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Background and purpose: Substantial inter-observer variations in target delineation have been presented
previously. Target delineation for paediatric cases is difficult due to the small number of children, the
variation in paediatric targets, the number of study protocols, and the individual patient’s specific needs
and demands. Uncertainties in target delineation might lead to under-dosage or over-dosage. The aim of
this work is to apply the concept of a consensus volume and good quality treatment plans to visualise and
quantify inter-observer target delineation variations in dosimetric terms in addition to conventional geo-
metrically based volume concordance indices.
Material and methods: Two paediatric cases were used to demonstrate the potential of adding dose met-
rics when evaluating target delineation diversity; Hodgkin’s disease (case 1) and rhabdomyosarcoma of
the parotid gland (case 2). The variability in target delineation (PTV delineations) between six centres
was quantified using the generalised conformity index, CIgen, generated for volume overlap. The
STAPLE algorithm, as implemented in CERR, was used for both cases to derive a consensus volumes.
STAPLE is a probabilistic estimate of the true volume generated from all observers. Dose distributions cre-
ated by each centre for the original target volumes were then applied to this consensus volume.
Results: A considerable variation in target segmentation was seen in both cases. For case 1 the variation
was 374–960 cm3 (average 669 cm3) and for case 2; 65–126 cm3 (average 109 cm3). CIgen were 0.53 and
0.70, respectively. The DVHs in absolute volume displayed for the delineated target volume as well as for
the consensus volume adds information on both ‘‘compliant” target volumes as well as outliers which are
hidden with just the use of concordance indices.
Conclusions: The DVHs in absolute volume add valuable and easily understood information to various
indices for evaluating uniformity in target delineation.
� 2017 Published by Elsevier Ireland Ltd on behalf of European Society for Radiotherapy & Oncology. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
Introduction

Substantial inter-observer variations in target delineation have
been presented in a number of previous studies [1–9]. The varia-
tions can be due to differences in interpretation of the diagnostic
material, ambiguities in treatment protocols, lack of guidelines
and/or inadequate, differences in local policies, the availability
and use of multi-modality imaging, the subjective assessment of
disease dissemination and/or the individual training and experi-
ence of the radiation oncologists. In a recent review, Vinod et al.
[10] concluded that guidelines and atlases or atlas-based delin-
eation tools would improve delineation [11,12], as well as training
and the use of multi-modality imaging. Studies have also shown
that delineation workshops [13] and peer reviews [14] can
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Fig. 1. Volume delineations fromall six centres for case 1 (top panel) and case 2 (bottom panel) as well as the consensus volume in transparent yellow.

Table 1
Volume related metrics for delineated target volumes.

Case 1 Case 2

Volume (cm3) average (range) 669 (374–960) 109 (65–126)
Intersection volume (cm3) 293 53
Union volume (cm3) 1189 131
CIgen 0.53 0.70

Table 2
Volume related metrics for the STAPLE derived consensus volume.

Case 1 Case 2

Volume (cm3) 706 92
Agreement sensitivity (mean ± SD) 0.78 ± 0.20 0.88 ± 0.13
Agreement specificity (mean ± SD) 0.96 ± 0.03 0.98 ± 0.01
K 0.63 0.78

Table 3
Dose-volume metrics for each centre’s target volume.

Case 1 Case 2
Average dose, (range) Average dose, (range)

V95% (%) 91% (76–98) 95% (87–99)
D98% (Gy) 18.3 (16.7–19.1) 38.9 (37.5–39.9)
D50% (Gy) 19.9 (19.7–20.3) 41.5 (41.5–41.7)
D2% (Gy) 20.6 (20.3–21.1) 42.8 (42.7–43.1)
HI 0.12 (0.09–0.19) 0.09 (0.07–0.13)
RCI 1.00 (0.90–1.16) 0.90 (0.68–1.09)
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improve target delineation concordance and reduce inter-observer
variability. Target delineation for paediatric cases is even more dif-
ficult due to the small number of children at most centres, the large
variation in paediatric targets, the large number of study protocols,
and the individual patient’s specific needs and demands [15–17].
Uncertainties in target delineation might lead to under-dosage or
over-dosage, causing a decrease in tumour control probability
(TCP) or an increase in normal tissue complications (NTCP).

The evaluation of differences in segmented volumes in inter-
observer studies can be done in several ways [18]. There is, how-
ever, no consensus among researchers on the methodologies to
be applied and which metrics to report; e.g. differences in volume
sizes, centre of mass variations, concordance indices, etc., making
comparison between studies difficult to interpret. Valentini et al.
describes a methodology for auto-segmentation which also could
be used for studies on inter-observer variations [19]. Applying con-
cordance indices is the most common method. It converts the vari-
ation in positions and sizes of delineated structures in relation to
each other into a numerical value. The numerical value of different
concordance indices are, however, dependent on the size of the
structure studied and it is hence difficult to judge the resulting
index value or when e.g. an improvement has occurred and to
which degree. There is also an uncertainty in target delineation
studies regarding which volume should be considered the ‘‘golden
standard” or reference volume [20]. This volume is chosen in dis-
similar ways in different studies. It could be segmented by an ‘‘ex-
pert” or a group of ‘‘experts”. Another more objective method is to
derive a ‘‘consensus volume” by applying an algorithm that com-
putes a probabilistic estimate of the ‘‘true” segmentation based
on the delineated volumes, e.g. STAPLE (Simultaneous Truth And
Performance Level Estimation) [21]. This method has previously
been introduced for radiotherapy [22] and used in target delin-
eations studies [23–34].

Dose metrics are, however, not routinely reported in delin-
eation studies, even though it might be helpful making the conse-
quences of target delineation variations easier to interpret [20]. If
treatment plans are created as a part of the target delineation pro-
cess and these plans are clinically acceptable it would be an attrac-
tive complement to evaluate the quality of the resulting dose
distribution on a consensus volume rather than only the volume
metrics per se.

At an internal target delineation workshop, performed by The
Swedish Workgroup for Paediatric Radiotherapy, these concepts
were discussed. The group has previously performed and reported
on an inter-observer study evaluated with conventional volume
metrics [35].

The aim of this paper is to apply the concept of a consensus vol-
ume and good quality treatment plans for two paediatric cases to
visualise target delineation variation in dosimetric terms in addi-
tion to conventional geometrically based volume concordance
indices.



Fig. 2. DVHs for all target volumes for case 1 (top two DVHs) and case 2 (bottom two DVHs). To the left DVHs in relative volume and absolute dose and to the right absolute
volume and dose. All targets with own treatment plan, yellow dashed line to the right represents the size of the consensus volume.

1 OEPA – Vincristine, Etopside, Prednisone, Doxorubicin
2
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Material and methods

Six Swedish centres treating paediatric patients with cancer
participated in this study. Two cases were used to demonstrate
the potential of adding dose metrics when evaluating target delin-
eation diversity; Hodgkin’s disease (case 1) and rhabdomyosar-
coma of the parotid gland (case 2). All necessary data were
anonymised and sent to the participating centres. The package
included the full set of the planning computed tomography (CT),
diagnostic imaging; positron emission tomography (PET-CT) for
the Hodgkin’s case, magnetic resonance imaging (MRI) for the sar-
coma case and medical records including histology reports. The
package also included relevant study protocols. The planning CT
was complemented with a structure set with pre-defined organs
at risk (OARs) (all data supplied in Dicom-RT format).

The centres introduced the planning CT into their local treat-
ment planning system (TPS) and continued the work as they would
with their own patients. One paediatric radiation oncologist at
each centre were asked to delineate GTV, CTV and PTV [36]. They
were also asked to create treatment plans for the two cases.

TPSs used were Varian Eclipse, versions 11 and 13 (Varian Med-
ical Systems, Inc. Palo Alto, CA, USA) at four sites and Oncentra
Master-Plan, version 4.5 (Elekta, Stockholm, Sweden) at two sites.
Dose calculations were performed with the anisotropic analytical
algorithm (AAA) in Eclipse and with either the collapsed cone algo-
rithm (case 1 in one centre) or pencil beam algorithm (case 1 at
one centre and case 2 at both centres) in Oncentra Master-Plan.

Patient cases

Case 1. Hodgkin’s disease (HD) – A 16-year old boy who pre-
sented with weight loss and an enlarged neck node. Examina-
tion revealed Hodgkin’s disease, nodular sclerosis, with
involvement of left lower part of neck and mediastinum corre-
sponding to stage IIB, therapy group 2. Treatment was planned
and delivered according to the EuroNet-PHL-C2 protocol. He
received two cycles of OEPA,1 with good PET response but a
small positive residue was present, thus he also received two
cycles of COPDAC.2 He was then planned for radiotherapy, 19.8
Gy in 11 fractions, to left lower neck, left supraclavicular fossa
and left lung hilus including mammary internal nodes in upper
and middle mediastinum.
Case 2. Rhabdomyosarcoma (RMS) – A four year old girl who
presented with an increasingly swollen cheek. MR showed
involvement of the temporalis muscle, the masseter muscle
and the attachment at processus coronoideus. Biopsy showed
embryonal rhabdomyosarcoma of the left parotid gland. Treat-
ment was planned and delivered according to CWS guidance SR
group C. After three chemotherapy cycles, MR showed a 50%
tumour regress. Macroscopic radical surgery was performed,
however the surgery was not microscopically radical, but a
small residue was present. Radiotherapy to 41.4 Gy in 23 frac-
tions was planned with concomitant chemotherapy.

Data analysis

For comparison and analysis of both volumetric and dosimetric
data from the different TPSs, the DICOM files containing CT, struc-
ture set, treatment plan and dose distribution were imported to
and analysed with the CERR software package [37]. In this work
we have chosen to use the PTV to explore the additional dose met-
rics for target delineation variability.

Target volumes
A total of six sets of target volumes, one per participating cen-

tre, were prepared for each case. Different strategies for delin-
eation near the skin for case 2 were used at the participating
centres. To be able to make fair comparisons, all target volumes
were cropped to 4 mm from the skin surface.
COPDAC – Cyclophosfamide, Vincristine, Prednisone, Dacarbazine



Fig. 3. Individual DVHs for all target volumes (dashed lines, centre 1–6) for case 1 compared to the consensus volume (yellow).
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The variability in target delineation between the six centreswere
quantified using the generalised conformity index, CIgen [38], gener-
ated for volume overlap (observer’s agreement). The Centre of Mass
(CoM) for the delineated volumes was also calculated.

The STAPLE algorithm [21], implemented in CERR, was used for
both cases to derive the consensus volumes. STAPLE is a probabilis-
tic estimate of the true volume generated from all observers (in this
case all the individual delineations). The CERR consensus tool also
reports mean sensitivity and mean specificity values as well as
Kappa-statistics (K) [39], corrected for chance.

Dose distributions
A number of dose volume descriptors were analysed for each

original dose distribution in order to verify the clinical plan quality.
The dose-volume descriptors V95%, D98% (near-minimum dose), D50%

(median dose) and D2% (near-maximum dose) [40] were analysed
for each centre specific PTV. In addition, the homogeneity index
[HI = (D2% � D98%)/D50%], and the radiation conformity index (RCI)
[41], based on V95% for the body, were calculated for each centre’s
treatment plan.

Dose distributions (Dicom RT dose) from each centre (i) were
then applied on the STAPLE determined consensus volume. DVHs
were derived and analysed pairwise for each dose distribution,
applied to the original target (DVHPTV,i) and consensus volume
(DVHcon,i).

The study was approved by the Ethics board of Umeå, Sweden
(Dnr 2012-465-31M) and Ethics Board of Lund, Sweden (EPN Lund,
Dnr 2013/742).



Fig. 4. Individual DVHs for all target volumes (dashed lines, centre 1–6) for case 2 compared to the consensus volume (solid yellow line).
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Results and discussion

Target volume evaluation

Inter-physician variability in target delineation has been anal-
ysed among a small group of paediatric radiation oncologists.
Two paediatric cases were used and both conventional volume
comparisons and dose comparisons metrics were evaluated. A con-
siderable variation in target segmentation was seen in both cases
(Fig. 1). The largest variation between delineations in case 1 can
be seen in the left supraclavicular fossa, towards the right lung
and caudally towards the heart. Delineation for case 2 was more
unified between the six centres, but there were substantial varia-
tions both in the anterior-posterior and in the cranio-caudal
direction.

Volume related measures and indices are presented in Table 1.
The CIgen were chosen for comparison of concordance. This
parameter has been shown by e.g. Kuwenhoven et al., [38] and con-
firmed by Fotina et al. [18] to be applicable for any number of pair-
wise delineations. The CIgen index (c.f. Table 1) is useful for simulta-
neous comparison of any number of delineations. CIgen = 1 indicates
a total overlap, while CIgen = 0 indicates totally separated volumes.
The CIgen is, however, a value that can be difficult to interpret. For
case 1, the largest variation in target delineation is shown. Com-
pared to a previous study [35], it is in same areas the variation is
observed; the width of supraclavicular fossa, and both the width
and the caudal extension of the mediastinal part of the target vol-
ume. Lütgendorf et al. [17] did a target delineation exercise with
experienced radiation oncologists testing two delineation concepts
for delineating paediatric Hodgkin’s lymphoma. For both concepts
the CIgen were less than 0.4. In our studies we had a CIgen for PTV
of 0.59 in the first study [35] and 0.53 in the current one.
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The CoM standard deviations were 4 mm (X), 2 mm (Y), 7 mm
(Z) and 2 mm (X), 1 mm (Y), 4 mm (Z) for case 1 and case 2, respec-
tively. These figures indicate that there is a geometric agreement of
the central part of the target volume. This is visualised in Fig. 1 as
well.

We decided to use a ‘‘golden standard” volume for the analysis.
The method used, giving a rather objective result, is the STAPLE
algorithm implemented in CERR, which also reports mean sensitiv-
ity and mean specificity. STAPLE has been used by other authors
[23–34] to create a common consensus volume. However it has
to our knowledge not been used in combination with dose metrics
to assess how well an external beam treatment plan covers the
consensus volume.

The sensitivity for the volume is the relative frequency of an
observer including a voxel within the consensus volume and the
specificity is the frequency of an observer not including a voxel
when it is outside the consensus volume. According to Landis
and Kochs ‘‘strength of agreement” the K for case 1 (Table 2) shows
‘‘moderate to good agreement” (moderate; K = 0.41–0.60, good; K
= 0.61–0.8) [42] while K for case 2 shows ‘‘good agreement”.

Dose distributions

The resulting treatment plans from the participating centres
were all clinically acceptable. Six volumetric modulated arc ther-
apy (VMAT) plans were created for each of the two cases. Dose-
volume metrics for each target volume are presented in Table 3.

The calculated DVHs with absolute volume for the target struc-
tures clearly show that there are variations in delineated volume.
In Fig. 2, DVHs for all treatment plans applied to their own PTV vol-
ume are shown. The two DVHs to the left represent the plan qual-
ity, i.e. how well each treatment plan covers its own target. The
two DVHs to the right are plotted with absolute volume and the
intersection with the volume axis indicates the variation in delin-
eated volumes.

Each dose distribution were applied to both its own target,
DVHPTV,i, as well as to the consensus volume DVHcon,i. These DVHs
are shown as pairs in Figs. 3 and 4 for case 1 and 2, respectively.
Provided that the consensus volume really represents what the
observers would/should delineate, it is easy to observe which tar-
get volumes that fail regarding over-dosage of healthy tissues or
under-dosage of the consensus volume.

There is a substantial variation in volume delineation for case 1.
Which target volumes whose corresponding dose distribution will
under-dose or over dose are, however, difficult to pinpoint with
just a concordance index. CIgen for all PTV volumes for case 1 are
0.53, but when removing the two centres with the largest RCI
(smallest target volumes), clearly observed in the DVH, the CIgen
is 0.60. This was made to test the CIgen index. However, the
improvement in concordance isn’t very large, making the ‘‘im-
provement” in target delineation difficult to assess. DVHPTV,i and
DVHcon,i for case 1 presented in Fig. 3a–c indicates that the consen-
sus volume is under-dosed to varying degree. For b and c large
parts of the target does not even receive 15 Gy. For the centres in
Fig. 3d and e, substantial volumes outside the target receive large
doses.

For case 2 the variation in delineated target volume is consider-
ably smaller. The CIgen for this case is 0.70. The DVHPTV,i and
DVHcon,i for case 2 presented in Fig. 4e and f indicates that the
delineated target volumes are almost of identical size as the con-
sensus volume. For centres in Fig. 4a and d the variation is rather
small, one (a) over-dosing while the other (d) is under-dosing.
However, for centre in Fig. 4c a substantial volume is over-dosed,
while a substantial is under-dosed for centre in Fig. 4b. For case
2, with one centre removed, as done for case 1 (smallest target vol-
ume), the corresponding CIgen are 0.70 and 0.77 respectively.
Volumetric concordance indices might be difficult to interpret
while judging DVHs, as we do in clinical practice, is easier to inter-
pret. Creating treatment plans and applying individual dose distri-
butions to a consensus volume will quickly add more information
on the impact and importance of target delineation variations. In
this work we have chosen a computer generated consensus volume
but the concept could equally well have been applied to e.g. a seg-
mentation performed by an ‘‘expert” or a group of ‘‘experts”.

Conclusions

By applying the treatment plans with its dose distributions for
the original target volumes and overlaying them on the consensus
volume, we conclude that the DVHs in absolute volume adds infor-
mation that is more understandable and interpretable compared to
various indices for evaluating uniformity in target delineation The
DVHs displayed for the consensus volume adds information on
both ‘‘compliant” target volumes as well as outliers which are hid-
den with just the use of concordance indices. This information
should be reported together with descriptive statistics, concor-
dance indices and statistical measures of agreement [18,20] to
get a complete evaluation of delineation studies. More effort is
needed to homogenize the segmentation among different centres
to be able to truly compare clinical results. There is also a need
to develop quality assurance processes in connection with target
delineation.
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