Rituximab: A Breakthrough in Hematological Cancer Treatments
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One prominent monoclonal antibody currently used in medicine is Rituximab. Rituximab
is an anti-CD20 mAB primarily used to treat B-cell non-Hodgkin’s lymphoma (NHL) and B-cell
chronic lymphocytic leukemia (CLL) (1). Approved by the FDA for cancer treatments in 1997,
the use of rituximab rather than solely relying on chemotherapy revolutionized hematological
cancer treatments during the turn of the 21st century (2). The primary condition that rituximab
was initially designed to target is B-cell non-Hodgkin’s lymphoma, a cancer characterized by the
malignant growth of lymphoid tissues from mature B-cells. Accounting for 30 - 40% of all
diagnosed lymphomas, B-cell non-Hodgkin’s lymphoma is prominent in populations over the
age of 65 and the incidence of B-cell NHL cases has increased by over 80% since the 1970s (3).
There are various risk factors associated with NHL including the Epstein-Barr virus, Hepatitis-C
virus (HCV), insecticides, and autoimmune deficiencies including Hashimoto’s and Sjorgen
syndrome. The most common symptoms of B-cell NHL include night sweats, fever, fatigue,
weight loss, and swollen lymph nodes (4). The prognosis of B-cell NHL depends on the severity
and progression of the disease and can be classified as either indolent or aggresive. In addition,
rituximab also treats chronic B-cell lymphocytic leukemia. Similar to B-cell NHL, chronic B-cell
lymphocytic leukemia primarily affects older populations with the median diagnosis age of 67
years (3). B-cell lymphocytic leukemia is the malignant growth of white blood cells or
lymphocytes found in bone marrow, and symptoms include fatigue, night sweats, frequent

bleeding, and bruising (3).

Rituximab is an IgG class antibody, which is the most common class of antibodies (3).
Below is a sketch of rituximab developed from Sinha et al. in 2021 in their study concerning

pediatric nephrology (5).
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As an anti-CD20 mAB, rituximab attacks malignant B cells by binding onto the CD20
transmembrane protein of mature, malignant B-cells (5). It is important to note that during B-cell
development, CD20 proteins (which are thought to be calcium channels) are present on the cell
membrane. However, CD20 proteins are downregulated once normal B-cells completely mature.
Therefore, if mature B-cells still contain high levels of CD20 surface proteins, it is a sign of
malignancy, and multiple studies have shown that over 90% of mature cancerous B-cells contain
high levels of CD20 (4). When rituximab, the antibody, binds onto the CD20 surface proteins of
malignant B-cells, the antigen, this triggers cell deactivation through apoptosis or cell-mediated
cytotoxicity (6). By eliminating malignant B-cells, the majority of patients suffering from NHL
or B-cell lymphocytic leukemia achieve remission and significant tumor shrinkage, especially for
elderly patients who are not as physically able to undergo chemotherapy (1). In addition, one key

benefit of using anti-CD20 mAB treatments is that pre-B hematopoietic stem cells do not contain



CD20 on their cell surfaces. Consequently, once the majority of malignant B cells are killed by
rituximab treatments, healthy and new B cells can be regenerated (4). Furthermore, researchers
have discovered that CD20 undergoes minimal post-translational modifications, which means
that their binding sites are relatively common (4). Along with the absence of a natural ligand,
CD20 receptors are highly favorable target for rituximab, and the FDA has even recently
approved the use of rituximab in several clinical trials for autoimmune disorders including
multiple sclerosis, lupus, and rheumatoid arthritis (7). Because of its safety and efficacy,

rituximab is a revolutionary treatment for hematological cancers and autoimmune conditions.



References:

1. Plosker, G. L., & Figgitt, D. P. (2003). Rituximab: a review of its use in non-Hodgkin's

lymphoma and chronic lymphocytic leukaemia. Drugs, 63(8), 803—843.

https://doi.org/10.2165/00003495-200363080-00005

2. Du, F. H., Mills, E. A., & Mao-Draayer, Y. (2017). Next-generation anti-CD20
monoclonal antibodies in autoimmune disease treatment. Auto- immunity highlights, 8(1),

12. https://doi.org/10.1007/s13317-017-0100-y

3. Rodriguez-Abreu, D., Bordoni, A., & Zucca, E. (2007). Epidemiology of hematological

malignancies. Annals of oncology : official journal of the European Society for Medical

Oncology, 18 Suppl 1,13—18. https://doi.org/10.1093/annonc/mdi443

4. Casan, J., Wong, J., Northcott, M. J., & Opat, S. (2018). Anti-CD20 monoclonal
antibodies: reviewing a revolution. Human vaccines & immunotherapeutics, 14(12),

2820-2841. https://doi.org/10.1080/21645515.2018.1508624

5. Sinha, R., Agrawal, N., Xue,Y., et al. (2021). Use of rituximab in paediatric nephrology.

Archives of Disease in Childhood; 106 : 1058-1065.

6. Smith M. R. (2003). Rituximab (monoclonal anti-CD20 antibody): mechanisms of action

and resistance. Oncogene, 22(47), 7359-7368. https://doi.org/10.1038/sj.onc. 1206939


https://doi.org/10.2165/00003495-200363080-00005
https://doi.org/10.1007/s13317-017-0100-y
https://doi.org/10.1093/annonc/mdl443
https://doi.org/10.1080/21645515.2018.1508624
https://doi.org/10.1038/sj.onc.1206939

7. Du, F.H., Mills, E.A. & Mao-Draayer, Y (2017). Next-generation anti-CD20 monoclonal
antibodies in autoimmune disease treatment. Autoimmun Highlights 8, 12.

https://doi.org/10.1007/s13317-017-0100-y



https://doi.org/10.1007/s13317-017-0100-y

