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DESCRIPTION
Radiotherapy remains one of the foundational pillars of modern
cancer treatment, with a history that spans over a century and
continuous innovation that positions it at the forefront of
oncologic care. In essence, radiotherapy employs high-energy
radiation to damage the DNA of cancer cells, impeding their
ability to replicate and thereby leading to cell death. Because
radiation targets rapidly dividing cells, it has inherent utility
against a broad range of malignancies. Over time, radiotherapy
modalities have evolved from rudimentary external beams to
highly sophisticated, precision-oriented techniques, designed to
maximize tumour control while minimizing damage to
surrounding healthy tissue. This evolution reflects technological
advances in imaging, dosimetry and treatment planning, as well
as a growing understanding of tumour biology and
radiosensitivity.

Conventional External Beam Radiotherapy (EBRT) remains the
most widely used form of radiation therapy. Delivered from a
machine outside the body, such as a linear accelerator, EBRT
directs photons or electrons at the tumour site. Traditional Two-
Dimensional (2D) approaches have largely been replaced by
Three-Dimensional Conformal Radiotherapy (3D-CRT), which
uses Computed Tomography (CT) data to shape radiation beams
that conform more closely to the three-dimensional geometry of
the tumour. This technique allows higher doses to be delivered
to the cancer with reduced exposure to adjacent organs, thereby
improving the therapeutic ratio. However, even greater precision
has been achieved with advanced modalities such as Intensity-
Modulated Radiotherapy (IMRT) And Volumetric Modulated
Arc Therapy (VMAT). These approaches modulate the intensity
of individual radiation beams or rotate them around the patient
in arcs, creating highly customized dose distributions that
envelop the target while sparing normal tissues.

Stereotactic Radiosurgery (SRS) and Stereotactic Body
Radiotherapy (SBRT) represent further refinements in external
beam technology, enabling the delivery of very high doses of
radiation in one or a few fractions with sub-millimeter accuracy.
Initially developed for intracranial lesions, SRS has become a

standard treatment for brain metastases, arteriovenous
malformations and select primary brain tumours. SBRT extends
this precision to extracranial tumours-such as those in the lung,
liver and spine offering an effective alternative to surgery in
patients who are medically inoperable or refuse an invasive
procedure. The high biologically effective doses delivered in
SBRT result in outstanding local control rates, often with
minimal acute toxicity, making it a pivotal option in
oligometastatic and early-stage cancers.

In addition to external beam techniques, brachytherapy occupies
a unique niche in radiotherapy. Brachytherapy involves placing
radioactive sources directly within or adjacent to the tumour,
providing a high radiation dose over a short distance. This
approach has been especially valuable in the management of
gynecologic cancers (such as cervical and endometrial cancers),
prostate cancer and certain head and neck malignancies.
Because the radiation source is internal, the dose to surrounding
normal tissue is dramatically reduced compared with external
beam methods. Brachytherapy may be delivered as Low-Dose
Rate (LDR) implants that remain in place over days to weeks, or
as High-Dose Rate (HDR) treatments that are temporarily
inserted during outpatient procedures. For many tumours,
brachytherapy offers superior local control rates and improved
survival outcomes compared to external beam radiotherapy
alone.

Particle therapy, which includes proton and carbon ion therapy,
represents an advanced class of radiation treatment based on the
unique physical properties of charged particles. Unlike photons
used in conventional EBRT, charged particles deposit the
majority of their energy at a defined depth known as the Bragg
peak, beyond which little dose is delivered. This characteristic
allows for maximal tumour dose deposition with minimal exit
dose, theoretically reducing toxicity to normal structures. Proton
therapy has gained traction in paediatric cancers, skull base
tumours and other complex cases where critical organs are
adjacent to the target. Carbon ion therapy, with its higher linear
energy transfer and enhanced biological effectiveness, is being
explored for radio-resistant tumours such as sarcomas and
certain head and neck cancers. While particle therapy holds

Commentary

Correspondence to: Samuel Williams, Department of Radiation Oncology, School of Medicine, Midwest University, Chicago, United States, E-
mail: samuel.williams@midwestmed.edu

Received: 30-Jun -2025, Manuscript No. CMT-25-40401; Editor assigned: 03-Jul-2025, PreQC No. CMT-25-40401 (PQ); Reviewed: 17-Jul -2025, 
QC No. CMT-25-40401; Revised: 25-Jul -2025, Manuscript No. CMT-25-40401 (R); Published: 02-Aug -2025, DOI: 10.35248/2167-770.25.12.224

Citation: Williams S (2025) Comprehensive Review of Radiotherapy Modalities and Clinical Applications in Cancer Treatment. Chemo Open 
Access. 12:224.

Copyright: © 2025 Williams S. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which 
permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Chemo Open Access, Vol.12 Iss.03 No:1000223 1

Chemotherapy: Open Access



substantial promise, its widespread adoption is tempered by high
infrastructure costs and limited availability, prompting ongoing
research into cost-effectiveness and clinical benefit.

Across all modalities, radiotherapy is frequently combined with
other cancer treatments to enhance efficacy. Concurrent
chemoradiation is a cornerstone in the management of locally
advanced cancers, such as those of the cervix, head and neck
and lung, where chemotherapy acts as a radiosensitizer to
improve tumour response. In the era of targeted therapies and
immunotherapy, radiotherapy has shown potential synergy with
systemic agents, sometimes inducing systemic immune responses
against metastatic disease-a phenomenon known as the abscopal
effect. These multidisciplinary strategies reflect a paradigm shift
toward personalized oncology, where treatment is tailored based
on tumour characteristics, patient factors and molecular
profiling.

Despite remarkable technological progress, challenges remain in
radiotherapy. Radiation-induced toxicity, particularly in sensitive

organs such as the heart, lungs and spinal cord, continues to
limit dose escalation in some settings. Additionally, tumour
hypoxia and inherent radioresistance can attenuate treatment
effectiveness. To address these challenges, research efforts focus
on adaptive radiotherapy, real-time imaging during treatment,
radioprotectors for normal tissue and radiosensitizers that
amplify tumour killing.

CONCLUSION
In conclusion, radiotherapy is an indispensable and continually
advancing modality in cancer care. From conventional external
beams to precision-guided techniques, brachytherapy and
particle therapy, the breadth of options enables clinicians to
tailor treatment to the individual needs of patients. With
ongoing innovations and integration with systemic therapies,
radiotherapy will undoubtedly maintain its central role in
improving cancer outcomes worldwide.
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