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Background. Half of all glioblastoma patients are at least 65 years old. The frequency and duration of hospitalization from disease- and
treatment-related morbidity in this population are unknown.

Methods. We performed a retrospective cohort study among patients aged 65 years and older with glioblastoma diagnosed between
1999 and 2007 using SEER–Medicare linked data. Diagnoses and procedures were identified using administrative claims data. Logistic
regression was performed to identify predictors of high hospitalization burden.

Results. Among the 5029 patients in the cohort, 52% were ages 65–74, and 52% were male. Twenty-six percent of patients under-
went extensive resection, 72% received radiotherapy, and 18% received temozolomide. Median survival was 4.9 months. Among all
patients, 21% were hospitalized at least 30 cumulative days between diagnosis and death, and 22% of all patients spent at least one-
fourth of their remaining lives as inpatients. Higher comorbidity score (adjusted hazard ratio [AHR], 1.72; 95% CI, 1.42–2.07) and black
race (AHR, 1.56; 95% CI, 1.11–2.18) were associated with an increased risk of being hospitalized for at least 25% of remaining life,
whereas radiation (AHR, 0.49; 95% CI, 0.42–0.58), temozolomide (AHR, 0.31; 95% CI, 0.23–0.42), and extensive surgery (AHR, 0.83;
95% CI, 0.69–0.99) were associated with a decreased risk.

Conclusions. These data highlight the burden of hospitalization faced by a large proportion of older glioblastoma patients. In the set-
ting of short survival, strategies to reduce the amount of time these patients spend hospitalized are urgently needed, to help maintain
quality of life at the end of life.
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Glioblastoma multiforme (GBM) is the most common malignant
primary brain tumor and is associated with a dismal prognosis,
especially among the elderly. The median age at diagnosis is
�65 years,1 and while patients may be told that the median sur-
vival for GBM is �15 months, this figure comes from a random-
ized trial of selected patients with good performance status
and a median age of 56 years, and excluded patients over age
70.2 In contrast, population-based data from the Surveillance, Ep-
idemiology, and End Results (SEER) registries in the United States
show that median survival time for GBM patients 65 years and
older is only 4–5 months from diagnosis,3,4 with only 20% of el-
derly patients surviving 1 year.

Standard treatment for GBM includes maximal safe resection
followed by 6 weeks of adjuvant radiotherapy and, since 2005,
concurrent and adjuvant temozolomide,2 but these treatments

are not always recommended for or administered to elderly pa-
tients,5 – 10 variously defined as age ≥60, ≥65, or ≥70, in the con-
text of shorter survival and potential for toxicity. Disease- and
treatment-related morbidity may be especially pronounced
among the elderly due to comorbidities and/or reduced physio-
logic reserve and can result in inpatient hospitalization during
the course of the disease.

Hospitalization is associated with reduced quality of life
among patients with advanced or incurable cancer,11 who gener-
ally prefer to be at home as much as possible.12 In one study of
high-grade glioma patients whose preferences were elicited by
physicians, ,10% of patients were in favor of hospital admission
near the end of life.13 In the setting of such short survival for el-
derly GBM patients, we sought to better understand the burden of
hospitalization in this patient population, by focusing on the
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percentage of overall survival time patients spend hospitalized
between diagnosis and death. One Canadian study from 200114

reported this endpoint among patients of all ages but did not ex-
plore associated factors. While patients may be more accepting
of hospitalizations during the treatment of a curative disease,
the majority of patients with advanced cancer indicate that inpa-
tient admission is particularly burdensome.11 Thus we investigat-
ed both the aggregate and the proportion of time elderly GBM
patients spent in the hospital, as an important dimension of qual-
ity of life at the end of life. This patient-centered information
could allow improved physician counseling and patient decision
making, with eventual goals of reducing unnecessary admissions
and improving resource allocation. We hypothesized that many
elderly patients spend a high proportion of their remaining lives
hospitalized after being diagnosed as having GBM.

Materials and Methods

Data Sources

Our GBM study sample was drawn from linked SEER–Medicare
data. SEER is a consortium of 17 population-based US cancer reg-
istries sponsored by the National Cancer Institute that collects in-
cident cancer cases, including GBM, covering �28% of the US
population.15 SEER collects data regarding patient demographics,
tumor histology and grade, disease location and extent, and pri-
mary surgical and radiation treatment.

Medicare is the primary health insurer for �97% of Americans
age 65 years and older and covers inpatient hospital care, outpa-
tient services, and other medical care. Medicare files document
use of health-care services by patients enrolled in the Medicare
fee-for-service (FFS) plan. Combined SEER–Medicare data link
SEER data to Medicare claims files for inpatient hospitalization
services, outpatient services, and physician and other profession-
al services to provide complete follow-up information on treat-
ments, expenditures, access to care, source of care, and
outcomes for Medicare FFS patients after diagnosis of GBM. This
study was deemed exempt from review by the institutional re-
view board at the Harvard School of Public Health.

Patients and Initial Treatment

All subjects were Medicare beneficiaries aged 65 years and older
with diagnoses of GBM in SEER regions between January 1999
and December 2007 who had continuous enrollment in Medicare
Parts A and B from diagnosis through death. We used Medicare
data from January 1, 1999 to December 31, 2009, to allow all
GBM patients to have a minimum of 2 years of follow-up after
diagnosis. GBM was defined according to the International Classi-
fication of Diseases for Oncology, third edition (ICD-O-3; SEER
codes 9440–9444). Patients without a known diagnosis month,
who were diagnosed at autopsy, or who were diagnosed without
histologic evidence from a biopsy or resection were excluded, as
were patients with prior cancers, except for nonmelanoma skin
cancers. Date of diagnosis was based on date of biopsy or resec-
tion per Medicare Part A claims (defined below) and was cross-
referenced against the diagnosis month provided in the SEER
database. Patients enrolled in a health maintenance organization
at the time of diagnosis were excluded, because those services are
not itemized on Medicare claims forms. In addition, patients were

excluded if they were not enrolled in Medicare FFS for 12 months
before diagnosis, in order to determine comorbidities.16,17

Treatment-related Medicare claims were identified principally
with the following codes, based on ICD-9, Current Procedural Ter-
minology (CPT), and National Drug Code (NDC) classifications: sur-
gical biopsy, 0113–0114 (ICD-9) and 61304–61305 (CPT); surgical
resection, 0153–0159 (ICD-9); radiotherapy, V580, V661, V671,
and 9921–9929 (ICD-9) and 77499, 77261–77431, and 77750–
77797 (CPT); temozolomide, J8700 (CPT) and 000851XXXXX,
000853XXXXX, 545695XXXXX, and 548685XXXXX (NDC); other che-
motherapy, 9925, V581, V662, and V672 (ICD-9) and 51720,
96400–96549, J9000–J9999, Q0083–Q0085, J0640, J7150,
J8530, J8600, J8610, J8999, J8510, J8520, and J8521 (CPT).
Temozolomide was assigned a dedicated “J” billing code in Janu-
ary 2001 and was analyzed separately from other chemotherapies
given that it became the standard-of-care initial chemotherapy for
GBM in 2005, with no clear standard chemotherapy prior to temo-
zolomide. Extent of resection was dichotomized as limited, defined
as either subtotal resection (SEER coding) or biopsy (SEER or Medi-
care coding); or extensive, defined as a gross total or radical resec-
tion (SEER coding).

Hospitalization was defined as inpatient admission according
to Medicare Part A claims. Patient admissions to skilled nursing fa-
cilities, intermediate care facilities, rehabilitation units or hospi-
tals, or long-term care institutions were not considered to be
inpatient hospitalizations for the purposes of hospitalization anal-
yses. Hospital demographic characteristics for the index hospital-
ization, including number of beds, nonprofit status, National
Cancer Institute–designated cancer center status, teaching hos-
pital status, and surrounding population size, were obtained from
the American Hospital Association’s 2010 Annual Survey
Database.

Clinical Characteristics

Baseline patient demographics and treatment parameters were
characterized including age at diagnosis, sex, race/ethnicity, mar-
ital status, comorbidity, area median income, SEER region, year of
diagnosis, tumor location, extent of surgery, receipt of radiother-
apy, and receipt of temozolomide or other chemotherapy. The
Deyo16 adaptation of the Charlson17 comorbidity index was
used to measure severity of comorbid diseases, with modification
to exclude cancer diagnoses. This method was applied to Medi-
care inpatient, outpatient, and physician claims during the
12-month period prior to GBM diagnosis.

Outcomes

In the context of known short median survival in this patient pop-
ulation, the amount of time spent hospitalized is an important
patient-centered outcome, as described above. We analyzed cu-
mulative days spent hospitalized, not necessarily consecutive
days, from the date of GBM diagnosis until death. In addition,
we calculated the proportion of remaining life spent hospitalized
by dividing the cumulative days spent hospitalized by the cumu-
lative days of overall survival (OS) from the time of diagnosis. We
determined the proportion of remaining life spent hospitalized
and used the dichotomized variable of ,25% versus ≥25% of re-
maining life spent hospitalized as a primary endpoint, as an illus-
tration of hospitalization burden.14 For all stratified analyses, we
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have included only those patients who were discharged alive after
their index hospitalization (n¼ 4897, representing 97.4% of the
entire GBM cohort), as these patients were at risk to experience
a hospital readmission. We also report OS, in days, from diagnosis
to death.

Statistical Analysis

We report descriptive statistics for baseline patient and initial
treatment characteristics and the results of a chi-square test to
compare these characteristics according to proportion of life
spent hospitalized (,25% vs ≥25%). Logistic regression was
used to evaluate the relationship between patient and initial
treatment characteristics, with the odds of spending at least
25% of remaining life as an inpatient stratified according to treat-
ment era. Treatment era was defined according to the publication
month of the March 2005 landmark trial by the European Organi-
sation for Research and Treatment of Cancer/National Cancer In-
stitute of Canada (EORTC/NCIC),2 which established concurrent
temozolomide as the standard of care for patients up to age
70. Patient and treatment characteristics in the model included
age, sex, race, marital status, comorbidity status, income, diagno-
sis year, SEER region, tumor size, extent of surgery, receipt of ra-
diotherapy, receipt of temozolomide or other chemotherapy, and
initial hospitalization discharge status. An additional model was
tested that also included the hospital-level characteristics of
number of hospital beds, nonprofit status, National Cancer Insti-
tute–designated cancer center status, teaching hospital status,
and surrounding population size. The receiver operating charac-
teristic c-statistic was calculated for logistic regression models.
Survival was estimated using the Kaplan –Meier method. SAS
software version 9.3 64-bit was used for all analyses. Statistical
significance was set at P , .05, and all tests were 2-tailed.

Results
We identified 8089 patients age 65 years or older with histologic
diagnosis of GBM between 1999 and 2007 using the SEER–Medi-
care linkage (Fig. 1). After exclusion criteria were applied as de-
scribed in the Methods section, the final cohort consisted of

5029 patients. Approximately half of all patients (51.6%) were
age 65 to 74, half (51.6%) were male, and most were white/non-
Hispanic ethnicity (88.3%) (Table 1). Sixty-one percent had no
comorbid illness, and over one-third (36%) were diagnosed in
2005 or later. One-quarter of patients (25.7%) underwent exten-
sive resection, 72.3% received adjuvant radiotherapy, and 17.5%
received adjuvant temozolomide.

Median survival in the cohort was 4.9 months (interquartile
range, 2.5 –10.2 mo; Fig. 2). Overall survival at 1 year was
19.3% (95% CI, 18.2%–20.4%), OS at 2 years was 5.5% (95%
CI, 4.9%–6.2%), and OS at 3 years was 2.4% (95% CI, 2.0%–
2.9%). Among all patients, 53.9% (n¼ 2709) were hospitalized
for at least 14 cumulative days between GBM diagnosis and
death, and 21% (n¼ 1052) were hospitalized for at least 30 cu-
mulative days.

With regard to our primary endpoint, we found that 21.7% of
all patients (n¼ 1083) spent at least 25% of their remaining lives
as inpatients (Table 1) after diagnosis of GBM. When stratified ac-
cording to baseline characteristics, patient factors associated
with higher proportion of remaining life spent hospitalized includ-
ed older age (P , .001), black race (P¼ .005), unmarried status
(P¼ .002), higher comorbidity burden (P , .001), and tumor in-
volving multiple brain lobes (P¼ .046) (Table 2). Of note, treat-
ment era based on year of diagnosis was not associated with
hospitalization burden (P¼ .816). Analysis of treatment factors
revealed an association of extensive surgery (P , .001), receipt
of radiation (P , .001), receipt of temozolomide (P , .001), and
receipt of other chemotherapy (P , .001) with a lower proportion
of remaining life spent hospitalized.

Patients with higher burden of hospitalization (≥25% of re-
maining life hospitalized) had longer median length of stay, in
days, during initial hospitalization when the diagnosis of GBM
was made (10 vs 5 d) as well as cumulative length of stay for
all hospitalizations combined (median 31 vs 17 d) compared
with those with lower hospitalization burden (Table 3). The medi-
an number of outpatient visits was lower among those with high-
er hospitalization burden (10 vs 16) compared with those with
lower hospitalization burden. Of note, approximately one-third
of all patient discharges after any hospitalization were to some
form of intermediate care facility (including rehabilitation

Fig. 1. Assembly of the study cohort. MCO, managed care organization.
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Table 1. Baseline patient characteristics (n¼ 5029) and hospitalization burden

Characteristic No. (%) Percent Patients Spending
≥25% of Remaining Life
Hospitalized

All patients 5029 (100) 21.7
Age at diagnosis, y

65 to ≤74 2597 (51.6) 18.2
75 to ≤84 2038 (40.5) 25.8
85+ 394 (7.8) 24.4

Gender
Male 2595 (51.6) 21.7
Female 2434 (48.4) 21.7

Race/ethnicity
White, non-Hispanic 4441(88.3) 21.1
Hispanic 280 (5.6) 23.6
Black 187 (3.7) 33.7
Asian 67 (1.3) 19.4
Other 54 (1.1) 24.1

Marital status
Married 3044 (60.5) 20.3
Unmarried 638 (12.7) 23.4
Unknown 1347 (26.8) 24.1

Modified Charlson comorbidity score (13)
0 3077 (61.2) 18.7
1 1280 (25.5) 22.7
2+ 672 (13.4) 33.8

Year of diagnosis
1999–2001 1383 (27.5) 21.7
2002–2004 1835 (36.5) 21.6
2005–2007 1811 (36.0) 21.9

Census tract income level
Lower income (,median) 1733 (34.5) 22.3
Higher income (≥median) 3296 (65.5) 21.4

SEER registry region
Northeast 364 (7.2) 20.9
South 520 (10.3) 19.0
Midwest 804(16.0) 24.1
West 3341(66.4) 21.7

Tumor location
1 brain lobe 3752 (74.6) 21.0
2+ brain lobes 941 (18.7) 24.8
Other 336 (6.7) 21.7

Surgery
Extensive (GTR) 1293 (25.7) 17.1
Limited (biopsy/STR) 3736 (74.3) 23.3

Radiotherapy delivered
Yes 3637 (72.3) 16.3
No 1392 (27.7) 36.0

Temozolomide delivered
Yes 880 (17.5) 6.1

Before March 2005 402 (8.0)
March 2005 or later 478 (9.5)

No 4149 (82.5) 25.0
Other chemotherapy delivered

Yes 1022 (20.3) 10.5
No 4007 (79.7) 24.6

Continued
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hospitals, long-term care facilities, skilled nursing facilities, etc.),
as opposed to home (granular data not shown).

Logistic regression revealed that higher comorbidity score
(adjusted hazard ratio [AHR], 1.72; 95% CI, 1.42 –2.07) and
black race (AHR, 1.56; 95% CI, 1.11–2.18) were independently
associated with an increased risk of being hospitalized for at
least 25% of remaining life (Fig. 3). Receipt of radiotherapy
(AHR, 0.49; 95% CI, 0.42–0.58), of temozolomide (AHR, 0.31;
95% CI, 0.23–0.42), of other chemotherapy (AHR, 0.76; 95%
CI, 0.59–0.96), and of extensive surgery (AHR, 0.83; 95% CI,
0.69–0.99) were independently associated with a decreased
risk of being hospitalized for at least 25% of remaining life. In
addition, decreased risk was observed among patients dis-
charged to home after the index hospitalization (AHR, 0.34;

95% CI, 0.29–0.40). The c-statistic for the regression model
was 0.73. When stratified according to treatment era, extensive
surgery remained associated with decreased hospitalization bur-
den in the pre–March 2005 period but not in the post–March
2005 period (Fig. 4).

With regard to the characteristics of the 704 hospitals in the
study sample for the index hospitalization, 65.5% were nonprofit
hospitals, 21.5% were major teaching hospitals, 3.1% were Na-
tional Cancer Institute–designated teaching hospitals, 3.6%
were located in large urban areas, and the median number of
beds was 290 (25th to 97th percentile, 167 to 436). When
these 5 hospital characteristics were added into the regression
model, none was significantly associated with spending at least
25% of remaining life hospitalized (P . .25 for all).

Table 1. Continued

Characteristic No. (%) Percent Patients Spending
≥25% of Remaining Life
Hospitalized

Discharge disposition after index hospitalization for GBM diagnosis
Home 2300 (45.7) 11.1
Home with services 588 (11.7) 14.6
Rehabilitation 483 (9.6) 33.1
ICF/SNF 921 (18.3) 30.6
Hospice 182 (3.6) 36.3
Expired 132 (2.6) 100.0

Cumulative days hospitalized, including
index hospitalization and all
rehospitalizations, median (IQR)

15 (8–26) 25 (16–39)

Abbreviations: GTR, gross total resection; STR, subtotal resection; ICF, intermediate care facility; SNF, skilled nursing facility; IQR, interquartile range.

Fig. 2. Overall survival of older glioblastoma patients, from date of diagnosis, with accompanying 95% CI lines.
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Table 2. Distribution of patients according to hospitalization burden after index hospitalization*

Characteristic ,25% of Remaining Life Spent
Hospitalized (n¼ 3906)

25%–100% of Remaining Life
Spent Hospitalized (n¼ 991)

P

Age at diagnosis, y ,.001
64 to ≤74 54.1 43.5
75 to ≤84 38.4 48.1
85+ 7.6 8.4

Gender .967
Male 51.5 51.5
Female 48.5 48.5

Race/ethnicity .005
White, non-Hispanic 88.9 85.8
Hispanic 5.5 6.2
Black 3.2 5.9
Asian 1.5 1.1
Other 0.9 1

Marital status .002
Married 61.6 56.6
Unmarried 12.1 12.7
Unknown 26.3 30.7

Comorbidity score ,.001
0 63.5 52.6
1 25.2 27.1
2+ 11.4 20.3

Year of diagnosis .816
1999–2001 27.4 27.1
2002–2004 36.5 36.4
2005–2007 36.1 36.4

Census tract income .856
Lower income (,median) 34.2 35.5
Higher income (.median) 65.8 64.5

SEER registry region .06
Northeast 7.3 6.4
South 10.7 8.9
Midwest 15.5 18.4
West 66.5 66.4

Tumor extent .046
1 brain lobe 75.4 71.9
2+ brain lobes 18 21.3
Unknown 6.6 6.9

Surgery ,.001
Extensive (GTR) 27.4 19.4
Limited (biopsy/STR) 72.6 80.6

Radiotherapy delivered ,.001
Yes 77.9 57.8
No 22.1 42.2

Temozolomide delivered ,.001
Yes 21.2 5.5
No 78.8 94.5

Other chemotherapy delivered ,.001
Yes 23.3 10.5
No 76.7 89.5

Continued
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Discussion
Elderly patients with GBM have a very poor prognosis, with medi-
an survival of ,6 months from the time of diagnosis for patients
aged 65 and older,3 – 10 and population-based data so far have
not suggested major survival gains among these patients in the
temozolomide era.18 In the context of such short survival among
the elderly, a focus on quality of life during a patient’s remaining
life becomes a primary goal. Given that avoiding hospitalizations
is one of the chief concerns among advanced cancer patients in
general11 and among high-grade glioma patients specifically,13

plus the growing call to reduce hospital readmissions to improve
quality of patient care,19 we analyzed the frequency, duration,
and factors associated with hospital admissions among elderly
GBM patients in the United States. We found an extraordinary

burden of hospitalization experienced by a large proportion of el-
derly patients despite a median survival of ,5 months, with 21%
of all patients hospitalized for at least 30 days between diagnosis
and death, and 22% of all patients spending at least one-fourth
of their remaining lives as inpatients.

Little is known about factors that may be associated with hos-
pitalization among patients with brain tumors, and thus we inves-
tigated patient, treatment, and hospital-level characteristics
among elderly GBM patients and their related hospitalizations.
While one might anticipate that more aggressive treatments
such as extensive surgery, radiotherapy, and chemotherapy could
increase the proportion of remaining life that patients spend hospi-
talized, we found that these treatments were actually associated
with a lower proportion of life spent hospitalized. A common limi-
tation of using retrospective medical records to ascertain treat-
ment and outcome associations, however, is the potential for
some degree of confounding bias. Specifically, it is possible that pa-
tients selected by physicians to receive active treatments may have
had better baseline performance status and as a result were less
likely to require hospitalization in the first place. It is therefore im-
possible to assign causation, and in our data we can demonstrate
only an association, even though we have attempted to mitigate
this bias by adjusting for patient comorbidity score. Prior retrospec-
tive and prospective data have demonstrated improved survival
with surgery, radiation, and chemotherapy among elderly patients
with GBM,9,10,14,20 and this report demonstrates that they are
also associated with decreased hospitalization burden, indepen-
dent of comorbidity. The French trial by ANOCEF (Association des
Neuro-Oncologues d’Expression Française) showed no increase in
symptoms among elderly GBM patients receiving radiotherapy
compared with supportive care alone, but it did not evaluate hos-
pitalizations.9 Based on our findings, it is plausible that patients
who do not receive active treatments may be more likely to develop
tumor-related symptoms that lead to inpatient admission; yet as
outlined above, it is possible that patients with higher performance
status may have been less likely to be hospitalized, independent of
the treatments received. Similarly, when we examined hospitaliza-
tion burden according to treatment era, the association between
extensive surgery and lower hospitalization burden was lost in
the temozolomide era. It is unclear whether temozolomide itself
or other factors may be lessening the advantages of further
debulking surgery from a hospitalization standpoint, as this was a
nonrandomized setting and unknown confounders may influence
the results.

Table 2. Continued

Characteristic ,25% of Remaining Life Spent
Hospitalized (n¼ 3906)

25%–100% of Remaining Life
Spent Hospitalized (n¼ 991)

P

Discharged home after index hospitalization ,.001
Yes 52.4 25.7
No 47.6 74.3

Cumulative days hospitalized after index hospitalization,
** median (IQR)

13 (7–22) 26 (17–41) ,.001

Abbreviations: GTR, gross total resection; STR, subtotal resection; IQR, interquartile range.
*Excluding the 132 patients who did not survive their initial hospitalization for glioblastoma diagnosis. All values represent percentages.
**Among all patients surviving index hospitalization.

Table 3. Inpatient and outpatient visit characteristics among older
glioblastoma patients*

Characteristic Percent of Remaining Life Spent
Hospitalized

,25%
(n¼ 3906)

25–100%
(n¼ 991)

Length of stay, index hospitalization
for GBM diagnosis, median n days
(range)

5 (1–58) 10 (1–97)

No. (%) of patients with ≥1
hospitalization after index
hospitalization

2697 (69.0) 716 (72.3)

Cumulative length of stay, all 17 (2–170) 31 (5–229)
rehospitalizations,
median n days (range)

Total n hospitalizations per patient, 2 (1–17) 3 (1–18)
median (range)

No. (%) of patients with ≥1
outpatient visit after index
hospitalization

3820 (97.8) 930 (93.8)

Total n outpatient visits per patient,
median (range)

16 (1–318) 10 (1–184)

*Excluding the 132 patients who did not survive their initial hospitalization
for GBM diagnosis.
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In addition to treatment-related factors, we found that age
was not associated with hospitalization burden, whereas increas-
ing patient comorbidity was associated. This suggests that even

patients in their 70s or 80s are not necessarily at higher risk of
spending much of their remaining lives in the hospital after a
diagnosis of GBM simply based on age, as long as they otherwise

Fig. 3. Risk-adjusted odds ratios for spending ≥25% of remaining life hospitalized.

Fig. 4. Risk-adjusted odds ratios for spending ≥25% of remaining life hospitalized, stratified by treatment era. X-axis displayed on a logarithmic scale.
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have minimal to no comorbid disease. We also observed that in-
dependent of treatment, elderly black patients were more likely
to spend a larger proportion of their remaining lives admitted to
the hospital compared with other races. One previous report
found that black patients with GBM were significantly less likely
to receive upfront surgical resection,3 but other reports have
not found significant overall differences in survival between
races.4 One possibility is that black patients were more likely to
pursue aggressive care near the end of life, as has been shown
elsewhere among patients with advanced cancers,21 although
definitive conclusions cannot be reached with our dataset,
which is based on administrative claims and not patient survey
data.

Unfortunately there have been few advances in the past 3 de-
cades that have substantially extended the lives of patients with
GBM, particularly among the elderly, who are half of the GBM pop-
ulation. The EORTC/NCIC trial reported by Stupp et al.2 found an
OS advantage by adding temozolomide to radiotherapy, but
this study excluded patients over age 70, and a subgroup analysis
in this trial demonstrated no survival benefit to adding temozolo-
mide among the 83 patients who were ages 65 to 70.22,23 Thus
the optimal treatment strategy for GBM among the elderly re-
mains unclear. An ongoing EORTC/NCIC/TROG (Trans Tasman Ra-
diation Oncology Group) randomized phase III trial (EORTC
26062–22061), which adds concurrent and adjuvant temozolo-
mide to 40 Gy hypofractionated radiotherapy, is currently being
tested among patients age 65 and older with favorable perfor-
mance status and will hopefully define a subset of elderly pa-
tients who may benefit from combined modality therapy.
European and Canadian trials have demonstrated that abbreviat-
ed courses of radiotherapy alone or temozolomide alone appear
to be reasonable treatment options among patients who are at
least 60 years of age5 – 8 and are superior to supportive care
alone.8,9 In particular, temozolomide monotherapy may be a rea-
sonable option for patients whose tumors harbor O6-DNA
methylguanine-methyltransferase promoter methylation, which
confers greater sensitivity to temozolomide.5 However, none of
these regimens has been compared in a randomized fashion
with concurrent chemoradiation as per the Stupp regimen, and
in the United States there may be a tendency among physicians
to still recommend aggressive, full-course combined modality
treatments more frequently for elderly patients,18 as opposed
to monotherapy treatment options, which are typically viewed
as palliative. Despite this, the high hospitalization burden we ob-
served among elderly GBM patients may not be particular to the
US health-care system. A population-based study of Canadian pa-
tients in the 1980s and 1990s found that after a diagnosis of
GBM, approximately 1 out of every 4 patients aged 60 years or
older spent over half of their remaining lives in the hospital, a
rate that was 4 to 5 times higher than for patients under age
40.14

Our findings demonstrate that among GBM patients with a
high hospitalization burden, the location of medical care shifts
more to the inpatient as opposed to the outpatient setting,
which is logical. However, given the poorer quality of life that pa-
tients with advanced cancers associate with hospital admis-
sion,11,13 and the recent finding that hospital admissions are
the biggest driver of health-care cost variability in the escalating
costs of cancer care in the United States,24 alternative strategies
for caring for elderly GBM patients are warranted. Pace et al.25

have recently reported outcomes from a pilot study in Italy of
home-based outpatient care for patients with brain tumors,
72% of whom had GBM, involving a care team of a neurologist,
nurses, physical therapists, psychologists, and a social worker.
The mean length of home assistance was 5.5 months, averaging
�35 total visits per patient. Importantly, they demonstrated that
the rehospitalization rate in the last 2 months of life was reduced
by more than half (38% for standard care vs 17% for supportive
home care, incidence rate ratio¼ 0.35, P¼ .001). It is unclear
what primary treatments these patients received, such as surgi-
cal resection, radiotherapy, and/or chemotherapy, and ongoing
study is required to understand if this care model may fit into
more widespread practice. In addition, reorganizing care delivery
for GBM patients according to standardized national guidelines
and increasing multidisciplinary team referral have been shown
to reduce hospital length of stay by nearly half and reduce emer-
gency admissions in England,26 suggesting another process im-
provement that may decrease hospitalization burden. Similarly,
involvement of a palliative care physician may also be hypothe-
sized to be associated with reduced hospitalization among GBM
patients, yet we were unable to investigate this in our current
study, as it was not until late 2009 that palliative care physicians
were recognized with a distinct subspecialty physician code with-
in Medicare.27

This study has certain limitations, mostly related to its obser-
vational design. Our analysis assumed consistent coding of vari-
ables, which may vary regionally or even by hospital. Both SEER
registry and Medicare claims data have been shown to contain in-
complete information regarding patient characteristics28 and
treatment information29,30 for certain patients, and thus our re-
sults are only as reliable as the original population-based data-
sets. This may be particularly true for temozolomide claims. As
an oral chemotherapy, it may have incurred out-of-pocket or sup-
plemental insurance expenses that were not captured by Medi-
care claims,31 and thus our results may underestimate the
prevalence of its use among our cohort. Temozolomide was
only approved for newly diagnosed GBM in 2005,32 and this report
is the first we are aware of to examine its use in GBM patients
using Medicare claims. Moreover, national databases do not con-
tain information on O6-DNA methylguanine-methyltransferase
promoter methylation status of the tumor, which is a known
prognostic factor in GBM, in part because its prognostic impor-
tance was not reported until 200533 and it is not tested in all
GBM patients. In addition, retrospective examination of adjuvant
treatment data can lead to immortal time bias, and this is rele-
vant for the interpretation of our data with regard to radiotherapy
and chemotherapy.34 Specifically, patients who receive these ad-
juvant treatments have by definition already lived long enough to
receive them, which could predispose them to improved survival
or other outcomes, compared with patients who did not receive
those therapies. This was another rationale for focusing on the
proportion of remaining life spent hospitalized as an endpoint,
since it is a fraction and therefore less sensitive to absolute num-
ber of days surviving. In addition, this endpoint may have more
valence with patients who are focused on retaining the highest
quality of life during their remaining time alive with an incurable
disease. Finally, confounding bias related to fitter patients being
selected to receive certain therapies could also affect the results
as described previously, and associations between therapies and
hospitalization burden does not imply causation.
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Ongoing study will be required to ascertain the reasons for re-
hospitalization among elderly GBM patients and associated re-
source utilization, which were not the focus of the current
investigation. A small report on 29 patients with GBM in Austria
showed that the most frequent reasons for hospital admission
in the last 2–3 months of life were difficulties in home care due
to immobility, acute deterioration, and seizure,35 yet little else is
known regarding the specific indications for inpatient admission
among this population. Neurologic symptomatology related to
mass effect in the brain may be more challenging for caregivers
to manage in the home compared with pain or other symptoms
seen among other advanced cancers, and thus the hospitaliza-
tion burden in this cohort may be unique, and further study is
warranted. The eventual goal of these investigations is to reduce
the frequency and duration of hospitalizations among elderly
GBM patients, including the prevention of potentially unnecessary
admissions to improve quality of life at the end of life.
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