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ABSTRACT: Glioblastoma Multiforme is the most aggressive and fatal malignant brain cancer. Despite conventional 
treatment (surgery, radiation, and chemotherapy), the median survival rate remains less than 18 months. Conventional therapies 
have significant limitations due to GBM's inherent heterogeneity and its micro-environment's immunosuppression; therefore, 
new, more durable, targeted therapeutic approaches need to be developed to increase patient survival. Current evidence indicates 
that utilizing CRISPR-Cas9 gene editing in combination with chimeric antigen receptor (CAR)-T cell therapy will provide a new 
approach to overcoming several of the current barriers to effective GBM immunotherapy. CAR-T cells have been developed using 
various GBM-specific antigens (EGFRvIII, IL13Rα2, HER2, GD2, and EphA2). CAR-T cells directed at these antigens have 
demonstrated some level of clinical response as well as acceptable safety profiles, but generally lack long-term efficacy. Utilizing 
CRISPR-engineered CAR-T cells that incorporate deletion of inhibitory receptors (such as PD-1 and TIGIT) and integrate 
stable CAR constructs demonstrates increased persistence, immune activation, and tumor killing capabilities in all pre-clinical 
models evaluated. Therefore, integrating CRISPR-based genetic modification with CAR-T cell therapy has the potential to 
develop more personalized and durable immunotherapies for GBM, which could revolutionize the treatment of what is currently 
considered one of the most treatment-resistant malignancies.  
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�   Introduction
Glioblastoma multiforme (GBM) remains one of the most 

aggressive and treatment-resistant primary brain tumors, with 
median survival rarely exceeding 18 months despite maximal 
surgical resection, radiotherapy, and temozolomide chemo-
therapy.1 Current therapeutic strategies are largely palliative, 
failing to eradicate infiltrative tumor cells or prevent recurrence 
due to GBM’s high genetic heterogeneity, antigenic variabil-
ity, and profoundly immunosuppressive microenvironment.2 
Immunotherapies such as checkpoint inhibitors and cancer 
vaccines have demonstrated limited efficacy in GBM, primar-
ily because the blood–brain barrier, as mentioned in Table 2, 
restricts immune cell access, and the tumor’s adaptive resis-
tance mechanisms enable immune evasion and limit treatment 
options.3,4 Consequently, there is an urgent need for thera-
peutic approaches that can specifically and effectively target 
tumor-associated antigens while overcoming immune suppres-
sion within the central nervous system.5

Immunotherapy has been proposed as a new generation of 
treatments for GBM that can overcome the limitations of 
traditional treatments. Immunotherapy involves using genet-
ically engineered T lymphocytes that express chimeric antigen 
receptors (CAR).6,7 CAR-T cells are engineered to specifical-
ly target and kill tumor cells that express particular antigens 
such as EGFRvIII, IL13Rα2, HER2, GD2, and EphA2.8,9 
Clinical trials have shown that CAR-T therapy can be safely 
administered to patients with GBM and, in some cases, cause 
measurable reductions in tumor size.9,10 However, because of 
the heterogeneity of tumor antigens expressed by GBM cells, 

the potential for tumor cells to develop mechanisms to avoid 
destruction by the CAR-T cells, and the immunosuppressive 
environment of the tumor, CAR-T cell-mediated anti-tumor 
effects are usually transient and do not lead to durable thera-
peutic benefits.1,3,11

In some Preclinical studies, scientists have used the CRIS-
PR/Cas9 gene-editing system to prolong the duration of 
CAR-T cell activity, more effectively recognize tumor antigens, 
be more resistant to immune suppression, and persist longer in 
the body, suggesting a possibility of longer-lasting and more 
effective anti-tumor effects with less toxicity.12,13

Considering the challenges of treating GBM with current 
therapies and the promise of using genetic engineering to cre-
ate more effective and targeted treatments, the integration of 
the CRISPR system into CAR-T cell therapy is a timely and 
promising method of addressing many of the challenges asso-
ciated with treating GBM. Therefore, the purpose of this study 
is to integrate the knowledge currently available regarding 
CAR-T and CRISPR-based therapies, assess the translational 
implications of these therapies, and explore the possible com-
bination of these two therapies to provide new and innovative 
treatment options for glioblastoma, a cancer with one of the 
worst prognoses in human medicine. This literature review 
brings together many of the latest clinical trials of CAR-T cell 
therapy. Most of them include phase 1 trials that aim to devel-
op long-lasting, individually designed treatments for Patients 
with Glioblastoma and are significant contributions to Trans-
lational Medicine and Cancer Immunotherapy.
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�   Methods
This study employed a narrative literature review design 

rather than an experimental or in-field study. The literature 
review method was chosen to synthesize information from 
previously published peer-reviewed research, clinical trial data, 
and institutional reports. No laboratory experiments, surveys, 
or human subjects were directly involved. The study did not 
require any ethical clearance, as it involved secondary data 
sources exclusively.

Relevant studies were identified and collected from credible 
online databases between 2010 and 2025. Databases searched 
included PubMed, Google Scholar, ClinicalTrials.gov, and 
the National Institutes of Health (NIH) repositories. The key 
search terms used were: “glioblastoma,” “standard treatment,” 
“CAR-T therapy,” “CRISPR-Cas9,” “GBM tumor antigens,” 
and “immunotherapy in GBM.” Studies were filtered to in-
clude those that provided data on treatment mechanisms, 
therapeutic efficacy, and translational relevance to clinical ap-
plications.

Primary sources for this review included landmark clinical 
and epidemiological studies, such as the Stupp regimen trial 
on chemoradiation in GBM and the CBTRUS report on glio-
blastoma incidence and survival data. Clinical trial data from 
ClinicalTrials.gov focusing on CAR-T therapies against EG-
FRvIII, IL13Rα2, HER2, GD2, and EphA2 antigens were 
also reviewed. Secondary sources included translational and 
molecular studies that explored the role of CRISPR-Cas9 in 
enhancing CAR-T cell safety, persistence, and specificity.

All selected studies were reviewed for methodological qual-
ity, relevance, and results. Data on therapeutic efficacy, antigen 
targets, clinical outcomes, and genetic editing strategies were 
categorized into thematic areas-namely: glioblastoma biol-
ogy and standard treatments, CAR-T therapy design and 
results, CRISPR-based modifications, and clinical translation 
and challenges. Findings were compared and summarized to 
highlight the collective progress and limitations within the 
field.8,14,15

No physical tools, laboratory materials, or experimental 
equipment were used in this study. All information was ob-
tained through online academic and clinical databases. Since 
this research relied solely on existing published literature and 
publicly available data, no ethical review or participant consent 
was required.

Prevalence and Epidemiological Profile of Glioblastoma:
Glioblastoma (GBM) is the most common malignant 

primary brain tumor in adults. Globally, it affects about 3–5 
people per 100,000 per year, making it a relatively rare can-
cer, but the most frequent among aggressive brain tumors. It 
represents about 15% of all brain tumors and nearly 50% of 
malignant gliomas. Men are slightly more likely to develop 
GBM than women. Most cases are diagnosed in people aged 
45–70, though it can occur at younger ages as well.14

GBM is a WHO Grade IV glioma with necrosis, micro-
vascular proliferation, and several genetic alterations, including 
TERT promoter mutation (a genetic alteration that increases 
telomerase expression, enabling tumor cells to maintain telo-

mere length and achieve uncontrolled growth and survival),16 
EGFR amplification (an abnormal increase in the number 
of copies of the EGFR gene), which drives uncontrolled cell 
signaling, proliferation, and tumor growth),17 chromosome 7 
gain/10 loss (+7/–10), and alterations in critical pathways are 
RTK/RAS/PI3K, p53, and RB. GBM is strongly resistant 
to conventional therapy because of heterogeneity of the tu-
mor and an immunosuppressive tumor microenvironment, 
hence the justification for targeted immunotherapy such as 
CAR-T.17,18

Genetic Mutations :
Many genetic mutations cause aggressive behavior in GBM. 
TERT promoter mutations: Increasing the TERT activity 

due to mutations of the TERT promoter allows cancer cells 
to divide forever. Cancer cells become capable of dividing con-
tinually because the mutations increase telomerase activity of 
an enzyme called telomerase, which adds repetitive DNA se-
quences to the telomere's chromosome ends and keeps them 
from shortening. Telomerase prevents the normal process of 
aging of cells by preserving their telomere lengths, thereby al-
lowing cancer cells to divide infinitely, beyond the bounds of 
typical cell division.15 

EGFR mutations or amplif ications: cause increased cell pro-
liferation and survival, thus causing tumors to grow more 
quickly. 

In many cases of GBM, the EGFR gene is amplified or 
mutated. For example, a particular type of EGFR mutation, 
EGFRvIII, causes a truncated receptor that signals continually 
without the need for binding with an EGF ligand, promoting 
uncontrolled cell proliferation, angiogenesis, and cell survival.8 

Abnormalities of Chromosomes (+7/-10): Both gain of chro-
mosome 7 and loss of chromosome 10 occur commonly in 
GBMs, and both are involved in malignancy.19 

Loss of chromosome 10 and gain of chromosome 7 are 
common characteristics of GBM. Loss of chromosome 10 re-
moves tumor-suppressing genes (e.g., PTEN) while gaining 
chromosome 7 adds oncogenes (e.g., EGFR), both of which 
result in the shift toward cancer.23 

Disrupted signaling pathways: Many of the major signaling 
pathways involved in controlling cell growth and cell death, 
including the RTK/RAS/PI3K, p53, and RB pathways, are 
frequently altered in GBM, resulting in uncontrolled growth 
and failure to undergo programmed cell death.20 

RTK/RAS/PI3K pathway: Activation of the RTK/RAS/
PI3K pathway through mutations of EGFR or PDGFRA re-
sults in activation of pathways that promote cell survival and 
proliferation.20,21 

p53 pathway: TP53 normally regulates cell death and DNA 
repair; when it is mutated, the ability of damaged cells to sur-
vive is enabled.21 

RB pathway: The absence of Rb1 removes a critical regula-
tory point in the RB pathway that controls the cell cycle and 
allows for unregulated cell division.19 

Other mutations: Other mutations, such as those in PTEN 
or IDH1/2, may influence prognosis and responsiveness to 
chemotherapy. 
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PTEN deletion: Inactivates a key inhibitor of the PI3K/
AKT pathway, thus enhancing tumor growth and treatment 
resistance. 

IDH1/2 mutations: IDH1/2 mutations are seen in approxi-
mately 50% of secondary GBMs, but less than 5% of primary 
GBMs. Secondary GBM patients who have these mutations 
may have a better prognosis and may respond to some types 
of chemotherapy.22 All of these genetic alterations contribute 
to the uncontrolled growth of GBM and are the reason that 
targeted therapies such as CAR-T cells are of interest.

Standard Treatments for GBM:
Glioblastoma (GBM) is highly aggressive and typically 

involves refractoriness to conventional treatment, requiring 
multimodal therapy:

Surgery: Cytoreduction by maximal safe resection removes 
much of the tumor and improves survival. Studies have shown 
that a maximal safe resection can significantly extend the me-
dian survival for certain patients. For example, some cohorts 
have shown an average survival of 37.3 months for patients 
who underwent aggressive resection, compared to 16.5 months 
for those with more modest resections.23

Radiation + Temozolomide (Stupp Regimen): Studies show 
that the combination of radiation and temozolomide will give 
you a much better chance of survival than either treatment 
alone. The results of a major study by EORTC (European 
Organization for Research and Treatment of Cancer) and 
NCIC (National Clinical Trials Group).24 This showed that 
the median overall survival time with this combination was 
14.6 months and 12.1 months when using radiation alone. 
Also, the researchers found that patients who received the 
combination therapy were twice as likely to be alive after two 
years (26.5%) as those receiving radiation alone (10.4%). Ad-
ditionally, studies indicate that if your tumor has the MGMT 
promoter methylation biomarker, there may be a better re-
sponse to temozolomide chemotherapy; therefore, identifying 
this biomarker could provide useful information regarding 
which chemotherapy to use.25

Tumor Treating Fields (TTFs): There is evidence indicating 
that the addition of TTFs to the Stupp regimen resulted in 
a statistically significant increase in survival time. The EF-14 
study demonstrated that adding TTFs to the Stupp regimen 
increased the median overall survival time from 16.0 months 
to 20.9 months. Additionally, the study found that the addition 
of TTFs to the Stupp regimen resulted in significant improve-
ments in long-term survival rates. Specifically, the two-year 
survival rate was increased from 30% to 43%, and the five-year 
survival rate was increased from 5% to 13%.26

Bevacizumab: A VEGF-targeting therapy that manages 
symptoms and edema. For newly diagnosed glioblastoma, two 
large Phase 3 trials showed that bevacizumab did not improve 
overall survival when added to standard therapy.27,28 How-
ever, in patients with recurrent glioblastoma, it is a standard 
treatment that has demonstrated a significant effect on pro-
gression-free survival and response rates. For these patients, 
clinical data have shown a 6-month progression-free survival 
rate of approximately 42.6%.22,28

These therapies, in general, are capable of managing tumor 
growth and symptoms temporarily, though GBM is still large-
ly an incurable disease overall; targeted treatments like CAR-T 
cell therapy are needed.

The table illustrates that all of the established therapies will 
only marginally prolong life expectancy, but there are no estab-
lished cures for Glioblastoma Multiforme (GBM). The table 
points out the shortcomings of traditional therapies and the 
need for the development of new therapeutic modalities that 
are both targeted and longer lasting than traditional therapies, 
i.e., immunotherapies.

Although the standard treatments - surgery, radiation 
therapy with temozolomide, Tumor Treating Fields, and bev-
acizumab for GBM- can extend survival and enhance quality 
of life, their advantages are still restricted. Surgery provides 
the greatest survival advantage when maximal safe resection is 
achievable. Even with the Stupp regimen, the median survival 
is only 16 months, and the five-year survival rate is around 
6–7%.14 This is also mentioned in Table 1, where it shows 
multiple differences in the survival median for each of the dif-
ferent kinds of treatments, and the highest amount of survival 
is 37.3 months with surgery, and the lowest is 6 months with 
Bevacizumab, a treatment used for recurrent GMB. Although 
add-on strategies like bevacizumab and TTFs offer slight in-
creases in survival or symptom control, overall results show 
the urgent need for more potent and focused treatments like 
CAR-T cell therapy.

Key Challenges in GBM Treatment:
GBM has a number of inherent challenges that reduce the 

efficacy of available treatments. These difficulties are caused 
by the intricate biology of the tumor as well as how it inter-
acts with the protective environment of the brain. Developing 
more successful treatment plans requires an understanding of 
these obstacles. The main difficulties in treating GBM are 
enumerated in Table 2, along with how they affect the results 
of therapy.

DOI: 10.36838/IJHSR816.8
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Checkpoint inhibitors function by blocking proteins (such 
as CTLA-4 and PD-1/PD-L1) that inhibit the activation of 
T-cells, as illustrated in Figure 1. When administered, check-
point inhibitors allow T-cells in the patient's body to travel 
to the tumor more easily and kill the tumor cells. Although 
checkpoint inhibitors have shown great promise in the treat-
ment of some cancers, the low expression of tumor-associated 
antigens and high degree of immunosuppression found in the 
GBM tumor microenvironment have restricted the effective-
ness of checkpoint inhibitors in treating GBM.34,35

DC (dendritic cell) vaccines are to activate the body's immune 
system through exposure of dendritic cells to specific antigens 
present on cancerous cells (i.e., EGFRviii), as shown in Figure 
2. As such, the hope is to create a targeted T-cell response to 
GBM without attacking healthy brain tissue. While the ap-
proach has proven successful for GBM patients on Provenge, 
the use of DC-based cancer vaccines is considered safe; they 
have failed to provide significant clinical benefits to patients, 
with only 5-15% of patients experiencing an objective immune 
response. It is possible that many of these failures in the effi-
cacy of cancer vaccines resulted from the immunosuppressive 
mechanisms acting on the antitumor T cell responses; there-
fore, these factors represent a common rate-limiting step in 
most clinical trials and limit the overall clinical benefit of can-
cer vaccines.36

The table summarizes the major structural and biological 
barriers to treatment success in glioblastoma multiforme. To-
gether, these interconnected barriers illustrate why current 
therapies are usually ineffective, as tumor heterogeneity pro-
motes therapeutic resistance while the blood-brain barrier and 
immunosuppressive tumor microenvironment limit both drug 
delivery and immune-mediated tumor destruction. Therefore, 
these challenges reinforce the necessity for the development of 
novel methods to treat GBM, including CAR-T cell therapy 
and CRISPR-based approaches.

New Treatment Options:
Immunotherapy, including CAR-T cell therapy: 
In comparison to conventional treatments, immunother-

apies for glioblastoma multiforme (GBM) show promise of 
better results. The principle of immunotherapy is to utilize a 
person’s immune system to specifically identify and destroy 
the malignant cells that comprise a tumor. Immunotherapies 
currently under investigation for the treatment of GBM in-
clude dendritic cell (DC) vaccines, checkpoint inhibitors, and 
CAR-T cell therapy. 

CAR-T-cell therapy represents a paradigmatic example of 
how an immunotherapeutic strategy can be used to design and 
engineer a patient's T-cells to specifically identify and destroy 
malignant cells. Modifying T-cells achieves this, so they will 
produce a chimeric antigen receptor (CAR), which allows 
them to recognize and kill tumor cells expressing a specific 
protein marker(s) on the surface of those cells. Researchers are 
now investigating whether or not this therapeutic approach 
can also be applied to the treatment of solid tumors, including 
GBM. CAR-T cells are genetically engineered T-lympho-
cytes designed to produce chimeric antigen receptors (CARs), 
which allow them to recognize and kill cancer cells displaying 
a specific protein(s) on their surface. In order to administer 
CAR-T cell therapy, the patient's T-cells are removed from the 
patient, then altered in a laboratory to recognize a particular 
antigen expressed on the surface of the tumor cells, and finally, 
the T-cells are returned to the patient to assist in destroying 
the cancer cells.13 

CAR-T cell therapy has been studied in addition to dendrit-
ic cell vaccine-based treatments and checkpoint inhibitors, as 
other forms of immunotherapy, which could potentially pro-
vide patients with alternative treatment options. 

DOI: 10.36838/IJHSR816.8

Table 2: Key Challenges in the Treatment of GBM.

Figure 1: Visual representation of Checkpoint inhibitors. Genetically 
engineering T-cells with an antigen receptor is called CAR-T therapy; T-cells 
are taken from the blood of patients and put through a process of genetic 
modification in a laboratory using a viral vector to insert a gene that codes 
for a chimeric antigen receptor (CAR) on these T-cells. The chimeric antigen 
receptor allows the engineered T-cells to bind to a specific protein located on 
cancer cells. Once the CAR T-cells have been multiplied in the laboratory, 
they are injected back into the patient, where the CAR T-cells will continue 
to look for and kill cancer cells as they bind to their target antigen and induce 
apoptosis in the cancer cells.33
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cells.10 After genetic modification, CAR-T cells are cultured 
in vitro and returned to the patient; usually after a course of 
lymphodepleting chemotherapy to allow the CAR-T cells to 
engraft and persist. Once returned to the patient, the CAR-T 
cells target and destroy tumor cells, produce cytokines, and at-
tract other immune responses. Despite its potential, however, 
multiple barriers limit CAR-T cell treatment effectiveness in 
Glioblastoma Multiforme (GBM); among them are tumor 
heterogeneity resulting in antigen loss/escape, an immunosup-
pressive tumor microenvironment, limited T-cell penetration 
to tumors due to the presence of the blood-brain barrier, and 
the potential toxicity of CAR-T cell therapies such as cytokine 
release syndrome (CRS) and neurotoxicity, as summarized in 
Figure 3.38

Genome engineering advancements using CRISPR-Cas9 
have improved CAR-T cell development and deployment 
to increase the efficacy and safety of CAR-T cells. By utiliz-
ing CRISPR to remove the inhibitory receptors PD-1 and/
or TIGIT from CAR-T cells expressing an anti-EGFRvIII 
construct in glioblastoma models, researchers were able to 
demonstrate that CAR-T cells exhibited greater tumor killing 
capabilities and increased survival duration than did previous 
generations of CAR-T cells.11 Additional enhancements in-
clude employing CRISPR to integrate the CAR transgene 
into "safe harbors" of the genome where it will be stably ex-
pressed, developing "universal" allogeneic CAR-T cells that 
lack TRAC and B2M genes to minimize the risk of graft-
versus-host disease and immune rejection, and researching 
methods to generate CAR-T cells in vivo to decrease the 
need for large-scale manufacturing of CAR-T cells and asso-
ciated costs. In total, the CRISPR-related advances above are 
expected to improve the persistence, uniformity, and overall 
effectiveness of CAR-T cells in treating glioblastoma multi-
forme.40

Recently, improvements in genome engineering technolo-
gies, specifically CRISPR-Cas9, have been utilized to enhance 
the design of CAR-T cells and improve their efficacy and safety. 
For example, CRISPR-Cas9 was used to ablate the inhibitory 
receptors PD-1 and/or TIGIT from CAR-T cells expressing 
an anti-EGFRvIII construct in preclinical glioblastoma mod-
els, which resulted in significantly enhanced tumor killing 
capability and prolonged survival upon intracerebral delivery. 
(34)39 Additional modifications include knocking in CAR 
constructs to more controlled genomic locations and gener-
ating "universal" allogenic CAR-T cells through disruption of 
T-cell receptor (TRAC) and beta2-microglobulin (B2M) to 
diminish the risk of graft-versus-host and rejection. As such, 
the CRISPR-engineered CAR-T cell designs described herein 
should ultimately provide superior T cell persistence, uniform 
CAR expression, and may enable future in vivo generation of 
CAR-T cells without extensive ex vivo expansion, thus lower-
ing the cost and time required for CAR-T cell manufacture.40

Checkpoint inhibitor therapies and DC vaccine-based 
therapy often fail in glioma. This is because of the tumor’s 
immunosuppressive microenvironment, as mentioned in Ta-
ble 2, which limits the effectiveness of the immune activation, 
and glioma cells frequently lack strong neoantigen expression 
needed for robust T-cell responses, resulting in poor efficacy.34 
CAR-T remains the most heavily pursued immunotherapy in 
GBM as it can directly target tumor antigens and get around 
some of the limitations of other immune approaches.9

CAR-T Concept and Generation Using CRISPR Technology:
The CAR-T cell treatment process includes removing a 

patient's T-cells via leukapheresis and genetically modifying 
those cells so they can detect and kill cancer cells that con-
tain the same proteins on their surfaces; proteins such as 
the EGFRvIII protein that some glioblastomas will express. 
Genetically modified T-cells are made by adding a Chime-
ric Antigen Receptor (CAR) to the T-cells' membrane. The 
main concept of CAR is to merge the native antigen recogni-
tion capacity of BCR (B cell receptor or antibody molecule) 
and the T cell activation capacity of TCR (T cell receptor). 
It thus bypasses the 'MHC-restriction' for recognition and 
killing of tumors by T cells. More in-depth into this idea, the 
CAR is made from an engineered receptor that contains both 
an antibody-derived recognition domain (the most common 
being a single-chain variable fragment, or scFv) and a T-cell 
signaling domain. CARs consist of three primary parts: an 
antigen-binding domain that sits outside the cell and binds 
to antigens on the surface of tumor cells; a transmembrane 
domain that holds the CAR in place; and an intracellular sig-
naling region containing the CD3ζ chain and possibly one 
or two co-stimulatory molecules (CD28 or 4-1BB) to en-
hance T-cell activation, persistence, and ability to kill tumor 

DOI: 10.36838/IJHSR816.8

Figure 2: The hybrid personalized cancer vaccine involves preparing two 
different types of cells, namely tumor cells (from a biopsy) and dendritic cells 
(obtained through a simple blood draw), which are each treated separately and 
then combined through the use of electrical shock. The combination of the 
tumor's antigens with the dendritic cell's capacity for activating the immune 
system creates a "hybrid" vaccine. This vaccine is then returned to the patient 
as an injection, and causes the T-cells in the patient to recognize a wide variety 
of their own tumor markers, which results in a strong and targeted immune 
response against the patient's cancer. Visual representation of DC (dendritic 
cell) vaccines, adapted from Reference 37
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CAR-T Cells in Glioblastoma: Mechanism and Clinical In-
sights:

CAR-T cell therapy relies on identifying tumor-specific an-
tigens that can distinguish malignant cells from normal brain 
tissue. These antigens serve as molecular “flags” on the tumor 
surface, guiding CAR-T cells to recognize and destroy cancer 
cells. In glioblastoma (GBM), several key antigens have been 
investigated as therapeutic targets due to their overexpression, 
tumor specificity, and association with aggressive disease biol-
ogy (Table 3).10,41

The table illustrates the wide variety of tumor-associat-
ed antigens that have been identified for use in CAR-T cell 
therapy for patients with glioblastoma multiforme. This also 
demonstrates how the diversity of the tumor antigens among 

individual tumors results in variable responses to CAR-T cell 
therapy, as no single antigen is used across all the different 
glioblastoma cells. Antigen heterogeneity helps explain why 
there is a consistent barrier in achieving a long-term solution, 
as demonstrated in the early stages of the clinical trials. Due 
to the antigen heterogeneity, future CAR-T cell strategies will 
likely require a multi-antigen targeting approach to improve 
the long-term efficacy and minimize antigen escape.

Mechanism of Action: CAR-T cells target tumor antigens via 
CARs, which engage cytotoxic activity such as cytokine release 
and direct tumor killing. GBM is tough, though, as summa-
rized in Table 4.

The table describes the major constraints imposed by using 
CAR-T Cells to treat solid tumors such as glioblastoma mul-
tiforme. It stresses that if we wish to improve the persistence, 
safety, and efficacy of CAR-T Cell therapy, these constraints 
must be overcome.

Clinical Trials:
The Major Car-T cell clinical trials discussed in this section 

will be summarized in Table 5.

GD2 CAR T Cells in Diffuse Intrinsic Pontine Gliomas 
(DIPG) & Spinal Diffuse Midline Glioma (DMG): 

This is a Phase I study testing CAR-T cells targeting GD2 
antigen in eleven kids and young adults with a tough type of 
brain tumor called diffuse midline glioma (including DIPG). 
They gave the treatment IV first, and if it worked, some pa-
tients got more doses directly into the brain. Some patients had 
brain swelling and inflammation, but the doctors were able to 
manage it with ICU care. Even with the risks, 4 patients had 
major tumor shrinkage (one over 30 months), and 9 patients 
had symptom improvement, so this therapy works very well but 
needs a phase II.42

EphA2-CAR T Cells in Recurrent Glioblastoma:
Three patients with recurrent glioblastoma were treated 

with a form of CAR-T cells that were designed to target a 
protein called EphA2. Each patient received a single dose of 
these specially made T-cells via IV injection, and each received 
chemotherapy before the CAR-T cells to condition their bod-
ies. Two of the patients developed cytokine release syndrome 
(CRS), which caused them to experience breathing problems 
due to inflammation in the lungs. However, the CRS was con-

DOI: 10.36838/IJHSR816.8

Figure 3: CAR-T Cell Therapy - Production and clinical use. This graph 
shows the full cycle of a CAR-T cell from its production to its implementation 
back into the body. Tumors can shut down T-cells by binding their PD-L1 to 
the T-cell's PD-1 receptor and essentially shut down the T-cells' ability to 
find and kill the tumors. Checkpoint Inhibitors are a class of immunotherapies 
that target PD-1 or PD-L1 and stop the interaction with the "off " switch for 
the T-cell, so they do not go into a dormant state and can continue to identify, 
target, and destroy cancer cells that may have otherwise gone undetected by 
the body's immune system. This graph was built on BioRender.

Table 3: Antigen Targets in GBM.

Table 4: Challenges for CAR-T Therapy in GBM.
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trolled with steroid medication. The CAR-T cells were present 
in the body for several weeks, but the tumors continued to grow 
in all three cases. In one case, the patient's tumor was stable for 
a short time; however, the median overall survival among the 
three cases ranged between 3 and 6 months. The study demon-
strated that the treatment is possible and has a level of safety, 
but it does not currently work very well.43

IL-13Rα2-Targeted CAR-T Cells in Recurrent Glioblasto-
ma:

Doctors conducted a clinical trial involving a total of 65 
individuals with recurrent high-grade gliomas. Those in the 
clinical trial were treated with CAR-T cell therapy that tar-
geted the IL-13Rα2 antigen. In order to treat the patients, the 
CAR-T cells were administered directly into the tumor, into 
the spinal fluid surrounding the brain, or both. Overall, the 
treatment was safe; however, the two most serious adverse reac-
tions experienced during the trial were grade 3 encephalopathy 
and ataxia. Fifty percent of the patients (29 of 58) were stable 
or better after receiving the treatment. Within the group of 
patients that were better off after receiving the treatment, there 
were two patients who experienced a partial response and an-
other two patients who experienced a complete response (one 
of the two complete responses was from a patient who received 
an additional CAR-T after the trial protocol). In total, the me-
dian for overall survival among the patients that received the 
CAR-T cells was 7.7 months; however, the median for overall 
survival among those patients that received the personalized 
dual delivery treatment was 10.2 months. The administra-
tion of the CAR-T cells resulted in an increase in the levels of 
pro-inflammatory cytokines within the central nervous system, 
including IFNγ, CXCL9, and CXCL10. This increase in cyto-
kines indicates that the CAR-T cells were active. Additionally, 
patients who had tumors that contained more CD3+ T cells 
than other patients tended to live longer.44

HER2-CAR T Cells in Progressive Glioblastoma:
A Phase I clinical trial examined HER2-specific CAR-mod-

ified virus-specific T cells (VSTs) in 17 patients with progressive 
HER2-positive glioblastoma. The VSTs used in this clinical 
trial were produced from each patient and genetically modi-
fied to produce a second-generation HER2-CAR containing 
a CD28.ζ signaling domain. The patients in the clinical trial 
received the HER2-CAR VSTs without first undergoing lym-
phodepletion. The treatment was tolerable in that none of the 
patients experienced a dose-limiting toxicity. The one patient 
that achieved a partial response lasted for more than 9 months, 
while seven of the sixteen patients that were evaluated were 
able to maintain stable disease for periods of time ranging from 
8 to 29 months. Three of the patients in the clinical trial were 
able to remain free of further disease for periods of time up to 
29 months, and the median time until death from the date of 
infusion was 11.1 months, and the median time until death 
from the date of diagnosis was 24.5 months. The findings from 
this clinical trial indicate that HER2-CAR VST therapy is 
both safe and capable of producing clinical benefits for some 
patients with glioblastoma, the degree of benefit was relatively 

small in many cases, indicating a need for additional strate-
gies to improve the effectiveness of HER2-CAR VST therapy 
against glioblastoma.9

EGFRvIII-CAR T Cells in Recurrent Glioblastoma:
Similar to the above-mentioned clinical trials, a Phase I clin-

ical trial also examined a third-generation EGFRvIII-targeted 
CAR T product in 18 patients with recurrent glioblastoma. 
Following a course of lymphodepletive chemotherapy, the pa-
tients in the clinical trial received CAR T cells at various doses 
ranging from approximately 6.3 × 10⁷ to 2.6 × 10⁸ cells along 
with IL-2 support. The treatment was generally safe; however, 
serious adverse reactions were noted, including severe hypoxia 
and treatment- related death in one of the patients who re-
ceived the higher doses of CAR T cells. There were limited 
efficacy outcomes noted among the patients in the clinical tri-
al, as evidenced by the fact that the median time until disease 
progression was only 1.3 months (IQR = 1.1 – 1.9 months) and 
the median time until death from the date of infusion was 6.9 
months. While no objective tumor responses were noted in the 
majority of the patients in the clinical trial, a couple of long-
term outliers survived for more than 1 year, with one patient 
remaining alive at 59 months. These findings highlight both 
the biological potential of EGFRvIII-directed CAR T cells, as 
well as the significant challenges presented by the heterogene-
ity of glioblastoma, antigen escape, and the immunosuppressive 
nature of the tumor microenvironment.11

Role of CRISPR in CAR-T:
CRISPR enhances CAR-T therapy through the removal 

of inhibitory receptors, upregulation of CAR, and enabling 
future in vivo production of CAR-T.12,38 Such advances can 
potentially overcome GBM's immunosuppressive tumor mi-
croenvironment and increase the specificity and durability of 
CAR-T cells.
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The table outlines the main conclusions drawn from sever-
al large-scale studies of CAR-T Cell therapy for glioblastoma 
multiforme. Although the treatments were found to be rela-
tively safe and biologically effective, they provided little or 
no significant clinical benefit. Hence, the studies emphasize 
the necessity for further modification of CAR-T Cell therapy 
through either the use of combination therapies or genetic ma-
nipulation like CRISPR to enhance their therapeutic potential.

�   Discussion 
Despite advances in surgical and systemic treatments (ra-

diation and chemotherapy with temozolomide), patients with 
glioblastoma (GBM) continue to experience short-term surviv-
al gains from standard care, and recurrence is almost universal. 
The failure of current treatments has led to investigations into 
targeted therapies, specifically CAR-T cell therapy as a form of 
precision immunotherapy. 

While clinical trials using CAR-T therapy for GBM have 
demonstrated safety and biological activity, it has not achieved 
long-term therapeutic benefit due to: 1) the heterogeneous 
nature of tumors; 2) the inability of CAR-T cells to traffic 
effectively through the blood-brain-barrier; and 3) the sup-
pressive effects of the tumor's immune environment on the 
function of CAR-T cells. Despite this, many studies have 
used antigen-specific targeting (EGFRvIII, IL13Rα2, HER2, 
EphA2, GD2), resulting in only transient anti-tumor respons-
es and localized tumor regression or symptom relief. Antigen 
escape and heterogeneous expression remain significant barri-
ers to successful CAR-T therapy.

CRISPR-Cas9 gene editing technology has the potential to 
overcome the limitations associated with CAR-T therapy. In 
preclinical trials, CRISPR has been able to increase CAR-T 
persistence, eliminate inhibitory checkpoint molecules (PD-1), 
and enable more consistent CAR expression.9,38 New methods 
of delivering CRISPR constructs across the blood-brain barri-
er using nanocarriers and exosomes have also become available. 
Although many applications of CRISPR technology are cur-
rently experimental, it is expected to improve both the efficacy 
and safety of CAR-T therapies for GBM.

The intersection of CAR-T cell therapy and CRISPR-based 
engineering presents a new and exciting area of research. Fu-
ture clinical evaluations will need to evaluate combinations of 
CAR-T therapies (i.e., multi-antigen targeting and/or check-
point inhibition) to overcome the complex immunological 
environment of GBM.

The following are several limitations of this review. First, 
few CAR-T clinical trials have been published in GBM with 
heterogeneous small sample sizes, study design, antigen target, 
and route of administration, making comparison challenging. 
Second, the majority of CRISPR studies are preclinical and 
thus results will not likely be extrapolated directly to patients 

due to heterogeneity in tumor biology and the blood–brain 
barrier. Third, publication bias would also be a risk because 
positive findings are more likely to be published than null or 
negative findings. Finally, while every effort was made to ob-
tain all relevant studies using systematic searching, there is the 
potential that some new studies or non-English studies were 
not captured.

�   Conclusion 
Glioblastomas (GBMs) are cancers that have an extremely 

poor prognosis and cannot currently be cured by any estab-
lished standard treatments. CAR-T cells have shown safety 
and early signs of efficacy in treating glioblastoma; howev-
er, CAR-T has not yet demonstrated its ability to produce 
long-lasting or durable responses against this cancer type. The 
gene editing capability of CRISPR could potentially enhance 
the ability of CAR-T cells to target glioblastoma tumors by 
addressing the major hurdles associated with tumor hetero-
geneity, immune suppressive mechanisms, and persistence of 
CAR-T cells. As additional clinical trials are completed, the 
application of CRISPR-based modifications to CAR-T cells 
may usher in a new era of glioblastoma treatment. It will be 
necessary to employ multi-modality approaches using genet-
ic engineering, immunomodulation, and targeted therapy to 
provide significant improvement in the overall survival rates of 
patients diagnosed with glioblastomas.

�   Acknowledgments 
I would like to acknowledge all of the help that I have re-

ceived from the Gifted Gabber team. This includes Dr. Parajuli, 
Prof. Kay, and Prof. Virgel. I want to let them know that with-
out all their help, throughout the process of writing my paper, 
I wouldn’t have been able to finish.

�   References
1. Wu, W.; Klockow, J. L.; Zhang, M.; et al. Glioblastoma Multiforme 

(GBM): An Overview of Current Therapies and Mechanisms 
of Resistance. Pharmacol. Res. 2021, 171, 105780. https://doi.
org/10.1016/j.phrs.2021.105780

2. Quail, D. F.; Joyce, J. A. The Microenvironmental Landscape 
of Brain Tumors. Cancer Cell 2017, 31 (3), 326–341. https://doi.
org/10.1016/j.ccell.2017.02.009.

3. Woroniecka, K. I.; Chongsathidkiet, P.; Rhodin, K. E.; et al. T-Cell 
Exhaustion Signatures Vary with Tumor Type and Are Severe in 
Glioblastoma. Clin. Cancer Res. 2018, 24(17), 4175–4186. https://
doi.org/10.1158/1078-0432.CCR-17-1847

4. Arvanitis, C. D.; Ferraro, G. B.; Jain, R. K. The Blood–Brain 
Barrier and Blood–Tumour Barrier in Brain Tumours and Metas-
tases. Nature Reviews Cancer 2019, 20 (1). https://doi.org/10.1038/
s41568-019-0205-x.

5. Xie, X.; Bai, J.; Peng, Y.; Chen, P.; Zhang, Z.; Fan, D.; Zhou, F.; 
Yuan, Y.; Liu, J.; Zhou, Y.; Hong, Q.; Hu, J.; Duan, J.; Fu, W.; 
Zhang, T.; Zeng, H.; Deng, J.; Dong, Y.; Liu, Y.; Qi, X. PD-L1 
Autoregulation Promotes the Proliferation, Migration and Inva-
sion of Glioblastoma Cells via GP130/JAK2/STAT3/IRAK2/
IL6 Signaling Pathway. Scientific Reports 2025, 15 (1). https://doi.
org/10.1038/s41598-025-19169-2.

DOI: 10.36838/IJHSR816.8

	 ijhighschoolresearch.org



	 16	

6. Liu, Y.; Zhou, F.; Ali, H.; Lathia, J. D.; Chen, P. Immunotherapy for 
Glioblastoma: Current State, Challenges, and Future Perspectives. 
Cell. Mol. Immunol. 2024, 21. https://doi.org/10.1038/s41423-024-
01226-x

7. Wu, A.; Maxwell, R.; Xia, Y.; et al. Immunotherapy for Glioblas-
toma: Current Progress and Challenges. Front. Immunol. 2021, 12, 
676301. https://doi.org/10.3389/fimmu.2021.676301

8. Gan, H. K.; Cvrljevic, A. N.; Johns, T. G. The Epidermal Growth 
Factor Receptor Variant III (EGFRvIII): Where Wild Things 
Are Altered. FEBS J. 2017, 280(21), 5350–5370. https://doi.
org/10.1111/febs.12341

9. Ahmed, N.; Brawley, V.; Hegde, M.; et al. HER2-Specific Chi-
meric Antigen Receptor–Modified Virus-Specific T Cells for 
Progressive Glioblastoma. JAMA Oncol. 2017, 3(8), 1094. https://
doi.org/10.1001/jamaoncol.2017.0184

10. Brown, C. E.; Badie, B.; Barish, M. E.; et al. Bioactivity and Safety 
of IL13Rα2-Redirected Chimeric Antigen Receptor CD8+ T Cells 
in Patients with Recurrent Glioblastoma. Clin. Cancer Res. 2015, 
21(18), 4062–4072. https://doi.org/10.1158/1078-0432.CCR-15-
0428

11. O’Rourke, D. M.; Nasrallah, M. P.; Desai, A.; et al. A Single 
Dose of Peripherally Infused EGFRvIII-Directed CAR T Cells 
Mediates Antigen Loss and Induces Adaptive Resistance in Pa-
tients with Recurrent Glioblastoma. Sci. Transl. Med. 2017, 9(399), 
eaaa0984. https://doi.org/10.1126/scitranslmed.aaa0984

12. Rupp, L. J.; Schumann, K.; Roybal, K. T.; et al. CRISPR/Cas9-Me-
diated PD-1 Disruption Enhances Anti-Tumor Efficacy of Human 
Chimeric Antigen Receptor T Cells. Sci. Rep. 2017, 7, 737. https://
doi.org/10.1038/s41598-017-00462-8

13. National Cancer Institute. CAR T-Cell Therapy to Treat Can-
cer. NIH, 2022. https://www.cancer.gov/about-cancer/treatment/
types/immunotherapy/car-t-cell-therapy

14. Ostrom, Q. T.; Patil, N.; Cioffi, G.; et al. CBTRUS Statistical Re-
port: Primary Brain and Other Central Nervous System Tumors 
Diagnosed in the United States, 2014–2018. Neuro-Oncol. 2021, 
23(Suppl 3), iii1–iii105. https://doi.org/10.1093/neuonc/noab200

15. Killela, P. J.; Reitman, Z. J.; Jiao, Y.; et al. TERT Promoter Muta-
tions Occur Frequently in Gliomas and a Subset of Tumors Derived 
from Cells with Low Rates of Self-Renewal. Proc. Natl. Acad. 
Sci. U.S.A. 2013, 110(15), 6021–6026. https://doi.org/10.1073/
pnas.1303607110

16. Olympios, N.; Gilard, V.; Marguet, F.; et al. TERT Promoter Al-
terations in Glioblastoma: A Systematic Review. Cancers (Basel) 
2021, 13(5), 1147. https://doi.org/10.3390/cancers13051147

17. Xu, H.; Zong, H.; Ma, C.; et al. Epidermal Growth Factor Recep-
tor in Glioblastoma. Oncol. Lett. 2017, 14(1), 512–516. https://doi.
org/10.3892/ol.2017.6221

18. Louis, D. N.; Perry, A.; Wesseling, P.; et al. The 2021 WHO Clas-
sification of Tumors of the Central Nervous System: A Summary. 
Neuro-Oncol. 2021, 23(8), 1231–1251. https://doi.org/10.1093/
neuonc/noab106

19. Parsons, D. W.; Jones, S.; Zhang, X.; et al. An Integrated Ge-
nomic Analysis of Human Glioblastoma Multiforme. Science 2008, 
321(5897), 1807–1812. https://doi.org/10.1126/science.1164382

20. Zhang, Y.; Dube, C.; Gibert, M.; Cruickshanks, N.; Wang, B.; 
Coughlan, M.; Yang, Y.; Setiady, I.; Deveau, C.; Saoud, K.; Grel-
lo, C.; Oxford, M.; Yuan, F.; Abounader, R. The P53 Pathway in 
Glioblastoma. Cancers 2018, 10 (9), 297. https://doi.org/10.3390/
cancers10090297.

21. Qin, A.; Musket, A.; Musich, P. R.; Schweitzer, J. B.; Xie, Q. Re-
ceptor Tyrosine Kinases as Druggable Targets in Glioblastoma: Do 
Signaling Pathways Matter? Neuro-Oncology Advances 2021, 3 (1). 
https://doi.org/10.1093/noajnl/vdab133.

22. Yan, H.; Parsons, D. W.; Jin, G.; et al. IDH1 and IDH2 Mutations 
in Gliomas. N. Engl. J. Med. 2009, 360(8), 765–773. https://doi.
org/10.1056/NEJMoa0808710

23. Hervey-Jumper, S. L.; Berger, M. S. Maximizing Safe Resection 
of Low- and High-Grade Glioma. J. Neuro-Oncol. 2020, 148(3), 
433–447. https://doi.org/10.1007/s11060-020-03542-1

24. Stupp, R.; Mason, W. P.; van den Bent, M. J.; et al. Radiotherapy 
plus Concomitant and Adjuvant Temozolomide for Glioblastoma. 
N. Engl. J. Med. 2005, 352, 987–996. https://doi.org/10.1056/NE-
JMoa043330

25. Hegi, M. E.; Diserens, A. C.; Gorlia, T.; et al. MGMT Gene Si-
lencing and Benefit from Temozolomide in Glioblastoma. N. Engl. 
J. Med. 2005, 352(10), 997–1003. https://doi.org/10.1056/NEJ-
Moa043331

26. Stupp, R.; Taillibert, S.; Kanner, A. A.; et al. Effect of Tumor-Treat-
ing Fields plus Temozolomide vs Temozolomide Alone on Survival 
in Glioblastoma. JAMA 2017, 318(23), 2306–2316. https://doi.
org/10.1001/jama.2017.18718

27. Chinot, O. L.; Wick, W.; Mason, W.; et al. Bevacizumab plus Ra-
diotherapy–Temozolomide for Newly Diagnosed Glioblastoma. 
N. Engl. J. Med. 2014, 370(8), 709–722. https://doi.org/10.1056/
NEJMoa1308345

28. Gilbert, M. R.; Dignam, J. J.; Armstrong, T. S.; et al. A Random-
ized Trial of Bevacizumab for Newly Diagnosed Glioblastoma. N. 
Engl. J. Med. 2014, 370(8), 699–708. https://doi.org/10.1056/NE-
JMoa1308573

29. Wick, W.; Platten, M.; Weller, M. Anti-VEGF-A Monoclonal 
Antibody Bevacizumab in Recurrent Glioblastoma. J. Clin. Oncol. 
2010, 28(15), 2314–2320.

30. Patel, A. P.; Tirosh, I.; Trombetta, J. J.; Shalek, A. K.; Gillespie, S. 
M.; Wakimoto, H.; Cahill, D. P.; Nahed, B. V.; Curry, W. T.; Martu-
za, R. L.; Louis, D. N.; Rozenblatt-Rosen, O.; Suva, M. L.; Regev, 
A.; Bernstein, B. E. Single-Cell RNA-Seq Highlights Intratumoral 
Heterogeneity in Primary Glioblastoma. Science 2014, 344 (6190), 
1396–1401. https://doi.org/10.1126/science.1254257.

31. Sottoriva, A.; Spiteri, I.; Piccirillo, S. G. M.; Touloumis, A.; Col-
lins, V. P.; Marioni, J. C.; Curtis, C.; Watts, C.; Tavare, S. Intratumor 
Heterogeneity in Human Glioblastoma Reflects Cancer Evolution-
ary Dynamics. Proceedings of the National Academy of Sciences 2013, 
110 (10), 4009–4014. https://doi.org/10.1073/pnas.1219747110.

32. Agarwal, S.; Manchanda, P.; Vogelbaum, M. A.; Ohlfest, J. R.; 
Elmquist, W. F. Function of the Blood-Brain Barrier and Re-
striction of Drug Delivery to Invasive Glioma Cells: Findings in 
an Orthotopic Rat Xenograft Model of Glioma. Drug Metabo-
lism and Disposition 2012, 41 (1), 33–39. https://doi.org/10.1124/
dmd.112.048322.

33. Sanai, N.; Berger, M. S. GLIOMA EXTENT of RESEC-
TION and ITS IMPACT on PATIENT OUTCOME. 
Neurosurgery 2008, 62 (4), 753–766. https://doi.org/10.1227/01.
neu.0000318159.21731.cf.

34. Cancer Council NSW. New Immunotherapy Study for Glioblastoma. 
2025. https://www.cancercouncil.com.au

35. New Immunotherapy Study for Glioblastoma. Neuroscience News, 
2021.

36. Lee, K.-W.; Yam, J. W. P.; Mao, X. Dendritic Cell Vaccines: A 
Shift from Conventional Approach to New Generations. Cells 
2023, 12(17), 2147. https://doi.org/10.3390/cells12172147

37. Hawlina, S.; Chowdhury, H. H.; Smrkolj, T.; Zorec, R. Dendritic 
Cell-Based Vaccine Prolongs Survival and Time to Next Therapy 
Independently of the Vaccine Cell Number. Biology Direct 2022, 17 
(1). https://doi.org/10.1186/s13062-022-00318-w.

38. Zhang, G.; Bai, M.; Du, H.; Yuan, Y.; Wang, Y.; Fan, W.; Zhu, 
H.; Wu, D.; He, P.; Xue, B. Current Advances and Challenges 

DOI: 10.36838/IJHSR816.8

ijhighschoolresearch.org



	 17	

in CAR-T Therapy for Hematological and Solid Tumors. Im-
munoTargets and Therapy 2025, Volume 14, 655–680. https://doi.
org/10.2147/itt.s519616.

39. Choi, B. D.; Yu, X.; Castano, A. P.; et al. CRISPR-Corrected T 
Cells for Glioblastoma Immunotherapy. Nat. Commun. 2019, 13, 
3456. https://doi.org/10.1038/s41467-022-31133-9

40. Jung, I.-Y.; Lee, J. Unleashing the Therapeutic Potential of CAR-T 
Cell Therapy Using Gene-Editing Technologies. Mol. Cells 2018, 
41(8), 717–723. https://doi.org/10.14348/molcells.2018.0242

41. Brown, C. E.; Alizadeh, D.; Starr, R.; et al. Regression of Glioblas-
toma after Chimeric Antigen. Receptor T-Cell Therapy. N. Engl. 
J. Med. 2016, 375(26), 2561–2569. https://doi.org/10.1056/NEJ-
Moa1610497

42. Monje, M.; Mahdi, J.; Majzner, R.; Yeom, K. W.; Schultz, L. M.; 
Richards, R. M.; Barsan, V.; Song, K.-W.; Kamens, J.; Baggott, C.; 
Kunicki, M.; Rietberg, S. P.; Lim, A. S.; Reschke, A.; Mavroukakis, 
S.; Egeler, E.; Moon, J.; Patel, S.; Harshini Chinnasamy; Erickson, 
C. Intravenous and Intracranial GD2-CAR T Cells for H3K27M+ 
Diffuse Midline Gliomas. Nature 2024. https://doi.org/10.1038/
s41586-024-08171-9

43. Lin, Q.; Ba, T.; Ho, J.; Chen, D.; Cheng, Y.; Wang, L.; Xu, G.; 
Xu, L.; Zhou, Y.; Wei, Y.; Li, J.; Ling, F. First-In-Human Trial 
of EphA2-Redirected CAR T-Cells in Patients with Recurrent 
Glioblastoma: A Preliminary Report of Three Cases at the Start-
ing Dose. Frontiers in Oncology 2021, 11. https://doi.org/10.3389/
fonc.2021.694941.

44. Walton, C. M.; Bell, M.; O’Neil, R.; Sahin, O.; Choi, B. D.; Fecci, 
P. E.; Strickland, B. A. Chimeric Antigen Receptor (CAR) T-Cell 
Therapy for Glioblastoma (GBM): Current Clinical Insights, 
Challenges, and Future Directions. Journal for ImmunoTherapy of 
Cancer 2025, 13 (10), e012308–e012308. https://doi.org/10.1136/
jitc-2025-012308.

�   Author
Akhil Bollu is a junior at Independence High School with a 

strong interest in biology and the medical field. He enjoys bas-
ketball, spending time with family, and go-karting with them, 
and is committed to volunteering at hospitals and serving his 
community.

DOI: 10.36838/IJHSR816.8

	 ijhighschoolresearch.org


