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ABSTRACT
Aboriginal and Torres Strait Islander people (respectfully referred hereafter as Indigenous
Australians) have lower cancer survival, unique supportive care needs, and higher prevalence
of chronic disease comorbidity than non-Indigenous Australians, but little is known about
how comorbidity relates to survival and unmet supportive care needs for Indigenous
Australians diagnosed with cancer.
This thesis contains a series of research papers that each contribute to the overarching goal of
better understanding the relationship between the higher prevalence of comorbidity and
cancer outcomes for Indigenous Australians, by addressing the studies’ primary, secondary,
and tertiary research aims. These aims include:


Primary aim: describe and compare the relationship between comorbidity and
gynaecological cancer survival for Indigenous and non-Indigenous women, with a
particular focus on cervical cancer survival.



Secondary aim: examine the relationship between comorbidity and unmet supportive
care needs for newly diagnosed Indigenous cancer patients in Queensland.



Tertiary aims: (a) synthesise existing evidence on the relationship between
comorbidity and women’s participation in cancer screening; and (b) assess the
accuracy of patient self-reported comorbidity and treatment data in comparison to
data collected from patients’ medical charts.

The principal finding arising from this thesis was that Indigenous people’s higher
comorbidity burden contributed little to their lower cancer survival and unmet needs after
diagnosis. While it remains essential that cancer services and program are equipped to
provide timely, optimal, and culturally appropriate care to patients with complex needs, such
as comorbidity, this finding highlights the need for primary care and acute cancer care
services to better engage with and ensure access for all Indigenous people, even those
without comorbidity who may be assumed to be relatively healthy.
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“And we must remember that we are a wealthy nation. It is not credible to suggest that one of the
wealthiest nations in the world cannot solve a health crisis affecting less than 3% of its citizens”
~ Uncle Tom Calma; Social Justice Report 2005.

Aboriginal and Torres Strait Islander people, respectfully referred throughout this thesis as
Indigenous Australians1, have a lower life expectancy at birth than non-Indigenous
Australians.2 Despite small improvements in the life expectancy of Indigenous Australians,
there has been no improvements in the gap in life expectancy between Indigenous and nonIndigenous people.
Underlying the gap in life expectancy between Indigenous and non-Indigenous Australians
are differences in mortality rates.2 While there have been long-term improvements in the
Indigenous mortality rate, there have been no improvements in recent years (2006-2016). In
contrast, there have been gradual yet consistent declines in the non-Indigenous mortality rates
over this time.2
In 2016, chronic disease contributed nearly 80% to the mortality gap between Indigenous and
non-Indigenous Australians,2 and when taking both morbidity and mortality into account,
chronic disease accounted for 70% of the gap in disease burden.3 While cardiovascular
disease is the leading cause of death for both Indigenous and non-Indigenous Australians,
there have been large improvements made in reducing mortality from this disease group.2,3
Cancer is the second leading cause for Indigenous Australians and accounts for 9% of the gap
in disease burden (15% of the fatal burden of disease).3 This burden is likely to increase over
time. Cancer incidence is increasing for both Indigenous and non-Indigenous Australians,
although the rate of the increase is greater for Indigenous Australians. 4 They are more likely
to be diagnosed with highly-preventable cancers (e.g. cervical 2.2 times higher) and with the
most rapidly fatal cancers (e.g. lung 2.0 times; liver 2.8 times).5 There is a large gap in cancer
mortality between Indigenous and non-Indigenous Australians and this is widening over time;
cancer mortality increased by 23% during 1998-2016 for Indigenous Australians and declined
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by 14% during the same time period for non-Indigenous Australians.2,4 Furthermore,
Indigenous Australians have a significantly lower chance of surviving their cancer, with only
50% of Indigenous Australians diagnosed with cancer living beyond 5 years after their cancer
diagnosis.4
Indigenous Australians are less likely than non-Indigenous Australians to participate in
cancer screening,6,7 to be diagnosed with early-stage cancer,8-12 and receive treatment
concordant with clinical guidelines.8,13 The reasons for poorer cancer outcomes and reduced
access to cancer care for Indigenous people are multi-faceted and include (not limited to):
higher exposure to known cancer risk factors (e.g. tobacco, obesity); 14 higher burden of
additional chronic disease (comorbidity);15 greater levels of socioeconomic disadvantage and
a higher proportion of the population living in remote areas.15,16 While the evidence-base is
increasing, a more nuanced understanding of the determinants of poor cancer outcomes for
Indigenous Australians is needed.
Comorbidity could directly or indirectly impact upon cancer survival. Additional chronic
disease would add to an individual’s physiological burden which may hinder the body’s
immune response and ability to tolerate treatment. Moreover, comorbidity may physically,
emotionally, or financially limit a person’s ability to participate in and access cancer
prevention and early detection services, may disguise symptoms, or may influence healthcare
providers’ decisions about offering or referring their patient to such services. On the other
hand, comorbidities may lead to increased contact with the healthcare system, which may
lead to more opportunistic screening or diagnosis of symptomatic disease. Once diagnosed,
patients with comorbidity may have reduced treatment options, may experience greater
treatment complication or intolerance, and may be less likely to complete the treatment
regime. Patients with comorbidity may have unique needs that cancer services may not be
equipped to adequately address. Therefore, it is plausible that for people with cancer
additional comorbidity could increase the risk of dying, not just from any cause but from the
cancer itself.
Chapter 1

4

Indigenous Australians diagnosed with cancer tend to have more comorbidity than nonIndigenous people with cancer, and it has long been thought that this is a major contributor to
the poorer cancer survival among this group.17 However, prior to the commencement of this
PhD, there was very little research on this topic and the evidence of the relationship between
comorbidity and cancer survival for Indigenous Australians was weak.18
Through a series of related studies, this thesis aims to better understand whether, and to what
extent, the higher comorbidity burden of Indigenous Australians relates to their cancer
outcomes. Specifically, this project aims to address the following aims:


Primary aim: describe and compare the relationship between comorbidity and
gynaecological cancer survival for Indigenous and non-Indigenous women, with a
particular focus on cervical cancer survival.



Secondary aim: examine the relationship between comorbidity and unmet
supportive care needs for newly diagnosed Indigenous cancer patients in Queensland.

To guide future research on this topic, this thesis also aims to investigate two tertiary aims.


Tertiary aims: (a) summarise and synthesis existing evidence on the relationship
between comorbidity and women’s participation in cancer screening; and (b) assess
the accuracy of patient self-reported comorbidity and treatment data in comparison to
data collected from patients’ medical charts.

This introductory chapter provides the context of this research, defines the theoretical
construct of comorbidity and its measurement, and critically reviews the available evidence
on this topic to identify the current gaps in knowledge. The chapter concludes with an
overview of the thesis structure and how it relates back to each of the thesis aims.
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1.1. The Indigenous Australian population
In 2014, Indigenous Australians accounted for three percent (713,600 persons) of the total
Australian population (24.4 million). Approximately six percent of the Indigenous population
identified as Torres Strait Islander (38,100 persons) and four percent identified as both
Aboriginal and Torres Strait Islander Australians (25,600 persons).14,19,20 The size of the
Indigenous populations vary across Australia’s six states and two mainland territories; the
largest Indigenous Australian populations live in New South Wales (NSW) (31%) and
Queensland (28%). The Northern Territory (NT) has the fourth largest Indigenous
population, yet almost one-third of Territorians are identified as Indigenous (30%); the
greatest proportion of any Australian jurisdiction (Figure 1).19,20

NSW
Vic
Qld
SA
WA
Tas
NT
ACT

% Aust.
Indigenous
pop’n
2.9
0.9
4.2
2.3
3.8
4.7
29.8
1.7

%
state/territory
pop’n
31.1
7.1
28.2
5.6
13.2
3.6
10.3
0.9

Figure 1: Indigenous population clusters, 2011
(Sourced from AIHW, 201519)

As shown in Figure 2, the Indigenous population is much younger, on average, than nonIndigenous Australians (median age of 21 years compared with 37 years, respectively). 19,21
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While the Indigenous Australian population is growing across all age groups, this population
is also ageing, with the median age predicted to rise to approximately 25 years by 2026.22
Australia’s land is vast (similar size as the mainland of the United States of America; USA)
and the population is geographically dispersed. Indigenous Australians are more likely to live
in remote areas of the country compared to non-Indigenous Australians (Table 1)19,23 Overall,
71% of Australians live in major cities, predominately along the eastern coast, 18% live in
inner regional towns, 9% in outer regional towns, and 2% live in remote and very remote
areas.14 Indigenous Australians are also more likely to live in areas of socioeconomic
disadvantage compared to non-Indigenous Australians.19

Figure 2: Age structure of the Australian population, by Indigenous status, 30 June 2011
(Sourced from AIHW, 2015 19)
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At the time of European arrival into Australia in 1788 there were an estimated 600 Aboriginal
and Torres Strait Islander nations with distinctive and diverse cultures, including existing
laws and governance structures.24 Since this time, Indigenous Australians have experienced
the devastating impacts of colonisation, which forced the Indigenous population into the
margins of Australia’s political, legal, and social life.19,25,26 They have endured on-going
interpersonal and systemic racism, loss of language and culture, disconnection from country,
the forced removal of children from families, and mass loss of life, such as the lives of over
20,000 Indigenous Australians who died during the frontier wars.27-30
However, strong connections to country, language, and tribal and clan groups have been a
core element of the restoration and continuation of Indigenous cultures. It is largely through
this mechanism that positive advancements in reducing health inequalities for Indigenous
Australians have occurred and will continue to occur.27 Of the original 240 Indigenous
languages, 120 are still spoken today; 11% of Indigenous Australians speak an Indigenous
language as their main language at home; 63% of Indigenous people identify with a regional,
tribal or language group; and 73% of Indigenous people have a connection with a specific
geographical area as their homelands or traditional country.19

Table 1: Geographical distribution (%) of the Australian population, by Indigenous status. 2006
Remoteness area
Major cities
Inner regional
Outer regional
Remote
Very remote
Total a

Indigenous Australians
32.1
21.4
21.9
9.3
15.4
100.0

Non-Indigenous Australians
69.4
19.7
9.2
1.3
0.4
100.0

a. The percentages may not add up to total due to rounding
Sourced from AIHW, 2013 23
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1.1.1. Social determinants of health for Indigenous Australians
The health and wellbeing of Indigenous Australians is impacted by a number of factors,
known as the social determinants of health. Social determinants of health are the conditions
of people’s social-political environments throughout their life course.31 The social
determinants of health for Indigenous Australians are multiple and inter-related.
Individual and area-level factors are important in shaping a social environment. Indigenous
Australians are substantially more likely to live in non-urban areas and areas of
socioeconomic disadvantage compared to non-Indigenous Australians.14, 19, 23 Moreover, the
average disposable income for Indigenous Autralians was almost one hundred dollars less
than for non-Indigenous Australians.19 Geographical remoteness is associated with lower
educational attainment for Indigenous Australians, but less so for non-Indigenous
Australians.19 For Indigenous Australians, living in remote and very remote areas is also
associated with more social housing, over-crowded housing, and living in housing that has
major structural problems.19 Likewise, for Indigenous people, living in remote areas is
associated with inreased risk of daily smoking and high blood pressure, whereas living in
non-remote areas is associated with increased risk of alcohol consumption, illicit substance
use, inadequate fruit and vegetable consumption, and obesity.19 Indigenous Australians living
in remote and very remote areas are more likely to live on country (36% and 52%,
respecitvely) than those living in more urban areas (10% in major cities). 19 Poverty is also
associated with lower educational attainment and unemployment, which is turn associated
with reduce self-reported health status (Figure 3), and with higher prevalence of risk factors
for health, such as smoking, substance use, and poort dietary intake. 14,

19

Socio-economic

disadvantage is thought to account for one-third to one-half of the gaps in health outcomes
between Indigenous and non-Indigenous Australians.14
Indigenous Australians also experience exclusion from mainstream health and social services,
marginalisation in legal and political systems, systemtic and institutionalised racism, higher
levels of overcrowding and homelessness, and higher levels of incarceration.14,19,32,33 Chronic
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stress can be caused by inter-generational and enduring trauma associated the violent arrival
of Europeans, forced assimilation, forced removal of children from families and
communities, and the on-going colonisation and marginalisation of Indigenous people. Such
stress may negatively impact upon the body’s immune and circulatory systems, thus leading
to greater risk of chronic mental and physical health. These factors can negatively impact on
patients’ health literacy, health-related decision-making, timeliness of and ability to pay for
medication and medical procedures, and trust in the healthcare system and staff, as well as
clinician and service providers’ perceptions and engagement with Indigenous patients’, and
the provision of culturally-appropriate services and optimal care
From a rights-based perspective, self-governance and self-determination are other key social
determinants of health33 and until this is recognised, substantial gains in the health and
wellbeing of Indigenous Australians is likely to remain elusive.32, 35, 36

Figure 3: Excellent or very good self-assessed health among Indigenous Australians (%), by
selected socioeconomic factors, 2012-2013 (Sourced from the AIHW Australia’s Health 2016
report.34)
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1.1.2. Life expectancy and mortality for Indigenous Australians
The life expectancy for Indigenous men is 69.1 years and 73.7 years for Indigenous women
and is lower than the general Australian population life-expectancy (80.3 for men and 84.4
for women).19 While there have been small improvements in life expectancy for both
Indigenous and non-Indigenous Australians, the gap in life expectancy between the two
groups has not narrowed.2 Underpinning this is a persistent mortality gap between Indigenous
and non-Indigenous Australians.

2,14

While mortality rates have been declining for both

Indigenous and non-Indigenous Australians in the long term, the Indigenous mortality rate
has not been declining in the short term (Figure 4).2 Indigenous Australians still have a
higher mortality rate than non-Indigenous Australians (age-standardised rates of 981 deaths
compared to 596 deaths per 100,000 people, respectively).14,19 During 2008-2012, 65% of
deaths of Indigenous Australians occurred before the age of 65 years, compared to 19% of
deaths of non-Indigenous Australians.19

Figure 4: Indigenous and non-Indigenous mortality rates, 1998-2016 (Sourced from the Closing
the Gap: Prime Ministers Report 20182
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1.1.3. Chronic disease in Indigenous Australia
The 2012-2013 Australian Aboriginal and Torres Strait Islander Health Survey found that
similar proportions of Indigenous and non-Indigenous Australians had at least one chronic
disease (67% of Indigenous Australians). However, Indigenous Australians are more
commonly diagnosed with the leading causes of death. Indigenous Australians compared to
non-Indigenous Australians are twice as likely to be diagnosed with, 2.4 times more likely to
be hospitalised for, and 1.6 time more likely to die from coronary heart disease.14 They are
twice as likely to be hospitalised for and 1.4 times more likely to die from stroke. 14
Indigenous Australians are 3.5 times more likely to be diagnosed with, 4.0 times more likely
to hospitalised for, and 4.0 times more likely to die from diabetes.14 Also, they are 2.1 times
more likely to have biomedical signs of chronic kidney disease, 4.8 times to be hospitalised
for and 3.2 times more likely to die from chronic kidney disease. Indigenous Australians are
five times more likely to have end stage kidney disease, but are much less likely to receive a
functioning kidney transplant than non-Indigenous Australians.14 One in five Indigenous
Australian adults had high blood pressure (1.2 times as high as non-Indigenous adults).19
The ageing of the population and scientific advancements have resulted in more people living
with, rather than dying from, chronic disease (Figure 5). As a result, there has been an
increase in the number of Australians living with multiple chronic diseases.14 One-third
(33%) of Indigenous people reported having three or more chronic conditions, which was
comparable to the oldest (65+ years) non-Indigenous people.14
In 2016, approximately three in four Indigenous deaths were from chronic disease, and
accounted for 80% of the gap in mortality between Indigenous and non-Indigenous
Australians.2 Chronic disease affects morbidity as well as mortality; contributing to 70% of
the gap in the disease burden between Indigenous and non-Indigenous Australians.3
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Selected conditions include: arthritis, asthma, back pain and problems, cancer, cardiovascular disease, chronic
obstructive pulmonary disease, diabetes, and mental health conditions.

Figure 5: Self-reported prevalence of multiple chronic diseases, 2014-2015 National Health
Survey (Sourced from AIHW 2016 14)

1.1.4. Risk factors for chronic disease
There have been changes in the prevalence of chronic disease risk factors over time. Tobacco
smoking rates have fallen, for both Indigenous and non-Indigenous Australians. More people
are now than in the past are quitting and less people are taking up smoking in the first place
(Figure 6).2,14 For Indigenous Australians, these improvements have been most noticeable in
younger age groups.2 However, in 2012-2013, 42% of Indigenous Australians aged 15 years
or older were daily tobacco smokers; a rate of 2.6 times as high as non-Indigenous
Australians.19
In 2012-2013, 54% of Indigenous Australians aged 15 years and over had at least one
occasion of excessive alcohol consumption in the previous year (1.1 times as high as nonIndigenous Australians).19 While, alcohol use has decreased somewhat in Australia,
consumption is still higher than for many other countries.14
The proportions of Australians who are overweight or obese have risen in Australia for both
Indigenous and non-Indigenous people; in 2014-2015 almost two-thirds of Australian adults
and up to one-third of children were overweight or obese.

14,19

Indigenous Australians, adults

and children, are 1.6 times as likely to be obese as their non-Indigenous counterparts.19 The
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obesity and overweight trends are associated with poor diets and sedentary lifestyles, a
reflection of the unequal distribution of the social determinants of health. 14 Three in five
Indigenous adults in non-remote areas reported having inactive lifestyles.19

Figure 6: Smoking trends for Indigenous Australians, 2002-2015 (Sourced from the Closing the
Gap: Prime Ministers Report 20182

Chapter 1

14

1.2. Cancer among Indigenous Australians
Cancer is a broad disease group, encompassing over 200 types of specific cancers. 5 In
Australia, cancer is the leading cause of disease burden, which encompasses both mortality
and morbidity, and accounts for one in ten hospitalisations, with an average length of stay of
8 days.5 For Indigenous Australians, cancer accounts for nine percent of the total disease
burden. In terms of the gap in disease burden between Indigenous Australians and nonIndigenous Australians, cancer accounts for nine percent of the gap overall and fifteen
percent of the fatal disease burden gap.3 While Indigenous Australians were less likely in the
period 2006-2007 to 2010-2011 to be admitted to hospital for cancer compared with nonIndigenous Australians (age-standardised rate of 113 compared with 170 admissions per
10,000), once admitted, length of stay was longer (10 days on average).23
Cancer is a national health priority area for Australia, in general 37 and, more recently, for the
Indigenous Australian population.38 However, cancer wasn’t always seen as a priority for the
Indigenous population,39,40 and this may have been due to:


other competing health priorities, such as infant mortality, infectious disease, and
other chronic diseases, so that the significance of cancer may have been
overlooked;14,23



the tendency to present cancer mortality as the proportion of population deaths,
which understates the relative important of cancer for Indigenous Australians
compared to non-Indigenous Australians, rather than mortality or burden of disease;39



cultural understandings of cancer that may have influenced how Indigenous
communities have prioritised cancer. With no specific word for cancer in Indigenous
languages,40,41 cancer is often seen as a punishment for indiscretions and a death
sentence.40,42 This view can lead to feelings of shame after diagnosis,

40,42

which may

prevent timely diagnosis and treatment;42,43


fewer Indigenous cancer survivors and Indigenous health professionals to champion
the importance of cancer to their community;44 and
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deficiencies in routine data collections (e.g. cancer registries), particularly in terms of
an accurate and complete Indigenous identifier, which have delayed, and in some
cases prevented, the reporting of national cancer statistics for Indigenous Australians
(Table 2).17,23,39,44-46 In 2010, the Australian Institute of Health and Welfare
recommended a national approach for gathering and reporting Indigenous status
information in administrative datasets.47 Policy, clinical guidelines, service provision,
and resource allocation depend on the accurate reporting of the health status, service
use and access, and high risk groups and risk factors.45

ACT

 *

  x

x

x



National Mortality database

Mortality

 x

   x

x



National Hospital Morbidity Database

Hospitalisation

     x

x



BreastScreen Australia

screening

       

National Bowel Cancer Screening Program

screening

       

National Cervical Screening Program

screening

x

x

x

x

x

x

x

NT

Tas

Incidence

WA

Australian Cancer database

Qld

Measure

Vic

Data Source

SA

NSW

Table 2: Availability of cancer data by Indigenous status, 2004-2008

x

* Victorian incidence data was not available by Indigenous status in 2004-2008, but was available in 20082012.
Adapted from AIHW & CA, 2013 23 & AIHW 2017 5

1.2.1. Cancer statistics for Indigenous Australians
Australia has an advanced cancer surveillance systems to monitor cancer outcomes for the
general population. The state-based cancer registries have enabled in-depth analyses of
cancer statistics and trends for the general population. Such information can advanced cancer
services and programs, by informing the development of policy and clinical guidelines,
guiding resource allocation and identified groups at high-risk of adverse outcomes.45
However, national analyses of cancer statistics for Indigenous Australians are still lacking
and the estimates that are produced are generally based on less-than-ideal data.
Key limitations relate to the quality of Indigenous identification, timeliness, and the level of
detail available. Not all Australian cancer registries have a complete or accurate Indigenous
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identifier, and thus current estimates of the cancer burden for Indigenous Australians is based
on only some Australian states/territories.23 In 2010, the Australian Institute of Health and
Welfare recommended a national approach for gathering and reporting Indigenous status
information in administrative datasets,47 and subsequent efforts made to quantify and improve
the completeness and accuracy of the Indigenous identifier in health datasets.5
Pathology forms are the key source of data for cancer registries in Australia; however these
do not routinely record information on a persons’ Indigenous identification. Indigenous status
information is obtained from other notification sources, including hospital inpatient episodes,
radiotherapy clinics, death notifications, active follow-up with treating doctors, and other
secondary sources. The national standard Indigenous identification question asks whether a
person identifies as: Aboriginal; Torres Strait Islander; both; or neither. This information can
is self-reported voluntary and can be refused. Where possible, health statistics, including
cancer statistics, should be reported separately for Aboriginal and for Torres Strait Islander
people. However in most cases, the number of Torres Strait Islander people included is too
small for stratified analyses. As such, it is common practice to combine people who identify
as Aboriginal and/or Torres Strait Islander. It is recognised, however, that these are separate
ethnic groups with distinct cultural, ancestry and language.
Nationally, 88% of Indigenous patients admitted to public hospitals during 2011-12 were
correctly identified as Indigenous. However, this varies across the states and territories, with
the highest level of accuracy reported for the Northern Territory cancer registry (98%). 48 In
the latest national report on cancer in Australia, the cancer registries in New South Wales,
Victoria, Queensland, Western Australia and the Northern Territory were identified as having
sufficiently reliable information on Indigenous status, which covers 83% of the Indigenous
Australian population.5 In these registries, 12% of cases are classified as ‘unknown
Indigenous status’, and is unknown what proportion of these cases are Indigenous.
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To report on cancer mortality and survival, vital status information is obtained through
linkage of the cancer registries to the National Mortality Database. This is done on a regular
and on-going basis, as information on date and cause-of-death can sometimes be delayed.
Information on Indigenous status between 2010-2014 was deemed to be of high enough
quality for inclusion in national statistics for New South Wales, Queensland, Western
Australia, South Australia and the Northern Territory; equivalent to 89% coverage of the
Indigenous Australian population.5
Estimation of rates of cancer incidence, mortality, and survival that require population
denominator information (life tables) are also problematic as life tables stratified by
Indigenous status are only available for some years. It is likely that there is some level of
under-ascertainment of Indigenous cancer cases (numerator bias) and some level of underascertainment of people in the Indigenous population (denominator bias). While we can limit
analysis to data from cancer registries that have high-quality information on Indigenous
status, there is still some room for numerator bias and often this cannot be quantified.
Denominator bias may be even more problematic for reporting on cancer outcomes for
Indigenous Australians, and can lead to an over- or under- estimate of Indigenous: nonIndigenous disparities. While methods can be chosen to mitigate these issues in some
instances, this is not always possible and attempts to quantify the error and to be circumspect
in the interpretation of such data is necessary.

1.2.2. Cancer incidence
The age-standardised incidence rate of cancer in Australia (excluding basal and squamous
skin cancers) is 470 per 100,000 persons; 484 per 100,000 Indigenous Australians and 439
per 100,000 non-Indigenous Australians.5 Generally, cancer risk increases with age,5 but, on
average, Indigenous Australians are diagnosed at younger age than non-Indigenous
Australians.23
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Indigenous Australians are 1.1 times more likely to be diagnosed with cancer compared to
non-Indigenous Australians.5 In 2008-2012, the most common cancers diagnosed in
Indigenous Australians were lung cancer, breast cancer, colorectal cancer, and prostate
cancer.5 In 2014, the most common cancers in the general Australian population were
prostate cancer, colorectal cancer, breast cancer, melanoma, and lung cancer. 49 In contrast to
non-Indigenous Australians, Indigenous Australians are more likely to be diagnosed with
cancers that have poor prognosis (e.g. lung cancer 2.0 times as high; liver cancer 2.8 times;
cancer of unknown primary site 1.9 times; pancreatic cancer 1.4 times), 5,17 that are amenable
to early detection through cancer screening participation (e.g. cervical cancer 2.2 times), 7 or
that are largely preventable through reduced exposure to modifiable risk factors, such as risky
alcohol consumption (e.g. liver cancer), tobacco smoking (e.g. lung cancer; cervical cancer),
malnutrition and obesity (e.g. uterine cancer 1.7 times), and chronic infection (e.g. hepatitis B
for liver cancer; human papilloma virus for cervical cancers).5,17,23,46
Cancer incidence rates have been increasing over time for both Indigenous and nonIndigenous Australians, although at a faster rate for the Indigenous population (Figure 7).4

Figure 7: Age-standardised cancer incidence rate (per 100,000) for Indigenous Australians ()
and non-Indigenous Australians (), 1998-2013, for all cancers combined. (Sourced from AIHW
2018 web report4)

Chapter 1

19

1.2.3. Cancer mortality
While cancer remains the second leading cause of death for Indigenous Australians, there
have been vast improvements in cardiovascular disease mortality rates (the leading cause of
death), and it is expected that cancer will soon be the leading cause of death for this
population group,2 as has already been observed for the population as a whole.5,14 Indigenous
Australians are 1.4 times more likely to die from cancer than non-Indigenous Australians.4,5
In 2007-2011, the age-standardised cancer mortality rate was 252 per 100,000 for Indigenous
Australians and: 172 per 100,000 for non-Indigenous Australians.23 Indigenous Australians
diagnosed with cancer are more likely to die at a younger age than their non-Indigenous
Australian counterparts, partly due to younger age diagnosis and partly due to lower survival.
In 2007-2011, 29.2% of Indigenous people with cancer died before the age of 55 years
compared with 9.7% of non-Indigenous people.23
For Indigenous Australians, lung cancer, liver cancer, breast cancer, cancer of unknown
primary site, and colorectal cancer are the leading causes of cancer death. 23 Indigenous
Australians compared with non-Indigenous Australians are more likely to die from cervical
cancer (3.8 times as high), liver cancer (2.5 times), uterine cancer (1.6 times), cancer of
unknown primary site (1.6 times), and pancreatic cancer (1.3 times).23
As shown in Figure 8, the gap in the cancer mortality rate between Indigenous and nonIndigenous Australians is increasing over time, underpinned by an increasing mortality rate
for Indigenous Australians (13% increase between 1998 and 2016) and a declining mortality
rate for non-Indigenous Australians (14% decline between 1998 and 2016).2,4,5 While there
has been an increase in both cancer incidence and mortality rates for Indigenous Australians,
the rate of the increase in the mortality rate has not paralleled the more gradual rise in
incidence over time. This suggests that changes in cancer survival are underlying the
worsening mortality rates.
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Figure 8: Age-standardised cancer mortality rate (per 100,000) for Indigenous Australians ()
and non-Indigenous Australians (), 1998-2013, for all cancers combined. (Sourced from AIHW
2018 web report4)

1.2.4. Cancer survival
1.2.4.1.
Definitions and measurements of cancer survival
Cancer survival is the probability of surviving to (i.e. being alive) or, inversely, of failing (i.e.
dying) before a given point in time. There are three common used measures of cancer
survival: (1) observed survival from any cause of death (also referred to as crude survival);
(2) observed/crude probability of cancer or non-cancer death in the presence of competing
risks; and (3) net cancer survival which assumes a hypothetical scenario where a person can
only die from their cancer (Table 3).50
Net survival may be estimated using two methods. First, relative survival, which is the
comparison of the survival of cancer cohort to that of the general population and is expressed
as the ratio of the proportion of observed survivors in the cancer cohort to the proportion of
expected survivors in the comparable cancer-free or general population cohort. Second,
cause-specific survival is the percentage of people in the cancer cohort who did not die from
cancer (or a specific cancer). People in the cohort who die from other causes are not included
as survivors. This method relies on accurate assignation of cause of death data.51,52
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Table 3: Three measures of cancer survival
Measure

Definition

All-cause survival:

The probability of surviving all causes of death over a specified time

(also referred to as

period.23,51 This measure provides useful information for patients

observed, crude, or

and clinicians who may be less concerned about underlying causes

overall survival)

of death but require insight into the patient’s probability of being
alive at a specific point in time.

Crude probability of

This refers to the cumulative probability of dying of cancer in the

cancer death:

presence of other cases of death over a specific time period. 51,53,54

(the method is commonly

The non-cancer causes of death are referred to as competing risks.

referred to as competing-

This measure assesses the impact of a cancer diagnosis on an

risks survival analysis)

individual, taking into account their real world context in which they
are also at risk of dying from other causes. The US National Cancer
Institute refers to this measure as a patient prognosis statistic. 51

Net cancer-specific

This theoretical measure of survival assumes a hypothetical situation

survival:

whereby people can only die from the cancer of interest over a

(there are two broad

specific time period. This policy-based statistic is most appropriate

methods: relative survival

in aetiological studies or studies which aim to investigate associated

and cause-specific

factors of survival (or excess mortality).53 As this measure is not

survival)

influenced by changes in mortality from other causes, it can provide
a valuable measure for tracking survival across time and comparing
between groups or jurisdictions.51

Comparisons of survival between different cancer cohorts may be presented as the different
survival or fatality probabilities (%), or may be presented as a ratio of excess mortality. The
hazard ratio (HR) provides a measure of the excess mortality of a comparison group
compared to a reference group over a period of time. For competing risks survival, subdistribution hazard ratios (SHR) are used as a measure of excess mortality. Most research on
cancer survival for Indigenous Australians has utilised crude or cause-specific survival
measures as life tables have not always been available for Indigenous Australians, although
such population data is available in more recent years.4,23,52 Relative, cause-specific and
competing risks survival analysis methods yield similar results regarding the Indigenous:
non-Indigenous cancer survival disparity (Figure 9)52,54,55
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Figure 9: Five-year relative and cause-specific survival for all cancers combined, by
Indigenous status, Australia (excluding Victoria), 2001-2005.
(Sourced from Condon et al. 201452)

1.2.4.2.
Crude survival estimates for Indigenous Australians
In 1999-2007, the probability of being alive five years after a cancer diagnosis was 48% for
Indigenous Australians and 68% for non-Indigenous Australians, and this varied by cancer
type (Figure 10).23 Not only are Indigenous Australians diagnosed with cancer more likely to
die from cancer than non-Indigenous Australians, they are also more likely to die from causes
other than cancer.8,18 When taking competing risks into account, Indigenous Australians had a
greater risk of cancer death than non-Indigenous Australians, in South Australia (SA) (Subdistribution hazard ratio [SHR] 2.0, 95%CI 1.7-2.2)11 and NSW (SHR 1.5, 95%CI 1.4-1.6),9
and this varied by cancer type (Figure 11),9 and increased as socioeconomic disadvantage
increased.56

1.2.4.3.
Relative survival estimates for Indigenous Australians
One-year relative survival for people diagnosed with cancer during 2007-2014 was 69% for
Indigenous Australians and 81% for non-Indigenous Australians. Five-year relative survival
was 50% vs 65%; 15 year survival was 40% vs 53%; and 20-year survival was 37% and 47%,
respectively. Condon and colleagues (2014) showed the Indigenous: non-Indigenous hazard
ratio (excess cancer mortality) narrowed over survival time for cases diagnosed 2001-2005
(HR 1.9 at year one and 0.7 at year five) (Figure 12).52 Five-year survival was very low for
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both Indigenous and non-Indigenous people diagnosed with pancreatic cancer (11% and 8%,
respectively), lung cancer (9% and 17%), liver cancer (11% and 20%) and cancers of
unknown primary site (15% and 21%, respectively)

Figure 10: Five-year all-cause survival for Non-Indigenous and Indigenous Australians for all
cancers combined and select individual cancer types
(Adapted from AIHW & CA,2013.23)

Figure 11: Excess cancer mortality for Indigenous Australians compared with non-Indigenous
Australians in the presence of competing risks, NSW, Australia, 2000-2008.
(Adapted from Tervonen et al., 2017.9)

Figure12: Five-year excess mortality for Indigenous Australians compared to non-Indigenous
Australians diagnosed with cancer, 2001-2005, using relative survival methods.
(Adapted from Condon et al., 2014.52)
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1.2.4.4.
Cause-specific survival estimates for Indigenous Australians
A number of studies have investigated cause-specific survival differentials for Indigenous
Australians compared with non-Indigenous Australians for all cancers combined, either
nationally52 or for a single state/territory, such as Queensland8,57,58 and SA59 (Table 4).
Similar to the patterns observed for relative survival differentials, the survival disparity was
generally shown to be widest in the first years following diagnoses. 52,57,58 This pattern was
also observed when considering individual cancer types (Tables 5 and 6). Mortality was
particularly high, and the Indigenous: non-Indigenous excess greatest, for lung cancer,
pancreatic cancer, non-Hodgkin lymphoma, and cancers of unknown primary.12,52,59-61
There have been improvements in cause-specific mortality for Indigenous and nonIndigenous Australians over time,52,58 although cancer mortality is declining more rapidly for
the non-Indigenous cancer population.52 For both Indigenous and non-Indigenous
Australians, mortality increases as residential remoteness increases. While this association is
stronger for Indigenous Australians,16,52,57 the gap does not appear to statistically significantly
alter across levels of residential remoteness.16,57
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Queensland, matched
cohort study,2 1997-2002

SA, matched cohort
study,3 1977-2007

NSW, 1999-2007

Valery, 2006

Chong & Roder,
201059

Morrell, 201260

Adjusted for age at
diagnosis, sex, diagnostic
year, place of residence,
cancer site
Adjusted for age at
diagnosis, sex, place of
residence and diagnostic
period
Adjusted for age at
diagnosis, diagnostic
year, and cancer stage

Unadjusted

5-year

5-year

7-years

9-year

1.6 (1.5-1.7)

2.0 (1.8-2.2)

1.5 (1.3-1.7)

1.3 (1.2-1.5)

Survival estimates reduced from 60% in first year,
40% in fifth year and 33% in tenth year for Indigenous
Australians and 74% in first year, 57% in fifth year
and 51% in tenth year for non-Indigenous Australians
5-year survival was 53% for Indigenous cases and
65% for non-Indigenous cases

NB: (1) The least adjusted hazard ratio reported for each study is presented here; (2)All public hospital Indigenous cancer cases frequency-matched by age, sex, place of residence, and cancer type of a sample of
non-Indigenous cases; follow-up until December 2006; (3) All Indigenous cancer cases frequency matched by diagnosis year to a sample of non-Indigenous cases

Abbreviations: HR: hazard ratio; CI: confidence interval; SA: South Australia; NSW: New South Wales

Queensland, matched
cohort study,2 1998-2004

Moore, 20148

Table 4: Published population-based cause-specific excess mortality for Indigenous Australians compared with non-Indigenous Australians, all-cancers
combined.
Study
Jurisdiction, design &
Adjusted/
Measure
Excess Mortality
Comment
diagnosis years
Unadjusted1
HR (95%CI)
Condon, 201452
National , population
Adjusted age at
1-year
1.5 (1.4-1.6)
Per-year decrease in mortality:
registry cohort
diagnosis, sex, cancer
5-year
0.99 (0.8-1.2)
Indigenous: HR 0.99 (95% 0.98-1.00)
(excluding Victoria),
site, and interaction for
Non-Indigenous: 0.98 (95%CI 0.98-0.98)
1991-2005
Indigenous status and
place of residence
Cramb 201257
Queensland, population
Adjusted for age at
1-year
1.5 (1.4-1.6)
5-year survival significantly improved between 1997Baade, 201658
registry cohort,
diagnosis, cancer type
2-year
1.2 (1.0-1.4)
2006 and 2007-2012 for Indigenous cases (53% to
1997-2006 & 2007-2012
group, place of
3-year
1.0 (0.8-1.4)
59%) and non-Indigenous cases (61% to 65%)
Additional analysis
residence, area-level
4-year
1.2 (0.9-1.8)
from authors (Diaz,
socioeconomic status
5-year
0.5 (0.2-0.97)
2015)16
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NT, population cohort, 1991-2000

NSW, population cohort 1999-2007

Condon,
200512

Morrell,
201260

14%
50%
22%
56%
5%
68%
31%
27%
16%
9%
79%
51%
59%
49%
17%
4%
78%
91%

18%
61%
34%
63%

38%
91%
69%
5%
73%

9%
71%
49%
72%
12%
84%
55%
70%
65%
16%
88%
65%
74%
66%
30%
7%
88%
90%

13%
80%
56%
73%

36%
95%
77%
22%
90%

NB: (1) All Indigenous cancer cases frequency-matched by diagnosis year to non-Indigenous sample; (2)Adjusted for diagnosis age & cancer stage; (3) Adjusted for diagnosis age, year, and cancer stage.

5-year survival3

5-year survival2

10-year survival

5-year survival

Lung
Breast
Colorectal
Cervical
Lung
Breast
Colorectal
Cervical
Lung
Breast
Colorectal
Cervical
Non-Hodgkin lymphoma
Lung
Breast
Large bowel
Cervical
Head and Neck
Stomach
Pancreatic
Prostate
Melanoma

1-year survival

Lung
Breast
Colorectal
Unknown Primary
Cervical

Abbreviations: KM: Kaplan Meier; SA: South Australia; NT: Northern Territory; NSW: New South Wales

SA, matched cohort study,1 1977-2007

Chong &
Roder,
201059

Table 5: Published population-based cause-specific KM survival estimates for Indigenous and non-Indigenous Australians, individual cancer types
Study
Jurisdiction, design & diagnosis years
Cancer type
Measure
KM survival estimate
Indigenous
Non-Indigenous
Dasgupta, Queensland women 30-79 years at diagnosis, 1997Breast
2-year survival
92%
96%
201261
2006
5-year survival
78%
89%
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Lung
Breast
Large bowel
Cervix
Head and neck
Stomach
Pancreatic
Prostate
Melanoma
Breast cancer

NSW, registry, 1999-2007

WA, restricted registry
cohort,1982-2000.

Spilsbury,
200566

5-year

5-year

5-year
1.5 (1.3-1.7)
1.8 (1.4-2.4)
1.6 (1.4-2.0)
2.0 (1.3-3.0)
1.9 (1.5-2.5)
1.4 (1.0-1.8)
1.3 (1.0-1.7)
1.9 (1.4-2.6)
1.0 (0.5-1.8)
1.0 (0.6-1.7)

1.7 (1.2-2.3)

age, year, place of residence, hospital type, socioeconomic
status, surgical management, comorbidity, chemotherapy

age at diagnosis, diagnostic year, and cancer stage

unadjusted

NB: (1) The least adjusted results in the published reports are reported here; (2) All Indigenous cancer cases frequency-matched by age, sex, place of residence, and cancer type of a non-Indigenous sample.

Abbreviations: HR: hazard ratio; CI: confidence interval; NT: Northern Territory; NSW: New South Wales; WA: Western Australia

Breast

NSW, registry, 2001-2007

Supramaniam,
201465
Morrell, 201260

Table 6: Published population-based cause-specific excess mortality (HR; hazard ratio) for Indigenous compared with non-Indigenous Australians, individual
cancer types
Study
Cohort
Cancer type
Measure
HR (95%CI)1
Adjustment
Condon,
National (excluding Victoria), Lung
2-year
1.4 (1.2-1.7)
sex, age at diagnosis, place of residence, diagnostic year
201452
registry,1991-2005
Breast
1.7 (1.1-2.6)
Colorectal
1.4 (1.1-2.0)
Prostate
2.6 (3.2-9.9)
Moore, 201118
Queensland, matched cohort
Breast
9-year
1.9 (1.0-3.6)
unadjusted
Moore, 201662
study,2 1998-2004
Colorectal
1.0 (0.6-1.7)
Moore, 201663
Head and neck
2.2 (1.4-3.5)
Condon,
NT, registry cases, 1991Lung
5-year
1.4 (1.1-1.8)
age at diagnosis and stage of cancer
200512
2000
Breast
2.4 (1.1-5.2)
Colorectal
6.5 (3.7-11.3)
Cervical
3.0 (1.4-6.2)
Non-Hodgkin lymphoma
5.2 (2.2-11.9)
Weir, 201664
NSW, registry, 2001-2007
Colorectal
5-year
1.3 (1.1-1.6)
unadjusted

1.3. Supportive care needs after a cancer diagnosis
1.3.1. Definitions and assessment tools of supportive care needs
Supportive care is an important element of optimal cancer care through each stage of the
disease trajectory.67 Cancer and its treatment can cause or exacerbate physical disability,
psychological distress, and social problems.51,68 A patient’s survivorship can be negatively
impacted upon by these factors. They may lead to anxiety and depression, may adversely
influence treatment compliance, tolerance, and complication, and, through these
mechanisms, may impact on the patient’s overall prognosis.68,69
Supportive care is an umbrella term for the services and support that can be provided to
patients to help resolve a diverse range of needs.51 Supportive care needs (SCN) assessments
are a commonly used patient reported outcome measure (PROM) to evaluate the patient’s
quality of care and to assess the extent to which the availability and design of services and
allocation of resources impact on the various dimensions of a patient’s health and
wellbeing.67,70 They are also an important tool for improving patient-provider
communication and decision-making.71
There are multiple SCN assessment tools, some designed or adapted for specific cancer
types, prognosis groups (e.g. advanced-stage or incurable cancers), population groups, or
cancer trajectory phase (e.g. diagnosis, treatment, long-term survivorship).72-74 A 2007
review identified 15 different needs assessment tools designed for adult cancer patients, and
these covered a wide range of domains.75 Common domains in SCN assessments are:
psychological needs, health system and information needs, physical and daily living needs,
patient care and support needs, and sexuality.74
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1.3.2. Assessing the needs of Indigenous cancer patients
As outlined above, Indigenous Australians have a different epidemiology and experience of
cancer. They experience more late stage diagnosis and lower survival. They are more likely
to live remotely, have strong ties to family, community and culture, and have unique cultural
understandings of health and of cancer. Consequently, the lived experience of Indigenous
Australians with cancer is likely to vary from that of non-Indigenous Australians. Therefore,
the application of existing supportive care needs assessment tools that are developed and
validated for general cancer populations are unlikely to be appropriate for identifying and
prioritising the needs of Indigenous Australians living with cancer.
It is recognised that culturally relevant and validated tools are required to measure patient
reported outcomes in cancer for Indigenous Australians, including their unmet supportive
care needs.38 The Supportive Care Needs Assessment Tool of Indigenous Peoples (SCNATIP), a culturally-specific unmet needs assessment tool, was developed and validated in
Queensland.76 The development of this tool involved face-to-face interviews with Indigenous
cancer patients and five focus groups with Indigenous key informants to assess the face and
content validity, cultural acceptability, utility and relevance of an existing assessment tool,
the Supportive Care Needs Survey – Short Form 34.77 All items from the existing tool were
modified to use more appropriate language. Seven questions were removed as they were
considered to be culturally inappropriate or irrelevant, questions on sexual matters were
made optional, and 12 items were added.77 Given these extensive modifications and the
likelihood of a different factor structure, the tool was administered to 248 Indigenous cancer
patients who had been diagnosed in the previous 5 years in one Australian state
(Queensland) and a psychometric evaluation of the new tool was performed.76
The final version of the Supportive Care Needs Assessment Tool for Indigenous People
(SCNAT-IP) consisted of four supportive care needs domains: physical and psychological
(11 items), hospital care (4 items), information and communication (6 items), and practical
and cultural (5 items).76
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1.3.3. The unmet needs of Indigenous Australians living with cancer
Qualitative studies have identified barriers to access of cancer services for Indigenous
Australians, particularly for those in remote areas.16 The wellness of an Indigenous person is
inextricably tied to their land, language, community, relationships, and cultural lore and law.
Indigenous people, who more commonly live in regional and remote areas, often have to
leave their land, community and family to attend a major cancer treatment hospital in a
major city or regional hub.28,78 The logistics of arranging transport, accommodation, child
care, and leave from employment can delay or prevent treatment completion and cause
additional distress.43,79 Indigenous people with cancer may hold specific cultural beliefs
about how and why the cancer developed, what it means for the person’s future, and how it
is best treated.38,41,42,80
Once at the hospital, Indigenous people are required to navigate an English-speaking and
biomedical-dominated institution that has a history of explicit, and prevailing implicit,
racism towards Indigenous Australians. For Indigenous people with cancer, these personal
and collective experiences can lead to feelings of fear, disorientation, and isolation. 81 This
can hinder patient-doctor communication

82

and poor rapport, in turn, can lead to reduced

trust in the healthcare professional and the broader health care system and to negative cancer
care experiences.79 Support services, such as a chaperone, Indigenous health workers and
Aboriginal Liaison officers have been identified as enablers of positive care experiences.16,79
In Queensland, cancer care services are generally located in areas of relatively low
Indigenous population numbers, and in 2009, none of the available support services were
Indigenous specific and just over one in ten were deemed to be Indigenous-friendly.83
The development of the SCNAT-IP allowed for the first ever quantitative assessment of
patient-report met and unmet supportive care needs. Among the 248 Indigenous cancer
patients included in this study, unmet need was most frequently reported for physical and
psychological concerns, followed by and practical and cultural concerns. 76 The items most
frequently reported as requiring some or much more help, referred to as moderate-high
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unmet need, were: financial worry (21.8%), concerns about the worries of loved ones
(14.9%), worry about cancer spread (14.1%), feeling down or sad (12.5%), worry about
treatment results (11.7%), anxiety (11.7%), and work around the home (11.3%).76
Similar to what was found for Indigenous cancer patients in Queensland, unmet need was
most commonly reported for psychological items for the general Australian cancer
population. 84 The most frequently reported unmet need items have been reported to include:
fears about cancer spread; fears about recurrence; and concerns about loved ones.84

1.3.4. Supportive care needs at different stages of the cancer journey
The Queensland study investigated the unmet supportive care needs of Indigenous people
with cancer included people who had been diagnosed with cancer at any time in the previous
5 years. The sample size was small, mainly due to the relatively small population size, and
thus an in-depth investigation of he needs of patients at different phases of their cancer
journey was not possible. A small sub-sample (n=82) of the Queensland Indigenous cancer
patients who were diagnosed within the previous 3 months and who were followed-up at 6
months post baseline interview were included in a secondary analysis85 At baseline, patients’
standardised unmet need scores were greater for the physical and psychological and the
practical and cultural domain than for the information and communication and the hospital
needs domain. The domain scores significantly declined over time in all domains. At
diagnosis, 54% of the Indigenous cancer patients in the Queensland study reported at least
one moderate-high unmet need, which reduced to 34% by the 6-month follow-up.85
While there are few studies that have explored the unmet needs of newly diagnosed cancer
patients in the general Australian population,67 those that have focused on this sub-group
have found that unmet information needs are either as common or more common than
psychological needs. A Victorian study used SCN assessment to identify the needs of 236
newly diagnosed cancer patients; 98% of whom had been diagnosed in the previous 3
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months.

86

This study found information needs, such as information related to diagnostic

tests, treatments, and self-management, were more frequently reported as unmet than
psychological needs. Eight of the ten most frequently reported needs were related to
information provision.86 A sample of Australian women with ovarian cancer at 6-12 months
post diagnosis found both psychological and informational needs were commonly reported
as unmet.87 A Queensland study of 386 patients newly diagnosed with localised invasive
cutaneous melanoma, reported 46% had unmet needs, with seven of the ten most frequently
reported unmet needs items being related to need for more melanoma-specific information
(e.g. information about recurrence risk), and three being related to psychological concerns
(e.g. fears about cancer spread). 88 The needs of the melanoma patients peaked at diagnosis,
and again at recurrence but otherwise declined overtime.89 Likewise, the ovarian cancer
patients reported less unmet need over time.87

1.3.5. Best-practice guidelines and routine screening of unmet need
Supportive care is a core component of optimal cancer care.90 An Indigenous-specific
Optimal Cancer Care Pathway is due to launch in 2018.90 More information about the
supportive care needs of Indigenous cancer patients is required to inform the provision of
culturally-acceptable and person-centred cancer care for Indigenous Australians.
Specifically, there is a lack of information about what factors are associated with high levels
of unmet need for Indigenous Australians diagnosed with cancer and how the type of need
and the level of help required to resolve unmet need may vary over the cancer continuum.
Need assessments should be conducted routinely and systematically as a screening tool to
identify patients with unmet need and to ensure their timely referral to appropriate cancer
and other support services. For Indigenous people, a culturally relevant and validated tool,
such as the SCNAT-IP, should be used. There is currently a nation-wide implementation of
the SCNAT-IP into routine care. A pilot study revealed that both patients and clinicians
though that the tool was appropriate, useful and feasible to implement. 91 Through timely
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action to identified needs, Indigenous cancer patients may have less psychological distress
and have improved access to high-quality and culturally-acceptable cancer treatment. This in
turn, may reduce the cancer survival disparities experienced by Indigenous people with
cancer.

Chapter 1

34

1.4. Comorbidity
This section provides some theoretical context around the construct of comorbidity, such as
definitions, measurements, and plausible causal pathways through which comorbidity may
impact cancer outcomes.

1.4.1. Definitions of comorbidity
In 1970 and after observing that most patients in primary care live with multiple chronic
disease, Feinstein first coined the term comorbidity, and defined it as “any distinct
additional clinical entity that has existed or may occur during the clinical course of a patient
who has the index disease under study”.92 More recently, it has been that comorbidity is the
“norm rather than the exception” among cancer patients.93
Despite how common comorbidity is, clinical guidelines are typically based on trials that
have been conducted with relatively healthy people.94 The healthcare for cancer patients
living with other long-term conditions can be complicated and costly,94,95 and there is a lack
of evidence for the impact of comorbidity on the management and outcomes of cancer.
While there is growing interest in understanding the prognostic impact of comorbidity and
how it influences patients’ perception of their care, in reality the definitions and measures of
this construct have varied widely.94,96 The way comorbidity is defined will largely depend on
the “user”.97 Valderas and colleagues (2009) identified these as: (1) clinical care; (2)
epidemiology and public health; and (3) health service planning and financing.97 For
research purposes, the operational definition of comorbidity will be determined by the
research question.94 Deconstructing Feinstein’s original 1970 definition allows for the
construction of an operational definition, namely:94,97


“clinical entity” – this may refer to chronic somatic conditions, to psychological
conditions, or to both. While definitions typically refer specifically to chronic
disease, some may include aggressive acute diseases.
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“index disease of interest” – typically in cancer research this will refer to the cancer
being investigated, although it may also refer to the receipt/non-receipt of a
treatment, or the participation/non-participation in cancer screening.



“may occur during the clinical course of a patient” – this may include comorbid
conditions that are diagnosed before, during, and after the cancer diagnosis, or may
refer to conditions diagnosed or identified in a specific point in time (e.g. conditions
identified in healthcare records within two-years prior to and including the cancer
diagnosis).

1.4.2. Related constructs of comorbidity
1.4.2.1.
Multimorbidity
The most closely related construct is multimorbidity, and is often used interchangeably with
comorbidity. Multimorbidity (also referred to as polypathology, polymorbidity, or
pluralpathology) refers the presence of two or more conditions without an index disease or
condition of interest.93,97 The difference between these two definitions is subtle, yet
important. Valderas, Mercer and Fortin (2011) argue that the comorbidity construct has
limited use in healthcare and research, given its focus is on disease outcomes rather than
patient outcomes.94 For this reason, researchers in primary care, where general practitioners
are responsible for a patient’s total health state, have readily adopted a focus on
multimorbidity.93,94,98,99 In the tertiary setting, identifying comorbidity and addressing patient
complexity offers a way to improve both disease and patient outcomes.93,94,100
1.4.2.2.
Functional status
Functional status refers to a person’s ability to carry out tasks required of normal daily
living, to maintain independence and meet their physical, cognitive and social needs. 101 A
person’s functional status is influenced by the chronic disease they may have, but it is not a
measure of comorbidity.93
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1.4.2.3.
Disability
Disability is closely related to, and can be caused by, functional status impairment.93 It refers
to a person’s difficulty or limitation in carrying out social roles and tasks within their social
and physical environments required to maintain independence. Disability is both a medical
and social entity.102
Frailty
1.4.2.4.
Frailty has been previously defined as, “a functional and biological pattern of decline
accumulating across multiple physiological systems, resulting in a decreased capacity to
respond to additional stressors”.103 Weakness is a common characteristic of frailty, along
with reduced endurance and performance.93 Like comorbidity, frailty is strongly correlated
with older age. Comorbidity can cause frailty, and frailty can cause disability. 102 Frailty,
disability, poor self-reported health, and comorbidity commonly co-exist in the elderly. In a
study of 121 elderly Chinese people, 14 percent were found to have all four present; and
almost 25 percent had at least three of these present.104
1.4.2.5.
Health status
Self-reported health status is a commonly used proxy measure of burden of disease.105 It is a
broadly defined construct that requires patients to judge their own health in terms of
physical, emotional and social aspects of health. While this measure is convenient and lowcost, the validity of using this measure, particularly in disadvantaged populations, is
questionable.105
1.4.2.6.
Total morbidity burden
Total morbidity burden (or burden of disease) is a construct that includes multimorbidity and
functional status (Figure 13).93,97
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Figure 13: Comorbidity and its relationship to similar constructs
94

(Adapted from Valderas, Mercer & Fortin (2011), and cited in Sarfati and Gurney (2016) 93)

1.4.2.7.
Patient, system, and healthcare complexity
Patient complexity is a construct that includes “all determinants of health at an individual
level”.93 How these factors interact determine whether the patient presents as a complex
patient or not. In addition to the biomedical influences of health, such as comorbidity,
functional status, and frailty, this construct encompasses the patient’s socioeconomic,
environmental, social and other factors that can impact a person’s wellbeing.93
Health care complexity is a more recently recognised construct and comprises of three tiers
of complexity (Figure 14).106 The first two are what make up patient complexity: biomedical
and situational (social, economic, environmental and other) complexity.

Patients, with

complex and non-complex needs, interact with the healthcare system, which can introduce
further complexity. This may include: unsupportive policy, provider incompetency, narrow
patient engagement, and fragmentation of service through a dominance of the single-disease
model of healthcare.106
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Figure 14: Healthcare complexity: a model of the interplay between patient medical and
situation complexity and healthcare system complexity.
(Sourced from Kuipers et al., 2011 106)

1.4.3. The theoretical relationship between comorbidity and cancer
Comorbidity clusters may be observed due to selection bias (an artefact of study design
rather than a true cluster), by chance, or through common etiological pathways (chronic
diseases occur within specific genetic, biological, political and policy contexts). 97 Sarfati and
Gurney (2016) outline plausible reasons underlying true co-existence of cancer and
comorbidity:93


Multimorbidity is common in the general population and the same patterns of
disease may underlie the cancer and non-cancer populations.



Many chronic diseases, including cancer, share risk factors. Comorbidity may be
more likely to co-occur for conditions with common risks (e.g. smoking, poor diet).
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Comorbidity may directly alter the risk of cancer through physiological mechanisms.
Chronic infections and disease (e.g. diabetes) which lower the immune system’s
response may cause a person to be at increased vulnerability to cancer; e.g. (1)
hepatitis B is associated with higher risk of chronic liver disease and chronic liver
disease is associated with higher risk of liver cancer; (2) potentially through
hyperinsulinemia, diabetes is associated with higher risk of pancreatic, colorectal,
liver, and endometrial cancers; (3) possibly through obesity and/or hormonal
changes, diabetes is associated with lower risk of lung and prostate cancer and
Hodgkin’s lymphoma.



Medications and treatments for chronic disease may alter the risk of cancer.



Cancer medications or treatment may alter the risk of other chronic diseases.

These mechanisms can be grouped into four models of “genuine etiological association”:
direct causation (i.e. comorbidity may cause cancer); associated risk factors (i.e. cancer and
comorbidity share correlated risk factors); heterogeneity (i.e. cancer and comorbidity may
share uncorrelated risk factors); and independence (i.e. the co-existence of cancer and
comorbidity is due to their shared association with a third disease).97 These four models are
graphically depicted in Figure 15.
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Figure 15: Valderas et al. (2009) etiological models of comorbid diseases
(Adapted from Valderas et al, 2009. 97)
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Comorbidity could plausibly exert a positive and/or negative effect on cancer diagnosis,
treatment and survival.97,107 This may occur directly through physiological pathways or could
be through delayed diagnosis and more advanced disease, reduced treatment options, and
increased risk of treatment complications (Figure 16).107

Figure 16: Conceptual model of the relationship between comorbidity and cancer survival
(Adapted from Fleming et al., 2016. 107)

Fleming and colleagues (2016) hypothesise on mechanisms through which comorbidity may
influence the stage of cancer at diagnosis:107,108


The competing demands hypothesis: A patient with comorbidity and their clinician
may be ‘distracted’ by the patient’s additional comorbidity and cancer screening and
symptomatic diagnosis may be less likely to occur, leading to more advanced stage
cancers.



The pathological hypothesis: certain comorbid conditions (or the treatments of
comorbid conditions) may physiologically interact with and accelerate the growth of
a cancer tumour.
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The surveillance hypothesis: comorbidity may result in a patient having greater
interaction with the healthcare system, which may lead to early-stage diagnosis and
greater adherence to optimal treatment protocols.



The death from other causes hypothesis: where serious comorbidity may have
resulted in a short life expectancy, cancer screening, diagnostic investigations, or
optimal cancer treatment may deliberately not be offered by health professionals or
taken up by patients.

These mechanisms may operate simultaneously and variably, depending on the type of
comorbid condition, type of cancer the person has, and context in which they co-occur (e.g.
health services, health insurance, and healthcare system).107,109,110

1.4.4. The measurement of comorbidity
In a 2012 review of comorbidity measures in cancer epidemiological studies, Sarfati
identified 21 separate approaches,111 which can be broadly classified into three broad types:
case-mix adjustment models, comorbidity indices, and separate consideration of individual
conditions.93,111
1.4.4.1.
Case-mix adjustment approach
Sarfati (2012) argues that the case-mix approach is not a measure of comorbidity, although it
is a very closely related construct that has been commonly used as a proxy measure. 111 For a
case-mix approach, administrative data on patients’ diagnoses, symptoms, and service usage
is used, along with patient information, such as age and sex, to classify patients according to
their health resource usage and allocation.93,111,112 These categories, or clusters, of patients
are then compared with the aim of planning for healthcare costs and provision, rather than
comparing individual patients’ prognoses.93,111,113 Three case-mix adjustment measures,
which have been used as a proxy for comorbidity, include the Diagnostic Cost Group, the
Adjusted Clinical Group, and the Chronic Disease Score measures.111
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1.4.4.2.
Summarising total comorbidity burden using indices
Comorbidity indices fell into three broad approaches:111


The organ or system-based approach scores the level of dysfunction on each body
system. Some measures also sum the scores across body systems to give an overall
measure of patient comorbidity.



The unweighted index approach (simple count) involves calculating the total number
of additional chronic diseases present within an individual with cancer, typically
from a predefined list of selected conditions.



The weighted index approach involves the application of a weight to each included
condition to adjust for its prognostic impact. Published weights, such as the Charlson
Comorbidity Index (Charlson score), may be used or researchers may derive studyspecific weights directly from the population data they are analysing.

The type and number of conditions included in each index measure varied.111,114 While the
majority of these tools were not initially developed as a comorbidity index for cancer
epidemiological studies, several were developed specifically for cancer, such as for breast
cancer,115 prostate cancer,116 head and neck cancer,117 and cancer in general.118
While there is no gold-standard tool for measuring comorbidity in cancer epidemiological
studies,111 the two most common indices used have been the Charlson comorbidity score and
the Elixhauser measure.111,114 More recently, Sarfati and colleagues developed a cancerspecific tool, the “C3 index”, which was found to out-perform the Charlson score for some
cancer types, but not for other cancers, including gynaecological cancers. 118 Most recently, a
comorbidity index for cancer epidemiological research has been developed for use with
pharmaceutical data.119 For risk-adjustment purposes, the pharmaceutical comorbidity index
and hospitalisation-based Charlson comorbidity index performed similarly and both are valid
measures to use for measuring comorbidity in people with cancer.
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The Charlson Comorbidity Index
The Charlson score was originally developed in 1987 to develop a ‘prognostic taxonomy’ for
comorbidities, using clinical data derived from the medical charts of 608 general medical
patients in the United States of America (US).114,120 This measure originally included 19
conditions, across 17 categories. Commonly, only the 17 broad categories are used (Table
7).114 Based on the relative risk of death estimated from the data of the original cohort of
general medical patients, the Charlson conditions were assigned prognostic weights, with a
weight of one indicating low prognostic impact and a weight of six (maximum) indicating a
high prognostic impact.111,120 The minimum possible Charlson score is zero (no comorbidity)
and the maximum is 33.111,120 The measure has since been adapted and validated for other
populations and for patient self-report and administrative data collections.114,121 While the
Charlson score was not originally developed for investigating the impact of comorbidity on
cancer mortality, it has since been used widely in cancer epidemiological research.114

Table 7: The Charlson comorbidity index (condition type and weight) 120,121
Comorbid Condition

Weight

Myocardial Infarction

1

Congestive heart failure

1

Peripheral vascular disease

1

Cerebrovascular disease

1

Dementia

1

Chronic respiratory disease

1

Connective tissue disease

1

Peptic ulcer disease

1

Diabetes mellitus (without end-stage organ failure)

1

Mild liver disease

1

Diabetes mellitus (with end-stage organ failure)

2

Moderate-severe kidney disease

2

Hemiplegia/Paraplegia

2

Cancer (including leukaemia, lymphoma; excluding metastatic cancer)

2

Moderate-severe liver disease

3

Metastatic cancer

6

AIDS/HIV

6
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The Elixhauser tool
The Elixhauser measure was not originally intended to be used as a summary measure, rather
it was an identification of 30 (now 31) conditions considered important for patient mortality,
and was developed specifically to measure comorbidity using administrative data collections
(Table 8).111,114,121,122

However, it has been widely used as an unweighted index to

summarise total patient comorbidity,114 and more recently as adapted by van Walraven and
colleagues (2009) into a weighted index.123 Coding algorithms have been published to code
international classification of disease (ICD) codes, commonly referred to as diagnoses codes,
contained within certain administrative data collections, such as hospital inpatient data.121

Table 8: The 31 conditions included in the Elixhauser comorbidity score121,122
Congestive heart failure

AIDS/HIV

Cardiac arrhythmias

Lymphoma

Valvular disease

Metastatic cancer

Pulmonary circulation disorders

Solid tumour without metastasis

Peripheral vascular disorders

Rheumatoid arthritis/collagen vascular diseases

Hypertension, uncomplicated

Coagulopathy

Hypertension, complicated

Obesity

Paralysis

Weight loss

Other neurological disorders

Fluid and electrolyte disorders

Chronic pulmonary disease

Blood loss anaemia

Diabetes, uncomplicated

Deficiency anaemia

Diabetes, complicated

Alcohol abuse

Hypothyroidism

Drug abuse

Renal disease

Psychoses

Liver disease

Depression

Peptic ulcer disease (excessive bleeding)

1.4.4.3.
Individual comorbid conditions
While it is important to understand how patients’ total comorbidity contributes to cancer
outcomes, it is also important to understand the relationship between individual conditions
and the outcome under study. Different conditions are likely to have varied associations
with the cancer outcome,109 and the impact of the condition is also likely to depend on the
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index cancer type.107 It is not uncommon for researchers to investigate the impact of
comorbidity as a global measure, as well as investigate the impact of individual conditions
on the cancer outcome being considered. Diabetes is the most common individual condition
to be investigated for its impact on cancer outcomes.114
The choice of comorbidity measure depends on the study question, the role of comorbidity in
the study (primary exposure or confounding factor), and practical considerations (e.g.
availability of data).114

1.4.5. Measuring comorbidity for cancer cohorts in Australia
The 2014-2015 Australian National Health Survey asked respondents about a list of eight
selected conditions, including cancer. While only 1.6% of the nationally representative
cohort reported having cancer, over 80% of these respondents reported having at least one
additional chronic disease (from the list of eight) (Figure 17).14 More than half of the people
with cancer in Australia (51%) are also living with a cardiovascular disease; a deadly
combination given these are the two leading causes of death in this country.14 The Australian
Bureau of Statistics National Health Survey 2011-2012 results suggest that Australians with
cancer are more commonly diagnosed with a large number of chronic conditions compared
to cancer-free Australians, including (and not limited to) circulatory system diseases,
endocrine, nutritional and metabolic diseases, respiratory system diseases and digestive
system diseases.124
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Figure 17: Proportion of patients of selected chronic conditions that have additional chronic
disease, 2014-15
(Sourced from AIHW, 2016.14)

Comorbidity is increasingly being measured as an important patient-level factor in studies
investigating outcomes for Australians diagnosed with cancer (Table 9). Population-based
studies typically link cancer registry cases to administrative datasets, such as hospital
admissions data, to ascertain patient comorbidity at the time of cancer diagnosis.64-66,125-130
Review of medical charts131,132 and interview of the treating physician125 have also been used
to gather comorbidity information at the population level.
The Charlson score is the most common measure used to calculate patients’ total
comorbidity, although one Australian study has previously used a lung cancer-specific
index.133,134 For some studies, only the prevalence of each condition has been reported 64,126
and for other studies the overall level of comorbidity has been reported.128,129,131,133 From the
studies that used the Charlson score, the prevalence of any comorbidity ranged from 16% in
a breast cancer cohort65 to 36% in a prostate cancer cohort.127 The accuracy and
completeness of the reporting of diagnostic codes in hospital admissions records may have
changed over time. Lung cancer cases diagnosed in NSW during February 2000 to January
2001 had less chronic pulmonary disease (19%)125 than what was identified for NSW cases
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diagnosed 2001-2007 (27%).126 In WA, 27% of breast cancer patients diagnosed in 19822000 had a comorbidity score of at least one,128 yet in NSW only 16% of breast cancer
patients diagnosed in 2001-2007 had a comorbidity score of at least one.65
A NSW study of lung cancer patients, diagnosed during February 2000 to January 2001,
compared comorbidity ascertained from hospital inpatient data to that derived from surveys
of the treating physicians.125 More comorbidity was identified through physicians’ reports
than through the diagnostic codes contained in the hospital inpatient data collection for:
chronic pulmonary disease (38% vs 19%), heart disease (23% vs 9%), and other conditions
(53% vs 30%), but the two data sources identified a similar proportion of comorbid diabetes
(10% for both).125
It appears that the prevalence of individual comorbid conditions depends, at least to some
degree, on the index cancer (Table 9). In NSW, cancer cases registered in 2001-2007 were
linked to hospital inpatient data to ascertain the Charlson comorbidity score.64,65,126,127
Overall, lung cancer patients had a higher prevalence of heart disease (20%), chronic
pulmonary disease (27%) and renal disease (12%) than those diagnosed with colorectal
cancer (15%, 8%, 4% respectively), prostate cancer (9%, 5%, 3%) and breast cancer (8%,
4%, renal disease not reported). A similar proportion of lung cancer and colorectal cancer
patients had comorbid diabetes (14% and 15%, respectively), more than what was identified
for prostate (10%) and breast cancer (8%) patients.
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Australia,
population registry
cohort

NSW, population
registry cohort

NSW, population
registry cohort

NSW, population
registry cohort

Anuradha, 2014131

Weir, 201664

Goldsbury,
2012125

Gibberd, 2016126

Study

Jurisdiction,
population

Non-small cell lung
cancer (NSCLC),
2001-2007

Lung
Feb 2000-Jan 2001

Colorectal
2001-2007

Invasive epithelial
ovarian cancer, 2005

Cancer Type,
diagnostic years

Hospital inpatients
data, ICD codes

Hospital inpatients
data, ICD codes

Physicians report

Hospital inpatients
data, ICD codes

Medical records

Data Source

Charlson

Charlson

Charlson

Charlson

Measure

Table 9: Prevalence of comorbidity in population-based cancer cohorts in Australia

Diabetes
Heart Disease
Chronic pulmonary disease
Renal disease
Other

Chronic pulmonary disease
Diabetes
Heart disease
At least one condition

Chronic pulmonary disease
Diabetes
Heart disease
At least one condition

Diabetes
Heart disease
Chronic pulmonary disease
Renal disease
Liver disease
Other conditions

Score 0
Score 1
Score 2
Score 3+
Missing

Condition/score

Comorbidity

14%
20%
27%
5%
12%

19%
10%
9%
30%

38%
10%
23%
53%

15%
15%
8%
4%
3%
9%

70%
8%
9%
5%
7%

Prevalence
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NSW, population
registry cohort

NSW, population
registry cohort

WA, population
registry cohort

Vic, population
registry cohort

SA, population
registry cohort

Supramaniam,
201665

Rodger, 2015127

Hall, 2004128
Spilsbury, 200566

Mitchell, 2013133
Ball, 2013134

Beckmann,
2017129

Colorectal cancer,
2003-2008

Lung cancer,
Jan-Jun 2003

Breast cancer, 19822000

Prostate cancer, 20012007

Breast cancer, 20012007

Hospital inpatients
data, ICD codes

Unclear

Hospital inpatients
data, ICD codes

Hospital inpatients
data, ICD codes

Hospital inpatients
data, ICD codes

Charlson

Colinet
simplified
score,
specific for
NSCLC

Charlson

Charlson

Charlson

Score 0
Score 1
Score 2+

Score 0-2
Score 3-5
Score 6-8
Score 9-11
Score 12-14
Score 15+
Diabetes
Heart disease
Chronic pulmonary disease
Renal disease
Alcoholism

Score 0
Score 1-2
Score 3+

Score 0
Missing
Diabetes
Heart disease
Chronic pulmonary disease
Renal disease
Other conditions

Score 0
Diabetes
Heart disease
Chronic pulmonary disease
Other condition

Table 10: Prevalence of comorbidity in population-based cancer cohorts in Australia (continued…)
Study
Population
Cancer, years
Data Source
Measure
Condition/score

70%
18%
13%

9%
1%
53%
25%
10%
2%
12%
53%
36%
5%
6%

73%
6%
21%

64%
14%
10%
9%
5%
3%
5%

84%
8%
4%
4%
4%

Prevalence
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QLD and NSW,
population registry
cohort

Burmeister, 2016

Non-metastatic
pancreatic cancer,
July2009-June2010

Bladder cancer,
2001-2009
Medical records

Hospital inpatients
data, ICD codes
Charlson

Charlson

Score 0
Score 1
Score 2+

Score 0
Score 1
Score 2+
44%
31%
25%

59%
16%
25%

Prevalence

Abbreviations: NSW: New South Wales; WA: Western Australia; SA: South Australia; NSCLC: Non-small cell lung cancer; ICD: International classification of disease

NSW, population
registry cohort

Patel, 2015130

Table 10: Prevalence of comorbidity in population-based cancer cohorts in Australia (continued…)
Study
Population
Cancer, years
Data Source
Measure
Condition/score

1.5. Comorbidity and cancer for Indigenous Australians
Indigenous cancer patients tend to have more comorbidity than non-Indigenous cancer cases
(Table 10). In the Queensland Indigenous Cancer Study (QICS), Moore and colleagues
observed this pattern for all cancers combined8 and breast cancer,62 but the greater proportion
of comorbidity among Indigenous colorectal cancer patients compared to non-Indigenous
patients was not significant.63 Indigenous and non-Indigenous head and neck cancer patients
had similar proportions of comorbidity.18 This study included all Indigenous cancer patients
in the public health system during the study period (1998-2004), which has been estimated to
include about 96% of the Indigenous cancer population.10 The non-Indigenous sample were
randomly selected from all non-Indigenous cancer patients diagnosed or treated through the
public health system and were frequency-matched to the Indigenous cohort on age at
diagnosis, diagnostic year, place of residence (remoteness), and cancer type.8 The NSW
studies, which recruited all registered breast, colorectal, lung and prostate cancer cases
during 2001-2007, also found that Indigenous cases generally had more comorbidity than
non-Indigenous cases (Table 10).64,65,126,127
The QICS study, comorbidity information from extracted from patients’ medical charts
through the manual review by trained research assistants. In contrast, the NSW study linked
cancer registry cases to the administrative hospital admissions data to ascertain information
on prior diagnoses. Hospital admissions data contains a record for each patient admission.
The admission record captures information on the primary diagnosis for which the patient is
admitted, as well as other diagnoses that are considered clinically important for the patient,
specifically conditions that may affect treatment or prognosis. While the Queensland and
NSW studies are not directly comparable, medical chart review appears to elicit more
information on comorbidities among breast cancer patients than what is obtained in the
administrative hospital inpatient data collection.62,65 This was less clear for colorectal
cancer63,64 (Table 10).
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Qld; frequencymatched cohort study.
1997-2002 (matched
as per study described
above)
Valery, 200610

Moore, 20148
Moore, 201662
Moore, 201663
Moore, 201118

Indigenous cancer
cases diagnosed in
1998-2004 in public
hospital system and
random sample of
non-Indigenous cases
(matched on age,
diagnostic year, place
of residence, and
cancer type):

Qld; frequencymatched cohort study.

815 Indigenous
cases; 810 nonIndigenous
cases

All cancers
combined

Head and
Neck

Colorectal

80 Indigenous
cases, 85 nonIndigenous
cases

67 Indigenous
cases, 62 nonIndigenous
cases

Breast

All cancers
combined

110 Indigenous
cases, 105 nonIndigenous
cases

956 Indigenous
cases, 869 nonIndigenous
cases

Score 0
Score 1
Score 2+
Diabetes
Hypertension
Circulatory disease
Score 0
Score 1
Score 2
Score 3+
Chronic pulmonary disease
Acute coronary conditions

Score 0
Score 1
Score 2+
Diabetes
Heart disease
Renal disease

Score 0
Score 1
Score 2+
Diabetes
Circulatory disease

Score 0
Score 1
Score 2+
Diabetes

Medical charts

Medical Charts

Medical Charts

Medical Charts

Medical Charts

63%
24%
13%
12%
18%
9%
63%
21%
12%
4%
16%
9%

55%
26%
19%
29%
7%
6%

59%
26%
16%
26%
23%

50%
27%
23%
30%

68%
13%
20%
3%
24%
18%
72%
21%
5%
1%
12%
5%

72%
19%
9%
13%
3%
0%

82%
9%
9%
11%
8%

69%
16%
14%
10%

0.09
0.39
0.19
NR

0.30

<0.05
0.31
<0.05

0.06

<0.05
<0.05

<0.05

<0.05

<0.05

Table 10: Comorbidity prevalence, using the Charlson comorbidity index, for Indigenous and non-Indigenous Australian cancer populations
Study design
Population
Cancer
Comorbidity Prevalence
Score/Condition
Data Source
P1
Non-Indigenous
Type
Indigenous
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NB:

1.

Prostate

259 Indigenous
cases, 34,955 nonIndigenous cases

Score 0
Diabetes
Heart disease
Chronic pulmonary disease
Renal disease
Other

Diabetes
Heart disease
Chronic pulmonary disease
Renal disease
Other

Hospital Inpatient
Data Collection,
ICD codes

Hospital Inpatient
Data Collection,
ICD codes

58%
18%
15%
5%
3%
5%

20%
26%
40%
5%
13%

74%
10%
9%
12%
6%
7%

15%
21%
29%
7%
12%

<0.05
<0.05
<0.05
<0.05
<0.05
0.06

<0.05
0.06
<0.05
0.07
0.63

<0.05
0.07
<0.05
0.52
0.88
0.16

<0.05
<0.05
<0.05
<0.05
0.66

P1

Pearson Chi-squared tests used to test difference in proportions of Indigenous and non-Indigenous cancer patients with comorbidity. In QLD, this relates to differences in comorbidity
ascertained from medical chart review and in NSW this relates to differences in comorbidity ascertained from hospital inpatients data. In NSW, medical chart review was only used to collect data
on a sample of Indigenous patients and therefore Indigenous: non-Indigenous comparisons in comorbidity using this data source could not be tested.

Lung

341 Indigenous
cases, 19,813 nonIndigenous cases

Table 11: Comorbidity prevalence in Indigenous and non-Indigenous Australian cancer populations (continued…)
Cancer
Data
Comorbidity prevalence
Type
Study Design
Population
Score/Condition
Source
Indigenous
Non-Indigenous
Valery, 2006 (cont..)
Diabetes
17%
6%
Chronic renal disease
4%
1%
Hypertension
12%
9%
NSW; population288 Indigenous
Breast
Score 0
Hospital Inpatient
70%
84%
based cancer registry
cases, 27,562 nonData Collection,
Diabetes
18%
8%
study
Indigenous cases
ICD codes
Heart disease
7%
4%
Chronic pulmonary disease
10%
4%
All cancer cases
Other
5%
4%
diagnosed 2001-2007
278 Indigenous
Colorectal Diabetes
Hospital Inpatient
21%
15%
Supramaniam, 201465
cases, 29,499 nonData Collection,
Heart
disease
19%
15%
Weir, 201664
Indigenous cases
ICD codes
Chronic
pulmonary
disease
12%
8%
Gibberd, 2016126
Renal
disease
4%
5%
Rodger, 2015127
Liver disease
3%
3%
Other
9%
6%

1.5.1. Comorbidity and cancer survival for Indigenous Australians
There is little known regarding whether, and the degree to which, comorbidity may
contribute lower cancer survival among Indigenous Australians with cancer.
A number of studies which have investigated cancer mortality for Indigenous and nonIndigenous Australians have reported on the prevalence of comorbidity among the cancer
cohorts and have included comorbidity in multivariable analyses for risk adjustment, but
have not specifically investigated the relationship between comorbidity and cancer survival
and mortality and the Indigenous:non-Indigenous disparity.8,63,64,127 In three studies,
multivariable models, with and without comorbidity, were compared to assess the
independent contribution of comorbidity to the Indigenous: non-Indigenous hazard
ratio.18,62,65 In each of these three studies, the Indigenous: non-Indigenous hazard ratio was
only minimally reduced when comorbidity was added to the model (Table 11).
There is no evidence whether comorbidity impacts upon cancer survival within the
Indigenous population and whether there is a differential relationship between comorbidity
and cancer survival for Indigenous and non-Indigenous Australians.

Table 11: Published Indigenous: non-Indigenous cause-specific hazard ratios (HR)
from multivariable models with and without comorbidity
Indigenous: non-Indigenous
HR (95%CI)
Previous
Study
Population
adjustment factors
Without
With
comorbidity comorbidity
Moore, 201118

Moore, 201662

Supramaniam,
201465

QLD, frequencymatched cohort,
1998-2006, head and
neck cancer

Cancer stage, arealevel socioeconomic
status

QLD, frequencymatched cohort,
1998-2006, breast
cancer

Cancer stage

NSW, populationbased, 2001-2007,
breast cancer

Age at diagnosis,
diagnostic year, cancer
stage, surgery receipt
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2.4 (1.5-3.9)

2.4 (1.4-3.8)

1.6 (0.9-3.1)

1.5 (0.8-3.0)

1.4 (1.0-1.9)

1.3 (1.0-1.8)
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1.5.1.1.
Evidence from the broader Australian population
There is very little Australian evidence regarding the impact of comorbidity on cancer
survival. For Australian women diagnosed with invasive epithelial ovarian cancer, having a
Charlson comorbidity score of 3 or more was associated with greater crude 5-year survival
(HR 1.5, 95%CI 1.1-2.1).131 For NSW men and women diagnosed with bladder cancer in
2001-2009, all-cause and cause-specific mortality increased as comorbidity increased.130
Compared to those without comorbidity, bladder cancer cases with a comorbidity score of 1
had significantly higher mortality (HR 1.4, 95%CI 1.2-1.7), and those with a comorbidity
score of two or more had a two-fold risk of dying in the five years following diagnosis (HR
2.2, 95%CI 1.9-2.4).130 Similarly, comorbidity was associated with increased all-cause
mortality among Qld and NSW people with non-metastatic pancreatic cancer.132 This study
found that comorbidity and older age explained 88% of cases that were identified as
potentially resectable but did not proceed to surgery, and in turn, attempted resection surgery
was associated with significantly lower mortality compared to cases where resection was not
attempted (HR 0.4, 95%CI 0.3-0.4).132
A WA study of 11,455 women with breast cancer who had received surgical treatment for
their cancer within the first 12 months of diagnosis, found that, when adjusted for other
important covariates, women with comorbidity had significantly higher five-year mortality
than those without comorbidity, when considering both all-cause mortality (HR 1.7, 95%CI
1.5-1.8) and cause-specific mortality (HR 1.8, 95%CI 1.7-2.1).66 This suggests that even
when surgical treatment could be offered to patients and undertaken by patients, comorbidity
is associated with survival differentials.
Not all comorbid conditions may have the same relationship with cancer survival. In NSW,
lung cancer patients with comorbid chronic pulmonary disease had a higher risk of death
compared to those without chronic pulmonary disease (HR 1.2, 95%CI 1.1-1.2), but those
with diabetes, cardiovascular disease or renal disease did not have significantly higher
mortality compared to those lung cancer patients without these comorbid conditions.126
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1.5.1.2.
Evidence from Indigenous populations internationally
A recent review identified 83 population-based or multicentre studies from Australia, New
Zealand (NZ), Canada and the United States of America (USA) which examined cancer
survival for the Indigenous population of the respective country.135 Of these, 61 were
conducted outside of Australia and relatively few measured comorbidity as a covariate
(n=10). Most of these ten measured comorbidity for risk adjustment and did not investigate
the contribution of comorbidity to Indigenous: non-Indigenous disparities in cancer
survival.135
In NZ, Māori had higher cause-specific mortality compared with non-Māori, for breast
cancer,136,137 colon cancer,138 cervical cancer,139,140 stomach and liver cancer.141,142 For
stomach and liver cancer cases, comorbidity was associated with increasing mortality
overall, and adjustment for comorbidity in multivariable analysis resulted in a minimal
reduction of the Māori: non-Māori cause-specific mortality differential.142 Similarly,
comorbidity was shown to modestly reduce the cause-specific hazard ratio for Māori women
with breast cancer compared to their non-Māori counterparts.137 It has been estimated that
patient factors, such as comorbidity, obesity and smoking status explain fifteen percent of the
breast cancer survival disparity between these two groups of women. 136 Among NZ women
with cervical cancer, Māori and Pacific women had higher cause-specific mortality than
other NZ women.139 Among this cohort, increasing comorbidity score was associated with
increasing cause-specific, non-cancer, and all-cause mortality. However, the cancer score
only moderately explained the excess mortality of Māori and Pacific women compared to
other NZ women. However, adjustment for individual comorbid conditions reduced the
hazard ratios further.139 Mediation analysis demonstrated that comorbidity burden and cancer
stage at diagnosis explained 70% of the Māori: non-Māori survival differential.140
Among Canadian women with breast cancer, the higher all-cause mortality of First Nations
women compared with other Canadian women was restricted to those with stage I breast
cancer.143 While comorbidity was also found to be associated with higher mortality, this
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study did not investigate whether, and to what degree, comorbidity may explain Indigenous
cancer survival disparities.
In the United States, Native Americans did not have higher all-cause mortality compared to
other Americans for breast cancer, lung cancer, and head and neck cancers. 110,144,145 While
Native Americans with breast cancer have more comorbidity than other Americans, 144 there
is no evidence for how this may impact upon their all-cause or cause-specific mortality.
A number of studies from the USA have investigated whether comorbidity explains
differences in all-cause and cause-specific cancer survival for other ethnic minorities, for
breast cancer,146,147 endometrial cancer,148-150 colon cancer151,152 and prostate cancer.153 While
previous studies have shown that comorbidity partially explains ethnic disparities in allcause and non-cancer mortality for breast cancer146,147 and endometrial cancer149,150 it does
not appear to explain differences in cause-specific survival for breast cancer,147 endometrial
cancer,150 or colorectal cancer.151,152 Stratified analyses have shown that for USA women
with endometrial cancer, having comorbidity is associated with higher cause-specific
mortality for non-Hispanic White American women only, and not Hispanic or non-Hispanic
Black women.148,149 For elderly USA men with prostate cancer, ethnic disparities in cancer
survival is observed among those without comorbidity and mild comorbidity, but not among
those with higher levels of comorbidity.153

1.5.2. Pathways through which comorbidity may influence cancer
survival
The underlying mechanisms for lower survival for Indigenous Australians with cancer
compared to their non-Indigenous counterparts are not fully understood. For cervical cancer,
a meta-analysis of Indigenous:non-Indigenous disparities in four countries (Australia, NZ,
Canada, and the USA) demonstrated that higher incidence and mortality are not due to innate
biological differences (i.e. Indigenous women were not at greater risk of pre-cancerous
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cervical abnormalities) but are more likely to be a result of less cancer screening, more
advanced disease at diagnosis, and more suboptimal cancer care.154
1.5.2.1.

Comorbidity and cancer screening

In Australia, Indigenous Australians are less likely to participate in cancer screening than
non-Indigenous Australians, for breast cancer,6 cervical cancer,6,7 and bowel cancer.44
Reasons for under-screening among Indigenous Australians are likely to be multifaceted and
may include: cultural beliefs that a cancer diagnosis is shameful (retribution for past actions,
not an Indigenous disease, contagious) or unavoidably fatal;40 lack of biomedical knowledge
of cancer and screening tests;40,155 mistrust of healthcare professionals and the broader
healthcare system; poor communication between health professionals and Indigenous
people;155 inappropriate (bordering on victim blaming) health promotion messages; 156 lack of
culturally-appropriate and safe screening and follow-up services;156 and greater geographical
remoteness and socioeconomic disadvantage.157
There is little evidence, from Australia or elsewhere of the contribution of comorbidity to
cancer screening participation for Indigenous peoples with cancer. Byles and colleagues
(2014) used self-reported health survey data of a nationally representative sample of
Australian women to examine the impact of comorbidity on breast and cervical screening
participation in Australia.158 Comorbidity appeared to have no association with women’s
participation in breast and cervical screening. Two studies have investigated the relationship
between comorbidity and cancer screening for American Indian and Alaska Native people in
the USA.159,160 While the results of these two studies indicate women with comorbidity have
greater odds of participating in breast and cervical screening, these studies both have design
limitations which limit the interpretation of the results. Moreover, it is unclear whether these
findings would be generalizable to the Indigenous population in Australia. Chapter 2 will
discuss these studies in more detail.
The degree to which differences in screening participation explain lower cancer survival for
Indigenous Australians compared to non-Indigenous Australians is unknown. While screenChapter 1
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detected breast cancers have a better chance of survival than those which are not screendetected,161 when considering only women whose breast cancer was detected through
mammography, the survival disadvantage for Indigenous women remained (five-year causespecific survival: HR 1.7, 95%CI 1.4-2.0; all-cause survival: HR 1.8, 95%CI 1.6-2.1).6
1.5.2.2.
Comorbidity and cancer stage
Indigenous Australians are also more likely than non-Indigenous Australians to be diagnosed
with advanced disease,17,44 especially for those living in rural or remote areas compared to
urban areas,16 which may be a reflection of the differences in cancer screening participation.
There is no Australian or international evidence of the association of comorbidity and stage
of cancer at diagnosis for Indigenous populations.
In general populations, the association between cancer stage and comorbidity is unclear. An
international review162 found that while it has been reported that some conditions such as
dementia, alcohol consumption and depression are associated with late-stage diagnosis, other
studies have found higher levels of comorbidity among people with early-stage cancers.
While these findings appear contradictory, it may be that while some comorbid conditions
disguise cancer symptoms, others may be associated with an increased interaction with the
healthcare system leading to opportunistic cancer screening or a greater likelihood of
symptoms being detected and investigated.
1.5.2.3.
Comorbidity and cancer treatment
A late-stage diagnosis may reduce survival through limiting treatment options, decreasing
the likelihood of treatment completion, and increasing the risk of treatment
complications.8,13,18,65,126,127 However, treatment may be affected by factors other than cancer
stage. In NSW, the difference in surgical treatment receipt for Indigenous and nonIndigenous men with prostate cancer was observed even among those with localised
cancer,127 suggesting that factors other than cancer stage influence treatment being offered to
and completed by the patient.
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Generally, Indigenous Australians receive less optimal or more invasive cancer treatment
than non-Indigenous Australians.13,65 A re-analysis of the Queensland Indigenous Cancer
Study (QICS) data found that Indigenous Australians with cervical cancer and lung cancer
were less likely to receive optimal cancer treatment, as defined by clinical experts, compared
to non-Indigenous Australians.13 A higher prevalence of comorbidity, along with more
advanced cancer at diagnosis, explained most of the Indigenous: non-Indigenous differentials
in lung cancer treatment. While comorbidity was associated with less optimal treatment for
women with cervical cancer, the sample size was too small to explore this separately for
Indigenous and non-Indigenous Australian women.
When all cancers were combined, the QICS study demonstrated that Indigenous Australians
had lower odds of receiving treatment for their cancer compared to non-Indigenous
Australians among those without comorbidity (OR 0.4, 95%CI 0.2-0.6), with a comorbidity
score 1 (0.4, 0.2-0.8), and those with a comorbidity score 2+, although the latter was not
significant (0.7, 0.4-1.3).8 When the outcome was restricted to curative surgery, Indigenous
women had significantly lower odds of receiving treatment than non-Indigenous women
among those without comorbidity only. In NSW, Indigenous Australians with lung cancer
were less likely to have received treatment for lung cancer compared to non-Indigenous
Australians, for those without comorbidity (22% and 43%, respectively), but not for those
with comorbidity (35% and 36%, respectively).126

1.5.3. Comorbidity and unmet needs of Indigenous cancer patients
There is no evidence regarding the impact of comorbidity on the unmet supportive care
needs of Indigenous cancer patients, in Australia or elsewhere. In Australia, the evidence of
this relationship in general cancer populations is unclear and seems to vary by cancer type.
Comorbidity was associated with higher levels of unmet need among testicular cancer
survivors,163 only in the sexuality domain for colorectal cancer survivors,164 but it was
associated with less unmet need for women with endometrial cancer.165 Given the evidence
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is both limited, further research is needed to better understand the needs of cancer patients
and survivors with complex healthcare needs, and understand how this varies by cancer type,
cancer stage and age at diagnosis, phase of the cancer continuum, and across geographical
and socioeconomic groups. A meta-analysis of Australian evidence would be useful to guide
future research and practice.
Internationally, comorbidity has generally been associated with increased unmet supportive
care needs, with relative consistency.166-168 Most recently, a protocol for a meta-analysis that
will aim to summarising and synthesise international evidence regarding the impact of
comorbidity on the unmet supportive care needs and other aspects of psychosocial care for
cancer patients has been published.169
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1.6. Summary and thesis aims
With the ageing of the population, comorbidity is becoming more common, both in general
and cancer populations. Multidisciplinary models of cancer care are increasingly required to
manage and care for patients with complex needs, such as comorbidity. As is the pattern
underlying the general population, Indigenous Australians with cancer more commonly live
with comorbidity than other Australians with cancer.14 For many cancer types, Indigenous
Australians have worse five-year survival than non-Indigenous Australians.23,52 Despite a
growing body of research in Indigenous cancer outcomes, the reasons for these disparities
remain elusive. In addition to possible physiological interactions between a comorbid
condition and a cancer, comorbidity may indirectly affect prognosis by altering patients’ and
clinicians’ decision-making and behaviours at various stages across the cancer trajectory.
Indigenous Australians are less likely to participate in cancer screening,7 are more likely to
be diagnosed with advanced disease,5,17 less likely to receive optimal cancer treatment,13 and
have unique psychosocial concerns following a cancer diagnosis.77 Evidence regarding the
role of comorbidity in these outcomes will be valuable for cancer control and the provision
of optimal cancer care in Australia.
Primary thesis aim
The primary aim of this study is to describe and compare the relationship between
comorbidity and gynaecological cancer survival for Indigenous and non-Indigenous women,
with a particular focus on cervical cancer survival. This research question is addressed
through two separate studies. First, I employ a single-jurisdiction matched cohort study of
Indigenous and non-Indigenous women diagnosed or treated in the public hospital system.
For this study, information on participants’ sociodemographic cancer-related characteristics
are obtained from the Queensland cancer registry and information on participants’
comorbidity and cancer treatment are obtained through exhaustive review of patients’
medical charts (Chapter 3). Second, through a data-linkage approach I investigate whether,
and to what extent, comorbidity contributes to cervical cancer survival for Indigenous
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women and to the Indigenous: non-Indigenous differential in cervical cancer survival. The
data-linkage approach allows for the prevalence of comorbidity to be quantified on a
population-wide scale and using data from six Australian states (96% coverage of the
Indigenous Australian female population). The data-linkage methodology and quality for one
Australian state are described and critiqued in Chapter 4 and the results and discussion are
presented in Chapter 5.
Secondary thesis aim:
The secondary aim of this thesis is to examine the relationship between comorbidity and
unmet supportive care needs for newly diagnosed Indigenous cancer patients in Queensland.
This is done through a secondary analysis of data collected for a Queensland study on the
supportive care needs of Indigenous cancer patients. Comorbidity data was obtained through
patients’ medical charts and a culturally relevant and validated tool as used to identify
patients’ unmet supportive care needs (Chapter 6)
Tertiary thesis aims
Theoretically, comorbidity could have either a positive or negative impact on a woman’s
likelihood to participate in cervical cancer screening, which may in turn influence cervical
cancer survival. There is new evidence that Indigenous women in Queensland are
substantially less likely to participate in cervical screening, and the contribution of
comorbidity has not been explored in Australia. While it was not within scope of this thesis
to investigate the impact of comorbidity on cervical screening for Indigenous and nonIndigenous women, it was a tertiary aim of this study to summarise and synthesise the
available evidence on the relationship between comorbidity and cancer screening for women
internationally, particularly for Indigenous women. Chapter 2 contains a systematic review
of this evidence. It provides context for the results of the other chapters as well as guides
future research on this topic.
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Finally, as the next steps in this research agenda requires a more nuanced understanding of
the reasons behind the lower cervical cancer survival for Indigenous women, including
exploring barriers and enablers to early detection and timely and optimal treatment, there is
likely a need to rely on participants’ self-report of comorbidity prior to their cancer diagnosis
or cancer screening interval. It is important, therefore, for Indigenous cancers patients selfreport on such data to be benchmarked against a data source we know is reliable, such as
medical chart data. Therefore, it was a tertiary aim of this study to assess the concordance
between comorbidity, treatment and diagnosis data collected through medical chart review
and patient self-report data for Indigenous people with cancer (Chapter 7).
The specific study designs and statistical methods are described within each of the chapters
in detail. Each chapter contains a specific background and rationale and a specific discussion
on the study findings. A general discussion to bring together the main and overarching
findings of this thesis is provided in the concluding General Discussion chapter.
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2.1. Preface
Under-screening has been identified as a potential pathway through which comorbidity may
interfere with survival. As discussed in Chapter 1, comorbidity can impact on a person’s
functional status, frailty, financial situation, and psychosocial wellbeing and thus may hinder
women’s participation in prevention health actions, such as participation in cancer screening.
It may also, depending on the condition, increase a woman’s interaction with the healthcare
system, and this increased surveillance may lead to more opportunistic cancer screening and
diagnostic investigation of cancer-like symptoms.
In Australia, there is evidence that Indigenous women participate less in breast and cervical
screening, but little is known about the reasons for this. Chronic disease is more prevalent for
Indigenous Australians compared to non-Indigenous Australians. Likewise, there is some
evidence that suggests comorbidity is also more common in Indigenous cancer patients.
A systematic review and meta-analysis was conducted to better understand the available
evidence regarding the impact of comorbidity on breast and cervical screening participation.
The findings are presented in this chapter. While it was initially intended that the review
would be restricted to studies conducted within Indigenous populations or that report on
Indigenous: non-Indigenous differences, the paucity of evidence required the review scope to
be broadened to include all populations within countries with fully or partly organised
screening programs. It was not in the scope for this thesis to investigate the impact of
comorbidity on cancer screening for Indigenous and non-Indigenous Australian women
using data collected during this PhD program, however this review was conducted to aide
our interpretation of the thesis study findings and to generate further research hypotheses.
This chapter was submitted to Cancer Epidemiology in 2016 and published in 2017. The
article, for which I was first author, is presented here in its entirety and can be accessed via
the journal’s website:
http://www.sciencedirect.com/science/article/pii/S1877782116302533.
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2.1.1. Additional materials
Appendix 2.3 is a focused summary of the two studies that were conducted with Indigenous
populations.

2.1.2. Citation
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2.1.3. Statement of authorship
The candidate led this body of work and all work contributing to this paper occurred during
candidacy. All authors and their contributions are outlined below.
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JK, PV, SM, JK and DL conducted the database search, screening of potential studies, and
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data analysis, with statistical guidance from PB, DL and PV. All authors were involved in
the interpretation of results. AD drafted the initial manuscript, and all authors reviewed this
draft and contributed to the final manuscript. The final manuscript was approved by all
authors.
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2.3. Appendix: Comorbidity and cancer screening in
Indigenous populations
Two previous studies1,2 have investigated the relationship between comorbidity and breast
and cervical cancer screening participation for Indigenous populations.51,52 Simonds and
colleagues (2011) included 891 Native American women eligible for breast cancer screening
and 1022 women eligible for cervical screening recruited for a broader state-based health
survey.51 Schumacher et al. (2008) recruited 3293 Native American and Alaska Native
women eligible for breast cancer screening and 6435 women eligible for cervical cancer
screening from hospital and health clinics.52 In both studies, the breast cancer screening
analysis included women aged 40 years and older and the cervical screening analysis
included women aged 18 years and older. Both studies used a simple count of conditions to
measure comorbidity and both studies measured breast cancer screening over a two-year
period and cervical screening over a three year period and both of these studies failed to
adequately describe how screening tests were differentiated from tests conducted for
diagnostic purposes.51,52
Simonds and colleagues (2011)51 found that, although not statistically significant, those with
comorbidity compared to those without comorbidity had increased odds of participating in
breast cancer screening (OR 1.2, 95%CI 0.9-1.6) and cervical screening (1.3, 0.8-1.9).
Schumacher and colleagues (2008)52 found that comorbidity was statistically significantly
associated with a greater odds of participation in both breast cancer screening (2.2, 1.9-2.6)
and cervical screening (1.7, 1.5-1.9)
Neither of these two US studies were classified as low risk of bias. We found studies of
moderate and high risk of bias showed the inverse association seen for low risk of bias
studies, and, therefore, the results of the Simonds (2011) and the Schumacher (2008) studies

1

Simonds VW, Colditz GA, Rudd RE, Sequist TD (2011) Cancer screening among Native Americans
in California, Ethn Dis. Vol. 21(2), p. 270-75
2
Schumacher MC, Slattery ML, Lanier AP, et al. (2008) Prevalence and predictors of cancer
screening among American Indian and Alaska Native people: the EARTH study, Cancer Causes
Control, vol. 19(7), p. 725-37
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should not be generalised to all Indigenous women in the US or to the Australian context,
more broadly. It is unknown whether the higher burden of comorbidity experienced by
Indigenous Australian women has an impact on their access to and participation of cancer
screening.
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2.4. Supplementary data
Presented here is the supplementary information referred to, but not included in, the
published manuscript. Meta-analyses were performed, for the breast cancer screening
participation outcome and the cervical screening participation outcome, stratified by study
design and by type of comorbidity measure used. While not statistically significant, cohort
studies, when pooled together, showed that comorbidity was associated with less
participation in cancer screening and cross sectional studies were associated with increased
cancer screening participation. The heterogeneity remained high across all sub-group
analyses (Figures 4-7).

Figure 4: Forest plot of the Odds Ratios for breast cancer screening participation in periods of
up to three years, by study design, among women with comorbidity compared to women without
comorbidity.
Abbreviations: SC, 10+: Simple count of 10 or more conditions; SC, <10: Simple count of less than
10 conditions; WI: Weighted index; US; United States; CS: Cross-sectional; CC: Case Control.
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Figure 5: Forest plot of the Odds Ratios for breast cancer screening participation in periods of
up to three years, by comorbidity measure group, among women with comorbidity compared to
women without comorbidity.
Abbreviations: SC, 10+: Simple count of 10 or more conditions; SC, <10: Simple count of less than
10 conditions; WI: Weighted index; US; United States; CS: Cross-sectional; CC: Case Control.

Figure 6: Forest plot of the Odds Ratios for cervical screening participation in periods of up to
three years, by study design, among women with comorbidity compared to women without
comorbidity.
Abbreviations: SC, 10+: Simple count of 10 or more conditions; SC, <10: Simple count of less than
10 conditions; WI: Weighted index; US; United States; CS: Cross-sectional; CC: Case Control.
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Figure 8: Forest plot of the Odds Ratios for cervical screening participation in periods of up to
three years, by comorbidity measure group, among women with comorbidity compared to
women without comorbidity.
Abbreviations: SC, 10+: Simple count of 10 or more conditions; SC, <10: Simple count of less than
10 conditions; WI: Weighted index; US; United States; CS: Cross-sectional; CC: Case Control.
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3.1. Preface
Indigenous Australian women have lower survival of gynaecological cancers than nonIndigenous women. There is very little research exploring factors associated with this
disparity, and none which have examined the contribution of comorbidity to the cancer
survival differential between Indigenous and non-Indigenous Australian women diagnosed
with gynaecological cancer. To address this gap in knowledge, a sub-group analysis of the
Queensland Indigenous Cancer Study (QICS) was conducted restricted to women who had
been diagnosed with a gynaecological cancer during 1998 and 2004 in the public health
system. All eligible Indigenous women were included, with a frequency-matched sample of
non-Indigenous women matched on age at diagnosis and place of residence. In the
Discussion (Chapter 8), this study is referred to as the Queensland gynaecological cancer
study.
For this study, personal and cancer-related information was collected from the cancer
registries and information on cancer treatment and comorbidity was obtained through a
systematic review of patients’ medical charts. In Queensland, the cancer registry has a high
level of accuracy (84%), and the hospital data, which provides the registry with information
on Indigenous status has an estimated 88% completeness rate.3,4 While some women in the
study may have incorrectly classified as non-Indigenous, most women would have been
identified correctly. As this study uses cause-specific survival methods, it does not rely on
accurate or complete population count data for Indigenous Australians. As such, there is little
risk of numerator-denominator bias in this study.
This chapter was submitted to the International Journal of Gynecologic Cancer and
published in 2015. The article is presented here in its entirety and can be accessed via the
journal’s website: http://www.sciencedirect.com/science/article/pii/S1877782116302533.

3

Cramb SM, Garvey G, Valery PC, et al. 2012. The first year counts: cancer survival among Indigenous
and non-Indigenous Queenslanders, 1997-2006. Med J Aust 196: 270-274.
4
Australian Institute of Health and Welfare (AIHW). 2013. Indigenous identification in hospital
separations data. Quality report. Cat. No. IHW 90. Canberra: AIHW.
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3.1.1. Additional materials
Additional results that were not included in the published manuscript are included in the
Appendix (Appendix 3.3.). A typographical error which may potentially impede
interpretation of the findings was noted and the journal advised (Appendix 3.5.).
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3.1.3. Statement of authorship
The candidate led this body of work. All authors and their contributions are outlined below.
The study conception, design, initial data management, and preliminary analysis were
conducted prior to the candidature start date. However, during the candidature, I significantly
revised the data analysis plan and re-analysed the data, interpreted the results and drafted the
manuscript, as per the author contributions stated below.

3.1.4. Author contributions
AD was primarily responsible for the conception and design, made contributions to data
management, and was primarily responsible for the statistical analysis, interpretation of
results, and drafting of the manuscript. SPM made contribution to the conception, was
primarily responsible for the data collection, provided guidance on the data management and
data analysis, and contributed to the interpretation of the data. JHM provided guidance on
the data analysis and contributed to the interpretation of the data. ACG made contribution to
the conception and design, provided guidance on the data analysis and provided guidance on
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the interpretation of the data. GG made contribution to the conception and design and
provided guidance on the interpretation of the data. PCV made substantial contribution to the
conception and design, provided guidance on the data management, provided guidance on
the data analysis, reviewed the data analysis and contributed to the interpretation of the data.
All authors critically reviewed the manuscript and approved the final version to be
published. Specific contributions of others who are not authors are listed within the
manuscript.
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3.3. Appendix 1: Additional materials not otherwise published
Additional and supplementary results, which were not included in the published manuscript,
are included here. Table A1 includes results that were alluded to in the text of the published
manuscript but not specifically described. Figure A1 provides additional information about
the association between comorbidity and the cause-specific survival of Indigenous women
diagnosed with gynaecological cancer. While the manuscript focused on investigating the
survival differential between Indigenous and non-Indigenous women, it is relevant to the
aims of this thesis to also present the data regarding this relationship for Indigenous women,
specifically.
Table A1 demonstrates that Indigenous Australian women were less likely to survive the
first year following gynaecological cancer diagnosis, but the difference was no longer
significant by five years after diagnosis. The results suggest that comorbidity explains very
little, if any, of the survival disparity for Indigenous women and non-Indigenous women
diagnosed with gynaecological cancer. Rather, differences in cancer stage and treatment
receipt appear to be largely responsible for the cancer-specific survival differences.

Table A1: Cause-specific mortality (HR, 95%CI) for Indigenous women compared with
non-Indigenous women diagnosed with gynaecological cancer, 1998-2004, in Queensland
1-year survival
Adjustments

HR

5-year survival

95%CI

HR

95%CI

1

1.9

(1.1-3.4)

1.5

(0.97-2.3)

+ stage

1.7

(0.9-3.0)

1.3

(0.9-2.1)

+ treatment (any/none)

1.5

(0.9-2.8)

1.3

(0.8-2.0)

+ comorbidity (yes/no)

1.9

(1.1-3.6)

1.3

(0.9-2.1)

+ stage and treatment

1.2

(0.7-2.3)

1.2

(0.7-1.8)

+ stage, treatment, comorbidity

1.2

(0.6-2.3)

1.1

(0.7-1.7)

None

Abbreviations: HR: Hazard ratio; CI: confidence intervals
Notes: 1. Indigenous and non-Indigenous cohorts were matched on age at diagnosis and place of residence
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Within the Indigenous cohort, women with a Charlson comorbidity score of 1 had lower
survival than women without comorbidity (HR 1.2, 95%CI 0.7-2.1), as did women with a
Charlson score of 2+ (1.4, 0.7-2.9), although these difference were not significant (Figure
A1).

Figure A1.
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3.4. Appendix: Notification of manuscript letter and erratum
regarding typographical error in manuscript
3.4.1. Letter to the journal
Address: Level 1, 147 Wharf Street, Spring Hill, QLD 4000
Ph: (07) 3169 4201 Fax: (08) 8946 8464
Website: menzies.edu.au
ABN: 70 413 542 847

August 25, 2017
Menzies School of Health Research
1/147 Wharf Street, Spring Hill
Queensland, Australia. 4000
abbey.diaz@menzies.edu.au
Ph. +61-7-31694210
Lind Haas-Shapira
Managing Editor
International Journal of Gynecologic Cancer
beller.ijgc@gmail.com

Dear editors,
I am writing in reference to our published manuscript entitled, “Factors associated with cancerspecific and overall survival among Indigenous and non-Indigenous gynecologic cancer
patients in Queensland, Australia: a matched cohort study”, which was published by your
journal in March 2015 (volume 25, number 3, page 542-47).
We have noted a typographical error in the manuscript which may impede interpretation of the
results.
In the last paragraph of page 544, the text states, “When considering all-cause mortality, nonIndigenous women were less likely to survive 5-years after diagnosis (HR 1.54, 95%CI 1.022.33)”. However, it should read as, “When considering all-cause mortality, Indigenous women
were less likely to survive 5-years after diagnosis (HR 1.54, 95%CI 1.02-2.33)” (i.e. we have said
‘non-Indigenous’ in error and meant to say ‘Indigenous’ in this sentence).
While the additional data provided in the Table 2 (page 546) would clarify any ambiguity for the
reader, you may wish to publish a clarification. We trust the editors with this decision and
respect whatever decision made.
We believe the text changed during the proofing stage of the publication process. We sincerely
apologise for any inconvenience caused by not identifying the typographical error prior to the
article going to print.
Regards,
Abbey Diaz
PhD Student
Menzies School of Health Research
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3.4.2. Erratum published by the journal
In November 2017, an Erratum was published to advise of the correction. It is available in
print (Volume 27, Issue 9, Page 2021) and online (link below). The correction reads:
An error has been noted by the authors in their article, “Factors
associated with cancer-specific and overall survival among Indigenous
and non-Indigenous gynecologic cancer patients in Queensland,
Australia: a matched cohort study,” which appeared in the March 2015
issue of the journal. In the last paragraph of page 544, the correct text
should read, “When considering all-cause mortality, Indigenous women
were less likely to survive 5-years after diagnosis (HR 1.54, 95% CI
1.02–2.33).”

(https://journals.lww.com/ijgc/Fulltext/2017/11000/Factors_associated_with_cance
r_specific_and.31.aspx).
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CHAPTER 4:
USING PROBABILISTIC RECORD LINKAGE METHODS
TO IDENTIFY AUSTRALIAN INDIGENOUS WOMEN
ON THE QUEENSLAND PAP SMEAR REGISTER : THE
NATIONAL CERVICAL SCREENING PROJECT
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4.1. Preface
This chapter describes and critically evaluates the data-linkage process for the research
purposes of the National Indigenous Cervical Screening Project (NICSP). One of the aims of
the NICSP is to investigate whether the higher burden of comorbidity among Indigenous
Australian women with cervical cancer contributes to lower survival in comparison to nonIndigenous women (Chapter 5). In order to examine the presence of comorbidities at the
time of cancer diagnosis for women diagnosed with cervical cancer, hospital inpatient data
needed to be linked to the cancer registry. The data-linkage also included the Pap smear
register (PSR) to address primary research questions of the NICSP. While the data-linkage
for the NICSP also aimed to obtain a high-quality Indigenous identify to assign to women on
the Pap Smear Register (PSR), and this is discussed within this chapter, this had less
relevance to aims of this thesis. This is because the Indigenous identify in the state-based
cancer registries are informed by the hospital data collections and, for most states, are
considered to be completed and highly-accurate.
This chapter was submitted to BMJ Open in 2015 and published in 2016. The article is
presented here, as published, in its entirety and can be accessed via the journal’s website:
http://bmjopen.bmj.com/content/bmjopen/6/2/e009540.full.pdf

4.1.1. Variation in methodology across study jurisdictions
This chapter is based on the Queensland component of the NICSP, as this was the first state
to provide data for the project. However, it should be noted that while the general processes
of data extraction and linkage were the same across the included states/territories, there were
some jurisdictional variations. In all jurisdictions (except Tasmania and the ACT, which did
not participate in the study), hospital admissions data were linked to both the cancer registry
and the PSR. Jurisdiction variations in the data acquisition process, included differences in
who approved and conducted the data extractions and linkages (e.g. key personnel included:
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health departments; dedicated data-linkage units; data custodians; and data managers) and
the order in which approvals were required to be obtained (e.g. some states requires ethics
approval first and some requires data acquisition approval first).
There were also differences in the data specifications that were approved. This was largely
because data custodians and data-linkage staff endeavoured to reduce the quantity of data
being extracted and provided to the research team. For example, in Queensland, hospital
admissions data records were only extracted for women who were identified as Indigenous
Australian in at least one of their hospital inpatient records or for all women who linked to a
cancer diagnosis registration during the study years. However, in other jurisdictions the
hospital records were extracted for all women who had a record that linked to either a PSR or
a cancer registry record. The variation in method had no impact on my analysis included in
this thesis (Chapter 5), as for all states, all linked hospital records were gathered for women
registered with a cervical cancer diagnosis.
Some variables were restricted in some jurisdictions but not in others. For example, in WA,
but not in other states/territories, comorbidity data from the hospital inpatient data collection
were provided for all women who had linked to a record on the PSR and/or Cancer registry,
for hospital admissions in the five years prior to their first ‘study event’ (i.e. Pap smear or
cancer diagnosis) and all years after. This difference would not have impacted on my
analysis. In Chapter 5, I use a measure of comorbidity that was based on information
contained in women’s records of hospital admissions two years prior to their cancer
diagnosis.

4.1.2. Citation
Whop LJ, Diaz A, Baade P, Garvey G, Cunningham J, Brothern JML, Canfell K, O’Connell
DL, Taylor C, Moore SP, Condon JR. (2016) Using Probabilistic record linkage methods to
identify Australian Indigenous women on the Queensland Pap Smear Register: the National
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Indigenous Cervical Screening Project, BMJ Open, 6(e009540), doi:10.1136/bmjopen-2015009540

4.1.2. Statement of authorship
The majority of the work pertaining to this chapter was conducted during my candidacy,
with the exception of the ethics and data approval processes, which commenced prior to my
candidature and were finalised during my candidature. I assisted the lead author with the
approval processes, and was jointly responsible for the data management, developing the
analytical plan, conducting the data analysis, interpreting results, and drafting the
manuscript. This paper is specific to the Queensland component of the NICSP. I note here
that I significantly contributed to the ethics and data acquisition approval processes in other
jurisdictions included in the NICSP, and led these processes for one jurisdiction. All authors
and their contributions are outlined below.

4.1.3. Author contributions
JRC, JC, PB, GG, PCV, DLO, JMLB, KC and LJW conceptualised the study and contributed
to the development of the methodology. LJW, GG and JRC conducted the approval process
and initial data acquisition, SPM, LJW, JRC and AD conducted subsequent requests for
additional data, and CT conducted the linkage. LJW, AD and PB conducted the data
analysis, and CT assisted in the assessment of the linkage. LJW and AD drafted the
manuscript under the guidance of PB and JRC. All authors contributed critically to the
revision of the manuscript, and read and approved the final draft.

4.2. Published manuscript
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4.3. Supplementary materials published online.
The following supplementary material is published online at
http://bmjopen.bmj.com/content/bmjopen/suppl/2016/02/12/bmjopen-2015009540.DC1/bmjopen-2015-009540supp.pdf
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CHAPTER 5:
COMORBIDITY DOES NOT EXPLAIN SURVIVAL
DISPARITIES FOR INDIGENOUS AUSTRALIAN
WOMEN DIAGNOSED WITH CERVICAL CANCER,

2003-2012
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5.1. Preface
There is limited evidence that Indigenous women are less likely to survive the first five years
following a diagnosis of cervical cancer compared to non-Indigenous Australians. Reasons
for this disparity are not well understood. While the Queensland gynaecological cancer study
(Chapter 3) explored reasons for the disparity in gynaecological cancer survival for
Indigenous Australian women, it was not designed to focus on cervical cancer outcomes, and
so had insufficient power to investigate this research question.
The current study includes a national cohort of Indigenous Australian women and nonIndigenous women with cervical cancer. Using a data-linkage approach (Chapter 4),
cervical cancer cases recorded in the cancer registries of each state and territory were linked
to hospital admissions records for the measurement of comorbidity. This aim of this chapter
was to investigate the contribution of comorbidity to cervical cancer survival for all women;
whether, and to what degree, comorbidity may contribute to the Indigenous: non-Indigenous
survival differentials for cervical cancer; and whether the relationship between comorbidity
and cervical cancer survival was different for Indigenous women than for non-Indigenous
women. This chapter was conducted within the broader NICSP study, and is referred to in
the Discussion (Chapter 8) as the ‘national cervical cancer study’.
This chapter was submitted for publication to PLOS ONE and has been revised based on
peer-review comments and re-submitted in March, 2018. The article is presented here in its
entirety, as submitted to the journal. The authors of this manuscript are: A. Diaz, P. Baade,
PC. Valery, LJ. Whop, SP. Moore, J. Cunningham, G. Garvey, J. Brotherton, DL.
O’Connell, K. Canfell, D. Sarfati, D. Roder, E. Buckley. JR. Condon.

5.1.1. Additional materials
Additional supplementary material pertaining to this analysis, but which is not included in
the body of the manuscript submitted for publication, is presented in Appendix 5.3.
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5.1.2. Statement of authorship
The candidate led this study and all work pertaining to this chapter was carried out during
the candidacy. All authors have provided written approval regarding their contributions to
the manuscript, as outlined below, and have approved the final manuscript, as included in
this thesis.

5.1.3. Author contributions
JRC, PB, PCV, LJW, JC, GG, JB, DLO’C, KC, DS, and DR were responsible for the
conceptualisation and design of the National Indigenous Cervical Screening Project
(NICSP). AD was primarily responsible for the conception and design of this specific study
which addresses a research question of the NICSP, with guidance from JRC, PCV and PB.
SPM, LJW and AD were primarily responsible for the ethics and data acquisition approval
processes, with guidance from JRC, GG, PCV and EB. AD, LJW, and SPM significantly
contributed to the database design. AD was primarily responsible for preparing the data for
analysis, with support from JRC, SPM and LJW. AD was primarily for the data analysis,
with guidance from JRC, PB, and LJW. AD was primarily responsible for the interpretation
of results, with expert guidance from all authors. AD was responsible for the drafting of the
manuscript, with guidance from JRC, PB and PCV. All authors provided critical expert
review of the draft and approved the final manuscript.

5.1.4. Ethics approvals
Approvals were obtained from 13 ethics committees. In Queensland, we received approval
from the Queensland Health Office of Health and Medical Research (#EC0016, approval
number HREC/15/QH/19, with Director General approval through the Public Health Act
application). In the Northern Territory, we received approval from the NT Department of
Health and Menzies School of Health Research Human Research Ethics committee
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(#EC0053, approval number HoMER-2012-1737), with reciprocal approval from the Charles
Darwin University Ethics Committee (#EC00154, H12093). In Western Australia, we
received approval from the Department of Health WA Human Research Ethics Committee
(#EC00422, #2013/24), WA Aboriginal Health Ethics Committee (#EC00292, HREC491),
and the Western Newborn Health Service Ethics Committee (#EC00350, 2013069EW). In
New South Wales, we received approval from the NSW Population & Health Services
Research Ethics Committee (#EC00410, HREC/13/CIPHS/38, Cancer Institute NSW
(2013/08/470), the Aboriginal Health and Medical Research Council Ethics Committee
(#EC00342, 958/13), and for data for NSW women only from Australian Capital Territory
hospitals, the ACT Health Human Research Ethics Committee (#EC00342, ETH.8.13.191).
In Victoria, we received approval from the Cancer council Victoria Human Research &
Ethics committee (#EC00203, HREC1206). Finally, from South Australia, we received
approvals from the SA Department of Health Human Research Ethics Committee
(#EC00304, HREC/14/SAH/118) and from the Aboriginal Health Research Ethics
Committee (04-14-580).
We received approvals for data from each custodian of the data collections obtained for this
study, from each state and territory. We also received approval for data and data linkage
from each state and territory health department or data-linkage unit. In South Australia we
also received approval from contracted data managers.

5.2. Submitted manuscript
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5.2.1. Title
Comorbidity and cervical cancer survival of Indigenous and non-Indigenous Australian
women: A semi-national registry-based cohort study (2003-2012)

5.2.2. Abstract
Background: Little is known about the impact of comorbidity on cervical cancer survival in
Australian women, including whether Indigenous women’s higher prevalence of comorbidity
contributes to their lower survival compared to non-Indigenous women.
Methods: Data for cervical cancers diagnosed in 2003-2012 were extracted from six
Australian state-based cancer registries and linked to hospital inpatient records to identify
comorbidity diagnoses. Five-year cause-specific and all-cause survival probabilities were
estimated using the Kaplan-Meier method. Flexible parametric models were used to estimate
excess cause-specific mortality by Charlson comorbidity index score (0,1,2+), for Indigenous
women compared to non-Indigenous women.
Results: Of 4,467 women, Indigenous women (4.4%) compared to non-Indigenous women
had more comorbidity at diagnosis (score ≥1: 24.2% vs. 10.0%) and lower five-year causespecific survival (60.2% vs. 76.6%). Comorbidity was associated with increased cervical
cancer mortality for non-Indigenous women, but there was no evidence of such a
relationship for Indigenous women. There was a reduction in the Indigenous: nonIndigenous hazard ratio (excess mortality) when comorbidity was included in the model, yet
this was not statistically significant. The excess mortality for Indigenous women was only
evident among those without comorbidity (Indigenous: non-Indigenous HR 2.5, 95%CI 1.93.4), indicating that factors other than those measured in this study are contributing to the
differential. In a subgroup of New South Wales women, comorbidity was associated with
advanced-stage cancer, which in turn was associated with elevated cervical cancer mortality.
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Conclusions: Survival was lowest for women with comorbidity. However, there wasn’t a
clear comorbidity-survival gradient for Indigenous women. Further investigation of potential
drivers of the cervical cancer survival differentials is warranted.
Impact: The results highlight the need for cancer care guidelines and multidisciplinary care
that can meet the needs of complex patients. Also, primary and acute care services may need
to pay more attention to Indigenous Australian women who may not obviously need it (i.e.
those without comorbidity).
Keywords: comorbidity; Indigenous; Aboriginal; Australia; cervical cancer; survival

5.2.3. Introduction
Cancer patients commonly have comorbidities.1,2 There is evidence that higher comorbidity
burden is associated with worse survival for cancer patients.3-5 The prevalence of
comorbidity varies between population groups and may contribute to cancer survival
disparities, particularly for different ethnic groups.6-11
Evidence regarding the relationship between comorbidity and survival for cervical cancer is
limited and inconsistent: comorbidity was not associated with higher mortality for Italian12 or
Mexican13 women with cervical cancer; it was associated with higher all-cause mortality but
not cancer-specific mortality for women in the United States;14,15 and it was associated with
both all-cause and cancer-specific mortality for New Zealand (NZ) women.11
In Australia, cervical cancer incidence and mortality have fallen by approximately 50% since
the introduction of the National Cervical Screening Program in 1991. 16,17 Five-year survival
also improved during the 1990s and has remained steady at about 72% since then. 18
However, cervical cancer has a much greater impact on Aboriginal and Torres Strait Islander
women (respectfully referred to hereafter as Indigenous) than other Australian women; seminational and national analyses suggest Indigenous women are diagnosed younger (median
age 46 vs. 52 years), incidence is 2.2 times higher, mortality 3.8 times higher and five-year
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survival is 20 percentage points lower for Indigenous women (58% vs 78%).18-20 In
Queensland, Indigenous women have lower cervical screening participation than nonIndigenous women (two-year participation 34% vs 56% in 2010-2011)21 and those who
develop cervical cancer are less likely to be diagnosed with localised disease (46% vs.
69%)22 and receive cancer treatment concordant with clinical guidelines (77% vs 96%).23
The prevalence of many chronic diseases including coronary heart disease, diabetes, kidney
disease and hypertension is higher for Indigenous Australians compared with other
Australians24 including for women with cervical cancer,22 but the impact of comorbidity on
cervical cancer survival in Australia has not been examined for Australian women generally
or Indigenous women specifically. A NZ study found Māori and Pacific women diagnosed
with cervical cancer had more chronic disease and excess cervical cancer mortality (i.e.
lower survival) compared with other NZ women.11 While adjusting for comorbidity as a
summary measure did not reduce the excess mortality, adjusting for 12 individual chronic
conditions appeared to reduce the excess by 21% for Māori and 35% for Pacific women.11
The primary aims of the study were to investigate whether: (1) comorbidity is associated
with lower cervical cancer survival for Australian women generally and (2) higher
comorbidity burden contributes to lower survival for Indigenous women. The secondary
aims of the study were to investigate whether (3) the contribution of comorbidity to survival
varies by type of comorbid condition and (4) comorbidity is associated with more advanced
stage of disease at diagnosis.

5.2.4. Method
We linked cancer registry data for cases of cervical cancer (ICD-10 C53) with hospital
inpatient data to obtain comorbidity information. Data were available from six Australian
states/territories: New South Wales (NSW); Victoria (Vic); Queensland (Qld); South
Australia (SA); Western Australia (WA); and the Northern Territory (NT); together covering
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96% of the total Australian female population and 95% of the Indigenous female
population.25 Cases from all jurisdictions entered the study in January or July 2003, except
for those in Victoria who entered the study in January 2007 because the Victorian Cancer
Registry does not have adequate cause of death data before 2007. To maximise the data
available, cases were included if they were diagnosed from study entry up until December
2007 (NSW), 2009 (Qld), 2010 (NT), 2011 (WA) and 2012 (Vic and SA). Cases were
followed-up until December in the following year (e.g. for NSW this was December 2008).
Cancer registry data included: Indigenous status; date of birth; place of residence (postcode
for Vic and WA, statistical local area for other jurisdictions); date of diagnosis; histological
type of cancer; date of death; cause of death; and, for NSW only, summary stage at
diagnosis, classified as localised, regional, distant metastases, or unknown/missing stage.
Indigenous status is not included in most pathology reports, which are the primary source of
notifications to cancer registries. Registries obtain Indigenous status from other notification
sources including hospital inpatient episodes, radiotherapy clinics, death notifications, active
follow-up with treating doctors, and other secondary sources. The national standard
Indigenous identification question asks whether the person identifies as: Aboriginal; Torres
Strait Islander; both; or neither. For most Australian states, Indigenous identification in
hospital data is considered to be of high-quality. Nationally, 88% of Indigenous patients
were estimated to be correctly identified in Australian public hospitals in 2011-12. For states
included in this study, accuracy ranged from 78% in Victoria to 98% in the Northern
Territory during this time26
Death data were not available for cases who had died outside of Australia and it is unknown
how many cases are missed due to this. Ascertainment of deaths by the cancer registries was
complete for deaths occurring up to the end of the follow-up period in each jurisdiction.
Most registries provided only month and year for date of birth, diagnosis and death, so the
15th of the month was used to calculate survival time and age at diagnosis for all cases.
Survival time was calculated as the number of months from diagnosis to death or the end of
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follow-up. Cause of death was classified as cervical cancer or other. Histological type of
cancer was grouped as: squamous cell carcinoma; adenocarcinoma; adenosquamous
carcinoma; and other carcinoma or sarcoma.16 Mapping to place of residence was done using
the Statistical Local Area (SLA) definitions of the 2006 Australian Geographical
Classifications (ASGC)27 or using postcode information (for Vic and WA). SLA or postcode
of residence was mapped to the Socio-economic Index for Areas (SEIFA) 2006 Index of
Relative Socioeconomic Advantage and Disadvantage (IRSAD) and divided into five
quintiles (‘most advantaged’ to ‘most disadvantaged’),28 and to the Accessibility/Remoteness
Index for Australia (ARIA) 2006 and classified into five remoteness categories (‘major city’
to ‘very remote’).29

Record linkage
In each jurisdiction, the data custodians of the cancer registry and hospital inpatient dataset
provided identifying information (name, date of birth, place of residence) to their local data
linkage unit (DLU) or Health Department who performed the matching and returned projectspecific linkage keys to the custodians. The custodians then provided de-identified clinical
datasets to the research team who merged the two datasets using the linkage keys. Each
jurisdiction’s linked data was then combined into the semi-national dataset for analysis. The
linkage process for Queensland has been described in detail previously.30 Three states (NSW,
Vic, WA) provided data for both private hospital and public hospital admissions and three
jurisdictions (Qld, SA, NT) provided data for public hospital admissions only.

Eligibility criteria
For each woman, the first eligible cervical cancer diagnosis within the study period was
included. Women were excluded if they were diagnosed: with a micro-invasive cervical
cancer; on the basis of death certificate only, autopsy only, or basis unknown; younger than
age 22 years (to allow for sufficient measurement of baseline comorbidity); or older than 89
years (because assignation of cause of death is less reliable for this age-group31,32). In
Queensland, cervical cancer diagnoses were provided for women aged up to 69 years only.
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Indigenous status
Women were classified as Indigenous if they were recorded as Indigenous (Aboriginal
and/or Torres Strait Islander) in the cancer registry or in at least half of their linked inpatient
admissions during the entire study period (as per an algorithm we have used previously30).

Comorbidity
Comorbidity at the time of cancer diagnosis was measured using both the Charlson
Comorbidity Index (CCI)33 and the Elixhauser index.34 Inpatient episodes with an admission
date up to 730 days (two years) prior to, and including, the date of cancer diagnosis were
searched for primary and secondary diagnosis (ICD) codes for the conditions included in
each of the indices (excluding gynaecological cancers), using validated coding algorithms. 35
For each woman, binary indicators were created for each condition (present/absent), which
were used to calculate the Charlson score (a weighted sum of the number of conditions
present33) and the Elixhauser score (an unweighted count of the number of conditions
present11). The measures were then categorised as score ‘0’ (no known comorbidity), ‘1’ and
‘2+’, with higher scores indicating higher comorbidity burden.

Analysis
The difference in median age at diagnosis (which was positively skewed) for Indigenous and
non-Indigenous women was tested using the Mann-Whitney U-test. Other clinical and
demographic characteristics of Indigenous and non-Indigenous women were described using
frequency distributions and compared using the Pearson’s chi-squared test. Cause-specific
and all-cause survival were estimated by unadjusted Kaplan-Meier survival probabilities,
stratified by comorbidity score, Indigenous status, and age group.
Multivariable regression analysis of five-year cause-specific and all-cause mortality was
performed using flexible parametric models. Using the Bayesian Information Criterion, four
knots (three degrees of freedom), placed at default locations of survival time, were
determined to provide the best fit to model the baseline hazard function. The association
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between comorbidity and survival varied by month after diagnosis (p<0.01). This meant that
the conventional Cox proportional hazards regression could not be used as the assumption of
proportionality was violated. A term was added to the flexible parametric model to account
for the time-dependent effect of comorbidity. The main effects model included variables:
Charlson score (0,1,2+); Indigenous status; age at diagnosis (in years); quintiles of area-level
socioeconomic advantage and disadvantage; and cervical cancer histology type. The
associations with diagnosis period, state/territory and place of residence were found to be
small and not statistically significant (likelihood-ratio chi-squared test p>0.1), so these
variables were not included in the model. The association between comorbidity and the
survival differential between Indigenous and non-Indigenous women was initially assessed
by comparing the hazard ratio from models with and without comorbidity and examining
whether the corresponding confidence intervals overlapped. Likelihood ratio chi-squared
tests were used to assess if one model was a better fit than another. Interactions between
comorbidity and all confounders and Indigenous status and all confounders were examined
during model development and inclusion was based on effect size and statistical significance
(Wald test p<0.01). Interaction terms for comorbidity by Indigenous status and comorbidity
by age at diagnosis were subsequently included in the final model, along with the variables
included in the main effects model.
The main effects model and the final model with interactions were fitted using different
measures of comorbidity: (1) the Elixhauser score; (2) indicator variables for each comorbid
condition, one at a time; (3) all Charlson indicator variables found to be associated with
mortality in the previous models (HR>1.5; a previously used cut-point11); and (4) all
Elixhauser indicator variables found to be associated with mortality (HR>1.5).

Relative survival
Relative survival requires population denominator data (life tables). Life tables stratified by
comorbidity level are not available and life tables stratified by Indigenous status are only
available for limited years. We used cause-specific survival, but this method relies on
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accurate cause of death data to distinguish deaths caused by cervical cancer from deaths due
to other causes. To support the use of this method, we compared cause-specific with relative
survival for Indigenous and non-Indigenous women diagnosed during 2006-2010, without
adjusting for comorbidity level.
Sensitivity analyses
This study assumed women with cervical cancer who did not link to a hospital record had no
comorbidity. Sensitivity analyses were performed to compare the general patterns of survival
and mortality when women who did not link to a hospital record (over the entire period for
which data was provided) were included and excluded from the analysis. This was done
using Kaplan-Meier survival estimates and flexible parametric survival models, as described
above.

Sub-group analysis for stage of cancer
For NSW cases (24% of total cases), logistic regression was used to assess associations
between stage at diagnosis and Charlson score and Indigenous status, separately.
Multivariable flexible parametric survival models were used to assess the association
between Charlson score and cause-specific mortality, comparing models excluding and
including stage at diagnosis, and adjusted for age at diagnosis and Indigenous status. Finally,
an interaction term for comorbidity and cancer stage was included in this model to predict
and graph five-year survival for women with and without comorbidity, stratified by stage at
diagnosis.
All analyses were conducted in Stata 14 (StataCorp, College Station, Texas, USA). For
flexible parametric survival models, the stpm2 package of commands was used.

Ethics and approvals
The study was approved by 13 Human Research Ethics Committees (HRECs), including
specialist Indigenous HRECs, as well as data custodians and data linkage units in each
participating jurisdiction. Anonymised data was provided only, which meant it was not
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possible to contact women for consent and the requirement of individual consent was waived
by the ethics committees.

5.2.5. Results
Of 4,467 women eligible for inclusion, Indigenous women were: younger at diagnosis; more
likely to live in remote areas and areas of socio-economic disadvantage; and less likely to be
diagnosed with an adenocarcinoma (Table 1). Prevalence of any comorbidity was higher for
Indigenous than non-Indigenous women (Charlson: 24.2% vs. 10.0%; Elixhauser: 45.4% vs
16.6%, respectively) (Table 2). The most common conditions for Indigenous women
included: excessive alcohol use (13%); uncomplicated hypertension (11%); fluid and
electrolyte disorders (9.1%); complicated (8%) and uncomplicated diabetes (7%); deficiency
anaemia (6%); serious kidney disease (6%); and chronic respiratory disease (6%) (Tables 2
and S1). While more comorbidities were identified using the Elixhauser score, the
association between comorbidity and cause-specific survival was similar regardless of which
comorbidity measure was used (see S1-S5 Tables). Charlson comorbidity score is reported
hereafter, unless stated otherwise.
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Table 1: Characteristics of 4,467 Australian women diagnosed with cervical cancer
2003-2012, by Indigenous status
TOTAL n(%)
Age in years (median, IQR)

Indigenous

Non-Indigenous

Pa

198 (4.4)
41.6 (35.2, 51.1)

4,269 (95.6%)
47.0 (36.8, 61.4)

<0.001

Age group
%
22-39 years
44.4
40-49 years
28.3
50-59 years
16.2
60-69 years
7.1
70-79 years
3.5
80-89 years
0.5
State/territoryb
New South Wales
20.7
Victoria
8.1
Queensland
27.8
South Australia
2.5
Western Australia
26.8
Northern Territory
14.1
Area-level socioeconomic disadvantage quintile (Q)
Most advantaged (Q5)
3.5
Q4
19.7
Q3
20.7
Q2
20.2
Most disadvantaged (Q1)
32.3
Missing
3.5
Place of residence
Major city
25.3
Inner regional
17.2
Outer regional
24.8
Remote
14.7
Very remote
15.7
Missing
2.5
Histological type of cervical cancer
Squamous cell carcinoma
78.3
Adenocarcinoma
10.1
Adeno-squamous carcinoma
2.0
Other carcinoma or sarcoma
9.6
Stage of cancer at diagnosis, NSW only
41 women
Localised
41.5
Regional spread
34.2
Distant metastases
17.1
Unknown
7.3

%
32.8
23.9
17.6
12.8
6.7
6.1

<0.001

24.1
24.8
20.9
11.2
17.9
1.1

<0.001

19.8
26.0
27.5
14.6
11.4
0.8

<0.001

72.6
16.4
8.6
1.4
0.2
0.8

<0.001

65.2
23.9
3.1
7.8
1,028 women
47.2
27.8
8.3
16.7

<0.001

0.09

Abbreviations: IQR: Interquartile range; Q: Quintile; NSW: New South Wales; P: p-value
NOTES:
a. Mann-Whitney U-test was used to test differences between medians; Chi-squared test was used to test
differences in proportions.
b. In all jurisdictions, except Queensland, data were provided for women diagnosed with cervical cancer
aged 22-89 years. In Queensland, data were provided for women aged 22-69 years only.
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Table 2: Prevalence of conditions in the Charlson Comorbidity Index (%) for
Australian Indigenous and non-Indigenous women aged 22-89 years diagnosed with
cervical cancer, 2003-2012
Pa

Indigenous
(n=198)
%

NonIndigenous
(n=4,269)
%

1.5
4.0
0.5
1.5
0.0
5.6
0.5
0.0
2.5
6.6
7.6
1.0
5.6
3.5
0.5
3.0
0.0

0.6
0.9
0.5
0.5
0.5
1.8
0.4
0.1
0.7
1.7
2.3
0.3
1.7
1.6
0.2
1.5
0.0

0.14
<0.001
0.94
0.07
0.31
<0.001
0.77
0.60
0.003
<0.001
<0.001
0.12
<0.001
0.04
0.27
0.10

75.8
7.6
5.1
3.0
8.6

90.0
3.3
3.0
0.8
2.8

Charlson Condition b
Acute myocardial infarction
Congestive heart failure
Peripheral vascular disease
Cerebrovascular disease
Dementia
Chronic pulmonary disease
Connective tissue disease
Peptic ulcer disease
Mild liver disease
Diabetes without complications
Diabetes with complications
Paraplegia
Moderate-severe kidney disease
Invasive cancer, excl. gynaecological
Moderate-severe liver disease
Metastatic cancer, excl. gynaecological
AIDS
Charlson scoreb
0 (No known comorbidity)c
1
2
3
4+

<0.001

NOTES:
a. Chi-squared test was used to test differences in proportions.
b. Comorbidity was measured using diagnoses codes contained in hospital admissions data for the two
years prior to and including the woman’s cervical cancer diagnosis date.
c. No known comorbidity includes women who linked to hospital records and did not have
comorbidity and women who did not link to a hospital record and have unknown comorbidity.

Cause-specific mortality

1,171 women died within five years of diagnosis; 82.0% died from cervical cancer. For all
women combined, five-year cause-specific survival was 75.8% (Table 3). Five-year survival
decreased with increasing levels of comorbidity for non-Indigenous women, yet for
Indigenous women survival was similar for those with a Charlson score of 0 or 1 but much
lower for those with a score of 2+.
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Table3: Crude five-year Kaplan-Meier survival estimates for 4,467 Australian women
(22-89 years)a diagnosed with cervical cancer, 2003-2012, stratified by Charlson
comorbidity score (0,1,2+).
Five-year cause-specific survival (%, 95%CI)
Charlson comorbidity score b

All women
0

1

2+

75.8 (74.4-77.2)

79.0 (77.6-80.3)

67.4 (58.6-74.7)

36.6 (30.2-43.1)

non-Indigenous

76.6 (75.1-77.9)

79.6 (78.1-80.9)

66.9 (57.6-74.6)

37.3 (30.4-44.1)

Indigenous

60.2 (52.4-67.0)

64.8 (56.1-72.2)

72.0 (41.2-88.6)

32.2 (14.7-51.1)

22-39 years

88.9 (87.0-90.5)

89.6 (87.7-91.1)

82.4 (54.7-93.9)

41.9 (18.3-64.1)

40-49 years

81.3 (78.5-83.7)

83.1 (80.3-85.5)

66.8 (46.1-81.0)

47.8 (30.8-62.9)

50-59 years

70.2 (66.5-73.6)

73.0 (69.2-76.5)

81.3 (63.0-91.1)

32.5 (17.5-48.5)

60-69 years
70-79 years

63.4 (58.8-67.6)
57.9 (51.3-64.0)

67.3 (62.5-71.8)
61.2 (53.3-68.1)

59.4 (35.8-76.8)
55.6 (32.2-73.8)

33.8 (21.0-47.0)
46.9 (31.9-60.5)

80-89 years

All women
Indigenous status

Age group

38.2 (31.1-45.3)

42.1 (33.6-50.3)

60.1 (35.7-77.8)

14.8 (4.0-32.1)

Diagnosis period
2003-2007

75.6 (73.8-77.3)

79.1 (77.3-80.8)

64.9 (54.2-73.7)

37.1 (29.3-44.9)

2008-2012

76.3 (73.8-78.6)

78.9 (76.4-81.2)

73.1 (56.7-84.1)

36.9 (26.2-47.7)

Five-year all-cause survival (%, 95%CI)
Charlson comorbidity score b

All women
0

1

2+

70.8 (69.4-72.3)

75.3 (-73.8-76.8)

52.3 (43.6-60.3)

24.3 (19.3-29.7)

non-Indigenous

71.7 (70.2-73.1)

75.9 (74.4-77.3)

52.3 (43.0-60.7)

24.9 (19.5-30.6)

Indigenous

53.4 (45.8-60.4)

61.0 (52.2-68.6)

52.5 (25.2-74.0)

20.2 (8.0-36.4)

22-39 years

87.6 (85.7-89.3)

88.3 (86.4-90.0)

82.4 (54.7-93.9)

39.5 (17.2-62.2)

40-49 years

78.3 (75.4-80.9)

80.5 (77.6-83.1)

59.9 (39.5-75.4)

42.2 (26.8-56.8)

50-59 years

65.7 (61.9-69.2)

70.2 (66.2-73.8)

66.6 (46.4-80.6)

22.9 (11.9-36.1)

60-69 years

57.6 (53.1-61.9)

62.8 (57.8-67.4)

41.6 (20.7-61.3)

25.4 (14.9-37.2)

70-79 years

44.9 (38.7-50.9)

50.6 (43.0-57.7)

48.2 (26.6-66.8)

24.5 (14.2-36.3)

80-89 years

21.3 (16.1-27.0)

27.1 (20.3-34.3)

19.8 (6.3-38.6)

3.2 (0.3-12.2)

2003-2007

70.3 (68.4-72.1)

75.5 (73.6-77.2)

49.2 (39.0-58.7)

23.3 (17.5-29.6)

2008-2012

72.1 (69.5-74.5)

75.3 (72.7-77.8)

61.6 (45.8-74.1)

28.6 (19.4-38.4)

All women
Indigenous status

Age group

a

Diagnosis period

Abbreviations: CI: Confidence Interval
Notes:
a. All jurisdictions provided data for women aged 22-89 years at diagnosis of cervical cancer, with the
exception of Queensland, which only provided data for women aged 22-69 years at diagnosis.
b. No known comorbidity includes women who linked to hospital records and did not have comorbidity
and women who did not link to a hospital record and have unknown comorbidity.
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In multivariable analysis, without interaction terms, the age-adjusted risk of dying was 2.6
times higher for Indigenous than non-Indigenous women (HR 2.6, 95%CI 2.0-3.3; S6 Table).
The hazard ratio reduced when adjusted for histology type and socioeconomic status (HR
2.2, 1.7-2.8; LR test p<0.001 compared to the previous model), and reduced further when
adjusted for comorbidity score (HR 1.8, 1.4-2.3; LR test p<0.001). Ten of the Charlson
conditions had HRs >1.5 in separate models (S7 Table), but adjustment for each of these
individual conditions (rather than the summary Charlson score) resulted in a similar adjusted
Indigenous: non-Indigenous hazard ratio (HR 2.0, 1.5-2.6, LR test P<0.001).

However, the relationship between comorbidity and survival differed for Indigenous and
non-Indigenous women and by age at diagnosis. When interaction terms were added to the
multivariable model, mortality increased significantly with increasing comorbidity only for
non-Indigenous women (Table 4). For Indigenous women, these differences were not
statistically significant (Table 4). These patterns meant the mortality differential for
Indigenous and non-Indigenous women was only evident for those without comorbidity (Fig
1). Increasing age at diagnosis was strongly associated with higher mortality for women
without comorbidity (4% increase in mortality per year of age), but the association was
smaller for women with comorbidity score of 1 or 2+ (and confidence intervals bordered 1.0)
(Table 4).

All-cause mortality

All-cause survival followed similar patterns to cause-specific survival (Table 3) and
mortality: higher comorbidity score was associated with higher mortality, more so for nonIndigenous than Indigenous women; excess mortality for Indigenous compared with nonIndigenous women was evident only for women without comorbidity; and mortality
increased with increasing age, for women without comorbidity or score of 1, but not for
women with a comorbidity score of 2+.
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Table 4: Adjusted hazard ratios for five-year cause-specific mortality for
Australian women, 22-89 years, diagnosed with cervical cancer, 2003-2012 a, b
Adjusted HR c

95%CI

Chi-sq=15.8, df=2, p<0.001e

Charlson comorbidity score
Indigenous women
0 (No known comorbidity) d

1.00

1

0.68

(0.24-1.89)

2+

1.57

(0.91-2.70)

Non-Indigenous women
0 (No known comorbidity) d

1.00

1

1.72

(1.10-2.68)

2+

4.62

(3.54-6.03)

Chi-sq=24.46, df=2, p<0.001e

Age at diagnosis, per year increase
Charlson score 0 d

1.04

(1.04-1.04)

Charlson score 1

1.02

(1.01-1.04)

Charlson score 2+

1.01

(1.00f-1.02)

Chi-sq=24.9, df=5, p<0.001g

Area level socioeconomic disadvantage
Most advantaged (Q5)

1.00

Q4

0.96

(0.78-1.18)

Q3

1.15

(0.94-1.40)

Q2

1.33

(1.07-1.65)

Most disadvantaged (Q1)

1.51

(1.20-1.89)

Missing

0.79

(0.40-1.57)

Chi-sq=75.4, df=3, p<0.001g

Histology type
Squamous cell carcinoma

1.00

Adenocarcinoma

0.77

(0.65-0.92)

Adenosquamous carcinoma

1.24

(0.87-1.76)

Other carcinoma or sarcoma

2.19

(1.81-2.64)

Abbreviations: HR: hazard ratio; CI: confidence interval; Q: quintile.
Notes:
a. All jurisdictions entered the study in 2003, except for Victoria which entered the study in
2007. Jurisdictions exited the study in 2007 (NSW), 2009 (Qld), 2010 (NT), 2011 (WA), and
2012 (Vic and SA).
b. All jurisdictions contributed women aged 22-89 years at diagnoses, except for Queensland
which contributed women aged 22-69 years only.
c. Hazard ratios were mutually adjusted for all variables and interactions listed in this table
d. No known comorbidity includes women who linked to hospital records and did not have
comorbidity and women who did not link to a hospital record (unknown comorbidity)
e. Significance of interaction terms based on likelihood ratio tests
f. p=0.9998
g. Significance of main effect based on likelihood ratio test

Chapter 5

162

163

HR 1.0 (0.4-2.9)

HR 0.9 (0.5-1.4)
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Figure 1: Cause-specific mortality rates for Indigenous and non-Indigenous women stratified by Charlson Comorbidity Index score, adjusted for age
at diagnosis, area-level socioeconomic status, and histology type.

HR 2.5 (1.9-3.4)

Sensitivity analysis
Overall, 12.5% of women in the cohort did not link to any hospital record (Indigenous 2.0%;
non-Indigenous 12.9%). Failure to link was less common for women from jurisdictions with
private hospital data (5.8%) than without (25.5%), and less common with increasing
socioeconomic disadvantage, more so in the jurisdictions without private hospital data (least
disadvantaged areas 28%, most disadvantaged areas 6%) than in those with private hospital
data (7.7%, 4.4%). Women in the jurisdictions with private hospital data had similar
comorbidity as those in the jurisdictions without private hospital data (11% vs. 10%). Causespecific mortality followed similar patterns regardless of whether women who did not link to
any hospitalisation were included in the analysis (and assumed to have no comorbidity) or
excluded.
Stage at diagnosis
Almost half of NSW women (47.0%) were diagnosed with localised cancer (16.4% had
unknown or missing stage). The odds of advanced-stage diagnosis were greater for
Indigenous than non-Indigenous women (OR 1.9, 95%CI 0.99-3.5) and for women with
comorbidity (score 1: OR 3.0, 1.8-5.1; score 2+: OR 2.1, 1.4-3.2) than those without. In the
multivariable analysis (adjusted for Indigenous status, age at diagnosis, histology type, and
socioeconomic status) cause-specific mortality was higher for women with than without
comorbidity (score 1: HR 1.7, 1.1- 2.7; 2+: HR 1.8, 1.3-2.6), but these associations were
attenuated and became not statistically significant when also adjusted for stage at diagnosis
(score 1: HR 1.3, 0.8-2.0; 2+: HR 1.2, 0.9-1.8). Stratified survival curves show that
comorbidity is associated with lower survival only for women with localised disease (and for
women with unknown stage), but not for women with regional or distant spread (Fig 2).
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5.2.5. Discussion
We have shown that increased comorbidity is associated with reduced five-year causespecific and all-cause survival for Australian women diagnosed with cervical cancer. This
finding is consistent with previous findings from New Zealand,11 a neighbouring country
with similar culture, healthcare system and cervical screening program, 36,37 but is not
consistent with findings reported from other countries.12,13 Elsewhere and for other cancer
types, it has been well established that comorbidity is associated with higher mortality from
any cause, but it is less clear if comorbidity is associated with cancer-specific death.2 One
explanation for our results is that comorbidity may form a barrier to participation in cancer
screening,38 which may lead to more advanced disease at diagnosis.39 Comorbidity may also
limit treatment options and increase the risk of treatment complications.1 We were unable to
assess screening participation and treatment in this study. However, for NSW women, we
were able to demonstrate that comorbidity is associated with more advanced disease at
diagnosis, which is suggestive of lower screening participation by these women.

Surprisingly, the pattern of increasing mortality with increasing comorbidity was only
observed for non-Indigenous women. For Indigenous women, the relationship between
comorbidity and mortality was less definitive. While this is in part due to the small numbers
of Indigenous women, which leads to low precision and power, the results suggest a much
weaker, if any, association between comorbidity and cervical cancer mortality for Indigenous
women. Adjustment for comorbidity, particularly as a summary measure rather than
individual conditions, did reduce the Indigenous: non-Indigenous hazard ratio somewhat:
33% with the Charlson summary score and 17% with individual Charlson conditions. A
similar pattern was observed when the Elixhauser score was used. However, these reductions
were not statistically significant (as indicated by overlapping confidence intervals) and there
still remained substantial excess mortality for Indigenous women compared to nonIndigenous women after adjustment.
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Figure 2: Cause-specific survival for NSW women (n=1,069) by Charlson Comorbidity Index score, stratified by cancer stage,
adjusted for age at diagnosis and Indigenous status
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Indigenous women with comorbidity score 2+ only had slightly higher mortality than
Indigenous women without comorbidity and survival was highest for Indigenous women
with a comorbidity score of 1. In Queensland, most Indigenous women do not participate in
cervical screening, but those who do screen tend to do so regularly.21 It is plausible that these
are the women with mild comorbidity, who may have greater contact with the healthcare
system and thus may be more likely to receive opportunistic screening or an earlier diagnosis
of symptomatic disease.

Differences in treatment receipt for Indigenous and non-Indigenous women may also explain
this finding. For NSW non-small cell lung cancer patients, Indigenous patients without
comorbidity were half as likely to receive surgery as non-Indigenous patients, while there
was no difference in surgery rates for Indigenous and non-Indigenous patients with
comorbidity.40 Although it is not clear whether these patterns are generalizable to cervical
cancer treatment, the combination of lower participation in cervical screening,21 more
advanced disease at diagnosis,22,41,42 and less optimal cancer treatment23 is likely to at least
partially explain the survival differential for Indigenous women compared to non-Indigenous
women. That this relationship is restricted to women without comorbidity suggests factors
other than those measured in this study are responsible for most of the survival differential
and this warrants further investigation.

Australia has transitioned its National Cervical Screening Program from two-yearly Pap
testing to the more effective Human Papillomavirus screening test with a longer screening
interval of five years.16 It is not clear what effect this change will have on screening
participation. The longer interval may improve screening participation because it is less of a
burden on women, or alternatively participation may fall because infrequency leads to
disengagement with the program, particularly for women without comorbidity who have less
reason to interact with the healthcare system. The new program will also provide an option
of in-clinic self-collected screening (a vaginal swab) for hard-to-reach and under-screened
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women.16 While this is a valuable option, if comorbidity prevents women from attending a
medical centre in the first place, it may have little impact on screening participation and
cervical cancer outcomes for these women. Understanding how comorbidity influences
women’s participation in the screening program may provide valuable insight as to whether
outreach services are required (e.g. self-sampling in the home setting under the supervision
of a health care worker).

Geographical remoteness and socioeconomic disadvantage could impact mortality by
limiting access to preventive (e.g. screening) or treatment services. In our study, living in
higher socioeconomic areas was associated with higher survival, similar to that observed in
previous studies,43,44 and Indigenous women living in areas of greater disadvantage
accounted for some of the Indigenous: non-Indigenous survival differential. In contrast with
previous findings,19,45 place of residence was not associated with excess mortality after
adjustment for other factors. Survival inequalities previously reported for women in remote
areas may partly reflect the higher proportion of Indigenous people and socioeconomic
disadvantage in these areas.44,46
Strengths and limitations
The relationship of increasing mortality with increasing comorbidity is clear for nonIndigenous women. However, for Indigenous women the small numbers in some groups,
especially the group with comorbidity score of 1, meant the confidence intervals were wide
and findings imprecise. Our findings do not provide strong evidence that there is no
association between comorbidity and excess mortality for Indigenous women, but our
findings do indicate that if there is such an association for Indigenous women, it is
considerably smaller than for non-Indigenous women. The larger numbers of women with no
comorbidity provide strength to our finding of an important Indigenous: non-Indigenous
survival differential among women without comorbidity. This finding suggests that factors
other than comorbidity are responsible for the disparity in cervical cancer survival between
Indigenous and other Australian women. This study examined the relationship between
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individual comorbid conditions and cause-specific survival for the whole cohort of women,
but the small number of Indigenous women meant this could not be explored separately for
them. For the same reason, the experience of Torres Strait Islander women could not be
investigated separately from that of Aboriginal women.
A major limitation of this study was the lack of information on women’s cervical screening,
cancer treatment, and stage of cancer at diagnosis. Cancer stage is a powerful predictor of
survival and thus its absence from cancer registries limits evaluation of cancer programs, the
effective allocation of resources, and the ability to accurately compare cancer outcomes
across population groups.47 In Australia, stage at diagnosis is only routinely collected by one
registry, however a previous validation study found that the routine collection of staging
information by cancer registries would be feasible for most cancer types; 47 we urge them to
do so.

This study relies on: (1) the ability of the comorbidity tool to capture all important
comorbidity for women with cervical cancer; (2) the accuracy and completeness of hospitals’
coded diagnosis data; and (3) accurate record linkage. We utilised two measures of
comorbidity, and while the Elixhauser (which includes a greater number of conditions)
identified more comorbidity, the patterns of association between comorbidity and mortality
were similar for the two measures. Neither the Charlson nor the Elixhauser indices were
developed or have been validated for Indigenous people with cancer, despite their common
use for this population group in Australia. Given the different characteristics of Indigenous
women compared to non-Indigenous women (e.g. more likely to be diagnosed at a younger
age and with advanced-stage disease) it is possible that neither of these indices capture the
most important comorbidities for this population. Development and use of an Indigenousspecific comorbidity index may find an association between comorbidity and excess
mortality that was not apparent in this study. We limited our definition of comorbidity to
conditions recorded in inpatient records for the two years prior to cervical cancer diagnosis.
This means that included conditions may have been diagnosed at any time in the past. While
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a longer lookback period may ascertain more comorbid conditions, previous studies suggest
a longer lookback is unlikely to alter the relationship between comorbidity and
mortality.11,48,49

It is likely that we did not identify all comorbid conditions, particularly conditions that are
managed in primary care and do not warrant hospitalisation. A Canadian study demonstrated
that more comorbidity was identified for hypertensive patients using hospital and health
insurance data than hospital data alone (even with a longer lookback period).50 However,
while multiple data sources were found to produce a comorbidity measure that better
predicted one-year mortality, the relationship between comorbidity and mortality was similar
regardless of the data sources used.

Women were more likely to link to a hospital record in the jurisdictions that provided both
public and private hospital data. Even when assuming those who did not link had no
comorbidity, the proportion of women with comorbidity was similar in jurisdictions with and
without private hospital data. Other reasons for non-linkage may include a failure of the
linkage process through false negative matches, non-linkage of women who were
hospitalised interstate, or true non-matches for women who had not been hospitalised. It is
unknown to what degree and in which direction the lack of linkage may have biased the
association between comorbidity and survival, although the sensitivity analysis suggests it
had little impact.

Our comparison of cause-specific and relative survival for Indigenous and non-Indigenous
women (not stratified by comorbidity level) found that the cause-specific method may
underestimate five-year survival by up to 2% in comparison to relative survival. Previous
research has shown that use of cause-specific and relative survival produced similar
estimates for Indigenous and non-Indigenous Australians with cancer.20 The accurate
attribution of cause of death may be more difficult for cancer patients who also have other
chronic conditions, including other cancers, but we have no evidence as to the direction or
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magnitude of this potential bias. We did not conduct a competing risks analysis for this
cohort, which provides a measure of cancer mortality, taking non-cancer deaths (competing
risks) into account. There is evidence that relative survival, cause-specific survival, and
competing risks analysis similarly highlight the excess cancer mortality burden faced by
Indigenous cancer patients compared with non-Indigenous patients.51

5.2.6. Conclusion
Comorbidity is an important prognostic factor for Australian women diagnosed with cervical
cancer, and further research (which preferably utilises multiple public health datasets to
measure comorbidity) should investigate the underlying mechanisms of this relationship.
Comorbidity contributed little, if any, to the lower survival for Indigenous women. There
was a large survival disparity observed among Indigenous and non-Indigenous without
comorbidity. Plausibly, these women have less interaction with the healthcare system and are
thus less engaged with cancer screening programs and/or treatment services. There is a role
here for primary care providers to devise ways in which Indigenous women who are
relatively healthy are engaged with these services and programs.
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5.3. Appendix: Supplementary Tables
Supplementary tables A1-7 were also submitted for publication, along with the manuscript
above. Table A8 and Figure A1 were referred to in text but data was not provided. For
completeness, that data is provided here.
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Table A1: Prevalence of Elixhauser comorbidity (%) in Indigenous and nonIndigenous Australian women, 22-89 years at diagnosis of cervical cancer, 20032012 a

%
4.0
5.1
1.5
1.0
0.5
11.1
0.0
1.5
2.0
5.6
4.0
7.6
2.0
5.6
2.5
0.0
0.0
0.0
3.0

NonIndigenous
(n=4,269)
%
0.9
2.0
0.5
0.7
0.5
5.1
0.1
0.4
0.5
1.8
1.2
2.3
0.2
1.7
0.7
0.1
0.0
0.1
1.5

3.5

1.6

0.5
1.0
3.5
2.0
9.1
3.5
6.1
12.6
3.5
3.0
5.1

0.4
0.6
1.2
0.6
3.7
1.3
1.2
0.9
0.6
0.4
1.2

54.6
20.2
8.6
7.6
9.1

83.4
8.6
3.7
1.9
2.4

Indigenous
(n=198)
Elixhauser condition a
Congestive heart failure
Cardiac arrhythmias
Valvular disease
Pulmonary circulation disorders
Peripheral vascular disorders
Hypertension, uncomplicated
Hypertension, complicated
Paralysis
Other neurological disorders
Chronic pulmonary disease
Diabetes, uncomplicated
Diabetes, complicated
Hypothyroidism
Renal failure
Liver disease
Peptic ulcer disease, excl. bleeding
AIDS/HIV
Lymphoma
Metastatic cancer, excluding gynaecological
Solid tumour without metastasis, excluding
gynaecological
Rheumatoid arthritis/collagen vascular
diseases
Coagulopathy
Obesity
Weight loss
Fluid and electrolyte disorders
Blood loss anaemia
Deficiency anaemia
Alcohol abuse
Drug abuse
Psychoses
Depression
Elixhauser score a
0 (No known comorbidity) c
1
2
3
4+

P

<0.001
0.004
0.065
0.616
0.941
<0.001
0.667
0.028
0.005
<0.001
0.001
<0.001
<0.001
<0.001
0.006
0.709
0.667
0.097
0.038
0.771
0.451
0.004
0.021
<0.001
0.008
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

NOTES:
a. Comorbidity was measured using diagnoses codes contained in hospital admissions data of the two
years prior and including the woman’s cervical cancer diagnosis date.
b. These categories excluded gynaecological cancers.
c. No known comorbidity includes women who linked to hospital records and did not have
comorbidity and women who did not link to a hospital record and have unknown comorbidity.
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Table A2: Crude 5-year Kaplan Meier survival estimates for 4,467 Australian
women (22-89 years)a diagnosed with cervical cancer, 2003-2012, by Elixhauser
comorbidity score
Five-year cause-specific survival rates (%, 95%CI)
Elixhauser comorbidity score b

All women
0

1

2+

All women
Indigenous
status
nonIndigenous

75.8 (74.4-77.2)

80.8 (79.4-82.2)

59.9 (45.6-64.8)

43.2 (37.4-48.8)

76.6 (75.1-77.9)

81.3 (79.9-82.7)

58.7 (53.1-64.0)

43.8 (37.5-49.8)

Indigenous

60.2 (52.4-67.0)

65.4 (55.0-73.9)

70.3 (52.5-82.5)

40.3 (25.1-55.0)

22-39 years

88.9 (87.0-90.5)

90.4 (88.6-92.0)

78.7 (68.0-86.2)

53.7 (35.5-68.8)

40-49 years

81.3 (78.5-83.7)

84.7 (81.9-87.1)

63.6 (52.4-72.8)

54.4 (39.1-67.5)

50-59 years

70.2 (66.5-73.6)

75.2 (71.2-78.7)

51.8 (39.3-62.9)

49.6 (35.7-62.0)

60-69 years
70-79 years

63.4 (58.8-67.6)
57.9 (51.3-64.0)

68.8 (63.7-73.3)
64.2 (55.8-71.5)

64.0 (49.4-75.4)
42.2 (25.2-58.2)

25.5 (14.5-38.0)
51.5 (38.0-63.4)

80-89 years
Diagnostic
period
2003-2007

38.2 (31.1-45.3)

44.3 (34.8-53.3)

38.8 (21.1-56.2)

23.8 (12.4-37.2)

75.6 (73.8-77.3)

81.1 (79.3-82.8)

58.1 (51.5-64.2)

44.2 (37.0-51.1)

76.3 (73.8-78.6)

80.6 (78.0-82.9)

62.6 (53.1-70.8)

42.0 (32.3-51.4)

Age group

a

2008-2012

Five-year all-cause survival rates (%, 95%CI)
Elixhauser comorbidity score b

All women
0

1

2+

All women
Indigenous
status
nonIndigenous

70.8 (69.4-72.3)

77.5 (75.9-78.9)

52.1 (46.8-57.1)

29.7 (24.9-34.6)

71.7 (70.2-73.1)

77.9 (76.3-79.4)

50.8 (45.2-56.1)

30.4 (25.2-35.8)

Indigenous

53.4 (45.8-60.4)

63.7 (53.5-72.3)

63.6 (46.2-76.7)

26.1 (14.6-39.2)

22t-39 years

87.6 (85.7-89.3)

89.4 (87.5-91.1)

77.6 (66.8-85.3)

46.1 (28.9-61.7)

40-49 years

78.3 (75.4-80.9)

81.9 (78.9-84.5)

60.6 (49.2-70.3)

50.0 (35.6-62.9)

50-59 years

65.7 (61.9-69.2)

72.7 (68.6-76.3)

46.3 (34.1-57.5)

34.9 (23.8-46.2)

60-69 years

57.6 (53.1-61.9)

64.3 (59.1-69.0)

56.5 (42.3-68.5)

16.7 (8.6-27.0)

70-79 years

44.9 (38.7-50.9)

54.3 (45.9-62.0)

27.8 (15.0-42.2)

32.9 (22.3-44.0)

80-89 years
Diagnostic
period

21.3 (16.1-27.0)

29.5 (21.7-37.7)

18.5 (8.3-31.9)

6.2 (1.6-15.4)

2003-2007

70.3 (68.4-72.1)

77.6 (75.7-79.4)

50.5 (44.0-56.6)

29.5 (23.7-35.5)

2008-2012

72.1 (69.5-74.5)

77.7 (74.9-80.2)

54.9 (45.3-63.5)

28.6 (23.7-40.3)

Age group

a

Abbreviations: CI: Confidence Intervals
NOTES:
a. All jurisdictions provided data on women aged 22-89 years at diagnosis of cervical cancer, with
the exception of Queensland, which only provide data on women aged 22-69 years at diagnosis.
b. No known comorbidity includes women who linked to hospital records and did not have
comorbidity and women who did not link to a hospital record and have unknown comorbidity.
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Table A3: Excess cause-specific mortality for Indigenous women compared
to non-Indigenous women with cervical cancer, 2003-2012
Adjusted for:
HR (95%CI) a
Age at diagnosis
2.59 (2.03-3.31)
+ histological type, & SES
2.20 (1.71-2.81)
(a) + Elixhauser score
1.56 (1.21-2.02)
(b) + individual conditions b
1.77 (1.35-2.31)
Stratified by Elixhauser score: c
Score 0 d
2.84 (2.00-4.03)
Score 1
0.74 (0.40-1.40)
Score ≥2
1.00 (0.69-4.54)
Abbreviations: HR: Hazard Ratio; SES: socioeconomic status (quintile 1-5)
NOTES:
a. Hazard ratio for Indigenous women compared to non-Indigenous women (reference
group)
b. 20 conditions included in the Elixhauser score that were associated with mortality in a
multivariable model adjusted for adjusted for age at diagnosis, Indigenous status,
histology type and socioeconomic status (HR >1.5).
c. Adjusted for adjusted for age at diagnosis, histology type and socioeconomic status.
d. No known comorbidity includes women who linked to hospital records and did not have
comorbidity and women who did not link to a hospital record and have unknown
comorbidity.
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Table A4: Hazard ratios for five-year cause-specific mortality for
Australian women, 22-89 years, diagnosed with cervical cancer, 2003-2012 a,
b

Adjusted HR c

95%CI

Elixhauser comorbidity score
Indigenous women
0 (No known comorbidity)d

1.00

1

0.74

(0.37-1.45)

2+

1.47

(0.88-2.45)

Non-Indigenous women
0 (No known comorbidity)d

1.00

1

2.81

(2.24-3.53)

2+

4.16

(3.25-5.33)

1.04

(1.04-1.05)

Elixhauser score 1

1.02

(1.01-1.03)

Elixhauser score ≥2

1.02

(1.00-1.03)

Age at diagnosis, per year increase
Elixhauser score 0 d

Area level socioeconomic disadvantage
Most advantaged (Q5)

1.00

Q4

0.98

(0.80-1.21)

Q3

1.14

(0.94-1.39)

Q2

1.31

(1.05-1.63)

Most disadvantaged (Q1)

1.50

(1.19-1.88)

Missing

0.83

(0.42-1.64)

Histology type
Squamous cell carcinoma

1.00

Adenocarcinoma

0.79

(0.66-0.94)

Adeno-squamous carcinoma

1.27

(0.90-1.81)

Other carcinoma or sarcoma

2.24

(1.86-2.71)

Abbreviations: HR: hazard ratio; CI: confidence interval; Q: quintile.
Notes:
h. All states/territories entered the study between January and July 2003, except for July
which entered the study in January 2007. States/territories exited the study in December
2007 (NSW), December 2009 (QLD), December 2010 (NT), December 2011 (WA), and
December 2012 (VIC and SA).
i. All states/territories contributed women aged 22-89 years at diagnoses, except for
Queensland which contributed women aged 22-69 years only.
j. The hazard ratios were mutually adjusted for all variables listed in this table and the
interactions between comorbidity and survival time and comorbidity and age at
diagnosis.
k. No known comorbidity includes women who linked to hospital records and did not have
comorbidity and women who did not link to a hospital record and have unknown
comorbidity.
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Table A5: Five-year cause-specific survival estimates and hazard ratios a for
individual Elixhauser conditions for Australian women (n=4,467) diagnosed with
cervical cancer, 2003-2012
Elixhauser comorbidity b
No known comorbidity e
Congestive heart failure
Cardiac arrhythmias
Valvular disease
Pulmonary circulation disorders
Peripheral vascular disorders
Hypertension, uncomplicated
Paralysis
Other neurological disorders
Chronic pulmonary disease
Diabetes, uncomplicated
Diabetes, complicated
Hypothyroidism
Renal failure
Liver disease
Metastatic cancer, excl.
gynaecological
Solid tumour without
metastasis, excl. gynaecological
Rheumatoid arthritis/collagen
vascular diseases
Coagulopathy
Obesity
Weight loss
Fluid and electrolyte disorders
Blood loss anaemia
Deficiency anaemia
Alcohol abuse
Drug abuse
Psychoses
Depression

5-year KM
survival
probability
80.8 (79.4-82.2)
41.7 (24.9-57.7)
48.2 (36.9-58.6)
56.8 (32.5-75.2)
34.6 (14.9-55.2)
64.2 (36.1-82.5)
46.4 (38.7-53.8)
22.9 (1.8-58.3)
41.2 (18.0-63.2)
64.3 (51.1-74.8)
48.2 (34.3-60.8)
42.6 (31.5-53.2)
52.9 (22.6-76.1)
28.8 (18.1-40.5)
61.9 (43.3-76.0)

Separate Models c
HR (95%CI)
1.44 (0.94-2.21)
1.29 (0.94-1.77)
0.77 (0.39-1.51)
2.00 (1.22-3.29)
0.64 (0.29-1.45)
1.40 (1.13-1.73)
1.73 (0.95-3.15)
1.88 (1.06-3.35)
0.91 (0.61-1.35)
1.95 (1.33-2.84)
1.63 (1.22-2.16)
1.34 (0.59-3.03)
3.05 (2.29-4.07)
1.73 (0.99-3.00)

Combined
Model d
HR (95%CI)

1.39 (0.81-2.41)
0.78 (0.59-1.04)
1.22 (0.63-2.37)
1.09 (0.58-2.04)
1.38 (0.90-2.10)
1.07 (0.73-1.56)
1.88 (1.32-2.68)
0.82 (0.46-1.49)

16.1 (3.1-30.3)

5.61 (4.17-7.55)

5.05 (3.61-7.04)

41.9 (26.7-56.5)

1.55 (1.09-2.22)

0.92 (0.62-1.37)

48.3 (22.1-70.4)
37.2 (16.7-57.9)
70.4 (55.3-81.3)
22.1 (7.5-41.5)
38.7 (30.5-46.8)
44.2 (30.8-56.7)
46.7 (32.9-59.3)
54.5 (40.1-66.8)
71.7 (52.3-84.2)
51.3 (29.0-69.8)
54.0 (40.1-66.1)

1.69 (0.84-3.40)
1.72 (1.00-2.97)
1.05 (0.63-1.76)
4.87 (3.14-7.56)
2.82 (2.27-3.51)
3.14 (2.20-4.48)
2.39 (1.66-3.42)
2.22 (1.46-3.38)
1.50 (0.77-2.92)
2.21 (1.21-4.04)
2.12 (1.43-3.16)

1.24 (0.60-2.56)
1.24 (0.67-2.30)
3.54 (2.22-5.65)
1.94 (1.49-2.52)
2.16 (1.48-3.14)
1.64 (1.11-2.41)
1.27 (0.79-2.06)
0.98 (0.48-2.00)
1.95 (1.03-3.68)
1.58 (1.03-2.18)

Abbreviations: KM: Kaplan Meier; HR: Hazard Ratio; CI: Confidence Interval;
NOTES:
a.
Reference group is those without the individual comorbidity.
b. None of the women in this cohort had a co-diagnosis of AIDS/HIV, and less than five women had
a co-diagnosis of hypertension, with complications; peptic ulcer, excluding bleeding; and
lymphoma. Due to this, each of these conditions were excluded from this table.
c.
A separate model was run for each individual condition, adjusted for age at diagnosis, Indigenous
status, histology type and socioeconomic status.
d. A single model was run, adjusted for age at diagnosis, Indigenous status, histology type,
socioeconomic status, and each Charlson condition that had an effect size of >1.5 or were
significant in their separate model (note c)
e.
No known comorbidity includes women who linked to hospital records and did not have
comorbidity and women who did not link to a hospital record and have unknown comorbidity.
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Table A6: Hazard ratios for five-year cause-specific mortality for Australian
women, 22-89 years, diagnosed with cervical cancer, 2003-2012a
Model 1
Including terms
for Indigenous
status and age
Indigenous status
Non-Indigenous 1.0
Indigenous
2.6 (2.0-3.3)
Per year increase in
age at diagnosis
1.04 (1.04-1.05)
Socioeconomic disadvantage b
Most advantaged
NA
Q5
Q4
NA
Q3
NA
Q2
NA
Q1
NA
Most disadvantaged
Missing
NA
Histology type
Squamous cell
NA
carcinoma
Adenocarcinoma
NA
Adeno-squamous NA
carcinoma
Other carcinoma
NA
or sarcoma
Charlson score
Score 0
NA
Score 1
NA
Score 2+
NA
Charlson condition c,d
Cerebrovascular
NA
disease
Dementia
NA
Connective tissue NA
disease
Mild liver disease NA
Diabetes w/o
NA
complications
Diabetes with
NA
complication
Paraplegia/hemip NA
legia
Mod-severe renal NA
disease
Mod-severe liver
NA
disease
Metastatic cancer NA
a.
b.
c.

d.

Model 2
Model 1 plus
SES b, histology
type

Model 3
Model 2 plus
comorbidity
score

Model 4
Model 2 plus
comorbid
conditions

1.0
2.2 (1.7-2.8)

1.0
1.8 (1.4-2.3)

1.0
2.0 (1.5-2.6)

1.04 (1.04-1.01)

1.04 (1.03-1.04)

1.04 (1.03-1.04)

1.0

1.0

1.0

1.0 (0.8-1.2)
1.2 (1.0-1.4)
1.4 (1.1-1.7)
1.6 (1.3-2.0)

1.0 (0.8-1.2)
1.2 (1.0-1.4)
1.4 (1.1-1.7)
1.6 (1.2-2.0)

0.9 (0.8-1.2)
1.1 (0.9-1.4)
1.3 (1.1-1.6)
1.5 (1.2-1.9)

0.8 (0.4-1.5)

0.9 (0.4-1.7)

0.8 (0.4-1.5)

1.0

1.0

1.0

0.8 (0.6-0.9)
1.2 (0.8-1.7)

0.8 (0.6-0.9)
1.2 (0.9-1.8)

0.8 (0.6-0.9)
1.3 (0.9-1.8)

2.2 (1.8-2.6)

2.1 (1.7-2.5)

2.2 (1.8-2.7)

NA
NA
NA

1.0
1.3 (0.9-1.7)
2.5 (2.1-3.0)

NA
NA
NA

NA

NA

1.2 (0.6-2.4)

NA
NA

NA
NA

2.1 (1.2-3.5)
1.2 (0.6-2.4)

NA
NA

NA
NA

1.3 (0.6-2.6)
1.3 (0.9-2.0)

NA

NA

1.0 (0.7-1.4)

NA

NA

1.4 (0.5-3.4)

NA

NA

2.5 (1.8-3.4)

NA

NA

2.2 (0.7-7.3)

NA

NA

5.3 (3.9-7.2)

Three separate flexible parametric regression models, containing terms for variables listed. NA,
not applicable.
Area-level socioeconomic disadvantage
10 conditions of the Charlson comorbidity index that were found to be associated with causespecific mortality (HR>1.5) when entered into the model one at a time, adjusted for age at
diagnosis, Indigenous status, area-level socioeconomic status, and histology type.
The reference groups for women with each condition are those who do not have the condition
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Table A7: Five-year cause-specific survival estimates and hazard ratios a for
individual Charlson conditions for Australian women (n=4,467) diagnosed with
cervical cancer, 2003-2012
Charlson comorbidity b
No known comorbidity e
Acute myocardial infarction
Congestive heart failure
Peripheral vascular disease
Cerebrovascular disease f
Dementia
Chronic pulmonary disease
Connective tissue disease
Peptic ulcer disease
Mild liver disease
Diabetes w/o complications
Diabetes with complication
Paraplegia/hemiplegia
Moderate-severe renal disease
Other cancers g
Moderate-severe liver disease
Metastatic cancer g

5-year KM
survival
probability
79.0 (77.6-80.3)
72.0 (49.6-85.7)
41.7 (24.9-57.7
64.2 (36.1-82.5)
13.1 (1.1-39.9)
64.3 (51.1-74.8)
48.3 (22.1-70.4)
66.7 (19.5-90.4)
64.7 (45.1-78.8)
49.5 (34.5-60.4)
42.1 (31.0-52.7)
22.6 (1.7-58.2)
28.8 (18.1-40.5)
46.1 (30.8-60.0)
50.0 (15.2-77.5)
16.1 (6.1-30.3)

Separate Models c

Combined Model d

HR (95%CI)

HR (95%CI)

0.77 (0.36-1.62)
1.44 (0.94-2.21)
0.64 (0.29-1.45)
1.73 (1.05-2.87)
2.91 (1.73-4.91)
0.91 (0.61-1.35)
1.69 (0.84-3.40)
0.72 (0.18-2.89)
1.59 (0.87-2.90)
1.73 (1.25-2.41)
1.66 (1.25-2.21)
1.55 (0.80-3.01)
3.05 (2.89-4.07)
1.30 (0.90-1.88)
2.85 (1.06-7.62)
5.61 (4.17-7.55)

1.16 (0.57-2.40)
2.06 (1.21-3.53)
1.18 (0.58-2.40)
1.25 (0.61-2.57)
1.34 (0.92-1.99)
1.03 (0.73-1.44)
1.35 (0.53-3.43)
2.50 (1.81-3.44)
2.24 (0.68-7.30)
5.31 (3.93-7.16)

Abbreviations: KM: Kaplan Meier; HR: Hazard Ratio; CI: Confidence Interval;
NOTES:
a.
Reference group is those without the individual comorbidity.
b. None of the women in this cohort had a co-diagnosis of AIDS/HIV and thus this CCI category is
not included in the table.
c.
A separate model was run for each individual condition, adjusted for age at diagnosis, Indigenous
status, histology type and socioeconomic status.
d. A single model was run, adjusted for age at diagnosis, Indigenous status, histology type,
socioeconomic status, and each Charlson condition that had an effect size of 1.5 or greater in their
separate models (note c)
e.
No known comorbidity includes women who linked to hospital records and did not have
comorbidity and women who did not link to a hospital record and have unknown comorbidity.
f.
The Kaplan Meier survival probability could not be calculated for cerebrovascular disease as none
of the women with this condition survived five years past their diagnosis of cervical cancer.
g. Gynaecological cancers were excluded from the ‘other cancers’ and ‘metastatic cancer” categories.
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Table A8: Hazard ratios for five-year all-cause mortality for Australian
women, 22-89 years, diagnosed with cervical cancer, 2003-2012 a, b
Adjusted HR c

95%CI

Charlson comorbidity score
Indigenous women
0 (No known comorbidity)d

1.00

1

1.43

(0.63-3.24)

2+

0.91

(0.59-1.40)

Non-Indigenous women
0 (No known comorbidity)d

1.00

1

1.74

(1.15-2.61)

2+

5.04

(3.96-6.42)

1.04

(1.04-1.05)

Charlson score 1

1.04

(1.02-1.05)

Charlson score ≥2

1.02

(1.01-1.03)

Age at diagnosis, per year increase
Charlson 0 d

Area level socioeconomic disadvantage
Most advantaged (Q5)

1.00

Q4

0.95

(0.79-1.14)

Q3

1.15

(0.97-1.40)

Q2

1.23

(1.01-1.50)

Most disadvantaged (Q1)

1.48

(1.20-1.81)

Missing

0.84

(0.45-1.55)

Histology type
Squamous cell carcinoma

1.00

Adenocarcinoma

0.83

(0.71-0.97)

Adeno-squamous carcinoma

1.25

(0.91-1.72)

Other carcinoma or sarcoma

2.10

(1.76-2.50)

Abbreviations: HR: hazard ratio; CI: confidence interval; Q: quintile.
Notes:
a. All states/territories entered the study between January and July 2003, except for July
which entered the study in January 2007. States/territories exited the study in December
2007 (NSW), December 2009 (QLD), December 2010 (NT), December 2011 (WA), and
December 2012 (VIC and SA).
b. All states/territories contributed women aged 22-89 years at diagnoses, except for
Queensland which contributed women aged 22-69 years only.
c. The hazard ratios were mutually adjusted for all variables listed in this table and the
interactions between comorbidity and survival time and comorbidity and age at
diagnosis.
d. No known comorbidity includes women who linked to hospital records and did not have
comorbidity and women who did not link to a hospital record and have unknown
comorbidity.
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Figure 1: All cause mortality rates for Indigenous and non-Indigenous women stratified by Charlson Comorbidity Index score, adjusted for age at
diagnosis, area-level socioeconomic status, and histology type
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CHAPTER 6:
SUPPORTIVE CARE NEEDS AMONG INDIGENOUS
CANCER PATIENTS IN QUEENSLAND, AUSTRALIA:
LESS COMORBIDITY IS ASSOCIATED WITH GREATER
PRACTICAL AND CULTURAL UNMET NEED
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6.1. Preface
Qualitative research suggests Indigenous Australians may have specific and unique concerns
and needs following a cancer diagnosis. The lived experience of people with cancer can be
complicated by a number of person, practitioner, and health system factors. Comorbidity
may cause or exacerbate psychosocial concerns among those with cancer, but our
understanding of this relationship is limited. Internationally, the evidence regarding the
relationship between comorbidity and unmet supportive care needs is limited for general
cancer populations, and it is unclear if, and how much, comorbidity contributes to unmet
needs among people diagnosed with cancer. To date there is no evidence regarding the
relationship between comorbidity and unmet supportive care needs for Indigenous
Australians with cancer.
Recently, a culturally-specific supportive care needs assessment tool was developed and data
was collected from a convenience sample of Indigenous Australians with cancer recruited
from across four major treating hospitals in Queensland. This chapter presents the results of
a secondary analysis of this data and aims to investigate the association between comorbidity
and unmet supportive care needs related to physical and psychological concerns, hospital
care, information and communication, and practical and cultural needs.
This chapter was submitted to the European Journal of Cancer Care in 2015 and published
in February 2016. The article is presented here in its entirety, with permission from the
journal, and can be accessed via the journal’s website:
http://onlinelibrary.wiley.com/doi/10.1111/ecc.12471/abstract;jsessionid=54F6EB4D766606
F70BD241B7F6F3CCA2.f03t04

6.1.1. Citation
Diaz A, Bernardes CM, Garvey G, Valery PC. (2016) Supportive care needs among
Indigenous cancer patients in Queensland, Australia: less comorbidity is associated with
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greater practical and cultural unmet need, European Journal of Cancer Care, vol. 25, p. 242253, doi: 10.1111/ecc.12471

6.1.2. Statement of authorship
All of the work presented in this chapter was conducted during my candidature. The broader
Supportive Care Needs of Indigenous People (SCN-IP) study was conceived and designed,
and the data collected prior to my candidature. All authors and their contributions are
outlined below.

6.1.3. Author contributions
PCV and GG were primarily responsible for the broader project conception and design and
AD was responsible for the conception and design of this specific study. CMB was primarily
responsible for patient recruitment, data collection and data management. AD assisted with
data management. AD was primarily responsible for data analysis. AD was primarily
responsible for interpretation of findings, with assistance from PCV, CMB and GG. AD
drafted the initial manuscript draft. All authors provided critical review of the draft, and
reviewed and approved the final manuscript.

6.2. Published manuscript:
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SELF-REPORT OF DIAGNOSIS, TREATMENT, AND
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MEDICAL CHART REVIEW ?
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7.1. Preface
This chapter aimed to assess the concordance between patient self-report and medical chart
review of comorbidity data, as well as diagnosis and treatment information for Indigenous
cancer patients in Queensland. Indigenous Australian cancer patients were recruited for a
cross-sectional study on supportive care needs (Chapter 6) and were asked questions
regarding their diagnosis, treatment, and comorbidity. This information was also elicited
from patients’ medical charts by trained data abstractors. While there are inherent limitations
to self-reported data, medical chart review is timely and costly. To assist in the rigorous
design of future studies on comorbidity and treatment of Indigenous Australians cancer
patients, this study compared these data from the two data sources with the aim of
determining if self-report of such clinical data is reliable. The prevalence, sensitivity,
specificity, total agreement and Kappa coefficients were estimated for this purpose.
This chapter was submitted to the European Journal for Person Centred Healthcare in 2015
and published in 2016. The article is presented here in its entirety, with permission from the
journal, and is located on the journal’s website:
http://bjll.org/index.php/ejpch/article/view/1093.

7.1.1. Citation
Bernardes CM, Diaz A, Baade P, Garvey G, Valery PC. (2016) Australian Indigenous cancer
patients’ self-report of diagnosis, treatment and co-morbidity data: how does it compare to
medical chart review? European Journal for Person Centered Healthcare, vol.4 (2), p. 330339

7.1.2. Statement of authorship
All work presented in this chapter was conducted during my candidature. The broader SCNIP study was conceived and designed and the data was collected prior to my candidature. I
Chapter 7

207

was second author on the paper, and was primarily responsible for the development of the
analytical plan and carrying out the data analysis. All authors and their contributions are
outlined below.

7.1.3. Author contributions
GG and PCV conceptualised the broader study and CMB, AD, and PCV conceptualised and
designed this specific analysis. CMB lead patient recruitment and data collection, with
guidance from GG and PCV. AD and CMB were responsible for data management. AD was
primarily responsible for the statistical analysis with assistance from CMB and guidance
from PB. CMB drafted the initial manuscript with assistance from AD. AD and PCV
critically reviewed the first draft. All authors read and approved the final draft

7.2. Published manuscript
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CHAPTER 8:
GENERAL DISCUSSION
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8.1. Overview of findings related to the primary and secondary
aims
This thesis presents a series of studies which explored the impact of comorbidity on the
survival and the supportive care needs of Indigenous Australians with cancer. To address the
primary aim of this thesis, the relationship between comorbidity and the cancer survival
disparity for Indigenous Australians compared with non-Indigenous Australians was
investigated in two studies: (i) a national study of women diagnosed with cervical cancer,
and (ii) a study of Queensland women with gynaecological cancers, in which factors other
than comorbidity (e.g. cancer stage, treatment receipt) could be investigated in more detail.
To address the secondary aim of this thesis, the relationship between comorbidity and unmet
supportive care needs was investigated for newly diagnosed Indigenous cancer patients in
Queensland.
Prior to this work, there was a paucity of Australian or international evidence regarding the
prevalence of comorbidity in Indigenous people with cancer and of the contribution of
comorbidity to differentials in cancer survival and the type and number of unmet supportive
care needs for these populations.1,2 Drawing on this limited evidence, as well as findings
from studies regarding the distribution of chronic disease in the general Australian
population3,4 and among those with cardiovascular disease,5,6 a higher comorbidity
prevalence among Indigenous Australian women diagnosed with cancer than non-Indigenous
Australian women diagnosed with cancer was expected.
There is extensive evidence that comorbidity is associated with increased cancer treatment
complexity7-11 (e.g. for lung cancer patients, curative treatment options are substantially
limited for those with comorbid chronic obstructive pulmonary disease and chemotherapy
options are limited for those with renal disease7). It is also adversely associated with cancer
survival,7-12 with some exceptions (e.g. some evidence suggests the presence of comorbidity
may decrease risk of breast cancer death in women aged over 70 years 13). Moreover, in
Australia, higher comorbidity prevalence has been found to explain survival differences
Chapter 8

221

between Indigenous and non-Indigenous people with cardiovascular diseases.5,6 Given this
peripheral evidence, we hypothesised that comorbidity would be associated with lower
cancer survival for all women, and that a higher comorbidity burden among Indigenous
compared with non-Indigenous Australian women would contribute to their lower cancer
survival.
As expected, we found Indigenous Australian women with any gynaecological cancer, and
those with cervical cancer specifically, have a higher comorbidity burden than nonIndigenous women. Also as expected, comorbidity was negatively associated with cervical
cancer survival for non-Indigenous women, who comprised 96% of cervical cancer cases in
our national cohort.
However, in some instances there was insufficient evidence to reject the null hypotheses:
1. Comorbidity may contribute to the Indigenous: non-Indigenous cervical cancer
survival disparities, however the evidence for this was weak.
2. There is a strong association between comorbidity and cervical cancer survival for
non-Indigenous women, but the relationship between comorbidity and cervical
cancer survival is unclear for Indigenous women.
3. The majority of the Indigenous: non-Indigenous cervical cancers-specific survival
differential was unaccounted for, even after adjustment for differences in
comorbidity status, age at diagnosis, socioeconomic status, and geographical
remoteness.
4. Comorbidity was not associated with higher levels of unmet supportive care needs of
Indigenous Australians with cancer; those with comorbidity had lower odds of
reporting unmet practical and cultural needs.
Each chapter provided an in-depth discussion of the findings that emerged from each of the
respective studies. The purpose of this general discussion chapter is to focus on the common
themes and key findings that have arising from this broad body of work.
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8.1.1. Indigenous Australian women have a higher comorbidity
burden
Prior to this work, there was limited evidence that comorbidity, in general, was more
common among Indigenous Australians than non-Indigenous Australians diagnosed with
cancer, but this appeared to vary by comorbidity type.1,2 In NZ, a neighbouring and
culturally similar country to Australia, Māori and Pacific women diagnosed with cervical
cancer had a higher comorbidity burden compared with other NZ women. 8 During my
candidature, additional evidence was published indicating higher comorbidity for Indigenous
Australians than non-Indigenous Australians, for all cancers combined,14 breast cancer,15,16
prostate cancer,17 lung cancer,18 and colorectal cancer.19,20 While not entirely consistent
across studies, diabetes, kidney disease, respiratory disease, heart disease, and circulatory
diseases were generally more prevalent in Indigenous Australians than non-Indigenous
Australians with cancer.
Consistent with these other studies, I found that comorbidity was more common for
Indigenous Australian women than non-Indigenous women diagnosed with cancer. In the
Queensland gynaecological cancer study (Chapter 3), comorbidity data was ascertained
through a comprehensive review of the medical charts of all Queensland Indigenous women
diagnosed with gynaecological cancer and a matched sample of non-Indigenous women. In
this study, 51% of Indigenous women and 21% of non-Indigenous women had at least one
additional chronic disease, with a similar differential (although lower prevalence) for
Queensland women with cervical cancer specifically (Indigenous 43%, non-Indigenous
14%). The lower prevalence of comorbidity among women with cervical cancer than
gynaecological cancer broadly may be explained by the lower average age of diagnosis for
women with cervical cancer compared to women with uterine and other gynaecological
cancers.21
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For the national cervical cancer study (Chapter 4), a data-linkage approach was used to
ascertain comorbidity data from primary and other diagnosis fields contained within each
admission record of the state and territory Hospital Admitted Patient Data Collections
(HAPDC) for Australian women diagnosed with cervical cancer. This is the first time
comorbidity prevalence has been reported for a cancer group on a (close to) national scale.
While Tasmania and the ACT were not included in this study, the coverage rate was 96% of
the total Australian female population and 95% of the total Indigenous Australian female
population.22
While the data-linkage method identified a lower comorbidity prevalence level (24%
Indigenous; 10% non-Indigenous) than the method employed in the Queensland study, both
studies provide evidence of a similar differential in comorbidity prevalence between
Indigenous and non-Indigenous women with cervical cancer (Chapter 5). In this study,
Indigenous women were more likely than non-Indigenous women to have congestive heart
failure, cardiac arrhythmias, hypertension, chronic respiratory disease, liver disease,
diabetes, kidney disease, other cancers, paralysis, other neurological disorders, obesity,
weight loss, fluid and electrolyte disorders, blood loss anaemia, and deficiency anaemia.

8.1.2. Comorbidity is associated with lower survival in general
The results of the national cervical cancer study showed that five-year survival (both allcause and cause-specific) decreased with increasing comorbidity for Australian women.
Similar findings have been reported for NZ women,8 although the international literature
regarding this relationship is both limited and inconsistent (see section 5.2.2.).8,23-27 Prior to
this current work, there were no published studies examining the influence that comorbidity
had on survival for cervical or any other gynaecological cancer among Australian women.
During my candidature, however, a study was published which found comorbidity to be
associated with decreased all-cause survival for Australian women with ovarian cancer,
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consistent with our findings.28 Due to data limitations, the ovarian cancer study could not
investigate cause-specific survival.

8.1.3. Weak evidence that comorbidity contributes to the
Indigenous: non-Indigenous cancer survival disparity
For gynaecological cancer (in Queensland) and for cervical cancer (nationally) we found that
comorbidity contributes modestly, if any, to Indigenous women’s lower cancer survival. In
the Queensland gynaecological cancer study (see sections 3.2. and 3.3.), the one-year hazard
ratio or the confidence intervals did not reduce with adjustment for comorbidity. The fiveyear hazard ratio reduced from 1.5 to 1.3 (13% decrease) although this was not significant
(determined by overlapping confidence intervals).
In the national cervical cancer study, Indigenous women’s five-year excess cancer mortality
(HR 2.2 adjusted for age, histology, and socioeconomic status at diagnosis) reduced by onethird when comorbidity was added to the regression model (HR 1.8), but this change was not
significant (overlapping confidence intervals). Most of the Indigenous: non-Indigenous
cervical cancer differential remained unaccounted for after adjustment for comorbidity, age
at diagnosis, socioeconomic status, and geographical remoteness. This suggests that factors
other than these are primarily responsible for the large cervical cancer survival inequality
between these two groups of women.
These findings are consistent with previous studies. In earlier analyses of the QICS data,
Moore and colleagues (2011) found a similar proportion of Indigenous and non-Indigenous
Australians diagnosed with head and neck cancer had comorbidity, which did not explain the
lower cause-specific survival of the Indigenous Australian cohort.1 Similarly, comorbidity
contributes minimally to the elevated cancer mortality for Indigenous women compared to
non-Indigenous women with breast cancer, in Queensland15 (HR 1.6, 95%CI 0.9-3.1 reduced
to HR 1.5, 95%CI 0.8-3.0) and New South Wales (HR 1.4, 95%CI 1.0-1.9 reduced to HR
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1.3, 95%CI 1.0-1.8),16 despite comorbidity being more common among Indigenous
Australian women. These results also reflect those reported in NZ.8 Māori women and
Pacific women have excess cervical cancer mortality compared to Other NZ women (HR
1.56 and 1.95, respectively). With adjustment for the Elixhauser comorbidity summary
measure the hazard ratios reduced to 1.55 for Māori women and 1.92 for Pacific women.
The authors found that adjustment for selected individual comorbidities reduced the hazard
ratio further (1.44 for Māori women and 1.62 for Pacific women), although the confidence
intervals overlapped.
Survival was low for both Indigenous and non-Indigenous women with comorbidity and
Indigenous women are more likely to have comorbidity, including high levels of
comorbidity. Given what we know about comorbidity from the general population, in terms
of the additional psychological burden it creates for the body, the barrier it can be for timely
and high-quality cancer preventive and post-diagnosis care, it is likely to have some negative
impact on their survival outcomes; however the evidence for this is weak.

8.1.4. The disparity is widest among women without comorbidity:
other factors at play
Only two previous studies have investigated whether the effect of comorbidity on cancer
survival varies for different ethnic populations.29,30 Both studies, conducted in the USA,
found comorbidity to be associated with lower cause-specific survival for White American
women with endometrial cancer, but not for Hispanic or Black American women.
Similarly, in our national cervical cancer study, the effect of comorbidity on cervical cancer
survival was different for Indigenous Australian women compared with non-Indigenous
Australian women. For non-Indigenous women the effect was very clear and strong: as
comorbidity increased survival decreased. Compared to non-Indigenous women without
comorbidity, those with mild comorbidity (Charlson comorbidity score 1) had 1.7 times
higher risk of death from cervical cancer in the five years following diagnosis, while nonChapter 8
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Indigenous women with higher levels of comorbidity (comorbidity sore 2+) had a four-fold
higher risk of death. In contrast, a comorbidity-survival gradient was not observed for
Indigenous Australian women (see section 5.2.4.). While the wide confidence intervals
suggest that a gradient is entirely possible, it is also possible that there is no association.
Cervical cancer mortality was high for Indigenous women without comorbidity, similar to
that for Indigenous women with comorbidity. The very large differential between Indigenous
and non-Indigenous women without comorbidity (2.5 times higher mortality for Indigenous
women) suggests that factors other than those measured for in this study (comorbidity, age at
diagnosis, socioeconomic status, geographical remoteness) contribute to Indigenous
women’s excess mortality. Most women in our study had no comorbidity (76% Indigenous
women and 90% non-Indigenous women).
A study in NSW (2001-2007) found that comorbidity had a differential effect on the receipt
of surgical treatment for Indigenous Australians and non-Indigenous Australians with lung
cancer.18 For those without comorbidity, there was a large differential in the proportion of
Indigenous and non-Indigenous patients who received surgical treatment (22% and 43%,
respectively), yet for those with comorbidity, the proportion of patients who received
treatment was similar (35% and 36%, respectively). In an early analysis of the QICS study
for all cancer types combined, the Indigenous: non-Indigenous differential in cancer
treatment receipt was seen only among those without comorbidity or with mild comorbidity,
and not among those with higher levels of comorbidity. When considering only curative
treatment, the Indigenous: non-Indigenous differential in treatment receipt was only
statistically significant among women without comorbidity.14
This phenomenon of ‘greatest disadvantage where you would least expect it’ is also apparent
in relation to age at diagnosis. Cancer survival usually decreases with increasing age at
diagnosis.31 However, the largest disparities in cancer mortality between Indigenous and
non-Indigenous Australians are most apparent among the younger cases.32,33 Older people
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and people with comorbidity have relatively poor cancer survival outcomes, regardless of
whether they are an Indigenous person or not, and the cancer survival disparities are among
those who we would typically associate with good cancer outcomes (i.e. those with youth
and less ill health on their side). Again, this suggests that other factors, most likely those
related to the social determinants of health, must be largely responsible for the Indigenous:
non-Indigenous differentials.
The underlying mechanism through which comorbidity exerts a negative effect on the
survival of non-Indigenous Australian women is likely to be multifactorial. In addition to
directly impacting upon physiological load, which can reduce the body’s immune and
physical function, the presence of comorbidity may limit treatment options, reduce treatment
compliance, and increase the risk of treatment complications. There is very little Australian
evidence regarding the impact of comorbidity on treatment receipt or completion. A reanalysis of the QICS data suggests that, in Queensland, cervical and lung cancer patients
with comorbidity are less likely to receive optimal cancer treatment than those without
comorbidity.34
It is plausible that comorbidity may also impact, positively or negatively, on timeliness of
cancer diagnosis (and thus, stage of cancer), and evidence suggests that the nature of the
impact is likely to depend on the comorbidity and cancer type, as well as other patient
factors.10,35-38 In the national cervical cancer study, we showed that comorbidity was
associated with advanced stage cancer for NSW women (the only state to collect staging data
in their cancer registry), and that advanced stage cancer was associated with lower survival.
One way in which comorbidity may lead to delayed diagnosis, is that it may influence how
women participate in cancer screening. For example, comorbidity could increase healthcare
interaction leading to more opportunistic screening or it may create a physical, financial, or
psychosocial barrier to attending primary health care for cancer screening. 36,37 In Chapter 2,
we were able to show that the highest-quality evidence indicates that comorbidity is
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associated with less cancer screening participation among women for general populations.
However, a cross-sectional nationally representative survey in Australia indicates that
comorbidity is not associated with breast or cervical cancer screening participation. 39 This
study was evaluated to have moderate risk of bias.
Screening is known to be low in Indigenous Australian women,40 which may, at least in part,
explain why Indigenous Australians are more likely to be diagnosed with advanced
cancer14,41 There is no evidence on whether comorbidity may influence Indigenous
Australian women’s participation in cancer screening programs. International data is also
lacking, with limited evidence from the USA suggesting comorbidity may have a negative
impact on screening participation for Native American and Alaska Native women.42,43

8.1.5. Comorbidity and unmet supportive care needs of cancer
patients
Comorbidity may increase a patient’s symptom burden, including physical pain and
psychological distress,44 leading to greater unmet supportive care needs45 and poorer cancer
prognosis. Using a validated and culturally-specific needs assessment tool,46,47 we found that
comorbidity was not associated with unmet need of Indigenous cancer patients in
Queensland in the physical and psychological, hospital care, and information and
communication domains (Chapter 6). However, comorbidity was associated with less unmet
need in the practical and cultural need domain. Plausibly, this is because patients with
comorbidity may be more likely to receive multidisciplinary care or may be more familiar
with managing a chronic disease and with the hospital and health care system.
Very few Australian studies have explored the impact of comorbidity on psychosocial
distress and unmet supportive care needs. Comorbidity has been associated with increased
unmet supportive care needs for testicular cancer48 and colorectal cancer survivors.49 In
contrast, comorbidity was associated with decreased unmet need among Australian women
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diagnosed with endometrial cancer.50 Given the evidence is both limited and unclear, further
research is needed to better understand the needs of cancer patients and survivors with
complex healthcare needs. There is currently an international systematic review investigating
the impact of comorbidity on supportive care needs underway.51

8.1.6. Changes in survival and supportive care needs over time
In Queensland, we found that the disparities in cancer survival between Indigenous
Australian women and non-Indigenous women with gynaecological cancer broadly and
cervical cancer specifically were greatest in the first year following diagnosis and had
narrowed and were no longer significant by five years post diagnosis. Similarly, in the
national cervical cancer study, we found that the Indigenous: non-Indigenous cervical cancer
survival differential among those without comorbidity was widest at one-year post diagnosis.
This differential narrowed, but there was very little difference by five years post diagnosis.
Previous Queensland,52,53 and national32 studies have also demonstrated that the cancer
survival disparity between Indigenous Australians and non-Indigenous Australians are
greatest in the first year or two following diagnosis.
In the Queensland SCN-IP study, an additional analysis showed that unmet supportive care
needs peak immediately after diagnosis and reduce over time.54 This has been found in other
populations.55,56

Chapter 8

230

8.2. Findings related to the tertiary aims of this thesis
In addition to the primary and secondary aims of this these, I investigated two tertiary aims
for the purposes of providing context to my main thesis findings as well as to guide the
direction of my future research program and the development of future research study design
and methodology. Specifically, I aimed to determine whether Indigenous cancer patients
could self-report cancer diagnosis, treatment, and comorbidity data accurately. To do this, a
secondary analysis was conducted to compare patient self-report to medical chart review.

8.2.1. Data concordance
Investigations aiming to better understanding the mechanisms through which comorbidity
impacts on the survival or supportive care needs of Indigenous cancer patients may require
more detailed information on the severity and management of individual chronic conditions
than what routine administrative data collections can provide.7,35 Review of patients’ medical
records are typically used for such detailed data, however this method can be cost- and
labour- intensive.7
We found that patient self-report is a feasible cost-effective alternative for comorbidity data,
particularly when conditions are specifically listed in the patient questionnaire (Chapter 7).
Moreover, we found that a survey that itemises key chronic conditions may work best,
potentially as they may prompt patients’ memories. Subsequently, we recommend the
development and evaluation of a self-reported comorbidity questionnaire specifically for
Indigenous cancer patients, as has been developed for general populations. 65,66 Using
culturally relevant and validated tools to measure health and cancer outcomes is important
for better understanding and improving health outcomes for Indigenous Australians.33
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8.2.2. Understanding reasons for lower cervical screening may be
key
As already discussed in Section 8.1.4., there is new evidence that Indigenous Australian
women participate less in cervical screening than non-Indigenous women.40 As cervical
screening can successful prevent cervical cancer or lead to early diagnosis, it is important
that we understand the factors that prevent and enable Indigenous women to participate in
the National Cervical Screening Program. Indigenous women who screen at least once are
likely to regular screen and thus, there is potential, to drastically improve the disparities in
cervical cancer by engaging with and supporting those Indigenous women who have never
participated in cervical screening.
In Chapter 2, I summarised and synthesised the available international evidence to
determine what was already known about the contribution of comorbidity to women’s
reduced participation in cervical screening. There was no evidence for Indigenous
Australians and most international studies had moderate or high risk of bias. For those few
studies that were assessed to have low risk of bias, comorbidity was associated with reduced
participation in breast and cervical screening. More research to understand this relationship
for Indigenous women is warranted.
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8.3. Study limitations, strengths, and considerations
The limitations of the studies included in this thesis are described in detail within each of the
respective chapters. Here I discuss study design considerations, common across the studies
included in this thesis, which need to be taken into account when interpreting the results of
this research.

8.3.1. Sample size
Caution is needed in the interpretation of these results, given the relatively small sample
sizes of each of the studies. The studies reported in Chapter 3 and Chapter 5 were
population-based registry cohort studies and the sample size could not have been increased
(all cancer cases that met our eligibility criteria and that were diagnosed within the study
period were included). There were 137 Indigenous women diagnosed with gynaecological
cancer (56 with cervical cancer) included in the Queensland study (Chapter 3) and 198
Indigenous women with cervical cancer included in the semi-national study (Chapter 5). To
aid in the interpretation of the results, I have presented confidence intervals to give some
indication of the precision of the point estimates reported. Some specific analyses could not
be reported on due to the small sample size and large imprecision (e.g. variations in
outcomes between Aboriginal and Torres Strait Islander women; the relationship between
specific comorbidities and the Indigenous: non-Indigenous survival differentials).

8.3.2. Measuring comorbidity
The two studies that explored the cancer survival disparity for Indigenous and nonIndigenous women were complementary. Where one was smaller, the other was larger;
where one had limited data, one had detailed data. Together these two studies provide strong
evidence of the unequal distribution of comorbidity between Indigenous and non-Indigenous
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Australian women and both provide consistent evidence that comorbidity does not explain
the Indigenous: non-Indigenous survival differential.
In the Queensland gynaecological cancer study, comorbidity information was obtained from
review of patients’ medical charts. Medical charts are an information-rich source of patients’
clinical data, including information of current and past diagnoses. Research assistants
received standardised training to extract and code this data to minimise missing data and
misclassification. While this approach was able to produce a comprehensive measure of
patient comorbidity, it is very time- and labour-intensive. Therefore this approach would not
be possible on an ongoing or national scale.
For the national cervical cancer study, comorbidity information was ascertained from the
linked HAPDC data, allowing for the first ever measurement of comorbidity among an
Australian cancer cohort on a national scale. Consequently, using population-based
administrative data collection, such as HAPDC, considerably increases the generalisability
of the study findings.7 Each patient admission record contains diagnostic codes of primary
and secondary diagnoses. A diagnosis code is recorded in either of these fields if it is the
reason for the hospital admission or clinically relevant. While administrative data is often
used in health research, this is not its primary function and therefore such data is often
limited for this purpose.7 It is plausible that women in the national cervical cancer study had
more comorbidity that what was identified in their hospital records, such as conditions that
were diagnosed and treated in the primary care setting, but did not impact on their hospital
treatment.
The measure of comorbidity in the national cervical cancer study also relied on accurate
linkage between datasets. Women with a registered cervical cancer diagnosis who did not
link to a hospital record were assumed to have no comorbidity. Sensitivity analyses
described in Chapter 5 suggest that the effect of potential misclassification bias would be
minimal. Also described in Chapter 5, the majority of the women who did not link to a
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hospital record were from states that did not provide the research team with both private and
public hospital data (i.e. only public data). It is likely that provision of both private and
public hospital data would have increased the proportion of women in our cohort who linked
to a hospital record. This supports the assertions by others57 that the use of multiple
administrative data collections is likely to produce a more comprehensive measure of
comorbidity.

8.3.3. Investigating covariates
The Queensland gynaecological cancer study was able to capture very detailed data
(although statistical power was limited due to the small sample size). Importantly, this study
was able to investigate the how much of the cancer survival disparity occurred through
differences in stage of cancer at diagnosis and treatment receipt, and how much remained
unaccounted for. The national cervical cancer study was larger, more generalizable, and had
more statistical power, yet it relied on existing and limited data. For example, Australian
cancer registries do not routinely collecting cancer staging information, with the exception of
NSW. In Chapter 5, I argue for Australian cancer registries to collect and report on this
information. Cancer stage is a powerful predictor of cancer survival and is vital information
to identify gaps in cancer outcomes, effectiveness of services and wide-scale strategies to
improve cancer outcomes. Previous validation studies indicate that the collection of staging
data by state/territory cancer registries is feasible.58,59
The Queensland cross-sectional study on supportive care needs recruited Indigenous cancer
patients who had been diagnosed or treated in the public hospital system in Queensland. The
high response rate of 85.4%47 provides confidence that the results can be generalised to the
broader Queensland Indigenous population, or at least those patients who seek healthcare
through the public health system. Whether the results are reflective of Indigenous
Australians in other jurisdictions is unknown.
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The supportive care needs study was restricted to women diagnosed in the previous nine
months, as the unmet needs of cancer patients have been shown to change over time since
diagnosis. This study did not have a large enough sample size to assess the unmet needs of a
more narrowly defined patient group, investigate the effect of comorbidity separately by
cancer type or comorbidity type, or to explore the association with covariates other than
comorbidity. Also, given the small numbers included in the current analyses, we were under
powered to add statistical adjustments (such as Bonferroni adjustments) for the multiple
statistical tests being conducted on this dataset.

8.3.4. Indigenous identification
Indigenous identification is known to have high levels of completeness in the NSW, WA,
NT and Queensland cancer registers, but is less complete for SA and Victoria. 60 Of the
jurisdictions included in the national cervical cancer study, SA and Victoria have the
smallest Indigenous populations.61 Therefore, for both the Queensland gynaecological cancer
study and the national cervical cancer study the misclassification of Indigenous identification
is likely to have been small and any potential bias on the survival estimates are likely to be
minimal.
Although the national cervical cancer study linked to hospital data and used this as a
secondary source of Indigenous identification, this did not have much impact on the
identification of women in this cohort (0.4% more women were identified as Indigenous
using this additional data source). This is as expected because the hospital data is not
independent from cancer registry data; cancer registries obtain information on Indigenous
status primarily from hospital data.60 As such, any failure to match between a cancer record
and a hospital record would have little impact on the accurate identification of Indigenous
women in the national cervical cancer study.
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This study used cause-specific methods to measure cancer survival. This is because life
tables stratified by comorbidity level do not exist and life tables by Indigenous status are
limited. Cause-specific survival relies on the accurate assignation of cause of death to cancer
cases. This is particularly problematic for the most elderly, where it multiple factors are
likely to contribute to a person’s death. As such, we restricted the analysis in Chapter 5 to
women diagnosed with cervical cancer up to age 89 years. Moreover, we used the life tables
stratified by Indigenous status that were available to compare relative survival methods to
cause-specific methods, in terms of the Indigenous: non-Indigenous hazard ratios. Both
methods produced very similar results. While there may have been a small number of
women in the study incorrectly identified as non-Indigenous, it is likely this study was only
minimally impacted by numerator-denominator bias.
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8.4. Implications for policy, practice and research
The publication of the work contained in this thesis is timely, given that the evidence is
currently being compiled to develop evidence-based Optimal Care Pathways (OCPs)
specifically for cervical cancer and Indigenous cancer patients. OCPs for a number of cancer
types have already been published by Cancer Council Victoria, commissioned by the
Victorian Department of Health and Human services, for national implementation.62 These
pathways map out the patients’ ideal care and the necessary resources required for each step
of the cancer trajectory. Given that the experience of cancer patients living with additional
chronic diseases is often omitted from clinical guidelines (as such patients are deemed too ill
to participate in clinical trials),63 these OCPs will better equip patients and health care
providers to manage patient’s healthcare needs and ensure optimal care through diagnosis,
treatment, and long-term survivorship.
With the low cancer survival rates for both Indigenous and non-Indigenous women with
comorbidity, there needs to be attention given to how cancer prevention and control services
and programs engage with and ensure access for people with comorbidity. Using the tumourspecific OCPs and the Indigenous-specific OCP (due to launch in 2018) as a benchmark,
current programs and services will be able to be evaluated and the extent to which they are
meeting the needs of Indigenous people and people with comorbidity will be able to be
elucidated.
The overarching findings of this thesis that comorbidity contributes little to lower cancer
survival and unmet support care needs for Indigenous Australians suggests that primary care
and acute cancer services and programs need to better engage with and ensure access for all
Indigenous people, even for those without comorbidity who may be assumed to be relatively
healthy. Furthermore, there is a need to better identify what is driving the inequities in cancer
outcomes for Indigenous Australians and to gain a more nuanced understanding of these
mechanisms. Currently, the picture is not complete. As highlighted in this discussion, there
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are several questions that remain unanswered and warrant further investigation. These
include:
1. We need to better understand the mechanisms through which comorbidity leads to
worse cancer survival for non-Indigenous women.
2. We do not know the reasons behind the consistently low survival among Indigenous
women regardless of whether they have comorbidity.
3. It is unknown if the differential effect of comorbidity on cancer survival, reported
here for Indigenous and non-Indigenous women with cervical cancer, occurs for
other cancer types.
4. It is unknown whether the supportive care needs of Indigenous Australians with
cancer vary by cancer type, and if comorbidity is associated with unmet need for
some cancer types but not others.
Addressing these research questions will require decisions to be made about which
comorbidity measure to use. While there has been some work in developing a cancerspecific comorbidity index,64 there is currently no index specific to Indigenous peoples in
general or for cancer specifically. Given the patterns of chronic disease prevalence and the
impact of comorbidity on cancer survival appears to vary between Indigenous and nonIndigenous Australians, the development and evaluation of an Indigenous-specific
comorbidity tool is warranted. In line with the National Aboriginal and Torres Strait Islander
Framework published by Cancer Australia in 201567, all research in Indigenous heath needs
to be targeted to address identified priorities for Indigenous people and their communities.
Due to the historical lack of quality data about Indigenous people in Australia’s health
dataset, the evidence-based regarding cancer outcomes for Indigenous people is underdeveloped in comparison to what is known regarding the general population. While there
have been vast improvements in the quality of data in the cancer registries and other health
data collections in recent years, there is still improvements to be made. This includes
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improving the completeness and accuracy of the Indigenous identifier in the cancer
registries, particularly for some states. Some of the data deficiencies in Australia’s cancer
registries affect our ability to address important research questions for the whole
population.67 As I argue in Chapter 5, cancer stage is a powerful predictor of cancer survival
and the lack of this information in most of the state-based cancer registries leaves a major
gap in our understanding of cancer epidemiology for Australians. To improve the quality of
Australia’s health data and to ensure that the right people have timely access to the data to
address the research needs of the Indigenous population requires political will. Given the
continued failure to meet may of the Closing the Gap targets, 68 the time for strong political
will to improve health outcomes for Indigenous Australians is now.

8.5. Conclusion
Cancer is a devastating disease that disproportionately affects Indigenous Australians. It is a
major contributor to the gap in life expectancy for Indigenous and non-Indigenous
Australians. Using novel methods and previously unavailable data, my research has
demonstrated that comorbidity reduces cancer survival for most women with gynaecological
cancers, which reinforces the value of accessible and quality primary care, for both
prevention and management of chronic disease, as well as the importance of
multidisciplinary care for complex patients. However, Indigenous people with comorbidity,
who may be assumed to be otherwise healthy, also had poor survival and supportive care
outcomes. This highlights the need to identify and better understand the factors associated
with the cancer survival disparity for Indigenous Australians and that primary and acute
cancer services need to pay more attention to those who may not obviously need it.
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