analysis, and provided critical appraisal, PT provided expert insight
into the disease and critiqued the paper. The authors read and approved the
final manuscript.

Funding
No funding was received for this manuscript.

Availability of data and materials
We the authors submit that the raw data used for the analysis in this study is
available upon request in writing to the corresponding author.

Declarations

Ethics approval and consent to participate

Approval to conduct this retrospective study was obtained from the James
Cook University Human Research Ethics Committee (Ref. H8609) and further
approval under the Public Health Act 2005 provided by Queensland Health.
Informed consent was waived by the Human Research Ethics Committee

of James Cook University in Australia (Application ID: H8609) as this was a
retrospective study.

All methods were performed in accordance with the relevant guidelines and
regulations of the Journal BMC Cancer.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 22 February 2023 Accepted: 24 May 2023
Published online: 03 June 2023

References

1. GLOBOCAN. Global cancer burden. World Health Organization;

2020. https://gco.iarc.fr/today/online-analysis-table?v=2020&mode=
cancer&mode_population=continents&population=900&populations=
900&key=asr&sex=0&cancer=39&type=0&statistic=5&prevalence=
0&population_group=08&ages_group%5B%5D=08&ages_group%5B8%
5D=17&group_cancer=1&include_nmsc=0&include_nmsc_other=1.
Accessed 10 Nov 2022.

2. Kumar M, Nanavati R, Modi TG, Dobariya C. Oral cancer: Etiology and risk
factors: A review. J Cancer Res Ther. 2016;12(2):458-63.

3. Koo MM, Swann R, McPhail S, Abel GA, Elliss-Brookes L, Rubin GP, Lyratzopou-
los G. Presenting symptoms of cancer and stage at diagnosis: evidence from
a cross-sectional, population-based study. Lancet Oncol. 2020;21(1):73-9.

4. Australia C. Aboriginal and Torres Strait Islander cancer statistics. 2012—

2016. https://www.canceraustralia.gov.au/affected-cancer/indigenous/
cancer-statistics. Accessed 17 Nov 2022.

5. Welfare, Al.o.H.a. Cancer in Aboriginal & Torres Strait Islander People of
Australia. 2018. Available from: https://www.aihw.gov.au/reports/cancer/
cancer-in-indigenous-australians/contents/summary. [cited 2022 03/09].

6. Welfare, Al.o.H.a. Regional Insights for Indigenous Communities. 2022.
Available from: https.//www.rific.gov.au/Topics/Health-risk-factors. [cited
2022 03/09].

7. Mejia G.C, Parker EJ, Jamieson L.M. An introduction to oral health
inequalities among Indigenous and non-Indigenous populations. Int
Dental J. 2010,60(352):212-5.

8. Census. Aboriginal and Torres Strait Islander peoples in Queensland. 2016.
Available from: https.//www.qgso.qld.gov.au/issues/2796/aboriginal-tor-
res-strait-islander-peoples-gld-census-2016.pdf. [cited 2022 03/09].

9. Banham D, Roder D, Keefe D, Farshid G, Eckert M, Cargo M, Brown A.
Disparities in cancer stage at diagnosis and survival of Aboriginal and
non-Aboriginal South Australians. Cancer Epidemiol. 2017;48:131-9.

10. Zhou W, Liu G, Hung RJ, Haycock PC, Aldrich MC, Andrew AS, Arnold
SM, Bickeboller H, Bojesen SE, Brennan P, Brunnstrom H, Melander O,
Caporaso NE, Landi MT, Chen C, Goodman GE, Christiani DC, Cox A, Field
JK, Johansson M, Kiemeney LA, Lam S, Lazarus P, Le Marchand L, Rennert


https://doi.org/10.1186/s12885-023-11002-1
https://doi.org/10.1186/s12885-023-11002-1
https://gco.iarc.fr/today/online-analysis-table?v=2020&mode=cancer&mode_population=continents&population=900&populations=900&key=asr&sex=0&cancer=39&type=0&statistic=5&prevalence=0&population_group=0&ages_group%5B%5D=0&ages_group%5B%5D=17&group_cancer=1&include_nmsc=0&include_nmsc_other=1
https://gco.iarc.fr/today/online-analysis-table?v=2020&mode=cancer&mode_population=continents&population=900&populations=900&key=asr&sex=0&cancer=39&type=0&statistic=5&prevalence=0&population_group=0&ages_group%5B%5D=0&ages_group%5B%5D=17&group_cancer=1&include_nmsc=0&include_nmsc_other=1
https://gco.iarc.fr/today/online-analysis-table?v=2020&mode=cancer&mode_population=continents&population=900&populations=900&key=asr&sex=0&cancer=39&type=0&statistic=5&prevalence=0&population_group=0&ages_group%5B%5D=0&ages_group%5B%5D=17&group_cancer=1&include_nmsc=0&include_nmsc_other=1
https://gco.iarc.fr/today/online-analysis-table?v=2020&mode=cancer&mode_population=continents&population=900&populations=900&key=asr&sex=0&cancer=39&type=0&statistic=5&prevalence=0&population_group=0&ages_group%5B%5D=0&ages_group%5B%5D=17&group_cancer=1&include_nmsc=0&include_nmsc_other=1
https://gco.iarc.fr/today/online-analysis-table?v=2020&mode=cancer&mode_population=continents&population=900&populations=900&key=asr&sex=0&cancer=39&type=0&statistic=5&prevalence=0&population_group=0&ages_group%5B%5D=0&ages_group%5B%5D=17&group_cancer=1&include_nmsc=0&include_nmsc_other=1
https://www.canceraustralia.gov.au/affected-cancer/indigenous/cancer-statistics
https://www.canceraustralia.gov.au/affected-cancer/indigenous/cancer-statistics
https://www.aihw.gov.au/reports/cancer/cancer-in-indigenous-australians/contents/summary
https://www.aihw.gov.au/reports/cancer/cancer-in-indigenous-australians/contents/summary
https://www.rific.gov.au/Topics/Health-risk-factors
https://www.qgso.qld.gov.au/issues/2796/aboriginal-torres-strait-islander-peoples-qld-census-2016.pdf
https://www.qgso.qld.gov.au/issues/2796/aboriginal-torres-strait-islander-peoples-qld-census-2016.pdf

Alkandari et al. BMC Cancer ~ (2023) 23:503 Page 9 of 9

G, Risch A, Schabath MB, Shete SS, Tardén A, Zienolddiny S, Shen H, Amos
Cl. Causal relationships between body mass index, smoking and lung
cancer: Univariable and multivariable Mendelian randomization. Int J
Cancer. 2021;148(5):1077-86.

11. Croese A, Gartrell R, Hiscock R, Lee M, Gibbs P, Faragher |, Yeung J. The
effect of smoking, obesity and diabetes on recurrence-free and overall
survival in patients with stage Ill colon cancer receiving adjuvant chemo-
therapy. Cancer Rep (Hoboken). 2021;4(3): e1346.

12. Ramamurthy P, Sharma D, Thomson P. Oral cancer in Australia: regional
and remote perspectives. Faculty Dental J. 2022;13(1):41-5.

13. Government, Q. Guideline for the patient travel subsidy scheme. 2019.
Available from: https://www.health.gld.gov.au/system-governance/polic
ies-standards/health-service-directives/patient-travel-subsidy-scheme/
guideline-for-the-patient-travel-subsidy-scheme. [cited 2022 03/09].

14. Meiklejohn JA, Arley BD, Pratt G, Valery PC, Bernardes CM.“We just don't
talk about it": Aboriginal and Torres Strait Islander peoples’ perceptions of
cancer in regional Queensland. Rural Remote Health. 2019;19(2):4789.

15. Segaard M, Thomsen RW, Bossen KS, Serensen HT, Ngrgaard M. The
impact of comorbidity on cancer survival: a review. Clin Epidemiol.
2013;5(Suppl 1):3-29.

16. Government A. Data tables: National Drug Strategy Household Survey
2019 - 2 Tobacco smoking supplementary tables. 2019. https://www.
aihw.gov.au/reports/illicit-use-of-drugs/national-drug-strategy-house
hold-survey-2019/contents/summary. Accessed 16 Oct 2022.

17. Welfare, Al.o.H.a. Rural and remote health. 2021. Available from: https://
www.aihw.gov.au/reports/rural-remote-australians/rural-and-remote-
health. [cited 2022 03/09].

18. NACCHO. National Aboriginal Community Controlled Health Organisa-
tion. Available from: https://www.naccho.org.au/about-us/. Accessed 16
Sept 2022.

19. Australia, C. Indigenous perceptions of cancer. Available from: https://
www.edcan.org.au/edcan-learning-resources/supporting-resources/
aboriginal-and-torres-strait-islander-peoples/nursing-care/indigenous-
perceptions-of-cancer. [cited 2022 03/09].

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://www.health.qld.gov.au/system-governance/policies-standards/health-service-directives/patient-travel-subsidy-scheme/guideline-for-the-patient-travel-subsidy-scheme
https://www.health.qld.gov.au/system-governance/policies-standards/health-service-directives/patient-travel-subsidy-scheme/guideline-for-the-patient-travel-subsidy-scheme
https://www.health.qld.gov.au/system-governance/policies-standards/health-service-directives/patient-travel-subsidy-scheme/guideline-for-the-patient-travel-subsidy-scheme
https://www.aihw.gov.au/reports/illicit-use-of-drugs/national-drug-strategy-household-survey-2019/contents/summary
https://www.aihw.gov.au/reports/illicit-use-of-drugs/national-drug-strategy-household-survey-2019/contents/summary
https://www.aihw.gov.au/reports/illicit-use-of-drugs/national-drug-strategy-household-survey-2019/contents/summary
https://www.aihw.gov.au/reports/rural-remote-australians/rural-and-remote-health
https://www.aihw.gov.au/reports/rural-remote-australians/rural-and-remote-health
https://www.aihw.gov.au/reports/rural-remote-australians/rural-and-remote-health
https://www.naccho.org.au/about-us/
https://www.edcan.org.au/edcan-learning-resources/supporting-resources/aboriginal-and-torres-strait-islander-peoples/nursing-care/indigenous-perceptions-of-cancer
https://www.edcan.org.au/edcan-learning-resources/supporting-resources/aboriginal-and-torres-strait-islander-peoples/nursing-care/indigenous-perceptions-of-cancer
https://www.edcan.org.au/edcan-learning-resources/supporting-resources/aboriginal-and-torres-strait-islander-peoples/nursing-care/indigenous-perceptions-of-cancer
https://www.edcan.org.au/edcan-learning-resources/supporting-resources/aboriginal-and-torres-strait-islander-peoples/nursing-care/indigenous-perceptions-of-cancer

	Oral cavity and oropharyngeal carcinoma disparities in age and survival in Indigenous and non-Indigenous populations of Queensland
	Abstract 
	Objectives 
	Materials and methods 
	Results 
	Conclusions 
	Clinical relevance 

	Introduction
	Materials and methods
	Results
	Discussion
	Limitations to this study

	Conclusion
	Anchor 14
	Acknowledgements
	References


