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Glioblastoma (GBM) carries an abysmal prognosis. Current standard
of care involves an aggressive multimodality approach including surgical
resection followed by adjuvant chemoradiation. Despite this approach, overall
survival remains poor and treatment approaches continue to evolve. Given
the successes of immunotherapy in other disease sites, implementation in
GBM management may improve outcomes. We conducted this retrospective
National Cancer Database (NCDB) study to analyze treatment trends and
outcomes from 2004-2015 regarding immunotherapy for GBM and queried
for patients diagnosed between 2004-2015 with GBM and excluded patients
treated without surgery, extracranial radiation, or chemotherapy as well as
those lost to follow up.
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Of the 39,317 eligible patients in this study, 511 were treated with
immunotherapy and 38,806 lack thereof. Median overall survival for all patients
was 15 months with a 2 and 5 year survival rate of 29% and 8%, respectively.
Factors positively influencing delivery of immunotherapy included younger age,
higher income, facility location in a metropolitan location, greater distance to
the treatment facility, treatment at an academic facility, treatment outside of
the years 2007 to 2009, and Caucasian race. On propensity matched analysis,
survival was 18 months and 17 months with and without immunotherapy,
respectively (p=0.15). Higher comorbidity, lower income, and male gender
predicted for worse survival.
The results of the NCDB analysis showed an initial decrease and then
increase in the use of immunotherapy in the management of GBM. Propensitymatched analyses did not show an overall survival benefit.

Background
Glioblastoma (GBM) is the most common malignant central
nervous system (CNS) tumor in adults, accounting for nearly
half of all annual primary malignant CNS diagnoses. Despite
advances in diagnostic technologies and therapeutic techniques,
relative 2 and 5-year survival rates are approximately 15% and
5%, respectively1. Since the landmark 2005 study by Stupp et
al, the current standard of care remains maximal safe surgical
resection followed by radiotherapy with concurrent and adjuvant
temozolomide2. Nevertheless, outcomes remain poor despite the
modest improvement in survival attributed to the addition of
temozolomide. As such, more efficacious alternatives are areas of
ongoing investigation. Trials have been conducted showing relative
risk reduction with local chemotherapies3 and CT-guided interstitial
high-dose-radiation brachytherapy4 along with ongoing others that
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show promise. One such recent advancement, and now
considered to be standard of care, tumor-treating fields,
known to most as the Optune device, a treatment modality
which applies low-intensity alternating electric fields to
interfere with GBM mitotic cell division has been shown to
significantly improve overall survival5.

Over the last decade, use of targeted and immunotherapy
(IMT) compounds has resulted in improved oncologic
outcomes in various advanced malignancies, thus
revolutionizing management. Interestingly, a mounting
body of evidence in the metastatic setting suggests that
many immunotherapeutic agents have CNS activity.
Promise has been shown in the ability of immunemodulating antibodies to cross the blood brain barrier,
particularly with ipilimumab therapy for brain metastasis
from malignant melanoma and pembrolizumab for nonsmall cell lung cancer with brain metastasis6. Conversely,
the role of IMT in primary CNS malignancies, specifically
GBM, is not well established. Unfortunately, results from
CheckMate-143, a randomized phase 3 trial comparing the
efficacy and safety between nivolumab and bevacizumab
therapy for GBM first recurrence, failed to show
improved overall survival with the use of nivolumab over
bevacizumab. Additionally, a small retrospective series
examining the use of pembrolizumab in recurrent primary
intracranial malignancies reported no clinical benefit7,
however, data regarding the upfront use of IMT in GBM
is nonexistent. As a result, we attempted to address this
knowledge gap through analysis of a large, contemporary
national database comparing practice patterns and
outcomes in patients with GBM treated with and without
upfront IMT.

Methods

The methods for performing an analysis of the National
Cancer Database (NCDB) have been described previously8-13.
We conducted a retrospective review using de-identified
data from the NCDB; therefore the study was exempt from
Institutional Review Board oversight. Jointly maintained
by the American Cancer Society and the American College
of Surgeons, the NCDB encompasses approximately 70%
of newly diagnosed malignancies each year across the
United States. We queried the NCDB for patients diagnosed
between 2004-2015 with GBM, excluding patients treated
without surgery, extracranial radiation, or chemotherapy.
Patients with less than 2 month follow up were excluded to
account for immortal time bias. Figure 1 outlines the patient
selection process. These patients (age range: 18-90) were
particularly chosen for as they are those that received the
currently recommended and maximum therapy allowing
them the highest potential benefit from treatment. The
resultant patient group was then split into those with IMT
incorporated into their treatment regimen and those not.
Of note, targeted therapies, for instance becavizumab, as

Figure 1: Selection criteria for study eligibility.

well as tumor vaccines, monoclonal antibodies and other
such compounds are listed as IMT in the NCDB.

Race was divided into three broad categories including
Caucasian, African American, or other. Comorbidity was
quantified using the Charlson/Deyo comorbidity index14.
Socioeconomic data in the patients’ residence census
tract were 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 Commission on Cancer 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 American College of Surgeons
and the Commission on Cancer 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
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discrete variables. Chi-squared testing compared patient,
treatment, and disease-related characteristics between
the two treatment groups. Overall survival was calculated
in months from time of diagnosis to date of last contact
or death. Kaplan-Meier curves were used to calculate
cumulative probability of survival15. Log-rank statistics
were used to test for significant differences in the cumulative
proportions across groups. A Cox proportional hazards
model was used for multivariable survival analysis16. 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 alpha 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 IMT and those not17.
Multivariable logistic regression was used to calculate a
propensity score indicative of the conditional probability
regarding receipt of IMT. 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 validated by stratifying
the data into propensity score-based quintiles, and
confirming that the difference in propensity score mean
per quintile was less than 0.10.

Results

We identified 39,317 eligible patients, of which, 511
patients received IMT as part of their initial treatment after
surgical resection in conjunction with chemoradiation.
Table 1 displays patient characteristics associated with
the entire cohort. In 2007 to 2009, upfront IMT use
showed a substantial drop off and then rebound in 2010
(Figure 2). Predictors of IMT use included: younger age,
higher income, metropolitan location, greater distance
to treatment facility, treatment at an academic facility,
treatment outside 2007 to 2009, and Caucasian race
(Table 2). The median follow up for the entire group
was 15 months (range: 2-155 months). Median follow
up in the IMT cohort was 16.8 months (range: 2-146),
while median follow up for patients who did not receive
IMT was 15 (range: 2-155). Median overall survival was
15 months for all patients, with a 2 year overall survival
of 29% and 5 year survival of 8%. In all patients, median
overall survival was 18 months with IMT, compared to 15
months without (p<0.0001) (Figure 3). On multivariable
analysis, increased age, male sex, private insurance, higher
comorbidity score, Caucasian race, treatment before 2006,
lower income, receipt of treatment at a community cancer
program and less education predicted for poorer overall
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Table 1. Baseline Patient Characteristics.
Patient and Treatment Characteristics (N = 39,317)
Characteristic
No. (% or range)
Demographics
Sex
Male
23371 (59.4)
Female
15946 (40.6)
Age
Median
61 (18 – 90)
< 61
19443 (49.5)
> 61
19874 (50.5)
Race
White
36031 (91.6)
African American
1965 (5.0)
Other/Unknown
1321 (3.4)
Comorbidity score
0
29793 (75.8)
1
6094 (15.5)
>2
3430 (8.7)
Insurance
Not insured
1321 (3.4)
Government
16198 (41.2)
Private payer
21320 (54.2)
Unknown
478 (1.2)
Treatment facility type
Community cancer program
1925 (4.9)
Comprehensive community cancer program
14155 (36.0)
Academic/research program
21020 (53.5)
Unknown
2217 (5.6)
Treatment facility location
Metro counties
31291 (79.6)
Urban counties
5694 (14.5)
Rural counties
717 (1.8)
Unknown
1615 (4.1)
Income, US dollars
< 38,000
5055 (12.9)
38,000 – 47,999
8384 (21.3)
48000 – 62,999
10757 (27.4)
> 63,000
14284 (36.3)
Unknown
837 (2.1)
Distance to treatment facility, miles
< 12
18970 (48.2)
> 12
19524 (49.7)
Unknown
823 (2.1)
Year of Diagnosis
2004 – 2006
7975 (20.3)
2007 – 2009
10099 (25.7)
2010 – 2012
12108 (30.8)
2013 – 2014
9135 (23.2)
LEGEND: No, number. CTX, chemotherapy

survival as shown in Table 3. As described in the methods,
a logistic regression was used to generate a propensity
score. The logistic regression model included age, facility
type, education level, insurance type, location, race, and
year group. Multivariable analysis with propensity score
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Figure 2: National trends in immunotherapy use by year.
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Figure 3: Overall survival with immunotherapy use on univariable
analysis. Median OS: 18 vs 15 mo. (P<0.0001). 2 year OS: 28% vs
29%. 5 year OS: 8% vs 8.1%.

Table 2. Comparative Use of Immunotherapy in Management of GBM by Baseline Characteristic
Characteristics

+ IMT
N=511

Gender
Male
306 (59.9)
Female
205 (40.1)
Age
< 61
305 (49.6)
> 61
206 (50.4)
Race
White
480 (93.9)
Black
12 (2.3)
Insurance
Uninsured
12 (2.3)
Government
159 (31.1)
Private
331 (64.8)
Income
<48,000
144 (28.2)
>48,000
364 (71.2)
Facility
Community
11 (2.2)
Comprehensive Community
96 (18.8)
Academic
368 (72.0)
Population
Metro
444 (86.9)
Urban
47 (5.8)
Rural
9 (1.8)
Distance to facility
<12miles
224 (43.8)
>12 miles
284 (55.6)
Comorbid (Charlson-Deyo)
0
394 (77.1)
1
76 (14.9)
2 or higher
41 (8.0)
Years
2004 – 2006
32 (6.3)
23 (4.5)
2007 – 2009
2010 – 2012
105 (20.5)
2013 – 2014
351 (68.7)
LEGEND: OR, odds ratio. CI, confidence interval

- IMT
N=38806

OR

95% CI

P value

-

-

-

23065 (59.4)
15741 (40.6)

1
1.02

Reference
0.85 – 1.22

0.84

19138 (46.5)
19668 (53.5)

1
1.52

Reference
1.27 – 1.82

<0.0001

35551 (91.6)
1953 (5.0)

1
2.20

Reference
1.24 – 3.90

0.0072

1309 (3.4)
16039 (41.3)
20989 (54.1)

1
0.92
0.58

Reference
0.51 – 1.67
0.33 – 1.04

0.79
0.066

13295 (34.3)
24677 (63.6)

1
0.73

Reference
0.60 – 0.89

0.0018

1914 (4.9)
14059 (36.2)
20652 (53.2)

1
0.85
0.32

Reference
0.45 – 1.57
0.18 – 0.59

0.59
.0002

30847 (79.5)
5647 (14.6)
708 (1.8)

1
1.73
1.13

Reference
1.28 – 2.34
0.58 – 2.20

0.0004
0.71

18746 (48.3)
19240 (49.6)

1
0.81

Reference
0.68 – 0.97

0.019

29399 (75.8)
6018 (15.5)
3389 (8.7)

1
1.06
1.1

Reference
0.83 – 1.36
0.80 – 1.53

0.64
0.53

7943 (20.5)
10076 (26.0)
12003 (30.9)
8784 (22.6)

1
1.76
0.46
0.10

Reference
1.03 – 3.02
0.31 – 0.68
0.07 – 0.15

0.038
0.0001
<0.0001

Page 24 of 27

White R, Abel S, Hasan S, Verma V, Ranjan T, Karlovits SM, Wegner RE. National Trends
in the Use of Targeted Therapy and Immunotherapy in the Up Front Management of
Glioblastoma. J Immunological Sci. (2019); 3(2): 21-27

Table 3. Multivariable Cox Proportional Hazards Models for Overall
Survival in Patients Receiving Immunotherapy for GBM.
Significant Characteristic

Hazard of Death (95% CI)
Cox Model without
Propensity Score

p

Age
≤60
Reference
>60
1.3891 (1.3542-1.4250) <0.0001
Sex
Male
Reference
Female
0.8858 (0.8668-0.9053) <0.0001
Insurance
Not Insure
Reference
Government
0.9713 (0.9125-1.0340) 0.3618
Private Payer
1.2101 (1.1798-1.2411) <0.0001
Unknown
1.1204 (1.0163-1.2350) 0.0223
Comorbidity Score
0
Reference
1
1.1256 (1.0928-1.1595) <0.0001
≥2
1.2510 (1.2048-1.2990) <0.0001
Race
White
Reference
African American
0.8785 (0.8346-0.9247) <0.0001
Other
0.8119 (0.7628-0.8642) <0.0001
Years
2004-06
Reference
2007-09
0.9452 (0.9169-0.9744) 0.0003
2010-12
0.8775 (0.8516-0.9041) <0.0001
2013-15
0.8302 (0.8025-0.8589) <0.0001
Income
<38,000
Reference
38,000-47,999
1.0144 (0.9745-1.0558) 0.4853
48,000-62,999
0.9478 (0.9205-0.9760) 0.0003
> 63,000
0.8847 (0.8556-0.9148) <0.0001
Facility Type
Community Cancer Program
Reference
Comprehensive Cancer Program 0.9545 (0.9082-1.0041) 0.0719
Academic/Research Program
0.8590 (0.8175-0.9027) <0.0001
Education
≥29%
Reference
20 to 28.9
1.0523 (1.0127-1.0934) 0.0092
14 to 19.9
1.0542 (1.0139-1.0960) 0.0079
<14
1.0477 (1.0020-1.0956) 0.0408
Immunotherapy
No Immunotherapy
Reference
Received Immunotherapy
0.9142 (0.8271-1.0104) 0.0789
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.

included was then run to determine predictors of outcome
(excluding those factors used to generate propensity score).
On propensity matched analysis, overall survival was 18
versus 17 months in patients receiving and not receiving
IMT, respectively (p=0.15). Higher comorbidity, lower
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Table 4: Multivariable Cox Proportional Hazards Models for Overall
Survival in Patients Receiving Immunotherapy for GBM with Propensity Score.
Significant Characteristic

Comorbid Score
0
1
2
Income
<38,000
38,000-47,999
48,000-62,999
> 63,000
Sex
Male
Female

Hazard of Death (95% CI)
Cox Model with Propensity
Score

p

Reference
1.2198 (1.1844-1.2563)
1.3302 (1.2813-1.3810)

<0.0001
<0.0001

Reference
1.0503 (1.0210-1.0805)
0.9870 (0.9522-1.0230)
0.9282 (0.9057-0.9513)

0.0007
0.4728
<0.0001

Reference
0.9046 (0.8851-0.9244)

<0.0001

income, and male gender were independent predictors
of poorer survival on propensity matched multivariable
analysis as shown in Table 4.

Discussion

GBM is the most common primary CNS malignancy with
a highly aggressive nature. Despite advances over the last
decade in the management of other disease sites, clinically
significant therapeutic advances in GBM have been sparse.
As almost all cases tend to recur and result in death, many
attempts have been made unsuccessfully to improve
outcomes over the past decade. While IMT has provided
hope in other malignancies, our results show that although
IMT usage in GBM therapy has been increasing since 2009,
no survival benefit is offered.

Recently, IMT utilization has improved oncologic
outcomes in a variety of hematopoietic and nonhematopoietic malignancies, resulting in the modification
of long-standing treatment paradigms. As a result, this led
to exploration of the role of IMT in upfront treatment of
GBM. With the known challenges of therapy penetrance
across the BBB and drug related toxicities, particularly
perilesional edema, intralesional hemorrhage and necrosis,
multiple studies have taken aim at improving outcomes in
primary brain malignancies with systemic targeted and
immunotherapy. Well known to be highly vascularized
tumors, initial thought was for the malignancy to be
responsive to bevacizumab (BV), a monoclonal antibody
against vascular endothelial growth factor (anti-VEGF).
In multiple prospective phase 2 and retrospective trials
analyzing bevacizumab efficacy on recurrent GBM, there
was found to be up to a 35% increase in progression free
survival (PFS)18. With this improvement seen in salvage
therapy, its efficacy was quickly queried in the upfront
setting. Lai et al subsequently enrolled 70 patients with
newly diagnosed GBM and combined BV with upfront
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radiotherapy and TMZ and found improvement in PFS
but no change in overall survival19. Similarly, Chinot et al
examined intravenous bevacizumab with radiotherapy
and TMZ followed by maintenance BV and TMZ in the
upfront management of 921 patients with new GBM.
Although their results also showed improved PFS and
maintenance of baseline quality of life and performance
status, they showed an increased incidence in adverse
effects and no significant increase in survival when
compared to placebo20. Next, as pembrolizumab (antiPD1 immunotherapy) offered groundbreaking results for
malignancies of lung primary and malignant melanoma,
its value was tested in recurrent primary CNS tumors and
found to have no clinical or histologic efficacy in a small
series conducted on 22 patients. In this study, virtually
all 22 patients showed tumor progression and median
OS was a mere 2.6 months for adults and 3.2 months for
children7. This study coincides particularly well with
CheckMate-143, which as previously annotated showed
no improvement in survival when nivolumab was chosen
over BV in recurrent GBM. Nivolumab continues to be
evaluated in both CheckMate-498, where its efficacy in
combination with radiotherapy is being compared against
TMZ in combination with radiotherapy in newly diagnosed
MGMT-unmethylated GBM, and its companion phase 3
trial, CheckMate-548, where evaluation of the addition
of upfront nivolumab to TMZ and radiotherapy in newly
diagnosed MGMT-methylated GBM is ongoing.
While these results emerge, many trials continue
analyzing individual checkpoint inhibitors but results
remain either limited or disappointing. However, other
innovations in immune therapy continue to arise, including
different delivery mechanisms to the tumor site, targeted
therapies, dendritic cell vaccines, injecting antibodies
directly into the tumor, and recombinant immunotoxins.
Although most clinical trials have not officially resulted,
there is some belief that combining these different
modalities of immunotherapy to work synergistically is the
future of GBM management21. With this in mind, numerous
trials remain ongoing and more are enrolling patients each
day.
When compared with previous studies analyzing
upfront usage of IMT in GBM management, this NCDB
analysis corroborates appropriately. Although we initially
found an increase in overall survival on univariable
analysis, this finding was no longer significant once
propensity matching was performed. Interestingly, IMT
use in the years 2007-2009 was low and subsequently
skyrocketed which contradicts previously annotated phase
2 trials which initially showed improvement in PFS for BV
salvage therapy without altering OS. It seems as though
clinicians latched onto initial numbers and began using
IMT in upfront treatment, and despite RTOG 0825, a clinical
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trial analyzing upfront BV usage, quickly showing no
benefit in overall survival, use of IMT, in this case targeted
therapy, continued to rise. Another possible reason for
this rapid surge are the increased number of previously
annotated clinical trials testing various combinations of
immunomodulating therapies that remain ongoing. With
this in mind we remain but must recommend against the
use of IMT in the upfront management of GBM outside the
confines of a clinical trial.
As is typical with these types of analyses, this study
was limited by the data provided in the NCDB due to
its retrospective nature and inherent selection bias.
Compounding this, the NCDB lacks information on toxicity,
local failure, which systemic therapeutic agent(s) were
used and the number of cycles completed, and KPS and
MGMT status were not incorporated until 2010, all of which
play an important role in management and ultimately
outcome. Also, the specific IMT used is not documented
and the category in the NCDB encompasses a broad range
of IMT as described in the methods, included targeted
therapies. Additionally, salvage therapy is not recorded in
the NCDB which plays an important role in GBM survival
given the high rates of recurrence. Finally, patients whose
clinician substituted IMT for chemotherapy off-label were
not recorded in this study as they did not meet selection
criteria.

Conclusion

The use of IMT in the upfront treatment of GBM is
associated with similar survival as its absence. Therefore,
these should be limited to use within the confines of
ongoing clinical trials.
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