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Abstract
Background Variation persists in the quality of end-of-life-care (EOLC) for people with cancer. This study aims to 
describe the characteristics of, and examine factors associated with, indicators of potentially burdensome care 
provided in hospital, and use of hospital services in the last 12 months of life for people who had a death from cancer.

Method A population-based retrospective cohort study of people aged ≥ 20 years who died with a cancer-related 
cause of death during 2014–2019 in New South Wales, Australia using linked hospital, cancer registry and mortality 
records. Ten indicators of potentially burdensome care were examined. Multinominal logistic regression examined 
predictors of a composite measure of potentially burdensome care, consisting of > 1 ED presentation or > 1 hospital 
admission or ≥ 1 ICU admission within 30 days of death, or died in acute care.

Results Of the 80,005 cancer-related deaths, 86.9% were hospitalised in the 12 months prior to death. Fifteen percent 
had > 1 ED presentation, 9.9% had > 1 hospital admission, 8.6% spent ≥ 14 days in hospital, 3.6% had ≥ 1 intensive care 
unit admission, and 1.2% received mechanical ventilation on ≥ 1 occasion in the last 30 days of life. Seventeen percent 
died in acute care. The potentially burdensome care composite measure identified 20.0% had 1 indicator, and 10.9% 
had ≥ 2 indicators of potentially burdensome care. Compared to having no indicators of potentially burdensome care, 
people who smoked, lived in rural areas, were most socially economically disadvantaged, and had their last admission 
in a private hospital were more likely to experience potentially burdensome care. Older people (≥ 55 years), females, 
people with 1 or ≥ 2 Charlson comorbidities, people with neurological cancers, and people who died in 2018–2019 
were less likely to experience potentially burdensome care. Compared to people with head and neck cancer, people 
with all cancer types (except breast and neurological) were more likely to experience ≥ 2 indicators of potentially 
burdensome care versus none.

Conclusion This study shows the challenge of delivering health services at end-of-life. Opportunities to address 
potentially burdensome EOLC could involve taking a person-centric approach to integrate oncology and palliative 
care around individual needs and preferences.
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Introduction
Cancer is one of the leading causes of death interna-
tionally [1], and in Australia, around 151,000 people are 
newly diagnosed with cancer each year, with an esti-
mated 1.3  million cancer-related hospital admissions 
[2]. Cancer-related morbidity and mortality is predicted 
to increase due to an ageing and increasing population 
[3–5]. This will create challenges for the provision of 
cancer management, including end-of-life-care (EOLC) 
[3]. Due to differing approaches to EOLC management, 
EOLC can be complex to navigate and also to evaluate 
[6]. Availability of hospital, palliative or hospice services, 
resources, level of community support, and both patient 
and clinical characteristics can all influence the quality of 
EOLC [7, 8].

Towards the end-of-life (EOL), there may be an 
increase in hospital-based care to actively address poten-
tially reversible conditions (e.g. infections) or at points 
where the person’s prognosis may be uncertain. Some 
people experiencing cancer, however, may undergo care 
that could be viewed as ‘potentially burdensome’ in their 
last few weeks of life (e.g. multiple hospital or intensive 
care unit (ICU) admissions, or intravenous (IV) che-
motherapy in last 2 weeks of life) that could negatively 
impact on their quality of life [6, 9, 10]. This sort of 
potentially burdensome care aimed at prolonging life can 
sometimes prevail over more comfort-based care [9, 10], 
and can reduce the amount of time that people spend in 
their preferred place at their EOL, which is often their 
home [11]. However, the majority of cancer patients die 
in health facilities [12]. Previous research identified that 
18% of people with cancer (up to 65% if deaths in acute 
care are included) in Switzerland [7], 22% in Canada [13], 
30% in the United States (US) [14], and 34% in the Neth-
erlands [9] experienced at least one indicator of poten-
tially burdensome care at the EOL.

Variation in the quality of EOLC is notable and remains 
an area where healthcare improvements could be 
explored [6, 15]. Potentially burdensome EOLC can be 
costly [16], and not add benefit to a cancer patient’s EOL 
quality [9]. Indicators of potentially burdensome care 
towards the EOL for people with advanced cancer have 
been recommended in prior literature and can be derived 
from population-based administrative data collections 
[7, 14, 17, 18] which can provide a cost-effective method 
of identifying potential variation in EOLC, but have not 
been extensively examined in Australia. Examination 
of hospital-based EOLC quality indicators in Australia 
could pinpoint variation in care delivered at the EOL for 
people with cancer and indicate opportunities for EOLC 
quality improvement measures. It may also identify 
opportunities where EOLC could be enhanced, with the 
potential to reduce any unnecessary hospital visits, and 
enhance 24-hour home-based palliative care and home 

care services. This study aims to describe the character-
istics of, and examine factors associated with, indicators 
of potentially burdensome care provided in hospital and 
use of hospital services in the last 12 months of life for 
people who had a death from cancer in New South Wales 
(NSW), Australia.

Method
This is a retrospective cohort study of people who had a 
death from cancer in NSW, Australia, during 1 January 
2014 to 31 December 2019. Mortality data was linked to 
hospital and cancer registry records for 365 days prior to 
the date of death.

Data sources and linkage
Mortality data were obtained from the NSW Registry 
of Births, Deaths and Marriages and the cause of death 
unit record file (COD-URF) and included date of death 
and underlying and up to 20 antecedent causes of death. 
Cause of death was classified using the International 
Classification of Diseases, 10th Revision (ICD-10). The 
NSW Cancer Registry records notifications of people 
with cancer in NSW (except for non-melanoma skin can-
cer) and includes information on demographics, diagno-
sis date, cancer type and degree of spread, place of death, 
and cause of death. NSW Cancer Registry records were 
provided from 1972 to 2019 to identify diagnosis date 
and previous history of cancer.

Hospital records were obtained for non-admitted 
patient occasions of service (i.e. outpatients), emergency 
department (ED) presentations, and hospital admissions 
in NSW. Non-admitted patient records included clini-
cal or therapeutic services provided by NSW Health that 
warrant a note regarding the service being included in 
the client’s medical record. The non-admitted patient 
dataset was available as a calendar year from 1 January 
2016 and includes public hospitals and information on 
client demographics, type of service, type of service con-
tact (e.g. in-person, videoconference) and service pro-
vider. Non-admitted patient data where there was no 
client contact were excluded from service counts.

ED presentations to public hospitals in NSW included 
information on arrival and departure times, visit types 
and separation type. Hospital admissions were to all 
public and private hospitals, and information available 
included principal and additional diagnoses, clinical 
procedures, and separation type (e.g. hospital transfer, 
death). Diagnoses were classified using the International 
Classification of Diseases, 10th Revision Australian-mod-
ification (ICD-10-AM). Country of birth was identified 
using the Standard Australian Classification of Countries 
[19] in the hospital records and was categorised as Aus-
tralia and other countries.
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The data sources were linked by the Centre for Health 
Record Linkage (CHeReL) using probabilistic linkage. 
Upper and lower probability cut-offs for a link were 0.75 
and 0.25 and record groups with probabilities between 
the cut-offs were clerically reviewed.

Case inclusion criteria
Cases included individuals aged ≥ 20 years with a can-
cer-related cause of death (ICD-10: C00-C96, D45, D46, 
D47.1, D47.3-D47.5) in their underlying cause of death in 
the COD-URF during 2014–2019. Cancer type was iden-
tified using cause of death records (Supplementary Table 
S1). There were n = 15,020 deaths excluded from analy-
sis as the underlying cause of death was not recorded as 
cancer, but cancer was identified in any of 20 antecedent 
causes of death. Also excluded were n = 1,340 deaths from 
non-melanoma skin cancer (ICD-10: C44) and individu-
als that died within 30 days of diagnosis (n = 9,609). The 
hospital service use of individuals who received a non-
admitted patient service or who had an ED presentation 
or a hospital admission and separation within 365 days of 
their date of death were examined. There were n = 2,392 
(3.0%) individuals who had a hospital separation dur-
ing the 365 days before death, but their hospital admis-
sion was pre-365 days before death, and these individuals 
were included in the analysis of hospital service use.

Residents of aged care and place of death
Patients who were living in residential age care during 
their last hospital admission before their death were iden-
tified using any one or a combination of data from hospi-
tal records, including separation mode, source of referral, 
and financial class (i.e. visit payment). Death in acute 
care was identified using admission and separation dates, 
date of death and separation mode (i.e., died) in hospital 
admission records. Death in the ED was identified using 
separation mode. Where the individual had not used hos-
pital services, location of death was identified using place 
of death recorded in the NSW Cancer Registry.

Palliative or hospice care
Palliative or hospice care was identified using any one 
or a combination of data items in hospital admission 
records that indicated palliative or hospice care (i.e. epi-
sode of care type, service-related group, unit type on 
admission, peer-group, facility type, separation mode) or 
an additional diagnosis in up to 50 diagnosis codes of pal-
liative care (ICD-10-AM: Z51.5) [20].

ICU admissions and mechanical ventilation
Hospital admission records identify hours in an inten-
sive care unit (ICU) and hours were categorised as ICU 
admission (Y/N). Likewise, hours on mechanical ventila-
tion are recorded in hospitalisation records and catego-
rised as mechanical ventilation (Y/N).

EOLC indicators
Eleven indicators of potentially burdensome care at EOL 
were identified from the literature and expert opinion 
(Table  1). One identified EOLC indicator of ‘new’ che-
motherapy episodes was not able to be identified using 
the available data. In line with earlier studies, a compos-
ite measure of potentially burdensome care was defined 
using four of the ten indicators as at least one occurrence 
of either: (i) > 1 ED presentation within 30 days of death; 
or (ii) > 1 hospital admission within 30 days of death; or 
(iii) ≥ 1 ICU admission within 30 days of death; or (iv) 
died in acute care hospital – all excluding palliative/
hospice care [6, 17]. Patients were categorised as experi-
encing none, 1 indicator, or ≥ 2 indicators of potentially 
burdensome care [6, 17].

Identification of comorbidities
The Charlson Comorbidity Index was used to identify 
comorbidities using up to 50 diagnosis classifications in 
hospitalisation records [21]. A one-year lookback was 
applied from the date of death to identify comorbidities 
in the hospital admission data (i.e. to 1 January 2013). 
Charlson comorbidities, excluding malignancies, were 
categorised as nil, 1 and ≥ 2 comorbidities. Comorbid 
conditions related to depression (ICD-10-AM: F20.4, 

Table 1 EOLC indicators of potentially burdensome care and 
potentially adequate symptom management
Indicator Definition Source
Potentially burdensome care at EOL in hospital
A > 1 ED visit in last 30 days of life [6, 7, 13, 

14, 24, 
26]

B > 1 hospitalisation in last 30 days of life 
(excluding palliative or hospice care)

[6, 7, 13, 
24, 26]

C Admission to ICU in last 30 days of life [6, 7, 13, 
14, 18, 
24–28]

D Place of death at EOL was in acute care 
(excluding palliative or hospice care)

[7, 14, 
25]

E Spending ≥ 14 days in hospital in last 30 
days of life (excluding palliative or hospice 
care)

[14]

F ≥ 3 hospitalisations in last 90 days of life 
(excluding palliative or hospice care)

[7]

G Mechanical ventilation in last 30 days of life [18, 27]
H Radiotherapy in last 30 days of life [36]
I New IV chemotherapy commencing in last 

30 days of life
[7, 14, 18, 
27, 36]

J Last dose IV chemotherapy in last 14 days 
of life

[6, 7, 13, 
14, 24, 
26]

K Last dose IV chemotherapy in last 7 days 
of life

1

1 Personal communication, Liauw W, 22 April 2022
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F31.3, F31.4, F31.5, F32, F33, F34.1, F41.2, F43.2), anxi-
ety-related disorders (ICD-10-AM: F40-F48), alcohol 
misuse and dependence (ICD-10-AM: F10, Y90, Y91, 
Z50.2, Z71.4, Z72.1), drug-related dependence (ICD-
10-AM: F11-F16, F19, Z50.3, Z71.5, Z72.2), and tobacco 
use (ICD-10-AM: F17.0-F17.9, P04.2, T65.2, Z58.7, 
Z71.6, Z72.0, Z81.2, Z86.43) were also identified using 
hospital records.

Socio-economic status and geographic location
An indicator of socio-economic disadvantage was 
assigned using the index of relative socioeconomic dis-
advantage [22] and Statistical Area Level 2 (SA2) of resi-
dence in hospital or NSW Cancer Registry records. The 
values were partitioned into quintiles from most (i.e. 1) to 
least disadvantaged (i.e. 5). The quintiles are derived from 
Australia’s population census using information includ-
ing education, employment, occupation and income. The 
Australian Statistical Geographical Standard Remote-
ness Area [23] and SA2 of residence in hospital records 
or NSW Cancer Registry records was used to derive the 
five remoteness categories, based on distance to service 
centres. These categories were collapsed into: urban (i.e. 
major cities) and rural (i.e. inner regional, outer regional, 
remote, and very remote).

Chemotherapy and radiotherapy
Chemotherapy administered in hospital was identified 
using a principal diagnosis of cancer (ICD-10-AM: C00-
C96, D45, D46, D47.1, D47.3-D47.5) and the principal 
or up to 50 additional procedure block codes indicating 
‘administration of pharmacotherapy’ (1920) or ‘other 
procedures related to pharmacotherapy’ (1922) [2] or an 
Australian-refined diagnosis related group (AR-DRG) of 
chemotherapy (R63Z). IV chemotherapy or radiotherapy 
administered via outpatients was identified using the 
non-admitted patient data collection service type and 
service classification of chemotherapy or radiotherapy, 
respectively.

Data management and analysis
Data were analysed using SAS 9.4 (SAS Institute, Cary 
NC). All hospital episodes of care related to the same 
event were linked to form a period of care. Descrip-
tive analysis was used to describe the number of non-
admitted patient services, ED presentations and hospital 
admissions in the last 12 months prior to death. Chi-
square tests of independence, one-way ANOVA or Krus-
kal-Wallis Test, as appropriate, were used to examine the 
characteristics of individuals who received none, 1 or ≥ 2 
indicators of potentially burdensome care at EOL.

Multivariable, multinominal logistic regression was 
used to examine predictors of indicators of potentially 
burdensome care. Variables included in the model were 

identified from the literature [6, 7, 13, 14, 18, 24–28] and 
available in the data, and included age at death, sex, can-
cer type, cancer degree of spread, history of other cancer, 
count of Charlson comorbidities (excluding malignan-
cies) (i.e. 0, 1, ≥ 2 comorbidities), depression, anxiety, 
tobacco use, alcohol or drug dependence, survival dura-
tion from date of diagnosis during the study timeframe 
to date of death (i.e. 31–89 days, ≥ 90 days to < 180 days, 
≥ 180 days), urban/rural residence, socioeconomic status, 
year of death, and public/private hospital at last admis-
sion prior to date of death. A backwards stepwise regres-
sion sequentially eliminated factors from the model that 
did not significantly contribute to risk of burdensome 
care at a significance level of p < 0.05 that were screened 
at ≤ 0.2 in univariable analysis [29] (i.e. cancer degree of 
spread, depression, and drug-related dependence). Odds 
ratios (OR) and 95% confidence intervals (CIs) were 
calculated.

Predictors associated with each of the 11 indicators of 
potentially burdensome EOLC were also examined indi-
vidually using multivariable logistic regression (Supple-
mentary Figure S1a and S1b). Variables included in the 
models were the same as for the multinominal logistic 
regression and a backwards stepwise regression sequen-
tially eliminated factors at p < 0.05, that were screened a 
significance level at ≤ 0.2 in univariable analysis [29]. ORs 
and 95% CIs were calculated.

Results
There were 80,005 cancer deaths in NSW identified in the 
COD-URF during the seven year period. Of these, 3,013 
(3.8%) deaths were either not reported or did not link to a 
record in the NSW Cancer Registry. Of the 80,005 dece-
dents, 86.9% were hospitalised in the 12 months prior to 
death. The proportion of people hospitalised were lowest 
in the 12 months before death (41.3% including palliative 
care and 60.0% not including palliative care) and high-
est in the month before death (86.9% including pallia-
tive care and 86.7% excluding palliative care) (Fig. 1). The 
most common cancer types were lung (18.1%), digestive 
organs (excluding colorectal) (17.0%), colorectal (11.8%), 
and blood and lymphatic system (11.4%).

For the decedents in their last 30 days of life, 14.8% 
had > 1 ED presentation, 9.9% had > 1 hospital admission, 
3.6% had ≥ 1 ICU admission, and 1.2% had ≥ 1 mechani-
cal ventilation – all excluding palliative and hospice care. 
17% of people died in acute care (and 52.7% died in hos-
pital including non-acute palliative and hospice care), 
8.6% had ≥ 14 days spent in hospital in the last 30 days of 
life, and 18.2% had ≥ 3 hospital admissions in the last 90 
days of life. Demographic, cancer and clinical character-
istics varied by indicator type (Supplementary Tables S2 
and S3). In the year before death, there was an increase 
in the mean number of hospital admissions excluding 
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palliative care (from 0.8 to 3.1 admissions per month), 
hospital admissions including palliative care (0.8 to 4.6) 
and ED presentations (0.7 to 3.1) (Supplementary Figure 
S2).

There were 53,523 decedents during 2016 to 2019 
where non-admitted patient data was available. Of these, 
3.5% and 7.3% had a dose of chemotherapy in their last 7 
days and 14 days of life, respectively, and 5.7% received 
radiotherapy in their last 30 days of life. Demographic 
characteristics of decedents varied by indicator type 
(Supplementary Table S4). Radiotherapy within the last 
30 days of life was most commonly provided to people 
with lung cancer (33.0%). IV chemotherapy within the 
last 7 and 14 days of life was most commonly admin-
istered to people with lung cancer (21.3% and 21.0%, 
respectively), cancers of the blood and lymphatic sys-
tem (17.5% and 18.1%, respectively), and cancers of the 
digestive organs, excluding colorectal cancer (16.6% and 
16.3%, respectively) (Supplementary Table S5). In the 
last 12 months of life, the mean number of non-admitted 
patient occasions of service (after excluding non-client 
contacts) increased from 11.7 to 49.9 per month (Supple-
mentary Figure S3).

The potentially burdensome care composite measure 
identified that 69.2% of decedents did not have any of 
the four indicators of potentially burdensome care, 20.0% 
had one indicator, and 10.9% had ≥ 2 indicators. People 
who had a higher proportion of 1 or ≥ 2 indicators of 
potentially burdensome care compared to none, were 
younger (20–54 year) (9.7% and 11.9% vs. 7.2%), male 
(59.6% and 62.6% vs. 54.8%), had no comorbidities (37.7% 
and 43.3% vs. 30.7%), were smokers (50.2% and 58.2% vs. 
40.4%), and died in hospital (68.3% and 73.3% vs. 42.3%), 
respectively (Tables 2 and 3).

Compared to having no composite indicators of poten-
tially burdensome care, people who smoked, lived in 
rural locations, were in the most disadvantaged socio-
economic group, and had their last admission before 
death in a private hospital were more likely to experience 
1 or ≥ 2 indicators of potentially burdensome care than 
referent groups. The odds of experiencing ≥ 2 indicators 
of potentially burdensome care compared to none was 
lower for people with head and neck cancer, compared 
to people with each of the other cancer types except 
for breast and neurological cancers. The following sub-
groups were less likely to experience both 1 or ≥ 2 indica-
tors of potentially burdensome care, compared to none: 
older people (≥ 55 years), females, people with 1 or ≥ 2 
Charlson comorbidities, people with neurological can-
cers, and people who died in 2018 or 2019 compared to 
referent groups (Fig. 2).

Discussion
This study used linked mortality, hospital, and cancer reg-
istry records to examine indicators of potentially burden-
some EOLC for people whose principal cause of death 
was cancer in the last 12 months of life. The proportion 
of decedents who used hospital services increased in the 
last months of life. The results indicate that between 1.2% 
and 18.2% of decedents met at least one of 11 indicators 
of potentially burdensome care in the last 12 months 
of life. Several characteristics, including people who 
smoked, lived in rural locations, were most socioeco-
nomically disadvantaged, had certain cancer types, and 
who had their last admission in a private hospital, were 
associated with people experiencing 1 or ≥ 2 indicators of 
potentially burdensome care compared to none.

Fig. 1 Proportion of decedents hospitalised by month in last 12 months of life
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Potentially burdensome EOLC can result in poor qual-
ity of life [30] and signal challenges in integrated care 
coordination [7]. In the last 30 days of life, the current 
study identified that 14.8% of decedents had > 1 ED pre-
sentation. The proportion of ED presentations identi-
fied was similar to Alberta, Canada (12.5%) [6], the 

Netherlands (12% who had > 2 ED visits) [9], Taiwan 
(18.3%), and Ontario, Canada, for people with advanced 
pancreatic cancer (18.5%) [24], but is seven times higher 
than Switzerland (2.1%) [7], and lower than Belgium 
(33.8%) [10]. Predictors associated with each of the 
seven indicators of potentially burdensome EOLC were 

Table 2 Demographic characteristics of the cancer decedents by potentially burdensome care composite index
None
(n = 55,343; 69.2%)

1 indicator
(n = 15,979; 20.0%)

≥ 2 indicators
(n = 8,683; 10.9%)

p-value

n % n % n %
Mean age at death (SD) 74.5 (12.7) 71.8 (12.8) 69.6 (12.5) < 0.0001
Age group
20–54 3,974 7.2 1,556 9.7 1,031 11.9 < 0.0001
55–64 7,579 13.7 2,586 16.2 1,627 18.7
65–74 13,503 24.4 4,589 28.7 2,750 31.7
75–84 16,883 30.5 4,651 29.1 2,392 27.6
≥ 85 13,404 24.2 2,597 16.3 883 10.2
Sex
Male 30,348 54.8 9,524 59.6 5,434 62.6 < 0.0001
Female 24,995 45.2 6,455 40.4 3,249 37.4
Country of birth
Australia 36,909 66.7 11,219 70.2 6,172 71.1 < 0.0001
Other country/not known 18,434 33.3 4,760 29.8 2,511 28.9
Number of Charlson comorbidities, excluding malignancy1

Nil 16,966 30.7 6,030 37.7 3,755 43.3 < 0.0001
1 comorbidity 19,808 35.8 6,212 38.9 3,382 39.0
≥ 2 comorbidities 9,036 16.3 2,810 17.6 1,546 17.8
Not known (no hospital admission) 9,533 17.2 927 5.8 0 -
Other comorbidities
Depression (yes) 1 314 0.6 93 0.6 40 0.5 0.05
Anxiety-related disorder (yes) 1 1,335 2.4 382 2.4 200 2.3 0.001
Tobacco use (yes) 1 22,378 40.4 8,026 50.2 4,925 56.7 < 0.0001
Alcohol misuse and dependence (yes) 1 792 1.4 258 1.6 146 1.7 1.0
Drug-related dependence (yes) 1 268 0.5 114 0.7 72 0.8 0.007
Geographical location of residence1

Urban 31,934 57.7 9,293 58.2 5,329 61.4 < 0.0001
Rural 13,569 24.5 5,582 34.9 3,212 37.0
Not known 9840 17.8 1,102 6.9 142 1.6
Socio-economic status1

Most disadvantaged 10,329 18.7 3,694 23.1 2,009 23.1 < 0.0001
2 10,922 19.7 4,127 25.8 2,410 27.8
3 9,058 16.4 2,778 17.4 1,657 19.1
4 6,419 11.6 1,759 11.0 993 11.4
Least disadvantaged 8,774 15.9 2,519 15.8 1,473 17.0
Not known 9,841 17.8 1,102 6.9 141 1.6
Resident of aged care (yes) 1 4,044 7.3 390 2.4 82 0.9 < 0.0001
Year of death
2014 8,875 16.0 2,623 16.4 1,422 16.4 0.17
2015 9,299 16.8 2,771 17.3 1,492 17.2
2016 9,036 16.3 2,588 16.2 1,441 16.6
2017 9,202 16.6 2,576 16.1 1,492 17.2
2018 9,252 16.7 2,671 16.7 1,386 16.0
2019 9,679 17.5 2,750 17.2 1,450 16.7
1 Not known excluded from chi-square test of independence; including n = 9533 (17.2%) for none, n = 927 (5.8% for 1 indicator and nil for ≥ 2 indicators for depression, 
anxiety, tobacco and alcohol use
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generally similar, except for > 1 ED visit in last 30 days of 
life, where people with a lower socioeconomic status had 
a higher likelihood of visiting the ED and were less likely 
to have their last hospital admission in a private hospital, 
both likely reflecting reduced access to other care options 
and lack of private health insurance, respectively.

The current study identified that for people with can-
cer in the last 30 days of life, 9.9% had > 1 hospital admis-
sion, 8.6% spent ≥ 14 days in acute care, 3.6% had ≥ 1 ICU 
admission, and 1.2% had ≥ 1 mechanical ventilation. A 
range of factors including differing practices, resource 
availability, and patient demographic and clinical factors 
[31–33] are likely responsible for differences in EOLC 

hospital service use for people with cancer reported in 
other countries in the last 30 days of life (Table 4). It is 
also possible that the use of ED and/or hospitalisation 
may be being used as a substitute for community-based 
palliative care [34], which would have implications for 
service design. In particular, private hospitals may be 
acting as a de-facto hospice, especially in regional areas. 
However, it should be acknowledged that lower rates of 
ED presentations or hospital admissions may not rep-
resent ‘good’ EOLC [32], but do potentially signal the 
challenges people living with advanced cancer at home 
experience accessing timely community based 24-hour 
cancer, palliative and/or primary care.

Table 3 Cancer and clinical characteristics of the cancer decedents by potentially burdensome care composite index
None
(n = 55,343; 69.2%)

1 indicator
(n = 15,979; 20.0%)

≥ 2 indicators
(n = 8,683; 10.9%)

p-value

n % n % n %
Age at diagnosis, median (SD) 73.0 (5.6) 70.0 (13.3) 68.0 (12.9) < 0.0001
Time from diagnosis to death (years), median (SD) 2.2 (7.5) 2.0 (7.1) 1.9 (6.7) < 0.0001
History of cancer (yes) 14,126 26.6 4,204 27.2 2,372 28.3 0.003
Survival duration (days) 1

31–89 5,292 9.6 1,684 10.5 926 10.7 < 0.0001
≥ 90 days to < 180 4,970 9.0 1,514 9.5 844 9.7
≥ 180 42,887 77.5 12,251 76.7 6,624 76.3
Not known 2,194 4.0 530 3.3 289 3.3
Cancer type
 Head and neck 1,544 2.8 435 2.7 180 2.1 < 0.0001
 Digestive organs, excl. colorectal 9,302 16.8 2,829 17.7 1,469 16.9
 Colorectal 6,759 12.2 1,788 11.2 929 10.7
 Lung 9,800 17.7 3,022 18.9 1,676 19.3
 Melanoma of the skin 1,980 3.6 515 3.2 303 3.5
 Mesothelial and soft tissue 1,413 2.6 395 2.5 211 2.4
 Breast 4,129 7.5 1,048 6.6 502 5.8
 Female genital organs, excl. ovarian 1,277 2.3 291 1.8 127 1.5
 Ovarian 1,217 2.2 311 2.0 174 2.0
 Prostate 4,372 7.9 1,050 6.6 459 5.3
 Kidney 1,086 2.0 301 1.9 169 2.0
 Bladder 1,253 2.3 347 2.2 173 2.0
 Neurological 1,903 3.4 346 2.2 118 1.4
 Blood and lymphatic system 5,339 9.7 2,168 13.6 1,578 18.2
 Unknown primary site 2,861 5.2 761 4.8 418 4.8
 Other cancers and other ill-defined sites 1,108 2.0 372 2.3 197 2.3
Degree of cancer spread
In-situ/localised 11,486 20.8 2,986 18.7 1,491 17.2 < 0.0001
Regionalised 10,983 19.5 3,241 20.3 1,650 19.0
Metastatic 17,019 30.8 5,004 31.3 2,789 32.1
Not known 15,855 28.7 4,748 29.7 2,753 31.7
Place of death
Home 8,722 15.8 1,075 6.7 317 3.7 < 0.0001
Hospice 1,265 2.3 126 0.8 55 0.6
Hospital 23,425 42.3 10,906 68.3 6,363 73.3
Residential aged care 9,163 16.6 367 2.3 119 1.4
Not known 12,768 23.1 3,505 21.9 1,829 21.1
1 Not known excluded from the chi-square test of independence
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In the current study, the mean number of ED presen-
tations, hospital admissions and non-admitted patient 
occasions of service increased in the last 12 months, as 
has been demonstrated elsewhere [31]. Fewer ED pre-
sentations near EOL has been flagged as a signal of the 
strength of integration of palliative and oncology services 
within acute care [35]. However, a rise in use of hospital 

services towards the EOL is not unique to cancer [34]. 
It is also possible that some of the hospital service use 
within the 12-month EOL period were not related to can-
cer treatment but were for other causes.

In the current study, 17% of people died in acute care. 
This proportion compares similarly to Netherlands (20%) 
[9], but is less than half the proportion reported in other 

Table 4 Potentially burdensome EOLC in last 30 days of life by country and indicator
Country and timeframe Cancer > 1 ED 

presentation
> 1 hospital 
admission 
(%)

≥ 1 hospital 
admission 
(%)

> 2 hospi-
tal admis-
sions (%)

≥ 1 ICU 
admission 
(%)

> 14 days 
in hospital 
(%)

≥ 1 me-
chanical 
ventila-
tion (%)

New South Wales, 2014–2021 (cur-
rent study)

All 14.8 9.9 - - 3.6 8.6 1.2

Alberta, 2006–2009 [6]; Colorectal - 9.5 - - 2.2 - -
Austria, 2012–2016 [36] All - - - - 8.6 - -
Belgium, 2012 [10] Advanced 

pancreatic
- - 62.0 - - - -

Ontario, 2005–2010 [24] All - 8.3 - - 4.3 - -
Netherlands, 2017 [9] All - - - 9 6 8 -
Switzerland, 2014 [7] All - 6 - - 6.9 - -
Taiwan, 2000–2016 [37] All - 14.2 - - 11.4 44 28.5
United Kingdom, 2010–2017 [31] All 37.6 49.4 - - 2.4 - -

Fig. 2 Multinominal model of characteristics associated with potentially burdensome care at the end of life1

1 Reference categories were: Nil composite indicators of potentially burdensome care, 20–54 years, males, nil comorbidities, no history of cancer, urban 
location, most advantaged socioeconomic status, public hospital, head and neck cancer, and death in 2014
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countries, including Alberta, Canada, (50%) [6], Austria 
(53%) [36], Switzerland (56%) [7], and Taiwan (63%) [37]. 
Differences in the number of acute care deaths between 
countries could reflect the availability of 24  h home-
based palliative care services or hospice beds [14], good 
symptom and pain management, adequate family sup-
port, and patient preferences regarding the location 
of their death and their families ability to support their 
wishes [11, 33].

Four percent of decedents had a dose of chemotherapy 
in their last 7 days of life and 7.3% had a dose in their 
last 14 days of life in the current study. Similar propor-
tions of people with cancer received their last dose of 
chemotherapy within their last 7 and 14 days of life in 
Belgium (4% and 8.6%, respectively) [10], within their 
last 14 days of life in Switzerland (7%) [7] and in Ontario 
(7.1%) [24]. Almost double the proportion of people with 
cancer (15.7%) received chemotherapy within their last 
14 days of life in the US [14], while a systematic review 
identified that between 1 and 19% of patients received 
chemotherapy in their last 14 days of life [32]. Chemo-
therapy provided near EOL may be of limited benefit and 
signal overuse [26, 38]. However, patient preferences also 
should be considered; previous research identified that 
patients who preferred life-extending care were likely to 
receive chemotherapy within 2 weeks of death compared 
to patients who preferred comfort-orientated care [39].

Within the current study, 5.7% of decedents received 
radiotherapy in their last 30 days of life. In comparison, 
in Austria, 1.7% of people with cancer received radiother-
apy in 30 days before death [36]. While radiotherapy can 
assist in pain management for advanced cancer, its provi-
sion close to EOL is not likely to be efficacious [38].

There were 20% and 11% of decedents, respectively, in 
the current study that had 1 or ≥ 2 indicators of poten-
tially burdensome EOLC. In the Netherlands, around 
one-third of cancer decedents experienced potentially 
burdensome EOLC in the 30 days before EOL [9]. In 
Switzerland, 23.8% of decedents had one and 40.4% 
had ≥ 2 indicators of potentially burdensome care [7]. 
The proportional variation in the presence of potentially 
burdensome indicators of EOL between countries may be 
attributable to differences in cohort inclusion criteria, the 
type of composite indicators included, and/or availability 
of palliative care services [40].

The current study identified that people who smoked, 
lived in rural locations, who were most socioeconomi-
cally disadvantaged were more likely to experience bur-
densome care, while older people (≥ 55 years), females, 
people with comorbidities, were less likely to experience 
indicators of potentially burdensome care. Similarly, pre-
vious research also identified that people with comorbid-
ities [6, 7], people who lived in rural locations [6], older 

people and females were less likely to receive potentially 
burdensome treatment at EOL [6, 10, 14].

Use of palliative care has the potential to reduce poten-
tially burdensome EOLC and pain [7, 24]. Within Austra-
lia, an estimated 42% of hospital-based palliative care was 
for patients with a principal diagnosis of cancer [41]. The 
provision of palliative care in the last 30 days of life has 
been associated with people with cancer being five times 
less likely to experience potentially burdensome EOLC 
[9]. Any treatment provided at EOL should have the 
potential to improve symptoms/comfort, be consistent 
with patient and family preferences [14], involve shared 
decision-making and consider cost-efficient resource 
utilisation by avoiding high-cost acute resources [39, 42].

There is scope for future research to examine predic-
tors of potentially burdensome care by cancer type, geo-
graphic location, and also to consider indicators of the 
use of specialist oncology services and pharmaceutical 
use, such as opioid prescriptions, towards the EOL [10]. 
The timing of the use of palliative and hospice care, exam-
ining group-based trajectories of hospital service use at 
EOL, and further comparison between jurisdictions may 
aid to identify differing or similar care practices for sub-
population groups. Predictive computer models, using 
machine learning, to better identify patients near their 
EOL using mortality prediction modelling may aid deci-
sion making of clinicians as well [43].

The strengths of the study include that it was popula-
tion-based and included multiple linked data collections 
that enabled capture of hospital service use. The study 
considered all cancer types and all ages ≥ 20 years. As to 
limitations, the EOLC indicators provide an indication 
of the quality of healthcare services rather than the qual-
ity of care provided to individuals, therefore the absence 
of an EOLC indicator does not ensure the provision of 
good quality EOLC, as a person with cancer who died 
at home may not have had access to good community or 
home-based palliative care support [6]. Alternatively, the 
presence of an EOLC indicator does not mean a patient 
received poor quality care, as some acute care may be 
clinically warranted [9]. More granular data about the 
reason for admission and procedures administered would 
be able to provide insight as to whether treatment could 
be viewed as not burdensome to the individual. Further, 
it is not possible to predict exactly when a person with 
cancer may die, and some people may be admitted for 
curative treatment and die unexpectedly.

Whether the radiotherapy was single or multi-fraction 
external beam radiotherapy could not be identified – for 
treatment of bone metastases. NSW residents who lived 
near the borders of NSW whose death was recorded in 
NSW may have received hospital-based treatment inter-
state, and no information was available on their health 
service use. Under-enumeration of care is particularly 
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likely for people with cancer who received chemotherapy 
and radiotherapy interstate, as northern NSW residents 
often travel to Queensland, southern NSW residents to 
Victoria, and south-western NSW residents to South 
Australia to receive treatment [44]. These patients rep-
resent a small proportion of all NSW cancer patients. In 
the current study, no information was available regarding 
other health service use (e.g. primary care, palliative care 
and home care services), pharmaceutical prescriptions or 
advance care planning. There is likely under-enumeration 
of people with cancer who received palliative or hos-
pice care and the identification of aged care residents in 
hospital records. Within hospital records, only comor-
bidities that had an impact on patient care are recorded, 
which is likely to result in under-enumeration of chronic 
health conditions. However, by using a one year look 
back period, better estimates of the prevalence of health 
conditions were likely able to be obtained in the current 
study [45]. Information on primary care was not available 
for this study, which may have included information on 
comorbidities. Hospital data validity was not able to be 
assessed. It is acknowledged that the potential burden-
some indicators of EOLC focus on care provided in acute 
care, thus an individual who presented to ED only (and 
who was not admitted to hospital), would only have the 
potential to experience one potentially burdensome indi-
cator of EOLC and would not have been exposed to other 
indicators considered for admitted patients only.

Conclusion
This study identified that in last month of life, some can-
cer decedents experienced potentially burdensome treat-
ments. It signals the challenge of health service delivery 
at the EOL and can provide a reference baseline for 
future work examining EOLC for people with cancer. 
There are likely opportunities to address any potentially 
burdensome EOLC by taking a person-centric approach 
and integrating oncology and palliative care around indi-
vidual needs and preferences.
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