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Abstract

Background Patients with nonmalignant end-stage organ diseases often incur healthcare costs in the last year of life that
are disproportionately higher than in the period prior. Studies on healthcare expenditure (HCE) trends in these patients have
largely focused on the final year of life, and examining a longer-term trajectory could better support healthcare professionals
to target the timing and methods of care management. In this study, we aim to describe the HCE trajectories of end-stage
organ disease (ESOD) over the last 5 years of life, compared against advanced cancer (AC).

Methods We conducted a retrospective cohort study to profile decedents who had either a primary or secondary diagnosis
of AC, advanced dementia, severe liver disease, as well as heart failure (HF), end-stage renal failure (ESRF), or respiratory
failure (RF) in the last 5 years of their lives using a regional health system database in Singapore. Hospital-based HCE and
utilization for each diagnosis group was reported cumulatively for 5 years, by year and by month. The proportion of the
5-year HCE incurred in each year was also reported.

Results Across all conditions, monthly HCE started to increase rapidly around 3 years prior to death, with 80% of the 5-year
expenditure incurred in the same period. Expenditure among patients with ESODs other than dementia was £12,787 to
£21,019 higher in comparison with patients with AC. Patients with RF incurred the highest 5-year HCE, driven by inpatient
admissions.

Conclusions Our findings highlight the importance of examining HCE trends in ESOD and their cost drivers over multiple
years prior to the last year of life to inform healthcare policy and to review care processes to ensure appropriate and efficient
end-of-life (EOL) care.
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Key Points for Decision Makers

Healthcare expenditure for patients with advanced cancer
and end-stage organ disease begins to increase at 3 years
before death, even prior to the end-stage, emphasizing
the importance of managing chronic disease among
older adults to moderate subsequent end-of-life health-
care Costs.

Patients with end-stage respiratory failure incurred the
highest costs over 5 years prior to death, highlighting the
need for dedicated care pathways for these patients to
moderate their resource use over time.

1 Introduction

Patients at the end-of-life (EOL) often incur healthcare
expenditure (HCE) distinctly higher than in the period
immediately prior [1-4], which may signal that a dispro-
portionate share of healthcare resources are concentrated
amongst individuals with limited life expectancy [5]. Sev-
eral studies have opted to define EOL as the 1-year prior to
death and to characterize the magnitude, trends, and driv-
ers of HCE incurred across different patient groups in this
period [6-11]. Sizing this cost burden attributable to various
groups and identifying their respective drivers can motivate
their prioritization for review of current care processes, and
apprise intervention development and modification, thereby
ensuring care provided at the EOL is appropriate and effi-
cient [2].

Within the last year of life, the trajectory of a steady
increase in HCE before a spike in the last few months is
well-documented in older decedent populations [6, 7, 12—14]
and in patients dying of cancer [15]. In recent years, evi-
dence has demonstrated that patients with end-stage organ
diseases (ESODs) incur substantial costs at the EOL, simi-
lar or higher in comparison to patients with cancer [8, 9,
11, 16]. In contrast to the relatively predictable decline in
patients with cancer, the deterioration of patients with ESOD
is one interspersed with unplanned hospital admissions for
potentially intensive and burdensome treatment, leading
to accumulation of high healthcare costs over a prolonged
period before death [17].

While studies on EOL cost of decedents with ESODs
have provided invaluable information on cost and care pat-
terns in the final year of life, examining longer-term tra-
jectories could additionally facilitate the identification of
junctures for earlier intervention. Cohen-Mansfield et al.
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noted in a comparison of EOL trajectories that while HCE
for patients with terminal illness remained low until the final
6 months, HCE in patients with organ failure was elevated
up to 2 years prior to death [4]. French et al. reported that
16.7-24.5% of EOL spending across nine health systems
was incurred in the last 3 years of life, highlighting the
potential for cost reduction through management of patients
with chronic conditions to prevent high persistent spending
at the EOL [18]. By studying HCE trajectories over multiple
years before death, conditions that are costlier over a longer
term, or subgroups likely to incur persistently high costs
over several years can be identified for targeted intervention
earlier, resulting in a more substantial impact on the system
in terms of cost, quality of care, and life for patients [12,
19, 20].

Hence, we aimed to describe the HCE trajectories of
patients with ESODs in their last 5 years of life, compar-
ing them against patients who lived with advanced cancer.
Describing the healthcare resource use and expenditure of
various ESOD patient populations allowed for the identi-
fication of similarities in trends across conditions, as well
as points of divergence specific to each disease. Studying
trajectories over 5 years prior to death, including the period
prior to the end-stage of disease, would provide a compre-
hensive view of the long-term cost burden of ESODs. The
insights gained will inform policy decisions by highlight-
ing high-cost subgroups for further study, and the potential
junctures for intervention, with the eventual aim of reducing
the burden of high healthcare costs at the EOL.

2 Methods
2.1 Setting

Singapore’s public health system is organised into three
regional health systems (RHS), each consisting of acute and
community hospitals, national specialty centers, and primary
care clinics [21]. The National Healthcare Group (NHG)
RHS, consists of two acute hospitals, Tan Tock Seng Hos-
pital (TTSH) and Khoo Teck Puat Hospital (KTPH), as well
as six polyclinics providing primary care. The NHG RHS
also serves as the healthcare manager of residents who live
in the central and northern regions of Singapore, providing
care to more than 1.5 million, or a quarter of the national
population [22, 23].

2.2 Study Design and Population
A retrospective cohort study was conducted. Patients were

included in the study if they were Singapore residents aged
21 years and above who died between January 2017 and



Healthcare Expenditure Trajectories in Advanced Cancer and End-Stage Organ Diseases 663

December 2019 and were diagnosed with ESOD or advanced
cancer (AC) in TTSH or KTPH in the last 5 years of their
lives. We chose to study decedents from 2017 to 2019, as
the occurrence of coronavirus disease-2019 (COVID-19)
in 2020 onwards could have impacted healthcare resource
use subsequently. We opted to include patients on the basis
of their diagnosis prior to death, instead of their cause of
death, to identify a cohort of patients with advanced ill-
ness who were likely to satisfy referral criteria for palliative
care. Patients with AC were included as a comparator in this
study, as the cost trajectory of cancer at the EOL has been
well established [15] and would inform relative comparisons
of cost burden in ESOD.

Patients were allocated to diagnosis groups on the
basis of the International Classification of Diseases, tenth
revision, clinical modification (ICD-10-CM) diagnoses,
including both primary and secondary diagnoses. Group-
ings from Kaur et al. (Online Resource 1) were adopted [8],
with ESOD spanning heart failure (HF), respiratory failure
(RF), end-stage renal failure (ESRF), severe liver disease
(SLD), and advanced dementia (AD). To accurately iden-
tify patients at the EOL, patients diagnosed with HF and
RF were included only if they had two or more all-cause
admissions within their final year of life, while patients
diagnosed with AD were included only if they also were
on enteral tube feeding or had pneumonia in the last year of
life. For this study, we omitted Parkinson’s disease from the
list of diagnoses, as it was challenging to identify patients
with advanced disease on the basis of administrative claims
data. Diagnosis codes for SLD, RF, and sepsis (as part of
AD criteria) were also expanded to include a wider range
of patients (Online Resource 2). Patients who had AC and
concurrent ESODs remained classified as patients with AC.
This was done because the illness trajectory of AC is often
a short predictable decline toward the EOL, while that of
ESOD may be a protracted “entry—reentry” trajectory. If a
patient had both conditions, their trajectory would likely be
of the condition progressing more rapidly [17] and would
hence resemble that of a patient with AC. Patients with
ESODs were included in multiple groups if they had more
than one condition.

2.3 Data Source and Variables

We extracted data from the NHG RHS database, a data
warehouse containing episodic data on demographics,
diagnoses, billing information, and healthcare utilization
across institutions within the RHS [24]. We extracted
information on patients’ visits to the inpatient, specialist
outpatient, emergency department (ED), or day procedure
(DP) settings of TTSH and KTPH up to 5 years before
death. Healthcare expenditure associated with each visit
was measured using the gross charge, which encompasses

manpower, facility, and procedural charges and reflects
the cost to the healthcare system to deliver these services.
To compute the total monthly and annual HCE, we aggre-
gated the expenditure incurred across the abovementioned
settings for each specific timeframe. The HCE incurred
from 2012 to 2019 reported in this study was deflated by
the consumer price index to the base year 2019 [25] and
converted to British pounds (1 Singapore dollar (SGD)
= 0.59 Great British Pound (GBP)), on the basis of the
average exchange rate in 2024.

Each group was profiled with regards to their soci-
odemographic characteristics, duration of ESOD diagno-
sis, and multi-morbidity of ESOD. We grouped patients
as ethnically Chinese or non-Chinese for profiling, as
approximately 75% of the resident population in Singa-
pore is of Chinese descent [26], and the remaining minor-
ity is constituted by Malays, Indians, and other ethnicities.
In addition, as more than 75% of residents live in public
housing [27], and average household income increases
with apartment size [28], housing type was reported as a
proxy of patients’ socioeconomic status. Multi-morbidity
was reflected by the number of ESOD diagnoses a patient
was recorded to have within the last 5 years of life.

2.4 Statistical Methodology

Patient characteristics were compared between patients
with AC and each ESOD group, using Wilcoxon rank
sum for non-normally distributed continuous variables
and Fisher’s tests for categorical variables. Bonferroni’s
correction was used to correct the threshold for statisti-
cal significance to account for multiple testing between
patients with AC and individual ESOD groups [29].

To illustrate HCE trajectories over the 5-year period
prior to death, we reported the mean HCE incurred per
month for each group and highlighted points where the
monthly HCE had doubled since the start of the trajec-
tory. The mean yearly HCE, cumulative 5-year HCE, and
proportion of the 5-year HCE incurred within each year
was reported. The mean HCE incurred within the last year
and 5 years of life was compared between groups using a
generalized linear model (GLM) incorporating a Gamma
family and log link. We opted for a Gamma GLM with
log link as it provides accurate estimates of mean HCE
despite the inherent skewness of the data [30]. For diag-
nostic checks, we generated plots of residuals and Cook’s
statistic and additionally tested the assumptions of the log
link and Gamma distribution for the GLM. Sensitivity
analyses adjusting for age distribution were conducted to
ensure differences in HCE estimates between the ESODs
were not due to differences in age structure. The aver-
age number of inpatient admissions, specialist outpatient
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clinic (SOC) visits, ED attendances, and DPs per year
were also reported for each diagnosis group. All analyses
were conducted using RStudio (version 2023.3.0.386)
[31].

3 Results

A total of 11,549 decedents with AC or ESODs were stud-
ied. Patients with AC constituted the largest group, fol-
lowed by AD, HF, RF, ESRF, and SLD (Table 1).

The median time from diagnosis to death was the short-
est in AC at 0.3 years (interquartile range (IQR): 0.1-1.1
years) and the longest in HF at a median of 1.2 years (IQR
0.3-3.0 years). Of the 7154 patients with ESODs, 35% had
more than one ESOD diagnosis before death, with more
than half of the patients with HF, SLD, and RF having
multiple ESOD diagnoses.

Comparing the AC and individual ESOD groups, we
noted demographic differences (Table 1). Patients with
ESOD were generally older than patients with AC (all p
< 0.01). Most patients with AD were aged 85 years and
above, compared with only a third in the other ESOD
groups. The gender distribution of AC differed from all
the ESOD groups other than SLD, where six in ten patients
were male (p = 0.05). The proportion of non-Chinese
patients was similar between patients with AC and AD at
around 18%, while this proportion was around one third
in patients with HF, SLD, RF, and ESRF. Compared with
AC, the proportion of decedents with HF, SLD, and ESRF
who were residing in 1-2 roomed public housing was simi-
lar, ranging from 8 to 11%.

Trajectories of HCE incurred over the last 5 years of
life are shown in Fig. 1. Across all groups, HCE accel-
erated rapidly only in the last 2-3 years before death,
evident from the reduction in time between doubling of
monthly HCE. Comparing between ESOD and AC, in
the final year, patients with non-AD ESODs incurred
£4,038 to £10,317 more HCE than patients with AC (p
< 0.001, Table 2, Online Resource 3), and patients with
RF incurred the highest HCE (mean: £31,041). Similarly,
over the 5 years, patients with non-AD ESODs incurred
higher HCE than patients with AC, except for patients with
AD (£12,787-21,019, p = 0.23), and patients with RF
remained the highest in HCE incurred (mean: £56,395).
While patients with HF incurred the second highest HCE
in the last year of life, patients with ESRF instead incurred
the second highest cost over the 5-year period (1-year:
HF, £27,108; ESRF, £24,762; 5-year: HF, £50,729; ESRF,
£51,840). Sensitivity analyses adjusting for age similarly
identified patients with RF to incur the highest HCE in
the last year and 5 years of life, and patients with ESODs
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incurred higher HCE than patients with AC (Online
Resources 4 and 5).

Examining the distribution of HCE incurred across the
5 years, more than 80% of the 5-year HCE was incurred in
the last 3 years of life, with more than 50% incurred in the
final year alone. (Fig. 2, Online Resource 6). The highest
proportion incurred in the final year was observed for
patients with AC, while a higher proportion of expendi-
ture in patients with ESRF was spread over in the years
prior to the final year (Fig. 2).

Corresponding trends in healthcare utilization across
various settings are presented in Online Resource 7 and
Fig. 3. The average number of visits generally increased
with proximity to death across all groups. Patients with
ESODs recorded more admissions than patients with AC
across all years, while their increase in outpatient utiliza-
tion was notably slower in comparison. Patients with HF
and RF were admitted most frequently, with an average
of more than eight times over the 5-year period (mean,
HF: 8.8; RF: 8.7), half of which were recorded in the
final year (mean, HF: 4.1; RF: 4.0). Patients with RF also
recorded the longest inpatient length of stay (mean: 96.7
days). In contrast, patients with ESRF recorded the high-
est mean SOC utilization with 54 outpatient visits over
the 5-year period, while patients with AC averaged 15
visits in the last year of life (mean: 15.8 visits).

4 Discussion

We characterized a cohort of decedents who were diag-
nosed with AC and ESOD up to 5 years before death and
monitored their trajectory of hospital-based HCE and uti-
lization over time. Across all conditions, HCE started to
increase rapidly around 3 years prior to death, with 80% of
the 5-year HCE incurred in the same period. Patients with
ESODs in general incurred higher HCE in comparison to
patients with AC, and patients with RF incurred the high-
est costs overall, driven by frequent inpatient admissions.

The sizeable accumulation of HCE in the 3 years lead-
ing up to death underscores the importance of review-
ing and addressing potential high resource use prior to
the end-stage of disease, when patients are still receiv-
ing treatment. This is because half of the patients met
the criteria for end-stage disease only in the last year of
life, and palliative intervention or other efforts introduced
after would have a limited impact on the long-term cost
burden. Moreover, the increase in HCE at 3 years prior
to death is consistent with trends seen in older dece-
dents where a substantial proportion of patients incur
high expenditure multiple years before death [19, 20].
The acceleration in HCE growth in the last 3 years also
corroborates with the description of the organ failure
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Table 1 Sociodemographic and clinical characteristics of study population, n (%)
AC (n=4395) AD (n=2970) ESRF (n=2074) HF (n =2435) RF (n=2075) SLD (n = 828)
Years from diagno- Median (Q1-Q3) 0.3 (0.1-1.1) 1.2(0.3-2.8) 1.0 (0.2-3.0) 1.2(0.3-3.00 1.0(0.2-3.0) 0.8(0.2-2.5)
sis to death
Number of diag- 1 4395 (100%) 1887 (63.5%) 1016 (49.0%) 732 (30.1%) 649 (31.3%) 384 (46.4%)
noses
2 0 (0%) 748 (25.2%) 639 (30.8%) 1103 (45.3%) 909 (43.8%) 255 (30.8%)
3 0 (0%) 283 (9.5%) 346 (16.7%) 517 21.2%) 445 (21.4%) 137 (16.5%)
4 0 (0%) 52 (1.8%) 73 (3.5%) 83 (3.4%) 72 (3.5%) 52 (6.3%)
Age at death (years) Median (Q1-Q3) 72 (63-80) 87 (82-92) 76 (66-84) 80 (71-87) 79 (70-86) 76 (66-84)
Age category 64 years and below 1252 (28.5%) 30 (1%) 460 (22.2%) 335 (13.8%) 286 (13.8%) 189 (22.8%)
65-74 years 1245 (28.3%) 208 (7%) 532 (25.7%) 481 (19.8%) 450 21.7%) 211 (25.5%)
75-84 years 1261 (28.7%) 846 (28.5%) 599 (28.9%) 808 (33.2%) 717 (34.6%) 233 (28.1%)
85 years and above 637 (14.5%) 1886 (63.5%) 483 (23.3%) 811 (33.3%) 622 (30.0%) 195 (23.6%)
Gender Female 1853 (42.2%) 1666 (56.1%) 1040 (50.1%) 1213 (49.8%) 791 (38.1%) 318 (38.4%)
Male 2542 (57.8%) 1304 (43.9%) 1034 (49.9%) 1222 (50.2%) 1284 (61.9%) 510 (61.6%)#
Ethnicity Chinese 3,610 (82.1%) 2421 (81.5%) 1421 (68.5%) 1,657 (68.0%) 1,511 (72.8%) 601 (72.6%)
Non-Chinese 785 (17.9%) 549 (18.5%)# 653 (31.5%) 778 (32.0%) 564 27.2%) 227 (27.4%)
Housing type Public housing, 1-2 364 (8.3%) 228 (7.7%) 165 (8.0%) 239 (9.8%) 230 (11.1%) 89 (10.7%)
rooms
Public housing, 34 2537 (57.7%) 1602 (53.9%) 1165 (56.2%) 1359 (55.8%) 1180 (56.9%) 456 (55.1%)
rooms
Public housing, 5 854 (19.4%) 588 (19.8%) 437 (21.1%) 493 (20.2%) 392 (18.9%) 158 (19.1%)
rooms and larger
Others 640 (14.6%) 552 (18.6%) 307 (14.8%)# 344 (14.1%)# 273 (13.2%) 125 (15.1%)#

# Difference in characteristics between AC and ESOD groups was not statistically significant (p > 0.01)

AC, advanced cancer; AD, advanced dementia; ESRF, end-stage renal failure; HF, heart failure; RF, respiratory failure; SLD, severe liver disease

trajectory by Cohen-Mansfield et al. [4]. Taken together,
these observations echo the calls from other studies to
intervene earlier in the disease trajectory and address the
needs of older adults with chronic conditions to have an
impact on EOL HCE [12, 20].

Of the ESOD groups, patients with RF incurred the
highest HCE both in the last year of life and cumulatively
over the last 5 years. While Kaur et al. similarly reported
that patients with non-cancer advanced illnesses accu-
mulated more HCE in the last year of life compared with
patients with AC, they instead found patients with RF to
be second to those with HF in the quantum incurred [8].
Nonetheless, patients with RF in this study were hospi-
talized multiple times in the last year of life, consistent
with observations elsewhere that inpatient utilization
constitutes the bulk of EOL HCE for these patients [11,
32]. Existing care pathways for management of severe
respiratory diseases should be reviewed to ensure that
these admissions are appropriate and whether adaptations
are needed.

In contrast, patients with AD had the lowest HCE
among the ESODs in this study. This could be attributable
to initiatives targeted at shifting dementia care out from
acute care into the community [33, 34], reducing the bur-
den of care within the hospital [35]. Health systems with
stronger long-term care support have been noted to lower
hospital-based spending at the end of life [18], and com-
munity palliative interventions have been associated with
judicious healthcare allocation and cost-effectiveness [35,
36]. Funding for these care models to support patients
living with life-threatening disease in the community
could potentially reduce the exponential increase in costs
in the last few years of life, and engagement of patients
in their goals and values can better align treatment and
care plans to avoid unnecessary hospital admissions and
reduce inappropriately burdensome interventions.

Most decedents with HF and RF, who had the high-
est EOL HCE among the groups, had more than one
ESOD diagnosis, alluding to the salience of multi-mor-
bidity as a driver of EOL HCE. Multi-component and
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AC

60 48 36 24 12 0 60 48 36 24

AD

12

ESRF

0 60 48 36 24

Month before death

12 0 60 48 36 24 12 0 60 48 36 24

Fig. 1 Monthly healthcare expenditure over the last 5 years of life,
by diagnosis group. AC, advanced cancer; AD, advanced dementia;
ESREF, end-stage renal failure; HF, heart failure; RF, respiratory fail-

Table 2 Comparison of healthcare expenditure in the last 5 years

HF

RF

12

SLD

0 60 48 36 24

$14,000

$12,000

® $10,000

$8,000

(3) 1s00 ueapy

$6,000

$4.,000

» $2,000

$0

12 0

ure; SLD, severe liver disease. Points plotted indicate each time the
average monthly healthcare expenditure doubled in comparison with
the amount at month 61 before death

Group HCE by year before death, mean (standard deviation) Mean ratio Cumulative Mean ratio (95%
(95% CI) HCE, mean CI)
(standard
deviation)
5 4 3 2 1 S5-year
AC £1726 (£5898) £2411 (£6749) £3821 (£8911) £6694 £20,724 1.00 £35,376 1.00
(£12,283) (£19,782) (£33,127)
AD  £2704 (£5488) £3507 (£6609) £4512 (£8157) £5662 (£9172) £18,124 0.87 (0.84— £34,510 0.98 (0.94-
(£15,683) 0.91) (£27,637) 1.02)*
ESRF £4690 (£9267) £5726 £7153 £9508 £24,762 1.19 (1.14- £51,840 1.47 (1.40-1.53)
(£10,847) (£12,238) (£14,531) (£28,035) 1.26) (£49,140)
HF £3783 (£7991) £4794 (£8896) £6318 £8726 £27,108 1.31 (1.25- £50,729 1.43 (1.37-1.50)
(£10,568) (£13,072) (£23,854) 1.37) (£40,526)
RF £4103 (£9257) £5272 £6573 £9406 £31,041 1.50 (1.42— £56,395 1.59 (1.52-1.67)
(£12,554) (£11,154) (£15,269) (£30,689) 1.57) (£48,822)
SLD  £3393 (£7,133) £4753 £6254 £8215 £25,548 1.23 (1.15- £48,163 1.36 (1.28-1.45)
(£10,787) (£12,045) (£12,018) (£24,928) 1.32) (£41,734)

AC, advanced cancer; AD, advanced dementia; CI, confidence interval; ESRF, end-stage renal failure; HCE, healthcare expenditure; HF, heart
failure; RF, respiratory failure; SLD, severe liver disease

*p < 0.001
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Year 5 s K K K

SLD 6.5% 8.9%

RF 6.4% 8.1%

HF 6.4% 84%

ESRF 8.3%
AD 7.2%
AC 4.1% 5.3%

Fig.2 Proportion of a patient’s healthcare expenditure incurred in each year before death, mean. AC, advanced cancer; AD, advanced dementia;
ESREF, end-stage renal failure; HF, heart failure; RF, respiratory failure; SLD, severe liver disease

Number of inpatient visits (mean) Number of outpatient visits (mean)
=o= AC == HF == RF == AC == HF =8 RF
Group Group
=h= AD == SLD =-m= ESRF =d= AD =¥~ SLD =-m= ESRF
5 20
4
15
3
10
2
5
1
0 0
5 4 3 2 1 5 4 3 2 1
Year before death Year before death

Fig.3 Yearly trends in inpatient and outpatient healthcare utilization. LOS, length of stay; AC, advanced cancer; AD, advanced dementia;
ESREF, end-stage renal failure; HF, heart failure; RF, respiratory failure; SLD, severe liver disease

multidisciplinary interventions may be able to reduce  care, symptom burden, and healthcare utilization. A better
readmission rates in these medically complex patients  understanding of the heterogeneity within these multi-
without increasing cost [37, 38] and can be integrated  morbid patients can also lead to the exploration of alter-
well before the last year of life to impact their goals of  native care pathways centered around meeting patients’
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varied needs, which is crucial in improving their quality
of life [39]. Further work will explore the identification
of distinct HCE archetypes within these clinically com-
plex patients with advanced illnesses to facilitate their
segmentation for targeted and tailored intervention.

4.1 Strengths and Limitations

This is the first study to examine HCE trajectories in the last
5 years of life in decedents diagnosed with nonmalignant
ESOD. The large cohort of decedents was recruited over
multiple years, and the robust inclusion criteria adopted
was from several related studies to facilitate corroboration
of findings. With the heterogeneity in definition and scope
of ESOD, our study provides a rare comparative analysis
across the multitude of conditions relevant to the EOL HCE
literature.

This study is not without its limitations. Firstly, patients
were classified into diagnosis groups retrospectively, using
definitions incorporating their healthcare utilization in the
last year of life. Our findings, therefore, apply as a descrip-
tion of this cohort of decedents, and the inclusion criteria
cannot be extended directly to a prospective study design.
While most studies group decedents as cancer and non-
cancer decedents on the basis of cause of death [11, 40,
41], we identified patients on the basis of their diagnosis
in the last 5 years of life, limiting our ability to directly
compare estimates and inferences with other studies on
ESOD populations. Nonetheless, our estimate of patients
with AC incurring £20,724 in the last year reconciles with
that by Kaur et al. [8], suggesting that our study generates
sensible estimates of EOL HCE for this cohort. In addi-
tion, we did not deconstruct the HCE incurred by a patient
with multiple ESODs for proportional attribution to each
condition. By including a patient’s entire HCE for analysis
under each eligible ESOD group, we were able to present
complete patient-level estimates of HCE associated with
each ESOD. We also focused only on hospital-based costs
and were unable to factor in other potential EOL costs such
as long term, primary, or home care costs. However, with
62% of deaths occurring within hospitals [42], this study on
hospital-based HCE would have accounted for the bulk of
healthcare resource use at the EOL. Lastly, we were unable
to identify specific procedures associated with high HCE,
or account for the role of interaction between ESOD and
chronic comorbidity, both of which would be beyond the
scope of the current study.
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5 Conclusions

The study provides a novel and long-term view of health-
care resource use in a cohort of decedents with cancer and
non-cancer advanced illnesses. The findings highlight the
relevance of documenting and understanding the resource
use patterns in these understudied patient populations in the
last 5 years of life. The insight that accumulation of HCE
for patients with ESOD starts 3 years prior to their decline
could inform national healthcare policy refinement for EOL
care and motivate a review of care processes and availabil-
ity of palliative resources to ensure these patients’ clinical
needs are met at earlier points along the disease trajectory.
With these processes in place, focusing on early recognition
of patients with ESOD with a predisposition to incur sub-
stantial costs over a prolonged period, such as patients with
RF, would then be key to mitigating subsequent increases
in EOL costs and supporting the provision of appropriate
and efficient care at the EOL. Future work will focus on
identifying distinct archetypes of HCE trajectories in ESOD
associated with high expenditure over the period prior to
death, along with their associated risk factors.
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