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Abstract

\

Cancer remains one of the leading causes of death worldwide, and the development of effective anticancer
drugs is a critical aspect of cancer treatment. Anticancer drugs work through various mechanisms, including the
inhibition of cell division, induction of apoptosis, and disruption of cancer cell metabolism. These drugs may act
specifically on cancerous cells or affect both cancerous and healthy cells, often resulting in side effects. The article
discusses the mechanisms of action of key anticancer drugs, the challenges in their development, and emerging
strategies that aim to enhance their effectiveness and minimize side effects. It also explores new treatment
modalities like immunotherapy, targeted therapy, and combination therapies, which are revolutionizing cancer care.
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Introduction

Cancer isa complex group of diseases characterized by uncontrolled
cell growth and spread to other parts of the body. Despite advancements
in early detection, surgery, and radiotherapy, chemotherapy remains
a cornerstone in the treatment of cancer. Anticancer drugs [1], also
known as chemotherapeutic agents, are designed to target and destroy
cancer cells, either by interfering with cell division or promoting
programmed cell death (apoptosis). While these drugs can be highly
effective in treating certain types of cancers, their success is often
tempered by issues such as drug resistance, toxicity, and side effects.

The mechanism of action of anticancer drugs can vary depending
on the class of drug and the specific molecular targets involved [2].
Traditional chemotherapy drugs primarily aim to damage DNA or
disrupt cell division, but more recent therapies focus on targeting
specific genetic mutations, proteins, or cellular processes that are
unique to cancer cells. This approach, known as targeted therapy, has
led to the development of more precise and personalized treatments,
offering hope for better patient outcomes.

This article delves into the mechanisms by which anticancer drugs
exert their effects, the challenges in developing these drugs, and the
innovative strategies emerging in cancer treatment. We will also discuss
the evolving role of immunotherapy and combination therapies, which
represent promising avenues for enhancing the efficacy of existing
treatments [3].

Mechanisms of Action of Anticancer Drugs

DNA damage and repair inhibition:Many chemotherapy
drugs function by inducing DNA damage, preventing cancer
cells from replicating. These drugs include alkylating agents (e.g.,
cyclophosphamide) and platinum-based drugs (e.g., cisplatin).
Alkylating agents add alkyl groups to the DNA molecule, causing
strand breaks that inhibit replication and transcription [4]. Platinum-
based drugs, such as cisplatin, form cross-links between DNA strands,
preventing the DNA from unwinding during cell division, which leads
to cell death. However, both alkylating agents and platinum drugs
can also damage healthy cells, leading to side effects such as hair loss,
nausea, and immunosuppression.

Inhibition of microtubule function: Microtubules play an essential

role in cell division by forming the mitotic spindle that segregates
chromosomes during mitosis. Anticancer drugs such as taxanes (e.g.,
paclitaxel) and vinca alkaloids (e.g., vincristine) target microtubules
to halt cell division. Taxanes stabilize microtubules, preventing their
disassembly, while vinca alkaloids inhibit microtubule polymerization,
both leading to mitotic arrest and cell death [5]. These drugs are often
used in combination with other treatments to treat cancers like breast,
ovarian, and lung cancers.

Induction of apoptosis: Apoptosis, or programmed cell death, is a
natural process that eliminates damaged or unnecessary cells. Cancer
cells often evade apoptosis, allowing them to proliferate uncontrollably.
Certain anticancer drugs, including anthracyclines (e.g., doxorubicin),
work by inducing apoptosis in cancer cells. These drugs interact
with the DNA and generate free radicals that cause oxidative stress
(6], leading to cell death. The induction of apoptosis is a desirable
mechanism in cancer therapy as it allows for the selective destruction
of malignant cells.

Targeted therapy: Targeted therapy aims to exploit specific
molecular alterations in cancer cells that drive tumor growth. This
approach is based on the idea that cancer cells have unique genetic
mutations or overexpressed proteins that can be targeted without
affecting normal cells. Monoclonal antibodies (e.g., trastuzumab)
and small-molecule inhibitors [7] (e.g., imatinib) are examples of
targeted therapies. Trastuzumab targets the HER2 receptor, which is
overexpressed in certain breast cancers, while imatinib inhibits the
BCR-ABL fusion protein in chronic myelogenous leukemia. These
therapies offer greater specificity, reducing the risk of damage to
healthy tissue and minimizing side effects compared to conventional
chemotherapy.
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Hormonal therapy: Some cancers, such as breast and prostate
cancer, rely on hormones like estrogen or testosterone for growth.
Hormonal therapies (e.g., tamoxifen, aromatase inhibitors, and anti-
androgens) block hormone receptors or inhibit hormone production
[8], thereby limiting tumor growth. This class of drugs is particularly
effective in cancers that are hormone-sensitive and provides a less toxic
treatment option compared to traditional chemotherapy.

Challenges in Anticancer Drug Development

Drug resistance: A significant challenge in cancer treatment is
the development of drug resistance, where cancer cells become less
responsive or resistant to treatment over time. This can occur due to
genetic mutations, enhanced drug efflux, or the activation of alternative
survival pathways in cancer cells. The emergence of resistance can
lead to treatment failure, making it crucial to develop new drugs or
combination therapies that can overcome these mechanisms.

Toxicity and side effects: While anticancer drugs can be effective
in killing cancer cells, they often affect normal, healthy cells as well.
This leads to a range of side effects such as nausea, fatigue, and bone
marrow suppression. Strategies to mitigate toxicity, such as drug
delivery systems and the development of more selective agents, are
actively being explored [9]. Nanoparticle-based drug delivery, for
example, can help target drugs directly to cancer cells, reducing off-
target effects.

Personalized medicine: Cancer is not a single disease but a
collection of genetically distinct disorders. Personalized medicine aims
to tailor treatments based on individual genetic profiles, allowing for
more precise and effective therapies. However, the high cost of genetic
testing and the complexity of understanding cancer genomics present
significant challenges in widespread implementation.

Emerging Trends in Anticancer Therapy

Immunotherapy: Immunotherapy harnesses the body’s immune
system to recognize and destroy cancer cells. Checkpoint inhibitors,
such as pembrolizumab and nivolumab [10], block immune checkpoint
proteins like PD-1 and PD-L1I, allowing immune cells to target cancer
cells more effectively. Another immunotherapy approach involves
CAR-T cell therapy, where a patient’s T cells are genetically engineered
to target cancer cells. These therapies have shown promising results in
hematologic cancers such as leukemia and lymphoma, with ongoing
research exploring their use in solid tumors.

Combination therapy: Combining different therapeutic
approaches, such as chemotherapy with immunotherapy or targeted
therapy, has become a promising strategy for improving treatment
efficacy. The synergistic effects of combination therapy can help
overcome drug resistance and enhance overall treatment response.

Conclusion

Anticancer drugs have played a vital role in treating cancer for
decades, and ongoing research continues to enhance their effectiveness
and reduce their side effects. From traditional chemotherapy to
cutting-edge immunotherapies and targeted therapies, the mechanisms
of action of these drugs are becoming increasingly sophisticated.
However, challenges such as drug resistance, toxicity, and the need for
personalized treatments remain. As new drug classes and combination
therapies emerge, the future of cancer treatment looks promising, with
the potential for more effective and less harmful therapies that will
improve patient survival and quality of life.
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