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Glioblastoma (GBM) is the most 
common primary malignant 
neoplasm of the brain, with an 

incidence of 3.19 per 100,000 persons 
in the US.1 Standard of care includes 
maximal surgical resection and radi-
ation therapy (RT) with concomitant 
temozolomide (TMZ) chemother-
apy. The median 3-year survival rate 
for a newly diagnosed patient with 
this aggressive cancer remains a dis-
mal 10.1%.2 Nevertheless, recent ad-
vancements in the use of alternating 
electric field therapy, also known as 
tumor-treating fields (TTFields), and 
dendritic cell vaccines are beginning to 
challenge the status quo with initial re-
sults yielding a median overall survival 
of 20.9 months.3,4 Moreover, molec-
ular characterization of primary brain 
tumors has had a substantial impact on 
the stratification of central nervous sys-
tem (CNS) neoplasms. This includes a 
more nuanced characterization of GBM 
molecular markers, thus leading to the 
creation of an integrated diagnosis.5 
In this review, we highlight the North 

American and European guidelines 
for chemoradiation of GBM created as 
a result of the new 2016 World Health 
Organization (WHO) classification 
system. Specifically, we focus on the 
factors of age, performance status, mo-
lecular markers, and disease recurrence 
as the main components for the clinical 
application of the guidelines. Further-
more, we highlight factors, such as so-
cioeconomic and insurance status, that 
impact radiation treatment compliance 
and GBM outcomes.   

Standard of Care
Therapy for GBM is divided into 

multiple strata of treatment modalities 
including surgery, radiation and che-
motherapy. Tumor molecular markers 
may be used as a guiding prognostic 
factor to optimize a personalized treat-
ment plan.6,7 These molecular features 
confer a survival advantage in GBM, 
as they predict a favorable treatment 
response. Markers screened for after 
a histologic diagnosis of GBM may 
include: O6-methylguanine DNA 

methyltransferase (MGMT) promoter 
methylation status and isocitrate dehy-
drogenase (IDH) mutation.7 In this arti-
cle, however, we will focus on MGMT 
promoter methylation status. Further-
more, tumor resectability, Karnofsky 
Performance Score (KPS), and patient 
age are important components of the 
clinical-care decision-making process 
(Table 1). 8 

Patients Age < 70 
For patients age < 70 years and a KPS 

≥ 60, guidelines recommend maximal 
surgical resection followed by adju-
vant therapy.7-11 The type of adjuvant 
treatment is dictated by postresection 
KPS and MGMT promoter status. For 
patients < 70, postresection KPS ≥ 60, 
and methylated MGMT promoter sta-
tus, guidelines recommend standard 
brain RT, concurrent plus adjuvant te-
mozolomide (TMZ), and TTFields.7 
Recommendations remain the same 
for patients with the same age and KPS 
bracket but an unmethylated/indetermi-
nate MGMT promoter.7 However, stan-
dard brain RT alone is an option for this 
second group. According to the Amer-
ican Society for Radiation Oncology 
(ASTRO) guidelines, standard brain RT 
entails partial-brain RT of 60 Gy in 2-Gy 
fractions (30 total fractions) delivered 
throughout 6 weeks.8 Similarly, the Eu-
ropean Association for Neuro-Oncology 
(EANO) guidelines recommend focal 
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RT of 50-60 Gy in 1.8-2.0 Gy fractions 
following surgical resection or biopsy in 
patients < 70 years of age and a KPS ≥ 
70. Gross total resection has been shown 
to improve outcomes and is therefore 
recommended for clinically eligible pa-
tients.6 Both ASTRO and EANO guide-
lines recommend targeted delivery of 
radiation against whole-brain therapy to 
minimize toxicity to structures such as 
the optic nerves, optic chiasm, retinas, 
brainstem, pituitary, cochlea, hippocam-
pus and other sensitive structures.6-8 

Determining the tumor volumes 
is an important consideration when 
conducting partial-brain RT in GBM 

patients (Figure 1). The gross tumor 
volume (GTV) includes the surgical 
bed and any area of postsurgical or 
postbiopsy T1 MRI enhancement. The 
clinical target volume (CTV) is defined 
as the GTV and any residual T2W or 
fluid-attenuated inversion recovery 
(FLAIR) signal abnormalities plus an 
additional margin of 1 to 2.5 cm. Fi-
nally, the planning target volume (PTV) 
of 0.3 cm to 0.5 cm is added onto the 
CTV to account for daily setup error.6 
Radiation may be administered using 
1- or 2-phase radiation target volume 
strategies. The 1-phase target volume 
approach encompasses the CTV and 
margin without targeting edema.8 In 
contrast, the 2-phase target volume 
method includes the CTV, margin, and 
edema measured using hyperintense 
T2 and FLAIR MRI regions as a guide. 
This is subsequently narrowed down to 
target only the gross residual tumor and 
resection cavity in the second phase.8 

In addition to surgery and radia-
tion, chemotherapeutic agents are the 
mainstay of treatment. Concurrent and 
adjuvant TMZ is recommended as its 
addition to radiation in the treatment of 
newly diagnosed GBM has been shown 
to provide a survival benefit.12,13 A 
study by Ballhausen et al demonstrated 
improved survival with daily concur-
rent TMZ administration (15.7 months) 
during radiation treatment compared to 
TMZ administration for 5 out of 7 days 
(12.6 months).14 Currently, the Radiation 

Therapy Oncology Group (RTOG) / 
NRG, National Comprehensive Cancer 
Network (NCCN), EANO, and the Med-
ical Oncology Spanish Society (SEOM) 
guidelines recommend 75mg/m2 daily 
concurrent TMZ throughout radiation 
treatment followed by maintenance  
therapy of 150-200mg/m2 for 5 days 
every 4 weeks for 6 cycles.6 

Finally, the inclusion of TTFields 
as part of the treatment plan is improv-
ing the overall survival of patients with 
GBM. This noninvasive antimitotic 
therapy consists of low intensity, 200 
kHz frequency, and alternating elec-
trical currents delivered via 2 trans-
ducer arrays on a shaved scalp (Figure 
2). The device is worn ≥ 18 hours/day 
on the same days as administrations of 
TMZ.3 When used at a monthly compli-
ance of > 90% TTFields have resulted 
in a statistically significant improve-
ment in the median overall survival to 
24.9 months.15 TTFields, however, are 
an option only for patients with supra-
tentorial disease.7 

Patients Age > 70 
For patients > 70 years old, perfor-

mance status and MGMT status are im-
portant considerations when choosing 
the treatment regimen with the utmost 
benefit in survival and quality of life. 
Treatment remains controversial and 
attempts are underway to understand 
the role of TMZ and hypofractionated 
RT in the elderly, especially in those 

FIGURE 1. Computer-generated rendition 
of targeted partial-brain radiation therapy of 
a right hemispheric glioblastoma (surface 
only). White represents gross tumor volume 
(GTV); surgical bed. Green shows clinical 
target volume (CTV); GTV + 1 to 2.5 cm 
margin. Blue is the planning target volume 
(PTV); CTV + 0.3 to 0.5 cm margin. Note: 
For illustration purposes only; dimensions 
not drawn completely to scale.

Table 1. Overview of Adjuvant Treatment According to Age, KPS, and Recurrence

  KPS  60 ± methylated MGMT promotor status KPS < 60  
 Patients < 70 years Standard brain RT + concurrent & adjuvant TMZ ± Hypofractionated brain RT ± concurrent & adjuvant TMZ
  alternating electric fields therapy or TMZ alone or Palliative care

 Patients > 70 years Standard brain RT + concurrent & adjuvant TMZ ± Hypofractionated brain RT ± concurrent & adjuvant TMZ
  alternating electric fields therapy or TMZ alone or Palliative care
  or Hypofractionated brain RT ± concurrent & adjuvant TMZ
  or Hypofractionated brain RT alone
  or TMZ alone (unmethylated only) 

 Recurrent Glioblastoma Palliative care or Consider systemic chemotherapy or  Consider reirradiation 
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with unmethylated MGMT promoters 
and those with poor performance sta-
tus.16 Nonetheless, there is surmounting 
evidence that RT in those >70 improves 
survival when compared to supportive 
care alone with similar quality of life and 
cognitive evaluations between groups.17 
In addition, hypofractionated RT has 
been shown to reduce steroid utilization 
and decrease early RT termination when 
compared with standard-length RT.18 

According to EANO guidelines, 
treatment decisions should be based 
on MGMT status for patients >70 who 
are not eligible for radiation with con-
current or maintenance TMZ. Patients 
with MGMT methylation status are 
recommended to receive TMZ alone 
for 5 consecutive days every 28 days. 
Patients with non-MGMT/indeter-
minate methylation status should un-
dergo hypofractionated RT of 40 Gy 
in 15 fractions using a similar T2W 
abnormality plus a 2-cm margin for 
planning tumor volumes.6 ASTRO 
guidelines recommend a similar radia-
tion schedule (40 Gy in 2.66 fractions) 
in addition to TMZ in elderly patients 
with good to reasonable performance 
status.8 In contrast, SEOM recom-
mends treatment with TMZ alone for 
patients with poor performance status 
and MGMT methylation.19 In addition, 
the Nordic randomized phase III clini-
cal trial found similar median survival 
when comparing TMZ alone to hypo- 
fractionated RT (34 Gy in 10 fractions) 

in patients > 60 years.20 Results from 
Perry et al on elderly patients with 
GBM, however, have led to the con-
sideration of short-course RT (40 Gy in 
15 fractions) plus TMZ as standard of 
care.21 CTV determinations for patients 
> 70 receiving hypofractionated RT 
should be made as described above for 
patients < 70 years old.6

In elderly patients with GBM, a KPS 
> 70, and MGMT promotor methyla-
tion, a study by Palmer et al reported 
that 49% of physicians surveyed rec-
ommended a standard course of radi-
ation and chemotherapy while 39% 
recommended a short course of radia-
tion and chemotherapy.22 In elderly pa-
tients with KPS > 70 and non-MGMT 
methylation status, 51% of physicians 
recommended a short course of radia-
tion alone. In patients with KPS < 50, 
57% of physicians recommended sup-
portive care. Although more studies are 
needed to elucidate optimal treatments 
in elderly patients with GBM, evidence 
suggests improved outcomes with use 
of hypofractionated RT and TMZ. A 
clinical trial by Perry et al showed im-
proved median overall survival and me-
dian progression-free survival in elderly 
patients age > 65 who received hypo- 
fractionated RT (40 Gy in 15 fractions) 
and TMZ compared with those who re-
ceived hypofractionated RT alone.21

Finally, despite advantages seen in 
patients < 70 years, and calls from the 
medical community and several medical 

governing bodies worldwide, the EANO 
and ASTRO have yet to include the use of 
TTFields in this patient cohort. However, 
1 randomized clinical trial demonstrated 
a survival benefit in patients > 70 with a 
good performance status (KPS ≥ 70).3 

Recurrent Glioblastoma
Unfortunately, most patients experi-

ence GBM recurrence despite maximal 
surgical resection, radiation and chemo-
therapy. Typically, recurrence of GBM 
occurs locally, most commonly within 
approximately 2 cm of the surgical re-
section cavity.23,24 One study found a 
median progression-free survival of 7 
months after local tumor recurrence.24 
The median overall survival rate after 
diagnosis of recurrence is still an es-
timated 22-44 weeks.25 Nonetheless, 
maximal safe surgical resection can 
be done in clinically eligible patients; 
however, no consensus exists regard-
ing maximal safe resection or dosage 
or type of chemoradiation therapy for 
tumor recurrence; the treatment plan 
remains the choice of the physician 
and patient.23,24 To date, Scoccianti et 
al provides the most comprehensive 
effort to create a treatment protocol for 
recurrent GBM combining various ap-
proaches used in the US and Europe.26 
The results of their retrospective analy-
sis suggest that radiation-only therapy 
as a salvage treatment has the likelihood 
of a relatively good outcome.26 Patients 
are stratified according to the CTV of 
the recurrent neoplasm. Moreover, to 
minimize neurotoxicity patients should 
be treated using different fraction-
ation and differentiated total dose in 2 
Gy fractions. If the CTV is < 12.5 ml, 
then < 65 Gy with radiosurgery should 
be administered; if > 12.5 ml and < 35 
ml, then <50 Gy with hypofractionated 
stereotactic RT should be administered; 
and if > 35 ml and < 50 ml, then < 36 
Gy with conventionally fractionated RT 
should be administered.26 Furthermore, 
newer technologies such as proton 
beam therapy may be a promising mo-

FIGURE 2. (A) Optune Device, an FDA-approved medical device for delivering alternating 
electric field therapy via 4 transducers. (B) Patient with transducers placed on scalp. ©2019 
Novocure. All rights reserved.
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dality given its role in many skull base 
tumors and pediatric cancers; however, 
it has not yet established itself in the 
treatment of GBM. More research will 
be required to determine whether pro-
tons and other heavy particles offer an 
advantage in GBM dosimetry.27

In the US, several options are 
available to the patient. First, if the 
postresection KPS > 60, systemic che-
motherapy can be considered. Rec-
ommended regimens include TMZ, 
bevacizumab, lomustine/carmustine, 
procarbazine, and/or vincristine. If 
there has been a long time between 
stopping TMZ and tumor progression, 
it is reasonable to restart the patient 
on TMZ—especially if the tumor is 
MGMT methylated.28 Similarly, lo-
mustine/carmustine is a reasonable 
second-line therapy for a tumor that is 
MGMT methylated.29 Next, although 
bevacizumab has not demonstrated 
improved overall survival in recurrent 
GBM, it is still FDA-approved based 
on improved performance status.30,31 

Furthermore, evidence from the EF-11 
randomized phase III clinical trial indi-
cates the equivalence of chemotherapy 
and TTFields in treatment of recurrent 
GBM. TTFields were found compa-
rable to chemotherapy in median sur-
vival and progression-free survival 
with improved quality of life seen in the 
TTFields cohort.32

Radiation Treatment and Social 
Determinants of Health

In recent years, social determinants 
of health—the circumstances in which 
people are born, grow up, live, work 
and age, and the systems put in place to 
deal with illness—have increasingly 
become a topic of research in the treat-
ment of GBM.33 One influential factor 
driving this exploration is the ever-ris-
ing cost of US healthcare, especially 
in neuro-oncology. As the use of TMZ, 
trial-combined chemotherapy (such as 
TMZ and bevacizumab), and TTFields 
has increased, so has the overall cost 

of the treatment course for newly di-
agnosed GBM. A recently published 
analysis evaluating the direct medical 
costs of GBM found that the mean total 
cumulative costs per patient from 3 
months prediagnosis to 12 months, and 
to 5 years post diagnosis were $201,749 
and $268,031, respectively.34 Broken 
down further, the average per-patient 
per-month post-GBM diagnosis was 
$7,394.34 Given these substantial costs, 
there is little surprise that the standard-
of-care treatment course can be deemed 
cost-prohibitive. Rhome et al found that 
compliance with chemotherapy treat-
ment was associated with male gender, 
white race, younger age (< 50 years), 
higher performance status (> 70), insur-
ance status, higher income/education, 
and receipt of treatment at an academic 
center.35 This can have an overwhelming 
negative effect on overall patient sur-
vival, especially when compliance with 
treatment such as TTFields is closely 
linked with overall rates of survival.15 

Unfortunately, supporting evidence 
in this matter is only beginning to be 
discovered, despite the use of sur-
gery, chemotherapy, and radiation in 
the treatment of GBM for more than 
20 years. For example, a recent na-
tional survey of NCCN panel members 
showed that neither sexual orientation 
nor gender identity, which are part of 
social determinants of health, were 
thought to be relevant to the focus of the 
NCCN guidelines.36 Moreover, 77% 
responded that their panels currently 
do not address LGBTQ issues, with no 
plans to address them in the future.36 

Furthermore, socioeconomic status, 
which encompasses education, income, 
and occupation, has been shown to im-
pact time to radiation treatment.37 One 
study by Pollom et al showed that in pa-
tients who underwent gross total tumor 
resection, those who received radiation 
within 15 to 21 days had a statistically 
significant improved survival with a 
trend in improved survival in those re-
ceiving treatment within 22 to 35 days.36 

The study found that patients who had 
Medicaid, government insurance, were 
uninsured, or lived in metropolitan 
areas were less likely to receive radia-
tion within 35 days compared to patients 
from higher income areas. Other studies 
have shown the impact of insurance on 
radiation treatment. A study by Brown 
et al demonstrated a significant associa-
tion between insurance type and odds of 
receiving radiation treatment. Patients 
with Medicare had the highest odds of 
receiving radiation, Medicaid patients 
had lower odds, and uninsured patients 
had the lowest odds.38 Lastly, a study 
by Chandra et al showed that uninsured 
patients had significantly lower rates of 
radiation and TMZ treatment.39 

Conclusion
In this review, we provide a simple 

overview of the current state of radia-
tion use for treatment of GBM. Some 
of the most important prognostic fac-
tors and guiding principles are based 
on age, performance status, and tumor 
molecular markers. Conventionally 
fractionated stereotactic RT for patients 
< 70 years old yields the best results 
for progression-free survival. Hypof-
ractionated stereotactic RT for patients  
> 70 years old can also be considered 
for improved progression-free survival. 
Recent studies have elucidated the ben-
efit of newer treatment modalities such 
as TTFields and their significant benefit 
in progression-free and overall survival. 
Lastly, recent literature has demon-
strated the impact of socioeconomic 
status and insurance status on radiation 
treatment after GBM surgical resection. 
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