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Abstract:

Chimeric antigen receptor T (CAR-T) cells are a promising immunotherapeutic modality treating malignant
cancer cells. This new approach enables the immune system to identify and attack the malignant cancer cells by
expressing a specific antigen on the surface of the T cells.

CAR-T cells have become an encouraging treatment for patients with hematologic malignancies, especially for
leukemia and lymphoma. Hematologic malignancies are usually treated using the standard treatments, such as
chemotherapy and allogeneic hematopoietic stem cell transplantation.

Targeting solid tumors is more complex than targeting hematological malignancies. However, some clinical trials
suggest evidence for the combination of CAR-T and standard treatment being a favorable treatment approach for
some specific types of cancer. Examples of these are breast cancer, prostate cancer, colorectal cancer, and gastric
cancer.

This review article presents both the CAR-T cells as a promising line therapy for malignant tumors and the
challenges of this approach.
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I.  Introduction:

Chimeric antigen receptor T (CAR-T) cells are a promising immunotherapeutic modality treating
malignant cancer cells. This new approach enables the immune system to identify and attack the malignant cancer
cells by expressing a specific antigen on the surface of the T cells [1]. This expression enables the T cells to initiate
the elimination of the target malignant cells [2].

The T cells are a component of the lymphoid adaptive immune system of the human body and play a
crucial role in the immune system by identifying, attacking, and eliminating foreign antigens and infected cells,
including cancer cells. The production process of the T cells takes place within the red bone marrow and
differentiates in the thymus and lymphoid organs [3] [4].

As mentioned earlier, the human immune system can respond to and eradicate malignant cancer cells.
However, the cancer cells can unfortunately develop mechanisms to avoid the immune system [5]. The function
of this evasion mechanism is based on the metabolic changes the cancer cells can generate on their surface. The
production of a variety of amino acids, lipids, and other chemical compounds can disable the capability of the
immune system to identify and destroy the cancer cells [3] [6]. In addition, cancer cells have the secretion ability
of suppressive molecules, such as PD-L1, CTLA-4, and other biomarkers, to suppress the T cell activation [3].

Since the mechanisms of the cancer cells and cancer biomarkers together with the lack of success of the
standard treatment approaches, for example chemotherapy, radiation, and surgery, have become more
comprehensible for us [7], a new method of treatment had to be invented.

Immunotherapy takes many forms in the cancer treatment. Among these therapies are adoptive cell
therapies, tumor-infiltrating lymphocyte therapy, engineered T-cell receptor therapy, natural killer cell therapy,
immune checkpoint inhibitors, monoclonal antibodies, naked monoclonal antibodies, bispecific monoclonal
antibodies, oncolytic virus therapy, cancer vaccines, immune system modulating drugs, immunomodulatory
drugs, and the chimeric antigen receptor (CAR-T) cell therapy. The first CAR-T was designed in 1989 at the
Weizmann Institute of Science in Israel [9]. The potential of the CAR-T cell has become more encouraging
especially after several successes using this new treatment method have been recorded [8].
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CAR-T cell design process:

Stage 1: The CAR-T cell treatment starts by isolating the T-cells from the patient through leukapheresis.

Stage 2: The isolated cells are genetically modified by adding receptors to the surface of the T-cell to identify
antigens on tumor cells using viral and non-viral methods. As a result, the T-cells become more powerful. The
special receptors provide the T-cell the ability to identify the malignant cells, find them, and destroy them.

Stage 3: In this stage the T-cells are already modified and expanded in special cultures in the laboratory.

Stage 4: After passing all the quality tests, the modified T-cells are transferred back to the patient [9] [10].

CAR-T cell immunotherapy for cancer:

CAR-T cells have become an encouraging treatment for patients with hematologic malignancies,
especially for leukemia and lymphoma. Hematologic malignancies are usually treated using the standard
treatments, for example chemotherapy and allogeneic hematopoietic stem cell transplantation.

The treatment by CAR-T has a proven response rate of up to 90% for relapsed or refractory disease of
B-cell acute lymphomata's leukemia (B-ALL). Further, the response rate is up to 60% for patients with B-cell
non-Hodgkin lymphoma (NHL). These high response rates are a result of targeting the surface of the malignant
cells known as CD19 and CD22 [11] [12].

Moreover, treating ALL, the most common malignancy in the childhood, with CD19 CAR-T cells has
demonstrated high remission rates of 90%. In addition, remission has been induced for ALL patients with high
risk factors, including patients with Down syndrome, patients positive with Philadelphia chromosome or patients
with extramedullary disease, and even patients suffering from a relapse after receiving immunotherapy, such as
blinatumomab [13].

After the success of using the CAR-T methods for patients with ALL and NHL, the need for CAR-T
treatment for patients with acute myeloid leukemia (AML) has increased. The complete remission rate lies
between 60%-80% for younger adults and between 40%-60% for older adults [14]. The AML malignancy presents
varying antigens on the surface of the AML cells thus leading to diverse prognoses. The value of CAR-T still
needs to be determined in patients with AML malignancy and other hematologic malignancies, such as multiple
myeloma [14] [7].

So far, no such cell surface antigens like CD19 and CD22 have been identified for treating solid tumors
[15]. Targeting solid tumors is more challenging than targeting hematological malignancies. For cancers like
ovarian cancer, renal carcinoma, metastatic neuroblastoma, pancreatic adenocarcinoma, sarcoma, glioblastoma,
non-small cell lung cancer, and cholangiocarcinoma, unfortunately, no complete clinical response has been
observed. Nevertheless, some clinical trials suggest evidence for the combination of CAR-T and standard
treatment being a favorable treatment approach for some specific types of cancer. Examples of these are breast
cancer, prostate cancer, colorectal cancer, and gastric cancer [15] [16].

The challenges of the therapy for solid tumors using the CAR-T approach connect back to the tumor
microenvironment barriers, for instance the tumor antigen heterogeneity. Tumors have different levels of antigen
expression at the tumor sites. These various antigens complicate the ability of the CAR-T to identify the tumor
cell specific antigen. In addition, in hematological cancers, the CAR-T has more contact with the malignant cells
in the blood and lymphatic system than in solid tumors, whereas in solid tumors the penetration is limited by the
tumor endothelium. Another important challenge in the solid tumor is the immunosuppressive tumor
microenvironment. Solid tumors have diverse malignant cells supporting the tumor growth, angiogenesis, and
metastasis [16].

Toxicities with CAR-T cell therapy:

Cytokine release syndrome (CRS):

CAR-T can cause substantial toxicities. One significant toxicity is cytokine release syndrome (CRS) [17]. CRS is
a common toxicity associated with CAR-T. CRS triggers an inflammatory response caused by the release of
excessive levels of cytokines after CAR-T infusion. CRS can impair the activity of organs and systems in the
patient, and could endanger his life [18].

CRS is measured by clinical laboratories. The grade ranges from mild to severe CRS, and ultimately to life-
threating CRS [19].

Grade 1: mild CRS; not life-threatening, requires only symptomatic treatment.

Grade 2: moderate CRS; requires intervention. Oxygen requirement <40% or hypotension responsive to fluids or
low dose vasopressor, or grade 2 organ toxicity with organ dysfunction.

Grade 3: severe reaction; requires aggressive intervention. Oxygen requirement >40% or hypotension requiring
high dose or multiple vasopressors, or grade 3 organ toxicity.

Grade 4: life-threatening; requires for ventilator support or grade 4 organ toxicity [20].

Usually, the first sign of developing a CRS is a high body temperature in the first 1-2 days after the infusion of
the CAR-T [20]. Examples of additional symptoms are hemodynamic instability, tachycardia, hypotension,
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capillary leak, and cardiac dysfunction. In addition, nausea, myalgia, fatigue, renal failure, hepatic failure, and
disseminated intravascular coagulation may occur [18] [19] [20].

Neurologic toxicity:

The development of neurologic toxicity has been reported after receiving CAR-T cells. It involves the
appearance of new neurological signs or symptoms within the first 1-3 weeks of infusion after receiving CAR-T
cells. Signs and symptoms including delirium, aphasia, obtundation, myoclonus, seizure, headache, language
disturbance, ataxia, weakness, peripheral neuropathy, and visual change have been reported after receiving CAR-
T cells [19] [20].

The management of toxicities has become an integral step in the successful clinical application of CAR-
T cells. The first line therapy after developing CRS is to use anti- interleukin-2 (IL-2) receptor antibody
tocilizumab. Tocilizumab is a monoclonal antibody against membrane-bound and soluble IL-2. In addition,
according to the severity of the CRS, the use of corticosteroids should be considered [13] [19] [20].

Il.  Summary:

Immunotherapy has emerged as a new mainstay of treatment for various cancers. There is significant
research worldwide in order to develop a new approach and to increase the efficacy of the CAR-T cell therapy.
CAR-T has become an effective regimen for treating hematological malignancies. Despite the successes in
treating hematological malignancies, the CAR-T cells have encountered significant challenges in treating solid
tumors. Although progress has been reported in treating some solid tumors, the major challenge still lies in the
microenvironment of the solid tumor, including the malignant activity of the tumor cells. Consequently, there is
a need for increased knowledge on the changes in the microenvironment of the solid tumor and for the
development of a new approach for an effective and safer therapy with armored CAR-T cells.
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