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Abstract

It is unknown whether the addition of temozolomide (TMZ) to radiotherapy (RT) is associated 

with improved overall survival (OS) among older glioblastoma patients. We performed a 

retrospective cohort SEER-Medicare analysis of 1652 patients aged ≥65 years with glioblastoma 

who received ≥10 fractions of RT from 2005 to 2009, or from 1995 to 1999 before TMZ was 

available. Three cohorts were assembled based on diagnosis year and treatment initiated within 60 

days of diagnosis: (1) 2005–2009 and TMZ/RT, (2) 2005–2009 and RT only, or (3) 1995–1999 and 

RT only. Associations with OS were estimated using Cox proportional hazards models and 

propensity score analyses; OS was calculated starting 60 days after diagnosis. Pre-specified 

sensitivity analyses were performed among patients who received long-course RT (≥27 fractions). 

Median survival estimates were 7.4 (IQR, 3.3–14.7) months for TMZ/RT, 5.9 (IQR, 2.6–12.1) 

months for RT alone in 2005–2009, and 5.6 (IQR, 2.7–9.6) months for RT alone in 1995–1999. 

OS at 2 years was 10.1 % for TMZ/RT, 7.1 % for RT in 2005–2009, and 4.7 % for RT in 1995–

1999. Adjusted models suggested decreased mortality risk for TMZ/RT compared to RT in 2005–

2009 (AHR, 0.86; 95 % CI, 0.76–0.98) and RT in 1995–1999 (AHR, 0.71; 95 % CI, 0.57–0.90). 

Among patients from 2005 to 2009 who received long-course RT, however, the addition of TMZ 

did not significantly improve survival (AHR, 0.91; 95 % CI, 0.80–1.04). In summary, among a 

large cohort of older glioblastoma patients treated in a real-world setting, the addition of TMZ to 

RT was associated with a small survival gain.
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Introduction

Glioblastoma is the most common primary brain malignancy, with a median age at diagnosis 

of 65 years [1]. Historically, surgical resection followed by adjuvant radiotherapy was the 

mainstay of treatment, with limited data to support the addition of chemotherapy [2, 3]. In 

2005, publication of the EORTC 26981/NCIC CE.3 randomized trial established a new 

standard of care in glioblastoma, demonstrating that the addition of concurrent and adjuvant 

temozolomide to 6 weeks of radiotherapy was superior to radiotherapy alone, extending 

median survival by 2.5 months and leading to a cohort of longer-term survivors [4]. 

However the median age of that trial population was 56 years, and patients over age 70 were 

excluded, leaving open the question of whether temozolomide-based chemoradiation 

benefits the older glioblastoma population.

While several prospective trials have compared de-escalated treatment approaches for 

glioblastoma patients age ≥60, 65, or 70 years, including short-course radiotherapy or 

temozolomide monotherapy, none of these trials included standard concurrent 

chemoradiation over the course of 6 weeks as a comparison arm [5–9]. While recently 

presented data from the EORTC/NCIC/TROG randomized trial of short-course 

hypofractionated radiotherapy with or without concurrent temozolomide suggest a modest 

improvement in median OS with the addition of temozolomide [10], that trial did not 

address how short-course chemoradiation (2–3 weeks) compares to standard long-course 

chemoradiation (6 weeks), and specifically excludes patients who are considered to be 

candidates for standard long-course chemoradiation. At least half of all glioblastoma 

patients are elderly and the incidence is rising rapidly in this age group [11], yet it remains 

unknown whether the addition of temozolomide to radiotherapy is effective among older 

patients in a non-clinical trial population. Accordingly, we investigated survival outcomes of 

glioblastoma patients treated with radiotherapy with or without temozolomide in the 

Medicare population.

Methods

Data sources

Our study sample was drawn from linked Surveillance, Epidemiology and End Results 

(SEER)-Medicare data. SEER is a consortium of 17 population-based US cancer registries 

sponsored by the National Cancer Institute which collects incident cancer cases including 

glioblastoma, covering approximately 28 % of the US population [12]. SEER collects data 

regarding patient demographics, tumor characteristics, and primary surgical and radiation 

treatment. Medicare is the primary health insurer for approximately 97 % of Americans age 

≥65 years. Medicare files document use of inpatient and outpatient healthcare services by 

patients enrolled in Medicare fee-for-service. This study was exempted from review by the 

institutional review board at the Harvard School of Public Health.

Patients

All subjects were Medicare beneficiaries age ≥65 years diagnosed with glioblastoma in 

SEER regions from January 1995-December 2009, who had continuous enrollment in 
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Medicare Parts A and B from diagnosis to death. We used Medicare data from January 1, 

1995 to December 31, 2010, to ensure minimum follow-up of 1 year after diagnosis. 

Glioblastoma was defined according to International Classification of Disease (ICD) for 

Oncology, 3rd edition (SEER codes 9440-9444). We excluded patients diagnosed at autopsy, 

without tissue, or without a known date, as well as patients with prior cancers except non-

melanoma skin cancers. Date of diagnosis was based on biopsy/resection date in Medicare 

Part A claims (defined below), and cross-referenced against the diagnosis month in SEER. 

Patients enrolled in a health maintenance organization at diagnosis or not enrolled in 

Medicare fee-for-service for 12 months before diagnosis were excluded, in order to ascertain 

comorbidities [13, 14], and patients who did not survive at least 60 days following diagnosis 

were excluded to ensure equal treatment ascertainment between groups, as outlined below.

Our primary aim was to compare overall survival (OS) for glioblastoma patients who 

received radiotherapy with or without concurrent temozolomide, which received US Food 

and Drug Administration (FDA) approval for recurrent anaplastic astrocytomas in late 1999 

and glioblastoma in early 2005 [15]; it was assigned a ‘J’ code in January 2001, after which 

it was ascertainable through administrative claims. The primary comparison groups were 

patients diagnosed with glioblastoma from June 1, 2005 through December 31, 2009 

receiving radiotherapy with or without concurrent temozolomide. We constructed a 

secondary control group of patients diagnosed from January 1, 1995 through December 31, 

1999 receiving radiotherapy alone, a time period before temozolomide was FDA-approved 

for glioblastoma or widely available in the US. Since OS remained constant among older 

glioblastoma patients from 1995 to 2005 in population-based data [16], the 1995–1999 

radiotherapy-alone cohort is less susceptible to any potential selection bias in the 2005–2009 

time period when temozolomide was available. By the end of the followup period, 96.4 % of 

cohort members were known to be deceased.

Identification of treatment

Treatment-related Medicare claims were identified with the following codes, based on 

ICD-9, Current Procedural Terminology (CPT), and National Drug Code (NDC) 

classifications: surgical biopsy, 0113–0114 (ICD-9) and 61304–61305 (CPT); surgical 

resection, 0153–0159 (ICD-9); radiotherapy treatment delivery, 77413, 77418, 77402, 

77403, 77404, 77406, 77407, 77408, 77409, 77411, 77412, 77414, 77416, 0073T, G0174 

(CPT); temozolomide, J8700 (CPT) and 000851XXXXX, 000853XXXXX, 

545695XXXXX, 548685XXXXX (NDC). Extent of resection was dichotomized as either a 

subtotal resection (SEER coding)/biopsy (SEER or Medicare coding), or gross total 

resection (SEER coding).

Patients who initiated daily radiation treatments ≤60 days from the date of diagnosis, and 

who received ≥10 daily radiation treatments, were considered to have received adjuvant 

radiotherapy. In the landmark EORTC/NCIC trial, adjuvant radiotherapy was started at a 

median of 5 weeks after surgery [4], and it is standard to begin radiotherapy within 2 months 

from surgery. Patients were considered to have received temozolomide concurrently with 

radiotherapy if the first temozolomide claim also occurred ≤60 days from the date of 

diagnosis; temozolomide is an oral tablet taken daily on an outpatient basis, with practice 
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variation in the number of tablets prescribed in a single claim. There were no inclusion/

exclusion criteria regarding receipt of adjuvant temozolomide after completion of concurrent 

chemoradiation.

Outcomes

The primary outcome was OS, defined as the number of survival days starting 60 days after 

diagnosis until the date of death or the end of the observation period, to allow ascertainment 

of treatment initiation of radiotherapy with/without temozolomide, and reduce the chance of 

immortal time bias [17]. Date of death was reported in Medicare files and ascertained 

through December 31, 2010. Patients alive at the end of the followup period were censored.

Baseline characteristics

Baseline characteristics including age at diagnosis, sex, marital status, race/ethnicity, area 

median income, comorbidity, tumor location, tumor multifocality, tumor size, SEER region, 

extent of surgery, and hospital discharge location following index diagnosis hospitalization, 

are shown in Table 1. The Deyo adaptation [13] of the Charlson comorbidity index [14] was 

used to measure severity of comorbid diseases, modified to exclude cancer diagnoses. This 

method was applied to Medicare claims during the 12-month period prior to diagnosis. Index 

hospital discharge location was categorized as home vs. other location, including 

rehabilitation centers, skilled nursing and intermediate-care facilities, and long-term care 

centers, and were included to examine a dimension of patient performance status near the 

start of adjuvant therapies.

Statistical analysis

Distribution of baseline characteristics between the temozolomide/radiotherapy group 

diagnosed 2005–2009 (TMZ/RT), radiotherapy alone group diagnosed 2005–2009 (RT 

2005–2009), and radiotherapy alone group diagnosed 1995–1999 (RT 1995–1999) were 

evaluated with the χ2 test. Median survival was estimated using the Kaplan–Meier method. 

Univariable and multivariable Cox proportional hazards models were constructed using the 

Table 1 characteristics, to examine whether the addition of temozolomide to radiotherapy 

improved OS, compared to both radiotherapy-alone cohorts; all Table 1 characteristics were 

included in the multivariable model to best estimate treatment effects.

Propensity score analyses were performed to balance measurable confounders between the 

TMZ/RT, RT 2005–2009, and RT 1995–1999 treatment groups, using multivariable logistic 

regression to predict adjuvant treatment received, based on covariates from Table 1 [18]. 

Propensity scores indicating likelihood of receiving temozolomide were estimated, and the 

cohort was divided into quintiles of the estimated propensity scores [19, 20]. Cox 

proportional hazards models were conducted separately within each quintile to compare OS 

among patients who did vs. did not receive temozolomide, and a hazard ratio (HR) was 

estimated for the entire cohort [21]. We also performed Cox models using propensity scores 

in 3 different ways to adjust for differences in covariates between treatment groups, 

including regression adjustment, propensity score matching, and inverse probability of 

treatment weighting [22, 23].
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Finally, we performed subgroup analyses for characteristics that were less balanced between 

groups, specifically SEER region and age. We also examined comorbidity as a potential 

confounder of the association between treatment and OS, given the potential for 

chemotherapy decisions to be made based on comorbid conditions, and the lack of patient 

performance status data within SEER-Medicare. Two sensitivity analyses were also 

performed: (1) receipt of standard long-course radiotherapy over the course of 6 weeks as 

per the EORTC/NCIC trial, in which nearly all patients (94 %) received ≥90 % of the 

planned dose (≥27 fractions), and (2) hospital discharge location to home vs. other location. 

All analyses were performed using R Studio (version 0.98.1062) running R (version 3.1.1). 

Statistical significance was set at P < .05, and all tests were two-tailed.

Results

Patients

We identified 12,393 patients age ≥65 years with glioblastoma diagnosed from 1995 to 2009 

(Fig. 1). After exclusion criteria were applied, the final cohort consisted of 1652 patients. 

Within the study cohort, 1419 patients met inclusion criteria in the 2005–2009 time period, 

including 705 patients (50 %) who received concurrent temozolomide with radiotherapy, and 

999 patients (70 %) who received long-course radiotherapy. Among the 705 patients 

receiving concurrent temozolomide, 53.6 % had at least 1 claim for temozolomide within the 

90 days following receipt of the final fraction of radiotherapy, consistent with adjuvant 

temozolomide delivered following concurrent chemoradiation. Our secondary control group 

consisted of 233 patients from the 1995–1999 pre-temozolomide time period.

Baseline characteristics among the TMZ/RT, RT 2005–2009, and RT 1995–1999 groups are 

shown in Table 1. Patients who received temozolomide were more likely than those who 

received radiotherapy alone in 2005–2009 to be white (90.2 vs. 85.3 %, P = .005), from the 

South (21.0 vs. 16.4 %, P < .001), and to be discharged to home after initial diagnosis (55.3 

vs. 50.0 %, P = .045). Patients in the RT 1995–1999 group were more likely than patients 

treated with TMZ/RT to live in regions with lower median income (P = .028); have lower 

comorbidity burden (P = .033); have tumors that were infratentorial (P = .001), multifocal (P 
< .001), or larger (P < .001); and have undergone subtotal resection/biopsy (P < .001).

Survival

Survival curves for the TMZ/RT, RT 2005–2009, and RT 1995–1999 treatment groups are 

shown in Fig. 2. Median OS was 7.4 (IQR, 3.3–14.7) months for TMZ/RT, 5.9 (IQR, 2.6–

12.1) months for RT alone in 2005–2009, and 5.6 (IQR, 2.7–9.6) months for RT in 1995–

1999. Unadjusted 1-year and 2- year survival probabilities were, respectively, 31.2 % (95 % 

CI, 27.8–34.8 %) and 10.1 % (95 % CI, 8.0–12.6 %) for TMZ/RT, 25.5 % (95 % CI, 22.4–

28.9 %) and 7.1 % (95 % CI, 5.4–9.3 %) for RT 2005–2009, and 14.2 % (95 % CI, 10.1–

19.5 %) and 4.7 % (95 % CI, 2.5–8.5 %) for RT 1995–1999.

Multivariable Cox proportional hazards modeling, adjusting for baseline characteristics, 

showed longer OS among patients in the TMZ/RT group compared to RT 2005–2009 (HR, 

0.82; 95 % CI, 0.73–0.91) and RT 1995–1999 (HR, 0.66; 95 % CI, 0.54–0.79; Table 2). 
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Stratified models by propensity score quintiles revealed a persistent but attenuated OS 

advantage to TMZ/RT vs. RT 2005–2009 (HR, 0.86; 95 % CI, 0.76–0.98) and vs. RT 1995–

1999 (HR, 0.71; 95 % CI, 0.57–0.90). These findings were maintained for models that used 

regression adjustment, propensity score matching, and inverse probability of treatment 

weighting.

Subgroup analyses showed no significant survival benefit among subgroups of patients age 

65–69, 70–74, or 75–79 years receiving TMZ/RT vs. RT 2005–2009, but patients in the age 

≥80 years subgroup had longer survival in the TMZ/RT group compared to RT 2005–2009 

(HR, 0.69; 95 % CI, 0.52–0.91). Sensitivity analyses showed no significant survival 

advantage to TMZ/RT compared to RT in 2005–2009 among the subgroup of patients 

receiving long-course RT (≥27 fractions; HR, 0.91; 95 % CI, 0.80–1.04). We repeated 

survival analyses after excluding patients ≥80 years old, to observe if the overall findings 

were being driven disproportionately by this oldest subgroup. After excluding these patients, 

all HRs, including for the multivariable and propensity score models, were essentially 

unchanged (data not shown).

We also evaluated the association between baseline characteristics and overall survival, 

comparing the TMZ/RT group to the RT 2005–2009 and the RT 1995–1999 group. Inferior 

survival was associated with older age, residence in a lower median income census tract, 

hospital discharge location to non-home location, and subtotal resection/biopsy (Table 3).

Discussion

In this SEER-Medicare cohort of glioblastoma patients who received radiotherapy with or 

without temozolomide, we observed that following the 2005 FDA approval decision [15], 

adoption of temozolomide concurrently with radiotherapy was high, with 50 % (705 of 

1419) of patients ≥65 years receiving temozolomide-based chemoradiation from 2005 to 

2009. Given the lack of other effective systemic agents for this lethal disease, it is 

unsurprising that concurrent temozolomide was administered frequently among elderly 

patients. The survival advantage we observed with temozolomide-based chemoradiation in 

this older cohort persisted on propensity score adjustment models intended to limit 

confounding, yet was small, at approximately 1 month, and there was no apparent increase 

in longer-term survivors.

The benefits of concurrent temozolomide among older glioblastoma patients have remained 

controversial [24]. Prior reports have observed temporal increases in survival among older 

patients since 2005 but lacked information about temozolomide use [16], and a recent study 

did not describe outcomes for the elderly [25]. Subgroup analyses from the EORTC/NCIC 

trial [26, 27] have suggested reduced benefit for temozolomide among older patients, but 

with limited power to detect differences. In contrast to the trial's overall hazard ratio of 0.6 

for combined chemoradiation [4, 26], there was no survival advantage to concurrent 

temozolomide (HR, 0.8; P = .34) among the 83 patients age 65–70 years [27]. However with 

a much larger sample of over 1600 patients age ≥65 in the current study, we were able to 

detect a small survival increase associated with temozolomide, though based on 

retrospective data. Hazard ratios ranged generally from 0.8 to 0.9 for individual age 
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subgroups in our data, though often losing statistical significance, reflective of the small 

effect and underpowering within subgroups even in this large sample. The larger effect 

estimate we observed among the oldest subgroup (age ≥80 years) may reflect residual 

confounding at the extremes of age that persisted despite adjustments, and while speculative, 

could indicate that patients aged ≥80 years with the highest performance status were more 

likely to receive temozolomide but also independently more likely to live longer. Removal of 

the oldest patients from analysis did not affect our overall results, potentially because these 

patients represented only 15 % of the total sample and our analyses already adjusted for age. 

Of note, the cohort of patients treated with radiotherapy alone in 1995–1999, before 

temozolomide was available, was included as an additional control for potential patient 

selection in the 2005–2009 era, since no secular survival trends have been observed in prior 

SEER investigations among the older glioblastoma population from 1995 to 2005 [16].

Less intensive treatment regimens among older glioblastoma patients have been tested in 

prospective trials [5–9], including monotherapy with either radiotherapy or temozolomide, 

yet no published studies to date have included chemoradiation as a comparator arm. Roa et 

al. [7] reported that among glioblastoma patients ≥60 years old and KPS ≥50, 40 Gy 

delivered in 15 daily fractions was comparable with 60 Gy in 30 daily fractions, with median 

survival of 5.6 months in the hypofractionated arm and 5.1 months in the standard arm (P = .

57). The Nordic trial [5] randomized glioblastoma patients ≥60 years old to hypofractionated 

radiotherapy (34 Gy/10 fractions), standard radiotherapy (60 Gy/30 fractions), or 

temozolomide monotherapy for 6 cycles, with median survival of 7.5 months, 6.0 months, 

and 8.3 months, respectively (P = .01 for the temozolomide arm vs. standard radiotherapy 

arm). These trials suggest that shorter courses of radiotherapy are associated with similar 

survival to longer radiotherapy courses. In general, treatment de-escalation approaches have 

been pursued due to short survival [28, 29] and toxicity concerns [29–31] among older 

patients. A single-arm prospective study among glioblastoma patients ≥70 years old [31] 

demonstrated neurotoxicity among 40 % of patients which was largely grade 2 and 

reversible, and grade 3–4 hematologic toxicity in 28 % of patients. The landmark EORTC/

NCIC/TROG randomized trial (ClinicalTrials.gov NCT00482677) of short-course 

hypofractionated radiotherapy with or without concurrent temozolomide will provide 

important prospective data on efficacy and toxicity of a combined modality approach in the 

elderly, and recently presented initial results suggest a modest improvement in median OS 

with the addition of temozolomide (9.3 vs. 7.6 months; HR, 0.67; 95 % CI, 0.56–0.80) [10]. 

Crucially, however, that trial did not address how short-course chemoradiation (2–3 weeks) 

compares to standard long-course chemoradiation (6 weeks), and specifically excludes 

patients who are considered to be candidates for standard long-course chemoradiation. Two 

recent retrospective reports [32, 33] suggest that short-course chemoradiation may be 

preferable to long-course chemoradiation, given the equivalent survival observed. Given that 

we detected no survival advantage to temozolomide among 999 patients who received long-

course radiotherapy (≥27 fractions), yet we found a small advantage in the entire cohort, it is 

possible but speculative that concurrent temozolomide may have a larger proportional 

benefit among shorter courses of radiation.

Limitations of our study relate primarily to its observational design. SEER-medicare does 

not include details on radiation dose or O6-methylguanine DNA methyltransferase (MGMT) 
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methylation status. While MGMT promoter methylation can be prognostic and predictive of 

benefit from temozolomide [34], and is an important part of guideline-concordant care [35], 

unfortunately there has not yet been universal adoption of MGMT testing in routine clinical 

care [36, 37], partly due to technical challenges in existing MGMT assays and lack of 

effective alternatives to temozolomide. Thus our dataset reflects real-world practice wherein 

treatment decisions are often made without biomarker information. Second, since patient 

performance status information is not captured in registry data, we performed multiple 

propensity score analyses and added a second control group to reduce the risk of 

confounding bias, which appears to have been largely mitigated except for perhaps among 

the extreme elderly subgroup as outlined above. Third, under-ascertainment of 

temozolomide is possible in our cohort, if some Medicare beneficiaries had temozolomide 

covered instead by supplemental non-Medicare insurance plans [38, 39]. If present, this 

would tend to bias our results towards the null and underestimate the effect estimate for 

temozolomide. We attempted to mitigate the possibility of imbalance in treatment 

ascertainment between cohorts by calculating survival starting 60 days after diagnosis, as 

treatment initiation for both radiotherapy and temozolomide was defined as starting with 60 

days of diagnosis, though there remains the possibility that either cohort still contained 

residual bias related to early toxic deaths that were not captured. Finally, we did not examine 

receipt of salvage therapies between treatment groups, yet this is not anticipated to have 

affected survival substantially, given the lack of effective salvage treatments in this disease; 

even bevacizumab, which received FDA approval as salvage therapy in 2009 [40], has not 

been shown to increase overall survival in glioblastoma.

In summary, our retrospective population-level analysis suggests that the addition of 

temozolomide to radiotherapy among older glioblastoma patients is associated with a small 

survival advantage, which was not observed among the large subgroup receiving standard 

long-course radiotherapy. The potential benefits of temozolomide for those receiving 

hypofractionated regimens are being addressed in the EORTC/NCIC/TROG trial. Given the 

limited evidence on concurrent temozolomide in the rapidly growing population of older 

glioblastoma patients, this study provides the first data on population-based effectiveness. 

Physicians making treatment decisions will need to weigh risks and benefits of concurrent 

temozolomide for individual patients, incorporating a multitude of patient parameters 

including age, comorbidities, performance status, molecular markers, and patient 

preferences.
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Fig. 1. 
Assembly of the study cohort. SEER surveillance, epidemiology, and end results, FFS fee-

for-service, HMO health maintenance organization, RT radiotherapy, TMZ temozolomide
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Fig. 2. 
Overall survival according to treatment group, starting 60 days following diagnosis. 

*Numbers less than 11, or changes in number of less than 11 cases between timepoints, are 

not reported consistent with SEER-medicare confidentiality policies. TMZ temozolomide, 

RT radiotherapy, SEER surveillance, epidemiology and end results
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Table 2
Effect of temozolomide added to radiotherapy on hazard ratios for overall survival

Overall survival defined as starting 60 days following diagnosis, for equal period of treatment ascertainment TMZ temozolomide, RT radiotherapy, 
SEER surveillance, epidemiology, and end results, PS propensity score, IPTW inverse probability of treatment weighting

a
Model was adjusted for age, sex, marital status, race, median income in the census tract of residence, Deyo comorbidity score [13], tumor location, 

tumor size, surveillance, epidemiology, and end results (SEER) region, hospital discharge location, and extent of resection

b
Propensity of receiving temozolomide with radiotherapy was estimated using a multivariable regression model that included age, sex, marital 

status, race, median income in the census tract of residence, Deyo comorbidity score, tumor location, tumor size, SEER region, hospital discharge 
location, and extent of resection

c
For subgroup and sensitivity analyses, IPTW modeling was used, adjusting for same baseline covariables listed above in the multivariable adjusted 

model, with removal of the specific covariable being analyzed

d
Matches were obtained to the RT 1995–2009 treatment group with replacement

J Neurooncol. Author manuscript; available in PMC 2018 January 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Arvold et al. Page 16

Ta
b

le
 3

M
ed

ia
n 

su
rv

iv
al

 in
 t

he
 3

 t
re

at
m

en
t 

co
ho

rt
s,

 a
nd

 h
az

ar
d 

ra
ti

os
 fo

r 
ov

er
al

l s
ur

vi
va

l a
dj

us
te

d 
fo

r 
ba

se
lin

e 
ch

ar
ac

te
ri

st
ic

s

C
ha

ra
ct

er
is

ti
c

C
ru

de
 m

ed
ia

n 
su

rv
iv

al
 (

IQ
R

),
 m

on
th

sa
H

az
ar

d 
ra

ti
o 

(9
5 

%
 C

I)

T
M

Z
/R

T
R

T
 2

00
5–

20
09

R
T

 1
99

5–
19

99
b

T
M

Z
/R

T
 v

s.
 R

T
 2

00
5–

20
09

T
M

Z
/R

T
 v

s.
 R

T
 1

99
5–

19
99

T
re

at
m

en
t

 
T

M
Z

/R
T

7.
4 

(3
.3

–1
4.

7)
–

–
0.

82
 (

0.
73

–0
.9

1)
0.

66
 (

0.
54

–0
.7

9)

 
R

T
–

5.
9 

(2
.6

–1
2.

1)
5.

6 
(2

.7
–9

.6
)

1 
[r

ef
.]

1 
[r

ef
.]

A
ge

 a
t d

ia
gn

os
is

 
65

–6
9

12
.0

 (
6.

1–
19

.6
)

10
.9

 (
5.

9–
18

.1
)

7.
9 

(4
.7

–1
3.

6)
1 

[r
ef

.]
1 

[r
ef

.]

 
70

–7
4

7.
4 

(3
.8

–1
4.

4)
6.

4 
(2

.8
–1

2.
9)

5.
4 

(2
.5

–8
.0

)
1.

31
 (

1.
14

–1
.5

1)
1.

40
 (

1.
18

–1
.6

6)

 
75

–7
9

7.
0 

(3
.2

–1
4.

3)
5.

5 
(2

.7
–1

1.
6)

4.
9 

(2
.4

–8
.4

)
1.

27
 (

1.
09

–1
.4

8)
1.

24
 (

1.
02

–1
.5

0)

 
80

+
4.

2 
(1

.7
–8

.0
)

3.
2 

(1
.6

–6
.5

)
4.

1 
(2

.7
–7

.7
)

2.
02

 (
1.

69
–2

.4
2)

1.
66

 (
1.

31
–2

.0
9)

Se
x

 
Fe

m
al

e
7.

3 
(3

.2
–1

5.
6)

5.
9 

(2
.7

–1
3.

2)
5.

8 
(2

.5
–9

.9
)

0.
86

 (
0.

77
–0

.9
7)

0.
90

 (
0.

78
–1

.0
3)

 
M

al
e

7.
4 

(3
.3

–1
4.

3)
5.

9 
(2

.3
–1

1.
6)

5.
5 

(2
.8

–8
.9

)
1 

[r
ef

.]
1 

[r
ef

.]

M
ar

ita
l s

ta
tu

s

 
M

ar
ri

ed
8.

2 
(3

.7
–1

6.
3)

6.
4 

(2
.6

–1
2.

6)
6.

3 
(2

.8
–9

.7
)

0.
93

 (
0.

82
–1

.0
5)

0.
83

 (
0.

72
–0

.9
7)

 
N

ot
 m

ar
ri

ed
5.

4 
(2

.5
–1

1.
1)

5.
0 

(2
.4

–1
1.

0)
4.

8 
(2

.0
–9

.3
)

1 
[r

ef
.]

1 
[r

ef
.]

R
ac

e

 
W

hi
te

7.
4 

(3
.3

–1
4.

5)
5.

8 
(2

.4
–1

2.
1)

5.
6 

(2
.7

–9
.8

)
1.

14
 (

0.
96

–1
.3

6)
1.

01
 (

0.
80

–1
.2

7)

 
O

th
er

6.
0 

(3
.2

–1
7.

2)
6.

7 
(3

.1
–1

2.
8)

6.
2 

(2
.4

–8
.9

)
1 

[r
ef

.]
1 

[r
ef

.]

In
co

m
e 

tr
ac

tc

 
H

ig
h

8.
2 

(3
.8

–1
6.

3)
6.

4 
(2

.8
–1

3.
1)

5.
0 

(2
.2

–9
.3

)
0.

78
 (

0.
69

–0
.8

8)
0.

89
 (

0.
76

–1
.0

3)

 
L

ow
5.

5 
(2

.5
–1

0.
8)

4.
7 

(2
.3

–1
0.

0)
5.

9 
(0

.3
–1

0.
0)

1 
[r

ef
.]

1 
[r

ef
.]

SE
E

R
 r

eg
io

n

 
N

or
th

ea
st

10
.6

 (
6.

8–
19

.2
)

9.
4 

(4
.6

–1
6.

6)
–

1 
[r

ef
.]

1 
[r

ef
.]

 
M

id
w

es
t

5.
5 

(2
.6

–1
2.

3)
6.

2 
(2

.5
–1

2.
4)

5.
9 

(3
.1

–9
.8

)
1.

18
 (

0.
97

–1
.4

3)
1.

15
 (

0.
90

–1
.4

7)

 
So

ut
h

5.
8 

(2
.8

–1
1.

1)
4.

8 
(2

.3
–1

0.
7)

4.
2 

(2
.7

–7
.1

)
1.

22
 (

1.
02

–1
.4

5)
1.

32
 (

1.
05

–1
.6

6)

 
W

es
t

7.
7 

(3
.5

–1
5.

1)
5.

9 
(2

.8
–1

1.
9)

5.
7 

(2
.6

–9
.5

)
1.

22
 (

1.
06

–1
.4

1)
1.

28
 (

1.
05

–1
.5

5)

D
ey

o 
co

m
or

bi
di

ty
 s

co
re

 [
13

]

J Neurooncol. Author manuscript; available in PMC 2018 January 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Arvold et al. Page 17

C
ha

ra
ct

er
is

ti
c

C
ru

de
 m

ed
ia

n 
su

rv
iv

al
 (

IQ
R

),
 m

on
th

sa
H

az
ar

d 
ra

ti
o 

(9
5 

%
 C

I)

T
M

Z
/R

T
R

T
 2

00
5–

20
09

R
T

 1
99

5–
19

99
b

T
M

Z
/R

T
 v

s.
 R

T
 2

00
5–

20
09

T
M

Z
/R

T
 v

s.
 R

T
 1

99
5–

19
99

 
0

10
.2

 (
5.

9–
18

.2
)

9.
5 

(5
.0

–1
5.

9)
8.

4 
(6

.0
–1

1.
8)

1 
[r

ef
.]

1 
[r

ef
.]

 
1

5.
7 

(2
.4

–1
2.

2)
5.

1 
(2

.7
–1

0.
9)

4.
9 

(2
.1

–8
.4

)
1.

08
 (

0.
94

–1
.2

3)
1.

13
 (

0.
96

–1
.3

3)

 
≥2

7.
7 

(3
.3

–1
2.

4)
2.

9 
(1

.7
–6

.9
)

6.
3 

(2
.8

–7
.3

)
1.

05
 (

0.
87

–1
.2

7)
0.

88
 (

0.
69

–1
.1

3)

T
um

or
 lo

ca
tio

n

 
Su

pr
at

en
to

ri
al

5.
9 

(2
.7

–1
3.

4)
4.

4 
(2

.0
–1

0.
5)

5.
3 

(2
.6

–9
.6

)
1 

[r
ef

.]
1 

[r
ef

.]

 
O

th
er

7.
6 

(3
.5

–1
5.

3)
6.

4 
(2

.8
–1

2.
8)

5.
7 

(2
.7

–9
.6

)
1.

07
 (

0.
93

–1
.2

3)
1.

00
 (

0.
84

–1
.1

7)

T
um

or
 m

ul
tif

oc
al

ity

 
N

o
9.

5 
(4

.1
–2

4.
7)

4.
3 

(1
.7

–1
3.

6)
11

.7
 (

1.
4–

16
.3

)
1.

02
 (

0.
70

–1
.5

0)
3.

18
 (

2.
08

–4
.8

6)

 
Y

es
7.

3 
(3

.3
–1

4.
6)

6.
0 

(2
.6

–1
2.

1)
5.

3 
(2

.6
–9

.0
)

1 
[r

ef
.]

1 
[r

ef
.]

T
um

or
 s

iz
e

 
>

3 
cm

7.
1 

(3
.1

–1
3.

5)
5.

9 
(2

.6
–1

2.
1)

5.
7 

(2
.7

–9
.5

)
1.

09
 (

0.
96

–1
.2

2)
1.

17
 (

1.
01

–1
.3

5)

 
≤3

 c
m

8.
1 

(3
.9

–1
7.

5)
5.

9 
(2

.5
–1

2.
2)

5.
4 

(2
.7

–9
.6

)
1 

[r
ef

.]
1 

[r
ef

.]

E
xt

en
t o

f 
re

se
ct

io
n

 
G

T
R

10
.7

 (
5.

0–
19

.5
)

8.
3 

(3
.9

–1
4.

6)
6.

7 
(3

.4
–1

0.
2)

0.
74

 (
0.

65
–0

.8
4)

0.
73

 (
0.

62
–0

.8
6)

 
B

io
ps

y/
ST

R
6.

1 
(2

.8
–1

1.
6)

4.
7 

(2
.0

–1
1.

0)
5.

3 
(2

.7
–9

.3
)

1 
[r

ef
.]

1 
[r

ef
.]

D
is

ch
ar

ge
 lo

ca
tio

nd

 
H

om
e

8.
7 

(3
.5

–1
6.

4)
7.

7 
(3

.3
–1

3.
1)

7.
0 

(3
.6

–1
0.

9)
0.

78
 (

0.
69

–0
.8

7)
0.

70
 (

0.
60

–0
.8

1)

 
O

th
er

5.
8 

(3
.1

–1
2.

1)
4.

7 
(2

.0
–1

0.
9)

4.
2 

(2
.1

–6
.9

)
1 

[r
ef

.]
1 

[r
ef

.]

IQ
R

 in
te

rq
ua

rt
ile

 r
an

ge
, T

M
Z

 te
m

oz
ol

om
id

e,
 R

T
 r

ad
io

th
er

ap
y,

 S
E

E
R

 s
ur

ve
ill

an
ce

, e
pi

de
m

io
lo

gy
, a

nd
 e

nd
 r

es
ul

ts
, G

T
R

 g
ro

ss
 to

ta
l r

es
ec

tio
n,

 S
T

R
 s

ub
-t

ot
al

 r
es

ec
tio

n

a O
ve

ra
ll 

su
rv

iv
al

 d
ef

in
ed

 a
s 

st
ar

tin
g 

60
 d

ay
s 

fo
llo

w
in

g 
di

ag
no

si
s,

 f
or

 e
qu

al
 p

er
io

d 
of

 tr
ea

tm
en

t a
sc

er
ta

in
m

en
t

b R
ad

io
th

er
ap

y 
al

on
e 

tr
ea

tm
en

t f
or

 d
ia

gn
os

es
 in

 1
99

5–
19

99
 w

he
n 

te
m

oz
ol

om
id

e 
w

as
 n

ot
 a

va
ila

bl
e 

(1
99

5 
to

 m
id

-1
99

9)
 o

r 
no

t a
pp

ro
ve

d 
(l

at
e 

19
99

) 
fo

r 
gl

io
bl

as
to

m
a

c D
ic

ho
to

m
iz

ed
 m

ed
ia

n 
in

co
m

e 
ba

se
d 

on
 m

ed
ia

n 
ho

us
eh

ol
d 

or
 p

er
 c

ap
ita

 in
co

m
e 

by
 U

S 
C

en
su

s 
tr

ac
t o

r 
zi

p 
co

de

d Fo
llo

w
in

g 
in

de
x 

ho
sp

ita
liz

at
io

n 
fo

r 
gl

io
bl

as
to

m
a 

di
ag

no
si

s,
 lo

ca
tio

n 
th

e 
pa

tie
nt

 w
as

 d
is

ch
ar

ge
d 

to
 in

cl
ud

in
g 

ho
m

e 
(w

ith
 o

r 
w

ith
ou

t c
ar

e 
se

rv
ic

es
),

 s
ki

lle
d 

nu
rs

in
g 

fa
ci

lit
y,

 r
eh

ab
ili

ta
tio

n 
fa

ci
lit

y,
 in

te
rm

ed
ia

te
 

ca
re

 f
ac

ili
ty

, o
r 

lo
ng

-t
er

m
 c

ar
e 

fa
ci

lit
y

J Neurooncol. Author manuscript; available in PMC 2018 January 01.


	Abstract
	Introduction
	Methods
	Data sources
	Patients
	Identification of treatment
	Outcomes
	Baseline characteristics
	Statistical analysis

	Results
	Patients
	Survival

	Discussion
	References
	Fig. 1
	Fig. 2
	Table 1
	Table 2
	Table 3

