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Abstract

Purpose: In our study basic dosimetric properties of a flattening filter free 6 MV photon beam shaped by
multileaf collimators (MLC) is examined using the Monte Carlo (MC) method.

Methods and Materials: BEAMnrc code was used to make a MC simulation model for 6 MV photon beam based
on Varian Clinic 600 unique performance linac, operated with and without a flattening filter in beam line.
Dosimetric features including central axis depth dose, beam profiles, photon and electron spectra were
calculated and compared for flattened and unflattened cases.

Results: Dosimetric field size and penumbra were found to be smaller for unflattened beam, and the decrease
in field size was less for MLC shaped in comparison with jaw-shaped unflattened beam. Increase in dose rate
of >2-4 times was observed for unflattened beam indicating a shorter beam delivery time for treatment. MLC
leakage was found to decrease significantly when the flattening filter was removed from the beam line. The
total scatter factor showed slower deviation with field sizes for unflattened beam indicating a reduced head
scatter.

Conclusions: Our study demonstrated that improved accelerator characteristics can be achieved by removing
flattening filter from beam line.

Keywords: accelerator characteristics; Monte Carlo simulation; multileaf collimator; unflattened
photon beam

INTRODUCTION in radiotherapy due to the advantages of unflat-
tened beams over flattened beams. Studies have
shown that removal of the flattening filter with its
associated attenuation from X-ray beam path
increases dose rate.' The other potential advan-

- o o tages are substantial reduction in head scatter, as
Comepondecs (o kit K, Sl of Dol S e ftening fler s the najor source of scattered
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Introduction of flattening filter free beams to
clinical practice has generated substantial interest
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unflattened beams are the result of reduced head
scatter as variation in output and all field size-
dependent parameters with radiation field size
decreases.

The Monte Carlo (MC) method has been used
extensively to estimate accurate dose distributions
for clinical beams. Several studies have been con-
ducted using this method for analysing linac head
components and influencing factors on beam
characteristics.” ™ Studies describing the effect of
flattening filter on photon energy spectra, absolute
absorbed dose and beam profiles have been pub-
lished.” In an earlier MC study, dose rates increase
by a factor of 2:31 (6 MV) and 5-45 (18 MV) and
out-of-field dose reductlons were reported for
flattening filter free beams.® In a similar study, a
significant improvement in out-of-field dose was
reported for small field sizes.” The effects of
multileaf collimators (MLC) on beam character-
istics for flattened and unflattened beam were also
investigated 1n previous studies quoting clear
advantage of MLC over jaw to define treatment
field.® The possible advantages of removing the
flattening filter from beam line has been outlined
by the above studies. Therefore, it is important to
investigate these properties for a typical modern
accelerator such as the Varian Clinic 600 unique
performance. Our study reports on depth-dose
dependencies, lateral profiles, total scatter factors,
MLC leakage and various fluence spectra of a
conventional accelerator and a flattening filter-
free system.

MATERIAL AND METHODS

Simulation model for 6 MV Varian Linac

Simulation model of Varian Clinic 600 unique
performance was, developed using MC code
system BEAMnrc”'” in our study. To derive the
best estimates for the mean energy and full width
at half maximum (FWHM) of the electron beam
incident on the target, MC simulations for
monoenergetic beams ranging from 5-5 to
6-2MeV with FWHM varied from 0-15 to
0-25 cm were performed to find the best match
with percentage depth dose (PDD) and profiles
measurements. A monoenergetic source with
kinetic energy of the beam 5-7 MeV and FWHM
for the X and Y directions of 0-2 cm was found
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to give best agreement with measured data.
Geometry and materials used to build the MC
simulation model of the linear accelerator were
based on machine specifications as provided by
the manufacturer Varian Medical Systems. The
linac was structured in the following order: a
target slab of tungsten and copper, primary
collimator (tungsten), flattening filter, ion
chamber, mirror, jaws (tungsten) and finally
the option for 120 leaf Varian Millennium™
Multileat Collimator. All materials used in the
MC simulation were extracted from the 700
ICRU PEGS4 (pre-processor for Electron
Gamma Shower) cross-section data available in
BEAMnrc, and met the specifications for the
linac as provided by the manufacturer.

Different stages of simulation for 6 MV photon
beam produced by Varian Linac using principal
features of the BEAMnrc-DOSXYZnrc
code'"'? are shown in Figure 1. In the simula-
tion of the full accelerator unit we have split the
calculation into three steps in order to save time.
In the first step, which takes the most computing
time, 1-5 X 10 initial histories are initiated and a
monoenergetic electron beam source of kinetic
energy of 57 MeV with FWHM for the X and Y

= Target

~1,\\

I—Ll With/Without I—LI

Mirror —> /

w1 [

) ]

Water phantom

Primary
collimator

Phase space at plane 1

MLC —>

Phase space at plane 2

Figure 1. Simulation model for 6 MV Varian Linac separated
into three parts, treatment head fixed opening part up to plain
one, variable opening part between plain one and plain two and
dose calculation inside water phantom in third step.
Abbreviations: MLC, multileaf collimators.
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directions of 0-2 cm was incident on the target.
The primary collimator, flattening filter and ion
chamber are included in this step. The output of
this step is a phase space file at plain one as shown
in Figure 1, having information of energy, posi-
tion, direction, charge and history variable for
every particle exiting downstream from the end
of ion chamber. As the source and primary col-
limator have fixed openings, it is possible to use
this phase space data for the simulation of differ-
ent field sizes. This large set of particles produced
in first step 1s used repeatedly as the input to the
next step of simulation. The second step of the
calculation simulates the passage of the particles
through the mirror, adjustable collimator, MLC
and air slab to a plane at source to surface distance
(SSD) 100 cm from target. We simulate different
openings of jaw as well as MLC to get field sizes
from 5X5 to 20X 20 cm” at an SSD equal to
100 cm. For the latter case, in MLC-defined field
sizes the projected jaw setting was 5cm larger
than that of MLC. The output of this step is a
phase space file at plain two as shown in Figure 1,
having information of energy, position, direc-
tion, charge and history variable for every particle
reaching the plain at SSD 100 cm from target.

The data analysis program BEAMDP'? is used to
analyse the phase space data files to extract the
various types of spectra of all particles reaching
the plane at SSD 100 cm.

In the third step of the simulation, the phase
space files for field sizes of 5 X 5 to 20 X 20 cm” at
an SSD of 100cm which were obtained at
the end of second step are reused by the
DOSXYZnrc code as an input for dose calcula-
tions in a water phantom as shown in Figure 1.
We transport the particles through a | Water
phantom of dimension 30 X 30 X 30 cm” with
voxels size of 0-25X%0-25X%0-25cm’. In the
simulation of ‘unfiltered’ 6 MV photon beam, all
three steps of simulation are the same expect in
the first step where the flattening filter is being
removed from the beam line. A comprehensive
set of dosimetric data for 6 MV filtered photon
beams where acquired using a three dimensional
(3D) phantom, Blue phontom® IBA Dosimetry
GmbH and OmniPro-Accept 7 data acquisition
software. All the measurements were performed
with a Scanditronix/Wellhofer compact ionisa-
tion chamber CC13, in the water phantom.
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Unflattened beams profiles show much dif-
ferent behaviour from the standard flattened
beams and central axis normalisation method
cannot be used to describe them. In order to
describe the profiles of unflattened beams a nor-
mahsatlon method was proposed by Fogliata
et al.'*. In this method unflattened beams are
renormalised to the dose level of a point located
in the profile’s shoulder of the corresponding
flattened beam. This point is located in a region
where the two profiles present similar shapes,
before the unflattened beam starts to increase in
dose towards the beam central axis. In the present
work, this renormalisation method was used for
calculating following parameters of unflattened
beam. The definitions of these parameters which
are useful in the characterisation of unflattened
beam profiles are summarised here, whereas
details can be found in the original study.

Dosimetric field size: The distance between the
50% dose levels in the normalised unflattened
beam profiles.

Penumbra: The distance between the 20 and 80%
dose levels in the normalised unflattened beam
profiles.

RESULTS

Validation of MC simulation model for
flattened beam with measurements

In order to validate our simulation model, lateral
beam profiles for filtered 6 MV photon beam
were calculated for 5X5 to 20 X 20 cm? field
sizes at 1-5, 5 and 10 cm depths. The measured
and calculated lateral dose profiles were normal-
ised to unity on the central axis for comparison.
Figure 2 shows the comparison of MC calcula-
tions to measured data for a field size of 20 X 20
and 10 X 10 cm? at depth of 10 cm. The lateral
field size at the 50% dose level (X5q) and
penumbra widths, Pog—1o and Pgg_»o (calculated
from the 90% level to the 10% level and from 80
to 20%) were calculated using MC simulation
and the results of the comparisons are sum-
marised in Table 1.The differences between the
measurement and the simulation results in lateral
field size at the 50% dose level, X5, was found to
be less than 1 mm.
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Figure 2. A comparison of measured and calculated beam profiles
of the 6 MV photon beam at a depth of 10 cm for 20 x 20 and
10 % 10 cm” field sizes.

Abbreviations: MC, Monte Carlo.

Table 1. Comparison of measured and calculated lateral dose profiles at
10cm depth

A (cm?®) AXso APgo_20 APgo-10
5%5 0-10 1.5 0-8
10x10 0-50 1.52 1.0
15x15 0-40 1.2 2-:0
20x 20 0-50 1.0 2:2

Abbreviations: A, field size; AXs, lateral difference measured at the 50%
dose point in the penumbra (mm); APqq 0, difference in width of the
penumbra measured from the 90% point to 10% dose point (mm);
APg 0, difference in width of the penumbra measured from 80 to 20%
dose point (mm).

Depth-dose curves for filtered 6 MV photon
beam for field size 5 X 5 to 20 X 20 cm” were cal-
culated in an axis cylinder of radius 1 cm using MC
simulation and compare with measured data for
the validation of simulation model. The calculated
central axis depth-dose curves were normalised to
unity at the depth, d,,,, of the maximum dose
deposition, D,,,,. Both results measured and cal-
culated, could then be compared with respect to
the relative value of the maximum dose D, and
the corresponding depth d,,,,.. Figure 3 shows the
comparison between the calculated depth-dose
distributions and measurements for two different
field sizes studied in this work. The comparison
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Figure 3. A comparison of measured and calculated depth doses
curves of the 6MV photon beam For 20 x 20 and 10x 10 cm®
feld sizes.

Abbreviations: MC, Monte Carlo.

Table 2. Comparison of calculated and measured central-axis depth-dose
profiles at various field sizes

A(cm®)  dpax (Simulated)  diay (Measured)  ADpa
5%5 1-5 1-56 0-2
10x 10 1-5 1-52 0-17
15x 15 1-48 1-5 0-13
20x 20 1-38 1-40 0-10

Abbreviations: A, field size; d,.y, location of the maximum dose (cm);
AD,,,, relative dose difference between the measurement and the
calculations at dy,,y.

shows that the calculated and measured data agree
within 1% of local relative dose, and 1 mm in
depth at all depths and field sizes which are sum-
marised in Table 2.

Comparison of unflattened and flattened
beam characteristics

Profile comparison

Lateral profiles of unflattened and flattened beams
for different field sizes were calculated at 1-5, 5
and 10 cm depth inside a water phantom. The
comparison of unflattened and flattened beams for
field sizes 10 X 10 and 20 X 20 cm” at a depth of
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Figure 4. Lateral profile comparison for 6 MV unflattened photon beams with flattened beam at 10cm depth for field size

(@) 10x 10cm” (b) 20 % 20 cmi”.

Abbreviations: FF and FFF, flattened and unflattened beams, respectively.

Table 3. Calculated profile parameters for unflattened 6 MV photon beam for jaw and multileaf collimators (MLC) defined field sizes

Field size: 5 x 5 cm?

Field size: 10 x 10 cm? Field size: 20 x 20 cm®

Jaw define field  MLC define field Jaw define field = MLC define field Jaw define field  MLC define field
MC-calculated field size (cm) d = dpay 506 d = dpay 512 d = dpay 10-10 d = dpay 10-25 d = dyay 2012 d = dpyay 20-25

d=10cm 5-63 d = dpay 575 d=10cm 11-06 d=10cm 11-20 d =10cm 22-08 d=10cm 22-25
MC-calculated penumbra (cm)  d = dpax 0-20 d = dpay 0-23 d = dpay 0-23 d = dpay 0-31 d = dpay 0-27 d = dpay 0-35

d=10cm 0-43 d = 10cm 0-47 d=10cm 0-53 d = 10cm 0-59 d=10cm 0-76 d = 10cm 0-89

Notes: Data were calculated at source to surface distance = 100 cm.
Abbreviations: d, depth inside water phantom, MC, Monte Carlo.

10 cm is shown in Figure 4. Extremely different
dose profiles compared with the flattened beams
are presented by unflattened beams: a forward-
peaked profile of unflattened beam on central axis
is characteristically seen in all field sizes. Hence,
broadly used profile parameters for defining flat-
tened beam would need modification in order to
adapt their interpretation to unflattened beams,
whereas keeping the main concepts valid for both
unflattened and flattened cases. In our study, we
used the normalisation method described by
Fogliata et al.'* to calculate the characteristics of
unflattened photon beams shaped by jaw and
MLC-defined field in terms of field size and
penumbra at two different depths for three field
sizes which are presented in Table 3.

Analysis of spectra
Photon fluences spectra
Central axis photon spectra as a function of energy
(number of photons per MeV per incident elec-
tron on the target) is calculated and presented in
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Figure 5. Photons originating from the target pass
through the collimating system on their way to
the scoring plain at an SSD 100 cm. Scoring plain
is an annular region around the central axis with
radius 0<r<2-25cm. The range of possible
energy of photons is divided into interval (bin) of
0-25MeV. The number of photons within each
energy interval, crossing the scoring plain is being
recorded for flattened and unflattened case sepa-
rately. The precision of calculated central-axis
photon spectra for all the field size used in the dose
calculations 1s high and uncertainty in each
0-25 MeV wide bin is usually between 1 and 5%,
except for the high-energy end of the spectra.
There is a noticeable increase observed in the
photon fluence when the flattening filter is
removed from the beam line.

Average energy distribution

Photon average energies distribution as a func-
tion of oft-axis distance calculated for field size
20 X 20 cm”® at 100 cm SSD show considerable
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Fluence / MeV/ Incldent particle

Energy {MeV)

Figure 5. Photon fluences per initial electron on the target, at the
top of the water phantom as a function of energy (MelV’) for
20% 20cm” field size calculated for with/without a flattening
filter in beam line.
Abbreviations: FF and FFF denotes flattened and unflattened
beams, respectively.

difference for flattened and unflattened cases
which is presented in Figure 6. It is observed
from above distribution that mean photon
energy for flattened beam to have a value at
central axis 1-5MeV and decrease to 1-2 MeV at
off-axis distance of 20 cm which verifies the
beam hardening effect produced by the flattening
filter” for the filtered beam. For the unflattened
beam, the mean energy of spectra was not
changed significantly with increasing off-axis
distance and it was, respectively, decreased from
125 MeV on central axis to 1-19 MeV at 20 cm
off-axis distance for 20 X 20 cm? field size.

Contaminant electron fluence spectra

Increase in electron fluence can cause the risk of
placing ion chamber used for the measurement
outside the range of its reliable operation. Also,
it is a major component of elevated skin
dose delivered to patient. Figure 7 shows the
calculated fluence spectra for contaminant elec-
trons calculated for central axis with radius
0<r<2-25cm and energy bin of 0-25MeV at
100 cm SSD for with/without flattening filter
case separately. In our study it is found that the
number of electron reaching the phantom
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Figure 6. Photon average energy distribution of the filtered and
unfiltered 6 MV beams as a function of off-axis distance for
20 % 20 cm” field size and 100 cm source to surface distance.
Abbreviations: FF and FFF, flattened and unflattened beams,
respectively.

surface increases with removing the flattening
filter from the beam line. The averaged value of
electron fluence spectra calculated for without
flattening filter case is found to be 1-3 times
greater than its value for with flattening filter case
for field size 20 X 20 cm®.

Depth-dose analysis

Absolute dose. For comparison purposes absolute
absorbed dose per initial electron on target were
calculated for flattened and unflattened beam at
two reference depths of 1-5 and 10 cm. The ratio
of absolute depth doses for flattening filter free to
standard flattened beams were calculated and are
presented in Table 4. Significant increase in
absorbed dose was observed by removing
flattening filter, indicating an increase in dose rate
for unflattened beam. However, the increase in
dose rate is decreased with increasing depth.

Percentage depth-dose characteristics

Percentage depth-dose characteristics

Absolute depth-dose values were used to calculate
PDD characteristics curves. It can be seen from
Figure 8 that unflattened beam show slightly
lower PDDs values in comparison with the stan-
dard beam for all field sizes. Difference in the
PDDs between the two cases is evident at deeper
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Fluence / MeV/ Incldent particle
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Figure 7. Electron fluences per initial electron on target, at the top
of the water phantom as a function of energy for 20 20 cm” field
size calculated for with/without a flattening filter in beam line.
Abbreviations: FF and FFF, flattened and unflattened beams,
respectively.

Table 4. Ratios of absolute depth doses for flattening filter free to flattened
beams at two reference depths for different field sizes

A (cm?) (%T:) atd = 15 (%ﬁf) atd = 10
5x5 2:49 2:42
10x 10 2-47 2:45
20x 20 2-44 2.40

Notes: Absorbed dose calculated without the flattening filter in the beam
line is denoted as Dy (flattening filter free) and with filter in beam line is
denoted as Dpp.

Abbreviations: A, field size; d, depth inside water phantom.

depths and is increased with depth for10 X 10 and
20 X 20 cm” field sizes. This difference is validated
by calculating two parameters which are reported

in Table 5, namely, the relative dose at a depth of
10 and 20 cm (D](), Dzo).

MLC leakage

MLC leakage is an important parameter needed
for the commissioning of a treatment-planning
system. We calculated the MLC leakage as a
function of field size for the unflattened profile in
our study and is presented in Table 6. MLC
leakage represents the dose on the central beam
axis with MLC-blocked fields normalised by the
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dose of open fields of the same field size at 1-5 cm
depth for SSD 100 cm. Open MLC field are
defined as the MLC leaves are withdrawn
underneath the jaws so as to not intercept the
beam, the field size is defined by the treatment
jaws. MLC-blocked fields define a field in which
the MLC leaves are configured to fully block the
open field produced by the jaw. To ensured that
the jaws blocked the rounded tips of the leaves
completely in MLC-blocked fields the leaves of
MLC were positioned asymmetrically with
respect to the central axis and there projected
offset at isocenter was 8-0 cm.

Scatter function

The total scatter factor, Scp is defined as ‘the dose
rate at a reference depth for a given field size
divided by the dose rate at the same point and
depth for the reference field size (10 X 10 cm?)’.
It was measured at SSD = 100 cm and a depth
equal to d,, of a 10 X 10 cm? field for different
tield sizes. The data for with/without flattening
filter case are presented in Table 7.

The unflattened beams is found to have less
value of Scp for lager field sizes in comparison
with flattened beams which indicate a reduced
head scatter in unflattened beams compared with
the standard flattened beam.

DISCUSSION

In present study, we attempt to use new para-
meters defined in an earlier study by Fogliata
et al.'"* to describe the characteristics of unflat-
tened beam shaped by jaw and MLC. It was
observed that the dosimetric field size is slightly
smaller for unflattened beam compared with
flattened beam, however the amount of reduc-
tion in field size was less for MLC shaped in
comparison with jaw-shaped unflattened beam.
The maximum difference in MLC and jaw-
shaped unflattened beam is 1-7mm for
20 X 20 cm” field size at 10 cm depth and it is
even less for smaller field sizes. The beam
penumbra for unflattened case was also found to
be smaller than that of flattened case. However,
difference in penumbra values for unflattened
beam shaped by MLC and jaw were small with
maximum value of 1-3 mm. This difference may
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Figure 8. Comparison of relative depth-dose curves calculated for with and without flattening filter for 6 MV photon beams for

different field sizes: ()10 x 10cm” (b) 20 x 20 cm”.

Abbreviations: FF and FFF, flattened and unflattened beams, respectively.

Table 5. Comparison of relative depth doses for flattening filter free to
standard flattened beams at two reference depths for different field sizes

A (sz) D10 Dzo
With FF Without FF With FF Without FF
5x5 62-43 5940 33-26 30-84
10x 10 66-70 63-80 37-80 34-34
20x 20 71-65 68-96 40-98 37-55

Abbreviations: A, field size; Dy and Dy, relative depth dose at 10 and
20 cm depth; FF = flattening filter.

not appear large, but are important in modern
radiation treatments. These characteristics of
unflattened beam can be described as the flat-
tening filter elevates relative fluence of primary
photons propagating oftf-axis and reduced
amount of head scatter present in unflattened
beams. Unflattened beam characteristics were
found to be comparable with flattened beam
within a few centimetres from the central axis.
Therefore unflattened beams are unlikely to
present a problem for treatments with small
fields, moreover the treatments can also profit
from an increased dose rate.

Average energy distribution as a function
of off-axis distance and central axis photon
fluence spectra as a function of energy for
flattened and unflattened beams are being
calculated in our study. An increase of two-fold
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Table 6. Calculated multileaf collimators (MLC) leakage for 6 MV
photon beam deliver with or without flattening filter in beam line for

different field sizes

Field size MLC linkage

(cm?)
With flattening Without flattening
filter filter

5%5 - 1-10

10x 10 1.40 1.23

20x 20 - 1.32

Notes: Calculations were made at 1-5cm depth and source to surface
distance 100 cm.

was observed in fluence of photon on central
axis averaged over the total surface of the top
of water phantom with removing flattening
filter. However, energy spectrum became softer
and the average energy of photon energy spec-
trum on central axis was decreased from 1-5
to 1-25 MeV by removing flattening filter at the
top of water phantom for 20 X 20 cm” field size
at 100cm SSD. Also the average energy of
photon for flattened beam was found to decrease
more with increasing off-axis distance in com-
parison with unflattened beam. The differential
attenuation caused by flattening filter with
increasing distance from central axis of beam is
the possible explanation for this behaviour.
The thick central part of the flattening
filter attenuate more low-energy photons, but as
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Table 7. Total scatter factor (Scp) of 6 MV photon beams measured for
with/without a flattening filter cases

Field Sce (MLC shaped  Scp (jaw shaped Scp (MLC shaped
size with flattening without flattening  without flattening
(em?)  filter) filter) filter)

5%5 0-967 0-97 0-98

10x10 1 1 1

15x15 1-021 1.012 1.010

20x20 1.054 1.027 1.018

Notes: The Scp was measured at source to surface distance = 100 cm, and
at the depth of maximum dose d,,,, of a 10 X 10 cm? field size.
Abbreviations: MLC, multileaf collimators.

the off-axis distance increases, more low-energy
photons are allowed to penetrate the thin
lateral part of the flattening filter and they
contribute to the photon energy spectrum, thus
the mean energy of spectrum 1is decreased.
Therefore for unflattened beam no such
significant change in mean energy of spectrum
was observed with increasing off-axis distance
and it was, respectively, decreased from
1-:25MeV on central axis to 1-19MeV at
20 cm offraxis distance for 20X 20cm” field
size.

Flattening filter is a major source of scattering
and absorption of a large fraction of primary
photons in conventional clinical linear accel-
erators. Due to this reason, it 1s the main cause of
increase in beam-on time and out-of-field expo-
sure to patients. Thus removing the filter from the
beam line should result in substantial increase in
dose rate and therefore a decrease in beam-on
time should be achieved when radiation treatment
1s delivered. To wvalidate this effect, absolute
absorbed dose per initial electron were calculated
for flattened and unflattened beam at two difterent
depths for different field sizes. The ratios of
absolute depth doses calculated in our study for
unflattened beam to standard flattened beams for
field size 10X 10cm’, at 10cm depth for an
SSD equal to 100cm was found to be 2-45
demonstrating the potential higher dose rate
deliver by the unflattened beam. Unflattened
beam is found to have slightly lower PDDs value
compared with the standard beam for all field
sizes. Difference in the PDDs of flattened and
unflattened beams are apparent at deeper depths
and are increased with increase in depth for all the
field sizes.
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MLC leakage was calculated for flattened and
unflattened beam in our study. It was observed
that there is a substantial decrease in MLC leak-
age when the flattening filter was removed from
the beam line, as for 10 X 10 cm” field size its
value was 1-4 which decrease to 1:23 with filter
removed from the beam line. The average
energy difference on the central axis is considered
to be the major reason for this decrease. As the
filter is removed from the beam line, the average
energy of photon beam decreases causing more
attenuation of the photon beam by MLC. The
analysis of total scatter factor, Scp calculated for
unflattened and flattened beam has shown that
Scp increases more slowly with increasing field
size for unflattened beam in comparison to that
of flattened beam. In addition, the amount of
variation in Scp was even less for MLC shaped in
comparison with jaw-shaped unflattened beam.
The forward-peaked profile of unflattened beam
produces less Scp because of the reduced off-axis
intensity. The unflattened beam has greatly
reduced fluence off-axis, hence, less secondary
head scatter is created, which is directed in
towards the central axis. This is why as the
measured field size increases, the expected
increase in Scp for unflattened beams is not seen
which is found with the flattened ones.

CONCLUSION

A MC simulation model of 6 MV photon beam
from Varian Clinic 600 unique performance
accelerator was developed and benchmarked
against measurements. Basic dosimetric proper-
ties of photon beam generated by the accelerator
with the flattening filter removed from beam
line were investigated with this model. New
definitions for some dosimetric parameters such
as field size and penumbra suggested by Fogliata
et al.'"* were used to describe the unflattened
beam profiles. We found that the dosimetric
field size and penumbra is slightly smaller for
unflattened beam and the decrease in field size
was less for MLC shaped in comparison with
jaw-shaped unflattened beam. Less variation in
total scatter factor, Scp with field sizes was
observed which indicate that removing the filter
from beam line can reduce head scatter and
therefore doses to normal tissues and organs.
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A considerable decrease in MLC leakage was
observed for unflattened beam which is due to
the difference in average energy on the central
axis for the two cases. An increase of >2-4 times
was observed in dose rate of unflattened beam
which suggest that higher central-axis dose rates
and shorter beam delivery time for treatments
can be achieved by removing the flattening filter
from beam line.
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