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DESCRIPTION
Chemotherapeutic agents represent a diverse class of drugs used 
in the treatment of cancer, targeting various cellular processes 
essential for tumor growth and proliferation. From traditional 
cytotoxic chemotherapy to molecularly targeted therapies and 
immunotherapies, chemotherapeutic agents plays an important 
role in the management of a wide range of malignancies. In this 
discussion, we delve into the mechanisms of action, therapeutic 
applications, and clinical implications of chemotherapeutic 
agents in cancer treatment.

Cytotoxic chemotherapy

Cytotoxic chemotherapy drugs exert their anticancer effects by 
inducing DNA damage, disrupting DNA replication and cell 
division, and triggering apoptosis in rapidly proliferating cancer 
cells. These drugs target both cancerous and normal cells, 
leading to a range of side effects that can impact various organ 
systems. The mechanisms of action of cytotoxic chemotherapy 
drugs vary depending on their chemical structure and mode of 
interaction with cellular components. One of the primary classes 
of cytotoxic chemotherapy agents is alkylating agents, which 
form covalent bonds with DNA molecules, leading to DNA 
cross-linking and inhibition of DNA replication. Drugs such as 
cyclophosphamide, cisplatin, and temozolomide belong to this 
class and are used in the treatment of various solid tumors and 
hematologic malignancies.

Alkylating agents are effective against both actively dividing and 
quiescent cancer cells, making them valuable components of 
combination chemotherapy regimens. Another class of cytotoxic 
chemotherapy agents is topoisomerase inhibitors, which 
interfere with the activity of topoisomerase enzymes involved in 
DNA replication and transcription. Drugs such as etoposide, 
doxorubicin, and irinotecan inhibit topoisomerase I or II, 
leading to DNA strand breaks and inhibition of DNA synthesis. 
Topoisomerase inhibitors are used in the treatment of leukemia, 
lymphoma, breast cancer, and lung cancer, among others, and 
are often administered in combination with other chemotherapy 
drugs for enhanced efficacy.

Antimetabolites

Antimetabolites are chemotherapeutic agents that interfere with 
essential metabolic pathways involved in nucleic acid synthesis, 
ultimately disrupting the proliferation of cancer cells. These 
drugs mimic endogenous metabolites and compete with them 
for incorporation into DNA and RNA molecules, leading to 
inhibition of DNA replication, RNA transcription, and protein 
synthesis. Antimetabolites target rapidly dividing cells and are 
commonly used in the treatment of hematologic malignancies 
and solid tumors. One of the primary targets of antimetabolites is 
the folate metabolism pathway, which supplies nucleotide 
precursors for DNA and RNA synthesis. Drugs such as 
methotrexate and pemetrexed act as folate analogs, inhibiting 
Dihydrofolate Reductase (DHFR) and Thymidylate Synthase 
(TS), key enzymes involved in folate metabolism.

Blocking the conversion of dihydrofolate to tetrahydrofolate, 
these drugs deplete intracellular folate cofactors required for 
purine and pyrimidine synthesis, thereby inhibiting DNA 
replication and cell proliferation. Another major target of 
antimetabolites is the pyrimidine metabolism pathway, which 
provides nucleotide precursors for DNA and RNA synthesis. 
Drugs such as 5-fluorouracil (5-FU) and cytarabine (ara-C) 
function as pyrimidine analogs, interfering with the synthesis of 
thymidine, a key component of DNA. 5-FU inhibits Thymidylate 
Synthase (TS), while cytarabine inhibits DNA polymerase, both 
of which are essential enzymes involved in DNA replication.

Targeted therapy

Targeted therapy represents a precision approach to cancer 
treatment that selectively targets molecular abnormalities or 
pathways that drive cancer growth and progression. Unlike 
traditional chemotherapy, which affects both cancerous and 
normal cells, targeted therapy agents are designed to specifically 
inhibit or modulate key molecules or signaling pathways 
involved in tumorigenesis. These agents offer the potential for 
enhanced efficacy and reduced toxicity compared to 
conventional chemotherapy. One of the most widely used classes 
of targeted therapy agents is Tyrosine Kinase Inhibitors (TKIs), 
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signaling cascades that promote tumor growth. Examples of TKIs 
include imatinib, which targets the BCR-ABL fusion protein in 
Chronic Myeloid Leukemia (CML), and erlotinib, which 
inhibits the Epidermal Growth Factor Receptor (EGFR) in 
Non-Small Cell Lung Cancer (NSCLC). Monoclonal 
antibodies represent another class of targeted therapy agents 
that selectively bind to specific antigens expressed on the surface 
of cancer cells, triggering immune-mediated cytotoxicity or 
blocking signaling pathways essential for tumor growth.
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which block signaling pathways implicated in cancer cell 
proliferation, survival, and angiogenesis.

CONCLUSION

Disrupting pyrimidine metabolism, these drugs inhibit DNA 
synthesis and induce DNA damage, leading to cell cycle arrest 
and apoptosis. TKIs target Receptor Tyrosine Kinases (RTKs) or 
their downstream signaling molecules, disrupting aberrant 
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