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OF A QUALITY ASSURANCE PROGRAMME FOR RADIATION THERAPY
DOSIMETRY IN DEVELOPING COUNTRIES.

IAEA, Vienna, 6-10 October 1997
Joanna Izewska, DMRP, IAEA

BACKGROUND

In 1994, a group of consultants was asked to advice the Agency on the expansion of the
IAEA/WHO TLD postal dose check service for radiotherapy hospitals by transfer of know-
how to the national level. The consultants advised the Agency to initiate the Co-ordinated
Research Programme (CRP) to transfer the IAEA well established TLD methodology to the
countries where existing resources enabled set up of the External Audit Groups - nationally
recognised groups in charge of operating external quality audits for radiotherapy dosimetry.
The External Audit Groups (EAG) include the SSDL, a Measuring Centre (MC) and a
Medical Physics Group (MPG), and these groups work in close co-operation during all steps
of the TLD audits.

The pilot countries, which were chosen for the CRP in 1994 were: Algeria, Argentina,
China and India. Due to an increasing interest in the programme, Czech Republic, Israel and
Malaysia joined the CRP in 1996.

The scientific scope of the CRP covered the following implementation steps, which
were planned for accomplishment:

- Development of measuring systems and measuring procedures for the EAGs with regard to
Co-60 beam calibration checks for dosimetric quality control in radiotherapy hospitals.

- EAG internal trial runs under the Agency's supervision to test measuring systems and
measuring procedures.

- Draft of the EAG Quality Manual (quality policy, quality system and quality practice) with
regard to Co-60 beam calibration checks in hospitals using for guidance ISO 9000 Series
and ISO/IEC Guide 25.

- External test runs (using the Agency's TLD service and CARE programme).

- The harmonization of the different national EAG Quality Manuals for Co-60 beam
calibration checks.

- Expansion of the Quality Manual to cover accelerator beam calibration checks.

- Quality control measurements using TLDs/ionization chambers in connection with
appropriate phantoms for checks in non-reference conditions.

- Intercomparison of EAGs by the Agency and external quality control programme.

Most of the listed tasks have been completed during 1995-1997 and the results and
experiences reported during this RCM. The last two tasks will be completed in 1998.
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PRELIMINARY DISCUSSIONS

The aim of the meeting was to discuss the degree of implementation of the national
Quality Assurance (QA) programmes for radiation therapy dosimetry as reported by the
participants, to co-ordinate different procedures and outline future developments. The EAGs
have been set-up and their structure, responsibilities and interactions between partners have
been established. The approval by the Ministry of Health (or equivalent) for conducting joint
activities between medical and nuclear energy authorities towards QA in radiotherapy has
been obtained, and the TLD quality audit runs with a number of hospitals performed.

The review of the implementation status, experiences and achievements of the CRP
during 1995-1997 were presented by the scientific secretary. The EAG methodology and
procedures as developed by the CRP were discussed with three new participants: Czech
Republic, Israel and Malaysia.

STATUS REPORTS FROM THE PARTICIPANTS

A presentation on the last developments of the European project on external audits was
given by Prof. A. Dutreix. Other participants presented their status reports on the degree of
implementation of the CRP in their countries. All participants submitted written contributions,
which are presented below.

A. Dutreix, Belgium

The feasibility of a European Network for QA in radiotherapy centres has been
demonstrated during recent years through a project sponsored by the European Union (EU)
Commission "Europe against Cancer". The project named "Prevention of Deviations and
Accidents through Quality Assurance Programme for Radiotherapy Centres in Europe" has
been conducted in close co-operation with the Dosimetry and Medical Radiation Physics
Section of the IAEA.

The project has been followed by two other projects to extend the EU Network to
Central and Eastern Europe. One of these projects was sponsored by the Flemish Government,
the other one by the European Union. Seven countries have participated in these two projects
(Czech Republic, Poland, Hungary, Slovak Republic, Slovenia, Romania and Lithuania).

The policy of the EU is not to sponsor national actions. The know-how gained during
the feasibility phase should have been transferred to national bodies. Unfortunately, due to the
increasing cost of health care in Western Europe, only a few countries began to set up national
networks although most of them intend to do it sooner or later.

To face the present situation and to cover the increasing need for reliable external audits,
the ESTRO has recently decided to fund a European Network, following the lines
recommended in the reports to European Union.

The Scientific Committee, chaired by Prof. Hans Svensson, met on October 15-17, 1997
to define tasks and responsibilities. The Physics Department from Institut Gustave Roussy
(Villejuif, France), led by Prof. Jean Chavaudra has accepted the heavy task of acting as the
Measuring Center.
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The Network should be open to all European members of ESTRO. The audits would be
free of charge during the first year but the economical situation will be reviewed after one
year.

The service will include beam output checks for all treatment units which have not been
checked since 5 years or more or after a major repair.

For many beams, the output of which has been checked during recent years,
measurements in non reference conditions will be performed as soon as possible with one of
the two types of multipurpose phantom available.

Participation will be organized on a voluntary basis after announcements have been
widely distributed. The Scientific Committee has suggested that a certificate be issued to
encourage radiotherapists and physicists to apply for external audits.

Strict confidentiality will be assured throughout the audit chain and the results will
never be published or communicated to authoritative bodies without the written authorisation
of the audited centre.

A. Meghzifene, Algeria

The EAG was established in 1996. It includes a Medical Physics Group (MPG) and a
Measuring Centre (MC) established within the SSDL. A radiation oncologist is associated
with this EAG, as a consultant.

The IAEA methodology using LiF powder was successfully implemented in 1997 for
Cobalt-60 beams. The reproducibility obtained from the readings of 100 capsules has been
improved from 2.5% (in 1996) to 1% in 1997. A reproducibility study covering other TL
materials (GR 200, GR 161 and GR 161 A) has also been conducted.

Correction factors for non-linearity dose response and energy dependence for high
energy X-rays have been experimentally determined. Some work still needs to be done in this
area. The variation of the quality index determined by TLD versus the same quality index
determined by ionization measurements was studied for high energy X-ray beams.

Arrangements with the Radiotherapy Centre in Leuven, Belgium, have been made to
provide the MC with reference irradiations for checking the calibration factor of the TLD
system.

A national quality audit check using LiF powder has been conducted for all Cobalt-60
beams.

A radiotherapy infrastructure data base was established in 1996 within the SSDL. It has
been updated and transferred to the MPG.

Finally, a second draft of the EAG Quality Audit Manual has been completed and is
being reviewed by professional bodies. It will then be submitted to the health authorities for
approval.

M. Saravi, Argentina

Following the recommendations given during the Consultants' Meeting of the IAEA
Co-ordinated Research Programme (CRP) "Development of Quality Assurance Programmes
for Radiation Therapy Dosimetry in Developing Countries", held in Vienna in November
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1996, a second draft version of the local EAG Quality Manual was prepared. Procedures and
instructions to organize and perform TLD audits for Cobalt 60 machines were written. The
local Medical Physics Group prepared a guide to be followed during technical visits to
radiation therapy centres.

The response of LiF powder (Harshaw TLD 700) irradiated in high energy X-ray beams
was compared with its response when irradiated in a Cobalt 60 beam. The energy correction
factor was determined for nominal accelerating potentials of 6 MV, 10 MV and 15 MV. The
energy correction factor permits the extension of the TLD audits to high energy X-ray beams
following a similar procedure as that used for Cobalt-60 machines. Reference irradiations and
blind irradiations should be obtained from a recognized radiation therapy centre (or from an
EAG in another country) for quality control of the whole procedure for high energy X-ray
beams developed by our EAG.

For Cobalt 60 machines four TLD audits were performed during the period between
October 1996 and September 1997. The general results for 1996 show that 83/89 machines
had dose deviations within the acceptance interval +5%. Follow-up of machines with dose
deviations beyond the acceptable limit showed that the causes of discrepancies are related to
bad positioning of the water phantom in the beam or to various calculation errors. In two
cases, the Cobalt 60 units had been calibrated "in air" and errors were made when calculations
were performed to obtain the dose to water. After the MPG visit, calibration in water
following the IAEA-TRS 277 Protocol was adopted.

During 1997, 14 Cobalt-60 machines were selected to be audited, not only in reference
conditions, but at a 10 cm depth on the central axis as well. All selected machines had good
results in previous TLD audits (dose deviation within the acceptance interval ±5%) and all
machines belong to centres with a medical physicist on the staff. The results of this audit show
that dose deviations obtained are within the acceptance limits.

Li Kaibao, China

The data base on the infrastructure of radiotherapy in China has been updated by the
EAG. Questionnaire forms were mailed to each radiotherapy hospital. According to the
statistical results of the mail survey, the total number of radiotherapy centres numbered 453,
with a total of 667 therapy units (linacs and Cobalt-60 units). The distribution of radiotherapy
equipment among the 30 provinces in the country varies, mainly depending on economic
development.

A new TL reader was purchased in 1997, and its performance has been tested to assure
good reproducibility and high precision of the TLD system. Therefore, adjustments of several
parameters of the reader were made.

In the framework of the IAEA's Guidelines, a Quality Manual for the China National
External Audit Group on Dosimetry in Radiotherapy was prepared.

The first TLD audit run for Cobalt-60 units was carried out. Forty-five sets of
dosimeters were mailed to the hospitals and 44 sets were returned to the Measuring Group for
evaluation. The results of first TLD audits indicated that 84% of the beam calibrations were
within the acceptance level. For deviations between 2 standard deviations and 10%, the EAG
contacted the hospitals by telephone and asked for an explanation of the reason of the
deviation. For deviations exceeding 10%, the hospital was requested to review immediately

13



the beam calibration procedure and the TLD irradiation procedure. The assistance during on-
site visits was provided.

The working plan for the next step is:

• Intercomparison with the Agency's TLD system for Cobalt-60;

• A second TLD audit run for Cobalt-60 units will be carried out;

• Expansion of the TLD service to the megavoltage X-rays;

• Organization of Sub-EAGs in a few provinces.

J. Novotny, Czech Republic

The Czech Republic joined the CRP at the beginning of 1996, but even before the QA
programme has been under preparation. Four basic aspects have been considered:

• Legislation, i.e. preparation of a law and subsequent regulations
• Practical performance, i.e. postal TLD audits, on site reviews, development of

the procedures and completion of the equipment
• Organization of the network, i.e. management control, inspection
• Budgeting: the IAEA grants, Ministry of Health grant, contributions from the

State Office for Nuclear Safety (SONS) and from radiotherapy centres.

According to the new "atomic law", which has been in effect since 1 July 1997, it is
compulsory for each user of radiation therapy equipment:

• to have the QA programme approved by SONS
• to use the equipment with a valid type test certificate only
• to submit the annual QC protocol to SONS
• to have a qualified medical physicist at the radiotherapy department
• to check independently all radiotherapy equipment once a year

It was decided by SONS to establish an External Audit Group formed from experienced
medical physicists working in the field, a Measuring Centre and consulting radiotherapists,
which are attached to the National Radiation Protection Institute. It was also decided that,
alternatively for each year, the EAG will perform a TLD postal audit for absorbed dose
determination for each radiotherapy machine, a TLD and film postal audit using multipurpose
phantom, and on-site audits.

The Measuring Centre was established in 1996 and the first TLD audits were
performed during February 1997. Measurements and methodology used for the TLD audits are
similar to those described in the guidelines proposed under the CRP. The TLD system consists
of MT-N (LiF-Mg, Ti) powder from Niewiadomski Company, Poland; Harshaw 4000 TLD
reader; stands and capsules obtained from the IAEA. The mean standard deviation (SD) for a
"single TLD capsule" does not exceed 0.8%. An intercomparison with the IAEA has shown a
very good agreement (mean deviation within 0.2%).
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From February to September 1997, 66 beams were checked: three beams showed major
deviations and 4 beams had minor deviations. On-site audits for major deviations revealed
errors in geometry set-ups during TLD irradiation in two cases. A wrong application of the
percentage depth dose caused the major error in the third beam.

The majority of photon beams will be checked till the end of 1997. For the next year,
we are planning TLD audits of electron beams; some preparatory work has been started as
well as a feasibility study for a multipurpose solid phantom, which was prepared within the
frame of EROPAQ/EURAQA European QA projects and which has so far been tested in a
few radiotherapy centres.

A Quality Manual is under preparation, all appendices including infrastructure,
questionnaire, instruction sheet, data sheet are ready and regularly used. The methodology of
the TLD audits is prepared and the analysis of uncertainty of the procedure has been
performed. The QA manual will be ready at the end of this year (in the Czech language) and
will be submitted to the SONS for approval.

A. Kannan, India

This SSDL has prepared a draft Quality Manual for the External Audit Group (EAG).
The manual covers the Quality Control (QC) procedures which will be followed by the SSDL
for TL dose calculations, as it is also a Measuring Centre (MC). Important steps involved in
the TL dose calculations for the capsules from the participating centres in the Quality Audit
are:

• annealing of the LiF powder, capsule filling, dispatch to and receipt from the Local
Centres (LC), etc.

• calibration capsule preparation
• signal measurement and dose calculation procedures for the set-up at this SSDL,

and
• communication of results to the participants and follow-up actions.

The quality manual also covers the procedures to be followed by the EAG.

During 1997, this SSDL carried out TLD audits for 15 high energy X-ray beams (4-18
MV) used in the country. Results obtained indicated that 12 beams showed deviations within
±3%, while for 2 beams the deviations were around 4%. For the 18 MV beam, the deviation
could not be evaluated because of non-availability of complete dosimetry information from
the participant. On analysis of the data furnished by individual participants, it was observed
that there was no uniform dosimetry procedure followed. Detailed analysis along with the
results will be made available to IAEA in the immediate future.

The SSDL India participated in a TLD audit conducted by the IAEA during 1997. In
addition, the reference standard ion chamber of this SSDL was sent to the IAEA for
calibration at Cobalt-60, and the results are awaited. The staff of this SSDL visited an
institution which showed large dose deviation for the Cobalt-60 beam and corrected the
dosimetry problems.

The following investigations are proposed to be taken up during 1998:
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• Influence of LiF powder weight on response at Cobalt-60

• Determination of beam quality correction factors for 6 and 10 MV X-ray beams

• Organizing 4 batches of TLD audits of which one will be only for megavoltage X-
ray beams.

M. Tatcher, Israel

The Israeli EAG was set up in February 1997. Its members include physicists from the
SSDL, the national TLD personnel dosimetry laboratory and a medical physics department.
An oncologist participates as a consultant and liaison with radiation oncologists at the
hospitals.

At present, 13 linear accelerators and 4 cobalt units are installed in Israel in 8
radiotherapy departments. The SSDL is operated jointly by the Ministry of Health and the
Atomic Energy Commission (Soreq Nuclear Research Centre). The national TLD laboratory is
situated at the Soreq Centre and its facilities are used for the Measuring Centre (MC). The
chief physicist of the Medical Physics Department (Soroka Medical Centre) works closely
with the SSDL and the TLD laboratory in connection with their EAG activities.

Since the initiation of the project, organizational meetings have taken place, duties were
assigned and a practical work plan was drawn up for the first phase. Formal approval of the
EAG was solicited and obtained from the Ministry of Health.

A supply of TLD-700 powder was ordered from Harshaw and tests of its properties were
made at a Cs-137 irradiation facility. The first Cobalt-60 calibration of TL dosimeters took
place just before the RCM, but the results were not available at the time of writing.

Some details on the distribution of radiotherapy machines, the members of the EAG and
the resources of the laboratories are given in a separate document submitted at the RCM.

Plans for the next phase include:

• obtaining formal recognition of the EAG by professional organizations of medical
physicists and radiation oncologists,

• refinement of the TLD handling and Cobalt calibration procedures,

• performing one or more trial TLD audits of the Cobalt machines in the country,

• extending the audit capabilities to include high energy X-ray beams,

• completion of the first draft of the Quality Manual, and

• to consider measurements in non-reference conditions.

S. Salikin, Malaysia

Malaysia joined the IAEA CRP on Development of A Quality Assurance Programme
for Radiation Therapy Dosimetry in Developing Countries in 1996. In this project the output
of 60Co teletherapy units from six selected radiotherapy centres in Malaysia were measured
by using:

• an ionization chamber (i.e. transfer chamber NE 2581); and

• the TLD system (TLD 100 powder).
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The standard dosimeter has been compared with the IAEA standard through the IAEA
postal dose intercomparison programmes (TLD and ionization chambers) since 1989 and the
deviations obtained so far have been better than 0.4%.

Irradiations of the TLD capsules by 60Co teletherapy units in the selected radiotherapy
centres were carried out using the IAEA water phantom 30x30x30 cm3 at 80 cm SSD and a
field size of 10x10 cm2 at a 5 cm depth of water in horizontal beams. Each centre was
requested to irradiate three of the capsules to a nominal dose of 2.0 Gy. The fourth capsule
was used as a reference. In this project the dose delivered to the TLD in each centre was
checked by using the transfer chamber.

The results of this project can be summarised as follows:

• only fifty percent of the participating radiotherapy centres were capable of
achieving an accuracy better than ± 5 percent, in delivering an absorbed dose as
required by the ICRU;

• the deviation of the individual capsules dose relative to the SSDL mean dose is
better than 2.8 percent; and

• the two procedures employed in this project namely readings the transfer
chamber type NE2581 and the TLD are in a good agreement and the deviation is
better than 1.4 percent.

The establishment of the External Audit Group (EAG) in Malaysia has been initiated.
The EAG consists of the Medical Physics Group, the SSDL, and the Measuring Centre. The
details of the EAG have yet to be worked out

REVIEW OF "Guidelines for the preparation a Quality Manual for External Audit
Groups on Dosimetry in Radiotherapy"

The EAG Quality Manual1 "Guidelines for the preparation a Quality Manual for
External Audit Groups on Dosimetry in Radiotherapy" was drafted during the Consultants
Meeting, held on 11-14 November 1996. The document was developed to help achieving
uniformity among different EAGs, to facilitate exchange of experiences and follow ISO 9000
and ISO/IEC. The draft of the "Guidelines" was reviewed during this RCM. A number of
appendices were prepared and reviewed, including questionnaire on radiotherapy
infrastructure, TLD instruction and data sheets, a flow-chart on the TLD evaluation
procedures, a form for reporting the TLD results to the participants, etc. The participants
requested that the completed version be published by the Agency.

FUTURE DEVELOPMENT AND IMPLEMENTATION STEPS

The discussion of future plans began with consideration of the measurements which
could be done before the end of the project in 1998, first to assure good quality of the work of
the Measuring Centres and secondly to extend the services offered by the EAG to the
hospitals. The working schedules for individual participants were co-ordinated and goals to be
achieved related to subsequent development and implementation steps of the CRP. Israel and

1 A copy of the revised document "Guidelines for the preparation a Quality Manual for External Audit Groups on
Dosimetry in Radiotherapy" is available at the Dosimetry and Medical Radiation Physics Section.
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Malaysia were encouraged to finalize completion of the initial steps of the CRP to reach
adequate compatibility with the implementation level of other participants. After successful
accomplishment of preparation of the methodology for the respective national QA
programmes, the new participants will start auditing radiotherapy hospitals in their countries
on regular basis. They will also complete implementation of the national QA Manual for
EAGs according to the "Guidelines for the preparation a Quality Manual for External Audit
Groups on Dosimetry in Radiotherapy" prepared within this CRP.

With respect to the plans for 1998 the main emphasis was given to audits of the EAGs
by the Agency and to external trial runs with other EAGs. All national MCs will be audited by
external bodies, first by the IAEA and then by another EAG from different country. All the
MCs are included in the IAEA/WHO TLD annual runs for the SSDLs. In addition, the
Agency's Dosimetry Laboratory will irradiate several sets of TLDs to be evaluated by each of
the EAGs. Another planned task is related to the quality control measurements using
TLDs/ionisation chambers with appropriate phantoms for beam checks in non-reference
conditions.
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