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Abstract

Background. End-of-life care for older adults with malignant brain tumors is poorly understood. The purpose of
this study is to quantify end-of-life utilization of hospice care, cancer-directed therapy, and associated Medicare
expenditures among older adults with malignant brain tumors.

Methods. This retrospective cohort study included deceased Medicare beneficiaries age >65 with primary malig-
nant brain tumor (PMBT) or secondary MBT (SMBT) receiving care within a southeastern cancer community net-
work including academic and community hospitals from 2012-2015. Utilization of hospice and cancer-directed
therapy and total Medicare expenditures in the last 30 days of life were calculated using generalized linear and
mixed effect models, respectively.

Results. Late (1-3 days prior to death) or no hospice care was received by 24% of PMBT (n = 383) and 32% of
SMBT (n = 940) patients. SMBT patients received late hospice care more frequently than PMBT patients (10% vs
5%, P = 0.002). Cancer-directed therapy was administered to 18% of patients with PMBT versus 25% with SMBT
(P =0.003). Nonwhite race, male sex, and receipt of any hospital-based care in the final 30 days of life were associ-
ated with increased risk of late or no hospice care.The average decrease in Medicare expenditures associated with
hospice utilization for patients with PMBT was $-12,138 (95% Cl: $-18,065 to $-6210) and with SMBT was $-1,508
(95% Cl: $-3,613 to $598).

Conclusions. Receiving late or no hospice care was common among older patients with malignant brain tumors
and was significantly associated with increased total Medicare expenditures for patients with PMBT.

Key words

Medical care for patients dying with terminal cancer is often  and lack of hospice care.® Health care costs in the last year
aggressive, costly, and, most importantly, discordant with  of life account for 25% of Medicare expenditures, with nearly
patient and caregiver preferences.’® Recognized indicators  half of this amount spent on care received within the final
of aggressive end-of-life care include chemotherapy utiliza- 30 days.” With the number of patients enrolled in Medicare
tion within 30 days of death, late (1-3 days) hospice entry, expected to nearly double over the next 20 years, improving
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Importance of the study

A quarter of all Medicare funds are spent in the final
year of life. Previous analyses have attempted to de-
tail end-of-life care and resource utilization for cancer
patients at large. However, no prior studies have
focused on utilization of cancer treatment and hospice
care for the growing number of older patients dying
with malignant brain tumors. This study shows that
over 20-30% of primary and secondary malignant brain
tumor patients receive late or no hospice care despite

the quality and sustainability of end-of-life care for older
patients with terminal diseases is of particular concern.®
Early access to hospice care is known to be associated
with improved quality of care for terminally ill patients
and their caregivers.® 0

If considered a collective entity, the malignant brain
tumor incidence in the US would rival those of prostate,
breast, and lung cancers. Over 200000 new cases of pri-
mary malignant brain tumor (PMBT) or secondary MBT
(SMBT) are diagnosed each year."-'® Malignant brain
tumors are often terminal, with median survival in older
adults on the order of 6-9 months. They also commonly
inflict significant symptom burden that can have devastat-
ing effects on quality of life, which may not be improved
with aggressive oncologic treatment.*"7 Patients with
tumors affecting the brain are at heightened risk of early
cognitive decline, making them more vulnerable than
other cancer patients to receiving aggressive care that is
discordant with their preferences.*>'8-22 Unfortunately,
there are limited data on end-of-life practice patterns in
this population, including use of hospice.This analysis was
performed to describe and compare utilization of hospice
care and cancer-directed therapy, risk factors for receiving
aggressive care, and impact on overall Medicare expendi-
tures in the last 30 days of life for Medicare beneficiaries
65 years and older with PMBT and SMBT.

Methods
Study Design and Data Sources

This study was approved by the University of Alabama
at Birmingham (UAB) institutional review board as a
retrospective cohort study of Medicare administra-
tive claims data for fee-for-service beneficiaries age 65
and older with Medicare Part A and B coverage in the
UAB Health System Cancer Community Network (UAB
CCN). The UAB CCN includes 2 academic and 10 com-
munity medical centers in Alabama, Florida, Georgia,
Tennessee, and Mississippi. Patients with health main-
tenance organization (HMO) coverage were excluded.
Decedents were identified from 2012 to 2015 with a diag-
nosis of PMBT (International Classification of Diseases,
Ninth Revision [ICD-9], code 191.X) or SMBT (ICD-9 code
198.2). Decedents with diagnosis codes for both PMBT

predictable mortality. Notably, receiving hospital-based
care resulted in the highest relative risk of never or
late hospice enrollment. In addition, disparities exist
within this population, with men and minorities more
likely to receive aggressive end-of-life care. This study
highlights the need for further exploration of underly-
ing reasons for aggressive care at the end of life and
potential preemptive palliative interventions, especially
for higher-risk populations.

and SMBT (dual-coded cohort) were excluded from the
primary analysis.

Patient characteristics were collected from claims
data and local cancer registries from the UAB CCN sites
and included age at death, race (white vs nonwhite), sex,
Charlson comorbidity score (0 vs >1; excluding cancer diag-
nosis), and, in the case of SMBT, coexisting primary cancer
site diagnosis (lung vs breast vs other). Comorbid condi-
tions were abstracted from claims data from the entire time
period (2012-2015) and classified based on the Klabunde
modification for comorbidities as denoted by the reported
Charlson score.?*-?6 Hospital-based care was defined to in-
clude: emergency department visits (Healthcare Common
Procedure Coding System [HCPCS] code G0380), intensive
care unit admissions (HCPCS G9657), and hospital admis-
sions as determined by Centers for Medicare & Medicaid
Services inpatient admission claims.?’

Hospice Utilization, Cancer-Directed Therapy,
and Medicare Expenditures

Hospice care, utilization of cancer-directed therapies, and
total Medicare expenditures were examined in the 30 days
prior to death based on National Quality Forum endorsed
quality measures.® Hospice care was defined as any use of
outpatient, in-home, or inpatient hospice services (HCPCS
Q50xx). Hospice utilization was evaluated prior to death
and total duration from initiation of hospice utilization
until death was calculated. Late hospice utilization was
defined as enrollment 1-3 days prior to death in accord-
ance with the National Quality Forum. Cancer-directed
therapy was defined by two measures: systemic therapy,
including chemotherapy and immunotherapy adminis-
tration (HCPCS J9000-9280, J9999, G0355, Q0083-0085;
ICD-9 V58.1x), and radiation therapy (ICD-9 92.3x, HCPCS
G6003-6015; ICD-9 92.23, 92.24, 92.26). Medicare expendi-
tures were defined as total reimbursements to providers
for all services received within 30 days of death including
inpatient, outpatient, physician visit, skilled nursing facil-
ity, home health, durable medical equipment, and hospice
care.

Statistical Analysis

Descriptive statistics of baseline patient characteristics
were calculated for each cohort and were compared using
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the independent sample t-test and the chi-square test.
Measures of hospice utilization and cancer-directed therapy
were compared for PMBT versus SMBT using the Mann-
Whitney U-test (continuous variables) and chi-square test
(categorical variables). For both PMBT and SMBT, rela-
tive risks and corresponding 95% confidence intervals (Cl)
were calculated for cancer-directed therapy utilization, no
hospice utilization, and late hospice utilization using gen-
eralized linear models with a log link and Poisson distri-
bution with robust variance estimates.?® Models included
age, sex, race, comorbidity status, and hospital-based care
(hospice models only) as predictors.

Linear mixed effect models accounting for random effects
(intercept) with an unstructured covariance matrix were con-
structed to assess total expenditures to Medicare for patients
with PMBT and SMBT. Beta coefficients and 95% Cls were
estimated after including known risk factors: patient charac-
teristics (age, sex, race, and comorbidity status), hospital-
based care, cancer-directed therapy, and hospice utilization.
All analyses were performed using SAS software, version
9.4. Results were considered statistically significant if the
P-value was <0.05. A sensitivity analysis was performed to
assess the effect of excluding the dual-coded cohort.

Results
Population Characteristics

Of the 12725 decedents in the UAB CCN from 2012 to 2015
who died, 1323 (10%) had a diagnosis of either PMBT (n
= 383) or SMBT (n = 940; Fig. 1). Patients with diagnosis
codes for both PMBT and SMBT (n = 595) and who were
<65 years of age (n = 17) were excluded, though sensitivity

12, 725 decedents in
UAB CCN 2012-2015

Y

1, 875 decedents with
malignant brain tumor

595 excluded for dual codes
of PMBT and SMBT

17 excluded for age <65 years

\ L4
383 primary 940 secondary
(PMBT) (SMBT)

|
\2 v

460 lung 96 breast 392
primary primary other
Fig.1 Study schema.

analyses that included the dual-coded cohort provided
similar results for demographic characteristics. Baseline
patient characteristics were similar between groups (Table
1). The most common primary cancer diagnosis in the
SMBT cohort was lung cancer (49%).

Hospice Care

Fig. 2 presents the proportion of patients enrolled in hos-
pice throughout the final 30 days of life. Among PMBT
and SMBT patients, 31.3% and 24.9%, respectively,
were enrolled in hospice care at 30 days prior to death.
Sensitivity analyses that included the dual-coded cohort
provided similar results for hospice care utilization. The
majority of both PMBT and SMBT patients (81% vs. 78%,
P =0.19) utilized hospice care prior to death (Table 2). The
median duration of hospice care was modestly shorter for
those with SMBT compared with those with PMBT (15 vs
18 days, P =0.004). Patients with SMBT had twice the fre-
quency of late (1-3 days) hospice enrollment compared
with those with PMBT (10% vs 5%, P =0.002).

In the multivariable model, nonwhite race was associ-
ated with an increased risk of never enrolling in hospice
for both PMBT (relative risk [RR] 1.569, 95% CI: 1.03-2.78;
Table 3) and SMBT (RR 1.56, 95% CI: 1.17-2.09). Male sex
was also associated with never enrolling in hospice among
patients with SMBT (RR 1.33, 95% ClI: 1.04-1.70). Hospital-
based care resulted in the greatest relative risk of late or
no hospice enrollment. Receipt of any hospital-based care
by patients with PMBT or SMBT was associated with late
(PMBT RR 5.22, 95% Cl: 1.78-15.3 and SMBT RR 5.24, 95%
Cl: 3.00-9.13) and no (PMBT RR 6.99, 95% Cl: 3.55-13.75
and SMBT RR 3.64, 95% Cl: 2.55-5.21) hospice enrollment.

Cancer-Directed Therapy

Differences in cancer-directed therapy between decedents
with PMBT and SMBT in the last 30 days of life are pre-
sented in Table 2. Sensitivity analyses that included the
dual-coded cohort provided similar results for cancer
directed therapy utilization. Systemic therapy utilization
at the end-of-life was similar for patients with PMBT and
SMBT (11% vs 13%, P =0.40). However, patients with SMBT
had more than double the rate of radiation therapy utiliza-
tion in the final 30 days of life compared with those with
PMBT (15% vs 7%, P < 0.001). Among patients with SMBT,
the presence of at least one comorbidity (RR 1.55, 95% ClI:
1.11-2.15;Table 3) was associated with an increased risk for
cancer therapy in the final 30 days of life, while increas-
ing age (RR 0.86, 95% Cl: 0.75-0.98) was associated with
a decreased risk. Among patients with PMBT, no factors
were associated with cancer therapy utilization.

Medicare Expenditures

Total Medicare expenditure in the final 30 days life was previ-
ously reported and was similar between patients with PMBT and
SMBT ($8592 vs $9964, P = 0.75; Table 2).2’ Sensitivity analyses
that included the dual-coded cohort provided similar results for
total Medicare expenditures. In the multivariable model, hospice
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Table 1

Study population characteristics of decedents with PMBT or SMBT (n = 1323)

Characteristics PMBT, n =383 SMBT, n =940
Age at death, median (interquartile range), y 74 (69-79) 73 (69-78) 0.10
Sex, no. (%) Male 198 (52) 495 (53) 0.75
Female 185 (48) 445 (47)
Race, no. (%) White 333(87) 792 (84) 0.16
Nonwhite 48 (13) 147 (16)
Charlson comorbidity score, no. (%) 0 91 (26) 183 (21) 0.10
>1 265 (74) 677 (79)
Site of primary cancer, no. (%) Lung NA 460 (49)
Breast NA 96 (10)
Other NA 392 (42)
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Fig.2 Proportion of patients with PMBT and SMBT receiving hospice care throughout the final 30 days of life.

utilization was associated with a decrease in total expenditure of
$-12138 (95% Cl: $ —18065 to $ —6210) in the last 30 days of life
for patients with PMBT (Table 3) and $ —1508 (95% CI: $ -3613 to
$598) for patients with SMBT. Cancer-directed therapy was not
significantly associated with total Medicare expenditures in the
last 30 days of life for PMIBT or SMIBT.

Discussion

To our knowledge, this is the largest study to date
reporting trends in oncologic and hospice care for older
patients with malignant brain tumors at the end of life.

In this cohort of patients treated in the southeastern US,
the rate of receiving no or late hospice care was over
30%. Overall rates of hospice use in PMBT patients in the
last month of life were similar to those reported this year
from a large academic cancer center.?° Diamond et al pre-
viously reported that among evaluated PMBT patients
enrolled in hospice, 22.5% did so less than 7 days prior to
death.?’ Our data showed that 11.3% of all hospice enroll-
ments for older patients with malignant brain tumors
occurred within 3 days prior to death.Together these data
highlight how dichotomous evaluations of whether or
not a patient enters hospice prior to death may misrep-
resent the proportion of patients receiving meaningful
hospice care.®
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Table2 Cancer-directed therapy, hospice utilization, and total Medicare expenditures in the last 30 days of life for decedents with PMBT and

SMBT (n =1323)

Hospice care, no. (%) Late (1-3 days prior to death)
None

Duration in days, median
(interquartile range [IQR])

Cancer therapy, no. (%) Any
Systemic therapy
Radiation therapy

Total Medicare expenditures US $, median (IQR)

Table 3 Riskfactors for health care utilization and expenditures

Variable PMBT (n =383)

RR (95% Cl)

PMBT, n =383 SMBT, n =940 P

21 (5) 97 (10) 0.002
73(19) 210 (22) 0.19
18 (7-48) 15 (5-40) 0.004
68 (18) 239 (25) 0.003
44 (1) 124 (13) 0.40
25 (7) 142 (15) <0.001

8592 (5406 - 19214) 9964 (5593 - 17714) 0.75

SMBT (n =940)
RR (95% Cl)

Late Hospice Care?

Age 1.14 (0.77-1.68) 0.52 1.06 (0.86-1.29) 0.60
Male 2.53(0.91-7.08) 0.08 1.16 (0.79-1.69) 0.45
Nonwhite 1.84 (0.60-5.69) 0.29 0.80 (0.43-1.47) 0.47
Any comorbidity 2.33(0.54-9.96) 0.25 1.21 (0.69-2.12) 0.50
Any hospital-based care 5.22 (1.78-15.3) 0.003 5.24 (3.00-9.13) <0.001
No Hospice Care
Age 1.01 (0.82-1.25) 0.90 0.98 (0.85-1.12) 0.72
Male 0.89 (0.59-1.33) 0.56 1.33 (1.04-1.70) 0.02
Nonwhite 1.59 (1.03-2.78) 0.04 1.56 (1.17-2.09) 0.003
Any comorbidity 0.87 (0.54-1.39) 0.56 1.20 (0.83-1.73) 0.34
Any hospital-based care 6.99 (3.55-13.75) <0.001 3.64 (2.55-5.21) <0.001
CancerTherapy
Age 0.85 (0.69-1.06) 0.15 0.86 (0.75-0.98) 0.03
Male 1.08 (0.69-1.71) 0.73 1.08 (0.86-1.36) 0.49
Nonwhite 0.48 (0.18-1.27) 0.14 0.72 (0.49-1.02) 0.07
Any comorbidity 1.16 (0.68-1.98) 0.59 1.55 (1.11-2.15) 0.009
Total Medicare Expenditures® Estimate (95% Cl), US dollars P-value Estimate (95% Cl), US P-value
dollars
Any cancer therapy —3789 ( -9404 -1825) 0.19 1672 ( -268-3613) 0.09
Any hospice care -12138 ( —18065 to —6210) <0.001 -1508 ( -3613-598) 0.16

*Generalized linear models predicting risk for cancer-directed therapy (systemic therapy or radiation therapy), no hospice care, late (1-3 days prior
to death) hospice care, and linear mixed effect models predicting total Medicare expenditures in the last 30 days of life for patients with PMBT and

SMBT.

aModel of late hospice care excludes patients with no hospice care (PMBT, n =310; SMBT, n =730).
®Model also includes age, sex, race, any comorbidity, and any hospital-based care.

While late and no hospice care rates were high, a larger
proportion of patients with malignant brain tumors were
enrolled in hospice prior to death relative to reports from
other cancer sites.333 Though hospice utilization in end-
of-life cancer care has increased nationally over the past
few decades, the duration of hospice care is often short
and immediately preceded by aggressive care.'22 |n this

setting, hospice care is often used to manage the dying
process rather than improve quality of life. This pattern
of care in advanced cancer patients is often attributed
to patient or provider overestimation of life expectancy
leading to a choice of aggressive care at a juncture not
perceived to be the end of life.#518193435 Although malig-
nant brain tumors are often incurable, data are lacking on
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managing physicians’ abilities to estimate life expectan-
cies of individual patients.

We found that late hospice care was twice as com-
mon in SMBT compared with PMBT patients, which may
reflect less certain disease trajectories and a wider array
of potential treatment options for SMBT. This explana-
tion is supported by the increased risk of receiving can-
cer-directed therapy at the end of life in SMBT patients.
Little data exist on patterns of end-of-life cancer-directed
therapy in brain tumor patients.®6-38 However, the rate of
systemic therapy utilization in the last 30 days of life for
the cohort in this study (12.7%) was congruent with the
rate among patients older than 65 years with any can-
cer in the US in 2012 (10.6%) as reported by Bekelman
et al.3® While billing data do not reliably delineate
between chemotherapy and its more expensive coun-
terpart immunotherapy, the systemic therapy for SMBT
likely comprised a greater proportion of immunotherapy
than that for PMBT, which may explain the nominally
more expensive impact of cancer therapy at the end of
life among SMBT patients. The increased utilization of
radiation therapy for SMBT versus PMBT could repre-
sent end-of-life palliation of extracranial metastases not
present in those with PMBT. Importantly, though, can-
cer therapy did not significantly contribute to increased
Medicare expenditures.

Hospice care in PMBT patients was associated with a
significant reduction in overall expenditures in the last
month of life. Of note, receipt of hospital-based care in
the final days of life had an increased relative risk for
no or late hospice care, a perhaps unsurprising finding
given the often diverging immediate goals of hospital-
based care (to prolong life) and hospice care (to support
quality of life). In our previous study, we reported that
SMBT patients were more likely than PMBT patients to
be hospitalized in the final month of life (50% vs 42%, P
=0.009), and hospitalizations were associated with a sig-
nificant increase in Medicare expenditures.?’ The transi-
tion to hospice in SMBT patients may be more likely to
occur following hospitalizations, which would curtail any
cost savings potentially associated with hospice in that
population.

The receipt of aggressive care at the end of life is not
specific to patients with malignant brain tumors com-
pared with other cancer types and likely reflects pat-
terns of end-of-life care for advanced cancer patients
across the entire health care system.38 Therefore, inter-
ventions aimed at reducing nonbeneficial health care
utilization could target processes within the health
care system that have cross-cutting potential for qual-
ity improvement regardless of the underlying malig-
nancy. Uniform, early integration of palliative services
facilitates appropriate use of aggressive medical inter-
ventions at the end of life and improves outcomes for
patients and caregivers, as outlined by several profes-
sional societies.3%-47

This study was designed to broadly describe end-of-
life cancer care and hospice utilization for patients with
malignant brain tumors, and therefore it has impor-
tant limitations. First, aggressive end-of-life care is
not uniformly discordant with patient preferences. For

example, male and nonwhite patients were at increased
risk of receiving no hospice care in this study. These
findings are consistent with previous studies report-
ing these characteristics to be risk factors for aggres-
sive end-of-life care and lower hospice utilization.2!48-50
Some have argued that these trends represent differ-
ent preferences as opposed to true inequities in the
delivery of care.*® Medicare data do not include eval-
uation of patient preferences, which would be impor-
tant to fully delineate appropriateness of aggressive
end-of-life care.

Second, the population consisted of Medicare dece-
dents with malignant brain tumors cared for at two aca-
demic and 10 community hospitals in the southeastern
US, limiting generalizability to younger populations or
different regions of the country.3® For example, primary
cancer sites for SMBT patients may not reflect those of
the population at large (eg, the proportion of patients with
lung cancer primaries far outweigh breast in our cohort).
Furthermore, several patients (n = 595) were excluded
due to the presence of dual coding for both primary and
secondary brain tumors—a much higher number than
would be expected to concurrently harbor a primary brain
malignancy and metastatic disease to the brain—which
highlights the potential for human error in billing classi-
fications. We felt that including only patients with either
single code produced purer cohorts notwithstanding the
introduction of potential sampling bias if an unrecog-
nized characteristic was more commonly represented in
the dual-coded group. However, sensitivity analyses with
inclusion of these patients had no significant impact on
results.

Third, limitations of ICD-9 coding prevented deter-
mination of extracranial disease status and molecular
studies that confer differences in expected prognosis. It
also limits a more comprehensive assessment of indi-
vidual demographic factors further influencing rates of
aggressive end-of-life care such as marital status and/
or education and income levels. In that vein, expendi-
tures measured in this study are only those incurred by
Medicare through reimbursements to health care pro-
viders and do not represent the out-of-pocket financial
burden of individual beneficiaries. There also remain
significant controversies over the values attributed to
various utilization metrics.5' Finally, we did not explore
many potentially interesting clinical scenarios such
as the impacts of immunotherapy versus cytotoxic
chemotherapy or the sequences of utilization which
merit thorough investigations beyond the scope of
this study.

In conclusion, results of this analysis suggest that a
substantial number of older patients with malignant
brain tumors do not receive hospice care for greater
than 3 days prior to death, contrary to national guide-
lines.®46-47 |In addition, disparities exist within this pop-
ulation, with men and minorities being more likely to
receive aggressive care. Oncologists should consider
early goals-of-care discussions and integration of pallia-
tive care to avoid undesired aggressive measures in the
final days of life for their older patients with malignant
brain tumors.
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