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Abstract

The practice of radiation oncology (radiotherapy) encompasses the clinical care of patients as well as the
technical aspects of radiotherapy. Benefits to patients accruing from radiotherapy depend upon the accurate
delivery of high doses to the rumour with doses to normal tissues being kept to a minimum. In addition to these
patient-centred aspects of radiation protection in radiotherapy, appropriate measures must also be taken to
reduce the amount of radiation to staff and the general public to as low a level as is reasonably achievable. In
order to achieve these aims, a broad basic training is required in all of the disciplines involved in the delivery of
ionising radiation. ESTRO has recommendations for core curricula for the disciplines involved, but this annex
lists the elements from these curricula which relate specifically to radiation protection. It is important to reiterate
that the extent of training required will depend upon the existing levels of knowlege and training of different
groups of professionals in physics, radiobiology etc, and this may vary from state to statespecific training
objectives for radiation protection in Radiotherapy will cover following subjects: Radiotherapy equipment -
safety and accuracy Dosimetric and geometric quantities for accuracy in radiotherapy Radiobiology and
radiation risks Radiation treatment planning for optimising delivery of radiation dose Optimal and safe use of
radionuclides in radiotherapy Radiation hazards in radiotherapy facilities Keywords: radiotherapy, education,
training, continuous professional development in

1. Outline of specific training objectives

Radiotherapy equipment - safety and accuracy

• To show that the principles of operation and details of construction of therapy X-ray
generators, including treatment head, are designed for safe and accurate delivery of
radiation to the target volume with minimal collateral radiation dose.

• To discuss how filtration and factors affecting output of KV X-ray units determine the
radiation dose to skin and target volume.

• To discuss how the construction of cobalt-60 units and methods of safety control
minimise the risk of radiation accidents.

• To describe the production of MV X-rays in a linear accelerator, and the arrangements
for limiting X-ray head leakage.

• To describe KV X-ray applicators, electron applicators, conventional linear accelerator
collimators, multi-leaf collimators, the effect of collimators on penumbra size, shielding
materials and dose under shielding materials, and the relevance in restricting radiation
dose to the target volume.

• To describe equipment controls and interlocks, and select/confirm systems, and their role
in hazard control.

• To explain the role of commissioning measurements and quality control checks in
determining the accuracy of radiation dose delivered to the patient.
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• To discuss the merits of equipment and limitations of use with respect to the optimal and
safe delivery of radiation to the patient.

• To discuss the merits of verification in respect of the information needed to ensure
accurate and safe delivery of radiation to the treatment volume.

Dosimetric and geometric quantities for accuracy in radiotherapy

• To discuss the use of percentage depth dose curves, backscatter and peakscatter factors,
tissue phantom ratios, tissue standard factors and equivalent squares in determining the
radiation dose delivered to a patient.

• To discuss the role of beam geometry, magnification and beam penumbra in determining
the extent of the radiation field which treats a patient.

• To explain the definition of field size and its use in ensuring correct coverage of the
target volume.

• To explain the variation of depth-dose characteristics with energy and to relate these to
the optimum choice of energy in delivering radiation to a patient.

• To explain the general features of isodose charts and their dependence upon FSD and
energy with regard to ensuring the adequate and homogeneous irradiation of the target
volume.

• To describe the acquisition and use of beam data for radiotherapy treatment planning and
to analyse the limitations of the algorithms used.

• To explain calibration protocols and the uncertainties in the calibration process and to
relate these to the overall uncertainty of patient radiation dosage.

Radiobiology and radiation risks

• To discuss the justification and use of radiotherapy in malignant and benign disease

• To contrast the use of external beam therapy and brachytherapy in the treatment of
disease and to discuss the relative benefits of both modalities to the patient.

• To relate the response to radiation at the molecular and cellular level, including cellular
injury and cell survival curves to the macroscopic response of tissue to radiation.

• To discuss the response of tumours and normal tissue to therapeutic levels of radiation
including dependence on fractionation, dose rate, radiosensitisation, reoxygenation.

• To consider radiation reactions - early and late.

• To discuss the role of radiobiological modelling including linear-quadratic model in
explaining the effects of radiation injury to tissues.

• To discuss therapeutic ratio and its role in optimising dose delivered to patients.

• To discuss the effects of radiation on the embryo and foetus, leukaemogenesis and
carcinogenesis, genetic and somatic hazards for exposed individuals and populations.

• To explain the assessment of the efficacy of radiotherapy and its role in the justification
of radiation treatment.
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Radiation treatment planning for optimising delivery of radiation dose

• To describe the delineation of target volumes including ICRU50 and ICRU62. and its
role in optimising radiation treatment.

• To contrast fixed-SSD and isocentric radiotherapy, and to discuss the relative benefits
of the two methods.

• To describe beam modification including oblique incidence, inhomogeneities, wedges,
compensators and interface effects in the context of achieving accurate, homogeneous
irradiation of the target volume.

• To discuss the combination of fields to produce homogeneous irradiation of the target
volume.

• To discuss how 3-D treatment planning and optimisation can be used to limit the
radiation exposure of normal tissues.

• To discuss how the use of conformal radiotherapy can optimise the irradiation of the
target volume with respect to normal tissue.

• To explain how treatment verification and in-vivo dosimetry can enhance the accuracy
of the dosage and targeting of the radiation field.

• To explain how Intensity Modulated Radiotherapy (IMRT) can be used to limit the
radiation dose delivered to vulnerable organs.

• To explain how stereotactic radiotherapy can limit collateral radiation damage.

• To explain the role of Monte Carlo treatment planning in enhancing the accuracy of
dose estimation.

• To discuss the role of different imaging modalities in radiotherapy including CT and
MRI in enhancing the accuracy of target volume delineation.

• To describe methods of patient alignment and immobilisation and their role in
enhancing the geometric accuracy of dose delivery to the patient.

• To discuss the risks and benefits of special techniques: total-body Irradiation (TBI),
intra-operative radiotherapy (IORT) and total-skin electron irradiation (TSEI).

Optimal and safe use of radionuclides in radiotherapy

• To discuss the types of sources used in radiotherapy and their construction, with regard to
their efficacy in irradiating target volumes.

• To relate the specification of source strength to the radiation dose delivered to patients.

• To discuss the hazards of specific sources.

• To discuss the principles of clinical use and the associated radiation hazards.

• To discuss the control and testing of sealed sources in relation to the radiation hazard.

• To discuss afterloading including benefits and hazards.

• To discuss the use of unsealed radionuclides for radiotherapy and radiation protection
requirements.
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Radiation hazards in radiotherapy facilities

• To discuss current national legislation.

• To discuss the design of treatment rooms, including primary and secondary barriers and
the effects of leakage and scatter radiation.

• To discuss the design of sealed source storage and dispensing facilities.

• To discuss the measurement of radiation around treatment rooms.

References

[ 1 ] Council Directive 97/43/Euratom of 3 0 June 1997 on health protection of individuals
against the dangers of ionizing radiation in relation to medical exposure, and repealing
Directive 84/466/Euratom

[2] European Commission, Radiation Protection 116, Guidelines on Education and
Training in Radiation Protection for Medical Exposures, 2000, Directorate General
Environment

779


