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Abstract

Background: Glioblastoma (GBM) is a high-grade intracranial malignancy with a propensity to progress. We analyzed the
National Cancer Database (NCDB) to examine trends in the use of stereotactic radiosurgery (SRS).
Methods: We queried the NCDB for patients with GBM receiving intracranial radiation. Odds ratios were used to determine
SRS predictors. Cox regression was used to determine predictors of overall survival (OS).
Results: We identified 62681 patients meeting eligibility criteria. Predictors of SRS use were increased age, government
insurance, lower comorbidity score, treatment at an academic facility, metropolitan location, and earlier years of treatment.
Increased age, lack of chemotherapy, higher comorbidity score, and earlier year of treatment predicted worse OS. SRS utilization decreased from 3% in 2004 to 1% in 2014.
Conclusion: SRS use in the initial management of GBM has steadily decreased.

G

lioblastoma (GBM) is the most
common primary malignancy
of the brain in adults, affecting close to 30 000 patients per year in
the United States.1 A locally aggressive
tumor, GBM has a high propensity for
intracranial progression despite multimodality therapy including maximal
safe resection succeeded by adjuvant
chemoradiation.2 Given high rates of
local failure, attempts have been made to
explore the use of escalated doses of radiation, ultimately showing no benefit.3-5
Initially developed by Swedish neurosurgeon Lars Leksell, stereotactic radio-

surgery (SRS) represents an advanced
method of delivering high-dose-perfraction radiation treatments in a tightly
conformal manner.6 With SRS, conformal dose escalation is achievable and has
been investigated in the pre-temozolomide era in RTOG 9305.7 In this trial,
patients were treated with an initial SRS
boost followed by a course of fractionated external-beam radiation (EBRT).
Ultimately, no discernible benefit was
observed. It is conceivable that upfront
SRS use in GBM management would
decline after penetrance of the RTOG
9305 findings; however, data supporting
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this conclusion are lacking. As such, we
examined data from the National Cancer
Database (NCDB) to analyze trends and
potential predictors for the use of SRS in
the treatment of GBM.

Methods

The methods for performing an
analysis of the NCDB have been described previously.8,9 We conducted a
retrospective review using data from
the NCDB, which is de-identified and
thus exempt from Institutional Review Board oversight. The NCDB is
a tumor registry jointly maintained
by the American Cancer Society and
the American College of Surgeons for
more than 1500 hospitals accredited
across the United States by the Commission on Cancer (CoC). It is estimated that this database captures up
to 70% of newly diagnosed malignancies each year across the country. We
queried the NCDB from 2004-2014
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FIGURE 1. A CONSORT (Consolidated Standards of Reporting Trials) diagram outlines the
selection criteria and inclusion/exclusion. *Seventy-one patients were coded as receiving stereotactic radiosurgery (SRS) both upfront and as a boost.

for patients with GBM who had external-beam radiation to the brain delivered with nonpalliative intent (a
variable that is recorded within the
NCDB). Patients had to have at least 2
months of follow-up. SRS is coded as
a specific radiation technique within
the NCDB and used to identify those
patients. Figure 1 shows a CONSORT
(Consolidated Standards of Reporting
Trials) diagram outlining the selection
criteria and inclusion/exclusion.
Race was broken down into three
broad categories: Caucasian, African
American, or other. Comorbidity was
quantified using the Charlson/Deyo
March 2020

comorbidity index. 10 Stage was defined according to the 7th edition of the
American Joint Committee on Cancer’s clinical group. Socioeconomic
data in the patients’ residence census
tract was provided as quartiles of the
percentage of persons with less than
a high school education and median
household income. The facility type
was assigned according to the CoC accreditation category. Locations were
assigned based on data provided by the
US Department of Agriculture Economic Research Service. Insurance
status is documented in the NCDB as
it appears on the admission page. The
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data used in the study are derived from
a de-identified NCDB file. The American College of Surgeons and the CoC
have not verified and are not responsible
for the analytic or statistical methodology employed, or the conclusions drawn
from these data by the investigator.
Data were analyzed using MedCalc Version 18 (Ostend, Belgium).
Summary statistics are presented for
discrete variables and c 2 tests compared sociodemographic, treatment,
and tumor characteristics between the
treatment groups. Overall survival was
calculated in months from time of diagnosis to date of last contact or death,
which is the standard way this data is
recorded in the NCDB. Kaplan-Meier
curves were used to calculate cumulative probability of survival.11 Log-rank
statistics were used to test whether
there was a statistically significant difference in the cumulative proportions
across groups. A Cox proportional
hazards model was used for multivariable survival analysis.12 Due to the
large nature of the dataset, factors significant on univariable Cox regression
were entered using a stepwise backward elimination process. Adjusted
hazard ratios and 95% confidence intervals are reported, using an α level of
0.05 to indicate statistical significance.
Propensity score-adjusted survival
analysis was used to account for indication bias due to lack of randomization
between patients receiving standard
external-beam radiation and SRS.13
Multivariable logistic regression was
used to calculate a propensity score indicative of conditional probability of receiving standard radiation or SRS. The
propensity model included observable
variables associated with treatment selection on multivariable logistic regression. A Cox proportional hazards model
was then constructed incorporating the
propensity score, but also excluding
factors included in the propensity score
calculation to avoid overcorrection.
The assumption of balance was further
APPLIED RADIATION ONCOLOGY
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Table 1. Patient Demographics and Clinical Characteristics at Baseline (n = 62 681)
Characteristics
Sex
		 Male
		 Female
Race
		 White
		 African American
		 Other
Comorbidity Score
		 0
		 1
		 ≥ 2
Insurance
		 Not insured
		 Private payer
		 Government
		 Unrecorded
Education %
		 ≥ 29
		 20 to 28.9
		 14 to 19.9
		 < 14
		 Not Recorded
Treatment Facility Type
		 Community cancer program
		 Comprehensive community cancer program
		 Academic/research program
Treatment Facility Location
		 Metro
		 Urban
		 Rural
Income, US dollars
		 < 30000
		 30000-35000
		 35000-45999
		 46000

No. (%)

Characteristics

36752 (59)
25929 (41)
57105 (91)
3376 (5)
2200 (4)
47280 (75)
9785 (15)
5616 (10)
2098 (3)
31741 (50)
27927 (44)
915 (3)
8297 (13)
14438 (23)
20881 (33)
17670 (28)
1395 (3)
3366 (6)
22404 (38)
33716 (56)
49746 (83)
9071 (15)
1148 (2)
8473 (14)
13610 (22)
16881(28)		
22289 (36)

No. (%)

Distance to Treatment Facility, Miles
		 ≤ 12 miles
		 > 12 miles
		
Age Distribution, Years
		 ≤ 62
		 > 62
Year of Diagnosis
		
2004-06
		 2007-09
		 2010-12
		 2013-14
Upfront Stereotactic Radiosurgery (SRS)
		 No
		 Yes
Tumor Size
		 ≤ 3 cm
		 > 3 cm
		 Not recorded
Extent of Surgery
		 None
		 Biopsy
		 Subtotal resection
		 Gross total resection
		 Not recorded
Karnofsky Performance Score (KPS)
		
80-100
		
50-70
		 0-40
		 Not recorded
MGMT Status
		 Unmethylated
		 Methylated
		 Not Recorded
Chemotherapy
		 Yes
		 No

29951 (48)
32730 (52)
32852 (52)
29829 (48)
14419 (23)
16437 (26)
18462 (29)
13363 (22)
61635 (98)
1046 (2)
12026 (19)
38093 (61)
12562 (20)
3924 (6)
6071 (10)
7710 (12)
11072 (18)
33904 (54)
2546 (4)
1300 (2)
264 (1)
58571 (93)
3251 (5)
2205 (4)
57225 (91)
55217 (88)
7464 (12)

validated by stratifying the data into
propensity score-based quintiles, and
confirming that the difference in propensity score mean per quintile was < 0.10.

Results

FIGURE 2. Rate of stereotactic radiosurgery (SRS) use in a frontline setting for glioblastoma
by year.
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We identified 62 6 81 patients meeting the above eligibility criteria, with
1046 patients receiving SRS as part of
initial treatment. Table 1 displays patient characteristics of the population.
Of note, Karnofsky Performance Status
(KPS) and MGMT (O6-methylguanine-DNA methyltransferase) methylation status were only documented
after 2010, with data present in < 10%
of cases. As such, these were recorded
in Table 1, but not used for statistical
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Table 2. Comparative Use of Upfront SRS by Baseline Characteristics in
Patients Receiving Brain Radiation for GBM
Characteristic

Standard Radiation
Upfront Stereotactic
Odds Ratio
95% CI
(n = 61,635) (%)
Radiosurgery (SRS)
		
(n = 1,046) (%)
Sex					
Male
36146 (59)
606 (58)
1
Reference
Female
25489 (41)
440 (42)
1.03
0.91-1.17
Race					
White
56136 (91)
969 (93)
1
Reference
African American
3328(5)
48 (5)
0.84
0.62-1.12
Other
969 (4)
29 (2)
0.77
0.53-1.12
Comorbidity Score					
0
46454 (75)
826 (79)
1
Reference
1
9651 (15)
134 (13)
0.78
0.65-0.94
≥2
5530 (10)
86 (8)
0.87
0.70-1.09
Age					
≤ 62
32338 (52)
514 (49)
1
Reference
> 62
29297 (48)
532 (51)
1.14
1.01-1.29
Insurance					
None
2074 (3)
24 (2)
1
Reference
Private Payer
31223 (50)
518 (50)
1.43
0.95-2.16
Government
27442 (45)
485 (46)
1.52
1.01-2.31
Unknown
896 (2)
19 (2)
1.83
0.99-3.36
Education					
≥ 29%
8161 (13)
136 (14)
1
Reference
20 to 28.9
14222 (24)
216 (21)
0.91
0.73-1.13
14 to 19.9
20522 (34)
359 (35)
1.05
0.86-1.28
< 14
17367 (29)
303 (30)
1.05
0.85-1.28
Facility Type					
Community cancer program
3325 (6)
41 (4)
1
Reference
Comprehensive cancer program
22082 (38)
322 (33)
1.18
0.85-1.64
Academic/research program
33095 (56)
621 (63)
1.52
1.11-2.09
Facility Location					
Metro
48933 (83)
813 (82)
1
Reference
Urban
8906 (15)
165 (17)
1.12
0.94-1.32
Rural
1139 (2)
9 (1)
0.48
0.25-0.92
Income, US Dollars					
< 30000
8335 (14)
138 (14)
1
Reference
30000-35,000
13374 (22)
236 (23)
1.07
0.86-1.32
35000-45999
16609 (28)
272 (27)
0.99
0.80-1.22
>46000
21921 (36)
368 (36)
1.01
0.83-1.24
Distance to Facility					
≤ 12 miles
29493 (48)
458 (44)
1
Reference
> 12 miles
32142 (52)
588 (56)
1.18
1.04-1.33
Year of Diagnosis					
2004-06
14086 (22)
333 (32)
1
Reference
2007-09
16114(26)
323 (31)
0.85
0.73-0.99
2010-12
18206 (30)
256 (24)
0.59
0.50-0.70
2013-14
13229 (22)
134 (13)
0.43
0.35-0.52
Tumor Size					
≤ 3 cm
11725 (24)
301 (37)
1
Reference
> 3 cm
37570 (76)
523 (63)
0.54
0.47-0.63
Chemotherapy					
No
7240 (12)
224 (21)
1
Reference
Yes
54395 (88)
822 (79)
0.49
0.42-0.57
Extent of Surgery					
None
3846 (14)
78 (23)
1
Reference
Biopsy
6007 (21)
64 (19)
0.52
0.38-0.73
Subtotal resection
7620 (27)
90 (27)
0.58
0.43-0.79
Gross total resection
10969 (38)
103 (31)
0.46
0.34-0.62

p

0.64
0.23
0.18
0.0084
0.24
0.0327
0.0863
0.0441
0.0505
0.40
0.63
0.66
0.31
0.0097
0.21
0.0272
0.56
0.92
0.89
0.0091
0.0366
< 0.0001
< 0.0001
< 0.0001
< 0.0001
0.0002
0.0005
< 0.0001

Note: Education is quartiles of the percentage of persons with less than a high school education in the patients’ residence census tract. Income is
median household income in the patients’ residence census tract.
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Table 3. Multivariable Cox Proportional Hazards Models for
Overall Survival in Patients Receiving Radiation
for Glioblastoma Multiforme
Significant
Hazard of Death (95% CI)
p
Characteristic
Cox Model Without Propensity Score
Age		
≤ 62
Reference
> 62
1.45 (1.42-1.48)
< 0.0001
Chemotherapy		
No
Reference
Yes
0.63 (0.62-0.65)
< 0.0001
Comorbid Score		
0
Reference
1
1.13 (1.10-1.16)
< 0.0001
≥2
1.28 (1.24-1.32)
< 0.0001
Distance		
≤ 12 miles
Reference
> 12 miles
0.97 (0.95-0.99)
0.0157
Extent of Surgery		
None
Reference
Biopsy
0.65 (0.62-0.68)
< 0.0001
Subtotal resection
0.61 (0.59-0.64)
< 0.0001
Gross total resection
0.50 (0.48-0.52)
< 0.0001
Facility Type		
Community cancer program
Reference
Comprehensive community cancer program
0.98 (0.94-1.02)
0.30
Academic/research program
0.88 (0.86-0.90)
< 0.0001
Education, %		
≥ 29
Reference
20-28.9
1.06 (1.03-1.09)
0.0001
14-19.9
1.07 (1.04-1.11)
< 0.0001
<14
1.08 (1.04-1.12)
< 0.0001
Income, US Dollars		
< 30000
Reference
30000-35000
1.00 (0.97-1.03)
0.80
35000-45999
0.93 (0.91-0.96)
< 0.0001
> 46000
0.87 (0.84-0.89)
< 0.0001
Insurance		
None
Reference
Private
1.00 (0.95-1.05)
0.96
Government
1.20 (1.17-1.22)
< 0.0001
Location		
Metropolitan
Reference
Urban
1.03 (1.00-1.06)
0.0154
Rural
1.05 (0.99-1.12)
0.0799
Race		
Caucasian
Reference
African American
0.87 (0.84-0.91)
< 0.0001
Other
0.79 (0.76-0.83)
< 0.0001
Sex		
Male
Reference
Female
0.92 (0.90-0.93)
< 0.0001
Size		
≤ 3 cm
Reference
> 3 cm
1.11 (1.09-1.14)
< 0.0001
Year		
2004-06
Reference
2007-09
0.94 (0.92-0.96)
< 0.0001
2010-12
0.85 (0.81-0.89)
< 0.0001
2013-14
0.81 (0.77-0.85)
< 0.0001
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analyses. In addition, isocitrate dehydrogenase (IDH) status is not recorded
in the NCDB and thus not tabulated.
Almost 90% of patients received chemotherapy. SRS use was sparse, and
decreased over time, from 3% in 2004 to
approximately 1% in 2014 (Figure 2).
Predictors of SRS were increased age,
government insurance, lower comorbidity score, treatment at an academic
facility, metropolitan location, increased
distance to facility, smaller tumor size,
lack of surgery, no chemotherapy, and
more distant year of treatment (Table
2). In addition, multivariable logistic
regression identified lack of chemotherapy, increased distance to facility,
smaller tumor size, treatment at an academic center, and lack of surgery. The
median dose in the SRS group was 40
Gy (interquartile range: 16.2 to 66.2
Gy). The median dose in the standard
arm was 60 Gy (interquartile range: 59.4
to 60 Gy). The median time to start of radiation was 32 days (interquartile range:
24 to 42 days) and 28 days (interquartile
range: 17 to 40 days) for standard radiation and SRS, respectively. The median
time to start of chemotherapy (if given)
was 30 days (interquartile range: 20
to 42 days) and 30 days (interquartile
range: 19 to 46 days) for standard radiation and SRS, respectively.
The median follow-up for the entire group was 12.6 months (range: 2
to 155 months). Median follow-up for
standard radiation was identical to that
of the entire group. Median follow-up
in the SRS cohort was 12.6 months as
well (range: 2 to 126). Median overall survival was 13 months for all patients, with a 5-year survival of 7%. On
univariable analysis, median overall
survival was 12.9 months with SRS,
compared to 13.1 months with standard
fractionated EBRT (p = 0.28) Five-year
overall survival was 7% in both groups.
On multivariable analysis, increased
age, lack of chemotherapy, higher comorbidity score, extent of surgery,
treatment at nonacademic facilities, less
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Table 4. Multivariable Cox Proportional Hazards Models for
Overall Survival in Patients Receiving Radiation for
Glioblastoma Multiforme with Propensity Score Adjustment
Significant
Hazard of Death (95% CI)
Characteristic
Cox Model Without Propensity Score
Education, %		
≥ 29
Reference
20-28.9
1.05 (1.02-1.09)
14-19.9
1.08 (1.05-1.11)
< 14
1.08 (1.04-1.11)
Income, USD		
< 30000
Reference
30000-35000
0.99 (0.95-1.02)
35000-45999
0.93 (0.91-0.95)
> 46000
0.86 (0.84-0.89)
Insurance type		
None
Reference
Private
1.00 (0.95-1.05)
Government
1.57 (1.54-1.59)
Race		
Caucasian
Reference
African American
0.84 (0.80-0.87)
Other
0.78 (0.74-0.82)
Sex		
Male
Reference
Female
0.94 (0.92-0.95)
Propensity Score
12117.94 (4964.54-29578.60)

education, government insurance, urban
location, Caucasian race, male gender,
larger tumor size, and more distant year
of treatment predicted for worse overall
survival (Table 3). Use of SRS was not
a significant predictor of survival on this
multivariable Cox regression. As described in methods, a logistic regression
was used to generate a propensity score.
The logistical regression model included
age, chemotherapy, comorbidity score,
distance to facility, surgery, facility type,
location, tumor size, and year. Multivariable analysis with propensity score
included was then used to determine
predictors of outcome (excluding factors
used to generate propensity score). On
propensity-adjusted multivariable analysis, decreased education, less income,
government insurance, Caucasian race,
and male gender predicted for worse survival (Table 4).

Discussion

The results of our NCDB analysis
confirm a decrease in the use of SRS
March 2020

p

0.0001
< 0.0001
< 0.0001
0.47
< 0.0001
< 0.0001
0.98
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001

in the initial management of GBM.
In 2004, a limited number of patients
(3%) received SRS, with a further decrease to < 1% by 2014. The results of
the previously discussed studies support our findings of decreased national
use of SRS in the upfront treatment of
GBM. In addition, the present analysis
did not show any difference in survival
between patients treated conventionally
and those receiving SRS, which is consistent with previous reports. Regardless, SRS remains an important tool in
the retreatment of GBM after local failure as evidenced by multiple contemporary studies.14 -16 Furthermore, based
upon the national patterns of SRS use
observed in our study, it may be reasonable to consider SRS in elderly patients,
patients residing far from treatment facilities, or patients with logistical issues
relating to transportation.
Despite advances in imaging, surgery, radiation, and systemic therapy,
GBM continues to have disappointing
outcomes with 5-year survival in the
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realm of 10%. 1,2,17 The current standard of care for patients with reasonably
good performance status is maximal
safe resection followed by adjuvant temozolomide-based chemoradiation.18
Despite this aggressive multimodality approach, local failure represents
a significant challenge. An investigation by Dobelbower et al assessed survival outcomes and patterns of failure
in nearly 100 GBM patients treated
with reduced radiation field sizes.4,5
Patients ultimately received a conventional fractionated radiation dose of 60
Gy; however, nearly 90% of patients
in this cohort experienced recurrence
within the radiation field or marginally.
Similarly, a group from Italy reported
on outcomes in > 100 patients treated
to 60 Gy with concurrent temozolomide.19 Corroborating the findings of
Dobelbower et al, progression occurred
centrally, in-field, or marginally in approximately 90% of cases.19
Given the exceedingly high rates of
local failure, there was considerable
interest in the use of higher doses of radiation using EBRT. One of the earliest
investigations was that of the RTOG
9803.3 This phase I study utilized conventionally fractionated EBRT (ie, 2
Gy daily fractions) with concurrent chemotherapy in the form of biodegradable
carmustine (BCNU).3 Following an initial 46 Gy, patients were dose escalated
to 66, 72, 78, or 84 Gy. Median survival
was greatest in patients receiving 84 Gy
(ie, 14 to 19 months depending on tumor
volume) and lowest in the 66 Gy arm. Of
note, no dose-limiting toxicities were observed. The authors concluded that dose
escalation was feasible and safe; thus,
they suggested a potential larger future
role with technologic and therapeutic advances. A more recent study from Washington University compared outcomes in
patients < 70 years of age who received
60 Gy or > 60 Gy with concurrent temozolomide.20 More than 200 patients were
analyzed with the authors identifying
age, performance status, and extent of
APPLIED RADIATION ONCOLOGY
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resection as prognosticators of survival.
No difference in overall survival was
observed at 5 years between the conventional dose and dose-escalated arms;
therefore, the authors concluded that
dose escalation with temozolomide did
not improve outcomes.
Given the highly conformal nature
of SRS and its ability to deliver highdose-per-fraction radiation treatments,
it was naturally explored as a potential
solution for dose escalation. One of the
initial investigations using SRS for dose
escalation was RTOG 9305, a randomized multiple institutional study. 7 A
total of 203 patients were randomized to
SRS followed by EBRT to a dose of 60
Gy with concurrent BCNU or conventional treatment with EBRT to a dose of
60 Gy with concurrent BCNU.7 With 5
years of follow-up the median survival
in both arms was 13 months, with no
difference in failure patterns. A more
recent study (RTOG 0023), explored
postoperative radiation treatment. Patients were treated with EBRT to a dose
of 50 Gy succeeded by SRS delivered
once per week at 5 to 7 Gy fractions
for a total of 4 weeks.21 Patients also received BCNU for 6 cycles in this study.
Seventy-six patients were evaluable
and median OS was 12.5 months, thus
comparable to historical controls. Of
note, both aforementioned studies were
in the pre-temozolomide era. More recently, other groups have experimented
with hypofractionation with concurrent
temozolomide as a means of dose escalation. One study examined outcomes
in 24 patients treated with 60 Gy in 10
fractions with temozolomide.22 As expected, most patients progressed (71%)
but of those, only 50% were central, infield, or marginal. The median overall
survival of 33 months was slightly improved compared to historical controls.
The present study is not without limitations, many of which are intrinsic to
the NCDB, including the retrospective
nature of data collection and analysis
which inevitably contributes to selection
34
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bias. Furthermore, the NCDB lacks important data on outcomes such as toxicity,
local failure, type of chemotherapeutic
agent(s), and number of treatment cycles
completed, all of which play an important
role in determining outcome for GBM.
Moreover, salvage therapy is also not
recorded in the NCDB, which is an important player in long-term outcomes for
GBM patients given the high likelihood
of failure. Also, KPS and MGMT status
were not well recorded in the NCDB (as
well as IDH status), and may be areas in
which SRS could have potential value
(ie, poor performance patients or those
who are MGMT unmethylated).

Conclusions

Utilization of SRS in the management of GBM has decreased over time,
likely reflecting penetrance of multiple
prospective and retrospective studies
demonstrating no survival benefit. Concordant with previous findings, overall
survival was not improved with SRS in
our investigation.
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