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ABSTRACT

Aims: Benchmarking quality indicators between jurisdictions provides an opportunity to identify unwarranted variations. This
study compared statewide treatment and survival information for cancer between Queensland and Victoria.

Methods: Population-based data were obtained separately for residents of the two states diagnosed with selected cancers between
2017 and 2021. Eleven indicators are reported involving treatments received, timeliness of treatment, and outcomes. Individual-
level data were analyzed within each state to preserve governance requirements. Aggregated results were then assessed using
univariate Poisson models and reported as incidence or mortality rate ratios (IRRs/MRRs) for Queensland in reference to Victoria.
Results: The study cohort comprised 189,689 people. Around three-quarters (79% Queensland, 77% Victoria) received treatment.
Variations in specific treatments were observed by type of cancer and state; for example, Queensland patients were more likely to
receive intravenous systemic therapy for liver cancer (IRR =1.62, 95% confidence interval [95% CI| 1.46-1.80), whereas brain cancer
patients in Queensland were less likely to receive surgery compared with Victoria (IRR = 0.85, 95% CI 0.81-0.90; both p < 0.001).
Treatment tended to be timelier in Victoria (overall IRR = 0.87 for Queensland, 95% CI 0.86-0.88; p < 0.001). Surgical mortality
was low in both states, although brain cancer carried a higher risk. One-year survival was generally similar across both states,
apart from upper gastrointestinal cancer (65% in Queensland compared to 61% in Victoria, IRR =1.07, 95% CI 1.03-1.10; p < 0.001).
Conclusion: This project demonstrates the mutual benefit of identifying areas of improvement and serves as a blueprint for other
Australian states to join nationwide reporting to drive best practice in healthcare performance for people with cancer.

1 | Introduction a whole. The Australian Institute of Health and Welfare
estimates that in 2024 there were 169,500 cases of cancer
Cancer continues to be the leading cause of burden of dis-  diagnosed within Australia (excluding keratinocytic skin can-

ease in Australia [1], resulting in severe health, social, and  cers) [2]. This number is set to surpass 200,000 by 2034
economic impacts on individuals, families, and society as [2].

Abbreviations: 95% CI, 95% confidence interval; ICBP, International Cancer Benchmarking Partnership; ICD10-AM, International Classification of Diseases, version 10,
Australian Modification; IRR, incidence rate ratio, MRR, mortality rate ratio.
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Despite improving survival rates for many cancers over recent
decades stemming from treatment innovations [3, 4], combined
with advances in early detection [5, 6], cancer still causes nearly
30% of deaths in Australia, with an estimated 52,700 deaths
in 2024 [2]. Disparities in outcomes also persist within certain
segments of the population. Specifically, First Nations people,
residents of rural and remote regions, and those from socioe-
conomically disadvantaged areas experience higher incidence
and/or mortality rates for some types of cancer [7].

Capturing consistent and complete data at the population level
is crucial for interpreting the performance of the health system
and working toward equity in cancer care [8, 9]. Furthermore,
benchmarking of comparable information is well established as
a process that can lead to quality improvement in healthcare
[10-13]. Although methodological challenges exist for cross-
jurisdictional benchmarking, collaboration is a key factor for
success [10, 11, 13].

To that end, we report here on an initiative between two states in
Australia (Queensland and Victoria) to compare information on a
range of quality indicators. This interstate benchmarking project
aims to identify areas of variation and highlight opportunities for
improvement that may be overlooked when investigating data
from a single jurisdiction, with the ultimate goal of enhancing
cancer care nationwide.

2 | Materials and Methods
2.1 | Data

Data were obtained from the Queensland Oncology Repository
compiled by Cancer Alliance Queensland and the Integrated Data
Resource produced by the Centre for Victorian Data Linkage. In
each jurisdiction, individual-level records for people with cancer
were combined with multiple other sources to produce a cleaned
and uniform dataset. The linkage process integrated informa-
tion from the population-based state cancer registry, hospital
admissions (supplying surgical and intravenous systemic therapy
data), radiation therapy providers, and the Registry of Births,
Deaths and Marriages. Available details included demographic
characteristics, cancer diagnoses, treatments delivered in either
public or private facilities, and mortality.

Section 82 of the Hospital and Health Boards Act (2011) allows
staff of Cancer Alliance Queensland to analyze cancer informa-
tion for the purpose of clinical research and quality assurance.
The Cancer Council Victoria Human Research Ethics Committee
provided Human Ethics Approval (No.: 1312 and 1412) for this
study in Victoria. Note that the final datasets for Queensland
and Victoria were not merged; therefore, approval for the study
by a Human Research Ethics Committee to allow sharing of
individual-level data was not required for either state.

The two study cohorts included residents of Queensland or
Victoria who were diagnosed with cancer between 2017 and
2021. Twelve individual types or combinations of solid cancer
were included in the study: brain (ICD10-AM site codes C70-
C71), breast (C50), colon (C18), liver (C22), non-small cell lung
(C33-C34 with morphology codes as shown in Table S1), ovarian

(C56-C57), pancreatic (C25), prostate (C61), rectal (C19-C20,
C21.8), upper gastrointestinal (C15-C16), uterine (C54-C55), and
vulvar/vaginal (C51-C52). People diagnosed with cancer on the
basis of death certificate only were excluded. Information on
treatments received and mortality status was available through
December 31, 2022, allowing a minimum of 1 year of follow-up
for all people in the study cohort.

A total of 11 quality indicators are reported here, involving the
type of treatment received, timeliness from diagnosis to com-
mencement of treatment, surgical mortality, and survival. These
indicators are a subset of those which were initially developed
for reporting in Queensland in partnership with clinicians and
patient advocates [14] and subsequently agreed to be suitable for
use in both states. Definitions for each of the indicators, a list of
procedure codes by type of cancer for indicators related to surgery,
and the procedure codes for intravenous systemic therapy are
available in Tables S2-S4, respectively.

All indicators were thoroughly reviewed within each state to
ensure that the definitions of data elements were applied con-
sistently. This process included checking the site, morphology,
and procedure codes used within each cancer stream, along with
the allocation of relevant treatments for a specific diagnosis.
A mutual hierarchy of procedure codes was used where more
than one procedure was recorded per person. Where a treatment
modality was not recorded for a patient, it was jointly assumed
that they did not receive that treatment. Both jurisdictions were
also aligned in how to define and record key milestone dates
in the patient journey, including (but not limited to) diagnosis
date, surgery date (where multiple procedures occurred), therapy
dates, death dates, and censor dates for any survival analysis.

Key demographic characteristics of interest that were mutually
available included First Nations status, remoteness of residence,
and area-based socioeconomic status. First Nations status was
determined by whether the person self-identified as an Aboriginal
and/or Torres Strait Islander. Remoteness of residence was clas-
sified according to the Australian Statistical Geography Standard
(Edition 3) [15]. Area-based socioeconomic status was determined
from the Index of Relative Socio-economic Advantage and Disad-
vantage [16], grouped as disadvantaged (deciles 1 and 2), middle
(deciles 3-8), and advantaged (deciles 9 and 10).

2.2 | Analyses

Unit record data for each state were analyzed separately using
a standard protocol. For each quality indicator, the percentage
of people by type of cancer and state was calculated. Indicators
on timeliness of treatment were further stratified by facility
type (public or private). Aggregated data for the indicators were
then shared and assessed using an unadjusted Poisson model
weighted by the counts, using state as an independent variable.
Results from the models were expressed as an incidence rate
ratio (IRR) or mortality rate ratio (MRR) as relevant, along with
the corresponding 95% confidence interval (95% CI). Victoria was
used as the reference category for all comparisons. An IRR > 1
for indicators relating to treatment or survival designates a more
favorable result for Queensland, while an IRR < 1 designates
a more favorable result for Victoria. MRRs relating to surgical
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mortality indicators are interpreted inversely, with an MRR > 1
specifying a more favorable outcome for Victoria and an MRR
< 1 specifying a more favorable outcome for Queensland. Note
that all comparisons in Section 3 have a p-value of < 0.001 unless
otherwise specified.

3 | Results
3.1 | Study Cohort

A total of 189,969 people were diagnosed with one of the selected
cancers in Victoria (n = 104,616, 55%) or Queensland (n = 85,353,
45%) between 2017 and 2021. The distribution of cancers was
similar in both states, with prostate, breast, non-small cell lung,
and colon cancers accounting for a combined 74% of diagnoses
in Victoria and 75% in Queensland (Table S5). Sex and age group
distributions were also similar by state, with a small majority
of males (53% overall) and 46% of people aged 70 years or older
at diagnosis. There were, however, differences in the other key
characteristics. The proportion of Aboriginal and/or Torres Strait
Islander people was higher in Queensland (3%) than Victoria
(< 1%). More than twice as many Queensland residents with a
selected cancer resided in outer regional or remote areas (13%)
compared with Victoria (6%). Members of the Queensland cohort
were also more likely to live in a socioeconomically disadvantaged
area (25%) than those from Victoria (16%).

3.2 | Type of Treatment

Most people in the overall study cohort were treated with either
surgery, intravenous systemic therapy, and/or radiation therapy
between 30 days prior to 365 days after their cancer diagnosis
(Queensland 79% and Victoria 77%; Table 1). The relationship
between treatment and key characteristics of interest was gener-
ally similar in both states. Females with cancer were more likely
to receive treatment than males, with this gap more pronounced
in Victoria (85% vs. 71%, respectively). There was a strong inverse
relationship between increasing age and the percentage of people
who received cancer treatment, ranging from around 90% for
those aged under 50 at diagnosis to under 60% in the 80 and above
age group. Smaller differences were observed for remoteness of
residence (79% combined in major cities compared with 77%
for outer regional, remote and very remote areas), area-based
socioeconomic status (80% in affluent areas compared with 76%
in disadvantaged areas), and First Nations status (78% for other
Australians compared with 76% for Aboriginal and Torres Strait
Islanders).

The percentage of people who received any of the nominated
treatments varied widely by type of cancer, from 94% for breast
cancer to 42% for liver cancer in both states combined. Liver
(IRR = 1.30, 95% CI 1.22-1.38) and prostate cancer (IRR = 1.14,
95% CI 1.13-1.16) were more likely to be treated in Queensland
than Victoria, whereas the opposite was observed for upper
gastrointestinal (IRR = 0.90, 95% CI 0.87-0.92) and brain cancers
(IRR = 0.93, 95% CI 0.90-0.96) (Figure 1a).

Although 58% of the study cohort in both states had surgery,
people living in Victoria were considerably more likely to receive

surgery for brain cancer (IRR = 0.85, 95% CI 0.81-0.90) or any of
the gynacological cancers collectively (IRR = 0.93, 95% CI 0.92—
0.95) (Figure 1b). The overall rates of people receiving intravenous
systemic therapy within 365 days of diagnosis were similar across
both states (30% in Queensland and 28% in Victoria). However,
there were notable differences by type of cancer, with people in
Queensland more likely to receive intravenous systemic therapy
for liver cancer (IRR = 1.62, 95% CI 1.46-1.80) or non-small cell
lung cancer (IRR =1.20, 95% CI 1.16-1.24) compared to Victorians
(Figure 1c). Approximately one-third of the study cohort received
radiotherapy within 365 days of diagnosis (34% in both states).
Radiotherapy was more commonly used for vaginal and vulvar
cancers in Queensland than in Victoria (IRR = 1.44, 95% CI 1.23-
1.69), whereas the reverse was observed for uterine cancer (IRR
= 0.82, 95% CI 0.76-0.89), upper gastrointestinal cancers (IRR =
0.85, 95% CI 0.80-0.89), and rectal cancer (IRR = 0.87, 95% CI
0.83-0.92) (see Figure 1d).

3.3 | Timeliness of Treatment

A higher percentage of people diagnosed with cancer received
their first treatment within 30 days of diagnosis in Victoria
compared with Queensland (55% vs. 48%, respectively; IRR = 0.87,
95% CI 0.86-0.88). People receiving treatment in private facilities
were far more likely to receive treatment within 30 days compared
with public facilities for both states (63% vs. 47% in Victoria and
58% vs. 37% in Queensland) (Figure 2a). Examples of some of the
larger interstate differences in timeliness of treatment were for
breast cancer in public facilities (IRR = 0.62, 95% CI 0.60-0.64),
liver cancer in public facilities IRR = 0.72, 95% CI 0.64-0.80), and
non-small cell lung cancer in either public (IRR = 0.66, 95% CI
0.63-0.69) or private facilities (IRR = 0.86, 95% CI 0.83-0.89).

Similar patterns were observed when looking at surgery within
30 days of cancer diagnosis by type of facility and type of
cancer, with a higher percentage of patients in Victoria than in
Queensland receiving timely surgery for several cancers, mostly
in public facilities (Figure 2b). In particular, there were very large
differences in timeliness of surgery between the two states for
non-small lung cancer for both private (IRR = 0.82, 95% CI 0.78-
0.86) and public facilities (IRR = 0.54, 95% CI 0.50-0.58). Surgery
within 30 days in public facilities was also much more common
in Victoria for breast cancer (IRR = 0.59, 95% CI 0.57-0.61),
colorectal cancer (IRR = 0.80, 95% CI 0.77-0.82), and pancreatic
cancer (IRR = 0.82, 95% CI 0.73-0.92).

3.4 | Surgical Mortality

Very few people died either in-hospital or within 30 days of
surgery, irrespective of type of cancer or state (Figure 3a,b). Over-
all, 30-day mortality following surgery for all the selected cancers
combined was slightly lower in Queensland (0.5%) compared
with Victoria (0.6%), producing an MRR of 0.81 (95% CI 0.69-0.96;
p = 0.01). One exception was surgery for brain cancer, where 30-
day mortality was higher in Queensland than Victoria, although
the result was not statistically significant (MRR = 1.57, 95% CI
0.92-2.66; p = 0.09). Similar patterns were observed for 90-day
surgical mortality (Figure 3c), which was much higher for brain
cancer (8% in Victoria and 9% in Queensland) than for the other
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TABLE 1 | Keydemographic characteristics of people with selected cancers by state of residence and whether they received any treatment® within

12 months of diagnosis, 2017-2021.

Victoria

Queensland

Received treatment

No treatment

Received treatment No treatment

Characteristic Count Column% Count Column% Count Column% Count Column %
Total 81,006 77.4 23,610 22.6 67,562 79.2 17,791 20.8
Sex
Female 42,376 84.9 7538 151 33,304 84.8 5984 15.2
Male 38,629 70.6 16,071 294 34,258 74.4 11,807 25.6
Age group at diagnosis
< 50 years 8818 90.4 932 9.6 7110 90.6 734 9.4
50-59 years 13,860 83.1 2821 16.9 11,720 85.0 2067 15.0
60-69 years 23,921 80.1 5945 199 21,175 83.3 4231 16.7
70-79 years 23,607 78.6 6433 21.4 20,053 79.7 5110 20.3
80+ years 10,800 59.1 7479 40.9 7504 571 5649 429
Remoteness of residence at diagnosis
Major city 57,531 71.8 16,426 22.2 43,758 79.7 11,153 20.3
Inner regional 19,031 77.0 5681 23.0 15,366 78.6 4195 21.4
Outer regional 4391 74.9 1468 251 7196 71.6 2082 22.4
Remote and very remote 53 60.2 35 39.8 1242 77.5 361 22.5
Area-based socioeconomic status®
Affluent 19,597 79.0 5220 21.0 7606 81.7 1702 18.3
Middle 50,335 77.4 14,734 22.6 43,594 79.6 11,200 20.4
Disadvantaged 11,074 75.2 3656 24.8 16,359 77.0 4889 23.0
First Nations status
Aboriginal and/or Torres 484 78.2 135 21.8 1630 75.1 541 24.9
Strait Islander
Other Australian 80,522 77.4 23,475 22.6 65,932 79.3 17,250 20.7

2Treatment includes surgery, intravenous systemic therapy, and/or radiotherapy within 30 before to 365 days after cancer diagnosis.
bDetails of area-based socioeconomic status were unknown for three people from Queensland who received treatment.

cancers. Conversely, 90-day surgical mortality for non-small cell
lung cancer was only around one-third as high in Queensland as
it was in Victoria (MRR = 0.38, 95% CI 0.24-0.61).

One-year surgical survival varied from 66% for brain cancer to 99%
for breast cancer in both states, and was higher in Queensland
than Victoria for some cancers (Figure 3d). The largest differences
in one-year surgical survival were for ovarian cancer (IRR =1.05,
95% CI11.04-1.07), pancreatic cancer (IRR =1.06, 95% CI1.02-1.10;
p = 0.002), and upper gastrointestinal cancer (IRR = 1.06, 95% CI
1.03-1.09).

3.5 | Observed Survival

One-year observed survival by type of cancer and state is shown
in Figure 4. Pancreatic cancer had the lowest 1-year survival rate
(42% in both Victoria and Queensland), whereas survival was
highest for prostate cancer (both 99%) and breast cancer (98% in
Victoria and 99% in Queensland). Observed survival was similar

for most of the selected cancers across the two states, except for
upper gastrointestinal cancer (65% in Queensland compared with
61% in Victoria; IRR = 1.07, 95% CI 1.03-1.10).

4 | Discussion

This study marks the first collaborative effort to develop datasets
and methods to routinely track the performance of cancer care
across multiple states in Australia. Our results demonstrate to
other jurisdictions that it is possible to build on work from
individual states and introduce population-level reporting about
cancer-specific indicators for treatment and outcomes based on
best practice guidelines using an agreed common methodology
while each state retains its individual-level data. This pragmatic
approach thus avoids issues around cross-jurisdictional sharing
of unit record information for people with cancer. Detailed
discussions and documentation were necessary to ensure the
consistency of definitions for type of cancer, procedures, patient
characteristics, and counting/analysis rules.
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FIGURE 1 | Type of treatment by type of cancer and state, 2017-2021. Treatments were within 30 before to 365 days after cancer diagnosis.

The Australian Cancer Plan [17] advocates for the creation
of a nationally agreed cancer data framework to enhance the
accessibility, consistency, and comprehensiveness of integrated
data assets. Key priorities are outlined in the accompanying
National Cancer Data Framework [18], including establishing a
robust system for cancer control monitoring and benchmarking
to support optimal care delivery, forming a technical and clinical
working group to define core indicators and data requirements,
implementing cross-jurisdictional benchmarking and developing
a pathway for transitioning from confidential to public reporting,
and standardizing data definitions and reporting indicators, with
a particular emphasis on priority populations. Our study directly
aligns with these roadmap objectives, allowing system perfor-
mance to be assessed against another jurisdiction to identify

specific measures and types of cancer for which service delivery
requires improvement, thereby fostering best practice in both
states.

Similar efforts are also underway at a wider level through the
International Cancer Benchmarking Partnership (ICBP) [19], of
which both Victoria and Queensland are participants. Phase 3 of
the ICBP is due to commence shortly and will gather evidence
regarding cancer patient pathways, treatment, models of care,
and the cancer workforce with the goal of working toward global
equity in cancer control and outcomes.

Results from both states were generally similar for many of the
indicators. It was, however, observed that brain cancer patients
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a. Anytreatment within 30 days of diagnosis
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FIGURE 2

| Treatment within 30 days of cancer diagnosis by public versus private facilities, type of cancer and state, 2017-2021.
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a. In-hospital surgical mortality
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b. 30-day surgical mortality
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d. One-year surgical survival
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FIGURE 3 | Outcomes following surgery by type of cancer and state, 2017-2021. Follow-up on mortality was available to December 31, 2022.

in Victoria were more likely to receive surgery than those in
Queensland. This difference requires further investigation but
may represent both variation in clinical practice and differences
in patient and clinical characteristics that were not captured in
the study, such as patient preference, performance status, histo-
logical subtypes and stage, as well as differences in public and
private hospital activity, referral patterns, and funding models.
Disparities in practice for brain cancer patients have been a
key driver in the development of the Australian Brain Cancer
Registry, a national collaborative to monitor and improve brain
cancer care. Once it is established and incorporated into routine
monitoring of clinical practice, this registry will contribute to the
understanding of variation in key processes and outcomes, iden-

tify gaps in care and provide evidence on the use of appropriate
and effective treatment [20].

Delays in time to treatment, particularly in public hospitals,
are well-documented challenge affecting Queensland cancer
services and patients [14, 21]. This was also reflected in our
results, showing that cancer patients in Queensland were less
likely to receive treatment within 30 days of diagnosis when
compared with Victoria. Service capacity, patient preference, and
geographical location may all affect delays in treatment [22, 23].
In regard to geography, Queensland is approximately seven and a
half times the size of Victoria. The decentralization of the Queens-
land population over such a vast area (1.2 million km?) poses
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FIGURE 4 | One-year survival by type of cancer and state, 2017-2021. Follow-up on mortality was available to December 31, 2022.

unique obstacles to cancer care, with patients living in remote
communities having to travel very long distances and absorb
the accompanying financial strain to access oncology services
that are concentrated along the eastern coastline, especially in
the south-east of the state [24]. First Nations people and those
who are socioeconomically disadvantaged are disproportionately
impacted by these distance-related barriers.

Although benchmarking is useful to guide and stimulate quality
improvement, complementary interventions are also required
to drive change [13]. In Queensland, an improvement process
(Clinical Excellence Queensland) [25] has been adopted by the
Department of Health, which oversees the findings of individual
Quality Assurance Committees. This process aims to identify
and escalate safety and quality risks and guide implementa-
tion of state-wide changes to minimize system level delay and
improve and promote safe and effective care. Individual treating
facilities in Queensland are also provided with regular state-
wide reports for specific types of cancer comparing individual
facility outcomes with peer groups, the public and private sector,
the statewide average, and guideline recommendations to assist
with identifying variation in practice and to encourage facilities
to investigate local issues. Similarly in Victoria, the Integrated
Cancer Services, overseen by the Victorian Department of Health,
access quality indicator data for comparing against statewide
average and fund initiatives to identify and reduce unwarranted
variations in cancer care across the state.

A defining strength of this study is the utilization of large,
population-based linked datasets, which allow a relatively effi-

cient and low-cost option for evaluating cancer care. Use of
such resources produces real-world evidence that can be realized
quickly and is not hampered by small numbers and/or highly
selective cohorts as can sometimes be the case with clinical trials
or clinical quality registries.

There are some limitations that need to be considered when
interpreting the results, particularly the inability to perform
multivariable analyses to investigate differences between the
states after adjustment for key variables of interest, due to
datasets not being combined. Demographic comparisons between
the two states revealed considerably higher proportions among
cancer patients in Queensland of First Nations people, residents
of remote areas, and people living in socioeconomically dis-
advantaged areas, all of which are characteristics that tend to
negatively influence treatment rates and outcomes for cancer [26,
27]. 1deally, a more detailed national cancer registry is needed
to address these issues and allow for comparisons of quality
indicators between jurisdictions to account for any population
disparities.

We were also unable to compare stage-specific variation due to
a lack of information on stage at diagnosis, which is crucial
for treatment pathways and prognosis. Comparison of stage-
specific incidence between the Victorian Cancer Registry and
the National Cancer Control Indicators, however, suggests that
state-to-state differences in the stage distribution exist for certain
cancers [28, 29]. For example, 28% of bowel cancers in Victoria
in 2024 were diagnosed at stage I, 23% at stage II, 21% at
stage III and 21% at stage IV, with the remaining 7% unknown,
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compared to estimates of 15% for stage I, 21% stage II, 31% stage
III, 20% stage IV, and 13% unknown at the national level in
2011. It is unclear to what extent such differences exist between
Victoria and Queensland, or how they may impact the indicators
presented here. Work is continuing to expand the scope and
quality of staging data in cancer registries throughout the country.

5 | Conclusion

Our results highlight the mutual benefits of identifying areas for
improvement in both Victoria and Queensland, with the aim to
enhance reporting and track healthcare performance toward best
practices and improved outcomes for cancer patients. The suite
of indicators and reported cancers included in this study can
be expanded in line with changing priorities as additional data
become available. It is hoped that our findings will encourage
other states and territories to join us to eventually create a
national benchmarking collaboration for the benefit of all people
with cancer in Australia.
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