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DESCRIPTION

Chemotherapy and radiation therapy are core treatments for
cancer, effectively targeting and killing malignant cells. However,
these therapies also induce cellular senescence, a state of
irreversible growth arrest. Understanding the impact of these
treatments on cellular senescence is important for optimizing
cancer therapies and managing long-term patient outcomes.

Cellular senescence

Cellular senescence is a state in which cells lose their ability to
divide and proliferate, often in response to stress or damage.
Senescent cells remain metabolically active but are characterized
by an altered secretory phenotype known as the Senescence
Associated Secretory Phenotype (SASP). SASP includes pro-
inflammatory cytokines, growth factors and proteases that can
impact the surrounding tissue environment, contributing to
inflammation and tissue dysfunction.

Mechanisms of senescence induction by
chemotherapy

Chemotherapy involves the use of cytotoxic drugs designed to
kill rapidly dividing cancer cells. These drugs, such as cisplatin,
doxorubicin and paclitaxel, work by interfering with DNA
replication and repair, leading to DNA damage and cell death.
However, cells, instead of undergoing
(programmed death), of

Chemotherapy-induced cellular senescence is primarily driven by

some apoptosis

cell enter a state senescence.
DNA damage. The cytotoxic drugs cause various forms of DNA
lesions, including double-strand breaks. The cellular response to
this damage involves activation of the DNA Damage Response
(DDR) pathways, which can lead to cell cycle arrest and
senescence. Persistent DDR signalling, in the absence of effective

DNA repair or apoptotic signalling, often results in senescence.

Mechanisms of senescence induction by radiation

Radiation therapy uses ionizing radiation to induce DNA
damage in cancer cells, leading to cell death. Similar to

chemotherapy, radiation can also induce cellular senescence,
though the mechanisms may differ in certain aspects. lonizing
radiation generates Reactive Oxygen Species (ROS), which cause
DNA damage, including single and doublestrand breaks. The
accumulation of DNA damage from radiation triggers the DDR
pathways, leading to cell cycle arrest and potential senescence.
The extent and type of DNA damage can influence whether the
cell undergoes senescence or apoptosis.

Adverse effects and challenges

Senescent cells can secrete pro-inflammatory factors through
SASP, which can contribute to chronic inflammation and
disrupt tissue homeostasis. This can lead to side effects such as
tissue fibrosis, impaired wound healing and an increased risk of
secondary cancers. To address the adverse effects of therapy-
induced senescence, several strategies are being explored:

Senolytics: Senolytic drugs are designed to selectively eliminate
senescent cells. By targeting and removing these cells, it may be
possible to alleviate some of the negative impacts associated with
senescence, such as chronic inflammation and tissue damage.

SASP modulation: Modulating the SASP is another potential
strategy to mitigate the adverse effects of senescence. Approaches
include using anti-inflammatory agents or inhibitors of SASP
factors to reduce inflammation and prevent tissue damage.

Personalized therapy: Personalized treatment approaches,
customized to the specific characteristics of the tumor and the
patient, can help in minimizing the impact of senescence. By
selecting therapies that target cancer cells more precisely, it may
be possible to reduce the number of normal cells that enter

senescence and limit overall treatmentrelated side effects.

CONCLUSION

Chemotherapy and radiation therapy are effective cancer
treatments that can induce cellular senescence in both cancerous
and normal cells. While senescence can help control tumor
growth, it also presents challenges, particularly through the
effects of SASP and long-term complications. Ongoing research
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into senolytics, SASP modulation and personalized therapies
aims to balance the therapeutic benefits of these treatments with
the need to minimize adverse effects.
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