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Introduction

Recent technological developments such as 3D planning and modern linear accelerators make it
possible to treat more patients with conformal radiotherapy. This can be done using traditional
Cerrobend blocks to shape the beam. This method however is time consuming since a block has
to be made for each individual beam. During the treatment, the room has to be entered between
different beams to replace the block. Therefore, a multileaf collimator (MLC) was retrofitted on
our Philips SL25 linear accelerator. This MLC has 3 major advantages :

1/ There is no need to make Cerrobend blocks.
2/ There is no need to enter the treatment room between different beams.
3/ There is more freedom of movement, since there is no tray hanging under the machine head.

One great disadvantage was that all leaf settings had to be derived manually from simulator
films. Once known they had to be fed into the MLC computer using the keyboard. This method
takes a lot of time and introduces potential errors during the data transfer.
A much more efficient way is to determine the leaf settings on the planning system and to send
them over a network to the MLC computer.
At our department, conventional 2D treatment planning is done on a Philips Oncology Support
System (OSS). There is no way to plan the leaves on this system, so we bought a commercially
available program that determines the leaf settings from the digitized field shape and creates a
binary file which can be imported directly into the MLC computer.
For the 3D treatment planning on the other hand, we use the GRATIS(tm) software package by
Prof. G. W. Sherouse. As the soure code is freely available, we were able to write an extension
to plan the leaf settings. A link was made between the planning computer and the MLC com-
puter, allowing data transfer and avoiding manual data handling.

Methods and materials

The GRATIS(tm) 3D planning system runs under a UNIX environment. The program is com-
pletely written in the C programming language and uses the X Window System.
The source code is freely available for the users. At our department the software runs on a Digi-
tal Alpha Station 33OOX.
Our goal was to write an extention for the MLC, changing as little as possible for the
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GRATIS(tm) users. This was realized by adding the leaves in the Beam's Eye View (BEV) if a
machine with MLC is selected. The leaves can be set automatically or by hand. This is the only
change that has been made for the users.
First of all a distinction had to be made between a machine with and one without an MLC. Each
machine used in the planning system has 5 files which determine its characteristics : "unit",
"time_calc", "sar", "tray" and "filter". A field called "mlc" was added to the "unit" machine file.
The value of "mlc" is set to 1 if an MLC is present and is set to 0 if a traditional collimator head
is used.
The main change was made in the Virtual Simulator(tm). The BEV window was made sensitive
for mouse movements with the right mouse button pressed. In that way, the leaf closest to the
pointer can be selected and dragged to the desired position.
Every time the beam outline is changed, an array called "Collimated Beam Outline" (CBO) is
written that contains all points which determine the beam contour at isocentric distance. When
an MLC is used, these points are the corners of the leaves. Since the program uses this CBO to
calculate the intersection of a beam with CT slices, no further adjustments had to be made to get
the right shape of the beam in these slices or in the XVIEW and YVIEW windows. Even when a
Digitally Reconstructed Radiograph (DRR) is calculated, the beam shape created by the leaves
is superimposed on the image without any further adjustments.
The numerical values of the leafsettings are displayed in the BEV.
In Release 5 there is a tool, called autobeam, which draws a beam outline around a specified
anatomical structure (anastruct) with respect to a user-defined margin. The result of this calcula-
tion is a Beam Outline (BO). For normal blocks, this BO is combined with the diaphragms to
produce the CBO. When a machine with MLC is used however, just after the BO is calculated,
the leaf settings are determined by placing the middle of the leaf on the BO. For the upper leaf
pair used to determine the beamshape, the lower corner of the leaves is placed on the BO, avoid-
ing problems when the top of the BO lies under the middle of the leaf. For the lowest leaf pair
used, the top corners are set at the BO. The CBO is then written with the corners of the leaves,
just as with manual leaf placement. If this shape does not satisfy the radiotherapist each leaf can
be adjusted manually.
The Y backup jaws are positioned at the largest opening of the leaves. All leaves lying under the
X diaphragms are closed. In this way, the setup of the leaves and the diaphragms is the same as
on the real linear accelerator.
When leaving the Virtual Simulator(tm), a file containing all beam characteristics is created for
each beam. If a machine with MLC is used, a second file is generated with data needed by the
MLC computer to make a beam description. This is an ASCII file containing the patients name,
energy, diaphragm positions, accessory fitment and, of course, the leafsettings. This file has to
be converted to a binary file which can be read by the MLC computer. The conversion is done
on the planning computer and the data is transfered over a local ethernet network using the
TCP/IP protocol.
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Results

An important benefit of the MLC extension is the opportunity to enhance the ease of quality
control.
The beam outline, formed by the leaves can be plotted at any desired Target Film Distance
(TFD). This plot can then be compared with the light field of the linac to check the leaf settings.
The generated DRR's can be compared directly with the portal films or images.
With the leafs drawn on this DRR, a lot of reference points can be used to find possible discrep-
ancies.
To check the relative dose calculation, a plane perpendicular to the beam axis was scanned in a
PTW water phantom for both photon energies (6MV and 25 MV). The SSD used was 95 cm and
the depth 5 cm. The step size of the matrix was 2.5 mm. Isodoses were calculated using
MEPHYSTO, the software package from PTW that controls the water phantom. The compari-
son of the measured and the calculated 50% and the 90% isodoses are drawn in Fig. 1 and Fig 2.
The dashed line is the measured isodose. Each tick on the axes represents one cm.
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Fig 1.a : 50 % isodose (6 MV photons)
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Fig 1 .b : 90 % isodose (6 MV photons)

Fig 2.a : 50 % isodose (25 MV photons)
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Fig 2.b : 90 % isodose (25 MV photons)

The calculation of the absolute dose in water however needed some modifications. For a few
fields, the output factors were measured and compared with the results of the planning system.
(Table 1 & 2)
The field called irreg is the shape used for the relative measurements.

fieldname

5x5

10x10

15x15

20x20

0 5 cm
0 10 cm

0 15 cm

0 20 cm

irreg

measured
output factor

94.76 %

100.00 %

• 102.84 %

104.92 %

92.22 %

98.54 %

101.63%

103.90 %

99.35 %

calculated
output factor

without
adjustment

94.70 %

100.00 %

102.85 %

104.90 %

94.85 %

100.30 %

103.00 %

105.02 %

102.84 %

error

0.06 %

0.00 %

0.01 %

0.02%

2.85 %

1.78 %

1.35 %

1.08%

3.51 %

calculated
output

factor after
adjustment

94.67 %

100.00 %

102.84 %

104.90%

93.35 %

98.88 %

101.69 %

103.84 %

100.27 %

error

0.09 %

0.00%

0.00%

0.02 %

1.22%

0.35 %

0.06 %

0.06 %

0.93 %

Table 1 : Output factors for 6 MV photons
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fieldname

5x5

10x10

15x15

20x20

0 5 cm

0 10 cm

0 15 cm

0 20 cm

irreg

measured
output factor

90.92 %

100.00 %

103.50 %

105.82 %

87.90 %

98.20 %

102.12%

104.50 %

98.83 %

calculated
output factor

without
adjustment

91.98 %

100.00 %

102.89 %

105.10%

91.87%

100.00 %

102.89 %

105.10%

101.81 %

error

1.17%

0.00%

0.59 %

0.68 %

4.51 %

1.83%

0.75 %

0.57 %

3.02 %

calculated
output

factor after
adjustment

91.95 %

100.00 %

102.90 %

105.11 %

90.24 %

98.20 %

101.71 %

103.83 %

99.30 %

error

1.01 %

0.00%

0.58 %

0.67 %

2.66 %

0.00%

0.40 %

0.64 %

0.48 %

Table 2 : Output factors for 25 MV photons

Especially for small and irregular fields there was a quite important difference between the
measured and the calculated dose. The reason for this is the determination of the collimator scat-
ter factor (Sc). Without adjustment, the Sc is taken which matches the backup diaphragm set-
tings. The part of the beam that is determined by the leaves only is not taken into account, so the
calculated Sc is too large.
This problem was solved by calculating the total area between the leaves and using the Sc of the
equivalent rectangular field with the same area and height. The results of this modification can
be found in Table 2. The function loockup_Sc was changed so that a distinction is made be-
tween a machine with an MLC and one without. If no MLC is present, nothing is changed, but
when the MLC is used, the Sc is recalculated in the way described.

Conclusions

Most of the advantages of an MLC are lost if no proper planning system is used to plan the leaf
settings. A library of standard shapes is available, but mostly these shapes do not meet the needs
of conformal radiotherapy. One is almost obligated to buy a new planning system with an MLC
to work efficiently. With our extension we have overcome these problems : we no longer have
manual data transfer of the leaf settings and in that way the chance of introducing errors is mini-
mized.
Some more fine tuning of the determination of the collimator scatter factor (Sc) is desirable.
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