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Though hospice provides a significant decrease in health care utilization and a small increase in survival most care is given in
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Highlights Lay summary

� The majority of people do not want to die in the

hospital.

� Hepatocellular carcinoma is lethal and rates are
rising.

� Only 25% of Medicare recipients with hepatocellu-
lar carcinoma use hospice care.

� Hospice care significantly reduced the number of
in-hospital deaths (1.1% vs. 25.5%).

� Use of hospice services produced a 48.6% reduction
in daily charges.
https://doi.org/10.1016/j.jhepr.2021.100236
The purpose of hospice care is to provide comfort and
lessen suffering at the end of life. Hospice care allows
one to die outside the hospital environment which is
the wish of most people. However, we found that
among persons aged 65 years and older who were
diagnosed with liver cancer (which has a poor prog-
nosis), only 25% were enrolled in hospice care and the
majority used a hospice only in the last weeks of life.
This is a disheartening finding as liver cancer patients
with longer hospice enrolment had lower costs and
improved survival. We suggest that healthcare prac-
titioners consider discussion of palliative and hospice
care routinely with patients suffering from liver
cancer.
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Background & Aims: The benefits of hospice care in Medicare recipients with hepatocellular carcinoma (HCC) have not been
fully evaluated, which we aimed to study.
Methods: We used nationally representative samples of the Medicare beneficiaries in the USA (2011–2016) to assess the
impact of hospice care on the outcomes of patients with HCC. Hospice care benefits on the survival time, length of stay (LOS),
30-day readmissions, and daily charges during the last year and month of life were assessed by logistic regression and
generalised linear regression.
Results: Among 2,230 Medicare beneficiaries with HCC (mean age, 74.9 years; non-Hispanic White 79.1%; male 66.6%),
median survival from HCC diagnosis was 68 days; 556 (24.9%) received hospice services; median hospice LOS was 12 days
(4–35 days). Hospice users increased from 20.1% to 31.1% over time, driven by enrolment <−15 days (45.1–59.2%, respectively).
In the last year of life, hospice users (vs. no hospice care) had longer median survival time (76.5 vs. 66 days), lower in-hospital
mortality (1.1% vs. 25.5%) and lower median daily charges ($951 vs. $1,004) despite more inpatient admissions and higher
comorbid diseases. Hospice enrolment was associated with 48.6% reduction in daily charges (95% CI: -54.9% to -41.5%). Longer
hospice LOS was associated with lower rates of healthcare utilisation. Patients with chronic liver disease were less likely to
enrol in hospice care (odds ratio = 0.18, 95% CI: 0.14–0.24).
Conclusions: Although hospice provides a significant decrease in healthcare utilisation and some benefit in survival, most
care is given in the last 2 weeks of life. Efforts to encourage earlier use of hospice services must continue.
Lay summary: The purpose of hospice care is to provide comfort and lessen suffering at the end of life. Hospice care allows
one to die outside the hospital environment which is the wish of most people. However, we found that among persons aged
65 years and older who were diagnosed with liver cancer (which has a poor prognosis), only 25% were enrolled in hospice
care and the majority used a hospice only in the last weeks of life. This is a disheartening finding as liver cancer patients with
longer hospice enrolment had lower costs and improved survival. We suggest that healthcare practitioners consider dis-
cussion of palliative and hospice care routinely with patients suffering from liver cancer.
© 2021 The Authors. Published by Elsevier B.V. on behalf of European Association for the Study of the Liver (EASL). This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
There is increasing evidence that many individuals spend the last
days of their lives in the ICU in pain with severely impaired
quality of life, accruing medical debt without lengthening sur-
vival.1 However, data suggest that most Americans would prefer
not to die in hospital.1 In response to these findings, hospice care
was developed to provide end-of-life care for those dying with a
focus on maximising patients’ quality of life through palliative
care.2 Palliative care involves addressing terminally ill patients’
physical, intellectual, emotional, social, and spiritual well-being
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while also supporting their independence, access to informa-
tion, and ability to make choices about their healthcare.3,4

Medicare, the United States government’s healthcare system
for those aged 65 years and older or disabled, adopted the use of
hospice care in 1982.5 For patients to qualify for hospice under
Medicare, a physician must submit a written statement
acknowledging that the patient has <−6 months to live. In this
context, Medicare approves hospice care for 90 days at a time
which can be renewed as needed.

In 2017, 48.2% of the Medicare beneficiaries who died had
been enrolled in hospice at the time of their death; however,
40.5% of the patients received care for 14 days or less while only
14.1% received care for more than 180 days. This is most likely a
result of the Medicare requirement that patients discontinue
curative care before enrolling in hospice, despite evidence that
demonstrates hospice improves care and shorter hospice stays
are associated with lower-quality end-of-life scores.6,7
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In addition to impairment of quality of life, patients with
terminal cancer account for $18.99 billion in homecare.1 Given
the fact that cancer is the second most common cause of death in
the USA, the impact of hospice care in these patients has been a
major priority. In this context, hepatocellular carcinoma (HCC) is
one of the few solid cancers that has been increasing. HCC ac-
counts for 75–85% of liver cancers, and, in 2018, was considered
the fourth leading cause of cancer deaths worldwide.8 In this
context, HCC related to non-alcoholic fatty liver disease (NAFLD)
is now considered to be one of the main contributors to HCC
worldwide.9,10 A global forecasting study reported that the age-
standardised incidence rates per 100,000 person-years for pri-
mary liver cancer would increase for both males and females by
the year 2030 with the main driver of the increase resulting from
the growing prevalence of NAFLD and non-alcoholic steatohe-
patitis (NASH).10 Additionally, another recent study reported the
prevalence of NASH HCC cases has increased by 68% from 2010 to
2015.11 Finally, studies from the USA and Europe have reported
that NASH-related HCC has become and leading indication for
liver transplantation.12,13

Although treatment of HCC has improved over the years, early
detection and treatment is of great importance. Unfortunately, a
large number of patients with HCC are diagnosed late providing
only a median survival time of 3–6 months.14 Given the
increasing burden of HCC and its late presentation with a poor
prognosis, hospice care may play an important role in providing
end-of-life care for these patients. In fact, results from our pre-
vious study using surveillance, epidemiology, and end results
(SEER) data suggested that HCC patients receiving hospice care
had a mortality advantage.15 In another study, we also demon-
strated that Medicare recipients with advanced chronic liver
disease (CLD) incurred higher hospital resource utilisation and
shorter hospice stays as compared with those who were enrolled
in hospice without CLD, suggesting that these patients could
potentially benefit from early referral to hospice care.16

Therefore, the aim of this study was to utilise the recent
Medicare dataset (2011–2016) to assess the association between
enrolment in hospice and survival and healthcare utilisation in
Medicare recipients with HCC. Given that HCC is a global prob-
lem, our second aim was to provide information to guide deci-
sion- and policy makers worldwide when developing optimal
utilisation strategies for those with HCC who may benefit from
hospice care.
Patients and methods
Data source and study population
We conducted a retrospective, serial cross-sectional analysis of
Medicare beneficiaries using Medicare denominator, inpatient,
outpatient, and hospice files (a random 5% sample for each of our
study years) for the years 2011–2016 (https://data.cms.gov/). For
each year, the denominator file reported Medicare beneficiary
entitlement, enrolment, and demographic information including
the date of death. The inpatient, outpatient, and hospice files
contained claims for each beneficiary who received each service.
We identified Medicare beneficiaries with HCC who died within
the study period to ensure hospice enrolment was a reasonable
consideration. To ensure that beneficiaries had Medicare
coverage during their last year of life, we included only patients
65 years or older. We excluded patients with hospice claims
before the diagnosis of HCC. These data are publicly available
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from CMS and can be obtained through a formal request and
associated fees.

We determined whether patients had a diagnosis of HCC
based on the International Classification of Diseases Ninth
Revision (ICD-9) and ICD-10 code for HCC (155.0 in ICD-9 or
C22.0 in ICD-10) in inpatient, outpatient, and hospice files,
excluding outpatient rule-out codes. The date of diagnosis of HCC
was obtained from the date of the first inpatient or outpatient
claim with an HCC diagnosis code, whichever came first. Hospice
beneficiaries were defined as patients with at least 1 claim for
hospice care from the time of diagnosis to death. We assumed
that patients remained in hospice after enrolment until death
from enrolment (i.e. day of first hospice claim). Beneficiaries who
did not choose hospice were considered as a control group.

To investigate the effect of early enrolment in hospice, we also
grouped hospice users according to the duration of enrolment:
(1) enrolled within 5 days of death, (2) enrolled 6–15 days before
death; (3) enrolled 16–29 days before death, and 4 enrolled for
30 days or more before death.

For the purpose of this study, the following outcomes during
the last year of life as well as the last month of life were assessed:
(1) survival time – measured from date of diagnosis to death; (2)
time to hospice enrolment – measured from date of diagnosis to
first hospice entry; (3) patients’ total annual charges/payments
for inpatient, outpatient and hospice services; also, to determine
patients’ daily charges, patients’ total annual charges were
divided by the survival times (days); (4) hospital and hospice
length of stay (days) were defined as the total number of days in
hospital and hospice, respectively; (5) 30-day all-cause hospital
readmission was identified; and (6) cirrhosis and CLD including
HBV and HCV, alcoholic liver disease (ALD), NAFLD, and Charlson
comorbidity index (CCI) were ascertained using the ICD-9/10
codes (Supplementary information). To reduce misclassifying
NAFLD, we excluded NAFLD cases with any other liver diseases
(viral hepatitis, ALD, iron overload, autoimmune disease, Wilson
disease, haemochromatosis, and alpha-1-antitrypsin deficiency
or alcohol abuse).17,18 All Medicare expenditures were adjusted
using the medical component of the Consumer Price Index year
2016.19 The Inova Health System IRB provided an exempt study
status.
Data analysis
We compared sociodemographic characteristics, healthcare uti-
lisation and comorbidities of the study cohort between hospice
and non-hospice beneficiaries during the last year of life as well
as the last 30 days of life using a non-parametric Kruskal-Wallis
test for continuous variables and Chi-square test for categorical
analysis.

Independent predictors of hospice enrolment were studied
using multivariable logistic regression. After adjusting for cal-
endar year, age, sex, race/ethnicity, number of 30-day read-
missions and CCI, multivariable regression analyses were
performed on charges and survival time (generalised linear
regression model [GLM] with gamma distribution), and length of
stay (GLM with Poisson distribution) to assess the effect of
hospice enrolment. The adjusted relationship between factors
and each outcome were estimated using coefficients from these
models, which were exponentiated to yield a percentage change
in the outcomes associated with each factor. All analyses were
performed using SAS version 9.4 (SAS Institute Inc., Cary, NC,
USA).
2vol. 3 j 100236
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787,993 Medicare beneficiaries died
within one-year of encounter per each year

(2011-2016)

707,328 Aged 65 and over

1,273 Excluded
1,260 Hospice before diagnosis
13 Not resident in continental U.S

556 Hospice 1,674 No hospice

3,503 Had hepatocellular carcinoma (HCC) 

Fig. 1. Flow chart of study cohort selection.
Results
After applying our inclusion and exclusion criteria (Fig. 1), our
overall study population consisted of 2,230 Medicare benefi-
ciaries with HCC (n = 556 [24.9%] were hospice recipients) with a
mean (SD) age of 74.9 (7.2) years old and 66.6% male. A total of
79.1% were non-Hispanic White and 9.2% were non-Hispanic
Black. The median survival time from HCC diagnosis was 68
days (IQR 22–158 days). Patients with CLD were significantly less
likely to use hospice services (43.85% vs. 14.93%, p <0.0001;
Table 1).

There were no demographic differences between those who
received hospice care and those who did not (p >0.05). The
median length of stay in hospice was 12 days (IQR: 4–35 days).
Overall, 72.3% had a hospice claim within 30 days of death in
which 31.7% enrolled in hospice care within 5 days of death;
24.1% within 6–15 days; 16.6% within 16–29 days; and 27.7%
within 30 days or more. The median survival time from HCC
diagnosis for those in hospice was 76.5 days (IQR: 29.5–154.5
days) with the median survival time of 126 days (IQR: 79–218
days) among patients who spent more than 30 days in hospice.
For non-hospice users, the median survival time was 66 days
(IQR: 29.5–154.5 days; Table 1). From 2011 through 2016, hospice
care usage steadily increased from 20.1% to 31.1%, mainly driven
by the increasing trend in the percentage of HCC patients (45.1%
in 2011 to 59.2% in 2016) who stayed in hospice for <−15 days
(Fig. 2).

Although patients who received hospice care had a higher
comorbid disease burden (median comorbidity index: 6.7 vs.
6.0), they had a lower proportion of metabolic components
(hypertension, hyperlipidaemia, diabetes, and obesity), alcohol
abuse (3.1% vs. 13.7%), cirrhosis (14.9% vs. 42.8%), NAFLD (6.5% vs.
14.9%), HCV (5.8% vs. 18.7%), HBV (1.1% vs. 2.9%), and ALD (2.3% vs.
11.0%). There were no differences among hospice users with
different hospice lengths of stay except for patients enrolled in
hospice for shorter periods where they were more likely to have
a higher comorbidity index (median comorbidity index: 6.0 for
>15 days vs. 7.0 for <−15 days).

Results of the multivariable analysis on predictors for hospice
enrolment are shown in Table 2. Higher hospice enrolment was
independently associated with calendar year (OR: 1.18
[1.10–1.26], p <0.0001), being from the Midwest (OR: 2.25
[1.53–3.29], p <0.0001), South (OR: 1.94 [1.37–2.76], p = 0.0002)
or West (OR: 1.94 [1.31–2.97], p = 0.0009) compared with the
Northeast, comorbidity index (OR: 1.17 [95% CI: 1.13–1.21]) and,
lower hospice enrolment was associated with hypertension (OR:
0.14 [0.10–0.20]), hyperlipidaemia (OR: 0.12 [0.06–0.26]), dia-
betes (OR: 0.23 [0.15–0.34]), NAFLD (OR: 0.30 [0.20–0.47]), HCV
(OR: 0.23 [0.15–0.35]), HBV (OR: 0.29 [0.11–0.75]), and ALD (OR:
0.17 [0.09–0.32]; p <0.01).

Results of the multivariable analysis on factors associated
with time to hospice enrolment indicated that there were no
associations found between the studied variables and time to
hospice enrolment for those with HCC who died within 1 year of
their HCC diagnosis (Table S1).

Table 3 compared healthcare utilisation between hospice and
non-hospice users, according to the length of hospice enrolment
in the last year of life. There were no significant differences for
hospital lengths of stay and 30-day readmissions between those
who used hospice and those who did not. Additionally, there
were no significant differences among the 4 hospice-user groups
for hospital lengths of stay or 30-day readmissions although
there was a higher proportion of 30-day readmissions among
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hospice users who were grouped into <−5 days compared with the
other hospice groups (21.0% vs. 13.4%, 17.4%, and 12.3%, respec-
tively). Compared with the non-hospice users, hospice benefi-
ciaries had more claims (median: 5 vs. 2), more diagnoses
(median: 31 vs. 22), higher total charges (median: $66,024 vs.
$51,034) and higher total payment (median: $20,682 vs. $13,762;
all p <0.05).

Hospice beneficiaries with hospice stays over 30 days had the
highest median total charges of $73,764 (IQR: $42,954–125,745)
with the highest median hospice charge of $17,815 (IQR:
$11,719–27,516). Over the last year of life, median daily charges
for hospice beneficiaries were $951 (IQR: $447–2,286) compared
with $1,004 ($269–3,371) for non-hospice beneficiaries. Among
hospice beneficiaries, median daily charges were lowest for
those in hospice for 30 days or more ($616) and was highest for
those in hospice for 15 days or fewer ($1,453–1,462), suggesting
that being in hospice more than 15 days was associated with
markedly lower daily charges.

Multivariable GLMs taking into account age, sex, race, region
of the country, and comorbidity index demonstrated significant
differences between hospice users compared with non-hospice
users for daily charges, inpatient length of stay, 30-day read-
missions, and survival. Hospice users incurred decreased daily
charges (48.6% reduction [95% CI: -54.9 to -41.5%]) which was
associated with lower daily charges among each hospice group
ranging from 19.7% reduction for those in hospice for 5 days or
fewer to 77.4% reduction in those for 30 days or more compared
with non-hospice users (Table 4).

However, GLMs conducted among hospice patients found that
hospice patients had an increased number of hospital admissions
(22.11% [95% CI: 3.65–43.87]) which was driven by the increased
number of hospital admissions among those who spent 5 days or
less in hospice care (46.31% [95% CI: 1.24–85.75). Among those
who stayed less than 5 days in hospice, patients incurred an
increased length of inpatient stay (12.6% [95% CI: 6.59–18.9])
whereas those who were in hospice for 16–29 days or 30 days or
more had a decreased length of an inpatient hospital stay (-16.92
[95% CI: -23.65 to -9.61] and (-6.34 [95% CI: -12.14 to -0.15]),
respectively. Those who stayed less than 5 days in hospice or
3vol. 3 j 100236



Table 1. Characteristics of Medicare beneficiaries who died within 1 year of HCC encounter between 2011 and 2016.

Characteristics Total (n = 2,230) Non-hospice users (n = 1,674) Hospice users (n = 556)

Hospice users

p value*<−5 days (n = 176) 6–15 days (n = 134) 16–29 days (n = 92) >−30 days (n = 154)

Age (years) at encounter, mean ± SD 74.85 ± 7.2 74.77 ± 7.21 75.09 ± 7.17 74.72 ± 7.07 74.66 ± 7.28 74.93 ± 6.72 75.97 ± 7.46 0.2882
Age group (years)

65–74 1,184 (53.09%) 905 (54.06%) 279 (50.18%) 96 (54.55%) 74 (55.22%) 40 (43.48%) 69 (44.81%) 0.1120
75–84 781 (35.02%) 577 (34.47%) 204 (36.69%) 56 (31.82%) 43 (32.09%) 43 (46.74%) 62 (40.26%) 0.3412
>−85 265 (11.88%) 192 (11.47%) 73 (13.13%) 24 (13.64%) 17 (12.69%) 9 (9.78%) 23 (14.94%) 0.2946

Male 1,484 (66.55%) 1,105 (66.01%) 379 (68.17%) 125 (71.02%) 98 (73.13%) 56 (60.87%) 100 (64.94%) 0.3506
Race

White 1,763 (79.06%) 1,328 (79.33%) 435 (78.24%) 145 (82.39%) 99 (73.88%) 74 (80.43%) 117 (75.97%) 0.5830
Black 206 (9.24%) 157 (9.38%) 49 (8.81%) 13 (7.39%) 13 (9.70%) 9 (9.78%) 14 (9.09%) 0.6898
Other race 261 (11.70%) 189 (11.29%) 72 (12.95%) 18 (10.23%) 22 (16.42%) 9 (9.78%) 23 (14.94%) 0.2916

Residential region
Northeast 404 (18.12%) 334 (19.95%) 70 (12.59%) 22 (12.50%) 16 (11.94%) 16 (17.39%) 16 (10.39%) 0.0001
South 855 (38.34%) 638 (38.11%) 217 (39.03%) 69 (39.20%) 50 (37.31%) 38 (41.30%) 60 (38.96%) 0.7002
Midwest 494 (22.15%) 353 (21.09%) 141 (25.36%) 40 (22.73%) 38 (28.36%) 19 (20.65%) 44 (28.57%) 0.0356
West 477 (21.39%) 349 (20.85%) 128 (23.02%) 45 (25.57%) 30 (22.39%) 19 (20.65%) 34 (22.08%) 0.2789

Year of death
2011 353 (15.83%) 282 (16.85%) 71 (12.77%) 19 (10.80%) 25 (18.66%) 14 (15.22%) 13 (8.44%) 0.0225
2012 370 (16.59%) 279 (16.67%) 91 (16.37%) 35 (19.89%) 14 (10.45%) 19 (20.65%) 23 (14.94%) 0.8692
2013 394 (17.67%) 297 (17.74%) 97 (17.45%) 38 (21.59%) 17 (12.69%) 15 (16.30%) 27 (17.53%) 0.8741
2014 404 (18.12%) 308 (18.40%) 96 (17.27%) 26 (14.77%) 23 (17.16%) 14 (15.22%) 33 (21.43%) 0.5479
2015 378 (16.95%) 280 (16.73%) 98 (17.63%) 29 (16.48%) 23 (17.16%) 19 (20.65%) 27 (17.53%) 0.6243
2016 331 (14.84%) 228 (13.62%) 103 (18.53%) 29 (16.48%) 32 (23.88%) 11 (11.96%) 31 (20.13%) 0.0048

Time from diagnosis of HCC to death 68 (22–158) 66 (19–159) 76.5 (29.5–154.5) 56 (15–142) 47 (20–121) 56.5 (30.5–132.5) 126 (79–218) 0.0056
Time from diagnosis of HCC to death group

<30 days 698 (31.30%) 559 (33.39%) 139 (25.00%) 68 (38.64%) 51 (38.06%) 20 (21.74%) 0 (0.00%) 0.0002
30–89 days 586 (26.28%) 416 (24.85%) 170 (30.58%) 45 (25.57%) 37 (27.61%) 37 (40.22%) 51 (33.12%) 0.0079
90–179 days 471 (21.12%) 342 (20.43%) 129 (23.20%) 27 (15.34%) 29 (21.64%) 19 (20.65%) 54 (35.06%) 0.1654
>−180 days 475 (21.30%) 357 (21.33%) 118 (21.22%) 36 (20.45%) 17 (12.69%) 16 (17.39%) 49 (31.82%) 0.9590

Time from diagnosis of HCC to hospice n.a. n.a. 43.5 (12–121.5) 53.5 (12–138) 35.5 (10–110) 38.5 (11–112) 48.5 (15–125)
Comorbid conditions

Hypertension 949 (42.56%) 900 (53.76%) 49 (8.81%) 11 (6.25%) 18 (13.43%) 7 (7.61%) 13 (8.44%) <0.0001
Hyperlipidaemia 365 (16.37%) 357 (21.33%) 8 (1.44%) 2 (1.14%) 4 (2.99%) 0 (0.00%) 2 (1.30%) <0.0001
Diabetes 635 (28.48%) 602 (35.96%) 33 (5.94%) 9 (5.11%) 10 (7.46%) 3 (3.26%) 11 (7.14%) <0.0001
Obesity 103 (4.62%) 103 (6.15%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) <0.0001
Alcohol abuse 247 (11.08%) 230 (13.74%) 17 (3.06%) 4 (2.27%) 7 (5.22%) 4 (4.35%) 2 (1.30%) <0.0001
Cirrhosis 799 (35.83%) 716 (42.77%) 83 (14.93%) 24 (13.64%) 28 (20.90%) 15 (16.30%) 16 (10.39%) <0.0001

Chronic liver diseases 817 (36.64%) 734 (43.85%) 83 (14.93%) 21 (11.93%) 26 (19.40%) 16 (17.39%) 20 (12.99%) <0.0001
NAFLD 286 (12.83%) 250 (14.93%) 36 (6.47%) 9 (5.11%) 10 (7.46%) 7 (7.61%) 10 (6.49%) <0.0001
HCV 345 (15.47%) 313 (18.70%) 32 (5.76%) 6 (3.41%) 13 (9.70%) 5 (5.43%) 8 (5.19%) <0.0001
HBV 55 (2.47%) 49 (2.93%) 6 (1.08%) 2 (1.14%) 2 (1.49%) 1 (1.09%) 1 (0.65%) 0.0149
ALD 197 (8.83%) 184 (10.99%) 13 (2.34%) 4 (2.27%) 5 (3.73%) 3 (3.26%) 1 (0.65%) <0.0001

Comorbidity index, mean ± SD 6.29 ± 3.15 6.13 ± 3.13 6.77 ± 3.16 6.93 ± 3.18 6.80 ± 2.88 6.64 ± 3.21 6.64 ± 3.37 <0.0001
Comorbidity index 6.0 (3.54–8.0) 6.0 (3.2–8.0) 6.7 (4.0–9.0) 7 .0 (4.0–9.0) 7 .0 (5.0–9.0) 6.0 (4.0–9.0) 6.5 (3.0–9.0) <0.0001

All values are displayed as count (%) except where otherwise noted. Hospice users are further grouped according to length of hospice enrolment in the last year of life. Data displayed as median (IQR) for numerical variables and count
(percentage) for categorical variables.
*Comparison between hospice and non-hospice users using a non-parametric Kruskal-Wallis test for continuous variables and Chi-square test for categorical analysis.
ALD, alcoholic liver disease; HCC, hepatocellular carcinoma; n.a., not applicable; NAFLD, non-alcoholic fatty liver disease.
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Table 2. Factors associated with hospice enrolment among Medicare ben-
eficiaries who died within 1 year of HCC encounter.

Factors Odds ratio (95% CI) p value

Calendar year 1.18 (1.10–1.26) <0.0001
Age 1.00 (0.99–1.02) 0.7730
Male 1.10 (0.85–1.41) 0.4747
Race

Non-Hispanic White 0.74 (0.50–1.08) 0.1173
Non-Hispanic Black 1.03 (0.59–1.79) 0.9201
Other race Reference

Residential region
Northeast Reference
South 1.94 (1.37–2.76) 0.0002
Midwest 2.25 (1.53–3.29) <0.0001
West 1.94 (1.31–2.87) 0.0009

Charlson comorbidity index 1.17 (1.13–1.21) <0.0001
Hypertension 0.14 (0.10–0.20) <0.0001
Hyperlipidaemia 0.12 (0.06–0.26) <0.0001
Diabetes 0.23 (0.15–0.34) <0.0001
NAFLD 0.30 (0.20–0.47) <0.0001
HCV 0.23 (0.15–0.35) <0.0001
HBV 0.29 (0.11–0.75) 0.0105
ALD 0.17 (0.09–0.32) <0.0001

Odds ratio were computed by using logistic regression. ALD, alcoholic liver disease;
HCC, hepatocellular carcinoma; NAFLD, non-alcoholic fatty liver disease.
between 16 and 29 days had an increased number of 30-day
readmissions (45.06% [95% CI: 6.09–98.36%] and 52.52%
[1.33–129.56]), respectively. Those who stayed in hospice for
6–15 days had a decreased survival (-21.66% [-34.96 to -5.78])
while those who stayed for 30 days or more had an increased
survival (58.6% [95% CI: 33.34–88.65]). A significantly fewer
number of patients died in the hospital among those who
received hospice care compared with those that did not (1.1% vs.
25.5%). These data were true despite having a higher median
comorbidity index and more inpatient admissions (Table 4).

Healthcare utilisations during the last year of life are shown in
Table 5. In the last year of life, for Medicare patients with HCC,
there were no differences between hospice users and non-
hospice use for the number of inpatient admissions, hospital
length of stay, inpatient charges or 30-day admissions. However,
the median daily charges per hospice user was $667 (95% CI:
$323–1,763) compared with $369 (95% CI: $0–1,659) per non-
hospice users, but longer lengths of stay in hospice were asso-
ciated with lower daily charges, especially for those in hospice
for 30 days or more (>−30 days – $382 [95% CI: $292–566] vs. <− 5
days – $1,046 [$394–2,720]). Those in hospice also had higher
total payments ($8,960 [$5,166–15,985] vs. $4,888 [$0–14,773]),
higher median number of claims (2 [2–3] vs. 1 [0–1]) and higher
median number of diagnoses (15 [5–26] vs. 10 [0–21]; p
<0.0000). Together, the longer the stay in hospice the lower the
charges.

Multivariable GLMs revealed that even in the last month of
life, hospice enrolment was strongly associated with decreased
daily charges (44.9% reduction [95% CI: -50.8 to -38.2%]). Also,
longer lengths of stay in hospice was associated with lower daily
charges, ranging from 31.1% reduction for those in hospice for 5
days or fewer to 67.5% reduction for those with 30 days or more
of hospice care compared with non-hospice users (Table S2).
Hospice enrolment was also the strongest contributor to
decreased inpatient admissions (10.9% reduction [-18.9 to
02.1%]), decreased inpatient length of stay (42.9% [-45.8 to
-39.9%]), and a decreased 30-day readmission (-40.5% [-58.8 to
JHEP Reports 2021
-14.1%]). Together, early enrolment in hospice leads to decreased
healthcare utilisations during the last month of life (Table S2).
Discussion
Our data provides an in-depth analysis of the Medicare re-
cipients with HCC and their use of hospice care. Our data confirm
the poor prognosis of HCC diagnosis with an overall median
post-diagnosis survival time of 68 days (22–158 days). Despite
this poor prognosis, only 25% of Medicare recipients with HCC
received hospice care. Interestingly, although HCC Medicare re-
cipients who received hospice care had higher comorbidity
scores, they experienced both longer overall survival as well as
fewer inpatient deaths. In fact, it is important to note that the
length of time spent under hospice care appeared to have had a
positive impact on patients’ survival. These data confirm our
previous report for patients with CLD that suggested enrolment
in hospice care could improve survival and possibly better
quality of life.15 More importantly, the use of hospice care pro-
vided the opportunity for patients to die outside the hospital
environment which has been shown to be the preference for
patients dying with cancer.20,21

In addition to improvement in survival and lower rates of in-
hospital death, we found the use of hospice care to provide lower
charges. In fact, those in hospice care had daily charges that were
~49% lower than those who were not receiving hospice care.
These savings became even more significant the longer the time
Medicare recipients with HCC spent in hospice care. In contrast,
those who stayed in hospice care for a very short period of time
(<−5 days), experienced a 46% increase for inpatient admissions, a
13% increase for inpatient length of stays, and a 45% increase in
30-day readmissions. These higher resource utilisations led to
almost $20,000 more in total charges. These data support our
previous study where we reported a potential cost advantage
when using hospice care for patients with HCC.15,16 Our findings
are also similar to a study completed on Medicare patients with a
poor cancer prognosis where investigators found higher
healthcare utilisation and costs among non-hospice users.22

As previously noted, the diagnosis of HCC is increasing
despite the decreasing trend in HCV-related HCC, which before
the advent of the new curative HCV treatment agents in late
2013, was the main cause of HCC in the USA. Now, however, as
the prevalence of NAFLD has increased, NAFLD has become an
important cause of HCC and other complications of liver dis-
ease.23,24 Therefore, the potential increase in survival, decrease
for in-hospital deaths, and cost savings among Medicare patients
with HCC who use hospice have important clinical and economic
implications. However, there are potentially several barriers to
improving the timely use of hospice care which include the
inherent difficulty in determining a patient’s prognosis which is
made more challenging by Medicare’s requirements of certifying
a patient has less than 6 months to live as well as foregoing any
active cancer treatment. In addition, Medicare does not reim-
burse physicians for the time necessary to discuss a patient’s
desires regarding their end-of-life care which may be a disin-
centive for a physician to refer a patient to hospice earlier.5

Fortunately, to address these barriers, Medicare in 2016 under
the Affordable Care Act, implemented a pilot program, the
Medicare Care Choices Model (MCCM) to allow eligible Medicare
beneficiaries to receive hospice care while concurrently receiving
curative treatment. The MCCM pilot program has been designed
to measure whether these changes improve access to hospice
5vol. 3 j 100236



Table 3. Healthcare utilisation of Medicare beneficiaries who died within 1 year of HCC encounter during the last year of life according to length of hospice enrolment between 2011 and 2016.

Healthcare utilisation
Total sample
(n = 2,230)

Non-hospice users
(n = 1,674)

Hospice users
(n = 556)

Hospice users

p value*
<−5 days

(n = 176)
6–15 days
(n = 134)

16–29 days
(n = 92)

>−30 days
(n = 154)

Inpatient admissions
0 1,732 (77.67%) 1,317 (78.67%) 415 (74.64%) 124 (70.45%) 103 (76.87%) 69 (75.00%) 119 (77.27%) 0.0479
1 360 (16.14%) 261 (15.59%) 99 (17.81%) 33 (18.75%) 23 (17.16%) 16 (17.39%) 27 (17.53%) 0.2189
2 86 (3.86%) 61 (3.64%) 25 (4.50%) 12 (6.82%) 3 (2.24%) 4 (4.35%) 6 (3.90%) 0.3658
>−3 52 (2.33%) 35 (2.09%) 17 (3.06%) 7 (3.98%) 5 (3.73%) 3 (3.26%) 2 (1.30%) 0.1906

Hospital length of stay 5 (1–9) 5 (1–9) 4 (2–10) 5 (2–11.5) 4.5 (2–9) 4 (1–7.5) 4 (1–9)
Total charge, $ 55,206 (23,916–119,539) 51,034 (20,897–115,799) 66,024 (33,580–125,692) 69,271 (28,049–137,813) 60,122 (34,448–118,632) 56,173 (31,117–108,712) 73,764 (42,954–125,745) <0.0001
Inpatient charge, $ 35,756 (8,252–86,038) 36,668 (6,567–89,167) 33,385 (12,325–82,583) 48,310 (14,321–105,946) 34,805 (17,983–75,754) 25,719 (9,005–71,687) 32,283 (4,212–70,054) 0.1001
Outpatient charge, $ 0 (0–15,324) 0 (0–14,553) 1,176 (0–20,147) 2,403 (0–18,111) 0 (0–22,402) 320 (0–19,244) 1,550 (0–23,118) 0.0557
Hospice charge, $ 0 (0–0) n.a. 6,416 (2,925–14,863) 2,404 (1,426–4,973) 4,725 (3,284–8,443) 7,477 (5,623–11,116) 17,815 (11,719–27,516) <0.0001
Total payment, $ 15,527 (8,445–29,903) 13,762 (7,436–28,321) 20,682 (12,714–35,004) 18,645 (9,992–33,128) 17,855 (12,226–31,349) 20,659 (13,466–27,910) 26,604 (16,513–41,145) <0.0001
Daily charge, $ 991 (317–2972) 1,004 (269–3,371) 951 (447–2,286) 1,453 (585–4,236) 1,462 (631–3,010) 906 (414–1,611) 616 (327–1,008) <0.0001
No. of claims 3 (1–5) 2 (1–4) 5 (3–8) 4 (3–7) 4 (2–8) 4 (3–9) 6.5 (4–10) <0.0001
No. of diagnoses 31 (20–49.5) 22 (13–36) 31 (20–49.5) 33 (19–50.5) 29 (19–45) 34 (21–58) 15 (14–51) <0.0001
No. of 30-day readmissions

0 1,904 (85.38%) 1,438 (85.90%) 466 (83.81%) 139 (78.98%) 116 (86.57%) 76 (82.61%) 135 (87.66%) 0.2270
1 265 (11.88%) 195 (11.65%) 70 (12.59%) 30 (17.05%) 13 (9.70%) 10 (10.87%) 17 (11.04%) 0.5524
>−2 61 (2.74%) 41 (2.45%) 20 (3.60%) 7 (3.98%) 5 (3.73%) 6 (6.52%) 2 (1.30%) 0.1505

30-day readmission 326 (14.62%) 236 (14.10%) 90 (16.19%) 37 (21.02%) 18 (13.43%) 16 (17.39%) 19 (12.34%) 0.2270
Death in hospital 333 (19.12%) 328 (25.49%) 5 (1.10%) 2 (1.37%) 1 (0.85%) 1 (1.33%) 1 (0.85%) <0.0001

All values were displayed as count (%) except where otherwise noted. Hospice users are further grouped according to length of hospice enrolment in the last year of life. Data displayed as median (IQR) for numerical variables and
count (percentage) for categorical variables.
*Comparison between hospice and non-hospice users using a non-parametric Kruskal-Wallis test for continuous variables and Chi-square test for categorical analysis.
HCC, hepatocellular carcinoma; n.a., not applicable.
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Fig. 2. Hospice use among patients who died with HCC according to the
number of days in hospice. HCC, hepatocellular carcinoma.
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supportive care services, improves patients’ quality of life, im-
proves patient/family satisfaction while at the same time
reducing Medicare’s expenditures. As such, we suggest that the
findings from our studies on the benefits obtained when using
hospice services among those with HCC should be considered in
addition to the MCCM outcomes to inform the policy makers
when making their final determination on how hospice services
should be provided.25

An intriguing finding of this study is the regional variation in
the use of hospice care. The highest use was noted to be in the
South where approximately 40% of those who died within a year
after HCC diagnosis were enrolled in hospice care whereas only
13% from the Northeast were enrolled in this care. There are a
few other potential explanations for this variation. One previous
study has noted that the higher the intensity of end-of-life care
(hospitalisation, ICU use), the lower the use of hospice care.26 In
this context, the very short enrolment in hospice care has been
considered as a ‘spillover care’ for those receiving care in the ICU
or other critical clinical care settings.26 This spillover pattern has
been more commonly seen in areas with low volume of health
maintenance organisations as well as for non-Whites and those
with comorbidity.27 Our data support some of these previous
reports. Nevertheless, future research is needed to better explain
the differences in the use of hospice care and provide barriers for
most optimal utilisation of palliative and hospice care for pa-
tients with HCC.

It is important to note that the suboptimal use of hospice care
is not unique to the Medicare population of the USA. Despite
being recognised as a medical subspecialty in the USA, Canada,
England, Ireland, Australia, New Zealand, and a number of other
European countries, the suboptimal use in patients with
different types of cancer remains a global challenge.28 In fact,
recent global statistics show that 86% of those who most need
palliative care do not receive it. Additionally, 80% of patients who
died with serious health-related suffering were seen in the
developing regions of the world without access to palliative care.
In fact, 83% of those who were in need of pain relief with opioids
did not have access to such medication.29,30 Both the World
Health Assembly (2014) and the World Health Organization
(2013) have taken steps to provide such services to everyone
through a resolution calling for their members to incorporate
palliative care into their mainstream health systems and
including palliative care medications in their essential medica-
tions list.31,32 As such, our findings can assist country and
regional health policy makers in developing policies and
7JHEP Reports 2021 vol. 3 j 100236



Table 5. Healthcare utilisation of Medicare beneficiaries who died within 1 year of HCC encounter during the last month of life according to length of hospice enrolment.

Healthcare utilisation Total sample (n = 2,230) Non-hospice users (n = 1,674) Hospice users (n = 556)

Hospice users

p value*<−5 days (n = 176) 6–15 days (n = 134) 16–29 days (n = 92) >−30 days (n = 154)

Inpatient admissions
0 2,076 (93.09%) 1,556 (92.95%) 520 (93.53%) 156 (88.64%) 124 (92.54%) 87 (94.57%) 153 (99.35%) 0.6436
1 143 (6.41%) 109 (6.51%) 34 (6.12%) 19 (10.80%) 9 (6.72%) 5 (5.43%) 1 (0.65%) 0.7411
2 9 (0.40%) 7 (0.42%) 2 (0.36%) 1 (0.57%) 1 (0.75%) 0 (0.00%) 0 (0.00%) 0.8506
>−3 2 (0.09%) 2 (0.12%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0.4148

Hospital length of stay 1 (0–6) 1 (0–6) 1 (0–5) 3 (0–9) 3 (0–6) 1 (0–5) 0 (0–0) 0.3290
Total charge, $ 14,670 (0–51,102) 11,073 (0–49,770) 20,010 (9,686–52,900) 31,366 (11,812–81,609) 34,489 (14,570–59,533) 22,772 (8,190–38,797) 11,468 (8,768–16,977) <0.0001
Inpatient charge, $ 5,057 (0–45,721) 5,355 (0–47,052) 4,358 (0–41,459) 22,959 (0–68,394) 25,682 (0–48,891) 8335 (0–29,316) 0 (0–0) 0.1745
Outpatient charge, $ 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–912) 0 (0–329) 0 (0–0) 0 (0–0) 0.0008
Hospice charge, $ 0 (0–0) n.a. 5,869 (2,650–11,070) 2,404 (1,426–4,973) 4,725 (3,284–8,443) 7,384 (5,519–10,924) 11,207 (8,192–16,329)
Total payment, $ 7,138 (0–15,140) 4,888 (0–14,773) 8,960 (5,166–15,985) 11,845 (3,117–19,281) 12,876 (6260–19,471) 10,844 (4,298– 19,105) 6,810 (5,548–8,514) <0.0001
Daily charge, $ 489 (0–1,703) 369 (0–1,659) 667 (323–1,763) 1,046 (394–2,720) 1,150 (486–1,984) 759 (273–1293) 382 (292–566) <0.0001
No. of claims 1 (0–2) 1 (0–1) 2 (2–3) 2 (2–3) 3 (2–3) 3 (2–3) 2 (2–2) <0.0001
No. of diagnoses 12 (0–22) 10 (0–21) 15 (5–26) 20 (13–28) 20 (11–27) 17 (7–25) 4 (2–10) 0.0009
No. of 30-day readmissions

0 2,076 (93.09%) 1,556 (92.95%) 520 (93.53%) 156 (88.64%) 124 (92.54%) 87 (94.57%) 153 (99.35%) 0.6436
1 143 (6.41%) 109 (6.51%) 34 (6.12%) 19 (10.80%) 9 (6.72%) 5 (5.43%) 1 (0.65%) 0.7411
>−2 11 (0.49%) 9 (0.54%) 2 (0.36%) 1 (0.57%) 1 (0.75%) 0 (0.00%) 0 (0.00%) 0.6039

30-day readmission 154 (6.91%) 118 (7.05%) 36 (6.47%) 20 (11.36%) 10 (7.46%) 5 (5.43%) 1 (0.65%) 0.6381

All values were displayed as count (%) except where otherwise noted. Hospice users are further grouped according to length of hospice enrolment in the last month of life. Data displayed as median (IQR) for numerical variables and
count (percentage) for categorical variables.
*Comparison between hospice and non-hospice users using a non-parametric Kruskal-Wallis test for continuous variables and Chi-square test for categorical analysis.
HCC, hepatocellular carcinoma; n.a., not applicable
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strategies to meet the palliative care needs of their patients with
HCC. We, therefore, suggest further research in clinical, eco-
nomic, and patient-reported outcomes benefit of palliative and
hospice care for HCC patients across different countries. Finally,
research is needed to better understand barriers to hospice and
palliative care including the stigma and culturally related per-
ceptions of opioids, death, and end-of-life care as well as lack of
awareness about the value of palliative care to the patients, their
families and society.

This study is not without its limitations. We relied on elec-
tronic medical record ICD codes to identify HCC and other co-
morbid diseases, but claims-based diagnoses can be suboptimal.
However, owing to our large sample size, we feel any discrep-
ancies would be balanced. We assumed that Medicare benefi-
ciaries who died within 1 year of their HCC encounter would
have been eligible for hospice which is a reasonable assumption
given the current Medicare guidelines. In addition, we were
unable to measure the influence of patient preferences on the
selection to use hospice or not. It is also necessary to examine
JHEP Reports 2021
cultural norms to better understand why some patients elect to
use or not use hospice services.
Conclusions
In summary, our data show that only 25% of Medicare benefi-
ciaries with HCC used hospice services in their last year of life
with approximately 30% of these patients enrolling less than 5
days before their death. In contrast, we found that those who
used hospice care for longer periods of time survived longer,
used fewer hospital-based services, and incurred significant cost
savings. These findings add to the increasing evidence that the
use of early hospice care should be considered for advanced HCC.
Finally, we suggest that the benefits of hospice care we report
should be considered in addition to the MCCM outcomes to
inform policy makers when making their final determination on
how hospice services should be provided to Medicare benefi-
ciaries who suffer from terminal illness.
Abbreviations
ALD, alcoholic liver disease; CCI, Charlson comorbidity index; CLD,
chronic liver disease; GLM, generalised linear regression model; HCC,
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