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Abstract

Whilst it has long been recognised that Quality Assurance (QA) in radiotherapy is vital
to ensure the achievement of safe effective treatment, it has been increasingly
acknowledged that a systematic approach to QA is necessary. The implementation of
such systems in details depends on the local special needs and resources, and should
become in harmony with the infrastructure already available in the given country or
region. While some common principles should be followed, the approach to the QA
system in a small country may be somewhat different from that adopted in a large
country. This paper presents the implementation of the QA programmes in Finland, in
a small developed country, reflecting the possible advantages of the situation with
relatively small-scale needs.

The efficient implementation of QA principles and practices in radiotherapy could be
achieved through the following main elements : (1) the suitable education and training
system for the qualification of the radiotherapy professionals, (2) the appropriate
legislation for radiation protection and sufficient measures for supervision, and (3) the
provisions of standards to ensure traceable measurements with calibrated dosimeters.

In Finland, the general principles and objectives of the QA are being more and more
incorporated in the basic curricula of radiotherapy professionals: radiotherapists,
radiation technologists (nurses), and the physicists, in particular. The medical
physicists are identified as an independent specialty which, after the general studies in
physics requires a special examination and five years practising in various aspects of
radiotherapy clinical work. Specific meetings organized both occasionally and
regularly by national societies, hospitals and the authorities collect together different
specialists in the field, thus providing opportunities for continuous up-keeping of
knowledge and the exchange of experiences in QA.

The Finnish Centre for Radiation and Nuclear Safety (STUK), operating under the
Ministry of Social Affairs and Health, is the national authority for radiation protection
covering all fields of the application of radiation. Besides its supervisory role, i.e. to
control that the safety of various applications meets the requirements et by legislation,
considerable amount of the resources are devoted to research in support of the
supervisory activities. For radiotherapy, the leading principle is to ensure the safety of
patients, personnel and the public, the good accuracy of the dose to the patient being
one of the main objectives. In essence, this leading principle manifests itself through
the maintenance of standards, measurement techniques and calibration services
traceable to the international measurement system, and through the legal inspections as
well as independent reviews and measurements to assess the QA systems of hospitals
(i.e. through Dosimetry Audits or Quality Audits).

1. INTRODUCTION

Whilst it has long been recognised that Quality Assurance (QA) in radiotherapy is vital
to ensure the achievement of safe effective treatment, it has been increasingly acknowledged that a
systematic approach to QA is necessary. There is no suspense that it is the responsibility of the
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radiotherapy departments to establish and implement QA programmes, and that the best benefits of
QA are achievable only if the importance of the QA is recognized and the objectives for quality
clearly defined at the institutional level. However, the coordination and control of the local efforts at
the national and international level are important to ensure the correctness of methods applied, the
most efficient use of the available knowledge and resources, and in order to avoid duplication of
effort. The implementation of the national or regional QA systems in details depends on the local or
regional needs and resources, and should become in harmony with the infrastructure already available
in the given country or region. While some common principles should be followed, the approach to
the QA system in a small country may be somewhat different from that adopted in a large country.

This paper presents the implementation of the QA programmes in Finland, in a
relatively small developed country, reflecting the possible advantages of the situation in the region
with relatively small-scale needs. The emphasis will be on physical and technical aspects of the QA,
where the national guidance or control could more easily play an important role in establishing
efficient and generally acceptable QA procedures. The efficient implementation of the principles and
practices of such QA programmes could be achieved through the following main elements: (1) the
suitable education and training system for the qualification of the radiotherapy professionals, (2) the
appropriate legislation to cover all aspects of radiation protection, and sufficient means for supervisi-
on, and (3) the provisions of standards and metrological services to ensure traceable measurements
with calibrated dosimeters. While the first element is the necessary basis for the creation of proper
attitudes and knowledge for the practical work on QA, the QA arrangements are actually manifested
in the two other elements and they will be the main concern of this paper.

A few distinctive numbers from Finland are needed to scale the systems with other
countries. In Finland there are 9 radiotherapy centres (mainly belonging to the university hospitals),
with 25 accelerators (alltogether providing 76 electron beams and 33 photon beams), 1 ^Co gamma
beam equipment, 10 afterloading units, 11 treatment simulators and 11 conventional X-ray units. The
population of Finland is about 5 million and the number of new cancer patients per year is about
16000. About 70 % of the cancer patients are treated with radiotherapy, roughly half of this as the
primary method of treatment.

2. QUALIFICATION FOR QA

The "seeds" for QA should be sown in the basic curricula of the different groups of
staff in the radiotherapy department. This is important as the experience has shown that a lot of extra
efforts in the local training may sometimes be needed to work on the attitudes for proper understan-
ding the importance of QA. The basic requirements on the level of qualification of different groups
should then be supplemented by adequate knowledge on the principles of QA. In Finland, the general
principles and objectives of the QA are being more and more incorporated in the basic education of
the radiotherapy professionals: radiotherapists, radiation technologists (the nursing staff), and the
physicists, in particular. The medical physicists are identified as an independent speciality which, after
the general studies in physics requires a special examination and five years practicing in various
aspects of radiotherapy clinical work.

Specific meetings organized both occasionally and regularly by the national societies,
a few hospitals and the authorities collect together different specialists in the field, thus providing
important opportunities for continuous up-keeping of knowledge and the exchange of experiences in
QA. Examples of such meetings are the two days meeting on "Radiotherapy methods and equipment",
organized every two years by the Radiological Society of Finland and the Finnish Society for Medical
Physics and Medical Engineering, the two days meeting "Radiotherapy in practice" organized every
two years by Kuopio University Hospital, and another two days meeting "Radiation Protection Days",
organized annually by the Radiological Society of Finland and STUK. All these meetings collect
radiotherapists, nurses, physicists, technical staff and also the representatives of authorities to present
and discuss the various questions of QA, among the other topics. A special two days meeting solely
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for radiotherapy physicists is annually organized by STUK, dealing with radiotherapy dosimetry and
the problems of QA in radiotherapy.

3. COORDINATED EFFORTS FOR QA BY THE CENTRAL AUTHORITY

3.1. General

The Finnish Centre for Radiation and Nuclear Safety (STUK), operating under the
Ministry of Social Affairs and Health, is the national authority for radiation protection covering all
fields of the application of radiation. The main objective of the Centre is to ensure that the safety of
the various applications meets the requirements set by the legislation. In radiotherapy, the supervisory
role of the Centre covers the safety of patient, staff and general public. For the safety of the patient,
the leading principle is to prevent any large misdosage and to ensure the good accuracy of the dose.
In essence, this leading principle manifests itself through the maintenance of standards, measurement
techniques and calibration services traceable to the international measurement system, and through the
legal inspections as well as independent reviews and measurements to assess the Quality Control (QC)
systems of hospitals (i.e. through Dosimetry Audits or Quality Audits). According to the stated
objectives, all aspects of the radiotherapy process which affect the accuracy of dose to the patient
should be covered by these procedures.

It has been the policy of the small country to combine the supervisory actions (on all
applications of radiation), radiation metrology (the national standards laboratory activities) as well as
the supporting research activities in the same institute. This has ensured very effectively the main-
tenance of high competence of the staff besides conserving the small resources available for such a
special work. Because the traceability and accuracy of measurements and the availability of metrolo-
gical services are of highest importance for radiotherapy, and to maximize the the benefits of synergy
in combining small resources, the standard dosimetry activities at STUK are practically organized in
the same organizational unit with the supervision of radiotherapy safety. The personnel of this unit (5
physicists) are experienced both in the calibration work and in the practical dosimetry and QA
procedures for radiotherapy equipment, thus providing maximum flexibility and availability of
competent personnel for the different tasks.

3.2. Safety licence, inspections and audits

According to the Finnish Radiation Act, a special safety licence is needed for radiothe-
rapy, for the use of each radiotherapy apparatus [1]. New equipment may not be taken into use before
an inspection by STUK (see below) has been carried out, unless otherwise specified in the licence.
A condition of the licence requires that the organization for safety in the radiotherapy department has
to be specified. In particular, the persons responsible for the dose measurements, for the QC of ra-
diotherapy equipment and for the arrangements for radiation safety shall be specified. On request,
STUK will make an advance statement on the radiation shielding plan for the radiotherapy rooms, and
if needed, carries out an advance inspection for radiation shielding. Information on the radiotherapy
department and its equipment is entered into a computerized equipment register maintained by STUK.
Also recorded in the register are the important data on inspections, machine faults, radiation accidents
and abnormal incidences.

A new radiotherapy apparatus (or a simulator), the rooms where it will be used and the
compliance of the operation with the safety licence are inspected by STUK before the equipment is
taken into use. The inspection is carried out also after significant repairs of the equipment and if its
accepted location in the department is changed. Thereafter the inspections are repeated regularly as
follows:
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At the minimum every two years:

At the minimum every five years:

high-energy treatment equipment, conven-
tional X-ray therapy equipment and
radiotherapy simulators
afterloading equipment

Sometimes the information received from the radiotherapy department gives rise to an
extra inspection.

Table I specifies the contents of the inspection for different radiotherapy equipment.
Table II gives an extract of the suggested details of the inspection for a high-energy treatment
equipment [1].

An essential role in the inspection play the comparative measurements (Table II), where
the high-quality equipment of STUK is used. The extent of measurements by STUK is dependent on
the results of the QC program of the radiotherapy department and is decided on-site after the review
of the QC documentation. The dose at the reference point in water per monitor unit for each high-
energy photon and electron beam is always measured, while e.g. the wedge factor and the dependence
of the results on the field size are checked only to a certain extent. The results of measurements are
compared with that obtained by the local staff using the local equipment at the time of the inspection.
In the comparison, the following action levels are applied:

Consistency of dose per monitor unit at the reference field size:
photons 1 %
electrons 2 %

Consistency of the wedge factor 1 %
Consistency of field size dependence 1 %

TABLE I. OBJECTS OF THE INSPECTION BY STUK FOR DIFFERENT RADIOTHERAPY
EQUIPMENT (I: first inspection, R: regular inspection).

Object of inspection

Compliance with the
licence

Structural radiation
shielding

Radiation safety
arrangements

Dose per monitor unit
at reference point
(incl. wedge factor,
field size dependence)

Radiation beam
characteristics

Dose monitoring
characteristics

Mechanical
characteristics

Imaging and fluoro-
scopic characteristics

Results of QC
Treatment Planning
System

' when applicable

High-energy
treatment
equipment

I,R

I

I,R

I,R

I,R

I,R

I,R

R

I,R

Conventional Afterloading Treatment
X-ray equipment* simulator
therapy
equipment"

I,R I,R I,R

I I I

I,R I,R I,R

I,R I,R

I,R I,R

I,R I,R

I,R I,R

I,R
R R R

T T D
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TABLE II. SUGGESTED DETAILS FOR THE INSPECTION OF HIGH-ENERGY TREATMENT EQUIPMENT (Extract from the complete table).
Gantry angle (GA) and collimator angle (CA) are 0° unless otherwise stated.

Object of
inspection

A. First inspection before taking into use

1. Total procedure 2. Measurements by STUK

B. Regular inspection

1. Total procedure 2. Measurements by STUK

Dose per monitor unit
at the reference point

Radiation beam
characteristics

Uniformity
Symmetry
Penumbra

All radiation qualities,
dose rates, wedges and
field sizes.

All radiation qualities.
Field sizes 10 cm x 10 cm,
ref. size, max and one field
size between the two last
ones. Minimum: GA 0° and
90°. Minimum: CA 0° and
90°, when GA 90°. Measu-
ring depths: ref. depth (all
GA and CA) and another
depth (only GA 0°, CA 0°).

All radiation qualities, dose
ratesand wedges. Selected
field sizes.

Minimum: one setting for
each radiation quality (i.e.
field size, GA, CA, mea-
suring depth).

As A2.

All radiation quallities.
Minimum: field sizes ref.
and max. Minimum: GA 0°
and 90°. Minimum: CA 0°
and 90°. Minimum: one
measuring depth.

As A2.

Minimum: one photon and
one electron quality. For
each quality, minimum:
one setting (field size, GA,
CA, measuring depth).

Mechanical
characteristics

Accuracy of radiation
field indicators

All radiation qualities. Mi-
nimum: four field sizes for
photons and all field appli-
cators for electrons.

Minimum: one photon and
one electron energy. Mini-
mum: two field sizes for
photons and one field size
for electrons.

Minimum: one photon and
one electron energy. Mini-
mum: four field sizes for
photons and all field appli-
cators for electrons.

Minimum: one photon
energy. Minimum: two
field sizes.



If the action level is exeeded, the reason will be carefully examined. In the rare and
unfavourable case that the discrepancy above the accepted level remains unsolved, the most reliable
result of measurements to be used as the basis of treatments, or further actions and possible limita-
tions of the use of the equipment are agreed on-site.

For the afterloading equipment, the inspection by STXJK includes the check of the
reference air kerma rate. For the conventional X-ray therapy equipment, the absorbed dose rate
produced by the equipment is determined solely by STUK, for one tubus (deep therapy) or separately
for each tubus (superficial therapy). The measured dose rate for each tubus or the calculated dose rate
as the function of the field size is then reported to the radiotherapy department.

The purpose of the above procedures with comparative measurements are to review the
quality control system of the radiotherapy department in order to verify the correctness of methods
and the acceptable functioning of the system. As this is carried out by an independent body which is
not responsible for the process under review, the procedures can be considered to represent dosimetry
audit or, in its most comprehensive form, quality audit [2], carried out by site visit. They correspond
to the most efficient form of the audits as, on the basis of the results, immediate further studies or
corrective actions can be initiated. However, they differ from the general principles of audit in the
aspect that the results can also be used by STUK to set up requirements for the operation.

The quality audit should cover all aspects which affect the accuracy of the dose to the
patient. In this sense, the current procedures by STUK are not yet fully comprehensive and are being
further developed. For example, a special phantom with simulated anatomical structures is being
developed [3] in order to spot check the whole radiotherapy process, from CT-scanning of the target
region to the dose delivery, thus including a check of the treatment planning system (TPS). The
phantom with suitable dosimeters would be CT-scanned and irradiated according to the plan produced
by the local TPS, and the results of dose measurements at several selected points would be compared
by the values calculated by the TPS.

3.3. Quality Control programmes for equipment

An important requirement by the Finnish legislation is a documented Quality Control
program for each radiotherapy apparatus, which the radiotherapy departments have to prepare for
approval by STUK within one year from starting to use the equipment. The criteria for the approval
of the programs are based on a review of several international recommendations and on discussions
with radiotherapy physicists in the annual meetings. In the approved programs, the QC tests to be
performed, their objectives, methods and equipment to be used, test frequencies, performing staff,
action levels and proposed actions are described. The QC procedures shall be started from the
beginning of the use of the radiotherapy equipment, while the period of one year is considered
acceptable to establish the most suitable program for the individual equipment. However, as the QC
programs are (and should be) dynamic by nature, the essential modifications to them are discussed
and accepted in connection with the regular inspections.

3.4. Responsibilities for giving information

In the Radiation Degree a number of matters are pointed out where the radiotherapy
department is responsible for informing STUK. The changes of the licence or the given conditions, as
well as the important machine faults and repairs, radiation accidents or incidents affecting the
radiation safety must be reported to STUK. STUK must also be informed, if the result of the local
dose measurement for a high-energy equipment, taking into account all possible adjustments of the
calibration, differs by more than 5 % from the value agreed on during the latest inspection by STUK.
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3.3. Calibration and testing of dosimeters

The position of STUK as the National Standards Laboratory is based on the metrologi-
cal needs by the supervisory activities and on the aim at conserving resources, as described earlier.
This position is confirmed by the Finnish Radiation Protection legislation. For practical and economi-
cal reasons in the small country, secondary standards have been adopted as national standards. The
therapy level secondary standards have been calibrated by the International Bureau of Weights and
Measures (BIPM). To ensure acceptable accuracy in the operation, the SSDL of STUK (SSDL-
Helsinki in the IAEA/WHO network of SSDLs) participates in international intercomparisons and
calibration audits organized by the IAEA, EUROMET and other organizations. Comparisons of
standards between the Nordic Standard Dosimetry Laboratories (Finland, Sweden, Denmark, Norway
and Iceland) have also been carried out. To improve the QA of radiotherapy through the first link of
dosimetry at the national level, i.e. in the standard dosimetry activities, the Quality System of the
SSDL is currently being re-evaluated and documented according to the requirements of the interna-
tional quality standards.

The local dosimeters used by the radiotherapy centres shall be re-calibrated every
three years in a recognized Standards Dosimetry Laboratory, which has the traceability of its
standards to the international measurement system. While there is no obligation then, in principle, for
the radiotherapy centres to make use of the calibration services offered by STUK, it is of course the
most practical and natural choice to use the national (local) laboratory. Since the relatively expensive
calibration rooms and facilities are primarily established for the needs of the supervisory activities,
and would exist for that purpose anyway, it is considered most sensible to use these facilities to
provide calibrations and testing services on request of various other customers, such as the radiothera-
py hospitals. The actual costs of the services are charged from the customers, while in practice only
a small part of the basic investments and their up-keeping can be financed through the calibration
fees.

3.4. Research, standardization and international cooperation

The efficient implementation of QA programmes at national level requires continuous
efforts of research and standardization and participation in the international cooperation. STUK is
performing continuous follow-up on the problems of calibration, dose measurements, quality control
of equipment and other aspects which affect the overall accuracy of the dose to the patient. Research
is undertaken in order to solve the problems, to improve the methods and to maintain the competence
of the personnel on all aspects of QA work. Close contacts and co-operation with international
organizations are considered important.

As an important example of QA research and standardization undertaken by STUK, the
methods of dose specification in the Finnish radiotherapy centres have been reviewed and an initiative
taken to improve the inconsistent use of various concepts. This work has later been extented to the
Nordic level, and an investigation among the Nordic radiotherapy centres in 1991 confirmed that
inconsistent use of dose and volume concepts is seriously jeopardizing the high standard of radiation
therapy. A Nordic Working group was set up by the Nordic Association of Clinical Physics (NACP)
to standardize the concepts and quantities used throughout the whole radiotherapy process. The group
is now finalizing its report "Specification of Dose Delivery in Radiation Therapy".

3.5. Training

Training of the users of radiation in dosimetry and QA is obviously an important
addition to the national efforts of QA implementation. Regular meetings with radiotherapy physicists
are organized by STUK, and lectures are given in various other meetings and occasions (see Chapter
2). The general guidance given by STUK is usually discussed with the radiotherapy physicists at these
meetings before final issue.
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TABLE III. EXAMPLES OF DISCREPANCIES OBSERVED AT QUALITY AUDITS BY STUK

Observation and comments Actions or remarks

Dose per monitor unit at the reference point was
wrong by 10-13 % for photons and by 13-15 %
for electrons. QC measurements were performed
but the results were not properly observed.

Wedge factor was 52 % in error because of a mea-
suring error by the local physicist. Two patients
received overdose.

Dose per monitor unit for one photon energy was
9 % in error. The reason was the change of the
daily control instrument without due change of the
reference value.

Dose measurement for electrons resulted in 5 %
discrepancy between STUK and hospital. The rea-
son turned out to be inadequate (erroneous) collec-
ting voltage of the hospital chamber, which affected
the recombination correction during beam measure-
ments byt not at calibration.

The penumbra values for 6 MV photons exceeded
12 mm. The reason turned out to be the inadequate
energy compensation of the diode detector used by
the hospital which lead to erroneously high values
of penumbra.

The dose per monitor unit values were corrected.
The hospital was requested to evaluate the possible
effects on the treatment of patients.

The wedge factor was corrected. The patients were
subjected to special follow-up.

The dose per monitor unit was corrected. The refe-
rence value for the daily controls was up-dated.

The measuring instrument of hospital was repaired.

The detector was replaced by a new one.

4. EXAMPLES OF COSTS AND BENEFITS

The benefits of the QA programmes are quite evident based on the experience and
follow-up through site visits and comparative measurements over 15 years. A few examples of the
discrepancies observed during the site visits by STUK are collected in Table III. In a number of cases
the observations would not have been possible or would have been less probable if only postal
procedures had been applied. It can be claimed that the uncertainty of dose has decreased and the
accuracy in dose delivery improved by several per cent since the introduction of systematic program-
mes for QA.

The total costs of the supervisory and audit activities by STUK (including all costs
"rolled" e.g. from administration, library etc, but not including the costs for the maintenance of
standards) are about US $ 250 000 per year, most of which is due to the salaries. The operation is
mainly financed by annual charge collected from the hospitals.

An exact measurement of the benefits of the QA programmes in terms of improved
outcome of the treatment is not possible. However, starting from the knowledge on the dose-effect
curves, both for tumour control and for normal tissue damage probabilities, it is possible to postulate
that the implementation of the QA would have a significant impact on radiotherapy results. A simple
calculation, where the value of the normalized dose response gradient (y) [2] was taken as 4 and the
improvement in accuracy was assumed to be at least 3 %, lead to the annual saving of several
millions of US $ per year through the decreased treatment costs by improved results (less recurren-
cesor re-treatments) and through the savings of work years with more patients cured. Against such
estimates, even the most effective control and audit procedures would be well justified.
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5. LINKS TO THE INTERNATIONAL QA NETWORKS

In the framework of the international QA networks, STUK provides through the SSDL
operation the metrological link for traceable calibrations on one hand, and the position of the national
reference centre (Quality Audit centre for Finland) on the other hand. In this scheme, the competence
of STUK for both the calibrations of dosimeters at the SSDL and the dose measurements for audits
in radiotherapy is subjected to external audits through the regular dose intercomparisons and
calibration comparisons organized by the IAEA, and also by other international organizations (e.g.
EUROMET). In the future, the full implementation of the European QA network would mean that the
dose measurements by STUK in the hospitals would be audited by the "European co-ordinating
centre" instead of the IAEA.

6. SUMMARY

The implementation of the physical and technical QA procedures for radiotherapy in a
systematic way, at the national level in Finland, has been accomplished by the support of, and parallel
to the development of the Finnish radiation protection legislation. The practical arrangements have
mostly been carried out under the auspieces and by the coordination of the central authority for
radiation protection (STUK). The various meetings organized by the national societies, hospitals and
the authorities have provided opportunities to discuss the desirable developments. The programmes
to-day involve efficient systems for the qualification of the QA organization, for the QC of equipment
and for the verification of the accuracy and traceability of dosimetry. The future developments
concentrate on supplementing the QA programmes to cover all aspects affecting the accuracy of the
dose to patient, including unified conceps in dose specification and the checking of dose planning
calculations. The links of the systems to the international QA networks have been identified and
remain to be enforced.
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