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Abstract
Background. The survival benefit of re-resection for glioblastoma (GBM) remains controversial, owing to the im-
mortal time bias inadequately considered in many studies where re-resection was treated as a fixed, rather than 
a time-dependent factor. Using the Surveillance, Epidemiology, and End Results-Medicare (SEER-Medicare) da-
tabase, we assessed treatment patterns for older adults and evaluated the association between re-resection and 
overall survival (OS), accounting for the timing of re-resection.
Methods. This retrospective cohort study included elderly patients (age ≥66) in the SEER-Medicare linked database 
diagnosed with GBM between 2006 and 2015 who underwent initial resection. Time-dependent Cox regression 
was used to assess the association between re-resection and OS, controlling for age, gender, race, poverty level, 
geographic region, marital status, comorbidities, receipt of radiation + temozolomide, and surgical complications.
Results.  Our analysis included 3604 patients with median age 74 (range: 66–96); 54% were men and 94% were 
white. After initial resection, 44% received radiation + temozolomide and these patients had a lower hazard of 
death (hazard ratio [HR]: 0.28, 95% confidence interval [CI]: 0.26–0.31, P < .001). In total, 9.5% (n = 343) underwent 
re-resection. In multivariable analyses, no survival benefit was seen for patients who underwent re-resection (HR: 
1.12, 95% CI: 0.99–1.27, P = .07).
Conclusions.  Re-resection rates were low among elderly GBM patients, and no survival advantage was observed 
for patients who underwent re-resection. However, patients who received standard of care at initial diagnosis had 
a lower risk of death. Older adults benefit from receiving radiation + temozolomide after initial resection, and future 
studies should assess the relationship between re-resection and OS taking the time of re-resection into account.

Key Points

	•	 No survival advantage was found for SEER-Medicare re-resection GBM patients.

	•	 Less than 50% received standard of care (SOC) at initial GBM diagnosis; those who 
received SOC had improved OS.

	•	 Older patients benefit from SOC for GBM and should not be excluded from care.

Glioblastoma (GBM) is an aggressive primary central nervous 
system cancer with rising global incidence.1,2 While survival 
from diagnosis has improved for GBM patients since the im-
plementation of radiotherapy and temozolomide in 2005 as the 

initial standard of care,3,4 GBM almost universally recurs and 
remains difficult to treat after recurrence. Systemic treatments 
that have improved survival in other cancers, such as immune 
checkpoint blockade, have failed to show a survival benefit for 

Lack of survival advantage among re-resected elderly 
glioblastoma patients: a SEER-Medicare study
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GBM patients.5 Currently, no single standard of care exists 
for recurrent GBM; however, therapeutic approaches in-
clude repeat resection, repeat radiotherapy, systemic che-
motherapy, and bevacizumab.

At recurrence, repeat resection is performed in some 
cases to reduce tumor burden. Re-resection can alleviate 
mass effect, reduce edema, and provide tumor for mo-
lecular profiling. While re-resection may improve quality 
of life6 or ameliorate symptoms, evidence regarding the 
benefit of re-resection on survival has been conflicting. 
A  recent meta-analysis noted that most studies do not 
account for the timing of re-resection when analyzing 
the association between re-resection and survival.7 
Whether a patient will undergo re-resection is unknown 
at initial surgery and this treatment decision occurs later 
in the disease course; therefore, re-resection status is a 
time-dependent factor, not a fixed factor. Treating time-
dependent factors as fixed factors in the analysis will 
always result in biased estimation.8 In our earlier work, 
we demonstrated that controlling for the timing of 
re-resection resulted in an attenuation of the associated 
benefit with overall survival (OS).9

Studies have shown that older patients with GBM un-
dergo re-resection less frequently than younger pa-
tients.10,11 In the United States, incidence of GBM increases 
with age, where individuals 75–84 years have the highest 
rates of GBM diagnosis, and the median age at diagnosis is 
65 years.2 Although GBM is more common in older adults, 
adults older than 70 were excluded in the initial clinical trial 
by Stupp et al.4 where the current standard of care for initial 
treatment was established. Additionally, their exploratory 
subgroup analysis did not demonstrate evidence of sur-
vival benefit in those aged 60–70 years.4,12 In a population-
based analysis, older adults had lower odds of receiving 
standard of care for initial treatment.13 However, recent 
retrospective studies have demonstrated older adults ex-
perience a significant survival benefit when given standard 
of care for initial treatment.10–12,14 Undertreatment of older 
adults is not limited to initial treatment. A  population-
based study showed older adults receive bevacizumab, a 
common treatment at recurrence, at much lower rates rela-
tive to the broader GBM population, although the patients 
who received bevacizumab experienced significantly im-
proved survival.15

As older adults are frequently excluded from clinical 
trials, registry data can provide key insights into treat-
ment patterns and survival benefit in this age group. 

Population-based databases, such as the Surveillance, 
Epidemiology, and End Results (SEER) data linked with 
Medicare claims, allow for a nationally representative 
cancer cohort of the older adult US population. Using 
SEER-Medicare, we report on the association between 
repeat resection and OS after the implementation of the 
Stupp protocol, accounting for the timing of re-resection 
in the analysis.

Materials and Methods

Cohort Selection

Our study included patients from the 2018 SEER-Medicare 
data release. We selected patients with a first primary di-
agnosis of GBM from January 2006 to December 2015 
using the site code 31010 for brain, and histology codes 
9440, 9442, and 9445, reflecting ICD-O-3 codes for grade IV 
gliomas from the SEER Patient Entitlement and Diagnosis 
Summary File (PEDSAF). Patients must also have had a re-
section at GBM diagnosis as indicated by one of the sur-
gery or diagnosis codes from MEDPAR or NCH (detailed in 
Supplementary Table 1). Patients were followed up from 
initial resection until death, obtained through the national 
death index, or administrative follow-up defined as the last 
date of available claims in this release (December 31, 2016). 
Patients were excluded if they lacked Part A or B Medicare 
coverage, belonged to a health maintenance organization 
in the year prior to GBM diagnosis or through follow-up, 
were diagnosed with GBM at death, had no GBM diagnosis 
date, or were younger than 66 years old to allow for as-
sessment of comorbidities in the year prior to GBM diag-
nosis. Patients were also excluded if they were not newly 
diagnosed, defined as initial resection more than 75 days 
after their initial GBM diagnosis date, or if they had che-
motherapy or radiation prior to the first surgery, defined as 
chemotherapy or radiation claims more than 7 days before 
initial resection (Figure 1).

Measurements

We used codes detailed in Supplementary Table 1 to 
identify chemotherapy and radiation. Temozolomide use 
was identified using multiple sources: (1) NCH, (2) part D 
claims in PDESAF (Part D Claims File)  for “temodar” or 

Importance of the Study

Using appropriate statistical techniques, our 
study demonstrated a lack of survival benefit 
from re-resection in a nationally representative 
sample of elderly glioblastoma patients. Our 
findings parallel those of single-center retro-
spective studies accounting for the timing of 
re-resection and advance the literature on the 
association between re-resection and survival. 

Additionally, less than half of this elderly co-
hort received standard of care therapy; how-
ever, those who received standard of care had 
improved survival. These findings suggest that 
older adults are not receiving treatment at the 
same rates as younger patients and may ben-
efit from receiving radiation + temozolomide 
after initial resection.

https://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdaa159#supplementary-data
https://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdaa159#supplementary-data
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“temozolomide,” and (3) DME claims using the national 
drug code directory (https://www.accessdata.fda.gov/
scripts/cder/ndc/index.cfm) searched on April 9, 2020 for 
“temozolomide.”

Patient demographics, including age at diagnosis, ge-
ographic region, race, sex, census tract poverty level, 
Charlson comorbidity index (CCI), and marital status, 
were extracted from SEER registry data. Census pov-
erty level indicates the percentage of population at or 
below the federal poverty level in the patient’s census 
tract of residence. We dichotomized census poverty into 
less than 10% below the poverty line versus at least 
10% below the poverty line. Modified CCI (malignan-
cies excluded) was evaluated using Medicare claims in 
the 12 months prior to GBM diagnosis.16 The following 
surgical complications were identified within 30 days of 
initial surgery: deep vein thrombosis (DVT), pulmonary 
embolism, intracranial bleed/stroke, systemic infec-
tion, seizure, wound infection, and hemiparesis (codes 

detailed in Supplementary Table 2). Both ICD-9 and ICD-
10 codes were used to identify relevant claims.

Statistical Methods

We assessed the association between clinical characteris-
tics and time to re-resection using competing risks regres-
sion with Fine and Gray methods. In this analysis, time to 
re-resection was defined from the date of initial surgery to 
re-resection, and death was treated as a competing event. 
OS was estimated from the initial GBM surgery claim until 
death using Kaplan–Meier methods. Patients alive were 
censored at the last claims collection date. We also esti-
mated OS from the date of re-resection in those who un-
derwent a re-resection.

As patients who underwent re-resection had to sur-
vive long enough to receive a repeat resection, we used 
landmarked Kaplan–Meier methods to estimate and vis-
ualize survival distributions stratified by re-resection. 

  

# GBM patients:
N = 13 915

# Dx at death = 111

# No Dx date = 19

# <66 years old = 4120

# HMO only = 2888

# No AB coverage = **

# HMO and no AB = **

# No surgery = 2101

#Sx time >75 days = 74

# Chemo->surgery = 81

# RT->surgery = 38

# patients included:
N = 3604

Figure 1.  Flow chart of patient selection. Our final sample included N = 3604 from N = 13 915 GBM patients from SEER-Medicare. The majority of 
patient exclusions were the result of insufficient Medicare coverage for claims identification (N = 3770) or patients younger than 66 years (N = 4120). 
**In accordance with SEER-Medicare data use agreement, cells with N < 11 were masked to prevent identification.
  

https://www.accessdata.fda.gov/scripts/cder/ndc/index.cfm
https://www.accessdata.fda.gov/scripts/cder/ndc/index.cfm
https://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdaa159#supplementary-data
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Median time to re-resection (7.7  months after initial 
surgery), the time at which half the patients underwent 
re-resection, was specified as the landmark time and 
survival was estimated from the landmark. Patients 
alive and who underwent a repeat resection by the land-
mark were included in the re-resection cohort, whereas 
if re-resection occurred after the landmark, they were 
included with the no re-resection cohort. As the speci-
fication of landmark times is subjective, we included 
alternative landmark time curves in supplementary 

material as sensitivity analyses. We also used the land-
mark method to provide estimates for patients who 
received radiation + temozolomide within 1 month of in-
itial GBM surgery.

We used univariable and multivariable Cox regression 
to evaluate the relationship between clinical and treat-
ment characteristics with OS. All variables were included 
in multivariable models regardless of univariable signif-
icance. We used complete case analysis (96% available) 
for the multivariable model. To account for the immortal 
time bias, re-resection, radiation + temozolomide, other 
treatment, and surgical complications were treated as 
time-dependent covariates. We also display the results 
from interaction analyses between re-resection and pa-
tient characteristics in a forest plot. Two-sided P values 
less than .05 were considered statistically significant. 
All analyses were performed with SAS 9.4 TS1 M6 (SAS 
Institute).

Results

Patient Characteristics

After exclusions, 3604 patients were included in our study. 
Details of exclusions are outlined in Figure 1. Median age 
at diagnosis was 74  years (range: 66–96) and 54% were 
men (n = 1959). Most patients were white (94%, n = 3369) 
and 65% (n = 2350) were married. Over half (51%, n = 1855) 
had no prior comorbidities (CCI = 0), 26% (n = 945) had 1 
comorbidity, 11% (n = 406) had 2 comorbidities, and 11% 
(n = 398) had at least 3 comorbidities. Tumors most com-
monly occurred in the temporal lobe (31%) and frontal lobe 
(26%; Table 1).

30-Day Complications After Initial Resection

Complications were common after initial resection with 
44.9% (95% confidence interval [CI]: 43.3–46.5%) of pa-
tients experiencing one or more complications. Seizures 
(25.5%, 95% CI: 24.1–26.9%) and intracranial bleed/stroke 
(20.6%, 95% CI: 19.3–21.9%) occurred most frequently, 
followed by DVT (8.1% (95% CI: 7.2–9.9%)) and pulmo-
nary embolism (3.3%, 95% CI: 2.8–4.0%). Overall, 30-day 
mortality was 8.2% (95% CI: 7.3–9.1%; Supplementary 
Table 3).

Treatment Patterns After Initial Resection

After initial resection, 44% (n = 1598) received radiation + 
temozolomide (median time after surgery: 0.6 months, in-
terquartile range [IQR]: 0.4–0.9), 33% received some other 
combination of therapy (n = 1180; median time after sur-
gery: 0.7 months, IQR: 0.5–1.0), and 23% (n = 826) received 
no additional therapy. Overall, 23% (n  =  813) received 
bevacizumab during their treatment course at a median of 
8.0 months (range: 0.5–93.5 months) from initial surgery. 
Only 343 patients (9.5%) underwent re-resection with a 
median time between initial and re-resection of 7.7 months 
(range: 1–86.5 months).

  
Table 1.  Patient Characteristics

 N (%)

No. of patients 3604

Age at diagnosis, years Median (range) 74 (66–96)

Gender Male 1959 (54.4)

Female 1645 (45.6)

Race White 3369 (93.5)

Black 125 (3.5)

Other **

Unknown **

Geographic region West 1411 (39.2)

Northeast 804 (22.3)

South 776 (21.5)

Midwest **

Unknown **

Census poverty tract Yes 1576 (43.7)

No 2001 (55.5)

Unknown 27 (0.7)

Marital status Married 2350 (65.2)

Unmarried 1147 (31.8)

Unknown 107 (3)

CCI Median (range,  
N = 3604)

0 (0–11)

0 1855 (51.5)

1 945 (26.2)

2 406 (11.1)

3+ 398 (11)

Anatomical location Temporal lobe 406 (11.1)

Frontal lobe 942 (26.1)

Parietal lobe 625 (17.3)

Overlapping lesions 468 (13)

Occipital lobe 196 (5.4)

Brain NOS 196 (5.4)

Other 65 (1.7)

**Due to the SEER-Medicare data use agreement, cells with N < 11 
cannot be provided. “Other” anatomical location includes cerebellum, 
cerebrum, ventricle NOS, and brain stem. “Other” race includes Asian/
Pacific Islander and Native American/Alaska Native. “Unmarried“ 
marital status includes single, divorced, separated, unmarried/do-
mestic partner.

  

https://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdaa159#supplementary-data
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Factors Associated With Receipt of Repeat 
Resection

Patients who experienced a complication within 30  days 
of initial resection were less likely to undergo re-resection 
(hazard ratio [HR]: 0.75, 95% CI: 0.60–0.93, P  =  .009). 
Receipt of re-resection was also associated with several 
patient characteristics. Older patients (HR: 0.90, 95% CI: 
0.88–0.92, P < .001) and those with more comorbidities 
were less likely (HR: 0.81, 95% CI: 0.73–0.91, P < .001)  to 
undergo a re-resection. Men were more likely to un-
dergo re-resection (HR: 1.38, 95% CI: 1.11–1.72, P =  .004). 
Additionally, receipt of re-resection differed by geographic 
region (P < .001) where patients in the midwest (HR: 0.74, 
95% CI: 0.52–1.04) and south (HR: 0.51, 95% CI: 0.35–0.73) 
were less likely to receive re-resection compared to those 
in the northeast, but no difference was found between pa-
tients in the west (HR: 1.02, 95% CI: 0.78–1.32) compared to 
northeast (Table 2).

Survival Estimates

Within the study period, 3450 individuals had died. For 
the 154 patients alive, median follow-up was 24 months. 
From the time of initial resection, median survival was 
6.2  months (95% CI: 5.9–6.6  months). One and three-
year OS estimates were 29.7% (95% CI: 28.2–31.2%) and 

4.9% (95% CI: 4.2–5.7%), respectively. From the time of 
re-resection, median survival was 6.9 months (95% CI: 6.1–
7.9) with 1- and 3-year survival estimates from re-resection 
of 26.4% (95% CI: 21.8–31.3%) and 5.8% (95% CI: 3.4–9.0%), 
respectively.

Associations Between Treatment and OS

In univariable analyses, no survival advantage was ob-
served for patients who underwent a re-resection (HR: 
1.22, 95% CI: 1.08–1.38, P  =  .001), which paralleled the 
findings in the landmarked Kaplan–Meier plots (Figure 2, 
Supplementary Figure 1). As shown in Figure  2, for pa-
tients who underwent a repeat resection by the landmark 
time (n  =  119), the median OS was 6.7  months (95% CI: 
5.3–9.1), compared to 7.9 months (95% CI: 7.3–8.4) for those 
who did not.

Patients who received radiation + temozolomide after 
surgery had a lower hazard of death (HR: 0.49, 95% CI: 
0.46–0.53, P < .001). For patients who received radiation + 
temozolomide within 1 month of initial resection (N = 1344), 
median OS was 10.1 months (95% CI: 9.5–10.7) compared to 
4.2 months (95% CI: 4.0–4.5) in patients who did not.

After adjusting for covariates in a multivariable anal-
ysis, no survival benefit was seen for patients who un-
derwent re-resection compared to those who did not (HR: 
1.12, 95% CI: 0.99–1.27, P  =  .07). However, patients who 

  
Table 2.  Factors Associated With Repeat Resection

 N (E) HR (95% CI) P

Age at diagnosis, years 3604 (343) 0.90 (0.88–0.92) <.001

Gender Male 1959 (212) 1.38 (1.11–1.72) .004

Female 1645 (131) —  

Race Other 104 (14) 1.44 (0.85–2.44) .40

Black 125 (12) 1.02 (0.57–1.81)  

White 3369 (317) —  

Geographic region West 1411 (159) 1.02 (0.78–1.32) <.001

Midwest 605 (50) 0.74 (0.52–1.04)  

South 776 (45) 0.51 (0.35–0.73)  

Northeast 804 (89) —  

Census poverty tract Yes 1576 (131) 0.77 (0.62–0.96) .021

No 2001 (212) —  

Marital status Unmarried 1147 (69) 0.52 (0.40–0.68) <.001

Married 3604 (343) 0.81 (0.73–0.91) <.001

Widowed 2350 (264) —

CCI  3604 (343) 0.81 (0.73–0.91) <.001

2 406 (36) 0.75 (0.53–1.07) <.001

3+ 398 (19) 0.39 (0.25–0.63)  

1 945 (71) 0.63 (0.48–0.82)  

0 1855 (217) —  

Initial resection complication Yes  0.75 (0.60–0.93) .009

No  —  

CCI, Charlson comorbidity index; N, number of patients within level; E, number of events. Bold P-values indicate statistical significance 

  

https://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdaa159#supplementary-data
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received radiation + temozolomide had a significantly 
lower hazard of death (HR: 0.28, 95% CI: 0.26–0.31, P < 
.001; Table 3).

Association Between Demographics and OS

In multivariable analyses, we observed an increased risk of 
death with each year increase in age (HR: 1.04, 95% CI: 1.04–
1.05, P < .001) and with increasing number of comorbidities 
(HR: 1.10, 95% CI: 1.08–1.13, P < .001). Patients from impov-
erished areas (HR: 1.12, 95% CI: 1.04–1.20, P  =  .003) and 
unmarried patients (HR: 1.16, 95% CI: 1.08–1.26, P < .001) 
had a higher hazard of death. Women had a lower hazard 
of death (HR: 0.91, 95% CI: 0.85–0.98, P = .012) compared to 
men (Table 3).

Interactions Between Demographics and 
Re-resection

No significant interaction was found between re-resection 
and gender, CCI, race, geographic region, or poverty tract 
(P  =  .37 to >.95). However, a significant interaction was 
found between re-resection and marital status (P =  .034), 
where patients who were married and had re-resection 
had a higher hazard of death (HR: 1.34, 95% CI: 1.16–1.54), 

but no association between re-resection and OS  was 
found for unmarried individuals (HR: 0.96, 95% CI: 0.75–
1.24). A  significant interaction was also found between 
re-resection and age (P = .021), where the association be-
tween re-resection and OS was stronger for younger pa-
tients than for older patients (Figure 3).

Discussion

In this SEER-Medicare population, we report a lack of sur-
vival benefit in patients who received a repeat resection 
when appropriately modeled as a time-dependent covariate 
in the analysis. The directionality of these results aligns with 
our earlier single-center analysis9 and another recent single-
center study17 where the timing of re-resection was incorpo-
rated. While OS in this current study was lower than that of 
many single-center studies of GBM patients, our estimates 
were similar to those seen in studies specifically among 
older adults18 and for the SEER-Medicare population.19

Importantly, fewer than 10% of patients underwent 
re-resection, fewer than 50% received RT + temozolomide 
after initial resection, and fewer than 25% received 
bevacizumab during their treatment course, consistent 
with known treatment patterns in the older adult 
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at risk could be provided under the SEER-Medicare data use agreement.
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population. However, in a retrospective cohort study, 
Lapointe et al.10 demonstrated similar survival estimates 
for those at least 70 years compared to those 55–69 years 
when given the same treatment. Furthermore, in a ran-
domized study, Perry et al.20 demonstrated improved sur-
vival with the addition of temozolomide to short-course 
radiation for older GBM patients. Although the goal of 
our study was not to assess the benefit of all modes of 
treatment, we found that patients who received radiation 
+ temozolomide had a lower risk of death. Our results indi-
cate that standard of care therapy provides a survival ben-
efit for older adults.

Given the well-known association between age and OS 
in GBM and the  debilitating effects of disease progres-
sion, one might speculate that patients who underwent 
re-resection were healthier and more able to undergo 
additional treatment, which may contribute to a lower 
hazard of death. In fact, in our study, patients who were 
younger, from less impoverished areas, and with fewer 
comorbidities were more likely to receive repeat re-
section. Additionally, patients in our cohort had fewer 
comorbidities compared to those who did not undergo 
initial resection (no comorbidities: 51% vs 43%). While 
we controlled for comorbidities and other factors in our 

  
Subgroup Hazard ratio (95% CI)

Gender

CCI

Race

Region

Census poverty

Marital status

Age at diagnosis

Hazard ratio

Male

Female

1.22 (1.05–1.43)

1.21 (1.00–1.47)

1.34 (1.15–1.56)

1.11 (0.86–1.42)

1.07 (0.74–1.55)

1.12 (0.70–1.80)

1.23 (1.08–1.39)

1.04 (0.56–1.94)

1.21 (0.63–2.34)

1.16 (0.84–1.59)

1.36 (1.08–1.71)

1.18 (0.88–1.60)

1.23 (1.03–1.47)

1.28 (1.10–1.49)

1.15 (0.95–1.39)

0.96 (0.75–1.24)

1.34 (1.16–1.54)

1.41 (1.23–1.61)

1.20 (1.04–1.39)

1.02 (0.80–1.32)

0.87 (0.60–1.27)

0

1

2

3+

White

Black

Other

South

Northeast

Midwest

West

No

Yes

Unmarried

Married

70

75

80

85

0.0 0.5 1.0 1.5 2.0

P ≥ 0.95

P = 0.45

P = 0.88

P = 0.83

P = 0.37

P = 0.024

P = 0.021

Figure 3.  Forest plot of interaction effects. Hazard ratios are displayed from the interaction models between demographics and re-resection for 
the association with overall survival. The dashed line represents a hazard ratio of 1. Hazard ratios to the right (left) of the line indicate subgroups 
that had a higher (lower) hazard of death in patients who underwent re-resection compared to those who did not undergo re-resection. For the 
continuous factors, age, and CCI, the significance tests were derived from the interaction between the continuous variable and re-resection, but 
hazard ratios of discrete levels were presented for easier visualization.
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multivariable analyses, we cannot fully account for under-
lying selection bias or underlying health status of patients.

In a SEER-Medicare analysis of GBM patients diag-
nosed from 1997 to 2009, Chen et  al.19 demonstrated a 
survival benefit after re-resection. However, in their anal-
ysis, re-resection was treated as a fixed, time-independent 
factor, similar to IDH1 or methylation status, which did not 
account for the immortal time bias.21 In addition, their study 
included patients prior to the implementation of the Stupp 
protocol. A recent study by Nuñez et al.22 attempted to con-
trol for both the timing of re-resection and the underlying 
selection bias in who receives re-resection. They matched 
39 re-resected patients to 39 non-re-resected patients 
who had similar probabilities of receiving re-resection, 
and assessed the relationship between re-resection and 
OS using a time-dependent Cox model. They observed a 
lower hazard of death in patients who received re-resection 
(HR: 0.75, 95% CI: 0.62–0.85). While they accounted for the 
timing of re-resection, it is unclear if they accounted for 
the matched sampling design in their statistical model. 
Furthermore, the small sample size limits the reliability 
of the estimates. Nonetheless, their findings suggest that 
there may be a survival benefit from re-resection.

In addition to re-resection, we demonstrated notable as-
sociations between demographics and survival. Consistent 
with prior reports, men represented a larger proportion 
of GBM patients, but had worse survival compared to 
women.23,24 Yu et al.25 have suggested that androgens may 
promote GBM development and provide for less favorable 
tumor biology once diagnosed. We also observed differences 
based on marital status, where married individuals had im-
proved survival. Our result aligns with those from Chang and 
Barker26 for the pre-temozolomide era and by Wachtel and 
Yang27 in the post-temozolomide era. Putz et al.28 suggested 
that married individuals may be able to better tolerate treat-
ment. Similarly, in our study, we found married individuals 
were more likely to undergo repeat resection.

Geographic differences in survival were also apparent, 
where patients from the south and midwest were less 
likely to receive re-resection and had worse survival com-
pared to patients in the northeast; however, no difference 
was observed for patients in the west compared to patients 
in the northeast. Pan et al.29 noted similar findings in their 
earlier study of GBM patients in the SEER-Medicare data-
base. These findings may be a reflection of greater access 
to specialized care in these regions.30 We also noted a sig-
nificant interaction between age and re-resection, where 
the association was stronger for younger patients. While 
this may seem counterintuitive, we speculate that this may 
be due to selection bias, as older patients were less likely to 
undergo re-resection. Older patients who had re-resection 
may represent a highly selected group who were expected 
to tolerate a second craniotomy.

Limitations

The SEER-Medicare database covers approximately 30% 
of the US population, which allowed us to examine a 
large, representative sample of elderly GBM patients in the 
United States. On the other hand, we were unable to con-
trol for known prognostic markers, such as performance 

status, MGMT, IDH1, multifocality, and extent of initial or 
re-resection, as these factors are not currently available in 
the linked SEER-Medicare databases. Additionally, as no 
true graphical representation exists for time-dependent 
covariates, we used landmarked curves as an illustration 
of the relationship between re-resection and survival to 
supplement the HR estimates from the time-dependent 
Cox model. However, this visualization is not equivalent 
to the model estimation or statistical testing performed 
in this study. We also did not control for recurrence in our 
analyses, as recurrence data are unavailable in the linked 
SEER-Medicare databases. While it is possible that our 
analysis compared patients who did not recur to those that 
did, the aggressive nature of this disease and short sur-
vival observed make this comparison unlikely.

Conclusions

We found a lack of survival advantage for re-resected older 
adult patients with GBM treated during the radiation + 
temozolomide era. These results further demonstrate the 
importance of accounting for the timing of repeat resec-
tion when assessing its relationship with OS, as ignoring 
re-resection timing has led to biased conclusions in other 
studies. Future studies that account for re-resection timing 
along with all known prognostic factors are warranted. 
Additionally, we found a survival advantage when older 
adults with GBM received standard of care treatment. The 
feasibility of administering radiation + temozolomide to 
older adult patients deserves greater attention.

Supplementary Material

Supplementary material is available at Neuro-Oncology 
Advances online.

Keywords

elderly patients | glioblastoma | repeat resection | SEER-
Medicare | time-dependent analysis

Funding

The investigators are supported by Cancer Center Support Grant 
No. P30 CA08748 from the National Institutes of Health/National 
Cancer Institute.

Conflict of interest statement. D.A.G., A.S.R., V.T., and K.S.P.: 
None declared. E.L.D.: Unpaid support from Third Rock Ventures 
outside the submitted work. L.M.D.: Scientific advisory board 
for Sapience therapeutics; Serves on Board of Directors for the 
Commonwealth Cancer Consortium.



 10 Goldman et al. No re-resection survival benefit in SEER-Med GBM patients

Authorship Statement. Experimental design: D.A.G., A.S.R., 
and K.S.P.; implementation: D.A.G., A.S.R., and K.S.P.; analysis: 
D.A.G., A.S.R., and K.S.P.; interpretation of data: D.A.G., A.S.R., 
K.S.P., E.L.D., L.M.D., and V.T.; writing and revision of the man-
uscript: D.A.G., A.S.R., K.S.P., E.L.D., L.M.D., and V.T.; approved 
final version: D.A.G., A.S.R., K.S.P., E.L.D., L.M.D., and V.T.

References

1.	 Korja M, Raj R, Seppä K, et al. Glioblastoma survival is improving de-
spite increasing incidence rates: a nationwide study between 2000 and 
2013 in Finland. Neuro Oncol. 2018;21(3):370–379.

2.	 Ostrom  QT, Gittleman  H, Truitt  G, Boscia  A, Kruchko  C, Barnholtz-
Sloan  JS. CBTRUS statistical report: primary brain and other central 
nervous system tumors diagnosed in the United States in 2011–2015. 
Neuro Oncol. 2018;20(suppl 4):iv1–iv86.

3.	 Poon  MTC, Sudlow  CLM, Figueroa  JD, Brennan  PM. Longer-term 
(≥ 2  years) survival in patients with glioblastoma in population-based 
studies pre- and post-2005: a systematic review and meta-analysis. Sci 
Rep. 2020;10(1):11622.

4.	 Stupp R, Mason WP, van den Bent MJ, et al.; European Organisation 
for Research and Treatment of Cancer Brain Tumor and Radiotherapy 
Groups; National Cancer Institute of Canada Clinical Trials Group. 
Radiotherapy plus concomitant and adjuvant temozolomide for glioblas-
toma. N Engl J Med. 2005;352(10):987–996.

5.	 Reardon  D, Omuro  A, Brandes  A, et  al. OS10. 3 randomized phase 3 
study evaluating the efficacy and safety of nivolumab vs bevacizumab 
in patients with recurrent glioblastoma: CheckMate 143. Neuro Oncol. 
2017;19(suppl 3):iii21–iii21.

6.	 Mukherjee S, Wood J, Liaquat I, Stapleton SR, Martin AJ. Craniotomy 
for recurrent glioblastoma: is it justified? A  comparative co-
hort study with outcomes over 10  years. Clin Neurol Neurosurg. 
2020;188:105568.

7.	 Zhao YH, Wang ZF, Pan ZY, et al. A meta-analysis of survival outcomes 
following reoperation in recurrent glioblastoma: time to consider the 
timing of reoperation. Front Neurol. 2019;10:286.

8.	 Anderson  JR, Cain  KC, Gelber  RD. Analysis of survival by tumor re-
sponse. J Clin Oncol. 1983;1(11):710–719.

9.	 Goldman DA, Hovinga K, Reiner AS, Esquenazi Y, Tabar V, Panageas KS. 
The relationship between repeat resection and overall survival in pa-
tients with glioblastoma: a time-dependent analysis. J Neurosurg. 
2018;129(5):1231–1239.

10.	 Lapointe  S, Florescu  M, Simonyan  D, Michaud  K. Impact of 
standard care on elderly glioblastoma patients. Neurooncol Pract. 
2017;4(1):4–14.

11.	 Mandel J, Youssef M, Ludmir E, et al. Treatment strategies for glioblas-
toma in older patients: age is just a number (2612). J Neurooncol. 2020; 
94(15 suppl):2612.

12.	 Laperriere N, Weller M, Stupp R, et al. Optimal management of elderly 
patients with glioblastoma. Cancer Treat Rev. 2013;39(4):350–357.

13.	 Lu VM, Lewis CT, Esquenazi Y. Geographic and socioeconomic consider-
ations for glioblastoma treatment in the elderly at a national level: a US 
perspective. Neurooncol Pract. 2020;7(5):522–530.

14.	 Minniti  G, Lombardi  G, Paolini  SJC. Glioblastoma in elderly pa-
tients: current management and future perspectives. Cancers (Basel). 
2019;11(3):336.

15.	 Davies J, Reyes-Rivera I, Pattipaka T, et al. Survival in elderly glioblas-
toma patients treated with bevacizumab-based regimens in the United 
States. Neurooncol Pract. 2018;5(4):251–261.

16.	 Klabunde  CN, Potosky  AL, Legler  JM, Warren  JL. Development of 
a comorbidity index using physician claims data. J Clin Epidemiol. 
2000;53(12):1258–1267.

17.	 Delgado-Fernández J, Frade-Porto N, Blasco G, et al. Does reintervention 
improve survival in recurrent glioblastoma? Facing a temporal bias in the 
literature. Acta Neurochir (Wien). 2020;162(8):1967–1975.

18.	 Van Den Bent MJ, Bromberg JE. The many challenges of treating elderly 
glioblastoma patients. Nat Rev Neurol. 2015;11(7):374–375.

19.	 Chen  YR, Sole  J, Ugiliweneza  B, et  al. National trends for 
reoperation in older patients with glioblastoma. World Neurosurg. 
2018;113:e179–e189.

20.	 Perry JR, Laperriere N, O’Callaghan CJ, et al.; Trial Investigators. Short-
course radiation plus temozolomide in elderly patients with glioblas-
toma. N Engl J Med. 2017;376(11):1027–1037.

21.	 Reiner  AS, Goldman  DA, Diamond  EL, DeAngelis  LM, Tabar  V, 
Panageas  KS. Letter to the editor regarding “National Trends for 
Reoperation in Older Patients with Glioblastoma”. World Neurosurg. 
2018;117:466.

22.	 Nuñez MTF, Franco P, Cipriani D, et al. Resection of recurrent glioblas-
toma multiforme in elderly patients: a pseudo-randomized analysis re-
vealed clinical benefit. J Neurooncol. 2020;146(2):381–387.

23.	 Ostrom  QT, Rubin  JB, Lathia  JD, Berens  ME, Barnholtz-Sloan  JS. 
Females have the survival advantage in glioblastoma. Neuro Oncol. 
2018;20(4):576–577.

24.	 Tian M, Ma W, Chen Y, et al. Impact of gender on the survival of patients 
with glioblastoma. Biosci Rep. 2018;38(6):BSR20180752.

25.	 Yu X, Jiang Y, Wei W, et al. Androgen receptor signaling regulates growth 
of glioblastoma multiforme in men. Tumour Biol. 2015;36(2):967–972.

26.	 Chang  SM, Barker  FG. Marital status, treatment, and survival in pa-
tients with glioblastoma multiforme: a population‐based study. Cancer. 
2005;104(9):1975–1984.

27.	 Wachtel  MS, Yang  S. Odds of death after glioblastoma diag-
nosis in the United States by chemotherapeutic era. Cancer Med. 
2014;3(3):660–666.

28.	 Putz F, Putz T, Goerig N, et al. Improved survival for elderly married glio-
blastoma patients. Strahlenther Onkol. 2016;192(11):797–805.

29.	 Pan  I-W, Ferguson  SD, Lam  S. Patient and treatment factors as-
sociated with survival among adult glioblastoma patients: a USA 
population-based study from 2000–2010. J Clin Neurosci. 2015; 
22(10):1575–1581.

30.	 Onega T, Duell EJ, Shi X, Wang D, Demidenko E, Goodman D. Geographic 
access to cancer care in the U.S. Cancer. 2008;112(4):909–918.


