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Abstract
Purpose The aim of this study was to compare health-care
expenditures and survival of these terminally ill patients re-
ceiving or not receiving hospice care in their last month of
life.
Methods Using Taiwan’s National Health Insurance Claims
Database, we analyzed hospitalizations, OPD visits, associat-
ed costs, and survival. Logistic regression was used to identify
predictors of high cost.
Results We identified 3850 liver cancer patients who died
during the 1997–2011 study period, 644 (16.6 %) of whom
were hospice care patients. No significant difference was
found in mean survival time between the hospice and non-
hospice groups (1.77±2.44 vs. 1.84±2.37 years, p=0.217).
The mean health-care expenditures per person were US$2370
±3421 and US$2072±1900 (p=0.130). A total of 385 patients
(10 %) received high-cost care (above US$5422) using
38.6% of the total health-care expenditures spent on the entire
population. The significant predictors of high costs were non-
hospice care [odds ratio (OR)=3.06, 95 % confidence interval
(CI) 2.09–4.60], days of admission [risk increase per admis-
sion day being (OR=1.19, 95 % CI 1.17–1.21)], admission
into an intensive care unit (OR=3.17, 95 % CI 1.94 to 5.15),
use of ventilator (OR=3.54, 95 % CI 1.91–6.52), cancer
therapy (OR=1.82, 95 % CI 1.33–2.48), hemodialysis
(OR=2.62, 95 % CI 1.07–6.02), and higher socioeconomic
status (OR=1.65, 95 % CI 1.10–2.45).

Conclusion Hospice care did not significantly affect survival,
and hospice patients had lower per-patient expenditures and
were less likely to require high-cost medical care than their
non-hospice counterparts.

Keywords Hospice care . Survival . Health-care
expenditures . Liver cancer

Abbreviations
AUC Area under the receiver operating characteristic

curve
CCI Charlson comorbidity index
CIC Catastrophic illness certificate
ER Emergency room
HBV Hepatitis B virus
HCV Hepatitis C virus
ICU Intensive care unit
NHI National Health Insurance
NHIRD National Health Insurance Research Database
PEI Percutaneous ethanol injection
ROC Receiver operating characteristic
RFA Radiofrequency ablation
SES Socioeconomic status

Introduction

The goal of hospice care is to relieve pain and suffering of the
terminally ill patients. In Taiwan, of all those receiving hos-
pice care, 12.4 % receive it at home while 87.6 % receive it in
the hospital. Still the overall use of either hospital- and home-
based hospice services in Taiwan by those during their last
year of life has only gradually increased for over the last
20 years, and it remains underutilized at 7.34 % in 2000 and
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16.83 % in 2006 [1]. This underutilization has also been
reported in the USA [2].

Meanwhile, over the last 10 years, overall care for terminally
ill patients has become increasingly aggressive with the hope of
extending survival [1, 3, 4]. Somewho believe that hospice care
is performed to relieve pain and suffering but not extend life are
concerned that hospice may in fact hasten death [5]. However,
one non-blinded randomized control trial by Temel et al. [6]
reported that patients with metastatic non-small cell lung cancer
who received early palliative care integrated with standard
oncologic care lived 2 months longer than those receiving
standard care only. Saito et al. [7] in a cohort study of elderly
patients with lung cancer in the USA [8] reported that hospice
did not shorten survival. Connor et al. [8] found that receiving
hospice care did not affect the survival of patients with breast,
prostate, and colon cancer, but it extended the survival of those
with pancreatic and lung cancer as well as congestive heart
failure. Liver cancer is another important disease, especially in
Taiwan, where it was the second leading cause of cancer-related
mortality in 2004 and accounted for 8116 (18.6 %) of 43,665
cancer deaths in 2012 [9]. It is not known to what extent
hospice affects the survival of terminally ill patients with liver
cancer in Taiwan.

Another concern is the possibly disproportionate cost of
providing end-of-life care. Although it has been reported that
over one quarter of Medicare expenditures for hospice or
otherwise in the USA from 1978–2006 were spent on recipients
during their last year of life [10], a review of studies of palliative
care from different parts of the world by Smith et al. found
hospice care to frequently be less costly than other types of end-
of-life care [11]. In Japan, on the other hand, Morishima et al.,
performing a cross-sectional retrospective study comparing
different care models for patients in the last 3 months of their
life, found an association between hospice care as well as death
at acute-care hospitals, chemotherapy, and opioid and higher
health-care expenditures [12]. How hospice might affect the
cost of end-of-life care in Taiwan has not been investigated.

This study compared survival and health-care expenditures
of patients with liver cancer who received hospice care and
those of patients who receive such care during their last month
of life using claims data from Taiwan’s National Health In-
surance (NHI) program.

Methods

Data source

In this national population-based cohort study, we analyzed
data obtained from the computerized National Health Insur-
ance Research Database (NHIRD) of Taiwan. Implemented in
March 1995, Taiwan’s National Health Insurance (NHI) pro-
gram is a single-payer health insurance system which covered

up to 98.4 % in 2007 [13]. The NHIRD, a nationwide repre-
sentative database containing all original claims data for one
million NHI beneficiaries from 1996 to 2012, is a random,
systemic sample of the 23.22 million NHI enrollees. In Tai-
wan, patients with cancer must be examined to receive what is
known as a catastrophic illness certificate (CIC). We used the
NHIRD to identify patient with liver cancer and the cata-
strophic illness database to identify patients receiving hospice
care for terminally ill liver cancer. Patients under 20 years old
were excluded in this study. We followed up patients to
December 2012 using what is known as the 2000 Longitudi-
nal Health Insurance Database (LHID2000).

Identification

The subjects were linked to the LHID2000 to obtain the
hospital care visit data collected from 1997 to 2011. The
International Classification of Diseases, Ninth Revision, Clin-
ical Modification and A codes were used to define liver cancer
(155, 155.0, 155.1, A095), liver cirrhosis (571.5, 571.6, and
571.2), HBV (070.20–070.23, 070.30–070.33, V0261, and
A046), and HCV (070.41, 070.44, 070.51, 070.54, V0262,
and A046). To increase the validity of the diagnosis of diabe-
tes as well as hypertension, we included only patients who had
three instances of the ICD-9-CM or A codes for these disease
entities in their medical claims.

Definition of variables

The socioeconomic status (SES) of individuals According to
previous studies [14, 15], we classified SES into three group:
low being those earning below than US$571 monthly (New
Taiwan Dollars NT$20,000), moderate being those earning
between US$571 and US$1141 monthly (NT$20,000–
40,000), and high being those earning more than US$1141
monthly (NT$ 40,000).

Charlson comorbidity index (CCI) CCI was calculated by
examining ICD-9 Clinical Modification diagnosis and proce-
dure codes recorded in the year prior to diagnosis, according
to the Deyo method and applied to inpatient and outpatients
claims as it was by Klabunde et al. [16–18].

Health-care expenditures Each patient’s health-care expendi-
tures were categorized into inpatient service and outpatient
services. We converted costs based on the US dollar and NT
dollar year 2006 exchange rate (US$1.00=NT$32.53).

The protocol for this study was reviewed and approved by the
Research Ethics Committee of the Buddhist Dalin Tzu Chi
Hospital, Taiwan (No. B10301001). Since the NHIRD files
only contained de-identified secondary data, the review board
waived the need for informed consent.
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Statistical analysis

Statistical analysis was performed using the R 3.0.2 software (R
Foundation for Statistical Computing, Vienna, Austria). Two-
sided p value ≤0.05 was considered significant. The survival
duration (years) was defined as the duration from the day of
diagnosis to the day of death (in years). The distributional
properties of continuous variables were expressed by mean±
standard deviation (SD); categorical variables were presented
by frequency and percentage. In univariate analysis, two-
sample t test, Wilcoxon rank-sum test, chi-square test, and Fish-
er’s exact test were used to examine the differences in the

distributions of continuous variables and categorical variables
between two groups.

Patient’s demographic and clinical characteristics including
age, gender, Charlson comorbidity index (CCI), geographic
area of residence, and treatment modality (see Table 1) were
considered in this regression analysis.

Multivariate analysis was conducted by fitting multiple lo-
gistic regression models with the stepwise variable selection
procedure to identify important predictors of high cost during
the last month of life, where the high cost=1 if the health-care
expenditure was higher than the 10th percentile of the total
health-care expenditure, 0 if otherwise. Generalized additive

Table 1 Demographic character-
istics of liver cancer patients by
hospice utilization

Survival times are the periods
from the date of diagnosis to
death

CVA cerebral vascular accident,
CKD chronic kidney disease,
HBV hepatitis B virus, H group
hospice group, non-H group non-
hospice group, HCV hepatitis C
virus, CCI Charlson comorbidity
index, SES socioeconomic status,
LES low SES, MES moderate
SES, HES high SES
a n=3736

Characteristics Non-H group, n (%) H group, n (%) p value

Number of patients (%) 3206 (83.3 %) 644 (16.7 %)

Gender 0.008

Male 2306 (71.9 %) 429 (66.6 %)

Female 900 (28.1 %) 215 (33.4 %)

Age on death, years 64.9±13.4 67.8±13.0 <0.001

Mean survival, years 1.84±2.37 1.77±2.44 0.217

Diabetes 411 (12.8 %) 97 (15.1 %) 0.141

Hypertension 477 (14.9 %) 146 (22.7 %) <0.001

Stroke 193 (6.0 %) 47 (7.3 %) 0.256

Liver cirrhosis 2123 (66.2 %) 366 (56.8 %) <0.001

HBV 1035 (32.3 %) 191 (29.7 %) 0.208

HCV 779 (24.3 %) 166 (25.8 %) 0.456

CKD 182 (5.7 %) 34 (5.3 %) 0.760

Hemodialysis, before last month 68 (2.1 %) 7 (1.1 %) 0.115

CCI 3.65±2.30 3.64±2.70 0.021

SES 0.448

LES 2203 (68.7 %) 448 (69.6 %) 0.705

MES 769 (24.0 %) 158 (24.5 %) 0.806

HES 234 (7.3 %) 38 (5.9 %) 0.238

Geographic region 0.115

Northern 1023 (31.9 %) 208 (32.3 %) 0.883

Central 1002 (31.3 %) 244 (37.9 %) 0.001

Southern and eastern 1168 (36.4 %) 288 (44.7 %) <0.001

Urbanization level 0.035

Urban 1576 (49.2 %) 335 (52.0 %) 0.200

Suburban 1155 (36.0 %) 199 (30.9 %) 0.015

Rural 475 (14.8 %) 110 (17.1 %) 0.161

Teaching hospitala, yes 2171 (69.8 %) 364 (58.1 %) <0.001

Department of service

Gastroenterology 1453 (45.3 %) 98 (15.2 %) <0.001

Internal medicine 511 (15.9 %) 67 (10.4 %) <0.001

Surgery 190 (5.9 %) 20 (3.1 %) 0.005

Oncology 285 (8.9 %) 149 (23.1 %) <0.001

Family medicine 70 (2.2 %) 180 (28.0 %) <0.001

Others 499 (15.6 %) 109 (16.9 %) 0.421
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models (GAMs) were fitted to detect potential nonlinear effects
of continuous covariates and identify appropriate cutoff points
for discretizing continuous covariates if necessary during the
stepwise variable selection. Computationally, the vgam func-
tion (with the default values of smoothing parameters) of the
VGAM package was used to fit GAMs for the binary outcome
in R [19, 20].

The goodness-of-fit (GOF) of the final logistic regression
model was assessed by the estimated area under the receiver
operating characteristic (ROC) curve (also called the c statis-
tic), where 0≤c≤1, and the Hosmer-Lemeshow GOF test. In
practice, c≥0.7 suggests an acceptable level of discrimination
power for a fitted logistic regression model. And, the p value
of the Hosmer-Lemeshow test >0.05 passes the assessment.

Finally, the statistical tools of regression diagnostics for resid-
ual analysis, detection of influential cases, and check of
multicollinearity were applied to discover any problems with
the model or data. The values of variance inflating factor (VIF)
≥10 in continuous covariates or ≥2.5 in categorical covariates
indicate the occurrence of the multicollinearity problem among
some of the covariates in the fitted logistic regression model.

Results

A total of 3850 adult patients with liver cancer who died in
1997–2011 were enrolled. In total, we collected 2735 men and
1115 women (ratio=2.4:1). This study design was presented in
Fig. 1. Themean±SD (median) survival in years after diagnosis
for patients receiving hospice care (H group) and not receiving
hospice care (non-H group) were 1.77±2.44 (0.70) and 1.84±
2.37 (0.83) years, respectively. The mean±SD (median) days
from hospice enrollment to death were 39.5±85.5 (16) days.
Among 644 patients who received hospice palliative care, 91
patients (14.1%) were referred to hospice care in the last 3 days
of their life, and 80 patients (12.4 %) also received home
hospice care. Compared with the non-hospice group, there
was a significant association among the following variables
and receiving hospice care: being female (p=0.008), older
(p<0.001), worse hypertension (p<0.001), less cirrhosis co-
morbidity (p<0.001), and lower Charlson comorbidity index
(CCI) score (p=0.021). The non-H group were more likely to
reside in a suburban area (p=0.035) and less likely to receive
care in a teaching hospital than the H group (p<0.001). Other
demographic characteristics are shown in Table 1.

The H group had significantly fewer intensive care unit
(ICU) admissions (p<0.001), fewer than one emergency room
(ER) visit (p=0.001), fewer intubations (p<0.001), fewer
mechanical ventilation (p<0.001), fewer new hemodialysis
(p<0.001), and fewer transarterial chemoembolizations
(TACE; p=0.002). They were more likely to ever have been
admitted to a hospital (p=0.002), to have more than one

hospital admission (p<0.001), to have hospital stays more
than 14 days (p=0.002), and to die in a hospital (p<0.001)
(Table 2).

The mean health-care expenditure of the hospice group in
the last month of their life was less than that of the non-
hospice care recipients, though the difference did not reach
significance (US$2072 vs. US$2370, p=0.130).

Three hundred eighty-five subjects (10 %) had health-
care expenditure falling above the 90th percentile
(US$5422), defined as high cost in this study. They con-
sumed 38.6 % of total health-care expenditure. There were
fewer high-cost subjects in the hospice group (35, 0.9 %)
than in the non-hospice group (350, 9.1 %) (p<0.001).
High cost of last month of life care was significantly
associated with non-hospice care (OR=3.06, 95 % CI
2.09–4.60, p<0.010), admission days (OR=1.19, 95 % CI
1.17–1.21, p<0.001), having an ICU admission (OR=3.17,
95 % CI 1.94–5.15, p<0.001), use of a ventilator (OR=
3.54, 95 % CI 1.91–6.52, p<0.001), cancer therapy (OR=
1.82, 95 % CI 1.33–2.48, p<0.001) and hemodialysis
(OR=2.62, 95 % CI 1.07–6.02, p=0.028), and higher
socioeconomic status (HES; OR=1.65, 95 % CI 1.10–
2.45, p<0.001) (Table 3). The Nagelkerke R2 was 0.421,
and the Hosmer-Lemeshow test was passed (p=0.229).

Fig. 1 Study flow chart. ICD-9-CM International Classification of Dis-
eases, Ninth Revision, Clinical Modification; CIC catastrophic illness
certificate

1052 Support Care Cancer (2015) 23:1049–1055



ROC curve analyses revealed that this model for cost more
than the 90th percentile yielded a sensitivity of 86.2 % (95
CI 82.4–89.5 %), a specificity of 79.3 % (95 CI 77.9–
80.7 %), a positive predictive value of 31.7 % (95 CI 28.9–
34.6 %), a negative predictive value of 98.1 % (95 CI
97.5–98.6 %), and an area under the ROC curve (AUC) of
0.898 (95 % CI 0.885–0.910) for the prediction of high cost
(Fig. 2).

Discussion

This study found that the mean survival values of the hospice
group and non-hospice group were not significantly different
and that those not receiving hospice care were 3.06 times more
likely to receive high-cost care than those receiving hospice
care after an adjustment for various confounders.

This study found the mean survival after the date of diag-
nosis in hospice and non-hospice group to be 1.77±2.44 and
1.84±2.37 years, respectively, a result similar to that reported
for liver cancer patients by Zhang et al. (1.87±0.19 years) [21]
and for lung cancer patients by Saito et al. [7]. Considering
these findings together, it is clear that hospice care does no
hasten death and this notion should not be used as a barrier to
hospice service.

The study found non-hospice care as well as number of
admission days, ICU admission, use of ventilator, cancer
therapy, hemodialysis, and higher socioeconomic status to
be associated with high-cost health care. Hospice care has
been found to significantly reduce health-care expendi-
tures. Smith et al., in a review study of hospice research
reports from various counties, found significant reductions
in health-care expenditures for hospice care patients [11].
Emanuel also reported significant reductions in health-care
expenditure for hospice patients in their last month of life
in the USA, compared to non-hospice patients, and 25–
40 % savings [22]. Gozalo et al., performing a retrospec-
tive cohort study of nursing home recipients of hospice
care in the USA, also found a 6 % reduction in expendi-
tures, based on Medicare-Medicaid data [23]. In addition,

Table 3 Multivariate analysis of the predictors of high cost during the
last month of liver cancer patients by fitting multiple logistic regression
model with the stepwise variable selection method

Covariate Estimated
regression
coefficient

p value Estimated
odds ratio

95 %
confidence
interval of
odds ratio

Non-hospice vs. hospice 1.12 <0.001 3.06 2.09–4.60

Admission days 0.17 <0.001 1.19 1.17–1.21

ICU (yes vs. no) 0.15 <0.001 3.17 1.94–5.15

Ventilator (yes vs. no) 1.26 <0.001 3.54 1.91–6.52

Cancer therapy 0.60 <0.001 1.82 1.33–2.48

Hemodialysis (yes vs. no) 0.96 0.028 2.62 1.07–6.02

HES (yes vs. no) 0.50 0.013 1.65 1.10–2.45

Intercept −6.72 <0.001

Goodness-of-fit assessment: n=3850, adjusted generalized R2 =0.421,
the estimated area under the receiver operating characteristic (ROC)
curve=0.898, and the modified Hosmer-Lemeshow goodness-of-fit F
test p=0.229 (df=9, 3840), which indicated a good fit

ICU intensive care unit, HES high socioeconomic status

Table 2 Comparison of indica-
tors for quality of end-of-life care
in liver cancer patients who re-
ceived and did not receive hos-
pice care in the last month

TACE transarterial
chemoembolization, HAIC hepat-
ic artery infusion chemotherapy,
PEI percutaneous ethanol injec-
tion, RFA radiofrequency abla-
tion, ICU intensive care unit, ER
emergency room
a New onset hemodialysis (89):
Patients had no hemodialysis his-
tory before last month of life; the
new onset hemodialysis might be
hepatorenal syndrome (77), and
renal function in CKD patients
exacerbated (12)

Variables Non-H group, n (%) H group, n (%) p value

Number (%) 3206 (83.3 %) 644 (16.7 %)

Ever admitted 2375 (74.1 %) 514 (79.8 %) 0.002

More than 1 admission 575 (17.9 %) 156 (24.2 %) <0.001

More than 14 days hospital stay 1219 (38.0 %) 286 (44.4 %) 0.002

ICU admission 572 (17.8 %) 18 (2.8 %) <0.001

More than 1 ER visit (>1) 82 (2.6 %) 3 (0.5 %) 0.001

Intubation 507 (15.8 %) 6 (0.9 %) <0.001

Mechanical ventilation 568 (17.7 %) 15 (2.3 %) <0.001

New onset hemodialysisa 87 (2.7 %) 2 (0.3 %) <0.001

Cost (US dollars) 2370±3421 2072±1900 0.130

Death in a hospital 1285 (40.1 %) 322 (50.0 %) <0.001

Receiving cancer therapy below 307 (9.6 %) 52 (8.1 %) 0.262

Radiotherapy 117 (3.6 %) 29 (4.5 %) 0.357

TACE 119 (3.7 %) 8 (1.2 %) 0.002

Chemotherapy 50 (1.6 %) 10 (1.6 %) 1.000

HAIC 30 (0.9 %) 6 (0.9 %) 1.000

PEI 9 (0.3 %) 1 (0.2 %) 1.000

RFA 10 (0.3 %) 0 (0) 0.386
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in Spain, a multicenter prospective study of cancer patients
receiving palliative care performed by Gomez-Batiste et al.
reported that hospice care reduced the National Health
Service costs by 61 % in patients during their last 6 weeks
of life, compared to those who did not receive palliative
care [24]. We found the mean health-care expenditure per
person of advanced liver cancer patients receiving hospice
care to be 12.6 % less than that of those not receiving
hospice care in the last month of their life in Taiwan (H
group US$2072 vs. non-H group US$2370). In a previous
nationwide survey in Taiwan, Lin et al. reported that
advanced cancer patients who received hospice care had
15.4 % less health-care expenditure per person than those
who did not (US$4314 vs. US$5099) [25]. The difference
in findings might be related to the fact that our study was
limited to liver cancer patients; the percentage of elderly
patients was 55.1 %, and the percentage of receiving
hospice home care was 2.1 % in their last month of life.
We also found that subjects with health-care expenditure
falling into the 90th percentile (high cost) consumed
38.6 % of total health-care expenditure for all patients in
their last month of life. In the USA, the cost of end-of-life
medical care accounts for 10–12 % of total health-care
budget [22]. Carlson et al. reported that Medicare subjects
with health-care expenditures falling into the 95th percen-
tile consumed 40 % of total Medicare expenditures during
1998–2002 [26]. The reason our findings were lower may
be related to the differences in our studies. They studied a
populationwhowas 65 years older andwho had a higher number
of possible comorbidities, while our study included terminally ill
patients 20 years or older and the number of elderly patients we

studied was 2121 (55.1 %). In addition, most of their patients
(86.4 %) received hospice care at home [26], which might
involve greater health-care transportation and time costs, while
most of our patients (87.6 %) received in-hospital hospice care.

Limitation

This study has some limitations. One limitation is the possi-
bility of misclassification bias due to the accuracy of some of
the variables used, including the identification of hospice use
and the calculation of the comorbidity score. Another limita-
tion is a possible selection bias, which might occur because
the study was not randomized. This study also has a potential
limitation of the retrospective nature.

Conclusion

This study found no significant difference in survival between
advanced liver cancer patients receiving hospice and those
who were not. The mean cost of health care of advanced liver
cancer patients receiving hospice care was 12.6 % less than
that of those not receiving hospice care during their last month
of life. Hospice patients were less likely to receive high-cost
care than non-hospice patients after adjustment. Further study
is needed to estimate the effect of high cost of health care on
patient and family satisfaction with care and perceptions of
quality in the last month of life.

Fig. 2 Receiver operating
characteristic curve for fitting
model in predicting high cost
(above US$5422) among patients
with advanced liver cancer in the
last month
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