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|ntr0ducti0n tumour, allowing for precise dose delivery and adaptation of treatment plans
based on anatomical changes. Proton therapy utilizes protons instead of
X-rays to target tumours. Protons deposit their maximum energy directly at
the tumour site, reducing radiation exposure to surrounding healthy tissues.
This technique is particularly beneficial for treating tutors located near critical
organs or in paediatric patients, where minimizing long-term side effects is
crucial. Personalized medicine in radiotherapy focuses on tailoring treatment
based on individual patient characteristics and tumour biology. Advances in
genomic profiling allow for the identification of specific genetic mutations and
biomarkers associated with tutors. This information can guide the selection
of the most effective radiotherapy regimen and predict treatment response.
Personalized treatment plans enhance therapeutic efficacy and reduce the
risk of adverse effects. Adaptive radiotherapy involves modifying treatment
plans in response to changes in tumour size, shape, or position over time.
By incorporating real-time imaging data and patient-specific factors, adaptive
radiotherapy ensures that the treatment remains aligned with the evolving
tumour characteristics, optimizing dose delivery and minimizing side effects.
Radio genomics combines radiographic imaging with genomic data to predict
patient responses to radiotherapy. This approach helps identify patients who
may benefit from specific treatment modalities or those at risk of adverse
effects, enabling more precise and individualized treatment strategies [3,4].

Radiotherapy remains a cornerstone in cancer treatment, with
advances continually enhancing its effectiveness and precision. This article
explores recent advancements in radiotherapy, focusing on techniques
and technologies that improve treatment precision and outcomes. Key
developments include innovations in imaging, treatment delivery systems and
personalized approaches to therapy. These advancements promise to refine
the targeting of tumours, minimize damage to surrounding healthy tissues and
improve overall patient outcomes. Radiotherapy, a pivotal modality in cancer
management, utilizes high-energy radiation to target and destroy malignant
cells. Over the decades, technological advancements have significantly
evolved the field, shifting from broad, imprecise treatments to highly targeted
approaches that enhance therapeutic efficacy and reduce side effects. This
article delves into contemporary advances in radiotherapy, spotlighting
innovations that are revolutionizing the field and setting new standards for
cancer care. The accuracy of radiotherapy heavily relies on precise imaging to
delineate tumours and surrounding tissues. Recent developments in imaging
technologies have substantially improved the precision of radiotherapy.
MRI provides superior soft tissue contrast compared to traditional imaging
modalities like CT scans. Recent advances include MRI-guided radiotherapy,

which combines real-time imaging with radiation delivery. This integration The field of radiotherapy continues to evolve with emerging technologies
allows for more precise tumour targeting and adjustment of treatment plans and innovative approaches. Al and machine learing algorithms are
based on tumour movement or changes in anatomy [1]. increasingly being integrated into radiotherapy to enhance treatment planning

and decision-making. These technologies analyse vast amounts of imaging
and patient data to predict treatment outcomes, optimize dose distribution and
automate routine tasks, improving overall efficiency and precision. Combining
radiotherapy with immunotherapy represents a promising frontier in cancer
treatment. Radiotherapy can enhance the effectiveness of immune checkpoint
inhibitors and other immunotherapeutic agents by inducing immunogenic cell
death and increasing tumour antigen presentation. This synergistic approach
aims to improve treatment outcomes and extend survival rates. FLASH
radiotherapy is an emerging technique that delivers high-dose radiation at
ultra-high dose rates in a fraction of a second. Preliminary studies suggest that
FLASH radiotherapy may reduce side effects while maintaining therapeutic
efficacy. This innovative approach holds potential for improving patient
outcomes and expanding the therapeutic window of radiotherapy. Modern
radiotherapy has seen remarkable innovations in treatment delivery systems,
aimed at increasing precision and reducing side effects. IMRT represents a
significant advancement over conventional radiotherapy [5].

PET scans offer functional imaging capabilities that can reveal metabolic
activity within tumours. Combined with CT or MRI, PET scans enhance the
accuracy of tumour localization and treatment planning. The development of
PET-guided radiotherapy allows for more accurate dose delivery and improved
treatment outcomes. Traditional imaging methods often fail to account for the
movement of tumours due to breathing or other physiological processes. 4D
imaging techniques capture these dynamic changes, enabling clinicians
to account for tumour motion and adjust radiation delivery accordingly.
This reduces the risk of irradiating healthy tissues and enhances treatment
precision. It allows for the modulation of radiation beam intensity, delivering
varying doses of radiation to different tumour regions while minimizing
exposure to adjacent healthy tissues. This technique enhances tumour
targeting and reduces collateral damage. SRS and SBRT are non-invasive
techniques that deliver high doses of radiation with pinpoint accuracy. SRS
is often used for brain tumours, while SBRT is applied to tumours in other
body regions. These methods improve treatment outcomes by concentrating
radiation on the tumour while sparing surrounding healthy tissue [2].

Conclusion

Description

Advances in radiotherapy have transformed cancer treatment by
enhancing precision, minimizing side effects and improving patient outcomes.
Innovations in imaging technologies, treatment delivery systems and
personalized approaches are at the forefront of this evolution, offering new
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IGRT involves the use of advanced imaging techniques to guide radiation
delivery in real-time. This ensures accurate alignment of the patient and
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