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RADIOLOGICAL PROTECTION OF THE RADIOTHERAPY PATIENT?
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Abstract

We propose that the system and concepts of radiation protection should not be used with reference to
radiotherapy patients. We justify this on conceptual grounds. The patient undergoing radiotherapy procedures, as
prescribed by the medical practicioner, is protected by the quality assurance system legally required for medical
exposures.

1. Introduction

The medical exposure of a patient for purposes of radiotherapy is unique in that radiation
itself is the healing agent, applied at a dose rate and dose range over three orders of magnitude
higher than that occurring naturally. Moreover, unlike at natural dose levels, much is known
quantitatively about the dose-effect relationship, both for the curing effect and for the post-
irradiation complications, which inevitably accompany radiotherapy. Figuratively speaking,
radiation protection is concerned with avoiding the generation of cancer by avoiding exposure,
while radiotherapy, in contrast, relies on delivering a dose as high as possible to eradicate the
cancer which has already developed. Whether to apply principles of radiation protection to
the radiotherapy patient, is a question worth considering. It is the topic of this Conference.

We propose that the system and concepts of radiation protection should not be used with
reference to radiotherapy patients. We will justify our view on conceptual grounds, in the
context of relevant regulations and recommendations.

2. Radiotherapy

Radiotherapy, for curative or palliative intent, is a well-described sequence of procedures [1-
3], the general aim of which is to achieve cytotoxic levels of irradiation to well-defined target
volumes of the patient, while as far as possible sparing the exposure of surrounding healthy
tissues. Radiotherapy seeks to provide an optimal uniform distribution of dose to the target
volume relative to normal tissue, the point of optimisation being to deliver a dose as high as
possible within the available "therapeutic window". This "window" arises as a range of dose
applied to the target volume where the probability of cure exceeds the probability of
complications, both probabilities increasing with dose (up to saturation) in a non-linear
manner. According to present radiobiological models, the dose-effect relationships used to
describe the probability of cure and the probability of complications are mathematical
expressions involving exponential or power dependence on dose [4]. A total dose of the order
of 60 Gy, or so, to the target volume, delivered in up to# about 30 daily fractions of about 2 Gy,
is typically applied. It is well recognised that the biological effect is not additive with dose,
and depends on the radiosensitivity of the tissue and on the timing of the fractionation
scheme. Through careful planning and beam shaping techniques (most frequently, external
beams of megavoltage photons and electrons, gamma-rays from sealed sources placed
internally, or beta- or gamma- rays from radiopharmacological agents, are used) the dose to
the target volume is maximised while sparing the neighbouring healthy tissue or so-called
critical volumes. Modern radiotherapy is a complex procedure involving advanced
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technology and close co-operation between qualified specialists trained in the areas of
medicine, radiation physics and technology. A detailed quality assurance system in
radiotherapy is presently required by national and international recommendations [5].

3. Conceptual

Clearly, the governing principles of radiation protection: justification of a practice, dose
limitation and optimisation of protection and safety, as stated in the Basic Safety Standards
[5], do not apply in the case of radiotherapy. In this context, one may also take issue with the
statement concerning the control of medical exposures in the 1990 ICRP Recommendations
(S36, p. 74): "...If the practice is justified and the protection optimised, the dose in the patient
will be as low as is compatible with the medical purposes. " Indeed, radiotherapists insist on
delivering a dose to the tumour as high as is compatible with the probability of occurrence of
complications. Radiotherapy is unique in this aspect, unlike, e.g., medical diagnostics. The
dose to which the tissue surrounding the target volume is exposed to, as well as the limits of
dose applied to critical targets, are governed strictly by medical and not by radiation protection
considerations. Healthy neighbouring tissues are likely to acquire doses well above levels
considered to be of relevance to radiation protection. Disregarding the dispute as to the
linearity of dose-effect relationships at low doses, there is unanimous acceptance of the non-
linearity of this relationship at dose levels used in radiotherapy. Application of multiplicative
dose factors such as those used in defining equivalent dose or effective dose [5,6] is thus
inappropriate, even if values of these factors were known at such high dose levels. Therefore,
the usage of the Sievert as unit of effective dose equivalent or effective dose, and of collective
dose (in units of man Sv), cannot be justified in the case of radiotherapy.

4. Discussion

A case in point is the study of Beentjes [7], quoted in Annex-C of UNSCEAR 1993 Report
[8]. Here, the collective effective dose from radiotherapy in the NetherlandsNfor 1971 (male
and female) radiotherapy patients has been calculated at 18630 man Sv, yielding an average of
9.67 Sv per patient (!). Additional calculations were made using cancer fatality coefficients
taken from ICRP-60 [6], presumably valid at low-dose, or the "stochastic" level of radiation
hazard. It is difficult to imagine how could meaningful evaluations be made over a wide
range of doses, presumably from 60 Gy in the target area to a value orders of magnitude
smaller, from scattered radiation, considering, e.g. exponential dose-effect relationships
known to be valid at the higher dose levels. The meaning of the collective effective dose, let
alone the Sv under such non-uniform irradiation conditions and at such high doses is difficult
to understand. In our view, this example illustrates the futility of applying concepts and units
of radiation protection in radiotherapy.

5. Quality assurance in radiotherapy

The quality assurance systems in radiotherapy, presently recommended at national and
international levels [5], usually pertain to the complete procedure, including calibration of
sources, clinical dosimetry, computerised radiotherapy planning systems and recording and
reporting all the procedures [9]. Detailed quality assurance tests have been implemented for
all radiotherapy equipment, by national and international authorities. It is through strict
adherence to such quality assurance systems that patient safety is assured and the possibility
of, e.g., accidental overexposure of the patient avoided. Possible stray or scattered radiation
related to radiotherapy is of no consequence to the patient's radiation protection, as it is
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usually a contribution several orders of magnitude smaller than that relevant to the curative
does applied. Thus, in our view, the ultimate safety of the radiotherapy patient results from
the correct procedure of applying the medical exposure within the appropriate quality
assurance system, and not from protecting him against exposure to radiation. Information,
such as that provided in the last UNSCEAR report [10] on, e.g., total dose applied to target
volumes in a given number of patients for given types of malignancies is of interest to the
specialist but no information concerning population exposure patterns can, or should be
derived from such data. Whether any dose-response relationships over a wider range of doses
could be extracted from this data in conjunction with additional information on the generation
of secondary radiogenic cancers in radiotherapy patients, is a matter for further consideration.
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