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Abstract

Based on the IAEA/WHO experience in mailed dosimetry, a Quality Assurance (QA) Network,
sponsored by the EC committee"Europe against Cancer", has been set up in 1991 for all
European centres. Besides a survey of radiotherapy infrastructure, the project includes three
measurement steps : primarily, a check of beam output and quality in reference conditions with
a mailed TLD-procedure, in a second step, the mailed verification of other beam data and dose
calculation procedures with a multipurpose phantom, and finally in vivo dosimetry at the
individual patient levels with mailed dosimeters.

The results concerning 162 beams from 85 centres are analysed (58 60Co beams and 104 X-ray
beams). 27 beams present minor deviations (3 to 6 %) and 15 beams (4/58 ^ C o beams and
11/104 X-ray beams) from 11 centres present major deviations (> 6 %). The analysis shows
that 17/27 minor deviations and all major deviations have been detected in centres which have
not benefited from an external check during the last five years; in 14 out of 15 large deviations,
the measured dose is smaller than the stated dose. In most centres with major deviation, the
physicists did not have the necessary experience and did not calibrate regularly the beams. In 6
centres out of 11 there was no dosimeter or the dosimeter available has not been calibrated
recently. In 3 centres, the physicist did not give any explanation. The conclusions concerning
the second step (multipurpose phantom), outline the larger magnitude of the deviations for off
axis points, oblique surface and theuse of wedge filters.

1. INTRODUCTION

The Interest of Quality Assurance in Radiotherapy (medical and physics aspects) has
been stressed for decades with a number of dedicated Meetings, papers, reports and protocols.

Nevertheless, the 1989 world-wide investigation sponsored by the International Atomic
Energy Agency (IAEA) and the World Health Organization (WHO) revealed that about 15 % of
all cancer patients treated with radiation receive an inadequate dose due to systematic
uncertainties in the dose delivery (1). This percentage is probably even much important in a
number of Radiotherapy Departments not implementing Quality Assurance (QA) programmes.
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In addition, it is well established that randomized clinical trials can improve the practice
of Radiotherapy provided that suitable Quality Assurance Programmes are applied to ensure the
compliance of the treatments with the treatment regimes (2, 3). Due to the need for a large
number of patients in order to improve the significance of the conclusions, to allow the
evaluation time to remain reasonable, more and more multi-institution trials are launched, the
main requirement being that any patient of any institution be treated according to the same
protocol and receive the same dose.

Consequently, in addition to the fact that both internal QA and external audits have
proven to be very useful (4, 5, 6, 7), even when Radiotherapy Departments implement good
internal Quality Assurance Programmes, the coherence must be ensured between the
Radiotherapy Departments at larger scales, through Q.A. networks.

At the present time in Europe, a few large centres have developped QA Programmes
and have shown the benefits of their implementation (8,9, 10, 11, 12). A Few Countries have
developped programmes of National Dosimetry Intercomparisons, often only in reference
conditions (13, 14, 15, 16, 17), but no comprehensive system comparable to the US Centers
for Radiological Physics is available at the European scale (18-1 and 18-2).

At the International level, a few international bodies have developed mailed QA
Programmes. In particularly, since 1967, IAEA/WHO have developped a postal dosimetry
service (1,7, 19, 20) for developing countries, restricted to measurements at a reference point
for 6°Co radiation. This service has recently been extended to high energy X-ray beams with
the help of a few advanced centres. Since 1988, the European Organization for Res,earch and
Treatment of Cancer (EORTC) has also developed a mailed service as a part of larger QA
programmes to check beam outputs in reference conditions for the European Centres
participating in clinical trials (21,22). A comparable on purpose service was also developed by
the Institut Gustave-Roussy for a clinical trial on the use of the Etanidazole Radiosensitizer
including about 30 european centres, with a postal dosimetry service (reference conditions)
associated with on purpose on site visits and patient treatment forms review (23).

So, in Europe, only a few national or international dosimetry intercomparisons and on
purpose actions for clinical trials had been performed when, at the request of a number of
centres not involved in clinical research, an attempt was made to extrapolate the expertise
acquired in these first studies to set up a standardized QA procedure which could be the same in
all European Community (EC) countries and which would provide guidelines and technical
back-up to all radiotherapy Centres.

The principles of this attempt are that the practical responsabilities would be given to
national bodies as soon as procedures are established. An European coordinating and advisory
function would still be maintained in order to ensure EC guidelines to remain coherent.

Ai last, live radiotherapy centres from five European Countries (Belgian, France, Italy.
The Netherlands and Sweden) succede when proposing the EC Committee "Europe against
cancer" to support the project of a European Network for Quality Assurance in Radiotherapy.

2. DEVELOPMENT OF THE NETWORK

The Experimental European Network was implemented in 1991, with the following
Structure :

Coordinating Cemtre University Hospital St Rafael, Leuven. Belgium.
(CC)

Measuring Centre Insutut Gustave-Roussy, Villejuif, France.
(MC)
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National Reference
Centres (RC) Belgium: University Hospital St Rafael, Leuven

France: Centre Georges Francois Leclerc, Dijon
Italy: Universita degli Studi di Firenze, Florence
The Netherlands : A. Van Leeuwenhoekhuis, Amsterdam.
Sweden, University Hospital, Umea.

3. IMPLEMENTATION OF THE NETWORK ACTIONS (24)

3.1. Dosimetry checks

They include a preliminary investigation of the available infrastructure in the centers and
three measurement steps:

3.1.1. Preliminary investigation

In the initial stage, before any measurement is performed, a questionnaire is sent by the
National Reference Centre to the local centres, regarding staff, radiotherapy and dosimetry
equipment, simulation and treatment planning systems, in order to be able to find out possible
correlations between the radiotherapy department structures and the uncertainties. The
questionnaire is identical for all countries in order to obtain a standardised data base. It is
translated into the local language by the National Reference Centre.

3.1.2. First step : dosimetry check in reference conditions

At a first step, beginning in 1992, the output and beam quality of ^Co-ray beams and
high energy X-ray beams were checked in reference conditions with mailed TL Dosimeters
placed in a small plastic holder, which were irradiated in a water tank ("simple phantom
procedure"), following a procedure similar to the procedure used by the IAEA for the postal
intercomparisons (fig. 1).

3.1.3. Second step : additional checks in a "multipurpose phantom"

The uncertainty in the dose distribution due to beam dosimetry data other than in
reference conditions is generally accepted to be much larger as additional errors originate in the
estimation of beam flatness, wedge transmission and the calculation of dose distribution (25.
26. 6).

That is why, in a second step, a multipurpose phantom designed previously for the
IAEA by a group of consultants (27, 28) is used to check various beam data (beam symmetry,
wedge transmission) and dose calculation procedures (collimator output factor, surface
obliquity correction, calculation of the dose at depth). The EC National Reference Centres have
checked the reliability of the procedure in a pilot study conducted in cooperation with the IAEA.
After the feasibility study, the multipurpose phantom is now being used in the first Local
Centres of the EC project The main features of the multipurpose phantom are displaid in fig.2.

3.1.4. Third step "postal in vivo dosimetry".

In the last step, yet to be implemented, it is proposed to measure the dose delivered at
the individual patient level with mailed dosimeters.
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A. CALIBRATION CHECK: Co.60 - RX

* Vertical beam

10 cm x TO cm at usuai BSD.

2 Gy to pcint Pc (5 cm or 10 cm
depending on the beam quality)

I 5" or "iO -T.

B. BEAM QUALITY CHECK : RX

* Vertical beam

10 cm x 10 cm at SSD 100 cm

2 Gy to point P1

i
11 /

y

F i g . l Simple phantom description and irradiation procedure
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MULTIPURPOSE PHANTOM

11 points of measurements (LiF)

* Basic dosimetry data to be checked ::

- Calibration and field size dependence
- Central axis depth dose
- Beam symmetry
- Obliquity corrections
- Wedge transmission
- Summation of doses from multiple fields

— Cheks of dose calculation procedures and algorithms.

Fig .2 Multipurpose phantom description and check capabilities
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3.2. Organization

The role of the different partners is defined as follows:

The Co-ordinating Centre prepares the questionnaires, information and data
sheets. It supervises the organisation of the mailing and prepares the time schedule. It ensures
the follow-up of the programme and analyses the results.

The Reference National Centres contact the Local Centres (LC) that wish to
participate and plan the timing and practical organisation. The NC assures the LC about the
strict confidentiality of the questionnaires and of the results, which will be known only by the
CC, the MC and the NC. The data will always appear in an anonymous way in reports and/or
publications and could never be transferred to administrative or governmental bodies, without
full written agreement from the Local Centres.

The NC mails the dosimeters received from the MC, to the LC, together with the
information and data sheets. It receives the irradiated dosimeters from the LC, together with the
completed questionnaire and data sheets. It mails the dosimeters and a copy of the data sheets to
the MC, receives the results from the MC and mails them with comments to the LC; It decides
on further action if needed.

The Measuring Centre is in charge of the study and optimisation of the
methodology and the equipment in relation with the coordinating and National Reference
Centres, and of all the measurements related to the Network checks.

The present network is represented on the flow chart of fig. 3. In fact, with respect to
Eastern Europe, a dedicated experimental network has been set-up in 1993, sponsored by the
Belgian authorities (Ministry of the Flemmish Community), called EROPAQ. In this
experimental network, the University Hospital St Rafael, Belgium is acting as both the CC and
the MC. Three countries are presently connected to this network, the Czech Republic, Poland
and Hungary. The results presented below include only the first measurements performed for
the Czech Republic before the EROPAQ set-up.

4. METHODOLOGY

4.1. The Measuring Centre equipment and methodology (29)

The basic MC methodology has benefited from the IAEA/WHO cooperation and the
EQAG experience. At the present time, 162 photon beams (58 ^ C o and 104 X-ray beams)
from 85 centres have been checked, corresponding to more than 2000 TLD readings.

4.1.1. TL material

The postal dosimetric checks are performed with LiF dosimeters (PTL 717 from the
Desmarquest-CEC Company-France). This LiF is enriched with 7 Li, presenting a low
sensitivity to neutrons (high energy photon beams) and a low fading (less than 5 % per year at
room temperature). Used as a powder, it allows us to get a good precision, in the order of
1.5 % (1 s), for the dose measurements with one dosimeter (polyethylene tubes allowing 5
readings).
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COORDINATING CENTRE

HSpital St Rafael,
Leuven

E. VAN DER SCHUEREN,
A. DUTREIX

MEASURING CENTRE

Institut Gustave-Roussy,
Villejuif

J. CHAVAUDRA, A. BRJDIRR,
S. DERREUMAUX

e
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The Netherlands
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Portugal
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Czech Republic

Other
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• 1 lopilal Si Rafael, Leuvcn (J. Van Dam, J. Verstraeie)

• Centre 0 . F. l.eclcrc, Dijon (J.C. Horiot, S. Naudy)

• hiMiltiie Riidiologicii Univer.Mia, Florence (L. Cionini, F. Milano)

• Ncilierlands Cancer Institute. Amsterdam (11. Barlelink, B. Mijnhcer)

• University Hospital UMEA (H. Nystrtim)

• Medical School • Pairas (P. Angelakis, C.G. Papavzsiliou. C. Kappas)

• Insl. dc OncoloKia Francisco Gcntil - Lisboa (M. dc Vilhcna, J. Gomes da Silva) |

• 1 lasp. dc la Santa Cruz y San Pabln - Barcelona (J. Craven Bartlc, M. Ribas Morales^

• Czech Radiotherapy Institute - Prague (J. Novotny)

Fig.3 Flow chan of the European Pilot Study network



4.1.2. Reading equipment

The reading equipment includes two units :

• a manual reader (SAPHYMO LDT 21) used exclusively for two years (classical
heating system with preheating).

• an automatic reader (PCL Fimel), allowing 90 samples loaders to be read in about 45
minutes and in routine use at the present time, using constant temperature ovens (30).

4.1.3. Calibration at the measuring centre

The reproducibility, dose response linearity, fading, accuracy and energy dependance
of the TL dosimeters have been checked by the MC during the first year. The reliability of the
mailed TLD measurements performed by the MC has been checked with the IAEA acting as an
SSDL. The determination of the dose at the MC is made following the IAEA protocol (Report
277, 1987), with a reference dosimeter (calibration traceable to the French PSDL, the LPRI,
Saclay, France, with an agreement better than 1 %).

4.2. Global postal checks procedure

4.2.1. First step ^^Co and X-ray beams output in reference
conditions and beam quality of X-ray beams.

The dosimeters and their holders are identical to those used by the IAEA for the
international network and have to be irradiated in a water phantom. The dosimeters are prepared
at Institut Gustave-Roussy (Villejuif), acting as the European Measuring Centre (MC) and sent
ot each participant centre with the holders.

The protocol sent to the participants for the irradiation of the dosimeters is similar to the
protocol used by the IAEA. Two dosimeters are successively irradiated at 2 Gy to the required
depth (usually 5 cm or 10 cm, depending on the beam quality), in a 10 cm x 10 cm vertical
beam, at the source to surface distance (SSD) or at the source to dosimeter distance (SDD)
normally used in the centre. The SEFM Spanish protocol recommends a reference depth of
7 cm for the photon beams of nominal energy between 10 and 25 MV. The irradiations have
been performed at 10 cm but a set of holders will be adapted to allow the irradiation of
dosimeters at a depth of 7 cm. It is recommended to the local centre to measure the output of the
beam with a calibrated ionisation chamber just before the irradiation of the TLD capsules. For
the check of the beam quality of the X-ray beams, two dosimeters are irradiated simultaneously,
one of them at 10 cm depth (measuring a dose DJO) and the other one ai 20 cm depih (D20). in
a 10 cm x 10 cm field, at an SSD of 100 cm. The two dosimeters are at right angle from each
other, to minimise the shadowing of the lower dosimeter by the upper one. A dose of 2 Gy has
to be delivered to the upper dosimeter. The quality index (QI) of the beam, defined as the ratio
of the tissue-phantom ratios at 20 and 10 cm is in fact evaluated throush the measured value of
D2O/D10.

The readings of the TL dosimeters are carried out at the MC. The repeatibility on the
reading of one dosimeter is in the order of 0.7 %. A small correction for supralinearity is
applied. When a dosimeter is irradiated in an X-ray beam, a correction, depending on the
quality index of the beam and of about 2.5 % for 20 to 30 MV is applied to the reading, to take
into account the energy dependence of the dosimeter response. Because in the actual conditions
of international postal dosimetry, delays of one to two months can occur between the irradiation
and the reading of the dosimeters, a correction is applied for the fading and for unexpected
irradiations during the travel. For this purpose, any dosimeter mailing is made using "additional
dosimeters" : one is irradiated (2 Gy) at the MC and remains in the laboratory, another is
irradiated at 2 Gy at the MC and travels with the mailed dosimeters, as well as one unirradiated
dosimeter, and the last one is irradiated at the MC (2 Gy) the day of the checking dosimeters
return at the MC, before the readings. It is so possible to handle and overcome the fading, the
consequences of unexpected irradiations and the possible reader response drift.
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The accuracy of the dose calibration by the MC has been checked by intercomparisons
with the EORTC (April 1991) and the IAEA (March and November 1992). TL dosimeters have
been irradiated at 2 Gy at the MC, in the 60Co beam and in the 4,18 and 25 MV X-ray beams,
in reference conditions (water phantom, on axis, 5 or 10 cm depth, 10 cm x 10 cm field), and
read by either the EORTC or the IAEA. The agreement was better than 1 % for the 60Co beam,
and better than 1.6 % for each X-ray beam quality for both intercomparisons.

To check the MC TL postal procedure, the MC has sent dosimeters to the IAEA
(November 1992) where they were irradiated at 2 Gy in reference conditions (water phantom,
on axis, 5 cm depth, 10 cm x 10 cm field, 80 cm SSD) in a ^ C o beam. The dosimeters were
read at the MC, and the agreement between the absorbed dose in water determined by the MC
and the absorbed dose in water stated by the IAEA is better than 1 %.

The dosimeters are sent to the local centres, with instructions sheets explaining how to
proceed for the irradiation of the TL dosimeters. Data sheets are also mailed to each centre
which has to specify the date of the irradiation of the TL dosimeters (for the estimation of the
fading), the dose delivered to the dosimeters (stated dose), and the quality index of the X-ray
beams determined by the local centre (stated quality index). The dose and the quality index
stated by the centre are compared to the values measured by the MC. The stated quality index is
also used by the MC to determine the correction to be applied to the TL reading for the energy
dependence of the dosimeters response. The participating centre is also asked to report the date
of the last intercomparison or quality audit in which it has been involved, if any.

A quadratic summation of the uncertainties on all the quantities entering in the
determination of the absorbed dose in water, with the MC TLD postal measurement procedure,
gives an estimation of the final uncertainty on the order, for one standard deviation, of s = 1.5
% for 60Co beams and s = 2 % for X-ray beams.

The results are sent to the National Reference Centre (NC) which report to the local
centres. The results are also sent to the Coordinating Centre in Leuven for analysis. The NC
conducts an inquiry to trace the origin of large deviations and suggests a new TLD check.
Because of the limited resources, the second checks have been performed mainly for the centres
with major deviations. Depending on the local situation, the NC can perform an on-site visit or
only discuss the method applied for dose measurements with the local centre. Deviations lower
than twice the standard deviation do not justify any further investigation by the NC since there
is a high probability for the observed deviation to be due to the procedure uncertainty. The NC
reports to the Coordinating Centre the results of the inquiries.

A strict confidentiality is maintained all over the procedure and no details are given in
any publication, either on the centres, on the countries or on the characteristics of the radiation
units.

4.2.2 Second step : Evaluation of the multipurpose phantom (28)

The procedure has been developped at IGR, using a multipurpose phantom made at
Houston by WF Hanson (27).

4.2.2.1. Preliminary evaluation of the multipurpose phantom
at IGR

The geometry and the composition of the phantom have been determined with CT
measurements. Attention has been paid to its reliability (suitability for mailing) and the water
filling (bubbles require attention). The dosimeter positioning can be accurate (better than 2 mm).
The inhomogeneous structure (PVC, water, perspex) can lead to corrections due to an increase
of the values of the measured dose by up to about 1.5 % with ^QQ) beams and 3 % with 25 MV
X-ray with respect to the values expected in an homogeneous water phantom.
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4.2.2.2. Evaluation of the TL dosimetry procedure

For each photon beam quality, 13 TL dosimeters are sent by IGR acting as the
coordinating and measuring centre, to the participating centres : 11 to be irradiated in the
phantom and 2 to detect respectively any unexpected irradiation and fading during
transportation. In addition 2 TL dosimeters are kept at IGR to check the fading (see above).

Guidelines explaining how to proceed for the irradiation of the TL dosimeters in the
phantom, and data sheets in which each centre has to report information on the irradiation
conditions and stated doses have been established and sent, with the TL dosimeters, to the
participating centres.

The conversion of TL dosimeter readings into absorbed dose to water is made as
previously. The dose evaluated by IGR is then compared to the dose calculated by the centres
according the method used in clinical practice.

• Step 2 A : Irradiation of the multipurpose phantom by European
Reference Centres (Pilot Stu«!iy)

In order to check the reliability of the procedure of the use of the multipurpose phantom
for quality control by mail, a pilot study was performed during the period September 1991 -
May 1992 by the IGR, in cooperation with 6 europeah centres (Centre GF Leclerc Dijon,
France, UZ St Rafael Leuven, Belgium, AVLZ Amsterdam, the Netherlands, Sahlgren Hospital
Goteborg, Sweden, Universita di Firenze, Italy, Western General Hospital, Edinburgh, UK).

In the study, the phantom was first sent by the IGR to the first centre and then directly
from one participating center to the next. LiF capsules and documents (instruction and data
sheets) were mailed from IGR to each centre and sent back after irradiation.

The TL dosimeters irradiation has been performed according to the following procedure
(fig. 4 ) :

• one large vertical beam (15 cm x 15 cm) perpendicular to the phantom surface to check
the beam flatness and symmetry at a depth of 4 cm, and dose calculation at 12 cm depth.

• one horizontal beam (8 cm x 8 cm) with a 30°. wedge filter directed on the oblique
surface of the phantom.

In the irradiation procedure in use, two sets of LiF capsules are considered : LiF
capsules 1 to 8 are irradiated by the vertical beam with a 2 Gy dose delivered at 4 cm depth and,
on another hand, capsules 6 to 11 are irradiated with the horizontal beam with a 2 Gy dose at
3 cm depth. LiF capsules 6 to 8 are therefore irradiated by both beams.

At each measuring point of interest inside the phantom, the dose measured by LiF
capsules is compared to that calculated by the centre according to the dose calculation procedure
used in daily practice.

• Step 2 B : Irradiation of the multipurpose phantom by local Centres

After having checked the reliability of the procedure in the pilot study, a run with the
multipurpose phantom has been started in routine situations with the local centres of the EC
project.

During the period 1992-1993, four local centres have particpated in the run with 6
photon beam qualities (2 60co and 4 X-ray beams).
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-Step2A-

IRRADIATIONOFTHE
MULTIPURPOSE PHANTOM BY
THE PARTICIPATING CENTERS

IRRADIATION PROCEDURE

VERTICAL BEAM

15 cm x 15 cm
2 Gy to point 3

- Uf capsules

at usual SSD
(4 cm)

: 1 to 8

4
1 2

4
6

I
4

• " • • •

7 ..:-..

\
4 \

5 \
\

4 \
8 \

HORIZONTAL BEAM

8 cm x 8 cm at usual SSD
30° wedge if available
2 Gy to point 10 (5cm)

- Uf capsules: 6 to 11

6
4

. 8
4

A
4 ® ) N

•4 It

Fig. 4 Multipurpose phantom. Irradiation procedure according to the STEP 2 A
protocol
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-STEP2B-
1RRADIATION PROCEDURE

VERTICAL BEAM

15 cm x 15 cm at usual SSD
2 Gy to point 3 (4 cm)

- Lit capsules : 1A to 8A
•
6

2) UNWEDGED HORIZONTAL BEAM

8 cm x 8 cm at usual SSD
2Gy to point 10 (5cm)

- Lif capsules : 6B to 11B

1

8
•

WEDGED HORIZONTAL

8 cm x 8 cm at usual SSD
30° wedge if available
2 Gy to point 10 (5cm)

-Lif capsules :6C to 11C

F i g. 5 Multipurpose phaniom. Irradiaiion procedure according lo the STEP 2 B
protocol
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Taking into account the difficulties in dose interpretation encountered in the pilot study,
on one hand with the combination of beams for TL dosimeters at depth and, on another hand,
with the combined influence of the oblique surface and wedge filter, a new irradiation procedure
has been set-up for the run.

It consists of three different beams (vertical, unwedged and wedged horizontal beams)
for which three different sets of TL dosimeters have to be irradiated (fig. 5).

5. PRELIMINARY RESULTS

5.7. Structure of the Radiotherapy Departments.

The questionnaires on the structure of the Departments show large variations between
different departments from the same country and are in good agreement with the data published
by the EORTC for Research Centres (21); as an example, if we consider the physics staffing
quoted by 27 answers, it can be expected that the level of physics support in a department will
be directly determined by the patient load which has to be carried by the physicist. Overall, the
mean number of patients per physicst is 440/year. However, while there are five centres where
each physicist is responsible for less thant 200 patients, there are also five centres where the
workload is above 600 patients/year, and even two vuith over 1000 patients. It is evident that in
such extreme diverse conditions of workload, there will be differents levels of involvment of
the physicist in a number of controlling and preventive measures.

There are systematic variations in some of the parameters from one country to another,
but the total number of participating centres per country is still too small to draw valid general
conclusions.

5.2. Dose measurements

5.2.1. Step one : Dosimetry checks in reference conditions (31)

To date, cheks have been performed for 162 beams from 85 centres (58 60c 0 beams
and 104 X-ray beams).

The postal measurements performed during the five first months of the project with
research centres have presented, for the distribution of Dmeasured/Dstated> a mean of 1.0 and a
standard deviation of 1.5 9? with 26 60(Io and X-ray beams. This uncertainly as good as 1.5 rt
lor the measurement procedure is in agreement with the estimation by Kirby (32) of the
uncertainty expected from TLD. Following this series of measurements, two critical levels of
deviation have been defined :

The acceptable level corresponds to a deviation < 3 % (2 s) and the action level
corresponds to a deviation > 6 % (twice the accepted level). Below 6 %, the deviation is
considered minor, whereas above 6 % the deviation is considered major.

The figure 6, representing the distribution of Dm/Ds for the check of the beam output in
reference conditions exhibits, large deviations when all beams of all centres are considered, the
ratios D m /D s ranging from 0.32 to 1.06.

Analysing the questionnaires, it appears that a large majority of the centres had nor
participated in any intercomparison nor had benefited from an external audit during the last five
years. Sharing the distributions of the ratios Dm/Ds between such centres (called centres B) and
the other centres (called centres A), it appears on figure 6 that the major deviations belong
exclusively to the centres B distribution. On the contrary, the distribution related to centres A
exhibits a mean value Dm/Ds very close to 1 (0.994), and a standard deviation of 2 %, for both
the 60co and X-ray beams, whereas the centres B present a spectacular spread of the Dm /D s
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20

SIMPLE PHANTOM
STEP 1 (85 Centres)

N 10

"A" centres
Cobalt 60 + X-ray beams

n = 60
m = 0.994
s = 0.020
A = 0.083

30

r*- f1- r*- o co © o1 c-
o~ o" c:~ o* o' o* o" o'

Measured dose/ Stated dose

N

20

10

"B" centres
Cobalt 60 + X-rav beams

n = 102
s = 0.74
A = 0.102

oL^-5- n \o Ô

o"

Measured dose/ Stated dose

DEVIATE

60Co
RX

TOTAL

2
8

10/60

•H

CENTRES

0
0

J o / 6 0
^ > Jiliilllil

•Hi
10
7

17/102

ill

CENTRES

Epili
1 4

11
1 15/102.

•nil

Fig.6 Distributions of the ratios Dm/Ds for the check of the beam output in reference
conditions, considering "A" or "B" centres and all beams. The table presents the
differences in the deviations observed between ^ C o beams and X-ray beams.
n is the number of beams, m is the mean, s the standard deviation and A the total
spread
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N

40

30

20

10

All centres

...1
I
1

III,,.

n = 100
m = 0.984
s = 0.019

A = 0.13

-ococoooocaeo - o o o o o o o o o ooooooooo
o" o" o* o" o" o" o* o" o" ° o" o" o" o © o o o o —* —" —" - —* — —' —" —"

Qlm/QIs
15

10

N

Centres A n = 42
m = n QQn

1

s = 0.018
A = 0.090

Ih..
O O O O O O O O O

Qlm/QIs

N

30

20

10

Centres B

•

. .ill
1,
III..

n

s
A

= 58
= 0.980-

= 0.020
= 0.105__

) r i D o o
• « CO « OD CD (D O t» CD

OOOOOOOOO - •
o o o o* o" o o o" o* ° o o o o o o o o o

Qlm/QIs

Fig. 7 Distributions of the ratios QIm/QIs for the check of the beam quality, considering
all centres and "A" or "B" centres.
n is the number of beams, m is the mean, s the standard deviation and A the total
spread

227



values. The table of figure 6 presents additional data about this difference between centres A
and centres B. The figure 7 is related to the determination of the Quality index (distribution of
the ratios Qlm/QI^)- The analysis of the results does not show any significant difference
between centres A and B. The only major deviation is nevertheless observed for a centre B.
Among the 11 centres with deviations > 6 %, 5 have accepted to participate in a second check,
resulting in an improvement, with 3 large deviations instead of 9.

5.2.2. Step 2 : Evaluation of the multipurpose phantom

5.2.2.1. Step 2 A : Irradiation of the multipurpose phantom by
European Centres (Pilot Study)

In this study, 22 photon beam qualities were checked, including 5 60co beams, 9 X-
ray beams < 10 MV and 8 X-ray beams > 10 MV.

The global results are presented in table 1.

From these results, we can report the following comments :

. for all centres and all beams, a ratio of the dose measured by TLD to the dose stated
by the centre is very close to unity (1.004) with s = 2.6 %. About 21 % of minor deviations
(between 3 and 6 %) and only 1.6 % of major deviations (> 6 %) are observed.

. better results have been obtained for 6 0Co than for X-ray and for on-axis points
compared to off-axis points.

Table 1 Multipurpose phantom experiments. Global results for the STEP 2 A.

Ratio of dose measured by TLD / dose slated by Institution
T5T '

Held

Large

anterior

Wedged

lateral

Combined

field

Points of

meas.
(Tolal

number)

Central Axil
(21)

(Ml

Central Axil
124)

OKAxif^ph
(45)

Central Axis
(22)

OffAjdiSpli

Mean of
(IS )

Al l energies

1.000
(0.034)

' 1.005
(0015)

1.000
(0.023)

1.005
(0.031)

1.010
(0.030)

1.004
(0.025)

Dm
ratios T=r-

Cobalt-40

1.013
(0.017)

1.017
(0.025)

0.997
(0.019)

1.019
(0.025)

1.011
(0.O43)

1.010
40.024)

for all

LowE
(KXOOMV)

0.995
(0025)

l.CXV,
(0.023)

1.001
(0.026)

1.001
(0.024)

1.002
(1)031)

1.005
(0025)

centres

HighE
<KX>10MV)

0.999
(O.OJA)

0.995
(0.025)

1.001
(0.025)

1.000
(0.041)

1.017
(0.0.13)

1.000
(0 028)

Minor
deviations

All energlet

5
(24%)

18
(21%)

4
(17%)

10
(22%)

5
(23%)

9
(19%)

Major
deviations

All energies

0

0

0

3
(7%)

1
(5%)

0

22 BEAMS at 7 Institutions: Cobalt-€0 to 25 MV X rays
Cobalt-60:5 beams
Low E: 9 beams: 4,5,6 and 9 MV
High E : 8 beams : 11,18 and 25 MV
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. the best results have been obtained for on-axis 6^Co reference points for (s-value of
1.7 % to 1.9 %).

. the largest deviations have been observed for off-axis points in X-ray horizontal

beams (s value = 3.3 % with a A value of 15 %) and also for points irradiated by the two beams
either for ^Co and for X-ray beams (obliquity, wedge filter).

5.2.2.2. Step 2 B: Irradiation of the multipurpose phantom
by local centres

The global results for this study are summarized in table II.

They lead to the following comments and conclusions:

As for the pilot study, the results are expressed, for each type of photon beam quality
(60Co and X-ray), as the distribution of the ratio of the dose D m measured by TLD (at IGR) to
the dose Ds stated by the centre. In each case, the distributions have been quantified by the
following parameters. Dm/Ds mean value and estimation s of the standard deviation.

For each beam considered (vertical, unwedged and wedged horizontal beams), the data
related to on-axis and off-axis points were examined separately.

The majority of the distributions of the ratio Dm/Ds are symmetrical and have a mean
close to the unity value : however, for one X-ray horizontal unwedged beam, unexpected very
low values of the ratio Dm/Ds were observed (= 0.33). The analysis of the results has shown
that an instability of the linac has led to stop irradiation after only 77 of the 220 monitor units
planned and the machine was not started again to end the irradiation.

Disregarding these very low values, the results show that, for on-axis points,
deviations of the same order than for those observed in the pilot study have been obtained for
the vertical beam. For that points, slightly larger deviations have nevertheless been observed.

However, for off-axis points, a large increase in the deviations has been observed for
all beams. Compared to on-axis points, the estimation of the standard deviation is increased by
a factor up to about 2, particularly for horizontal X-ray beams ( s = 4.4 to 5.5 %).

In short, the results of the run achieved in routine conditions with local centres show a
large increase of the deviations for the fields which are not perpendicular to the phantom surface
and, for all fields, a large increase of the deviations for off-axis points. Although a rate of minor
deviations (21 % between 3 and 6 %) comparable to that obtained in the pilot study is observed
for the local centres, the rate of major deviations (> 6 %) is much larger (about 15 %) than the
pilot sutdy (= 1.5 %).

The large deviations observed in non reference conditions for two of these local centres
which have obtained correct results in a previous mailed TL - intercomparison in reference
conditions, point out the interest of performing such checks in order to verify on the one hand,
the beam symmetry and the beam flatness and on the other hand, the accuracy of the algorithms
used in routine for dose distribution calculations.
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Table 2 Multipurpose phantom experiments. GlobaJ results for the STEP 2 B.

Ratio of dose measured by TLD / dose stated by Institution m :

Field

Large
anterior

Unwedged
lateral

Wedged
lateral

2 =• 4 cm

Ln depth

Z = 5 cm

In depth

Z = 5cm

In depth

Points of
tneas.
(Total

n amber)

Central Axis
(6)

Off Axis
(24)

Central Axis
(6)

Off Axis
(12)

Central Axis
(5)

Off Axis
(10)

Central Axis
(5)

Of if Axis
(10)

Central Axis
(5)

Off Axis
(10)

Central Axis
(5)

Off Axis
(10)

•Mean of
a s >

All energies

1.000
(0.016)

1.008
(0.036)

0.999
(0.017)

0.991
(0.C27)

0.861 HQ397)
(0.306) (0.037)

0.863 WJ00O)
(0.2S9) tO.OZS)

0.875 Jfl.009)
(0301) (0JO3»

0.867 >a.aw
(0292) (0.MJ)

0.974
(0.023)

0.971
(0.04J)

0.993
0.013)

0.981
(0.0*6)

ratios -pp-

Cobalt-40

0.997
(0.01S)

0.997
(0.018)

0.995
(0.014)

0.980
(0.020)

0.992
(0.011)

0.994
(0.024)

1.012
(0.046)

1.007
(0.045)

0.980
(0.007)

0.979
(0.020)

1.005
(ao3s>

0.984
<ao*7)

: all centres

RX

1.001
(0.01 S)

1.013
(0.042)

1.001
(0.019)

0.996
(0.030)

0.773 H1M2)
(0397) 10.025}

0.777 '(1.006)
(CL357) (0.C23)

0.783 VI.OOSJ

0.774 'fl.002)
(0335) (0.CSJ)

0.970
(0.031)

0567
(0.062)

0.985
- (0.013)

0.980
(0.050)

Minor
deviations

O% < - S 6 5 )

All energies

0

4
07%)

0

3
(25%)

0

3
(30%)

2
(40%)

0

2
(40%)

4
(40%)

0

5
(50%)

Major
deviations

All energies

0

4
(17%)

0

0

1
(20%)

2
(20%)

(20%)

5
(50%)

0

2
(20%)

0

1
(10%)

* : No correction applied for phantom composition and geometry.
i : Without considering the very low values due to one beam (inteiruption of the Irradiation).

6 BEAMS at 4 Institutions: Cobalt-#> to 15 MV X rays
Cobalt-60:2beams
RX : 4 beams: 4,6,10 and 15 MV
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6. DISCUSSION

6.1. Step 1 : Dosimetry checks in reference conditions

An important interest of this study was to show that 11 "B" centres could present
deviations > 6 9c for the beam calibration, some being very large. We can notice first that these
large deviations lead to underdosage of the patients (so avoiding alarming acute reactions),
potentially inducing a lower cure rate, if the irradiation of the dosimeters is representative of the
irradiation of the patients. Secondly, the physicists were supposed to check the beam outpui
before irradiating the TLD's. From a detailed analysis, submitted to publication (31), it appears
that, after on-site visits in most centres with major deviations, the physicists did not have the
necessary experience and did not calibrate regularly the beams. In 6 centres out of 11, theirs
was no dosimeters or the dosimeters available had not been calibrated recently. In 3 centres, the
physicists did not give any explanation.

6.2. Step 2 : Multipurpose phantom

It is interesting to quote that, with centres B, the large deviations observed in non
reference conditions appeared in centres having obtained correct results for the step 1. So, it is
very important, in such a network, not to limit the investigations to the reference conditions. It
seems worthwhile to go further in the evaluation of such a phantom, an improved version being
under developpement (WH Hanson). The procedure could also be improved (already, from step
2. A to step 2.B a better tracing of the reasons for deviations is obtained). The problem is the
number of dosimeters involved, making the large scale use of this phantom expensive.

7. CONCLUSION

This pilot study has shown the feasibility of the experimental european network, with
its organisation relying on Coordinating, Measuring and Reference National Centres. This
experience can allow each european country to plan the set-up of a national network connected
to the european network.

From the scientific point of view, the accurancy of the dose checks is compatible with
the action levels considered in most instances of the radiotherapy litterature.

The discovery of numerous major deviations outlines the need for any European
radiotherapy department to be able to benefit from a QA network and support the initial
application to the EC for such a project.

Further improvements are expected from the pilot study, regarding the accuracy, the
optimisation of the procedures, the addition of electron beams checking and in vivo
measurements.

The final outcome will rely on the capability of each country to develop its national
network.
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