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ORIGINAL ARTICLE 
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Abstract
The use of protons for curative treatment of prostate cancer is increasing, either as a single treatment modality or in 
combination with conventional radiotherapy. The proximity between prostate (target) and rectum (organ at risk) often leads 
to a compromise between dose to target and organ at risk.  Material and methods. The present study describes a method 
where the distance between prostate and rectum is increased by retraction of the rectum in dorsal direction. Comparative 
treatment plans with and without retraction of the rectum in the same patients have been studied. Nine patients with biopsy 
proven, localised adenocarcinoma of the prostate were studied. A cylindrical rod of Perspex was inserted into the rectum. 
This device allows the rectum to be retracted posteriorly. The patients were given a proton boost of 20 Gy in four fractions 
of 5 Gy in addition to a conventional photon beam treatment to a dose of 50 Gy in 25 fractions of 2 Gy.  Results. Com-
parative treatment planning shows that the treatment plan with rectal retraction signifi cantly reduces (p �0.01) the volume 
of the rectal wall receiving high doses (equal to 70 Gy in 2 Gy fractions) in all patients.  Conclusions. The proton boost 
treatment with retraction of rectum during treatment decreases the rectal dose substantially. This is expected to reduce 
rectal side effects. 
External beam radiotherapy (EBRT) is widely 
accepted as a curative treatment modality for loca-
lised prostate cancer [1]. In order to cure localised 
cancer of the prostate with radiotherapy, a high dose 
is needed [2 –4]. Different escalation schedules are 
used worldwide. By applying radiopaque markers in 
the prostate a reduced margin for the planning target 
volume (PTV) can be used which allows higher toler-
able doses to be given. Still, the dose escalation is 
limited by the risk of complications, mainly to the 
rectum [5]. Other approaches are the use of 
brachytherapy techniques given alone, or as a boost 
in combination with EBRT [6]. 

Intensity Modulated Radiotherapy (IMRT) has 
improved the conformality of treatment delivery and 
reduced rectal toxicity [7]. Proton treatment of the 
prostate is also utilised, either as a single treatment 
modality or in combination with conventional radio-
therapy [3,8]. The advantageous dose distribution of 
proton beam radiotherapy for prostate cancer may 
result in reduced side effects compared to IMRT [9]. 
(Received 9 June 2009; accepted 22 February 2010) 
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With a single perineal proton beam it is possible to 
reduce the volume of the rectal wall included in the 
high dose region compared to conventional x-ray 
radiotherapy [10]. All these high-precision radiother-
apy techniques enable delivery of highly conformal 
dose distributions relative to the target volume and 
surrounding critical tissues. These conformal treat-
ments with sharp dose gradients and escalated target 
dose are sensitive to setup errors and organ motion 
[11]. In particular the proximity between the pros-
tate and the rectal wall is problematic in this sense. 

Holupka and coworkers [12] have shown that, 
when inserting an ultrasound probe in the rectum for 
real-time imaging during EBRT, the probe also 
acts to fi xate the prostate and reduce target motion. 
The probe also physically moves the rectal wall out 
of the high dose region. In high dose rate (HDR) 
brachytherapy,  Åström and coworkers [13] have 
used an ultrasound probe with a water stand-off, 
which was defl ated after needle insertion to retract 
the anterior rectal wall from the prostate. 
forma Healthcare, Taylor & Francis AS)
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The standard radiotherapy treatment of localised 
prostate cancer in our department is a combination of 
EBRT, with a boost given either with HDR brachyther-
apy or protons. The proton treatment is given with the 
fi xed horizontal proton beam at the The Svedberg 
Laboratory in Uppsala [14]. At the proton treatment 
the prostate is positioned with high precision, using 
x-ray imaging of radiopaque gold markers previously 
implanted in the prostate [15,16]. The present study 
describes a method where the distance between the 
prostate and rectum is increased by retraction of the 
rectum in posterior direction. The purpose was to 
reduce the dose to the rectum without compromising 
target coverage and also to reduce movements of the 
prostate. A comparative dose planning study has been 
performed, with and without rectal retraction in order 
to quantify the dose reduction in the rectal wall. 

Methods

Patients 

Nine patients with biopsy proven and localised 
adenocarcinoma of the prostate were included in the 
test of the rectal retractor. Pre-treatment PSA was 
4.3–12, Gleason Score 5 –7 and T1 –T3, all N0/NX/
M0. The patients were treated with a proton boost 
to the prostate alone of 20 Gy given in 5 Gy fractions 
during four consecutive days, followed by a treat-
ment with x-rays to a dose of 50 Gy in 2 Gy fractions 
fi ve days per week. 

Patient fi xation and positioning 

The patients were immobilised with a specially con-
structed fi xation couch, where they were lying in 
lithotomy position in individually shaped vacuum pil-
lows with the legs placed in adjustable leg supports. 
The surface of the perineum, where the proton beam 
enters, is irregular and variable, which makes it dif-
fi cult to control the range of the protons such that the 
distal dose fall-off is adapted to the distal (cranial) 
end of the prostate. Therefore, the fi xation couch was 
provided with a vertical Perspex plate onto which the 
patient ’s perineum is placed in fi rm contact. The pro-
ton beam thus passes through the Perspex plate on 
its way towards the prostate as illustrated in Figure 1. 
Thereby the distance from the beam entrance to the 
distal end of the prostate can be determined in a 
reproducible way. The couch allows the patients to be 
tilted in the cranial-caudal direction to minimise irra-
diation of the rectal wall (Figure 1). In order to dis-
place the rectal wall posteriorly, a rectal retractor 
consisting of a cylindrical Perspex rod (diameter 1.5 
cm) was inserted into the rectum. The rod was 
attached to the perineal Perspex plate and positioned 
horizontally to be parallel with the fi xed horizontal 
proton beam. The rectum was retracted posteriorly 
(downwards) in order to maximise the separation 
between the prostate gland and the rectal wall. The 
rectal retractor has three radiopaque markers so that 
its position can be verifi ed by CT-imaging for treat-
ment planning and by x-ray imaging for treatment 
positioning. The patients were immobilised in the 
couch with identical rectal retraction both at the CT 
imaging before treatment and at each proton treat-
ment. The patients were prescribed a laxative every 
day before fi xation and gas was removed by suction 
from the rectum before imaging and treatment. 

The magnitude of the retraction of the rectum 
relative to the prostate was determined in the CT-
planning study by measuring the position of the mark-
ers in the prostate and markers in the rectal retractor. 
At each proton treatment, the patient ’s prostate was 
Figure 1.  The patients were positioned in lithotomy position 
(upper panel) and the couch allowed the patients to be tilted in 
the cranially-caudally direction to closely match the horizontal 
proton beam with the rectal wall (i.e. the rectal wall and the proton 
beam should be parallel). In order to displace the rectal wall 
posteriorly, a cylindrical rod of Perspex was inserted into the 
rectum. The rectum was retracted posteriorly in order to maximize 
the separation between the prostate gland and the rectal wall. The 
lower panel shows a sagittal section where the prostate (red), 
bladder and rectal wall (yellow) are indicated together with the 
dose distribution. The isodose levels displayed are 95%, 90%, 
70%, 50% and 30%. The radiopaque gold markers can be seen 
both in the prostate and in the retractor. 
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positioned using anterior-posterior and lateral x-ray 
images visualising the gold markers in the prostate and 
the markers in the rectal retractor. Thus it was possible 
to determine and reproduce the rectal retraction at the 
following treatments. The positioning of the target in 
the proton beam can be done with an accuracy of 
better than �1 mm by using the method described by 
Grusell and co-workers [15]. This method was devel-
oped for positioning of intracranial targets by x-ray 
imaging of markers placed in the patient’s skull and is 
in principle similar to the prostate positioning method 
used at x-ray treatments, where MV portal images are 
used to visualise the gold markers [16]. 

For the x-ray treatment, the patients were posi-
tioned in a conventional supine position. MV portal 
images were used to verify the position by matching 
to bony structures. The gold markers could not be 
used to verify the position as the small marker size 
used for proton therapy made them hard to visualise 
on MV portal imaging. This means that for x-ray 
treatments, larger margins to the PTV were used. 

Target volumes and risk organs 

Before radiotherapy all patients underwent diagnostic 
MR imaging for guidance in delineation of the pros-
tate gland in the CT-studies used for treatment plan-
ning. The targets delineated for proton treatment and 
x-ray treatment were not identical. The clinical target 
volume (CTV) for the proton boost was the prostate 
gland alone. To defi ne the PTV a margin of 5 mm 
was applied around the CTV in all directions except 
near the rectum, where a margin of 2 mm was used. 
The organs at risk, the rectum wall and the bladder, 
were outlined. The rectum wall was defi ned as the 
space between the volumes limited by the outer rectal 
wall and the mucosa contour respectively. 

The CTV for the x-ray treatment was either the 
prostate gland alone (two patients), or the prostate 
gland plus the seminal vesicles (seven patients). The 
seminal vesicles were included if any of the pre-treat-
ment conditions PSA �10 ng/ml, Gleason �6 or 
�T2b were present. The PTV was defi ned as the 
CTV with a margin of 15 mm in lateral and ventral 
direction and 10 mm in cranial, caudal and dorsal 
direction. The larger PTV margin for x-ray treatment 
was motivated by the less accurate positioning of the 
prostate compared to proton therapy. 

Treatment planning 

Each patient was CT scanned with and without the 
rectal retractor before treatment at the same day. All 
nine patients were treated with the rectal retractor in 
the above described treatment position over the 
pelvic region with a slice thickness of 2 mm. The 
CT images were obtained from a Siemens Sensation 
16 scanner. The image data were introduced into 
Helax-TMS [17] (Treatment Management System, 
MDS Nordion Therapy System, Uppsala, Sweden). 
The system is provided with absorbed dose calculation 
algorithms for the different radiation modalities 
employed and has been subjected to adequate quality 
assurance tests [18 –20]. Dose distributions were pre-
sented as isodose contours in the CT slices and as dose 
volume histograms (DVH), which represent the distri-
bution of dose in selected volumes of interest. The dose 
distributions for x-rays and protons were calculated 
using particle specifi c pencil beam algorithms [19 –21]. 
The x-ray treatment was given with a three fi eld treat-
ment technique using 15 MV x-rays from an Elekta 
Precise linear accelerator (Elekta AB, UK) equipped 
with a multileaf collimator (MLC). The proton beam 
treatment was realised with a single perineal proton 
beam with an individually shaped aperture. The range 
compensation fi lters were calculated to obtain a distal 
dose distribution conformal to the PTV with a 10 mm 
beam margin, allowing for range uncertainties in the 
variable entrance region ( �5 mm), in bolus construc-
tion ( �2 mm) and accelerator energy ( �1 mm). 

Comparative treatment planning study 

In order to investigate the effect of the rectal retractor 
on the dose distributions in the target and the rectum 
wall, two different proton plans were made for every 
patient, one with the rectal retractor (Proton_with) 
and one without (Proton_without). The D 1% value 
and the volume of the rectal wall receiving at least 70 
Gy for the combined proton and photon treatment 
(V70) were recorded. The V 70 and the D 1% values for 
the combined proton and photon treatment was cal-
culated using the linear-quadratic effective dose model 
[22]. For comparison the doses were recalculated and 
expressed in the corresponding total dose given in 2 
Gy daily fractions (Table I). A relative biological effec-
tiveness (RBE) of 1.1 for the proton beam and an 
α/β-ratio of 3 were assumed in the calculation. The 
rectal volume receiving more than 70 Gy correlates 
signifi cantly with rectal bleeding [23]. 

The maximum dose and V 70 were recorded when 
the dose distribution of both plans were covering the 
PTV with at least 95% of the prescribed dose. D 1%
is equal to the isodose level encompassing the 1% of 
the rectal wall volume receiving the highest dose. 

Results

The reproducibility in rectal retraction during treat-
ment was determined for 27 recorded treatments, by 
comparing the retraction during treatment with the 
retraction during the CT-planning study acquisition. 
The retraction was determined as the difference 
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(treatment vs CT-planning study acquisition) in dis-
tance between the markers in the rectal retractor and 
the markers in the prostate gland. The mean value was 
0.4 mm with a standard deviation of 1.4 mm. 

Figure 2 shows dose distributions for the two 
treatment plans with and without rectal retractor in 
a transverse section through the central part of the 
prostate for one representative patient. For the nine 
patients included in the treatment planning study the 
retraction of the rectal wall facing the prostate was on 
average 0.5 cm, with a range from 0.3 to 1.0 cm. 

DVHs for the PTV, CTV, the rectum wall and the 
bladder for one representative patient are presented in 
Figure 3. The V 70 values for the rectum wall for the 
nine patients are given in Table II for the two different 
proton treatment plans in combination with the photon 
plan. The maximum dose to the rectum wall is also 
presented in Table II. The treatment plan with the rec-
tal retractor signifi cantly reduced (p �0.05) the V 70
value for the rectum wall. On average the volume 
reduction was 67% (range 5 to 96%). The maximum 
dose to the rectum wall was signifi cantly lower (p �0.01) 
for the treatment plan with rectal retractor. On average, 
the dose reduction was 5% (range 1 to 10%). 

Discussion

In this study, we have presented a method that 
signifi cantly reduces the volume of the rectum receiv-
ing high doses when treating prostate cancer patients 
with a combination of protons and x-rays. 
The therapeutic advantage of hypofractionation 
for the treatment of localised prostate cancer has been 
extensively discussed [23] and recently, there has been 
a signifi cant interest in pursuing hypofractionated 
schedules with external radiation therapy [24 –29]. 
However, the obvious concern with high-dose hypof-
ractionated schedules is not so much prostate cancer 
cell kill as the potentially higher rates of late radiation 
toxicities [23]. Kupelian and coworkers [30] recom-
mend 15 cm 3 as the maximum rectal volume allowed 
to exceed the prescription dose, 70 Gy in 2 Gy frac-
tions. This limit gives a mere 5% associated risk of 
rectal bleeding at two years follow-up [30]. However, 
Kupelian and coworkers defi ned the rectum and not 
the rectum wall. Instead Vargas and coworkers [31] 
has shown that V 70 values between 5 cm 3 and 15 cm 3

for the rectal wall gives a 13% associated risk of 
chronic rectal complications of grade 2 or higher. 

The retractor immobilises the rectal wall and pre-
vents changes in gas and faeces fi lling. This reduces 
intrafractional motion of the rectum and ensures that 
the rectal wall does not move into the high dose 
region of the beam. The results of the 27 recorded 
treatments show that interfractional motion will not 
infl uence the results as the retraction of the rectum 
is well reproduced between fractions. 

The total dose needed to cure prostate cancer 
is debated, and so is the value of  α/β for prostate 
cancer. The biological equivalent dose (BED) with 
α/β 3 for the brachytherapy combination given at our 
department is 102 Gy in 2 Gy fractions and for the 
proton combination 87 Gy in 2 Gy fractions. BED 
with α/β is 116 Gy in 2 Gy fractions for the 
brachytherapy combination and 94 Gy in 2 Gy frac-
tions for the proton combination. In Boston and 
Loma Linda [3], a combination of x-rays (50.4 Gy) 
and protons (25.2 CGE) was given, to a total dose 
of approximately 75.6 CGE. Hara et al. [8] treated 
the prostate with protons alone to 74 GyE in 37 
fractions. Ishikawa and co-workers [32] have treated 
Table I. The physical and the corresponding biological equivalent 
doses (BED) expressed in total dose given in 2 Gy daily fractions 
using an α/β-ratio of 3 and a RBE for protons of 1.1 for the two 
treatment plans. 

Treatment plan Physical dose (Gy) BED (Gy)

Photon 50 50
Proton 20 37
Figure 2.  Dose distributions in a transverse section through the central part of the prostate for one representative patient for the two
different treatment plans (a) with and (b) without the rectal retractor. The isodoses displayed are 95% (green), 90 and 70% (light blue), 
50 and 30% (dark blue) of the prescribed dose. 
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the prostate with carbon ion radiotherapy to 66 GyE 
in 20 fractions. This fractionation corresponds to a 
BED of 83 Gy in 2 Gy fractions. The late toxicity 
(grade 2) for this treatment was 2% for the rectum 
and 5% for genitourinary system. 

The method described in this work has so far only 
been used in proton beam treatments. However, this 
method can also be used for x-ray treatments, and 
with higher dose per fraction and shorter treatment 
time, the late rectal complication rates may be con-
served or even lowered. In addition to possible radio-
biologic gains, there are other obvious benefi ts to a 
hypofractionated treatment regime. The shorter time 
scale for treatment delivery and reduced numbers of 
delivered fractions lead to markedly improved patient 
convenience and substantial savings in resources. 

Conclusion

In this study, we have presented a method that 
reduces the volume of the rectum receiving high 
doses when treating prostate cancer patients with 
Table II. The V 70 in cm 3 and the D 1% for the rectum wall volume for nine patients, for two proton treatment plans in combination with 
the photon plan with and without the use of the rectal retractor, respectively. 

Volume prostate (cm 3) Volume Rectum wall (cm 3) D1% (Gy) 

Plan Patient  Proton_with Proton_without Proton_with Proton_without Proton_with Proton_without

1 24 25 3.3 4.5 71 87
2 65 67 0.7 6.5 63 86
3 51 55 0.4 4.0 59 83
4 48 49 0.3 1.8 64 75
5 49 44 4.2 4.4 80 86
6 80 79 3.1 4.6 70 87
7 36 37 0.7 18.1 76 85
8 64 63 1.2 4.8 63 86
9 46 51 3.2 3.5 75 87
mean 51 52 1.9 5.8 69 85
Figure 3.  DVHs for the PTV (a), CTV (b), the rectum wall volumes (c) and the bladder (d) for one representative patient for the two 
different treatment plans (red) with and (blue) without the rectal rod retracting the rectum. 
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proton beam radiotherapy. The method allows the 
patients to be treated with higher doses per fraction 
and thereby a shortened treatment time with lower 
or conserved late rectal complication rates. 
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