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The QA program of the Radiotherapy Co-operative Group of the EORTC (European
Organisation for Research and Treatment of Cancer) has included quality control
procedures for equipment from its starting date in 1982. During on-site visits carried
out by a team of radiotherapists and physicists the following equipment checks and
measurements were performed :

mechanical and beam alignment checks of simulator and therapy units
measurements of the dose homogeneity for X-ray and electron beams
intercomparison of ionization chambers
measurements of the depth dose distribution at several depths
absorbed dose determination in specific points in water for several combinations of
field sizes and accessories, for photon and electron beams.

In addition calculations of treatment time and monitor units were carried out for
reference cases and the relevant beam data from all machines in use were collected.

In order to provide a follow-up of the on-site visits, a mailed TLD program was then
established in 1986. The program has been very successful, the centers are eager to
participate since it constitutes an independent check of the measurements performed by
the local physicists. It also allows to detect dosimetric problems in centers not yet
included in the site visit program. To date, all participating centers have been
monitored by mailed TLD, several more than once. This has led to the decision of
stopping the site visits unless large deviations cannot be resolved by a second TLD
mailing.

The Radiation Physics Department of the Goteboig University Hospital has been the
main partner in this QA effort. Since 1993 the mailed TLD program continues in co-
operation with the Institut Gustave Roussy in Villejuif. Besides water phantom
measurements on the beam axis, the IGR, in collaboration with the Radiation Physics
Center in Houston, is planning a procedure to check off-axis doses by means of a TLD-
loaded multi-purpose phantom.
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1. Introduction

The Radiotherapy Cooperative Group of the EORTC (European Organization for Research
and Treatment of Cancer) was formed in 1975 with the goal of improving long-term results of
curative radiotherapy by carrying out clinical research studies based on new developments in
radiation physics and radiation biology. Today, more than 80 institutions are participating in
the 11 currently active protocols, accruing more than 1000 patients per year.
Already in 1982, a Quality Assurance program was initiated and, from its start, it also
included quality control procedures for equipment. Detailed results and analysis have been
published (see reference list). In this presentation, the dosimetric intercomparisons carried out
during the early site visits will be reviewed; mechanical checks and beam alignment of the
units will also covered as well as results of the follow-up mailed TL dosimetry campaign.
The motor behind the program was K.-A. Johansson from the Sahlgren Hospital in Goteborg,
Sweden. Since 1993, the mailed TLD procedure is organized together with the Institut
Gustave Roussy in Villejuif, France.

2. Dosimetric intercomparison

During the site visits of participating institutions, one team consisting of radiation oncologists
evaluated the clinical aspects of treatment, while a second team, consisting of physicists,
reviewed the dosimetry aspects. Between 1982 and 1985 seventeen European radiotherapy
centers were audited.
A Farmer-type and an NACP plane-parallel chamber, both calibrated with the associated
electrometer, were used for water phantom measurements in photon and electron beams,
respectively. For each unit, measurements were carried out for a combination of field sizes
(6x6, 10x10 with and without wedge filter/shadow tray, 20x20 and 12x20 cm2 for photon
beams and 10x10 and 20x20 cm2 for electron beams) and depths along the beam axis.
The mean, standard deviation and range (difference between highest and lowest value) of the
ratios of the absorbed dose to water determined by the visiting team and the absorbed dose
stated for patient treatment by the institution are given in Table I:

TABLE I - RATIOS OF MEASURED TO STATED ABSORBED DOSE TO WATER
Radiation Beams Mean 1 S.D. Range
59 Co-60 beams, 5 cm depth
140 x-ray beams, 5 cm depth, 4 - 2 5 MV
electron beams, dm*, 4 - 2 5 MeV

- 59 beams with scattering foils
- 58 with scanning beam system (sbs)
- 31 sbs with no recombination loss correction

1.001
1.013

0.995
1.001
1.088

0.019
0.032

0.017
0.027
0.044

0.
0.

0.
0.
0.

10
13

09
11
16
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Fig. 1. Frequency distribution of the ratios between measured and stated dose (1987-1992).

The adopted acceptable levels of variation, including the measuring uncertainties, were ±3.1%
for Co-60 photons, ±3.2 % for x-rays and ±3.4 % for electrons. Major deviations were defined
as greater than twice the acceptable level, minor deviations being between these two levels.
For Co-60, 85 % of all beams were within the acceptable limits and there were no major
deviations. The spread was larger for small field sizes and for fields with beam modifiers.
For x-ray beams from 26 accelerators, the average measured value is 1.3% higher than the
value stated by the institutions, 70 % of all photon beams were within the acceptable levels of
variation and 5 % were major deviations, the largest deviation was 9 %. The main reason for
the significant deviation of the mean ratio from unity is the fact that most of the institutions
were not yet using a modern dosimetry protocol. The relatively large spread in the results is
also caused by the fact that some centers having monitor chambers of the accelerator sensitive
to atmospheric conditions did not correct for daily changes in air pressure and temperature
When the dose value stated by the center was corrected by means of a check measurement of
the reference field before and after the review, the resulting spread was reduced: for 16 beams
the o and the A values were reduced from 0.033 and 0.14 to 0.022 and 0.09, respectively.
For electron beams, 80 % of the beams from scattering foil units and 63 % of those from
scanning beam units were within the acceptable levels of variation. The absorbed dose was
underestimated by up to 18% for some accelerators with scanning electron beam-flattening
systems due the fact that the dose stated by the center had been determined without correcting
for the relatively higher recombination losses typical for these units. In addition, as for photon
beams, the use of unsealed accelerator monitor chambers contributed to the large spread in the
results.

The off-axis dose distribution at one depth (5 cm for photons and dmax for electrons) for a
20x20 cm2 field was also evaluated by means of a film irradiated in a polystyrene phantom
The results were satisfactory for most of the photon beams, the low energy accelerators with
only photon beams having a significantly more uniform dose distribution. For electron beams,
only 60 % of the 20x20 cm2 field size beams had both flatness and symmetry within the
acceptable levels of variation and major deviations were detected in 8 % of the beams.
The reason for this large deviation, observed especially in electron beams with energies lower
than 10 MeV, is that for several accelerators there is a distance of 5 - 10 cm between the end
of the applicator and the patient surface resulting in a broader penumbra.

3. Mechanical checks and beam alignment

During the site visits mentioned above, it was observed that some of the problems were caused
by unsatisfactory mechanical adjustment of the units. Beginning in 1987, both for treatment
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units and for simulators, mechanical checks were included in the physics part of the EORTC
site visit program and were carried out before starting the dose measurements.
The results presented here cover 16 centers representing a total of 23 accelerators, 14 cobalt
units and 14 simulators for a grand total of 1299 irradiation parameters. A complete check list
for one unit covers 32 parameters subdivided into:

1. Isocenter indication, collimator rotation, room lasers and optical distance indicator (2 mm)
2 Angular scales of gantry and collimator (0.5°)
3. Field size indication and coincidence between light and radiation field (2 and 3 mm).
4. Stability of gantry and collimator using lateral opposed beams (3 mm).
5. Table movements to test the vertical and lateral treatment couch displacements (2 mm).

The values in parentheses represent the acceptability limit s for the parameter checked. It takss
into account the accuracy aimed at, as well as the experimental uncertainties.

Observed deviations were considered as acceptable (A), minor (m) or major (M) when their
absolute value A met the following respective criteria:

A < e acceptable (A)
E < A < 2s minor deviation (m)
2s < A major deviation (M)

Table II below summarizes the results: for the three types of units, it gives their distribution
in % for each of the five groups of checks subdivided according to the acceptability level of
the observed deviations.

TABLE II - DISRIBUTION (%) OF MECHANICAL AND BEAM ALIGNMENT CHECKS
Check

Deviations
Accelerators
Cobalt units
Simulators

Isocenter
A
83
36
64

m
9

21
29

M
9

43
7

A
82
78
90

Angles
m
12
11
0

M
6
11
10

A
70
57
71

Fields
m
22
36
21

M
9
7
7

Stability
A
96
69
85

m
0
31
15

M
4
0
0

A
67
67
58

Table
m
19
25
33

M
14
8
8

The majority of observed deviations are acceptable. Among the major deviations, 3 cobalt
units showed an 8 mm maladjustment of a laser and a 10 and 20 mm maladjustment of the
optical distance indicator; for each unit type there was one occurrence of maladjustment of
the field size indicator (9 mm, 9 mm and 10 mm, respectively). The best scores are obtained
for the angular indications. Cobalt units scores are inferior to those of accelerators and
simulators, especially for isocenter indication with 43 % of major deviations and only 36 % of
acceptable deviations. This is certainly due to the advanced age (up to 20 years) of some of
these units.

4. Mailed TL dosimetry

The aim of the EORTC-RT group mailed TLD program is to serve as an independent check as
well as a complement to the on-site visits described above. During the period from 1987 to
1992, the various beams of 55 different institutions were monitored, several more than once,
for a total of 127 mailings (Table III), covering 357 photon beams.
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TABLE m - REPEATED INSTITUTION PARTICIPATION
# of participations 1 2 3 4 5 Total
# of institutions 18 16 11 6 4 55
# of mailings 18 32 33 24 20 127

The centers received a special PMMA holder consisting of a flat and of a long tube with a hole
at 5 cm from one end to accomodate the TL dosimeter. The two parts are easy to mount
before use. The complete set-up consisting of the holder and the inserted TLD capsule was to
be placed in a container filled with water up to the top of the tube and a dose of 2 Gy was to
be delivered at the position of the dosimeter. The ratio between the absorbed dose to water
determined by the measurement and that stated by the institution for a total of 357 beams is
shown in figure 1. The mean and the standard deviation are 1.007 1 4 % and include two
values of 0.50 and 0.51 not shown in the figure for better clarity. 243 beams or 68 % showed
an acceptable deviation (within ± 4 %), 9 beams or 2.5 % showed major deviations (larger
than ± 7 %).

In order to follow the development of the dosimetry for some of the institutions that have
participated more than once, the results of three consecutive mailings were analyzed for 13
centers with both cobalt units and linear accelerators. The mean and standard deviation of the
ratios of measured to stated dose are shown in Table IV.

TABLE IV - TLD RESULTS OF THREE CONSECUTIVE MAILINGS
# of participations 1 2 3
Cobalt units 1.03610.069 1.00910.013 1.00410.012
Linear accelerators 1.03010.036 101510.018 1.00910.021

The large standard deviation for cobalt units at the first participation is partly due to the
inclusion of a major deviation. It can be seen that the mean ratio is approaching unity with a
decreasing standard deviation with increasing number of consecutive mailings. For linear
accelerators, the mean is slightly above unity probably due to the use of different dosimetry
protocols and to the lack of correction by some institutions for ion recombination losses.

Since October 1993, the mailed TLD program is run in cooperation with the Institut Gustave
Roussy. 26 institutions, most of them already checked in the past, have been monitored for a
total of 71 beams. No major and 7 minor deviations were found. Figure 2 shows the
frequency distribution of the measured to stated dose ratios. The peak is at unity with a mean
value of 1.015 and a standard deviation of 0.021. The reason for this shift of the mean is
currently being investigated by requesting from the institutions details about their dosimetry
procedure
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Fig. 2. Frequency distribution of the ratios between measured and stated dose (1993-1994).
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5. Conclusions

The strong point of the quality control procedures for equipment of the EORTC Radiotherapy
Group has been the organization of the site visits of participating centers. Important
dosimetric shortcomings, such as use of outdated dosimetry protocols or non-correction for
ion recombination losses for scanned electron beams, have been discovered, discussed with the
local physicists and corrected. The beam alignment and mechanical checks carried out at the
same time have been as a whole quite satisfactory and have allowed the visited centers to
focus their attention on problem areas and motivated the the local responsibles to implement
modern QA procedures.
The mailed TLD program is now deemed sufficient to monitor beam calibration. Site visits
will be limited to centers with repeated major deviations of the TLD check and/or where other
QA procedures of the group (dummy runs, individual case reviews) reveal serious problems.
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