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Abstract
Background and Purpose—The use of endo-rectal balloons as immobilisation devices in
external beam radiotherapy for prostate cancer has lead to improved target position reproducibility
and a decrease in rectal toxicity. The air cavity created by an endo-rectal balloon in photon
radiotherapy perturbs the dose distribution. In this study, the effect of the balloon cavity on the dose
distribution and the accuracy to which two treatment planning systems calculate the dose distribution
was investigated.

Materials and Methods—Single beams as well as 3D conformal, conventional IMRT and helical
tomotherapy treatment plans were investigated using a specifically constructed phantom.
Radiochromic film was used to measure the cavity wall doses and cavity wall DVHs.

Results—For a 70Gy prescription dose both the Pinnacle and TomoTherapy TPSs over-predicted
the anterior cavity wall dose by 1.43Gy, 3.92Gy and 2.67Gy for 3D conformal, conventional IMRT
and helical tomotherapy respectively. The posterior cavity wall dose was under-predicted by 2.62Gy,
2.01Gy and 4.79Gy for 3D conformal, conventional IMRT and helical tomotherapy respectively. An
over-prediction by the Pinnacle RTPS of the V50, V60, V65 and V70 values for the cavity wall DVH
was measured for the 3D conformal and conventional IMRT cases. These reductions may lead to a
less than expected rectal toxicity. The TomoTherapy RTPS under-predicted the V50, V60, V65 and
V70 values which may lead to higher rectal toxicity than predicted.

Conclusion—Calculation of dose around an air cavity created by an endo-rectal balloon provides
a challenge for radiotherapy planning systems. Various electronic disequilibrium situations exist due
to the cavity, which can lead to a lower anterior rectal wall and higher posterior rectal wall dose than
calculated by planning systems. This has consequences for comparisons of dose volume constraints
between different modalities.
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Introduction
Local control and disease free survival rates are known to increase with increased dose in
prostate radiotherapy [1-3]. The ability to increase dose however is limited by toxicity to
surrounding tissues, mainly the rectum [4,5]. Rectal toxicity is directly related to the dose
received by the rectal wall [6,7]. Reduction in planning target volume (PTV) margins allows
reduction of normal tissue toxicity by reducing the dose delivered to the rectum, which in turn
allows an increase in prescribed dose. The ability to reduce the PTV margins in prostate
radiotherapy requires management of target motion and the ability to reduce the volume of the
rectal wall receiving high doses.

Endo-rectal balloons are employed in prostate radiotherapy by a number of institutions as a
means of immobilizing the prostate and reducing the volume of the rectal wall in the high dose
region [8-12]. Target immobilization is achieved through the balloon forcing the prostate
against the pubic symphysis. The volume of the rectal wall receiving high doses is reduced by
forcing the posterior rectal wall away from the target and reducing the rectal wall thickness by
expanding the rectal volume. The use of endo-rectal balloons during treatment delivery has
been shown to decrease the delivered rectal dose [9]. Decreased rectal toxicity when using an
endo-rectal balloon has also been reported [11,13,14].

Endo-rectal balloons are commonly filled with air in photon radiotherapy, with volumes of up
to 100cm3 used. The volume of air will perturb the dose distribution in the surrounding tissue,
particularly in the rectal wall [15,16]. The perturbation of dose due to air cavities has been
shown to be amplified for smaller fields [17,18]. Any dosimetric effects of the endo-rectal
balloon cavity may thus be increased when using intensity modulated radiotherapy (IMRT)
and helical tomotherapy, where multiple small segments are used in place of the larger open
fields seen in 3D conformal and box techniques. Multiple small segments incident from
multiple angles surrounding an air cavity creates an interesting dosimetric situation. How
commercial treatment planning systems calculate the dose in these situations requires
investigation.

This paper investigates the convolution/superposition dose calculation algorithm [19] with the
collapsed cone convolution method [20] used by both the Pinnacle RTPS and the TomoTherapy
Hi-Art RTPS. The convolution/superposition algorithm involves the superposition of the
energy imparted by primary photons (usually called the TERMA – Total Energy Released per
unit MAss) with polyenergetic primary and scatter dose deposition kernels. These kernels
represent the dose deposited from primary and secondary radiation around a primary interaction
site and are generated using Monte Carlo simulations [21]. For heterogeneous regions, the
kernels are scaled according to the electron density based on the average density between the
primary interaction site and the voxel of interest [22]. This rectilinear density scaling has been
shown to introduce errors in the dose calculation in regions of heterogeneous density [22,23].
These errors may be observable in the rectal balloon cavity situation and may lead to inaccurate
calculation of the dose to the wall of the balloon cavity.

Recent studies have reported that the α/β-ratio for prostate cancer is lower than the conventional
value of 10 Gy for tumour [24-26]. Some studies have reported values as low as 1.5 Gy which
is lower than the α/β-ratio for late rectal complications (α/β ∼ 3 Gy) [24-28]. To maximise the
benefit of a lower prostate α/β-ratio than that for late rectal complications hypofractionation
regimes have been introduced [29-31]. In conventional fractionation the prolonged delivery
will lead to repair of the rectal mucosa however with hypofractionation the same may not apply.
In fact some hypofractionated regimes have reported comparable but slightly higher rectal
toxicity rates than standard fractionation [32,33].
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The accuracy to which treatment planning systems calculate dose in the presence of an
endorectal balloon cavity must be known to ensure that rectal toxicity data is correlated with
the correct dose. In this phantom study the dose to the rectal wall in the presence of an endorectal
balloon was measured using radiochromic film. The dose distributions were measured for a
3DCRT plan, an IMRT plan and a helical tomotherapy plan. The results were compared with
calculations from two commercial radiotherapy treatment planning systems (RTPS).

Methods
I. Phantom Setup

An 8×8×16cm3 phantom was constructed from acrylic to match the external contours of an
EZ-EM balloon catheter. This is shown in Figure 1a. This phantom was then sandwiched
between slabs of solid water and placed between the two halves of a circular phantom having
a 36cm diameter yielding an ellipsoid with a short axis of 36cm and a long axis of 44cm
approximating the pelvis anatomy. The rectal balloon insert was placed in either the lower
(sagittal geometry) or upper (spiral geometry) half of the resulting pelvic phantom. This was
then placed in an alpha cradle. The whole setup for the spiral geometry case is seen in Figure
1b.

Sagittal Geometry—The film was set up in two different geometries. The first termed
‘sagittal geometry’, had the balloon phantom with the two halves aligned such that a sheet of
radiochromic (Gafchromic EBT, International Specialty Products, Wayne, NJ, USA) film was
placed in the sagittal plane. No balloon was in place for these measurements however the air
cavity created by the Perspex phantom remained, representing the balloon cavity. The sheet of
EBT film was 15×16cm2 and covered the region extending over the whole balloon phantom
cross section and 8 cm above the balloon phantom through the target. The sagittal geometry
setup is shown in Figure 1c.

Radiochromic film has been shown to be an excellent dosimeter in cavity situations [18,34,
35]. Paelink et al. [35] however showed that radiochromic film (Gafchromic MD-55) in a cavity
in the central axis of a beam irradiated edge-on can under-respond at the distal cavity edge due
to attenuation in the film through the cavity. The under-response was 6-7% for this particular
type of film and is present only when the film is in the beam's central axis and irradiated edge
on. This effect was investigated for the Gafchromic EBT film by comparing the sagittal
geometry setup for a single anterior-posterior beam with and without film in the cavity. An
under-response of 5.3% was found for the anterior-posterior beam when there was film in the
cavity.

Spiral Geometry—The second geometry, termed ‘spiral geometry’ had the phantom in the
prone position with the endorectal balloon in place. Three strips of EBT film were cut and
taped together to give a strip sized 76.2×1.5cm2. This was then wrapped around the inflated
balloon in a spiral fashion. The length of the film strip wrapped around the balloon, inflated
with 60cc of air, approximately 4.7 times. This gave a layer of film 1.2mm thick around 70%
of the balloon diameter. The spiral geometry setup is shown in Figure 1d.

II. Treatment Plans
A planning CT was taken of the phantom in both geometry setups. In the sagittal geometry no
balloon was in place during image acquisition. For the spiral geometry the balloon was in place
and a ‘dummy’ film spiral was put in place for the CT scan which allowed the film spiral to
be visible on the scan and able to be contoured as a region of interest (ROI). Seven field IMRT
and 3DCRT Treatment plans were generated on the Pinnacle RTPS (Philips Radiation
Oncology Systems, Fitchburg, Wl, USA) for a Varian Trilogy linear accelerator (Varian, Palo
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Alto, CA). Beam angles (IEC convention [36]) of 120°, 80°, 40°, 0°, 320°, 280° and 240° were
used. Helical tomotherapy plans were also generated using the TomoTherapy Hi-Art planning
system, version 2.2.4.1.1, (TomoTherapy Inc, Madison, Wl, USA). A field width of 2.5cm and
pitch of 0.215 was used. Optimization parameters for IMRT and helical tomotherapy plans are
given in Table 1.

For each 3DCRT, IMRT and helical tomotherapy plan three measurements were taken for both
the spiral and vertical geometries. The results presented are the mean of the three measurements
and error bars represent the 95% confidence interval (CI) of the mean. In our case the 95% CI
of the mean is obtained by adding and subtracting the product of the standard error of the mean
times the †* value corresponding to a p-value of 0.05 and 2 degrees of freedom from the mean.

The under-response of the film when irradiated edge-on was investigated for the measured
films from the treatment plan deliveries. As stated, this effect is only present for the anterior-
posterior beam which carries a beam weighting of 10% for the 3DCRT and IMRT plans.
Therefore an under-response of 5.3% for this field will lead to an under-response of 0.53% in
the 3DCRT and IMRT deliveries which has been applied to the posterior rectal wall doses.
This will be even less for the helical tomotherapy delivery due to the much greater number of
beam angles used. As an exact anterior-posterior beam weighting is not known for the helical
tomotherapy delivery no correction was applied however this is expected to be a small fraction
of the 95% CI range.

III. Single fields
So as to understand the effect of the cavity on individual fields, single field measurements were
performed. An anterior-posterior and a lateral field were investigated. The film was in the
sagittal geometry with the jaw (8×9cm2) and SSD settings used in the A-P and lateral fields in
the 3DCRT plan. Each field was irradiated individually with three films taken for each separate
beam. The results presented are the average of the three measurements and the error bar
represent the 95% confidence interval of the mean.

IV. Film Calibration
Two sets of calibration films were taken for the EBT film, one for the 3DCRT, IMRT and
single field irradiations and a second set for the helical tomotherapy delivery. The first
calibration was performed by plotting 5th order polynomial curve to ten dose points from 0-3.5
Gy that were measured on separate films on a Varian Trilogy linac. For the second calibration
set a 5th order polynomial curve was fitted to nine dose points from 0-4.3 Gy that were measured
on separate films using the TomoTherapy beam using the following method. A procedure was
set up that delivered radiation for a given length of time. The dose was measured using an
ionization chamber to obtain the dose delivered for a given beam-on time. Integer multiples of
this beam-on time were then used to deliver varying doses. The EBT films were scanned on
an Epson Perfection V700 flatbed scanner. All films were scanned at least 24 hours post
irradiation to minimize post-irradiation colour effects [37]. All films were scanned in landscape
orientation with a scanning resolution of 75dpi. The resultant images were 32-bit colour from
which the red channel chosen was for analysis. Background corrections were made to remove
spatial non-uniformities by scanning each EBT film prior to irradiation. All analysis was
performed on a desktop PC using ImageJ and Matlab software with the Computational
Environment for Radiotherapy Research (CERR, University of Washington in St. Louis)
package [38].
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Results
I. Sagittal Geometry

For both the single field and treatment plan sagittal film measurements the measured and
calculated doses at the posterior and anterior cavity walls were compared. The calculated dose
was taken as the dose in the voxel with a CT number between that of air and water at each
border. For the 3DCRT and IMRT plan this was a voxel 2mm wide in the anterior-posterior
direction and for the TomoTherapy plan 1.875mm wide. The measured dose was taken as the
average of all the pixels in the region covered by the planning system voxel.

Single Fields—The results of single field irradiations are shown in Figure 2. Figure 2a shows
the resultant digitized sagittal film image from a single laterally incident beam. Figure 2b shows
the resultant digitized sagittal film image from a single anterior-posterior beam. Table 2
summarises the measured and RTPS calculated doses to the anterior and posterior rectal wall
with and without the cavity. For the LAT beam the cavity reduced the anterior rectal wall dose
and increased the posterior rectal wall dose. For the LAT beam the RTPS accurately calculated
the anterior rectal wall dose (within 95% CI of the mean) both with and without the cavity.
The posterior rectal wall dose was over-predicted with no cavity. This region is outside of the
treatment beam and is dependent on the accuracy of the RTPS model outside of the field. In
practice doses in this region are of limited importance due to their low value. The posterior
rectal wall dose was under-predicted when the cavity was present. For the single AP beam the
cavity had no effect on the anterior rectal wall dose but increased the posterior rectal wall dose.
For the AP beam the RTPS calculated the anterior rectal wall dose within the 95% CI of the
measurement both with and without the cavity. The posterior rectal wall dose was calculated
within the 95% CI of the measurement with no cavity but was over-predicted when the cavity
was present. When the film was removed from the cavity and placed only on the outside for a
single AP beam, the effect of the attenuation in the film through the cavity is evident; the
posterior rectal wall dose increased relative to the measurement with the film in the cavity.
When compared to the RTPS calculation, the measured dose at the posterior rectal wall was
higher, showing an under-prediction by the RTPS.

Treatment Plans—Figure 3 shows the digitized film images and the resultant dose profiles
taken in the anterior-posterior direction for the 3DCRT, IMRT and helical tomotherapy plans.
In all three treatment techniques the rectal balloon cavity was seen to perturb the dose
distribution. For all three plans the anterior cavity wall dose was over-predicted and the
posterior cavity wall dose under-predicted by the relevant planning systems. The measured
and calculated doses are given in Table 3.

II. Spiral Geometry
Treatment Plans—The spiral film strips, which represent a surrogate for the rectal wall were
scanned and converted into absolute dose. Two analyses were performed. In the first, a line
profile was taken across the centre 1 cm of the film along the length of the spiral. This averaged
all of the pixels across the central 1 cm of the film strip at each point along the length of the
film. The dose projection tool in CERR (CERR, University of Washington in St. Louis) was
then used to get the average dose across the film contour in the superior-inferior direction, at
each point around the rectal balloon cavity. The measured and calculated doses were then
plotted as a function of angle around the cavity. The outermost loop and innermost full loop
only were plotted for clarity. These constitute the two extremes of the dose gradient across the
thickness of the film spiral. The outermost loop is the dose to a 0.040mm thick strip centred
at 0.117mm from the outside of the balloon cavity and the innermost loop is the dose to a
0.040mm thick strip centred 0.819mm from the outside of the cavity. The planning system
represents the dose averaged over a 1.5mm thick voxel around the outside of the cavity. Each
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loop of the film spiral is thus measuring a different point contained within the film ROI. The
measured and calculated profiles are shown in Figure 4a.

Dose-volume histograms (DVHs) were generated from the digitized film images. This was
done by obtaining histograms of the digitized film images and normalizing the volume
approximating the pixels as volume elements. This is valid since an individual pixel can be
considered the dose measured in a voxel whose dimensions are the resolution of the digitized
film image (0.034×0.034cm2 at 75dpi) by 40μm (the thickness of the active layer in Gafchromic
EBT film). The measured voxels constitute a fraction of the total volume of the film spiral
however due to the geometry the voxels can be considered as a representative volume of the
total film spiral. The film spiral was visible on the CT scans as a layer one CT voxel thick
(1.5mm) around the inside of the cavity. This was contoured as the film spiral ROI. The volume
of the film spiral ROI (3.42cm3) was different to that of the actual film spiral (2.68cm3) due
to the size of the CT scan voxels. The differences in the volume were due to differences in
dimensions between the actual film spiral and the film spiral ROI, primarily in the thickness
of the film spiral (the actual film spiral is 1.2mm thick and the film spiral ROI is 1.5mm thick).
The actual film spiral was contained completely by the film ROI. There is some uncertainty in
the location of the film spiral within the film ROI. This may lead to discrepancy between the
measured and planned dose that depends on whether the film spiral is at the centre, outside or
inside of the film ROI. This difference in measurement location is ≤ 0.3mm and as such will
be within the experimental error of the three measurements. The measured DVHs were
compared with those calculated by the planning systems for the film spiral region of interest
(ROI). The volumes were normalised to percentage volumes to aid comparison. The measured
versus planned DVHs are shown in Figure 4b.

Both the 3DCRT and IMRT planned DVHs match their respective measured DVHs in the
lower dose region (< 35Gy). However for doses >35Gy the measured volumes for doses up to
70Gy are less than planned. Slight differences exist in the dose range 15-20Gy which represents
the dose at the posterior cavity edge. The measured doses were higher than the planned doses
as seen in Figure 3 which is then represented by higher volumes receiving 15-20Gy. For both
the 3DCRT and IMRT plan large discrepancies were found between the planned and measured
DVH for doses between 60 and 70Gy. The measured DVH shows much lower rectal wall
volumes receiving dose between 60 and 70Gy.

For the helical Tomotherapy plan discrepancies occurred between the measured and planned
DVH in the dose region between 15Gy and 72Gy, where the measured volumes receiving a
given dose were more than the planned volumes by varying amounts. Volumes receiving doses
> 72Gy were accurately calculated. The V25, V50, V60, V65 and V70 values for the three
treatment techniques are summarised in Table 4.

Discussion
In this report the dosimetric effect of an endorectal balloon cavity and the accuracy two
commercial RTPSs in calculating the dose around the cavity was investigated. Single lateral
and anterior-posterior fields were initially investigated. For the lateral beam the impact of the
cavity is to reduce the dose to the anterior rectal wall and increases the dose to the posterior
rectal wall. The posterior rectal wall dose was increased due to the greater electron range
through the cavity leading to a higher fluence of lateral electrons at the posterior rectal wall.
The RTPS accurately models the dose to the anterior rectal wall within error but in the
measurements there is a clear trend of decreasing dose in the 2mm proximal to the anterior
cavity wall that is not seen in the RTPS calculation. At the posterior rectal wall the RTPS under-
predicted the dose.
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There are similarities between these lateral field results and other reports investigating head
and neck and lung cavities. The phenomenon of lateral electron disequilibrium has been
experimentally characterized in lung by several investigators. The main observations for small
fields in lung are dose voids in the central axis and small secondary build up regions beyond
the lung tissue interface [39-41]. For larger fields while central axis dose voids are reduced,
penumbral flaring is still an observable phenomenon [42,43]. With the relatively large fields
used in this study there was only a slight dose reduction at the anterior cavity wall but penumbral
flaring was inferred by the decreased anterior rectal wall dose and increased posterior rectal
wall dose. The penumbral flaring is because the electron range extends in low density regions,
causing the penumbral width to broaden. The effect of lateral electron disequilibrium on dose
beyond air cavities in the head and neck region has been discussed [44-46]. In this report we
have not investigated higher energy photon beams but previous studies in lung cavities suggest
that penumbral flaring will increase with energy [41-43]. As higher energies such as 10MV
and 18MV are often used for lateral fields the penumbral flaring effect may increase in these
cases.

For the anterior-posterior beam the cavity had no effect on the anterior rectal wall but increased
the posterior rectal wall dose. No build-down effect was seen, as observed by Li et al. [17],
mainly due to the relatively large field size compared with the cavity size. The increased
posterior rectal wall dose was due to the reduced attenuation through the cavity meaning higher
photon fluence at the posterior edge of the cavity. A slight secondary build-up is seen distal to
the posterior cavity edge, however this effect is minimal due again to the relatively large field
size used and the depth of the cavity. This is in agreement with Li et al. [17] who found a
secondary build-up at the distal cavity edge whose magnitude was reduced with increased field
size and cavity depth. The RTPS calculated the dose to the anterior rectal wall within the 95%
CI of the measurement but over-predicted the dose to the posterior rectal wall.

Multiple fields and segments were combined in the 3DCRT, IMRT and helical tomotherapy
plans. With the sagittal film geometry both the Pinnacle RTPS and TomoTherapy RTPS over-
predicted the anterior rectal wall dose (by 1.43Gy, 3.92Gy and 2.67Gy for 3DCRT, IMRT and
helical tomotherapy respectively) and under-predicted the posterior rectal wall dose (by
2.62Gy, 2.01 Gy and 4.79Gy for 3DCRT, IMRT and helical tomotherapy respectively). These
two effects are similar to that seen in the single lateral field irradiation which is expected, since
the majority of the radiation for the three plans was delivered from angles oblique to the anterior
cavity wall.

For the spiral film geometry for the 3DCRT and IMRT plans, the Pinnacle RTPS calculated
dose was seen to agree with the measured dose to the outermost loop in the film spiral with the
exception of the dose to the anterior 60° of the cavity wall. The Pinnacle RTPS over-predicted
the dose to the anterior 60° of the cavity wall. When compared with the innermost loop of the
film spiral the Pinnacle RTPS over-predicted the dose to the anterior 60° of the cavity wall and
under-predicted the dose to the posterior 120° of the cavity wall. These results were reflected
when the film spiral was converted to a DVH and compared with the film ROI DVH calculated
by the planning system. The Pinnacle RTPS accurately calculated the volumes receiving <
35Gy but over-predicted the volumes receiving > 35Gy.

The accuracy of the TomoTherapy RTPS when compared with films in the spiral geometry
varied around the cavity. It should be emphasised that although higher doses are being delivered
to the rectal wall than in the 3DCRT and IMRT plans, we are not judging the quality of the
plan, but the agreement between the RTPS calculated and the measured dose. The RTPS
calculated anterior cavity wall dose lies between that of the outermost and innermost loops of
the film spiral; once the planned doses and film spiral doses are converted to a DVH this
averages out giving an accurate calculation of the volumes receiving high doses. The
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TomoTherapy RTPS then under-predicts the intermediate and low doses, leading to the reduced
volumes receiving these doses in the DVH.

It is clinically significant that for the 3DCRT and IMRT plans the V70, V65, V60 and V50
values are over-predicted by the Pinnacle RTPS. The V70, V65, V60 and V50 parameters are
correlated with incidence of rectal bleeding [47-49]. Any reduction in these parameters should
result in a decreased incidence of rectal bleeding under that predicted by the planning system.
This has been observed in other studies [11,13,14]. Conversely, the TomoTherapy RTPS under-
predicted the V70, V65, V60 and V50 values but accurately predicted volumes receiving higher
doses than 70Gy. Any under-prediction of these values could lead to an unexpected increase
in rectal toxicity, particularly if delivering a hypofractionated schedule. Given this observation
one may want to consider a reduction in dose volume objectives placed on the rectal wall when
employing helical tomotherapy.

The results from the spiral film geometry suggest that the Pinnacle RTPS over-estimates the
dose to the anterior rectal wall, but the TomoTherapy RTPS is accurately calculating or slightly
under-predicting the anterior rectal wall dose. The consequence of this is that dose volume
constraints for the rectal wall acquired from 3DCRT and IMRT studies may have been over-
estimated, where as for tomotherapy they might have been correct or even under-predicted.
Any dose-volume constraints deemed ‘safe’ from 3DCRT and IMRT studies that have
subsequently been applied to tomotherapy cases may need to be reconsidered.

The effect of the rectal balloon cavity on treatment plan delivery has been investigated in other
reports [15,16] but the accuracy of the convolution/superposition algorithm has not been
investigated with regard to the rectal balloon cavity. Teh et al. [16] measured the dose to the
rectal cavity wall for a single 2×2cm field as well as a serial tomotherapy delivery. A 15%
reduction in the dose to the anterior cavity wall due to the presence of the rectal balloon cavity
was observed. Song et al. [15] used Monte Carlo simulations to investigate the accuracy of the
Eclipse RTPS (with no heterogeneity corrections) in the presence of a rectal balloon. The
Eclipse RTPS was found to over-predict the volumes receiving > 96% of the prescription dose
and an under-prediction of the rectal volumes receiving < 22% of the prescription dose. It was
determined that the differences at these two ends of the dose range were due to inaccurate
calculation of the dose from two lateral beams. The results presented in this investigation agree
with these two reports.

The important issue is that if heterogeneity correction is used in the RTPS then the convolution/
superposition algorithms [19,50,51] used by both Pinnacle and TomoTherapy RTPSs
effectively model these disequilibrium situations. These models suffer from some small
electron range scaling issues [52] that can lead to inaccurate modelling of cavity interface doses
as seen in this report. The magnitude of these inaccuracies in the high dose region is small but
may be clinically significant considering evidence suggests most disease is likely to be found
in the transitional zone i.e. in the lobes and close to the rectal border [53]. They do however
accurately show the qualitative effect of this disequilibrium region. The utility of Monte Carlo
simulations in these situations becomes apparent [15]. Monte Carlo accurately models
disequilibrium situations and may provide clinicians with more precise dosimetry. The
importance of in vivo dosimetry also becomes evident; accurate measurements of the dose
received by the rectal wall will provide more accurate data for toxicity correlations.

Conclusion
This report details the effect of an air cavity created by an endorectal balloon and the accuracy
of two commercial treatment planning systems in calculations surrounding the cavity. When
irradiated with single fields of the same size as that seen clinically, the cavity was seen to
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perturb the dose at the cavity walls. For a single lateral beam the cavity lead to a decrease in
the anterior rectal wall dose and an increase in the posterior cavity wall dose. This was due to
penumbral flaring through the air cavity. For a single anterior-posterior beam the cavity was
seen to increase the posterior dose. The Pinnacle RTPS predicted the qualitative effects of the
cavity but under-estimated the effect of the cavity.

For clinically relevant treatment plan delivery, the Pinnacle and TomoTherapy RTPSs both
over-predicted the anterior rectal wall dose and under-predicted the posterior cavity wall dose
for 3DCRT, IMRT and helical tomotherapy deliveries. This was visible on the sagittal film
geometry. For the spiral film geometry the Pinnacle RTPS was seen to over-predict the high
dose region at the anterior rectal wall. The dose to the posterior rectal wall was under-predicted
by the Pinnacle RTPS. The TomoTherapy Hi-Art RTPS under-predicted the low and
intermediate doses to the rectal wall but accurately calculated the high dose region at the
anterior cavity wall adjacent to the prostate. If the Pinnacle RTPS over-predicts but the
TomoTherapy RTPS accurately calculates the anterior rectal wall dose then dose volume
constraints carried into tomotherapy treatments from 3DCRT and IMRT treatments may need
to be reconsidered.
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Figure 1.
Phantom setup a) acrylic phantom to hold EZ-EM rectal balloon catheter b) full phantom setup
in prone position c) schematic diagram showing the location of the sagittal film (in blue) d)
schematic diagram showing the location of the film spiral (black lines wrapping around inside
of balloon cavity)
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Figure 2.
Sagittal film results from (a) single laterally incident beam and (b) single anterior-posterior
beam with and without a cavity. The white lines show the location of the profiles. The arrows
show the beam direction. Horizontal error bars on the plan data show the width of the planned
dose voxels.
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Figure 3.
Sagittal digitized film images and resultant dose profiles for a) 3DCRT b) IMRT and c) helical
tomotherapy (HT) delivery techniques. The colour bar is in absolute dose in Grays. All
measurements were scaled to represent the dose delivered over the total treatment (28
fractions). The error bars are the standard error of three measurements.
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Figure 4.
Measured and planned rectal wall doses and resultant DVH from spiral film geometry. (a)
represents the dose to the outermost and innermost loop of the film spiral and the planned dose
to the film spiral for the 3DCRT plan (f) represents the resultant rectal wall DVH from the film
spiral and the planned rectal wall DVH for the 3DCRT plan. (b) and (e), and (c) and (f) represent
the same for the IMRT and helical tomotherapy plans respectively.
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