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Abstract

Background: Brain metastases are associated with considerable morbidity and mortality. Integration of hospice at the end of
life offers patients symptom relief and improves quality of life, particularly for elderly patients who are less able to tolerate
brain-directed therapy. Population-level investigations of hospice utilization among elderly patients with brain metastases
are limited. Methods: Using the Surveillance, Epidemiology and End Results-Medicare database for primary cancer sites that
commonly metastasize to the brain, we identified 50 148 patients (aged 66 years and older) diagnosed with brain metastases
between 2005 and 2016. We calculated the incidence, timing, and predictors of hospice enrollment using descriptive
techniques and multivariable logistic regression. All statistical tests were 2-sided. Results: The incidence of hospice
enrollment was 71.4% (95% confidence interval [CI] = 71.0 to 71.9; P < .001), a rate that increased over the study period

(P <.001). The odds of enrollment for black (odds ratio [OR] = 0.76, 95% CI = 0.71 to 0.82; P < .001), Hispanic (OR = 0.80, 95% CI =
0.72 to 0.87; P <.001), and Asian patients (OR = 0.52, 95% CI = 0.48 to 0.57; P < .001) were substantially lower than white
patients; men were less likely to be enrolled in hospice than women (OR = 0.78, 95% CI = 0.74 to 0.81; P <.001). Among
patients enrolled in hospice, 32.6% (95% CI = 32.1 to 33.1; P <.001) were enrolled less than 7 days prior to death, a rate that
was stable over the study period. Conclusions: Hospice is used for a majority of elderly patients with brain metastases
although a considerable percentage of patients die without hospice services. Many patients enroll in hospice late and,
concerningly, statistically significant sociodemographic disparities exist in hospice utilization. Further investigations to
facilitate targeted interventions addressing such disparities are warranted.

Hospice provides important services for patients with advanced
solid malignancies and is associated with reduced symptom
burden and improved quality of life among patients with termi-
nal disease (1-5). Hospice also minimizes the utilization of sur-
gical, radiotherapeutic, and systemic therapy-based approaches
near the end of life, with associated reduction in health-care ex-
penditure (4-6). For these reasons, guidelines from the
American Society for Clinical Oncology have identified hospice
utilization as a key measure of quality in end-of-life care in on-
cology (7,8).

Brain metastases occur commonly among patients with ad-
vanced solid malignancies, with an estimated incidence in the
United States of 150 000-300 000 per annum (9,10). The progno-
sis for patients with brain metastases is poor, with median sur-
vival typically ranging from 4 to 10 months depending on the
primary site, among other factors (11). Brain metastases are also

associated with considerable morbidity, utilization of health-
care resources, and health-care expenditure (9,12). Patients with
brain metastases often experience neurologic symptoms that
impair their functional status (9), particularly elderly patients
who are less able to tolerate aggressive brain-directed interven-
tions (13,14). Consequently, appropriate utilization of hospice in
the management of elderly patients with brain metastases at
the end of life may be especially beneficial to both patients and
the health-care system.

Prior studies have investigated end-of-life care among
patients with malignant brain tumors or other oncologic condi-
tions (4,15-26). However, population-level investigations of hos-
pice utilization focusing on patients with brain metastases are
limited. We sought to use population-level data from the
Surveillance, Epidemiology and End Results (SEER)-Medicare
database to investigate the rate and timing of hospice
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enrollment at the end of life among elderly patients with brain
metastases and to identify sociodemographic, clinical, and
hospital-based predictors of hospice utilization. Identification
of gaps in hospice enrollment may permit targeted interven-
tions to increase hospice utilization when appropriate.

Materials and Methods

Data Source

Sponsored by the National Cancer Institute, the SEER program
collects cancer data from registries that capture approximately
34.6% of the US population (27). Medicare is a federal health in-
surance program for the elderly, some people with disabilities,
and people with end-stage renal disease (28). In 2018, Medicare
covered 59.9 million US citizens including 51.2 million people
aged 65 years and older (29). The SEER-Medicare database links
SEER datasets with Medicare claims for covered health-care
services from the time a patient is eligible for Medicare until
death. We used SEER-Medicare datasets over the period of 2005-
2015 (SEER cases) and 2004-2016 (Medicare claims) for primary
cancer sites with considerable potential to metastasize to the
brain (lung cancer, melanoma, breast cancer, renal cancer, and
ovarian cancer). Despite the lower incidence of brain metasta-
ses among patients with colorectal and esophageal cancer, we
also included these cancers in our analysis because the inci-
dence of brain metastases among these primaries has been
shown to increase with improvement of systemic therapy (30-
33). The study was determined to be exempt by our local institu-
tional review board.

Patient Population and Study Design

We identified 82 637 patients with brain metastases based on
the presence of at least three International Classification of
Diseases, Clinical Modification, ninth or tenth edition, claim-based
billing codes for a diagnosis inclusive of brain metastasis (ICD-
9-CM: 198.3; ICD-10-CM: C79.31, C79.32). This approach has been
successfully validated for the identification of brain metastases
using health insurance claims data with high sensitivity (97%)
and specificity (99%) relative to manual chart review (34). We
excluded patients alive as of the follow-up date of December 31,
2016, as well as those who were 65 years or younger at date of
death, had a date of death in Medicare and SEER that differed by
more than 3 months, were diagnosed at autopsy or via death
certificate, lacked continuous enrollment in Medicare parts A
and B for 12 consecutive months prior to death, or were enrolled
in a health maintenance organization during any of the 12
months preceding death. We removed 468 patients (0.9%) from
our model because of nonconvergence on logistic regression re-
lated to high levels of hospice enrollment in patients for whom
information regarding receipt of care at a medical school-affili-
ated hospital or at a government hospital within 1 year of death
was missing, leaving 50 148 patients in the final cohort.

Statistical Analysis

We tabulated patient sociodemographic and clinical informa-
tion including age at death, sex, race, marital status, urban vs
rural residence, primary cancer site, and Charlson Comorbidity
Index (35). We calculated the Charlson Comorbidity Index using
the Deyo adaptation for ICD-9-CM (36) and the Quan adaptation
for ICD-10-CM (37). Race and ethnicity were classified as white,

black, Hispanic, and Asian as determined by SEER. Patients of
other races or ethnicities were combined because of small num-
bers. Zip code-based educational status (percentage of residents
aged 25years and older with a high school education) and me-
dian household income were obtained by linking patient zip
codes to information from the 2000 US Census and the 2008-
2012 America Community Survey. Hospital-related variables
were used to identify whether patients received care at a medi-
cal school-affiliated hospital vs not, an urban hospital vs not, or
a government hospital vs not, within 1 year of their date of
death. The primary outcome was hospice enrollment (yes vs no).

Baseline characteristics in patients receiving hospice vs no
hospice at the end of life were assessed using the t test for con-
tinuous covariates or chi-squaretest for categorical covariates.
The incidence of hospice enrollment was calculated as the quo-
tient of the number of hospice enrollees over the number of pa-
tient deaths, and a 95% confidence interval (CI) was calculated
around the incidence estimate. Aforementioned sociodemo-
graphic-, clinical-, and hospital-related covariates were used in
univariable and multivariable logistic regression to identify
unadjusted and adjusted predictors of hospice enrollment. As a
subset analysis, among patients enrolled in hospice before
death, we determined the percentage of cases for which hospice
was initiated less than 7 days prior to death, a metric of quality
end-of-life care (8). The same covariates referenced above were
used to identify predictors of enrollment on hospice less than
7 days vs at least 7 days prior to death in univariable and multi-
variable logistic regression models. Statistical analyses were
performed using SAS statistical software (version 9.4; SAS
Institute Inc, Cary, NC). All tests were 2-sided, and a P value less
than .05 was considered statistically significant.

Results

Baseline patient characteristics are shown in Table 1. Among
the 50 148 patients with brain metastases included in our final
cohort, 35 801 were enrolled in hospice prior to death, whereas
14 347 were not enrolled in hospice prior to death. The inci-
dence of hospice enrollment for patients with brain metastases
between 2005 and 2016 was 71.4% (95% CI = 71.0 to 71.9;
P <.001). Rates of enrollment by cancer type ranged from 70%
(renal cancer) to 80% (ovarian cancer). The median length of
stay among all hospice enrollees was 13 days with an interquar-
tile range of 5-33days. The incidence of hospice utilization for
patients with brain metastases gradually increased from 62.3%
in 2005 to 75.5% in 2016 (Figure 1; P <.001). Among patients en-
rolled in hospice, 32.6% (95% CI = 32.1 to 33.1; P <.001) were en-
rolled less than 7days prior to death, a rate that remained
relatively stable for the duration of the study period (range =
31.0-33.4% during 2006-2016; Figure 1).

Multivariable logistic regression (Table 2) identified that en-
rollment in hospice was more likely among older patients (odds
ratio [OR] for patients aged 82-104 years vs 66-69years = 1.19,
95% CI = 1.12 to 1.27; P <.001), urban residents (OR = 1.10, 95%
CI = 1.02 to 1.18; P=.02), patients living in areas with higher ed-
ucational status (OR per 1% increase in high school graduates by
zip code = 1.01, 95% CI = 1.01 to 1.01; P <.001), patients who re-
ceived care at a government hospital within 1 year of death (OR
=1.07, 95% CI = 1.03 to 1.12; P =.002), and patients with primary
ovarian cancer (OR = 1.44, 95% CI = 1.13 to 1.82; P =.003), esoph-
ageal cancer (OR = 1.26, 95% CI = 1.04 to 1.51; P=.02), or mela-
noma (OR = 1.24, 95% CI = 1.14 to 1.35; P <.001) relative to the
reference of lung cancer. The odds of enrollment in hospice
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Table 1. Demographic-, clinical-, and hospital-related characteristics of hospice recipients vs hospice nonrecipients

Characteristic Hospice recipients (n=35801)  Hospice nonrecipients (n = 14 347) Pl
Age quintiles, No. (%), y <.001
66-69 7713 (70.2) 3274 (29.8)
70-72 6121 (70.8) 2520 (29.2)
73-76 7484 (71.2) 3023 (28.8)
77-81 7266 (70.5) 3037 (29.5)
82-104 7217 (74.3) 2493 (25.7)
Sex, No. (%)
Female 19172 (73.8) 6807 (26.2) <.001
Male 16 629 (68.8) 7540 (31.2)
Race/Ethnicity, No. (%)
White 30277 (72.9) 11283 (27.1) <.001
Black 2691 (66.5) 1358 (33.5)
Hispanic 1455 (66.8) 724 (33.2)
Asian 1247 (57.4) 924 (42.6)
Other or unknown 131 (69.3) 58 (30.7)
Marital status, No. (%)
Married 19010 (71.7) 7785 (28.3) .02
Unmarried 15 095 (71.0) 5946 (29.0)
Unknown 1696 (73.4) 616 (26.6)
Residence, No. (%)
Urban 29723 (70.3) 11672 (29.7) <.001
Rural 3940 (71.8) 1661 (28.2)
Unknown 2138 (67.8) 1014 (32.2)
Median household income by zip code (USD), mean (SD)* 57 386 (26 523) 56 632 (27 026) .004
High school graduates by zip code (%), mean (SD)* 85.2 (10.6) 84.1(11.5) <.001
Primary cancer site, No. (%)
Lung cancer 21671 (70.5) 9069 (29.5) <.001
Breast cancer 4269 (73.9) 1509 (26.1)
Melanoma 2492 (75.5) 808 (24.5)
Renal cancer 1274 (69.8) 551 (30.2)
Colorectal cancer 1920 (71.7) 757 (28.3)
Ovarian cancer 350 (79.9) 88 (20.1)
Esophageal cancer 440 (74.3) 152 (25.7)
Other 3385 (70.5) 1413 (29.5)
Charlson Comorbidity Index, No. (%)
0-2 24 286 (71.9) 9490 (28.1) <.001
>3 3463 (68.9) 1564 (31.1)
Unknown 8052 (71.0) 3293 (29.0)
Received care at a medical school-affiliated hospital, No. (%)*
Yes 12166 (71.1) 4756 (28.9) .07
No 23635 (71.9) 9591 (28.1)
Unknown N/AS N/AS
Received care at an urban hospital, No. (%)*
Yes 27917 (70.8) 10992 (29.2) <.001
No 4862 (71.8) 2007 (28.2)
Unknown 3022 (69.1) 1348 (30.9)
Received care at a government hospital, No. (%)*
Yes 11156 (71.2) 4373 (28.8) 14
No 24645 (71.8) 9974 (28.2)
Unknown N/A N/AS

*Median household income and high school graduates were obtained by linking patient zip codes to information from the 2000 US Census and the 2008-2012 America

Community Survey. USD = US dollars.

1First cancer type was used for patients with multiple primary tumors.
$Within 1 year of date of death.

§468 observations (0.9%) were removed because of nonconvergence.

|IThe 2-sided t test was used for continuous variables, and the chi-squaretest was used for categorical variables.

were lower for Asian patients (OR = 0.52, 95% CI = 0.48 to 0.57;
P<.001), black patients (OR = 0.76, 95% CI = 0.71 to 0.82;
P <.001), and Hispanic patients (OR = 0.80, 95% CI = 0.72 to 0.87;
P <.001) compared with white patients, as well as male patients
(OR = 0.78, 95% CI = 0.74 to 0.81; P <.001), patients with greater

comorbidity (OR for Charlson Comorbidity Index >3 vs 0-2 =
0.90, 95% CI = 0.84 to 0.96; P=.001), and patients living in areas
with higher household income (OR per US $10 000 increase in
median household income by zip code = 0.98, 95% CI = 0.97 to
0.99; P <.001).
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Figure 1. Hospice incidence and timing of hospice enrollment by year of death among patients with brain metastases.

Among patients enrolled in hospice, the odds of enrollment
less than 7days vs at least 7days prior to death were higher
among men (OR = 1.36, 95% CI = 1.29 to 1.43; P <.001), urban res-
idents (OR = 1.11, 95% CI = 1.02 to 1.21; P=.02), patients with
higher Charlson Comorbidity Index (OR = 1.23, 95% CI = 1.14 to
1.32; P<.001), and married patients (OR = 1.06, 95% CI = 1.01 to
1.11; P=.03) (Table 2). The odds of enrollment in hospice less
than 7 days vs at least 7 days prior to death were lower for older
patients (OR for patients aged 82-104years vs 66-69years =
0.90, 95% CI = 0.83 to 0.96; P=.003), Asian patients (OR = 0.82,
95% CI = 0.72 to 0.93; P=.002), and Hispanic patients (OR = 0.85,
95% CI = 0.76 to 0.96; P=.007) relative to white patients, and
patients who received care at a medical school-affiliated hospi-
tal (OR = 0.94, 95% CI = 0.89 to 0.98; P=.009) or a government
hospital (OR = 0.93, 95% CI = 0.89 to 0.98; P =.007) within 1 year
of death.

An interaction model did not reveal statistically significant
differences in hospice enrollment over time by sex
(Pinteraction = -36), race (Pinteraction >.05 for all races relative to
white race), marital status (Pinteraction=-18), or residence
(Pinteraction = 42)

Discussion

Our population-level study using the SEER-Medicare database
identified an incidence of hospice utilization of 71.4% among el-
derly patients with brain metastases between 2005 and 2016,
with a sustained increase in incidence during the study period.
Despite the increasing incidence, a considerable percentage
(28.6%) of elderly patients with brain metastases do not enroll
in hospice, suggesting continued underutilization in a high-
need group. Elderly patients are especially vulnerable to the
consequences of brain metastases and brain-directed therapy,

and such treatment may have limited efficacy (38). Therefore,
utilization of hospice in such patients has considerable appeal.

Whereas prior investigations have evaluated hospice utiliza-
tion in patients with primary brain tumors or other oncologic
conditions on a population-based level, the novelty of our study
is that we focused specifically on a population-based cohort of
elderly patients with brain metastases. An important prior
study on this topic was performed by Dover et al. (18), who eval-
uated 383 older patients with primary malignant brain tumors
and 940 older patients with brain metastases managed within a
specific health network and found that nonwhite patients and
male patients were more likely not to receive hospice care. No
predictive factors for late hospice enrollment were identified.
Our study expands on the important work from Dover et al. by
providing a larger (n =50 148) and more generalizable (spanning
all SEER registries) study population while also expanding on
the robustness of the multivariable models used to predict hos-
pice enrollment.

Our study revealed that among elderly patients with brain
metastases who enroll in hospice, a considerable percentage
(32.6%) do so in the last few days of life, a period that is focused
on improving quality of death rather than allowing patients and
their families to fully benefit from the comprehensive hospice
services that palliate symptoms during terminal illness (39-41).
We found that the incidence of late hospice enrollment has not
decreased over time from 2005 to 2016. The underlying reasons
for the lack of reduction in late hospice enrollment over time
are unclear and may include the inability to adequately predict
prognosis, reluctance in accepting hospice services by patients
and families, or a delay in referral to hospice care by health-
care providers to prolong cancer-directed therapy despite termi-
nal illness (42,43). Prior studies have demonstrated that cancer
care at the end of life has become more aggressive in the United
States (44). The rate of intensive care unit admission within
30days of death has increased from 24% in 2000 to 29% in 2015,
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Table 2. Demographic-, clinical-, and hospital-related predictors of hospice utilization and late hospice enrollment (length of stay <7 days vs
>7 days before death) among patients with brain metastases

Multivariable OR for Multivariable OR for late
Variable hospice enrollment (95% CI) p1 hospice enrollment* (95% CI) p1

Age quintiles, y

66-69 1.00 (Referent) 1.00 (Referent)

70-72 1.02 (0.96 to 1.09) .49 1.03 (0.95 to 1.10) .50

73-76 1.04 (0.98 to 1.10) 24 0.93 (0.87 to 1.00) .04

77-81 1.00 (0.94 to 1.06) .94 0.97 (0.91 to 1.04) 44

82-104 1.19 (1.12 to 1.27) <.001 0.90 (0.83 to 0.96) .003
Sex

Female 1.00 (Referent) 1.00 (Referent)

Male 0.78 (0.74 to 0.81) <.001 1.36 (1.29 to 1.43) <.001
Race/Ethnicity

White 1.00 (Referent) 1.00 (Referent)

Black 0.76 (0.71 to 0.82) <.001 0.97 (0.89 to 1.06) 54

Hispanic 0.80 (0.72 to 0.87) <.001 0.85 (0.76 to 0.96) .007

Asian 0.52 (0.48 t0 0.57) <.001 0.82 (0.72 t0 0.93) .002

Other or unknown 0.87 (0.63 to 1.18) .36 1.19 (0.83 to 1.70) .35
Marital status

Single 1.00 (Referent) 1.00 (Referent)

Married 1.03 (0.99 to 1.07) 19 1.06 (1.01 to 1.11) .03

Unknown 1.09 (0.99 to 1.21) .08 1.14 (1.02 to 1.26) .02
Residence

Rural 1.00 (Referent) 1.00 (Referent)

Urban 1.10 (1.02 to 1.18) .02 1.11 (1.02 to 1.21) .02

Unknown 0.86 (0.78 to 1.06) 19 0.92 (0.81 to 1.03) 14
Zip-code level household income, per US $10 000 increase® 0.98 (0.97 to 0.99) <.001 1.01 (1.00 to 1.02) 22
Zip-code level high school graduates, per percent increase’ 1.01 (1.01 to 1.01) <.001 1.00 (1.00 to 1.00) .67
Primary cancer site*

Lung cancer 1.00 (Referent)$ 1.00 (Referent)$

Breast cancer 1.04 (0.97 to 1.12) .25 1.05 (0.98 to 1.14) .19

Melanoma 1.24 (1.14 to 1.35) <.001 1.05 (0.96 to 1.15) 26

Renal cancer 0.99 (0.89 to 1.10) .83 0.89 (0.79 to 1.01) .06

Colorectal cancer 1.07 (0.98 to 1.17) 13 0.84 (0.76 to 0.93) .001

Ovarian cancer 1.44 (1.13 t0 1.82) .003 0.90 (0.71 to 1.14) .39

Esophageal cancer 1.26 (1.04 to 1.51) .02 1.00 (0.82 to 1.22) 1.00

Other 1.04 (0.97 to 1.12) .28 1.04 (0.96 to 1.14) .33
Charlson Comorbidity Index

0-2 1.00 (Referent) 1.00 (Referent)

>3 0.90 (0.84 to 0.96) .001 1.23(1.14 t0 1.32) <.001

Unknown 0.95 (0.90 to 1.00) .07 0.95 (0.89 to 1.01) .08 [}
Received care at a medical school-affiliated hospital QJ

No 1.00 (Referent) 1.00 (Referent) E

Yes 1.02 (0.98 to 1.07) 28 0.94 (0.89 to 0.98) .009 <
Received care at an urban hospital

No 1.00 (Referent) 1.00 (Referent)

Yes 0.99 (0.92 to 1.06) 73 1.07 (0.9 to 1.16) 11

Unknown 0.91 (0.84 to 1.06) 23 0.96 (0.87 to 1.07) 47
Received care at a government hospitall

No 1.00 (Referent) 1.00 (Referent)

Yes 1.07 (1.03 to 1.12) .002 0.93 (0.89 to 0.98) .007

*Among patients enrolled in hospice. CI = confidence interval; OR = odds ratio.
tMedian household income and high school graduates were obtained by linking patient zip codes to information from the 2000 US Census and the 2008-2012 America

Community Survey.

$First cancer type was used for patients with multiple primary tumors.

§Lung cancer was used as the reference group because of the highest prevalence in the study cohort.

|[Within 1 year of date of death.
fMultivariable regression analysis was used. P values are 2-sided.

and late hospice enrollment has become more frequent (45,46).
Patients who enroll in hospice at a very late stage may not expe-
rience the palliative benefits that it offers, and shorter hospice
stays are associated with lower quality of life for patients and

worse psychological outcomes for bereaved caregivers (47,48).
Some studies have also demonstrated that no appreciable dif-
ferences exist in quality of life among patients who receive less
than 7 days of hospice services and those who were not enrolled
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in hospice at all, in contrast to those who receive at least 7 days
of hospice services (48).

We identified sociodemographic disparities in hospice utili-
zation at the end of life. Specifically, black, Hispanic, and Asian
elderly patients with brain metastases were less likely to enroll
in hospice prior to death compared with white patients, and
such disparities have not decreased between 2005 and 2016.
Health-care disparities in nonwhite patients with cancer are
well documented (49-54). Five-year relative survival for all can-
cers at all stages is lower among black patients compared with
white patients (51,52). Among patients with breast cancer, black
patients and patients of lower socioeconomic status were more
likely to present with brain metastases at diagnosis and dis-
played poorer survival (53). Hispanic patients are less likely to
be diagnosed with cancer at a localized stage compared with
non-Hispanic patients (54), emphasizing the existence of dis-
parities in accessing timely high-quality cancer care. Our data
suggest that such disparities extend to end-of-life care. The
mechanisms for these disparities are unclear but may include
structural inequality in access to hospice care, cultural and reli-
gious preferences, lack of knowledge about the benefits of palli-
ative care and hospice services, and stigma against hospice use
or the belief that palliative services hasten death (55). As the
population ages substantially in the United States, it is also pro-
jected to increase its racial and ethnic diversity (56).
Consequently, there is a need to eliminate racial and ethnic dis-
parities in hospice utilization to ensure high-quality end-of-life
care for all patients.

The effects of socioeconomic status on the odds of hospice
enrollment were too small to be deemed clinically significant in
our study. It is important to note that we cannot obtain
individual-level socioeconomic status and can only comment
on zip code-level estimates of this parameter. However, prior
studies have shown that patients with lower socioeconomic
status have worse cancer outcomes and higher death rates
compared with patients with higher socioeconomic status re-
gardless of demographic characteristics such as race or sex (52).
This is likely due to structural barriers in accessing care across
all stages from uptake of screening and preventive services to
timely provision of curative or palliative services.

We also found that male patients and patients with higher
comorbidity were less likely to utilize hospice and more likely to
enroll late (within 7 days of death), whereas patients in the old-
est age quintile (84-102 years) were more likely to utilize hospice
and less likely to enroll late compared with the reference quin-
tile (66-69 years). Younger age and men have been previously
associated with lower hospice utilization in other cancer popu-
lations (57-60). The reasons are unclear, but prior studies sug-
gest that such disparities may be attributed to more limited
end-of-life care discussions among these patient populations
(60). Patients with higher comorbidity may less likely enroll in
hospice because of the increased complexity of their health
issues, increased rates of hospitalization and health-care transi-
tions, or inadequately met needs in hospice (61). Further studies
are needed to elucidate the mechanisms by which sex, age, and
comorbidity affect hospice utilization.

A limitation of our study is that we are unable to account for
patient or family preferences regarding end-of-life care,
whether hospice or palliative care referral was discussed but ul-
timately refused, and whether patients themselves were satis-
fied with the quality of care that they received. Our study
population is limited to primary cancer sites that most com-
monly metastasize to the brain as opposed to all cancers, and
the SEER-Medicare database only includes patients from

specific geographic locations (SEER registries), which affects the
generalizability of our study. Additionally, claims data cannot
be reliably used for identification of metastatic involvement of
many organs such as lungs and bones. Accordingly, the
National Cancer Institute advises caution regarding identifica-
tion of metastases after initial cancer diagnosis to metastatic
sites, particularly those for which reimbursement is unaffected
by diagnostic codes (62). However, because brain metastases are
largely managed with local therapy (resection and/or radiation),
billing codes are useful indicators for intracranial involvement,
and the use of health insurance claims data for identification of
brain metastases has been validated with high sensitivity (97%)
and specificity (99%) relative to manual chart review (34). As
such, SEER-Medicare datasets have been successfully used to
identify patients with brain metastases in various studies
(63,64). Of note, claims data can also be used to identify the date
of diagnosis of brain metastases within 30days of the true date
of diagnosis with 92% sensitivity relative to chart review (65). In
our study, 96.2% of patients enrolled in hospice had at least one
brain metastases-related claim prior to hospice initiation.
However, given the small margin of error in determining the
date of diagnosis of brain metastases using claims data and
that patients do not typically receive brain imaging while in
hospice, we included the remaining 3.8% of patients in our anal-
ysis because we cannot definitively determine that they were
diagnosed with brain metastases after hospice initiation. Lastly,
our statistical results are susceptible to multiple testing con-
cerns given the number of models and predictors evaluated and
the lack of a predictor of interest. However, even when using a
conservative approach such as the Bonferroni method for
adjusting the P value, which may reduce the threshold for sta-
tistical significance from .05 to approximately .001 (assuming
approximately 50 predictors spanning two models), the odds ra-
tios for racial and ethnic disparities in hospice use remained
relevant.

In conclusion, our results demonstrate that a considerable
percentage of patients with brain metastases do not enroll in
hospice prior to death, and despite the rise in hospice utilization
over time, approximately one-third of patients are enrolled too
late to fully benefit from hospice services. Our study also identi-
fied statistically significant racial and ethnic disparities in hos-
pice utilization with lower rates of hospice enrollment among
Asian, black, and Hispanic patients. Further studies are needed
to understand factors that contribute to such disparities and to
guide interventions that aim to improve access to quality end-
of-life care on a patient- and system-based level.
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