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Gliomas are one of the most common brain tumors, affecting around 20,000 individuals annually. Specifically, they grow in
the brain or spinal cord, which classifies them as central nervous system (CNS) tumors. Fortunately, a new medical innovation
called CAR T-cell therapy bears the potential to selectively target these tumor cells, improving prognosis. This study ultimately
establishes the current status and progress made in refining CAR T-cell therapy to assess its viability as a cancer treatment
option. To qualify for inclusion in this literature review, papers had to be peer-reviewed and discuss mechanisms of CAR T-cell
therapy or its applications in clinical trials. After compiling this data, we identify broad trends with CAR T-cell therapy as
well as general patient responses across different institutions. Due to initial clinical trial successes, we ultimately conclude that
CAR T-cell therapy is a promising potential treatment strategy, with the important caveat that physicians must carefully monitor
patients receiving CAR T-cell therapy for potential toxic side effects. However, given that standard medications and procedures
exist to manage these side effects, clinical trials indicate that CAR T-cell therapy bears potential as a complement to current
glioma treatment methods. In order to further advance the progress that has been made with CAR T-cell therapy, researchers
ought to continue pursuing modifications to CAR T-cells that improve specificity of tissue targeting and address later-stage
tumors with heterogeneous surface phenotypes.
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Introduction

Each year, hundreds of thousands of patients suffer from ag-
gressive gliomas means that proliferate quickly from their loci
of origin in the brain and spinal cord.1,2 CAR T-cell therapy
is a strong candidate treatment for both efficient and highly
specific immune attack against tumors.3 As our medical ca-
pabilities to characterize cancer cells become more advanced,
physicians are focusing on strategies like CAR T-cell therapy
that enhance the specificity of cancer therapeutics in targeting
malignant cells while sparing healthy tissue. This specificity is
especially critical for gliomas given that they arise within pop-
ulations of glia, cells that provide support for neurons and are
thus critical to preserve as much of as possible.4 Symptoms of
gliomas include seizures, nausea, fatigue, and cognitive prob-
lems.5

Defining CAR T-cell therapy

Simply put, CAR T-cells are immune cells from a patient’s
body that have been modified to specifically target tumors.4

Essentially, researchers take advantage of the ability of T-cells
to identify harmful, pathogenic entities in the body by their
surface protein markers.

In order to engineer CAR T-cells, scientists extract a pa-
tient’s T-cells from their blood and insert artificially engi-
neered genes into the T-cell DNA. These implanted genes en-
code for cell-surface receptors capable of binding to and rec-
ognizing proteins commonly expressed on the face of cancer
cells.6 These newly added cell-surface receptors are referred
to as chimeric antigen receptors or CARs. Different varieties
of CARs can be leveraged to target a vast array of unique, het-
erogeneous surface protein markers on different types of can-
cer cells. Given that researchers can modify T-cells to express
receptors for any antigen that appears on cancer cell surfaces,
CAR T-cell therapy represents a new avenue towards special-
izing therapeutics for each patient’s unique cancer profile.3

Objective of this Review

This paper ultimately aims to address the efficacy of CAR T-
cell therapy in treating gliomas. Despite current treatments,
such as surgical removal and chemotherapy, poor prognosis is
common amongst patients.7 Emerging developments in CAR
T-cell therapy have provided a potentially improved outlook
for patients suffering from gliomas, making this research ex-
tremely pertinent to the current medical landscape. Addition-
ally, relatively few studies have explored CAR T-cell ther-
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Fig. 1 The Production and Mechanism of CAR T-cells. Image
created with BioRender.com

apy for gliomas, and current trials are predominantly early-
phase or have small sample sizes.8–11 Also, there is currently
a lack of agreement in the medical community about the op-
timal antigen for CAR T-cells to target. While the targets IL-
13Rα2, EGFRvIII, and HER2 have been investigated promi-
nently, clinical results have been largely inconsistent or re-
main in early phases (Table 1).10,11 This question of identify-
ing candidate target antigens for CAR T-cells to recognize is
also complicated by the fact that surface protein expression on
tumor cells can be heterogeneous between different patients
and even within a single patient’s tumor.

An initial review of the existing literature was conducted
using academic databases to explore current research on CAR
T-cell therapy in glioma treatment. Peer-reviewed studies that
offered insights into clinical applications and biological mech-
anisms of CAR T-cell therapy were prioritized. This search
provided a preliminary understanding of CAR T-cell therapy
in glioma treatment while highlighting gaps for further re-
search.

A summary of the key features of clinical trials discussed
in this review can be found in the table below. Although pre-
clinical data also plays a role in our analysis of the costs and
benefits of CAR T-cells, below we only focus on data taken
with human subjects. Furthermore, although this review ar-
ticle assesses the potential of CAR T-cell therapy for glioma
treatment, trials investigating CAR T-cell therapy for hemato-
logical cancers are included in the table below because toxi-
cities reported in such trials are significant considerations for
physicians applying similar procedures for glioma therapy.

Methods

The PubMed and Google Scholar databases were searched us-
ing combinations of the following keywords: CAR T-cell ther-
apy, CAR T, CAR T-cells, brain tumor, and glioma. Peer-
reviewed studies written in English that specifically examined
the impact of CAR T-cell therapy on gliomas were included.
Articles that explored the biological mechanisms of CAR T-
cell therapy, its usage in ongoing clinical trials, or alternative
glioma treatments were also considered.

For data extraction, we used Google Scholar to search for
articles regarding CAR T-cell therapy published since 2020.
We searched specifically for clinical trials utilizing CAR T-
cell therapy in order to collect information about the most re-
cent advancements in this treatment’s application to human
patients. We also explored other review articles published
from earlier years to gain an understanding of the broader
background surrounding CAR T-cells, as well as more recent
studies about the new advancements made in CAR T-cell ther-
apy.

Information was first organized by background informa-
tion about the topic; for example, studies were read about
glioma pathophysiology, current glioma therapies and resis-
tance, clinical trials, mechanisms of CAR T-cells, delivery
strategies, and limitations. Summaries were written about ar-
ticles, along with a short paragraph about important findings
and topics that either the researchers did not address or sug-
gested should be explored in the future. This organization
helped uncover gaps in the existing literature that would be
helpful for future studies to explore while highlighting useful
content for inclusion in the paper.

The papers were gathered from reputable journals, such
as Nature and Frontiers in Immunology. Databases such as
PubMed and ScienceDirect were also searched using the key-
words mentioned above.

By gathering and analyzing the data of multiple clinical tri-
als, this paper was able to meet its objectives. Our findings
support the importance of personalized immunotherapy and
the growing potential of CAR T-cell therapy, although more
clinical trials and research are needed to address limitations
such as cytokine release, cost, and limited effectiveness in
solid tumors.

Evaluating Various CAR T-Cell Delivery Meth-
ods

One practical issue that researchers and physicians must ad-
dress for CAR T-cells to become useful in a real-world ther-
apeutic context is the matter of which delivery method maxi-
mizes localization of CAR T-cells at the tumor site. Various
methods exist for administering CAR T-cells to subjects with
solid tumors, and these methods can generally be divided into
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Table 1 Key features of all clinical trials (n=12) involving CAR T-cell therapy as discussed throughout this review article 8,9,12–21

Trial
Ref. #

Tumor Type and
Sample Size

Design Delivery
Method

Toxicities Initial Re-
sponse

Survival Time

8
Recurrent high-
grade glioma
(n=65)

IL-13Rα2 targeted Locoregional
Infusion

2 cases of grade
3+ toxicities: one
case of ataxia and
one case of cogni-
tive decline

Halted tumor
growth in 29/58
patients

Median sur-
vival time of
7.7 months*

12
Multiple myeloma
(n=50)

Bispecific CAR T-
cells engineered to
recognize BCMA
and CD19

Infusion Cytokine release
syndrome, neuro-
toxic side effects,
neutrophil level
decline, low white
blood cell lev-
els, anemia, low
platelet levels

46/50 subjects
exhibited initial
tumor shrink-
age

Median overall
survival of 19.7
months

13
GBM (n=18) Bivalent CAR

T-cells engineered
to recognize IL-
13Rα2 and EGFR

Intracerebro-
ventricular
Infusion

Neurotoxic side ef-
fects

8/13 patients
with MRI
visible tumors
exhibited tumor
shrinkage

Median tumor
growth free
survival of
1.9 months.
Median overall
survival not
reached by end
of study.

14
GBM (n=10) EGFRvIII directed

CAR T-cells
Intravenous
Infusion

None reported Decline of
EGFRvIII
tumor cells in
5/7 subjects
that received
surgery and
CAR T-cell
therapy

Not reported.
One patient
with halted tu-
mor growth af-
ter 18 months.

9
Recurrent GBM
(n=3)

CARv3-TEAM-E
T cells utilizing
bispecific antibod-
ies

Intrathecal In-
fusion

Transient cognitive
side effects and
fevers

Significant tu-
mor shrinkage
in all 3 patients

Not reported.
Tumor returned
in all patients.

15
Leukemia (n=45) CD19 CAR T-cells

transduced with
lentiviral vector

Infusion Neurotoxic side ef-
fects or cytokine re-
lease syndrome in
23% of patients

93% initial re-
mission rate. 7
cases of later
CD19+ tumor
growth. 11
cases of later
CD19− tumor
growth.

Not reported

16
Leukemia (n=30) CD19 CAR T-cells

transduced with
lentiviral vector

Infusion 100% rate of cy-
tokine release syn-
drome

Complete re-
mission in 27
(90%) of sub-
jects one month
after treatment

78% survival
rate after 7
months

17
Leukemia (n=53) CD19 CAR T-cells Infusion Severe cytokine re-

lease syndrome in
14/53 subjects and
neurotoxic side ef-
fects

83% of subjects
exhibited initial
remission

Median overall
survival time of
12.9 months
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18
Large B-cell Lym-
phoma (n=111)

CD19 CAR T-cells Intravenous
Infusion

Neutrophil level
declines, anemia,
low platelet levels,
neurotoxic side
effects, cytokine
release syndrome

42% of subjects
continued to re-
spond to ther-
apy after 15.4
months.

52% survival
rate after 18
months

19
DIPG subtype of
glioma (n=21)

B7-H3 targeting
CAR T-cells

Intracerebro-
ventricular
Infusion

None reported that
were due to CAR T-
cell therapy

1 patient ex-
hibited some
tumor shrink-
age. 15 patients
exhibited
halted tumor
growth. 2
patients exhib-
ited continued
tumor growth.

Median sur-
vival time of
10.7 months

20
GBM (n=7) EGFRvIII targeted

CAR T-cells
Peripheral In-
fusion

None reported Initial median
tumor growth
free survival of
5.2 months

Median overall
survival of 11.8
months

21
DIPG or spinal
Diffuse Midline
Glioma (n=13)

GD2-CAR T-cells
transduced with
retroviral vector

Intravenous
and Intracra-
nial Infusions

Cytokine release
syndrome, neu-
rotoxic swelling,
ICANS

Initial tumor
growth stagna-
tion as seen on
MRI

Median overall
survival of 17.6
months for
DIPG patients

*This study report included median survival time for the cohort of patients specifically diagnosed with rGBM, a specific type of high-grade
glioma. This cohort included the majority of the 65 patients.

two categories: locoregional and systemic delivery.22 While
locoregional delivery involves administering CAR T-cells di-
rectly to the tumor site, systemic delivery results in treatments
circulating throughout the body. Some examples of locore-
gional delivery strategies include intraventricular and intratu-
moral dosing, both of which administer treatment directly to
the brain, the former by administering therapy to a site with
higher volumes of cerebrospinal fluid and the latter by placing
therapies directly into tumor cells.23 Meanwhile, one systemic
procedure known as intravenous delivery involves inserting a
needle into a patient’s vein such that treatment directly enters
the bloodstream and circulates the whole body.24

A common challenge when delivering drugs to the brain is
bypassing the blood-brain barrier, a sheet of cells lining neural
capillaries that selectively prevents certain compounds from
entering the brain.25

Preclinical studies have already supported the benefits of lo-
coregional drug delivery methods over systemic treatment.24

A study led by scientists at the City of Hope clinic demon-
strated the advantages of locoregional treatment delivery over
systemic delivery using mouse models. These researchers im-
planted cells of brain metastases from breast cancer patients
into mice and programmed CAR T-cells expressing recep-
tors for the HER2 antigen, a common cell-surface protein of
breast cancer cells. Subsequently, they separated the mice
into different groups that were assigned different methods of

CAR T-cell delivery. Mice that received a form of locore-
gional delivery, such as intracerebral or intraventricular deliv-
ery, exhibited similar degrees of tumor shrinkage. However,
while mice in the intraventricular group achieved full remis-
sion, mice that received intravenous treatment demonstrated a
lesser extent of tumor shrinkage.26 These findings suggest that
locoregional CAR T-cell delivery procedures are superior to
systemic strategies in promoting localization of CAR T-cells
in tumor sites.

Potential of CAR T-cell therapy

Multi-Specific and Logic-Gated CAR T-cell therapy

One notable advancement occurred in a recent study where
researchers designed special types of CAR T-cells called bi-
valent CAR T-cells that have the ability to target glioma cells
with high specificity through dual recognition of multiple cell-
surface antigens.27 In this clinical trial, the bivalent cells were
programmed to recognize and attack cells expressing both the
IL-13Rα2 and EGFR cancerous surface protein markers. Es-
sentially, the main advantage of this technique is that the CAR
T-cells bear CARs equipped with multiple antigen-binding
domains that can attach to multiple different cancer surface
antigens.28 These CAR T-cells were administered intracere-
broventricularly, meaning they were injected into the cere-
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brospinal fluid (CSF) produced in a pocket of the brain called
the lateral ventricles. Once successfully placed in the CSF,
the CAR T-cells can circulate the brain and broadly attack any
detected tumor cells. This landmark study demonstrates the
potential of emerging new-generation CAR T-cell therapies–
of the thirteen patients whose tumors could be visualized with
imaging techniques, eight exhibited tumor shrinkage follow-
ing CAR T-cell therapy administration. Granted, only one
patient continued exhibiting stagnated tumor growth after 16
months, suggesting the need for strategies to improve CAR
T-cell durability.13

In addition to dual-targeting, logic-gated constructs in CAR
T-cells are emerging. Many CAR T-cell therapies focus on one
specific antigen. However, some healthy cells may express
a similar antigen, causing the CAR T-cell to attack normal,
healthy cells. Due to oncogenic mutations, antigens on cancer
cell surfaces can also change, resulting in the CAR T-cells no
longer being able to recognize those cells as cancerous. Logic-
gated constructs provide a possible solution to this problem.
This new design uses the Boolean operators “AND”, “OR,”
and “NOT” to target different antigens.29 The AND gate is
activated only when two different specific antigens are present.
One derivation of the AND logic-gate involves the SynNotch,
or synthetic Notch system, which is a conditional logical type.
In other words, when this mechanism detects one antigen, it
will as a result express the receptor for another. The OR gate
is activated if either of the two antigens are present, while the
NOT gate is activated when one antigen is present, but the
other is not.30

Logic-gated constructs in CAR T-cells are still in very early
clinical phases.29 Therefore, there is no clear evidence that
guarantees the success of this new mechanism. Specifically,
trials are currently still in phase 1 and focus on the safety and
efficacy of these treatments in patients. For instance, a phase 1
trial of EGFRvIII CAR T-cells employing the Synthetic Notch
(synNotch) logic-gating method in glioblastoma is underway.
With the synNotch method, T-cells recognizing the tumor anti-
gen EGFRvIII triggers the transcription of CARs that bind
IL13Rα2, a second target antigen. This particular strategy
exemplifies the advantages of AND-gating, with the recogni-
tion of EGFRvIII, and subsequently IL13Rα2, being the two
necessary conditions for the initiation of a CAR T-cell attack
against a cell.31 Results of this trial have not been published
yet, but it is important to remember that glioblastoma’s aggres-
siveness and complexity make it a difficult cancer to control
and treat effectively.

Armored CARs

Another advancement in CAR-T therapy is armoured CAR T-
cells. Unlike regular CAR T-cells, these cells are modified
to secrete molecules, like cytokines, that improve treatment

potency. One type of inflammatory cytokine that some ar-
mored CAR T-cells release is IL-12.32 Preclinical data done
on mice show that this cytokine can contribute to cancer cell
death.33 However, possible toxic side effects following cy-
tokine administration–including advanced fatigue, difficulty
respirating, and pain induced by swelling–remain a concern.34

A newer approach combines both armoured CARs and a
strategy called dual-targeting, which involves targeting more
than one antigen.35 There is not enough detailed human clin-
ical trial data for this new mechanism; however, animal trials
on mice have been conducted. One trial included developing
CAR T-cells that targeted two glioblastoma stem cell antigens:
CD44 and CD133. The researchers then engineered the cells
with a IL-7 receptor alpha intracellular domain, which is the
“armouring” part. When these CAR T-cells were delivered lo-
coregionally, the results showed improved tumor control. Re-
searchers are currently investigating other candidate cytokines
for armoured CAR T-cell secretion as well, including IL-15.36

Again, although these results sound promising, more clinical
data and evidence on humans is needed to validate this partic-
ular treatment.

Allogeneic CAR T-Cells

Allogeneic CAR T-cells are T-cells donated from a healthy
individual to patients. Healthy T-cells can be produced in
advance, improving treatment efficiency, which is crucial for
improving patient outcomes.37 Despite this advantage, allo-
geneic CAR T-cells have challenges of their own. For in-
stance, a patient’s immune system may reject the donor cells,
leading to graft versus host disease, or GVHD.38 This occurs
when the donor T-cells attack healthy cells in the patient’s
body, leading to life-threatening conditions. Currently, re-
searchers are exploring gene-editing tools, like CRISPR, to
improve immune compatibility.39

Challenges and Toxicities of CAR T-Cells

Although CAR T-cell therapy has made significant progress
and is already being applied in clinical trials, there are several
challenges that must be overcome before they can be broadly
prescribed in a clinical setting. We will proceed to highlight
some of the most prominent issues that must be addressed in
CAR T-cell therapy, as well as outline some potential solutions
as future directions for research.

Antigen Loss

The ability of cancer cells to rapidly evolve through a process
that mimics natural selection in the tumor microenvironment
serves as an obstacle to treatments like CAR T-cell therapy
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that heavily rely on recognition of a certain aspect of a can-
cer cell’s phenotype.40 As CAR T-cells target and eradicate
cancer cells with a specific antigen, tumor cells lacking alle-
les encoding for that antigen will survive and proliferate. This
microevolution can result in a phenomenon known as antigen
loss, in which the proportion of tumor cells expressing the tar-
get antigen decreases such that the tumor has evolved immu-
nity and invisibility against the CAR T-cells.41,42

Antigen loss has been reported in several CAR T-cell ther-
apy clinical trials, including one documented by O’Rourke et
al. in which peripherally administered CAR T-cells target-
ing the EGFRvIII antigen eventually induced varying degrees
of antigen loss in 5 out of 7 available subjects with glioblas-
toma, a particularly aggressive grade of glioma. Although re-
searchers did observe successful accumulation of CAR T-cells
around the tumor site, the rise of resistant cancer cells sug-
gests that tumor phenotype heterogeneity–even within a single
patient–remains a challenge for CAR T-cell therapy in later
stages of treatment.14

To overcome such challenges, physicians conducting an-
other phase 1 clinical trial at Mass General Hospital engi-
neered and intraventricularly delivered CARv3-TEAM-E T
cells capable of binding multiple variations of the EGFR anti-
gen on glioblastoma cell surfaces. This team of researchers
specifically chose to target variations of the EGFR antigen
because of its consistency as a marker in mutated forms on
tumor cells. Although the group achieved initial success in tu-
mor shrinkage, they observed a resurgence of tumor cells in
two subjects.9 However, the initial treatment success suggests
that engineering CAR T-cells capable of targeting common
variants of a single cell-surface protein presents a promising
solution to issues of tumor heterogeneity.

Off-Target Cytotoxicity

One main concern with the injection of CAR T-cells is that
they may exhibit off-target cytotoxicity and attack normal,
healthy cells in addition to glioma cells.43 This could occur
if the CAR T-cells are engineered to recognize antigens that
also happen to be expressed on the surface of healthy cells as
well as cancer cells. Unfortunately, this proves a rather diffi-
cult problem to circumvent because many of the cancer cells
that survive in the tumor microenvironment have evolved to
express a cell-surface protein profile similar to that of healthy
cells. This phenomenon occurs so that cancer cells can closely
resemble normal cells and avoid being recognized as foreign
by the immune system.

Risks of Viral Delivery Systems

Another risk when introducing foreign or genetically modi-
fied cells into a patient’s body is that those cells may fail to

acclimate to their new environment and could potentially de-
velop into secondary tumors. According to the CDC in 2023,
twenty-two reports of T-cell malignancies related to CAR T-
cell therapy for leukemia and lymphoma were placed under
investigation to assess the possibility that retroviral vectors in-
troduced into T-cells resulted in these malignancies.44 Then,
as of 2024, the FDA issued a warning regarding the risk of tu-
mors developing from infused CAR T-cells.45 As Yin and Wei
noted, “While retroviral vectors offer durable CAR-T efficacy,
they pose risks like replication-competent retroviruses (RCRs)
and insertional mutagenesis, potentially activating oncogenes
or causing secondary malignancies”.46 Specifically, lentiviral
insertion within certain T-cell homeostasis genes could theo-
retically cause T-cell lymphomas after CAR T-cell therapy.47

However, it is important to note that there is no clear evidence
or clinical trial data that proves this; this risk is currently pre-
liminary and speculative, but it is still an important risk to take
into account. To this date, no published glioma CAR T-cell
human trial has confirmed cases of T-cell malignancy yet.

Cytokine Release Syndrome (CRS)

Following the injection of CAR T-cells–modified immune
cells–into a patient’s body, patients can exhibit various forms
of immune system dysregulation. One observed form of such
immune dysfunction is cytokine release syndrome (CRS),
which occurs when large numbers of cytokines are released
into the bloodstream by the immune system. With CRS, pa-
tients exhibit a spike of inflammation after CAR T-cells are
injected into the body and multiply rapidly, releasing inflam-
matory chemicals called cytokines.48

This response can endanger patients’ lives because blood
vessels become dilated and more permeable in response to in-
flammation, leading to dangerous drops in blood pressure and
potentially life-threatening shock.48

Although treatment varies based on the causes of each
patient’s CRS, standard management includes medication to
target specific cytokines, including anakinra and siltuximab.
Corticosteroids can also be administered to reduce inflamma-
tion caused by the cytokines. Ventilation and medication for
low blood pressure may also be incorporated into treatment.49

Another standard procedure following the onset of CRS is
the administration of tocilizumab, a protein that blocks recep-
tors for interleukins, signals that initiate an inflammation re-
sponse.49

However, one important consideration to note is that al-
though some degree of CRS can occur frequently, the num-
ber of cases that develop into severe inflammation cases is
much lower. For example, among a series of four clinical
trials involving CAR T-cell therapy, CRS occurred in >85%
of patients, but severe CRS only occurred in 13–27% of pa-
tients.15–18 Granted, these clinical trials treated subjects with
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leukemia and lymphoma, rather than glioma, but similar con-
cerns exist for glioma patients given that such inflammatory
signaling could occur with CAR T-cells targeting brain can-
cer.

Immune Effector Cell-Associated Neurotoxicity Syndrome
(ICANS)

An additional toxicity that has been documented following
the administration of CAR T-cell therapy is Immune Effector
Cell-Associated Neurotoxicity Syndrome (ICANS). It is hy-
pothesized that this condition induces blood-brain barrier dys-
function through the excessive release of inflammatory signals
that promote the opening of capillaries to allow for movement
of larger compounds in and out of blood vessels.50

However, once a patient develops ICANS, multiple med-
ications can be prescribed to manage each of the array of
symptoms, which include cognitive decline, seizures, and se-
vere neural inflammation. Management of worsening cases
of ICANS typically involves infusions of corticosteroids and
methylprednisolone.51 However, ambiguity exists regarding
the optimal dosages and timings to administer these medica-
tions for patients afflicted with ICANS.50 Additionally, when
seizures associated with ICANS occur, physicians commonly
prescribe benzodiazepines to manage electrical misfiring.51

Tumor Lysis Syndrome (TLS)

Tumor lysis syndrome, or TLS, is a life-threatening medical
condition that is caused by the rapid death of swaths of cancer
cells whose contents then enter and accumulate in the blood-
stream. CAR T-cell therapy can directly cause TLS in patients
and has been linked to abnormally high levels of serum creati-
nine as well as severe cytokine release syndrome (CRS). How-
ever, TLS can be managed using standard guidelines applied
with chemotherapy treatments along with frequent hydration
and the use of uric acid-lowering substances.52

Reduction of Blood Cell Count

Cytopenia, an abnormally low number of one or more types
of blood cells, occurs often following CAR T-cell therapy.53

Factors such as gender, disease, age, previous therapy, and the
CAR’s target can affect cytopenia after CAR T-cell therapy.53

Cytopenia can increase risk of severe infections and bleeding
in patients undergoing CAR T-cell therapy.53,54

Concluding Thoughts on Challenges and Toxicities of
CAR T-cell therapy

Current research on CAR T-cell therapy demonstrates that its
beneficial effects may be short-lived in certain cases. For ex-
ample, Table 1 includes some clinical trials in which cases

showed initial tumor regression followed by sudden tumor
progression. When prescribing cancer treatments, physicians
must consider the possibility that the treatment will prove
more destructive than the illness itself. Thus, going forward, a
primary focus of clinical trials investigating CAR T-cell ther-
apy includes determining treatment dosages patients can tol-
erate. A phase 1 clinical trial conducted earlier this year, for
example, focused on titrating doses and confirming the safety
of B7-H3-targeting CAR T-cells for treating pediatric diffuse
intrinsic pontine glioma (DIPG).19 This particular study es-
tablished acceptable doses of B7-H3-targeting CAR T-cells,
work that will surely be replicated by future studies as various
brands and types of CAR T-cell therapies emerge.

Addressing Possible Toxicities of CAR T-cell
therapy

Medications for Inflammation

Researchers ought to be cautious of potentially dangerous lev-
els of inflammation that could arise from the introduction of
CAR T-cells. Neurotoxic levels of inflammation have been
reported in past clinical trials with glioma patients, with 2
out of 65 patients in an aforementioned phase 1 clinical trial
exhibiting neural edema–an inflammation caused by buildup
of liquids–following CAR T-cell therapy.8 While these side
effects can be managed with medication, alternative anti-
inflammatory medications should be considered in emergency
cases.8

Additionally, if cytokine release syndrome occurs, physi-
cians can treat the afflicted patients with proteins–namely,
antibodies–that block binding of interleukins, a type of inflam-
matory cytokine, to their receptors. Such measures reduce the
inflammatory response and have been effective in treating life-
threatening symptoms of CRS.55

Suicide Genes in CAR T-cells

Fig. 2 The Activation of Suicide Genes in CAR T-cells. Image
created with BioRender.com
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The introduction of engineered “suicide genes” into CAR
T-cells allows for researchers to introduce drugs into the body
that kill CAR T-cells should a patient exhibit unexpected, dan-
gerous side effects. A “suicide gene” codes for proteins that
will initiate CAR T-cell death in response to the injection of a
specific drug or protein into the patient’s body.56

A common suicide gene used in CAR T-cells is inducible
caspase-9 (iCasp9). When two caspase 9 proteins pair to-
gether, or “dimerize”, they trigger a downstream biochemi-
cal cascade that results in cell death via apoptosis. The drug
AP1903 will induce the pairing of these caspase 9 proteins in
CAR T-cells, leading to CAR T-cell death while preserving
normal cells that do not possess the iCasp9 gene.56,57

Thus, by introducing suicide genes, researchers can selec-
tively eliminate CAR T-cells in emergency cases when pa-
tients experience severe side effects.

Preclinical trials involving suicide genes have already com-
menced. In particular, one group of researchers investigated
the efficacy of apoptosis-inducing drugs with CAR T-cells in
which iCasp9 suicide genes have been inserted58. Following
the administration of a drug denoted as AP20187 at 16nM con-
centration, researchers observed complete programmed cell
death of CAR T-cells. These results validate that suicide genes
present a viable option for quickly eliminating CAR T-cells in
cases of dramatic negative side effects, solidifying their poten-
tial for use in clinical trials.

Promoting Specificity of CAR T-Cell Immune
Attack

Inhibitory CAR T-cells

The emergence of inhibitory CAR-T (iCAR-T) cells is one
promising solution to overcoming unintentional toxicity of
these engineered immune cells. These are cells that possess
binding sites for target antigens found on glioma cell surfaces
but also possess “inhibitory domains” or inhibitory antigen
receptors.59 These inhibitory domains are specifically engi-
neered to bind to cell-surface proteins that are found only on
the surface of healthy cells. Essentially, when encountering
a healthy cell that happens to express the same target antigen
as cancer cells, one set of receptors on the CAR T-cell will
bind to the target antigen “labeled cancerous” and another set
of inhibitory receptors on the CAR T-cells will bind to anti-
gens only expressed on healthy cells.60 Upon the binding of
this inhibitory receptor to an antigen labeled “healthy”, the
iCAR-T cell will emit chemical signals that prevent immune
attack against the cell. The use of these inhibitory domains is
referred to as NOT-gating.61 Thus, even if a healthy cell ex-
presses the target antigen found on cancer cells, if the healthy
cell also expresses the marker that binds to the inhibitory do-
main, it will be recognized as a healthy cell and the CAR T-

cells will not launch an immune attack against them.59 iCARs
have been deployed in mouse models implanted with Burkitt’s
lymphoma cells to investigate the ability of inhibitory domains
to guide CAR T-cells to cancerous B cells while limiting at-
tacks against normal B cells.62 In this particular study, the re-
search group adjoined a KIR/PD-1 conjugate domain to CAR
T-cells–this protein enabled the recognition of HLA-C1, a sur-
face marker found to be present solely on healthy B cells. Fol-
lowing binding of the external KIR2DL2 receptor to HLA-C1,
CAR T-cells would initiate chemical signaling to suppress at-
tacks from other T-cells, protecting normal B cells. The re-
searchers compared activity levels of these iCAR T-cells in the
presence of malignant versus healthy B cells and confirmed a
statistically significant decrease in iCAR-T cell activity upon
encountering normal B cells, a result that confirms the role of
iCARs in improving cell selectivity.

Split-Signal CAR T-Cells

Another approach that should be adopted in conjunction with
inhibitory CAR T-cells are split-signal CAR T-cells. These
are cells that can recognize a combination of antigens on the
surface of cells.63 Thus, one can increase the selectivity of
CAR T-cells so they only launch an attack on cells that ex-
press a specific combination of protein markers, making the
range of activity of these engineered cells narrower and much
more specific to gliomas. Despite its promise, this specific
strategy of split-signaling requires further testing with clini-
cal trials before claims can be made regarding their efficacy in
addressing off-target toxicity.

Bispecific Adapters

Bispecific adapters can bind to two sites, one on the cancer cell
and the other to a special broader marker that is recognized by
the CAR T-cell. This bridges the two, enabling the CAR T-
cell to initiate a stronger immune response with more guided
and efficient targeting of tumor cells.64 A carefully selected
combination of bispecific adapters aids physicians in target-
ing tumor cell populations in which varieties of mutations and
surface phenotypes have arisen.65

Flow Cytometry for Precise Cancer Protein Marker Pro-
files

Many researchers are also in the midst of performing flow cy-
tometry experiments to compile a list of protein markers that
are present only on the surface of cancer cells.66 Although this
search is difficult given the similarity between healthy cells
and glioma cells, continuing this effort will allow for the pro-
duction of a broader arsenal of CAR T-cells with a larger scope
of antigen receptors.
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Discussion

CAR T-cell therapy has demonstrated potential for tumor
shrinkage and increased patient survival rates for gliomas.
While scientists are still determining the best target tumor
antigens, notable advancements, such as multi-specific CAR
T-cell therapy, armored CARs, and allogeneic CAR T-cells,
have shown promising results. Of these three advancements,
dual-target CAR T-cell therapy holds the highest potential as
it is the only treatment that has undergone clinical trials on
humans with successful results. Although armored CARs and
allogeneic CAR T-cells are promising, they are still in very
early clinical trials and face challenges such as immune rejec-
tion. Despite many advancements, the biggest barrier in CAR
T-cell therapy is off-target cytotoxicity. Due to cancer cell
microevolution, CAR T-cells may accidentally attack normal
cells. Fortunately, innovations to promote CAR T-cell speci-
ficity, such as inhibitory and split-signal CAR T-cells, are un-
dergoing research and studies. Future research should priori-
tize larger clinical trials and testing aforementioned improve-
ments on CAR T-cells in order to further prove their potential.

Limitations of Review

One of the limitations of our review is that CAR T-cell ther-
apy is still a relatively new, emerging treatment, and thus our
ability to assess its benefits and downsides remains somewhat
restricted. Another limitation of our study is that a significant
portion of data on the efficacy of CAR T-cells must be derived
from clinical trials, and in many cases this information is kept
confidential or takes multiple years to collect. Thus, our scope
of clinical trials to cull information from for this review is rel-
atively limited.

Conclusion

While CAR T-cell therapy has been effective in treating some
malignancies, its application in gliomas is still limited by mul-
tiple challenges. Inconsistent results are found in clinical tri-
als as a result, especially because of factors like the chang-
ing tumor microenvironment and immune evasion. However,
continued research in disciplines like immunology, neurology,
oncology, and bioengineering will be critical in overcoming
current limitations. As CAR T-cell therapy evolves, it bears
the potential to transform glioma treatments and offer hope
for patients with an otherwise challenging diagnosis.
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