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ABSTRACT

Purpose: Prostate bed (PB) irradiation is considered thadsted post-operative treatment after
radical prostatectomy (RP) for tumors with higtkrifeatures and/or persistant PSA, or for
salvage treatment in case of biological relapser Eonsensus guidelines have been published to
standardize practices and reduce the inter-obseru@bility in PB delineation, however with
discordant recommendations. In order to improverdmroducibility in the PB delineation, the
Francophone Group of Urological Radiotherapy (GFRYU Groupe Francophone de
Radiothérapie Urologiqueworked to propose a new and more reproduciblsesus guideline

for PB clinical target volume (CTV) definition.

Methods and Materials: A four-step procedure was usdelrst, a group of 10 GFRU prostate
experts evaluated the four existing delineationdelimnes for post-operative radiotherapy
(EORTC, FROGG, RTOG, and PMH) in order to identifyergent issues. Second, datasets of
50 magnetic resonance imaging (MRI) studies (2&ra&P and 25 with an intact prostate gland)
were analyzed to identify the relevant anatomicalrnaries of the PB. Third, a literature review
of surgical, anatomical, histological, and imagdaja was performed to identify the relevant PB
boundaries. Fourth, a final consensus on PB-CTnitieh was reached among experts.

Results: Definitive limits of the PB-CTV delineation were fiteed, using easily visible
landmarks on computed tomography scans (CT). Theoge was to ensure a better
reproducibility of PB definition for any radiatiooncologist even without experience in post-
operative radiotherapy.

Conclusions: New recommendations for PB delineation based omplsimnatomical boundaries
and available as a CT image atlas are proposeldebFRU. Improvement in uniformity in PB-

CTV definition and treatment homogeneity in theteahof clinical trials are expected.



INTRODUCTION

Radical prostatectomy (RP) is one of the standaatrnents for localized prostate cancer
[1]. However, approximately one third of patientgperience a biological recurrence
within the decade following surgery [2,3].

Salvage radiotherapy is recommended for the managgeof biochemical relapse
after RP [2-5]. The clinical target volume (CTV)rfpost-operative radiotherapy is the
prostate bed (PB), sometimes extended to the pBhnph nodes [6]. However, after
surgery, the delineation of the CTV is complex autject to large intra- and inter-
observer variations [7]. Four guidelines are alyeadailable, in order to assist the
radiation oncologist with the delineation of the [BL1]. Nevertheless, these guidelines
differ in several major points, such as the boradgrthe PB at the apex or at the base,
limiting therefore an overall contouring agreememhong the radiation oncology
community. Moreover, use of modern imaging techegjlike multiparametric magnetic
resonance imaging (mpMRI) and more recently prestpecific membrane antigen
(PSMA) PET/CT have been implemented in the restpgiarkflow of relapsing prostate
cancer, with a clear impact on treatment volunimeation [12-14].

The GFRU identified the need to generate new recendations for PB
delineation and a consensual atlas based on simpte reproducible anatomical

landmarks, easy to be identified on planning comgadmography (CT) datasets.



MATERIALS AND METHODS
A group of 10 GFRU prostate radiation oncologissperts (4 from France, 3
from Belgium, 1 from Switzerland, and 2 from Quel@&smada) worked together for the

definition of the PB, following a four-step procedu

Step 1: PB delineation guidelinesreview

Four existing guidelines for PB-CTV delineationreveanalyzed: the European
Organization for Research and Treatment of CanB®RTC) [9]; the Faculty of
Radiation Oncology Genito-Urinary Group (FROGG) ][1the Radiation Therapy
Oncology Group (RTOG) [8]; and the Princess Marghi@spital (PMH) [11] consensus
guidelines. For the definition of each anatomicalifdary of the PB, the four guidelines

were compared and variations in PB definition wdemtified (Table J).

Step 2: Literaturereview

The methodology used in this study was based amit@al, not systematic,
review of the literature of the last three decadge$o March 2020, on PubMed, to collect
surgical, radiological, anatomical and/or histot@giinformation likely to help finding an
accurate and converging definition of the delirmatimits of the PB differing between

the four guidelines.



Step 3: Magnetic resonance imaging (MRI)-based analysis of PB boundaries
For each boundary of the PB delineation, the GigRilip performed an analysis
of 50 prostate T2-MRI series. Twenty-five patienéve already had a prostatectomy and

25 different patients had an intact prostate gland.

Step 4: Consensus on PB definition and CT image

Based on the analysis of these four guidelinesyefiew of the literature and the
analysis of the MRI acquisitions, a final consengndimits for PB-CTV definition was
reached among the 10 GFRU experts and a CT imdag whs proposed (maximum
thickness of 3 mm for the continuous CT scan shaéis an injection of contrast agent).
The final consensus on these guidelines was esttigoliamong the panelists after several

meetings conducted from 2016 to prepare the GFRitbaoing workshops.

RESULTS
INFERIOR LIMIT
Existing guidelines

Two landmark structures are commonly used to defire inferior limit of the
PB-CTV delineation: the vesico-urethral anastom@€idA) with an additional margin
below it [8,10,11] and the penile bulb [9-11]. Tireeommended limit to define the PB-
CTV apex ranges on the different guidelines betweand 12 mm below the VUA. The
distance from the cranial part of the penile ballihte inferior limit of the PB-CTV also

ranges from a minimum of one CT slice (thicknessdafined) up to15 mm.



Analysis of the literature

Urethrography has been used to define the proafs® by providing a clear
visualization of the penile urethra to the pointenhit enters the urogenital diaphragm
[15]. The penile bulb, an easily identifiable sidsue structure, lying immediately below
the urogenital diaphragm of the pelvic floor, canused as a surrogate landmark for the
prostate apex [16,17]. Studies correlating thelpdnilb location with the prostate apex,
suggest an average distance between the two sesctd 15 mm based on the MRI
imaging [17]. Incorporation of this average dis&@noto treatment planning has been
associated with satisfactory target coverage oéfihieal region of the prostate [18].

Lock et al. compared on 10 patients the relative accuracyrethtogram or
penile bulb delineation as surrogate markers fer phostate apex [19]. The authors
showed that the penile bulb can be used to idenhié prostate apex, and that the
measurements between the penile bulb and the apecoasistent between patients and
through the course of treatment. Penile bulb careli&bly contoured between observers,

ensuring a localization of the prostate apex coatgarto urethrography [19].

MRI analysis
Apex-penile bulb distance
The distance between the prostate apex and thke gertb measured on the 25
prostate T2-MRI acquisitions was on average 6.7 (namge, 4.7-11 mm{Figure 1).All
the measurements were inferior to 15 mm in contnast the results of the literature

[17]. Using the EORTC definition (where the apexswacalized at 15 mm from the



penile bulb) [9], the PB-CTV would not be correctigvered at the apex for all the 25
patients. For the three other guidelines [8,10,H first slice of PB-CTV corresponds to
the first slice above the penile bulb. Assuming tha slice thickness of the planning CT
does not exceed 5 mm, the PB-CTV apex would beectiyr covered for all cases

analyzed.

VUA-penile bulb distance

The distance between the VUA and the penile bidb measured on the 25 post-
operative T2-MRI acquisition@-igure 1) This distance ranged from 10.3 mm to 27 mm,
with an average of 18.4 mm. In the PMH, FROGG, RA®DG guidelines, the inferior
limit of the PB-CTV is defined at 8 mm, 5-6 mm, aBedl2 mm below the VUA,
respectively [8,10,11]. According to these thre@glines, on the 25 post-operative T2-
MRI series, the most inferior slice of the PB-CT¥®lideation would be on average 9.6
mm (range, 2.3-19 mm), 12.1 mm (range, 4.8-21.5,ramj 7.6 mm (range, 0.3-17 mm)
above the penile bulb, respectivéligure 2) In the present analysis on the 25 post-
operative MRI acquisitions, major discrepancies garad to existing guidelines were

demonstrated.

GFRU analysis

Identification of the VUA is not easy on CT imagibecause of the postsurgical
rearrangements and requires the use of an intrageimpection of contrast. Moreover,
according with the measures above, there is somabildy in the distance between the

VUA and the penile bulb on post-prostatectomy MRKlonsequently, the current



definitions of the apex based on VUA (PMH, FROGGdaRTOG) could be
inappropriate to systematically cover the infefianit of the PB-CTV as it has already
been shown by Mangt al.[20].

The penile bulb is a structure easily identifiedtbe CT imaging even without
contrast injection and its position remains stajter RP. By starting the delineation of
PB-CTV 5 mm above the penile bulb, the apical mdrthe PB-CTV was correctly

covered on all 25 analyzed prostate MRI acquisstion

GFRU definition

At its most inferior part the PB_CTV lies between he inferior limit located
5mm above the penile bulb. The posterior limit is epresented by the anterior wall
of the rectum or of the anal canal. The lateral andanterior limits are the pelvic
muscles or the insertion of the corpora cavernosérigure 4A). These limits are in

correlation with the other guidelines.

MIDDLE SECTION
Existing guidelines

The four guidelines propose very similar limitsdelineate the middle section of
the PB-CTV: the pubic symphysis anteriorly, thealkew ani or the obturator internus
muscles laterally, and the anterior rectal walltposrly [8-11]. A small variation is
proposed by the RTOG and FROGG guidelines [8,1@]chvsuggest that the posterior
limit of the PB-CTV needs to be concave on botle sitithe rectum to better include the

rectoprostatic angles [8,10].



Analysis of the literature
Nevouxet al. performed a quantitative tissue analysis of ptestancer foci in an

unselected series of 96 cysto-prostatectomy spasirf#l]. They showed that 75% of
the tumors are located in the peripheral zone [Bilihe middle part of the prostate, the
tumors of more than 0.5 cc are mainly located ie teripheral zone and more
specifically in the two posterolateral areas [20Mhen target volumes were delineated
using the RTOG guideline, the CTV coverage was malgn the posterolateral regions
near to the rectum and the mesorectal fascia fi8nbther series analyzing 121 surgical
specimens, the extracapsular extension occurredrnpesterally along the neurovascular
bundle in all analyzed cases [22]. These resubkarlyl support the need to have a

concave delineation of the posterior limit of tH®-©TV on both sides of the rectum.

MRI analysis
A specific analysis of the available T2-MRI serngas not found to be relevant

for the delineation of the middle section of the-€BV.

GFRU analysis
Anteriorly and laterally, the four guidelines cange on similar recommendations

based on the anatomical definition of the structw@rounding the prostate. Posteriorly,



the anterior rectal wall represents the limit. Bhea the review of the literature, the two

posterolateral recto-prostatic angles need to tleded in the PB-CTV volume.

GFRU definition

In the middle section, the posterior limit of the B-CTV is the anterior
border of the rectum including the posterolateral agles on both sides of the rectum
of 5 mm. The experts considered that it is a reasable compromise to cover the risk
of relapse and to limit the irradiation of the rectal wall. The lateral limits are the
internal borders of the levator ani or of the obturator internus muscles. The muscles
should not be included in the PB-CTV. The anteriorlimit is represented by the

posterior border of the pubic symphysigFigure 4B, C).

ANTERIOR UPPER LIMIT
Existing guidelines

Based on the EORTC guidelines [9], the anterigpemdimit of the PB-CTV
should include “the VUA and the urethral axis”.the PMH and RTOG guidelines, this
limit is represented by the top of the edge of plbic bone [8,11]. In the FROGG
guidelines [10], from the lower border of the PBACTo 3cm superior, the anterior
border of the PB-CTV is the posterior aspect ofsiimphysis pubis. In these last three
guidelines [8,10,11], at least 1.5 cm of the bladdeck must be included in the

delineation (up to 2 cm in the RTOG guideline) [8].
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Analysis of the literature
Based on the Nevouwet al. study [21], no significant tumor (> 0.1cc) is gealy

found on the pathological RP specimen in the upperior third of the prostate.

MRI analysis data based on the guidelines

On the 25 prostate MRI acquisitions, the lengtlcarftact between the prostate
and the pubic bone was measured and the ratio eetthe length of this contact and the
total length of the pubic bone was calculated. fEti® varied from one patient to another
from 17% to 90%. However, in 80% of cases, thiscgetage was inferior to 66%

(Figure 3)

GFRU analysis

In a study by Freitagt al., 119 patients with biochemical recurrence after RP
were restaged both with hybfitGa-PSMA-11-PET/Cf,.qeseand PET/MRI including a
multiparametric MRl (mpMRI) protocol of the PB [23The authors observed that the
detection rate of local recurrences using the P&hponent was significantly influenced
by the proximity to the bladder, with the risk tdssirelapses due to tf%8Ga-PSMA
residual urinary radioactivity [23]. These finding®re confirmed by another study by
Achard et al. suggesting the added value of mpMRI imaging fa tletection of PB
recurrences compared to standard whole body hyBFetholine PET/MRI protocols
[24]. Compared to PET, mpMRI was able to detectemrlocal relapses (1vs 14 patients
over 58 analyzed), mostly located in the anastametjion, the bladder neck and the SV

bed [24].
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In a systematic literature review concerning therent role of mpMRI in the
detection of locoregional recurrence, Barchettial. reported that after RP, the most
common site of local recurrence is the vesico-uatthnastomosis around the urinary
bladder and/or membranous urethra [25]. Other comsites of local recurrence are
retrovesical (between the urinary bladder and ragtwithin retained SVs, at the anterior
or lateral surgical margins of the prostatectomyl lfe.g., abutting the levator ani
muscles) and at the resection site of the vas eleddP5].

Similar results were observed by Zi#t al. in a series of 171 prostate cancer
patients relapsing after RP and restaged with adorestal MRI before salvage
radiotherapy [26]. Among the 131 patients with asipee MRI imaging, the peri-
anastomotic (35.9%) and the bladder neck regior6#83were the most common sites of
local recurrence, followed by penile bulb (19%) dnel SV bed (3.8%) [26].

Based on the above studies, on the Newetual. study [21] and the analysis on
the 25 MRI acquisitions, the use of the top ofedge of the pubic bone as upper anterior
limit of the PB-CTV seems to be a quite generousihaark. An upper limit located at
2/3 of the pelvic bone (closer to the FROGG debnit[10]) appears a reasonable
solution to cover the area at risk of relapse anlchiit the volume of bladder included in
the high-dose volume. In the three guidelines [8,1]) a length of 1.5 cm of the bladder
neck has to be included in the PB-CTV. This ruleasessary to cover the VUA and the
interface between the prostate and the bladdethdnFROGG guideline [10], the PB-
CTV must be extended by at least 3 cm from the t@hiee of delineation. This minimal
length is reasonable according to the size of tostpte and the necessity to cover at

least 1.5 cm of bladder neck.
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GFRU definition

Delineation of the upper anterior limit of the PB-CTV must fulfill three
criteria (Figure4D, E):

Criteria n°1: At least 1.5 cm of the bladder neck rast be included in the PB-
CTVv.

Criteria n°2: The PB-CTV must cover the posterior order of the pubic bone

on at least 2/3 of its length.

Criteria n°3: At least 3 cm are necessary betweerhé lower and upper slices
of delineation of the PB-CTV along the pubic bone.

When the three criteria are fulfilled, the anterior delineation of the CTV

along the pubic bone is discontinued.

SEMINAL VESICLES BED
Existing guidelines

In the EORTC guidelines [9], delineation of themgeal vesicles (SV) bed is
recommended only in case of SV invasion on the isakgpecimen. The PB-CTV
includes the original location of the SV. In the RMyuidelines [11], the PB-CTV is
delineated up to theas deferengs mm above the inferior border of thas deferersand
must include all the surgical clips. The FROGG gliites use the same limits but
specify that residual SV must be included in théum@ [10]. Lastly, in the RTOG
guidelines the PB is delineated up to #as deferensor 3 to 4 cm above the top of the

pubic symphysis and includes SV remnants if patjio&dly involved [8].
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Analysis of the literature

In several studies on MRI analysis, the rate ebiwement of the bottom of the
SV is very low, ranging between 0% and 13%. In Slagnaratungat al. study, 16% of
the SV invasions were located in the distal thifdhe SV [27]. Kestiret al. measured
the length of cancer involvement from the prostat¢he SV junction [28]. On the 81
pathologic specimens analyzed in this study, tek of SV involvement beyond 2 cm
was approximately 1% [28]. In another study on &figmts treated with RP, 12 patients
(17%) had a SV involvement but none of them hadtaglogical involvement of the last

1 cm of the SV [29].

MRI analysis

The distance between the distal part of the SV thedtop of the pubic bone is
used in the RTOG guidelines [8]. This definitionbss far the easiest to apply. In the 25
prostate MRI acquisitions, the distance betweenettieemity of the SV and the top of
the pubic symphysis was measured on average atri@®4range, 3-56.2 mm]This

distance was less than 4 cm and 3 cm in 84% andof@B& cases, respectively.

GFRU analysis

The vas deferensrises from the testicle, following the epididyntainal and it
ends at the confluence of the SV and the ejacylatact. The union between thas
deferensand the neck of the SV forms the ejaculatory dudha base of the prostate.

Using thevas deferengo define the upper border of the SV bed mighsené some

14



limitations:

1- Thevas deferens not always visible on the planning CT.

2- The surgical section ofas deferensay vary from a surgery (and surgeon) to

another.

3- Thevas deferenmay retract upward and backward after RP.
For these reasongas deferensnay not be the most appropriate anatomical lankirar
define the upper limit of the delineation of the 88d. According to the analysis of the
25 MRI acquisitions and the review of the literatuthe RTOG definition [8] based on

the top of pubic bone (+ 3cm) seems accurate, aidytreproducible.

GFRU definition

1. If SV are pathologically involved(Figure 4F, I, J):

The superior limit of delineation of the SV bed isdefined at 3 cm above the top of
the pubic symphysis. This limit can be extended ufw 4 cm in case of involvement of
the last third of the SV on the histopathological gecimen. The posterior limit is the
anterior border of the mesorectum. The GFRU recommeds the inclusion of the
posterior third of the bladder wall (with a thickness of 1cm) to better encompass the

the SV bed. The lateral limits are the internal obtirator muscles.

2. If SV are not pathologically involved(Figure 4E, G, H):
In order to cover the prostate-SV junction, the suprior border of the SV bed is
maintained to the first 1 cm above the pubic sympktsis, keeping the same anterior,

posterior and lateral limits used in case of SV invlvement.
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Considering the minimal risk of pathological involvement of the bottom part of the
SV, the superior border limit of the SV bed can beeduced in order to respect the

dose constraints to the rectum and the bladder.

DISCUSSION

Based on the existing literature, postoperativefétprostate cancer is associated
with a large interobserver variability in the PBXZTontouring [30]. Systematic errors in
PB-CTV definition may impact the final dosimetrycatreatment delivery by translating
into possible underdosage of the target and/ordmgaige of the healthy tissues [30].
International guidelines have been developed toistagmdiation oncologists in

standardizing the contouring process and potentiatlucing its variability [8-11].

Why is a new guideline necessary?

The present GFRU analysis of the existing guigslishows some large variations
in the limits of delineation of the PB-CTV which ynaduce significant variations in the
doses delivered to the target and to the orgamska{31]. Differences in methodology
used for defining the PB-CTV in the four guidelinesn explain this variability. The
EORTC guidelines do not provide a precise desomptif the methodology used [9]. The
PMH guidelines have been generated evaluating lolted on the topography of the
post-RP relapses, as well as based on radiologi@tiomy and surgical findings [11].
The FROGG guidelines are the result of an expédelsate on the PMH contouring atlas

[10]. The RTOG atlas uses an algorithm to deterntimeePB-CTV borders taking into

16



consideration the site of post-RP relapse combividdsurgical and anatomical data [8].

In the Maloneet al. study [32], the four consensus guidelines werepzaoed in
20 patients in terms of treatment volumes and aganrisk irradiation. The PB-CTV
differed significantly between the four guidelinediowing a potential impact on long-
term clinical outcome and treatment-related toyi¢#2]. The PB-CTV volume defined
using the EORTC guidelines was significantly smratlein the CTVs defined using the
other recommendations, with a more limited coverafighe PB in the anterior and
superior directions [32]. In another study, Gt al. analyzed the inter-observer
variability in contouring the PB-CTV according tbet EORTC guidelines [33]. They
showed only a moderate observer agreement for thetiPB-CTV (mean kappa, 0.49;
range, 0.35-0.62) and the SV bed (mean kappa, adge, 0.22—-0.59) [33].

Taking into consideration limitations and diverges of the existing guidelines,
the GFRU defined the need for a new guideline dlag,aable to limit the inter-observer

variations with well-defined anatomical limits dgsdentified by any physician.

Why a guideline based on CT imaging?

Matching postoperative MRI and CT may be challeggdue to anatomical
variations in the PB shape between the two exarased on these considerations, the
GFRU experts’ panel estimates that a guideline dase only one single imaging
modality is more adapted to homogenize contourintp@ PB-CTV among the radiation
oncology community. As observed by Barlkettial. using the RTOG guidelines, defining
the PB-CTV based on CT imaging resulted in a gsieéiby significant lower inter-

observer variability (mean dice similarity coeféot: 0.76) compared to a MRI-based

17



contouring (mean dice similarity coefficient: 0)g84]. The increasing use of mpMRI
for restaging and radiotherapy planning, along witd diffusion among the radiation
oncology community of educational platforms for waming, are both expected to

reduce this interobserver variability in PB defimit

What are the interests of this new guideline?

We applied a three-step methodology was appliegdan the analysis of the
existing guidelines and their discordances, onvaeveof the literature, and on the study
of 50 MRI datasets. This guideline, written by entpein the field of prostate
radiotherapy, is based on simple anatomical strestaasy to be identified on a planning
CT: the penile bulb, the bladder, the rectum, tlesonectum, the pubic symphysis, and
the pelvic muscles. Anatomical boundaries moredatiff to be identified on CT imaging
or associated with a variable position in the gelguchvas deferensr the VUA) were
avoided.

We acknowledge that a stronger methodology basedsystematic review of the
literature, a larger panel of experts including csplests from other disciplines, and
integration of agreement measures among the pemeliould have provided more
robustness to our guidelines. However, a validasinalysis of our consensus guidelines
is actually ongoing using the available datasetsnfrthree contouring workshops
organized annually from 2017 by the GFRU.

CONCLUSIONS
New recommendations for PB-CTV delineation basedsonple anatomical

boundaries and available as a CT image atlas aopoped by the GFRU for
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postoperative prostate radiotherapy. Improvemeniniiormity in PB-CTV definition

and treatment homogeneity in the context of clinitéals are expected. Further
validation of these consensus guidelines is ongdiaged on the data of several
contouring workshops organized by the GFRU withiataoh oncologists from France,

Belgium, Switzerland, and Morocco.
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Figure legends
Figure 1. Average distance with range (in mm) between thel@dulb and the apex on
25 prostate magnetic resonance imaging (MRI) ssu@iest), and between the penile bulb

and the vesico-urethral anastomosis on 25 posttperMRI (right).

Figure 2. Average distance with range (in mm) between tHerior border of the
prostate bed and the penile bulb on 25 post-opera&lR| studies as defined by the
Princess Margaret Hospital (PMH) [11], Faculty addiation Oncology Genito-Urinary

Group (FROGG) [10], and Radiation Therapy OncolGggup (RTOG) [8] guidelines.

Figure 3. Ratio of the length (in mm) of the prostate in teah with the pubic bone (PB0)

and the total length (in mm) of the PBo as measare®5 prostate MRI studies.

Figure 4. Computed tomography-based atlas for prostate heidat target delineation

based on the GFRU consensus guidelines.
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Table 1. Consensus guidelines for post-operative prostate bed clinical target delineation.

EORTC
(9]

PMH
[11]

FROGG
(10

Inferior border

Including the apex.
15 mm cranially from the
penile bulb.

8mm below the
vesicourethral anastomosis
or the top of the penile bulb.

5-6mm below the
vesicourethral anastomosis
but should extended lower
toincludeall surgical clips
inferiorly.

When the anastomosisis
not clearly defined, the
inferior border will bethe
dlice above the penile bulb.

Anterior border

Including the
anastomosis and the
urethral axis.

-Cauda boundary :
Posterior edge of the
symphysis pubis up to
thetop of the
symphysis pubis.

-Cranial boundary :
The posterior 1.5 cm
of the bladder wall.

-From the lower
border of the CTV to
3cm superior, the
anterior border of the
CTV isthe posterior
aspect of the
symphysis pubis.

-More superiorly, the
anterior border of the
CTV encompasses the
posterior 1.5cm of the
bladder.

Lateral border

Up to the neurovascular
bundles (if removed : up
to theilio-obturatic
muscles).

-Cranial boundary :

The sacro- recto-genito-
pubic fascia, lateral to
the neurovascular
structures.

At the cranial aspect of
the CTV, itisnot
necessary to extend to
the obturator muscle.

-Caudal boundary :

the medial border of the
levator ani and obturator
internus.

The medial border of the
levator ani muscle or
obturator internus
muscle.

Posterior border

Up to but not including
the outer rectal wall.
Cranidly including the
most posterior part of
the bladder neck

-Cranial boundary :
the mesorectal fascia.

-Caudal boundary :
the anterior border of
therectal wall and
levator ani.

The space delineated by
the levator ani and
anterior rectd wall isat
risk of recurrence and
should be encompassed
intheCTV if recta
dose constraints allow.
Ensure a minimum 2
cm margin from the
posterior extent of the
CTV to the posterior
rectal wall to prevent
the entire
circumference of
rectum receiving the
full radiation dose.
More superiorly, the
posterior border of the
CTV istheanterior
mesorectal fascia.

Superior border

Include the bladder neck.
For patients with invasion of
the seminal vesicles, the
prostate bed including the
apex and the original location
of the semind vesicles.

The superior surgica clips (if
present) or 5mm above the
inferior border of the vas
deferens.

Retained seminal vesicles
wereincluded when
pathologically involved.

The superior border should
encompass al of the vesicle
semina bed as defined by
non-vascular clips and should
include the distal portion of
the vas deferens (usually
visualised superiorly as thin,
horizontal cylindrica
structures).

If the seminal vesicles are
pathologically involved by
tumour, ensure any residua
vesiclesare aso included in
CTV.



RTOG
(8]

GFRU

8-12 mm below
vesicourethral anastomosis.
May include more if
concern for apical margins
(respecting penile bulb).

5 mm above the PB.

The posterior limit isthe
anterior wall of the rectum
or of theanal canal.
Thelatera and anterior
limits are the pelvic muscles
or theinsertion of the
COrpus cavernosum.

-Below the superior
edge of the symphysis
pubis:

Posterior edge of
pubic bone.

-Above the superior
edge of the symphysis
pubis :

Posterior 1-2cm of
bladder wall.

Delineation of the
upper anterior limit of
the PB-CTV must
fulfill three criteria:
-Atleast 1.5 cm of the
bladder neck must be
included in the PB-
CTV.

-The PB-CTV must
cover the posterior
border of the pubic
bone on at least 2/3 of
itslength.

-Atleast 3cmare
necessary between the
lower and upper dlices
of ddlineation of the
PB-CTV dong the
pubic bone.

When thethreerules
criteriaarefulfilled,
the anterior
delineation of the
CTV dong the pubic
bone is discontinued.

-Above the superior
edge of the symphysis
pubis:
Sacrorectogenitopubic
fascia

If concern about
extraprostatic disease at
base may extend to
obturator internus.

-Below the superior
edge of the symphysis
pubis:

Levator ani muscles,
obturator internus
muscles.

Internal borders of the
levator ani or obturator
internus muscles.

The muscles are not
included in the volume
of ddineation.

-Above the superior
edge of the symphysis
pubis:

Mesorectal fascia

-Below the superior
edge of the symphysis
pubis:

Anterior rectal wall.
May need to be
concave around latera
aspects.

The anterior border of
the rectumincluding
the posterolateral
anglesin both sides of
therectumin 5 mm.

Leve of cut end of vas
deferens or 3-4 cm abovetop
of symphysis.

Vas may retract
postoperatively.

Include seminal vesicle
remnantsif pathologically
involved.

-If SV are pathologically
involved :

The superior limit of
delineation of the SV bed is
defined at 3 cm above the top
of the pubic symphysis. This
limit can be extended up to 4
cmin case of involvement of
thelast third of the SV on the
histopathol ogical specimen.
The GFRU recommends the
inclusion of the posterior third
of the bladder wall (with a
thickness of 1cm) to better
encompass the the SV bed.

-If SV arenot pathologically
involved :

The superior border of the SV
bed is reduced to thefirst 1
cm above the pubic
symphysis, keeping the same
anterior, posterior and lateral
limits used in case of SV
involvement.
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