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Abstract. Radiotherapy is a cornerstone of modern cancer care and a key component of 

multimodal management for both curative and palliative intent. Contemporary practice 

combines physical dose shaping with biological principles to maximize tumor control while 

limiting normal tissue injury. This article reviews major radiotherapy methods, including 

external beam photon techniques, particle therapy, and brachytherapy, together with the 

technical workflow that supports accurate delivery, such as simulation, target volume 

definition, treatment planning, image guidance, motion management, and quality assurance. 

The biological basis is discussed through DNA damage mechanisms, linear–quadratic modeling, 

fractionation and the 4Rs, relative biological effectiveness, oxygen effects, and clinical 

endpoints such as tumor control probability and normal tissue complication probability. The 

synthesis emphasizes that technique selection is inseparable from radiobiology: dose per 

fraction, total dose, overall time, and spatial dose distribution jointly determine outcomes. A 

practical framework is offered to help learners link technology to patient-centered goals and to 

understand why modern radiotherapy is both a physics-driven and biology-driven discipline. 

Keywords: radiotherapy; external beam radiation therapy; 3D-CRT; IMRT; VMAT; 

stereotactic radiotherapy; brachytherapy; proton therapy; fractionation; linear–quadratic 

model; radiosensitivity; image guidance; quality assurance. 

Introduction 

Radiation therapy uses ionizing radiation to damage the genetic material of cells, thereby 

inhibiting proliferation and inducing cell death. In oncology, this effect is exploited to eradicate 

malignant clonogens while preserving the function of surrounding organs at risk. Over the last 

decades, radiotherapy has evolved from simple two-dimensional fields to highly conformal, 

image-guided, and motion-managed techniques capable of sculpting dose around complex 

targets. This technical revolution has been accompanied by deeper understanding of 

radiobiological determinants of response, such as oxygenation, cell-cycle effects, DNA repair 

capacity, and the time–dose relationship. 

Radiotherapy is not a single procedure but a controlled clinical process that integrates 

patient assessment, simulation imaging, geometric modeling, dosimetric calculation, plan 

verification, and repeated delivery over multiple treatment fractions. The accuracy 

requirements are stringent: millimeter-level positioning errors can translate into clinically 

meaningful underdose to the tumor or overdose to critical normal tissues. For learners, the 

challenge is to connect the vocabulary of technology—IMRT, VMAT, IGRT, stereotactic 

treatments, and brachytherapy—with the biological logic that explains why fractionation 

works and why normal tissue tolerance is both dose-dependent and volume-dependent.This 
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article addresses three complementary questions. First, what are the main radiotherapy 

methods used in contemporary practice and how do they differ? Second, what therapeutic 

techniques and technical steps ensure safe and accurate treatment delivery? Third, what 

biological principles explain the benefits and limitations of radiotherapy, and how do these 

principles guide clinical decision-making? 

Methods. A narrative, professor-level synthesis was developed by organizing 

radiotherapy knowledge into three layers: clinical workflow, technical modalities, and 

radiobiological mechanisms. Standard concepts used in radiotherapy education and clinical 

practice were integrated, including target volume definitions, dose prescription and 

constraints, fractionation strategies, and quality assurance. The review is structured to follow  

Results. Radiotherapy methods and modalities. The major radiotherapy modalities can 

be grouped into external beam radiation therapy, brachytherapy, and particle therapy. External 

beam therapy typically uses high-energy photons generated by a linear accelerator. Modern 

photon therapy includes three-dimensional conformal radiotherapy, intensity-modulated 

radiotherapy, volumetric modulated arc therapy, and stereotactic techniques. The defining 

feature of these methods is how beam intensity and geometry are shaped to conform to the 

target while sparing organs at risk.Three-dimensional conformal radiotherapy uses multiple 

static beams shaped by collimation to match the target projection. It improves upon older two-

dimensional approaches by using CT-based planning and more reliable geometric targeting. 

Intensity-modulated radiotherapy modulates beam fluence across each field, enabling steep 

dose gradients and sparing of critical organs, particularly for head-and-neck cancers, prostate 

cancer, and complex pelvic targets. Volumetric modulated arc therapy extends this principle by 

delivering continuously variable intensity during gantry rotation, often improving treatment 

efficiency while preserving or improving conformity.Stereotactic radiosurgery and stereotactic 

body radiotherapy deliver high doses per fraction with very high geometric accuracy. These 

approaches rely on rigid immobilization, high-quality imaging, and strict quality assurance. 

They can achieve high local control for selected small lesions in the brain, lung, spine, and other 

sites, but they demand careful respect of normal tissue constraints because large per-fraction 

dose increases biological effect. 

Brachytherapy places radioactive sources close to or within the tumor, producing a high 

local dose with rapid fall-off. It is widely used in gynecologic cancers and in selected prostate 

protocols, and it can also be applied in certain head-and-neck or breast cases. Because dose 

decreases sharply with distance, brachytherapy can provide excellent tumor coverage while 

limiting exposure to surrounding organs, but it requires procedural expertise and anatomy-

dependent feasibility. 

Particle therapy, especially proton therapy, exploits the depth–dose characteristics of 

charged particles. Protons deposit relatively low dose on entry and release a large proportion 

of energy near the end of range, with minimal exit dose. This property can reduce integral dose 

to normal tissues and is attractive in pediatric oncology and in tumors near critical structures. 

However, range uncertainties and sensitivity to tissue heterogeneity require robust planning, 

precise imaging, and careful quality management. 

Therapeutic technique and workflow. A safe radiotherapy course begins with indication 

and intent. Curative intent aims at long-term control or cure, often with definitive radiotherapy 

or combined chemoradiation. Palliative intent prioritizes symptom relief and quality of life, 
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typically using shorter regimens. After clinical decision-making, simulation is performed. 

Immobilization devices are selected to ensure reproducible positioning, and CT simulation is 

acquired to provide electron density for dose calculation. Additional imaging such as MRI or 

PET may be fused to improve target definition.Target delineation follows standardized volume 

concepts. Gross tumor volume represents visible disease; clinical target volume accounts for 

microscopic spread; planning target volume adds margins to address setup error and internal 

motion. Organs at risk are contoured to apply dose constraints. Treatment planning then selects 

a technique and optimizes dose distribution. Dose–volume histograms allow evaluation of 

target coverage and organ sparing. This step is fundamentally an optimization problem 

constrained by anatomy, physics, and radiobiology.Verification and quality assurance are 

essential. Machine QA ensures output consistency and mechanical accuracy. Patient-specific QA 

checks that complex modulation can be delivered as planned. Image-guided radiotherapy 

verifies patient position at each fraction using on-board imaging, cone-beam CT, or other 

modalities. Motion management techniques, including breath-hold, gating, or tracking, address 

respiratory motion for thoracic and upper abdominal targets. The process is iterative: if 

anatomy changes during treatment, adaptive replanning may be required.Biological basis of 

radiotherapy response. At the molecular level, the critical lesion is DNA damage, especially 

double-strand breaks. Damage may occur by direct energy deposition in DNA or indirectly 

through reactive oxygen species generated by water radiolysis. Cells respond through DNA 

repair pathways and cell-cycle checkpoints; depending on repair success and cellular context, 

outcomes include apoptosis, mitotic catastrophe, senescence, or survival with mutations.The 

relationship between dose and cell survival is commonly represented by the linear–quadratic 

model, which captures two components of damage: a linear term and a quadratic term. The 

model helps explain why dose per fraction matters and why normal tissues often have different 

fractionation sensitivity compared with many tumors. Clinically, fractionation exploits the 4Rs: 

repair of sublethal damage in normal tissues, reoxygenation of tumor cells, redistribution 

through the cell cycle, and repopulation dynamics. These principles justify delivering the total 

dose in multiple small daily fractions to balance tumor control with normal tissue 

tolerance.Oxygenation is a major modifier of radiosensitivity. Oxygen enhances fixation of 

radiation-induced damage, making hypoxic tumor regions more resistant. Over a course of 

fractionated therapy, reoxygenation can improve effectiveness, but persistent hypoxia may 

require intensification strategies in selected settings. Another modifier is relative biological 

effectiveness. High linear energy transfer radiation tends to produce complex clustered 

damage, increasing biological effect for a given physical dose. Proton therapy is often modeled 

with relative biological effectiveness close to unity, but biological variation along the beam path 

remains clinically relevant.Clinical endpoints integrate these mechanisms into measurable 

outcomes. Tumor control probability reflects the likelihood of eradicating clonogens at a given 

dose distribution, while normal tissue complication probability reflects risk of clinically 

significant toxicity. Modern planning uses dose constraints and volumetric limits to keep 

toxicity acceptable. Spatial dose distribution and fractionation interact: the same mean dose 

delivered with different hot spots and gradients can produce different toxicity risks. 

Figure 1. Radiotherapy workflow (conceptual). 
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Figure 2. The biological 4Rs (conceptual). 

 
Figure 3. Main radiotherapy modalities and supporting techniques (conceptual). 
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Table 1. Comparison of major radiotherapy techniques 

Technique Dose shaping 

principle 

Typical strengths Key limitations 

3D-CRT Multiple shaped 

static fields 

Robust, widely 

available, predictable 

QA 

Less conformal for 

complex targets 

IMRT Intensity modulation 

within fields 

High conformity and 

organ sparing 

More planning 

complexity; sensitive 

to motion 

VMAT Arc delivery with 

varying intensity 

Efficiency and 

conformity; shorter 

treatments 

Requires strict QA; 

interplay with 

motion 

SRS/SBRT High dose per 

fraction with tight 

margins 

High local control for 

small targets 

High per-fraction 

risk; strict 

constraints needed 

Brachytherapy Sources placed near 

tumor 

Very high local dose; 

rapid fall-off 

Invasive; anatomy 

dependent 

Protons Depth-dose 

advantage, reduced 

exit dose 

Lower integral dose; 

sparing in select 

cases 

Range uncertainty; 

limited availability 

Table 2. Fractionation examples and typical rationale 

Regimen style Typical dose pattern Rationale 

Conventional Small daily fractions over 

several weeks 

Balances tumor control with 

late-tissue tolerance 
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Hypofractionation Moderate to large fractions 

over fewer sessions 

Convenience; may suit 

certain tumor biology and 

logistics 

Stereotactic Very large fractions, few 

sessions 

Ablative dose to small 

targets with sharp gradients 

Hyperfractionation Smaller fractions twice daily Exploit repair to reduce late 

toxicity at higher total dose 

Discussion. The modern radiotherapy landscape demonstrates that technology and 

biology are inseparable. Highly conformal techniques spare organs at risk, but they also 

introduce new complexities: sensitivity to motion and setup errors, dependence on accurate 

modeling and verification, and changes in integral dose distribution. For example, IMRT and 

VMAT can reduce high-dose exposure to critical structures, yet they may increase the volume 

receiving low doses, which can matter in pediatric populations or in settings where secondary 

cancer risk is a concern. 

Fractionation remains the central safety strategy. The 4Rs explain why normal tissues can 

tolerate high total dose when delivered in small fractions, and why tumor response may 

improve due to reoxygenation and redistribution. However, tumors with rapid repopulation 

may require attention to overall treatment time, and certain clinical scenarios justify altered 

fractionation or hypofractionation. Thus, technique selection must be individualized based on 

tumor type, anatomy, comorbidity, and treatment intent. 

Conclusion 

Conclusion. Radiotherapy methods include external beam photon techniques, 

brachytherapy, and particle therapy, each with distinct physical dose distributions and clinical 

strengths. Therapeutic technique is a structured workflow encompassing simulation, target 

definition, planning, verification, image guidance, motion management, and quality assurance. 

The biological basis of radiotherapy centers on DNA damage and repair, dose–response 

modeling, oxygen effects, relative biological effectiveness, and fractionation principles 

summarized by the 4Rs. Modern practice succeeds when these components are integrated: 

spatial dose shaping must be paired with radiobiological logic and strict QA to achieve high 

tumor control with acceptable toxicity. Understanding this integration enables rational 

technique selection and supports continuous improvement in patient outcomes. 
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