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l.Introduction; The aim of radiotherapy is to eradicate tumour cells by radiation induced
lesions in their DNA structure while minimizing the radiation damage to health tissues. About
50 % of all patients with cancer are treated with radiotherapy. The process of radiation therapy
is complex and involves a series of procedural steps beginning with patient diagnosis and
disease staging and culminating in the treatment of a specified target volume. The accuracy of
each step in the process has a direct impact on treatment outcome. There is increasing evidence,
from a review of dose-effect curves, that a high degree of accuracy in dose delivery to tumour

cells is very important for the success of
radiotherapy. Accuracy of dose delivery is to be
achieved by a precise dosimetry, which involves
a large number of steps, shown in figure 1,
starting with the calibration of a dosimetry
system through the determination of the
absorbed dose at a point of interest in a patient.
According to a world wide survey performed
through the International Atomic Energy
Agency (IAEA) and the World Health
Organisation (WHO), about 15% of all cancer
patients treated with radiation receive an
incorrect dose due to systematic uncertainties in
dose delivery {WHO 1988). This number is
probably higher in radiotherapy centres not
implementing Quality Assurance (QA)
programmes. Even when an appropriate QA
programme is implemented at a radiotherapy
department, deviation between the prescribed
dose and the delivered dose may occur due to
various reasons. It is therefore recommended
and in some countries it is mandatory, that an
independent person, visiting team or
organization are asked to perform dosimetry

audit at radiotherapy departments in an independent way through an external dosimetry audit.
Therefore the IAEA together with the WHO established the IAEA/WHO TL postal dosimetry
audit to verify the calibration of radiotherapy units in developing countries (Izewska et al 2000).
Despite to the fact that has been established in 1969, only a few radiotherapy centres from
Central Europe were participated in this audit. Thanks to the financial support of European
Communities and in the close co-operation with the Flemish government, a pan European
Radiation Quality Assurance project (EURAQA) has been established in 1995, with
participation of ail radiotherapy departments in the Slovak Republic. Such wide international

SSDL
Calibration of the hospital dosiinctry
system in terms of air kerma fCo-60)

Absorbed dose determination of
therapeutic beams in reference conditions

in water (Co60.X-rav. electron"!

Relative dose distribution
in non-reference conditions

in water

i

Patient data

f 1
Calculation of monitor units

(or irradiation time) and absorbed
dose distribution in a patient
(treatment planning system)

Patient irradiation J

Fig. 1. A typical dosimetry chain applied in
radiotherapy
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dosimetry audit was carried out in the Slovak radiotherapy departments for the first time. In the
framework of the EURAQA project the Radiotherapy department of University Hospital
Gasthuisberg in Leuven, Belgium was chosen as a Reference Measuring and Co-ordinating
centre (RMC), because of its reliability to act as the co-ordinating centre has been confirmed in
previous programmes on QA in Radiotherapy {Dutreix et al 1994).
2.Material and methods: The EURAQA project started in 1995. In the framework of the
project were audited all photon and electron beams used in megavoltage external radiation
therapy in Slovak Republic.
2.1. Infrastructure: The internal dosimetry infrastructure of the EURAQA project is shown in
figure 2. First step of the project consisted from establishment of National Reference Centres

(NRC), which were co-ordinating
tasks between the Reference and
Measuring Centre in Leuven (RMC)
in Leuven and Local Centres (LC).
LCs were selected according to their
reliability and long term experiences
in the field of radiation therapy.
Oncological Institute of St. Elizabeth
in Bratislava (OUSA), acting also as
the SSDL for the Slovak radiotherapy
centres, has been established as the
NRC for the Slovak Republic because
the results achieved in the
IAEA/SSDL dosimetry world-wide
network has been proved its reliability
in the field of radiation dosimetry. In
the period from 1991 to 2000 at the
OUSA were performed by

Reference Measuring and Co-ordinating centre (RMC),
Leuven, Belgium

IAEA/SSDL Dosimetry \
Laboratory, Seibersdorf, Austria j

EQUAUF.STRO Institute
Guslave-Roussy. Villcjuif, France

Co-60, High Energy X-ray

RPC (Radiological Physics
Centre) Houston, USA

High Sncrgy Electron bc&mi

SSDL Gent, Belgium
Co-«0

Fig. 2. LURAQA dosimetry infrastructure

international bodies (IAEA, EURAQA) 28 dosimetry checks with the mean deviation between
the measured dose and the stated dose m = -0 .1% (1SD=1.2%, Min—2.2% Max=2.6%).
2.2. Dosimetry method: For the external dosimetry audit the RMC in Leuven has chosen
lithium fluoride (LiF) powder, including a proportion of 99.97 % of 7Li doped with Mg, Ti and
Na). The dosimetry properties of LiF are well adapted to the conditions of mailed dosimetry, as
it has been already proved in other dosimetry intercomparison programmes {Gomola et al (b)
2001, Hansson et al 1991). This type of the TL material is chosen considering its effective
atomic number (ZeffiUF - 8.2), which make it close to tissue equivalent (Zeff, tissue—7.4) and does
not perturb too much the photon and electron fluencies in the high-energy photon beams used in
radiotherapy. Its low fading (less than 5% a year) is an important characteristic for mailed
dosimeters as they are exposed to wide range of temperatures during travel. The method of the
TLD calibration and the absorbed dose determination used at the RMC has been already
described. (Derreumaux et al. 1994)
2.3. Organisation of the audit: The TLDs, instruction and data sheets are mailed to the

participant together with a TLD
holder (the IAEA holder type) to
be irradiated in a water phantom at
a fixed source-skin-distance (SSD)
or at a fixed source-detector-
distance (SDD) depending of the
local practice (see figure 3). The
TLDs are irradiated at 2Gy. The
number of monitor units (linear
accelerator) or irradiation time

Fig. J. Geometry set-ups of the TLD holders. First two set-ups
(from left to right) for photons, right for electrons

( C o units) required, should be
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calculated by the participant according to the procedure in use in clinical practice. The results of
external dosimetry audits reported in this thesis are expressed as the ratio of the measured dose
by TLDs determined at the RMC to the stated dose by the local centre e.g. The results of the
photon and electron beam output checks in reference conditions are expressed as the deviation
between the measured dose and stated dose, Dev - (DM/Ds-l)xl00%, where Dm is the absorbed
dose in water measured by TLDs at the RMC and Ds is the absorbed dose in water stated by the

participant In table 1 are
Table 1 Decision criteria applied for the results in the EURAQA project described criteria for the

follow up actions to be
performed by the NRC in
close co-operation with the
RMC at the audited
radiotherapy departments.

3:ResuIts: A total of 75
beams in 14 radiotherapy

centres in Slovak Republic have been checked including 33 photon beams (B7Cs, 60Co, X-rays
from 6MV to 18MV)

Acceptance level

Minor deviation

Major deviation

Photon beams
(Co-60, X ray)
Dev <= ±3%

±3% < Dev <= ±6%

Dev > ±6%

Electron beams
(4 MeV - 25MeV)

Dev <= ± 6%

±6%<Dev<=± 12%

Dev>± 12%

Table 2. The results of dosiemtry checks obtained in Slovak RT centres

Beam
modality

Check No: NB mean 1SD Max Min

Photon beams

1
2
3
4

33
13
7
1

1.8%
1.3%

-1.1%
-2.9%

4.3%
5.7%
4.1%

10.6%
11.1%
2.7%

-6.0%
-9.9%
-9.7%

Final status 33 0.0% 1.8% 2.9% -3.0%

Electron
beams

40
18
3

0.4%
1.7%
2.9%

8.6%
2.1%
.3.3%

29.3% -14.9%
5.8% -2.0%
5.2% -0.9%

Final status 40 1.2% 2.4% 5.8% -3.4%

and 40 electron
beams (from 6MeV
to 20MeV). The delay
between mailing of
the TLDs by the
RMC to the
participating centres
and their evaluation is
on average 54 days
(min=14, max=153).
The results of the
photon and electron
beam output checks
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Figure 4 The results of the Is' check obtained in Slovak RT centres and centres from the other pareticipating
countries. Left picture shows the results of the photon beam output checks, right electrons

in reference conditions are reported in table 2. Comparison of the results obtained in the Slovak
RT centres and RT centres of other participating countries is shown in figure 4.

4. Discussion: The results obtained in the first check shows that only about 60% of beams are
within the acceptance limit. The reasons of discrepancies were traced, in some cases by an on
site visit of experts from the NRC, and unacceptable deviations were corrected. Analysis of the
results observed in the first and the second dosimetry checks has shown:
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A) Significant improvement: In 11 cases the reasons of
deviations outside the acceptance level were identified
and the error was corrected, which was confirmed by the
2nd dosimetry check.
B) No improvement: In 15 cases, the deviations remain
the same or worse with the same sign of deviations
between measured and stated doses.
C) Reverse trend: In 9 cases the LCs claimed to have
improved the situation, but the second check revealed
that the sign deviations between measured and stated
doses were just reversed as shown in figure 5. From the Fig. S. The comparison of the results,
information provided by the participants it became clear for ali participating countries
that at least part of these "over corrections" were due to observed between 1 and 2
misunderstanding, despite all efforts to inform dosimetry check of photon beams
accurately all participants of the aim of the programme, which is to check the beam output, and
not at all to provide a new calibration factor for the local reference ionization chamber (this will
always strictly remain the responsibility of the national dosimetric standard laboratory). In order
to avoid in the future this type of difficulties, it was agreed upon to communicate to the centre
involved neither the size nor the sign of the deviations observed.

5. Conclusions: The results clearly demonstrate the usefulness of the external dosimetry checks
performed with the mailed thermoluminescent dosimeters. Standard deviation of the distribution
of the results decreased from SD=:4.3% to SD=1.8% for checked photon beams and from
SD=8.6% to SD=2.4% for electron beams, respectively, at the end of the project. The dosimetry
audits which are performed in regular intervals significantly decreasing a possibility of
mistreatment (under-dosage or over-dosage) of patients due to wrong calibration of radiation
therapy beams. In order to keep the reached level of dosimetry precision, it is necessary to
establish the external audit in radiotherapy at the national level based on postal TLD dosimetry
{Gomola et al 2001 (b), Laginova et al 1998) by transferring the know-how from the
international program on QA in radiotherapy dosimetry'with the assistance of the IAEA. The
EURAQA project was ssupported by the EU Copernicus DGV (ERBCIPAT 94017)
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