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Personalized radiation therapy for glioblastoma
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Abstract: Glioblastoma is the most common primary brain tumor with an estimated 14,000 Americans
diagnosed with this disease annually. This disease is treated with maximal surgical resection followed
by adjuvant radiation therapy. Radiation therapy was initially delivered to the whole brain and with no
concurrent or adjuvant systemic therapy. Advances in imaging and treatment delivery have allowed for partial
brain irradiation to minimize radiation dose to normal structures, as well as sparing structures important
for memory such as the hippocampus, decreasing morbidity and toxicity. While there is no consensus
on the optimal radiation volume needed to successfully treat glioblastoma, there is consensus that the
tumor bed with margin is preferable to treatment of the whole brain. Additionally, advances in knowledge
regarding tumor biology have demonstrated the benefit of concurrent and adjuvant chemotherapy, as well as
demonstrated that methylation of genes in the tumor can predispose greater responsiveness to chemotherapy.
The following review describes the advancements in specific radiation techniques that have been used to
improve the therapeutic ratio for management of glioblastoma and methods used to personalize radiation
treatment for patients based on genomic markers as well as clinical factors. The review also describes future

investigations that are currently taking place in order to enable a further improvement of clinical outcomes

for patients with glioblastoma.
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Introduction

Glioblastoma is the most common primary central nervous
system cancer with an estimated 14,000 Americans
diagnosed with this disease every year (1). Postoperative
radiation was first demonstrated to improve overall survival
(OS) for patients with glioblastoma in 1978. A randomized
trial enrolled 303 patients with anaplastic glioma who had
undergone surgery to treatment with 1,3-bis(2-chloroethyl)-
I-nitrosourea (BCNU) and/or radiation therapy, or
observation (2) (Table I1). The results showed a doubling
of OS in patients receiving radiation therapy, establishing
radiation therapy as a standard of care treatment for patients
with glioblastoma. These patients received 50-60 Gy
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to the whole brain. The discovery that most recurrences
occurred in proximity to the tumor bed lead investigators
to personalize radiation therapy by decreasing the radiation
dose to the whole brain and boosting only the tumor
bed to a higher dose in the Brain Tumor Cooperative
Group Trial 8001 (3). This was a randomized trial testing
different chemotherapy regimens. However, two different
radiation volumes were used, allowing a comparison
between whole brain radiation and more focal radiation as
adjuvant treatment for glioblastoma. In the first cohort of
patients, treatment was delivered with a dose of 60.2 Gy
to the whole brain, while in a second cohort, patients were
treated initially to 43 Gy to the whole brain followed by
a cone down to the tumor volume to 17.2 Gy. There was
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Table 1 Relevant trials with glioblastoma

Reference Year Patients, n Inclusion criteria  Treatment arms Survival outcome (median)
Walker MD (2) 1978 303 Anaplastic glioma Surgery and then BCNU and RT 34.5 weeks for BCNU + RT, 35.0 weeks
(50-60 Gy to the whole brain), RT alone, for RT alone, 18.5 weeks for BCNU
BCNU alone, or supportive care alone, 14.0 weeks for supportive care
Shapiro WR (3) 1989 571 Anaplastic Surgery and then BCNU alone, BCNU and 11.3 to 13.8 months, no significant
glioma (80% procarbazine, or BCNU and hydroxyurea  difference between groups
glioblastoma) and procarbazine. Radiation was either

60.2 Gy to the whole brain or 43 Gy to the
whole brain with cone down to 60.2 Gy

Stupp R (4) 2005 573 Glioblastoma Surgery followed by RT to 60 Gy or RT to  12.1 months for RT vs. 14.6 months for
60 Gy with TMZ RT and TMZ
Stupp R (5) 2017 695 Glioblastoma Surgery followed by RT to 60 Gy and TMZ 16 months for RT and TMZ vs.
vs. RT to 60 Gy, TMZ, and TTF 20.9 months for RT, TMZ, and TTF
Wick W (6) 2012 373 Glioblastoma Surgery followed by TMZ alone or RT to 8.6 months for TMZ vs. 9.6 months for
or anaplastic 60 Gy in 30 fx RT. EFS longer with MGMT methylation
astrocytoma, in the TMZ group (8.4 vs. 4.6 months).
age >65 years EFS longer with RT in the no MGMT
methylation (4.6 vs. 3.3 months)
Malmstrom A 2012 291 Glioblastoma, TMZ alone, RT to 60 Gy in 30 fx, RT to 8.3 months for TMZ, 7.5 months for
(7) age >60 years 34 Gy in 10 fx 34 Gy in 10 fx, 6.0 months for 60 Gy in
30 fx
Guo C (8) 2023 199 Glioblastoma or ~ Surgery and then 60 Gy in 30 fx with TMZ 18.8 months for RT and TMZ vs.
WHO grade or 60 Gy in 30 fx, TMZ, and interferon 26.7 months for RT, TMZ, and interferon
3 gliomas alpha alpha
Weller M (9) 2017 745 Glioblastoma Surgery, then 60 Gy in 30 fx and Amongst patients with minimal residual
with EGFRuvIII TMZ vs. 60 Gy in 30 fx with TMZ and disease, 20.0 moths in control group
mutation Rindopepimut and 20.1 months with Rindopepimut
Souhami L (10) 2004 203 Glioblastoma Surgery and then SRS, 60 Gy in 30 fx, and 13.5 months with SRS vs. 13.6 months
<4 cm BCNU vs. 60 Gy in 30 fx and BCNU without SRS
Laprie A(11) 2024 180 Glioblastoma Surgery then 60 Gy in 30 fx RT with TMZ  22.6 months in 60 Gy and TMZ arm vs.
vs. 60 Gy in 30 fx, TMZ, and boost to 22.2 months in 60 Gy, TMZ and MRSI
72 Gy in 30 fx to MRSl sites likely for boost to 72 Gy arm
recurrence
Brown PD (12) 2021 90 Glioblastoma Surgery then 60 Gy in 30 fx with TMZ 24.5 months for protons vs.

using photons vs. 60 Gy in 30 fx with TMZ 21.2 months for photons
using protons

Roa W (13) 2004 100 Glioblastoma and Surgery then 60 Gy in 30 fx or 40 Gy in 5.1 months for 60 Gy vs. 5.6 months for
age =60 years 15 fx 40 Gy
Perry JR (14) 2017 562 Glioblastoma and Surgery then 40 Gy in 15 fx vs. 40 Gy in 7.9 vs. 10.0 months

age =65 years 15 fx with TMZ

BCNU, 1,3-bis(2-chloroethyl)-1-nitrosourea; RT, radiation therapy; TMZ, temozolomide; TTF, tumor treating fields; EFS, event-free survival;
MGMT, O°-methylguanine-DNA methyltransferase; SRS, stereotactic radiosurgery; MRSI, magnetic resonance spectroscopic imaging.

no difference in outcome between the cohort of patients Current management

receiving whole brain radiation therapy (WBRT) and the The current treatment paradigm for patients with

group treated with the cone down, leading investigators to glioblastoma and a good performance status is maximal

conclude that a coned-down boost was as effective as WBRT. safe surgical resection followed by postoperative radiation
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to a total dose of 60 Gy in 30 fractions with concurrent
chemotherapy and possibly use of tumor treatment fields
(4,5,15). The superiority of chemoradiation compared to
radiation alone was demonstrated by the Stupp trial first
published in 2005. A total of 573 patients with glioblastoma
received maximal safe resection and were subsequently
randomized to receiving 60 Gy in 30 fractions or
60 Gy in 30 fractions along with concurrent and adjuvant
temozolomide chemotherapy. At a median follow-up
of 28 months, the median OS with chemoradiation was
14.6 months, compared to a median of 12.1 months with
radiation alone, leading authors to conclude that the
addition of chemotherapy to radiation was the new standard
of care. One criticism of this trial is that the upper limit of
age for patients enrolled was 71 years, and since the median
age of diagnosis of patients with glioblastoma is 65 years,
there is concern that these results may not be generalizable
to a sizeable number of patients diagnosed with this disease.
The next major breakthrough with respect to improving
clinical outcomes for patients with glioblastoma came as a
result of an antimitotic treatment called tumor treating fields
(T'TFields) (5). This is an antimitotic treatment device that
delivers low-intensity intermediate frequency electric fields
that causes mitotic arrest and apoptosis of rapidly dividing
cells (16). In the seminal EF14 trial that first demonstrated
the efficacy of TTFields (5), 695 patients with glioblastoma
who had completed chemoradiation were randomized
to standard chemotherapy alone or chemotherapy along
with T'TFields. The median OS was 20.9 months in the
TTFields arm, and 16.0 months in the chemotherapy alone
arm (P<0.001), leading authors to conclude that TTFields
lead to improved OS in patients with glioblastoma.

Predictive biomarkers

The O°-methylguanine-DNA methyltransferase (MGMT)
gene codes for a protein that removes alkyl products from
the O°position of guanine which is a site of DNA alkylation
(17,18). The protein encoded by the MGMT gene must be
replenished in order to continuing repairing DNA damage
induced by alkylating agents, as without the DNA repair,
cytotoxicity and apoptosis occur in cancer cells (19,20).
Excessive activity of the MGMT encoded protein can repair
the DNA damage in cancer cells induced by alkylating
agents resulting in worse clinical outcomes (21,22).
Investigators hypothesized that inactivation of the DNA
repair gene encoded by MGMT and first demonstrated
this in a retrospective review of 47 patients with high grade
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glioma who has been treated with carmustine (23). In this
study, Spanish investigators obtained the tumor specimens
of 47 patients with high grade glioma who has been treated
with surgery, radiation and chemotherapy and performed
methylation-specific polymerase chain reaction (PCR)
to determine whether or not patients had a methylated
MGMT promoter, which would inactivate the DNA repair
protein, and then correlate MGMT promoter methylation
with outcome. The results demonstrated that MGMT
promoter methylation was associated with improved
progression-free survival (PFS) of 21 months for the
methylated MGMT group compared to 8 months for the
unmethylated group and improved OS [hazard ratio (HR)
for death of 10.8 for patients without MGM'T methylation].
This study was criticized due to the heterogeneity of the
patient population, which lead investigators to further
explore the relationship between MGMT methylation and
clinical outcomes for patients with glioblastoma.

The first randomized data to demonstrate the predictive
value of MGMT methylation for patients with glioblastoma
was published in 2004. This data was obtained from
a phase II trial testing the efficacy of radiation along
with temozolomide based chemotherapy, researchers
explored outcomes for 49 patients with glioblastoma
treated with surgery, chemotherapy, and radiation after
stratifying patients by MGMT promoter methylation
status (18). At 18 months, 62% of patients with MGMT
promoter methylation were alive, compared to 8% of
patients without MGMT promoter methylation, leading
to the conclusion that MGMT-methylation status was
an independent predictor for patients with glioblastoma
treated with alkylating chemotherapy. Investigators from
the aforementioned Stupp trial tested the pathology
specimens of patients enrolled in the trial to determine
whether MGMT promoter methylation for patients with
glioblastoma was associated with benefit with temozolomide
treatment (24). MGMT promoter methylation was tested
on 206 out of the 573 patients enrolled in the trial and
outcomes were compared in each treatment arm after
stratifying for patients with MGMT methylation status.
Improved median OS was observed when comparing
patients with MGMT promoter methylation treated
with chemotherapy and radiation (21.7 months for the
chemoradiation arm compared to 15.3 months with
radiation alone). However, when comparing outcomes
for patients without MGMT methylation, there was no
statistically significant improvement in OS when comparing
the two patient cohorts (median OS 12.7 months with
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chemoradiation compared to 11.8 months with radiation
alone, P=0.06). These results lead the investigators
to conclude that MGMT promoter methylation is a
clinically relevant predictor of the use of temozolomide
chemotherapy, and that additional treatments should be
developed to improve outcomes amongst patients without
the MGMT promoter methylation.

MGMT promoter methylation can be used to personalize
treatment for elderly patients with glioblastoma. In the
NOA-08 trial, investigators sought to determine whether
chemotherapy could replace radiation therapy as definitive
adjuvant treatment for elderly patients (defined as age
>65 years) with glioblastoma or anaplastic astrocytoma (6).
In this multi-institutional, phase III trial, 373 patients with
glioblastoma age >65 years were treated with surgery and
subsequently randomized to either temozolomide based
chemotherapy alone or radiation therapy alone to a dose
of 60 Gy in 30 fractions. OS and event-free survival (EFS)
were similar in both treatment groups. On subset analysis,
amongst patients with MGMT promoter methylation,
EFS was longer in patients receiving temozolomide
compared to those receiving radiation therapy (8.4 vs.
4.6 months). Amongst patients without MGMT promoter
methylation, EFS was longer in patients receiving radiation
therapy compared to those receiving temozolomide
(4.6 vs. 3.3 months). The Nordic III trial also sought to
determine the optimal treatment for elderly patients (7). A
total of 291 patients with glioblastoma and age >60 years
were randomized to receive either temozolomide
alone, hypofractionated radiation therapy (HFRT)
defined here as 34 Gy in 10 fractions, or conventionally
fractionated radiation therapy (CFRT) defined as 60 Gy in
30 fractions. OS was significantly greater in patients
receiving temozolomide alone (8.3 months) than in patients
receiving CFRT alone (6.0 months, P=0.01), though not
greater than patients receiving HFRT (7.5 months, P=0.24).
Amongst patients treated with temozolomide, a greater
median OS was observed amongst patients with MGMT
promoter methylation than in patients without the MGMT
promoter methylation. However, amongst patients treated
with radiation, no difference in OS was noted between
patients with or without MGMT promoter methylation. As
a result of these trials, the current National Comprehensive
Cancer Network (NCCN) Guidelines for management
of elderly patients with glioblastoma allows treatment
with chemotherapy alone as an option for patients with a
methylated MGMT promoter, though not for patients with
an unmethylated MGMT promoter region.
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Patients without MGM'T promoter methylation have
been demonstrated to have worse clinical outcomes with
the use of alkylating chemotherapy. Researchers having
been conducting experiments to overcome the relative
resistance to alkylating chemotherapy amongst patients
without the MGMT promoter methylation. One such
therapeutic intervention is the use of interferon alpha,
which is associated with the innate immune system and
has both immunomodulatory, antiproliferative, and
antiangiogenic properties (25). Importantly, Chinese
investigators demonstrated in 2015 that interferon alpha
enhances the efficacy of temozolomide by downregulating
MGMT expression (26). Subsequently, Guo et 4l. conducted
a Phase III randomized trial in patients with high grade
glioma to test the efficacy of interferon alpha in patients
with high grade glioma treated with surgery, radiation,
and chemotherapy (8). In this multi-center trial, 199
patients with glioblastoma and WHO grade 3 gliomas were
randomized after surgery to receive treatment with CFRT
and temozolomide or radiation therapy, temozolomide,
along with interferon alpha. The median OS was greater in
patients receiving interferon alpha (26.7 vs. 18.8 months,
P=0.005). On subset analysis, amongst patients without
MGMT methylation, use of interferon alpha was associated
with improved median OS (24.7 vs. 17.4 months). The
finding that interferon alpha can significantly improve
clinical outcomes for patients without MGM'T methylation
is significant in that these patients otherwise have been
shown to have a worse prognosis.

Mutation of the epidermal growth factor receptor
(EGFR) is found in about 50% of malignant gliomas (27).
EGFR dysregulation can lead to increased tumor
angiogenesis, migration, growth, and spread (28), and is
associated with worse clinical outcomes in patients with
glioblastoma (29). It has been hypothesized that targeting
EGFR mutation may lead to improved outcomes for
patients with glioblastoma. Unfortunately, randomized
trials have shown no benefit with the addition of EGFR
targeted therapy for patients with glioblastoma (9-31). In
the largest phase III trial testing out the potential efficacy of
EGEFR targeted therapy (9), 745 patients with glioblastoma
confirmed to express EGFRVIII were treated with surgery
and standard chemoradiation after which they were
randomized to either Rindopepimut, a vaccine targeting
the EGFR deletion mutation EGFRVIII, or placebo.
No differences in OS were observed with the use of
Rindopepimut, leading investigators to conclude that future
work was needed to determine if EGFR targeted therapy
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could be of benefit in patients with glioblastoma.

Radiation dose and technique

Intensity modulated radiation therapy (IMRT) is a radiation
technique that uses inverse planning algorithms to deliver
a high radiation dose to tumor while sparing dose from
adjacent structures (32). The use of multiple radiation
beams from different angles allows for higher dose to
the gross disease with simultaneous sparing of healthy
brain and radiation sensitive structures, which has been
demonstrated to reduce toxicity associated with radiation
(33,34). Volumetric modulated arc therapy (VMAT) is an
advanced radiation technique that modulates dose rate, field
aperture, and gantry speed during the delivery of radiation
which creates a more conformal dose distribution, allowing
more sparing of normal tissues than compared with IMRT
treatment plans (35,36). However, while the dosimetric
improvements of VMAT when compared to IMRT have
not translated to improved clinical outcomes or decreased
toxicity, VMAT does result in a mean 29% reduction in
treatment time, and should be considered as a treatment
technique for patients with glioblastoma (37).

The standard radiation dose used to treat glioblastoma is
60 Gy in 30 fractions. The poor prognostic associated with
this disease has led investigators to attempt to deliver dose-
escalated radiation therapy (DE-RT) in an effort to improve
clinical outcomes for patients. In one such phase III
randomized trial, researchers sought to determine whether
a stereotactic radiosurgery (SRS) boost could improve
OS for patients with glioblastoma (10). Two hundred
and three patients with glioblastoma measuring <40 mm
were treated with surgery and then randomized to
treatment with CFRT, BCNU, and SRS to a dose of 15 to
24 Gy (SRS dose determined by size) or CFRT and BCNU
alone. At a median follow-up time of 61 months, there was
no difference in median survival in the two patient cohorts
(13.5 vs. 13.6 months), leading investigators to conclude
that there was no benefit with the SRS boost.

A meta-analysis recently explored outcomes for DE-RT
for patients with glioblastoma (38). A total of 22 studies
were examined, in which 2198 patients with glioblastoma
received definitive treatment, out of which 507 received
DE-RT. When comparing outcomes between patients
treated with adjuvant radiation alone, 1-year OS was
improved with the use of DE-RT (46.3% wvs. 23.4%,
P=0.02). However, no significant difference in 1-year OS
was observed when compared to patients who received

© Chinese Clinical Oncology. All rights reserved.

Page 5 of 10

chemotherapy along with radiation between the DE-RT
and standard radiation therapy cohorts (73.2% vs. 64.5%,
P=0.23). Similarly, no difference in outcomes between DE-
RT and standard radiation therapy when used concurrently
with chemotherapy was observed amongst patients with
MGMT methylation (1-year OS 83.2% vs. 73.2%, P=0.23)
or without MGMT methylation (1-year OS 72.6% wvs.
50.6%, P=0.16). Laprie et al. attempted using magnetic
resonance spectroscopic imaging (MRSI) to identify sites
most likely for recurrence and to use DE-RT to selectively
boost these regions (11). One hundred and eighty patients
with glioblastoma were treated with surgery and randomized
to chemotherapy and either a standard radiation dose of
60 Gy in 30 fractions or the standard radiation dose with an
additional simultaneous integrated boost to 72 Gy to MRSI
metabolic abnormalities, the tumor bed, and residual contrast
enhancement. At a median follow-up time of 43.9 months,
the median OS was 22.6 months in the standard radiation
dose arm compared to 22.2 months in the DE-RT arm. The
investigators concluded that there was no improvement in
clinical outcome with MRSI guided DE-RT.

Proton based radiation has been suggested to be
a possible radiation technique to either decrease
cognitive deficit or to improve outcomes for patients
with glioblastoma. In a phase II trial, 90 patients
with glioblastoma were treated with surgery and then
randomized to treatment with radiation therapy to a dose
of 60 Gy in 30 fractions with concurrent temozolomide
using either proton therapy or photon based radiation (12).
At a median follow-up time of 48.7 months, there was
no significant difference in either time to cognitive
failure (HR =0.88, P=0.74) or OS (HR =0.68, P=0.60). A
multicenter prospective registry study from proton beam
facilities in Japan reported a median OS for patients with
glioblastoma treated with proton based radiation therapy
to be 21.2 months, which investigators concluded was
equivalent to reported treatment outcomes for patients
with glioblastoma (39). A meta-analysis of trials in which
patients with glioblastoma were treated with proton based
radiation therapy also demonstrated clinical outcomes
similar to those found in patients treated with photon based
radiation (40). These results suggest that proton based
radiation may not significantly improve clinical outcomes
for patients with glioblastoma.

Radiation volumes

Despite consensus on the standard postoperative radiation
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Figure 1 An axial slice depicting isodose lines to 46 and 60 Gy in a
patient with glioblastoma each in 23 fractions. This is a volumetric
modulated arc therapy plan. The area within the red contour is
receiving 60 Gy. The area within the orange contour is receiving
46 Gy.

Figure 2 Axial T post contrast magnetic resonance imaging brain

showing multifocal glioblastoma.

dose in otherwise healthy patients, there is considerable
variation in the recommended radiation volume to be
treated. The European Organisation for Research and
Treatment of Cancer (EORTC) has recently published
contouring guidelines when treating glioblastoma (41),
that recommends treating the gross residual disease as
identified on magnetic resonance imaging (MRI) T1
contrast enhancing tumor and/or the resection cavity plus
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an additional 15 mm margin to create a clinical target
volume (CTV). The T2/fluid attenuated inversion recovery
abnormality (FLAIR) signal abnormality is recommended
to be included as part of the CTV, but inclusion of edema
is not recommended. The dose is recommended to be
delivered to a single volume with no cone down of treatment
volume recommended (41). However, these guidelines
are not universally followed. The NRG Oncology Group
has its own set of guidelines, which recommend treating
an initial CTV as delineated by the T2/FLAIR sequence
as seen on postoperative MRI plus a 2 cm expansion to
46 Gy in 23 fractions followed by a boost to the T1/post
contrast plus a 2 cm expansion to an additional 14 Gy in
7 fractions (42) (Figure 1). Other institutions have used
0.5 to 1 cm CTV margins added to the T1 postcontrast
sequence and demonstrated only 5-10% out of field failure
(Figure 2) (43,44), suggesting that decreased margin size
may be reasonable and that smaller treatment margins may
also lead to decreased risk of lymphopenia (45).

Special considerations

Multifocal glioblastoma has been shown to be associated
with worse OS than unifocal glioblastoma, likely due to the
biological aggressiveness of disease (46) (Figure 2). Superior
OS in patients with multifocal disease is observed following
gross total resection as well as concurrent chemotherapy
and radiation therapy to a dose of 60 Gy in 30 fractions (47).

Older patients with glioblastoma and a poor performance
status have been found to have worse prognosis, with
limited long-term survival (48). Consequently, investigators
sought to determine whether radiation therapy could be
personalized in older patients in order to minimize the
logistical challenge associated with a six-week course of
radiation without compromising clinical outcome. In 2004,
Roa et al. randomized 100 patients with glioblastoma aged
60 years or greater to maximal safe resection followed
by either CFRT to 60 Gy in 30 fractions or HFRT to a
dose of 40 Gy in 15 fractions (13). The results showed
no difference in OS with the HFRT course of treatment,
leading investigators to conclude that the HFRT course
of treatment may be preferable for elderly patients. The
initial trial demonstrating the clinical equipoise of HFRT to
CFRT for elderly patients with glioblastoma was conducted
prior to knowledge regarding the efficacy of concurrent
chemoradiation using temozolomide. Researchers have
since demonstrated that HFRT along with temozolomide
leads to improved OS when compared to HFRT alone for
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elderly patients, leading the authors to conclude that HFRT
and chemotherapy should be the standard treatment for
elderly patients who could tolerate dual modality adjuvant
treatment (14,49).

Future directions

The current median OS for patients with glioblastoma
is 15-20 months. More effective treatments are needed
to improve outcomes for these patients. The NRG
BN-001 trial is a phase II randomized trial enrolling
patients following surgical resection to either standard-
dose radiation to a dose of 60 Gy in 30 fractions or dose
escalated radiation to a dose of 75 Gy in 30 fractions along
with concurrent chemotherapy using either photon-based
or proton-based radiation (50). The initial results in the
photon-based dose escalation arm did not show improved
outcomes when compared to the standard-dose radiation.
The proton-based cohort has now completed accrual, with
results yet to be released.

The Trident trial is attempting to improve upon the
OS improvements demonstrated in the aforementioned
EF-17 trial with the use of TTFields (6,51). This is an
international phase III trial that is randomizing patients
to upfront surgical resection followed by adjuvant
standard chemoradiation and subsequent chemotherapy
and TTFields, or surgery followed by chemoradiation
with concurrent use of TTfields, with subsequently
chemotherapy and TTFields.

Investigators are exploring using a Bayesian machine-
learning framework to create personalized radiation therapy
plans that use information from MRI scans and fluoro-
ethyl-tyrosine (FET)-positron emission tomography
(PET) metabolic maps to determine tumor cell density
in glioblastoma patients (52). This information is used to
create personalized radiation plans taking into account
tumor cell density and a clinical population study has
demonstrated that the radiation therapy plans created using
this method can reduce radiation toxicity when compared
to conventional plans. However, this technique has not
yet been tested in phase III randomized trials, though is
a promising method to allow for greater radiation dose
delivery to sites where tumors are most likely to recur. A
second method being investigated to create personalized
radiation therapy plans is using deep learning based free
water correction of diffusion tensor imaging to determine
the infiltration of tumor within the FLAIR region of
MRI scans (53). Investigators are trying to use the free
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water corrected diffusion-tensor imaging (DTT) images
to create personalized radiation therapy plans that may
potentially escalate radiation dose in sites with greater
tumor infiltration where cancers are most likely to recur,
while possibly allowing for dose de-escalation in regions
with less tumor infiltration. Resveratrol has been suggested
as a compound that could be used in conjunction with
radiation therapy due to its potential benefits as a radiation
sensitizer and chemotherapy sensitizer, though this has yet
to be demonstrated in clinical practice (54). Use of high
Z nanoparticles has also been suggested as a method to
enhance the effectiveness of radiation therapy when treating
glioblastoma and has shown efficacy in preclinical models,
though clinical studies demonstrating its feasibility and
efficacy have yet to be conducted (55).

Conclusions

Current management of glioblastoma includes maximal safe
surgical resection after which management is contingent
upon the patient’s age, performance status, and MGMT
methylation status. While young patients with a good
performance status are treated with postoperative radiation
to the tumor bed and any residual gross disease to a dose
of 60 Gy in 30 fractions with concurrent and adjuvant
temozolomide along with T'TFields, elderly patients may
receive HFRT alone or temozolomide alone in cases in
which the tumor is MGMT methylated. Future studies are
needed to improve outcomes in all patients, particularly in
the MGMT unmethylated patient population. The use of
interferon alpha is promising as an addition to the standard
of care, and future studies will confirm the benefit of this
chemotherapeutic agent, which has the potential of increased
benefit in the MGMT unmethylated patient population.
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