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Abstract

Background First Nations Australians experience poorer cancer outcomes than other Australians. This is attributable
to multidimensional factors, including disparities in access to cancer services and treatments. Radiotherapy (RT) is an
important component of cancer treatment yet evidence of its utilisation among First Nations Australians is limited. We
aimed to examine RT utilisation, time to the treatment, and associated factors in First Nations Peoples diagnosed with
cancer in Queensland, Australia.

Methods First Nations Queenslanders (N=1884) and other Queenslanders (N=104,204) diagnosed with any cancer
between Tst July 2011 and 30th June 2015 and their RT details between 1st July 2011 and 30th June 2018 were
identified using the Cancer CostMod dataset, comprising Queensland Cancer Registry data linked with Queensland
Hospital Admitted Patient Data Collection (QHAPDC) and Medicare Benefits Schedule (MBS). Analysis was limited to
those with non-missing Indigenous status who linked to MBS and/or QHAPDC records (N= 105, 983). Differences in RT
utilisation and waiting times by First Nations status were tested using logistic regressions, non-parametric tests, and
quantile regression.

Results Among 105, 983 people with a cancer diagnosis in Queensland, 28.6% had RT, with external Beam RT(EBRT)
as the predominant type (n=29,387, 96.9%). One-third (33.5%) of First Nations cancer patients received RT at least
once, compared to 28.5% of other Queensland cancer patients (P<0.001). After adjustment for covariates, First
Nations cancer patients had a greater likelihood of RT utilisation than other Queenslanders (adjusted odds ratio(aOR):
1.15; 95% (confidence-interval (Cl): 1.04-1.27) and more pronounced within the first year after diagnosis (@OR: 1.23:
95% Cl:1.11-1.37). Among those receiving any RT, the median time from cancer diagnosis to first RT was 118 days
(Interquartile-range (IQR): 55-232) for First Nations and 132 days (IQR: 59-258) for other Queenslanders (P=0.034).

Conclusions A higher proportion of First Nations cancer patients received RT than other Queensland cancer patients,
particularly in the first year following diagnosis. However, RT utilisation for all cancer patients was notably lower

*Correspondence:
Sewunet Admasu Belachew
s.admasubelachew@ug.edu.au

Full list of author information is available at the end of the article

© The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the

licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http:/creati
vecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1186/s13690-025-01638-9
http://crossmark.crossref.org/dialog/?doi=10.1186/s13690-025-01638-9&domain=pdf&date_stamp=2025-6-2

Belachew et al. Archives of Public Health (2025) 83:142

Page 2 of 13

(28.6%) than the national optimal RT(EBRT) rate of 48%. This finding highlights the need for RT to align with optimal
care standards, which is crucial for improving cancer outcomes.

Keywords Radiotherapy, Cancer, Utilisation, Time to initial treatment, Indigenous, Queensland

Text box 1. Contributions to the literature

«RT s a critical component of cancer care in Australia, yet population-
level comprehensive data on its use are scarce, limiting equity-focused
cancer planning.

« This study uniquely integrates registry and administrative data to pro-
vide a comprehensive picture of RT use and timing for cancer patients
across Queensland.

- It challenges the notion that higher service use necessarily indicates
better cancer care, suggesting instead that increased RT utilisation may
reflect later-stage diagnoses, highlighting the need for earlier detection.
« The study highlights gaps in meeting optimal RT benchmarks and
calls for culturally safe, guideline-aligned models of cancer care.

Background
Cancer is responsible for a high disease burden in Aus-
tralia, with an estimated 169,000 new cases and 52,700
deaths in 2024 [1]. Aboriginal and Torres Strait Islander
peoples (henceforth respectfully referred to as First
Nations peoples) are disproportionately affected by can-
cer [2, 3], with cancer mortality rates 1.4 times higher
than those of other Australians [3]. In Queensland,
the state with the second largest First Nations popu-
lation, cancer incidence and mortality in 2017-2021
were higher among First Nations Queenslanders than
other Queenslanders (618 vs. 533 and 237 vs. 158 per
100,000, respectively). In addition, the 5-year survival
rate for First Nations was 63% compared to 76% for other
Queenslanders [4]. This survival gap is partly attributable
to inequities in access to cancer treatment and care [5-7].
Cancer treatment in Australia includes surgery, che-
motherapy, and radiotherapy (RT). RT is a non-invasive
treatment modality [3, 8] that can potentially cure up
to 40% of all cancers, including lung, breast, and pros-
tate cancers, which are the most prevalent among First
Nations Peoples [9-11]. RT is cost-effective, accounting
for only 6 cents of every dollar invested by the Austra-
lian Government in cancer treatment [9]. It can be cura-
tive or palliative and may be administered externally
(external beam radiation therapy (EBRT)) or internally
(brachytherapy) and may continue for several weeks [12].
The latest (2012) RT utilisation benchmark suggests that
ideally, 48% of all registered cancer patients in Australia
would receive EBRT at some point during their treat-
ment [13, 14]. However, a substantial number of can-
cer patients who should have received RT did not [15],
contributing to preventable morbidity and mortality [13,
16]. While RT utilisation in Australia has improved in
recent years (from 32% in 2014 to 39% in 2018), it is still
below the recommended level [15]. In Queensland, the

RT utilisation for patients with invasive cancer was 31%
in 2009-18, lower than the global benchmarks of 44—48%
[17, 18].

In Australia, there has been a significant investment in
improving RT availability, particularly in regional areas
[19]. Despite these efforts, cancer patients in rural and
regional areas continue to face significant challenges in
accessing RT [9, 10, 15, 20]. Besides distance to treatment
centres [15, 21-23], RT utilisation in Australia is influ-
enced by various factors, including age, socio-economic
status, and disease characteristics [22—-24]. While not
consistently observed, older age, living in the most dis-
advantaged areas, and localised compared to metastatic
disease have all reportedly been associated with lower
RT utilisation [22-25]. Although timely access to RT is
crucial for optimal outcomes—often requiring initiation
within four weeks or 28 days of the ready-for-care date
(i.e., the date on which a patient is clinically prepared
and available to commence RT)-regional and rural
patients frequently experience longer RT waiting times in
Queensland [26]. This may be due, among other factors,
to rural patients having to travel longer distances and
having limited availability of accommodation near RT
centres, thus delaying the commencement of RT.

First Nations peoples in Australia also encounter bar-
riers to accessing RT, including the financial burden of
travelling long distances and lower rates of private health
insurance [25]. Comprehensive data on RT utilisation
and waiting times of First Nations peoples with cancer
are lacking, and existing evidence is inconsistent. For
instance, a study conducted in New South Wales (NSW)
found comparable RT utilisation between First Nations
and other Australians for lung and breast cancer but
higher utilisation for First Nations peoples for bowel can-
cer [25]. Another study in South Australia that included
all cancers indicated lower RT utilisation among First
Nations patients (40% versus 46%, respectively) [27].
Studies conducted in Queensland over a decade ago also
reported disparities in cancer care and treatment, docu-
menting lower RT utilisation among First Nations cancer
patients, even after adjusting for factors such as cancer
stage at diagnosis [7, 28, 29]. Recent in-depth evidence on
RT utilisation trends and the time between diagnosis and
treatment is lacking for First Nations Queenslanders. In
this context, this study aims to investigate RT utilisation
and waiting times among First Nations cancer patients in
Queensland using linked administrative data.
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Methods

Study setting and population

The study was conducted in Queensland, Australia, using
the Queensland Cancer CostMod dataset, previously
described elsewhere [30, 31]. In brief, Cancer CostMod
is a population-based dataset containing all cancer diag-
noses (excluding non-melanoma skin cancer) recorded in
the Queensland Cancer Registry (QCR) [31], originally
for the period from 1 July 2011 to 30 June 2012 and later
expanded to 30 June 2015 [32, 33]. These records were
linked to administrative healthcare data sources, includ-
ing the Queensland Hospital Admitted Patient Data Col-
lection (QHAPDC), and Medicare Benefits Schedule
(MBS) for the period between 1 July 2011 and 30 June
2018 [31].

A total of 106,749 cancer patients were registered
in QCR in 2011-15 and included in Cancer CostMod.
Information about the patients such as cancer diagnosis
date, International Classification of Diseases for Oncol-
ogy (ICD-O) code, morphology, differentiation, and vital
status was recorded in the QCR dataset, in addition to
socio-demographic information such as sex, postcode at
the time of diagnosis, and First Nations status (reported
for 99.4% of QCR record). Since 1996, Indigenous status
has been consistently documented in the patient admin-
istration systems of Queensland public hospitals [29, 34].
The cancer registry collects this information through the
cancer notification process from these hospitals [29].

Sample size considerations

Among the registered cancer cases (N =106,749), 106,088
had non-missing Indigenous status, and of these, 105,983
were linked to MBS and/or QHAPDC and used for final
data analysis.

Study outcome: radiotherapy

RT information was obtained from the linked MBS and
QHAPDC data using MBS item numbers and/or the
Australian Classification of Health Interventions (ACHI))
codes, respectively. These codes were identified through
an extensive review of the MBS and Australian Institute
of Health and Welfare (AIHW) websites and previous
publications [25, 35, 36], coupled with consultations with
radiation oncology specialists. The types of RT recorded
were mainly EBRT, such as Megavoltage, and brachyther-
apy (internal RT).

The QHAPDC procedure (or ACHI) data include codes
for various types of RT, along with the dates on which
patients receive the RT. The MBS item numbers for RT
include the dates on which the Medicare claims were
submitted.

In this study, the commencement of RT is defined as
the first recorded instance of any RT procedure or MBS
claim for RT following a cancer diagnosis. These records
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are identified within the QHAPDC procedure (or ACHI
code) data, within the MBS data using item numbers, or
within both datasets. When records appeared in both
datasets, we chose the earliest RT date. The waiting time
(in days) was calculated as the duration between the diag-
nosis date and the first RT date. This serves as a proxy
measure, consistent with the approach used in a previ-
ous Queensland study [37]. RT use was assessed up to
the end of follow-up (30 June 2018). All included patients
had a minimum of three years of follow-up.

Sociodemographic and clinical factors
Demographic factors included age at diagnosis, sex, area-
level socio-economic status, and residential remoteness.
Patients’ comorbidity (excluding cancer as a comorbidity)
was also included using the Charlson Comorbidity Index
(CCI), a weighted score reflecting patient comorbidities,
as detailed in a prior study on the Cancer CostMod data-
set [32]. A CCI score of 0 indicates no comorbidity, while
1+denotes one or more comorbidities. Socioeconomic
status was classified by residential postcode at diagnosis
using area-based indicators from the Australian Bureau
of Statistics (ABS) Index of Relative Socio-Economic Dis-
advantage (IRSD) [38]. IRSD quintile 1 indicates the most
disadvantaged, and quintile 5 the least disadvantaged.
Remoteness was classified using the Australian Statisti-
cal Geography Standard—Remoteness Area (ASGS-RA).
The ASGS has five remoteness area (RA) categories: met-
ropolitan, inner regional, outer regional, remote, and
very remote [32, 39]. For the analysis, we combined inner
and outer regional categories into one ‘regional’ category
and remote and very remote into one ‘remote’ category.
The Queensland Cancer Registry (QCR) did not pro-
vide sufficient information to assess cancer stage at diag-
nosis, and therefore, this study could not account for this
variable.

Statistical analysis

Socio-demographic characteristics were described and
compared by First Nations status using frequency (%) and
median (IQR: Interquartile Range). RT utilisation by First
Nations status and sociodemographic or clinical factors
were tested using the Pearson Chi-squared test or Fisher
exact test used for categorical data (proportions), time to
RT commencement (in days) was compared using non-
parametric tests (Mann—Whitney U or Kruskal-Wallis)
by First Nations status, and other covariables.

The likelihood of RT utilisation by First Nations sta-
tus (odds ratio (OR) and 95% confidence interval (CI))
was estimated using logistic regression and adjusted
for demographic, socioeconomic, and co-morbidity
variables. A sensitivity analysis examining the likeli-
hood of RT utilisation by First Nations status, stratified
by cancer types, was conducted as a post-hoc analysis.
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Furthermore, quantile or median regression was used
to quantify the difference in median time to the first RT
between First Nations and other Queensland cancer
patients, adjusting for relevant measured factors.

All analyses were performed using STATA version 18
(Stata Statistical Software. College Station, TX: Stata-
Corp LLC). A two-sided P-value of <0.05 was considered
statistically significant.

Ethics approvals

Approval was obtained from the following Human
Research Ethics Committees (HRECs): Townsville Hos-
pital and Health Service (HREC/16/QTHS/110); Aus-
tralian Institute of Health and Welfare (EO2017/1/343);
James Cook University (H6678); and The University of
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Queensland (2022/HE002538: 23/01/2023). Queensland
Health waived the requirement for individual consent
under the Public Health Act 2005. No identifiable infor-
mation was disclosed to the study team.

Results

Characteristics of the study population

Between 1 July 2011 and 30 June 2015, a total of 105,983
individuals with non-missing Indigenous status, who
were linked to the MBS/QHAPDC dataset, were diag-
nosed with cancer and registered in Queensland. This
includes 1,879 First Nations Australians. Compared
to other Queensland cancer patients, First Nations
cancer patients were younger at diagnosis (median
age 60 vs. 67 years) (Table 1). Females accounted for

Table 1 Characteristics of cancer patients registered in Queensland, 1 July 2011-30 June 2015 by First Nations status (N=105,983)
Variable name Variable group First Nations Other Queenslanders P-values*
N=1879 (1.8%) N=104, 104 (98.2%)
Age at diagnosis, median (IQR) Age continuous 60 (49-68) 67 (57-76)
n (%) n (%)
Age group in years 0-24 79 (4.2) 1,376 (1.3) <0.001
25-49 397 (21.1) 12,688 (12.2))
50-64 735 (39.1) 29,994 (28.8)
65+ 668 (35.6) 60,046 (57.7) <0.001
Gender Male 923 (49.1) 57,924 (55.6)
Female 956 (50.9) 46,180 (44.4)
Remoteness Major city 435 (23.2) 49,059 (47.1) <0.001
Regional 876 (46.6) 46,090 (44.2)
Remote 516 (27.5) 8,229 (7.9)
Missing 52(2.8) 726 (0.7)
Index of Relative Socioeconomic Disadvantage Quintile 1 (most disadvantaged) 377 (20.1) 9,105 (8.8) <0.001
Quintile 2 154 (8.2) 4,493 (4.3)
Quintile 3 413 (21.9) 16,708 (16.1)
Quintile 4 619 (32.9) 48,090 (46.2)
Quintile 5 (least disadvantaged) 264 (14.1) 24,982 (24.0)
Missing 52(2.8) 726 (0.7)
Common cancer types All cancers 1879 (1.8) 104, 104 (98.2)
Lung 292 (15.5) 8512 (8.2) <0.001
Breast 229(12.2) 13,310 (12.8)
Prostate 180 (9.6) 15,746 (15.1)
Colon 101 (5.4) 8,010 (7.7)
Melanoma (4.2) 15,124 (14.5)
Uterine (4.0) 1,754 (1.7)
Non-hodgkin lymphoma 60 (3.2) 3,709 (3.6)
Other sites 862 (45.9) 37,939 (36.4)
Year of diagnosis** 2011-12 406 (21.6) 25,820 (24.8) <0.001
2012-13 419 (22.3) 25,604 (24.6)
2013-14 472 (25.1) 26,279 (25.2)
2014-15 582 (30.9) 26,401 (25.4)
Comorbidity No 1,166 (62.1) 71,402 (68.6) <0.001
Yes 679 (36.1) 30,225 (29.0)
Missing 34(1.8) 2477 (2.4)

*p-values are from X2 test. The test did not include missing (unknown) values

**The year of diagnosis is for the period between 1 July and 30 June
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just over half (51%) of First Nations cancer patients,
while males accounted for the majority (56%) of other
Queensland patients. Most First Nations patients (74%)
lived in regional or remote areas, while 91% of other
Queenslanders lived in major cities or regional areas. A
greater proportion of First Nations patients were from
the most disadvantaged areas (20% vs. 9%) and had
comorbidities (36% vs. 29%). Common cancers among
First Nations patients were lung (n=292, 16%), breast
(n=229, 12%), and prostate (n=180, 10%), while pros-
tate (n=15,746, 15%), melanoma (n=15,124, 15%), and
breast (n=13,310, 13%) were more common among other
Queenslanders. The number of First Nations people
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diagnosed with cancer increased consistently from 2011
to 12 to 2014-15 (Table 1).

Radiotherapy utilisation

Among the 105,983 patients included in the study, 30,329
(28.6%) received RT at least once (Table 2). RT utilisation
was 33.5% in First Nations patients, higher than 28.5% in
other Queensland cancer patients (P<0.001) (Table 2).
RT utilisation was higher in patients aged 25-49 (30%)
and 50-64 (34%) than in other age groups, higher for
females (32%) than for males, and higher for those with
comorbidities (34%) than without (Ps<0.001). However,
RT utilisation was similar across residential remoteness
categories (P=0.513) (Table 2). RT utilisation varied by

Table 2 Radiotherapy utilisation among cancer patients diagnosed in Queensland, 1 July 2011-30 June 2015 (N=105,983)

Variable name Variable group RT yes RT no P-values*
N=30,329 (28.6) N=75, 654 (71.4)
n (%) n (%)
First Nations status First Nations 629 (33.5) 1,250 (66.5) <0.001
Other Queenslanders 29,700 (28.5) 74,404 (71.5)
Age group in years 0-24 351 (24.1) 1,104 (75.9) <0.001
25-49 3,930 (30) 9,155 (70)
50-64 10,309 (33.5) 20,420 (66.5)
65+ 15,739 (25.9) 44,975 (74.1) <0.001
Gender Male 15,343 (26.1) 43,504 (73.9)
Female 14,986 (31.8) 32,150 (68.2)
Remoteness Major city 14,287 (28.9) 35,207 (71.1) 0.513
Regional 13,446 (28.6) 33,520 (71.4)
Remote 2478 (28.3) 6,267 (71.7)
Missing 118(15.2) 660 (84.8)
Index of Relative Socioeconomic Disadvantage Quintile 1 (most disadvantaged) 2,632 (27.8) 6,850 (72.2) <0.001
Quintile 2 1,290 (27.8) 3,357 (72.2)
Quintile 3 5,137 (30) 11,984 (70)
Quintile 4 14,001 (28.7) 34,708 (71.3)
Quintile 5 (least disadvantaged) 7,151 (28.3) 18,095 (71.7)
Missing 118 (15.2) 660 (84.8)
Common cancer types All cancers 30,329 (28.6) 75,654 (71.4)
Lung 3,651 (41.5) 5,153 (58.5) <0.001
Breast 8,566 (63.3) 4,973 (36.7)
Prostate 5239 (32.9) 10,687 (67.1)
Colon 552 (6.8) 7,559 (93.2)
Melanoma 1,270 (8.4) 13,933 (91.7)
Uterine 492 (26.9) 1,338 (73.1)
Non-Hodgkin lymphoma 771 (20.5) 2,998 (79.5)
Other sites 9,788 (25.2) 29,013 (74.8)
Year of diagnosis** 2011-12 7,784 (29.7) 18,442 (70.3) <0.001
2012-13 7,518 (28.9) 18,505 (71.1)
2013-14 7,526 (28.1) 19,225 (71.9)
2014-15 7,501 (27.8) 19,482 (72.2)
Comorbidity No 19,502 (26.9) 53,066 (73.1) <0.001
Yes 10,634 (34.4) 20,270 (65.6)
Missing 193 (7.7) 2,318(92.3)

*p-values are from X2 test. The test did not include missing (unknown) values

**The year of diagnosis is for the period between 1 July and 30 June
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cancer type, with relatively high utilisation among people
with breast cancer (63%), lung cancer 42%), and prostate
cancer (33%) (Table 2). The RT utilisation among First
Nations cancer patients increased markedly between
2011-12 (31%) and 2012-13 (39%), then declined steadily
to 31% in 2014-15. In contrast, it decreased steadily
from 30% in 2011-12 to 28% in 2014-15 among other
Queenslanders (Fig. 1).

The majority of RT (n=24,698, 81.4%) began within
the first year following a cancer diagnosis. During this
period, the proportion of RT utilisation was higher
among First Nations cancer patients (29%) than among
other Queensland cancer patients (23%) (P<0.001)
(Table S1 and Fig. 2).

Among those with any RT, EBRT was the predomi-
nant treatment for both First Nations (98.7%) and other
Queensland cancer patients (97.1%) (P=0.014) (Table
S2). The overall EBRT use was 27.7% among all cancer
patients, while brachytherapy use was only 0.8%. The
majority of all brachytherapy was used to treat prostate
cancer (69%) followed by uterine cancer (7.5%) (Table
S2).

Radiotherapy (%)
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Radiotherapy and associated factors

After adjusting for covariates, First Nations cancer
patients were more likely to receive RT than other
Queensland cancer patients (aOR: 1.15: 95% CI:1.04—
1.27). This pattern was more pronounced within the first
year after diagnosis (aOR: 1.23: 95% CI:1.11-1.37). RT
utilisation was also associated with socio-demographic
characteristics. For example, female gender was associ-
ated with an increased likelihood of RT utilisation, while
residing in remote areas was associated with a decreased
likelihood (Table 3). Patients with comorbidity had a
greater likelihood of receiving RT than those with no
comorbidity (aOR: 1.54: 95% CI:1.49-1.58), and the odds
of RT utilisation decreased steadily from 2011-12 to
2014-15 (Table 3).

The sensitivity analysis revealed variations in the mag-
nitude and direction of associations by cancer type.
Breast, prostate, and non-Hodgkin lymphoma exhibited
higher odds of RT, while colon, melanoma, and uterine
cancers showed lower odds of RT among First Nations
peoples (Table S3 and Figure S1).

Time to initial RT following cancer diagnosis
Among all cancer patients who had RT (n=30,329), the
median time to initial RT following diagnosis was 132

2011-12 2012-1

(%]

2013-14

Year of diagnosis

m First Nations

2 Other Queenslanders

Fig. 1 Proportion of cancer patients starting radiotherapy by year of diagnosis and First Nations status in Queensland, 1 July 2011-30 June 2015
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Fig. 2 Proportion of cancer patients starting radiotherapy at different time points following diagnosis by First Nations status in Queensland, 1 July

2011-30 June 2015

days (IQR: 59-258). For First Nations cancer patients,
the median time was 118 days (IQR: 55-232), compared
to 132 days (IQR: 59-258) for other Queensland cancer
patients (P=0.034) (Table 4). Among First Nations can-
cer patients, females started RT on average 145 days after
diagnosis (IQR: 67-236), while males started 92 days
after diagnosis (IQR: 46—223.5). On the contrary, among
other Queensland cancer patients, females started RT on
average 125 days (IQR: 63-217), sooner than males of
139 days (IQR: 53-377) following a cancer diagnosis.
Cancer patients in major cities (median: 125 days,
IQR: 58-250) received RT sooner than those in regional
(median: 137 days, IQR: 59-264) and remote areas
(median: 136 days, IQR: 60—257) (P<0.001), with median
regression showing that patients in remote areas, on aver-
age, wait 12 days longer to commence RT compared to
those in major cities (P=0.025) after adjusting for other
factors (Table 4). Cancer patients residing in areas clas-
sified as IRSD Quintile 5 (least disadvantaged) (median:
125 days, IQR: 57-246) and IRSD Quintile 3 (median:
126 days, IQR: 61-256) experienced relatively shorter
RT waiting times (P=0.016). Cancer patients aged 25—49
years waited 48 days longer on average to commence RT

compared to those aged 65 years and older (P<0.001)
(Table 4).

The average waiting time for RT dropped substantially
from 2011-12 to 2014-15 for both First Nations (from
172 to 94 days) and for other Queensland cancer patients
(from 140 to 119 days) (Figure S2). The decline in the
median waiting time for First Nations cancer patients
was particularly marked between 2011-12 (172 days) and
2012-13 (108 days).

Discussion

This study examined RT utilisation and waiting times
among First Nations and other Queenslanders follow-
ing a diagnosis of any cancer between 1 July 2011, and
30 June 2015, using linked administrative data. RT utili-
sation was higher among First Nations cancer patients
(33.5%) compared to other Queensland cancer patients
(28.5%, P<0.001), with an increased likelihood of RT use
(aOR: 1.15, 95% CI: 1.04-1.27). On average, RT was ini-
tiated sooner for First Nations cancer patients (within a
median of 118 days) than for other Queensland cancer
patients (132 days) (P=0.034). The most common type of
RT used was EBRT such as Megavoltage (97%).
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Table 3 Factors associated with radiotherapy among cancer patients in Queensland, 1 July 2011-30 June 2015 (N=105,983)

Variable name Variable group cOR? aORP

First Nations status First Nations 1.26 (1.14-1.39) * 5(1.04-1.27)*
Other Queenslanders 1.00 1.00

Age group in years 0-24 0.91 (0.80-1.03) 0.99 (0.88-1.12)
25-49 1.23(1.18-1.28) * 129 (1.24-1.35)*
50-64 1.44 (1.40-1.49) * 152 (1.47-1.56) *
65+ 1:00 1.00

Gender Male 1.00 1.00
Female 132(1.28-135)* 1.33(1.29-1.36) *

Remoteness Major city 1.00 1.00
Regional 0.99 (0.96-1.02) 0.99 (0.96-1.02)
Remote 0.97 (0.93-1.02) 0.94 (0.89-0.99) *

Index of Relative Socioeconomic Disadvantage Quintile 1 (most disadvantaged) 0.97 (0.92,1.02) 1.00 (0.94-1.06)
Quintile 2 0.97(0.90-1.04) 1.00 (0.93-1 08)
Quintile 3 1.08(1.04,1.13) * 09 (1.04-1.14) *
Quintile 4 1.02 (0.99-1.06) 1.04 (1.00-1.08) *
Quintile 5 (least disadvantaged) 1.00 1.00

Year of diagnosis** 2011-12 1.00 1.00
2012-13 0.96 (0.93-0.99) * 0.96 (0.93-0.99) *
2013-14 0.93 (0.89-0.96) * 0.93 (0.89-0.96) *
2014-15 091 (0.88-0.95) * 0.91 (0.88-0.95) *

Comorbidity No 1.00 1.00
Yes 143 (139-147)* 1.54 (1.49-1.58) *

Odds ratio (OR) from logistic regression analysis;*cOR: unadjusted odds ratio;?aOR: adjusted odds ratio. *p < 0.05. **The year of diagnosis is for the period between 1 July
and 30 June. Note: A separate model replacing age group with cancer type: First Nations: aOR: 1.149 (1.04-1.27)

First Nations Queenslanders with cancer diagnosis
were more likely to receive RT, especially in the first year
after diagnosis, compared to other Queensland cancer
patients. This may suggest that cancer is diagnosed at
more advanced stages in First Nations patients, where
RT is an integral component of curative treatment. RT
is often considered one treatment option for advanced
cancer and plays an important role in palliative care [10].
Studies from NSW and Victoria also found increased RT
use in metastatic cases compared to localised cancers.
In advanced cases, surgery may no longer be an option
due to metastasis, making RT more beneficial for First
Nations patients, who are more likely to be diagnosed
late [40, 41]. In contrast, other Australian patients tend to
undergo surgery more frequently [7, 25, 28]. Consistent
with our findings, Métis cancer patients in Manitoba,
Canada, showed higher RT use [42]. A study in NSW
reported significantly higher RT use for First Nations
bowel cancer patients (aOR 1.48, 95% CI 1.00-2.19,
P=0.05) [25]. However, several studies from Queensland,
South Australia, NSW, Canada, and New Zealand indi-
cated lower RT utilisation among First Nations patients
compared to others [7, 27-29, 43, 44]. This could be due
to differences in analyses that adjust for cancer stage at
diagnosis, which could not be done in our study because
staging information was not widely available. More data
are needed to explore these variations and other contrib-
uting factors.

Evidence suggests that in Australia, the optimal RT
utilisation rate (O-RUR)—the proportion of patients who
should receive RT at least once during their illness—is
key for planning and monitoring RT services [18]. Glob-
ally, modelled O-RUR ranges from 44 to 48% [17, 18]. In
Australia, the overall O-RUR for EBRT was 48.3% in 2012
[13, 14]. However, actual “real-life” RT rates (the propor-
tion of cancer patients within a jurisdiction undergoing
RT during a specified time frame) consistently fall short
of this benchmark. Average RT utilisation varied across
countries and states [15, 21, 45-49], ranging from 26%
in the USA (2010-2012) to 39% in Australia (2018) and
Ontario, Canada (2015-2016). In our study, EBRT use in
Queensland was 27.7% for all cancer patients and 32.9%
for First Nations patients, both below O-RUR estimates
[13, 14, 17, 18]. Additionally, the likelihood of RT utilisa-
tion in remote areas was revealed to be lower compared
to those in major cities, which may result in patients
missing clinically appropriate treatment. The RT rates in
this study are compared to Australian and global O-RUR
models only as a general guide—as done in the Radiation
Oncology Report in Queensland [49]. Therefore, these
comparisons should be interpreted with caution, as the
methods and sample used to derive the rates differ from
those in our study [26]. Given the heightened mortality
and poorer survival rates among First Nations people
with a cancer diagnosis, efforts should focus on ensuring
access to RT when clinically appropriate.
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Table 4 Time (in days) to first radiotherapy following cancer diagnosis among patients in Queensland,

(N=30,329)
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1 July 2011-30 June 2015

Variable name Variable group

Waiting time, Median (IQR)  Adjusted Beta-coefficient*

First Nations status® First Nations 8(55-232) -17[-35.30, 1.30]
Other Queenslanders 132 (59-258) Ref
Age group in yearsID 0-24 147 (64-250) 22 [-2.29,46.29]
25-49 163 (69-229) 48 [39.74,56.26] *
50-64 126 (56-243) 71122,12.78]*
65+ 124 (57-293) Ref
Gender® Male 139 (53-373) Ref
Female 125 (63-217) -18[-23.34,-12.66] *
Remoteness” Major city 125 (58-250) Ref
Regional 137 (59-264) 8[1.63,14.37]*
Remote 136 (60-257) 12[1.49,22511*
Index of Relative Socioeconomic Disadvantage®  Quintile 1 (most disadvantaged) 137 (56-276) 5[-6.64, 16.64]
Quintile 2 143 (62-270) 8 [-6.66, 22.66]
Quintile 3 126 (61-256) -3[-11.97,5.97]
Quintile 4 134 (59-258) 6[-1.08, 13.08]
Quintile 5 (least disadvantaged) 125 (57-246) Ref
Year of diagnosis®” 2011-12 140 (62-284) Ref
2012-13 132 (60-258) -8[-15.27,-0.73] *
2013-14 133 (59-258) -5[-12.27,2.27]
2014-15 9 (54-243) -18[-25.28,-10.72] *
Comorbidity? No 131 (62-236) Ref
Yes 133 (51-357) 51-047,1047]
Common cancertypesb All cancers 132 (59-258)
Lung 57 (29-161)
Breast 152 (8372 3)
Prostate 244 (151-511)
Colon 637 (188 199)
Melanoma 563 (162-1098)
Uterine 152 (105-242)
Non-Hodgkin lymphoma 187 (120-363)
Other sites 66 (39-175)

2Mann-Whitney U test and ®Kruskal-Wallis test showed P <0.05 for all the variables in the table

“Adjusted beta-coefficient from median (quintile) regression, including variables in the table (N.B. cancer type not included because of multicollinearity)

**The year of diagnosis is for the period between 1 July and 30 June

The time between diagnosis and receiving RT is criti-
cal, as delays can negatively affect outcomes [10, 50, 51].
Most cancer patients should start RT within 28 days of
being ready for treatment, with those needing high-pri-
ority care starting within 14 days [10]. In Queensland,
54% of First Nations cancer patients in 2009-2013 and
46% in 2014-2018 began RT more than 45 days after
diagnosis [26]. Our study found that the median time
from diagnosis to first RT for First Nations patients
was 118 days, highlighting the need to assess whether
this meets optimal care standards by accounting for the
patient’s ready-for-care date, which is based on various
patient or system-level factors. While RT preparation
(including pre-treatment imaging or medical testing)
is necessary, it usually should not take more than a few
months. Our study also revealed that cancer patients in
remote areas of Queensland waited 12 days longer for RT

compared to those in major cities (P=0.025), highlight-
ing that these delays may be influenced by various fac-
tors, including accessibility to RT facilities, availability
of radiation oncology experts, referral pathways, patient
preferences, and the healthcare system’s efficiency in pre-
paring patients for RT, along with treatment history and
other system or patient-level factors [10, 26, 47, 52—55].
Acknowledging the unique needs of First Nations
Australians in radiation oncology is crucial due to their
distinct cancer profiles, delayed diagnoses, limited
access to treatments, and lower survival rates [10, 56].
Our study showed greater RT utilisation among First
Nations patients, at least some of which may be due to
more advanced diseases. This highlights the importance
of understanding and overcoming barriers to routine
healthcare and improving the timeliness of diagnosis
among First Nations people. Importantly, RT utilisation
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was lower than O-RURs, with a sizable waiting time
before RT initiation. To address these issues, priority
actions include ensuring culturally competent care, offer-
ing culturally appropriate educational resources, build-
ing trust in mainstream health services, and providing
person-centered approaches [10, 57-63]. Preliminary
evaluations show that culturally safe initiatives have
increased RT utilisation among First Nations Australians
[64]. Collaborative efforts, such as increasing the pres-
ence of First Nations health professionals and integrating
culturally competent care into training, are essential [56—
61, 63]. Expanding Indigenous-led health services, like
Aboriginal Community-Controlled Health Organisations
(ACCHOs), is vital for improving cancer care access,
including RT. Through their trusted networks, ACCHOs
can help streamline referrals, coordinate timely access
to radiation oncologists, and support patients through-
out their treatment [57]. Improving RT utilisation and
reducing waiting times, especially in the face of access
and service availability challenges, require enhanced ser-
vice delivery, optimised referral pathways, and broader
access to specialty care. Overall, the key findings of this
study warrant critical interpretation. The higher RT use
observed among First Nations patients may reflect later-
stage diagnoses—a commonly reported issue in this
population group—where curative treatments such as
surgery are no longer feasible. Thus, rather than merely
indicating improved access to RT, the increased utilisa-
tion may instead signal delays in diagnosis, thereby limit-
ing treatment options.

Strengths and limitations

The primary strength of this study lies in its population-
based approach and the integration of hospital and MBS
data, ensuring a comprehensive capture of RT utilisa-
tion, which may be inadequately represented in studies
relying solely on hospital records. A key strength is the
use of Cancer CostMod, a population-based dataset that
includes all cancer diagnoses from the Queensland Can-
cer Registry (QCR) and links with several key adminis-
trative healthcare data sources [31-33]. This study is the
first to comprehensively examine RT use in Queensland,
analysing cancer type, socio-demographic factors, time
to RT initiation, and RT utilisations by different time
points, types, and First Nations status. Data linkage has
also improved the identification of First Nations status
[34]. Since 1996, Indigenous status has been consistently
recorded in Queensland public hospitals, and the cancer
registry collects this data via hospital notifications [29].
In our study, First Nations status was recorded for 99.4%
of QCR observations. However, it remains essential to
sustain and enhance the inclusion of First Nations status
in cancer registries and explore methods for verifying its
accuracy.
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A key limitation of this study is its reliance on admin-
istrative data. While such databases offer population-
based insights into cancer care, they lack important
variables like cancer stage at diagnosis, a critical factor
in treatment decision-making [65, 66]. This highlights
the need for efficient strategies to capture clinical data
[7, 28, 29]. Establishing research-focused databases with
comprehensive longitudinal data would be a long-term
solution. Importantly, while we acknowledge the limi-
tation of missing cancer stage information, higher RT
utilisation among First Nations patients may reflect true
underlying differences in disease presentation and treat-
ment pathways. First Nations Australians are more likely
to be diagnosed with cancer at later stages, when surgery
may not be feasible, and RT becomes the primary or pal-
liative treatment option. The persistence of our findings
after adjusting for key demographic, geographic, and
comorbidity variables strengthens the likelihood that
the observed differences are real and reflect systemic dif-
ferences in cancer care delivery rather than artefacts of
unmeasured confounding. Additionally, the consistency
of our findings with related studies [25, 42], both in Aus-
tralia and internationally, strengthens the plausibility that
our results reflect real disparities.

The study could not evaluate whether treatments follow
guidelines or assess treatment approaches (neo- or adju-
vant) and prior treatments (surgery, chemotherapy). The
actual RT utilisation rate estimated in our study may not
reflect the clinical appropriateness of care as opposed to
O-RUR. Therefore, our study findings reflect real-world
patterns and should not be interpreted as indicators
of optimal or guideline-concordant care. Although the
time to first RT treatment offered useful insights, it did
not account for the patient’s ready-for-care date, requir-
ing careful interpretation. Including First Nations sta-
tus in the AIHW - Radiotherapy Waiting Time National
Minimum Data (RWT NMDS), a dataset designed to
monitor and report on the waiting times for radiotherapy
across Australia, could help address this [67]. Addition-
ally, incomplete hospital procedure dates affected the
accuracy of calculating the time to treatment for some
observations. While the data covers an older period, the
findings provide essential insights for policy, practice,
and future research with more up-to-date and nation-
wide data.

Conclusion

First Nations cancer patients were more likely to receive
RT than other Queensland cancer patients, especially
within the first year of diagnosis. However, the propor-
tion of RT utilisation remains considerably lower than
the O-RUR for both groups. Our findings highlight the
need to explore the gap in RT utilisation by accounting
for factors like cancer stage, as well as the importance
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of critically assessing the time between cancer diagnosis
and the start of RT by considering the patient’s ready-for-
care date. This evaluation is essential to determine if the
timeline aligns with optimal care standards, which is vital
for achieving better treatment outcomes. The unique
needs of First Nations Australians in the context of radia-
tion oncology should be considered due to their distinct
cultures, cancer incidence patterns, delayed diagnosis,
lower survival rates, and ongoing challenges in accessing
treatments. Such an approach is needed to ensure timely
and equitable access to lifesaving health services and
improved cancer outcomes for First Nations Australians.
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