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Summary
In 2008, the Radiation Therapy Oncology Group
(RTOG) published an international collaborative atlas
to define the clinical target
volume (CTV) for pelvic radiation therapy in the postoperative treatment of
endometrial and cervical
cancer. This article updates
the atlas using the last
decade of knowledge on
target definitions, expands
the atlas to include the paraaortic region and inferior
obturator region and removes
all references to bony
landmarks.

Purpose: Accurate target definition is critical for the appropriate application of radiation therapy. In 2008, the Radiation Therapy Oncology Group (RTOG) published an
international collaborative atlas to define the clinical target volume (CTV) for intensity
modulated pelvic radiation therapy in the postoperative treatment of endometrial and
cervical cancer. The current project is an updated consensus of CTV definitions, with
removal of all references to bony landmarks and inclusion of the para-aortic and inferior obturator nodal regions.
Methods and Materials: An international consensus guideline working group discussed modifications of the current atlas and areas of controversy. A document was
prepared to assist in contouring definitions. A sample case abdominopelvic computed
tomographic image was made available, on which experts contoured targets. Targets
were analyzed for consistency of delineation using an expectation-maximization algorithm for simultaneous truth and performance level estimation with kappa statistics as
a measure of agreement between observers.
Results: Sixteen participants provided 13 sets of contours. Participants were asked to
provide separate contours of the following areas: vaginal cuff, obturator, internal iliac,
external iliac, presacral, common iliac, and para-aortic regions. There was substantial
agreement for the common iliac region (sensitivity 0.71, specificity 0.981, kappa
0.64), moderate agreement in the external iliac, para-aortic, internal iliac and vaginal
cuff regions (sensitivity 0.66, 0.74, 0.62, 0.59; specificity 0.989, 0.966, 0.986, 0.976;
kappa 0.60, 0.58, 0.52, 0.47, respectively), and fair agreement in the presacral and
obturator regions (sensitivity 0.55, 0.35; specificity 0.986, 0.988; kappa 0.36, 0.21,
respectively). A 95% agreement contour was smoothed and a final contour atlas
was produced according to consensus.
Conclusions: Agreement among the participants was most consistent in the common
iliac region and least in the presacral and obturator nodal regions. The consensus volumes formed the basis of the updated NRG/RTOG Oncology postoperative atlas.
Continued patterns of recurrence research are encouraged to refine these volumes.
Ó 2020 Elsevier Inc. All rights reserved.

Introduction
Endometrial cancer and early stage cervical cancer are
treated with surgery with or without adjuvant radiation
therapy or chemotherapy.1-7 For endometrial cancer, adjuvant radiation therapy has been shown to decrease locoregional recurrence for patients with stage I disease with
intermediate or high-risk features.1,3,4 Population-based
studies suggest that adjuvant radiation therapy for patients
with endometrial cancer can improve overall survival.8-10
For cervical cancer, adjuvant radiation therapy alone decreases locoregional recurrence for patients with intermediate risk factors; the addition of concurrent chemotherapy
to adjuvant pelvic radiation therapy improves overall survival for patients with high-risk factors.6,7,11
In the era of computed tomography (CT) simulation,
3-dimensional conformal radiation therapy (3D-CRT) was
used to deliver adjuvant radiation therapy, using target

volume-based contouring with consideration of traditional
bony landmarks to delineate the treatment volume. More
recently, intensity modulated radiation therapy (IMRT) enables delivery of the prescribed dose to at-risk targets while
limiting the dose to adjacent normal tissues. The feasibility of
IMRT has been demonstrated with acceptable toxicity profiles
for the treatment of gynecologic malignancies.12-14 The NRG/
Radiation Therapy Oncology Group (RTOG) 1203 (TIME-C)
trial showed that in the treatment of postoperative endometrial
and cervical cancer patients IMRT reduces rates of acute and
chronic bowel and urinary toxicity while improving quality of
life compared with 3D-CRT.15,16
However, IMRT requires a more accurate understanding
and delineation of the clinical target volume (CTV) than
may be necessary for 3D-CRT. In 2008, the RTOG published their guidelines for CTV delineation in postoperative
treatment of gynecologic malignancies. This document
used bony landmarks as guides, did not include guidelines
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for paraaortic nodal volume delineation, and did not identify individual nodal groups in the contouring atlas.17 The
addition of the para-aortic region was accomplished to
expand the applicability of the guidelines to include patients who necessitate extended field radiation. The choice
to include individual nodal groups was to quantify the areas
that may be particularly difficult to define. The purpose of
this study is to update the previously described consensus
guidelines for the CTV delineation of postoperative endometrial and cervical cancer, which can be used in either the
3-dimensional (3D) or IMRT setting.

Methods and Materials
An international consortium of radiation oncologists was
established to include members of the RTOG Gynecologic
Working Group, international radiation oncologists with a
special interest in gynecologic malignancies, a gynecologic
oncologist, and a radiologist with specialized knowledge in
gynecologic imaging. A sample postoperative case was
chosen as the representative case, and the radiation oncologists were asked to provide separate nodal group and
vaginal contours to represent the CTV for the following
targets: vaginal CTV and the obturator, internal iliac,
external iliac, presacral, common iliac, and para-aortic
nodal regions. Anatomic variants are not uncommon, and
clinical situations such as variable bladder and rectal filling
require the physician to adapt these guidelines. The current
analysis included nearly 2500 contours and to attempt to
analyze all clinical scenarios was not practical. Although an
internal target volume (ITV) is commonly used and recommended to account for motion of the vagina, parametria,
and adjacent organs, an ITV consensus contour was

Fig. 1.
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determined to be beyond the scope of this atlas; however,
its importance is addressed in the Discussion. Members
from the same institution performed the contours together
so that each institution was represented only once. Sixteen
participants provided thirteen sets of contours using their
own contouring software.
The contours were submitted as DICOM files to the
Imaging and Radiation Oncology CoreeSt. Louis QA
Center for analysis. An expectation-maximization algorithm for simultaneous truth and performance level estimation18 was used to estimate the underlying true contour
for each structure and the sensitivity (fraction of “true”
structure voxels included) and specificity (fraction of voxels outside the “true” structure excluded) of each delineation. For each structure, a 95% confidence interval (CI)
contour was generated as a candidate for consensus. Kappa
statistics were used to compare degree of agreement between contours.19 Conformity index using the mean-tounion ratio was calculated. An example of the overlayed
contours and the 95% CI contour is shown in Fig. 1.
The 95% CI contours were smoothed and slightly altered to
correct any irregularities that resulted from their generation.
These contours were then reviewed by the expert radiation
oncologists using MIM software (MIM Software, Cleveland,
OH). Comments were sent to the primary authors and addressed
during 2 conference calls with real-time alterations made to the
95% CI contours until consensus was reached. The contouring
atlas was generated in PDF format to include pertinent annotations that arose during conference call discussions. Every
effort was made to provide an evidence based final product
based on peer reviewed literature and supplemented by expert
opinion. The final contours were again reviewed by the expert
radiation oncologists, gynecologic oncologist, and radiologist
until all contributing authors were satisfied. The final contouring

Individual contour overlay and the 95% confidence interval contour for the pre-sacral region.
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Table 1

Results from contouring gynecologic postoperative case on computed tomography by physician experts
Staple agreement
Substantial

Structure measure
Sensitivity
Specificity
Volume, mean/min/
max, cm3 (SD)
STAPLE/
Intersection/
Union Volume,
cm3
Kappa
Conformity index
(Mean volume/
Union volume)

Moderate

Fair

Common iliac
(10 contours)

External iliac
(10 contours)

Para-aortic
(11 contours)

Internal iliac
(9 contours)

Vaginal cuff
(12 contours)

Pre-sacral
(9 contours)

Obturator
(9 contours)

71%
98.1%
104.4/64.6/
151.3 (26.5)
116.7/31.7/
234.4

66%
98.9%
139.0/85.8/
277.8 (54.1)
158.0/37.7/
372.8

74%
96.6%
119.4/78.9/
178.2 (33.9)
108.2/39.5/
312.7

62%
98.6%
130.6/87.0/
277.9 (61.8)
145.0/23.6/
387.7

59%
97.6%
91.8/29.7/
180.6 (47.5)
117.9/0.2/
270.7

55%
98.6%
50.4/17.1/
143.2 (37.4)
51.4/3.5/216.8

35%
98.8%
55.3/13.8/
133.0 (34.6)
77.0/0/255.3

0.64
0.445

0.60
0.372

0.58
0.382

0.52
0.337

0.47
0.339

0.36
0.232

0.21
0.217

Abbreviations: STAPLE Z simultaneous truth and performance level estimation.

atlas is available online at https://www.nrgoncology.org/cirogynecologic.

Results
Participants were asked to provide separate CTV contours
of the following areas: vaginal cuff, obturator, internal iliac,
external iliac, presacral, common iliac, and para-aortic.
There was substantial agreement for the common iliac region (sensitivity 0.71, specificity 0.981, kappa 0.64). There
was moderate agreement in the external iliac, para-aortic,
internal iliac, and vaginal cuff regions (sensitivity 0.66,
0.74, 0.62, 0.59; specificity 0.989, 0.966, 0.986, 0.976;
kappa 0.60, 0.58, 0.52, 0.47, respectively). The presacral
and obturator regions had fair agreement (sensitivity 0.55,
0.35 specificity 0.986, 0.988; kappa 0.36, 0.21, respectively). See Table 1 for a summary of the results.

Volume delineation
Para-aortic nodal CTV
Coverage of the para-aortic lymph node chain should be
included when there is pathologic or radiographic evidence
of para-aortic lymph node involvement or enough of a risk
of microscopic disease that the clinician feels the paraaortic region should be treated.
The para-aortic nodal CTV includes the lymph node
groups at risk adjacent to the aorta and inferior vena cava
(IVC): the paracaval, precaval, retrocaval, deep and superficial intercavo-aortic, para-aortic, preaortic, and retroaortic nodes.20 Generally for cervical cancer, the superior
border is at the level of the left renal vein, as there is low
risk of nodal involvement above this level.21,22 However, if
an individual has FDG avid nodes in the high para-aortic
region, one might consider raising the superior border.
For endometrial cancer, the superior border is slightly

higher at 1 to 1.5 cm superior to the left renal vessels
(Fig. 2a), although data on this superior extent are limited
in the endometrial cancer setting. Individual anatomic
variation can lead to the kidneys being in close proximity to
the outlined volume. Evaluation of individual kidney
function using, for example, a mercapto acetyl triglycine
(MAG3) scan, could be considered in such cases. Although
an intravenous (IV) contrast scan can help to locate the
vessels, a noncontrast CT should be used for CTV delineation. The IV contrast can distend the IVC as (Fig. 2a-c),
which can lead to excessive contouring. Figure 3 shows the
difference in position of the IVC with similar CTV on a
contrast scan (Figs. 3a, 3c) and nonecontrast scan (Figs.
3b, 3d). The para-aortic nodal CTV encompasses the
aorta, IVC and adjacent nodal regions however the paraaortic nodal CTV is not a uniform expansion off the
vasculature (Fig. 3). This CTV should extend laterally from
the aorta to the medial border of the left psoas muscle and
include any visible small nodes in this region; this typically
places the left lateral border 1 to 2 cm lateral to the aorta.
On the right, the CTV margin is typically within 3 to 5 mm
around the IVC. There is minimal evidence of nodal
involvement to the right of the IVC and immediately
anterior to the aorta and IVC where margins should be
tighter. The space between the aorta and IVC should be
straight (rather than concave), even if there is bowel nearby
as the intercavo-aortic nodes are located in this space
(Fig. 2c). The Keenan et al21 atlas uses similar margins,
achieving coverage in the majority of nodal involvement in
cervical cancer patients. However, there are limitations to
the atlas’s methods, and the authors of this article agree that
there is minimal evidence of nodal involvement to the right
of the IVC, and a large expansion here can unnecessarily
increase the dose to the right kidney.23 The para-aortic
nodal CTV becomes the common iliac nodal CTV at the
level of the aortic bifurcation.
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Fig. 2. Para-aortic and common iliac nodal clinical target volumes (CTVs). (a) The superior portion of para-aortic nodal
CTV (cyan) begins at or 1 to 1.5 cm above the left renal vessels. At this level, the inferior vena cava (IVC) is distended on the
IV contrast scan (white arrow). The contour extends laterally abutting the psoas muscles (black arrowhead). (b) The distended
IVC (white arrow) on the intravenous (IV) contrast scan is gradually included into the volume inferiorly. (c) There should not
be a concavity to the contour in the space between the aorta and IVC in this region to assure coverage of the inter-aortocaval
nodes. (d) The common iliac node CTV (blue) at the midportion of the chain should extend approximately 1 cm anterolateral
to the common iliac artery (black arrow), along the iliopsoas muscle (asterisks). Also pictured is the presacral nodal CTV
(magenta).
Common iliac nodal CTV
The CTV should continue with a 7-mm uniform margin
surrounding the right and left common iliac artery and vein
excluding bone and muscle. The contour should be
extended to include any adjacent suspicious lymph nodes
and any pertinent surgical clips as identified by the surgeon.
To improve nodal coverage, the CTV margin should increase to 1 cm at the midpoint of the common iliac chain
anterior to the vessels while abutting the iliopsoas laterally,
as there can be lymph nodes that can extend to this region
(Fig. 2d). The common iliac nodal CT extends inferiorly
until the bifurcation of the common iliac artery.
Presacral nodal CTV
The presacral nodal CTV is a node-bearing strip of tissue
anterior to the superior sacral bodies; it connects the right
and left common iliac nodal CTV. The presacral lymph
nodes should be included for all postoperative cervical
cancer patients and in patients with endometrial cancer and
cervical stromal invasion. The use of presacral radiation in
other high-risk endometrial cancer patients is controversial,
but 3 recent trials of intermediate or high-risk patients
should help to clarify this topic. In PORTEC 3, the authors
recommended inclusion of a 10-mm strip of tissue anterior
to S1-S2 vertebral bodies, whereas in GOG 249 and GOG
258, the treatment of the presacral space was left to the

discretion of the treating physician.24-26 In addition, the
FIRES trial was a sentinel lymph node trial in clinically
early stage endometrial cancer designed to test the sensitivity and negative predictive value of sentinel node mapping compared with complete dissection. Their results
showed high sensitivity (97.2%) in detecting positive
nodes, with only a 3% sentinel node metastasis rate in the
presacral nodes. However, the exact risk factors for presacral nodal involvement in these patients are not known,
including the degree of cervical involvement. Furthermore,
in the FIRES study, 40% of all patients with a positive
sentinel node had additional positive nodes on completion
dissection, of which 20% of these were at a higher location,
although exact location is not known.27 Given the limited
data in the endometrial cancer setting, the authors suggest
coverage of presacral nodes in cases with cervical stromal
involvement and careful consideration of coverage in patients who have known lymph node metastases or high-risk
factors for nodal involvement. If the presacral nodes are not
included, then the common iliac nodal CTV will continue
inferiorly until the bifurcations of the common iliac vessels,
with no inclusion of this strip of tissue anterior to the
sacrum.
The superior aspect of the presacral nodal CTV is
contiguous with the deviation of the right and left common iliac nodal CTV. The presacral nodal CTV should be
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Fig. 3. Para-aortic nodal clinical target volume (CTV) on intravenous (IV) contrast scan versus nonecontrast scan. The
superior para-aortic nodal CTV on (a) an IV contrast scan and (b) nonecontrast scan. Inferior para-aortic nodal CTV on (c) an
IV contrast scan and (d) a nonecontrast scan. Note the difference in IVC distention on the contrast scan that requires a
gradual inclusion of the IVC with margin compared with recommended expansions off the nondistended IVC and aorta on the
contrast scan.
a relatively fixed strip of tissue measuring 1 to 1.5cm
wide in a plane perpendicular to the face of the sacral
bodies that starts superiorly at the bifurcation of the aorta
into the common iliac vessels. When viewed in the axial
plane, the amount of space that needs to be contoured can
vary according to the shape of the sacrum. Coverage of
the presacral space should always be confirmed by a review of the contour in the midline sagittal view. If bowel
is present in this region, the CTV might extend a few
millimeters into the bowel loops that might intermittently
move into the presacral nodal CTV space (Fig. 4a). The
inferior extent of the presacral nodal CTV is the first CT
image in which the piriformis muscle becomes apparent
(Fig. 4b).
External iliac nodal CTV
The external iliac nodal CTV begins superiorly at the
bifurcation of the common iliac vessels and should
comprise a uniform 7-mm margin placed around the vessels
not extending into bone or muscle and up to 10 mm anteriorly.28 The inferior aspect of the external iliac arteries is
where the deep circumflex artery branches and where the
external iliac vessels course laterally as they leave the
pelvis to become the inguinofemoral vessels (Fig. 4c).
The circumflex iliac node is the most distal external iliac
node, and it is often enlarged on imaging related to draining

the lower extremity, although it is uncommonly involved
with cancer.29 In a series of patients with cervical cancer,
those who had negative pelvic nodes also had a negative
circumflex node, and only 8% of patients with positive
pelvic nodes had a positive circumflex node. Therefore, the
circumflex node was deemed an appropriate caudal surgical
landmark to limit an external iliac lymphadenectomy.30
This node can be seen in Figure 4e, and it is appropriately not included in the target CTV. However, the inclusion
of this node in the target CTV should be individualized on
the basis of the individual patient’s extent of more proximal
external iliac nodal disease.
Internal Iliac Nodal CTV
The internal iliac nodal CTV begins superiorly at the
bifurcation of the common iliac vessels with a uniform
radial margin of 7 mm excluding bone and muscle. This
volume courses distally until the vessels turn laterally
before leaving the pelvis. The risk of nodal involvement
inferior to this is believed to be low; therefore, the contour
discontinues when the vessels turn laterally, which occurs
before they truly leave the pelvis (Fig. 4d). Extending this
volume inferiorly unnecessarily increases the dose to the
rectum; thus, the group consensus was that the additional
risk was not worth the little additional benefit to extending
the contour further inferiorly.
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Fig. 4. Presacral, internal and external iliac nodal clinical target volumes (CTVs). (a) The presacral nodal CTV (magenta)
sits anterior to S1/S2 vertebral bodies and should be 1 to 1.5 cm wide, and it may encompass adjacent bowel if present, to
account for motion of the bowel. (b) The insertion of the piriformis muscle (white arrows) on the sacrum marks the inferior
extent of the presacral nodes. (c) The inferior extent of the external iliac nodal CTV (cyan) is seen either where the circumflex
vessels originate from the external iliac vessels (blue arrow) or where external iliac vessels turn laterally to become the
inguinofemoral vessels. (d) Similarly, the inferior extent of the internal iliac nodal CTV (yellow) should stop as the internal
iliac vessels turn laterally to leave the pelvis. (e) Inferior to the external iliac CTV lays the circumflex node (black arrow),
which is often enlarged, but it is rarely malignant, thus is not typically included. (f) The obturator vessels leave the pelvis
through the obturator notch (black arrowheads), which marks the inferior extent of the obturator nodal CTV (green).
Obturator nodal CTV
The obturator nodal CTV is a strip of space about 15 to 18
mm in diameter between the external and internal iliac
nodal CTV contours, with the superior aspect starting at the
bifurcation of the internal and external iliac vessels, not
extending into bone, muscle, or bladder.28 The inferior
extent of the contour discontinues when the obturator
vessels leave the pelvis through the obturator foramen,
which lies lateral to the obturator internus muscle (Fig. 4f).
The use of an obturator nodal ITV should be considered,
accounting for changes in bladder filling as described in
Fig. 5 and in the Discussion. If an obturator nodal ITV is
not used, then an appropriate planning treatment volume
(PTV) margin extending into the bladder is necessary as
discussed later.

Vaginal CTV
The vaginal CTV should include the proximal vagina and
any paravaginal or retracted parametrial tissue that can be
visualized on the planning CT (Fig. 6). The vaginal CTV is
a static structure that does not take organ motion into account, whereas a vaginal ITV does. Delineation of a vaginal
ITV was not included in the consensus contours for this
atlas, but it is addressed in the Discussion and Fig. 5. The
vaginal cuff can be visualized with the aid of surgical clips
or a thin, flexible vaginal marker placed at time of CT
simulation. The vaginal and parametriaeparavaginal tissue
often extends superior to the apex of the vaginal canal,
particularly at the lateral aspects of the vaginal cuff owing
to surgical techniques with approximation of the vaginal
cuff (Fig. 6c). This has also been demonstrated on magnetic
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Fig. 5. Use of internal target volume (ITVs). The vaginal ITV (blue) accounts for motion of the vaginal CTV (pink) in
various states of bladder and rectal filling as show in in the upper, mid, and lower vagina (Fig. 5a-c) and on sagittal CT
(Fig 5d). (a) The obturator nodal CTV (green) is carved out of bladder; however, an obturator nodal ITV (magenta) should
also be considered, accounting for changes in bladder filling. (d) A sagittal view showing vaginal CTV and ITV. If ITVs are
not used, then one should use a larger PTV to account for bladder and rectal filling.
resonance imagingebased planning for vaginal brachytherapy.31 The vaginal CTV should extend posteriorly to
the anterior rectal wall including approximately the anterior
one third of the mesorectum. Additional mesorectum or
residual uterosacral ligaments should be considered for
patients with cervical cancer or endometrial cancer with
parametrial or gross cervix involvement, but it can be
omitted in the scenario of endometrial cancer with microscopic cervical stromal involvement. If there is no cervical
involvement in postoperative endometrial cases, then one
can consider less anterior mesorectum coverage. If the
rectum is distended at time of simulation, one should
consider inclusion of the anterior rectal wall or resimulate
after bowel evacuation; this is addressed in the Discussion.
The anterior border of the vaginal CTV is the posterior
aspect of the bladder wall. The lateral extent is the medial
border of the obturator nodal CTV or the obturator internus
muscle. Inferiorly, the lateral aspect should conform to the
medial border of the urogenital diaphragm (Fig 6).
Approximately 3.5 to 4 cm of the proximal vaginal canal
measured from the apex should be included in the vaginal
CTV. For patients with extensive LVSI, positive vaginal
margin, or adverse pathology, a longer length of the vagina
may be treated. For patients with shorter vaginal canals,
although often not visible, the urethra might approximate
the inferior aspect of the CTV. For routine cases, the visible
urethra would not be at risk and should be excluded from
the CTV (Fig. 6d).

Discussion
Over the last 2 decades, radiation therapy for gynecologic
malignancies has evolved with the advent of IMRT and
image-guided radiation therapy (IGRT). As such, it is
important to accurately define and standardize radiation
therapy target volumes. The use of pelvic IMRT has been
shown in multiple retrospective and prospective studies to
improve the therapeutic ratio of radiation therapy (RT) in
gynecologic cancers by improving treatment related
toxicity without compromising disease control.13,32-37 Reductions in the volumes of small bowel and rectum irradiated can reduce the incidences of acute and late
gastrointestinal side effects.37,38 IMRT can also reduce the
dose of radiation to bone marrow, reducing hematologic
toxicity and, potentially facilitating safe delivery of concurrent chemoradiotherapy.39 Multiple phase 1 and 2 trials
have demonstrated the feasibility of pelvic IMRT for gynecologic cancers using the previously published consensus
guidelines.14,16,40,41 Recent results from the phase 3 NRG/
RTOG 1203 (TIME-C) trial comparing 3D-CRT versus
IMRT pelvic radiation for postoperative treatment of
endometrial and cervical cancer demonstrated reduced
acute and late toxicities and improved quality of life in
those patients receiving IMRT compared with 3D-CRT.15,16
The use of expert-lead consensus guidelines in the
delineation of target structures for IMRT in the postoperative gynecologic setting aids in the development of a
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Fig. 6. Vaginal clinical target volume (CTV). (a-d) The vaginal CTV (pink) includes the proximal vagina and any
remaining parametrial tissue, and it should extend laterally to the obturator CTV (green) or (b) to the medial aspect of the
obturator internus muscle. (c) On coronal view, one can appreciate the lateral “ears” of the vaginal cuff that should be
included and can extend superior to the vaginal apex (white arrow). (d) For routine cases, the urethra (yellow) is not at risk
and can be carved out of the inferior, anterior extent of the vaginal CTV.

more homogenous standardized treatment for this group of
patients across institutions. This allows applicability of
retrospective data and forms the basis of treatment defined
in future multi-institutional prospective studies. These
guidelines were created for a population of patients treated
with IMRT or 3D conformal RT in the postoperative setting
for endometrial and cervical cancer. However, for treatment
planning of individual patients, these guidelines should be
applied in conjunction with the treating physician’s judgment, taking into consideration individual patient anatomy
and risk factors derived from the clinical and pathologic
findings. The embryologic site of origin of gynecologic
malignancies also plays an important role in the pattern of
regional spread.42
As IMRT has become increasingly used for gynecologic
malignancies, initial concerns that highly conformal treatment could compromise tumor control rates have been
alleviated by the retrospective and prospective evidence
described earlier. However, these trials were conducted in
controlled settings with expert review of designated target
volumes. Trial results cannot be generalized to everyday
practice unless similar care is taken to define the at-risk
volumes accurately in every case. There remains important
inherent aspects of the treatment that one must take into
account with IMRT planning. Because IMRT requires
delineation of target volumes and avoidance structures,
there has been some concern regarding increased rates of
recurrence outside of the previously treated volumes with

2-dimensional or 3D techniques. Previous studies have
demonstrated that a 7- to 10-mm margin around the iliac
vessels encompassed >95% of the common iliac, internal
iliac, medial, and anterior external iliac, and obturator
lymph nodes, requiring a slightly larger margin around the
presacral and anterolateral external iliac vessels. With small
adjustments to this 7-mm vascular margin, nodal coverage
increases to 99%.28 These margins were advocated in the
prior contouring atlas and the current atlas, as early reported outcomes using the prior atlas demonstrate at least
equivalent
if
not
better
locoregional
disease
control.13,36,40,43,44 As the adoption of IMRT in the postoperative setting for gynecologic malignancies became
more commonplace, multiple retrospective and prospective
studies reported on patterns of disease recurrence in the
IMRT era. These studies demonstrated similar or lower
rates of locoregional recurrences using IMRT compared
with 3D-CRT, supporting the safety and efficacy of
IMRT.41,43,44
Although these consensus guidelines provide direction
for CTV contouring in a postoperative setting, there are
several key points to consider. A successful CT simulation
is required to appropriately contour target volumes. Table 2
provides a general set of recommendations for CT simulation of a postoperative gynecologic patient. An important
consideration of contouring is the use of a vaginal ITV,
which accounts for internal organ motion. Attention to
organ motion is imperative with the use of IMRT compared
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Computed tomography simulation steps

1. Immobilize the patient in the supine position with a comfortably full bladder that she will be able to reproduce for each treatment.
 Possible bladder filling regimen: Instruct patient to void and then drink 500-750 mL of liquid 30-60 minutes before imaging.
2. Consider placement of a thin vaginal canal marker to help delineate the vaginal canal and cuff, particularly if there are no surgical
clips at the vaginal cuff.
 A thin, nonrigid marker can be used (a few millimeters in maximum diameter).
 Care should be taken to avoid displacement or deformation of the vaginal tissue when placing the marker.
3. Consider addition of intravenous and oral contrast. This may help with delineation of targets and normal organs at risk.
4. Consider simulating patient with both a full and empty bladder scan, particularly if planning to have a vaginal internal target
volume.
 If doing a dual scan, consider intravenous contrast in either the full or empty bladder scan.
5. When contouring, it is important to use the nonecontrast intravenous scan to draw clinical treatment volumes, as intravenous
contrast can cause vessel distention and lead to an unnecessarily large clinical treatment volume.

with 3D-CRT in the pelvis. Anatomic displacement of the
vaginal CTV due to changes in bladder and rectum volume
can significantly alter the dose to targets and organs at risk.
One can address this issue with the use of a vaginal ITV
(Fig. 5) or a generous vaginal PTV if using strictly CTVs as
described here.
When creating a vaginal ITV, scan the patient with the
bladder both full and empty to capture the extreme of
bladder volume changes and associated movement of the
vaginal cuff. The ITV accounts for the motion of the vagina
and parametria during these varying states of bladder
filling. Variations in rectal volume should also be considered, although they are often more difficult to control. If a
patient has a distended rectum at the time of simulation, the
vaginal ITV should include the anterior one third to half of
the rectum to account for the variation of an empty rectum
during treatment. Figure 5 demonstrates comparisons of a
vaginal CTV and the corresponding vaginal ITV that was
created in this patient using both the bladder full and
bladder empty scan (not shown) and accounting for rectal
distension. A nodal ITV can be considered accounting for
bladder filling and emptying. This is most pertinent in the
obturator region, but overdistension of the bladder can lead
to slight movement of other nodal regions. Figure 5a shows
an obturator nodal CTV and obturator nodal ITV accounting
for bladder motion.
Regarding PTV expansions, the size of the expansion
depends on multiple factors, including institutional standards
based on setup reproducibility, the type of image guidance
used during treatment, and whether an ITV was considered.
Generally, the recommendation is to have a uniform
expansion of 5 to 10 mm around the nodal CTVs to create
the nodal PTVs. A PTV expansion of 7 mm was used in the
TIME-C randomized trial of IMRT in postoperative gynecologic cancers.15 A tighter vaginal PTV margin of 6 to 8
mm can be safe if using an ITV with daily cone beam CT
image guidance ensuring accurate setup and bladder fill and
rectal distension. A margin of 1.5 to 2.0 cm or greater would
be recommended if not using an ITV and no or minimal
image guidance. Dosimetric data and plan evaluations
demonstrated movement of vaginal cuff fiducial markers up

to approximately 1.5 cm throughout a course of postoperative IMRT, even with a strict bladder filling protocol,
owing to changes in bladder and rectum volumes.45,46 This
concept has also been studied in prostate cancer, in which
bladder and rectal volumes can vary as much as 30% during
treatment, leading to a redistribution of the target dose.47,48
These studies reinforce the importance of using a vaginal
ITV, or a generous PTV if using a vaginal CTV, and image
guidance with CBCT during treatment.
Future directions include evaluations of patterns of
recurrence in the IMRT era of pelvic radiation, improving
image guidance during radiation with possible adaptive
planning, assessing the role of adjuvant pelvic IMRT in the
sentinel node era of gynecologic surgery, and evaluating
dose escalation potential as we continue to minimize toxicities associated with pelvic radiation with the use of IMRT.

Conclusion
Over the last decade, IMRT is increasingly used in the
treatment of gynecologic cancers in the postoperative
setting because of the improvements in treatment related
toxicities while achieving comparable disease control. This
report serves as an expert consensus for the delineation of
the postoperative volumes used to form the updated NRG/
RTOG atlas for postoperative gynecologic treatment.
Further research into disease patterns of recurrence and
additional avenues to reduce toxicities are eagerly awaited.
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