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Abstract

:

Worldwide, the number of cancer survivors is rapidly increasing. The aim of this study was to quantify long-term health service costs of cancer survivorship on a population level. The study cohort comprised residents of Queensland, Australia, diagnosed with a first primary malignancy between 1997 and 2015. Administrative databases were linked with cancer registry records to capture all health service utilization. Health service costs between 2013–2016 were analyzed using a bottom-up costing approach. The cumulative mean annual healthcare expenditure (2013–2016) for the cohort of N = 230,380 individuals was AU$3.66 billion. The highest costs were incurred by patients with a history of prostate (AU$538 m), breast (AU$496 m) or colorectal (AU$476 m) cancers. Costs by time since diagnosis were typically highest in the first year after diagnosis and decreased over time. Overall mean annual healthcare costs per person (2013–2016) were AU$15,889 (SD: AU$25,065) and highest costs per individual were for myeloma (AU$45,951), brain (AU$30,264) or liver cancer (AU$29,619) patients. Our results inform policy makers in Australia of the long-term health service costs of cancer survivors, provide data for economic evaluations and reinforce the benefits of investing in cancer prevention.
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1. Introduction


Cancer survivorship is defined as the time from cancer diagnosis to the end of life. Different stages of survivorship have been described as acute (diagnosis to treatment), chronic (ongoing), long-term/late survivorship (≥5 years post diagnosis) and cured (disease-free) [1,2]. Worldwide, there are currently 19.3 million new cancer cases per year and this number is expected to increase to 28.4 million cases in 2040 [3]. The global burden of disease from cancer is substantial, with 10 million cancer deaths reported in 2019 and an estimated 250 million disability-adjusted life years (DALYs) due to cancer [4]. In Australia, there were an estimated 151,000 new cancer diagnoses in 2021, with over 1.1 million people with a cancer history currently alive. The 5-year relative survival of all cancers collectively is 70% [5]. Recent reports estimated that 8.8% of the total health expenditure in 2018/2019 was incurred by cancer and other neoplasms (or AU$11.7 billion) [6] whilst during 2015–16 it was AU$10.1 billion, including costs of cancer diagnosis, treatment, and national screening programs for colorectal, breast and cervical cancer [7].



Beside the enormous direct cost to the healthcare system, cancer diagnosis and treatment often have long-term health and financial costs for patients and their families. Complex late effects, both physical (e.g., fatigue, pulmonary, cognitive, neurological, secondary cancer, sexual and cardiac effects,) and psychosocial (e.g., anxiety, depression, fear of recurrence), require ongoing medical care and can substantially affect the quality of life of cancer survivors [8,9,10,11,12]. The indirect burden of cancer spans indirect economic costs, such as productivity losses, carer time, and reduced household income, as well as intangible costs that cannot be measured in monetary terms, such as disruption to family life and involuntary lifestyle changes [13,14,15].



Previous Australian studies on cancer-related expenditure are limited because they did not estimate long-term healthcare costs for all types of cancer on a population level beyond five years post diagnosis [16,17,18,19]. Research from other jurisdictions has focused on long-term costs for a specific type of cancer [20,21,22,23], or on a population-level up to seven years from diagnosis [24]. Others used a population or cost-of-illness approach to estimate the economic burden for individual types of cancer during a certain year, rather than long-term [25,26,27,28], or applied a model-based approach synthesizing published literature [29]. To date, there has been no population level research on the health service costs of cancer survivors beyond the initial years after treatment, including all age groups, based on detailed patient-level health service expenditure (reflecting gold standard bottom-up micro costing methodology [30]).



Cancer survivors are significantly more likely to be diagnosed with other chronic conditions that share similar risk factors, such as smoking, physical inactivity, overweight, poor diet, and increased alcohol consumption [31]. People with many co-morbidities have higher healthcare costs [32], and understanding these costs is important for cancer management services.



We investigated long-term health service use (i.e., up to 19 years after diagnosis) and associated costs for cancer survivors on a population level [33] from an Australian health service perspective. The aim of this study was to quantify long-term health service costs of cancer survivorship on a population level in Queensland, Australia. The study objectives were to estimate the most recent health service costs on a cohort and patient-level by type of cancer, age, vital status, type of health service and time since first primary cancer diagnosis.




2. Materials and Methods


2.1. Data Extraction & Linkage


A detailed description of data collection, data linkage, variables extracted (linkage variables/research variables) and data storage was provided in our Study Protocol manuscript [33] and is summarized below.



2.1.1. Study Cohort


Queensland is the third most populous state in Australia, with over 5 million residents [34]. Every Queensland resident diagnosed with a first primary malignancy (excluding basal and squamous cell carcinoma of the skin), between January 1997 and December 2015 (over 19 years), was eligible for the study. Individuals were identified from the Queensland Cancer Register (QCR), which contains records of all Queensland residents diagnosed with cancer. Cancer is a legally notifiable condition in Queensland, except for basal and squamous cell skin carcinoma.




2.1.2. Ethics Approval


Ethics approval was obtained from the University of the Sunshine Coast Human Research Ethics Committee (USC HREC Approval A/17/941) and from the Australian Institute of Health and Welfare (AIHW) Human Research Ethics Committee (EO2017/3/348). Approval for Queensland data extraction and linkage was obtained under the Public Health Act 2005 (grant RD007281).




2.1.3. Healthcare in Australia and Data Linkage


Healthcare in Australia is provided by a mixture of private and public sector funding and relies on co-payment by private health insurance, or directly by the patient [35]. Medicare, a universal tax-funded health insurance system, was designed to provide affordable healthcare to citizens and permanent residents, including free public hospital treatment, subsidized allied health services and prescribed pharmaceuticals [36]. Primary care and specialist services provided out of hospital have independent fees, and for eligible services a set Medicare rebate is provided. Patients are often required to make an out-of-pocket (OOP) contribution, part of which may be covered by their private health insurance. For private patients admitted to public hospitals, around 75% of expenses are covered by Medicare [35].



Each Australian state, including Queensland, routinely records cancer diagnoses in population cancer registries and collects administrative data on hospital and emergency admissions. In order to capture healthcare services provided in primary, allied health, specialist and hospital care, our identified study cohort from the QCR was linked with national and state data from the Queensland Hospital Admitted Patient Data Collection (QHAPDC), Emergency Department Information System (EDIS), Healthcare Purchasing and System Performance (HPSP) data, Medicare Benefits Schedule (MBS) and Pharmaceutical Benefit Schedule (PBS). This allowed us to capture costs directly incurred by hospital or emergency admissions in public hospitals, as well as Medicare-subsidized primary or allied healthcare and prescription pharmaceuticals. MBS and PBS data also captured patient OOP claims data. This research does not include costs incurred by private healthcare provided without Medicare involvement, or funded by private health insurance.



Data linkage was conducted by the relevant state (Statistical Services Branch in Queensland Health) and national departments (AIHW) and transferred to a Secure Unified Research Environment (SURE) after de-identification of the data and assignment of a new, random patient ID; researchers obtained approval to remotely access de-identified records on the password-protected virtual platform SURE [33].





2.2. Data Preparation and Analyses


2.2.1. Definition of Cancer Types


Cancer types were defined using topography codes, based on the World Health Organization’s International Classification of Diseases for Oncology, 3rd edition (ICD-O3) [37] and the 20 most common types of cancer in Australia were detailed in all subsequent analyses. The linked data was recoded according to these categories and the remaining cancer types were summarized as ‘all other cancers combined’.




2.2.2. Cost Calculations


We focused on the most recent data available to ensure relevance of cost estimates, and selected healthcare costs incurred between 1 January 2013 and 31 December 2016. Individuals were included in cost calculations if they were diagnosed with a primary malignancy at any point from January 1997 to the end of December 2015, and incurred healthcare costs at some time between January 2013 and December 2016. All patient costs were included and patients who died incurred partial costs for that year. We used a bottom-up costing approach for the most accurate results. Individual-level patient records for each cost component were aggregated to form the total cost product, including hospital admissions, emergency presentations, medical and allied health services, and pharmaceuticals, as described below. Healthcare costs included all services utilized in the given timeframe, whether or not cancer related. All costs were reported in 2016 Australian dollars (AU$).



Hospitalization and Emergency Presentation costs: Healthcare purchasing data comprised individual cost per episode of care for both hospitalizations and emergency admissions between January 2013 and December 2016 and included total cost per episode, being the product of direct and overhead costs.



Medical and Allied Health Service costs: These data were extracted from the Medicare Benefit Scheme via Medicare claims records. Benefits paid represent the dollar value received by healthcare providers from the government. Patient out-of-pocket (OOP) costs were calculated as the difference between fees charged by providers and benefits paid. The sum of patient OOP costs and benefits paid made up total cost of Medical Services in our analyses.



Pharmaceutical costs: These data were extracted from the Pharmaceutical Benefit Scheme via claim records of drug prescriptions. Net benefit paid is the government contribution towards the cost of prescription medicinal products and, along with patient contribution, was used as the overall pharmaceutical cost.



Costs by time since diagnosis: Time since diagnosis was calculated as the interval between the most recent year of data collected, 2016, and year of cancer diagnosis (as per QCR records). Time since diagnosis was calculated in months and rounded to years, to form the following timeframes: 0–1 year, 2–4 years, 5–9 years, 10–14 years and 15–20 years since diagnosis. ‘Costs since diagnosis’ were calculated for all individuals with cost data incurred in 2016, excluding people who died that year.



Cost by type of cancer and relative 5-year survival: Types of cancer were categorized into cancer types with low, medium, or high relative 5-year survival rates. These were defined as: low for 5-year relative survival rate of 0–35% (i.e., pancreas, lung, liver, esophagus, brain, stomach, unknown primary site), medium for 36–69% survival rate (i.e., ovary, bladder, myeloma, leukemia, kidney) and high for 70–100% survival rate (i.e., colorectal, head & neck, cervix, non-Hodgkin lymphoma, uterus, breast, melanoma, prostate, thyroid) [38,39].





2.3. Data Cleaning and Statistical Analyses


Data were checked for missing values, logical errors and outliers, but no extreme values were excluded to represent the whole range of health service utilization. In the original QCR data, sex was only used as a linkage variable and was not available to researchers. We were able to access sex of the original patient cohort by merging data from QHAPDC, using gender-specific cancer codes (C51-C58: female cancers; C60-63: male cancers) and gender recorded in EDIS. Mean and median costs, cost ranges, standard deviations and cumulative costs were calculated for each cost component per patient per year, as well as per episode of care. SPSS software version 21.0 was used for all statistical analyses and data were illustrated graphically using Microsoft Office Excel version 2108.





3. Results


3.1. Patient Cohort Selection


A total of N = 365,443 individuals were ascertained from the Queensland Cancer Register (Figure 1). Of these, 130,102 (35.6%) had died prior to 2013 and a further 4961 (1.4%) were excluded from analysis because of missing healthcare cost data for the period 2013–2016. The final cohort for analysis comprised the remaining N = 230,380 individuals.




3.2. Demographic Overview of Cancer Cohort


Demographic information for the selected cancer cohort of N = 230,380 individuals is shown in Table 1. This included slightly more males than females (51.8% vs. 46.9%), with a small proportion aged 0–44 (14.3%), and most individuals aged 45 to 64 (42.5%) or over the age of 65 (43.2%). The most common geographic locations of birth (according to the Standard Australian Classification of Countries [40]) were Australia (76.9%), Northwest Europe (10.9%) and Oceania (4.9%). Many individuals in the cohort were married (66.1%) and the most common cancer types recorded were prostate cancer (17.6%), melanoma (17.5%), breast (16.2%) and colorectal cancer (11.5%), making up a total of 62.8% of all cancer diagnoses. Mean age at diagnosis was 60.5 years and mean age at death 74.7 years.




3.3. Mean Annual Healthcare Cost on Patient-Level


3.3.1. Costs by Age Group and Vital Status


Mean annual healthcare costs, between 2013–2016, were AU$15,890 (SD 25,036) per person. Figure 2 illustrates these costs by age group and vital status. The red bars represent patients who were at the end of life and died during this timeframe and consistently showed higher costs compared to patients still alive. Costs were highest for the younger age groups (<20 years). Patients aged 10–14 years who had recently died had the highest mean annual costs of AU$121,273, followed by patients in age groups 5–9 years (AU$97,311), 0–5 years (AU$77,804) and 15–19 years (AU$71,327). Individuals who were alive during 2013–2016 (blue column) had the highest costs per patient for ages 0–4 years (AU$24,197), 5–9 years (AU$22,287) and 10–14 years (AU$20,993), followed by patients aged 75–84 years, incurring >AU$17,000 per year. More details on these costs can be found in Supplementary Table S1.




3.3.2. Costs by Time since Diagnosis


Distribution of Cancer Cohort by Time since Diagnosis and Vital Status



Based on reference year 2016, the distribution of time since diagnosis by vital status is shown in Figure 3. Individuals diagnosed within the last year (prior to 2016) made up 10.1% of the cohort, with most patients diagnosed 2–4 years prior (27.9%), 5–9 years (30.1%) and 10–14 years ago (19.5%), with a smaller percentage diagnosed 15–20 years ago (12.4%). Most patients in the cohort of N = 230,380 with healthcare costs incurred during 2013–2016 were alive (88.3%) in 2016, and incidence of deaths was highest 2–4 years (5.5%) and 5–9 years (2.7%) after diagnosis.



Costs by Time since Diagnosis



Mean healthcare costs per person incurred in 2016 by time since diagnosis, hence only for individuals with vital status ‘alive’ in 2016, are shown in Figure 4 (N = 203,495). Healthcare costs were much higher in the first year (AU$23,896) compared to medium (2–4 years since diagnosis: AU$16,900) or long-term outcomes (5–20 years since diagnosis: AU$10,000–AU$11,000).




3.3.3. Costs by Type of Cancer and Relative 5-Year Survival Group


Mean annual healthcare costs per person between 2013 and 2016 by type of cancer, and 5-year relative survival, are shown in Figure 5. Highest mean costs per individual for cancers with low survival cancers were incurred by individuals with a history of brain and liver cancer, with around AU$30,000 each; and in cancers with medium survival by myeloma (nearly AU$46,000) and leukemia patients (AU$29,158). In cancers with a high 5-year relative survival, the highest mean costs per year were incurred by non-Hodgkin lymphoma (AU$24,397). The lowest mean costs were recorded for individuals diagnosed with melanoma (AU$9487) and thyroid cancer (AU$8808). Overall, mean annual healthcare cost per individual for all cancers combined was AU$15,890 (SD: 25,036).




3.3.4. Costs by Type of Cancer and Health Service Component


Figure 6 breaks these costs down further by health service component. Cancer types are sorted by highest mean annual healthcare costs per person (as indicated by blue line). It should be noted that these health service component costs are weighted mean costs based on individuals who received these services between 2013 and 2016, but these differed for each type of health service and each cancer type, e.g., not every individual experienced hospitalization or emergency admissions during this time frame. Detailed information for each of these components can be viewed in Supplementary Table S2, including the number of patients receiving each service and related costs. Hospitalizations were experienced by 48.6% of individuals between 2013 to 2016, and were the component with the highest mean patient cost per year for all types of cancer. Mean annual cost per person with at least one hospitalization were AU$26,431 (SD 31,246), compared to AU$5948 (SD 9672) for individuals without hospitalization. Mean annual hospitalization costs per person per year were AU$17,297 (SD 27,542), with the highest costs incurred by individuals with brain cancer (AU$29,873, SD 1199), leukemia (AU$28,543, SD 3395) and myeloma (AU$28,057, SD 1398). Costs for pharmaceuticals and Medicare services were incurred by nearly all patients (>97%) and emergency admissions by 47.9% of patients. Cancer types with the highest mean annual pharmaceutical costs per person per year were myeloma (AU$19,657, SD 20,772), leukemia (AU$8273, SD 15,130), non-Hodgkin lymphoma (AU$7063, SD 10,528) and liver cancer (AU$6036, SD 13,723), and all of these exceeded mean patient costs for Medicare services. Otherwise, Medicare services were higher than pharmaceutical costs and ranged from AU$2622 per person per year for thyroid cancer, to AU$7914 for myeloma. Mean annual patient costs for emergency admissions were comparatively low for all cancer types with AU$1471 (SD 1445), with a maximum of AU$2001 (SD 1793) for patients with a history of lung cancer.





3.4. Mean Annual Healthcare Cost on Cohort-Level


3.4.1. By Age Group in Proportion to Total Cost


The total mean annual healthcare expenditure for the cancer cohort between 2013 and 2016 was AU$3.66 billion. Figure 7 displays the distribution of costs by age group and specifies costs in proportion to total costs and the total cancer cohort, and details can be found in Supplement T1. The group with the highest total mean annual healthcare costs were adults aged 65–69 with AU$587.07 million spent, equivalent to 16% of the total cost per year. Most costs (73.9%) were accrued by individuals aged 50–79 years (69.9% of cohort). Younger age groups <40 years made up 9.4% of the total cancer cohort and 6.9% of total cost. Individuals diagnosed with cancer at <60 years of age showed proportionally lower costs compared to individuals >64 years old, making the cost distribution slightly left skewed. Nevertheless, the distribution of costs crudely aligns with the prevalence of cancer in our cohort.




3.4.2. By Type of Cancer and Health Service Component


Total mean annual healthcare cost from 2013–2016 by type of cancer and health service component are illustrated in Figure 8. Overall, prostate cancer had the highest cost with AU$537.72 million, followed by breast cancer (AU$495.98 million) and colorectal cancer (AU$475.83 million); lowest cost cancers with <AU$32 million were esophageal cancer (AU$31.52m) and cervical cancer (AU$28.17m). Although total annual healthcare costs differ by type of cancer (as apparent in Figure 5), the distribution of cost by each health service category is similar for most cancer types. The mean proportion of costs per component are illustrated in Figure 9. The highest costs can be attributed to hospitalizations with 53% of total annual costs, followed by Medicare services with 24%, pharmaceuticals with 19% and emergency admissions with 4%. Myeloma had a higher proportion of pharmaceutical costs (42%), followed by hospitalizations (39%), Medicare services (17%) and emergency admissions (2%). Similarly, Non-Hodgkin lymphoma and leukemia had higher than average pharmaceutical costs (28%), whereas lung and brain cancer utilized higher than average hospitalizations (64%).






4. Discussion


4.1. Main Findings in Context of Recent Literature


Our cost analysis shows mean annual healthcare expenditure by individuals with a history of cancer of over AU$3.66 billion for the period 2013–2016, with the highest mean annual costs per person incurred by those with a history of myeloma (AU$45,951), brain cancer (AU$ 30,264), liver cancer (AU$29,619) or leukemia (AU$29,158). The most recent AIHW report on health system disease expenditure for Australia (2018–19), reported the highest expenditure from non-melanoma skin cancer (NMSC) (AU$1326m), breast cancer (AU$1313m), and prostate cancer (AU$1200m) [6], excluding benign, in situ and uncertain (non-malignant) neoplasms. They found that 8.8% of the total expenditure was due to cancer and other neoplasms, of which 58% of total costs were due to cancer care in hospitals, followed by pharmaceuticals (26.5%) and other referred medical and primary health care services (15.5%) [6]. Although we focused on malignant neoplasms and excluded NMSC, the percentage of costs for hospitalizations in public hospitals were similar in our data (53% of total expenditure), but in our data these were followed by Medicare services (24%) and pharmaceuticals making up around 19% of total annual healthcare expenditure. This difference may be partially explained by the fact that our analysis did not include cancer screening or costs relating to the cancer diagnosis, but started with costs incurred following diagnosis. Also, the AIHW estimates applied a combination of ‘top-down’ and ‘bottom-up’ approaches to estimate costs, including national data sources and private hospital data combined into a ‘Disease Expenditure Database’, which was used to model their estimates and may have resulted in higher overall expenditure [7]. Total healthcare costs for myeloma were proportionally higher than average pharmaceutical costs, compared to other types of cancer (42% vs. average 19%). These findings reflect treatment practices of patients requiring ongoing drugs to treat adverse effects, such as bisphosphonates, antibiotics and antiviral drugs [41].



In comparison, another Australian study by Goldsbury et al. used a different approach and estimated excess healthcare costs attributable to cancer (using a control group), which during 2013 was around $AU6 billion Australia-wide (based on an individual-level patient sample of n = 7624 participants in New South Wales diagnosed between 2009–13, aged 45 and older) [19]. Their estimate was also based on hospitalizations, emergency presentations, pharmaceuticals, and Medicare services. A main difference in cost estimates is that individual-level hospital and emergency admission costs were derived from patients’ diagnosis codes, linked to average costs as the Australian Hospital Cost data collection (AHCDC), whereas our costs had precise episode costs attached to each hospitalization/emergency admission, and hence are expected to be more accurate. They reported mean annual costs for the initial treatment phase of AU$28,719 (1–2 years post diagnosis), AU$4474 for the continuing phase (time after initial phase, before terminal phase) and AU$49,733 for the terminal phase (last year of life) [19]. We stated costs by time since diagnosis, rather than phase of care, which makes direct comparison of results challenging; our results showed mean annual health system expenditure per individual with cancer history was AU$15,890 across all types of cancer, with AU$23,896 in the first year, AU$16,900 between 2–4 years and slightly above AU$10,000 for 5–20 years since diagnosis (based on healthcare expenditure in 2016). Nevertheless, the expenditure of individuals with vital status ‘deceased’ showed consistently higher costs across all age groups, with highest mean annual costs for patients aged 10–14 years (AU$121,273).



Bates et al. published total healthcare system costs in Queensland for all cancers during the first 12 months after diagnosis (2011–12) of AU$4.8 billion [42]. These annual results are expected to be higher than our estimate of AU$3.66 billion given that they focused on the first-year post-diagnosis, where patients receive a substantial amount of treatment and healthcare interaction and, hence, are higher than costs for patients with a longer time since diagnosis. Our data showed that healthcare costs were substantially higher in the first year compared to patients between 2–4 years post diagnosis (~AU$2400 vs. AU$16,900), or beyond 5 years since diagnosis (5–20 yrs post diagnosis: >AU$10,000).



In the Canadian setting, De Oliveira et al. appraised the economic burden of cancer on a population level in the state of Ontario of CAD$7.5 billion in 2012 [24], and high costs for brain cancer and myeloma were also reported [43]. Their research and other work from Japan confirmed hospitalizations to be the highest cost component for healthcare resource utilization in cancer patients, as described here [24,28]. An estimate of cancer-related versus non-cancer related health care costs was provided by Sam et al. in 2019, again for the Canadian setting where hematologic and lung cancers were the costliest [44]. A recent systematic review by Essue et al. explored the psychosocial cost burden of cancer in Canada including psychological, physical, and spiritual dimensions, which have been described to range from CAD$427,753–528,769 per person over a lifetime [45]. They concluded that two thirds of economic costs are incurred by psychosocial costs and should be included in economic evaluations, but that there is currently a lack of a consistent measurement method [45]. In the European setting, a very comprehensive cost analysis on the economic burden of cancer in the European Union was published nearly a decade ago and provided estimates for direct healthcare costs and indirect costs incurred in 2009 [46]. They attributed 40% of costs to health care (€51 billion), with other costs being productivity losses due to early mortality (€42.6 billion), reduced working hours (€9.4 billion) and informal care (€23.2 billion) [46].



Although the costs by age group crudely aligned with the prevalence in the cohort, we found that younger individuals aged 0–14 years incurred the highest patient-level costs, although these only made up a small proportion of overall costs due to the small number of individuals. Healthcare expenditure for patients with vital status ‘deceased’ was the highest for 0–19-year-olds. This is likely to be due in large part to the very different mix of cancers that occur in children and adolescents, compared to older people. Leukemias (with one of the highest per person costs) make up almost a quarter of cancers diagnosed in people under 20 years, while breast, prostate, colorectal cancer and melanoma (with some of the lowest per person costs), make up a relatively higher proportion of cancers in older people. In Australia, there is some evidence of the use of expensive cancer drugs at the end of life, despite limited benefit [47]. This is partially due to socio-cultural and systemic factors, such as public reimbursement, but also societal attitude towards death and continuing with futile treatments at end of life [47]. More research is needed to explore our findings for young cancer patients.



Patient-level healthcare costs over time were nearly twice as high in the first year after diagnosis, compared to medium to long-term. Our data included around 10% of individuals in the first year after diagnosis, 58% between 2–9 years, and over 30% were long-term survivors of 10–20 years. Most deaths were recorded 2–5 years after diagnosis, which may have been attributable to a large proportion of individuals in the category. Given that costs drastically decrease after the first year, it is plausible that our cohort costs were lower compared to previous reports (as discussed above).




4.2. Strengths and Limitations


Limitations of this work were the use of health service data, which was created for administrative purposes rather than research purposes, and not all private hospitalizations were included in this data.



Also, the health service data included all types of costs incurred by any health service contact, rather than cancer-specific costs, and due to financial limitations we were unable to include a control group to calculate excess costs due to cancer. Details of cancer diagnoses were retrieved from the Queensland Cancer Registry data, which does not record basal and squamous cell carcinoma or stages of cancer; hence, these were missing from our analyses. Non-melanoma skin cancer (NMSC) cases were only reported occasionally, and costs data reported here should only be seen as an indication of costs per person, but not as a representation of overall costs for NMSC in this cohort. We only analyzed data for patients with available system cost data between 2013–2016, which means many patients from the initial cancer cohort were excluded; nevertheless, we are confident that the distribution of gender and types of cancer is nearly identical between the initial cohort, including all cases, and the latter cohort, as our cohort comparison has shown (details available on request). Nearly 3% of our selected cohort, with system cost data recorded between 2013–2016, showed a date of death prior to the date of health service contact, indicating deceased people receiving health care services. These seemingly implausible scenarios might be explained by government data (MBS/PBS) using ‘data perturbation’ to ensure non-identifiability of individuals, where the date of birth/death in the data is randomly selected from the actual date +/−3 months. As we were unable to account for this intricacy, we had to exclude this small proportion of people from further analysis. Furthermore, the focus of this work was on direct health services costs, rather than overall economic costs. Hence, not all relevant costs were included, such as opportunity costs, productivity costs or carer costs. Also, we only partially included patient out-of-pocket expenditure, reflected in co-contributions to prescribed pharmaceuticals (not available for over-the-counter drugs) and some Medicare services. Given that our data included population data, it was to be expected that some cases showed unusually high costs, but to reflect the full spectrum of health services costs, no cost outliers were excluded. Costs were reported in 2016 Australian dollars and not adjusted for the Consumer Price Index, due to the current instability of the inflation rate.



Strengths of this project comprise the use of highly reliable, routinely collected administrative healthcare data from a variety of sources, the inclusion of population data without any limitations on age or type of cancer, starting with the date of cancer diagnosis, and continuous records with long-term outcomes of up to two decades. Given that our sample is very large and population-based, our results are likely to be generalizable to the rest of the Australian population. Furthermore, we applied a bottom-up costing approach to estimate healthcare costs by summarizing individual costs, which is seen as the gold standard in healthcare costing, and to our best knowledge we were one of the first Australian studies to use population data to estimate health service costs of cancer survivors.



Future research on long-term cancer survivorship could explore health service costs in other settings on a population level, including developing countries and jurisdictions with different healthcare systems, as well as broader economic costs on a societal level.





5. Conclusions


We captured the whole journey of health service contact and were able to estimate related costs of cancer patients diagnosed and treated in Queensland over a period of 20 years. Our research outcomes form a body of evidence to show potential lifetime cost savings by cancer prevention and will provide a rich data source for future economic evaluations. We also inform policy makers in Queensland/Australia and hence facilitate forthcoming planning on the utilization of healthcare resources, according to the burden of disease, which will potentially lead to more investments in cancer prevention and/or survivorship care.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/ijerph19159473/s1, Table S1: Mean annual healthcare costs (2013–2016) in AU$ per person by age group and survivorship status (patient-level and cohort-level); Table S2: Mean annual healthcare costs (2013–2016) in AU$ per person by type of cancer and health service component (patient-level).





Author Contributions


K.M.D.M. conceived the original study design, analyzed data and prepared the manuscript. L.G.G., M.G.K. and J.F.A. contributed their expertise to the study design and interpretation of results. Y.M.H. assisted with the data preparation and interpretation of results. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki and approved by the Human Research Ethics Committee of the University of the Sunshine Coast (Ethics Approval A/17/941) and from the Australian Institute of Health and Welfare (AIHW) Human Research Ethics Committee (EO2017/3/348). Approval for Queensland data extraction and linkage, including a waiver of consent, has been sought from Queensland Health under the Public Health Act from 2005 and was granted by the Director-General (grant RD007281) due to de-identified, routinely collected administrative data being used for this project.




Informed Consent Statement


Patient consent was waived due to the use of de-identified, routinely collected administrative data of a population being used for this project (as described above).




Data Availability Statement


The data that support the findings of this study are available from the data custodians of each of the linked datasets, but restrictions apply to the availability of these data, which were used under license for the current study, and so are not publicly available. Aggregated data used for this manuscript are, however, available from the authors upon reasonable request.




Acknowledgments


We would like to acknowledge the data linkage teams, data custodians and staff of the Sax Institute responsible for data storage in SURE for their support of this project.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Denlinger, C.S.; Carlson, R.W.; Are, M.; Baker, K.S.; Davis, E.; Edge, S.B.; Friedman, D.L.; Goldman, M.; Jones, L.; King, A.; et al. Survivorship: Introduction and definition. Clinical practice guidelines in oncology. J. Natl. Compr. Canc Netw. 2014, 12, 34–45. [Google Scholar] [CrossRef] [PubMed]

	



Surbone, A.; Tralongo, P. Categorization of Cancer Survivors: Why We Need It. J. Clin. Oncol. 2016, 34, 3372–3374. [Google Scholar] [CrossRef] [PubMed]

	



Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J. Clin. 2021, 71, 209–249. [Google Scholar] [CrossRef] [PubMed]

	



Global Burden of Disease Cancer, C.; Kocarnik, J.M.; Compton, K.; Dean, F.E.; Fu, W.; Gaw, B.L.; Harvey, J.D.; Henrikson, H.J.; Lu, D.; Pennini, A.; et al. Cancer Incidence, Mortality, Years of Life Lost, Years Lived With Disability, and Disability-Adjusted Life Years for 29 Cancer Groups From 2010 to 2019: A Systematic Analysis for the Global Burden of Disease Study 2019. JAMA Oncol. 2022, 8, 420–444. [Google Scholar] [CrossRef]

	



Australian Institute of Health and Welfare. Cancer in Australia 2021. In Cancer Series No. 133 (Cat. No. CAN 144), AIHW, ed.; Australian Government: Canberra, Australia, 2021. [Google Scholar]

	



Australian Institute of Health and Welfare. Disease Expenditure in Australia 2018-19, v23.0 (Last Updated 18/02/22) ed.; Australian Government, Ed. AIHW: Darlinghurst, Australia, 2021. [Google Scholar]

	



Australian Institute of Health and Welfare. Health and Welfare. Health system expenditure on cancer and other neoplasms in Australia, 2015–2016. In Cancer Series No. 131 (Cat. No. CAN 142), AIHW, ed.; Australian Government: Canberra, Australia, 2021. [Google Scholar]

	



American Cancer Society. Cancer Treatment & Survivorship: Facts & Figures 2019–2021; American Cancer Society: Atlanta, GA, USA, 2019. [Google Scholar]

	



Caruso, R.; Breitbart, W. Mental health care in oncology. Contemporary perspective on the psychosocial burden of cancer and evidence-based interventions. Epidemiol. Psychiatr Sci. 2020, 29, e86. [Google Scholar] [CrossRef]

	



Basaria, S.; Lieb, J., 2nd; Tang, A.M.; DeWeese, T.; Carducci, M.; Eisenberger, M.; Dobs, A.S. Long-term effects of androgen deprivation therapy in prostate cancer patients. Clin. Endocrinol. 2002, 56, 779–786. [Google Scholar] [CrossRef]

	



Brook, I. Late side effects of radiation treatment for head and neck cancer. Radiat. Oncol. J. 2020, 38, 84–92. [Google Scholar] [CrossRef]

	



Helou, J.; Charas, T. Acute and late side-effects after low dose-rate brachytherapy for prostate cancer; incidence, management and technical considerations. Brachytherapy 2021, 20, 956–965. [Google Scholar] [CrossRef]

	



Rim, S.H.; Guy, G.P., Jr.; Yabroff, K.R.; McGraw, K.A.; Ekwueme, D.U. The impact of chronic conditions on the economic burden of cancer survivorship: A systematic review. Expert Rev. Pharm. Outcomes Res. 2016, 16, 579–589. [Google Scholar] [CrossRef]

	



Guy, G.P., Jr.; Ekwueme, D.U.; Yabroff, K.R.; Dowling, E.C.; Li, C.; Rodriguez, J.L.; de Moor, J.S.; Virgo, K.S. Economic burden of cancer survivorship among adults in the United States. J. Clin. Oncol. 2013, 31, 3749–3757. [Google Scholar] [CrossRef]

	



Iragorri, N.; de Oliveira, C.; Fitzgerald, N.; Essue, B. The Indirect Cost Burden of Cancer Care in Canada: A Systematic Literature Review. Appl. Health Econ. Health Policy 2021, 19, 325–341. [Google Scholar] [CrossRef]

	



Callander, E.; Bates, N.; Lindsay, D.; Larkins, S.; Preston, R.; Topp, S.M.; Cunningham, J.; Garvey, G. The patient co-payment and opportunity costs of accessing healthcare for Indigenous Australians with cancer: A whole of population data linkage study. Asia Pac. J. Clin. Oncol. 2019, 15, 309–315. [Google Scholar] [CrossRef]

	



Bates, N.; Callander, E.; Lindsay, D.; Watt, K. Correction to: CancerCostMod: A model of the healthcare expenditure, patient resource use, and patient co-payment costs for Australian cancer patients. Health Econ. Rev. 2019, 9, 2. [Google Scholar] [CrossRef]

	



Callander, E.; Bates, N.; Lindsay, D.; Larkins, S.; Topp, S.M.; Cunningham, J.; Sabesan, S.; Garvey, G. Long-term out of pocket expenditure of people with cancer: Comparing health service cost and use for indigenous and non-indigenous people with cancer in Australia. Int. J. Equity Health 2019, 18, 32. [Google Scholar] [CrossRef]

	



Goldsbury, D.E.; Yap, S.; Weber, M.F.; Veerman, L.; Rankin, N.; Banks, E.; Canfell, K.; O’Connell, D.L. Health services costs for cancer care in Australia: Estimates from the 45 and Up Study. PLoS ONE 2018, 13, e0201552. [Google Scholar] [CrossRef]

	



Brodszky, V.; Varga, P.; Gimesi-Orszagh, J.; Fadgyas-Freyler, P.; Boncz, I.; Nyirady, P.; Riesz, P.; Baji, P.; Pentek, M.; Rencz, F.; et al. Long-term costs and survival of prostate cancer: A population-based study. Int. Urol. Nephrol. 2017, 49, 1707–1714. [Google Scholar] [CrossRef]

	



Williams, S.B.; Howard, L.E.; Foster, M.L.; Klaassen, Z.; Sieluk, J.; De Hoedt, A.M.; Freedland, S.J. Estimated Costs and Long-term Outcomes of Patients With High-Risk Non-Muscle-Invasive Bladder Cancer Treated With Bacillus Calmette-Guerin in the Veterans Affairs Health System. JAMA Netw Open 2021, 4, e213800. [Google Scholar] [CrossRef]

	



Grady, I.; Grady, S.; Chanisheva, N. Long-term cost of breast cancer treatment to the United States Medicare Program by stage at diagnosis. Eur. J. Health Econ. 2021, 22, 1365–1370. [Google Scholar] [CrossRef]

	



Bermejo de Las Heras, B.; Cortes Ramon, Y.C.J.; Galve Calvo, E.; de la Haba Rodriguez, J.; Garcia Mata, J.; Moreno Anton, F.; Pelaez Fernandez, I.; Rodriguez-Lescure, A.; Rodriguez Sanchez, C.A.; Ruiz-Borrego, M.; et al. The economic burden of metastatic breast cancer in Spain. Eur. J. Hosp. Pharm. 2020, 27, 19–24. [Google Scholar] [CrossRef]

	



de Oliveira, C.; Weir, S.; Rangrej, J.; Krahn, M.D.; Mittmann, N.; Hoch, J.S.; Chan, K.K.W.; Peacock, S. The economic burden of cancer care in Canada: A population-based cost study. CMAJ Open 2018, 6, E1–E10. [Google Scholar] [CrossRef]

	



Cicin, I.; Oksuz, E.; Karadurmus, N.; Malhan, S.; Gumus, M.; Yilmaz, U.; Cansever, L.; Cinarka, H.; Cetinkaya, E.; Kiyik, M.; et al. Economic burden of lung cancer in Turkey: A cost of illness study from payer perspective. Health Econ. Rev. 2021, 11, 22. [Google Scholar] [CrossRef]

	



Henderson, R.H.; French, D.; Maughan, T.; Adams, R.; Allemani, C.; Minicozzi, P.; Coleman, M.P.; McFerran, E.; Sullivan, R.; Lawler, M. The economic burden of colorectal cancer across Europe: A population-based cost-of-illness study. Lancet Gastroenterol. Hepatol. 2021, 6, 709–722. [Google Scholar] [CrossRef]

	



Leal, J.; Luengo-Fernandez, R.; Sullivan, R.; Witjes, J.A. Economic Burden of Bladder Cancer Across the European Union. Eur. Urol. 2016, 69, 438–447. [Google Scholar] [CrossRef]

	



Watanabe, T.; Goto, R.; Yamamoto, Y.; Ichinose, Y.; Higashi, T. First-Year Healthcare Resource Utilization Costs of Five Major Cancers in Japan. Int. J. Environ. Res. Public Health 2021, 18, 9447. [Google Scholar] [CrossRef]

	



Delgado-Ortega, L.; Gonzalez-Dominguez, A.; Borras, J.M.; Oliva-Moreno, J.; Gonzalez-Haba, E.; Menjon, S.; Perez, P.; Vicente, D.; Cordero, L.; Jimenez, M.; et al. The economic burden of disease of epithelial ovarian cancer in Spain: The OvarCost study. Eur. J. Health Econ. 2019, 20, 135–147. [Google Scholar] [CrossRef]

	



Tan, S.S.; Rutten, F.F.; van Ineveld, B.M.; Redekop, W.K.; Hakkaart-van Roijen, L. Comparing methodologies for the cost estimation of hospital services. Eur. J. Health Econ. 2009, 10, 39–45. [Google Scholar] [CrossRef]

	



Eakin, E.G.; Youlden, D.R.; Baade, P.D.; Lawler, S.P.; Reeves, M.M.; Heyworth, J.S.; Fritschi, L. Health behaviors of cancer survivors: Data from an Australian population-based survey. Cancer Causes Control. 2007, 18, 881–894. [Google Scholar] [CrossRef]

	



Wong, W.; Yim, Y.M.; Kim, A.; Cloutier, M.; Gauthier-Loiselle, M.; Gagnon-Sanschagrin, P.; Guerin, A. Assessment of costs associated with adverse events in patients with cancer. PLoS ONE 2018, 13, e0196007. [Google Scholar] [CrossRef]

	



Merollini, K.M.D.; Gordon, L.G.; Aitken, J.F.; Kimlin, M.G. Lifetime Costs of Surviving Cancer-A Queensland Study (COS-Q): Protocol of a Large Healthcare Data Linkage Study. Int. J. Environ. Res. Public Health 2020, 17, 2831. [Google Scholar] [CrossRef]

	



Australian Bureau of Statistics. National, State and Territory Population. Available online: https://www.abs.gov.au/statistics/people/population/national-state-and-territory-population/latest-release (accessed on 21 June 2022).

	



Pulok, M.H.; van Gool, K.; Hall, J. Horizontal inequity in the utilisation of healthcare services in Australia. Health Policy 2020, 124, 1263–1271. [Google Scholar] [CrossRef]

	



Duckett, S. The Australian Health Care System; Oxford University Press: Melbourne, Australia, 2004. [Google Scholar]

	



World Health Organisation. International Classification of Diseases for Oncology, 3rd ed.; (ICD-O3); WHO: Geneva, Switzerland, 2000. [Google Scholar]

	



Australian Government, C.A. National Cancer Control Indicator: 5-Year Relative Survival. Available online: https://ncci.canceraustralia.gov.au/outcomes/relative-survival-rate/5-year-relative-survival (accessed on 1 December 2021).

	



Nuffield Trust. Cancer Survival Rates. Available online: https://www.nuffieldtrust.org.uk/resource/cancer-survival-rates (accessed on 1 December 2021).

	



Australian Bureau of Statistics. Standard Australian Classification of Countries (SACC); Australian Bureau of Statistics: Canberra, Australia, 2016. [Google Scholar]

	



Cancer Council NSW; Understanding Myeloma. A Guide for People with Cancer, Their Families and Friends; Cancer Council NSW: Wooloomooloo, Australia, 2020. [Google Scholar]

	



Bates, N.; Callander, E.; Lindsay, D.; Watt, K. Cancer Cost Mod: A model of the healthcare expenditure, patient resource use, and patient co-payment costs for Australian cancer patients. Health Econ. Rev. 2018, 8, 28. [Google Scholar] [CrossRef] [PubMed]

	



de Oliveira, C.; Pataky, R.; Bremner, K.E.; Rangrej, J.; Chan, K.K.; Cheung, W.Y.; Hoch, J.S.; Peacock, S.; Krahn, M.D. Phase-specific and lifetime costs of cancer care in Ontario, Canada. BMC Cancer 2016, 16, 809. [Google Scholar] [CrossRef] [PubMed]

	



Sam, D.; Cheung, W.Y. A population-level comparison of cancer-related and non-cancer-related health care costs using publicly available provincial administrative data. Curr. Oncol. 2019, 26, 94–97. [Google Scholar] [CrossRef] [PubMed]

	



Essue, B.M.; Iragorri, N.; Fitzgerald, N.; de Oliveira, C. The psychosocial cost burden of cancer: A systematic literature review. Psychooncology 2020, 29, 1746–1760. [Google Scholar] [CrossRef] [PubMed]

	



Luengo-Fernandez, R.; Leal, J.; Gray, A.; Sullivan, R. Economic burden of cancer across the European Union: A population-based cost analysis. Lancet Oncol. 2013, 14, 1165–1174. [Google Scholar] [CrossRef]

	



Wiersma, M.; Ghinea, N.; Kerridge, I.; Lipworth, W. ‘Treat them into the grave’: Cancer physicians’ attitudes towards the use of high-cost cancer medicines at the end of life. Sociol. Health Illn. 2019, 41, 343–359. [Google Scholar] [CrossRef]








[image: Ijerph 19 09473 g001 550] 





Figure 1. Flowchart for Selection of Queensland Cancer Cohort. 
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Figure 2. Mean annual healthcare costs (2013–2016) per person in AU$ by age and vital status (N = 230,380). 






Figure 2. Mean annual healthcare costs (2013–2016) per person in AU$ by age and vital status (N = 230,380).



[image: Ijerph 19 09473 g002]







[image: Ijerph 19 09473 g003 550] 





Figure 3. Cancer cohort distribution by time since diagnosis and vital status (N = 230,380). 
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Figure 4. Mean healthcare costs (2016) per person in AU$ with vital status alive in 2016 by time since diagnosis (N = 203,495). 
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Figure 5. Mean annual healthcare costs in AU$ by (a) low, (b) medium and (c) high relative 5-year survival (N = 230,380). 
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Figure 6. Mean annual healthcare costs per person (2013–2016) in AU$ by cancer type and health service component. 
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Figure 7. Total annual healthcare costs (2013–2016) in AU$ by age group and proportion of cancer cohort (N = 230,380). 
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Figure 8. Cumulative mean annual healthcare cost (2013–2016) in AU$ for the cancer cohort by type of cancer and health service component (N = 230,380). 
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Figure 9. Proportion of health service component contributing to total mean annual healthcare costs (2013–2016) in AU$ for all types of cancer for patient cohort of N = 230,380. 






Figure 9. Proportion of health service component contributing to total mean annual healthcare costs (2013–2016) in AU$ for all types of cancer for patient cohort of N = 230,380.



[image: Ijerph 19 09473 g009]







[image: Table] 





Table 1. Demographics of Queensland Cancer Cohort at time of first primary malignancy diagnosis (1997–2015) with healthcare utilization between 2013–2016.
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Characteristics

	
Total (N)

	
Percent (%)






	
Total number of individuals

	
230,380

	
100




	
Gender ¹

	

	




	
  Male

	
119,137

	
51.8




	
  Female

	
105,062

	
46.9




	
Age at diagnosis in years

	
N

	
%




	
  0–14

	
1905

	
0.9




	
  15–24

	
3383

	
1.4




	
  25–34

	
8708

	
3.7




	
  35–44

	
18,708

	
8.1




	
  45–54

	
38,068

	
16.5




	
  55–64

	
60,018

	
26.1




	
  65–74

	
59,979

	
26.0




	
  75–84

	
30,872

	
13.4




	
  85+

	
8739

	
3.8




	
  Mean age (SD)

	
60.5 (15.4)




	
Geographic location of birth

	
N

	
%




	
  Australia

	
176,994

	
76.8




	
  Northwest Europe

	
25,210

	
10.9




	
  Oceania except Australia

	
11,260

	
4.9




	
  Southeast Europe

	
5611

	
2.4




	
  Southeast Asia

	
2513

	
1.1




	
  Sub Saharan Africa

	
2108

	
0.9




	
  America

	
1814

	
0.8




	
  Northeast Asia

	
1519

	
0.7




	
  South and Central Asia

	
903

	
0.4




	
  North Africa and Middle East

	
654

	
0.3




	
  Other

	
1794

	
0.8




	
Marital status




	
  Married/De facto

	
152,427

	
66.2




	
  Widowed

	
26,181

	
11.4




	
  Divorced/Separated

	
25,580

	
11.1




	
  Never married

	
22,521

	
9.8




	
  Unknown

	
3671

	
1.6




	
Type of cancer

	

	




	
  Prostate

	
40,988

	
17.8




	
  Melanoma

	
40,655

	
17.6




	
  Breast

	
37,745

	
16.4




	
  Colorectal

	
26,646

	
11.6




	
  Lung

	
8750

	
3.8




	
  Non-Hodgkin lymphoma

	
7700

	
3.3




	
  Head & neck

	
6323

	
2.7




	
  Leukemia

	
6308

	
2.7




	
  Thyroid

	
6098

	
2.6




	
  Kidney

	
6016

	
2.6




	
  Uterine

	
4893

	
2.1




	
  Bladder

	
3574

	
1.6




	
  Unknown primary site

	
2303

	
1.0




	
  Cervical

	
2266

	
1.0




	
  Myeloma

	
2201

	
1.0




	
  Ovarian

	
1997

	
0.9




	
  Stomach

	
1941

	
0.8




	
  Brain

	
1849

	
0.8




	
  Pancreatic

	
1819

	
0.8




	
  Liver

	
1342

	
0.6




	
  Esophageal

	
1200

	
0.5




	
  All other cancers combined

	
17,766

	
7.7




	
Survivorship status by 2016

	

	




	
  Alive

	
203,495

	
88.3%




	
  Deceased (between 2013–15)

	
26,885

	
11.7%




	
Age at death

	

	




	
  Mean (SD)

	
74.7 (13.5)








¹ Due to data linkage, there were a total of 6181 people with missing data on gender.
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