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Abstract

Purpose: To report on rectal dosimetric and toxicity outcomes of intermediate and high-risk prostate cancer pa-
tients undergoing combined high-dose-rate (HDR) brachytherapy and external beam radiotherapy (EBRT) with or
without hydrogel spacer (HS) insertion.

Material and methods: A total of 97 patients were analyzed in this study, with 32 patients (33%) who had HS in-
sertion compared with a preceding group of 65 patients (67%) without HS. HS safety, the dosimetric effects on organs
at risk (rectal, urethral, penile bulb, and bladder) as well as gastrointestinal (GI) and genitourinary toxicity were eval-
uated and compared between the two groups.

Results: The median prostate-rectal separation achieved with HS was 10 mm (range, 5-14 mm). There were no
post-operative complications following HS insertion. Patients with HS had significantly lower radiation dose to the
rectum across all rectal dose volumes from rVy, to rVyg,, whether in absolute volume (cc) or as percentage of contoured
OAR (p < 0.001). There was also significantly less acute > grade 1 GI toxicity (12.5% vs. 30.8%, p = 0.05) and a trend

towards less late grade 1 GI toxicity (0% vs. 7.7%; p = 0.11) in the HS group compared to the non-HS group.
Conclusions: Insertion of HS in prostate cancer patients receiving combined HDR and EBRT is safe and has result-
ed in a significant radiation dose reduction to the rectum, resulting in significantly less acute GI toxicity and a trend

towards less late GI toxicity.
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Purpose

The treatment options for men diagnosed with lo-
calized prostate cancer have continued to advance over
time with relative efficacy seen with various regimes in-
volving radical prostatectomy, external beam radiothera-
py (EBRT), and/or brachytherapy [1,2]. Several reviews
have also shown that the use of combination therapies
such as low-dose-rate (LDR) or high-dose-rate (HDR)
brachytherapy and EBRT have allowed for safe radiation
dose escalation, which has translated into improved bio-
chemical progression-free survival (bPFS) and metasta-

sis-free survival (MFS) [3,4,5]. However, the benefits of
radiation dose escalation with brachytherapy can come
at a cost with increased genitourinary (GU) and gastro-
intestinal (GI) toxicity [6]. Despite advances in treatment
delivery and target localization, the rectum remains a pri-
mary dose limiting normal tissue due to its close proxim-
ity to the prostate.

The use of hydrogel spacers (HS) between the prostate
and rectum in recent years has gained considerable inter-
est as it has been shown to safely and effectively increase
perirectal spacing between the prostate and rectum, and
thus reduce radiotherapy related GI toxicity [7,8,9]. In
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this study, we evaluate the use of HS in 32 consecutive
patients with intermediate- and high-risk prostate cancer
treated with combination HDR brachytherapy and EBRT,
and its impact on prostate and normal tissue dosimetry as
well as GU and GI toxicity.

Material and methods

This retrospective study examined the clinical safety
and efficacy of HS between the prostate and rectum (Spa-
ceOAR®, Augmenix Inc.,, Waltham, MA, USA) for men
undergoing a course of combination HDR brachythera-
py and EBRT at the Genesis Care Victoria. Institutional
review board approval was obtained to conduct a retro-
spective review of our prospectively collected dataset of
prostate cancer patients undergoing combination HDR
brachytherapy and EBRT between 2010 and 2017. Nine-
ty-seven men with intermediate- and high-risk prostate
cancer were identified, of whom 32 consecutive patients
also underwent HS insertion from 2014 as per our de-
partmental protocol. Dosimetric parameters as well as
cumulative acute and late toxicity for the 32 patients who
underwent HS insertion were compared with the 65 con-
secutive preceding patients without HS insertion.

Our initial HDR brachytherapy was performed
two weeks prior to EBRT. Patients were placed in the
semi-lithotomy position under spinal anesthesia. Three
gold fiducial markers were inserted into the prostate to
facilitate image-guided radiation therapy (IGRT) for both
HDR and EBRT. A total of 14-18 HDR catheters (On-
coSmart ProGuide needles, Elekta, Stockholm, SW) were
inserted into the prostate transperineally using a tem-
plate technique (5f prostate stepper template, Elekta,
Stockholm, SW) under transrectal ultrasound guidance
with a Flex Focus 400 scanner (BK Medical Aps, Den-
mark). For patients treated from 2014 (n = 32), HS was in-
jected into the perirectal fat to displace the anterior rectal
wall posteriorly away from the prostate once all the HDR
catheters were inserted. An 18 G needle was inserted
transperineally into the perirectal fat with the tip situated
between the mid gland and apex. Hydrodissection with
sterile saline was performed to open the potential space
between Denonvilliers’ fascia and the anterior rectal wall.
Once this was confirmed, 10 ml of HS was inserted [10].

Computed tomography (CT) simulation was per-
formed using our Philips Brilliance Big Bore CT scanner
(Philips Medical Systems, Fitchburg, WI) with 1 mm slice
thickness. The dataset was then transferred electronically
to our Oncentra® Brachytherapy Planning System v. 5.0
(Elekta, Stockholm, Sweden). The brachytherapy clinical
tumor volume (CTV) was the prostate alone with a 2-3 mm
margin to account for microscopic extension, except pos-
teriorly where no margin was applied. The planning tar-
get volume (PTV) was the CTV. Dose goals were PTV:
Vigo 2 90%, Vi59 < 35%, and Vyy < 15%. The rectum was
contoured as a whole solid structure beginning at 1.0 cm
above the most superior level of the PTV to the anorectal
junction. The urethra was contoured using the outer sur-
face of the Foley catheter. The bladder and penile bulb
were contoured as solid structures in its entirety (see Fig-
ure 1). Treatment plans were optimized using an anat-

omy-based dwell time optimization approach (inverse
planning simulated annealing method) with organs at
risk (OARs) constraints based on RTOG 0321 (rectal V5
<1 cc, urethral V5 <1 cc, and bladder V5 <1 cc) [11].
A total of 24 patients received an initial dose of 18 Gy
in 3 fractions from 2010-2011, with the remaining 73 pa-
tients receiving 16 Gy in 2 fractions from 2012 onwards as
per our departmental protocol. Treatment was delivered
using a single implant by a remote afterloading Ir-192
source (Flexitron Afterloader v. 2.1.3, Elekta, Stockholm,
Sweden), with a minimum of 6 hours between fractions.

EBRT was commenced within 2 weeks of HDR
brachytherapy. A repeat CT simulation scan was per-
formed post-HDR catheter removal with 3 mm slice thick-
ness. The treatment plans were created on the Pinnacle v.
9.8 (Phillips Radiation Oncology Systems, Fitchburg, WI,
USA) treatment planning system. The CTV was defined as
the prostate and seminal vesicles. The CTV was expand-
ed by 7 mm all around except posteriorly, where it was
5 mm to generate the PTV. All patients were treated with
intensity modulated radiotherapy (IMRT) to a dose of
50.4 Gy in 1.8 Gy fractions on a Varian True Beam linear
accelerator equipped with kilovoltage (KV) cone beam CT
(CBCT). All patients were treated with a full bladder and
an empty rectum as per our departmental protocol.

All patients were evaluated at baseline, weekly during
the EBRT, and every 3 months for the first year. They were
subsequently followed every 6 months until their fifth
year and yearly thereafter. Acute toxicity was defined as
toxicity occurring during and within the first 90 days af-
ter completing their radiation treatment. Late toxicity was
defined as toxicity occurring 90 days after their radiation
treatment. The GI and GU toxicities were graded using

=N,

Fig. 1. CT HDR dosimetry with prostate PTV in light red,
HS in white, urethra in green and rectum in brown. The
6 Gy and 8 Gy dose lines are outlined in orange and bur-
gundy respectively
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the National Cancer Institute Common Terminology Cri-
teria for Adverse Events v. 4.0 grading system [12].

Statistical analysis

Descriptive statistics were used to characterize some
of the variables of interest. The Student’s t-test was used
to evaluate the level of significance of continuous vari-
ables with a normal distribution between the HS and
non-HS plans. The Pearson’s chi square test was used to
evaluate the significance of categorical variables between
the HS and non-HS plans. A p value of < 0.05 was consid-
ered to be statistically significant. All analyses were per-
formed using the IBM SPSS Statistics package (v. 24.0).

Results

The median follow-up for the entire cohort was
60 months (12-125 months). The median follow-up for
the HS group was 42 months (12-63 months) compared to
65 months (26-125 months) for the non-HS group. The
median age was 74 years (52-84 years). The median pros-
tate specific antigen (PSA) was 9.7 ng/ml. Forty-two pa-
tients had intermediate-risk disease, while the rest had
high-risk disease. Androgen deprivation therapy (ADT)
was delivered to the majority of patients (89.7%). The
ADT was recommended for six months in patients with
intermediate-risk and for 24 months in high-risk disease.
In patients who agreed to ADT, the treatment started at
least three months before the commencement of radio-
therapy. The patient characteristics are shown in Table 1.

HS was successfully implanted into all 32 patients
who were planned to receive it. No post-operative com-
plications such as rectal perforation or infection was re-
corded post HS insertion. The prostate to rectal separa-

tion at mid gland was a median of 2 mm (0-5 mm) in the
non-HS group versus a median of 10 mm (5-14 mm) in
the HS group (p < 0.001).

The median prostate volume and HDR dose delivered
to the target volume and OARs are shown in Table 2.
There were no significant differences in median prostate
volume, prostate V,,, and prostate V,,, between the two
groups. The prostate V5, was significantly improved,
with a lower value of 30.5% in the HS group compared
with 33.5% in the non-HS group. The use of HS also re-
sulted in significantly lower radiation dose to the rectum
and urethra. The median rectal V5 (cc) was 0.45 (0-1.46)
in the non-HS group compared to 0.0 (0-0.22) for the HS
group. The percentage relative reduction in dose was
100%. All patients with HS met their rectal V5 constraint,
whereas only 93.8% (61/65) in the non-HS group accom-
plished this restriction. The median urethral V5 (cc)
was 0.06 (0-1.01) in the non-HS group compared to 0.02
(0-0.66) in the HS group. The percentage relative reduction
in dose was 66.7%. All patients with HS met their urethral
V55 constraint, while 1 patient in the non-HS group failed
to do so. There was no statistical difference in penile bulb
radiation dose to 0.1, 1, or 2 cc as percent of prescription
dose. In addition, there was also no statistical difference in
bladder V;, or Vg, between the two groups.

The use of HS with HDR brachytherapy resulted in
significantly lower radiation dose to the rectum across all
rectal dose volumes from rVj, to rVg, whether in abso-
lute volume (cc) or as percentage of contoured OAR (see
Table 3). The impact of HS on rectal dose volumes was most
substantial at the highest radiation doses with > 95% rela-
tive reduction in rectal V¢, to Vg, whether in absolute vol-
ume (cc) or as percentage of contoured OAR. The impact
of HS was still statistically significant at lower radiation

Table 1. Patients’ characteristics of both with and without hydrogel spacer

Characteristic All patients With HS (n = 32) Without HS (n = 65)
Median age (range) 74.1 (52.2-84.5) 76.7 (52.2-84.5) 73.4 (60.1-80.8)
Median PSA (ng/ml) 9.7 (3.2-47) 11.6 (5.6-47) 9.5 (3.2-29.9)
ADT

Yes 87 32 55

No 10 0 10
Gleason score

6 5 0 5

7 53 16 37

8 16 3 13

9 22 13 9

10 1 0 1
Clinical stage

T1 18 5 13

12 48 11 37

T3 31 16 15

HS — hydrogel spacer, PSA — prostate specific antigen, ADT — androgen deprivation therapy
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doses, but lower percentage relative reductions were seen
in rectal dose volumes from Vj; to Vj,.

The incidence of acute 2 grade 1 GI toxicity in all pa-
tients was 24.7%, with 1.1% developing grade 2 GI toxici-
ty (see Table 4). No acute grade 3 GI toxicities were seen.
The incidence of late > grade 1 GI toxicity in all patients
was 5.2%. No late grade 2 or 3 GI toxicities were observed.
There was significantly less acute > grade 1 GI toxicity in
the HS group compared to the non-HS group (12.5% vs.
30.8%; p = 0.05). No patients in the HS group developed

acute grade 2 GI toxicity. There was also less late > grade 1
GI toxicity in the HS group compared to the non-HS
group, but this was not statistically significant (0% vs.
7.7%; p = 0.11). The incidence of acute > grade 1 GU toxici-
ty in all patients was 91.6%, with 1.1% developing grade 2
GU toxicity. No grade 3 acute toxicity was seen. The in-
cidence of late > grade 1, > 2, and 3 GU toxicities in all
patients were 44.3%, 6.2%, and 4.1%, respectively. There
was no statistical difference in acute or late GU toxicity
between the HS group compared to the non-HS group.

Table 2. Median HDR dose delivered to prostate and organs at risk

Prescribed treatment dose (Gy) All patients With HS (n = 32) Without HS (n = 65) p-value
Median prostate volume (cc) 44.6 (23.3-117.5) 46.7 (30.3-84.5) 43.1(23.3-117.5) 0.95
Prostate
Voo 95.4 (34.3-98.9) 94.9 (84.3-97.4) 95.6 (88.1-98.9) 0.05
Viso 324 (24.9-411) 30.5 (24.9-34.8) 33.5 (27-41.1) 0.03
Vaoo 12.1(9.6-15.7) 11.7 (10.4-14.3) 12.2 (9.6-15.7) 0.06
Rectal
Vs (cC) 0.32 (0-1.46) 0(0-0.22) 0.45 (0-1.46) < 0.001
Urethral
Vs (cc) 0.04 (0-1.01) 0.02 (0-0.66) 0.06 (0-1.46) 0.02
Penile bulb
0.1cc 0.78 (0.45-1.69) 0.83 (0.45-1.43) 0.76 (0.46-1.69) 030
1cc 7.84 (4.48-16.95) 8.38 (4.48-14.29) 7.59 (4.64-16.95) 0.30
2 cc 15.69 (8.97-33.89) 16.65 (8.97-28.58) 15.18 (9.28-33.89) 0.31
Bladder
Vs (cc) 422 (0.03-13.3) 3.58 (0.3-10.97) 437 (0.55-13.3) 0.26
Vg (cC) 2.60 (0.00-9.5) 2.30 (0.00-7.6) 2.86 (0.14-9.5) 0.25
HS — hydrogel spacer
Table 3. Median radiation dose to rectum in patients with and without hydrogel spacer
Rectal volume (in absolute) V3, (c) V0 (c0) Vs, (co) Vo (c0) V0 (cc) Vs (cc) Vg (c0)
In absolute volume (cc)
All 14.40 (4.4-40) 7.40(0.9-21.8) 3.70 (0.07-11.8) 170 (0-61)  0.65(0-1L.1) 032 (0-1.46) 0.10 (0-0.56)
— Hydrogel spacer 16.50 (6.6-40) 8.60 (3.2-21.8) 430 (14-11.8) 2.10(031-0.6) 0.86(0-1L1) 045 (0-146) 0.0 (0-0.56)
+ Hydrogel spacer 10.50 (4.4-223) 3.60(0.9-9.9) 1.00(0.07-42) 010(0-L6) 0.00(0-045) 0.00(0-0.22) 0.00 (0-0.08)
% relative reduction 36.4% 58.1% 76.7% 95.2% 100% 100% 100%
p-value < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
In percentage (%) V3% V% Vs % Vego% V0% V5% Vgo%
All 18.50 (3.9-44.9) 9.30 (0.8-24.3) 450 (0.07-13.1) 2.00(0-65  074(0-25  041(0-14) 0.2 (0-0.66)
— Hydrogel spacer 2060 (10.7-44.9)10.70 (3.2-21.8) 5.50 (2.1-133) 270 (0.5-65) 110(0.01-2.5) 055 (0-14) 0.1 (0-0.66)
+ Hydrogel spacer 1220 (3.9-26.4) 4.60 (0.8-17.7) 140 (0.07-42) 010(0-2)  0.00(0-0.6) 0.00(0-0.25 0.00 (0-0.09)
% relative reduction 40.8% 57% 74.5% 96.3% 100% 100% 100%
p-value < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

Journal of Contemporary Brachytherapy (2019/volume 11/number 1)



12

Michael Chao, Darren Ow, Huong Ho, et al.

Table 4. Impact of hydrogel spacer on acute and late gastrointestinal/genitourinary toxicity

Toxicity Toxicity grade All No HS HS p-value
Genitourinary
Acute > Grade 1 91.6% 92.3% 83.3% 0.22
Grade 2 1.1% 1.5% 0% 0.48
Late > Grade 1 44% 43.1% 46.7% 0.74
> Grade 2 6.3% 7.7% 3.3% 0.40
Grade 3 4.2% 6.2% 3.3% 0.57
Gastrointestinal
Acute > Grade 1 25.3% 30.8% 13.3% 0.05
Grade 2 1.1% 1.5% 0% 0.48
Late Grade 1 5.3% 7.7% 0% 0.11

HS — hydrogel spacer

Discussion

This is the largest Australian study reporting on the
use of HS in prostate cancer patients undergoing HDR
brachytherapy with EBRT. The use of HS in our study
was found to be safe and efficacious. All 32 patients
planned for HS insertion were successfully implanted.
No significant adverse events were reported in our study.
This is consistent with the reports from Strom et al. and
Yeh et al. where a combined 426 patients were success-
fully implanted without complications [13,14]. Howev-
er, a recent study of 18 patients from Wu et al. reported
a perineal abscess that developed 1 month following HS
insertion and HDR implant, requiring antibiotics and
drainage [15]. HS has also been inserted successfully in
a patient undergoing salvage HDR brachytherapy after
initial brachytherapy [16].

The use of HS resulted in a mean prostate rectal sepa-
ration of 10 mm. This is consistent with a separation dis-
tance of 12 mm reported by Strom et al., but less than that
reported by Yeh et al. of 16 mm in HDR studies examining
the use of HS [13,14]. Other EBRT specific studies, such as
Mariados et al., Prada et al., and Pinkawa et al. were able
to achieve prostate rectal separation distances between
12-15 mm [10,17,18]. In our study, despite a smaller mean
separation distance of 10 mm, we were still able to sig-
nificantly influence rectal dose endpoints with rectal V5
reduced by 100%.

The use of HS significantly reduced rectal irradiation
from V3, to Vg, compared to the non-HS group. This is
important because rectal toxicity is correlated with the
volume of rectum receiving a particular threshold dose
of radiation. The study by Wu et al. reported significant
relative reductions in rectal Vs, to Vg whether in absolute
volume (cc) or as percentage of contoured OAR [15]. The
median rectal V5 (cc) was 0.12 in the non-HS group com-
pared to < 0.005 in the HS group. The percentage relative
reduction was almost 100%. This is consistent with our
study, where the median rectal V5 (cc) was 0.45 (0-1.46)
in the non-HS group compared to 0.00 (0-0.22) for the HS
group. In addition, the percentage relative reduction in

dose was also 100%. Of note, all patients with HS met
their rectal V,5 constraint, whereas only 93.8% (61/65) in
the non-HS group accomplished this. For patients who
fail to meet their rectal dose constraint, we can either
compromise PTV coverage by accepting a lower prostate
Vo or accept potentially higher rectal toxicity. Yeh et al.
also reported lower mean and maximum doses to the rec-
tum with the use of HS [14]. The average mean dose to the
rectum was 36% of prescribed dose with no-HS cohort,
decreasing to 29% with HS cohort. In addition, the aver-
age maximum dose to the rectum was 95% of prescribed
dose without HS, decreasing to 78% with HS. Strom et al.
reported a significantly reduced rectal D2 cc of 60% with-
out HS compared to 47% with HS [13].

The use of combined brachytherapy (HDR or LDR)
with EBRT can lead to increased GI and GU toxicity
[11]. When HDR is combined with EBRT, the risk of
late grade 3 GI toxicity can be as high as 7%. In the two
phase 3 randomized studies comparing HDR with EBRT
versus EBRT alone, the risk of late grade 3 GI toxicity
was 3.9% in the Sathya et al. study and 7% in the Hoskin
et al. study [19,20]. A phase 2 RTOG 0321 study reported
a2.6% combined late grade 3 GI/GU toxicity [11]. A ret-
rospective study by Spratt ef al. reported late grade 2
and 3 GI toxicity of 4.1% and 1.4%, respectively for
combined brachytherapy and EBRT after a median fol-
low-up of 5.3 years [21]. Yeh et al. delivered aggressive
dose escalated HDR brachytherapy of 16 Gy in 2 frac-
tions combined with EBRT of 59.4 Gy in 33 fractions
in 326 patients [14]. After a median follow-up of 16
months, the reported rates of acute rectal grade 1 and
2 toxicities were 37.4% and 2.8%, respectively. No acute
rectal grade 3 or 4 toxicities were reported. The rates of
late rectal grade 1 and 2 toxicities were 12.7% and 1.4%,
respectively. In addition, two patients (0.7%) developed
late grade 3 rectal toxicity. In our study, the risk of acute
> grade 1 GI toxicity was significantly lower in the HS
group at 12.5% compared with 30.8% in the non-HS
group. The risk of acute grade 2 GI toxicity was minimal
in both groups. However, the risk of late grade 1 toxicity
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was 0% in the HS group compared to 7.7% in the non-
HS group. Although, this was not found to be statistical-
ly significant, the absolute difference between the two
groups approaches that seen in the randomized Mari-
ados et al. study of HS in prostate EBRT [7]. Although
the risk of both acute and late rectal toxicity is higher
in the study by Yeh et al., this is a consequence of their
aggressive dose escalation [14]. Despite an EBRT dose
of 59.4 Gy following HDR brachytherapy, the reported
late rectal grade 3 toxicity of 0.7% can be considered low
compared to the two randomized studies. The use of HS
may well have contributed to the lower than expected
late rectal grade 3 toxicity.

Although we saw a significant difference in urethral
V155 (cc) between the two groups, the absolute difference
was small (0.02 cc in the HS group compared with 0.06
cc in the non-HS group). In addition, the urethral V,5
was well within the recommended constraint of <1 cc for
the majority of patients. As such, we saw no difference
in acute or late GU toxicity between the two groups. It is
unlikely that the use of HS would have accounted for the
difference in urethral V,5. Rather, it is likely attributable
to the learning curve inherent in the adoption of any new
techniques and the improvement in dosimetry seen with
the latter cohort of HS patients.

This study also had a number of limitations. A retro-
spective case series methodology was used, which may
have introduced a potential patient selection bias. How-
ever, the median prostate volumes and median dose de-
livered (prostate V,y) were not significantly different,
inferring any improvements seen in OAR dosimetry was
the effect of the HS. Secondly, our median follow-up for
the HS group was shorter than that for the non-HS group.
This may potentially lead to the underestimation of late
GI toxicity in the HS group.

Conclusions

The use of HS is safe and effective for patients treat-
ed with combined HDR brachytherapy and EBRT. The
insertion of HS was successful in all patients who were
planned to receive it. This created on average a rectal
prostatic separation of 10 mm, which resulted in marked
improvements in rectal OAR dosimetry leading to a trend
towards fewer acute and late GI toxicity.
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