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Background and purpose: Delineation of clinical target volumes (CTVs) remains a weak link in radiation
therapy (RT), and large inter-observer variation is seen. Guidelines for target and organs at risk delin-
eation for prostate cancer in the primary setting are scarce. The aim was to develop a delineation guide-
line obtained by consensus between a broad European group of radiation oncologists.
Material and methods: An ESTRO contouring consensus panel consisting of leading radiation oncologists
and one radiologist with known subspecialty expertise in prostate cancer was asked to delineate the
prostate, seminal vesicles and rectum on co-registered CT and MRI scans. After evaluation of the different
contours, literature review and multiple informal discussions by electronic mail a CTV definition was
defined and a guide for contouring the CTV of the prostate and the rectum was developed.
Results: The panel achieved consensus CTV contouring definitions to be used as guideline for primary RT
of localized prostate cancer.
Conclusion: The ESTRO consensus on CT/MRI based CTV delineation for primary RT of localized prostate
cancer, endorsed by a broad base of the radiation oncology community, is presented to improve consis-
tency and reliability.

� 2018 Elsevier B.V. All rights reserved. Radiotherapy and Oncology 127 (2018) 49–61
Over the past decades, high-dose external beam radiation ther-
apy (EBRT) and image-guided radiation therapy (IGRT) have been
implemented in the treatment of prostate cancer (PC) patients
worldwide. With modern radiation techniques, sharp dose gradi-
ents are created. This results in the delivery of very high doses to
the prostate while sparing the surrounding tissues. To avoid under-
dosage, a clinically appropriate definition and accurate contouring
of the target volume are mandatory. For postoperative radiation
therapy (RT), contouring guidelines have been proposed in order
to facilitate the delineation of the postoperative prostate bed
[1–5]. For primary PC, in contrast, contouring guidelines are scarce.
In 2006, the European Organisation for Research and Treatment of
Cancer (EORTC) group formulated CT-based prostate contouring
guidelines [6]. Despite these guidelines a large inter-observer vari-
ability in the delineation of the clinical target volume (CTV) of PC
patients has been reported [7,8].
With Magnetic Resonance Imaging (MRI), multiplanar image
series are acquired. This combined with high soft-tissue contrast
on T2-weighted images results in a detailed visualization of the
prostate and periprostatic structures. It has been shown that the
addition of MRI to CT results in a decrease in inter-observer con-
touring variation and smaller prostate volumes [9–11].

Nevertheless, clear guidelines on how to implement additional
information from MRI in PC planning are lacking. In this study,
an attempt was made to formulate guidelines for CTV delineation
of the prostate with CT and/or MRI in localized prostate cancer,
derived from a panel of experts who participated in a consensus
process.

Material and methods

An ESTRO contouring consensus panel consisting of leading
radiation oncologists (CS, BDB, PH, BP, MVP, VK, AH, AB, GDM
and VF) and a radiologist (GV) from Belgium, France, the United
Kingdom, and the Netherlands with known subspecialty expertise,
performed a contouring exercise and delineated CT and MRI based
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prostate, seminal vesicles and rectum. A sample set of computed
tomography (CT) and magnetic resonance (MR) images were dis-
tributed to all members of the panel. The case utilized for this
was that of a 58 year-old patient presenting with an intermediate
risk prostate cancer. Prostate-specific antigen (PSA) value was 12
ng/ml. Rectal examination was negative. The MRI did not reveal a
specific abnormality. Staging was thus cT1c N0 M0. Random biop-
sies of the prostate were positive in 2 cores out of 6, Gleason score
3 + 4 (Grade group 2) at the left side and 1 core out of 6, Gleason
score 3 + 3 (Grade group 1) at the right side.

The consensus generating process consisted in the contouring of
the CTV and Organs at risk (OARs) by all participants. The imaging
files were shared via the FALCON platform (Fellowship in Anatomic
deLineation and CONtouring) from ESTRO (European SocieTy for
Radiotherapy and Oncology) and the software EduCaseTM from
RadOnc eLearning Center, Inc. Fremont, CA, USA was used. This is
a web-based contouring and analysis tool that has a graphical user
interface for the management, storage and publishing of contour-
ing of the clinical cases. The software allows image fusion of the
simulation CT scan with MRI, as well as an integrated analysis on
contouring proficiency. The 11 European experts discussed dis-
crepancies in the contouring of different structures in multiple
informal discussions by electronic mail in order to define the CTV
definition and to develop a guide for contouring the CTV of the
prostate and the rectum.
Fig. 1. Guide to delineate the rectum in the axial (A-B) and sagittal (B) planes. The recto-s
1C. In 1B, the rectum contours visible on axial plane are delineated in blue. These rectu
subsequently be connected to define the rectum and controlled in the sagittal plane (1C).
axial plane as an aide for final rectum delineation. Control of the contoured rectum in the
figure1C.
A literature search on existing guidelines was performed in
MEDLINE Pubmed. Following search strategy was applied: (pro-
static neoplasms [MeSH Terms]) AND image guided radiotherapies
[MeSH Terms]) AND contour OR delineation AND human). Only full
papers published from May 2006 until now and published in Eng-
lish were included. The final literature search was performed in
October 2017 and resulted in 5652 papers. After abstract screening
49 papers were assessed for eligibility. Finally 10 articles were
included for the development of the presented guidelines [1,5,6,
9–11,24,26,32,42]. Relevant articles found in the reference section
of the retracted articles were also retained.

The body of evidence concerning CTV and rectum delineation in
prostate cancer was also analyzed and discussed. The results of the
literature research were used and included if appropriate. Final
guideline proposals and decisions were achieved by unanimous
consensus.

Results

The ESTRO panel consensus on CT/MRI based CTV delineation for
primary RT of localized prostate cancer

Guidelines for delineation of the ano-rectum Fig. 1
CT based only. The delineation of the rectum on CT starts at the
recto-sigmoid junction, i.e. at the angle where the rectum turns
horizontally in the sigmoid colon (Fig. 1A).
igmoid junction is presented in white. The rectum is delineated in orange on 1A and
m slices are projected in the sagittal plane (yellow arrows in 1B). These lines can
Thereafter the delineated rectum in the sagittal plane can again be visualized in the
sagittal plane is advised to rule out inconsistencies as depicted by the red arrow in
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The rectum is contoured caudally up to the level of the ischial
tuberosities. The lowest 3 cm of the ano-rectum can be defined
as anal canal and the upper remaining part is defined as rectum [12].

For rectum delineation, the following guidelines can be applied:

1. In the axial plane: delineate the rectum contour on all slices
where it can be differentiated from the surrounding tissues,
i.e. prostate, anal sphincter and levator ani muscle (Fig. 1B).

2. In the mid-sagittal plane:
1. Visualize all rectum contours that were delineated in the

axial planes (Fig. 1B).
2. Create a ‘contouring help-structure’ by connecting the

anterior and posterior borders of the projected rectum
slices (if available in the treatment planning system).

3. In the axial plane: display the ‘contouring help-structure’. Based
on this ‘contouring help-structure’ one can add missing rectum
slices and adjust where necessary to the formerly delineated
rectum contour. If this option is not available, use the ‘interpo-
lation’ tool and adjust where necessary to the formerly delin-
eated rectum contour.

4. In the sagittal plane: project the final rectum contour as a con-
trol for detecting inappropriate protrusions of the rectum. If
present adjust in the axial plane (Fig. 1C).
CT and MRI based. The prostate is surrounded by a prostatic cap-
sule that is a thin and firmly adherent non-glandular fibromuscular
band. On T2-weighted MR-images the prostatic capsule is usually
Table 1
Overview of the recommendations for the delineation of the rectum and clinical target vo

MRI based

Rectum The delineation of the rectum starts at the recto-sig
usually takes the form of an acute angle
The rectum contouring ends approximately 2 cm b
Correct delineation of the rectum can be performed
volume is performed in the axial plane and reviewe
adapt in order to obtain the typical inverted triang

Apex Butterfly-shaped structure, excluding the
urethra and starting above the penile bulb and
genito-urinary diaphragm

Mid prostate Lateral
border

Bounded by the musculus levator ani; at the
level of the external urethral sphincter the
levator ani muscle is thicker than at the level of
the mid-prostate

Anterior
border

Exclude the retropubic space unless signs of
invasion

Posterior
border

Anterior border of the rectum

Base In continuity with the bladder, to be controlled
in the sagittal and coronal view

Seminal vesicles Include the part of the seminal vesicles that is at
risk for invasion and exclude the ductus deferens

ECE Include the area of suspicion of ECE; in the
absence of ECE on MRI: no additional expansion

Abbreviations: MRI: magnetic resonance imaging; CT: computed tomography; ECE: extr
Risk stratification:
1. low risk (PSA � 10 ng/ml; biopsy Gleason score �6 (Grade group 1) and clinical stage
2. intermediate risk (PSA > 10 and �20 ng/ml or Gleason score of 7 (Grade group 2 and 3
3. high risk (PSA > 20 ng/ml or Gleason score �8 (Grade group 4 and 5) or clinical stage
visible as a sharply demarcated dark rim. This is most easily visu-
alized at the posterolateral borders of the prostate. With MRI, a
better discrimination between the posterior border of the prostate
and the anterior rectal wall is thus obtained when compared to CT
images only. When a fixed protocol is present for rectal emptying,
which is applied equally before both CT and MRI examinations, the
rectal contour on MRI can help in the definitive delineation of the
rectum on CT in case of doubt.
Guidelines for delineation of the CTV of the prostate (Table 1 and
Figs. 2–6)

Defining the level of the apex on CT (Fig. 2)
CT based only. The apex of the prostate is the lowermost portion of
the ‘‘inverted pyramid” that constitutes the prostate. The exact
caudal extent of the apical glandular elements is often difficult to
assess, because they are interspersed among fibromuscular tissue
of the pelvic floor.

The relationship between the prostatic apex and anatomic or
bony structures visible on CT was evaluated in a retrospective
study performed by Li et al. [13]. They found that the prostatic
apex was located at least 1 cm above the upper limit of the penile
bulb (Fig. 2A). Other reported reference points that can be used for
verification of the delineation of the apex are 1.1 ± 0.5 cm above
the bottom of the obturator foramen, 3.1 ± 0.6 cm above the ischial
tuberosities and 0.7 ± 0.5 cm above the bottom of the symphysis
pubis [13].
lume of the prostate and seminal vesicles.

CT-scan based

moid junction, i.e. where the sigmoid colon becomes the rectum, and which

elow the lowest prostate-apex contour
by visualization of the rectum in the sagittal plane. Delineation of the target
d in the sagittal and coronal planes. If there are inconsistencies or protrusions,
ular shape of the prostate
Starts approximately 1 cm above the upper border of the penile bulb (13)

After correct delineation of the rectum, the thickness of the musculus levator ani
can be defined; the same thickness of the levator ani muscle defined at the level
of the rectum can be extrapolated over the full length of the prostate. This forms
the lateral border of the prostate
Include the anterior fascia and exclude the fat area in front of the anterior fascia
unless protrusion of the prostate is visible on CT
Anterior border of the rectum

In continuity with the bladder, easier to define when contrast is used, to be
controlled in the sagittal an coronal view
Low risk Intermediate risk High risk

No inclusion or inclusion of
proximal 1.4 cm of the SV (in the
axial plane) according to
institutional policy

Inclusion of at least
proximal 1.4 cm of
the SV (in the axial
plane)

Inclusion of at least
proximal 2.2 cm of
the SV (in the axial
plane)

No expansion Expansion of the prostate contour with 3
mm in the inferior, lateral, anterior and
posterior direction with exclusion of the
rectum contour in absence of suspicion of
rectal wall invasion on digital rectal
examination

a capsular extension; SV: seminal vesicles.

�T2a and <50% of the biopsies involved.
) or clinical stage T2b).
�T2c).
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Whenever visible, the urethra should be excluded from the
apex, creating a butterfly shaped structure, except in cases where
the urethra cannot be discriminated from the apex or when ure-
thral involvement is suspected.
CT and MRI based. The apex of the prostate is usually recognized as
a bilateral triangular area of high T2-signal intensity peripheral
zone tissue that contrasts well with the caudal urogenital
diaphragm and the lateral levator ani muscle. It also contrasts well
with the low signal intensity prostatic sphincter. The major advan-
tage of implementing MRI for apical delineation is that it enables a
better approximation of the caudal aspect of the apex. Further-
more, the external urethral sphincter and distal urethra can be
safely excluded from the target volume, because it contrasts well
with the apical glandular tissue (Fig. 2B).
Defining the lateral borders of the prostate (Fig. 3):
CT based only. The levator ani muscles support the prostate. The
prostate does not extend into or beyond the levator ani muscles,
except for a clinical cT4 PC, which is rarely missed on digital rectal
examination. The levator ani muscle thus limits the inferolateral
border of the prostate and should not be included in the prostate
contour, except in case of suspicion of cT4 PC. The levator ani mus-
cles are usually thicker anteriorly (next to the prostate) than pos-
teriorly (next to the rectum), especially at the apical level (so-
called ‘levator prostatae’). However, in the absence of MRI, no dis-
crimination can be made based on CT images only between the
levator ani muscles and the prostate. Therefore we advise to
assume that the levator ani muscles next to the prostate will have
the same thickness as next to the rectum, although in reality they
are thicker next to the former (Fig. 3). By doing so, a potential
underdosage of the prostate is avoided at the cost of some excess
in muscle irradiation.
CT and MRI based. On T2-weighted MR-images the levator ani
muscles have low signal intensity in contrast with the high sig-
nal intensity of the normal peripheral zone tissue of the prostate,
markedly improving the discrimination between both tissues
(Fig. 3). This is of importance, since the levator ani muscles
are thickest at the apical part of the prostate and external ure-
thral sphincter. They become thinner at the cranial half of the
prostate where they are comparable to the thickness of the leva-
tor ani muscles flanking the rectum. Consequently implementing
MRI for prostate delineation results in a more accurate contour-
ing of the lateral borders of the prostate, most importantly at the
level of the apex, and unequivocally leads to smaller target vol-
umes as unnecessary inclusion of the levator ani muscles is
avoided.
Defining the anterior border of the prostate (Fig. 3)
CT based only. The retropubic space or ‘Retzius’ space is located
anterior to the prostate and contains fatty tissue and Santorini’s
venous plexus (Fig. 3). Anteriorly, the prostate is covered with
the prostatic fascia. The anterior surface of the prostate itself con-
sists of the anterior fibromuscular stroma (AFMS) that is composed
of fibrous and smooth muscular elements. On CT, it is usually dif-
ficult to locate the anterior extent of the AFMS due to the adjacent
venous plexus with similar density. As a consequence, the anterior
prostate contour is difficult to delineate on CT, with frequent inclu-
sion of the venous plexus. Furthermore, as up to 25% of the PCs are
located in the transition zone [14] and can invade the AFMS, the
exact anterior extension of the tumor is difficult to assess. In the
absence of MRI and when the venous plexus is not clearly visible
on CT, we suggest to include in the prostate contour all non-fatty
tissue in the posterior Retzius’ space.

CT and MRI based. On T2-weighted MR-images, the AFMS of the
prostate, which contains no glandular elements, has low signal
intensity and forms as such a clear barrier to the high signal inten-
sity Santorini’s venous plexus (due to slow-flowing venous blood)
and the equally high signal intensity adipose tissue in Retzius’
space. Implementing T2-weighted MR-information for prostate
delineation hence prevents the unnecessary inclusion of mainly
vascular structures and a larger target volume.

Defining the posterior border of the mid-prostate (Fig. 1)
CT based only. The posteriorly located Denonvilliers’ fascia of
the prostate represents an effective barrier for tumor spread into
the rectum. Wherever there is no clear fat plane demarcating the
prostate from the rectum, the posterior border of the prostate
should be contoured adjacent to the anterior rectal wall (see
above).

CT and MRI based. As mentioned previously, the prostatic capsule
is usually visible as a sharply demarcated dark rim on T2-
weighted MR-images, best recognizable at the level of the postero-
lateral border of the prostate. Furthermore, the dark signal inten-
sity of the rectum contrasts well with the high signal intensity of
the normal prostatic peripheral zone. With MRI, therefore, a better
discrimination between the posterior border of the prostate and
the anterior rectal wall when compared to CT images only is
expected.

Defining the base of the prostate (Fig. 4)
CT based only. The base of the prostate is in continuity with the
bladder. Ideally, intravenous contrast is administered 10 min prior
to scanning in a well-hydrated patient. The advantage of using
intravenous contrast preparation before CT scanning is the
unequivocal distinction between the base of the prostate and the
bladder lumen (Fig. 4). Also protrusion of the prostate into the
bladder due to benign prostate hypertrophy can be taken into
account. We therefore recommend the routine use of contrast on
planning-CT, unless contra-indicated.

CT and MRI based. Protrusion of prostatic hyperplasia into the blad-
der base can be easily visualized on T2-weighted MRI and adds to a
correct delineation of the prostate especially when no contrast is
administered prior to CT.

Defining the seminal vesicles (Fig. 4)
CT based only. The SV can be omitted from the target volume, for
the total treatment course or after delivery of a minimal dose of
50 Gy according to institutional policy, in low risk PC patients
(pre-treatment characteristics: PSA � 10 ng/ml; biopsy Gleason
score 6 (Grade group 1[15]) and clinical stage �T2a; �50% of pos-
itive biopsies) [16,17]. For intermediate (PSA > 10 and �20 ng/ml
or Gleason score of 7 (Grade group 2 and 3 [15]) or clinical stage
T2b) and high risk (PSA > 20 ng/ml or Gleason score of >7 (Grade
group 4 and 5 [15]) or clinical stage �T2c) PC inclusion of the SV
should be strongly considered. Based on surgical series and the
publication of Qi et al., we propose to include at least the proximal
1.4 cm and 2.2 cm of SV delineated in the axial plane for interme-
diate and high risk PC patients respectively [18]. The most proxi-
mal part of the SV (starting point) is the point where the SV
appears individually (i.e. separated from the prostatic base) on
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the most caudal transverse plane that depicts the SV (Fig. 4). The
deferent duct, consisting of a thin tubular structure that can be rec-
ognized cranial and medial to each SV, should not be included in
this delineation (Fig. 4).
CT and MRI based. The SV are grapelike pouches filled with fluid,
and have high signal intensity on T2-weighted MR-images. They
are located caudo-lateral to the deferent ducts, which are easily
distinguishable from the SV and from surrounding vascular struc-
tures due to their low signal intensity and they can be safely omit-
ted from the target volume. Abnormal mass-like low signal
intensity in the SV is suggestive of seminal vesicle invasion. If
the latter is present, the SV should be included in the target
volume, despite tumor characteristics. As such, information from
the MRI also allows evaluating to what extent the SV have to be
minimally included. On the other hand, absence of signs suggestive
of SV invasion should not alter the decision to include the SV,
which remains a decision that is based on tumor characteristics,
i.e. PSA, Gleason score and clinical T-stage [16,17].

How to compensate for potential extracapsular extension (ECE)?
CT based only. The risk of ECE is limited for patients with low
risk PC (PSA � 10 ng/ml; biopsy Gleason score �6 (Grade group
1 [15]) and clinical stage �T2a and <50% of the biopsies
involved) [16,17]. With higher PSA level and Gleason score the
risk of ECE increases. Based on the results of Chao et al. [19]
and Teh et al. [20] and in correlation with the guidelines on
LDR and HDR brachytherapy [21,22], we advise to expand the
prostate contour (without seminal vesicles) by 3 mm for
patients with intermediate (PSA > 10 and �20 ng/ml or Gleason
score of 7 (Grade group 2 and 3 [15]) or clinical stage T2b)
and high risk PC (PSA > 20 ng/ml or Gleason score >7 (Grade group
4 and 5 [15]) or clinical stage �T2c) respectively, if CT is the only
imaging modality (Fig. 5). Expansion should be performed in the
inferior, lateral, anterior and posterior direction with exclusion of
the rectum contour unless T4 disease with spread to the rectum
is suspected on digital rectal examination. In the superior direction
expansion is omitted.

CT and MRI based. OnMRI, capsular perforation can be suspected in
the presence of clear signs of ECE, such as an irregular margin,
periprostatic fat infiltration, obliteration of the rectoprostatic angle
or measurable tumor in the periprostatic fat (Fig. 5). If ECE is sus-
pected on MRI the area of ECE should always be included in the
prostate contour. Only when the probability of ECE on MRI is very
low, i.e. a suspicious intraprostatic lesion without capsular contact
AND for low risk PC (PSA � 10 ng/ml; biopsy Gleason score �6
(Grade group 1 [15]) and clinical stage �T2a and <50% of the biop-
sies involved), no additional margins are required. For intermedi-
ate (PSA > 10 and �20 ng/ml or Gleason score of 7 (Grade group
2 and 3 [15]) or clinical stage T2b) and high risk (PSA > 20 ng/ml
or Gleason score >7 (Grade group 4 and 5 [15]) or clinical stage
�T2c) PC patients the above-mentioned CT-only recommendation
of a 3 mm expansion of the prostate contour needs to be applied.
Additional information from the MRI is used to include the area
of suspicion of ECE and to exclude the levator muscles from the
expanded target volume.

Review in the sagittal and coronal view
Review of the prostate contour in the sagittal and coronal view

is necessary to detect discrepancies in the prostate contouring and
allow adjusting where necessary [8] (Fig. 2A). Reviewing in sagittal
and coronal view can also help to identify the apex and base of the
prostate accurately.
Practical considerations when delineating the prostate on CT and MRI
Patient preparation. Patients are instructed to drink dilute contrast
medium the evening before and the morning of the CT scan in
order to improve the visibility of the small bowel. Thirty minutes
prior to the CT scan it is recommended to ask the patient to drink
500 ml of water and to apply a rectal laxative. Ideally, intra-
venous contrast is administered at least 10 min prior to scanning
in a well-hydrated patient. To allow a good distribution of the
administered IV contrast inside the bladder, physical movements
of the pelvis are advocated before installing the patient for
simulation.
CT and MRI recommendations and quality requirements. For the
planning CT following protocol is advised: 2-mm slices at 2-mm
increments from the superior border of both femoral heads to
the inferior border of the ischial tuberosity and 5-mm slices at 5-
mm increments from the level of the umbilicus to a level 10 cm
caudal to the testis.

Multiparametric MRI is not required for radiotherapy planning
purposes, as only anatomical information is needed to make proper
contouring. So T2-weighted MRI in the transverse plane is suffi-
cient, with no need for functional imaging. If dose escalation on
the dominant intraprostatic lesion is considered a multiparametric
MRI should be performed. Clinical guidelines for multiparametric
MRI are provided in the prostate imaging reporting and data sys-
tem version 2 (PI-RADS v2) [23].

MRI is ideally performed 1–6 days after the CT scan. When per-
forming an MRI of the prostate for prostate contouring purposes,
ideally both MRI and CT are performed in similar conditions, i.e.
applying the same protocol for bladder filling and emptying of
the rectum (i.e. use of fleet enema) as well as treatment position
(i.e. recommended to use a flat table, knee-fix, ankle-fix) [24]. If
the CT-scan is performed prior to the MRI, the iodine-content in
the bladder will not substantially interfere with the T2-signal
intensity of urine within the bladder, as long as it is well dis-
tributed in the urine throughout the bladder by patient movement
(no layering in the dependent part). Hence, no interference for the
delineation of the boundaries of the urinary bladder is to be
expected.
Prior to the delineation of the prostate contour both image sets have to
be aligned. This alignment can be based on bony structures, for
example closure of the pubic bones, combined with vascular structures
lying in the peri-prostatic fat. Due to inevitable variations in rectum
and bladder filling between CT and MRI images, alignment on
implanted fiducials is suggested to be superior to alignment based
on bony structures only [25].

Once both image sets are aligned the prostate contours of the
MRI images can be extrapolated to the CT images.

Even in the absence of an automatic fusion modality for online
fused contouring, MRI images can be used for off-line co-
registration with the planning CT images. Differences in slice thick-
ness of MRI and CT images have to be taken into account.

An overview of the delineation of the CTV of the prostate
slice per slice on CT and MRI is presented in Fig. 6A and 6B
respectively.



Fig. 2. Example of delineation of the prostate on CT scan and MRI. In yellow: upper border of the penile bulb. The apex starts approximately 1 cm superior to the upper border
of the penile bulb (2A). 2B represents the apex of the prostate. The apex delineated on CT only is presented in purple. The apex defined on CT-MRI is presented in green. With
MRI the urethra can be spared to create a butterfly shape contributing to a reduction in target volume. The rectum is presented in orange. The seminal vesicles are visualized
in blue on the sagittal plane (2A).

Fig. 3. Example of delineation of the mid-prostate on CT scan and CT-MRI. The prostate delineated on CT only or combined CT and MRI is presented in purple and green
respectively. The light green lines illustrate the thickness of the levator ani muscles. The red circle indicates the venous plexus of Santorini. The rectum is delineated in orange.
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Fig. 4. Example of delineation of the base of the prostate and seminal vesicles. The base of the prostate is illustrated on CT in the axial plane in purple (4A). The pink structure
represents the most proximal plane of the seminal vesicles, i.e. were the seminal vesicles can be discriminated from the base of the prostate. The bladder and rectum contour
are defined in blue and orange respectively. The tip of the seminal vesicles in 4B is presented in green. The yellow arrows indicate the deferens ducts. In the sagittal plane (4C)
the prostate is presented in purple. The seminal vesicles are presented in blue. The pink line illustrates the upper border of the seminal vesicles for low/intermediate risk
patients defined as inclusion of at least 1.4 cm of the proximal seminal vesicles.

Fig. 5. Example of expansion of the CT-based delineated prostate to compensate for potential extracapsular extension in intermediate and high-risk prostate cancer patients.
The prostate contour in green represents the contour of the prostate delineated on CT and MRI. The red contour represents the contour of the prostate based on CT
information only with an expansion of 3 mm in the inferior, lateral, anterior and posterior direction with exclusion of the rectum contour. The yellow arrow illustrates that by
expanding the CT based only prostate contour, the expanded target volume encompasses the area with suspicion of extra capsular extension on MRI. 5B and 5C represent the
prostate contour in the sagittal and coronal plane respectively. The prostate and seminal vesicles delineated on CT only are presented in purple. The red contour represents
the 3 mm expanded prostate contour in all directions except for the superior direction.
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Fig. 6. An overview of the delineation of the clinical target volume of the prostate slice per slice is presented both on CT and MRI. 6A: CT based delineation: The clinical target
volume is presented in red. Bladder and rectal wall are delineated in blue and orange respectively. On the upper slices, the small bowel and sigmoid colon are presented in
yellow and white respectively. The penile bulb is presented in yellow. The lower part of the urethra, where it can be excluded from the clinical target volume, is delineated in
light green. 6B: MRI based delineation: The clinical target volume is presented in purple. The rectal wall is delineated in dark green. The penile bulb is presented in yellow. The
lower part of the urethra, where it can be excluded from the clinical target volume, is delineated in light green.
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Fig. 6 (continued)
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Fig. 6 (continued)
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Fig. 6 (continued)
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Discussion

With modern radiation techniques, enabling the creation of
very sharp dose gradients, errors in the delineation of the target
volume have, more than ever, a direct impact on treatment out-
come. Tumor control can decrease due to an underdosage of the
prostate and the risk of toxicity is increased due to the unintended
inclusion of surrounding tissues in the high dose region [10]. A
large variability in CT-based prostate contouring has been reported
previously, despite existing guidelines [26,27]. These inconsisten-
cies are attributed to poor soft tissue contrast between the pros-
tate, rectum and pelvic floor muscles on CT. Gao et al., reported
that a CT based delineated prostate volume is on average 30% lar-
ger than the true prostate volume defined on photographic
anatomical images from the visible human project. Nevertheless,
only 84% of the true prostate volume appears to be included in this
contoured target volume [26]. The posterior parts of the prostate
are most often missed while there is a tendency to overextend
the anterior border [26].

Prostate contouring can be improved by gaining better insights
into the normal anatomy of the male pelvis [14]. Also educational
programs have shown to reduce both the inter-and intra-observer
variability [28,29] of the prostate delineation with 15% and 9%
respectively on CT [28].

T2-weighted MRI is currently the best modality to depict the
anatomy of the prostate, as it enables a more detailed discrimina-
tion between the prostate and periprostatic tissue. Consequently,
the implementation of MRI in prostate delineation leads to a signif-
icant reduction in both prostate volume and interobserver variabil-
ity compared to CT based only delineation [11,30]. The largest
benefit of MRI is observed at the level of the apex of the prostate
[31]. However, besides implementing better imaging, a clear defi-
nition of the prostate target volume and guidelines on how to
implement modern imaging techniques into prostate delineation
are needed in the era of modern radiation techniques. Even with
contouring on MRI large interobserver differences have been
reported because of lack in clear contouring guidelines [32].

Since the distal part of the urethra within the external urethral
sphincter is seldom invaded, we recommend that this part of the
urethra is omitted unless invasion is suspected on MRI, creating
a butterfly shaped contour excluding the urethra at the level of
the apex.

Large variations are also seen in the delineation of the SV. Again,
lack of clear guidelines on when and how to delineate the SV con-
tribute to these findings.

In a recent meta-analysis by De Rooij et al., the pooled sensitiv-
ity and specificity for detection of SV invasion was 58% and 96%
respectively [33]. Seen the rather low sensitivity for predicting
SV invasion, the ultimate decision whether or not to include the
SV is therefore based on clinical features predicting for SV invasion,
rather than MRI. Pathological analysis of radical prostatectomy
specimens revealed that SV involvement is most often restricted
to the proximal part of the SV. Consequently, the EORTC guidelines
recommend including the SV for a length of 1 cm and 2 cm for
intermediate and high-risk PC respectively [6]. Qi et al., compared
the actual anatomic volume of the SV with the volume of the SV
included in the clinical target volume defined by EORTC and
RTOG0815 PC RT guidelines [18]. Based on their observations, they
concluded that the current EORTC guidelines, which include the
proximal 1 cm and 2 cm of SV, are inadequate. They proposed to
extend the delineation to the proximal 1.4 cm and 2.2 cm of SV
in the axial plane for intermediate and high risk PC patients respec-
tively [18]. These recommendations are implemented in the cur-
rent guidelines. These recommendations are also in line with a
pathologic analysis performed on 344 radical prostatectomy spec-
imens that concluded that the SV should only be included in
higher-risk patients. The same report showed that involvement
of the SV is most often limited to the proximal 2.0–2.5 cm of the
SV that corresponds to approximately 60% of the SV [34].

Another point of concern is how to deal with ECE. Several
nomograms predicting the risk of ECE have been proposed and val-
idated. With higher PSA level and Gleason score the risk of ECE
increases. Based on radical prostatectomy specimens [19,20]
expansion of the prostate contour is recommended for patients
with intermediate and high risk PC respectively, if CT is the only
imaging modality for contouring [6]. The pooled sensitivity and
specificity of MRI in predicting ECE is 57% and 91% respectively
[33]. This reflects that with MRI large ECE is rarely missed. How-
ever even with MRI one cannot rule out the presence of small,
microscopic ECE. The decision to expand the target volume, in
order to compensate for potential ECE is, as is the case for SV, thus
based on tumor characteristics. The additional MRI information is
useful to ensure the complete inclusion of the ECE region. Again
the experience of the radiation oncologist as well as the quality
of the MR examination has to be taken into account.

Additional guidelines have been formulated regarding the con-
touring of the anal canal as limited data hypothesize that there is a
correlation between doses delivered to the anal region and toxicity
such as fecal leakage [35].

Studies have shown that local failure mainly occurs at the initial
dominant intraprostatic lesion [36,37]. Therefore, there is growing
interest in escalating the dose focally to the area that is at highest
risk of local failure. Several studies have examined the place of
PET-CT for delineation of the prostate or intraprostatic lesion and
reports are non-conclusive [38–40]. Although promising results
have been published, the routine use of PET-CT for target delin-
eation cannot be recommended so far [40].

Multiparametric MRI in contrast is frequently used for the visu-
alization of such intraprostatic lesions. A recent meta-analysis
showed that multiparametric MRI is able to detect significant PC
with a sensitivity range of 44–87% and a negative predictive value
range of 63–98% [41]. Models, which accurately incorporate the
information from MRI in treatment planning with a focal boost
to the dominant intraprostatic lesion, have now been published
[42]. Whether or not the performance of a focal boost to the dom-
inant intraprostatic lesion is beneficial still has to be proven. This is
currently evaluated in an on-going phase 3 trial randomizing inter-
mediate and high-risk PC patients to receive either 77 Gy (35 frac-
tions) to the prostate or 77 Gy to the prostate with an additional
boost to the macroscopic tumor up to 95 Gy [43]. Until the results
of this trial clearly demonstrate the safety and the superiority of
this approach, the routine use of focal boost to the dominant
intraprostatic lesion cannot be advocated outside clinical trials.
Therefore no recommendations were made in these guidelines on
how to delineate the dominant intraprostatic lesion.

Considering the advantages of MRI in prostate visualization, the
use of MRI in RT is rapidly growing. MRI has also already been
implemented in the development and integration of a planning,
treatment and delivery strategy that is solely based on MRI images
[44].
Conclusion

We developed contouring guidelines adapted to modern RT
techniques and including modern imaging to overcome current
uncertainty in the field of target volume contouring of localized
prostate cancer.
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Disclaimer

ESTRO cannot endorse all statements or opinions made on the
guidelines. Regardless of the vast professional knowledge and sci-
entific expertise in the field of radiation oncology that ESTRO pos-
sesses, the Society cannot inspect all information to determine the
truthfulness, accuracy, reliability, completeness or relevancy
thereof. Under no circumstances will ESTRO be held liable for
any decision taken or acted upon as a result of reliance on the con-
tent of the guidelines.

The component information of the guidelines is not intended or
implied to be a substitute for professional medical advice or med-
ical care. The advice of a medical professional should always be
sought prior to commencing any form of medical treatment. To this
end, all component information contained within the guidelines is
done so for solely educational and scientific purposes. ESTRO and
all of its staff, agents and members disclaim any and all warranties
and representations with regard to the information contained on
the guidelines. This includes any implied warranties and condi-
tions that may be derived from the aforementioned guidelines.
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