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Background: Given the significant morbidity and mortality associated with
primary bone cancer, provision of high-quality end-of-life care concordant
with patient preferences is critical. This study aimed to evaluate trends
in use of dedicated end-of-life care settings and investigate sociodemo-
graphic disparities in location of death among individuals with primary
bone cancer. Materials and Methods: A retrospective, population-based
review of patients who died of primary bone cancer-related causes was
performed using the Underlying Cause of Death public use record from the
Centers for Disease Control and Prevention Wide-ranging ONline Data for
Epidemiologic Research (WONDER) database for the years 2003 through
2019. A total of 24,557 patients were included. Results: Over the study
period, the proportion of primary bone cancer-related deaths occurring
at home and in hospice increased, whereas those occurring in hospital,
nursing home, and outpatient medical facility/emergency department set-
tings decreased. Several sociodemographic factors were found to be as-
sociated with location of death, including age, marital status, and level of
education. Moreover, patients of racial and ethnic minority groups were
at significantly lower risk of experiencing death at home or in outpatient
medical facility/emergency department settings relative to a hospital com-
pared with White patients. Conclusion: Although rates of in-hospital death
from primary bone cancer are decreasing, marked racial and ethnic dispari-
ties in use of dedicated end-of-life care settings exist. These gaps must be
addressed to ensure all patients with primary bone cancer have equitable
access to high-quality end-of-life care regardless of racial, ethnic, or socio-
economic status. [Orthopedics. 2025;48(1):44-50.]

malignant bone cancer each year.!?
Osteosarcoma is the most prevalent pri-
mary bone malignancy among all age
groups, followed by chondrosarcoma in
older adults and Ewing sarcoma in chil-
dren and adolescents.? Primary bone ma-
lignancies carry a disproportionately high
risk of mortality and collectively rank as
the third leading cause of cancer-related
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death among patients 15 to 24 years old.>*
Despite recent advances in targeted and
systemic multiagent therapies, 5-year
survival rates remain low at only 27%
and 22% for metastatic osteosarcoma and
chondrosarcoma, respectively.! Patients
with primary bone cancer are also three
times more likely than the general popu-
lation to develop cancer-related structural
complications such as osteoporosis and
fractures.>® Considering the substantial
negative impact of pain and structural
complications on patient quality of life,’
effective and humanistic palliative and
end-of-life care is essential to maximize
comfort and address secondary symp-
toms.

A growing emphasis on bettering qual-
ity of life for the seriously ill has heralded
great strides in end-of-life care during the
past few decades, promoted by improved
cooperation between specialties, expan-
sion of health care settings offering more
personalized care, and advancements in
palliative care protocols.® !0 Additionally,
in the midst of ongoing debate surround-
ing the utility of continuing cancer treat-
ment for terminally ill patients, the tran-
sition to end-of-life care settings where
therapies focus on patient goals and symp-
tom management also helps to reduce the
financial burden on patients, families,
and the health care system.'!"'* Accord-
ingly, numerous organizations, including
the World Health Organization and the
American Society of Clinical Oncology,
have formally encouraged the integration
of palliative care into a comprehensive
care model.”” Nevertheless, high-quality
end-of-life care remains underutilized.'s
This is particularly concerning because
terminally ill patients in institutional acute
care settings have been reported to receive
less respect, emotional support, and man-
agement of symptoms.!” Patients have
accordingly demonstrated preferences to
instead die at home, in a nursing home, or
in hospice where they may receive more
personalized palliative care.'®?° How-
ever, obtaining access to these end-of-life

care settings can be difficult and compli-
cated by issues of health literacy, cultural
competency, health insurance coverage,
and the ability to navigate health care
networks. Moreover, recent studies sug-
gest that disparities in access may also be
perpetuated along racial, ethnic, and so-
cioeconomic lines.2!?? Therefore, under-
standing the impact of sociodemographic
differences on access to high-quality end-
of-life care is critical to establishing more
integrated and effective care pathways and
ensuring patients with primary bone can-
cer can achieve a desirable quality of life.

MATERIALS AND METHODS

This retrospective, population-based
observational cohort study was conduct-
ed using the Underlying Cause of Death
public use record from the Centers for
Disease Control and Prevention Wide-
ranging ONline Data for Epidemiologic
Research (WONDER) database.”> Be-
cause CDC WONDER is a de-identified,
publicly available database, this study was
determined to be exempt from institution-
al review board review.

For the years 2003 through 2019, US
patients with malignant neoplasm of bone
and articular cartilage were identified ac-
cording to International Classification of
Diseases, Tenth Revision (ICD-10) codes.
Specifically, these included the following
malignant neoplasms: scapula and long
bones of upper limb (C40.0), short bones
of upper limb (C40.1), long bones of
lower limb (C40.2), short bones of lower
limb (C40.3), overlapping sites of bone
and articular cartilage of limb (C40.8),
unspecified bones and articular cartilage
of limb (C40.9), bones of skull and face
(C41.0), mandible (C41.1), vertebral col-
umn (C41.2), ribs, sternum and clavicle
(C41.3), pelvic bones, sacrum and coccyx
(C41.4), and bone and articular cartilage,
unspecified (C41.9). Sociodemographic
information including age (<64, 65-74,
75-84, or >85 years), sex, race (American
Indian, Asian, Black, or White), ethnic-
ity (non-Hispanic or Hispanic), marital
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status, and education (high school or less,
some college or more) was obtained, and
location of death (hospital, home, nurs-
ing facility, hospice facility, or outpatient
medical facility/emergency department
[ED]) was recorded for each patient. Pa-
tients with incomplete sociodemographic
information or unknown location of death
were excluded.

Statistical Analysis

All statistical analyses were performed
using STATA, version 17.0, software
(StataCorp). The number and frequency
(percentage) of patients classified within
each sociodemographic category was mea-
sured according to location of death, and
the proportion of total deaths occurring in
each location was quantified over the study
period. Multivariable multinomial logistic
regression analyses were performed to
determine any associations between de-
cedent sociodemographic characteristics
and location of death, and results were re-
ported as relative risk ratios (RRRs) with
95% Cls using death in the hospital as the
reference location of death. P<.05 was
considered statistically significant.

RESULTS

A total of 24,557 patients with primary
metastatic bone cancer as the underly-
ing cause of death were identified in this
study, with 13,964 (56.86%) being male
and 10,593 (43.14%) being female. The
vast majority were White (20,883 pa-
tients, 85.04%), while 2778 (11.31%)
were Black, 168 (0.68%) were Ameri-
can Indian, 728 (2.96%) were Asian, and
2663 (10.84%) were Hispanic. Most were
non-Hispanic (89.16%), were unmar-
ried (58.74%), had no more than a high
school-level education (62.74%),
were younger than 64 years (50.10%) at
the time of death (Table 1). Overall, the
total number of deaths from primary met-
astatic bone cancer increased with each
successive year assessed, rising 53% be-
tween 2003 (n=1194) and 2019 (n=1826).
The proportion of primary metastatic

and
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Table 1

Baseline Characteristics of Patients With Bone Cancer

Outpatient
medical

Characteristic Total cohort Hospital Home Nursing home Hospice facility/ED
Total 24,557 (100.0%) 6567 (26.74%) 10,872 (44.27%) 3271 (13.32%) 2066 (8.41%) 1781 (7.25%)
Age

<64y 13,286 (54.10%) 4798 (73.06%) 5826 (53.59%) 705 (21.55%) 1037 (50.19%) 920 (51.66%)

6574y 3894 (15.86%) 762 (11.60%) 1850 (17.02%) 585(17.88%) 400 (19.36%) 297 (16.68%)

75-84y 4187 (17.05%) 673 (10.25%) 1911 (17.58%) 946 (28.92%) 344 (16.65%) 313 (17.57%)

=85y 3190 (12.99%) 334 (5.09%) 1285 (11.82%)  1035(31.64%) 285(13.79%) 251 (14.09%)
Sex

Female 10,593 (43.14%) 2637 (40.16%) 4542 (41.78%) 1647 (50.35%) 936 (45.30%) 831 (46.66%)

Male 13,964 (56.86%) 3930 (59.84%) 6330(58.22%) 1624 (49.65%) 1130 (54.70%) 950 (53.34%)
Race

American Indian/Alaska 168 (0.68%) 62 (0.94%) 70 (0.64%) 15 (0.46%) 9 (0.44%) 12 (0.67%)

Native

Asian 728 (2.96%) 303 (4.61%) 277 (2.55%) 58 (1.77%) 36 (1.74%) 54 (3.03%)

Black 2778 (11.31%) 925 (14.09%) 1061 (9.76%) 301 (9.20%) 209 (10.12%) 282 (15.83%)

White 20,883 (85.04%) 5277 (80.36%) 9464 (87.05%) 2897 (88.57%) 1812 (87.71%) 1433 (80.46%)
Ethnicity

Non-Hispanic 21,894 (89.16%) 5547 (84.47%) 9739 (89.58%) 3123 (95.48%) 1861 (90.08%) 1624 (91.18%)

Hispanic 2663 (10.84%) 1020 (15.53%) 1133 (10.42%) 148 (4.52%) 205 (9.92%) 157 (8.82%)
Marital status

Unmarried 14,424 (58.74%) 3994 (60.82%) 5869 (53.98%) 2287 (69.92%) 1117 (54.07%) 1157 (64.96%)

Married 10,133 (41.26%) 2573 (39.18%) 5003 (46.02%) 984 (30.08%) 949 (45.93%) 624 (35.04%)
Education

High school or less 15,408 (62.74%) 3984 (60.67%) 6928 (63.72%) 2216 (67.75%) 1154 (55.86%) 1126 (63.22%)

Some college or more 9149 (37.26%) 2583 (39.33%) 3944 (36.28%)  1055(32.25%) 912 (44.14%) 655 (36.78%)

Abbreviation: ED, emergency department.

bone cancer-related deaths occurring in
hospice increased 10-fold, from 0.84%
in 2003 to consistently greater than 8.5%
from 2011 onward. At-home death also
became increasingly common, whereas
the proportion of patients experiencing
death in hospital, nursing home, and out-
patient medical facility/ED settings de-
creased (Figure 1).

Location of death was found to vary sig-
nificantly according to various sociodemo-
graphic parameters (Table 2). Specifically,
compared with patients younger than 64
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years, older patients exhibited greater risk
of death in home, nursing home, hospice,
and outpatient medical facility/ED set-
tings than in a hospital. Sex was uniformly
not associated with location of death with
the exception that risk of death in hospice
(male RRR: 0.85 [95% CI, 0.77-0.95],
P<.01) and outpatient medical facility/
ED (male RRR: 0.87 [95% CI, 0.78-0.97],
P<.05) settings relative to a hospital was
lower among males than females. Com-
pared with unmarried patients, married
patients had greater risk of death at home

(RRR: 1.26 [95% CI, 1.17-1.34], P<.001)
and in hospice (RRR: 1.19 [95% (I, 1.07-
1.33], P<.01) than in a hospital. Risk of
death in nursing home (RRR: 0.61 [95%
CI, 0.55-0.67], P<.001) and outpatient
medical facility/ED (RRR: 0.81 [95% CI,
0.72-0.91], P<.001) settings relative to a
hospital was lower among married patients
compared with unmarried patients.
Compared with White patients, patients
identifying with racial minority groups
were at significantly lower risk of experi-
encing death at home, in a nursing home,
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and in hospice than in the hospital. Risk
of death in the outpatient medical facility/
ED setting differed only between Asian
and White patients, with Asian patients
being 32% less likely to die in an outpa-
tient medical facility/ED than in a hospi-
tal compared with White patients (Asian
RRR: 0.68 [95% CI, 0.51-0.92], P<.05).
Similarly, Hispanic ethnicity was associ-
ated with lower risk of death at home, in a
nursing home, in hospice, and in an outpa-
tient medical facility/ED than in a hospi-
tal. Finally, relative to risk of death in the
hospital setting, compared with those with
no more than a high school-level educa-
tion, decedents with college exposure had
reduced risk of death at home (RRR: 0.81
[95% (1, 0.76-0.86], P<.001) and in nurs-
ing facilities (RRR: 0.78 [95% CI, 0.71-
0.86], P<.001) and greater risk of death in
hospice (RRR: 1.15 [95% CI, 1.04-1.28],
P<.01).

DiscussIioN

Supported by efforts to provide ter-
minally ill patients with end-of-life care
aligning with their goals and preferences
and to alleviate the substantial financial
burden associated with hospital and inten-
sive care unit stays, the role of palliative
and end-of-life care is expanding with the
purpose of affirming life and recognizing
death as a natural process of life.?*?* Find-
ings of the current study demonstrate that
between 2003 and 2019, use of home and
hospice settings for end-of-life care in-
creased among patients with primary ma-
lignant bone cancer, while the proportions
of patients who died in hospital, nursing
home, or outpatient medical facility/ED
settings decreased. Across the study pe-
riod, decedents of primary bone cancer
most commonly died at home, although
this subpopulation accounted for fewer
than half of all cases. The current study
showed that older and married patients
were more likely to receive end-of-life
care at home or in hospice than in acute
care hospital settings. Older patients were
also more likely to die in nursing homes
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Figure 1: Trends in location of deaths for patients with bone cancer between 2003 and 2019. Abbreviation:

ED, emergency department.

than in hospitals, although marriage was
negatively associated with nursing home
use. End-of-life care also varied signifi-
cantly according to race and ethnicity.
For example, non-White and Hispanic pa-
tients were less likely than their White and
non-Hispanic counterparts to experience
death at home, in a nursing home, or in
the hospice setting. Moreover, college-ed-
ucated patients were less likely to receive
end-of-life care at home or in nursing fa-
cilities and more likely to die in hospice
compared with the hospital setting.

The observed trends in end-of-life care
setting use appear to be favorable consider-
ing emerging evidence indicating patients
prefer to die at home and hospice care
offers benefits of shorter hospital stays,
greater average time spent at home, and
improved caregiver outcomes.’*?® Pa-
tients receiving dedicated palliative care
services also undergo aggressive therapies
less frequently and have greater access to
opioids for symptom management.>> Con-
sequently, transitioning out of the hospital
or intensive care unit to palliative care set-
tings has been associated with improved
patient-reported quality of life, lower rates
of depression, improved management of
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symptoms, and greater provider satisfac-
tion with patient care, all while mitigat-
ing costs of potentially ineffective or un-
wanted interventions in accordance with
value-based practices.'*3%3! The shrink-
ing proportion of patients with primary
bone cancer receiving end-of-life care in
hospital settings appears to be predomi-
nantly reciprocated by increasing rates of
hospice use, which rapidly outpaced the
relatively slight increase in the proportion
of patients dying at home over the study
period. White, non-Hispanic, married, and
college-educated patient cohorts, as well
as those 65 years and older, each exhibited
significantly higher relative risk of death in
hospice care relative to the hospital setting,
compared with their counterparts. Reasons
for such differences are likely multifacto-
rial. For example, younger patients may be
more likely to receive more aggressive hos-
pital care due to the belief that they may be
more able to withstand intensive therapies
than older patients and may have more to
gain from life-sustaining interventions.*
Married patients may exhibit stronger pref-
erences to spend their remaining days in
hospice, where spouses and families may
visit more regularly and comfortably.
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Table 2

Association Between Sociodemographic Characteristics and Location of Death for Patients With Bone Cancer

With Hospital Location as Reference Group

RRR (95% CI)

Characteristic

Home vs hospital
(reference)

Nursing home vs hospital
(reference)

Hospice vs hospital

(reference)

Outpatient medical
facility/ED vs hospital
(reference)

Age
<64y
65-74y
7584y
=85y
Sex
Female
Male
Race
White
American Indian/Alaska Native
Asian
Black
Ethnicity
Non-Hispanic
Hispanic
Marital status
Unmarried
Married
Education
High school or less

Some college or more

1 (Reference)

1.81 (1.65-1.99)2
2.11(1.91-2.32)2
2.95 (2.59-3.35)°

1 (Reference)
0.97 (0.91-1.04)

1 (Reference)

0.66 (0.47-0.94)¢
0.53 (0.45-0.63)°
0.67 (0.61-0.74)2

1 (Reference)
0.66 (0.60-0.72)°

1 (Reference)
1.26 (1.17-1.34)°

1 (Reference)
0.81 (0.76-0.86)°

1 (Reference)

5.33 (4.64-6.11)?
8.99 (7.90-10.23)°
17.62 (15.18-20.46)?

1 (Reference)
0.97 (0.89-1.07)°

1 (Reference)

0.53 (0.29-0.97)¢
0.42 (0.31-0.57)°
0.66 (0.57-0.77)°

1 (Reference)
0.34 (0.28-0.41)2

1 (Reference)
0.61 (0.55-0.67)°

1 (Reference)
0.78 (0.71-0.86)°

1 (Reference)

2.21 (1.92-2.55)2
2.16 (1.86-2.50)?
3.67 (3.08-4.37)°

1 (Reference)
0.85 (0.77-0.95)°

1 (Reference)

0.48 (0.24-0.97)¢
0.36 (0.25-0.51)°
0.72 (0.61-0.85)2

1 (Reference)
0.69 (0.58-0.81)2

1 (Reference)
1.19 (1.07-1.33)°

1 (Reference)
1.15 (1.04-1.28)°

1 (Reference)

2.04 (1.75-2.38)2
2.36 (2.02-2.75)2
3.58 (2.99-4.29)2

1 (Reference)
0.87 (0.78-0.97)¢

1 (Reference)

0.74 (0.40-1.40)°
0.68 (0.51-0.92)¢
1.12 (0.97-1.31)°

1 (Reference)
0.60 (0.50-0.72)°

1 (Reference)
0.81 (0.72-0.91)2

1 (Reference)
0.92 (0.82-1.03)P

aP<.0017.

bNot significant.
°P<.07.

9p<.05.

Abbreviations: ED, emergency department; RRR, relative risk ratio.

Given that hospitals do not generally
offer the same level of end-of-life sup-
portive care, it is concerning that Black,
American Indian/Alaska Native,
Asian patients with primary bone cancer
were found to be more likely to die in
this setting compared with home, nurs-
ing home, and hospice settings relative
to their White counterparts. These ob-
served differences in location of death are
concordant with findings of prior stud-

and

48

ies indicating disparities in access and
highlighting the intersectionality of race,
ethnicity, and socioeconomic status un-
derlying inequities in end-of-life care. In
a study of Medicare beneficiaries, Paredes
et al* found patients of racial and ethnic
minority groups with pancreatic cancer
to be 22% less likely than White patients
to initiate hospice services prior to death,
even after controlling for demographic
characteristics and comorbidity burden.

The decision to transition from intensive
acute hospital care to the palliative care
setting is difficult and complicated, influ-
enced by several patient-, provider-, and
system-level factors. White patients have
previously been found more likely to opt
against life-prolonging care and to estab-
lish do-not-resuscitate orders when facing
a terminal diagnosis compared with Black
and Hispanic patients, who demonstrate
higher preferences for more burdensome
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end-of-life care provided in intensive care
settings.>*3% Notably, providers also play a
role in influencing patient preferences dur-
ing end-of-life care discussions. Failure to
identify and address language barriers,
historically rooted mistrust of health care
professionals, or other barriers impairing
understanding of diagnosis, prognosis,
and therapeutic options among patients
of minority groups can preclude informed
decision-making that most closely aligns
with patient desires.?!3637 Religiosity, cul-
tural beliefs, and family dynamics have
also consistently been shown to impact
preferences for advanced directives, living
wills, and end-of-life care.?>-38-3

There are several limitations to consider
when interpreting the results of this study.
First, the study was limited to a 17-year
span because the hospice location of death
was not recorded in the CDC WONDER
database until 2003. In addition, no infor-
mation was available to determine whether
hospice services may have been provided
in non-hospice settings (eg, at home or in
the hospital). Furthermore, patients who
received end-of-life care in the hospital and
those who were receiving care in a dedicat-
ed supportive care setting but experienced
acute decompensation requiring hospital
admission and resulting in-hospital death
could not be delineated. Specific informa-
tion regarding income, insurance status,
health literacy, and social support could
not be determined and may potentially
confound analyses of sociodemographic
differences in end-of-life care settings.
Despite these limitations, this large popu-
lation of patients with primary metastatic
bone cancer as the underlying cause of
death serves as a nationally representative
sample of terminally ill patients, and this
study provides a basis for further research
investigating factors contributing to pat-
terns and trends in end-of-life care.

CONCLUSION

While high-quality end-of-life care is
essential to maximize patient comfort and
address secondary symptoms, there are

significant disparities in access to dedi-
cated end-of-life care settings. This study
revealed that most patients with primary
bone cancer die in the hospital or at home,
but there are marked disparities in the use of
end-of-life care settings, with racial minor-
ity groups having decreased relative risk of
death in home, nursing home, and hospice
settings compared with the hospital. Con-
sidering patients in hospitals tend to receive
less respect, emotional support, and ad-
equate management of symptoms, these in-
equities must be addressed to ensure all pa-
tients with primary bone cancer have access
to high-quality end-of-life care regardless
of racial, ethnic, or socioeconomic status.
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