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Abstract

In the relentless battle against leukemia, a groundbreaking treatment has
emerged that redefines how we harness the immune system: CAR-T cell
therapy. This revolutionary approach doesn’t rely on external drugs to kill
cancer—it transforms the patient’s own immune cells into precision-
guided cancer assassins. CAR-T stands for Chimeric Antigen Receptor T-
cell therapy. It’s a form of cellular immunotherapy where a patient’s T
cells—white blood cells that play a central role in immune defense—are
genetically modified to recognize and attack cancer cells. The process
begins with leukapheresis, a procedure that extracts T cells from the
patient’s blood. These cells are then sent to a specialized lab where
they’re engineered to express chimeric antigen receptors (CARs) on their
surface. These synthetic receptors allow the T cells to identify specific
proteins (antigens) found on leukemia cells, such as CD19, a common
marker in B-cell leukemias.
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Once modified, the CAR-T cells are multiplied in the lab, frozen, and
shipped back to the clinic. After a preparatory round of chemotherapy to
reduce the patient’s existing immune cells, the CAR-T cells are infused
back into the bloodstream, where they seek out and destroy cancer cells

[1].

Leukemia, particularly acute lymphoblastic leukemia (ALL) and chronic
lymphocytic leukemia (CLL), often expresses antigens that make them
ideal targets for CAR-T therapy. The engineered T cells bind to these
antigens and trigger a powerful immune response, killing the cancer cells
and recruiting other immune components to join the fight.

This therapy is especially effective in cases where leukemia has relapsed
or become refractory—meaning it no longer responds to conventional
treatments like chemotherapy or radiation [2].

The first CAR-T therapy, tisagenlecleucel (Kymriah), was approved by
the FDA in 2017 for children and young adults with relapsed or refractory
B-cell ALL. Since then, several other CAR-T products have been
approved for various blood cancers [3].

Additionally, CAR-T therapy is currently limited to hematologic cancers.
Solid tumors pose a greater challenge due to their complex
microenvironments and lack of clear antigen targets. Clinical trials have
shown remarkable remission rates, with some patients remaining cancer-
free for years. In pediatric ALL, CAR-T therapy has led to durable
remissions in nearly half of treated patients at three-year follow-up [4].

Despite its promise, CAR-T therapy comes with significant risks. The
most common and serious side effect is cytokine release syndrome (CRS),
a systemic inflammatory response caused by the rapid activation of
immune cells. Symptoms range from fever and fatigue to life-threatening
organ failure. Another concern is neurotoxicity, which can cause
confusion, seizures, or even coma. These effects are usually reversible but
require close monitoring and management [5].

Conclusion

There’s also growing interest in combining CAR-T therapy with
checkpoint inhibitors, vaccines, and gene editing tools like CRISPR to
enhance efficacy and safety. CAR-T cell therapy represents a paradigm
shift in cancer treatment. It’s not just a drug—it’s a “living therapy”,
custom-built for each patient. Its success has inspired a wave of
innovation in cellular and gene therapies, with applications extending
beyond cancer to autoimmune diseases, viral infections, and even organ
transplantation. As manufacturing becomes more streamlined and costs
decrease, CAR-T therapy may become more accessible, offering hope to
thousands of patients worldwide.
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