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Abstract

Background. The efficacy of bevacizumab (BEV) in elderly patients with glioblastoma remains unclear. We evalu-
ated the effect of BEV on survival in this patient population using the Survival, Epidemiology, and End Results
(SEER)-Medicare database.

Methods. This retrospective, cohort study analyzed SEER-Medicare data for patients (aged >66 years) diagnosed
with glioblastoma from 2006 to 2011. Two cohorts were constructed: one comprised patients who had received
BEV (BEV cohort); the other comprised patients who had received any anticancer treatment other than BEV (NBEV
cohort). The primary analysis used a multivariate Cox proportional hazards model to compare overall survival in
the BEV and NBEV cohorts with initiation of BEV as a time-dependent variable, adjusting for potential confounders
(age, gender, Charlson comorbidity index, region, race, radiotherapy after initial surgery, and diagnosis of coro-
nary artery disease). Sensitivity analyses were conducted using landmark survival, propensity score modeling, and
the impact of poor Karnofsky Performance Status.

Results. We identified 2603 patients (BEV, n=597; NBEV, n=20086). In the BEV cohort, most patients were Caucasian
males and were younger with fewer comorbidities and more initial resections. In the primary analysis, the BEV
cohort showed a lower risk of death compared with the NBEV cohort (hazard ratio, 0.80; 95% confidence interval,
0.72-0.89; P < .01). The survival benefit of BEV appeared independent of the number of temozolomide cycles or
frontline treatment with radiotherapy and temozolomide.

Conclusion. BEV exposure was associated with a lower risk of death, providing evidence that there might be a
potential benefit of BEV in elderly patients with glioblastoma.

bevacizumab elderly glioblastoma SEER-Medicare survival

Glioblastoma accounts for the majority of adult malignant
brain tumors, with an overall incidence of 3.2 per 100,000
individuals." The median age at diagnosis is 64 years,
and the incidence in patients aged >65 years is likely to
increase due to an ageing population.’? Despite standard-
of-care treatment (surgical resection, followed by
radiotherapy and temozolomide [Stupp protocol]),®* the
prognosis for elderly patients with glioblastoma remains
poor.2 Median survival for patients who receive treatment

is 6 to 9 months®7 compared with <6 months for untreated
patients, reflecting less favorable tumor biology, less
aggressive treatment, and more comorbidities.?8

Since receiving US Food and Drug Administration (FDA)
approval in 2009 for the treatment of adults with recurrent
glioblastoma,*' bevacizumab (BEV) has been widely used
for this indication in the US (in two US cohorts, 80% to
86% of patients with recurrent glioblastoma had received
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BEV'213). In phase lll trials, BEV prolonged progression-free
survival (PFS) in adults with newly diagnosed glioblast-
oma, but did not confer an overall survival (OS) benefit
in the overall population.''7 The lack of OS benefit may
partially be attributed to crossover between arms, with
patients in the placebo arm receiving BEV in later therapy
lines (in the AVAglio and RTOG 0825 trials, 31% and 48% of
patients in the placebo arms received BEV, respectively).

There is variability in vascular endothelial growth fac-
tor (VEGF) expression between glioblastoma subtypes,
and BEV may have greater beneficial effect in elderly
patients given the evidence from uncontrolled studies
of the increased activity of VEGF in elderly patients.™ 1819
However, information on outcomes in this patient popu-
lation is limited; these patients are often excluded from
randomized controlled trials (RCTs), and guidelines do
not exist for patients aged >70 years.?>?22 A recent rand-
omized, open-label, phase Il trial (ARTE) evaluated the effi-
cacy of the addition of BEV to radiotherapy in the elderly
(>65 years), but was limited to newly diagnosed patients
(n =75), which does not reflect the current BEV label, and
was not adequately powered to evaluate survival among
the patients studied."”

Registry data provide an alternative avenue to evaluate
the role of BEV in elderly patients with glioblastoma. The
Survival, Epidemiology, and End Results (SEER) Program
is a population-based, national network of cancer regis-
tries that covers approximately 26% of the US population.
Medicare is a publicly funded US health insurance system,
open to people who are >65 years of age or diagnosed with
end-stage renal disease or some other disability, which was
estimated to have covered 14% of the total US population
and the entire elderly population (41 million elderly individu-
als) in 2012.22 The SEER-Medicare database links these two
databases, and has been shown to be a feasible method of
evaluating survival outcomes in elderly patients with inci-
dent cancer.?+?’

There have been no previous descriptions of BEV use,
and subsequent outcomes, in elderly patients with glio-
blastoma from a population-based setting. The primary
objective of this study was to estimate the risk of death
of elderly patients with glioblastoma who had received
BEV, compared with those who had never received BEV,
using SEER-Medicare data. A secondary objective was
to describe the pattern of BEV treatment in this patient
population.

I
Methods

Study Design and Data Source

This was a retrospective, cohort study using the 2015
SEER-Medicare database, the latest data set available.
The 2015 SEER-Medicare release data include SEER diag-
noses between January 1, 1993 and December 31, 2012
and Medicare claims data through December 31, 2014.
Data on tumor characteristics, demographics, and date of
death were extracted from the SEER database and indi-
vidual treatment data were extracted from the Medicare
claims.

Cohort Selection

From the SEER database, we identified a cohort of patients
>66 years of age, newly diagnosed with a glioblastoma
tumor between 2006 and 2011, who received an initial resec-
tion or biopsy (15 days prior to, or 60 days after, diagnosis)?*
and anticancer treatment any time after surgery. Patients
were extracted based on International Classification Disease
for Oncology (ICD-O) histology (9440/3, 9441/3, and 9442/3)"
and topology codes (ICD-O: C70.0 and C71.0-C71.9). The
period from 2006 to 2011 was chosen to coincide with the
first approval of bevacizumab in 2006, when patients could
have received treatment for glioblastoma off-label. Patients
diagnosed in 2012 were excluded to allow a minimum
1-year follow-up after diagnosis. In order to have a full year
of data prior to diagnosis, all patients <65 years of age were
excluded as their Medicare claims would not be system-
atically available. Patients who did not undergo surgery,
whose surgery data were missing, or who only received
best supportive care after surgery were excluded.

To ensure data completeness and make sure that detailed
claims for all individuals were reported to Medicare and
available in the database, all patients included in the study
required continuous enrollment in Medicare Part A and
Part B for >1 month prior to diagnosis until death or the
end of the study period (December 2012).28 Any patient
enrolled in a Health Maintenance Organization (HMO)
1 month prior to diagnosis until death or the end of the
study period (December 2013) was excluded, as treatment
information covered by an HMO would not be reported
to the Medicare database. Additional exclusion criteria
were: cases identified solely at autopsy/by death certifi-
cates, or with an unknown month of death; prior diagno-
sis of another primary cancer within 1 year of glioblastoma
diagnosis; enrollment in hospice care before, or at the
time of, glioblastoma diagnosis; and patients lacking Part
B Medicare coverage, as information regarding outpatient
services were not available.

Primary Analysis Cohorts

Two cohorts were constructed based on BEV exposure:
one cohort comprised patients who had undergone initial
surgery/resection and received BEV at any time after diag-
nosis (BEV cohort), and another cohort comprised patients
who had undergone initial surgery/resection and received
any anticancer treatment other than BEV at any time after
diagnosis (NBEV cohort).

Covariates

Patient demographics were obtained from the SEER database.
The prevalence of comorbidities extracted from Medicare
data was assessed with the Klabunde adaptation (a vali-
dated method of calculating comorbidity indices from SEER-
Medicare dataset)?%3° of the Charlson comorbidity index (CCI).
Comorbidities commonly associated with glioblastoma were
identified a priori to assess their prevalence at glioblastoma
diagnosis; CCl and comorbidities data were calculated 1 year
prior to diagnosis. Socioeconomic status was evaluated
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according to the percentage of people living at or below the
federal poverty level in a patient’s census tract of residence
(<10% vs >10%), using data from the 2008 to 2012 American
Community Survey. Surgery, radiation, and chemotherapy
claims were obtained from Medicare; an individual was con-
sidered to have received a treatment if one or more claim
included a code for each specific treatment. ICD-9 diagnosis,
procedure, national coverage determinations codes, and rev-
enue cost codes were used to identify initiation of treatment.

Statistical Analysis

The effectiveness on OS of BEV over non-BEV treatment
was the primary objective of this study. OS was measured
from date of diagnosis until death. All statistical analyses
were performed using SAS® (version 9.3; SAS Institute,
Cary, NC) and R.

Demographic and Clinical Characteristics by
Treatment Group

Comparisons between cohorts were made with chi-square
tests for categorical variables and Wilcoxon rank-sum tests for
continuous variables (two-sided test; Pvalue threshold < .05);
no adjustments for multiple comparisons were made.

Survival Modeling

The primary analysis used a multivariate Cox propor-
tional hazards model to compare OS in the BEV and NBEV
cohorts, adjusting for potential confounders (age at diag-
nosis, gender, CCl, region of treatment, race, radiotherapy,
diagnosis of coronary artery disease, marital status, and
socioeconomic status), with initiation of BEV as a time-
dependent variable (patients were considered “unex-
posed” prior to their first BEV initiation and “exposed”
thereafter). Variables chosen for the final model were based
on known prognostic factors and forward stepwise selec-
tion, and were confirmed by backward stepwise selection.
The proportional hazards assumption was evaluated with
the proportionality test and cumulative martingale residu-
als for all variables; collinearity across the model was eval-
uated with variation inflation factor and tolerance.

Sengsitivity Analyses

Sensitivity analyses were conducted to evaluate the
strength of the primary analysis results, including the
potential impact of extent of resection, temozolomide
exposure, period of diagnosis, baseline Karnofsky
Performance Status (KPS), and propensity score modeling.
A landmark method was also explored, with and without
an intent-to-treat (ITT) approach, to control for immortal
time bias.3'32 Additional details on the sensitivity analyses
are available in the Supplementary methods.

I
Results

Patients

Of the 32,745 patients with glioblastoma who were iden-
tified in the SEER-Medicare database, 2603 met the study

inclusion/exclusion criteria and were included in the full
cohort (BEV, n =597 [23%]; NBEV, n = 2006 [77%]; Fig. 1).
Patients in the BEV cohort were younger, male, Caucasian,
married, and from a lower socioeconomic status (census
tract poverty level <10%), and had fewer comorbidities,
compared with the NBEV cohort. A higher proportion of
patients in the BEV cohort underwent an initial resection
compared with the NBEV cohort (81% vs 68%, respectively;
Table 1).

Treatment Exposures

In the full cohort, 71% and 99% of patients underwent sur-
gical resection and radiotherapy within 90 days of diagno-
sis, respectively; exposure to radiotherapy did not differ
(98% and 99% of patients in the BEV and NBEV cohorts,
respectively). Temozolomide was the most frequent treat-
ment across the full cohort, and was more common in the
BEV than NBEV cohort (75% vs 51%). The median time
from diagnosis to temozolomide initiation was 1.5 months
(Table 2).

A total of 597 patients (23%) had received BEV. In
patients who had been diagnosed with glioblastoma after
2009, 391 of 1346 (29%) received BEV.The median time to
initiation of BEV from diagnosis was 8 months (interquar-
tile range [IQR], 5-13), and patients received a median of 6
cycles (IQR, 2-13; Table 2).

Survival Analysis

By the end of the study period, 2446 (94%) patients had
died (BEV cohort: 512 [86%]; NBEV cohort: 1934 [96%]),
and 157 (6%) patients were censored (BEV cohort: 85
[14%]; NBEV cohort: 72 [4%]). The median OS for the full
cohort was 7.2 months (95% confidence interval [Cl]: 6.9-
7.6); the median OS was 16.8 months (95% CIl: 16.0-17.8)
in the BEV cohort and 5.7 months (95% Cl: 5.5-5.9) in the
NBEV cohort.The 6-, 12-, 18-, and 24-month survival prob-
ability was consistently higher in the BEV cohort than in
the NBEV cohort (92.8% vs 47.1%, 72.7% vs 19.7%, 45.2%
vs 10.3%, and 26.8% vs 5.4%, respectively; Supplementary
Table S1).

The multivariate Cox model with BEV exposure as a
time-dependent variable showed that the BEV cohort
was associated with a statistically significant lower risk
of death, compared with the NBEV cohort (hazard ratio
[HR]: 0.80; 95% CI: 0.72-0.89; P < .01; Fig. 2). Younger age,
radiotherapy, fewer comorbidities at baseline, marital sta-
tus, lower poverty level, and no coronary artery disease at
baseline were also associated with longer survival (Fig. 2).

Sensitivity Analyses

The primary analysis results were consistent after adjust-
ing for additional therapies and KPS in separate models.
The effect of BEV on OS appeared independent of the
extent of resection, number of temozolomide cycles or
front-line treatment with radiotherapy and temozolo-
mide (Stupp protocol), and diagnosis period (post-2009)
(Table 3). A propensity score matched (PSM) cohort (416
patients in each cohort) showed a significantly lower risk
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Patients with glioblastoma in the
SEER-Medicare database
(1993-2012)
(n=32,745)

Patients 266 years of age with primary
glioblastoma diagnosed between
2006 and 2011
(n=6369)

Patients with primary glioblastoma with
continuous enrollment
(n=4192)

Patients with glioblastoma who had
initial surgery and received some from
of anticancer therapy
(n=2603)

Excluded (n = 26,376)

Aged <66 years of age (n = 4013)
Diagnosed 1993-2005 (n = 5708)
Diagnosed with additional primary cancer
within 1 year of diagnosis (n = 6663)
Brain cancer site and histology not
correctly identified (n = 9992)

Excluded (n=2177)

No continues enroliment in

Part A and B (n = 421)

Enrolled in a HMO (n = 1682)
Diagnosed with glioblastoma at death
(autopsy) (n = 16)

Enrolled into a hospice at

diagnosis (n = 14)

Invalid death or diagnosis dates (n = 44)

Excluded (n=2177)

No evidence of biopsy/resection
between 15 days before to 60 days after
glioblastoma diagnosis (n = 791)

No evidence of radiotherapy or
chemotherapy after glioblastma
diagnosis (n = 798)

BEV cohort: received
BEV-containing treatment
(n=597)

Fig. 1

of death and an observed longer survival in the BEV cohort
(HR: 0.54; 95% CI: 0.46-0.63; P < .01). The longer survival
associated with the BEV cohort remained when using the
landmark analysis without the ITT approach (Table 3). In
the comparison of a matched cohort of 460 patients who
had lived for =8 months, the BEV cohort had longer OS
(median, 11.2 months [95% Cl: 10.3-13.1]) compared with
the NBEV cohort (median, 6.8 months [95% Cl: 5.6-7.6]; HR:
0.60; 95% CI: 0.49-0.74; P < .01); OS was measured from
the landmark date (Fig. 3). Similar results were observed
in a matched cohort of 372 patients who had lived for
>10 months (Table 3). However, when using the ITT
approach (allowing for crossover), no improvement in sur-
vival was observed with BEV (Table 3).

Baseline KPS scores were not available in the SEER
database, and so to evaluate the potential impact of this
confounder, a simulation was performed using published
prevalence estimates of patients with high (>70) and
low KPS scores (<70).3334 After assessing the impact of

NBEV cohort: received any anticancer
treatment other than BEV
(n=2006)

Patient flow. Abbreviations: BEV, bevacizumab; HMO, Health Maintenance Organization; SEER, Surveillance, Epidemiology, and End Results.

unmeasured KPS on the primary model, the advantage of
BEV appeared robust to the impact of performance status
across the cohorts. For example, if it were assumed that
high KPS (>70) had a survival advantage with a HR of 0.73,
and that 90% of patients in the BEV cohort had high KPS
and 50% of the patients in the NBEV cohort had low KPS
(<70), the treatment effect of BEV would not be diminished
(SupplementaryTable S2).

I
Discussion

Elderly patients (aged >66 years) constitute the highest pro-
portion of glioblastoma cases in the US. However, few RCTs
have been conducted in this patient population, and their
optimal treatment remains unclear. Although not a sub-
stitute for RCTs, population-based registries can address
research areas that have not been studied in a trial setting.
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vz
Table 1. Patient demographics and clinical characteristics § ﬁ
Characteristic BEV Cohort NBEV Cohort Total Coho é ?O
(n=597) (n=2006) (n=2603) 5
Age, years 8
Mean (SD)aP 72.3 (5.0) 74.8 (5.8) 74.2 (5.7) 5
Median (range) 71 (66-90) 74 (66-97) 74 (66-97) S
Age group, n (%)2¢
66 to <70 years 220 (37) 444 (22) 664 (26)
70 to <75 years 196 (33) 576 (29) 772 (30)
75 to <80 years 120 (20) 546 (27) 666 (26)
80 to <85 years 49 (8) 333(17) 382 (15)
>8b years 12 (2) 107 (5) 119 (5)
Female, n (%)?¢ 247 (41) 926 (46) 1173 (45)
Race, n (%)2°
Caucasian 569 (95) 1827 (91) 2396 (92)
Other 28 (5) 179 (9) 207 (8)
Regiona°
Midwest 63 (11) 293 (15) 356 (14)
Northeast 162 (27) 399 (20) 561 (22)
South 101 (17) 477 (24) 578 (22)
West 271 (45) 837 (42) 1108 (43)
Marital status, n (%)2°
Single 27 (5) 130 (7) 157 (6)
Married 450 (75) 1306 (65) 1756 (67)
Divorced/separated 31 (5) 113 (6) 144 (6)
Widowed 76 (13) 395 (20) 471 (18)
Unknown 13(2) 62 (3) 75 (3)
Census tract poverty level, n (%)<
<10% poverty 407 (68) 1118 (56) 1525 (59)
>10% poverty 187 (31) 856 (43) 1043 (40)
Patients with a date of diagnosis post-2009, n (%) 391 (66) 955 (48) 1346 (52)
Adaptation of CCI, median (range) & 0 (0-6) 0 (0-10) 0 (0-10)
Type of initial surgery, n (%)
Biopsy 112 (19) 633 (32) 745 (29)
Resection 485 (81) 1373 (68) 1858 (71)
Received radiotherapy after initial surgery, n (%) 586 (98) 1987 (99) 2573 (99)
Radiotherapy/temozolomide as front-line treatment, n (%)< 394 (66) 942 (47) 1336 (51)
Comorbidities associated with glioblastoma, n (%)
Seizures 17 (3) 68 (3) 85 (3)
Coronary artery disease®* 58 (10) 316 (16) 374 (14)
Cerebrovascular accident?© 13 (2) 84 (4) 97 (4)

aSignificant difference between treatment cohorts (P < .05).

bWilcoxon rank-sum test.

¢Chi-square test.

dSocioeconomic status was evaluated according to the percentage of people living at or below the federal poverty level in a patient’s census tract
of residence (<10% vs 210%) according to the 2008-2012 American Community Survey (data were not available for all patients).

eStandard of care (Stupp protocol).? Abbreviations: BEV, bevacizumab; BEV cohort, patients who had received BEV-containing treatment; CCl,
Charlson comorbidity index; NBEV cohort, patients who had received any anticancer treatment other than BEV; SD, standard deviation.
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Table2. Temozolomide and BEV treatment exposure

Treatment Exposure

BEV Cohort NBEV Cohort Total Cohort

Temozolomide

Patients who received temozolomide, n (%)

Number of cycles, mean (SD)

Number of cycles, median

Median time to initiation of treatment from diagnosis, months
Mean time to initiation of treatment from diagnosis, months (SD)
BEV

Number of cycles, mean (SD)

Number of cycles, median (IQR)

Median time to initiation of treatment from diagnosis, months (IQR)

Mean time to initiation of treatment from diagnosis, months (SD)

(n=597)

(n=2006) (n=2603)

447 (75) 1029 (51) 1476 (57)
7.5 (6.7) 4.1 (5.0) 5.1(5.8)
6 2 3
1.4 25, 25,
2.0(88.4) 1.9 (90.6) 1.9 (89.9)
9.5(1)
6 (2-13)
8(5-13)
10 (7.7)

Abbreviations: BEV, bevacizumab; BEV cohort, patients who had received BEV-containing treatment; IQR, interquartile range; NBEV cohort,
patients who had received any anticancer treatment other than BEV; SD, standard deviation.

Our analysis provides an insight into the postsurgical treat-
ments used and evidence for the comparative survival
benefit of BEV among elderly patients with glioblastoma.

The most common postsurgical treatments in this
cohort were radiotherapy (99%) and temozolomide
(57%), which is in line with previous studies and National
Comprehensive Cancer Network guidelines.82235 BEV was
received by 23% of patients; among those diagnosed after
2009 (the year in which BEV received FDA approval), this
proportion increased to 29%. This is in the range of pre-
viously reported rates of BEV exposure among elderly
patients (19% and 39%).3536The median time to initiation of
BEV treatment from diagnosis was 8 months, suggesting
that BEV is primarily used in the recurrent setting.

The BEV cohort had a lower risk of death than the NBEV
cohort, after adjusting for potential confounding variables.
The treatment effect of BEV was consistent in a PSM cohort
who had lived for 28 months. This may represent a patient
population with a glioblastoma subtype that is sensitive to
BEV, and research has suggested that certain subcohorts
of patients with recurrent glioblastoma may derive par-
ticular benefit from BEV.3” Previous studies from clinical
practice that have included elderly patients have shown
an increased survival with BEV in patients with glioblas-
toma.283%38 A population-based analysis of the SEER pro-
gram reported a significant improvement in median OS
for patients who died in 2010 (post-BEV era) of 9 months,
compared with 7 months among patients who died in
2008 (pre-BEV era). In that study, 587 (31%) patients in the
2008 cohort and 571 (29%) patients in the 2010 cohort were
>70 years old.The significant increase in survival (P<.0001)
was attributed to FDA approval of BEV.3® A US-based, sin-
gle-center study of 120 elderly patients with glioblastoma
reported a significantly lower risk of death associated with
BEV treatment in a multivariate stepwise analysis (HR: 0.51;
95% Cl: 0.31-0.83; P<.01).35The lower risk of death associ-
ated with BEV in this previous study, compared with our
study, may be due to the fact that immortal time bias may
not have been fully adjusted for. Furthermore, results from

a French cohort of 117 elderly patients with glioblastoma
reported a HR of 0.83 in favor of BEV at recurrence, similar
to our estimate.® In addition to patient selection, a survival
benefit for the BEV group may also be a result of a general
increase in survival over the years, including advances in
neurosurgery, improved planning in radiotherapy, as well
as advances in structured standardized patient care.

Risk of death increased with age and pretreatment mor-
bidity as expected. Unmarried patients were less likely
to receive BEV and had an increased risk of death, which
has been shown previously; further research is needed to
understand the impact of marital status on outcomes.*°
Radiotherapy after surgery also significantly reduced the
risk of death, which is aligned with previous clinical studies
and routine clinical practice setting suggesting an improve-
ment of survival associated with radiotherapy.>The magni-
tude of the effect we observed (HR: 0.56) was similar to a
recent cohort of elderly patients with glioblastoma in the
US that reported an increased risk of death among patients
only receiving postsurgical chemotherapy compared with
patients receiving combined chemotherapy and radiother-
apy (HR: 1.5, P<.001).8

The survival benefit with BEV observed in our study dif-
fers from RCTs of BEV, which did not show an OS bene-
fit.%1%17 This may be due to the fact that elderly patients
only comprise a small proportion of patients in RCTs, des-
pite representing a substantial proportion of patients in
clinical practice. The OS observed in RCTs may have been
negatively impacted by crossover, in which patients in the
control arm received poststudy BEV.#'#? In the landmark
analyses with an ITT approach, which mimics a phase lll
RCT, crossover was 31% and 30% in each of the cohorts; in
these cohorts, no significant improvement in survival with
BEV was shown. Available trial-based evidence in the eld-
erly can be extracted from the ARTE trial and subgroup ana-
lysis of AVAglio. In the ARTE trial (n = 75), which evaluated
the combination of BEV with radiotherapy (BEVR) versus
radiotherapy alone in elderly patients (>65 years of age)
with newly diagnosed glioblastoma, a longer median PFS in
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S 5
q g
Variable HR (95% Cl)  P-Value Favors Favors E ?
first named second named ® 0O
variable variable =]
3
Marital status 5
gﬂoar:;es?ic\:li) 2:{?:3/ Uit Esy 0.74 (0.62-0.87) < .01 [ — 8
Sopemeddured 9 om0t o ———
LJS;ZZXYQ r‘)’::r']';?'e/ T 0.86 (0.65-1.15) .32 s
mgﬁ‘;";ﬁg ;’z:r']';?'e/ unmarried 0.81(0.67-0.99) .03 —a—
Census tract poverty level
084 072-096) o —a—
gg/“;c: ?Zﬁ);méicgr‘t’; 0.91(0.79-1.04) .16 — —
;8;: Ig ngoﬁ gg\‘gg vs 098 (0.86-1.12) .73 —a—
Unknown vs 20% to 100% poverty  0.82 (0.57—1.17) .27 i i
Age, years
66-69 vs 85+ 0.46 (0.37-0.57) <.01 —a—
70-74 vs 85+ 0.57 (0.46-0.70) < .01 ——
75-79 vs 85+ 0.65 (0.53-0.80) < .01 —a—
80-84 vs 85+ 0.98 (0.79-1.22) .87 —
Gender
Female vs male 0.91 (0.84-0.99) .03 i
Region
Midwest vs South 0.59 (0.47-0.75) .28 —a—
North central vs South 0.75 (0.65-0.85) < .01 —a—
West vs South 0.77 (0.69-0.85) < .01 -
ccCl
0vs 4+ 0.59 (0.47-0.75) <.01 ——
1vs 4+ 0.68 (0.54-0.87) < .01 —a—
2vs 4+ 0.75 (0.57-0.98) .04 b— —
3vs 4+ 0.75 (0.55-1.01) .06 —a—
Race
Black vs white 0.87 (0.69-1.09) .22 —a—T1
Other vs white 0.78 (0.58-1.04) .09 B —
Radiotherapy after surgery
Yes vs no 0.56 (0.38-0.80) < .01 —a—
Coronary artery disease
No vs yes 0.81(0.72-0.91) <.01 — —
Treatment group
BEV vs NBEV 0.80 (0.72-0.89) < .01 ——
0.I25 0.I50 0.I75 1.0 1 .I25

Fig. 2 Multivariate Cox model of treatment effect on 0S with bevacizumab exposure as a time-dependent variable. Abbreviations: BEV,
bevacizumab; BEV cohort, patients who had received BEV-containing treatment; CCI, Charlson comorbidity index; Cl, confidence interval; HR, haz-
ard ratio; NBEV cohort, patients who had received any anticancer treatment other than BEV; 0S, overall survival.
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Table 3. Summary of sensitivity analyses examining 0S with BEV versus NBEV

Sensitivity Analysis

BEV Cohort

NBEV Cohort

Extent of resection

HR for BEV vs NBEV (95% Cl)
Pvalue

Number of temozolomide cycles (categorical variable)?
HR for BEV vs NBEV (95% Cl)
Pvalue

Number of temozolomide cycles (continuous variable)
HR for BEV vs NBEV (95% Cl)
Pvalue

Stratified by Stupp protocol®

HR for BEV vs NBEV (95% ClI)
Pvalue

Diagnosed post-2009

HR for BEV vs NBEV (95% Cl)
Pvalue

PSM cohort

Median OS, months (95% Cl)

HR for BEV vs NBEV (95% Cl)
Pvalue

PSM landmark analyses (non-ITT approach)
>8 months

Median OS, monthsP (95% Cl)

HR for BEV vs NBEV (95% Cl)
Pvalue

210 months

Median OS, months® (95% CI)

HR for BEV vs NBEV (95% Cl)
Pvalue

Landmark analyses (non-ITT approach)
>8 months

Median OS, months® (95% ClI)

HR for BEV vs NBEV (95% Cl)
Pvalue

>10 months

Median OS, months® (95% Cl)

HR for BEV vs NBEV (95% Cl)
Pvalue

Landmark analyses (ITT approach)
>8 months

Median OS, months® (95% CI)

HR for BEV vs NBEV (95% Cl)
Pvalue

210 months

Median OS, months® (95% ClI)

HR for BEV vs NBEV (95% Cl)

Pvalue

aTemozolomide cycles were considered using the following categories: 0, 1-4, and >5 cycles.

b0S from landmark date.
31% of patients received BEV.

(n=597)

n =597
0.83(0.74-0.92)
<.01

n =597
0.81(0.73-0.90)
<.01

n =597
0.82(0.73-0.91)
<.01

n =597
0.79(0.71-0.88)
<.01

n=2391
0.79 (0.69-0.92)
<.01

n=416

16.97 (16.10-18.43)
0.54 (0.46-0.63)
<.01

n=230

11.23 (10.30-13.10)
0.60 (0.49-0.74)
<.01

n=186

10.83 (8.93-12.03)
0.66 (0.52-0.83)
<.01

n=519

10.2 (9.30-11.2)
0.72 (0.63-0.82)
<.01

n=474
9.17 (8.20-10.0)
0.67 (0.58-0.77)
<.01

n=218
7.17 (5.77-8.13)
1.13 (0.96-1.32)
.15
n=239
6.53 (5.63-7.53)
1.28 (1.09-1.51)
<.01

(n=2006)
n=2006

n=2006

n=2006

n=2006

n =955

n=416
6.70 (6.37-7.43)

n=230
6.77 (5.60-7.60)

n=186
6.17 (5.00-7.73)

n=688
5.17 (4.563-5.77)

n=515
5.60 (4.83-6.67)

n=989°
7.50 (6.77-8.30)

n=750¢
8.03 (7.17-9.07)

930% of patients received BEV. Abbreviations: BEV, bevacizumab; BEV cohort, patients who had received BEV-containing treatment; Cl, confidence interval; HR, hazard
ratio; ITT, intent-to-treat; NBEV cohort, patients who had received any anticancer treatment other than BEV; 0S, overall survival; PSM, propensity score matched.
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Fig.3 Kaplan—Meier estimates of 0S in PSM cohort of patients who had lived for >8 months. Figure shows survival from 8 months. Abbreviations:
BEV, bevacizumab; Cl, confidence interval; HR, hazard ratio; 0S, overall survival; PSM, propensity score matched.

the BEVR arm of 7.6 months versus 4.8 months in the radio-
therapy arm was observed, but no difference in median OS
of 12.1 and 12.2 months, respectively, was detected.The trial
was not adequately powered to evaluate survival among
the patients studied and OS findings were inconclusive.
Although ARTE was comprised of elderly patients, the treat-
ment setting is not comparable to the patient population
in our analysis, as the majority of patients in our analysis
were not receiving BEV at diagnosis, which could contribute
to conflicting results.’” Additionally, in the phase Il AVAglio
study, evaluating the effect of the addition of BEV to radio-
therapy with concurrent temozolomide, a subgroup analysis
of patients >70 years of age failed to show an improvement
in survival (HR: 0.88, 95% CI: 0.83-1.18)."% While the point
estimate remains in the same direction as our study, the lack
of significance could reflect an issue of statistical power and
small groups and the treatment setting in our cohort was
not restricted to newly diagnosed patients.?'

There are limitations to our analysis. While multivari-
ate and propensity-score based methods can minim-
ize measured confounding, these approaches cannot
address sources of unmeasured confounding (KPS and
06-methylguanine-DNA-methyltransferase [MGMT] pro-
motor status). KPS is not captured in the SEER-Medicare
database; however, given the patient selection criterion that
all patients received adjuvant treatment, the distribution of
KPS at diagnosis between the two cohorts may have been
similar. Simulations were conducted in which we assumed
that there was a bias for better KPS in the BEV cohort, and
this did not change the direction of treatment effect. Data for
MGMT promotor status, which has been shown to be pre-
dictive of treatment response, were also not included in this
analysis.** Further evidence is needed on the genetic sig-
natures in elderly patients to assess any potential confound-
ing impact. Although our results are not generalizable to all

patients with glioblastoma, the incidence of glioblastoma
peaks in patients >65 years of age, and these results describe
an important group of patients who are often not included
in RCTs. Selection bias may have been introduced due to
the exclusion of a small number of patients with incomplete
claims and HMO coverage and exclusion of patients who
received only best supportive care after surgical biopsy or
resection. Elderly patients with no treatment are known to
have the worse prognosis and were excluded to enable a fair
comparison with patients receiving BEV.824

Retrospective observational studies are prone to immor-
tal time bias, where patients who live longer may have
a better KPS and other prognostic features and have a
higher probability of receiving a certain treatment. Since
BEV is the recommended standard-of-care treatment for
patients with recurrent glioblastoma in the US,?? patients
in the BEV cohort had a higher probability of living long
enough to have received BEV, compared with patients in
the NBEV cohort. To account for this, we performed mod-
eling that controlled for time-independent factors and ini-
tiation of BEV as a time-dependent factor. Time-dependent
modeling is a common method to control for immortality
bias when assessing treatment effect, but it does not allow
any difference in median survival to be assessed without
bias due to reverse causality and interpretation of the risk
of death represents the risk at initiation of BEV. Given the
limitations, the landmark method was also explored in our
analysis, which is an additional method to offset immortal
time bias in observational research and enables the com-
parison of OS from a landmark date. However, landmark
analyses can be difficult to interpret because of a lack of
standardization, and adjusting for survival to a predefined
time point may mask the potential short-term survival
benefit by the removal of clinically important early deaths
due to treatment in aggressive forms of cancer.4
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Cancer recurrence and treatment lines are not directly
captured in the SEER-Medicare database. Treatment algo-
rithms have been used to estimate treatment lines for dif-
ferent population-based cohorts.#’*° This approach was
explored in this study, but is not presented here due to the
heterogeneity of treatment gaps observed and the misclas-
sification bias that can occur when determining second-
line treatment (a proxy for tumor recurrence) based on a
treatment algorithm alone.

To our knowledge, this is the largest cohort of elderly
patients with glioblastoma (75% of our cohort was
>70 years of age) used to assess the role of BEV, provid-
ing insights into a patient population typically poorly
represented by clinical trials. The extensive geographic
coverage of the SEER-Medicare database minimizes the
discrepancies inherent to single-institution/single-provider
studies, and the large sample size is generalizable to the
greater elderly population with glioblastoma in the US and
represents real-world clinical practice.

I
Conclusion

In conclusion, 23% of patients aged >66 years who were diag-
nosed with glioblastoma in the US between 2006 and 2011
with initial surgery received BEV in this retrospective cohort
study. Exposure to BEV was associated with a lower risk of
death in the patient cohort included in this study; the results
remained robust after a number of sensitivity analyses,
including controlling for previous temozolomide exposure
and Stupp protocol, providing evidence that there might be a
potential benefit of BEV in elderly patients with glioblastoma.

|
Supplementary Material

Supplementary data are available at Neuro-Oncology
Practice online.
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