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Abstract

Purpose In Australia, Aboriginal and Torres Strait Islander peoples (First Nations population) often have low overall cancer
survival, as do all residents of geographically remote areas. This study aimed to quantify the survival disparity between First
Nations and other Queenslanders for 12 common cancer types by remoteness areas.

Methods For all Queensland residents aged 20-89 years diagnosed with a primary invasive cancer during 1997-2016, we
ran flexible parametric survival models incorporating age, First Nations status, sex, diagnosis time period, area-level socio-
economic status, remoteness categories and where appropriate, broad cancer type. Three survival measures were predicted:
cause-specific survival, survival differences and the comparative survival ratio, each standardised to First Nations peoples’
covariate distributions.

Results The standardised five-year cause-specific cancer survival was 60% for urban First Nations and 65% for other Queens-
landers, while remote residents were 54% (First Nations) and 58% (other). The absolute survival differential between First
Nations and other Queenslanders was often similar, regardless of remoteness of residence. The greatest absolute difference
in five-year standardised cancer survival was for head and neck cancers, followed by cervical cancer.

The five-year comparative survival ratio (First Nations: other Queenslanders) for urban cancer patients was 0.91 (95% CI
0.90-0.93), similar to outer regional, inner regional and remote areas. The greatest comparative survival differential was
for oesophageal cancer.

Conclusion First Nations’ survival inequalities are largely independent of geographical remoteness. It remains a priority to
determine the contribution of other potential factors such as the availability of culturally acceptable diagnostic, management
and/or support services.
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Introduction from cancer than those living in more urban areas [9]. Rea-
sons proposed for these poorer cancer survival outcomes

The poorer cancer survival experienced by Aboriginal and  include diminished access to cancer diagnostic, treatment

Torres Strait Islanders, the First Nations peoples of Aus- [10] and primary health-care services [11], as well as gener-

tralia, is well-documented [1-8]. Australians residing in ally lower socioeconomic conditions [12].

remote geographical areas also experience lower survival
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To date, there has been limited examination of whether
the extent of lower survival experienced by First Nations
peoples diagnosed with cancer varies by geographic remote-
ness. Previous Australian studies looking at the survival
differential by geographical areas have considered either
deaths from any cause among cancer patients [1], or have
only reported survival among First Nations peoples for all
cancer types combined [13].

The First Nations population represents around 3.3% of
the total Australian population, with Queensland having the
second largest First Nations population (4.6%) after New
South Wales [14]. Within Queensland, almost half of the
First Nations population resides in outer regional or remote/
very remote areas [14]. We aimed to quantify the extent
of the survival disparity faced by First Nations people in
Queensland across geographical remoteness for commonly
diagnosed cancer types.

Methods

Data on all First Nations peoples and other Queensland
residents aged 20-89 years diagnosed with a primary inva-
sive cancer between 1997 and 2016 were obtained from the
Queensland Cancer Register following ethics approval from
the Metro South Health Human Research Ethics Commit-
tee (HREC/2019QMS/57005) and the data custodians. This
population-based cancer registry receives notification of all
cancers diagnosed (except for keratinocyte cancers) among
Queensland residents. Cases were followed up to 31 Decem-
ber 2016 by routine matching to the National Death Index.

In recent years the Queensland Cancer Register has
implemented what is known as a Multi-Stage Median
(MSM) algorithm to identify First Nations people among
notified cases [15]. The MSM combines data relating to
First Nations status from multiple data sources such as pub-
lic and private hospitals, nursing homes and death certifi-
cates. This new method provides a more complete estima-
tion of First Nations status compared to what has been used
previously[16].

Specific cancer types were included if at least 100 cases
were diagnosed and more than 50 cancer-specific deaths
among First Nations people in the study cohort. If multi-
ple primary cancers were diagnosed, only the first primary
cancer diagnosis was included. Time between diagnosis and
death (or censoring) was measured in days. Cases were cen-
sored at whichever came first: 10 years after diagnosis, 31
December 2016 or if they died from a cause other than the
diagnosed cancer, at the date of death. Cases were excluded
if First Nations ethnicity was missing (0.83%), residen-
tial information was missing (0.84%), were diagnosed by
autopsy (0.13%) or death certificate (0.79%) or survived for
less than one day (0.14%).
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Residential information was provided at the Statistical
Area level 2 (SA2) level, with boundaries defined on the
2011 Australian Statistical Geography Standard [17]. SA2s
vary greatly in land size, and in 2016 had a median esti-
mated resident population of 8,341 people (90% interval:
2,581-19,002) [18]. In 2011, there were 526 Queensland
SA2s with a physical location, with 11,036 smaller Statis-
tical Areas level 1 (SA1s) nested within [17]. Remoteness
categories [19], which are defined based on relative access
to services within each SA1, were allocated to each SA2
based on the remoteness category having the highest popu-
lation within that SA2, using an official concordance [20].
Four levels of remoteness were considered: Urban (corre-
sponds to Major City), Inner regional, Outer regional and
Remote (combines Remote and Very Remote). Each SA2
was assigned to the appropriate Socio-Economic Indexes
for Areas using the Index of Relative Socioeconomic
Advantage and Disadvantage (IRSAD) for Queensland in
2011 [21], and three categories were formed: Disadvan-
taged (lowest 20%), Average (middle 60%) and Advan-
taged (highest 20%). People whose SA2 did not have an
IRSAD decile were also removed (0.01%).

Survival analyses used flexible parametric survival
models [22, 23], which estimate the baseline survival func-
tion using restricted cubic splines to enable greater flex-
ibility in shape. The final model was based on the hazard
scale and included age as a nonlinear continuous variable
using restricted cubic splines, First Nations status (yes/
no), sex (males/females), year of diagnosis (1997-2006;
2007-2016), area-level socioeconomic status (disadvan-
taged/average/advantaged) and remoteness categories
(urban/inner regional/outer regional/remote). The effect
of each covariate was allowed to vary with follow-up time
if proportional hazards assumptions were not met. The
number of knots selected for the age splines, baseline
complexity and time-varying effects for each cancer type
is based on both Bayesian Information Criterion values,
plots of martingale residuals and parsimony. To account
for the possibility that the distribution of cancer types was
different between First Nations and Other Queenslanders,
the models for aggregated cancer groups (all cancers com-
bined; head and neck cancers) were additionally adjusted
for broad cancer site groups based on the Queensland five-
year cause-specific survival among persons for individual
cancer types in 1997-2016 and collapsed into four groups
(0-<25%,25—-<50%,50-<75%,75-100%).

Each flexible parametric model checked for two-way
interactions between remoteness categories and First
Nations ethnicity. The significance of the interaction terms
was assessed using likelihood ratio tests and visual plots
of the predicted values. Only significant interaction terms
were retained in the final models for each cancer type.
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These flexible parametric survival models were used
to predict three measures that quantify the cause-specific
survival disparity between First Nations and other Queens-
landers diagnosed with cancer. All survival estimates were
standardised by applying the age, sex and remoteness dis-
tribution of the First Nations cohort to the cohort for other
Queenslanders. The three measures were considered for up
to 10 years after diagnosis (1) standardised cause-specific
survival; (2) standardised cause-specific survival differ-
ences which quantify the absolute differences between the
standardised survival estimates for First Nations and other
Queenslanders; and (3) standardised comparative survival
ratio which quantifies the ratio of the standardised cause-
specific survival estimates for First Nations people to that
for other Queenslanders. A standardised comparative sur-
vival ratio of less than one indicates that survival among
First Nations cancer patients is poorer than for other cancer
patients [24].

Calculations were performed in Stata MP v16.0 (Stata-
Corp, Texas) using the meansurv postestimation option
for the stpm?2 package [23]. Each of the survival measures
described above was predicted from the flexible paramet-
ric survival models separately for First Nations peoples and
other Queenslanders, stratified by remoteness of residence.
Stata syntax for each measure is provided in Supplementary
Material.

Results

The final cohort comprised 5,791 First Nations peoples
(1.5%) and 368,089 other Queensland residents diagnosed
with cancer (Table 1). The median age at diagnosis was

lower for First Nations people than other Queenslanders for
all cancer types (Table 1). For First Nations people, diag-
nosed cancers were fairly equally distributed across remote-
ness categories, while for other Queenslanders most can-
cers occurred in urban residents; this was consistent with
the population distribution for each group (Supplementary
Table S1). Cancer proportions by area-level socioeconomic
status also differed by ethnicity (Supplementary Table S2).

In addition to all cancers combined, cancer types with
significant evidence of interaction between remoteness and
First Nations status were oesophageal, colorectal and pan-
creatic cancers and leukaemia. All cancer types had vari-
ous time-varying effects included, except for cervical and
head and neck cancers, as preferred by model diagnostics
(Table 2).

Standardised survival estimates

Within a week from diagnosis, the predicted survival for
First Nations and other Queenslanders was significantly dif-
ferent for both urban and remote residents (Fig. 1). By one-
year after diagnosis, 77% of First Nations Queenslanders
residing in urban areas had survived their cancer, compared
with 80% of other urban residents (Table 3). Similar dif-
ferentials were observed for remote residents, with First
Nations cancer patients having a one-year cause-specific sur-
vival of 71% compared with 75% for other cancer patients.
By five-years, among urban residents this had decreased to
60% and 65% for First Nations and other respectively, and
among remote residents it was 54% (First Nations) and 58%
(other).

Survival varied by cancer type, with the highest five-
year cancer survival among First Nations urban residents

Table 1 Demographic characteristics of the study cohort, Queensland, 1997-2016

Type of cancer (ICD-10) First Nations

Other Queenslanders

Cases % all cancers Median age Cases % all cancers Median age
All cancers (C00-C97) 5,791 100 58 368,089 100 65
Head and neck cancers (C00-14, C30-32) 356 6 53 10,319 3 62
Oesophageal cancer (C15) 136 2 58.5 3,786 1 69
Stomach cancer (C16) 113 2 63 5,644 2 70
Colorectal cancer (C18-20, C218) 514 9 60.5 45,687 12 69
Pancreatic cancer (C25) 137 2 62 3,382 1 66
Liver cancer (C22) 137 2 62 7,036 2 70
Lung cancer (C33-34) 852 15 62 31,138 8 69
Breast cancer (C50) 734 13 54 48,306 13 59
Cervical cancer (C53) 203 4 43 3,044 1 45
Prostate cancer (C61) 129 2 54 9,822 3 67
Leukaemia (C91-95) 356 6 53 10,319 3 62

Breast cancer only includes females. Further details on demographic characteristics by remoteness and area-level socioeconomic status are avail-

able in Supplementary Tables S1-S2
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Table 2 Final model specifications by type of cancer

Number of knots specified

Variables included as time-varying effects

Main effect interactions

Age Baseline  Time-vary-

spline hazard ing effects

terms
All cancers 2 4 2 Age spline terms, broad cancer groups Ethnicity X remoteness
Head and neck cancers 2 3 n.a -
Oesophageal cancer 3 2 1 Age spline terms Ethnicity X remoteness
Stomach cancer 3 3 1 Age spline terms, sex, remoteness
Colorectal cancer 3 5 3 Age spline terms, sex, broad time periods Ethnicity X remoteness
Liver cancer 2 2 1 Age spline terms, broad time periods
Pancreatic cancer 3 5 2 Age spline terms Ethnicity X remoteness
Lung cancer 3 5 1 Age spline terms, remoteness
Breast cancer 2 3 1 Age spline terms, remoteness, socioeconomic status
Cervical cancer 2 3 n.a -
Prostate cancer 2 1 1 Age spline terms
Leukaemia 3 5 3 Age spline terms, sex Ethnicity X remoteness

Only ethnicity by remoteness was considered as a potential interaction term

observed for prostate cancer (87%) and the lowest for pan-
creatic cancer (11%) (Fig. 1; Table 3). The same ranking
was observed among First Nations residents of remote areas
(prostate cancer 82%; pancreatic cancer 2%).

The greatest remoteness differential among First Nations
cancer patients was observed for leukaemia (five-year
urban survival 71% versus remote 18%), followed by head
and neck cancers (urban five-year survival 51% versus 32%
remote) (Table 3; Fig. 1; Supplementary Fig. S1).

While urban First Nations residents often had similar sur-
vival to remote other Queenslanders, cervical cancer had
lower survival (urban First Nations five-year survival: 61%,
remote other Queenslanders: 77%) (Table 3). Breast cancer
survival also showed this pattern, although with a smaller
differential.

Standardised survival differences

For all cancers combined, the difference in survival rates
between First Nations and other Queenslanders rapidly
increased within the first year from diagnosis among both
urban and remote residents and then remained fairly consist-
ent at around 5% lower survival among First Nations cancer
patients regardless of location (Fig. 2; Supplementary Fig.
S2).

While the magnitude varied, the consistency of this dif-
ferential by location held across each cancer type examined
(Fig. 2). Although some cancers suggested greater differ-
ences among remote residents, this was never significant.

Breast and prostate cancers tended to show increasing
differences in cancer survival (i.e., moving away from

@ Springer

zero) between First Nations and other Queenslanders as
time from diagnosis increased (Fig. 2).

Head and neck cancers showed the largest absolute
survival difference (~20% at 5 years), and this increased
slightly by 10 years (Fig. 2). Cervical cancer also had large
discrepancies in survival (16—17%) between First Nations
and other Queenslanders across the full 10 years.

For the other cancer types examined, the survival dis-
parity decreased (i.e., approached zero) with increas-
ing time from diagnosis, approaching no differences by
10 years from diagnosis (Fig. 2; Supplementary Fig. S2).
This was true both for cancer types with lower survival
(lung, liver, pancreatic) and higher survival (leukaemia).

Comparative survival ratio

The comparative survival ratio for First Nations cancer
patients living in urban areas surviving five-years was
0.93 (95% CI 0.90-0.95), meaning they had significantly
lower survival than other Queenslanders (Fig. 3). This was
similar to that obtained for outer regional, inner regional
and remote areas. Certain cancers had markedly greater
comparative survival differentials, with oesophageal can-
cer having the greatest across all areas (urban: 0.52, inner
regional: 0.59, outer regional: 0.32, remote: 0.48), how-
ever there was large uncertainty around these. The next
greatest in urban areas was stomach cancer (0.66) and in
remote areas was head and neck cancers (0.58). These
rankings remained the same at 10 years, with slightly
greater comparative differentials (Supplementary Fig. S3).
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Table 3 Standardised one and five-year cause-specific survival estimates by ethnicity and remoteness, Queensland, 1997-2016

Cancer One-year standardised survival (95% CI) Five-year standardised survival (95% CI)
Urban Remote Urban Remote
First Nations ~ Other First Nations  Other First Nations  Other First Nations  Other Queens-
Queens- Queens- Queens- landers
landers landers landers
All cancers 76.5 (75.1, 80.2 (80.0, 71.2 (69.8, 75.3 (734, 60.0 (58.3, 64.9 (64.7, 53.5(51.9, 58.5 (56.1,
77.9) 80.4) 72.6) 77.3) 61.9) 65.1) 55.2) 61.0)
Head and 75.7 (72.3, 87.1(86.2, 61.7 (57.0, 78.4 (754, 50.5 (45.5, 70.4 (68.8, 32.0(26.9, 54.8 (50.1,
neck cancers  79.3) 88.0) 66.8) 81.4) 56.1) 72.1) 38.1) 59.8)
Oesophageal  41.9 (27.8, 57.3 (54.8, 37.7 (26.3, 53.6 (36.8, 16.5 (7.1, 31.6 (28.9, 13.3 (6.3, 27.5 (12.6,
cancer 63.1) 60.0) 54.2) 78.1) 38.5) 34.6) 28.2) 59.7)
Stomach 46.4 (39.1, 57.6 (55.7, 39.1 (30.2, 50.8 (43.4, 22.5(16.0, 34.2 (31.7, 16.1 (9.9, 26.9 (20.0,
cancer 55.1) 59.5) 50.6) 59.5) 31.7) 37.0) 26.3) 36.1)
Colorectal 89.4 (86.4, 88.6 (88.2, 82.7 (77.7, 81.4 (74.2, 73.8 (67.1, 71.9 (71.2, 59.6 (50.3, 57.1 (44.3,
cancer 92.6) 88.9) 88.0) 89.3) 81.1) 72.6) 70.6) 73.4)
Liver cancer  44.4 (374, 50.6 (48.3, 33.8 (26.3, 40.2 (32.7, 19.3 (13.7, 25.0 (22.8, 11.3 (6.8, 15.8 (10.5,
52.7) 53.1) 43.5) 49.4) 27.1) 27.4) 18.6) 23.8)
Pancreatic 32.7 (22.6, 37.2 (35.6, 13.6 (6.0, 17.0 (6.7, 11.4 (5.8, 14.6 (13.3, 2.4(0.6,9.7) 3.6(0.7,17.7)
cancer 47.1) 38.9) 30.8) 42.9) 22.6) 16.0)
Lung cancer  44.0 (41.2, 49.6 (48.7, 34.7 (31.3, 40.4 (37.6, 18.3 (15.9, 23.3(22.3, 11.2 (9.1, 15.3 (13.3,
47.0) 50.5) 38.4) 43.4) 21.0) 24.4) 13.8) 17.6)
Breast cancer  96.8 (96.3, 98.1 (98.0, 95.7 (94.7, 97.5 (97.0, 85.3 (82.9, 91.0 (90.6, 80.7 (76.8, 88.0 (86.1,
97.5) 98.3) 96.8) 98.0) 87.8) 91.5) 84.7) 90.1)
Cervical 81.8 (77.5, 90.2 (89.0, 81.7 (76.2, 90.1 (86.8, 61.0 (53.9, 77.0 (74.8, 60.7 (51.8, 76.8 (70.2,
cancer 86.4) 91.5) 87.5) 93.6) 69.0) 79.3) 71.2) 84.1)
Prostate 96.7 (96.0, 98.0 (97.9, 95.2 (94.0, 97.1 (96.7, 87.4 (84.8, 92.1 91.8, 82.1 (78.4, 88.6 (87.1,
cancer 97.5) 98.1) 96.4) 97.5) 90.0) 92.4) 85.9) 90.0)
Leukaemia 84.5 (77.0, 86.7 (85.8, 42.2 (28.5, 47.9 (28.6, 71.0 (58.8, 74.8 (73.4, 18.1 (8.4, 23.1(8.5,63.1)
92.8) 87.6) 62.4) 80.1) 85.6) 76.2) 38.8)

Urban=Major City Remoteness Areas; Remote =combined Remote and Very Remote Remoteness Areas. For 10 year survival estimates, refer

to Supplementary Table S3

Discussion

First Nations cancer patients faced a consistently poorer
survival outcome than other Queenslanders for most can-
cer types regardless of their location, with little evidence
of remoteness influencing the magnitude of the survival
differential faced by First Nations cancer patients. For
several key cancer types the survival gap between First
Nations and other Queenslanders diminished with time
from diagnosis, highlighting the importance of the time
period immediately following diagnosis.

The lower survival for all Australian cancer patients
living in more remote areas, irrespective of whether they
were First Nations peoples or not, is consistent with the
vast distances and small populations in these communi-
ties, causing difficulties in ensuring sufficient coverage of
health services [25]. This has been associated with later
diagnosis of cancer [26], less treatment [27] and/or lack
of access to clinical trials [28]. Digital interventions such
as telemedicine are increasingly being considered as an
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adjunct service [29, 30], and have already demonstrated
benefit in rural Aboriginal health-care settings [31].

However, the lack of evidence for interaction between
remoteness and First Nations status for many cancer types
suggests that remoteness itself is not driving the cancer
survival differential between First Nations peoples and
other Queenslanders. A recent study [32] reported that
there remained a significant survival differential for First
Nations cancer patients in Queensland even after adjusting
for remoteness of residence, consistent with our findings
of survival differences across all remoteness categories.
While this pattern does vary by cancer type, it suggests
that cultural acceptability of current diagnostic and treat-
ment services may be more of an issue than the availability
of services determined by geographic location.

There are complex barriers to First Nations people
accessing appropriate and timely cancer care. Cultural
safety is a key concern of First Nations people interact-
ing with the health system in Australia [33, 34]. Some
options with demonstrated potential include providing
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First Nations care coordinators [34] or patient navigators
[35]. More First Nations health workers and/or enhanced
reach and coverage of Aboriginal primary health services
would also help [36]. Better understanding the enablers
and barriers for First Nations people to participate in can-
cer screening plus access and complete treatment has been
identified as a research priority [37].

The pattern of lower survival among urban First Nations
than remote other Queenslanders is most pronounced
among those diagnosed with breast and cervical cancers.
Although cervical cancer is one of the most preventable
cancer types, the impact of HPV vaccinations would not
have been observed in our study cohort [38], and pap
smear cervical screening has lower First Nations partici-
pation across all areas of Queensland [39, 40]. In contrast,
breast cancer, when detected early and treated appropri-
ately, has very high survival rates, yet mammogram par-
ticipation among First Nations women is low [41]. This
lower survival for breast and cervical cancer is consistent
with the lower respective screening participation, which in
turn suggest that current screening services are not equally
accessible for First Nations women. Increasing cancer
screening programs’ cultural safety is critical to address-
ing survival inequities. The introduction of innovative new
technology, such as the HPV self-collection method that
will be universally available in Australia from 1 July 2022,
holds great promise since it has been shown to be accept-
able and increase cervical screening for under screened
populations [42, 43].

Oesophageal cancer and head and neck cancers both had
consistently very low survival among First Nations can-
cer patients in comparison to other Queenslanders, across
all remoteness levels. While there is little information on
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survival. Capped lines show the 95% CI. Urban is the Major City
remoteness area. Remote is the combined Remote and Very Remote
remoteness areas. Breast cancer is for females only. Refer to Supple-
mentary Fig. S3 for 10 year estimates

causes specific to low survival from oesophageal cancer,
poorer First Nations’ survival from head and neck cancer
was attributed to receiving less treatment [44]. Investing in
and expanding First Nations’ programs aimed at reducing
the incidence and mortality for these cancers is vital [45].

The results presented demonstrate the survival dispari-
ties if the other Queensland population had the same age
structure as the First Nations population, so that the reported
differences are independent of any age differences. Younger
people tend to have higher survival from cancer [46], but
although First Nations Queenslanders are diagnosed at
younger ages, they generally have lower survival. This
standardisation by age aimed to then demonstrate the true
magnitude of differences.

Limitations of our study included the lack of informa-
tion on cancer stage and treatment received. There is some
evidence to suggests First Nations cancer patients in urban
areas may be diagnosed at more advanced cancer stages,
have more comorbidities and are less likely to receive treat-
ment [8, 47], but cancer stage, treatment and comorbidities
are not collected by the Queensland Cancer Register, so our
data preclude exploring these very influential factors. Socio-
economic status is often influential on cancer survival, but
we could only incorporate an area-level, rather than individ-
ual-level, measure. Finally, it remains possible that the lack
of evidence for interaction between remoteness and First
Nations ethnicity for some cancer types is due to the small
numbers of cases rather than necessarily a true absence of
interaction.

Advantages of using these flexible parametric models
include the greater ease of including time-varying com-
ponents, continuous variables such as for age, and interac-
tion terms. While our modelled estimates are dependent on
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the model specifications, our sensitivity analyses indicated
that these models fit the data well and were not sensitive to
the number of knots used in the spline terms. Other study
strengths include using data from the Queensland Cancer
Register, which is known to have high quality First Nations
ethnicity information available since 1997, and practically
complete coverage of all cancers.

Given that a recent Queensland study [32] has shown
little change in the survival disparity across all the state
over the last two decades, it is vital to understand the
underlying causes of these survival inequalities. Our
results provide evidence that the survival inequalities are
independent of geographical remoteness. It remains a pri-
ority to determine the contribution of other factors such as
the availability of culturally acceptable diagnostic, man-
agement and/or support services.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10552-022-01643-1.
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