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Abstract

Purpose: In the recent decade, proton therapy facilities are increasing worldwide. This study aimed to analyze the
influence of volumetric changes in bladder and rectum filling on the dose received by normal surrounding tissues
at prostate cancer proton therapy. In this work, an anthropomorphic phantom dedicated to the prostate organs and
nearby tissues has been developed using the FLUKA simulation code.

Materials and Methods: The geometry of the prostate and normal nearby tissues, bladder volumetric changes, and
rectum filling/emptying status were simulated according to a database of real patients to mimic actual treatment,
assuming the prostate as the target receives the prescribed dose uniformly with no over- and under dosage at each
treatment session. Furthermore, the dosimetric effect of air- and water-filled balloons as prostate fixation tools was
considered on the rectum, during our simulation process.

Results: Final analyzed results showed that the overall dose received by normal nearby organs with be decreased at
proton therapy of prostate cancer if the bladder is full, although this dose reduction is not remarkable. Moreover,
rectum filling/emptying and also implementation of balloons with different matters have no significant effect on
the amount of dose received by this organ.

Conclusion: The dosimetric impact of bladder volumetric variations onto normal nearby organs will not be a crucial
issue in proton therapy of prostate cancer if the prescribed high dose is delivered on the target with proper uniformity
laterally and in-depth. Based on the obtained results, a full bladder is recommended while target bombarding by a
proton beam.
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1. Introduction

Prostate Cancer (PC) is known as one of the most
common cancers among men [1]. The lifetime risk of
developing PC is 1 in 8, and it is expected that the
incidence will substantially increase in the coming
decades due to the aging population, which makes it a big
healthcare issue [2, 3]. Several efforts have been proposed
as prostate curative treatment options, most commonly as
surgery, chemotherapy, or radiotherapy [4, 5]. The latter
modality plays an important role while a large number of
patients with prostate cancer have undergone clinical
external-beam radiotherapy or brachytherapy in recent
decades. Permanent prostate brachytherapy known as the
Low Dose Rate (LDR) strategy is performed by
permanent implanting of multiple radioactive seeds inside
prostate tumor volume by means of a real-time trans-rectal
ultrasonography monitoring system [6]. At external-beam
radiotherapy, a very careful delivery of the prescribed dose
onto the prostate tumor will significantly enhance
treatment quality while the surrounding healthy organs are
affected as little as possible, at the same time. In
conventional radiotherapy, patients need to be irradiated
in pre-defined fractionated courses, during the whole
treatment time extending for two months or more in some
cases [6]. At each irradiation fraction, patient geometrical
setup is required to align tumor volume in front of the
therapeutic beam, to minimize intra- and inter-fraction
motion errors. The latter error represents an anatomical
change of the patient body in between the treatment
fractions [7].

In clinical routine, the concept of patient positioning
and tumor alignment will be a crucial issue for medical
physicists in external radiotherapy to yield better dose
conformity onto tumor volume [8]. This concern raises
significantly for patients with prostate cancer due to the
tumor site in the thorax region and its non-rigid type.

At prostate cancer radiotherapy, apart from intra-
fractional motion error [9], the prostate is highly
influenced by anatomical and volumetric changes in the
bladder and rectum as nearby adjacent organs, at each
irradiation fraction. These changes are not negligible and
can lead to over and/or under dosage of prostate tumor
volume [10-13]. Furthermore, normal nearby tissues such
as the rectum as an Organ at Risk (OAR) may receive a
high dose, and the risk of toxicity is increased, accordingly
[14]. Several efforts have been done to address this issue.

FBT, Vol. 11, No. 1 (Winter 2024) 48-58

In 2007, Vitaly Moyzenko et al. investigated the effect
of bladder filling on the prostate nearby organ at risk doses
in the framework of treatment planning. In the mentioned
study, while the bladder is full and empty, the mean
effective doses received by the rectum as OAR are 55.6
Gy and 56.8 Gy, respectively. Moreover, while the
bladder is full and empty, the effective doses received by
the bladder organ are 29 Gy and 49.3 Gy, respectively. In
6 patients with prostate cancer, a part of the small intestine
with 2.5-30 cm?® volume has received more than 50 Gy
with empty bladders. It should be noted that bladder filling
did not have a significant effect on the uniform equivalent
dose delivered to the prostate as the planning target
volume [15].

Michelle Stasia et al. in 2006 assessed the rectum
emptying on dose delivery during three-dimensional
conformational radiotherapy for prostate cancer treatment.
They showed that the dose delivery variations will reduce
if patients vacant their rectums [16].

In 2005, Andre Hille et al. examined the effect of
variable volumes of rectal balloons on the dose received
by the rectum and prostate during conformal radiation
therapy for prostate cancer. Their results showed that the
use of rectal balloons with volumes of up to 40 ml of air
did not lead to a significant advantage in sparing the dose
to the rectal wall. However, implementing a rectal balloon
filled with 60 ml of air resulted in a significant reduction
in the dose delivered to the rectal wall taking into account
all clinical target volumes [17].

In 2016, Zhi Chen et al. performed a dosimetric study
on the different bladder and rectum volumes during
prostate cancer radiotherapy. They showed that a 10%
increment in bladder volume will cause a 5.6 % reduction
in the prescribed mean dose, received by a tumor.
Moreover, the changes in the bladder’s volume are more
effective in comparison with rectum changes during
prostate cancer dose delivery. The variations in rectum
volume are not significant except for air bubbles, which
change the shape of the rectum. Furthermore, they realized
that the bladder’s volume monitoring will be a crucial
issue that should be considered for accurate dose delivery
before each irradiation fraction during treatment [18].

In 2020, Om Prakash Gurjar et al. accomplished a study
on prostate movement due to bladder and rectum changes
during image-guided radiotherapy of prostate cancer.
They investigated the dosimetric impact of this motion
effect on the prescribed dose distributed onto planning
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target volume and surrounding organs. They showed that
the changes in the volume of the bladder and rectum make
a significant shift in prostate coordination. They
concluded that a proper and strict framework for patients
with the empty rectums (and free of air bubbles) and with
full bladder should be followed, and daily cone beam
computed tomography for positional verification and
positioning (before treatment delivery) will be a good
standard protocol for accurate dose radiotherapy [19].

At proton therapy of prostate cancer target localization,
dose conformity on tumor volume and normal tissue
sparing are drastically intensive and significant. Due to
these, each possible inter-fractional error caused by
bladder volume and rectum filling/femptying in between
the courses of treatment may yield serious side effects
[20].

Our study aims to quantify the effect of bladder volume
changes and also rectum filling/emptying on the dose
received by nearby normal tissues surrounding the
prostate tumor defined as Planning Target Volume (PTV)
in proton radiotherapy, while few studies have been done
taking into account protons irradiation as the therapeutic
beam. It should be noted that in this work it’s assumed that
the prostate receives the prescribed dose uniformly
without any over- and under-dosage at each volumetric
change of bladder and rectum status at treatment fractions.

Our proposed strategy for characterizing and
guantifying inter-fractional anatomical changes in the
bladder-rectum is assumed to be performed using a typical
anthropomorphic phantom. In this way, a variety range of
bladder volumes can be finely in access without any
concern about additional imaging dose (according to the
ALARA principle [21]) that must be received by real
patients for detecting each desired bladder volume change.

Furthermore, by implementing our proposed strategy
using anthropomorphic phantom, investigation of the
effect of bladder and rectum is precisely controllable,
since other parameters are constant and independent of
current common errors in former literature as: 1) patient-
specific motion errors and 2) case-based anatomical
variations.

Final results show that a full bladder will cause a dose
reduction on normal surrounding tissues such as skin,
bladder wall, rectum, and anal canal. But, this reduction is
not remarkable if the prostate receives the high prescribed
dose with no over- and under-dose. Furthermore, the
amount of dose received by the rectum as an organ at risk
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is not significant while the rectum is full and empty at
proton therapy of prostate cancer even by implementing
air- or water-filled balloon.

2. Materials and Methods

This analytical study illustrates the effect of
volumetric changes in the bladder, rectum, and
implemented balloons of doses received by prostate
tumor and normal nearby tissues at prostate proton
therapy.

2.1. Characterization of Prostate Tumor and
Surrounding Tissues at Anthropomorphic
Phantom

The current investigation is based on the simulation
of our developed anthropomorphic phantom dedicated
to the lower part of the thorax region of the patient
body. This phantom consists of the prostate tumor,
rectum canal, anal canal, and all surrounding normal
organs to mimic the real condition. It should be noted
that various volumes of the bladder, prostate
coordinate, and the status of the rectum and anal canal
can be defined at the developed phantom during the
simulation process before execution of the code. One
of our most challenging issues in this work is to realize
precise information for tumor and organ geometries
and also materials assignment. This information can
be accessible in published literature or performed
contributions [22-30]. Furthermore, in this work
Ultrasound based images and Computed Tomography
(CT) data of real patients with prostate cancers were
utilized to remove any possible ambiguity concerning
geometrical dimensions and corresponding simulation
parameters. This database includes bladder volumes,
rectum shape and size, prostate dimension and
location, distance from skin to prostate, and also
distances between other organs. It should be noted that
the Ultrasound system database of four real patients
was considered for better assessment with less
uncertainty error associated with patient-specific
anatomical variations. Moreover, the effect of bladder
volume changes on its wall thickness and possible
displacement of the prostate tumor was taken into
account during the simulation process.
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2.2. Characterization of the Proton Beam and
Spread Out Bragg Peak (SOBP) Generation

Among different therapeutic beams at radiotherapy,
proton therapy technology has been selected for irradiating
prostate target volume as PTV, due to its significant
treatment efficacy regarding to other common conventional
beams. Protons reach to desired kinetic energy by means of
accelerating machines such as cyclotrons or synchrotrons.
Protons penetrate inside the patient body and deposit their
energies inside the patient body according to the Bragg peak
concept. For better treatment, required devices are located
in front of the beam to modulate the beam, laterally and
longitudinally in beam propagation direction to cover tumor
volume uniformly in three dimensions (Figure 1). The
longitudinal flattening is known as the Spread out Bragg
peak [31]. In this way, most of the intensive ionization and
hence maximum damage will happen to tumor volume
uniformly while other normal nearby tissues will be saved
against a high prescribed dose, at the same time [32].

Proton Beam

—

Scattering Ridge Range Compensator Tumor

system filter shifter

Figure 1. A schematic layout of the proton beam with
required modulation devices

In this work, SOBP was generated using modulation of
the proton beam energy. In this way, various energies of
protons with specific weighting factors have been taken into
account and the summation of all produced Bragg curves
will result in SOBP with desired flatness as the longitudinal
treatment region. To do this, a specific subroutine dealing
with source parameters definition was developed at
FLUKA code.

Figure 2 shows the Bragg peak curve of protons with 100
MeV as typical energy representing their depth dose
distribution inside the soft tissue equivalent phantom.

In order to produce SOBP with a 5 cm flat region, 51
energy modulation was done with equal energy interval
(Figure 3).

It should be noted that the flat region shown in Figure 3
will cover prostate tumor volume as PTV that must receive
a high prescribed dose during beam irradiation. The defined
prostate is a sphere with a 5 cm diameter. From the beam
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trajectory point of view, the distal and proximal parts of this
spherical tumor are at 4 cm and 9 cm depth of patient skin,
respectively.
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Figure 2. Bragg Peak curve for 100 MeV protons at soft
tissue equivalent phantom
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Figure 3. SOPB curve with a 5 cm flat region for
covering our proposed prostate target

Figure 4 shows protons dose distribution, two-
Dimensionally (2D) along with the Z and X axes. As seen,
the treatment region has been depicted as a red square with
a 5x5 cm? area. The PTV is assumed to be located in this
area.
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6 8
Depth on Z (cm)

Figure 4. 2D dose distribution of protons on Z and X
axes representing red area as treatment region
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Figure 5 shows transversal dose profiles in X and Y
directions, perpendicular to the beam propagation direction.
As seen in this figure, the lateral flat regions are 5 cm (from
-2.510 2.5 cm) that cover PTV, as well. It should be noted
that the penumbra regions of lateral dose profiles will be
removed using collimator systems. The latter device, will
stop protons at peripheral penumbras and shape the beam
transversely, according to the tumor shape, laterally.
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Figure 5. Transversal (lateral) dose profiles with
5 cm treatment flat regions on X (upper) and Y
(lower) axes

2.3. FLUKA Code and Simulation Setup

In this study, the Monte Carlo FLUKA code has been
used for simulating prostate cancer, skin, bladder, rectum,
and other nearby normal tissues by considering all
parameters ranging from geometry to material definitions to
mimic the real conditions. The required parameters for
geometry constructions were checked by Ultrasound based
data taken from real patients. It should be mentioned that
the FLUKA code is a multipurpose and well-known
verified code developed by INFN (in Italy) and CERN (in
Switzerland) research centers with various uses in different
fields such as particle physics, cosmic ray physics,
dosimetry, radiation protection, hadron therapy, space
radiation, and accelerator design [22-30].

In our simulation, the material properties (including
effective atomic numbers, compound elements, and
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density) of skin, prostate, bladder, and rectum and other
tissues have been defined according to ICRP Report No. 74.

In proton therapy, the main characteristics of a proton
beam are its energy and shape. The latter parameter
represents the 3D spatial distribution of proton particles that
follows from a Gaussian curve with pre-defined FWHM
(Full Width at Half Maximum), practically. In another
word, in actual conditions, the high energy proton particles
exiting from the accelerator are spread as spatial Gaussian
distribution function which means protons concentration
around the beam central axis is maximum. The divergence
degree of the proton beam is assumed to be zero since it is
negligible. The distance between the proton beam and the
anthropomorphic phantom is 100 cm in air. Since the
prostate tumor is assumed to a sphere with a 5 cm diameter
located from 4 ¢cm to 9 cm depth from the skin, SOBP with
a5 cm flat region is implemented for prostate bombarding.

Moreover, all displacement and/or deformation of
organs or tissues due to volumetric changes of bladder and
rectum filling/emptying have been considered based on
information extracted from 1) Ultrasound based data, 2)
Computed Tomography (CT) data of real patients, and 3)
the most important literature performed on prostate motion
due to bladder and rectum. For example, bladder wall
thickness variations are from 5 to 3 mm while bladder
volume ranges from 200 to 600 cc. Table 1 shows a variety
of prostate motion studies published formerly in journals
with high scientific impacts from 1991 to 2019. It should be
noted that in this work the motion and displacement
information of the prostate and normal nearby tissues
shown in Table 1 has been used while defining geometrical
parameters definition during the simulation process.

3. Results

In this work, it’s assumed that prostate tumor as
PTV receives prescribed dose uniformly at each
volumetric change of bladder ranging from 200 to 600
cc and also rectum status. In other words, patient setup
is assumed to be performed correctly to avoid over-
under dosage of tumor volume. Taking into account
this point, we calculate the dose received by each
normal nearby organ during the proton therapy
treatment strategy. In this way, a quantitative
comparison can be done between the doses delivered
to each organ or tissue. It should be noted that the
simulation parameters are the same while running at
each bladder volume to obtain a reasonable

FBT, Vol. 11, No. 1 (Winter 2024) 48-58



A. Paydar, et al.

Table 1. Former literature performed on prostate motion and displacements due to bladder and rectum status (AP:

Anterior-Posterior, LR: Left-Right SlI: Superior-Inferior)

Number of Prostate motion
Number Author name ] Rectum Bladder
patients AP (mm) SI (mm) LR (mm)
Van Herk et
1 11 Free state Full 1SD:2.7 1SD:1.7 1SD:0.9
al.[33]
Roeske et al.
2 10 Free state Full -0.4£3.9 -0.2£3.2 -0.6+0.7
[34]
Stroom et al.
3 16 No report No report 1.7 15 0.5
[35]
Zelefsky et al.
4 [12] 50 Free state Empty -1.242.9 -0.5£3.3 -0.6£0.8
5 Kron [36] 184 No report No report 1.6 15 11
Zellars et al.
6 24 No report Full 8 15 0.07
[13]
Skaresgard et
7 46 Full Empty 21 1.9 2.0
al. [37]
Leatourneau et
8 8 No report No report 0.9 0.9 No report
al. [38]
Cheung et al.
9 33 Empty Empty 1.8 1.2 0.9
[39]
Nedereein et al.
10 10 No report Empty 0.8 1.2 0.2
[40]
Huang et al.
11 20 No report No report 1.3 1.0 0.4
[41]
Britton et al.
12 8 Empty Full 1.7 1.38 0.7
[42]
Shimizu et al.
13 10 No report No report 0.7 0.85 0.6
[43]
Ten Heken et
14 6 Empty Empty 0.9+2.11 -0.04+0.7 No report
al. [44]
Aubry et al.
15 18 Empty Full 1.4 1.0 0.8
[45]
Ingrosso et al.
16 10 Empty Full 0.0+2.07 -0.8+1.28 0.9+0.8
[46]
comparison. Our calculations represent the total dose their dose can be investigated comparatively,

consisting of the therapeutic primary beam and also
secondaries (e.g. neutrons) produced due to the
inelastic interaction of protons with nuclei of the
atoms of 1) the patient body and also 2) modulation
devices located in front of the beam [47].

Figure 6 shows the dose received by normal nearby
organs while irradiating prostate tumors. These organs
are as skin, bladder wall, rectum, and anal canal and
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assuming rectum is empty.

It should be noted that the amount of prescribed
high dose delivered to prostate tumor is 0.02 GeV/gr
per primary particle (with the same weight) at all
volumetric changes of bladder ranging from 200 to
600cc. This is due to our assumption taken prior that
the target localization has been done without any error
during patient setup to avoid under and over dosage of
tumor volume. As seen in this Figure, it resulted that
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the dose received by each surrounding organ is
remarkably less than the prescribed high dose (0.02
GeV/gr per primary particle), which proves the
robustness of proton therapy technology as a
radiotherapy treatment modality.

0.0021 Skin
o Bladder wall
€ = Rectum
2.0.0015 = Anal canal

gl B'E E E'E

200cc 300cc 400cc 500cc 600cc
Bladder volume (cc)

Figure 6. The dose received surrounding organs
(bladder wall, skin, rectum, and anal canal) at proton
therapy of prostate tumor

Apart from bladder effects, rectum filling/emptying
may cause Vvariations in the delivered dose to the
normal organs, accordingly.

In order to assess this challenging effect, the
amount of dose received by the rectum is calculated
assuming it’s empty and then full (by soft matter) at
two 200 and 600 cc as minimum and maximum
volumes of the bladder, respectively (Table 2). As
seen in this table, the dose delivered to the full rectum
is almost similar to the same calculation while the
rectum is empty. It should be noted that the rectum
diameter is constant at this comparative assessment
and the prescribed high dose is received by prostate
volume uniformly.

Table 2. The dose received by the rectum organ at two
filling and emptying states of the rectum

Dose (GeV/gr) per Dose (GeV/gr) per

particle (Full particle (Empty
rectum) rectum)
Organ  Bladder  Bladder  Bladder
Bladder
vol.200  vol. 600  vol. 200
vol. 600 cc
cc cc cc
Rectum 3.39E-04 4.93E-04 3.50E-04  5.06E-04

As a final step, the effect of balloon as prostate
immobilizer or fixation tool was investigated on dose
distribution, numerically. The balloon is first
conducted inside the rectum organ from the anal canal
to reach the prostate location and then filled with air
(pressurized fashion) to push the prostate and make it
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as a static target while the proton beam irradiates. In
this work, the balloon has been simulated at FLUKA
code taking into account its actual geometry and
material properties to mimic a real condition. Then,
the dose received by the rectum is calculated with and
without implementing a balloon. It should be noted
that the dosimetry impact of balloons on other organs
is almost negligible and only the rectum is assumed to
be partially influenced.

Table 3 shows the dose received by the rectum (at
600 cc of bladder volume), without and with using a
balloon filled with air and water equivalent matter.

With a comparison of the dose received by the
rectum with and without the presence of the balloon,
it results that balloon influence on dose value is almost
negligible.

Table 3. Dose received by the rectum with and without
using a rectal balloon

Dose (GeV/gr) per particle

. With )
Organ Without With
balloon
balloon . balloon(water)
(air)
Rectum  5.06E-04 5.04E-04 4.94E-04

4. Discussion

In proton therapy, a successful treatment significantly
depends on filling the gap between prescribed dose
distribution and actual dose delivery, while minimizing
the dose received by normal surrounding tissues. For this
aim, proper target localization and then PTV bombarding
can remarkably save healthy organs, mainly for proton
therapy of the prostate as a non-rigid dynamic tumor that
moves because of bladder and rectum anatomical
changes known as inter-fractional motion errors
happened in between the treatment sessions. There are
many studies focused on measuring prostate
displacements originating from bladder volumetric
changes and also rectum states (Table 1).

In this work, we investigated the influence of bladder
volumetric changes and also rectum filling and/or
emptying on the dose delivered to the prostate as PTV
and nearby normal tissues in the proton therapy treatment
modality. Several studies have been performed on this
topic by implementing photon as a therapeutic beam, but
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there are rare literature dedicated to proton therapy for
prostate cancer.

Moreover, it should be noted that in this work we are
not looking for under and over dosage of prostate (as
PTV) that come from inaccurate target localization and
dose conformation. We assumed these two latter issues
have already been done with zero error, while the volume
of bladder and rectum status is variable at each treatment
fraction. Taking this assumption into account, a scientific
investigation was done on the amount of dose delivered
at each normal surrounding organ around PTV while
other performed studies almost include case-based
anatomical changes and intra-fractional motion errors, at
the same time. Therefore, the obtained results can define
an overall framework to quantitatively show the
dosimetry impact of each bladder volume and rectum
conditions at proton therapy of prostate cancer taking
into account that the target localization error is
negligible.

Figure 6 shows the dose received by normal nearby
organs as a function of bladder volume changes from 200
to 600cc, while irradiating PTV uniformly. These organs
are the skin, bladder wall, rectum, and anal canal and
their doses can be investigated comparatively, assuming
the rectum is empty.

As shown in this figure, the dose received by each
surrounding organ (mainly located at the distal part of
PTV) is remarkably few in proton therapy in comparison
with conventional radiotherapy.

As seen, the dose received by the skin is highest
among different organs and the amount of this dose is
almost the same at all variations of bladder volumes,
which shows that skin dose is independent of bladder and
rectum variations and incidence of skin area is equal to
two-dimensional beam transversal area at all anatomical
variations.

After skin, the bladder wall has received a higher dose
and the maximum and minimum dose will reach the wall
bladder while the bladder is almost empty (at 200cc) and
full, respectively. Because, at a lesser volume of the
bladder, the share of bladder wall as incidence organ in
front of the incident beam will be increased and vice
versa.

As shown in Figure 6, it seems that the rectum and
anal canal doses are almost negligible and independent
of the bladder volume, regarding skin and bladder wall.
This is due to the coordinates of the rectum and anal
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canal located at a down-stream part of the PTV with
specific distances. This causes the rectum and anal canal
sparring during proton beam therapy due to the Bragg
peak concept. Since the rectum is a critical organ at risk,
it can be saved against additional doses, if no over- and
under-dosage happened to the prostate target volume.

In this work, we comprehensively considered the
rectum a known organ at risk while prostate radiation
treatment. Table 2 shows the dose relieved by the rectum
under two conditions while the rectum is full and empty
at two 200 and 600cc of bladder volume. The main
concern was about the secondaries due to the protons'
interaction with feces matters inside the rectum. As a
result, the amount of this dose is not remarkable at
prostate proton therapy in both conditions, while this
concern may rise in various treatment modalities using
other therapeutic beams. Therefore, there is no concern
if patients defecate (rectum emptying) before starting
therapeutic irradiation using a proton beam. The same
results have been obtained while implementing the
balloon inside the rectum although the balloon is used as
an immobilized tool to avoid any possible prostate
motion or deformation (Table 3). It should be noted that
the balloon used clinically are full of no-pressurized air.
In this work, a water-filled balloon was simulated as a
new proposed strategy to assess the effect of matters
inside the balloon. As seen in Table 3, the dose received
by the rectum at 3 conditions is the same and non-
significant, numerically.

5. Conclusion

Prostate cancer is the second leading cause of
cancer death among men in many countries.
Depending on the stage of prostate cancer,
radiotherapy plays an important role as a treatment
modality. Prostate tumor is known as dynamic tumors
that move mainly due to inter- and intra-fractional
motions that make it problematic during radiotherapy.
In this work, a simulation study was done on the effect
of bladder volumetric changes and rectum
filling/emptying on the amount of dose received by
normal nearby organs during radiotherapy with a
proton beam utilizing 3 categories of motion database
obtained from real patients, to mimic actual condition
and reduce numerical uncertainties error during
simulations. The simulation environment enables us to
precisely investigate the effects of various desired
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volumes of the bladder on dose distribution while this
assessment is almost impossible experimentally on
real patients. Final analyzed results showed that the
overall dose received by normal nearby organs will be
decreased at proton therapy of prostate cancer if the
bladder is full. Moreover, rectum filling/emptying and
also implementing balloons with different matters
have no significant effect on the amount of dose
received by this organ. The same strategies can be
done using other therapeutic beams in comparative
studies. Moreover, the effect of inter and intra-fraction
motion errors can be investigated on over and under-
dose received by prostate as PTV at hadron therapy,
separately.
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