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INTRODUCTION

Drug resistance in cancer is a critical and complex challenge
that impacts the efficacy of treatments and poses significant
obstacles in managing the disease. When cancer cells
become resistant to drugs that were initially effective, it not
only limits therapeutic options but can also lead to relapse
and progression, making cancer more difficult to control.
Understanding the mechanisms underlying drug resistance
is essential for developing strategies to overcome it and
improve patient outcomes. Drug resistance in cancer can arise
through a variety of mechanisms, both intrinsic and acquired.
Intrinsic resistance occurs when cancer cells are inherently
less susceptible to certain therapies from the beginning, while
acquired resistance develops after initial treatment exposure,
often due to adaptations within the tumor cells. Cancer cells
can acquire mutations that alter drug targets, rendering
treatments less effective. For example, mutations in the BRAF
gene, common in melanoma, can cause resistance to BRAF
inhibitors.

DESCRIPTION

As cancer cells divide rapidly, they frequently accumulate
genetic changes, which can confer drug resistance over
time. Many cancer cells develop the ability to expel drugs
before they can exert their toxic effects. They achieve this
through specialized proteins known as efflux pumps, such
as P-glycoprotein, which transport drugs out of the cell,
reducing their intracellular concentration and effectiveness.
Cancer cells may modify the structure or expression of the
target molecules that drugs are designed to interact with. For
example, in Chronic Myeloid Leukemia (CML), mutations in the
BCR-ABL gene can change the binding site of tyrosine kinase
inhibitors like imatinib, decreasing the drug’s ability to inhibit
the cancer-promoting pathway. Some cancer cells develop
enhanced DNA repair capabilities, allowing them to repair
the DNA damage caused by treatments like chemotherapy or
radiation. This ability to “fix” the damage allows cancer cells to
survive and continue dividing despite therapy. The surrounding

environment, or microenvironment, of a tumor can also play
a role in resistance. Factors like low oxygen levels (hypoxia),
abnormal blood vessels, and immune cells within the tumor
environment can create conditions that protect cancer cells
from drugs. For instance, hypoxia can induce the expression
of survival pathways in cancer cells, enabling them to evade
treatments. Cancer cells can undergo phenotypic changes,
such as transitioning from an epithelial to a mesenchymal-like
state, which makes them more mobile and less susceptible to
certain drugs. This process, known as EMT, is linked to increased
resistance to therapies and is a common feature in metastatic
cancers. Drug resistance significantly impacts treatment
outcomes by limiting the effectiveness of therapies, leading
to treatment failure, relapse, and ultimately poorer survival
rates. For patients with advanced cancers, resistance can often
mean exhausting therapeutic options, leaving few alternatives.
In certain cancers, such as metastatic melanoma and non-
small cell lung cancer, resistance to targeted therapies and
immunotherapies has become a major barrier. In these cases,
patients may initially respond well to treatments like BRAF
or EGFR inhibitors, but the majority will eventually develop
resistance, necessitating a shift to alternative treatments that
are often less effective. Researchers and clinicians are working
to combat drug resistance through various approaches.

CONCLUSION

As drug resistance continues to pose a major hurdle in cancer
treatment, advancements in technology and research are
paving the way for innovative solutions. Drug resistance
remains one of the most significant challenges in cancer
therapy, limiting treatment effectiveness and impacting patient
survival. By understanding the mechanisms of resistance and
developing strategies to counteract them, researchers and
clinicians hope to make more durable, long-lasting treatments
available for cancer patients. While there is still much to learn,
the progress in combination therapies, precision medicine,
and targeted treatments offers hope for overcoming drug
resistance and improving outcomes for those battling cancer.
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