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Purpose: The occurrence of genitourinary (GU) toxicity is a common adverse event observed after external beam radiation therapy
(EBRT) for prostate cancer (PCa). Recent findings suggest that the dose delivered to specific urinary organs at risk (OARs) such as the
ureters, bladder trigone, and urethra is involved in the development of GU toxicity.

Methods and Materials: A multidisciplinary task force including 3 radiation oncologists, a uroradiologist, and a urologist was created
in 2022. First, OARs potentially involved in GU toxicity were identified and discussed. A literature review was performed, addressing
several questions relative to urinary OARs: anatomic and radiological definition, radiation-induced injury, and dose-volume parameters.
Second, results were presented and discussed with a panel of radiation oncologists and members of the “Francophone Group of Urologi-
cal Radiation Therapy.” Thereafter, the “Francophone Group of Urological Radiation Therapy” experts were asked to answer a dedi-
cated questionnaire, including 35 questions on the controversial issues related to the delineation of urinary OARs.

Sources of support: This work had no specific funding.
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Results: The following structures were identified as critical for PCa EBRT: ureters, bladder, bladder neck, bladder trigone, urethra
(intraprostatic, membranous, and spongious), striated sphincter, and postenucleation or posttransurethral resection of the prostate cav-
ity. A consensus was obtained for 32 out of 35 items.

Conclusions: This consensus highlights contemporary urinary structures in both the upper and lower urinary tract to be considered for
EBRT treatment planning of PCa. The current recommendations also propose a standardized definition of urinary OARs for both daily
practice and future clinical trials.

© 2024 The Authors. Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

External beam radiation therapy (EBRT) is a standard
of care treatment of localized prostate cancer (PCa)." The
technological improvements over the past decade with
both intensity modulated RT (IMRT) or rotational techni-
ques and image guided RT have enabled a mitigation of
both acute and late genitourinary (GU) toxicity occurring
after EBRT.” " Yet, despite these advances, PCa EBRT still
demonstrates an impact on quality of life, specifically on
voiding symptoms and nocturia scores.”

Local control is a critical issue for the management of
PCa. Local failure because of insufficient total dose is prog-
nostic for death from PCa because of a second wave of
metastases observed 5 to 10 years after primary treatment.’
Recently, the GETUG-18 trial has shown an improvement
in 10-year overall survival with a dose escalation up to 80
Gy on the prostate gland associated with a long-term
androgen deprivation therapy compared with a lower dose
of 70 Gy (77.0% vs 65.9%, P = .003).” The FLAME trial
also demonstrated an improvement in 5-year biochemical
relapse-free survival with the addition of a focal boost on
the dominant intraprostatic lesion (92% vs 85% with and
without a boost, respectively, P <.001).” At the same time,
prostate stereotactic body RT (SBRT) has been established
as a new standard of care strategy in the management of
low- to intermediate-risk PCa following the results of the
PACE-B trial, but at the cost of a cumulative incidence of
grade >2 GU toxicity.” An increasing number of trials are
testing dose escalation strategies in extremely hypofractio-
nated schedules,'’'* which might come at the cost of a
rise in both acute and late severe toxicity. Last but not
least, prostate reirradiation has been tested in several clini-
cal trials, with early results showing an increased risk of
GU toxicity.”” Hence, a better description of the relation-
ship between the dose to GU organs at risk (OARs) and
their risk of toxicity is needed.

The analysis of bladder dose-volume histograms
(parameters) led to the implementation of various bladder
dose constraints for PCa EBRT."* However, dosimetric
analysis of dose-escalated PCa EBRT trials using either
normo or extreme hypofractionated schedules recently
raised concerns on the role of additional urinary struc-
tures, such as the ureters,”” the bladder trigone,'*'® and
the urethra.'””' To date, no standardized definition of
these urinary structures exists.

This work aims to provide an expert consensus on uri-
nary OAR delineation for PCa EBRT on behalf of the
“Francophone Group of Urological Radiation Therapy”
(GFRU), useful for both daily routine practice and imple-
mentation in future clinical trials.

Methods and Materials

A multidisciplinary task force including 3 radiation
oncologists (J.L.G., P.S., T.Z.), a uroradiologist (L.B.), and
a urologist (L.F.) was created in 2022 (Fig. 1). First, OARs
potentially involved in urinary toxicity were identified
and discussed. The following structures were considered
critical for PCa EBRT: ureters, bladder, bladder neck,
bladder trigone, urethra (intraprostatic, membranous,
spongious), striated sphincter, and postenucleation or
posttransurethral resection of the prostate (TURP) cavity.

Second, a literature review was performed (J.L.G.),
addressing several questions relative to urinary OARs:
anatomic and radiological definition, radiation-induced
injury, and dose-volume parameters. The literature search
was performed on April 2023 on PubMed, with the terms
(ureters) AND (prostate cancer) AND (radiotherapy); (ure-
thra) AND (prostate cancer) AND (radiotherapy); (bladder)
AND (prostate cancer) AND (radiotherapy); (bladder trig-
one) AND (prostate cancer) AND (radiotherapy); (bladder
neck) AND (prostate cancer) AND (radiotherapy); (striated
sphincter) AND (prostate cancer) AND (radiotherapy),
(TURP) AND (prostate cancer) AND (radiotherapy).
Because of the scarcity of data regarding both radiation-
induced injuries and dose-volume parameters, the literature
review was not constrained to EBRT but included also
brachytherapy (BT) data.

Third, once this review was performed, results were
presented and discussed with a panel of experienced radi-
ation oncologists, and members of the GFRU. Thereafter,
a dedicated questionnaire including 35 questions was
developed, addressing the main questions for the delinea-
tion of urinary OARs. The questionnaire was divided into
major sections as follows:

1. General recommendations (2 questions)
2. Ureters (2 questions)

3. Bladder/bladder wall (3 questions)

4. Bladder trigone (3 questions)
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‘ Creation of a task force including 3 radiation oncologist (JLG, TZ, PS), 1 radiologist (LB). 1 urologist (LF)

l

Task force creation

‘ Identification and discussion of potential urinary organs at risk

! Literature search (JLG) : anatomical and radiological definition, radiation-induced injury, dose-volume parameters ‘

R o 5

Discussion of the results with an expert panel (GFRU members) ‘

'

Literature review and creation of
the questionnaire

’ Creation and validation of a dedicated questionnaire ‘

Creation and validation of the
consensus

Figure 1  Flow chart of the study.
Abbreviation: GFRU = Francophone Group of Urological Radiation Therapy.

. Bladder neck (4 questions)

. Intraprostatic urethra (3 questions)
. Membranous urethra (4 questions)
. Bulbous urethra (4 questions)

. Striated sphincter (5 questions)

10. TURP cavity (5 questions)

O 0 N N U

The questionnaire was submitted in January 2024 to all
participants, using a Google Form, in accordance with the
Delphi methodology. An anonymized summary of the indi-
vidual answers was sent to all participants before the next
round. Based on the participant’s feedback, some questions
were modified before the second round. A consensus was
defined as an agreement of more than 80% among partici-
pants. Questions achieving consensus were excluded for the
next round. Agreement was defined as 60% to 80% rates in
favor of a proposition. A final synthesis of the consensus was
performed during the 2024 GFRU meeting in March 2024.

Results

General recommendations

Similar to other recommendations, the GFRU group
advocates in favor of the planification of PCa RT with a
comfortably full bladder. Experts recommend treatment
planning to be performed on a computed tomography
(CT) without a contrast agent (agreement).

Round 1: evaluation of the statements by the expert panel (35 items)

Analysis and discussion of the results by the scientific committee (JLG, TZ, PS)

Round 2 : evaluation of the statements by the expert panel (8 items)

Validation of the questionnaire by the expert panel during the 2024 GFRU meeting

Definition of urinary structures and treatment-
related toxicities

Upper urinary tract

Ureters. Anatomic and radiological definition: the ureters
are urine excretory ducts extending from the pyelic cavi-
ties and abutting in the bladder. The ureters are hardly
visible on nonenhanced planning CT yet can be visualized
on T2-weighted magnetic resonance (MR) as a low-inten-
sity signal with a central high-intensity signal because of
the urine content (Table 1, Fig. 2).

Radiation-induced injury: ureteral injury occurring
after RT results from a pathologic wound healing process,
leading to fibrosis and ultimately to narrowing of the ure-
teral lumen. Ureteral stenosis results ultimately in renal
failure and obstructive pyelonephritis.

Dose-volume parameters: the literature on dose-vol-
ume parameters is scarce. It remains a rare complication
after PCa RT, which has been estimated to occur in 1.3%
of the patients before the IMRT era.”” The ureters could
be adversely affected when SBRT is performed in their
close proximity.'***

Consensus: the ureters should be delineated from the
kidney (excluding the pyelic cavities) up to the entrance
of the bladder. If impossible, or alternatively, ureters
should at least be delineated over the whole area of
interest (treatment area). Because the distal position of
the ureters varies with bladder filling, delineation of the
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Table 1 Anatomic description of the urinary tract structures

Structure Imaging modality = Anatomic definition

Upper urinary tract

Ureters CT-based Urine excretory duct extending from the pyelic cavity. Composed of 2

segments: a lumboiliac segment and a pelvic segment.

The pelvic ureter runs in the pelvic subperitoneal space and has 3 portions
(parietal, visceral, and bladder).

The ureters enter the bladder posteriorly and inferiorly, at the upper portion of
the bladder trigone.

Visible in T2-weighted sequences as a hyposignal with central hypersignal
(urine).

Lower urinary tract
Bladder

Whole cavity CT-based Cavity collecting urine composed of a smooth muscle (detrusor) and a
urothelial epithelium.
Two portions can be distinguished: a fixed portion at its base (trigone) and an
extensible superior part (dome).
Its thickness depends on its repletion and is estimated at 3 mm.
Its caudal part continues with the prostatic urethra.

Bladder wall Bladder muscle and urothelial epithelium, with exclusion of the cavity.
Visible in T2-weighted sequences as a hyposignal.

Bladder neck MR-based Most of the caudal part of the bladder composed of the bladder apex and the
internal urethral sphincter.
The bladder neck is in close contact with the prostate base.
Is composed of 3 muscle layers and has an average thickness of 3-5 mm.

Bladder trigone MR-based Triangle-shaped area located in the posterior wall of the bladder.
Continuation and termination of both ureters and ureteric musculature within
the bladder.

Striated sphincter MR-based Is located within the genitourinary sphincter and is in relative hyposignal in
T2-weighted sequences.
In its center, the urethra is visible in hyposignal with a hypersignal in its center
(epithelium), in T2-weighted sequences.
Starts cranially at the lower border of the prostate gland.
Stops at the first visible slice of penile bulb.

Urethra

Intraprostatic portion ~ MR-based The prostatic urethra is moderately hyperintense in the central to posterior
portion of the prostate and is sometimes easily visible because of
hyperintense urine signals within T2-weighted sequences.

Membranous portion Portion of urethra that passes through the genitourinary diaphragm.
The urethra is in hyposignal in T2-weighted sequences (conjunctive tissue),
with moderate hypersignal within (epithelial surface).

Bulbous portion Portion of urethra that passes through the penile bulb.

TURP cavity MR-based Funneled or conical defect within transition zone filled with urine in high-
intensity hypersignal on T2-weighted sequences.
Should include the necrotic tissues surrounding the cavity.

Abbreviations: CT = computed tomography; MR = magnetic resonance; TURP = transurethral resection of the prostate.

ureters should be performed using CT, and can be per- Lower urinary tract
formed without contrast agent (Agreement). Alterna- The lower urinary tract includes the bladder and
tively, the ureters can be delineated using T2-weighted the urethra, which can be divided in several substruc-

MR sequences. tures.
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Figure 2  Illustration of urinary organs at risk (T2-weighted MR sequence). Case: patient who received the diagnosis of inter-
mediate-risk prostate cancer, PSA = 7 ng/mL, IRM = T2a lesion on the prostate apex, biopsy = Gleason 7 (3 + 4) on 5 cores/12
(+2 positive targeted biopsies). Orange: bladder/purple: ureters/green: bladder trigone/dark green: bladder neck/prostate gland
(clinical target volume): pink/blue-green: intraprostatic urethra/dark purple: membranous urethra/cyan: striated sphincter/light

pink: bulbous urethra.
Abbreviations: MR = magnetic resonance; PSA = prostate-specific antigen.
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Bladder/bladder wall. Anatomic and radiological defi-
nition: the bladder is a muscular elastic structure that
can be divided into several segments. The upper part
(dome) is mobile and deformable. The lower part is
fixed and is composed of key structures for micturi-
tion, with both bladder neck and bladder trigone. The
bladder wall is visible in T2-weighted sequences as a
hyposignal.

Radiation-induced injury: the bladder remains relaxed
during filling and contracts during micturition. From a
pathologic point of view, radiation-induced bladder dam-
age includes both endothelial cell injury and perivascular
fibrosis, leading ultimately to ischemic phenomena.”*
Symptoms are broad and include noninfective cystitis,
urinary frequency/urgency, urinary incontinence, dysuria,
urinary retention, urinary tract pain, and hematuria.

Dose-volume parameters: various dose constraints
exist for PCa RT."* However, dose constraints in OARs
vary from one reference to another, with a low agreement
between studies.

Consensus: the bladder should be delineated using the
planning CT. The Radiation Therapy Oncology Group
proposes the delineation of the bladder in toto by outlin-
ing its external surface. Similarly, the GFRU group also
advocates in favor of the delineation of the bladder in
toto, including the bladder neck and bladder trigone. The
Groupe d’Etudes des Tumeurs Uro-Genitales (GETUG)
advocates in favor of the analysis of dose parameters
delivered to the bladder wall (defined with a 7-mm inter-
nal margin).'* Variations in the definition of the bladder
wall exist between trials. From an anatomic point of view,
the bladder wall is 3-mm thick.”” Experts of the GFRU
did not find consensus on the definition of the bladder
wall (Table 2).

Bladder trigone. Anatomic and radiological definition:
the bladder trigone is a triangle-shaped area located in the
posterior wall of the bladder and represents the continua-
tion of the ureters and ureteric musculature within the
bladder.

Radiation-induced injury: the bladder trigone is highly
innervated and contains stretch-sensitive receptors
responsible for the sensation of full bladder and the subse-
quent need to void. After EBRT, the innervation of the
bladder trigone can be injured and result in urinary
urgency.

Dose-volume parameters: to date, no constraints exist
with regards to the trigone. Two teams suggested the dose
delivered to the bladder trigone to be associated with
acute urinary toxicity after conventionally fractionated
PCa EBRT,' with the volume of trigone receiving >72
Gy as a predictor of acute urinary retention.”® Similarly,
Ghadjar et al'’ reported an association between several
trigone dose parameters and both severe GU toxicity and
late obstructive voiding symptoms. Greco et al”’ also
showed an association between severe GU toxicity and
doses delivered to the bladder trigone (D5% > 19 Gy,

D50% > 9 Gy) after PCa SBRT. The dose delivered to the
bladder trigone has been correlated also with the onset of
overall GU toxicity with MR-guided RT (MRgRT)."® Last
but not least, Schaake et al** showed that the dose deliv-
ered to the bladder trigone correlated with the onset of
incontinence. Dosimetric optimization on the trigone,
both on high doses and on volumetric parameters, could
therefore be effective in limiting high-grade toxicities.

Consensus: the bladder trigone should be delineated
using T2-weighted MR sequences. The bladder trigone
should be defined as starting cranially from the entrance
of the ureters into the bladder, up to the start of the intra-
prostatic urethra caudally.'” Laterally, the trigone struc-
ture should encompass the distal portion of the ureters. In
situations when ureters enter the bladder wall at different
planes, the cranial boundary should be defined by the
upper ureter. The most caudal slices of bladder, bladder
neck, and trigone should be similar.

Bladder neck. Anatomic and radiological definition:
the bladder neck is located at the lowest part of the blad-
der. It is composed of both bladder apex and internal ure-
thral sphincter and is in close contact with the prostate
gland. It is visualized as a hyposignal on T2 sequences
because of the presence of 3 muscle layers (belonging to
both the detrusor and the internal urethral sphincter).

Radiation-induced injury: both bladder neck and pros-
tatic smooth muscle relaxation play a crucial part in the
early steps of micturition. Radiation-induced toxicity on
the bladder neck also consists of the development of fibro-
sis, impairing muscular relaxation, and ultimately results
in dysuria.

Dose-volume parameters: bladder neck D, ol > 50%
was identified as a strong predictor for acute and late uri-
nary toxicity in patients treated with low-dose rate BT
with and without supplemental EBRT. In addition, in
regard to high-dose rate (HDR) BT, the dose delivered to
the bladder neck has been suggested to be a predictor of
acute toxicity.”””’ However, this association has not been
reported in patients treated in EBRT.

Consensus: delineation of the bladder neck should be
performed using T2-weighted MR sequences. No strict
anatomic definition of the bladder neck exists. Its delinea-
tion should include the entire apical (axial) portion of the
bladder, in proximity with the prostate gland. The inter-
nal urethral sphincter, which represents the termination
of the bladder muscular fibers, must be included in the
bladder neck. As a result, an overlap may exist between
the bladder neck and the prostate gland.

Urethra. The urethra stands in direct continuity with the
bladder neck and internal urethral sphincter. It is usually
divided into its posterior (intraprostatic) and anterior
(bulbous and membranous) portions.

Radiation-induced injury: urethral strictures represent
a rare complication after PCa EBRT, ranging between
0.5% and 4% of the patients and occurring after a few
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Table2 Summary of the guidelines regarding urinary organs at risk delineation

Consensus

Proposed responses

Agreement level Round

General recommendations

PCa RT?

Ureters

to the entrance in the bladder

Bladder/bladder wall

bladder wall?

ureters and the urethra).

obtain the bladder wall?

Bladder trigone

trigone?

laterally

(excluding it)

What bladder repletion recommendations
should be given for the planification of

Which protocol would you recommend
for the planification of PCa RT?

Which imaging modality should be used
for the delineation of the ureters?

The ureters should be defined from the
kidney (excluding the pyelic cavities), up

Which imaging modality should be used
for the delineation of the bladder/

The bladder should be defined as the
organ in toto (including bladder neck
and bladder trigone, excluding the

What should be the internal margin to

Which imaging modality should be used
for the delineation of the bladder

The bladder trigone should start cranially
from the entrance of the ureters into the
bladder, and shall encompass them

The bladder trigone ends caudally at the
first slice of intraprostatic urethra

Empty bladder
Comfortably full bladder

No intravenous contrast agent

Intravenous injection of contrast
agent and image acquisition in
arterial phase

Intravenous injection of contrast
agent and image acquisition in
excretory phase

CT scan without contrast agent
CT scan with contrast agent in

excretory phase
T2-weighted MR sequences
Other: specify

Agree
Disagree

CT scan without contrast agent
CT scan with contrast agent in

excretory phase
T2-weighted MR sequences
Other: specify

Agree
Disagree

3 mm
5 mm
7 mm
Other: specify

CT scan without contrast agent
CT scan with contrast agent in

excretory phase
T2-weighted MR sequences
Other: specify

Agree
Disagree

Agree
Disagree

Consensus

Agreement

Agreement

Consensus

Consensus

Consensus

Consensus

Consensus

Consensus

Round 1: 100%
Comfortably full bladder

Round 1: 70% No
intravenous contrast
agent,

Round 2: 70% No
intravenous contrast
agent

Round 1: 40% CT scan
without contrast agent,

Round 2: 70% CT scan
without contrast agent

Round 1: 90% Agree

Round 1: CT scan without
contrast agent

Round 1: 100% Agree

Round 1: 40% 3 mm,
Round 2: 40% 3 mm

Round 1: 50% CT scan
without contrast agent,

Round 2: 90% T2-weighted
MR sequences

Round 1: 100% Agree

Round 1: 100% Agree

(Continued),
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Table 2 (Continued)

Consensus

Proposed responses

Agreement level Round

Bladder neck

Which imaging modality should be used
for the delineation of the bladder neck?

The bladder neck should encompass the
entire apical portion of bladder, in close
proximity with the prostate gland.

Caudally, the bladder neck should include
the whole internal urethral sphincter

An overlap may exist between the bladder
neck and the prostate gland

Intraprostatic urethra

Which imaging modality should be used
for the delineation of the intraprostatic
urethra?

Cranially, the intraprostatic urethra
extends from the bladder neck and
should be delineated when the internal
urethral sphincter is no more visible.

Caudally, the intraprostatic urethra should
stop at the last slice of prostate gland.

Membranous urethra

Which imaging modality should be used
for the delineation of the membranous
urethra?

The membranous urethra must be
delineated on the entire portion of the
genitourinary diaphragm.

Cranially, the membranous urethra should
start at the first slice where the prostate
gland is no longer visible.

Caudally, the membranous urethra should
stop when the penile bulb is visible.

Bulbous urethra

Which imaging modality should be used
for the delineation of the bulbous
urethra?

CT scan without contrast agent
CT scan with contrast agent in

excretory phase
T2-weighted MR sequences
Other: specify

Agree
Disagree

Agree
Disagree

Agree
Disagree

CT scan without contrast agent

CT scan with contrast agent in
excretory phase

T2-weighted MR sequences

Urethrogram

Other: specify

Agree
Disagree

Agree
Disagree

CT scan without contrast agent

CT scan with contrast agent in
excretory phase

T2-weighted MR sequences

Urethrogram

Other: specify

Agree
Disagree

Agree
Disagree

Agree
Disagree

CT scan without contrast agent

CT scan with contrast agent in
excretory phase

T2-weighted MR sequences

Urethrogram

Other: specify

Consensus

Consensus

Consensus

Consensus

Consensus

Consensus

Consensus

Consensus

Consensus

Consensus

Consensus

Consensus

Round 1: 80% T2 weighted
MR sequences

Round 1: 90% Agree

Round 1: 100% Agree

Round 1: 70% Agree, Round
2: 80% Agree

Round 1: 100% T2 weighted
MR sequences

Round 1: 100% Agree

Round 1: 100% Agree

Round 1: 100% T2 weighted
MR sequences

Round 1: 100% Agree

Round 1: 100% Agree

Round 1: 100% Agree

Round 1: T2 weighted MR
sequences

(Continued),
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Table 2 (Continued)

Consensus

Proposed responses

Agreement level Round

The bulbous urethra should be delineated
over the entire penile bulb height.

Cranially, the bulbous urethra should start
at the first slice of penile bulb.

Caudally, the bulbous urethra should stop
at the last slice of penile bulb

Striated sphincter

Which imaging modality should be used
for the delineation of the striated
sphincter?

Cranially, the striated sphincter should
start when the prostate apex is no
longer visible.

Caudally, the striated sphincter should stop
when the penile bulb is visible (excluding
it).

Laterally, the striated sphincter is bounded
by the elevator ani muscle.

The striated sphincter should start and
stop at the same slice than the bulbous
urethra.

Enucleation/TURP cavity

Which imaging modality should be used
for the delineation of the enucleation/
TURP cavity?

The enucleation/TURP cavity should
replace the urethra only in the proximal
portions that have been resected

The enucleation/TURP cavity should be
defined as the whole resection cavity and
the fibrotic tissues surrounding it.

Cranially, the enucleation/TURP cavity
should start at the first visible slice of
prostate gland

Caudally, the enucleation/TURP cavity
should stop at the last visible slice of
cavity or necrotic tissues

Agree Consensus Round 1: 100% Agree

Disagree

Agree Consensus Round 1: 100% Agree

Disagree

Agree Consensus Round 1: 100% Agree

Disagree

CT scan without contrast agent Consensus Round 1: 100% T2 weighted

CT scan with contrast agent in MR sequences
excretory phase

T2-weighted MR sequences

Other: specify

Agree Consensus Round 1: 100% Agree

Disagree

Agree Consensus Round 1: 100% Agree

Disagree

Agree Consensus Round 1: 100% Agree

Disagree

Agree Consensus Round 1: 70% Agree,

Disagree Round 2: 80% Agree

CT scan without contrast agent Consensus Round 1: 90% T2 weighted

CT scan with contrast agent in MR sequences
excretory phase

T2-weighted MR sequences

Urethrogram

Other: specify

Agree Consensus Round 1: 50% Disagree,

Disagree Round 2: 90% Agree

Agree Consensus Round 1: 80% Agree

Disagree

Agree Consensus Round 1: 100% Agree

Disagree

Agree Consensus Round 1: 60% Agree,

Disagree Round 2: 100% Agree

Abbreviations: CT = computed tomography; RT = radiation therapy; MRI = magnetic resonance imaging; MRgRT = magnetic resonance guided

radiation therapy; PRV = planning organ at risk volume; TURP = transurethral resection of the prostate.

years of follow-up.'”’" Yet, urethral strictures have been
shown to be more frequent following adjuvant RT to the
prostate bed, raising up to 17.8% in the study led by
Thompson et al.” Because most strictures probably
remain asymptomatic if not circumferential and tight,
this number may be underestimated. Some authors

suggested a different sensitivity to radiation between the
urethral portions. Indeed, strictures are most frequently
observed at the level of the anterior urethra, whereas in
contrast, the delivered dose here is normally significantly
lower than the dose administered to the intraprostatic
urethra.”** Because strictures in the anterior urethra are
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caused by collagen deposition, on the contrary, strictures
occurring within the intraprostatic urethra are caused by
necrotic deposits emanating from the prostate gland.
Besides strictures, several studies demonstrated an associ-
ation between the dose delivered to the urethra and over-
all GU toxicity." "

Posterior urethra (intraprostatic urethra). Anatomic
and radiological definition: the intraprostatic urethra is a
muscular structure paved with a transitional cell epithe-
lium. The internal and longitudinal plane forms a ridge
on the posterior urethral wall (urethral crest), and drains
the glandular elements of the prostate. More caudally, the
urethral crest widens to form the seminal colliculus, in
which the ejaculatory ducts enter the prostatic urethra.
The intraprostatic urethra is moderately hyperintense in
the central to posterior portion of the prostate and is
sometimes easily visible because of hyperintense urine sig-
nals within T2-weighted sequences.

Dose-volume parameters: Groen et al'” showed within
the FLAME trial a 24% rate of late cumulative grade >2
GU toxicity, with a median Dy ; em> delivered to the ure-
thra of 75 Gy. A dose-effect relation was observed, with
an adjusted odds ratio of 1.12 (95% CI, 1.11-1.14; P <
.0001). Therefore, the authors proposed to constraint the
urethra Dy o> < 91.2 GYEQD2 when dose escalation is
performed.”” The dose-relationship between maximal
doses delivered to the urethra and the onset of severe
(grade >2) GU toxicity was further demonstrated in the
meta-analysis led by Leeman et al,”" with each increase of
1 Gy to maximal urethral doses resulting in 0.8% and 1%
in acute and late grade >2 GU toxicity. By fitting grade
>2 toxicity results and prescription doses of different
studies, Zilli et al”” showed that the development of late-
severe GU toxicity remained independent from fraction-
ation, with a risk of late GU toxicity approximating 10%
when maximal urethral doses ranged between 95 and 100
Gy EQD, («/B = 3 Gy). Also, urethra dose-reduction
strategies decreasing the urethral dose below 70 GYEQD2
(a/B = 3) showed exceedingly low rates of severe GU tox-
icity (<8% at 5 years).”

Consensus: because the urethra is not clearly visible on
CT, its delineation is not feasible using conventional
approaches. The Groupe Européen de Curiethérapie
(GEC) and the European SocieTy for Radiotherapy &
Oncology- European Association of Urology (GEC/
ESTRO-EAU) defined the prostatic urethra using a Foley
catheter at the time of planning CT.”” However, this tech-
nique carries both the drawbacks of being invasive and
generating a shift of the upper portion of the urethra by
more than 3 mm.”® As many teams,””** we advocate in
favor of a delineation using coregistered sagittal T2-
weighted MR slices. Cranially, the intraprostatic urethra
extends from the bladder neck and should be delineated
when the internal urethral sphincter is no more visible.
Caudally, the intraprostatic urethra should stop at the last
slice of prostate gland.

Anterior urethra. - Membranous portion. Anatomic and
radiological definition: the membranous urethra is the
urethral segment going through the genitourinary dia-
phragm. Its length varies with the length of the striated
sphincter but ranges from 1 to 1.5 cm. The conjunctive
portion of the membranous urethra is visible as a hypo-
signal in T2-weighted sequences. The internal portion
composed of epithelium is visible in hypersignal.

Dose-volume parameters: no data are available on the
dose constraints to apply to the membranous portion of
the urethra. Retrospective data with HDR BT suggest that
the membranous and bulbous portions are the most
frequently affected by strictures, thereby might be the
most radiosensitive portions.”* Also, Mohammed et al*'
reported a significant association between the maximal
doses delivered to the bulbomembranous urethra and the
probability to develop urethral stricture. As a result, cau-
tion is required at the time of treatment planning, espe-
cially when noncoplanar treatments are performed.

Consensus: several authors implemented a definition of
the membranous urethra for BT treatments. Merrick et
al’” defined the membranous urethra as starting from the
apical slice of the prostate gland and extending 20 mm in
length, but this definition carries the disadvantage of cov-
ering part of the bulbous portion. Diez et al*’ delineated
it from the prostate apex to the penile bulb. Cranially, we
advocate to delineate the membranous urethra from the
slice where the prostate apex is no longer visible. Caudally,
we advocate to stop the membranous urethra stops when
the penile bulb is visible. The membranous urethra should
be delineated using T2-weighted MR imaging (MRI).

- Bulbous portion. Anatomic and radiological defini-
tion: the bulbous portion of the urethra runs from the
inferior margin of the genitourinary diaphragm to the
penoscrotal junction.”* The Cowper’s gland ducts enter
its upper portion. Laterally to the bulbous urethra run
both penile bulb and crura. In most cases, diagnostic
MRIs stop at the level of the genitourinary diaphragm
and do not provide imaging of the bulbous urethra. How-
ever, the bulbous portion of the urethra is more easily
visualized on CT than the other portions because of its
spontaneous contrast with the bulb.

Dose-volume parameters: no specific data are available
on dose-volume parameters for the bulbous portion of
the urethra, which has mostly been analyzed conjunc-
tively with the membranous portion.

Consensus: the bulbous urethra should be delineated
over the entire penile bulb height using T2-weighted
MRI. Cranially, the bulbous urethra should start when the
first slice of penile bulb is visible. Caudally, the bulbous
urethra should stop at the base of the penis (when both
corpus cavernosum and corpus spongiosum appear).*

Genitourinary diaphragm and striated sphincter. Ana-
tomic and radiological definition: the genitourinary dia-
phragm is located between the prostate and the penile
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bulb. It is composed of 2 structures: first, the external
sphincter (also known as striated sphincter), visualized in
hyposignal on T2-weighted sequences. The striated
sphincter is a skeletal muscle located around the membra-
nous portion of the urethra. The striated sphincter is visi-
ble in T2-weighted sequences as a hyposignal and has a
sharp contrast with the surrounding fat-containing tissue
(in hypersignal on T2-weighted sequences). Second, the
bulbourethral glands (Cowper’s glands), which are located

Figure 3

at the lower portion of the urogenital diaphragm and are
responsible for the secretion of a fluid lubricating the ure-
thra before ejaculation. The Cowper’s glands are visual-
ized as a hypersignal on T2-weighted sequences. The
genitourinary diaphragm is located between the 2 layers
of the deep perineal fascia.

Radiation-induced injury: the striated sphincter stays
contracted during bladder filling and relaxes during mic-
turition. Therefore, it is responsible for urinary

[lustration of urinary organs at risk, in a patient that has received TURP (T2-weighted MR sequence). Case: patient

who received the diagnosis of intermediate-risk prostate cancer, PSA = 9.5 ng/mL, MRI = T2a on 7p zone, biopsy = Gleason 7
(3 + 4) on 3 cores/12 with cribriform pattern, (+3 positive targeted biopsies). Orange: bladder/purple: ureters/green: bladder trig-
one/dark green: bladder neck/prostate gland (clinical target volume): pink/dark blue: TURP cavity/blue-green: intraprostatic ure-

thra/dark purple: membranous urethra/cyan: striated sphincter/light pink: bulbous urethra.
Abbreviations: MR = magnetic resonance; MRI = magnetic resonance imaging; PSA = prostate-specific antigen; TURP = transurethral resection of the prostate.
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continence. After RT, fibrosis can occur and hamper the
contractile abilities of the sphincter, generating urinary
incontinence.

Dose-volume parameter: to date, no data are available
with regards to either genitourinary diaphragm or striated
sphincter, and the onset of GU toxicity. Because of their
proximity, both doses delivered to the genitourinary dia-
phragm and striated sphincter may be surrogates of the
dose delivered to the membranous urethra.

Consensus: the striated sphincter should start cranially
when the prostate apex is no longer visible. Laterally, the
striated sphincter is bound by the elevator ani muscle.
Caudally, the striated sphincter stops at the first slice of
penile bulb. Its length should be similar to the length of
the membranous urethra. The striated sphincter can be
created using a 3 mm expansion around the membranous
urethra. The membranous urethra should be excluded
from it.

Enucleation/TURP cavity

Anatomic and radiological definition: TURP or enucle-
ation are performed in men presenting with prostatic
benign hyperplasia with symptoms not responsive to
medical treatment, and in cases of repetitive or compli-
cated lower urinary tract symptoms.”” TURP consists in
an endoscopic resection of the basal and central part of
the prostate gland, passing through the urethra. The
TURP cavity is a funneled or conical defect within the
transition zone. On MRI this central defect in the prostate
might be filled with urine resulting in a high-intensity
signal T2. Enucleation consists in the ablation of both
median and lateral prostate lobes, through a cervicopro-
static incision.

Radiation-induced injury: For a long time, a past his-
tory of TURP has been considered a (relative) contraindi-
cation for BT. However, BT can be safely performed in
selected patients and following strict guidelines. Data
regarding PCa EBRT in men with a history of TURP are
conflicting. SBRT to the prostate in men with a history of
TURP or with previous interventions on the prostate was
shown to be associated with an increase of GU toxicity
and an approximately 50% incremented risk of late hema-
turia.’* More recent studies seem to demonstrate lower
rates of GU morbidity. Huck et al*” reported late grade 2
and 3 GU toxicity in 33% and 17% of patients with a pre-
vious history of surgical treatment of benign prostatic
hyperplasia, occurring more frequently in patients with
prior adenomectomy, multiple TURP, and/or large vol-
umes of the intraprostatic resection cavity. Up to 42% of
the patients experienced at least 1 episode of hematuria.
However, Murthy et al*® did not report any increase in
either incontinence, urethral stricture, or overall GU mor-
bidity in a propensity-matched cohort of patients receiv-
ing PCa SBRT. Recommendations from the GETUG
radiation oncology group propose to perform PCa SBRT

in men with a history of TURP with a minimal time inter-
val of 3 months.*’

Dose-volume parameters: specific contouring and
dose-volume parameters have been published in regard to
prostate BT in a post-TURP setting.”’ To date, however,
no data are available on dose-volume parameters associ-
ated with the onset of GU toxicity regarding EBRT or
SBRT. A uniform practice in the delineation of the post-
TURP or postenucleation cavity and the consequent
application in all prospective trials should give us more
information on how to adapt our RT procedures in this
specific clinical situation. In addition, one should bear in
mind that, in analogy with BT, the onset of EBRT or
SBRT should be delayed in patients that have received a
TURP recently.

Consensus: because for other lower urinary tract OARs,
the enucleation/TURP cavity should be delineated using
T2-weighted MRIL. They should be defined as the whole
resection cavity and the fibrotic tissues surrounding it
(Fig. 3). The enucleation/TURP cavity should start at the
upper slice of the prostate gland. The risk of post-TURP
incontinence being correlated with the distance of the
resection area from the prostate apex, the lower portion of
the intraprostatic urethra usually preserves its integrity.
Therefore, the enucleation/TURP cavity should replace the
intraprostatic urethra only in the proximal portions that
have been resected. Caudally, the cavity should stop at the
last visible slice of cavity/necrotic tissues.

Summary of the Consensus

The consensus is presented in Table 2. Among the 13
experts contacted, 10 participated in the study and com-
pleted the 2 rounds of the Delphi consensus. Of the 35
questions, 27 reached consensus after the first round, leav-
ing 8 questions to be evaluated for the second round. Of
these 8 questions, 5 of them found a consensus after the
second round, and 2 found an agreement. Therefore, after
discussion, it was decided not to perform a third round.

Conclusions

New challenges are arising in the mitigation of GU tox-
icity with the wide implementation of SBRT schedules for
PCa RT. This consensus highlights new urinary structures
in both the upper and lower urinary tracts to be consid-
ered for PCa treatment planning. The current recommen-
dations also propose a standardized definition for both
daily practice and future clinical trials. We hope that this
will lead to a better understanding of the underlying
mechanism of GU toxicity and the development of a new
consensus in terms of urinary dose constraints for PCa
EBRT.
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