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Introduction

This paper is intended to provide the reader with an overview of radiotherapy, how it works, the various treatment options, its side effects, etc.  Radiotherapy is the treatment of disease, primarily malignant tumours using ionizing radiation {i.e., high energy x-rays or particle radiation (electrons, protons)}.  As a cancer treatment it can be used on its own or in combination with other interventions (surgery, chemotherapy, etc.).  

Application

Radiotherapy can be employed as a curative therapy to eradicate cancerous cells, or as a palliative treatment, with the aim of symptomatic relief.  The most common tumours treated with radiotherapy are breast cancer, prostate cancer, lung cancer, colorectal cancer, head & neck cancers, lymphoma, and cancer of the larynx.  Radiotherapy can also be used to suppress the immune system prior to a transplant, in order to reduce the incidence of tissue rejection; to calm hyperactive muscles; and to create a scar tissue stent to reinforce the vascular walls.  

How Radiotherapy Works (Radiobiology)

Radiotherapy uses ionizing radiation to transfer energy to the molecules (mainly water) within a cell.  The interaction results in the production of oxidative species, such as free radicals and peroxides that react with cell DNA to disrupt its structure. In some cases, the chemically unstable DNA structure reverts back to normal, but in others, either single-strand or double-strand breaks will occur.  Single-strand breaks may be repaired, but double-strand DNA breaks are normally lethal and result in the death of the affected cells.  Where apoptosis (cell death) does not occur and the DNA is not correctly repaired, the DNA damage will be inherited through cell division.  As the damage accumulates in the next generation of cancer cells, those cells will either die or reproduce more slowly.
Radiotherapy takes advantage of the fact that: 1) cells are most vulnerable to damage by ionizing radiation during the mitosis phase of the cell cycle; and 2) cancerous cells are rapidly pro-liferating and generally undifferentiating (i.e., stem cell-like).  That is, cancer cells are more likely to be damaged by radiation because there are more cells undergoing mitosis/ division than the normal cell population, and cancer cells have a diminished ability to repair sub-lethal damage compared to most healthy differentiated cells.  Note however, that tumours can outgrow their blood supply and enter a low-oxygen state known as hypoxia.  The cells in such tumours, because they reproduce less frequently, are not subject to the damage caused by free radicals and are more resilient to the effects of radiation.  Note too, that normal cells with fast cell cycles, e.g., intestinal lining, bone marrow, and skin, will be at increased risk of damaging side effects.

Side Effects 

Radiation side effects depend on several factors, including the body site being treated, the volume of normal tissue irradiated, the total dose and the rate of dose accumulation.  The immediate effect of radiation usually presents itself in proliferating tissues such as skin, mucosa, and bone marrow, as described above.  The delayed effect of radiation usually presents itself in non-proliferating differentiated tissues, which cannot compensate for cell death by dividing to replace lost cells. The damage becomes apparent as the mature cells die.  The most common general side effects of radiotherapy are fatigue and loss of appetite.  Other side effects include skin reactions, hair loss, nausea and diarrhea, infertility, and mucositis (soreness in the mouth and throat). 

Radiotherapy Modalities/ How Radiotherapy Is Given

The main divisions of radiotherapy are external beam radiotherapy and brachytherapy or sealed source radiotherapy.  The dosimetry for each of these therapies is such that the dose to all parts of the target volume is within 10% of the prescription dose.
External Beam Radiotherapy (EBRT)

In EBRT a beam of ionizing radiation is externally directed through the skin of the patient to the tumour.  Three types of machines are used to deliver EBRT.  One type of machine employs a radioactive source such as cobalt-60 or iridium-137 to produce x-rays in the 300keV to 1.5 MeV range.  The second is a conventional x-ray generator, which produces x-rays called "superficial" x-rays and "orthovoltage" x-rays in the range of 20keV to 500keV.  The third is a linear accelerator (LINAC), which produces x-rays called "megavoltage" x-rays up to 25 MeV.  X-rays less than 50 keV are used to treat skin cancer.  X-rays between 50 keV and 25 MeV are used to treat tissue several millimetres to several centimetres in depth. 
External Beam Radiotherapy Techniques
A number of various techniques exist to shape the beam of ionizing radiation from the radiotherapy machine.  The techniques are known as: 1) Conformal radiotherapy; 2) Intensity modulated radiotherapy; and 3) Stereotatic radiotherapy.  In conformal radiotherapy metal blocks are placed in the path of the x-ray beam to alter its shape to match that of the cancer.  A device called a multi-leaf collimator can also be used as an alternative to the metal blocks.  The multi-leaf collimator consists of a number of metal sheets which are fixed to the linear accelerator.  Each layer can be adjusted so that the radiotherapy beams can be shaped to the treatment area.  High-resolution intensity modulated radiotherapy also uses a multi-leaf collimator.  During this treatment, the layers of the multi-leaf collimator are moved while the treatment is being given.  Stereotactic radiotherapy directs the x-ray beam from many different angles so that the dose going to the tumour is very high and the dose affecting surrounding healthy tissue is very low.

Brachytherapy

Brachytherapy or sealed source radiotherapy is the application of radiation from close range.  That is, the radioactive source is placed inside the area requiring treatment.  The sources typically employed are Cs-137, Ir-192 and Co-60.  Brachytherapy is used to treat small localized, accessible tumours.
Brachytherapy Techniques

Brachytherapy can be split into three main types: 1) Surface applicator or "Mould" brachytherapy; 2) Interstitial brachytherapy; and 3) Intracavitary brachytherapy.  In "Mould" brachytherapy, sealed sources are placed close to the skin usually to treat superficial tumours.  Interstitial brachytherapy places the sources directly into the tumour-infested tissue. E.g., radioactive iodine seeds can be permanently inserted into the prostate.  Intracavitary brachytherapy places the sources inside a pre-existing body cavity. The most common applications of this method are gynaecological in nature. E.g., radioactive cesium can be temporarily inserted into the cervix.

Conclusion

The practice of medicine has been transformed by nuclear technology.  Where surgery was previously the primary option to remove cancerous tumours, they can now be destroyed painlessly by x-rays and a number of other available radiotherapy techniques.
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