CNS Oncology

\F_ 2
Sy

CNS Oncology

ISSN: (Print) (Online) Journal homepage: www.tandfonline.com/journals/icns20

©

Taylor & Francis

Taylor & Francis Grou

P

The challenges and clinical landscape of
glioblastoma immunotherapy

Andrew Timothy Ng, Tyler Steve, Kevin T Jamouss, Abdul Arham, Sarah
Kawtharani & Hazem | Assi

To cite this article: Andrew Timothy Ng, Tyler Steve, Kevin T Jamouss, Abdul Arham, Sarah
Kawtharani & Hazem | Assi (2024) The challenges and clinical landscape of glioblastoma
immunotherapy, CNS Oncology, 13:1, 2415878, DOI: 10.1080/20450907.2024.2415878

To link to this article: https://doi.org/10.1080/20450907.2024.2415878

© 2024 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group

ﬁ Published online: 29 Oct 2024.

N
[:J/ Submit your article to this journal &

||I| Article views: 378

A
& View related articles &'

@ View Crossmark data &'

CrossMark

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=icns20


https://www.tandfonline.com/journals/icns20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/20450907.2024.2415878
https://doi.org/10.1080/20450907.2024.2415878
https://www.tandfonline.com/action/authorSubmission?journalCode=icns20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=icns20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/20450907.2024.2415878?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/20450907.2024.2415878?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/20450907.2024.2415878&domain=pdf&date_stamp=29%20Oct%202024
http://crossmark.crossref.org/dialog/?doi=10.1080/20450907.2024.2415878&domain=pdf&date_stamp=29%20Oct%202024
https://www.tandfonline.com/action/journalInformation?journalCode=icns20

CNS ONCOLOGY
2024,VOL. 13,NO. 1, 2415878
https://doi.org/10.1080/20450907.2024.2415878

Taylor & Francis
Taylor &Francis Group

REVIEW

a OPEN ACCESS M) Check for updates

The challenges and clinical landscape of glioblastoma immunotherapy

Andrew Timothy Ng“2‘, Tyler Steve®'™, Kevin T Jamouss®‘~, Abdul Arham?, Sarah Kawtharani®

Assi™ €

and Hazem |

2Department of Medicine, University of Massachusetts Chan Medical School — Baystate Campus, Springfield, MA 01199, USA;
bDepartment of Neurosurgery, American University of Beirut Medical Center, Beirut, Lebanon; “Department of Hematology and
Oncology, American University of Beirut Medical Center, Beirut, 1107 2020, Lebanon

ABSTRACT

Glioblastoma is associated with a dismal prognosis with the standard of care involving surgery,
radiation therapy and temozolomide chemotherapy. This review investigates the features that make
glioblastoma difficult to treat and the results of glioblastoma immunotherapy clinical trials so far.
There have been over a hundred clinical trials involving immunotherapy in glioblastoma. We report
the survival-related outcomes of every Phase Il glioblastoma immunotherapy trial with online
published results we could find at the time of writing. To date, the DCVax-L vaccine is the only
immunotherapy shown to have statistically significant increased median survival compared with
standard-of-care in a Phase Il trial: 19.3 months versus 16.5 months. However, this trial used an

ARTICLE HISTORY
Received 3 February 2024
Accepted 9 October 2024

KEYWORDS

cancer vaccines; clinical
research; clinical trials;
drug resistance;
glioblastoma;
immunotherapy

external control group to compare with the intervention which limits its quality of evidence. In
conclusion, glioblastoma immunotherapy requires further investigation to determine its significance

in improving disease survival.

1. Introduction

Glioblastoma (GB) is an intrinsic brain tumor that orig-
inates from neuroglial stem or progenitor cells [1]. It
is associated with a dismal prognosis that confers a
poor quality of life [2]. GB is the most aggressive and
common primary brain tumor in adults and is classified
as a grade 4 tumor by the World Health Organization
(WHO) classification of central nervous system (CNS)
tumors [3,4]. Histological features of GB include poorly
differentiated astrocytic tumor cells with nuclear atypia
and microvascular proliferation and necrosis [4]. Prior to
2021, greater than 90% of GB were considered isocitrate
dehydrogenase IDH wild-type tumors [1]. Those that had
gene mutations of isocitrate dehydrogenase (IDH) 1 or 2
were considered to have a more favorable outcome [3].
As of 2021, with the release of the 5th Edition of the
WHO classification of CNS tumors, GB is restricted to only
IDH wild-type tumors [4,5]. The previously classified IDH
mutated GB have been reclassified as astrocytoma IDH
mutated grade 4 tumors [4,5]. Additionally, a minority
of GB evolve from previously diagnosed WHO grade
2 or grade 3 gliomas and are thus termed secondary
glioblastomas [3].

On a molecular level, several changes occur in
GB and include mutations in genes regulating P53,

retinoblastoma protein (RB) signaling, receptor tyrosine
kinase  (RTK)/rat sarcoma (RAS)/phosphoinositide
3-kinase (PI3K) [3]. The status of MGMT promoter
methylation has been identified as an important
prognostic factor for patient survival, as it can predict
the response to temozolomide therapy [3]. Since
2005, the standard of care has included maximal safe
surgical resection followed by radiation therapy (RT) and
chemotherapy with temozolomide [1,6]. Interestingly,
this standard-of-care has been shown to result in a
greater overall survival of 22.6 months (95% Cl: 19.7-26.0)
in female patients, compared with 15.9 months (95% Cl:
14.0-19.4, p = 0.0006) in male patients [7]. Although not
the focus of this review, it is important to note that sexual
dimorphisms from hormones to molecular mechanisms
in the disease have been documented [8].

The goal of this review is to investigate the features
of GB that make it difficult to treat and to discuss what
investigations using immunotherapy for GB treatment
have yielded so far. There have been over a hundred
trials involving the use of immunotherapy with GB. The
majority of these trials are Phase | or Phase Il trials.
While presenting the major immunotherapies that have
been tested with GB, we report survival-related results
of every Phase Ill GB immunotherapy trial with online
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published results we could find at the time of writing
in October 2023. Our focus was on Phase Il clinical
trials as our primary investigative question was whether
immunotherapy had been shown to have a survival
benefit compared with the current standard of care. From
our literature review, we have found very little evidence
supporting immunotherapy increasing survival time in
GB to date.

2. Glioblastoma mechanisms of treatment
resistance

2.1. Cancer stem cells

GB contain cancer stem cells (CSCs) [9]. Like other stem
cells, CSCs possess the ability to self-renew and differ from
their parent cells in terms of metabolic and regulatory
pathways, making them highly challenging to target
with therapy [9]. Through the release of cytokines and
chemokines, CSCs recruit immunosuppressive cells, pri-
marily tumor-associated macrophages (TAMs), myeloid-
derived suppressor cells (MDSCs), T-regulatory (Treg) cells
and natural killer (NK) cells. In turn, these immuno-
suppressive cells promote the differentiation of CSC
phenotypes, leading to chemo-resistance and evasion of
immune surveillance. Supporting CSCs, the extracellular
matrix (ECM) of GB plays a crucial role by providing recep-
tors for the stem cells to anchor and proliferate. Specific
ECM proteins that facilitate this role are LAMA2, which
is involved in CSC growth, and ITGA6, which contributes
to CSC self-renewal. Further supporting the CSCs, is the
hypoxic environment created from tumor cell prolifer-
ation. This hypoxic environment reduces oxygen free
radical formation associated with RT and thus reduces
DNA damage to the CSCs. The hypoxic environment also
promotes chemoresistance by enhancing the expression
of efflux ABC transporters which lead to reduced drug
concentration within the cells [10].

2.2. The tumorimmune microenvironment:
glioma-associated microglia, myeloid-derived
suppressor cells

One of the primary challenges in treating GB is its highly
immunosuppressive tumor immune microenvironment.
To enhance therapeutic strategies, it is imperative to gain
a comprehensive understanding of the tumor immune
microenvironment and the inherent heterogeneity it
presents.

One of the most abundant immune cell populations
in the tumor immune microenvironment (TIME) of GB
consists of glioma-associated microglia (GAMs). These
cells play a pivotal role in shaping the immune landscape
within GB. As previously studied in different tumors,

the behavior of macrophages can be influenced by a
variety of cytokines and chemokines. These signaling
molecules can induce a transformation of macrophages
into either M1 or M2 phenotypes, with distinct functions.
M1 macrophages typically exhibit tumor-suppressive
functions, while M2 macrophages tend to promote tumor
growth and immunosuppression. However, the complex-
ity of GAMs in the TIME of GB goes beyond the M1/M2
classification. These GAMs often exhibit a high degree of
plasticity, adapting to the specific signals and interactions
within the GB microenvironment and leaning toward
immunosuppressive functions. These GAMs have the
ability to generate both anti-inflammatory cytokines and
factors that encourage tumor growth [11]. Additionally,
PD-L1 has been found on GAMs and is known to play a
role in promoting angiogenesis and activating immune
checkpoints [12].

Myeloid-derived suppressor cells (MDSCs) have also
been observed to be present within the glioma Tumor
Microenvironment. These cells employ mechanisms simi-
lar to GAMs and act by suppressing the activity of tumor-
specific effector T cells. Chemoattractants released by GB
cells recruit and enable tumor-associated macrophages
and myeloid-derived suppressor cells (MDSCs) to bypass
the blood-brain barrier (BBB) and facilitate tumor for-
mation [13]. This process underscores the significance
of the interplay between immune cells and the tumor
microenvironment in glioma progression. Furthermore, a
notable deficiency in the numbers of natural killer (NK)
cells and T cells, which typically play a role in tumor
suppression, has been observed. Apart from being defi-
cient, both CD4 and CDS8 cells have been observed to be
dysfunctional. This immune cell deficit and dysfunction
further contribute to the immunosuppressive nature of
the glioma microenvironment [14].

2.3. Vascularity

Angiogenesis is recognized as a hallmark of tumors,
and GB is particularly known for its high vascularity [4].
The rapid tumor growth of GB creates greater nutrient
and oxygen demand which stimulates new blood vessel
formation and thus high tumor vascularization [15]. Beva-
cizumab, a drug targeting VEGF, has demonstrated some
improvement in progression-free survival, but not overall
survival [16]. However, targeting VEGF, while potentially
achieving vessel regression, can lead to hypoxia and
upregulation of pro-angiogenic factors like SDF1w. This
upregulation results in the recruitment of bone marrow-
derived cells with the ability to promote further angio-
genesis and tumor progression, ultimately leading to
treatment failure. Another factor that may explain Beva-
cizumab’s minimal efficacy in GB is the expression of the



endothelial cell-independent tube-like vascular structure
called vasculogenic mimicry in GB [17]. These structures
are made from tumor cells that mimic endothelial cell
function through their plasticity and extracellular matrix.
Vasculogenic mimicry has been associated with poor
prognosis in GB and may require identification and
targeting of its related signaling pathways to improve
treatment [18]. Due to the highly vascular nature of GB
characterized by leaky vessels and rapid infiltration into
neighboring tissues, surgery has struggled to achieve
tumor-free margins.

Lastly, Caspase 8, a protein involved in apoptosis,
promotes NF-« B transcription factor activation, leading to
enhanced secretion of VEGF, IL-6, IL-8, IL-18 and MCP-1.
This cascade of events results in neovascularization and
resistance to temozolomide [17].

2.4. The blood-brain barrier & blood-tumor barrier

The brain is a vital organ protected by the blood-brain
barrier, which is highly selective in allowing substances
to pass through. While this barrier is essential for safe-
guarding the brain in healthy individuals, it poses a sig-
nificant challenge in treating GB with chemotherapeutic
drugs [10]. Several studies have explored methods to
enhance drug delivery to the brain, such as brain micro-
dialysis, intracerebral implantation and intraventricular
delivery. However, these approaches have often resulted
in severe side effects and damage to normal brain tissue.
A promising approach lies in altering the permeability of
the blood-brain barrier using osmotic agents and efflux
pump inhibitors [10].

Notably, the blood-brain barrier’s structure and
behavior are altered in the presence of brain tumors.
This modified barrier is called blood-tumor barrier [19].
Examples of these structural differences between a
normal blood-brain barrier and that observed in the
brain-tumor barrier of GB include reduced expression of
tight junction claudins in endothelial cells and thinned
basement membranes [19]. These structural differences
between the blood-brain barrier and blood-tumor
barrier result in a leakier barrier in the blood-tumor
barrier [20]. It is theorized that a better understanding
of the differences between the blood-brain barrier and
the blood—-tumor barrier will allow for the design of
therapeutics for preferential uptake into the blood-
tumor barrier and lead to more favorable responses to
interventions [19,20].

2.5. Repair mechanisms

GB consists of different genetic subclones and tran-
scriptomic profiles that enable a unique DNA damage
response leading to drug resistance. MGMT is a DNA
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repair enzyme that reverses the cytotoxic lesions gener-
ated by temozolomide. GB with highly methylated pro-
moter sites for the MGMT gene have shown greater resis-
tance compared with those with unmethylation. Another
resistance mechanism to temozolomide involves the mis-
match repair (MMR) system. This system typically detects
temozolomide-induced mismatched pairing during DNA
replication and activates signaling pathways that lead to
cell cycle arrest and cell death [21]. However, it has been
observed that GB with chronic exposure to temozolomide
can produce clones with loss-of-function mutations of
MSHB6, a part of the MMR [22]. Thus, these cells with MSH6
mutations do not respond to the temozolomide-induced
mismatched pairing with cell death and become resistant
to temozolomide treatment [21].

Touat et al. [23] studied the relationship between
MMR deficiency, temozolomide exposure and the devel-
opment of hypermutation in gliomas in detail. They
presented evidence that recurrent defects in the MMR
pathway drive hypermutation. Additionally, while iden-
tifying the origin of MMR deficiency was challenging,
their data suggested that some MMR variant defects
may be induced by temozolomide. The study highlights
that temozolomide treatment selectively pressures MMR-
deficient cells during late stages, promoting hypermu-
tation. This was validated through experiments using
isogenic models and patient-derived xenografts, which
demonstrated that MMR-deficient gliomas can exhibit
resistance to temozolomide, and develop a distinct
profile characterized by a lack of prominent T cell infil-
trates and extensive intratumoral heterogeneity. Despite
the increased mutation burden, MMR-deficient gliomas
paradoxically exhibit a poor response to PD-1 blockade
immunotherapy, in contrast to MMR-deficient colorectal
cancers where such therapies are effective. Thus, despite
the 2.5-month overall survival improvement temozolo-
mide in glioblastoma has shown [24], these acquired
deficiencies need to be considered when thinking about
the treatment of the disease.

2.6. Tumor mutational burden

Tumor mutational burden (TMB) reflects the number
of mutations tumor cells have. It is believed that the
greater the number of mutations, the greater the num-
ber of potentially tumor-specific neoantigens (antigens
arising from somatic mutations). These neoantigens
could then be targeted by the immune system [25].
In non-CNS tumors, it has been shown that higher
tumor mutational burden independently and positively
predicted immunotherapy response [26]. However, GB
has been associated with low tumor mutational burden
with Hodges et al. showing only 3.5% of GB sampled
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were considered to have high tumor mutational bur-
den [27]. Interestingly, higher tumor mutational burden
has been associated with decreased overall survival
in diffuse gliomas except for in GB where it did not
show a significant difference in overall survival [28].
One hypothesis for this was that the high proliferative
activity of these non-GB diffuse gliomas with high TMB
contributed to this observed phenomenon of decreased
overall survival. Still, regardless of how mutational burden
affects factors like proliferative activity, the low TMB
associated with GB suggests that this cancer frequently
has fewer neoantigens to mount an immune response to
and tailor immunotherapy for.

Supporting these findings, Gromeier et al. [29] dis-
cussed the association between high TMB and the
response to immune checkpoint blockade in various
cancer types and highlighted gliomas as an exception.
Their study showed that patients with recurrent GB and
low TMB had prolonged survival following treatment with
immune checkpoint inhibitors. They then demonstrated
that recurrent GB tumors with lower TMB levels had
enriched inflammatory gene signatures compared with
those with higher TMB, but not in primary glioblastoma
tumors. These findings indicate that the relationship
between tumor-intrinsic inflammation and TMB emerges
during the course of disease recurrence in glioblastoma.
In conclusion, the study suggested that the enrichment
of inflammatory signatures in combination with TMB
suppression upon recurrence may explain the association
between very low TMB, and prolonged survival with
immune checkpoint blockade.

3. Glioblastoma immunotherapy clinical trials

There are over a hundred clinical trials documented
involving immunotherapy with GB at the time of writing.
However, in our literature search, we have only identified
six Phase Il clinical trials (Table 1) and no Phase IV
clinical trials. We have chosen to focus on reporting
on the findings of these Phase lll trials as they hold
the most clinical relevance. The focus of our literature
review was to determine if any positive mortality-related
outcomes with immunotherapy had been demonstrated
when compared with GB’s current standard of care. Thus,
markers such as progression-free survival and overall
survival were most critically assessed. Progression-free
survival is the length of time before a disease worsens,
and overall survival is the time from initiation of investi-
gation observation to death.

3.1. Immune checkpoint inhibitors

Immune checkpoint inhibitors have had little success in
treating GB thus far. While these therapies have been

beneficial in treating other malignancies, their effect
on GB has been limited for reasons not completely
known [30]. Several trials are ongoing involving agents
that block PD-1 or PD-L1 which are involved in T-cell
response to tumor cells. PD-1 is expressed on T-cells
and it binds to PD-LT on tumor cells which results in
several events that benefit the tumor cell such as T-
cell apoptosis, T-cell anergy, stimulation of T-regs and
decrease in Natural killer cells [30]. Monoclonal antibodies
that can bind to either PD-1 or PD-L1 can thus prevent
the bindings and allow for the T-cell to target and destroy
the tumor cell. So far, a leading theory suggests that the
reason PD-1 and PD-L1 monoclonal antibodies have not
shown increased survival is due to the immunosuppres-
sive tumor microenvironment of GB. Several clinical trials
have been done looking at the efficacy of these immune
checkpoint inhibitors on GB and to date, none have had
promising results. Many of these trials are Phase | and
Phase Il trials but, some Phase Il have been completed.

CheckMate 143 was a Phase Ill randomized clinical trial
comparing the effects of nivolumab, a PD-1 monoclonal
antibody, against bevacizumab, a VEGF monoclonal anti-
body. A total of 369 subjects with recurrent GB were
randomized to one of the two drugs. The median overall
survival in the nivolumab arm was 9.8 months (95% Cl,
8.2-11.8), and for the bevacizumab arm was 10.0 months
(95% Cl, 9.0-11.8) and a 12-month overall survival of 42%
in both. By 27 months, every participant had died [31].

Another Phase Ill clinical trial, CheckMate 498 was
a randomized trial comparing nivolumab + RT to the
standard of care of temozolomide + RT. A total of 560
patients were randomized and results showed median
overall survival was 13.4 months (95% Cl, 12.6 to 14.3)
with nivolumab + RT and 14.9 months (95% Cl, 13.3 to
16.1) with temozolomide + RT (hazard ratio [HR], 1.31;
95% Cl, 1.09 to 1.58; p = 0.0037) [32].

A third Phase Il clinical trial, CheckMate 548, looked
at nivolumab + standard of care (temozolomide -+
RT) against placebo + standard of care. This study
randomized a total of 716 patients with newly diagnosed
GB with methylated or indeterminate MGMT promoter
1:1 to these two groups. The study found that the mean
overall survival for the nivolumab group was 28.9 months
(95% Cl, 24.4-31.6) vs the placebo group 32.1 months
(95% Cl, 29.4-33.8) and (HR, 1.1; 95% Cl, 0.9-1.3). Thus,
nivolumab did not improve survival in this trial [33].

3.2. Peptide vaccines

Vaccines have been developed as a potential therapeutic
tool for GB. Peptide vaccines can be used to target
different tumor-specific antigens that are found on GB.
These tumor-specific antigens are specific to the tumor
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Table 1. Summary of the Phase Il clinical trials involving immunotherapy treatment of glioblastoma.

Type of immunotherapy Trial comparison Clinical trial
Immune Nivolumab versus Bevacizumab CheckMate 143
Checkpoint inhibitors
Nivolumab versus RT CheckMate 498
Nivolumab + Temozolomide + RT against placebo 4+ Temozolomide +  CheckMate 548
RT
Peptide vaccines Rindopepimut + Temozolomide versus control injections + ACT IV
Temozolomide
DSP-788 vaccine + Bevacizumab versus Bevacizumab alone NCT03149003

Dendritic cell vaccines

Autologous tumor lysate-loaded dendritic cell vaccination + standard

DCVax-L vaccine trial

of care (surgery, radiotherapy and Temozolomide) versus standard of

care alone
CAR-T

There are no Phase lll clinical trials

cells which provide an ideal target to prevent collateral
damage to normal tissues [34]. To date, there have been
several trials involving various tumor-specific antigens,
but there are only two completed Phase Il trials. One
of these trials used Rindopepimut (an EGFRvllll-based
vaccine) and the other used DSP-788 (A Wilms tumor 1-
based vaccine).

Rindopepimut is a vaccination that targets epidermal
growth factor receptor variant lll (EGFRvIII) which is found
in 24-67% of GB cases where EGFR is overexpressed [35].
EGFR itself is overexpressed in approximately 40% of all
GB cases [35]. This vaccine conjugates a specific peptide
(PEP-3) of EGFRVIII to keyhole limpet hemocyanin (KLH), a
protein that induces immune cellular response [36].

NCT00643097 was a Phase Il clinical trial that led to
a Phase Ill trial and assessed the immune responses to
adjuvant Rindopepimut in patients with newly diagnosed
GB. The study had three arms. In arm 1, patients received
Rindopepimut and sargramostim (GM-CSF). In arm 2,
patients received 3 initial vaccinations of Rindopepimut
and sargramostim + temozolomide for the first 5 days
of a 28-day cycle. In arm 3, patients received 3 initial
vaccinations of Rindopepimut and sargramostim + temo-
zolomide for the first 21 days of a 28-day cycle. A total
of 40 subjects were enrolled and split into the three
different arms with 18, 12 and 10 subjects in each group,
respectively. The primary outcome of progression-free
survival for Arm 1 was 14.2 months (95% Cl, 9.9-17.6),
Arm 2 was 12.1 months (95% Cl, 10.5-23.7) and Arm 3
11.6 months (95% Cl, 8.1-12.7) [37].

A subsequent Phase Il trial (ACT Ill) administered
Rindopepimut and standard adjuvant temozolomide
chemotherapy to 65 patients with newly diagnosed
EGFRvlll-expressing (EGFRvIII+) GB after gross total resec-
tion and chemoradiation. Progression-free survival at
5.5 months (~8.5 mo from diagnosis) was 66%. Relative
to the study entry, the median overall survival was
21.8 months (95% Cl 17.9-26.5 months), and 36-month
overall survival was 26%. After more than 3 months of
vaccine therapy, 6 tumor samples from the participants

were collected. In 4/6 of these samples, EGFRvIII protein
expression was absent [38].

Finally, there was a Phase Il double-blind trial (ACT
IV) that randomized 745 eligible participants to either
a Rindopepimut treatment group or a control group. In
each group, participants would receive monthly intra-
dermal injections with the conjugated vaccine or just
the KLH antigen until disease progression or intolerance.
Both groups would also be undergoing concurrent temo-
zolomide treatment alongside the injections. Participant
eligibility required GB patients to have undergone maxi-
mal surgical resection and completed standard radiation
with temozolomide. With intention-to-treat analysis, the
median overall survival of the Rindopepimut group was
17.4 months (95% Cl 16.1-19.4 months) and 17.4 months
(95% Cl 16.2-18.8 months) in the control group. Thus,
the trial found no significant difference in median overall
survival between the two study groups. Similarly, there
was no significant difference found in progression-free
survival between the 2 groups with a hazard ratio of 0.94
(95% Cl1 0.79-1.13). Progression-free survival median time
in the Rindopepimut group was 7.1 months (95% CI 5.4-
7.9 months) and 5.6 months (95% Cl 5.1-7.1 months) in
the control group [39].

NCT03149003 was a Phase llI clinical trial that tested
the DSP-788 vaccine with bevacizumab versus beva-
cizumab alone in patients with recurrent or progressive
GB following initial therapy [40]. This trial followed after
the Phase | study of the DSP-788 vaccine found that
the vaccine was well tolerated with no dose-limiting
toxicities [41]. The DSP-788 vaccine is comprised of
synthetic peptides from Wilms’ tumor 1 (WT1) which is
expressed in GB tumor cells [41]. In a study investigating
WT1 expression in GB, 48 out of 51 samples showed
immunohistochemically positive staining of WT1 pro-
tein [42]. The Phase Ill study enrolled 221 subjects who
were randomized to receive either DSP-788 vaccine +
bevacizumab or just bevacizumab. The primary outcome
was overall survival starting 4 weeks after the patient was
off study treatment until death or up to 24 months. The
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median survival for subjects who received DSP-788 was
10.2 months (95% Cl, 8.2-11.4), and for the bevacizumab
group, it was 9.4 (95% Cl, 7.4-10.3) [40].

3.3. Dendritic cell vaccines

A dendritic cell is an antigen-presenting cell that has
the ability to activate native effector T cells which can
then target and destroy tumor cells [43,44]. Being able
to activate the innate and adaptive immune response is
ideal when targeting a tumor such as GB that is largely
protected by the blood-brain barrier and its own tumor
microenvironment. It has been shown that dendritic cells
are present in primary and recurrent GB and interact with
other immune cells [45]. To date, there has only been one
Phase Ill clinical trial involving dendritic cell vaccines in
the treatment of GB. Fortunately, there have been several
Phase Il clinical trials using this treatment modality which
is promising for additional Phase Il trials in the future.

The only Phase Il trial on dendritic cell vaccines to
date tested the DCVax-L vaccine [46]. This vaccine is
an autologous tumor lysate-loaded dendritic cell vacci-
nation. The vaccine was used in patients with GB who
also received standard of care (surgery, radiotherapy and
temozolomide) and compared with an external control
who received standard of care alone. A total of 331
subjects were enrolled in the study. In subjects who
received the vaccine, the median overall survival was
19.3 months (95% Cl, 17.5-21.3), compared with the
external control patients who had a median overall
survival of 16.5 months (95% Cl, 16.0-17.5) (HR = 0.80;
98% Cl, 0.00-0.94; p = 0.002) [46]. This was found to
be both clinically significant and statistically significant
improvement for these patients.

3.4. CAR-T

Chimeric antigen receptors (CARs) are chimeric molecules
that are synthetic antigen-specific receptors placed on
T-cells [30]. These molecules are composed of three
components including a targeting moiety, a transmem-
brane domain and an intracellular domain [30,47]. The
engineered targeting moiety attached to the T-cell is
used to identify and attach to the tumor cell allowing
the T-cell to destroy it. To date, there have been three
primary targets of CAR-T therapy for GB, which include
IL-13 R2, HER2 and EGFRvIII [48]. IL-13 Ra 2 is expressed
in 75% of GB and linked to poor prognosis. HER2 is
a heavily researched receptor that is involved in many
other cancers, most notably breast cancer. HER2 has been
considered an ideal tumor-associated antigen for [48].
As mentioned previously, EGFRVIII is an oncogene that
is found in approximately 40% of the 24-67% GB that
over-express EGFR [48]. Most trials to date on CAR-T

therapy for GB are Phase | trials, however, there have been
some phase two trials. These trials have been focused on
EGFRVIIl and one on B7H3 which is expressed in 70% of
GB and not expressed in normal tissues which makes it an
ideal target antigen. To date, there have been no Phase llI
clinic trials on CAR-T therapy for GB.

4. Conclusion & future perspective

At the time of writing, immunotherapy is not part of the
standard of care for GB. With over a hundred clinical trials
involving immunotherapy in GB, there is a clear interest
in determining the role of these treatment modalities in
GB management. The only clinical trial that has shown
statistically significant survival benefit when compared
with standard of care is that using the DCVax-L vaccine.

This DCVax-L clinical trial’s methodology is discussed
in detail by Gatto et al. [49], but it is essential to note
that the significant increase in overall survival statistic
was generated by comparing the DCVax-L vaccine group
to an external control group. The trial’s crossover design
where participants were allowed to cross over to start
receiving the vaccine after tumor recurrence led to most
of the control group being given the DCVax-L treatment.
Because of this, a new external control group was created.

This external control group was created from five
Phase Ill GB studies with a control arm treated with
RT and a temozolomide regimen. This methodology
leads to limitations in its applicability. One of these
issues was that the treatment group in the trial only
included patients with gross or near total resection of
their tumor with the disease confined to one hemisphere.
This inclusion criterion was not present in the studies
the external control group was formed from. Thus, there
were characteristic differences between the treatment
group and the control group they were compared with.
In summary, this post-hoc retrospective analysis that
compares the DCVax-L intervention arm to the external
control group encourages the need for a true randomized
control trial using this technology rather than providing
definitive evidence of populations that can benefit from
this therapy.

Although not the focus of our review, in general,
immunotherapy is well tolerated in the trials that have
been published so far. So, while there are many Phase |
and Phase [l trials that support the safety of immunother-
apy in GB, there is a paucity of data that supports the
effectiveness of immunotherapy in treating GB. Taking
note of current effect sizes, we have not found any
evidence that immunotherapy could be offered as a
curative option for GB at present.

From the low tumor mutational burden to the tumor
microenvironment, there are several factors that make



GB both very pro-tumorigenic and resistant to treatment.
Yet, with further elucidation of the biology of GB,
advancement of immunotherapy and many clinical trials,
significant improvements in glioblastoma treatment with
immunotherapy appear possible. Evidently, much further
study will be required if this possibility does exist. To
summarize this literature review, the present clinical land-
scape of glioblastoma immunotherapy is one requiring
further investigation to determine if it has a significant
role in improving survival with the disease.

Article highlights

- Glioblastoma is an aggressive, grade 4 brain tumor originating
from neuroglial stem or progenitor cells, associated with poor
prognosis and quality of life.

- The current standard of care is a maximal safe surgical resection
followed by radiation therapy and chemotherapy with
temozolomide.

« This review investigates the features that make glioblastoma
difficult to treat and the results of glioblastoma immunotherapy
clinical trials so far.

Glioblastoma mechanisms of treatment resistance

« Many aspects of glioblastoma create treatment resistance
including a blood—tumor barrier, high vascularity, repair
mechanisms and an immunosuppressive tumor immune
microenvironment.

Glioblastoma immunotherapy clinical trials

« There have been Phase Il clinical trials using checkpoint inhibitors,
and peptide vaccines, dendritic cell vaccines in glioblastoma.

« To date, the DCVax-L dendritic cell vaccine is the only
immunotherapy treatment with a Phase Ill trial showing
statistically significant survival benefit, but with methodological
limitations including using an external control group for
comparisons.

Conclusion

- There are over a hundred clinical trials involving the use of
immunotherapy with glioblastoma suggesting interest and
investigation into its utility.

« The present clinical landscape of glioblastoma immunotherapy is
one requiring further investigation to determine if it has a
significant role in improving survival with the disease.
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