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Glioblastoma multiforme (GBM) is a malignant brain tumor affecting over 300,000 people each year worldwide. The current
standard of care includes radiation, chemotherapy with temozolomide (TMZ), and surgical resection. Given the 5-year survival
rate for patients suffering from GBM is 6.9%, improving the current standard of care is necessary. Recently, immunotherapeutics
such as chimeric antigen receptor (CAR)-T cells, dendritic cell vaccines, and immune checkpoint blockade have entered clinical
trials for the treatment of GBM. CAR-T cell therapy relies on engineered T-cells to eradicate tumor antigens and has been shown
to increase tumor-specific killing and eliminate immune suppressive pathways, in the context of GBM. Dendritic cell vaccines, for
GBM, boost the immune system, by releasing cytokines and stimulators of T-cells, to attack foreign antigens and have been shown
to increase overall long-term survival rates by months, with minor side effects. Lastly, immune checkpoint blockade drugs target
specific checkpoints such as cytotoxic T-lymphocyte-associated protein 4 (CTLA4) and Programmed Death-Ligand 1 (PDL1), that
hinder the immune system and have improved survival rates and progression-free survival. Overall, the results of these clinical
trials suggest that immunotherapy is a promising therapeutic option for GBM patients and these therapeutics should continue to be
researched to further elucidate their safety profiles and efficacy.
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Introduction

Glioblastoma multiforme (GBM) is a highly aggressive and fast-
growing malignant brain tumor that accounts for over 47.7%
of cases of all central nervous system (CNS) tumors, with over
300,000 individuals diagnosed each year worldwide. GBM
is most commonly diagnosed in individuals aged 65 and older
and has a poor prognosis, with an average survival of only 14
months and a 5-year survival rate of 6.9%". GBM’s high
propensity for relapse is due to the aggressive nature of the
tumor. The average age of diagnosis for GBM is 64 years™.
GBM patients often experience recurring headaches, vomiting,
a loss of appetite, possible mood changes, shifts in the ability to
think and learn, and speech difficulties, among other symptoms*.
In general, the main causes of GBM are unknown, however, in
rare cases, it can occur due to genetic syndromes. The main risk
factor for developing GBM is prior ionizing radiation therapy,
which uses high-energy waves to eradicate cancer cells and can
damage, healthy cells in the process.

The current standard of care for GBM is surgical resection,
followed by radiation and chemotherapy with the drug temozolo-
mide (TMZ). TMZ works by causing mutations in replicating

cells which results in cell cycle arrest and prevents further repli-
cation, eventually resulting in apoptosis or cell death”. TMZ
alone has not been successful in over 55% of patients diagnosed
with malignant gliomas due to the depth of the tumor®. When
TMZ crosses the blood-brain barrier, only 20% of the drug is
delivered to the brain tumor”. TMZ must be administered in
high doses for a significant impact in eradicating the tumor, so
TMZ can accumulate in a higher amount in the brain, but a
negative side effect includes local toxicity. Hence, research-
ing new novel treatments is critical. The reason is that GBM
generally recurs, and most TMZ resistance comes from cells
overexpressing methylguanine methyltransferase (MGMT) or
the cells lacking a functional Deoxyribonucleic Acid (DNA)
damage repair pathway resulting in resistance to TMZ, since
TMZ does not only target cancer cells but also healthy cells, the
toxicity is significant. TMZ resistance and the poor prognosis
of GBM suggest that novel therapeutic options are necessary.

Immunotherapy boosts and strengthens the immune system
to fight cancer itself. For GBM and other cancers, it has
been shown that immunotherapies increase survival rates, life
longevity, and overall improvement in quality of life for the pa-
tients. Immunotherapies rationale demonstrates how it is overall
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improving the quality of life and length of life for patients. This
review focuses on investigating the efficacy of immunothera-
peutics such as CAR-T cell therapy, dendritic cell vaccines, and
immune checkpoint blockade in the context of GBM treatment.

However, despite the use of surgical resection, radiation,
and chemotherapy, patient outcomes remain poor due to resis-
tance mechanisms, and significant toxicity?™. These limitations
highlight the urgent need to explore alternative therapeutic ap-
proaches®?. Therefore, the objective of this systematic review
is to critically assess the effectiveness and safety of emerging
immunotherapeutic strategies, including CAR-T cell therapy,
dendritic cell vaccines, and immune checkpoint blockade in the
treatment of GBM. The review aims to evaluate clinical out-
comes, identify key limitations, and suggest future directions
for research that may enhance the standard of care for GBM
patients.

The Immune System

The immune system contains various cell types and processes
helpful in protecting the body from foreign substances/particles,
viruses, bacteria, diseases, etc. There are two main types of
immunity: innate and adaptive immunity (Figure 10 Tnnate
immunity refers to the immediate clearance of pathogens from
the body by cell types such as macrophages, neutrophils, mast
cells, etc!?. Adaptive immunity refers to the longer-term re-
sponse by B cells, T cells, and APCs that provide memory to
specific pathogens following an exposure/vaccinel.

Innate immunity also encompasses physical barriers such
as the skin, mucous membranes, saliva, flushing actions of
urine/tears, and stomach acids, which all stop an infection from
entering the body (Figure [I)!Y. Innate immunity consists of
the bloodborne defense made up of phagocytes such as neu-
trophils, macrophages, basophils, and eosinophils'? which all
consume cancerous cells affecting the body negatively (Figure
I Through bloodborne pathways, foreign particles(bacteria,
viruses, etc.) are destroyed and eradicated "1,

Contrasting innate immunity, adaptive immunity has a longer
response time, but results in long-term protection and memory,
and can be split into T-cell (cell-mediated) immunity and B-
cell (humoral) immunity (Figure 10" Cell-mediated immunity
involves the activity of suppressor T-cells, helper T-cells, and
cytotoxic T-cells, which all lead to the death of infected cells
and cancerous cells1®. Suppressor T-cells aid in controlling
T-cell production and function, while helper T-cells connect to
the humoral immunity of the B-cells to develop antibodies and
killer cells"*!3. The cytotoxic T-cells focus on destroying the
cancerous cells''. Humoral immunity focuses on B-cells creat-
ing antibodies, which are Y-shaped proteins that have specificity
to certain pathogens that mark invading cells as foreign to be
destroyed!®. An antibody then recognizes the antigen which
triggers the immune response of T-cell elimination"4.

GBM evades immune surveillance by creating a suppressive
environment that weakens immune responses and blocks im-
mune cells from attacking the tumor. This includes releasing
molecules that inhibit immune activity and attracting cells that
prevent effective immune attack. These evasion mechanisms
make it challenging for immunotherapies to work, as treatments
must overcome the tumor’s defenses and reach the cancer cells
to be effectivel~.

Immunotherapies for GBM

As previously mentioned, immunotherapy boosts the immune
system and can be used in the context of cancer®. Immunother-
apy uses substances produced by the body to destroy the can-
cer cells. Immunotherapy may be used together with radia-
tion/chemotherapy using substances such as Anti-Programmed
Death-1 (Anti-PD-1)/PD-L1 antibody therapy, targeting mon-
oclonal antibodies, and adoptive cell transfer by the body to
destroy cancer cells having been tested on the breast to highly
harmful melanomas, becoming Food and Drug Administration
(FDA) approved!®, The immunotherapies currently being in-
vestigated for GBM focus on overcoming GBM’s batrriers of the
immunosuppressive environment and the low immunogenicity
(triggering adaptive immunity) of GBM and if overcome and
reduce severe effects of GBM on the body®.

CAR-T Cell Therapy

An immunotherapy being explored for GBM is chimeric anti-
gen receptor (CAR) T-cell therapy'®. CAR-T cells function
through engineered receptors that guide T-cells to target and
destroy cells of a tumor-associated antigen (TAA), which is a
substance in the body that can be destroyed with an immune
response of antibodies, specifically for tumor cells in the body at
high specificity by the CAR-T cells’®. CAR-T cell therapy has
resulted in 40% of patients experiencing long-term remission in
B-cell lymphoma and is expected to show similar, if not, better
results from GBM2Y, CAR-T cell therapy involves removing
T-cells from the patient’s body and modifying them to secrete
synthetic antigen receptors which allows them to bind to the
target tumor antigens and this immunotherapy uses the modified
T-cells to identify and target GBM cancer cells“!. When the
CAR-T cell attaches to the surface, this binding ensures that the
CD3¢ module is triggered to complete its cytotoxic function of
cell killing by releasing perforins, granzymes, and cytokines'™.
CARs ensure that the immune receptor is created specifically
for the tumor-associated antigens and that the CAR-T cells con-
nect with and destroy the tumor cells, like the “lock and key”
concept?Z. For example, recent research has focused on the role
of B7-H3 (an immune checkpoint molecule that is recognized
and highly expressed in GBM among other cancers) in GBM23.
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Fig. 1 Major Components of the Innate and Adaptive Immune Responses. Describes the innate vs. adaptive immune response system.

Figure [2 is the full setup of the CAR-T cells conjoined to-
gether to recognize and attach to tumor-associated antigens on
the tumor surface. The T-cell receptor (TCR) complex has spe-
cific variable chains that are attached to signaling transduction
modules. At the TCR, the T-cells are triggered to bind to the
antigens on the tumor cells and the signal transduction pathway
ensures that the external TCR is attached to the cell surface??.
During CAR-T cell therapy, the CAR-T cells expand, and the
increase in cytokines triggers an immune response. The basic
structure of the CAR includes the antigen binding region and the
signaling domain and together the CAR will express a protein,

for instance, cytokines or chemokines™?.

CAR-T Cell immunotherapy has shown encouraging results in
pre-clinical studies, such as the expression of Interleukin 13 re-
ceptor subunit alpha 2 (IL-13 Ra2) (a primary tumor-associated
antigen) CAR-T cells and the use of Epidermal Growth Fac-
tor Receptor variant III (EGFRVIII) CAR-T cells for GBM2,
However, these findings are based on small sample sizes and
limited follow-up, and clinical trials in GBM remain minimal.

Therefore, these results should be interpreted as preliminary.
Common mild side effects include fever and chills, trouble
breathing, severe nausea, vomiting, possible diarrhea, dizziness,
light-headedness, headaches, and rapid heartbeats among others.
The side effects of CAR-T cell therapy apply to any cancer22,

A Phase 1 clinical trial investigated the safety and feasibil-
ity of administering IL13Ra2-CAR T cells, intracranially, to
patients with recurrent GBME, IL13Ra2 is a primary tumor-
associated antigen, present in over 75% of GBM, and has lim-
ited expression in the normal brain and other tissues of the
body'm. Of seven individuals in this study, one patient who
was treated with IL13Ra2-CAR T cells demonstrated a com-
plete response (with all indications of cancer disappearing with
the treatment)'®. While the sample size of the clinical trial
was small, it demonstrated that IL13Ra2-CAR-T cells could
safely be administered to this patient population and helped
show that increasing cytotoxic T-lymphocyte tumor trafficking
is a critical aspect of cancer immunotherapies. The CAR-T
cells induced endogenous immunity to help focus on controlling
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Fig. 2 CAR-T Cell Therapy Mechanism in Destroying Tumor. (a) T-cell receptor (TCR) complex. (b) Basic 1st—4th generation design of
chimeric-antigen receptors (CAR). (¢) Mechanism of CAR T-cell therapy. This figure demonstrates the structure of CAR T-cells and shows the

process of how the CAR-T cells are utilized ™,

the increase in tumor reactivity and improved tumor-specific
killing. These results suggest IL13Ra2 CAR-T cells may have
potential antitumor activity in GBM that could potentially ex-
pand to other solid tumors &, While a complete response was
only seen in one patient, the potential for this immunotherapy
must continue to be investigated in future clinical trials with
larger sample sizes8.

Another phase 1 clinical trial investigated the efficacy of the
antigen EGFRVIII, in CAR-T cell therapy in reducing toxic-
itym. EGFR contains EGF receptors that have regulated tumor
progression through hindering cell proliferation and extending
survival EGFR is most commonly found in newly diagnosed
GBMZ2Z. EGFR is a mutated form of the antigen found in GBM
and is the most common EGFR form of EGFR variant III, in
GBM2Z. This study was conducted in 10 patients with recurrent

GBM and 7 of these patients had a surgical resection following
the CAR-T cell therapy. This surgical resection allowed for
specific analysis of the tumor tissue and assessment of specific
endpoints, which looked at T cell trafficking to the tumor, exam-
ined the tumor microenvironment in situ, and the post-therapy
target antigen expression for the CAR-T cells2. In this study,
the treatment led to removal of the EGFRVIII-positive tumor
and was associated with a whole-tumor immune response, sug-
gesting improved anti-tumor immunity duration?Z. The study
also observed engraftment of CAR-T cells in the bloodstream
and demonstrated that CAR-T cells could be trafficked into
the brain?Z. However, these findings are based on a small pa-
tient cohort in an early phase trial, and should be interpreted as
preliminary.
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Limitations of CAR-T Cells

A limitation for CAR-T cells is that they require the Target
Antigen (TA) to be located on the cell membrane which can be
an issue as T cell receptors recognize the TA intracellularly>.
Another limitation of the CAR-T cells is the selectivity and
heterogeneity of the targeted TA, as the ideal TA is expected
to be homogeneously spread out on all cancer-initiating cells
(CICs)?”. TA expression must also be reduced in normal tissues
as the CAR-T cells eradicate any cell with any amount of the
TA which increases toxicity resulting in some of the negative
side effects of CAR-T cell therapy=?. Another limitation of
CAR-T cells is that CAR-T cell therapy ensures that the CAR-T
cells can be trafficked to the tumor, which in GBM is in the
brain and many individuals have struggled in designing CAR-T
cells that can cross the blood-brain barrier (BBB). It becomes
difficult to target the tumors using immunotherapy because the
CAR-T cells are unable to reach the tumor, especially because
it is unable to pass through the BBB. Moreover, CAR-T cell
therapies are extremely costly, making them virtually inacces-
sible for most people. Furthermore, CAR-T cells can enter a
state of exhaustion, rendering them ineffective in eliminating the
tumor cells, in later stages of treatment proving that it may not
have longevity in their response. It is also important to note that
confounding factorssuch as differences in patient characteristics,
tumor biology, and prior treatmentscan significantly influence
individual responses and outcomes in these studies. This is
especially relevant for small, non-randomized trials, where the
potential for selection bias is high. Individual patient differences,
tumor biology, and prior treatments may influence CAR-T cell
therapy outcomes, especially in small, non-randomized studies,
introducing potential selection bias'>. These limitations should
be considered when interpreting the reported results.

CAR-T cell therapy can cause mild to moderate side effects
such as fever, nausea, and off-target toxicity, with additional
risks from difficulty crossing the blood-brain barrier and T-cell
exhaustion2230,

Dendritic Cell (DC) Vaccine

Dendritic cells are a type of antigen-presenting cell (APC), that
defend the body from foreign antigens and connect the innate
and adaptive immune systems=!. These cells protect and de-
fend the body by searching for pathogen-associated molecular
patterns (PAMPs) with pathogen recognition receptors (PRRs)
which help activate the immune responses in the body=!. When
a pathogen is recognized, the dendritic cells immediately endo-
cytose (engulf the external substance with the cell membrane
of the cell) the protein and travel to the B-cell and T-cell-rich
sites of the lymph nodes“!, where the foreign peptide is pre-
sented. Once the dendritic cells are activated, they begin to
create proinflammatory cytokines and potential stimulators of
specific T-cells*2. Dendritic cells are capable of passing through

the blood-brain barrier, suggesting they might be an attractive
therapeutic option for GBM. Additionally, the dendritic cells go
through the BBB, which ensures that they reach the tumor and
fight/destroy it.

Dendritic cells are commonly administered by being incu-
bated with tumor cells and administered with an adjuvant to
stimulate the immune response upon injection, for example, one
DC vaccine contains PD1+ or PD1- cytotoxic T cells that are
injected into the lymph nodes (Figure[3). This activates T cells
that are transmitted through the peripheral blood to the brain.
The GBM antigen-activated CD8*T dendritic cells then reach
the tumor microenvironment and based on the quantity of PD-1+
cytotoxic T cells, it determines the quantifiable effectiveness
of cytotoxic T cells and tumor killing resulting in tumor cell
death3. DC vaccines for GBM have started to enter clinical
trials, proving their usage as an immunotherapy.
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Fig. 3 Dendritic Cell Vaccine Mechanism for GBM. This figure
demonstrates the administration of the dendritic cell vaccine and its
mechanism/functions of action in the context of GBM22,

The VICTOR I study was conducted on 15 patients - 12 of
whom received a dendritic cell vaccine of cells induced with
anEGFRVIII peptide (3 patients did not receive the vaccine due
to improvement from radiation therapy alone)=2. After the pa-
tients underwent surgical resection of the tumor, 3 vaccine doses
were administered within the first 2 weeks of the trial, and then
2 more doses were consistently administered over 2-week in-
tervals®?. The comparison was shown of the patients who did
and didn’t receive Temozolomide (TMZ) and who only lived
for 6.4 and 7.1 months, respectively, post-treatment=2. In this
small, early-phase trial, some patients did not show progression
of symptoms or tumor, and experienced increased longevity==.
Two patients had encouraging responses when monitored over
Magnetic Resonance Imaging (MRI), including one patient who
was not showing symptoms or progression of the tumor=2, How-
ever, these findings are based on a limited patient group. An-
other patient succeeded significantly with the vaccine, as she
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remained alive for 6.2 years after diagnosis and treatment=2.
Two of the three patients with Grade III tumors were monitored
and confirmed to not have any tumor progression for 66.2 to
123.7 months post-treatment=%. However, the patients with only
TMZ treatment showed that they only had 13.7 months to 14.5
months, essentially a smaller period of survival®?, Minimal
toxicity was seen with the administration of the dendritic cell
vaccine and, it was concluded that the vaccine was safe for use
in humans=4. In addition, this study suggests a new potential
survival benefit with a median time to progression of 18.7 and a
median survival of 22.8 months>2.

A randomized double-blind phase III trial was conducted
on 331 patients with newly diagnosed or recurrent GBM=%.,
All patients received the current standard of care however, in
addition, one group received a placebo, and the other received
DCVax-L (an autologous tumor lysate-loaded dendritic cell
vaccination)®#. As a reference, Autologous cell therapy uses
the patient’s own cells or tumor material, while allogeneic cell
therapy uses cells or material from a donor=!Y. The overall
survival of the DCVax-L group compared to the placebo group
was assessed as the endpoint of the trial 34 However, due to the
changes during treatment, it was monitored for patients who had
the DCVax-L along with the current standard of care to another
group who only received the current standard of care and not
the placebo, showing the limitation of using an outside group=*.
The DCVax-L treated group for newly diagnosed GBM had
an overall survival of 19.3 months, which was longer than the
control group’s overall survival of 16.5 months=%. Recurrent
GBM, similar to the newly diagnosed group, had an overall
survival improvement of 13.2 months versus the control group
which survived 7.8 months®#. The survival advantage from the
DCVax-L seemed to apply more to those with poor prognosis,
elderly patients, patients who received a suboptimal surgical
resection, and patients who had a deteriorating condition of
the recurring disease*#. Additionally, the vaccine appeared to
be well tolerated and the patients did not have any severe side
effects including grade 2/3 intracranial edema, grade 3 nausea,
and grade 3 infection*, The evidence demonstrated a significant
overall survival improvement for patients, whether that was the
newly diagnosed GBM patients or the recurrent GBM patients=%.
Some limitations within this clinical trial included that the data
was compared to an external control group, and an algorithm
was used to generate the potential survival data, which did not
provide the most accurate data>*,

Limitations of Dendritic Cell Vaccines

The main limitation of dendritic cell vaccines has been tumor-
mediated immunosuppression!. Tumor-mediated immunosup-
pression is essentially how cancer cells can weaken the body’s
immune response by attracting immunosuppressive cells which
hinders the immune responses through the use of apoptosis

in tumor-infiltrating lymphocytes'?. Tumors may also release
immunosuppressive molecules such as cytokines, creating an
immunosuppressive tumor microenvironment that can make it
difficult for the immune system to act on the tumor cells’.
Results from dendritic cell vaccine trials may be affected by
heterogeneity in patient characteristics and prior therapies, and
the risk of selection bias is heightened in small, non-randomized
cohorts'.

Dendritic cell vaccines generally show minimal toxicity and
are well tolerated, though tumor-mediated immunosuppression

may limit their effectiveness'>.

Immune Checkpoint Blockade

Immune checkpoints are considered natural brakes in the body
for the immune system>. Immune checkpoint inhibitors block
the immune checkpoints which helps enhance accessibility for
the immune system to attack and destroy cancer cells>>. This
is because the drugs will ensure that the immune system can
fight off the cancerous cells by targeting the immune check-
points®?. Specific drugs, such as ipilimumab, nivolumab, and
bevacizumab targeting checkpoints such as CTLA-4, PD-1, and
PD-L1 have been used to dampen the effects on the immune
system=>. The tumors use immune checkpoints to avoid and
escape immune surveillance to protect against autoimmunity=>.
Immune checkpoint inhibitor drugs will go through the BBB
under environmental, physical, or chemical disruptions to reach
the tumor, so the immune system can attack the tumor with ease
in the context of GBM=0.

An example of immune checkpoint blockade therapy in the
context of various cancers is targeting checkpoint proteins, PD-
L1 on tumor cells and PD-1 on T cells, which keep a watch over
the immune system functions and responses=’. When PD-L1
is bound to PD-1, this ensures that the T cells of the immune
system cannot reach the tumor cells and destroy them (Figure
37. The attachment of PD-L1 to PD-1 results in the tumor cell
staying the way it is, and the T cells are blocked from killing
the tumor cell*Z. When the attachment of PD-L1 to the PD-1 is
broken and the PD-1 is attached to the anti-PD-1, and the PD-L1
is bound to an anti-PD-L1, there is a block on the checkpoint
proteins®Z. This allows for the T cells to eradicate the tumor
cell3Z,

A phase 1 clinical trial investigated the efficacy of check-
point inhibitors Ipilimumab and nivolumab in 40 patients with
recurrent GBM=>. Ipilimumab blocks the checkpoint, CTLA-
4, and Nivolumab blocks the checkpoint PD-1. Researchers
gave nivolumab alone to one group and in combination with
ipilimumab to another group=>. They found that 20% of the
patients were able to resist progression of the tumor for a min-
imum of 12 weeks and 5 of the patients were able to live for
25 more months including the 12 weeks>. The combination of
nivolumab and ipilimumab resulted in adverse effects/events, so
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nivolumab alone was better tolerated, and it was better suited
for the phase IIT trial®>. A phase III trial was then conducted to
determine the efficiency and safety of nivolumab versus beva-
cizumab, an immune checkpoint inhibitor (vascular endothelial
growth factor)®>. This resulted in recurring improvements in
efficiency and safety in recurrent GBM patients of resistance
to the progression of the disease>>. Results displayed that the
nivolumab alone in comparison with bevacizumab did not have
a significant advantage in survival~>.

Another clinical trial was done on 369 GBM patients, 347 of
whom were randomly assigned to either the nivolumab (184) or
bevacizumab (185) treatment group=2. The final analysis was
complete when 301 patients passed away=2. Both drugs were ad-
ministered intravenously=2. There was no significant difference
in the overall survival between the treatment groups with 9.8
months for nivolumab and 10 months for bevacizumab=2. As for
progression-free survival, nivolumab had a shorter time frame of
1.5 months compared to 3.5 months with bevacizumab®2. The
findings in efficacy and side effect profile demonstrate that while
there are minimal improvements and benefits to the immune
checkpoint blockade, it does not have as large of a positive effect

as other immunotherapies==.

Limitations of Immune Checkpoint Blockade

Immune checkpoint blockade has had minimal benefits and
advantages when it comes to improving the conditions of pa-
tients with GBM and other diseases, however, there have been
some significant limitations affecting patients as well. Specifi-
cally, there have been many side effects and symptoms resulting
from the blockade therapy>®. Possible side-effects that were
studied of the immune checkpoint inhibitors include diarrhea,
fatigue, cough, nausea, skin rash, poor appetite, and many more.

Certain infusion and autoimmune reactions tend to be less com-
mon than the side effects mentioned. Immune-related adverse
events have resulted from this treatment to cancer patients, re-
sulting in hospitalizations and other treatments being necessary
to help with the side effects of the immune checkpoint block-
ade therapy. Additionally, patients have experienced problems
from the immunosuppressive tumor microenvironments (TME)
which weakens the antitumor immune responses=” preventing
patients from gaining the advantages of the therapy“". Interpre-
tation of immune checkpoint blockade studies should account
for confounding factors and possible selection bias, as outcomes
may vary due to differences in patient populations and study
design38 3940,

Immune checkpoint inhibitors are associated with adverse
events such as diarrhea, fatigue, and immune-related reactions,
sometimes requiring hospitalization, and their efficacy may
be reduced by the immunosuppressive tumor microenviron-
ment38 39 40,

Future Directions

With the various immunotherapies and current standards of care
that have been used, there have been significant improvements
in survival, efficiency, and safety, in patients with GBM, with
each immunotherapy having its benefits and limitations. Taking
the limitations of the therapies such as how they are unable to
cross the BBB, and creating a better immunotherapy can be
even more beneficial for a GBM patient. Immune checkpoint
inhibitors holding many limitations can be targeted to lessen
the side effects as they block the tumor from being killed by
T-cells and other immune system functions. Immune checkpoint
inhibitors, such as anti-PD-1 monoclonal antibodies, work by
blocking inhibitory signals that tumors use to suppress immune
responses. This restores the immune system’s ability to attack
cancer cells, rather than blocking immune function. However,
this immune activation can result in immune-related adverse
events, sometimes severe, as noted in the Limitations section.
Future research aims to design checkpoint inhibitors that min-
imize these side effects while maintaining their effectiveness
against tumor-induced immune suppression=®. Enhancing the
specificity of CAR-T cells can allow them to avoid recognizing
antigens of healthy cells, and in treatment, the healthy cells’
antigens expression can be reduced to improve the efficacy of
immunotherapy. The tumor microenvironment in GBM secretes
immune-inhibitory cytokines such as IL-10, which can suppress
immune cell function and lead to exhaustion or reduced efficacy
of therapies like CAR-T cells and dendritic cell vaccines. Recent
evidence suggests that combining immune checkpoint inhibitors
(such as anti-PD-1 antibodies) with other immunotherapies may
help overcome these barriers, restore T-cell activity, and improve
anti-tumor responses and patient outcomes in GBM*!. TMZ
and immunotherapy combinations can be further explored to
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see how the current standard of care can be improved to result
in better outcomes and reduce possibilities of relapse or post-
treatment difficulties as the goal is to ensure the patient lives a
long and healthy life without difficulty. Moreover, some other
promising immunotherapies for GBM that can be experimented
with and studied more are cytokine-based treatment, oncolytic
virus, and other vaccine-based techniques excluding dendritic
cell vaccines*2. Overall, each immunotherapy has benefits to the
patient in improving their condition, restricting the progression
of the tumor, and increasing overall survival, but with future
research, there could be opportunities to minimize their limita-
tions and make them more feasible to use in the context of GBM
(or get the immunotherapies to FDA approval).

Larger, well-controlled trials are needed to confirm the
promise of immunotherapies for GBM. Future studies should
directly compare these treatments to standard care, assess over-
all survival and quality of life, and evaluate safety in broader
patient populations.

One significant limitation in the development of immune
therapies for GBM is the lack of suitable GBM mouse models.
This gap often leads to divergent results between preclinical
animal studies and clinical applications, as current models may
not accurately replicate the complexity of human GBM and its
immune microenvironment. As a result, promising therapies in
animal studies may not translate effectively to patient outcomes
in clinical trials®>.,

Conclusion

Glioblastoma multiforme is a malignant tumor and rapidly
spreading disease has had dire effects on patients suffering from
it. The current standard of care of radiation, chemotherapy
with temozolomide, and surgery has been overall successful but
encounters issues with TMZ resistance. Immunotherapies are
hoped to have more effective and positive results as they prove
higher survival rates, safety, and life longevity. CAR-T cell
therapy, dendritic cell vaccines, and immune checkpoint block-
ade have all been investigated in the context of GBM. CAR-T
cell therapy is used with a receptor that brings T-cells to the
targeted foreign antigens to be destroyed and has been proven
successful in antitumor activity and increased duration of such
activity. Dendritic cell vaccines release cytokines from the im-
mune system to ensure the cytotoxic particles attack the foreign
antigens/particles of the tumor ensuring increased survival and
improvement of conditions. The immune checkpoint blockade
uses checkpoint inhibitors to allow T-cells to attack the foreign
particles on the tumors’ surface ensuring long-term survival
and duration of response. Each immunotherapy has been suc-
cessful in overall survival, duration of treatment response, and
longevity, demonstrating that the malignant tumor’s spread can
be stopped. The addition of immunotherapy to glioblastoma
multiforme treatment has significant potential to enhance the

current standard of care for patients.
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