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Summary

We present the background
work justifying a new set of
consensus guidelines and an
atlas proposing modifications
to the widely used Radiation
Therapy Oncology Group
(RTOG) technique of con-
touring the pelvic lymph
nodes. Our guidelines were
used in the randomized
phase 2 Prostate and pelvIs
Versus prOsTate Alone
treatment for Locally
advanced prostate cancer
(PIVOTAL) trial, intended to
demonstrate safety of pros-
tate and pelvic lymph node
intensity modulated radiation
therapy.
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Purpose: The purpose of this study was to establish reproducible guidelines for delin-
eating the clinical target volume (CTV) of the pelvic lymph nodes (LN) by combining
the freehand Royal Marsden Hospital (RMH) and Radiation Therapy Oncology Group
(RTOG) vascular expansion techniques.
Methods and Materials: Seven patients with prostate cancer underwent standard plan-
ning computed tomography scanning. Four different CTVs (RMH, RTOG, modified
RTOG, and Prostate and pelvIs Versus prOsTate Alone treatment for Locally advanced
prostate cancer [PIVOTAL] trial) were created for each patient, and 6 different bowel
expansion margins (BEM) were created to assess bowel avoidance by the CTV. The
resulting CTVs were compared visually and by using Jaccard conformity indices.
The volume of overlap between bowel and planning target volume (PTV) was
measured to aid selection of an appropriate BEM to enable maximal LN yet minimal
normal tissue coverage.
Results: In total, 84 nodal contours were evaluated. LN coverage was similar in all
groups, with all of the vascular-expansion techniques (RTOG, modified RTOG, and
PIVOTAL), resulting in larger CTVs than that of the RMH technique (mean volumes:
287.3 cm3, 326.7 cm3, 310.3 cm3, and 256.7 cm3, respectively). Mean volumes of
bowel within the modified RTOG PTV were 19.5 cm3 (with 0 mm BEM), 17.4 cm3

(1-mm BEM), 10.8 cm3 (2-mm BEM), 6.9 cm3 (3-mm BEM), 5.0 cm3 (4-mm
BEM), and 1.4 cm3 (5-mm BEM) in comparison with an overlap of 9.2 cm3 seen using
the RMH technique. Evaluation of conformity between LN-CTVs from each technique
revealed similar volumes and coverage.
Conclusions: Vascular expansion techniques result in larger LN-CTVs than the freehand
RMH technique. Because the RMH technique is supported by phase 1 and 2 trial safety
data, we proposed modifications to the RTOG technique, including the addition of a 3-
mmBEM,which resulted in LN-CTVcoverage similar to that of theRMH technique,with
reduction in bowel and planning target volume overlap. On the basis of these findings, re-
commended guidelines including a detailed pelvic LN contouring atlas have been pro-
duced and implemented in the PIVOTAL trial. � 2015 Elsevier Inc. All rights reserved.
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Introduction

Lymph nodes (LN) are a common site of cancer metastases
in patients with high-risk localized prostate cancers. Pa-
tients with LN involvement have unfavorable outcomes
compared to those without LN involvement. Improvements
in intensity modulated radiation therapy (IMRT) suggest
pelvic LNs can be safely treated (1-4), although the overall
benefit is still under investigation.

One difficulty in widespread implementation of pelvic
LN IMRT is the absence of agreement on LN locations.
Surgical series have confirmed the distribution of involved
LNs in patients with prostate cancer, with extended lym-
phadenectomy including external iliac, internal iliac, obtu-
rator, and presacral nodal groups (5-10). Additionally,
lymphotropic nanoparticle-enhanced magnetic resonance
imaging (LNMRI) can accurately determine nodal status
(11) by discriminating between normal and abnormal LNs
with high sensitivity and specificity (12). Lymph node
positions were mapped (13-15) and an LN atlas was pub-
lished by the Radiation Therapy Oncology Group (RTOG)
for use in planning RT for prostate cancer (16). Similar work
using LNMRI was performed at the Royal Marsden Hospital
(RMH) (17) and was the basis of RMH guidelines for
TIUM MEDICAL LIBRARIES - ISR
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defining the pelvic LN clinical target volume (LN-CTV) that
have been used since 2000 in an ongoing single-center
clinical trial of prostate and pelvic LN IMRT (18). These
guidelines included at-risk LN groups and also stipulated
that small white dots seen on the planning CT scan lying in
close proximity to the pelvic vasculature should be included
due to the likelihood that these were small LNs. These
contouring guidelines formed the basis of phase 1 safety
data from the pelvic LN IMRT trial. Overall peak acute
grade �2 RTOG toxicity occurred in 47% of patients
receiving 50 to 55 Gy in 35 fractions to the pelvic LNs,
which rapidly reduced to<10% of patients by week 18 from
the start of RT. Late RTOG diarrhea of grade �1 was
experienced by 27% of patients (grade 3 Z 1.3%; grade
2 Z 6.5%; grade 1 Z 19%). The authors concluded that
acute and late bowel toxicity was acceptably low using the
RMH LN contouring technique when treating pelvic LNs up
to doses of 55 Gy in 37 fractions (1, 2).

The RMH guidelines consist of detailed written in-
structions and rely upon the contouring experience of a few
individual clinicians. Due to their complexity, it was felt
they would be difficult to reproduce in a multicenter
setting. Furthermore, these guidelines involve freehand
drawing of nodal contours rather than use of recently
AEL -Medical Center Rambam from ClinicalKey.com by Elsevier on June 06, 2019.
Copyright ©2019. Elsevier Inc. All rights reserved.
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available planning software margin expansion and editing
capabilities. RTOG guidelines used a vascular expansion
technique, in which a 7-mm margin was added to the pelvic
vasculature with subsequent limited editing, giving an LN-
CTV. This resulted in LN-CTVs that were easier to draw
and encompassed the same nodal groups as the RMH
technique, but the guidelines were less detailed, and there
are currently no supporting trial safety data for the RTOG
technique. This posed the question whether a compromise
could be found by developing an outlining guide that was
reproducible and simple to follow (like the RTOG guide-
lines) yet created LN volumes similar to those previously
used at RMH which were known to be safe.

In preparation for the Prostate and pelvIs Versus prOs-
Tate Alone treatment for Locally advanced prostate cancer
(PIVOTAL) phase 2 multicenter trial of prostate alone
versus prostate and pelvic node IMRT (International Stan-
dard Randomised Controlled Trial Number registry
[ISRCTN] no. 48709247; funded by Cancer Research
United Kingdom [CRUK] 10/022), a study was performed
to investigate differences between the LN-CTVs resulting
from the RTOG techniques and those of the RMH con-
touring techniques. Using these results, we prepared new
consensus guidelines with the intention of standardizing the
contouring process and maintaining LN-CTV coverage
without increasing bowel irradiation.
Methods and Materials

A comparison between definitions of RMH CTV tech-
niques and those of RTOG techniques was performed in 7
patients previously treated at the RMH between January 1,
2009, and December 31, 2009, All patients were prospec-
tively recruited and treated within a phase 1/2 dose esca-
lation study of IMRT used to treat prostate and pelvic LNs.
For consistency, these patients’ final LN-CTVs (drawn
according to the RMH technique) had all been approved for
treatment by the same consulting radiation oncologist. A
new set of pelvic LN-CTVs were subsequently drawn by 1
clinician using the RTOG guidelines, while blinded to the
original RMH volumes. The accuracy of the contouring
was reviewed by a third clinician in order to ensure it
closely followed the RTOG guidance. The 2 volumes were
then compared by assessing differences in overall volumes
by paired t tests, distribution of the volumes, and Jaccard
conformity index (JCI).

JCI indexes (19) were obtained by dividing the common
volume (overlap between 2 constituent volumes) by the
union (encompassing volume). JCI calculations result in a
value between 0 and 1, where a value of 0 indicates that the
2 constituent volumes are completely disjointed and a value
of 1 indicates that the volumes are identical.

The RMH and RTOG guidelines and resulting volumes
were reviewed at a meeting of PIVOTAL trialists on
November 5, 2010, and it was considered that the RTOG
method did not contain sufficient detail to permit
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consistency in interpretation. As a result, the available LN
mapping data (13-15) were reviewed, and some additional
instructions were added, thus developing a new set of
guidelines which expanded upon the RTOG guidance,
termed modified RTOG (mRTOG) guidelines.

Further LN-CTVs were created using mRTOG guide-
lines. When these volumes were compared with those
derived from RMH and RTOG techniques, it was imme-
diately apparent that, as a result of the modifications, the
mRTOG volumes were larger than those obtained with
either the RTOG or RMH technique, raising concerns
about increased bowel irradiation when using the mRTOG
technique. At the PIVOTAL trialists’ meeting, a decision
was made to investigate methods to reduce bowel irradi-
ation by adding a margin (termed bowel expansion margin
[BEM]) around the bowel volume, creating a volume
called the bowel expansion volume (BEV). Any areas
where BEV and LN-CTV overlapped were edited out of
the LN-CTV volume (except for any contoured vessels,
which always remained within the LN-CTV). Manual
editing to include suspicious nodal areas (small white
dots) was encouraged.

A further contouring comparison was performed using
the mRTOG LN-CTV technique in order to establish the
BEM required to create the optimal BEV. The same 7
patients were used, with margins of 0, 1, 2, 3, 4, and 5 mm
added to the bowel volume isotropically (3-dimensionally
[3D]) and anisotropically in anteroposterior (A-P) and
lateral directions only (2D). Any overlap between LN-
CTV and BEV was excluded from the LN-CTV, and a
0.5-cm margin was added to the LN-CTV volume to
create LN planning target volume (PTV), according to
the RMH technique used in the phase 1/2 pelvic IMRT
trial (1, 2). The overlap between LN-PTV and bowel
volume was assessed for each margin. The optimal BEV
used to edit the LN-CTV was deemed to be the volume
that resulted in equal or less overlap between LN-PTV
and bowel to that seen using the RMH technique,
which was previously shown to be associated with
acceptable toxicity (1, 2).
Results

Determining optimal bowel expansion margin

Table 1 shows that all 2D bowel expansions resulted in
greater overlap between the mRTOG LN-PTV and bowel
(9.7-19.5 cm3) than the overlap from the RMH technique
(9.2 cm3). In addition, 3D bowel expansions of both 1 and
2 mm resulted in larger overlap (17.4 and 10.8 cm3,
respectively). For 3D BEMs of 3 to 5 mm, there was less
overlap between mRTOG LN-PTV and bowel than with the
RMH technique (Table 1). A 3D BEM of 3 mm when
creating the LN-CTV was adopted into the PIVOTAL trial
RT guidelines and was then referred to as the PIVOTAL
technique (Table 2). Figure 1 demonstrates differences
EL -Medical Center Rambam from ClinicalKey.com by Elsevier on June 06, 2019.
opyright ©2019. Elsevier Inc. All rights reserved.



Table 1 Effect of BEV using different margins on the mean mRTOG LN CTV/PTV volumes

Margin applied to
bowel to create BEV (mm)

Mean (�SD) mRTOG
LN-CTV volume (cm3)

Mean (�SD) mRTOG
LN PTV volume (cm3)

Mean (�SD) overlap
between mRTOG

LN PTV and bowel (cm3)

2D margin 3D margin 2D margin 3D margin 2D margin 3D margin

0 326.7 (49.7) 326.7 (49.7) 714.8 (99.4) 714.8 (99.4) 19.5 (7.9) 19.5 (7.9)
1 324.3 (50.4) 323.1 (49.3) 712.5 (99.9) 711.0 (98.0) 17.4 (6.8) 17.4 (6.8)
2 322.3 (51.0) 316.0 (50.4) 710.5 (100.4) 701.7 (97.7) 15.7 (5.9) 10.8 (3.7)
3 319.1 (51.6) 310.3 (50.6) 707.5 (100.9) 695.4 (97.4) 13.3 (4.8) 6.9 (2.2)
4 316.5 (52.0) 306.8 (51.3) 704.9 (101.2) 691.5 (98.3) 11.5 (4.1) 5.0 (2.2)
5 313.3 (52.3) 299.1 (51.4) 701.6 (101.4) 680.9 (98.9) 9.7 (3.5) 1.4 (2.2)
RMH 256.7 619.0 9.2

Abbreviations: BEV Z bowel expansion volume; CTV Z clinical tumor volume; LN Z lymph node; mRTOG Z modified Radiation Therapy

Oncology Group (guidelines); PTV Z planning target volume; RMH Z Royal Marsden Hospital; SD Z standard deviation.
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between techniques, including how the BEV impacts the
PIVOTAL LN-CTV. Importantly, PIVOTAL volumes gave
consistently less overlap between LN-PTV and bowel than
the RMH technique, despite the larger LN-CTV. Use of a
3-mm BEM resulted in an overlap volume of 6.9 cm3

compared to 9.2 cm3 and 19.5 cm3 volumes with the RMH
and RTOG methods, respectively (Table 1).

Differences in volumes

RTOG versus RMH techniques
LN-CTVvolumes obtained using the RMH technique ranged
from 204.3 to 344.3 cm3 (mean: 256.7 cm3; � standard de-
viation: 52.4), whereas volumes obtained using the RTOG
technique ranged from 232.4 to 345.7 cm3 (mean:
287.3� 42.4). RTOG volumes were significantly larger than
RMH volumes (PZ.005) with a mean increase of 30.6 cm3

(95% confidence interval [CI]: 23.8-38.1 cm3) (Table 3).

mRTOG and PIVOTAL techniques
mRTOG LN-CTV volumes were significantly larger than
those of RMH (mean increase in volume: 69.9 cm3; 95%
CI: 55.1-84.8 cm3; P<.001) and RTOG volumes (mean
increase in volume: 39.3 cm3; 95% CI: 31.4-47.2 cm3;
P<.001) (Table 3). The adjustments to the mRTOG vol-
umes resulting in the PIVOTAL volumes succeeded in
reducing the LN-CTV by a mean value of 16.3 cm3 (95%
CI: 10.0-22.6 cm3). Although smaller than the mRTOG
volumes, the PIVOTAL volumes were still significantly
larger than those of RMH (mean increase in volume:
53.6 cm3; 95% CI: 37.2-70.0; P<.001) and RTOG volumes
(mean increase in volume: 23.0 cm3; 95% CI: 13.1-
32.9 cm3; PZ.0038).

Qualitative comparison of segmentation methods

The techniques using vascular expansion (RTOG, mRTOG,
and PIVOTAL) all resulted in LN-CTVs extending farther
anteriorly and medially than those of RMH (Fig. 1a). The
RMH contouring instructions followed the external iliac
Downloaded for Anonymous User (n/a) at CONSORTIUM MEDICAL LIBRARIES - ISR
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blood vessels very closely without a surrounding margin
and edited out organs at risk such as bowel. The RMH
technique used a 15-mm presacral strip, which was wider
than RTOG and PIVOTAL techniques of 10 mm and
12 mm, respectively (Fig. 1b). Furthermore, the RMH
technique included the sacral exit foramina, whereas the
other techniques did not (Fig. 1c). The region connecting
internal and external iliac vessels and the obturator region
were consistently larger using the PIVOTAL technique, due
to the use of 18-mm-wide strips measured from the medial
surface of the bony pelvic side wall (Fig. 1d). Finally, the
RTOG technique extended inferiorly to the top of the bony
pubic symphysis, whereas the RMH and PIVOTAL tech-
niques stopped 1 cm above (Fig. 1e).

Quantitative comparison of segmentation methods

Analysis of the PIVOTAL and RMH outlining protocols
showed that the mean volume of overlapping LN CTVs was
219.5 cm3 (�41.3 cm3) with 75.9 cm3 (�18.6 cm3) only
included in the PIVOTAL outline and 29.1 cm3 (�9.9 cm3)
only in the RMH outline. Analysis of the RTOG and RMH
protocols showed these values to be 211.8 cm3

(�38.8 cm3), 63.1 cm3 (�12.4 cm3), and 36.2 cm3

(�12.7 cm3) (Fig. 2a). Overall, more of the PIVOTAL
volume overlapped with the RMH volume, and less of the
RMH volume was outside of the PIVOTAL volume
compared with the RTOG technique. Figure 2b shows these
volumes as percentages, and it can be seen that for each
patient, the percentage of the RMH volume excluded from
the PIVOTAL volume is consistently lower than the cor-
responding RTOG figure.

Calculation of JCI was performed to evaluate the
PIVOTAL guidelines as well as the RTOG guidelines in
comparison with the original RMH guidelines and also to
compare PIVOTAL with RTOG guidelines. The mean JCI
comparing RTOG with RMH was 0.63; the mean JCI
comparing PIVOTAL with RMH was also 0.63; but the
mean JCI comparing PIVOTAL with RTOG was higher at
0.78. This shows that RTOG and PIVOTAL techniques
result in similar conformance compared with the RMH
AEL -Medical Center Rambam from ClinicalKey.com by Elsevier on June 06, 2019.
Copyright ©2019. Elsevier Inc. All rights reserved.



Table 2 LN-CTV contouring instructions for RTOG and PIVOTAL techniques

Site
RTOG

guidelines
PIVOTAL
guidelines

Reason for differences between
techniques

Superior extent
of LN-CTV

L5/S1 interspace Lower border of L5 vertebra
as seen on sagittal CT

L5/S1 interspace is typically angled,
therefore selection of different points
within the interspace can result in a
discrepancy in LN-CTV superior
extent by several mm, but specifying
the lower border of L5 ensures
consistency

Inferior extent
of LN-CTV

Top of pubic symphysis 1 cm above the top of the
pubic symphysis

There was considerable variation in
RTOG group expert opinion about
the inferior extent of LN-CTV (3 cm
superior to the prostatic base to the
level of the obturator foramina), (22).
Group consensus was that 1 cm
above the pubic symphysis mirrored
practice in an “average” patient but
that there will be variations
depending on individual patient
anatomy. This is supported by studies
of the position of sentinel nodes by
Ganswindt et al (26).

Vascular expansion
margin applied

7 mm AP/laterally 7 mm AP/laterally

Structures to be
edited out of
LN-CTV

Bowel
Bladder
Bone

BEV (bowel þ
3-mm margin)

Bladder
Rectum
Bone
Muscle

Exclusion of BEV reduces volume
of bowel within the LN-PTV;
Muscle is not mentioned in RTOG
guidance, although it is edited out of
LN-CTV in the RTOG atlas

Presacral nodal
volume

S1-S3 inclusive
10-mm strip anterior
to sacrum

S1-S3 inclusive
12-mm strip
anterior to
sacrum

We reduced the width of the presacral
strip used in the RMH guidelines
based upon Dinniwell et al (14), who
used a 12-mm strip. Expert opinion
has shown considerable variation in
definitions of the anterior limits of
presacral nodes of between 1.5 and
3 cm (22)

Level at which
the external iliac
volume stops

Top of femoral heads Top of femoral heads

Any further
instructions

Connect the external
and internal iliac
contours on each
slice

1. Connect internal and
external iliac volumes
with an 18-mm strip
(measured from medial
surface of bony pelvis)

2. Use IV contrast to aid
identification of vessels;

3. Obturator region is an
18-mm wide strip
measured from the inner
surface of bony pelvic
side wall;

4. Inclusion of any small
white dots

RTOG guidance was not explicit on
how to connect internal and external
iliac contours.
IV contrast enhances ability to
determine the location of vessels
and therefore aids delineation.
Taylor et al (13) suggest that 99% of
obturator lymph nodes are
encompassed by an 18mm strip
measured from the medial aspect of
the bony pelvis.
Small white dots may represent
small blood vessels and associated
LNs (14). Clinician discretion is
required to include any suspicious
areas

Abbreviations: BEV Z bowel expansion volume; CT Z computed tomography; CTV Z clinical tumor volume; IV Z intravenous; LN Z lymph

node; PIVOTAL Z Prostate and pelvIs Versus prOsTate Alone treatment for Locally advanced prostate cancer; PTV Z planning target volume;

RMH Z Royal Marsden Hospital; RTOG Z Radiation Therapy Oncology Group.
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Fig. 1. Four axial (a-d) and 1 coronal (e) computed tomography images illustrating differences between RMH (green),
RTOG (orange) and PIVOTAL (red) LN CTV contouring techniques. CTV Z clinical target volume; LN Z lymph node;
PIVOTAL Z Prostate and pelvIs Versus prOsTate Alone treatment for Locally advanced prostate cancer; RMH Z Royal
Marsden Hospital; RTOG Z Radiation Therapy Oncology Group. A color version of this figure is available at www.
redjournal.org.
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guidelines but that the PIVOTAL and RTOG volumes are
more concordant with each other than they are with the
RMH volumes.
Discussion

Prostate cancer is common, and many patients present
with high-risk disease. There remains an uncertain benefit
Table 3 LN-CTV volumes according to contouring technique

Patient RMH volume (cm3) RTOG volume (cm3)

1 228.3 268.0
2 302.2 326.4
3 218.6 271.0
4 204.3 250.8
5 278.2 316.9
6 344.3 345.7
7 221.2 232.4
Mean (�SD) 256.7 (52.4) 287.3 (42.4)

Abbreviations: mRTOG Z modified Radiation Therapy Oncology Group

treatment for Locally advanced prostate cancer; RMH Z Royal Marsden Hos
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from nodal irradiation, and 2 randomized controlled trials
have failed to show any differences in overall survival
using prostate and pelvic LN RT compared with prostate
RT alone (20, 21). However, the RT technique used in
these trials did not use IMRT, and therefore the dose
given to the pelvic LN was limited by the risk of toxicity.
As RT technology improves, particularly with the
increasing use of IMRT, safe pelvic nodal RT is
becoming a reality and has led to the possibility of
mRTOG volume (cm3) PIVOTAL volume (cm3)

288.7 274.1
368.4 339.5
316.4 304.1
283.8 274.8
368.8 348.1
393.2 388.1
267.4 243.7

326.7 (49.7) 310.3 (50.6)

(guidelines); PIVOTAL Z Prostate and pelvIs Versus prOsTate Alone

pital; SD Z standard deviation.
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Fig. 2. Absolute volumes (a) and percentages (b) of constituent parts of combined LN-CTV for 7 patients. CTV Z clinical
target volume; LN Z lymph node; RMH = Royal Marsden Hospital.
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escalating the RT dose delivered to the pelvic LN, which
in turn may translate to an improvement in disease con-
trol and/or survival.

In order to answer the question of whether nodal RT can
benefit patients, it is essential that we accurately and
Downloaded for Anonymous User (n/a) at CONSORTIUM MEDICAL LIBRARIES - ISRA
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consistently identify the relevant LNs. Lawton et al (22)
reported on behalf of the RTOG on the variation between
radiation therapists when defining the pelvic LN-CTV. In
that study, 2 pelvic CT scans were distributed to 14 geni-
tourinary radiation oncologists, who defined the iliac and
EL -Medical Center Rambam from ClinicalKey.com by Elsevier on June 06, 2019.
opyright ©2019. Elsevier Inc. All rights reserved.
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presacral LNs. The resulting volumes were compared and
revealed significant variations among the oncologists.
Another study reported that access to a protocol and an
outlining atlas improved consistency in outlining prostate
cancer (23). Conformity indices were not calculated in the
study by Lawton et al (22); instead the authors used the
simultaneous truth and performance level estimation
(STAPLE) algorithm (24), which calculated a single con-
tour of multiple expert-drawn contours. Results demon-
strated that agreement on the iliac nodal volumes was better
(moderate agreement) than the presacral LN volumes (fair
agreement). Overall, the study by Lawton et al (22)
concluded that a consensus on the definition of pelvic
LN-CTV needed to be reached to enable accurate assess-
ment of the merit and safety of LN treatment, and the
RTOG guidelines were published to address this (16).

We wished to leverage the vascular expansion technique
described in the RTOG guidelines to produce LN-CTVs
which encompassed the nodal areas described in the RTOG
and RMH techniques but without increasing bowel irradi-
ation. We rationalized that this approach should be asso-
ciated with a similarly low bowel toxicity to the phase 1
pilot data of high-dose prostate/pelvic LN IMRT, using the
RMH outlining method (1, 2). Our intention was to create
LN-CTVs that would be reproduced consistently in the
context of the PIVOTAL multicenter trial.

Modifications to RTOG technique

Reviewing the RTOG technique, we considered that the
contouring instructions provided insufficiently detailed
information to consistently determine a LN-CTV. One aim
of the PIVOTAL trial was to introduce pelvic IMRT to a
number of RT departments in the United Kingdom not
Table 4 Comparison of different LN CTV contouring techniques

Study (ref)
Vascular expansion margin

around vessels O

Taylor et al (13) 7 mm with minor manual
modification

18 mm

Dinniwell et al (14) Common iliac, 10 mm;
Ext iliac, 9 mm;
Int iliac, 10 mm

22 mm

Shih et al (15) 20 mm 20 m
inf

20 m
inf

Lawton et al (16)
(RTOG technique)

7 mm Not s

RMH technique (18) NA (freehand technique) Freeh
nod

PIVOTAL technique 7 mm (laterally and A-P with
sup/inf extent formalized)

18 mm

Abbreviations: A-P Z anteroposterior; CI Z 95% confidence interval; CTV

LN Z lymph node; NA Z not applicable; PIVOTAL Z Prostate and pelvIs

RMH Z Royal Marsden Hospital; RTOG Z Radiation Therapy Oncology Gr
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previously using this technique and who had limited
experience with pelvic LN delineation. Our intention was
to make comprehensive contouring instructions and an
accompanying atlas (please see Supplementary material
on www.redjournal.org), with as little room for misinter-
pretation as possible. Our particular concerns were that the
RTOG gave limited guidance on how to connect internal
and external iliac nodal outlines and none related to the
contouring of obturator nodes. Furthermore, the RTOG
guidelines did not explicitly state that muscle should be
excluded from the LN-CTV (although this was noted on
the accompanying images). Taylor et al (13) also used a
vascular expansion of 7 mm but permitted minor manual
modification and defined the obturator region as an 18-mm
strip medial to the bony pelvic sidewall. We extended this
18-mm strip superiorly to connect internal and external
iliac nodal groups as this was felt to be easily achievable
using the rollerball function of RT planning software
packages. Other investigators have suggested wider
obturator strips (14, 15) (Table 4); however, our group
considered that 18 mm was sufficiently wide based upon
the work of Taylor et al (13), who concluded that 99% of
obturator lymph nodes would be covered by an 18-mm
wide obturator strip. Dinniwell et al (14) suggested that
90% of obturator nodal tissue in 90% of patients would be
covered by a 22-mm expansion medial to the pelvic side
wall. Rather than adopt this wider obturator strip, our
guidelines categorically state that additional areas that
contain LN tissue seen on imaging may be included even
if they fall outside of the 18-mm strip. Likewise, suspi-
cious areas seen elsewhere may be included within the
CTV if clinically necessary. Historically, the RMH con-
touring technique delineated the presacral nodes by using
a 15-mm strip anterior to the sacrum (levels S1-S3,
bturator nodal volume Presacral nodal volume

medial to pelvic side wall 10-mm strip anterior to sacrum

medial to pelvic side wall 12-mm strip anterior to sacrum

m around ext iliac (90 mm
to CI bifurcation);
m around int iliac (85 mm
to CI bifurcation)

Not specified

pecified 10-mm strip anterior to sacrum

and, to include vessels,
es, and small white dots

15-mm strip anterior to sacrum

medial to pelvic side wall 12-mm strip anterior to sacrum

Z clinical target volume; Ext Z external; inf Z inferior; Int Z internal;

Versus prOsTate Alone treatment for Locally advanced prostate cancer;

oup; sup Z superior.

AEL -Medical Center Rambam from ClinicalKey.com by Elsevier on June 06, 2019.
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inclusive) and included the sacral exit foramina within the
LN-CTV. Upon review of published reports, which all
used narrower presacral strips (13, 15, 16), we reduced the
width to 12 mm and no longer included the foramina, as
LN-MRI data suggest that LNs are not typically found in
this location in prostate cancer. Interestingly, Lawton et al
(22) reported that all surveyed genitourinary (GU) radia-
tion oncologists delineated wider presacral strips of 1.5 to
3 cm, but the subsequent RTOG guidance suggested a
smaller strip of 10 mm. The figure is in keeping with that
suggested by Taylor et al (13), derived from ultrasmall
paramagnetic iron oxide (USPIO) studies, which demon-
strated that vascular expansion around presacral vessels
gave inadequate coverage and that a 10-mm strip anterior
to the sacrum was required. A further USPIO study by
Dinniwell et al (14) suggested that a mean distance of
8.2 mm anterior to the sacrum encompassed 90% of nodal
tissue, and consequently suggested a wider strip of 12 mm
in order to encompass a higher percentage of nodal tissue
in this region: it is from this data that we arrived at our
suggested presacral strip of 12 mm. The resultant
PIVOTAL LN-CTV volumes are larger and extend more
anteriorly and medially than the RMH technique. A
comparison of different LN-CTV contouring techniques is
shown in Table 4.

Numerical evaluation of conformance

Use of the JCI provided a single measurement representing
volumetric or positional change, with the advantage that the
volumes required in the calculations were easily obtained
from modern RT planning software. Because a JCI of 1.0
would imply identical volumes, our data suggest that the
PIVOTAL technique is more similar to the RTOG tech-
nique than to the RMH technique but has been optimally
adapted by use of a BEV in order to minimize the risk of
toxicity. Thorough review of the distribution of the LN
volumes reassured us that each technique had sufficient
coverage of the nodal regions at risk. Although numerical
values of conformance are a useful assessment tool, it is our
opinion that review of the spatial distribution of the LN-
CTV is the most important factor in determining suitability
of an LN-CTV contouring technique.

Limitations and justifications of this work

Our primary concern in defining a new technique of
delineating LN-CTV was that we would be using a different
contouring technique to that underpinning our previous
safety data. We sought to balance simplification of the
contouring instructions with the need to make the resulting
LN-CTV and bowel irradiated as similar as possible to the
RMH technique, with its proven acceptable rates of
treatment-related side effects. We well appreciate that
during a course of RT the bowel position and volume
changes; bowel contouring and resulting dosimetry is based
Downloaded for Anonymous User (n/a) at CONSORTIUM MEDICAL LIBRARIES - ISRA
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upon a snapshot picture which may not fully reflect the
bowel position and volume during the entire course of
treatment. The larger PIVOTAL LN-CTV volumes extend
more anteriorly and medially than the RMH technique, into
the area typically occupied by bowel. There is the possi-
bility that this could result in increased RT dose to the
bowel with consequent toxicity although we believe this
unlikely using the BEV method. Reassuringly, preliminary
analysis of bowel side effects in the PIVOTAL trial has
shown very acceptable levels of side effects using both
physician- and patient-reported outcome measures (25).

Conclusions

The role of pelvic LN RT for men with prostate cancer is
still under evaluation. IMRT to the prostate and pelvic LNs
enables highly conformal treatment of LNs and avoidance
of organs at risk; however, it essential that an appropriate
LN volume is treated in order to evaluate the benefit and
safety of pelvic IMRT.

We developed comprehensive guidelines to assist radi-
ation oncologists in defining LN-CTV, which result in more
adequate LN coverage and less overlap with bowel than
previously described methods.
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