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Abstract
Background. Insufficient data exist to characterize factors associated with longer-term survival of glioblastoma 
(GBM). A population-based analysis of GBM longer-term survivors (LTS) in the United States was conducted to in-
vestigate the association between treatment, demographic, surgical factors, and longer-term survival.
Methods. From the National Cancer Database, GBM patients were identified using ICD-O-3 histology codes 9440-
9442/3, 2005–2015 and were divided into routine (≤3 years) and longer-term (>3 years) overall survival (OS) groups. 
Univariable and multivariable logistic regression analysis was used to assess factors associated with longer-term 
survival. A subset analysis was performed to further investigate the association of extent of resection and treat-
ment combinations on OS outcomes.
Results. A total of 93 036 patients with GBM met study criteria. Among these patients, 8484 were LTS and 84 552 
were routine survivors (RS). When comparing LTS (OS of >3 years) with RS (OS of ≤3 years), younger age, in-
sured status, metro/urban residence, treatment at academic facility, and fewer comorbidities were associated with 
longer-term survival. In addition, trimodality therapy (chemotherapy + radiation + surgery) was associated with 
having best odds of longer-term survival (odds ratio = 4.89, 95% confidence interval [3.58, 6.68]); 74% of LTS re-
ceived such therapy compared with 51% of RS. Subset analysis revealed that total resection is only associated with 
longer-term survival status for those receiving trimodality therapy or surgery only.
Conclusions. In a population-based analysis, standard of care surgery and chemo radiation connote a survival 
advantage in GBM. Among those receiving standard of care, having a total resection is most beneficial for longer-
term survival status.

Key Point

• Standard of care offers a significant survival advantage for glioblastoma patients.

Glioblastoma (GBM) is the most common primary malignant 
brain tumor in adults representing 48.3% of all malignant brain 
tumors.1 The exact pathogenesis of the condition is poorly un-
derstood and could possibly arise from several cell types.2 

The age-adjusted incidence of GBM is 3.22 per 100 000 with 
increasing incidence with age and mean age of 65 years at diag-
nosis1 and men have a higher incidence than women.1 In terms 
of race, whites have the highest incidence followed by blacks.3

Treatment and surgical factors associated with  
longer-term glioblastoma survival: a National Cancer 
Database study
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Although new treatment options have emerged since 
2005, GBM remains incurable. Without any treatment, the 
GBM patient can survive maximum up to 3 months. The 
median survival for patients participating in clinical trials 
is 14.6 months, while it remains about 12 months overall 
depending upon the intrinsic tumor factors and treatment 
combinations and the landmark survival of 16% at 3 years 
and 10% at 5 years from diagnosis.4,5 Younger age of diag-
nosis and higher Karnofsky Performance Scores (KPS) are 
strongly associated with longer survival.6 Primary tumor 
location also impacts survival with cerebellar tumors re-
sulting in poorer survival compared to supratentorial tu-
mors.7 Extent of resection (EOR) also impacts longer-term 
survival with those having more than 95% to 98% of the 
tumor resected having the longest survival.5,8–11 In addi-
tion, tumor molecular markers, including MGMT promoter 
methylation and IDH mutation, have been associated with 
longer survival, with the latter defining a distinct group of 
“secondary” GBMs.3,9,11

Standard of care treatment since 2005 for non-elderly 
patients consists of maximum safe surgical resection fol-
lowed by concurrent external beam radiation therapy, typ-
ically followed by additional adjuvant chemotherapy,12,13 
and since 2015, use alternating electrical fields.14 This 
combination treatment with chemotherapy, radiation, and 
surgery (trimodality therapy) has been shown to improve 
GBM survival.5,9–11

Despite these improvements, modern-day therapy regi-
mens have not drastically improved survival outcomes in 
the past 40 years.12 And yet there are individuals do be-
come longer-term GBM survivors, typically considered 
3 years or longer from initial diagnosis. However, factors 
associated with longer-term survival in GBM patients are 
not well characterized. In particular, we were interested in 
whether certain treatment combinations coupled with EOR 
are associated with a survival advantage, specifically in a 
broad, inclusive population-based setting.

Methods

The National Cancer Database (NCDB) collects cancer 
patient data by registry staff from medical records of 

Commission on Cancer accredited hospital programs. 
About 70% of all US cancer diagnoses occur at one of 
these institutions.15 We selected microscopically confirmed 
patients with ICD-O-3 histology code 9440-9442/3, and di-
agnostic confirmation 1-4, which represented 124 196 pa-
tients in the database. We then removed patients for whom 
survival data and vital status were missing. Since the cur-
rent standard of care for GBM consists of maximal, safe 
surgical resection, concurrent chemo radiation was estab-
lished in 2005,15,16 we also excluded patients diagnosed be-
fore 2005. In addition, patients with an “alive” vital status 
and less than 36 months of survival since diagnosis were 
removed because they are not evaluable for this study. We 
only included patients up until 2015 to allow for sufficient 
follow-up for survival modeling. Our final patient popula-
tion was 93 036 (Figure 1). We defined longer-term survival 
to be 36 months and more, which is 4 times the median 
survival (9.2 months) based on this data set. Patients sur-
viving not more than 36 months were classified as having 
“routine” survival.

For the descriptive results, race was classified as black, 
white, or other. Charlson/Deyo score was categorized as 0, 
1, 2, and 3+. Facility type was defined to be academic or 
nonacademic. Facility location was classified as Midwest, 
Northeast, South, and West. Patient’s residence was defined 
as rural, urban, or metro. Age of diagnosis was grouped 
into tranches of younger than 60 years, 60–70 years, and 
older than 70 years of age. Insurance status was defined 
as insured or uninsured. Tumor location was classified as 
infratentorial (C716 and C717), supratentorial (C710–C714), 
and others (C700, C715, C718, and C719). If a patient re-
ceived any form of chemotherapy, radiation, or surgery 
then those treatment categories were classified as “yes.” 
A treatment modality category was classified as “no” if the 
database explicitly stated no treatment of that modality 
was administered. Specific chemotherapy treatments and 
duration of treatment were not included. To understand in 
detail about the treatment combinations, we categorized 
the treatment information as chemotherapy only, radiation 
only, surgery only, radiation plus chemotherapy, radiation 
plus surgery, surgery plus chemotherapy, and surgery plus 
radiation plus chemotherapy. EOR data became available 
for patients diagnosed 2010 and later who received sur-
gery. EOR was classified as biopsy, subtotal, or total.

Importance of the Study

Glioblastoma is among the most aggressive 
and lethal primary malignant brain tumors 
with median survival of 12–14.6 months. In the 
clinical trial setting, treatment selection and ex-
tent of surgical resection (EOR) are considered 
to be the most important factors that promote 
better overall survival. The objective of the 
study is to better understand the strength of 
association of standard of care (SOC; surgery, 
radiation, and chemotherapy), EOR, which 
has been proposed by others to contribute to 

quality of care to longer-term survival. In our 
study, we defined longer-term and routine sur-
vival groups based on the overall survival. We 
found patients treated with SOC had a distinct 
survival advantage compared to those who did 
not receive SOC. In addition, having total re-
section is significantly associated with being 
a longer-term survivor among SOC patients. 
These results confirm survival benefit for SOC 
treatment in determining overall survival of gli-
oblastoma patients.



3Malay et al. Factors associated with GBM longer survival
N

eu
ro-O

n
colog

y 
A

d
van

ces

Furthermore, a subsequent subset analysis was car-
ried out, and we selected patients who received surgery, 
were diagnosed from 2010, and had a defined EOR. We 
performed 2 set of analysis on the subset data, one on 
overall patients (n  =  39 801)  and other on patients older 
than 40  years (n  =  37 771). We excluded patients diag-
nosed younger than age 40 since their treatment facility 
information is censored (Supplementary Tables 1 and 2). 
Patients were stratified by whether they received external 
beam radiation therapy, chemotherapy, or both modalities 
(standard of care) following surgery. Additional descrip-
tors of KPS, IDH mutation status, and MGMT promoter 
methylation status were missing on almost 97% of the 
GBM patients, as such these variables were not included in 
the final analysis.

For the descriptive statistics, patient and treatment char-
acteristics of the patients were described using frequency 
and percentages for categorical variables. Categorical 
variables were analyzed with the chi-square test. We per-
formed 2 logistic regression analyses using univariable 
and multivariable models generating odds ratios (ORs) 
with 95% confidence intervals (95% CI). In the first anal-
ysis, we assessed how age, sex, race, ethnicity, Charlson/

Deyo score, tumor location, and treatment combination 
impacted the OR of being a longer-term survivor (LTS). 
Patients with no treatment were excluded from this anal-
ysis, so 86 969 patients were included in the logistic anal-
ysis. In the second analysis on patients who received 
surgery, we wanted to see how EOR is associated with 
being a longer-term survival, stratified by treatment com-
binations, adjusting for age, sex, race, ethnicity, Charlson/
Deyo score, tumor location, and year of diagnosis. P 
values of less than .05 and OR with CIs excluding 1 were 
considered statistically significant for the analysis. All the 
analyses were performed using SAS software, version 9.4 
(SAS Institute) and R software, version 3.5.3.

Results

In total, 93 036 individuals were identified with GBM from 
NCDB diagnosed between 2005 and 2015 who met study 
criteria (Figure  1). Among those, 8484 patients were cat-
egorized as LTS; the remaining 84 552 patients were cat-
egorized as routine survivors (RS). Table  1 presents the 

  
124 196 Glioblastoma patients in National Cancer

Database

35830 patients with information
Extent of Resection (2010–2015)

3971 patients with information on
Extent of Resection (2010–2015)

LONGER-TERM
SURVIVORS (LTS)

8484 patients with >3 years of
survival

ROUTINE
SURVIVORS (RS)

84 552 patients with ≤ 3 years of
survival

93 036 patients met inclusion criteria

•    11 107 patients with missing survival time
•     7076 Alive routine survivors
•     7983 patients diagnosed before 2005
•     6441 non-microscopically confirmed
      diagnosis

31 160 Patients were excluded

Figure 1. Selection of glioblastoma patients from the National Cancer Database, 2005–2015.
  

https://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdaa070#supplementary-data
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Table 1. Patient and Treatment Factors of Glioblastoma Patients Based on Longer-Term (>3 years) Versus Routine (≤3 years) Survivors (n = 93 036), 
NCDB 2005–2015

Overall (n = 93 036) Longer-term survivors  
(LTS) (n = 8484)

Routine survivors (RS)  
(n = 84 552)

P

Age at diagnosis (years), n (%)    <.001a

 <60 34 741 (37.3) 5332 (62.8) 29 409 (34.8)  

 60–70 30 433 (32.7) 2335 (27.5) 28 098 (33.2)  

 70 27 862 (29.9) 817 (9.6) 27 045 (32.0)  

Male, n (%) 53 957 (58.0) 4692 (55.3) 49 265 (58.3) <.001a

Race, n (%)    <.001a

 White 84 654 (91.0) 7465 (88.0) 77 189 (91.3)  

 Black 5088 (5.5) 556 (6.6) 4532 (5.4)  

 Other 3294 (3.5) 463 (5.5) 2831 (3.3)  

Ethnicity, n (%)    <.001a

 Hispanic 4190 (4.5) 564 (6.6) 3626 (4.3)  

 Non-Hispanic 83 548 (89.8) 7489 (88.3) 76 059 (90.0)  

 Missing 5298 (5.7) 431 (5.1) 4867 (5.8)  

Insurance status, n (%)    <.001a

 Yes 87 735 (94.3) 7832 (92.3) 79 903 (94.5)  

 No 3096 (3.3) 409 (4.8) 2687 (3.2)  

 Missing 2205 (2.4) 243 (2.9) 1962 (2.3)  

Residence, n (%)    <.001a

 Metro 74 297 (79.9) 7061 (83.2) 67 236 (79.5)  

 Urban 14 381 (15.5) 1080 (12.7) 13 301 (15.7)  

 Rural 1805 (1.9) 103 (1.2) 1702 (2.0)  

 Missing 2553 (2.7) 240 (2.8) 2313 (2.7)  

Treatment location, n (%)    <.001a

 Midwest 22 208 (23.9) 1608 (19.0) 20 600 (24.4)  

 Northeast 18 582 (20.0) 1828 (21.5) 16 754 (19.8)  

 South 32 856 (35.3) 2668 (31.4) 30 188 (35.7)  

 West 14 818 (15.9) 1118 (13.2) 13 700 (16.2)  

 Missing 4572 (4.9) 1262 (14.9) 3310 (3.9)  

Treatment facility, n (%)    <.001a

 Academic 38 955 (41.9) 3809 (44.9) 35 146 (41.6)  

 Nonacademic 49 509 (53.2) 3413 (40.2) 46 096 (54.5)  

 Missing 4572 (4.9) 1262 (14.9) 3310 (3.9)  

Tumor location, n (%)    <.001a

 Infratentorial 977 (1.1) 77 (0.9) 900 (1.1)  

 Supratentorial 70 363 (75.6) 6877 (81.1) 63 486 (75.1)  

 Others 21 696 (23.3) 1530 (18.0) 20 166 (23.9)  

Charlson/Deyo score, n (%)    <.001a

 0 65 694 (70.6) 6857 (80.8) 58 837 (69.6)  

 1 16 303 (17.5) 1064 (12.5) 15 239 (18.0)  

 2 7327 (7.9) 405 (4.8) 6922 (8.2)  

 ≥3 3712 (4.0) 158 (1.9) 3554 (4.2)  

Chemotherapy, n (%)    <.001a

 Yes 62 532 (67.2) 7022 (82.8) 55 510 (65.7)  

 No 27 505 (29.6) 1145 (13.5) 26 360 (31.2)  

 Missing 2999 (3.2) 317 (3.7) 2682 (3.2)  
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baseline characteristics of GBM patients from NCDB diag-
nosed between 2005 and 2015 according to the survival 
category (LTS vs RS). We identified significant survival 
differences in the age, race ethnicity, insurance, patient’s 
residence, treatment facility, Charlson/Deyo score, tumor 
location, and treatment combinations. Longer-term sur-
vivorship was associated with age (63% younger than 
60 years), residence (84% residing in metropolitan areas), 
comorbidity (83% with a Charlson/Deyo score of 0). In com-
parison, RS were older (only 35% younger than 60 years), 
were less likely to reside in metro areas (only 79% residing 
in metropolitan areas), and had at least one comorbidity 
(66% with a Charlson/Deyo score of 0). Among LTS, 92% re-
ceived surgery, 85% received radiation, and 83% received 
chemotherapy. Among RS, fewer received these therapies: 
79% received surgery, 73% received radiation, and 67% re-
ceived chemotherapy. Table 1 also presents the differences 
in who received different treatment combinations. The 
most striking result was “All modalities” (standard of care) 
where 74% of LTS received it compared with 51% of RS.

The following patient and treatment characteris-
tics were found to be associated with better survival 
for GBM on both univariate and multivariate analyses: 

younger age, female sex, non-white race, Hispanic, 
lower Charlson/Deyo score, supratentorial tumors, 
and bimodality/trimodality therapy (Table  2). Higher 
odds of being a LTS were seen among patients who re-
ceived trimodality therapy (OR, 4.89; P = <.001), with the 
next highest survival odds being any kind of bimodality 
therapy (surgery plus chemotherapy: OR, 3.73; P = <.001 
and surgery plus radiation: OR, 2.57; P  =  <.001) when 
compared to radiation-only patients.

Association of EOR and Treatment Status for 
GBM LTS

To include EOR information in our model, we performed 
a subset analysis including only those patients who had 
surgery and were diagnosed between 2010 and 2015 
(Table 3). Table 3 presents all patients who had diagnostic 
information and some form of surgery during this period. 
Supplementary Table 1 presents the same results except 
we excluded patients younger than 40 years since NCDB 
masks treatment facility information for this population. 
For all treatment combinations, LTS were significantly 

Radiation, n (%)    <.001a

 Yes 67 414 (72.5) 7189 (84.7) 60 225 (71.2)  

 No 25 157 (27.0) 1205 (14.2) 23 952 (28.3)  

 Missing 465 (0.5) 90 (1.1) 375 (0.4)  

Surgery, n (%)    <.001a

 Yes 73 319 (78.8) 7827 (92.3) 65 492 (77.5)  

 No 19 658 (21.1) 655 (7.7) 19 003 (22.5)  

 Missing 59 (0.1) 2 (0.0) 57 (0.1)  

Treatment, n (%)    <.001a

 None 6067 (6.5) 84 (1.0) 5983 (7.1)  

 Chemotherapy only 543 (0.6) 19 (0.2) 524 (0.6)  

 Radiation only 2181 (2.3) 41 (0.5) 2140 (2.5)  

 Surgery only 13 864 (14.9) 694 (8.2) 13 170 (15.6)  

 Radiation and chemotherapy 10 250 (11.0) 485 (5.7) 9765 (11.5)  

 Surgery and chemotherapy 2552 (2.7) 223 (2.6) 2329 (2.8)  

 Surgery and radiation 5260 (5.7) 310 (3.7) 4950 (5.9)  

 All modalities 49 129 (52.8) 6283 (74.1) 42 846 (50.7)  

 Missing 3190 (3.4) 345 (4.1) 2845 (3.4)  

Information on treatment facility and treatment location is available only for patients 40 years and older at diagnosis.
All modalities: surgery + radiation + chemotherapy.
Insurance: Yes (Medicaid, Medicare, Other Government, Private Insurance/Managed Care).
Treatment location: Northeast (New England, Middle Atlantic); Midwest (East North Central, West North Central); South (South Atlantic, East South 
Central, West South Central); West (Mountain, Pacific).
Treatment facility: nonacademic (Community Cancer Program, Comprehensive Community Cancer Program, Integrated Network Cancer Program) 
and academic (Academic/Research Program).
Tumor location: infratentorial (cerebellum and brain stem), supratentorial (cerebrum and lobes), others (cerebral meninges, ventricles, brain NOS, 
and overlapping lesion of brain).
aChi-square test.

  

  
Table 1. Continued

Overall (n = 93 036) Longer-term survivors  
(LTS) (n = 8484)

Routine survivors (RS)  
(n = 84 552)

P

https://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdaa070#supplementary-data
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more likely to have had total resection, whereas RS were 
significantly more likely to have subtotal resections. 
Patients treated with the combination of surgery and 
chemotherapy had nonsignificant differences, likely due 
to small sample size. In order to further investigate the 
relationship between EOR, treatment combinations, and 
survival status, we included only those patients who ex-
plicitly had “biopsy,” “subtotal,” or “total” resection listed 
in their record. From Table  4 (and Supplementary Table 
2), the odds of being a LTS were significantly increased 
for those who received trimodality therapy and had total 
resection, but not for those who received trimodality 
therapy and had subtotal resection, as compared to bi-
opsy. Similar results were seen for those receiving sur-
gery only. For those receiving any bimodality treatment 

combination, having a total or subtotal resection did not 
have an effect on longer-term survival status compared 
to biopsy. 

Discussion

The prognosis for GBM is improved for younger, female, 
and non-white patients. LTS are more likely to be from 
metropolitan areas and have had treatment at academic 
treatment facilities. A  similar NCDB study on assessing 
GBM survival on a cohort of patients diagnosed from 2004 
to 2009 found similar factors predicting survival.17 As ex-
pected, a higher Charlson/Deyo score is associated with 

  
Table 2. Multivariable Logistic Regression Results of Patient and Treatment Factors Associated With Odds of Longer-Term Survival (>3 years) After 
Diagnosis With Glioblastoma, NCDB 2005–2015

Univariable OR (95% CI) P Multivariable OR (95% CI) P

Age (years)

 70 Reference  Reference  

 <60 5.58 (5.17–6.02) <.0001 4.46 (4.11–4.84) <.0001

 60–70 2.60 (2.39–2.82) <.0001 2.22 (2.04–2.43) <.0001

Sex

 Male Reference  Reference  

 Female 1.15 (1.10–1.2) <.0001 1.19 (1.19–1.31) <.0001

Race

 White Reference  Reference  

 Black 1.26 (1.15–1.38) <.0001 1.19 (1.08–1.32) .0008

 Others 1.69 (1.53–1.87) <.0001 1.58 (1.40–1.79) <.0001

Ethnicity

 Non-Hispanic Reference  Reference  

 Hispanic 1.56 (1.43–1.72) <.0001 1.45 (1.31–1.60) <.0001

Charlson/Deyo score

 ≥3 Reference  Reference  

 0 2.49 (2.11–2.93) <.0001 1.92 (1.61–2.28) <.0001

 1 1.53 (1.29–1.82) <.0001 1.42 (1.18–1.71) .0001

 2 1.28 (1.06–1.55) .009 1.17 (0.96–1.44) .1162

Tumor location

 Infratentorial Reference  Reference  

 Supratentorial 1.28 (1.01–1.62) .0438 1.58 (1.21–2.06) .0007

 Others 0.92 (0.72–1.17) .5142 1.22 (0.93–1.59) .1513

Treatment type

 Radiation only Reference  Reference  

 Chemotherapy only 1.89 (1.09–3.29) .024 1.40 (0.79–2.47) .2506

 Radiation + chemotherapy 2.59 (1.88–3.58) <.0001 1.88 (1.36–2.61) .0001

 Surgery only 2.75 (2.00–3.78) <.0001 2.30 (1.66–3.17) <.0001

 Surgery + radiation 3.27 (2.35–4.54) <.0001 2.57 (1.84–3.58) <.0001

 Surgery + chemotherapy 5.00 (3.56–7.01) <.0001 3.73 (2.65–5.25) <.0001

 All modalities 7.65 (5.61–10.43) <.0001 4.89 (3.58 - 6.68) <.0001

OR, odds ratio; 95% CI, 95% confidence interval.
All modalities: surgery + radiotherapy + chemotherapy.

  

https://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdaa070#supplementary-data
https://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdaa070#supplementary-data
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poorer survival. Increased comorbidity of disease may 
limit aggressive treatment options and worsen the clinical 
progression of GBM. From the previous literature, it is es-
tablished that younger age and fewer comorbidities are as-
sociated with better survival,7,17 although age at diagnosis 
may also be a proxy for IDH-mutant secondary GBM. Less 
explored in literature are how different treatment combin-
ations may affect longer-term survival.

Our data demonstrate that the patients who received 
the bimodality/trimodality therapy are the most likely to 
become a LTS. This is consistent with the literature which 
in general finds that more aggressive therapy is con-
sistent with longer survival.9–11,18 Specifically, the LTS were 
more likely to receive maximal surgical resection, chemo-
therapy, and radiation, which mirrors the current standard 
of care for GBM prior to the advent of alternating electrical 
field therapy.13,14

Some patients receive only 1 or 2 modalities of treat-
ment. Among patients who received treatment, those 
who received radiation only were the least likely to be a 
LTS followed by those who getting chemotherapy only. 
Interestingly, surgery-only therapy resulted in better odds 
of longer-term survival than bimodality treatment with 
chemotherapy and radiation indicating that surgery is 
particularly important among the 3 modalities. The treat-
ment combinations with the highest odds of longer-term 
survival all featured surgery. Surgery plus radiation and 
surgery plus chemotherapy were both significantly asso-
ciated with better odds compared with radiation plus che-
motherapy. As expected, those who received trimodality 
treatment had the best odds of longer-term survival.

Given that our analysis of treatment combinations 
showed a particularly important role of surgery in 
improving survival odds, we wanted to further explore 
how EOR was associated with different treatment com-
binations in affecting survival outcomes in patients who 
received surgery. The NCDB provided 3 levels of resec-
tion: biopsy only, subtotal, and total resection. Subtotal 
resection was no better than biopsy in patients who re-
ceived trimodality or bimodality care. Surprisingly, among 
surgery-only patients, we found that subtotal resection 
resulted in poorer odds of survival compared to biopsy. 
This could be due to several reasons. A retrospective re-
view that analyzed tumor volume post-surgery finds that 
residual tumor volume may be an important prognostic 
indicator19 and may also depend on the extent of subtotal 
resection threshold.20 A similar study in the NCDB found 
no advantage to subtotal resection over biopsy for overall 
survival in GBM.21 A SEER study in pediatric GBM patients 
had also found no difference between subtotal EOR and bi-
opsy only.22

In all treatment combinations featuring surgery, longer-
term survival odds improved with total resection, though 
this was only significant in surgery-only patients and 
trimodality therapy (standard of care). Nonsignificance is 
likely due to sample size effect as most patients receive 
standard of care compared to bimodality or unimodality 
treatments.

We were also interested in whether year of diagnosis im-
pacted longer-term survivorship. We observed that the pro-
portion of patients receiving trimodality (standard of care) 
treatment generally increased with each year (Figure 2C). 
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However, adjusting our model for year of diagnosis did not 
significantly change the OR despite a change in treatment 
patterns from 2005 to 2015. These results are represented 
in Table 4 and Supplementary Table 2.

Our study utilizes the NCDB’s most up to date data re-
garding the survival of GBM patients, but does have several 
limitations. We excluded 2016 patient data as follow-up time 
was not sufficient for our 3-year criteria for longer-term sur-
vival. We observed 1% of the LTS received no treatment at 
all. A possible explanation for this perplexing finding may 
be a subset of GBM patients whose disease progresses very 
slowly and requires no treatment to reach longer-term sur-
vival status. Alternatively, with respect to these patients, 
there may also have been data misentry or misclassification 
regarding diagnosis. In addition, by excluding patients who 
received no treatment, we limit the potential for “immortal 
time” bias where a patient must survive long enough to 
receive treatment. NCDB masks treatment facility informa-
tion of patients diagnosed younger than 40, hence we could 
not adjust for this factor in all models; however, when lim-
iting analyses to patients 40 and older, results were similar 
(Supplementary Table 2). Since Commission on Cancer ac-
credited facilities are located heavily in metropolitan and 
urban areas, we did not include patient residence in our lo-
gistic model as residence was heavily biased against rural 
areas (only ~2% of patients were considered rural).23 A fu-
ture study with enough sample size should be carried out to 
know the associations of these 2 factors on better survival. 
In addition, we had to exclude certain factors known to 
strongly affect prognosis due to high levels of missing data 

in the NCDB, such as KPS and MGMT methylation (informa-
tion missing for almost 97% of the patients). IDH status is 
not reported by the NCDB; however, our subset analysis in 
Supplementary Tables 1 and 2 excludes patients aged 40 and 
younger, which should limit IDH-mutant cases due to asso-
ciation between young age and IDH-mutant GBM. Including 
such data may incorporate confounding biases as patients 
with these markers known are more likely to have been 
treated at an academic medical center. Another NCDB lim-
itation is mortality, that is “all cause” mortality rather than 
disease-specific. While this may potentially introduce some 
bias, it is known that the vast majority of GBM patients die 
from GBM or related complications, and we do not expect a 
significant bias from this variable. Regardless, the NCDB is 
a large comprehensive database providing significant sta-
tistical power to tease out specific factors associated with 
GBM survival. To our knowledge, this is the largest study 
among GBM patients that examines how treatment combin-
ations and EOR affect longer-term survivorship.

Conclusions

GBM is an aggressive type of cancer and the most 
common type of malignant brain tumor. In our study, we 
identified several patient and treatment factors that im-
prove the odds of being a LTS. The important conclusion 
from this study is that patients who received standard of 
care (trimodality therapy) have a survival advantage when 
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compared to the patients who did not receive standard 
of care. Among standard of care patients, patients having 
a total resection were more likely to be LTS compared to 
those with subtotal resections or biopsy.

Supplementary Data

Supplementary data are available at Neuro-Oncology 
Advances online.
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