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The Use of High-Volume Endorectal Balloon is Effective
to Reduce Doses of Rectum and Bladder in Prostate
Cancer Patients Treated with Linac-Based Stereotactic
Body Radiotherapy
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OBJECTIVE
In this study, the effect of endorectal balloon (ERB) on risky organ doses was investigated in patients
with low-medium risk prostate cancer treated with Stereotactic body radiotherapy (SBRT).

METHODS

In the 17 patients, CT simulation and treatment was performed with an empty rectum and no ERB was
used (non-ERB group). ERB filled with 100-150 cc air into 15 patients was placed in the rectum and
identified with the ERB group. SBRT was performed to be delivered with volumetric modulated arc,
with 10 FFF photon beams, using a linear accelerator with a high definition MLC. Dosimetric param-
eters for the rectum, bladder and penilbulb were compared between the two groups as a retrospective.
Independent samples t-tests were performed to examine the differences between the two groups.

RESULTS

The mean dose given to the rectum was lower in the ERB group than in the non-ERB group, and a statis-
tically significant dose reduction of 149.4 cGy per fraction was found in the ERB group (p<0.01). Simi-
larly, the mean dose given to the bladder was lower in the ERB group than in the non-ERB group, and a
statistically significant dose reduction of 178.8 cGy per fraction was found in the ERB group (p<0.01).
The mean dose of penilbulb was 373 cGy in the ERB group, while the mean dose of penilbulb was 1314
cGy in the non-ERB group. There was statistically significant differences between groups (p<0.01).

CONCLUSION
The use of high-volume ERB reduces rectum, bladder and penilbulb doses in prostate cancer patients
treated with linac-based SBRT.
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Introduction

Among men, prostate cancer is the most common
malignancy in developed countries.[1] The National

Comprehensive Cancer Network (NCCN) has de-
fined a variety of management approaches, such as
external beam radiotherapy (EBRT), brachytherapy,
surgery, and active surveillance in low-risk or medi-
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um-risk disease.[2] Oncological outcomes are simi-
lar in low-risk and intermediate-risk diseases, inde-
pendent of treatment choice.[3] Besides, side-effects,
such as sexual, gastrointestinal and genitourinary,
may influence decision making of the treatment.[4]
The evidence-based on prostate cancer shows that
it has a low o/ ratio.[5] Hypo-fractional stereotac-
tic body radiation therapy (SBRT), which improves
accuracy in target localization and radiation dose
distribution, has become increasingly used in recent
years.[6-11] In SBRT for prostate cancer, it is crucial
to reduce prostate movement due to the use of much
higher doses and smaller target volumes per fraction,
as well as to minimize the volume of rectum exposed
to medium and high dose. There were studies (three
non-inferiority studies and one superiority study) that
comparing conventional and moderate hypofraction-
ation for prostate cancer.[12-15] These studies point-
ed out that moderate hypofractionation was safe and
results were comparable to conventional fractionation
radiotherapy. Two prospective non-randomized trials
comparing conventional fractionation and ultra-hy-
pofractionation in a low-risk prostate cancer popula-
tion have shown that high biochemical outcomes can
be achieved with low toxicities.[16,17] Some stud-
ies have been published showing that restricting the
movement of the prostate during treatment and re-
moving the posterior part of the rectal wall from high
dose areas may be possible using an ERB.[18-20] This
practice can help reduce rectal toxicity by protecting
the rectal wall from a medium-high radiation dose in
patients undergoing post-prostatectomy or definitive
radiotherapy.[21,22] However, the use of ERB is not
compulsory in treatment protocols, and also the stan-
dardization of ERB has not yet been defined. The use
of ERB has remained an option by clinicians. In this
retrospective study, the effect of high volume ERB on
the dose prescribed to the prostate and organ at risk
doses were investigated in patients undergoing Lin-
ac-based SBRT therapy. The necessary permits for this
study were obtained from the local ethics committee.

Materials and Methods

The data of thirty-two patients with low-intermediated
risk prostate cancer, who were treated by SBRT in sin-
gle-center, were evaluated retrospectively. All patients
were simulated with a full bladder. Simulation CTs
with a 2 mm thickness axial slice was acquired. The CT
simulation and treatment of seventeen patients were
administered without the use of ERB, and these pa-
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tients were identified as groups without ERB. For pa-
tients in the without-ERB group, to provide an empty
rectum, they were given the use of laxative syrup and
dietary advice for bowel preparation before simulation
and before treatment. Fifteen patients whose simula-
tions and treatments were performed using ERB were
identified as with-ERB groups. In the with-ERB group,
just before the CT simulation scan, an ERB (Q Fix,
Indian) filled with 100-150 cc of air was applied to
the rectum. A multi-parametric MRI was performed
for diagnostic and staging purposes for all patients.
Then, the second MRI scans (with or without ERB)
were taken using the immobilization apparatus suit-
able for the linac device and in the treatment position
on a flat table. The simulation CTs were rigidly fused
with T2-weighted sequences of this second MRI using
the treatment planning system (Eclipse v.13.6, Varian
Medical Systems, Palo Alto, USA). Clinical target vol-
ume (CTV) was defined as the entire prostate and the
proximal portion of seminal vesicle for the low-risk
group. The prostate plus 1 cm of the proximal semi-
nal vesicles was defined as a CTV for intermediate-risk
group. Instead of shaping the walls of the bladder and
rectum, they were shaped as solid organs. The bladder
was contoured from its base to the dome. The rectum
was contoured from recto-sigmoid flexure to anus.
Isotropic 3 mm was added to CTV to create The dose
constraints were defined as follows; (I) Planning Target
Volume (PTV) was prescribed to receive 36.25 cGy in
five fractions, (II) minimal dose coverage of the PTV of
98% (at least 95% of the PTV has to receive 100% of the
prescribed dose), with a maximum dose of <115% of
the prescribed dose (39.8 Gy) allowed. (III) The max-
imum rectal wall dose (Dmax rectal wall) should be
less than 100% of the prescribed dose (36.25 Gy) and
the highest dose defined to the 1 cc rectum should not
exceed 85% of the prescribed dose, (IV) the maximum
bladder dose should not exceed 110% (39.8 Gy) of the
prescribed dose, and the highest dose to the 1 cc blad-
der should be limited to 100% (36.25) of the prescribed
dose. Before each treatment, verification of localiza-
tion of the prostate was accomplished by a kilovoltage
Cone-Beam Computerized Tomography (CBCT) scan
and fusing it to the simulation CT. For the with-ERB
group, ERB’s position was evaluated before each treat-
ment and after imaging with CBCT, if radiological and
clinically suitable, the installation was accepted and
treatment was delivered. However, if ERB placement
was not suitable, the set-up was not accepted, and it
repeated. SBRT was applied by 10 FFF photon beams
provided by a TrueBeam linear accelerator with high
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definition MLC (Varian medical systems, Palo Alto,
USA) and with two full volumetric arcs. Dosimetric
parameters were compared between the two groups for
the organ at risk, including the mean dose, the maxi-
mum dose and the dose of 5%, 20%, 40%, 50%, 80%,
90%, and 100% of volume (Fig 1).

Statistical Analysis

Descriptive statistics were defined for each dosimet-
ric parameter between the with-ERB group and the
without-ERB group. Dosimetric data were converted
to logarithmic (Log 10) to provide this necessary
distribution so that the differences between groups
could be calculated in independent sample t-tests.
Mean and standard deviation values obtained from
independent t-tests were founded and the differences
in the means value were shown as A for each param-
eter. Kruskal-Wallis test was performed to compare
the averages of more than two groups. SPSS software
was used for statistically analyses (version 21.0, SPSS
Inc., Chicago, IL, USA). p<0.05 was accepted as sta-
tistically significant.

Results

The median age of all patients was 68 (range 53-80).
The median prostate volume was 44.7 cc (range 20.7-
133.6) for all patients. In this study, 23 patients (71.9%)
had Gleason Score <7 and nine patients (29.1%) had
Gleason Score=7. The compliance of the patients to
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high-volume ERB was excellent. All 75 high-volume
ERB applications were performed as planned. No pa-
tient gave up high-volume ERB administration. The
median of the PTV-mean dose was found 37.76 Gy
(range 36.25-38.16) for the with-ERB group, and
the median of the PTV-mean dose was found 37.77
Gy (range 36.25-38.16) for the without-ERB group
(p=0.44). The median prostate volume was found
45.2cc (range 27.9-133.6) in the with-ERB group and
was found 43.1cc (range 20.7-94.7) in the without-
ERB group (p=0.47). The median of the PTV-max
dose was found 40.27 Gy (range 38.18-41.74) for the
with-ERB group, and the median of the PTV-max
dose was found 39.04 Gy (range 36.89-41.26) for
the without-ERB group. There was a statistically sig-
nificant difference between the groups, according to
PTV-max (p=0.01). The comparisons of the clinical
features of the patients between the groups are shown
in Table 1.

The mean dose to the rectum was lower in the with-
ERB group than in the without-ERB group, and there
was found statistically significant dose reduction 149.4
cGy per fraction in the with-ERB group for mean rec-
tal dose (p<0.01). As expected, the maximum dose ad-
ministered to the rectum was higher in the with-ERB
group than in the without-ERB group and an increase
of 21.6 cGy per fraction was statistically significant
for the maximum rectal dose in the with-ERB group
(p=0.01). The average doses of rectum V%5, V%20,
V%40, V50%, V80%, V90%, and V100%; in the with-

Table1  Comparison of the clinical characteristics of the patients between groups
SBRT with ERB group SBRT without ERB group
(n=15) (n=17)
Median Range Median Range P

Prostate (cc) 45.2 27.9-133.6 431 20.7-94.7 0.47*
cl 1.04 0.9-1.3 0.99 0.7-1.19 0.03*
PTV coverage 95 82.4-99.0 92 66-98 0.11*
PTV mean dose (cGy) 3776 3625-3816 3737 3625-3816 0.44*
PTV max dose (cGy) 4027 3818-4174 3904 3689-4126 0.01*
Pre-SBRT PSA 8 5-27.8 10.1 0.3-38.17 0.85*
Gleason score

Gleason<7 9 60(%) 14 82.4(%) 0.13**

Gleason=7 6 40 (%) 3 17.6(%)
Risk group

Low-risk 9 60 (%) 11 64.7 (%) 1.00%**

Intermediate-risk 6 40 (%) 6 35.3 (%)

Cl: Conformity index; PTV: Planning target volume; SBRT: Stereotactic body radiosurgery; ERB: Endorectal balloon *Mann-Whitney U test value; **Chi-Square

test value
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ERB Group were 30.2 Gy, 16.2 Gy, 511.3 Gy, 8.9 Gy, 2.4
Gy, 1.35 Gy, and 0.4 Gy compared with the without-
ERB group were 34.2 Gy, 25.1 Gy, 17.2 Gy, 14.1 Gy, 7.1
Gy, 5.1 Gy and 2.0 Gy respectively The dose adminis-
tered to the volumes of Rectum V%20, V%40, V%50,
V%80, V%90 and V%100 were statistically lower in the
with-ERB group compared to the without-ERB group
(p<0.01, p<0.01, p<0.01, p<0.01, p<0.01 and p<0.01
respectively). The mean dose to given to the rectum
was lower in the with-ERB group than in the without-
ERB group and there was found statistically significant
dose reduction 149.4 cGy per fraction in the with-ERB
group (p<0.01). However, there was no difference be-
tween the groups in terms of V%5 (p=0.57). On the
other hand, a pattern of dose reduction was observed
between the with-ERB Group and the without-ERB
Group concerning the dose administered to the blad-
der. The average doses of bladder V%5, V%20, V%40,
V50%, V80%, V90%, and V100%; in the with-ERB
Group were 25.3 Gy, 11.3 Gy, 5.5 Gy, 4.2Gy, 1.5 Gy, 0.9
Gy, and 0.4 Gy compared with the without-ERB group
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were 34.2 Gy, 25.1 Gy, 17.2 Gy, 14.1 Gy, 7.1 Gy, 5.1 Gy
and 2.0 Gy, respectively. The doses of the bladder in the
with-ERB group were significantly lower than in the
without-ERB group (p<0.01). Especially, the mean dose
to administer to the bladder was lower in the with-ERB
group than in the without-ERB group and there was
found statistically significant dose reduction 178.8 cGy
per fraction in the with-ERB group (p<0.01). However,
there was no statistically significant difference between
the groups in terms of the maximum dose of the blad-
der (p=0.43). The comparisons of the dosimetric dif-
ferences between the groups are shown in Table 2. The
DVH profile comparison between the with-ERB group
and the without-ERB group for the volume of rectum
and bladder in the low to-high dose region are shown
in Figure 2.

Concerning mean penile bulb dose, statistically
significantly a difference was found between groups
(p<0.01). The mean dose of the penile bulb was 373
cGy in the with-ERB group, while the mean dose of
the penile bulb was 1314 cGy in the without-ERB

Table2  The comparisons of the dosimetric differences between the groups
With-ERB group (n=15) Without-ERB group (n=17)
Dose(cGy) Dose (cGy)
Mean+SD (log 10) Mean+SD (log 10) A(cGy) A(cGy)/fr p
Rectum
Mean dose 10.68+2.2 (3.01+0.09) 18.16£3.1 (3.25+0.07) 747 149.4 <0.01
Max dose 38.1£1.14 (3.58+0.01) 37.0+1.14 (3.56+0.01) 108 21.6 0.01
(A 30.2+ 4.2 (3.47+0.06) 30.8+2.8 (3.48+0.04) 57 11.4 0.57
Veoro 16.2+3.8 (3.19£0.11) 24.8+2.6 (3.3940.04) 860 172 <0.01
Voo 11.3£3.5 (3.03£0.15) 20.6+£2.9 (3.31£0.06) 931 186.2 <0.01
Veuso 8.91+4.1 (2.89+0.23) 18.8£3.5 (3.26+0.09) 991 198.2 <0.01
Veuso 24+1.2 (2.32+0.23) 10.9£5.9 (2.934£0.37) 851 170.2 <0.01
Veiso 1.35+0.6 (2.08+0.21) 6.48+4.9 (2.66+0.39) 512 102.4 <0.01
— 0.4+0.08 (1.59+0.08) 2.07£1.9 (2.19£0.31) 166 33.2 <0.01
Bladder
Mean dose 7.16x4.0 (2.79£0.24) 16.1£5.0 (3.18+0.14) 894 178.8 <0.01
Max dose 38.56%1.9 (3.58+0.02) 38.1£0.9 (3.58+0.01) 46 9.2 0.43
. 25.3+6.2 (3.39+0.11) 34.2+3.2 (3.53+0.04) 896 179.2 <0.01
Voo 11.3£7.3 (2.93+0.37) 25.1+6.2 (3.38+0.11) 1378 275.6 <0.01
V.o 5.5%5.5 (2.510.46) 17.246.2 (3.20+0.17) 1171 2342 <0.01
Viiso 42+4.8 (2.36+0.48) 14.1£6.4 (3.08+0.26) 983 196.6 <0.01
Vi 1.5£1.6 (1.99+0.39) 7.145.5 (2.69+0.41) 562 1124 <0.01
Vioo 0.9+0.7 (1.8520.34) 5.1%4.7 (2.52+0.42) 415 83 <0.01
5100 0.4+0.3 (1.58+0.28) 2.0+2.8 (2.12+0.37) 161 32.2 <0.01
Penilbulb
Mean dose 3.7£1.9 (2.51£0.24) 6.5+3.7 (2.75%0.24) 284 56.8 <0.01
Max dose 13.1£9.1 (3.00£0.33) 17.8+£8.8 (3.19£0.24) 468 93.6 0.07

ERB: Endorectal balloon, A: Mean difference between groups, p: Independent-samples T-Test value, SD: Standard deviation
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Fig. 1. The delivered dose distribution to the target volume. (a) The axial image on the CT slice. (b) The sagittal image
on the CT slice. (c) The axial image on MRI slice. (d) The sagittal image on MRI slice.
a Rectum b Bladder
120% 120%
0, 0,
100% <001 100% 0<001
<0.01 .
80% P 809 - P<00!
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—— Without ERB —— Without ERB
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Dose (cGy) Dose (cGy)
Fig. 2. The comparison of the organ at risk doses between the groups that were treated with and without the endorectal
balloon. (a) For rectum. (b) For Bladder.

group. Concerning mean rectum doses of patients be-  tistically significant (p=0.60). The mean rectum dose

tween the low-risk group and the intermediate-risk ~ differences between subgroups are summarized in

group, the difference between the groups was not sta- Table 3.
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Table3  Multiple comparison of the subgroups regarding rectum doses
Test statistic SE A p*
Low risk and ERB v Intermediate risk and ERB 5.222 4.9 260.1 0.29
Intermediate risk and ERB v Low risk and No-ERB 17.677 4.6 883.8 <0.01
Intermediate risk and ERB v Intermediate risk and No-ERB 19.967 5.6 950.7 <0.01
Low risk and ERB v Low risk and No-ERB 12.444 4.1 623.6 0.01
Low risk and ERB v Intermediate risk and No-ERB 14.444 52 690.6 0.03
Low risk and No-ERB \ Intermediate risk and No-ERB -2.000 49 66.9 0.68

ERB: Endorectal balloon; SE: Standard error; A: Mean difference between groups (cGy): *p: Kruskal-Wallis test value

Discussion

In addition to improved treatment delivery and im-
provements in image-guided radiotherapy, daily in-
serted ERB is used to immobilize the prostate and to
reduce CTV-PTV margins.[22] ERB administration
may have a protective effect, particularly by pushing
the posterior rectum away from the high-dose areas.
[23] For prostate cancer, the use of ERB to reduce the
dose to the rectal wall has been reported many times
with 3D-CRT and IMRT experience. Patel et al. first
reported that using ERB in 3D-CRT, which resulted in
dose reduction comparable to IMRT for rectal protec-
tion.[24] After this study, the idea has come to minds
that more protection can be achieved using a rectal
balloon in IMRT. Subsequently, studies were presented
that using ERB resulted in a reduction of the rectal
dose. Smeenk et al. showed that the use of 80 cc ERB, in
patients with treated both 3D CRT and IMRT, resulted
in a decrease in rectal doses.[25] Additionally, Van Lin
et al. detected a decrease in rectal doses in patients
treated with 3Dcrt in their study using 40cc, 80 cc, and
100 cc ERB, while they did not show a reduction in rec-
tal doses in patients treated with IMRT.[26] The results
of the Phase-3 HYPRO study investigating the effi-
cacy and toxicity of moderate fractionated radiother-
apy showed that reduction of anorectal dose and gas-
trointestinal toxicity were possible by MRI delineation
of the prostate and ERB insertion.[27] The studies in
the literature pointed out those ERB preferences with
high levels were superior concerning spearing normal
tissues.[28] However, the use of ERB in clinical prac-
tice requires additional time, especially in long-term
therapy plans and in intensive clinics. Using ERB may
extend the time required for treatment setup, and it is
required re-correction due to incorrect inflation. Thus,
the combination of ERB and stereotactic body surgery
may be more preferable. There are a few studies in the
literature which are about this togetherness. A study

proved that using ERB results in reductions in prostate
deformations in their trial, which was delivered a to-
tal of 50 Gy in five fractions with Linac-based SBRT.
[29] In the same trial the researchers also observed that
there was no statistically significant dose reduction for
bladder and anterior rectum walls.[29] However, that
researchers used low-volume ERB (60cc) in this trial
may not have achieved the desired dose reduction.
In robotic-SBRT experience, which was performed
by Xiang HF et al., and was delivered 36.25 Gy in five
fractions, observed that there was significant rectal
wall dose reduction using ERB.[30] In their studies,
they preferred the volume of 60-100 cc ERB, and the
combination of higher ERB volume helped reduce the
doses in rectum walls. Jaccard et al. represented that
mean dose decreasing in internal pudendal arteries
was available by ERB (100 cc) insertion. However,
there was no decrease of doses in volumes of the rec-
tal wall with V%100, V%90, V%80 and also there was
increasing in the dose of the bladder wall with V%100.
[31] In this current study, we demonstrated that using
high volume ERB (100-150 cc) in per-fraction in treat-
ment provides dose reduction for rectal wall volumes
with V%100, V%90, V%80, V%50, V%40 and V%?20.
As expected, the maximum rectal wall dose was in-
creased in patients treated with high volume ERB. In
contrast to some studies in the literature, we observed
that reductions of doses were achieved using ERB in
the bladder wall. We preferred to use high volume ERB
during simulation and treatment (100-150 cc). How-
ever, to our knowledge, none of the studies in the liter-
ature have specified the use of high-volume ERB as in
our study. In contrast to the trial of Bones et al., in our
linac-based study, significant dose reductions in the
rectum were found. The difference between ERB vol-
umes may have led to a different result between these
two studies. However, it is not clear which ERB volume
is standard concerning tolerability and effectiveness in
the literature. In patients with localized prostate cancer,
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expected overall survival is long. Therefore, evaluation
and management of toxicities, especially concerning
genitourinary and anorectal, is significant for the qual-
ity of life. Application of high volume ERB may assist
us in protecting organs at risk like the rectum, bladder,
and penile bulb. Hypothetically, ERB with high vol-
umes may establish hypoxia in the intramural layer of
the rectum using increasing pressure. Therefore, releas-
ing free oxygen radical levels may decrease. In addition
to providing dose reduction in organ-at-risk, ERB may
increase the radioprotective effect by increasing hy-
poxia with increased pressure and reducing free-oxy-
gen radicals for rectum tissue. There are some limita-
tions, such as limited patient numbers, the uncertainty
of intra-fraction motion, and no evaluation of toxicity
because of low patient numbers in this current study.

Conclusion

Consequently, we observed a significant dose of re-
duction in prostate cancer patients treated with Lin-
ac-based SBRT for rectum, bladder, and penile bulb
using ERB. Further, both clinical and pre-clinical stud-
ies are needed to evaluate the dosimetric and radiobio-
logical advantages of ERB.
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