
Radiotherapy and Oncology 127 (2018) 417–422
Contents lists available at ScienceDirect

Radiotherapy and Oncology

journal homepage: www.thegreenjournal .com
Cervical cancer delineation
An atlas to aid delineation of para-aortic lymph node region in cervical
cancer: Design and validation of contouring guidelines
https://doi.org/10.1016/j.radonc.2018.02.013
0167-8140/� 2018 Elsevier B.V. All rights reserved.

⇑ Corresponding author.
E-mail address: lorna.keenan@slh.ie (L.G. Keenan).
Lorna G. Keenan a,⇑, Kathy Rock a,b, Aini Azmi a, Osama Salib a, Charles Gillham a, Orla McArdle a

a St Luke’s Radiation Oncology Network, Oakland Drive, Highfield Road, Rathgar, Dublin 6; and bDepartment of Radiation Oncology, Cork University Hospital, Cork, Ireland

a r t i c l e i n f o a b s t r a c t
Article history:
Received 28 July 2017
Received in revised form 25 January 2018
Accepted 14 February 2018
Available online 6 March 2018

Keywords:
Cervical cancer
Radiotherapy
Lymph nodes
Introduction: Previous studies have investigated the anatomical distribution of para-aortic lymph nodes
(PAN) in patients with cervical cancer. However, an atlas for accurate clinical target volume (CTV) delin-
eation has yet to be defined. The purpose of this study was to design and verify a computerized tomog-
raphy (CT) atlas to provide guidance for contouring the PAN CTV in patients with cervical cancer.
Materials and methods: This prospective study included 21 cervical cancer patients (design cohort) with
39 pathological PAN identified on (18)F-FDG PET-CT. PAN [left lateral para-aortic (LLPA), aorto-caval (AC),
right para-caval (RPC) nodes] were delineated on CT simulation scans. Measurements were taken from
the volumetric centre of the nodes to the edge of aorta and inferior vena-cava (IVC). Initially the aorta
and IVC were expanded by the mean distance to the lymph node centre to create a CTV. Expansion mar-
gins were then increased asymmetrically until the CTV resulted in a clinically acceptable number of PAN
included. The CTV was validated on a further 10 patients (validation cohort) with 29 PAN. A detailed con-
touring guide and accompanying visual atlas for elective PAN CTV delineation was created based on the
validated margins.
Results: For the design cohort (n = 21 patients, 39 PAN), the mean distance from the centre of the node to
the aorta was 8 mm (range 4–17) for both LLPA (range 4–17) and AC (range 4–15) regions. Mean distance
from the IVC to the centre of the nodes was 5 mm (range 4–6) in the RPC region and 6 mm (range 3–15)
in the AC region. No PAN was superior to the T12-L1 interspace or the left renal vein or inferior to the L5-
S1 interspace. For validation cohort (n = 10 patients, 29 PAN), mean distance from centre of the node to
the aorta was 9 mm (range 5–15) in the LLPA region, 7 mm (range 6.5–14) in the AC region. Mean dis-
tance from the ICV to the centre of the nodes was 3 mm (range 2.5–4) in the RPC region and 5 mm (range
3–10) in the AC region. A CTV expansion from the aorta of 10 mm circumferentially and 15 mm laterally,
and from the IVC of 8 mm anteromedially and 6 mm posterolaterally resulted in coverage of 97% (38/39)
of PAN in the design cohort. On prospective validation, the described CTV included 97% (28/29) of PAN in
the validation cohort.
Conclusion: We propose the following PAN CTV; expansion from aorta of 10 mm circumferentially except
15 mm laterally, expansion from the IVC of 8 mm anteromedial and 6 mm posterolaterally. The suggested
CTV includes 97% (28/29) PAN in a validated patient cohort. A detailed guide and accompanying visual
atlas is provided to aid delineation of the PAN CTV in patients with cervical cancer.

� 2018 Elsevier B.V. All rights reserved. Radiotherapy and Oncology 127 (2018) 417–422
Definitive chemoradiation remains the standard of care for
locally advanced cervical cancer [1]. A cohort of patients require
elective para-aortic nodal (PAN) irradiation, particularly if the
common iliac lymph nodes are involved [2]. Traditionally, bony
landmarks have been used to define the para-aortic region. How-
ever, with more conformal techniques, an accurate and validated
clinical target volume (CTV) for the para-aortic region is needed.
Para-aortic radiation was previously delivered using 2-
dimensional or 4-field box techniques and was associated with sig-
nificant acute and late toxicity [3–5]. It is this high level of toxicity
that has driven the development of more conformal radiotherapy
techniques and thus the increasing need for an accurate CTV. Small
et al. [5] treated the PAN using an extended field with either par-
allel opposed fields or a 4-field box to the T11-T12 interspace. They
found high rates of acute (84%) and late (40%) grade 3–4 toxicity. A
number of other studies with varying dose and chemotherapy reg-
imens also showed significant toxicity [3,4,6]. However, a descrip-
tion of anterior and lateral margins used in these studies is lacking,
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giving potential for significant inconsistencies in the field borders
that have been used.

With the use of Intensity Modulated Radiotherapy (IMRT), tar-
get volume definition is now key to ensuring accurate coverage
of micrometastatic disease in the PAN region. Although the use
of IMRT has reduced toxicity of para-aortic radiation to less than
5% [7–9], there remain inconsistencies in the CTV being used. In
their studies on IMRT and toxicity, Liu et al. [7] treated the PAN
with a CTV from the bifurcation of the aorta to 7 mm inferior to
the T12-L1 interspace. Liang et al. [8] used a CTV from the superior
border of L1 to the L4-L5 interspace. Lee et al. [10] treated the para-
aortic region to the level of the renal vessels. The CTV delineation
method was not further detailed in these studies, which highlights
the lack of an accurate and reproducible CTV for use in with confor-
mal radiotherapy techniques.

Stereotactic body radiotherapy (SBRT) has also been used to
treat the para-aortic region in patients with cervical cancer. A sys-
tematic review by Mendez et al. [11] looked at the role of SBRT in
gynaecological malignancies, including para-aortic treatment in
cervical cancer. Of the 6 studies they reviewed, none described a
CTV for the PAN region [12–17]. Although it is encouraging to
see SBRT being used for PAN radiation, its future use for microme-
tastatic disease will require an accurate and reproducible CTV
delineation guide.

With more conformal techniques, accurate delineation of the
PAN region is essential. Previous studies have investigated the ana-
tomic distribution of PAN in patients with cervical cancer [18] but
to date an accurate method for target delineation of the PAN region
has yet to be validated.

The purpose of this study was to develop a computerized
tomography (CT) based contouring atlas to aid in delineation of
the PAN region in patients with cervical cancer, and to validate this
on a separate cohort of patients.
Materials and methods

Patient selection and CT planning

An institutional database of all patients diagnosed with cervical
cancer who underwent a radiotherapy simulation CT scan from
2008 to 2012 was reviewed to screen eligible patients for the
design cohort and again in 2014 for the validation cohort. Eligibil-
ity criteria included those treated with definitive (chemo) radiation
for histologically proven stage IIB – IVA cervical cancer with radi-
ologically involved PAN identified on diagnostic 18F-FDG PET-CT
(Positron Emission Tomography with 2-deoxy-2-[fluorine-18]
fluoro-D-glucose integrated with Computed Tomography). Patho-
logical nodes were identified in this study by increased standard-
ized uptake value (SUV) activity on PET-CT. No histological
confirmation of PAN metastasis was obtained.

We retrospectively identified 21 patients with 39 PAN for the
design cohort and 10 patients with 29 PAN for the validation
cohort. All patients underwent a planning CT scan (Eclipse Plan-
ning System, Varian Medical Systems, Pablo Alto, CA) in the supine
position with scanning margins from T10 to mid femur with slice
thickness of 2.5 mm or 5 mm. No intravenous (IV) contrast was
used in the design cohort as it was not mandated by institutional
guidelines at that time. IV contrast was administered to all patients
in the validation cohort as per institutional guidelines unless
contra-indicated.
Fig. 1. Schematic representation of lymph node mapping: Volumetric centre of
lymph node (yellow) to the most proximal border of aorta (red), inferior vena cava
(blue) and midline (dashed line) (as defined by the mid vertebral body).
Lymph node classification and mapping

Involved PAN were contoured on each CT planning scan. All PAN
were classified as left lateral para-aortic (LLPA), aorto-caval (AC) or
right para-caval (RPC) and upper (T12 to L1-L2 interspace), mid (L2
to L3-L4 interspace) or lower (L4-S1) based on their location. The
volumetric centre of each lymph node was calculated. To plot
and record the volumetric centre of each lymph node, horizontal
distances were measured from the volumetric centre to the proxi-
mal edge of aorta and inferior vena cava (IVC) and to the midline
(mid vertebral body) (Fig. 1). The vertical distance from the volu-
metric centre of the lymph node to the proximal border of the left
renal vein and aortic bifurcation was also measured. This gave
three-dimensional coordinates for mapping each PAN onto a single
dataset. Using these coordinates, 5 mm ‘notional’ lymph nodes
were created on a single CT planning scan, representing each
pathological node on a single dataset.
Contouring of CTV

The aorta and IVC were contoured from the level of the left
renal vein to the aortic bifurcation. Expansions of the aorta and
IVC were applied to create a CTV. Initially, the vessels were
expanded by the mean distances from the great vessels to the
lymph node centre. Expansion margins were then asymmetrically
increased, based on PAN distribution, until a clinically acceptable
lymph node coverage was obtained. For these iterations, the 90th
percentile and 95th percentile of the distances from the lymph
node centre to the aorta and IVC were calculated for each separate
lymph node region. These expansions were applied and combined
to create a CTV. Overall coverage was then assessed. The CTV was
curtailed at bone, muscle and bowel. For the validation cohort, the
notional PAN were contoured on a single dataset and the expan-
sion margins from the design cohort were applied and coverage
of the lymph node centre was assessed.
Results

A total of 31 patients (21 in the design cohort, 10 in the valida-
tion cohort) with 68 PAN (39 in the design cohort and 29 in the val-
idation cohort) were identified from an institutional database.
Design cohort

In the design cohort, 21 patients with a total of 39 PAN were
identified. The majority (95%) of PAN were in the LLPA and AC



Table 1
Distribution of para-aortic lymph nodes in the design and validation cohorts.

Location of para-aortic lymph node Design
(n = 39 nodes)

Validation
(n = 29 nodes)

LLPA 19 (49%) 15 (52%)
AC 18 (46%) 11 (38%)
RPC 2 (5%) 3 (10%)

Upper (T12 to L1-L2 interspace) 1 (3%) 1 (4%)
Mid (L2 to L3-L4 interspace) 23 (59%) 23 (79%)
Lower (L4 to L5-S1 interspace) 15 (38%) 5 (17%)

Abbreviations: LLPA = left lateral para-aortic, AC = aorto-caval, RPC = right para-
caval.
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regions, with over half located in the mid PAN region, between ver-
tebral level L2 and the L3-L4 interspace (Table 1). The most supe-
rior lymph node identified was at the level of the L1 vertebra.
Although the location of the left renal vein and aortic bifurcation
varied among patients, notably all lymph nodes were inferior to
the left renal vein and superior to L5 and the bifurcation of the
aorta. No RPC lymph node was located above the level of L2 (see
Table 2).

The mean lymph node diameter was similar in all regions; 12.4
mm in the LLPA region, 12.3 mm in the AC region, and 12.4 mm in
the RPC region. The mean lymph node diameter was greater in the
mid and lower PAN regions; 7.2 mm in the upper PAN region, 12.6
mm in the mid PAN region and 12.2 mm in the lower PAN region.
The mean distance from the volumetric centre of the node to the
proximal edge of the aorta was 8 mm for both LLPA and AC nodes.
The mean distance from the IVC to the centre of the RPC nodes was
5 mm (range 4–6 mm) and to the centre of the AC nodes was 6 mm
(range 3–15 mm) (Table 3).

Expansion margins from the aorta of 8 mm, and from the IVC of
5 mm posteriorly/laterally and 6 mm anteriorly/medially gave 72%
coverage of the lymph node centre. Margins from the aorta of 10
mm, and from the IVC of 6 mm posteriorly/laterally and 8 mm
anteriorly/medially gave 90% coverage of the lymph node centre.
Margins from the aorta of 10 mm circumferentially and 15 mm lat-
erally, and from the IVC of 6 mm posteriorly/laterally and 8 mm
anteriorly/medially gave 97% (n = 38/39) coverage of the lymph
node centre. Margins were cropped at bone, muscle, bowel and
Table 2
Level of aortic bifurcation and left renal vein.

Level of aortic bifurcation Design
(n = 21 patients)

Validation
(n = 10 patients)

L3-L4 interspace 0 (0%) 2 (20%)
L4 10 (48%) 3 (30%)
L4-L5 interspace 9 (43%) 2 (20%)
L5 2 (9%) 3 (30%)

Level of left renal vein Design (n = 21) Validation (n = 10)
T12-L1 interspace 2 (9%) 0 (0%)
L1 5 (24%) 8 (80%)
L1-L2 interspace 10 (48%) 2 (20%)
L2 4 (19%) 0 (0%)

Table 3
Mean distance from volumetric centre of para-aortic lymph node to aorta and inferior ven

Design Cohort (n = 39)

Para-aortic lymph node location Mean distance from
aorta (mm) (range)

Mean d
IVC (m

LLPA 8 (4–17) –
AC 8 (4–15) 6 (3–15
RPC – 5 (4–6)

Abbreviations: LLPA = left lateral para-aortic, AC = aorto-caval, RPC = right para-caval.
the RPC region at and above the L1-L2 interspace. These margins
were chosen as the preferred expansion margins as they gave
excellent coverage without involving significant volumes of nor-
mal tissue.
Validation cohort

The majority of patients (90%, n = 9) received IV contrast for
their planning scans. The distribution of these nodes was similar
to that in the design cohort, with the majority (90%) in the LLPA
and AC regions (Table 1). Mean distances from the lymph node
centre to the aorta and IVC were consistent in the design and val-
idation cohort (Table 3).

Expansion margins derived from the design cohort were applied
to the validation cohort and nodal coverage assessed. The
described asymmetrical CTV margin covering 97% of para-aortic
lymph nodes in the design cohort also covered 97% in the valida-
tion cohort (n = 28/29).
Discussion

In this study, we have suggested an asymmetrical expansion
margin from the aorta and IVC to cover the elective PAN CTV in
patients with cervical cancer. We have also clinically validated
these expansion margins and present a contouring atlas for the
PAN region.

Given these results, we propose the below guide to aid in delin-
eation of an accurate PAN CTV for patients with cervical cancer.
This is visually represented in the proposed contouring atlas in
Fig. 2.

Guide to para-aortic nodal region delineation:

1. Contour the inferior vena cava and aorta.
2. The superior extent should be the left renal vein.
3. The inferior extent should be the level of the bifurcation of the

aorta.
4. Expand the aorta by a margin of 10 mm anteriorly, posteriorly

and medially, and 15 mm laterally.
5. Expand the inferior vena cava by 8 mm anteriorly and medially,

and 6 mm posteriorly and laterally.
6. Combine the aorta and inferior vena cava expansions to create a

clinical target volume and include any suspicious visible lymph
nodes.

7. Crop the clinical target volume from normal boundaries such as
the vertebral body, muscle and bowel and expand the posterior
border to the anterior vertebral body.

8. Crop the clinical target volume to exclude the RPC region above
the L1-L2 interspace.

9. Consider excluding the upper para-aortic region (T12 to L1-L2
interspace) in node negative patients or where normal tissue
toxicity is a concern.

Accurate delineation of the at-risk nodal compartment of the
PAN region is becoming increasingly important in an era of
a cava in design and validation cohorts.

Validation Cohort (n = 29)

istance from
m) (range)

Mean distance from
aorta (mm) (range)

Mean distance from
IVC (mm) (range)

9 (5–15) –
) 7 (6.5–14) 5 (3–10)

– 3 (2.5–4)



Fig. 2. Proposed atlas of clinical target volume (CTV) for para-aortic lymph nodes.
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improved diagnostic imaging and more conformal radiotherapy
techniques. Patients are being more accurately staged with PET-
CT imaging, leading to identification of more patients who would
benefit from PAN irradiation. Intensity modulated radiotherapy
offers potential for dose escalation with sparing of normal tissues
[7–9]. Traditionally bony landmarks have been used for field
design but as radiotherapy techniques become more conformal a
more accurate approach needs to be adopted.
The nodal distribution we found is in agreement with previ-
ously published studies investigating the distribution of PAN. We
found an asymmetrical distribution of PAN with increased risk of
lymph node involvement in the LLPA and AC regions. Very few
PAN were located in the RPC region, with no PAN in the RPC region
above the level of the L2 vertebra. A previous study by Takiar et al.
[18] addressed the anatomical distribution of fluorodeoxyglucose-
avid PAN in patients with cervical cancer, mapping 72 PET-positive
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para-aortic lymph nodes. They found a similar distribution of
pathological nodes as in our study, with few lymph nodes in the
upper PAN region (4%) or RPC region; specifically, no RPC nodes
above the level of L3. They also found similar mean distances from
the nodes to the aorta and IVC. They did not however define or val-
idate expansion margins from the major vessels to adequately
cover the nodal CTV. Paly et al. [19] carried out a similar study in
patients with seminoma and found that no PAN were superior to
L1 for left sided seminomas and L2 for right sided seminomas.
The distribution of pathological PAN in a cohort of pelvic malignan-
cies, 25 of which were cervical, was reviewed by Kabolizadeh et al.
[20]. They found a similar distribution as in our study. They sug-
gested using an anterior expansion of at least 7.5 mm from the
major vessels, but did not investigate lateral expansion margins
for CTV delineation. They suggested using the iliopsoas muscle as
a lateral anatomical landmark, however we feel this may lead to
an unnecessarily large CTV and higher renal dose, particularly in
the RPC region. They also found a number of patients with retro-
crural lymph nodes. Neither our own study nor previous literature
on nodal distribution in cervical cancer [9] has demonstrated retro-
crural nodes. The reason why retro-crural nodes were found in
Kabolizadehs paper is unclear, but may be due to the fact that their
analysis included a range of pelvic malignancies and a mixture of
CT and PET-CT staging.

We found an asymmetrical margin from the major vessels
which provided 97% coverage of the PAN. Similarly, Taylor et al.
[21] describe guidelines for delineation of pelvic lymph nodes.
Using a similar iterative expansion margin process, their study of
20 patients found that a modified 7 mm margin around the iliac
vessels allowed 99% coverage of the pathological nodes. An atlas
of the pelvic lymph node regions to aid radiotherapy target volume
definition has already been established where CT images of the
pelvis were generated which aid in target volume delineation of
the pelvic region [22]. No validated atlas has previously been pub-
lished for the PAN region.

This study has a number of potential limitations. The PAN were
identified on PET-CT imaging and not pathologically confirmed as
metastatic. However, PET-CT does have high specificity and sensi-
tivity to identify lymph nodes harbouring metastatic disease [23].
Another potential limitation is that we used the assumption that
the volumetric centre of a pathological node represents the loca-
tion of the non-pathological lymph node. It is assumed that a
pathological node will enlarge symmetrically and therefore the
lymph node centre will represent the region that requires coverage
if the aim is to cover micrometastatic disease. This approach has
been adopted by previously published literature for elective CTV
delineation [18,20]. Another limitation is that there were few
lymph nodes identified in the upper PAN region in this study,
and while this pattern is in keeping with previously published lit-
erature, the accuracy of margins for this region should be inter-
preted accordingly. Finally, the design cohort had non-contrast
planning scans, whereas a change in institutional policy resulted
in the majority of patients in the validation cohort having IV con-
trast. While it is optimal to use IV contrast, the aorta and IVC were
easily distinguishable on the non-contrast scans used and there-
fore the use of non-contrast scans is unlikely to have affected the
results of this study. As this is the first validated atlas for an elec-
tive PAN CTV in cervical cancer, it will be vital to collect data
prospectively on PAN recurrences in all patients treated with IMRT
to assess whether future modifications of the CTV might be
required.

Our findings suggest that a uniform margin around the aorta
and vena cava is not recommended. A tailored asymmetrical mar-
gin based on likely distribution of the PAN allows for accurate clin-
ical target volume delineation while potentially sparing normal
surrounding tissues. We suggest that the RPC region above the
level of L1-L2 interspace may potentially be omitted from the
CTV without impacting on nodal coverage. Similarly, in some
patients, omitting the entire PAN region above the level of L1-L2
interspace may be considered given that there are very rarely
pathological PAN in this region.
Conclusion

A clinical target volume expansion from the aorta of 10 mm cir-
cumferentially and 15 mm laterally, and from the IVC of 8 mm
anteromedially and 6 mm posterolaterally results in 97% PAN cov-
erage. The RPC region above the level of L1-L2 interspace may
potentially be omitted from the CTV. The accompanying visual
atlas can be used to aid in accurate target volume definition of
PAN in patients with cervical cancer. These guidelines are designed
to be for reference only – at all times clinical experience and judg-
ment should be applied.
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