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Background and purpose: To evaluate spatial differences in dose distributions of the ano-rectal wall
(ARW) using dose-surface maps (DSMs) between prostate cancer patients receiving intensity-
modulated radiation therapy with and without implantable rectum spacer (IMRT+IRS; IMRT�IRS,
respectively), and to correlate this with late gastro-intestinal (GI) toxicities using validated spatial and
non-spatial normal-tissue complication probability (NTCP) models.
Materials and methods: For 26 patients DSMs of the ARW were generated. From the DSMs various shape-
based dose measures were calculated at different dose levels: lateral extent, longitudinal extent, and
eccentricity. The contiguity of the ARW dose distribution was assessed by the contiguous-DSH (cDSH).
Predicted complication rates between IMRT+IRS and IMRT�IRS plans were assessed using a spatial
NTCP model and compared against a non-spatial NTCP model.
Results: Dose surface maps are generated for prostate radiotherapy using an IRS. Lateral extent, longitu-
dinal extent and cDSH were significantly lower in IMRT+IRS than for IMRT�IRS at high-dose levels.
Largest significant differences were observed for cDSH at dose levels >50 Gy, followed by lateral extent
at doses >57 Gy, and longitudinal extent in anterior and superior-inferior directions. Significant decreases
(p = 0.01) in median rectal and anal NTCPs (respectively, Gr 2 late rectal bleeding and subjective sphincter
control) were predicted when using an IRS.
Conclusions: Local-dose effects are predicted to be significantly reduced by an IRS. The spatial NTCP
model predicts a significant decrease in Gr 2 late rectal bleeding and subjective sphincter control. Dose
constraints can be improved for current clinical treatment planning.

� 2018 The Authors. Published by Elsevier B.V. on behalf of European Society for Radiotherapy and
Oncology. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction

Gastro-intestinal (GI) toxicity is a common side-effect of exter-
nal beam radiation therapy (EBRT) for prostate cancer and has a
negative impact on the quality of life even many years after the
EBRT [1–3]. Various devices have been introduced to spare
ano-rectal structures [4]. Endo-rectal balloons are being used to
increase the distance from the dorsal and lateral rectal wall to
the prostate, whereas implantable rectum spacers (IRS) separate
the anterior rectal wall from the prostate by injection of an absorb-
able hydrogel [5], a hyaluronic acid [6], a saline-filled balloon [7],
or a collagen implant [8]. Several studies have confirmed that an
IRS decreases the rectal dose and consequently the acute rectal
toxicity rate [9–15]. Furthermore, it has been established that an
IRS decreases the late rectal toxicity rates [16,17], leading to an
increased cost-effectiveness [18]. Until now, the dosimetric impact
of an IRS has been assessed quantitatively by dose-volume his-
tograms (DVHs) obtained from the planned 3D dose distributions.
From these studies, consensus exits that an IRS significantly
reduces the dose exposure to the ano-rectal wall (ARW). However,
spatial dosimetric information of the 3D dose distribution is lost by
analysing DVHs or dose-surface histograms (DSHs), and therefore
hampers to investigate the correlation between the shape and
location of the ARW dose distribution with clinical outcome
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measures. Extraction of shape-based dose measures such as spa-
tially correlated DSHs or contiguous-dose surface histograms
(cDSHs) from dose-surface maps (DSMs) has been suggested as a
valuable tool for advanced dose-response studies and to support
a better selection of patients likely to benefit from the IRS [19–
23]. Buettner et al. [24] quantified correlations between measures
describing the shape and location of the dose distribution and dif-
ferent outcomes. Furthermore, inclusion of such spatio-dosimetric
features into normal-tissue complication probability (NTCP) mod-
els has been shown to increase the predictive power over models
based on DVH parameters solely [25,26]. Hence better insights into
the relationship between the ano-rectal dose distribution and
(late) GI toxicity in EBRT of prostate cancer can be obtained.

The primary aim of the current study was to test the hypothesis
that shape-based measures of the ARW surface dose distribution
reveal a significant change in size, shape and location of the local
surface dose distribution in patients undergoing intensity modu-
lated radiation therapy with an IRS (IMRT+IRS) and without IRS
(IMRT�IRS). To this end, spatial features from ARW DSMs and
cDSHs were compared between these two groups. Furthermore,
shape-based DSM parameters were used in combination with pre-
viously published spatial NTCP models to test the hypothesis that
predicted complication rates for Grade 2 GI toxicity decrease for
IMRT+IRS relative to IMRT�IRS. Finally, these results were com-
pared with Grade 2 GI toxicity decrease derived from validated
NTCP models based on DVH data solely.
2. Materials and methods

2.1. Patient selection and rectum spacer implantation

After approval by the local ethics committee, 26 consecutive
patients with localized prostate cancer treated between January
2011 and June 2011 were included in this study. All patients had
signed an informed consent. The patient and tumour characteris-
tics are summarized in Table 1. Prognostic risk-group stratification
of the patients was defined according to the D’Amico classification
[27].

An IRS gel (SpaceOARTM System, Augmenix Inc., Waltham, MA)
was injected in these patients between the prostate and the rectum
prior to EBRT. The injection method has been described previously
[5]. The amount of injected hydrogel was limited to 10 cm3 in all
patients (only the first patient received 15 cm3). It maintains space
for approximately 3 months and is compression resistant. The
hydrogel is cleared in approximately 6 months via renal filtration
[5].

2.2. Target volume definition and organ at risk delineation

Each patient underwent two computed tomography (CT) scans
in supine position with a slice thickness of 5 mm; one prior to IRS
Table 1
Patient (N = 26) and tumour characteristics.

Age (years; median [range]) 73 [56–82]
Prognostic risk group*: (no. of patients)
1- Low-risk 8 (31%)
2- Intermediate-risk 11 (42%)
3- High-risk 7 (27%)

Prostate volume: (cm3; median [range])
CTV 50 [25–130]
PTV 134 [75–266]

Abbreviations: CTV = clinical target volume; PTV = planning target volume.
* Low-risk: no risk factors: PSA <10 ng/ml; Gleason score <7; cT-stage <2b;

Intermediate-risk: one risk factor: PSA 10–20 ng/ml or Gleason score = 7 or
cT-stage = 2b/c; High-risk: two risk factors or PSA >20 ng/ml or Gleason score >7 or
cT-stage >2b/c.
implantation and one 3–5 days after IRS implantation. The result-
ing 52 CT scans were imported into the Pinnacle3 treatment plan-
ning system (Version 8.0 m, Philips Medical Systems, Fitchburg,
USA) to design dose distributions for IMRT�IRS and IMRT+IRS
(Fig. 1). Additionally, a T2-weighted transversal magnetic reso-
nance imaging (MRI) scan was acquired after implantation for
image registration with the post-implant CT-scan to enable soft tis-
sue delineation of the prostate, the adjacent rectal wall and the IRS.
The CT images were rigidly registered with the T2-weighted MRI
scans by auto matching based on soft tissue landmarks. A knee
and ankle rest was used to create a reproducible setup of the leg
position both for the CT and the MRI scans. Patients were asked
to have a fully bladder for both the planning CT scan and MRI scan.
Treatment plans for IMRT�IRS and IMRT+IRS were planned on the
respective CT scans to allow for dosimetric comparison.

Depending on the prognostic risk group the clinical target vol-
ume (CTV) was defined as the prostate only (CTV1), the prostate
with the base of the seminal vesicles (CTV2) corresponding to
the proximal 2–4 seminal vesicle slices, or the prostate with the
whole seminal vesicles (CTV3) [28].

For the planning target volume (PTV), 8 mm lateral-anterior,
5 mm superior-inferior and 4 mm posterior margins were added
to the CTV, as described in an earlier study [5]. On relevant CT
image slices, the bladder, femoral heads, rectum and anal-canal
were delineated as solid organs. The ano-rectum structure consists
of the rectum and the anal-canal. The rectum was delineated from
the top of the anal-canal up to the recto-sigmoid flexure. The anal-
canal was considered as the distal 3 cm of the ano-rectum [29].
Only when the last 3 cm was obviously in the lumen of the rectum,
the cranial boundary was adapted as the section below the lowest
section with a visible rectum lumen [30]. In order to facilitate
intra-patient comparison, the contours in the treatment plans for
IMRT+IRS and IMRT�IRS were delineated over the same length in
superior-inferior direction. Two independent observers performed
the delineations (MP and BV). A pairwise Wilcoxon rank sum test is
used to test the significant differences of prostate, PTV, and anorec-
tum volumes between the spacer and no spacer groups, because
differences in delineated volumes could have impact on the dosi-
metric results.

2.3. Treatment planning technique

All IMRT�IRS and IMRT+IRS plans were designed by inverse
treatment planning using a direct machine parameter optimization
(DMPO) algorithm for step-and-shoot IMRT with 5 coplanar 15 MV
photon beams (gantry angles: 45�, 105�, 180�, 255�, 315�) [31]. The
treatment planning technique has been described previously [5].
The prescribed dose to the PTV was 78 Gy in 2 Gy fractions [32],
requiring at least 99% of the volume to receive 95% of the
prescribed dose. The same dosimetric constraints were used for
IMRT�IRS and IMRT+IRS plans, based on the relevant maximum
tolerance dose (indicated as Dmax) and the maximum allowed
relative volume receiving a certain dose level of xx Gy (indicated
as VxxGy), as published by the Radiation Therapy Oncology Group
(RTOG) for rectum and bladder [33]: V40 Gy(rectum) � 60%,
V75 Gy(rectum) � 5%, Dmax(rectum) � 76 Gy, V55 Gy(bladder) � 50%,
V70 Gy(bladder) � 30%, V50 Gy(femoral heads) � 5%. Since the
V40 Gy and V75 Gy are well-known DVH parameters that are predic-
tive for late rectal toxicity these measures were used to assess the
plan quality [29,34,35].

2.4. Spatial analysis of the ano-rectal dose distribution

For each individual patient, DSMs for both the anal-canal wall
and the rectum wall were generated from the 3D dose distribu-
tions of the IMRT�IRS and IMRT+IRS treatment plans by virtual



Fig. 1. Color-wash dose distribution in an axial plane before (a) and after (b) IRS gel injection in the same patient, with prostate (yellow) and PTV (red). Without IRS, the high-
dose region >75% (yellow) overlaps with the anterior part of the rectum (brown), while with IRS in situ the high-dose region spans the IRS (black), and not the rectum. The 40%
isodose contour (purple) overlaps the entire rectum in (a), whereas it overlaps the rectum partially in (b). Abbreviations: PTV = planning target volume; IRS = implantable
rectum spacer.
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unfolding of these structures, as previously described by Buettner
and colleagues [24]. A DSM represents the 2D dose distribution
over the outside of the (unfolded) rectum/anal canal wall of the
ARW (Fig. 2). In the current work, DSMs were produced by first
extracting the dose to the surface of the ARW contour at 100
equiangular points on every CT slice of the surface of the ARW con-
tour and subsequent virtually cutting of this contour at its most
posterior location. This was implemented using an in-house devel-
oped MATLAB software tool (The MathWorks, Natick, MA, USA).

Shape-based dose measures were extracted from the DSMs fol-
lowing Buettner et al. [24]. The algorithm first generated binary
DSMs by thresholding the primary DSMs at 38 dose levels ranging
Fig. 2. Dose-surface maps of rectal wall (a,b) and anal wall (c,d) (in Gy) without IRS (a,c)
inferior direction, whereas the horizontal axis represents the circumferential direction:
anterior (A), left (L).
from 5�79 Gy into dose clusters. At each dose level an ellipse was
fitted to the largest dose cluster. Lateral (LAT) extent in posterior-
anterior-posterior direction and longitudinal (LONG) extent in
superior-inferior direction were quantified by projecting the major
and minor axes of this ellipse to the main axes of the DSMs. The
non-circularity of the dose clusters was described by the eccentric-
ity (ECC) of the ellipse. Furthermore, the algorithm assessed the
contiguity of the single largest ARW area of the cDSH, by determin-
ing the single largest contiguous area of the DSM, as function of the
dose threshold at a given dose level of xx Gy (cDSHxxGy).

Differences in LAT extent, LONG extent, ECC and cDSHxxGy

between DSMs and cDSHs from IMRT+IRS and IMRT�IRS plans
and with IRS (b,d) in the same patient. The vertical axis corresponds to the superior-
P, R, A, L. Abbreviations: IRS = implantable rectum spacer, P = posterior (P), right (R),



Table 2
Medians [range] of prostate, PTV and anorectal volumes (cm3) show no significant
difference between patients with and without spacer.

Without spacer With spacer

Prostate 52.4 [24.1–134.4] 50.5 [25.3–130.3] p = 0.269
PTV 136.2 [71.7–267.1] 134.3 [74.8–266.1] p = 0.603
Rectum 75.5 [34.1–374.5] 51.3 [30.9–213.2] p = 0.086
Anorectum 88.9 [45.7–378.8] 61.3 [46.6–216.7] p = 0.066

Abbreviations: PTV = planning target volume.
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were compared statistically with a one-sided paired Wilcoxon
signed rank test. The statistical analyses were performed using
the Statistics and Machine Learning Toolbox from MATLAB soft-
ware (Version 10.0, MathWorks, Inc., Natick, USA). LAT extent of
55 Gy, 67 Gy, and 71 Gy were compared because previous studies
showed these parameters to be highly predictive for late rectal
bleeding [25,26]. The significance levels were established using a
permutation test accounting for multiple testing, as described in
previous work [22,24–26]. Box plots were used to visualise the
summary statistics as well as the individual and group differences.
Each pair of dots linked by a dotted line represents a single patient
from the study cohort, allowing for a two-level comparison of the
differences in dosimetric measure. A p-value <0.05 was considered
statistically significant. Shown p values were corrected for multiple
testing. In order to correct for multiple testing, a fee step-down
resampling algorithm was applied, taking advantage of the depen-
dence structure between the cut-points [36]. The same framework
was used in previously analysis, and further details on the method
can be found in previously published work [24].

2.5. NTCP prediction

Previously published models to predict the NTCP based on
shape-based features of the 3D dose distribution to the ARW were
shown to have a higher predictive power for late GI toxicity than
NTCP models based on DVHs [25,26]. From these studies it was
found that the LAT extent at 53 Gy and 55 Gy was one of the stron-
gest predictor for subjective sphincter control and Grade 2 (Gr 2)
late rectal bleeding, respectively [25,26]. Furthermore LAT extent
of 67 Gy and 71 Gy were compared because previous studies
showed these parameters are highly predictive for late rectal
bleeding [25,26]. In the present analysis, we exploited these spatial
NTCP models to assess differences in predicted complication rates
between IMRT+IRS and IMRT�IRS plans. These differences were
compared against predictions based on the Lyman-Kutcher-
Burman (LKB) NTCP model with parameters from the QUANTEC
study by Michalski et al. (n = 0.09, m = 0.13, TD50 = 76.9 Gy) taking
solely the DVH data into account [37,38].

2.6. Observed toxicity assessment

The complications were recorded in terms of the Expanded
Prostate Cancer Index Composite (EPIC) Questionnaire to analyze
quality-of-life (QoL) changes. The questionnaire consists of 50
items concerning urinary, bowel, sexual, and hormonal domains.
The EPIC questionnaire is a validated domain-specific patient-
reported questionnaire, and covers much more endpoints than
the two clinical ones used in the DSM evaluation. Only these two
are used to compare the observed with the predicted toxicities.
3. Results

3.1. Dosimetric plan evaluation with and without IRS

The median implanted IRS volume determined on the post-
implant CT scan was 10.6 cc [range: 8.3–20.4 cm3]. The volumes
data for both groups for CTV (prostate), PTV, rectum, and anorec-
tum, are summarized in Table 2. The pairwise Wilcoxon rank
sum test showed that there are no significant differences (at 5%
significance level) in prostate (p = 0.269), PTV (p = 0.603), rectum
(p = 0.086) and anorectum (p = 0.066) volumes between the spacer
and no spacer groups. The median ano-rectum V40 Gy and V75 Gy

significantly reduced between IMRT�IRS and IMRT+IRS from
53.4% to 47.6% (p = 0.036), and from 3.9% to 0.4% (p < 0.001),
respectively.
3.2. DSM analysis

For the rectal wall, LAT extent, LONG extent as well as cDSH
areas were significantly lower in IMRT+IRS than in IMRT�IRS at
high-dose levels (Fig. 3a). The largest significant differences were
observed for cDSH areas at dose levels >50 Gy, followed by LAT
and LONG extent at doses >57 Gy. For these three features, no sig-
nificant differences were observed for dose levels <50 Gy. For
LONG extent no significant differences were found for some high
dose levels (Fig. 3a). For ECC no significant differences were found
over the whole dose range (Fig. 3a). For the anal wall, LAT extent,
ECC as well as cDSH areas were significantly lower in IMRT+IRS
than in IMRT�IRS at high-dose levels (Fig. 3b). The largest signifi-
cant differences were observed for LAT extent at doses >60 Gy. The
box plots shown in Fig. 4 illustrate the summary statistics and den-
sity traces for LAT extent of 55 Gy, 67 Gy, and 71 Gy of the IMRT
+IRS and IMRT�IRS plans. All box plots revealed a wide spectrum
of values without apparent sub-group differentiation, but still a
significantly lower LAT extent of 55 Gy, 67 Gy, and 71 Gy for
IMRT+IRS than IMRT�IRS, respectively p = 0.046, p = 0.002,
p < 0.001.

3.3. NTCP prediction

The box plots shown in Fig. 5 illustrate the predicted spatial
NTCP rates for Gr 2 anal and Gr 2 rectal toxicity of IMRT�IRS and
IMRT+IRS. A significant decrease in median rectal NTCP and in
median anal NTCP is observed from 12% to 8.5% (p = 0.01) and from
13% to 11% (p = 0.01), respectively, when using an IRS. The median
rectal NTCP for Gr 2 late rectal bleeding using the LKB-parameters
were 10.1% (range: 3.9–18.6%) versus 3.8% (range: 0.1–11.8% for
IMRT�IRS and IMRT+IRS, respectively.

3.4. Observed toxicities

At the last day of EBRT uncontrolled leakage of feces, and more
than once bloody stools during the last 4 weeks before the consult
are observed in 12% and 19%, respectively. Two months after EBRT,
these complaints are reported in 9% and 4%, respectively. Overall,
after 2 and 6 years, no such problems are reported.

4. Discussion

In this study we showed that an IRS significantly changes the
size, shape and location of the local surface dose distribution over
ano-rectal structures in prostate cancer patients undergoing inten-
sity modulated radiation therapy. We identified that an IRS partic-
ularly reduces the LAT and LONG extent of high-dose areas
(>50 Gy) in anterior and superior-inferior directions. A correlation
of these shape-based dose measures with predicted toxicity rates
based on previously published NTCP models, showed that the IRS
is expected to decrease the toxicity rates for Gr 2 late rectal bleed-
ing and subjective sphincter control.

Several investigators demonstrated that minimising the volume
of the ano-rectum receiving more than 70 Gy below 20% to be pre-



Fig. 3. Significance level of differences in geometrical measures between IMRT+IRS and IMRT�IRS plans as function of the dose threshold levels for the rectum (a) and the
anal (b) wall. Statistically significant differences are shown in red, black points are not significant. The horizontal dotted line represents the significance level of 0.05.
Abbreviations: cDSH = contiguous-dose-surface histograms; Ecc = Eccentricity; Lat = Lateral (posterior-anterior-posterior) extent; Long = longitudinal (superior-inferior)
extents.

Fig. 4. Box plots comparing the relative lateral extent for dose levels of 55, 67 and 71 Gy for IMRT+IRS versus IMRT�IRS. The lines denote to paired observations between the
same patient ± IRS.
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dictive of a very low incidence of Gr 2 late rectal bleeding [33-35].
Therefore, it is useful to prevent rectal volumes from being
exposed to high radiation doses. Implantation of an IRS increases
the distance between the prostate and the anterior rectal wall,
and hence reduces the dose delivered to the ano-rectum [39,40].
The current study is the first to systematically investigate shape-
based differences in the ano-rectal wall dose distribution between
prostate IMRT plans with and without IRS. Furthermore these spa-
tial features were used to predict the expected NTCP reduction
between IMRT+IRS and IMRT�IRS, and these were compared with
the expected NTCP reduction based on DVH data solely.

A recently published prospectively randomized trial demon-
strated the safety and effectiveness of a hydrogel IRS implantation
in 149 consecutive patients [15]. This study showed that patients
experienced 10-point declines in bowel quality of life at 15 months
11.6% and 21.4% of spacer and control patients, respectively. In
contrast to this, Habl et al. reported the occurrence of 2 fistulas
out of 91 patients [13]. However, there is a growing body of liter-
ature on prospective studies that supports the safety of IRSs in
combination with EBRT, when practiced in experienced hands [14].

Previous studies investigated correlations between spatial 3D
dose distributions to sub-regions of the ARW and (acute and late)
GI toxicity [20–23]. However, so far no comparative study has been
performed in patients with an implanted IRS. Heemsbergen et al.
described clinical evidence for a dose–effect relationship for bleed-
ing and mucus loss within the dose to the upper 70–80% part of the
ARW [20]. For soiling and faecal incontinence, they found a strong
association within the dose to the inferior 40–50% to the ARW. As
demonstrated in this study, an IRS reduces the dose-volume in the
anterior upper and anterior inferior region of the ARW, and reduces
the predicted late Gr 2 GI toxicity rates. Furthermore, Buettner
et al. reported the strongest correlations between rectal bleeding
and LAT extent at doses between 50 Gy and 60 Gy [26]. This
confirms the importance of an IRS to reduce the LAT extent in
high-dose areas. In addition, Mumbodh et al. obtained a relation
between late rectal toxicity and irradiation of the upper part of



Fig. 5. Box plot comparing the predicted Grade 2 or more rectal toxicity rates (a) and Grade 2 or more anal toxicity rates (b) for IMRT+IRS versus IMRT�IRS using spatial NTCP
models.
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the rectum [21]. An IRS decreases anterior extents in superior-
inferior directions. Furthermore, Wortel et al. recently demon-
strated significant relationships between acute rectal toxicity and
the cranial-posterior rectal site [23], which, as we have shown in
the current analysis, is decreased by an IRS.

DSM analysis is a well-known tool for advanced dose-response
studies in prostate radiotherapy, which has successfully been
applied to analyse radiation-induced rectal toxicity [21,41-44].
Different algorithms exist to generate DSMs from the 3D dose dis-
tribution of the ARW. One of the restrictions of the used model is
the fact that the DSM is constructed by cutting the rectum at the
most posterior location point. However this most posterior rectum
point could by chance be a long way to the left or the right of the
centre of the contour, jumping between slices. This could give rise
to discontinuities in the DSM. This could be corrected by using the
cutting point as the point on the contour surface directly posterior
to the centre of mass the centre of mass [45]. DSMs in general have
some well-known limitations [24]. First, to unfold the ARW, differ-
ent algorithms exist [21,39,40], so the same dose distribution can
result in different DSMs. We used a slice-wise unfolding algorithm
which has already been successfully used to examine the shape of
the dose-distribution to the ARW [22,24,26]. Second, the DSMs
were constructed on a single planning CT scan before treatment.
This can lead to mismatch due to large inter-individual variations
[46]. Motion of the ARW during treatment is a source of
uncertainty that was not taken into account in the current study.
However, we observed that in some patients a worsening of the
rectal dosimetry occurred for IMRT+IRS, with consequently a worse
NTCP prediction. It is well known that the rectum changes position,
volume, and shape between treatment fractions. This is mainly
caused by changes in rectal filling due to inclusion of gas bubbles
and stool [47,48]. In this case the distance between the prostate
and ano-rectum is still increased due to IRS implantation, but the
distance between the more cranial part of the rectum (above the
IRS) decreased incrementally, as a consequence of which the latter
part received a higher dose than the former part. Fenwick et al.
concluded that setup-errors and ARWmovement have only a slight
impact on fits of NTCP models for a whole treatment period [49].
Furthermore, Thor and colleagues revealed a strong association
with rectal morbidity at high doses (>55 Gy), for the planned and
the simulated dose distributions including in particular random
rectal motion [50]. Next, concerning the treatment planning tech-
nique: it is possible to reduce intermediate dose levels (30–50 Gy)
in the ARW-region by an arc therapy (e.g. VMAT) with an
avoidance-region near the rectum or by using strictly lateral beams
to diminish the LAT and LONG extent, with consequently a
decrease of Gr 2 late rectal bleeding [5]. It would also be of interest
to compared spatial features between different treatment
techniques (e.g. IMRT vs. VMAT). Further, no knowledge-based
planning software technique based on the DVHs of previous plans
with similar characteristics is used. This could be of interest to
know if an additional stepwise optimization until stabilization of
the OARs dose and the PTV homogeneity would provide the same
results observed in this study. Finally, the models used for the
spatial and non-spatial NTCP differ: a fair comparison between
them is hindered by the fact that their were not derived for the
same patient cohort. Nevertheless, both models have been
published earlier and are used for NTCP prediction in literature.
Currently, there is not enough clinical outcome data to compare
the predicted and observed toxicity rates and to calibrate the mod-
els for patients who received an IRS. It is a topic of further research
to find out whether the NTCP parameters derived from a patient
cohort without IRS can be used for a cohort with IRS.

By using spatial NTCP models (Buettner) that were previously
shown to have a higher predictive power than NTCP models based
on DVH data (LKB model) [25], the current study predicts a statis-
tically significant gain in NTCP when using an IRS in prostate
cancer patients receiving IMRT. Comparing the NTCP predictions
based on shape-based dose measures against those based on
DVH measures a less pronounced decrease in toxicity rate was
observed for the latter. This may be due to the fact that the LKB-
model is more sensitive for high-dose than for intermediate-dose
levels, and the relative volume receiving a high dose is smaller
for the volume of the solid ano-rectum than for the 2D shape-
based dose measures of the ARW (Buettner). This could explain
the difference between the both models. The follow up data com-
paring the predicted and observed toxicity rates revealed no long
toxicity rate in the observed group. Expanding patient data are
needed to calibrate the NTCP models, which is beyond the scope
of the current study.

Recently, decision rules were generated to support the clinician
in selecting patients who are expected to benefit most from IRS
implantation prior to IMRT planning [51]. This can be helpful for
selecting patients for an IRS. Further systematic evaluations of
dose, clinical and even genetic parameters are needed to evaluate
which features are predictive to improve the benefit of an IRS, such
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that future treatments can be individually tailored to patients who
will benefit most from IRS implantation [35,51,52,53]. Spatial dose
distributions in combination with the predicted GI toxicities can
add extra information to be incorporated in more accurate decision
support systems to further individualise prostate cancer radiother-
apy treatment. Such investigations are mandatory to define the
definitive role of an IRS in prostate cancer radiotherapy. Further-
more, patient decision aids can be developed with integration of
the choice of an IRS to fulfil the complete personalized and partic-
ipative medicine [52–57].

In conclusion, we demonstrated statistically significant shape-
based differences in ARW DSMs between IMRT+IRS and IMRT�IRS.
An IRS reduces the LAT and LONG extent of high-dose areas
(>50 Gy) in anterior and superior-inferior directions in 78 Gy IMRT
plans. An IRS decreases the predicted toxicity rates for Gr 2 late
rectal bleeding and subjective sphincter control. The extra spatial
information can be added in decision support systems to optimise
the decision to implant an IRS or not. The predictive power of
spatial and non-spatial NTCP models has yet to be completely
established for patients receiving IMRT with an IRS.
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