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Abstract

Background: Glioblastoma (GB) is the most aggressive primary brain tumor, histor-
ically resistant to treatment, and with overall fatal outcome.

Recent findings: Recently, several molecular subgroups and rare genetic alterations
have been described in GB. In this review article, we will describe the current clinical
management of patients with GB in the United States, discuss selected next-
generation molecular-targeted therapies in GB, and present ongoing clinical trials
for patients with GB. This review is intended for clinical and preclinical researchers
who conduct work on GB and would like to understand more about the current stan-
dard of treatment of GB patients, historical perspectives, current challenges, and

ongoing and upcoming clinical trials.
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1 | INTRODUCTION

Every year, about 15 000 Americans will be diagnosed with a World
Health Organization (WHQ) grade IV diffuse glioma (or glioblastoma
[GB]), the most common adult primary brain tumor. Although the inci-
dence of newly diagnosed GB is low, the proportion of deaths due to
GB far exceeds other cancers with a 5-year survival rate of only
5.6%.%2 The current standard of care for GB is comprised of maximal
safe surgical resection followed by chemo-radiation, which prolongs
the lifespan of patients by about 12 to 14 months.® Lower-grade dif-
fuse gliomas are less aggressive, but most patients eventually progress
to GB.2 This standard GB treatment regimen has been in place since
2005, when Stupp et al published the seminal paper on concomitant
radiotherapy and temozolomide in GB.* However, while further work
on GB treatment has proceeded in earnest, the overall results have
been disappointing.

While the concept of targeting genetic alterations that underlie
cancer cells or personalized medicine has met with tremendous suc-
cess in many cancer types, initial clinical trials of targeted therapy
against epidermal growth factor receptor (EGFR), phosphatidylinositol

GB is an extremely complex disease, and despite recent progress and
advanced therapeutic strategies, the overall patient's prognosis remains dismal. Inno-

vative strategies and integrative ways of approach to disease are urgently needed.

chemotherapy, glioblastoma, radiation therapy, surgical therapy

3-kinases (PI3K), protease kinase B (AKT), mammalian target of
rapamycin (mTOR), and vascular endothelial growth factor (VEGF)
have all been equally disappointing showing poor efficacy in multiple
studies involving GB.>® Immunotherapy using nivolumab failed to
improve overall survival (OS) in a recent phase lll clinical trial on recur-
rent GB.” However, new therapies are constantly under development
and offer hope to patients and clinicians.

In this review, we will sequentially describe the current clinical
management of patients with GB in the United States. Following this,
we will discuss a selected group of the next generation of molecular-
targeted therapy in GB, and we will describe a selected group of ongo-

ing clinical trials for GB.

2 | STANDARD OF CARE THERAPY FOR
PATIENTS WITH GB

21 | Surgery

Surgical therapy has long been the backbone of therapy for GB. The first

known surgical operation to resect a glioma was performed by Dr
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Rickman J. Godlee in London, England in 1884.2 While his patient did
not survive (he died nearly 2 months postoperatively from postsurgical

meningitis), surgical therapy had come to stay. In addition to the imme-
diate life-saving effects of removal of intracranial mass, multiple studies
show a survival benefit associated with resection of GB, with some
showing benefit with as little as 78% extent of resection (EOR) of
contrast-enhancing tumor’; however, other studies note that more is
better, and that the best outcomes are achieved with 95% to 98% (or
greater) EOR.1° Recent evidence even suggests that supratotal resec-
tion (ie, resection of abnormal magnetic resonance imaging (MRI) T2-
fluid attenuated inversion recovery (FLAIR) signal past the traditional
contrast-enhancing tumor border) may be beneficial.'**? Gross total
resection (GTR) has also been shown to improve outcomes in recurrent
GB,*® even in those who had initial subtotal resection.'* In either case,
the example is clear—radical surgery with a goal to achieve maximal safe
resection improves outcomes.>*¢ Importantly, the desire for maximally
aggressive resection must be balanced by the knowledge that iatrogenic
language or motor deficit after surgery is associated with decreased sur-
vival.'” Many lesions are deep-seated or within eloquent regions of the
brain, making aggressive resection impossible.* In such cases, technol-
ogy such as laser interstitial thermal therapy (LITT) offers a minimally
invasive method of targeting deep-seated or eloquent lesions.'? This
novel therapy allows for stereotactic placement of a fiber-optic laser-
emitting catheter into an area of tumor via one of several commercially
available systems. Laser ablation is then carried out with the assistance
of MR-thermography in conjunction with either standard MRI, or in
some cases, diffusion tensor imaging to ensure ablation of a defined
area of tumor without damage to the surrounding deep white matter
tracts.2%2?! This technique has shown promise, particularly in patients

with eloquent or deep-seated lesions,??22%

and offers promise in
terms of expanding the number of patients who may yet benefit from
cytoreductive surgical therapies.

Surgery by itself is not—and likely cannot be—curative. GB is an
infiltrative disease and is known to spread well outside of the
contrast-enhancing portions of the tumor seen on MRI?42°; therefore,
adjunct therapies such as chemotherapy and radiation therapy are

paramount.

2.2 | Radiotherapy

Radiotherapy (RT) for GB first became popularized in the 1960s,
1970s, and 1980s, when several studies showed that addition of RT
to chemotherapy improved survival outcomes compared with chemo-
therapy alone.?42® While, initially, radiation was whole-brain??°;
today, radiation volumes are obviously more focused. It was again
Stupp's seminal phase Il trial in 2005 that solidified the role of com-
bined RT and chemotherapy in the postoperative management of
GB.* The current standard-of-care for initial RT after surgical diagnosis
is the fractionated delivery of external beam radiation to a dose of 60
Gy in 2 Gy fractions over 6 weeks, typically with an initial radiation
plan to 46 Gy in 2 Gy/fraction followed by a boost plan of 14 Gy in
2 Gy/fraction 33132

In elderly patients (generally defined as >65-70 years of age),
hypofractionated RT is considered a viable option. The Nordic trial
showed poorer outcomes with standard RT as compared with
hypofractionated therapy (defined as 34 Gy delivered over 10 frac-
tions).33% A systematic review by Zarnett et al also supported
hypofractionated therapy as a first line for elderly patients, with the
additional insight that for patients with O%-methylguanine-DNA methyl-
transferase (MGMT) promoter methylation that temozolomide (TMZ)

alone may provide more benefit.3*

The physiology and significance
of this particular genetic marker will be further explained in the Che-
motherapy section below.

The role of RT in salvage treatment of GB is less defined but is in
use. While the ability to administer further radiation will very much
depend on the individual patient's prior radiation dosing and history,
as well as tumor location and dosing to critical structures such as the
brain stem and optic apparatus, in certain circumstances, it has been
shown to be of value. Given that most recurrences are local, salvage
stereotactic radiosurgery is in use and has been shown to provide
acceptable results in certain instances and has been shown to have
an acceptable safety profile.>>3¢ A more recent meta-analysis demon-
strated that a combination of stereotactic radiosurgery and TMZ pro-
vided a superior survival benefit in locally recurrent GB.®” The use of
salvage RT must be tempered by the real possibility of inciting radia-
tion necrosis; however, the clinical outcomes of patients suffering

radionecrosis are unclear.384°

2.3 | Chemotherapy and immunotherapy

2.3.1 | Temozolomide

TMZ, an alkylating agent, is the most efficacious chemotherapy for GB
to date. Cytosolic conversion of TMZ into 3-methyl-(triazen-1-yl)imid-
azole-4-carboxamide (MTIC) enables it to translocate to the nucleus
and deposit methyl groups on DNA guanine bases at position O, lead-
ing to strand breaks and causing tumor cell apoptosis.*! TMZ is effec-
tive in GB given its ability to cross the blood-brain barrier and
manageable side effects such as lymphopenia and gastrointestinal
upsetting. Early studies showed that in combination with radiation
therapy, TMZ significantly improved median OS as well as the per-
centage of patients alive at 2 and 5 years in comparison with radiation
therapy alone*?#3; however, the median OS was improved marginally
from 12.1 to only 14.6 months.*?>*® This regimen has been adopted as
the standard of care for newly diagnosed GB. It was later discovered
that resistance to TMZ may be partially mediated by MGMT, an
enzyme that converts O6-methyl-guanine to guanine thus repairing
DNA damage mediated by TMZ. Patients whose tumors have MGMT
promoter methylation may benefit the most from TMZ.*? Although
prolonged adjuvant TMZ with up to 24 cycles has been shown to pos-

4445 3 dose-intensified

itively impact survival in retrospective studies,
regimen did not improve OS in another randomized clinical trial.*¢
The current standard of care in newly diagnosed GB includes adminis-
tration of TMZ at a dose of 75 mg/m? per day during the duration of

radiation therapy (ie, for 6 weeks) followed by a maintenance schedule
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of six cycles of TMZ at a dose of 150 to 200 mg/m? for 5 days of each
28-day cycle. This, however, is decided based on patient's age, perfor-
mance status (as the Karnofsky performance score), and the methyla-
tion status of the MGMT promoter.>*

Invariably, however, the disease recurs. While no established stan-
dard of care exists for recurrent GB (lomustine and bevacizumab are
the only drugs with FDA approval for recurrent GB), many
chemotherapy-based treatment regimens for recurrent GB use TMZ
as part of a therapeutic regimen. Patients with MGMT promoter meth-

t.*” However, it

ylation are most likely to benefit with TMZ retreatmen
is important to mention that the MGMT promoter methylation status is
not routinely assessed for all GB patients (at initial diagnosis or at
recurrence), and if assessed, the result might not be taken into account
for TMZ treatment decision making in some practices. This could be
explained by decreased availability of treatment agents for individual
patients, the presence of adverse drug reactions, the presence of
comorbidities, and/or patient's preference for treatment. Further
study on TMZ generally involves studying the effect of the drug in
combination with other chemotherapeutic agents, and multiple clinical
trials are ongoing (www.clinicaltrials.gov).

2.3.2 | Bevacizumab

High levels of neoangiogenesis are observed in GB.2 Bevacizumab, an
antivascular endothelial growth factor (VEGF) monoclonal antibody,
was regarded as a promising agent for GB. Although multiple clinical
trials in recurrent GB demonstrated impressive radiographic
responses, several recent clinical trials in patients with newly diag-
nosed GB showed modest improvements in progression-free survival
(PFS) but failed to show improvement in 0S.48->°

The RTOG 0825 trial investigated the role of bevacizumab as a
first-line treatment in newly diagnosed GB. The trial reported a
median OS of 15.7 months for the treatment arm and a median OS
of 16.1 months for the control arm.>® A meta-analysis reported no dif-
ference in bevacizumab's therapeutic effects amongst different dose
regimens, and that using the smallest therapeutically efficient dose
could possibly reduce any potential adverse effects.>?

A second phase Il trial for newly diagnosed GB, AVAGlio
(NCT00943826), reported nonsignificant slightly larger OS rates with
bevacizumab compared with placebo.?>® Some reports suggest that
patients with proneural GB may benefit most from bevacizumab in
combination with standard chemoradiation and adjuvant temozolo-
mide.>* This post hoc analysis would need to be validated in a pro-
spective clinical trial before this approach could be used in clinical
practice. Since bevacizumab has not convincingly demonstrated an
improvement in OS as a monotherapy, there is an interest in combin-
ing bevacizumab with agents known to be effective in high-grade gli-
oma. One recent combination that is showing promise is the addition
of lomustine (CCNU) to bevacizumab in recurrent GB, which in one
study yielded 5.1 months of life expectancy.®® Lomustine is a bifunc-
tional alkylating nitrosourea initially used as one part of the PCV reg-
CCNU, and

monotherapy has demonstrated efficacy in recurrent GB.5”°A phase

imen  (procarbazine, Vincristine).>®  Lomustine
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I clinical trial (EORTC 26101) demonstrated an OS benefit of the com-
bination of bevacizumab with lomustine compared with either

lomustine or bevacizumab alone®” and was the first clinical trial to
demonstrate a survival benefit of a bevacizumab-containing regimen;
however, this phase Il data was not replicated in the phase Ill version
of EORTC 26101.%°

Bevacizumab has also been combined with irinotecan, a topo-
isomerase type | inhibitor that impedes DNA replication by
preventing DNA strand cleavage and unwinding.t? A 2016 study
showed improved PFS but not OS in patients taking bevacizumab
plus irinotecan as compared with temozolomide as up-front treat-
ment for newly diagnosed MGMT promoter unmethylated GB.%?
The phase Il RTOG 6205 compared bevacizumab + TMZ with
bevacizumab + irinotecan in recurrent GB and found no difference
in 6-month PFS.%®

Although adverse side effects are associated with bevacizumab,®*
the drug is usually well-tolerated and may provide a benefit to patients
through its ability to reduce cerebral edema and allow for reductions
in corticosteroid use.®>®” This benefit may improve patient quality
of life as well as reduce the adverse effects of long-term steroid

65,68
’

use which are known to include hypertension, steroid-induced

myopathy, bone marrow toxicity, and weight gain.®’

2.3.3 | Carmustine wafers

The use of intratumoral carmustine wafers (1,3-bis(2-chloroethyl)-1-
nitrosourea (BCNU) wafers—biodegradable polymers) as an adjunct
to surgical resection was first approved in 1995 in recurrent GB after
Brem et al demonstrated a modest improvement in OS from 7.2
months in the carmustine group against 5.4 months in the placebo
group.’® It was subsequently approved in primary GB in 2003, 2 years
before the advent of the now standard chemoradiotherapy regimen.
Subsequent studies have shown that concomitant use of carmustine
wafers and temozolomide (TMZ) are safe, while others suggest that
concomitant use of carmustine wafers with TMZ are associated with
an increased adverse event profile.”1”2 Despite many retrospective
studies, no randomized controlled trials exist to support (or refute)
the safety and efficacy of concomitant carmustine wafer use with
TMZ; their use remains controversial. Moreover, carmustine wafer
use may represent exclusion criteria from some clinical trials®>”3

(www.clinicaltrials.gov).

2.4 | Alternating electric field therapy

Tumor-treating fields (TTFs) are alternating currents of low-intensity
electric fields aimed at disrupting growth and initiating apoptosis in
mitotically active cells.”* TTFs are delivered by a portable device that
delivers the low-intensity alternating electric fields of intermediate
frequency through surface electrodes. This device requires the users
to shave their heads for proper lead application and is to be worn at
least 18 continuous hours per day. TTFs inhibit tumor growth by

75,76

interfering with microtubules and cell proliferation and have also

been shown to inhibit migration and invasion, inhibit tumor-mediated
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angiogenesis via down-regulation of VEGF, and decrease NF-kf
activity in certain GB cell lines.”” A landmark trial showed superiority
of TTF in addition to TMZ compared with TMZ alone for GB mainte-
nance therapy. Authors reported a statistically significant improve-
ment in median PFS in the intent-to-treat population of 7.1
months in the TTF plus TMZ group versus 4.0 months (95% Cl,
3.3-5.2 months) in the TMZ alone group, and a statistically significant
improvement in median OS in the TMZ plus TTF group of 20.5
months versus 15.6 months in the TMZ alone group. The group also
found a low rate of significant adverse events relating to the TTF
device itself (2% of patients developing severe skin reactions
beneath the transducer arrays) and found a relatively high (75%)
adherence to therapy.78 A more recent phase lll trial (EF-14) con-
firmed these findings by showing PFS and OS benefits for patients
treated with TTF and TMZ in newly diagnosed GB.”” While TTFs
were not found to be superior to chemotherapy in recurrent GB
by one group,?° later on, the PRiDe study (a registry of reported
recurrent GB cases) showed improved survival in recurrent GB.8!
Current treatment guidelines incorporate TTF both for newly diag-
nosed and recurrent GB.®

However, TTF therapy is not without drawbacks. Some authors
have noted that TTF therapy may not be cost effective®? and the
necessity to shave one's head and wear the device for at least 18
hours per day may render compliance an issue; however, initial obser-

vations suggest overall high rates of compliance with the device.®®

3 | NEW FRONTIERS IN GB THERAPY

The next frontier of GB therapy is molecular targeted therapy and
immunotherapy. An example of an early attempt at this therapy
involved targeting the receptor tyrosine kinase (RTK) pathways. RTKs
are cell membrane proteins that bind growth factors, cytokines, or
hormones and regulate cell growth through phosphorylation (the
transfer of the phosphate of ATP to tyrosine residues on protein
substrates) that leads to the initiation of cellular signal transduction
pathways. Mutations in RTKs commonly cause receptor autophos-
phorylation and activation of a series of signaling pathways that lead
to uncontrolled cell proliferation.®* RTK pathways are activated in
approximately 90% of all GB including EGFR, fibroblast growth factor
receptor (FGFR), and platelet-derived growth factor receptor alpha
(PDGFRA),2> but multiple attempts to improve patient outcomes by
targeting these RTKs have not been effective. Despite increased EGFR
alterations, EGFR tyrosine kinase inhibitors (erlotinib, geftinib) have
proven ineffective in newly diagnosed and recurrent GB8¢® and the
EGFR pathway seems to remain active despite efficient receptor
blockade.”®2? Despite these early failures, other molecular targets
offer promise. In this section, we will discuss selected molecular
targeted therapies that are currently under investigation as adjuvant
therapies in GB. Table 1 illustrates the active phase lll trials in the
United States at the time of the writing of this manuscript.
FGFR-TACC fusions have oncogenic properties,”® and in GB, they

are known to portend poorer prognosis, shorter time to progression,

and radioresistance.”* These alterations are seen in isocitrate dehy-
drogenase (IDH)-wild-type gliomas, already known for their more
aggressive behavior compared with their IDH-mutated cousins.”® An
FGFR inhibitor phase Il trial for (BGJ398)
(NCT01975701) is currently awaiting results. BGJ398 is an oral drug,

with selective, ATP-competitive pan-FGFR kinase inhibitor activity in

recurrent GB

FGFR-altered tumors.”® Despite these encouraging advances, this
alteration is seen in only approximately 3% of GB, making the applica-
tion of FGFR inhibitors likely narrow in scope; however, it does offer
promise for patients with recurrent IDH-wild-type GB with few treat-
ment options.”®?>

IDH is a family of mitochondrial enzymes involved in the tricarbox-
ylic acid cycle with roles in converting isocitrate to alpha-
ketoglutarate. IDH1 or IDH2 mutations have been described in diffuse
glioma and have been associated with an improved prognosis. IDH
mutations cause an accumulation of 2-hydroxyglutarate which is a
competitive inhibitor of a set of enzymes (alpha-ketoglutarate-depen-
dent dioxygenases), inhibition that causes DNA and histone methyla-
tion and ultimately triggers tumorigenesis.”” IDH-mutant GB is less
common than IDH-wild-type GB and is seen in younger patients,
commonly in those who had a previous lower-grade diffuse glioma
that progressed to GB.2 The most common mutation is IDH1 p.
R132H 2. An IDH1-R132H mutant-specific inhibitor (AGI-5198) has
been developed and tested on cell lines and glioma xenografts.”®
IDH1 inhibitors AG-120 and AG-881 and the IDH2 inhibitor AG-
221, developed by Agios Pharmaceuticals,”® are now in phase 1 clini-
cal trials for IDH1-mutated solid tumors (AG-120) including glioma and
results are expected soon.

Poly-ADP ribose polymerases (PARP) are a family of enzymes
involved in genomic stability, DNA repair, and antiapoptosis. PARP
are often overexpressed in GB and may represent a mechanism of
secondary treatment resistance.'® PARP inhibition is thought to
inhibit the antiapoptotic action of PARP and in in vitro models has
been shown to both cross the blood-brain barrier and reactivate
apoptotic signaling in GB.2°° Furthermore, PARP inhibitors have
been shown in in vitro models to act synergistically with TMZ in
IDH-mutated tumors, opening promise for new treatment paradigms
in GB with this genetic profile.'° Veliparib (ABT-888) is a PARP
inhibitor that interferes with DNA repair that has been shown to
potentiate the effects of other treatments including TMZ on synge-

102 It has also been shown to decrease

neic and xenograft models.
PARP levels synergistically with radiation in patient-derived cell lines
and xenografts.'° Phase I/Il trial data is available for Veliparib,'**
but the phase II/Ill trial is still ongoing (NCT02152982), and is
expected to be completed in 2022. Another PARP inhibitor currently
under clinical trial investigation is Olaparib (Table 2, www.
clinicaltrials.gov).

Immunomodulatory therapies have recently been very successful in
several solid tumors. Two important pathways under investigation in
GB are inhibition of cytotoxic T lymphocyte associated antigen-4
(CTLA-4) and programmed-death 1 (PD-1) - programmed-death 1
ligand (PD-L1) interaction blockade, and as such, will be discussed

here.19°
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TABLE 1

(Mechanism)

Expected Status

2022

Outcome Patients

(]

Arms

Inclusion Criteria

Design

Phase

Trial ID

Trial Name (Acronym)

The ChemolD drug

Recruiting

300

Randomized, parallel- Age >18 vy, recurrent Physician Choice

Standard Chemotherapy NCT03632135

response assay

reports a

Treatment vs

GB

assignment,

vs Chemotherapy
Guided by Cancer
Stem Cell Test in
Recurrent GB
(CSCRGBM)

Chemotherapy per

quadruple-blinded

prioritized list of

effective and
ineffective

drug assay ChemolD

test

chemotherapies.

The test is

designed to

target cancer

stem cells to

mitigate tumor
relapse.

Abbreviations: AA, anaplastic astrocytoma; AO, anaplastic oligodendroglioma; EGFR, epidermal growth factor receptor; GB, glioblastoma; GTR, gross total resection; KPS, Karnofsky Performance Status; LE, life

progression-free survival; RT, radiotherapy;

overall survival; PARP, poly-ADP ribose polymerase; PD-1, programmed-death 1; PFS

expectancy; MGMT, O6-methylguanine-DNA methyltransferase; OS

standard of care; TMZ, temozolomide; 5-FU, 5-fluorouracil.
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Briefly, the GB tumor cells release antigens that are taken up by
the antigen-presenting cells (APCs) in the GB microenvironment
(microglia and macrophages). The APCs present the tumor antigens
to T cells in lymph nodes with subsequent T-cell activation. Two
signal interactions are required for T-cell activation. First, the T-cell
receptor (TCR) on the surface of T cells in the presence of
cytokines recognizes antigens bound to the major histocompatibility
complex (MHC) molecule on APCs (signal 1). Then, there is a
costimulatory interaction between CD28 on the T-cell surface and
CD80/CD86 (B7-1/B7-2) on the APC (signal 2).
lymphocyte-associated antigen (CTLA-4) is a negative regulator of

Cytotoxic T

the T-cell activation or a coinhibitory checkpoint. CTLA-4 translates
to the surface of activated T cells and subsequently binds with
higher affinity than CD28 to CD80/CD86 on the surface of the
APC inhibiting the T-cell. Anti-CTLA-4 antibodies like Ipilimumab
are used to block the CTLA-4 - B7 interaction, prolong the T-cell
anti-tumor T-cell response.%®

response and potentiate the

Ipilimumab has been studied in combination with bevacizumab and

d,*°7 and several clinical trials studying

was shown to be well-tolerate
ipilimumab in GB are ongoing (Table 2, www.clinicaltrials.gov). In a
similar fashion, PD-L1 on tumor and APCs interacts with PD-1 on
T cells resulting in a coinhibitory signal and T-cell suppression.
Blocking antibodies (ie, nivolumab and pembrolizumab) block the
PD-1-PD-L1 interaction and activate T cells.1°>1% |t is thought that
high expression of PD-L1 on GB cells alters the tumor microenviron-
ment via suppression of the antitumor immune response.’°® Anti-
PD-1/PD-L1 agents have been successful in solid tumors, 7111
and several clinical trials studying these agents are ongoing
(Table 2, www.clinicaltrials.gov). Interestingly, the expression of PD-
L1 in glioma is associated with PTEN loss and poorer survival.112113
Simultaneous blockade of CTLA-4 and PD-1-PD-L1 may be syner-
gistic and can result in improved response rates.!'* NCT02794883
is a phase Il trial investigating individual and concurrent use of
tremelimumab and durvalumab (anti-CTLA-4 and anti-PD-1, respec-
tively) in GB (Table 2, www.clinicaltrials.gov).

Finally, dendritic cell (DC) vaccines are an emerging and exciting
frontier in GB therapy. DC vaccines are developed from circulating
monocytes sensitized to tumor lysates, preferably from the entire
tumor. These DCs are matured via cytokines and then reinjected into
the patient.?*> The timing of this injection in relation to the current
standard of care is debated. In a meta-analysis of 21 studies and 403
patients, median OS was reported as 71.6 to 138 weeks in recurrent
and 65 to 230.4 weeks in newly diagnosed GB compared with the
control median OS of 58.4 weeks.'*® Moreover, patients with mesen-
chymal GB on DC vaccine therapy had significantly increased survival
compared to control patients and vaccine-treated mesenchymal GBs
had an increased number of tumor infiltrating lymphocytes.*'” Many
clinical trials of DC vaccines are active, and a recent phase Il clinical
trial of DCVax-L in GB (NCT00045968) demonstrated a likely increase
in survival in the intention-to-treat group, particularly in patients with
MGMT promoter methylation.**® This is currently an active area of
research and has shown early promise in GB treatment. Active DC

vaccine trials are listed in Table 3.


http://www.clinicaltrials.gov
http://www.clinicaltrials.gov
http://www.clinicaltrials.gov
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https://clinicaltrials.gov/ct2/show/NCT02530502?term=NCT02530502&rank=1
https://clinicaltrials.gov/ct2/show/NCT02530502?term=NCT02530502&rank=1
https://clinicaltrials.gov/ct2/show/NCT02530502?term=NCT02530502&rank=1
https://clinicaltrials.gov/ct2/show/NCT02530502?term=NCT02530502&rank=1
https://clinicaltrials.gov/ct2/show/NCT02968940?term=NCT02968940&rank=1
https://clinicaltrials.gov/ct2/show/NCT02968940?term=NCT02968940&rank=1
https://clinicaltrials.gov/ct2/show/NCT02968940?term=NCT02968940&rank=1
https://clinicaltrials.gov/ct2/show/NCT02968940?term=NCT02968940&rank=1
https://clinicaltrials.gov/ct2/show/NCT02968940?term=NCT02968940&rank=1
https://clinicaltrials.gov/ct2/show/NCT02968940?term=NCT02968940&rank=1
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CONCLUSION

GB is an extremely aggressive and complex disease. Despite recent
advances, the clinical standard-of-care management, including surgery,
temozolomide, RT, bevacizumab, and carmustine wafers, is currently
limited, and the overall prognosis remains dismal. New therapies, such
as DC vaccines, PARP inhibitors, anti-PD/PD-L1 agents, and CTLA-4
inhibitors, are a small sample of the exciting potential new therapies
on the horizon. Thankfully, clinical trial activity in this disease remains
active and many new ideas and therapies remain to be studied and

further developed.
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