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Abstract:

Immunotherapy is rapidly becoming one of the most
promising directions in the modern approach to cancer
treatment. CAR-T cell therapy, immune checkpoint
inhibitors, monoclonal antibodies, and gene therapies
have shown great potential in enhancing the quality of life
of patients, through the activation of the body’s immune
system against cancerous cells. In addition to cancer,
immunotherapy is being tested in neurodegenerative and
neuroinflammatory disorders such as multiple sclerosis
and Alzheimer disease. However, these therapies entail
certain risks especially with regard to the nervous system.
There is increasing evidence that immunotherapies
are associated with neurotoxic side effects such as
neuroinflammation, encephalitis, cognitive decline and
peripheral neuropathy which can greatly affect patient’s
quality of life. This review focuses on the description
of these immunotherapies’ mechanisms and clinical use
as well as their impact on the CNS and PNS adverse
effects. Measures that can help avoid these risks include
precision medicine, better gene delivery vectors, and
selective treatment approaches, which are very helpful in
maximizing the safety and efficacy of immunotherapy. One
of the critical issues of further development of these novel
therapeutic interventions is the optimization of desired
therapeutic outcomes and possible neurological adverse
effects.

Keywords: Immunotherapy drug; nervous system; Alz-
heimer disease.

1. Introduction

or altering the response of the immune system, im-
munotherapies such as CAR-T cell therapy and im-

In recent years, immunotherapy has made consid-  yne checkpoint inhibitors (ICIs) have demonstrated
erable progress in the field of cancer treatment, long-lasting effects and low toxicity in targeting
providing a new treatment paradigm for a variety of  jymune receptors on the surface of T lymphocytes
complex diseases, especially oncology. By enhancing  ang eliminating tumor cells [1]. In addition to oncol-
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ogy, the application of immunotherapy strategies has also
begun to expand to the treatment of neurodegenerative
diseases (such as multiple sclerosis and Alzheimer‘s dis-
ease (AD)) and psychiatric disorders (such as depression),
demonstrating that these therapies have great medical po-
tential in combating neuroinflammation-induced neurode-
generation [2]. However, despite the promising therapeu-
tic prospects of immunotherapy, their subsequent effects
on the nervous system are worrying, as emerging evidence
suggests that these powerful treatments may have lasting
effects on the central and peripheral nervous systems [3].
The causes of some common neurodegenerative diseases
are still not fully understood. In addition, the course and
severity of the disease vary greatly among patients, which
greatly affects the outcome of effective treatment.

This section aims to discuss the various immunotherapy
modalities currently in use, focusing on their principles,
clinical applications, and known effects on the nervous
system. Specifically, it will examine four immunother-
apies in particular, including CAR-T cell therapy, ICI,
monoclonal antibodies (mADbs), and gene therapy [4]. In
addition to analyzing their therapeutic benefits, this article
will also delve into the neurotoxic side effects associated
with these treatments, such as neuroinflammation, en-
cephalitis, and peripheral neuropathy [5]. By providing a
comprehensive overview of the interactions between im-
munotherapy and the nervous system, this study aims to
highlight the impact of optimizing these treatments to im-
prove patient outcomes while minimizing the side effects
associated with neurological risks [6].

2. Immunotherapy Methods and Their
Effects on the Nervous System

The various cells and proteins responsible for immune
function make up the immune system, and the body*s
immune system is responsible for recognizing autoim-
mune and non-autoimmune cells as well as autopathic
cells, thus protecting the body from exogenous as well as
endogenous diseases. Although there are many types of
immunotherapies with different mechanisms of action,
they generally use the host‘s immune system to kill tumor
cells. Theoretically, the tumor tissue is completely re-
moved from the body, and people can be cured. However,
most of the cancer cells have already spread by the time
they are discovered, and if the entire organ is removed, it
will cause some damage to the patient. Early chemother-
apy and chemotherapy drugs can cause damage to the pa-
tient‘s immune system and reduce the patient‘s quality of
life. A century ago, William Bradley Coley first proposed
immunological therapies to treat cancer. Immunotherapy,

which boosts the immune system to destroy tumor cells,
has shown a sustained clinical response to immunotherapy
in a variety of cancer types, although the response is limit-
ed [1].

2.1 Immunotherapy in Tumors

Cancer immunotherapy is currently developing rapidly
and has been recognized as the fifth important treatment
for cancer. Compared with drug resistance, cancer recur-
rence and serious adverse reactions of traditional chemo-
therapy methods, immunotherapy has made great achieve-
ments in the treatment of tumors and neuroinflammation.
Currently, treatment policies for immunotherapy include
treatments such as ICls, chimeric antigen receptor T cells
(CART cells), and mAbs [2]. These methods have a lot of
room for development in cancer treatment.

2.1.1 CAR-T Cell Therapy

CAR-T cell therapy is a cell-based treatment. CAR is a
synthetic fusion protein containing antigen recognition
components and a T cell activation domain. CAR can be
genetically engineered with viral or non-viral vectors to
recognize specific tumor antigens [3]. At present, CAR-T
cells have been introduced into the treatment of hemato-
logic malignancies, and good results have been achieved
in the treatment of B-cell malignancies. However, the
application of CAR-T cells in solid tumors still has certain
limitations, such as the sequence of entering solid tumors,
the highly immunosuppressed tumor microenvironment,
and limited cell trafficking. Despite all these limitations,
there are still more and more brain tumor treatments being
introduced into CAR-T cell clinical trials. CART cells
can be administered into the brain in three different ways:
blood delivery, cerebrospinal fluid delivery, and delivery
in the tumor cavity (intraluminal) or ventricle (ventricle)
[4]. Many clinical trials of blood malignancy cells intro-
duced into CAR-T cells have shown that genetically en-
gineered T cells can cross the blood-brain barrier (BBB),
suggesting that systemically administered CART cells can
be used for neurological tumors. In 2012, Emily, who lives
in Pennsylvania, United States, developed acute lympho-
blastic leukemia called B-ALL. This is the most common
leukemia in children, with a cure rate of 85% to 90%, but
the rest of the disease is prone to recurrence. Emily suffers
from B-ALL leukemia, which is difficult to cure. She had
a recurrence of leukemia after chemotherapy and a bone
marrow transplant and entered a hopeless situation. Luck-
ily, Philadelphia Hospital initiated the CAR-T tumor treat-
ment experiment at that time, and Emily became a part of
the experiment. In April 2014, after the modified T cells
were injected into Emily‘s body in three separate batches,
Emily‘s cancer cells were most effectively controlled. The



trial was so successful that Emily has been cancer-free for
about 12 years, and she can no longer find cancer cells in
her body, which is clinically equivalent to ,,self-healing*
[71.

2.1.21Cls

ICIs are mAbs that target consistent checkpoint molecules
that target cell membrane expression in antigen-present-
ing cells (APCs) and CDAT cells. At the same time, the
development of ICI provides a new treatment for the fight
against multiple types of cancer and can change tradi-
tional interventions. The interaction between PD-1 and
programmed cell death ligand 1 (PD-L1) or 2 (PD-L2) in
its ligand can be prevented by using ICI mAbs, thereby
restoring the cytotoxic function of CTLs to tumor antigens
as well as inhibiting tumor growth [5]. Treatment of ICls
may affect autoimmunity in all organs, usually with neu-
romuscular involvement, but may also affect the central
system. While treating these complications, doctors will
make changes to the medication based on the patient*s
own condition and observation of neurological manifesta-
tions.

2.2 Immunotherapy in Neurological Diseases

Neurological diseases are becoming a growing burden
as society ages. However, with the rapid development of
the immune system to treat brain damage and control the
immune response, it is possible to treat diseases of the
nervous system with immunotherapy. At the same time,
before doctors treat patients with immunotherapy, it is
important to understand the mechanism of action of the
treatment and avoid tissue damage due to immune system
therapy.

2.2.1 Immunomodulation through mAbs

mADbs are defined as glycoproteins that bind antigens to
specific epitopes, and as medical technology continues to
become immature, mAbs are also used in the regulation
of the immune system. As medical technology continues
to become immature, monoclonal antibodies are also
being used to modulate the immune system. Monoclonal
antibodies have mainly gone through four stages of de-
velopment: murine monoclonal antibody, human mouse
chimeric antibody, humanized monoclonal antibody and
fully human monoclonal antibody. After the development
of hybridoma technology in 1975, MABS achieved a
large number of preparations, which were used for basic
research and had the ability to be translated into clinical
trials. At present, therapeutic mAbs are mainly divided
into antibodies for direct treatment of diseases, antibodies
to improve the efficacy of antibody therapy through ad-
ditional modifications, and multi-targeted therapy. Most
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of the currently marketed MABS treatment drugs are
dominated by cancer, immunology, and hematologic dis-
eases. In 1986, the United States FDA approved the first
monoclonal antibody drug - Orthoclone OKT3. This is the
only murine monoclonal antibody drug approved for mar-
keting, but the drug was developed earlier and the side ef-
fects were more serious, which led to a market downturn,
and the manufacturer took measures to remove it from the
shelves in 2010. At present, HUMIRA (Adaliimumab) de-
veloped by Aberway is one of the best-selling monoclonal
antibodies in the world. It was first approved in 2002 for
the treatment of rheumatoid arthritis and has since been
approved for the treatment of other conditions such as an-
kylosing spondylitis and Crohn‘s disease [8].

2.2.2 Gene Therapy

Gene therapy is the treatment of disease by transferring
genetic material into a patient‘s cells. In recent years,
gene therapy has made rapid progress and great success
in the treatment of neurological diseases, and many tech-
nological breakthroughs have been achieved. These ad-
vanced technologies have a wide range of applications in
the treatment of diseases of the nervous system as well as
developmental disorders of the nervous system, such as
Parkinson‘s, AD, and rare diseases such as spinal muscu-
lar atrophy (SMA). Here we select SMA as an example.
SMA is an autosomal recessive lower motor neuron disor-
der that may cause progressive proximal muscle weakness
and skeletal muscle atrophy [6]. SMA is thought to be
the leading genetic cause of infant mortality. It causes the
lower motor neurons at the base of the brain and spinal
cord to split, preventing them from transmitting the sig-
nals needed for normal muscle function. SMA affects each
patient differently and its severity is also related to the age
of onset. Muscle atrophy is usually symmetrical, the lower
extremities are more severe than the upper extremities, the
proximal muscles (muscles close to the main trunk of the
body, such as the shoulders, buttocks, thighs, and upper
back) are more distantly affected (e.g., hands and feet),
and deep tendon reflexes are diminished or even absent.
In severe cases of SMA, swallowing and respiratory func-
tion are also affected, but patients with SMA are intellec-
tually and sensually normal. In 2016, the FDA approved
Nusinersen, also known as Spinraza, as the first drug to be
used to treat SMA. The aim is to increase survival motor
neuron (SMN) protein levels by increasing the SMN7
mRNA transcript including exon 2. The drug reduces the
risk of death and helps infants with SMA type | and young
children with late-onset SMA type Il to reach childhood
motor milestones and reduce respiratory complications
that may not be achieved without treatment, resulting in
milder disease.
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2.2.3 Cannabidiol (CBD) as an Immunomodulatory
Agent

Cannabidiol is a modulator of the endocannabinoid sys-
tem and can have an impact on the developing brain and
the mature, cerebral through a variety of actions and stim-
uli. Cannabinoid drugs may act on neurons in the brain,
especially hippocampus, to exert neuroprotective effects.
Cannabinoids have the effect of regulating cell survival as
well as death. The two main are CBD and A9-tetrahydro-
cannabinol (THC). CBD has a higher toxicity limit, and
current research suggests that CBD may have anxiolytic,
antipsychotic, and neuroprotective properties. In children,
there has been clinical practice to demonstrate that CBD
can be used to treat two specific epilepsy syndromes:
dravel syndrome and Lennox-Gastaut syndrome. In June
2018, the FDA approved Epidiolex for marketing [9]. It is
used as an adjunct to the treatment of rare epilepsy asso-
ciated with Lennox-Gastaut syndrome (LGS) and Dravet
syndrome (DS) in children over two years of age. As the
first FDA-approved plant-derived cannabinoid-based
prescription drug, Epidiolex is an oral, high-purity CBD
extract liquid formulation. The drug is mainly used as an
adjunct to the treatment of diseases associated with LGS
and DS. In clinical studies, Epidiolex reduced TSC-related
refractory seizures and improved overall patient condition
compared to placebo [10,11].

3. Side Effects of Immunotherapy on
the Nervous System

Immunotherapy has very good therapeutic results in var-
ious cancers and autoimmune diseases. However, it can
alter the integrity of the peripheral nervous system and
cause various neurological deficits, which may lead to a
range of side effects, ranging from mild symptoms to se-
vere neurological complications. This section will explore
some common and rare neurological side effects associat-
ed with immunotherapy drugs, and delve into the specific
mechanisms of neuroinflammation and neurotoxicity. On
the other hand, this section will also discuss methods to
optimize these treatments to minimize adverse neurologi-
cal consequences.

3.1 Neuroinflammatory Reactions

3.1.1 Mechanisms of Neuroinflammation in Immuno-
therapy

Cytokine release syndrome (CRS) is a common toxic re-
action in CAR-T cell therapy, with an incidence of 42%
to 100%, of which 0% to 46% of patients may experience
severe CRS [12,13]. CRS is caused by overactivation of

immune effector cells, such as T cells that are overacti-
vated and have the potential to attack healthy cells, ac-
companied by abnormally high levels of proinflammatory
cytokines such as IL-1, IL-6, IFN-y, and granulocyte-mac-
rophage colony-stimulating factor (GM-CSF), which cir-
culate through the blood and trigger systemic inflammato-
ry responses. Clinical data show that most CRS symptoms
are reversible, but 0% to 9.1% of patients develop fatal
diseases. A meta-analysis of 2,592 patients showed that
the overall mortality rate of CRS was less than 1% [14,15].
The core mechanism of CRS involves the key role of mac-
rophages in immune response. Studies have shown that
CAR-T cells activate macrophages by interacting with
tumor cells, inducing tumor necrosis and releasing danger
signals such as high mobility group protein 1 (HMGBL1)
and ATP. In mouse experiments, after CAR-T cell therapy,
macrophages were activated and produced large amounts
of IL-6 and IL-1, which are pro-inflammatory factors ini-
tiated through the Toll-like receptor (TLR) pathway and
further aggravated inflammation through IkB kinase (IKK)
and AP-1 and NF-«B signaling [16]. In addition, CAR-T
cells directly promote the release of IL-6 and NO by mac-
rophages through CD40/CDA40L interaction, leading to
vasodilation and severe hemodynamic instability [17].
The cytokine network of CRS is very complex, involving
multiple cells and mechanisms. Studies in mouse models
have shown that after CAR-T cell injection, macrophages
become the main source of IL-6, accompanied by large
amounts of CRP and SAA3 expression, further exacerbat-
ing the side effects caused by CAR-T cell therapy.
Experiments have also shown that the use of IL-1 receptor
blockers or IL-6 inhibitors (such as tocilizumab) can sig-
nificantly reduce the severity of CRS and reduce the mor-
tality associated with CAR-T therapy. One study pointed
out that in a mouse model, injection of IL-6R blockers
can significantly improve the mortality caused by CRS,
and the survival rate is increased to 100%. In addition, al-
though IFN-y and GM-CSF are important factors released
by CAR-T cells, their direct effect in the occurrence of
CRS is weak, and more inflammatory drivers come from
host macrophages.

3.1.2 Clinical Case Studies of Neurotoxicity

Several studies have documented cases of severe neuro-
logical complications in patients treated with CAR-T cells
or ICls. For example, a patient receiving CAR-T therapy
for lymphoma developed life-threatening encephalitis,
highlighting the potential for serious adverse reactions [4].
Similarly, patients receiving ICls have experienced auto-
immune encephalitis, manifested by confusion, seizures,
and motor dysfunction [6]. Earlier intervention and close
monitoring of patients may better reduce the risk of neu-



rotoxicity.

3.2 Neurotoxicity

During ICI treatment, the incidence of neurotoxic side
effects is high, and most side effects may be due to exces-
sive T cell activation, but the exact pathological cause still
needs to be determined by the conditions of different pa-
tients [2]. The mechanism of neurotoxicity may be related
to immune-mediated neuronal damage or glial cell de-
struction, which further leads to BBB damage. This dam-
age may be triggered by the spread of proinflammatory
cytokines (such as IL-6 and IFN-y) in the central nervous
system.

Clinical data show that approximately 20-30% of patients
receiving ICIs will experience some form of neurologi-
cal complications. Among them, epileptic seizures are a
common manifestation of neurotoxicity. About 10-20%
of patients will experience epilepsy of varying degrees
during treatment, and some patients may experience sta-
tus epilepticus (SE), which has a higher risk of death. In
addition, cognitive impairment (such as memory loss and
impaired executive function) is also often associated with
neurotoxicity, which may seriously affect the patient‘s
quality of life [16].

The severity of neurotoxicity is related to the dose and du-
ration of immunotherapy. Longer courses and high doses
of drugs are more likely to cause damage to the nervous
system, especially when the immune system is overacti-
vated. These neurotoxic manifestations are not limited to
the treatment period, but may continue for months or even
years after the end of treatment.

3.3 Optimization of Immunotherapy to Miti-
gate Neurological Side Effects

3.3.1 Strategies for Minimizing Neurological Adverse
Events

Several strategies have been explored to reduce the in-
cidence of neurotoxic side effects. Precision medicine
approaches involve tailoring treatment regimens based
on individual patient genetics and biomarkers, helping
to identify patients at higher risk for adverse events and
helping to mitigate potential neurotoxicity following treat-
ment [17]. For example, pharmacogenomic testing can
guide drug selection and dosing to minimize the risk of
neurotoxicity while maintaining therapeutic efficacy [10].

3.3.2 Adjustments in Drug Delivery and Dosing

Optimizing the delivery and dosing of immunotherapeutic
agents can also help mitigate neurotoxicity. Alternating
the route of administration, such as delivering CAR-T
cells directly into the cerebrospinal fluid (CSF) rather than
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systemically, has shown promise in reducing systemic
exposure and limiting neuroinflammatory responses [4].
In addition, reducing the dose of ICIs or combining them
with immunosuppressants can reduce the likelihood of au-
toimmune responses to the nervous system [17].

4. Conclusion

In summary, immunotherapy has brought transformative
advances in cancer treatment and also provides a viable
treatment option for neurodegenerative diseases. Like
most cancer treatments, immunotherapy can cause side
effects that may affect patients® daily lives. Immunother-
apy will modify the patient‘s immune system and can
better reduce the risk of neurotoxicity. Neurotoxicity is
considered a common and major complication in patients
receiving immunotherapy, and this article highlights the
need for a balanced approach in clinical use to reduce the
risk of neurotoxicity. Although these therapies provide
substantial benefits, especially in terms of survival and
disease remission, their neurological risks require exten-
sive data for continued research. Immunotherapy is being
optimized through approaches such as precision medicine,
improved gene delivery systems, and targeted therapies
to reduce these adverse effects. By addressing these chal-
lenges, scientists can continue to explore immunotherapy
treatment pathways for cancer and neurological diseases.
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