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Introduction
Radiotherapy is used in the post-prostatectomy setting, as an 

adjuvant treatment for patients at high risk of local recurrence,1−3 or 
as salvage treatment in patients with biochemical failure.4,5 However, 
some clinicians may argue against indiscriminate use of post 
prostatectomy radiotherapy (PPRT), especially in the adjuvant setting, 
given that PPRT is not without morbidities such as rectal toxicities. 
While late grade 1-2 rectal toxicities are not uncommon, the risk of late 
grade 3-4 rectal toxicities is often reported to be <5% at PPRT doses 
of 60-64Gy.1−3 The use of dose escalated PPRT can result in increased 
late grade 3-4 rectal toxicities.6,7 Multiple studies have showed that the 
use of hydrogel spacer (HS), inserted in the anterior peri-rectal space, 
offers the advantage of anterior rectal wall displacement outside 
the high-dose radiotherapy region, and thus potentially minimises 
radiation-related rectal toxicities.8 While we would expect the use of 
HS for PPRT to result in reduced rectal dosimetry, the feasibility of HS 
insertion following prostatectomy is unclear, and to our knowledge, 
there has only been three reports in the literature describing the use 
of HS in the post-radical prostatectomy (RP) setting.9−11 The aim of 
our current study is to report on our experience in HS insertion for 
PPRT, and to compare the rectal dosimetry in the pre-HS and post-HS 
computer tomography (CT) treatment plans. 

Methods
Study population

This is a retrospective series of prostate cancer patients referred 
for PPRT following biochemical failure in 2 major radiation oncology 

services in Australia. This study was approved by the Genesis Care 
Institutional Review Board (IRB). Because of the retrospective design 
of our study, the IRB waived the need to obtain informed consent 
from our patients. Patients presenting with biochemical failure had 
their macroscopic local recurrence proven with either a prostate 
specific membrane antigen positron emission tomography (PSMA 
PET) scan and/or on magnetic resonance imaging (MRI) scan. MRI 
defined recurrences without a positive PSMA PET scan had their local 
recurrences proven on biopsy of their prostate bed. These patients 
with macroscopic local recurrences were suitable for dose escalation 
to the site of gross tumour and were considered for HS insertion. 

This is a study on the first 4 consecutive patients who had HS 
inserted prior to PPRT. The median age was (65-81 years) and all 
patients underwent a RP between 1-13 years (mean 8 years) prior to 
presentation. The initial histopathology confirmed Gleason 7-9, pT2c-
T3bN0 adenocarcinoma with negative margins achieved in 3 patients. 
Prostate specific antigen (PSA) natured at an undetectable level in 3 
patients, the PSA at presentation ranged from 0.39 to 7, and all had 
PSA doubling times of ≥ 6 months. The patient characteristics are 
detailed in Table 1. All patients had initial staging CT abdomen and 
pelvis, and whole-body bone scans. A PSMA PET scan was performed 
in 3 patients and all 4 patients had MRI scans of their pelvis. The 
MRI scans revealed macroscopic local recurrences in all 4 patients 
[unifocal recurrence at the right seminal vesicle remnant in 1 patient 
and vesico-urethral anastomosis (VUA) in 3 patients. The PSMA PET 
scan confirmed MRI detected local recurrences in 2 patients (Figure 
1). The other 2 patients underwent transperineal biopsies of their 
prostate bed to confirm local recurrence in their VUA. All 4 patients 
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Abstract

Purpose: To report on feasibility of hydrogel spacer (HS) insertion by for patients 
undergoing post prostatectomy radiotherapy (PPRT) based on our institutional 
experience. 

Materials and methods: Four consecutive patients referred for PPRT who had 
radiological (prostate specific membrane antigen positron emission tomography and/
or magnetic resonance imaging scans) or histological evidence of local recurrence 
were considered for HS insertion. The HS was inserted into the plane between the local 
recurrence and anterior rectal wall. Pre-HS and post-HS computerised tomography 
planning scans were performed, and the rectal dosimetry for both planning scans was 
compared. The dose to the radiological or histological confirmed local recurrence was 
escalated to 75.6Gy in 1.8 Gy fractions, with 67.2Gy in 1.6 fractions to the rest of the 
post prostatectomy bed using intensity modulated radiation therapy.

Results: All 4 patients successfully underwent their HS insertion without postoperative 
complications. The distance between the rectal wall and local recurrence was 
increased from immediate vicinity to a mean of 12mm after HS insertion. The HS had 
an influence on all rectal dose endpoints with a significant 51% reduction in the mean 
percentage of rectal volume receiving 70Gy (21.1 pre-HS vs 10.4 post-HS). Only 
1 patient developed common terminology criteria for adverse events grade 1 acute 
gastrointestinal toxicity despite dose escalated PPRT.

Conclusion: We report one of the first series on the feasibility of HS insertion for 
PPRT, with significant reduction in the high dose rectal volume dosimetry, and hence 
allows for safer dose escalation to the target volume. The use of HS in the PPRT 
setting by urologists can help in reducing GI toxicity.
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had MRI or CT scans that confirmed a clear fat plane between the 
local recurrence (prostate bed in 3 patients, right seminal vesicle in 1 
patient) and the anterior rectal wall.

Hydrogel insertion

The non-iodinated HS [ni-HS (SpaceOAR)] or iodinated HS [i-
HS (TraceIT)] was injected using a transperineal approach between 
the local recurrence and rectal wall under transrectal ultrasound 
guidance with the use of a biopsy template after prior hydrodissection 
with 10 mls of sterile saline. In addition, at least two gold seed fiducials 
were inserted into the prostate bed on either side of the VUA for image 
guided radiotherapy (IGRT). The procedure was performed under 
general anaesthesia and prophylactic antibiotics were administered.

Radiotherapy planning and treatment

To determine if there were any adverse effects related to the HS 
insertion, patients were assessed immediately after the procedure and 
approximately 5-7 days later. After an interval of 5-7 days, patients 
underwent their CT scan for intensity modulated radiation therapy 
(IMRT) treatment planning. MRI scans were performed in 2 patients 
who had ni-HS inserted and they were fused to the planning CT scans 
to aid with HS volume delineation.

All patients were scanned in the supine position with a full bladder 
and an empty rectum as per our departmental protocol. The treatment 
plans were created on the Pinnacle v9.8 (Philips Radiation Oncology 
Systems, Fitchburg, WI) treatment planning system (TPS). The low 

dose Clinical target volumes (CTV) encompassed the prostate and 
seminal vesicle surgical bed at risk of microscopic disease. The high 
dose CTV encompassed the macroscopic MRI or PMSA defined local 
recurrence. The CTV to planning target volume (PTV) expansion was 
10 mm in all directions. The prescription dose was 67.2 Gy at 1.6 Gy 
per fraction to the low dose PTV and 75.6 Gy in 1.8 Gy per fraction 
to the high dose PTV over 42 days, delivered to >95% of the PTV 
(D95). Rectal volume radiation dose constraint objectives for rV30 
(percentage of rectal volume receiving radiation dose in Gy), rV40, 
rV50, rV60, rV70, rV75 and rV78 were 80%, 65%, 50%, 35%, 20%, 
15% and 5%, respectively.

The bladder was contoured from apex to base. The rectum was 
contoured as a whole solid structure beginning at 1.0cm above 
the most superior level of the PTV to the anorectal junction as per 
departmental protocol. In order to determine the effect of the HS for 
each patient, two treatment plans were created from the baseline pre-
HS CT and the post-HS CT+/-MRI scans (Figure 2). Pre-HS treatment 
plans were created from either CT simulation scans performed prior to 
the HS insertion or reconstructed from diagnostic CT scans performed 
during the patient’s initial workup. The degree of separation achieved 
between the anterior rectal wall and the posterior edge of prostate bed 
was quantified for the pre-HS and post-HS treatment plans. The rV30, 
rV40, rV50, rV60, rV70, rV75 and rV78 were compared. The low 
dose (67.2Gy) and high dose (75.6Gy) PTV volumes, rectal volume 
and D95 for PTV67.2 and PTV75.6 were also compared to ensure 
consistency between the pre-HS and post-HS treatment plans.

Figure 1 Right seminal vesicle remnant recurrence on (a) computer tomography [CT] and (b) prostate specific membrane antigen positron emission tomography 
[PSMA PET] scans.

Figure 2 Pre-hydrogel spacer (HS) and post-HS treatment planning scans showing bladder (solid blue), rectum (solid brown), seminal vesicle recurrence (solid 
red), low dose PTV (PTV67.2) in green and high dose PTV (PTV75.6) in red. The iodinated HS is hyperintense on computer tomography (delineated by white 
line) and displaces the rectum posteriorly. The low and high dose PTV transects the rectum in the pre-HS treatment planning scan but is situated on the anterior 
surface of the rectum post-HS.
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Table 1 Patient characteristics

Patient 1 Patient 2 Patient 3 Patient 4

Age (years) 65 75 66 81

Year of RP* 2009 2006 2016 2004

Gleason Score 3+4 3+4 4+5 3+4

pTNM T2cN0M0 T2cN0M0 T3bN0M0 T3aN0M0

Margin Status Negative Negative Positive Negative

Year of presentation 2017 2017 2017 2017

PSA# at presentation (ng/ml) 7.1 2.3 0.4 0.45

PSADT^ >1 year >6 months >1 year >1 year

MRI$
24mm R seminal 
vesicle recurrence 13mm L VUA 17mm VUA 25mm VUA

PSMA PET% R seminal vesicle L VUA No uptake seen Not performed

Biopsy Not performed Not performed R prostate bed (&GS 4+3) Bilateral prostate 
bed (&GS 4+4)

*RP, radical prostatectomy; #PSA, prostate specific antigen; ̂ PSADT, PSA doubling time; $MRI, magnetic resonance imaging; %PSMA PET, prostate specific membrane 
antigen positron emission tomography; &GS, gleason score

Results
None of the 4 patients reported bleeding or infection following 

the insertion of HS. There were no allergic reactions or reports of 
urinary retention, tenesmus or rectal ulceration following the insertion 
of HS. We were able to evaluate the pre-HS and post-HS plans and 
found them comparable, with no significant differences between the 
PTV low and high dose volumes, the rectal volumes and the PTV low 
dose and high dose volume dosimetry (Table 2). The distance between 
the rectal wall and local recurrence was increased from immediate 
vicinity to a mean of 12mm (11-16.5mm) after HS insertion. The HS 

did not have an impact on rectal volume radiation dose endpoints 
until at least 60 Gy with a more significant influence at higher doses 
(Table 3). The difference between pre-HS vs post-HS plans were 
20.3% for rV60; 51% for V70; 92.9% for V75 and 100% for V78. The 
median follow up post IMRT is 16 months (range 14-16 months). Two 
patients have achieved undetectable PSA levels while the other two 
have experienced continuing drop in their PSA level to 0.4 ng/ml and 
0.2 ng/ml. Only 1 patient developed common terminology criteria for 
adverse events (CTCAE) grade 1 acute gastrointestinal (GI) toxicity. 
So far, there has been no late GI toxicity reported.

Table 2 Pre-HS* and post-HS* structure volumes and PTV+ D95#

Structure Volumes Pre-HS*(mean + SD^) Post-HS*(mean + SD^) P value

+PTV67.2 (low-dose) Volumes (cc) 365.8 + 35 355 + 18.1 P=0.35

+PTV75.6 (high-dose) Volumes (cc) 100.3 + 14.3 99.8 + 13.7 P=0.9

+PTV67.2 (low-dose dosimetry) D95# 97.8 + 2 98.1 + 0.5 P=0.78

+PTV75.6 (high-dose dosimetry) D95# 97.1 + 1.3 97.5 + 0.6 P=0.47

Rectum (cc) 70.5 + 4.8 62.8 + 6.5 P=0.09

*HS, hydrogel spacer; ^SD, standard deviation; +PTV, planning target volume; #D95, prescription dose delivered to 95% of planning target 
volume
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Table 3 Pre-HS* and post-HS* rectal volume radiation dose endpoints

Rectal Dose Endpoints Pre-HS* Plan (% volume) Post-HS* plan (% volume) % Difference P Value

mean + SD^ mean + SD^

+rV30 79.9 +/-9.4 70.3 +/-8.2 11.9 P=0.26

+rV40 65.9 +/-6.3 58 +/- 9.6 12 P=0.3

+rV50 56.1 +/-4.4 47.7 +/-10 14.9 P=0.26

+rV60 45.4 +/- 2.1 36.1 +/-9.7 20.3 P=0.17

+rV70 21.1 +/-4.3 10.4 +/-6.3 51 P=0.06

+rV75 6.0 +/-1.9 0.4 92.9 P=0.01

+rV78 0.1 0 100 P=0.28

*HS, hydrogel spacer; ^SD Standard deviation; +rV, rectal volume receiving radiation dose in Gray

Discussion
We report the feasibility of HS for PPRT, with significant reduction 

in the rectal dosimetry. The insertion of HS in our series of 4 patients 
resulted in a median of 12mm (11-16.5mm) posterior displacement of 
rectal wall, and 51% reduction in rV70. Apart from two case reports 
by Pinkawa et al.9 and Arcangeli et al.10 and a series of 32 patients 
reported by Yeh et al.11 in abstract, this is only the fourth and second 
largest series on the use of HS with PPRT. Several studies have 
shown the oncological benefits of dose escalation in PPRT.5,12,13 In a 
single institution study in US, Valicenti et al. reported that the 3-year 
biochemical relapse free survival (bRFS) was better with PPRT dose 
of >61.2Gy in the adjuvant setting (90% vs. 64%), and PPRT dose of 
>64.8Gy in the salvage setting (52% vs 18%).12 Given the evidence 
for higher doses in PPRT, multiple national guidelines, including the 
American Society for Radiation Oncology/ American Urological 
Association guidelines,14 the German Prostate Cancer Guidelines,15 and 
the Australian and New Zealand Radiation Oncology Genitourinary 
Group guidelines,16 have all recommended RT doses in the range of 
at least 64-66 Gy for salvage PPRT versus 60Gy for adjuvant PPRT. 
However, there is emerging data for even higher doses, with Cozzarini 
et al. reporting improved 5-year bRFS (83% vs. 71%), and disease 
free survival (94% vs. 88%), for dose escalated PPRT to >70.2Gy 
compared to <70.2Gy.13 In a systematic review, King et al. reported 
that the dose response fits a sigmoidal curve for PPRT and parallels 
that for definitive radiation therapy (RT) for localised disease, with 
a dose of 70Gy achieving 58.6% bRFS vs 38.5% for 60Gy.17 The 
expected proportional gain in bRFS is 2% per incremental Gy. The 
ongoing phase 3 Swiss Group for Clinical Research 09/10 trial will 
randomise patients without macroscopic disease to either 64Gy or 
70Gy and will help provide further insight into the value of dose 
escalation.18 In the setting of macroscopic disease, our departmental 
protocol encourages the use of dose escalated PPRT as recommended 
by Ost et al.6 where possible. 

However, given the proximity of rectum to the prostatic bed, dose 
escalation for PPRT can be associated with increased rectal toxicities. 
Goenka et al. reported their late grade 2/3 genitourinary (GU) and GI 
toxicities for their IMRT cohort receiving ≥ 70Gy at 16.8% and 1.9%.7 
Ost et al. delivered far higher PPRT doses with a median of 76Gy and 
reported late grade 2/3 GU and GI toxicities at 22% and 8%.6 Ohri et 
al. reported increased late gastrointestinal toxicity in PPRT by 1.2% 
per Gray.19 The use of HS to increase the spatial separation of rectal 
wall from the high dose region is therefore an appealing approach to 

reduce the rectal dosimetry, while allowing for dose-escalation to the 
target volume (gross tumor). The use of HS has been well established 
in the setting of intact prostate RT with the randomised SpaceOAR 
study by Mariados et al. demonstrating a reduction in rV70 from 
12.4% to 3.3%, a relative reduction of 73.3% in favour of the HS 
patients.20 This translated to a reduction in late rectal toxicity from 
9.2% to 2%, with no late grade 2 or greater toxicity seen at 3 years.21 
In addition, bowel quality of life score (QOL) benefits as measured by 
the Expanded Prostate Cancer Index Composite tool has consistently 
favoured the HS patients from 6 months onward, with the difference 
at 3 years >5 points, meeting the threshold for a minimally important 
difference. This has also been confirmed by Pinkawa et al. with bowel 
QOL improvement continuing to 5 years for the HS cohorts.22

However, insertion of HS for PPRT can be challenging, given 
that the plane for HS insertion is less well-defined following 
prostatectomy. This is in contrast to HS insertion in the intact prostate 
RT setting, whereby there is a well-demarcated prostatic capsule and 
the HS is inserted into the potential space immediately posterior to 
the Denonvillier’s fascia. One of the concerns that need to be taken 
into consideration during insertion of HS for PPRT is the possibility 
of posterior displacement of cancer cells. This may lead to under-
treatment of the cancer cells, posterior to the HS, and may therefore 
compromise on the oncological control. A prerequisite for HS insertion 
was successful hydrodissection between the local recurrence and 
rectal wall, as this would have been impossible in the setting of rectal 
wall cancer infiltration. Hence, it is important that we carefully select 
patients in who there is convincing macroscopic local recurrence, and 
where there is no ambiguity as to whether there is involvement of the 
anterior rectal wall.9 

Reassuringly, the anterior rectal wall has not been shown to be 
common site of local recurrence following RP,23−28 which suggest that 
there is potential role for HS in most patients with macroscopic local 
recurrence. Earlier studies using transrectal ultrasound guided biopsies 
to identify the site of biochemical failure following RP showed that 
the peri-anastomotic site was the most common site of recurrence, 
with incidence in the range of 60%.23−25 MRI studies among patients 
with local recurrence also showed that large majority of recurrence 
sites were peri-anastomotic, retro-vesicle, and seminal vesicle.26−28 

It is important to acknowledge several limitations of this study. 
This is a retrospective study, based on the experience of a single 
urologist and radiation oncologist in a highly-selected group of 
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patients. We do acknowledge that this is our early experience with 
HS insertion for PPRT. Pinkawa et al has previously demonstrated 
a learning curve in the insertion of HS in the intact prostate.29 In this 
study, the first cohort of 32 consecutive patients had increased mean 
distance between prostate and anterior rectal wall (1.5cm vs. 1.1cm), 
and significantly lower rectal V70Gy (6% vs. 2%) compared with the 
second cohort of 32 patients. With increase experience, we would also 
expect to achieve better and more symmetrical HS insertion and better 
rectal dosimetry in the PPRT setting. 

Conclusion
In conclusion, we report the largest series on the feasibility of HS 

insertion for PPRT, with significant reduction in the high dose rectal 
volume dosimetry, and hence allows for safer dose escalation to the 
gross tumor volume (local macroscopic recurrence). The use of HS 
was found to be effective as a spacing agent in this small series of 
post RP patients.

Acknowledgments
We wish to thank Lee Tripcony for his statistical assistance.

Conflicts of interest
Nil.

References
1. Bolla M, van Poppel H, Collette L, et al. Postoperative radiotherapy after 

radical prostatectomy: a randomised controlled trial (EORTC trial 22911). 
Lancet. 2005;366(9485):572−578.

2. Wiegel T, Bottke D, Steiner U, et al. Phase III postoperative adjuvant 
radiotherapy after radical prostatectomy compared with radical 
prostatectomy alone in pT3 prostate cancer with postoperative 
undetectable prostate-specific antigen: ARO 96-02/AUO AP 09/95. J Clin 
Oncol. 2009;27(18):2924−2930.

3. Thompson IM, Tangen CM, Paradelo J, et al. Adjuvant radiotherapy 
for pathologically advanced prostate cancer: a randomized clinical trial. 
JAMA. 2006;296(19):2329−2335.

4. Katz MS, Zelefsky MJ, Venkatraman ES, et al. Predictors of biochemical 
outcome with salvage conformal radiotherapy after radical prostatectomy 
for prostate cancer. J Clin Oncol. 2003;21(3):483−489.

5. Anscher MS, Clough R, Dodge R. Radiotherapy for a rising prostate-
specific antigen after radical prostatectomy: the first 10 years. Int J Radiat 
Oncol Biol Phys. 2000;48(2):369−375.

6. Ost P, Lumen N, Goessaert AS, et al. High-dose salvage intensity-
modulated radiotherapy with or without androgen deprivation after radical 
prostatectomy for rising or persisting prostate-specific antigen: 5-year 
results. Eur Urol. 2011;60(4):842−849.

7. Goenka A, Magsanoc JM, Pei X, et al. Improved toxicity profile following 
high-dose postprostatectomy salvage radiation therapy with intensity-
modulated radiation therapy. Eur Urol. 2011;60(6):1142−1148.

8. Mok G, Benz E, Vallee JP, et al. Optimization of radiation therapy 
techniques for prostate cancer with prostate-rectum spacers: a systematic 
review. Int J Radiat Oncol Biol Phys. 2014;90(2):278−388.

9. Pinkawa M, Schubert C, Escobar-Corral N, et al. Application of a 
hydrogel spacer for postoperative salvage radiotherapy of prostate cancer. 
Strahlenther Onkol. 2015;191(4):375−379.

10. Arcangeli S, Gambardella P, Agolli L, et al. Stereotactic body radiation 
therapy salvage reirradiation of radiorecurrent prostatic carcinoma 
relapsed in the prostatic bed. Tumori. 2015;101(2):e57−e59.

11. Yeh JT K, Chien J, Ravera J. Rectal Spacer Injection in Postprostatectomy 
Patients Undergoing High-Dose Salvage External Beam Radiation. ARS. 
2015;30.

12. Valicenti RK, Gomella LG, Ismail M, et al. Durable efficacy of early 
postoperative radiation therapy for high-risk pT3N0 prostate cancer: the 
importance of radiation dose. Urology. 1998;52(6):1034−1040.

13. Cozzarini C, Montorsi F, Fiorino C, et al. Need for high radiation dose 
(>or=70 gy) in early postoperative irradiation after radical prostatectomy: 
a single-institution analysis of 334 high-risk, node-negative patients. Int J 
Radiat Oncol Biol Phys. 2009;75(4):966−974.

14. Valicenti RK, Thompson I, Albertsen P, et al. Adjuvant and salvage 
radiation therapy after prostatectomy: American Society for Radiation 
Oncology/American Urological Association guidelines. Int J Radiat 
Oncol Biol Phys. 2013;86(5):822−828.

15. Wenz F, Martin T, Bohmer D, et al. The German S3 guideline prostate 
cancer: aspects for the radiation oncologist. Strahlenther Onkol. 
2010;186(10):531−534.

16. Sidhom MA, Kneebone AB, Lehman M, et al. Post-prostatectomy 
radiation therapy: consensus guidelines of the Australian and New 
Zealand Radiation Oncology Genito-Urinary Group. Radiother Oncol. 
2008;88(1):10−19.

17. King CR. The dose-response of salvage radiotherapy following radical 
prostatectomy: A systematic review and meta-analysis. Radiother Oncol. 
2016;121(2):199−203.

18. Ghadjar P, Hayoz S, Bernhard J, et al. Acute Toxicity and Quality of Life 
After Dose-Intensified Salvage Radiation Therapy for Biochemically 
Recurrent Prostate Cancer After Prostatectomy: First Results of the 
Randomized Trial SAKK 09/10. J Clin Oncol. 2015;33(35):4158-66.

19. Ohri N, Dicker AP, Trabulsi EJ, et al. Can early implementation of 
salvage radiotherapy for prostate cancer improve the therapeutic ratio? 
A systematic review and regression meta-analysis with radiobiological 
modelling. Eur J Cancer. 2012;48(6):837−844.

20. Mariados N, Sylvester J, Shah D, et al. Hydrogel Spacer Prospective 
Multicenter Randomized Controlled Pivotal Trial: Dosimetric and Clinical 
Effects of Perirectal Spacer Application in Men Undergoing Prostate 
Image Guided Intensity Modulated Radiation Therapy. Int J Radiat Oncol 
Biol Phys. 2015;92(5):971−977.

21. Hamstra DA, Mariados N, Sylvester J, et al. Continued Benefit to Rectal 
Separation for Prostate Radiation Therapy: Final Results of a Phase III 
Trial. Int J Radiat Oncol Biol Phys. 2017;97(5):976−985.

22. Pinkawa M, Berneking V, Schlenter M, et al. Quality of Life After 
Radiation Therapy for Prostate Cancer With a Hydrogel Spacer: 5-Year 
Results. Int J Radiat Oncol Biol Phys. 2017;99(2):374−377.

23. Connolly JA, Shinohara K, Presti JC, et al. Local recurrence after radical 
prostatectomy: characteristics in size, location, and relationship to prostate-
specific antigen and surgical margins. Urology. 1996;47(2):225−231.

24. Leventis AK, Shariat SF, Slawin KM. Local recurrence after radical 
prostatectomy: correlation of US features with prostatic fossa biopsy 
findings. Radiology. 2001;219(2):432−439.

25. Scattoni V, Roscigno M, Raber M, et al. Multiple vesico-urethral biopsies 
following radical prostatectomy: the predictive roles of TRUS, DRE, PSA 
and the pathological stage. Eur Urol. 2003;44(4):407−414.

https://doi.org/10.15406/ijrrt.2019.06.00224
https://www.ncbi.nlm.nih.gov/pubmed/16099293
https://www.ncbi.nlm.nih.gov/pubmed/16099293
https://www.ncbi.nlm.nih.gov/pubmed/16099293
https://www.ncbi.nlm.nih.gov/pubmed/19433689
https://www.ncbi.nlm.nih.gov/pubmed/19433689
https://www.ncbi.nlm.nih.gov/pubmed/19433689
https://www.ncbi.nlm.nih.gov/pubmed/19433689
https://www.ncbi.nlm.nih.gov/pubmed/19433689
https://www.ncbi.nlm.nih.gov/pubmed/17105795
https://www.ncbi.nlm.nih.gov/pubmed/17105795
https://www.ncbi.nlm.nih.gov/pubmed/17105795
https://www.ncbi.nlm.nih.gov/pubmed/12560439
https://www.ncbi.nlm.nih.gov/pubmed/12560439
https://www.ncbi.nlm.nih.gov/pubmed/12560439
https://www.ncbi.nlm.nih.gov/pubmed/10974449
https://www.ncbi.nlm.nih.gov/pubmed/10974449
https://www.ncbi.nlm.nih.gov/pubmed/10974449
https://www.ncbi.nlm.nih.gov/pubmed/21514039
https://www.ncbi.nlm.nih.gov/pubmed/21514039
https://www.ncbi.nlm.nih.gov/pubmed/21514039
https://www.ncbi.nlm.nih.gov/pubmed/21514039
https://www.ncbi.nlm.nih.gov/pubmed/21855208
https://www.ncbi.nlm.nih.gov/pubmed/21855208
https://www.ncbi.nlm.nih.gov/pubmed/21855208
https://www.ncbi.nlm.nih.gov/pubmed/25304788
https://www.ncbi.nlm.nih.gov/pubmed/25304788
https://www.ncbi.nlm.nih.gov/pubmed/25304788
https://www.ncbi.nlm.nih.gov/pubmed/25339311
https://www.ncbi.nlm.nih.gov/pubmed/25339311
https://www.ncbi.nlm.nih.gov/pubmed/25339311
https://www.ncbi.nlm.nih.gov/pubmed/25721678
https://www.ncbi.nlm.nih.gov/pubmed/25721678
https://www.ncbi.nlm.nih.gov/pubmed/25721678
https://www.ncbi.nlm.nih.gov/pubmed/9836551
https://www.ncbi.nlm.nih.gov/pubmed/9836551
https://www.ncbi.nlm.nih.gov/pubmed/9836551
https://www.ncbi.nlm.nih.gov/pubmed/19619960
https://www.ncbi.nlm.nih.gov/pubmed/19619960
https://www.ncbi.nlm.nih.gov/pubmed/19619960
https://www.ncbi.nlm.nih.gov/pubmed/19619960
https://www.ncbi.nlm.nih.gov/pubmed/23845839
https://www.ncbi.nlm.nih.gov/pubmed/23845839
https://www.ncbi.nlm.nih.gov/pubmed/23845839
https://www.ncbi.nlm.nih.gov/pubmed/23845839
https://www.ncbi.nlm.nih.gov/pubmed/20890742
https://www.ncbi.nlm.nih.gov/pubmed/20890742
https://www.ncbi.nlm.nih.gov/pubmed/20890742
https://www.ncbi.nlm.nih.gov/pubmed/18514340
https://www.ncbi.nlm.nih.gov/pubmed/18514340
https://www.ncbi.nlm.nih.gov/pubmed/18514340
https://www.ncbi.nlm.nih.gov/pubmed/18514340
https://www.ncbi.nlm.nih.gov/pubmed/27863963
https://www.ncbi.nlm.nih.gov/pubmed/27863963
https://www.ncbi.nlm.nih.gov/pubmed/27863963
https://www.ncbi.nlm.nih.gov/pubmed/26527774
https://www.ncbi.nlm.nih.gov/pubmed/26527774
https://www.ncbi.nlm.nih.gov/pubmed/26527774
https://www.ncbi.nlm.nih.gov/pubmed/26527774
https://www.ncbi.nlm.nih.gov/pubmed/21945099
https://www.ncbi.nlm.nih.gov/pubmed/21945099
https://www.ncbi.nlm.nih.gov/pubmed/21945099
https://www.ncbi.nlm.nih.gov/pubmed/21945099
https://www.ncbi.nlm.nih.gov/pubmed/26054865
https://www.ncbi.nlm.nih.gov/pubmed/26054865
https://www.ncbi.nlm.nih.gov/pubmed/26054865
https://www.ncbi.nlm.nih.gov/pubmed/26054865
https://www.ncbi.nlm.nih.gov/pubmed/26054865
https://www.ncbi.nlm.nih.gov/pubmed/28209443
https://www.ncbi.nlm.nih.gov/pubmed/28209443
https://www.ncbi.nlm.nih.gov/pubmed/28209443
https://www.ncbi.nlm.nih.gov/pubmed/28871986
https://www.ncbi.nlm.nih.gov/pubmed/28871986
https://www.ncbi.nlm.nih.gov/pubmed/28871986
https://www.ncbi.nlm.nih.gov/pubmed/8607239
https://www.ncbi.nlm.nih.gov/pubmed/8607239
https://www.ncbi.nlm.nih.gov/pubmed/8607239
https://www.ncbi.nlm.nih.gov/pubmed/11323468
https://www.ncbi.nlm.nih.gov/pubmed/11323468
https://www.ncbi.nlm.nih.gov/pubmed/11323468
https://www.ncbi.nlm.nih.gov/pubmed/14499673
https://www.ncbi.nlm.nih.gov/pubmed/14499673
https://www.ncbi.nlm.nih.gov/pubmed/14499673


Post Prostatectomy Radiotherapy: Can the urologist help to reduce rectal toxicity? 92
Copyright:

©2019 Chao et al.

Citation: Chao M, Ong WL, Joon DL, et al. Post Prostatectomy Radiotherapy: Can the urologist help to reduce rectal toxicity? Int J Radiol Radiat Ther. 
2019;6(3):87‒92. DOI: 10.15406/ijrrt.2019.06.00224

26. Liauw SL, Pitroda SP, Eggener SE, et al. Evaluation of the prostate bed 
for local recurrence after radical prostatectomy using endorectal magnetic 
resonance imaging. Int J Radiat Oncol Biol Phys. 2013;85(2):378−384.

27. Hernandez D, Salas D, Gimenez D, et al. Pelvic MRI findings in relapsed 
prostate cancer after radical prostatectomy. Radiat Oncol. 2015;10:262.

28. Rischke HC, Schafer AO, Nestle U, et al. Detection of local recurrent 

prostate cancer after radical prostatectomy in terms of salvage radiotherapy 
using dynamic contrast enhanced-MRI without endorectal coil. Radiat 
Oncol. 2012;7:185.

29. Pinkawa M, Klotz J, Djukic V, et al. Learning curve in the application of a 
hydrogel spacer to protect the rectal wall during radiotherapy of localized 
prostate cancer. Urology. 2013;82(4):963−968.

https://doi.org/10.15406/ijrrt.2019.06.00224
https://www.ncbi.nlm.nih.gov/pubmed/22717242
https://www.ncbi.nlm.nih.gov/pubmed/22717242
https://www.ncbi.nlm.nih.gov/pubmed/22717242
https://www.ncbi.nlm.nih.gov/pubmed/26704623/
https://www.ncbi.nlm.nih.gov/pubmed/26704623/
https://www.ncbi.nlm.nih.gov/pubmed/23114282
https://www.ncbi.nlm.nih.gov/pubmed/23114282
https://www.ncbi.nlm.nih.gov/pubmed/23114282
https://www.ncbi.nlm.nih.gov/pubmed/23114282
https://www.ncbi.nlm.nih.gov/pubmed/24074991
https://www.ncbi.nlm.nih.gov/pubmed/24074991
https://www.ncbi.nlm.nih.gov/pubmed/24074991

	Title
	Abstract 
	Introduction
	Methods
	Study population 
	Hydrogel insertion 
	Radiotherapy planning and treatment 

	Results 
	Discussion
	Conclusion 
	Acknowledgments 
	Conflicts of interest 
	References
	 Figure 1
	Figure 2 
	Table 1
	Table 2 
	Table 3 

