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Abstract. A pediatric anthropomorphic phantom was irradiated using a standard 3DCRT treatment plan with and
without including the couch in the Treatment Planning System (TPS; Varian Eclipse 13.5, AAA algorithm)
calculations. The 2D scatter dose distributions at several planes away from the isocenter were measured using a
Gafchromic EBT3 radiochromic film, and compared with the calculated ones at several distances from the isocenter.
The out-of-field dose distributions (from TPS and EBT3) differ considerably, particularly where the cranio-caudal
beam has left the body but is still near the surface of the phantom and near the couch interception. Further
investigation was conducted to estimate the impact of the beam angle on the dose distribution. A 5x5 cm 6MV photon
beam was used to irradiate a fiber carbon slab (couch top material) at different angles of incidence and the scattered
radiation was measured with an ionization chamber placed 20 cm away from the isocenter. The results showed a 5%
increase in scattered radiation between the angles of 0° and 85°. This is an indication that scatter from the couch
must be taken into account when estimating out-of-field dose distributions and that the TPS, even when the couch is

included in the calculation, is not sufficiently accurate to predict these doses.
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1. INTRODUCTION

New advances on equipment, methodology and
technologies in the field of cancer treatment have
increased the number of patient survivors over the past
decades. A considerable number of these survivors
have been submitted to External Radiotherapy during
their treatment course. The extension of the life
expectancy following cancer treatment aroused a
growing concern on the long term effects of radiation
on normal tissues, especially the risk of developing
secondary radiation-induced cancer [1-3], in particular,
pediatric patients. The life expectancy of a child who
have been submitted to External Radiotherapy is
increasingly higher [4], and the induction of secondary
induced cancer is thus an increased concern.
Therefore, a minimization of future risk is being
pursued. An estimation of scattered out-of-field dose
distribution and the evaluation of the most effective
tools is advisable [5]. The out-of-field doses are rather
small if compared to in-field doses, but they can cause
considerable damage if they were deposited to
radiosensitive organs [6-9]. However, Radiotherapy
Treatment Planning Systems (TPS) are not
commissioned for out-of-field dose calculations and the
accuracy of TPS dose calculations is known to decrease

beyond the borders of the treatment fields, and the true
accuracy of specific TPS for out-of-field dose is not well
documented in the literature [10]. Radiochromic film
has become an important tool to verify dose
distributions in highly conformal radiation therapy
such as IMRT [11, 12], due to its high sensitivity to a
wide range of radiation doses (from 1 ¢Gy to more than
40 Gy), its excellent image resolution (5000 dpi), and
its ability to produce a two dimensional dose
distribution. Because of its characteristics, Gafchromic
EBT3 films have been chosen to evaluate out-of-field
dose distribution in this study. The main photon
contributions to out-of-field doses come from the
scattered radiation from the treatment head, which is a
function of the treatment head design and collimator
scatter radiation, and from the scattered radiation
from the interaction of the primary beams with the
patient. The later is treatment-dependent and
therefore closely influenced by the prescribed dose,
number of beams and orientation, correspondent dose
distribution inside the patient [13], and for changes in
the material which may be in the path of the radiation
beam in question such as the radiotherapy couch tops.
Couch tops are made to be relatively x-ray translucent,
but they still affect the x-ray characteristics even at
high energies [14, 15]. In this study a continuous
carbon fiber couch top was used. The carbon fiber used
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in this study was a 29x10x0.2 cm and it was machined
from a Civco Breast Positioning device similar to the
material of the couch. This couch top is designed to
reduce the delivered dose to patient skin when
posterior beams are used. One of the major parameters
affecting scatter dose is the amount of material placed
in the beams path which increases photon scatter. A
detailed comparison beteew the TPS calculated and
Gafchromic film measured dose in the out-of-field
region was performed and some explanation for the
observed difference has been provided.

2. MATERIALS AND METHODS

2.1. Treatment plan

A treatment plan was designed for a hypothetical
brain tumor located in the left side of the brain, using a
three 6MV beam configuration, two lateral and one
cranio-caudal (see Fig.1). The plan was created on a
computed tomography (CT) dataset of the ATOM
pediatric five years old anthropomorphic phantom
(model 705-c ATOM dosimetry phantom) which is
horizontally transected into 26 (2.5 cm thick) slices
(see Fig. 2). The plan was generated with Varian
Eclipse v.13.5 TPS, using Analytic Anisotropic
Algorithm (AAA). Two dose distributions were
calculated: one considering the treatment couch and
another not considering it.

Figure 1. Sagittal view of the treatment plan, showing the
cranio-caudal beam orientation relatively to the couch, and
the exported planes locations: (1) isocenter level, (2) thyroid
level, (3) lungs level, (4) abdomen level, (5) pelvic level

2.2. Phantom irradiation

Gafchromic EBT3 films, were cut to fit the contours
of the phantom and placed between contiguous slices
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of the phantom corresponding to brain, thyroid, lungs,
abdomen, and pelvis respectively (see Fig. 2). The
phantom was irradiated on a Varian Trilogy (Varian
Medical Systems, Palo Alto, California) linear
accelerator using the previously described treatment
plan. To overcome the lack of film sensitivity at very
low doses, the phantom was irradiated with 150 Gy
(10x15 Gy at isocenter).

Figure 2. ATOM pediatric five years old anthropomorphic
phantom (model 705-c ATOM dosimetry phantom) and EBT3
films placing in between the phantom slices.

2.3. EBT3 films calibration and analysis

To calibrate the GAFCHROMIC EBTS3 films, films
were exposed in a phantom composed of 30 x 30 cm?
slices of solid water (PTW, Freiburg, Germany) with 5
cm of the buildup material above and 15 cm below the
film. The source-to-surface distance (SSD) was 100 cm.
Film samples were cut (5x5 cm2) and perpendicularly
irradiated with 6 MV (600 MU/min) radiation beam
from a Varian DHX-S linac (Varian Medical Systems,
Palo Alto, CA). A 10x10 cm? field size at the isocenter
was used. A calibrated ionization chamber PTW
Farmer chamber TM30013 (PTW, Freiburg, Germany)
was inserted in the phantom 5 cm below the film plane
to check the linac output during the irradiation process
and to determine the dose delivered to the film by
applying the IAEA-TRS 398 protocol [16]. To obtain a
calibration curve, films were exposed at the dose levels
from 9.5 cGy to 38.9 Gy.

Films were scanned 24 hours after the irradiation
using a flatbed scanner, Epson Expression 10000XL
(Seiko Epson Corp., Nagano, Japan), and its associated
software, SILVER FAST 10000 XL, was used to read all
the films. The scanner was turned on at least 30
minutes before starting the digitations to allow
stabilization. Additionally, a sequence of five blank
scans was performed in order to warm up the scanner.
To minimize the effect of the lateral dependence
artifacts (the non-uniform response of the readout due
to the light scattering of the scanner lamp caused by
particles in the film active layer) black cardboards
templates were fitted to the scanner to position films at
a central location of the scanner [17, 18]. Images were
acquired in transmission mode and landscape
orientation, as recommended by the manufacturer
because the lateral response artifact on charge-coupled
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device CCD scanners is smaller in this orientation
compared to portrait orientation [17].

The images were converted to units of Optic
Density (OD) by DoseLab 6.40 software, using the red
and green channels separately. Then the calibration
curves between the optical density and the absorbed
dose for each channel were created (see Fig 3).

The films which were placed between the
anthropomorphic phantom slices were scanned using
the same procedure, and the comparison between the
measured and calculated dose distributions was
performed by DoseLab 6.40 software.

‘EBTS Film multichannel calibration curves‘

Optical density

1000 1500 2000 2500
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Figure 3. Film calibration curves

Since the red channel is more sensitive for low
doses (less than 10 Gy), and the green channel is more
sensitive for higher doses (more than 10 Gy), the green
channel calibration curve was used to measure the dose
at the isocenter level, where the dose has exceeded the
saturation level (> 40 Gy) at some parts of the film,
while films in the out-of-field positions have received a
small amount of dose (less than 100 ¢Gy for thyroid
level, and less than 55 cGy for lungs level ), so the red
channel calibration curve is more suitable to evaluate
dose at these levels.

2.4. Out-of-field scattered radiation measurements

Scatter from carbon fiber material was evaluated in
this work as function of incidence angle. To accomplish
this task, a 2 mm thick carbon fiber slab was placed at
a fixed distance from the source (SSD=100 cm). The
plate was tilted and scatter radiation was measured at a
fixed distance from the rotation axis in a perpendicular
direction (see Fig. 4). For each angle, a fixed number of
Monitor Units (200 MU; dose rate of 400 MU/minute)
with a field size of 5x5¢m, and a beam energy of 6 MV,
were used using a Varian Trilogy linear accelerator.
The dose measurements were acquired using a
TM30013 PTW Farmer ionizing chamber with a
cylindrical buildup cap made of delrin CH-0 and has
3.87 mm of wall thickness, the ionizing chamber and
the buildup cap were placed 20 cm away of the
isocenter (see Fig. 4).

primary
beam

scatter
radiation
_ |::>_©_ -
ionization
chamber

carbon
fiber slab

Figure 4. Scattered radiation measurements from a carbon
fiber slab

3. RESULTS AND DISCUSSION

3.1. Phantom irradiation

In Fig. 5, one sees the Gafchromic irradiation
analysis at the isocenter level and compared with the
planned distribution. Some regions of the film were
saturated because the dose exceeded the saturation
threshold of EBT3 Gafchromic film (> 40 Gy). On those
regions, dose could not be compared. However, out of
the saturated region, both dose distributions (TPS and
EBT3) matched reasonably well and the transversal
antero-posterior profiles were almost identical.

At the thyroid and lung levels (13.75 cm and 18.75
cm respectively from isocenter) the calculated dose
distribution without treatment couch and the
measured dose distribution differ considerably.
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Figure 5. Beam profile at the isocenter level (position 1 in
Fig. 1). One applied a 2D gamma function to the surrounding
pixels around the profile and 99.8% (3%/3mm) of the pixels

(3456 pixels) passed.

The maximum dose in both sets, planned and
measured, is located at different positions, resulting
sometimes in entirely different dose distributions over
the plane. At the thyroid level, a maximum of dose is
observed in the posterior region in the film (see Fig. 6.a
& 6.b), while it is located in the left side of the neck in
the calculated dose distribution (see Fig. 6.c). Adding
an extended calculation volume to the treatment plan,
taking into account the couch (see Fig 6.d), increases
slightly the left posterior calculated dose showing a
very small effect of scattered cranio-caudal beam.
However, this effect is largely underestimated by the
TPS when compared with the measured distribution.
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Figure 6. Dose distribution at thyroid level: (a) measured dose
distribution, (b) dose contours of measured dose distribution,
(c) calculated dose distribution without including the couch
volume, (d) calculated dose distribution with the couch
volume included
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Figure 7. Dose distribution at lungs level: (a) measured dose
distribution, (b) calculated dose distribution without
including the couch volume, (c) calculated dose distribution
with the couch volume included

At the lungs plane, calculated and measured dose
distributions are also very different. There is a general
trend for the measured dose to be higher than the
calculated at these distances (the measured dose is
>50% higher than the calculated dose at some points,
see Fig. 7.a, Fig. 7.b, Fig. 8.a, and Fig. 8.b), particularly
where the cranio-caudal beam has left the body but is
still near the surface of the phantom.

Furthermore, the calculated dose distribution plan
taking into account the couch volume (see Fig. 7.c, and
Fig. 8.c) shows to some extent the effect of scattered
cranio-caudal beam, but this effect 1is still
underestimated when compared with the measured
with EBT3 Gafchromic film.

At abdomen and pelvic level (33.75 & 43.75 cm
from the isocenter), the dose was too small to be
confidently analyzed.
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Figure 8. Dose contours at lungs level: (a) measured dose
contours, (b) calculated dose contours without including the
couch volume, (c) calculated dose contours with the couch
volume included

3.2. Out-of-field scattered radiation measurements

Since an increase of measured dose was observed
on the phantom in proximity of the point where the
cranio-caudal beam intercepts the couch, the
hypothesis of scatter radiation not being taken into
account by the TPS was tested using the methodology
described in section 2.4. A first measurement was
acquired without the presence of the carbon fiber slab
(air). Then it was acquired at different angles of the
incidence beam (Fig. 4). The obtained measurements
were normalized at the ionization chamber
measurement value in the air (without the carbon slab
presence), and the results are shown in Fig. 9. The
results showed a 5% increase in scattered radiation
when the carbon fiber slab is leveled between ¢ = 0°

and 85° relatively to the horizontal/vertical. Then the
scattered radiation started to decrease because the
incident field was not entirely contained within the
carbon slab anymore (i.e. the incident beam faces a
smaller surface to be reflected from, resulting in less
scattered radiation). This explains the decrease of the
#= 90° point in Fig. 9. One should point that this
result applies only to a thin (2 mm) carbon fiber plate.
In the case of a couch, the thickness and complexity of
the entire set can largely increase this effect, and
higher doses from scattered radiation should be
expected.
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Figure 9. Measurements of scatter radiation

4. CONCLUSION

These results show that for secondary radiation-
induced cancer risk estimation and out-of-field
measurements, the scattered radiation from the couch
should be taken into account in dose distribution
determination. Even when the treatment couch is
considered in the calculation, the Eclipse TPS still
shows a trend to largely underestimate the out-of-field
dose. Even with a powerful algorithm such as AAA, TPS
is still an unreliable tool for out-of-field dose
estimation and different tools such as Monte Carlo
simulation should be considered for more accurate out-
of-field dose calculation.
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