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Objective: To investigate the relationship between the

ability of atlas-based autosegmentation to reduce out-

lining time in the male pelvis (body, bladder, rectum,

femoral heads, prostate and seminal vesicles) and the

interobserver agreement in the delineation of these

structures. To examine any increase of the interobserver

agreement with the use of an autosegmentation tool.

Methods: We created atlases in the ABAS™ system v. 2.0

(Elekta, Crawley, UK) and recorded the time to delineate

the above structures on eight patients with and without

its aid. We also measured the interobserver agreement in

the structure definitions using several metrics [Dice’s

similarity coefficient (DSC), mean distance to conformity,

percentage volume difference] with and without the aid

of ABAS.

Results: There is a high degree of correlation between the

time saving with the use of ABAS and the degree of

interobserver agreement (r50.90 for DSC). This indi-

cates that for structures where the interobserver agree-

ment is low (DSC,0.65), the ABAS does not reduce

outlining time. We found that the interobserver agree-

ment is increased with ABAS only for the prostate.

Conclusion: Outlining time saved in the male pelvis is

highly correlated with the interobserver agreement of the

structures. Only for the prostate does the use of ABAS

significantly reduce the amount of interobserver variation

in contouring.

Advances in knowledge: The use of autosegmentation

software increases the outlining time for structures

where the interobserver agreement is low. Any increase

in the interobserver agreement in contouring with the

aid of such software may be limited to those structures

where there is currently mid-range agreement between

observers.

The use of automated segmentation tools has been exten-
sively studied. One advantage of the use of such software is
to reduce the time spent contouring. Studies have shown
that the time saving varies from around 25–50% of the
manual outlining time.1–5 Only one of these studies
documents the time saving per structure, and this indicated
that the time saved depends on the structure being out-
lined.4 Gambacorta et al5 postulate that for structures
where their autocontouring system was unreliable, the
correction time becomes important.

It has also been proposed that the use of autocontouring
software improves contouring agreement between
observers.1–3 However, the evidence for this is limited.
Young et al1 state that although they found auto-
segmentation software useful for contouring the post-
operative endometrial nodal volumes, it was not useful for

the vaginal cuff owing to its positional variability. This
study found only a statistically significant increase in
contouring overlap from 0.77 to 0.79 for one out of three
pairs of oncologists. Teguh et al2 found that an expert panel
scored 88% of manually edited autocontours as “good” vs
83% of clinical contours in the head and neck region. No
statistical analysis of this result was given. Chao et al3

demonstrated an increase in the interobserver contour
agreement using their own software. This computer-
assisted target volume delineation system (CAT) pre-
sented exemplar template contours alongside the
computer-delineated contours requiring editing in a
slice-by-slice manner, so acted as a combined atlas/
autocontouring system. This is unusual, as many auto-
contouring systems present the user with computer-
delineated structures alone, and the manual editing is
performed unaided.
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The purpose of this study was to measure the time saved by the
use of an atlas segmentation software for delineating individual
organs in the male pelvis and to investigate if there was a cor-
relation between the time saving and the interobserver outlining
agreement. It also aimed to examine the hypothesis that the use
of this software significantly increased the interobserver out-
lining agreement compared with the agreement observed with-
out the aid of the software.

METHODS AND MATERIALS
We used the ABAS™ system v. 2.0 (Elekta, Crawley, UK) to
autosegment the male pelvis for prostate cancer planning (body,
femurs, bladder, rectum, prostate and seminal vesicles), as it has
been found to be an effective tool for autosegmentation.2,6,7

ABAS performs a segmentation using a previously outlined ex-
ample (an atlas) and uses both rigid and deformable registration
to warp the atlas contours onto the new CT data set.8 For both
the male pelvis and the head and neck region, ABAS in addition
uses a modelling approach to refine the contours created by the
registration process.8 Finally, ABAS can combine the results from
several atlases to provide a single structure set by the use of the
simultaneous truth and evaluation level (STAPLE) algorithm.8,9

All the cases used in the atlas preparation and the subsequent
study were low-to-intermediate-risk prostate cancer patients
(prostate size range, 24.7–94.2 cm3; median, 42.3 cm3) with no
known nodal involvement.

Imaging, structure definition and atlas preparation
Atlas and study subjects were imaged using our standard pros-
tate outlining protocol that uses both CT and MRI scans. Ap-
proximately 20min prior to CT scanning, patients drank 150ml
of water. They were scanned supine and immobilized using knee
rests and ankle stocks (ProStep™ immobilization system; On-
cology Imaging Systems, Lewes, UK), from mid-sacroiliac joints
to below the lesser trochanters on a Toshiba Aquilion™ LB CT
(Toshiba Medical Systems, Crawley, UK). Images of 3-mm
thickness were reconstructed at 3-mm intervals and transferred
to ProSoma (Oncology Systems Limited, Shrewsbury, UK).

MRI images were acquired using a GE Signa® Excite 1.5-T
scanner (GE Healthcare, Crawley, UK) with a Medibord flat
couch top (Medibord Ltd, Nottingham, UK) and the ProStep
immobilization system in place.10 Axial T2 weighted fast-spin
echo images of 3-mm thickness were sent to ProSoma. CT and
MRI images were fused in ProSoma using the mutual in-
formation algorithm and checked for accuracy by an experi-
enced dosimetrist.

As per our clinical practice, a dosimetrist outlined the body,
femoral heads (to the level of the lesser trochanter) and bladder.
A clinical oncologist delineated the rectum, prostate and seminal
vesicles. The rectum was outlined from the anal canal to the
rectosigmoid junction. This was performed using the CT/MRI-
fused images in ProSoma.

The atlases in the ABAS system were constructed using anony-
mized CT and structure sets from 11, randomly chosen, pre-
viously manually outlined studies. Our commissioning study of

ABAS indicated that this was an optimal number of atlases, and
we use this number clinically (data not shown). These outlines
were produced using the CT/MRI fusion protocol described
above; however, ABAS does not use the MRI images for seg-
mentation. Prior to inclusion in the atlas set, all the structures
were verified by two consultant clinical oncologists with exten-
sive experience in prostate radiotherapy (JM, DS) to ensure that
the atlases were of a high standard and that structures had been
correctly delineated.

Outlining studies
For an overview of the study design, see Figure 1. We randomly
selected eight previously outlined prostate cancer patients who
had not been used for the atlas creation to act as “gold standard”
outlines. The outlining was manual, apart from the body con-
tour; this had been automatically outlined in ProSoma using its
body autodelineation tool. These cases were then outlined de
novo by a clinical oncologist (CP) and a dosimetrist (CS) as per
the above protocol. Each operator recorded the time taken to
outline individual structures. This gave us a reoutlined structure
set for comparison with the gold standard set. The comparison
of these two structure sets acted as a local baseline for inter-
observer variability.

The CT series for these subjects were also sent to ABAS to create
ABAS outlined structure sets. All 11 atlases were used in the
creation of these structures, using the “prostate-specific” algo-
rithm available within the ABAS. The STAPLE algorithm was
used to combine the results of using each atlas into a single
structure set for each subject. To minimize memory bias a
minimum of 2 weeks later, these structure sets were edited in
ProSoma by CS (body, femoral heads and bladder) and CP
(prostate, rectum and seminal vesicles) to be clinically accept-
able. This resulted in edited ABAS structure sets to be compared
with the gold standard sets. The editing time per structure was
noted to compare with the manual delineation time.

Recent reviews have concluded that there is no one metric type
that can be used for totally assessing the agreement between sets
of outlines.11–13 As recommended by these reviews, we used three
different types of metrics to evaluate the outlining agreement
achieved. The simplest was using a comparison of volume [in
terms of percentage volume difference (PVD)]. Secondly, we used
a measure of volume overlap, Dice’s similarity coefficient (DSC;
Appendix A for definition). The final metric was the mean dis-
tance to conformity (MDC). This is a measure of the mean dis-
tance between points on one contour to the contour being
compared.14 To generate these metrics, the CTs and structure sets
were transferred to IMSimQA™ (Oncology Systems Limited).

Data analysis
Timing study
The data were analysed using Excel® (Microsoft 2010, Redmond,
WA). Student’s t-tests were used to compare the mean times to
produce a contour de novo and by editing the ABAS-created
contours. We plotted the ratio of the time taken to edit the ABAS
contours to the time taken to outline de novo vs logit (DSC)
(Appendix A) for the DSC between the gold standard contours
and the reoutlined contours to determine any correlation between
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contouring agreement and the time saved. We repeated this for
DSC, PVD and MDC.

Interobserver variation
We examined any change in the agreement between the gold
standard contours and those contours outlined de novo, or those
segmented with the aid of ABAS, using several measures. For
these, two sets of agreement metrics were calculated. Set 1 was
the agreement between the gold standard contours and the de
novo contours. These were our local baseline agreements. Set 2
measured the agreement between the gold standard outlines and
the edited ABAS-generated outlines (Figure 1). Student’s t-test
was used to test for differences between Sets 1 and 2.

Also, for DSC and MDC, these metrics were split into two
groups. For DSC, two cut-off levels were used: 0.7 and 0.8
(Appendix A). For MDC, a 2-mm cut-off was taken as being “an
acceptable threshold for variation between expert observers”.14,15

We tested for differences between this now categorical data
representation of Sets 1 and 2 by the use of the x2 test.

RESULTS
Timing studies
The mean time for ABAS to outline a subject, using all 11 atlases
and STAPLE, was 15.756 0.40min. However, as this was per-
formed offline, it has not been included in our timing data. The
mean time to outline each subject de novo was 26.436 2.80min.

The mean time to edit the ABAS-outlined subjects to produce
clinically acceptable structures was 15.706 2.25min. This de-
crease in mean outlining time by 10.73min per subject was
highly statically significant (p5 0.0001, Student’s t-test). For
each structure, a statistically significant reduction in time to edit
the ABAS-outlined structures was seen in comparison with out-
lining de novo except for the body, rectum and seminal vesicles
(Table 1).

Figure 2 shows the correlation between the time saved by the use
of ABAS (expressed as the ratio of the times taken to edit ABAS-
generated structures and the time taken to contour a structure de
novo) vs the interobserver agreement as measured by logit (DSC)
between the gold standard contours and the de novo contours.
The linear fit shows that the ratio is ,1 (i.e. ABAS is time
saving) if DSC is $0.65. Similarly, the linear fit to the plot using
DSC as the metric gives DSC5 0.63 as the breakeven point (data
not shown). The correlation coefficients for all metrics are given
in Table 2. This demonstrates that the use of the atlas software is
not time saving for structures where the interobserver agreement
is low (e.g. the seminal vesicles).

Contour comparison studies
Table 3 shows the agreement metrics between the gold standard
contours and the de novo contours (Set 1). This table is a mea-
sure of the interobserver agreement in outlining without the aid
of ABAS and is out local baseline for contouring agreement. The

Figure 1. Overview of study design. ABAS™ system v. 2.0 (Elekta, Crawley, UK).

11 atlas patients
Outlined by JM, DS and independent 

dosimetrist

8 gold standard patients
Outlined by JM and independent 

dosimetrist

8 gold standard patients
Re-outlined de novo by CS and CP

8 gold standard patients
Re-outlined by ABAS and edited by 

CS and CP

Set 1
(interobserver agreement, no

ABAS)

Set 2
(interobserver agreement,

with ABAS)

Table 1. Timing results showing the mean times to outline de novo or edit ABAS™-created specific structures

Structure
Time to outline de novo

(min)
Time to edit ABAS outlines

(min)
Ratio

(de novo/edited)
p-value

Body 0.28 (0.06) 0.13 (0.35) 0.44 0.2726

Left femoral head 5.60 (0.78) 2.13 (0.80) 0.38 0.0002

Right femoral
head

5.70 (1.27) 2.15 (0.75) 0.38 0.0008

Bladder 3.80 (2.26) 1.94 (0.90) 0.51 0.0312

Rectum 4.20 (0.78) 3.59 (1.24) 0.85 0.3640

Prostate 4.46 (0.66) 2.84 (1.59) 0.64 0.0234

Seminal vesicles 2.38 (0.71) 2.94 (0.66) 1.24 0.2317

Values are mean (standard deviation). p-values are calculated using paired Student’s t-test.
ABAS system v. 2.0 (Elekta, Crawley, UK).
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metrics measuring the agreement between the gold standard
contours and those obtained by editing ABAS-generated con-
tours is also shown in Table 3 (Set 2). This is a measure of the
interobserver agreement with the aid of ABAS. If these measures
are improved over the baseline values, then the use of ABAS has
increased the interobserver agreement in outlining. The differ-
ences reached statistical significance for only the prostate (DSC,
p5 0.014; logit DSC, p5 0.014; and MDC, p5 0.008) using the
Student’s t-test. Similarly, the x2 test indicated an improvement
for only prostate outlines using DSC$0.8 (1/8 vs 4/8; p5 0.001)
and MDC #2mm (0/8 vs 5/8; p5 0.0003). No difference in
agreement metrics reached statistical significance for any other
structure. So, we found that the use of ABAS improves the in-
terobserver agreement in contouring for only the prostate.

DISCUSSION
We have found that editing structures created by auto-
segmentation software can significantly save time over a totally
manual process in agreement with other studies.1,4,5,16 Two of
these4,16 address the male pelvis. Lin et al4 gives the timings for
individual structures (femurs, prostate, bladder and rectum) and
found broadly similar time savings—the rectum was the struc-
ture that showed the least time saving in their study. We found
statistically significant reductions in delineation times for all but
three structures—the body, rectum and seminal vesicles. For the
body, the standard outlining procedure already involved using
the Hounsfield number-based autosegmentation algorithm in

ProSoma, so the de novo time was in fact the time to edit the
ProSoma generated contours. With ABAS, seven of the eight
examples used did not require their body contours editing.
However, the body contour produced by ABAS for the eighth
subject required extensive editing in places, so increasing the
mean editing time for ABAS-assisted contouring for this struc-
ture. For the rectum, it was found that the ABAS-based contours
did not always agree well at the rectosigmoid junction or the
rectum–anal canal junction. This may be because these limits are
not defined by easily discernible tissue boundaries. These dif-
ferences are reflected by the time saving in delineating the rec-
tum with the aid of ABAS not reaching statistical significance.
The agreement for the seminal vesicles for all metrics is espe-
cially poor. This is likely to be a reflection of both the difficulty
in visualizing them and determining which part of them to
outline.17,18 This resulted in the editing times for the automat-
ically delineated seminal vesicles being greater than the de novo
outlining times. Additional work is required to improve our
outlining protocol for this organ.

Table 2 indicates a strong correlation between the interobserver
agreement and the time saving for individual structures for both
logit (DSC) and DSC. The other metrics did not show as strong
a correlation with time saved. We are not aware of any other
studies that have investigated the relationship between inter-
observer agreement and time saving. This study provides the first
quantitative evidence for the hypothesis that more accurate
autocontouring would increase the time saving and, for structures
where the interobserver agreement is low, it is of no use.1,5 Our
data indicate that if the average DSC is ,0.65 between observers
for a structure, then the time to edit the autocontours is likely to
exceed the time to delineate them manually. We found this for the
seminal vesicles, which are accepted to have a relatively low inter-
observer agreement.17,18 We postulate that DSC may be used
predictively to determine if the use of an autocontouring soft-
ware will decrease outlining time. However, this result should be
validated for other body sites and other software tools.

The second aim of this study was to investigate if the use of an
atlas-outlining tool increased the interobserver agreement in
outlining. Table 3 gives several measures of the interobserver
agreement with and without the aid of autocontouring. These
data are in broad agreement with other studies in this area.5,16,17

The statistical analysis of the various agreement metrics used
in this study does not indicate any significant change in the
interobserver agreement with and without the use of ABAS apart
from the prostate. For this structure, interobserver agreement was

Figure 2. The variation of the time saved by the use of ABAS™

vs the interoperator variability as measured by logit [Dice’s

similarity coefficient (DSC)]. ABAS system v. 2.0 (Elekta, Crawley,

UK).

Table 2. Correlation between the time saved in contouring with the use of ABAS™ and the various metrics of agreement

Metric Correlation coefficient

Logit (DSC) 0.90

DSC 0.89

Percentage volume difference 0.79

Mean difference to conformity (mm) 0.36

DSC, Dice’s similarity coefficient.
ABAS system v. 2.0 (Elekta, Crawley, UK).
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significantly improved on three metrics (DSC, logit DSC and
MDC) with the use of ABAS using paired Student’s t-test. The x2

test indicates that the ABAS-aided contouring of the prostate shows
greater agreement than the manual contours on two measures,
DSC is $0.8 and MDC is #2mm. Examining the outlines of the
prostate on a slice-by-slice basis showed that the improved con-
sistency of the outlining was throughout the extent of the organ.

These observations lead us to propose that the degree of in-
terobserver agreement and the ability of the use of auto-
segmentation to increase interobserver agreement are linked. For
organs with already high levels of agreement (e.g. DSC is .0.8),
a statistically significant increase in agreement may not be
achievable or will require a much larger sample size to detect.
For structures with low agreement levels between observers, the
manual editing of the autocontours could tend to diminish any
increase in outlining consistency resulting from the use of the
autocontouring software. Again a much larger study will be re-
quired to find any difference. However, the use of a tool like CAT,3

where exemplar contours are presented alongside the contours
requiring editing, is likely to mitigate this effect. For tools similar
to ABAS, where manual editing is required without the aid of

exemplar contours, increasing the interobserver agreement may
only be for structure with mid-range interobserver agreement.
This hypothesis requires further studies to confirm it.

CONCLUSIONS
Our timing studies indicate that the use of ABAS can sig-
nificantly reduce the time taken to outline structures within
the male pelvis. The time saved is highly correlated with some
measures of interobserver agreement in organ delineation [logit
(DSC) and DSC]. If DSC is ,0.65 between observers for
a structure, then the use of an autocontouring software may not
significantly decrease the delineation time for that structure.
Only for the prostate did the use of ABAS significantly increase
the agreement of the contours with the gold standard in com-
parison with those produced without its use. We have found
indications that the use of autocontouring software may only
increase interobserver agreement for those structures where the
level of agreement is mid-range before its introduction.
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APPENDIX A. DICE’S SIMILARITY COEFFICIENT
The IMSimQA™ (Oncology Systems Limited, Shrewsbury, UK)
tool calculates conformity index (CI)14 (also known as the
Jaccard index13) rather than Dice’s similarity coefficient (DSC).
We computed the DSC using equation (5) of Fotina et al13

[Equation (A1) below], as this metric has been extensively reported
in other studies, and is therefore a useful comparator.

DSC5
2CI

11CI
(A1)

It is an open question, requiring further research, as to the value
of DSC that is indicative of good interobserver agreement. Many
authors have used a value of 0.7 as a threshold.5,6,19,20 Zijdenbos
et al20 have shown that DSC is a special instance of the k sta-
tistic, and if DSC is .0.70, then k is .0.75—a value where k is
accepted to indicate an excellent agreement between observers.21

However, Fotina et al13 consider DSC “can provide a false im-
pression of high agreement”, and Mattiucci et al22 suggest DSC
.0.8 to be acceptable. We examined two levels of DSC (0.7 and
0.8) as a cut-off in our increase in interobserver agreement
study to see if it changed our analysis. It had a limited effect
with the stricter limit showing statistical significance in the x2

test.

The very limited range of DSC means the assumption that this
variable is normally distributed is less likely. For this study, we
also included the logit (DSC), as this is more likely to be nor-
mally distributed than DSC itself.20 The advantage of the logit
transform is that it expands the range of DSC from (0, 1) to
(2‘, ‘). The formula for this transformation is given by:

logitðXÞ5ln
� x

12 x

�
(A2)
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