
CAR T-cell Therapy in Cancer: Mechanisms, Challenges, and Prospects

Cancer is one of the global causes of death that currently has no cure, with minimal
therapeutic strategies. In 2017, the FDA approved CAR T-cell therapy, a CRISPR-made cancer
therapy that has emerged as a groundbreaking approach in cancer treatment. It is a type of
cancer immunotherapy treatment in which the patient’s immune cells (T cells) are genetically
altered, enabling them to locate and destroy cancer cells more effectively. A particular CAR
T-cell therapy, known as autologous CAR T cell therapy, begins by collecting the T cells from the
patient’s blood using an apheresis machine, engineering the T cells in the lab, resulting in the
manufacture of CAR T cells, and growing them before infusing them back into the patient. This
essay will provide an overview of the mechanisms, challenges, and prospects of CAR T cell
therapy in cancer.

A typical protein antigen has multiple antigenic determinants, shown by the ability of T cells with three different
specificities to bind to different parts of the same antigen.

Under normal circumstances, when a foreign substance is present in the body, the
immune system recognizes it by finding proteins, called antigens, on the surface of those cells.
Immune cells, called killer T cells, have receptors that recognize foreign antigens and help
trigger other parts of the immune system to destroy the foreign substance. The same logic
applies to cancer cells; however, as time goes on and mutations occur, cancer cells can develop
genetic changes that help them escape the immune system. One way cancer cells escape the
immune system is by avoiding recognition by killer T cells by reducing their number of MHC-I
molecules (a molecule on the cell surface that presents short peptide fragments to T cells) on
their surface. As a result of the reduction of MHC-I molecules, cancer cells are more likely to
avoid being detected and eliminated by killer T cells, allowing them to grow and multiply
uncontrollably.



Structure of Chimeric Antigen Receptor (CAR)

As scientists ponder the possibility of educating the patient’s T cells into better
recognizing and attacking cancer cells, the idea of genetically modifying T cells arises. These
modified T cells are referred to as Chimeric Antigen Receptor T cells (CARs), which are
recombinants of receptors that help T cells and other immune cells recognize and attack
specific cells. CARs are generally composed of four regions: the extracellular domain (antigen
recognition domain and hinge region), a transmembrane domain, and the intracellular domain.
The antigen recognition site recognizes antigens and interacts with the target antigen outside
the cell; the domain is derived from a recombinant single-chain variable fragment, or ScFv,
providing the function of target recognition. The hinge region, also known as the spacer,
provides flexibility between the ScFv and the transmembrane domain, helping the ScFv
recognize and bind to specific antigens on target cells. The transmembrane domain is a
structural link between the extracellular domain and intracellular domain of the CARs; its
function is to stabilize the receptor through a hydrophobic alpha-helix structure. Within the
intracellular domain is the intracellular T cell signaling domain, which is derived from a
costimulatory receptor such that when an antigen binds to the antigen recognition region,
receptors come close and cluster together, resulting in the transmission of an activation signal
inside the cell. The receptors are engineered to target specific tumor antigens independent of
MHC antigen presentation, and once activated, they release cytotoxic compounds like perforin
to kill the target cell.

While CARs hold the theoretical promise of curing cancer, in their therapeutic
application, they are confronted with several challenges. According to Stanford Medicine, 9 in
10 CAR T-cell patients have cytokine release syndrome, as when CAR T cells multiply, they
release chemicals called cytokines into the blood, which can ramp up the immune system. Its
side effects include fever, headache, trouble breathing, low energy, etc. Although this syndrome
would normally last a week, it is treatable with medication. However, there are more serious side
effects to this therapy too; this includes allergic reactions during the infusion, low blood cell
counts, temporary memory loss (lasting for a few days), etc. Other limitations to CAR T-cell
therapy include the possibility of tumor antigen loss, which occurs when tumor cells
downregulate or eliminate the target antigen, preventing CAR T-cells from recognizing them.
Another possible limitation is that when T-cells are exposed to tumor antigens for prolonged



periods, it can lead to T-cell exhaustion, causing CAR T-cells to be functionally impaired. Due to
the nature of cancer cells’ mutations, it is extremely difficult for scientists to overcome these
challenges and come up with a definite cure for various cancers. As different types of cancer
have different antigens, specific CAR T cell therapy has to be made for each type of cancer.

Even though the effects of CAR T cell therapy are already challenging for patients,
another pressing issue is its accessibility and cost. According to the College of American
Pathologists, out of all the patients who could benefit from CAR T-cell therapy, only 20% have
access to the treatment. As only about 150 hospitals in the US provide CAR T-cell therapy, this
means that patients are required to travel miles in order to receive the treatment. This does not
even account for the cost of the treatment, which is estimated to be approximately $500,000 to
$1,000,000. Although there are ways to reduce the cost, not every family would be able to afford
the treatment, and even if they have the money for the treatment, not only are they at risk, but
they would also have to wait for the manufacturing process for approximately three weeks due
to the autologous nature of the therapy.

In order for scientists to be able to save time in manufacturing the CAR T-cells for each
individual, they are developing an allogeneic cellular therapy where the T-cells are obtained
from healthy donor cells rather than from patients. With this allogeneic approach, it will enable
rapid and scalable production of CAR T-cells as we eliminate the need to modify the patient’s
T-cells. Moreover, this also means that CAR T-cells can be stored and used for multiple patients,
ultimately reducing manufacturing costs. However, as there is not enough research, there are
possibilities of immune rejection and off-target effects.

As of 2023, the FDA has approved six commercial CAR T-cell therapies, all of which are
blood cancers. The complexity of targeting solid tumors with this therapy has presented
significant challenges, thereby limiting the therapy primarily to hematologic malignancies.
Nevertheless, researchers remain optimistic and are actively exploring the potential of CAR
T-cell therapies not only for cancer, but also for autoimmune diseases. However, this research
will take decades to perfect and it should proceed with caution due to the possible risks it poses
as the therapy directly affects an individual’s DNA with slight mistakes that could potentially lead
to one’s death. In conclusion, CAR T-cell therapy represents a groundbreaking advancement in
the field of cancer treatment, but currently, there are too many risks involved with the treatment
that it cannot be normalized as a treatment and needs further research to refine the techniques
and ensure the patient’s safety.
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