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ABSTRACT

Introduction: This study investigates basic dosimetric properties of unflattened
6 MV photon beam shaped by multileaf collimator and compares them with those of
flattened beams.

Materials and Methods: Monte Carlo simulation model using BEAM code
was developed for a 6MV photon beam based on Varian Clinic 600 unique perfor-
mance linac operated with and without a flattening filter in beam line. Dosimetric
features including lateral profiles, central axis depth dose, photon and electron spectra
were calculated for flattened and unflattened cases, separately.

Results: An increase in absolute depth dose with a factor of more than 2.4 was ob-
served for unflattened beam which was dependent on depth. PDDs values were found
to be lower for unflattened beam for all field sizes. Significant decrease in calculated
mlc leakage was observed when the flattening filter was removed from the beam line.

The total scatter factor, S_, was found to show less variation with field sizes for unflat-

tened beam indicating a decrease in head scatter. The beam profiles for unflattened
case are found to have lower relative dose value in comparison with flattened beam
near the field edge, and it falls off faster with distance.

Conclusion: Our study showed that increase in the dose rate and lower peripheral
dose could be considered as realistic advantages for unflattened 6MV photon beams.
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Introduction

edical linear accelerators are equipped with a flattening fil-

ter (FF) as their integral part which is primarily designed to

produce a flat beam profile by compensating for the non-uni-
formity of photon fluence across the field. Flattening filter is a major
source of quality changes within the primary beam due to scattering and
absorbing of primary photons, and it also decreases beam output notice-
ably. Introduction of new technologies such as intensity-modulated radi-
ation therapy (IMRT) or intensity-modulated arc therapy have removed
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beam path [1]. Thus flattening filter free (FFF)
beams in radiotherapy have the advantage of
shorter treatment delivery time and lower pe-
ripheral dose compared to conventional flat-
tened beams. This is particularly vital for the
treatment where large doses per fraction are
advised, e.g., stereotactic ablative body radio-
therapy [2, 3] or where patient’s motion might
affect the efficacy of the delivery or both [4].
Many studies have been conducted using
Monte Carlo (MC) method for analyzing the
influence of linac head components on beam
characteristics [5, 6, 7]. Thus, the effect of flat-
tening filter on absolute absorbed dose, beam
profiles and various energy spectra could be
studied by this method [8]. In an MC study on
flattening filter free beams, dose rates increase
by a factor of 2.31(6 MV) and 5.45(18 MV)
and out-of-field dose reductions were reported
[9]. In a similar study, a significant improve-
ment in out-of-field dose was reported for small
field sizes [10]. The effects of mlc on beam
characteristics for flattened and unflattened
beam were also investigated in previous stud-
ies coating clear advantage of mlc over jaw to
define treatment field [11]. Above-mentioned
studies outline the possible profit of removing
the flattening filter. It is therefore important to
examine these properties for a typical modern
accelerator such as Varian Clinic 600 unique
performance. Our study reports on depth-dose
dependencies, lateral profiles, total scatter fac-
tors, mlc leakage and various energy spectra
in a conventional accelerator and a flattening
filter-free system.

Material and Methods

Beam-1line Simulation Model for 6
MV Varian Linac

Monte Carlo code system BEAMnrc [12,
13] is used to model Varian Clinic 600 unique
performance 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, Monte Carlo simulations

for monoenergetic beams ranging from 5.5 to
6.2 MeV with FWHM varied from 0.15 to 0.25
cm were performed to find the best match with
percentage depth dose (PDD) and profile mea-
surements. A monoenergetic source with ki-
netic energy of the beam 5.7 MeV and FWHM
for X and Y directions of 0.2 cm was found to
give the best agreement with measured data.
Geometry and materials used to build Monte
Carlo simulation model of the linear accelera-
tor were based on machine specifications as
provided by the manufacturer Varian Medi-
cal Systems. The linac was structured in the
following order: a target slab of tungsten and
copper, primary collimator (tungsten), flatten-
ing filter, ion chamber, mirror, jaws (tungsten)
and finally the option for 120- leaf Varian Mil-
lenniumTM Multileaf Collimator. All materi-
als used in the Monte Carlo (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 sim-
ulation for 6 MV photon beam produced by
Varian Linac using principal features of the
BEAMnrc-DOSXYZnrc code [14, 15] are
shown in Figure 1. In the simulation of the
full accelerator unit, we have split the calcu-
lation into three steps in order to save time.
In the first step which takes the most comput-
ing time, 1.5x10°® initial histories are initiated
and a monoenergetic electron beam source of
kinetic energy of 5.7 MeV with FWHM for
the X and Y directions of 0.2 cm was incident
on the target. The primary collimator, flatten-
ing filter and ion chamber are included in this
step. The output of this step is a phase space
file at plain one as show in Figure 1, having
information of energy, position, direction,
charge and history variable for every particle
exiting downstream from the end of ion cham-
ber. Since source and primary collimator have
fixed openings, it is possible to use this phase
space data for the simulation of different field
sizes. Figure 1 lists the component module of

138 \

J Biomed Phys Eng 2019; 9(2)



www.jbpe.org

Dosimetric properties of MLC Shaped flattening filter free photon beam

SLAB

[ Target
Primary Fixed opening
CONS3R [ collimator H B part
FLATFILT With/Without
[ ﬁl Flattening filter
CHAMBER [ fon chamber % Phase space plane 1
MRROR [ Wirror _
Variable
-law v1 -Jaw Y2 openingpart
A v
DYNVMLC [ I |
Phase space plane 2

Water phantom

Figure 1: 6 MV Varian linac simulation model separated into three parts, Treatment head fixed
and variable opening part representing first and second step of simulation modelled using com-
ponent module of BEAMnrc code and Dose Calculation inside water phantom using DOSXYZnrc

code in third step.

BEAMnrc code used for modeling of fixed
opening part of treatment head in the first step.
This large set of particles produced in first step
is used repeatedly as the input to the next step
of simulation. The second step of 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 differ-
ent openings of jaw as well as mlc to get field
sizes from 5x5 to 20%20 cm? at an SSD equal
to 100 cm. For the latter case in mlc defined
field sizes the projected jaw setting was 5 cm
larger than that of mlc. Figure 1 also lists the
component module of BEAMnrc code used for
modeling of variable opening part of treatment
head in second step of simulation. The output
of this step is a phase space file at plain two
as shown in Figure 1, having information of

energy, position, direction, charge and history
variable for every particle reaching the plain
at SSD 100 cm from target. The data analysis
program BEAMDP [16] is used to analyze the
phase space data files to extract various types
of spectra of all particles reaching the plane at
SSD 100 cm. In the third step of the simula-
tion, the phase space files for field sizes of 5x5
to 20%20 cm? at an SSD of 100 cm which are
obtained at the end of second step are reused
by the DOSXYZnrc code as an input for dose
calculations in a water phantom as shown in
Figure 1. We transport particles through a wa-
ter phantom of dimension 30x30x30 cm?® with
voxels size 0f 0.25%0.25x0.25 cm?. In the sim-
ulation of “unfiltered” 6MV photon beam, all
three steps of simulation are the same expect
in first step where the flattening filter is being
removed from the beam line. A comprehen-
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sive 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 measure-
ments were performed with a Scanditronix/
Wellhofer compact ionization chamber CC13,
in the water phantom.

Results

Validation of Monte Carlo Simula-
tion Model

Depth-dose curves for filtered 6MV photon
beam for field size 5x5 to 20%20 cm? were cal-
culated in an on axis cylinder of radius 1 cm
using Monte Carlo simulation (MC) and com-
pared with measured data for the validation of
simulation model. The calculated central axis
depth-dose curves were normalized to unity
at the depth, d__, of the maximum dose de-
position and the D__ . Both results measured

and calculated, could then be compared with
respect to the relative value of the maximum
dose D__ and the corresponding depth d__ .
Figure 2 shows the comparison between the
calculated depth-dose distributions and mea-
surements of three different field sizes. The
comparison shows that the calculated and
measured data agree within 1% of local rela-
tive dose, and 1 mm in depth at all depths and
field sizes which are summarized in Table 1.
Lateral beam profiles for the filtered 6MV
photon beam were also simulated for 5x5
to 20x20 cm? field sizes at 1.5,5 and 10 cm
depths. The measured and calculated lateral
dose profiles were normalized to unity on the
central axis for comparison. Figure 3 shows
the comparison of Monte Carlo calculations
to measured data for a field size of 20x20,
10x10 and 5x5 cm? at depth of 10 cm. The
lateral field size at the 50% dose level(X, )
and penumbra widths, P and P (cal-
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Figure 2: Comparison of measured and calculated depth doses curves of 6MV photon beam for

20x20, 10x10 and 5x5 cm? field sizes.
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Table 1: Comparison of calculated and measured central-axis depth-dose profiles at various
Field sizes. A denotes the field size, d__ (cm) denotes the location of the maximum Dose, and
AD,__ is the relative dose difference between the measurement and the Calculations atd_

Alcm? dmx (simulated) dm (measured) ADW
5x5 15 1.56 0.2
10x10 15 1.52 0.17
15%x15 1.48 15 0.13
20x20 1.38 1.40 0.10
Relative dose
120
80
j / / \ & \ —20x20-Measured
60 4 20x20-MC
—10x10-Measured
¢ 10x10-MC
40 —5x5-Measured
1 + 5x5-MC
20 .‘l/rffu &i\s—\;\k_
0
-20 -15 -10 -5 0 5 10 15 20
X/cm

Figure 3: Comparison of measured and calculated beam profiles of the 6MV photon beam at a
Depth of 10 cm for 20x20, 10x10 and 5x5 cm? field sizes.
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and from 80% to 20%) where calculated using
Monte Carlo simulation and the results of the
comparisons are summarized in Table 2. The
differences between the measurement and the
simulations results in lateral field size at the
50% dose level, X_, was found to be less than
1 mm.

50°

Comparison of Flattened and Unflat-
tened Beam Characteristics

Profile Comparison

Beam profiles for different field sizes were
calculated at 1.5,5 and 10 cm depth for both
cases with/without flattening filter in a water
phantom. The lateral profile for 20x20 cm?
and 10x10 cm? field sizes at a depth of 10 cm
are compared for two cases as shown in Fig-
ures 4 and 5. For this comparison of unflat-
tened beam with flattened one, the flat profile
is normalized to 1 on the central axis, and
the nonflat profile is normalized by dose (D)
which is calculated using this formula:

Du
Dn:[ZTJ*D@X
f

Where D is the dose at the inflection point
of penumbra region of the unflattened beam,
D fis the dose at the inflection point of the flat-
tened profile and D ., is the dose on the central
axis of the flattened beam [11]. It is observed
in our study that the beam profiles for unflat-
tened case to have relative dose value lower
than the flattened beam are close to the mea-
sured field size edge. However, the amount of
reduction in dose was less for mlc shaped in
comparison to jaw shaped unflattened beam.
For field size 20x20 cm? measured at 9 cm off
axis distance reduction in relative dose for mlc
and jaw shaped unflattened beam was found to
be 12% and 15%, respectively. For field size
10x10 cm?* measured at 4 cm off axis distance
reduction in relative dose for mlc shaped un-
flattened beam was found to be 8%, respec-
tively.

The dose in near field edge region for small
field size shaped by mlc was investigated in

Table 2: Comparison of measured and calcu-
lated lateral dose profiles at 10 cm depth. A
Denotes the field Size, AX,, (mm) is the lat-
eral difference measured at the 50% Dose
point in the Penumbra, and AP, (mm) as
well as AP, , (mm) describe the Difference
in width of the penumbra measured from
the 90% point to 10% dose Point and from

80% to 20% Dose point respectively.

Alem?  AX, AP, AP,
5%5 0.10 15 0.8
10<10  0.50 152 1.0
15x15 040 1.2 20
2020 050 1.0 22

our study for unflattened beam and compared
with that of the flattened beam. Figure 6 shows
the calculated flattened and unflattened beam
profiles for a small field size (5%5 cm?) at a
depth of 5 cm. The dose at 2 cm off-axis dis-
tance is lower in unflattened beams by 5% and
it tends to decrease faster with increasing off
axis distance than in flattened beams. Faster
lateral dose fall-off outside the treatment field
will result in lower doses to surround normal
tissues.

Analysis of Spectra

Photon Energy Fluences Spectra

Figure 7 shows photon energy fluences as
a function of off axis distance calculated for
20x20 cm? field size. Photon emerging from
target passes through the components of the
collimating system on their way to the scor-
ing plain at an SSD 100 cm. Scoring plain is
an annular region around the central axis with
radius 0 <r < 15 cm. The annular region has
been divided into equal interval (bin) of 0.5
cm. The number of photon within each bin
crossing the scoring plain is being recorded
for with/without flattening filter case sepa-
rately. The precision of calculated photon flu-
ences spectra for all field sizes used in the dose
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Figure 4: Comparison of lateral profile for 6MV photon beam at 10 cm depth for field size 20x20
cm?. FF (MLC) denotes flattened beam shaped by mlc, FFF (MLC) and FFF (JAW) denotes unflat-
tened beam shaped by mlc and jaw, respectively.
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Figure 5: Comparison of lateral profile for 6MV photon beam with/without a flattening filter in
Beam line Shaped by mlc at depth 10 cm for field size 10x10 cm?. FF and FFF denotes calculation
with/without a flattening filter in beam line.
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Figure 6: Comparison of lateral dose profiles Shaped by mlc for a 5x5 cm? field size at a depth of
5 cm. FF and FFF denotes calculation with/without a flattening filter in beam line.

Photon energy fluence

R/ (CM)

Figure 7: Photon energy fluences per initial
electron on the target, at the top of the wa-
ter phantom as a function of off axis distance
for 2020 cm? field size calculated for with/
without a flattening filter in beam line.

calculations is high and uncertainty in each
0.5 cm wide bin is usually between 1 to 5%,
except for the high-energy end of the spectra.
There is a noticeable increase observed in the
photon energy fluence when the flattening fil-
ter is removed from the beam line.
Average Energy Distribution

Figure 8 shows the calculated photon aver-
age energies distribution at 100 cm SSD for
20%x20 cm? field size as a function of off axis
distance for with/without flattening filter case.
From the above distribution beam hardening
effect produced by the flattening filter [8] for
the filtered beam can be verified as we find that
the mean photon energy for flattened beam to
have a value at central axis 1.5 MeV and de-
creases to 1.12 MeV at off axis distance of 20
cm. In cases of unflattened beam, the mean
energy of spectra did not change significantly
with increasing off axis distance, and it re-
spectively decreased from 1.2 MeV on central
axis to 1.10 MeV at 20 cm off axis distance.
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Figure 8: Photon average energy distribution
of the filtered and unfiltered 6-MV beams as
a function of the off axis distance for 20x20
cm? field size.

Contaminant Electron Energy Fluence
Spectra
Figure 9 shows the calculated electron en-
ergy fluence spectra for contaminant electrons
calculated as a function of off axis distance for
20%20 cm? field size at 100 cm SSD for with/
without flattening filter case separately. Num-
ber of electron reaching the phantom surface
i1s found to increase with removing the flat-
tening filter from the beam line. However, the
difference at near center is higher and tends
to decrease as the off axis distances increase
between the two cases. Monte Carlo calcula-
tion demonstrated that the electron fluence
at the center for a 6 MV flattening filter free
beam with the same electron beam hitting the
target was found to be 1.2 times greater than
its value for with flattening filter case for field
size 20%x20 cm?. This increase in electron en-
ergy fluence indicates a potential risk of deliv-
ering a high skin dose to the patient and also
the risk of placing ion chamber used for the

measurement outside the range of its reliable
operation.

Depth Dose Analysis

Absolute Dose: For comparison purposes,
absolute absorbed doses per initial electron
on target were calculated for flattened and un-
flattened 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 3. A significant increase in absorbed
dose was observe by removing flattening fil-
ter, indicating an increased in dose rate for un-
flattened beam. However, the increase in dose
rate decreases with increasing depth.

Percentage Depth-Dose Characteristics:
Absolute depth dose values were used to cal-
culate percentage depth-dose characteristic
(PDD) curves. It can be seen from Figure 10
that unflattened beam shows slightly lower
PDDs values in comparison with the standard
beam for all field sizes. Difference in PDDs

x10°
1.4 T T

—FFF
FF

1.2

Electron energy fluence

0.2

R/ (CM)

Figure 9: Electron energy fluences per initial
electron on target, at the top of the water
phantom as a function of off axis distance
for 20x20 cm? field size calculated for with/
without a flattening filter in beam line.
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Table 3: Ratios of absolute depth doses for
flattening filter free to flattened beams at
two reference depths for different field siz-
es. A denotes the field size; d denotes the
depth inside water phantom. Absorbed dose
calculated without the flattening filter in the
beam line is denoted as D, (flattening filter
free) and with filter in beam line is denoted

as DFF.

Alcm? D D
cm [ﬂJ At d=1.5 [ﬂJ At d=10

FF FF

5x5 249 242
10x10 247 245
20x20 244 2.40
120
100
80
3
]
T ",
¢ @ ",
i "'.\‘ with FF
E; *, - without FF
1 e
2 \\

Ifem

between the two cases is evident at deeper
depths and increasedswith depth for 10x10
and 20x20 cm? field sizes. This difference is
validated by calculating two parameters which
are reported in Table 4, namely, the relative
dose at a depth of 10 and 20 cm (D, D, ).

MLC Linkage

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 un-
flattened profile in our study as presented in
Table 5. MLC leakage represents the dose on
the central beam axis with MLC blocked fields
normalized by the dose of open fields of the
same field size at 1.5 cm depth for SSD 100
cm. Open MLC fields are defined as MLC
leaves are withdrawn underneath the jaws
as not to intercept the beam, the field size is
defined by the treatment jaws. MLC blocked
fields define a field in which the MLC leaves

120

100

Relative dose
o
S
/

\ with FF
k + without FF
40 \

Figure 10: Comparison of relative depth dose curves calculated for with and without flattening
filter for 6MV photon beams for different field sizes: (a)10x10 cm? (b) 20x20 cm?
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Table 4: Comparison of relative depth doses
for flattening filter free to standard flattened
beams at two reference depths for different
Field sizes. A denotes the field size; D, and
D,, denote relative depth dose at 10 and 20
cm depth.

D D

10 20
Alem?  with Without With Without
FF FF FF FF

5x5 62.43 59.40 33.26 30.84
10x10 66.70 63.80 37.80 34.34
20x20 71.65 68.96 40.98 37.55

are configured to fully block the open field
produced by the jaw. To ensure that the jaws
blocked the rounded tips of the leaves com-
pletely 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 (10x10
cm?). It was measured at SSD = 100 ¢cm and

Table 5: Calculated MLC leakage for 6 MV
photon beam delivered with or without flat-
tening Filter in beam line for different field
sizes. Calculations were made at 1.5 cm
depth and SSD 100 cm.

MLC LINKAGE
Field
size With flattening Without flattening
filter filter
5x5 - 1.10
10x10 1.40 1.23
20x20 - 1.32

a depth equal to d  of a 10x10 cm’ field for
different field sizes. The data for with/without
flattening filter case are presented in Table 6.

The unflattened beams are found to have less
value of SCP for lager field sizes in compari-
son wuth flattened beams indicating a reduced
head scatter in unflattened beams compared
with the standard flattened beam.

Discussion

Flattening filter is a main source of absorp-
tion of majority portion of primary photons
particularly of those which are close to cen-

Table 6: Total scatter factor Scp of 6 MV photon beams measured for with / without a flattening
filter cases. The Scp was measured at SSD = 100 cm, and at the depth of maximum dose d__ of

a 10x10 cm? field size.

Field size Scp (MLC lsha|:.>ed with  Scp (JAW s!1ape.d without Scp (MLC s!'lape_d without
flattening filter) flattening filter) flattening filter)
5x5 0.967 0.97 0.98
10x10 1 1 1
15x15 1.021 1.012 1.010
20x20 1.054 1.027 1.018
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tral axis of beam, thus removing filter from
the beam line should result in considerable
increase in dose rate, and therefore a decrease
in beam-on time should be achieved when ra-
diation treatment is delivered. The ratios of
absolute depth doses calculated in our study
for flattening filter free to standard flattened
beams for field size 10x10 cm?, at 10 cm depth
for an SSD equal to 100 cm was found to be
2.45 signitfying the potential higher dose rate
delivered by the unflattened beam. Unflat-
tened beam is found to have slightly lower
PDDs value compared to the standard beam
for all field sizes. Difference in the PDDs of
flattened and unflattened beams are appar-
ent at deeper depths and increase with depth
for all field sizes. The photon energy fluence
and average energy distribution as a function
of off axis distance for flattened and unflat-
tened beams are being calculated in our study.
It was observed that the fluence of photon on
central axis increased nearly two times with
removing flattening filter, and with increasing
off axis distance this difference reduced. The
average energy of photon spectrum on central
axis decreased from 1.5 to 1.2 MeV for 20x20
cm? field size at 100 cm SSD with removing
flattening filter. The average energy of photon
for flattened beam was found to decrease with
increasing off axis distance from 1.5 MeV on
central axis to 1.12 MeV at 20 cm off axis dis-
tance for 20x20 cm? field size. Whereas for
flattening filter free beam, the mean energy of
spectra did not change significantly with in-
creasing off axis distance, and it respectively
decreased from 1.2 MeV on central axis to
1.1 MeV at 20 cm off axis distance for 20x20
cm? field size. The differential attenuation pro-
duced by flattening filter with increasing off
axis distance from central axis of beam is the
possible explanation for this behavior. As the
central thick part of flattening filter attenuates
more low energy photons, and as off axis dis-
tance increases, more low energy photons are
allowed to penetrate the thin lateral part of the
flattening filter contributing to the photon en-

ergy fluence; thus the mean energy of spectra
decreases significantly with increasing dis-
tance for the flattened beam. In our study, we
have calculated the mlc leakage for both cases
with or without flattening filter in the beam
line. It was observed that there is a consider-
able decrease in mlc leakage when the flat-
tening filter was removed from the beam line,
as for 10x10 cm? field size, its value was 1.4
which decreases to 1.23 with filter removed
from the beam line. The average energy differ-
ence 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 en-
ergy of photon beam decreases causing more
attenuation of the photon beam by mlc. The
total scatter factor, SCP for the unflattened
and flattened beam has been investigated in
our study. It can be seen from the data that the
flattening filter free beam SCP increases more
slowly with increasing field size than that of
the flattened beam. In addition, the amount of
variation in SCP was even less for mlc shaped
in comparison with jaw shaped unflattened
beam; this is due to the forward-peaked pro-
file of unflattened beam, which produces less
SCP because of the reduced off-axis intensity.
The flattening filter free beam has greatly re-
duced fluence off axis; hence, less secondary
head scatter is created, which is directed to-
wards the central axis. Due to this reason, as
the measured field size increases, the expected
increase in SCP for flattening filter free beams
is not seen which is found with the flattened
ones. Our study showed that flattened and
unflattened beams are comparable within a
few centimetres from the central axis; there-
fore, unflattened beams are unlikely to pres-
ent a problem for treatments with small fields.
Moreover, the treatments can also profit from
an increased dose rate. The beam profiles for
unflattened cases are found to have lower rela-
tive dose value in comparison with flattened
beam close to the field edge. The key reason
for this behavior is that the flattening filter
elevates relative fluence of primary photons
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propagating off-axis and reduces head scatter
present in unflattened beams. The near field
edge dose calculated without the flattening fil-
ter is found to be smaller for small field sizes
when compared with the flattened beams; it
falls off faster with distance. This means that
an improved sparing of normal tissues close to
small treatment fields can be achieved.

Conclusion

We developed a Monte Carlo simulation
model for a 6MV photon beam based on Var-
ian Clinic 600 unique performance linac and
calculated basic dosimetric features which
were benchmarked against measurement. It
was then used to investigate the basic dosi-
metric properties of photon beams generated
by the accelerator with the flattening filter re-
moved. Comparison of dosimetric features of
flattened and unflattened beams revealed that
beam profiles for unflattened cases were found
to have faster rate of decline and lower dose
value. Mlc leakage calculated for both cases
showed a considerable decrease for unflat-
tened beam which is due to the differences in
average energy on the central axis for the two
cases. The total scatter factor, SCP less varia-
tion with field sizes indicate that removing the
filter from the beam line could significantly
reduce the amount of head scatter photons and
therefore doses to normal tissues and organs.
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