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Introduction

Manual contouring of targets and organs at risk (OAR)

Abstract

Introduction: The performance and limitations of an atlas-based auto-
segmentation software package (ABAS; Elekta Inc.) was evaluated using male
pelvic anatomy as the area of interest. Methods: Contours from 10 prostate
patients were selected to create atlases in ABAS. The contoured regions of
interest were created manually to align with published guidelines and included
the prostate, bladder, rectum, femoral heads and external patient contour.
Twenty-four clinically treated prostate patients were auto-contoured using a
randomised selection of two, four, six, eight or ten atlases. The concordance
between the manually drawn and computer-generated contours were evaluated
statistically using Pearson’s product-moment correlation coefficient (r) and
clinically in a validated qualitative evaluation. In the latter evaluation, six
radiation therapists classified the degree of agreement for each structure using
seven clinically appropriate categories. Results: The ABAS software generated
clinically acceptable contours for the bladder, rectum, femoral heads and
external patient contour. For these structures, ABAS-generated volumes were
highly correlated with ‘as treated’ volumes, manually drawn; for four atlases,
for example, bladder r = 0.988 (P < 0.001), rectum r = 0.739 (P < 0.001) and
left femoral head r = 0.560 (P < 0.001). Poorest results were seen for the
prostate (r = 0.401, P < 0.05) (four atlases); however this was attributed to the
comparison prostate volume being contoured on magnetic resonance imaging
(MRI) rather than computed tomography (CT) data. For all structures,
increasing the number of atlases did not consistently improve accuracy.
Conclusions: ABAS-generated contours are clinically useful for a range of
structures in the male pelvis. Clinically appropriate volumes were created, but
editing of some contours was inevitably required. The ideal number of atlases
to improve generated automatic contours is yet to be determined.

radiation therapy (IMRT) planning techniques. All
prostate patients at our institution are contoured using
departmental guidelines that are based on eviQ

recommendations’ in which structures are contoured as a

for radiotherapy planning is a tedious and labour
intensive process. Consistent and accurate delineation of
OAR and target structures for prostate patients is vital
when using dose escalation and intensity modulated

solid organ to ensure consistent delineation of OAR and
target volumes. However, delineation of regions of
interest (ROIs) still result in intra- and inter-observer
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variations due to factors such as user preferences and
experience.” Streamlining the contouring process using
computer-assisted atlas-based methods could reduce these
intra- and inter-observer variations as well as reduce the
time required to complete contouring tasks.”*

The atlas-based auto-segmentation software program
(ABAS; Elekta Instrument AB Stockholm, Stockholm,
Sweden) provides a computerised auto-contouring
functionality. The software uses atlases with pre-defined
ROI as templates to automatically delineate contours on a
new patient’s computed tomography (CT) data set. ABAS
has the potential to not only reduce the burden of
manual contouring but also to minimise intra- and inter-
observer variations.

ABAS deforms atlases of anatomy from a user-defined
reference atlas onto a new patient’s CT data set, creating
a structure set fitted to the patient’s unique anatomy.
Users have the option of running a single atlas or a
fusion of multiple atlases using the simultaneous truth
and performance level estimation (STAPLE) method to
auto-generate contours.” The STAPLE method involves
running a patient’s CT data set through ABAS with a
number of appropriate atlases selected. ABAS generates a
contour for each selected atlas before creating a fusion or
‘stapled’ structure set which is designed to be the best fit
from all of the chosen atlases for the anatomy of the
current patient. Due to variations in patient anatomy,
especially the bladder and rectum in patients with pelvic
malignancy, it could be preferable to run multiple atlases
to attain a better result. Utilising ABAS for this group of
patients could potentially provide substantial gains in
efficlency with improved consistency, as has been
reported from studies conducted in the head and neck
region and the brain.®®

The primary goal of the present study was to evaluate the
accuracy and clinical applicability of the ABAS software
when auto-contouring male pelvic anatomy, specifically for
prostate patients. We sought to improve our understanding
of the performance and limitations of the ABAS software to
help facilitate its introduction into routine clinical use for
all prostate patients at our institution.

Methods

The present evaluation of the ABAS software package
(Elekta Inc.) employed data from patients treated between
2010 and 2012; auto-generated contours were not used
prospectively in the treatment planning of patients. The
work met the criteria for a Quality Improvement project
according to the NSW Health Ethics Guideline document
GL2007_020 and did not require formal ethical review.
Initial familiarisation and review of the software was
completed on ABAS 1.0 using the data sets of 24 patients.
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Each patient in the group was contoured with an
arbitrarily selected atlas as well as the demonstration atlas
provided with the program. The upgrade to ABAS 2.0
provided the opportunity to test multiple atlases
simultaneously, thus allowing the software to access a
larger range of solutions to refine contours to the
individual patients. Making use of the earlier review/
assessment methodology the analysis was repeated on all
cases in order to review stability and in particular
determine if improvements in the software, specifically
the STAPLE algorithm translated into improvements in
contour accuracy.

The contours of 10 randomly selected clinically treated
prostate patients were used to create atlases in ABAS. All
prostate patients at our cancer institute are planned and
treated supine with bladder full and rectum empty and
contoured according to departmental protocol, based on
The Royal Australian and New Zealand College of
Radiologists Faculty of Radiation Oncology Genito-
Urinary Group (FROGG) guidelines.” All structure
contours undergo a stringent checking process as part of
the overall planning quality assurance before a patient is
treated. Contours are initially contoured by the planning
radiation therapist, checked by the attending radiation
oncologist and by a peer radiation therapist. It should be
noted that the prostate volumes are contoured with the
benefit of computed tomography—magnetic resonance
imaging  (CT-MRI) registration unless MRI s
contraindicated for the patient. The addition of MRI data
provides enhanced soft tissue definition which is valuable
for the delineation of target volumes; however, at present,
ABAS is unable to utilise the information from this
imaging modality.

Using the 10 atlases, CT data sets of 24 randomly
selected prostate patients clinically treated at our cancer
institute with IMRT and image-guided radiation therapy
(IGRT) were auto-contoured using ABAS. Each case was
run through the system with a single ‘demo’ atlas
(supplied by Elekta Inc.) as well as a random selection of
two, four, six, eight or ten stapled atlases.

The manually drawn ‘as treated’
regarded as the ‘gold standard’ volumes and were used as
a reference for those generated in ABAS. These contours

contours were

included the bladder, rectum, femoral heads and external
patient contours. Although not required for «clinical
purposes, the pelvis structure was also contoured as this
structure functionally assisted the ABAS software in the
placement of adjacent structures. The 10 cases used to
create atlases were chosen as they provided a range of
patient shape and size for both internal and external
anatomy. The atlases were named according to the
bladder or rectal volumes. This allowed for small, regular
and large atlases of either the bladder or the rectum to be
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created. The volumes of the rectum or bladder were
arbitrarily chosen and did not correlate with any
published sizing system.

Cases were evaluated by six radiation therapists
comparing ABAS auto-segmented structures against ‘as
treated’ structures. Bladder, prostate, rectum, femoral
heads and patient contours were assessed on two criteria
— a qualitative evaluation of the structure’s clinical
appropriateness and a quantitative evaluation based on
the volume of ABAS structures versus the manually
drawn equivalent.

The qualitative evaluation classified the degree of
agreement of each structure into a descriptive category as
shown in Table 1. The categories ranged from ‘good
agreement’, minor to major editing required, to ‘gross
error’; and all were specifically defined. This methodology
provided a means of quantifying the frequency and
‘goodness of fitt ABAS was able to achieve in a typical
clinical situation; therefore this approach was considered
a suitable surrogate measure of clinical performance.

The degree to which ABAS-generated volumes
correlated with ‘as treated’ volumes, manually drawn,
were assessed using the Pearson’s product-moment
correlation coefficient (r). Although some authors have
used a more sophisticated dice similarity coefficient to
assess the similarity of structures,”®'° our approach
quantifies the ‘goodness of fit' of the ABAS-generated
volumes with respect to our reference method.
Correlation coefficients were calculated for the patient,
bladder, prostate, rectum and femoral head contours (left
and right) and were tested among various atlas groups,
that is, the Demo atlas (supplied by Elekta Inc.), five
stapled atlas groups (2, 4, 6, 8 and 10 atlas staples) as
well as a pooled group of all the atlas staples. A
probability value P < 0.05 (two tailed) was considered
statistically significant.

Results

Twenty-four patients were contoured in the study; only
one gross error was recorded. In this case the external
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patient contour consistently failed regardless of the
number of atlases used; ABAS generated ‘streaks’
throughout the data set, and missed the majority of the
superior and inferior slices completely. Missing the
superior and inferior slices of the external patient contour
was seen in 19 (80%) of the remaining 23 patients; but in
terms of qualitative analysis still scored either 1
(acceptable) or 2 (very minor edits required) over 90% of
the time as missing these slices did not affect the overall
outcome in terms of planning or treatment for the
patient.

Femoral heads, external patient contour and bladder
contours were the most consistently acceptable in the
qualitative evaluation (Table 2). Femoral heads and pelvis
were clinically acceptable in >90% of the time. Bladder
contours were clinically acceptable in ~80% of the time.
It was noted that ABAS tended to contour the inner
bladder wall rather than the whole bladder and this
editing in about 20%
(calculated from data in Fig. 2). The rectum was clinically
acceptable in ~50% of the time. On this volume, ABAS
tended to contour further superiorly and inferiorly than

necessitated some of cases

the protocol guideline, however, around the prostate and
area of interest the generated structure was reasonable.
The percentages of ABAS contours categorised as
clinically acceptable or only requiring minor edits for
each atlas test group are shown in more detail in
Figures 1 and 2. As discussed earlier, it shows that the
femoral heads were generally classified as clinically
acceptable even though volumetrically they did not always
match the volumes in the departmental protocols. The
patient contour and bladder were also contoured
reasonably well with the higher number of stapled atlases.
These contours are also ones where required edits are
unlikely to have a detrimental effect on patient outcomes.
The rectum contours fell into each editing category as
shown in Figure 2. This structure is one in which
differences from protocol could be consequential; the
rectum is usually a structure that is close to tolerance
doses. If it is over contoured, then it could give
misleading information and lead to increased patient

Table 1. Categorisation of agreement between ABAS-generated contours and the ‘as treated’ reference.

Category Descriptor Definition

1 Good agreement Structure acceptable to treat ‘as is’

2 Very minor differences Edits to approximately 10% or less of the CT slices required. Still clinically acceptable.

3 Minor differences Modest noncritical edits required 10-20% of the volume predominately outside the clinically relevant
portion of the structure

4 Edits required Modest edits required 10-20% of the volume in areas of the volume likely to affect clinical outcome

5 Moderate edits required Moderate changes required 20-50% of slices require a manual edit to meet clinical standards.

6 Major edits required Significant changes to meet typical clinical standards in >50% of slices need to be manually edited

7 Gross error No resemblance to the clinical structure or >75% slices needing edit
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Table 2. Overall qualitative evaluation: percentage of ABAS contours
meeting clinical requirements.

Acceptable or minor

Target edits required” (%)
Patient contour (n = 129)? 76.74
Bladder (n = 129) 77.52

Prostate (n = 119) 21.01

Rectum (n = 121) 48.76
Right femoral head (n = 134) 94.03
Left femoral head (n = 133) 93.98

Right pelvis (n = 114) 95.61
Left pelvis (n = 116) 95.69

"Categories 1 and 2 (Table 1).
2Contours pooled from all atlas combinations.

morbidity. The prostate was another contour in which
edits were required more often than not to get contours
that were similar to the ‘as treated’ volumes. This
difference can be at least partially explained by the fact
that the reference contours for each patient were
contoured based on MRI instead of CT imaging.

The degree of agreement between the ‘as treated’
reference and the ABAS-generated
summarised in Table 3. An example of a correlation (for
the bladder) is shown in Figures 3 and 4. In general, the
analysis shows that there is a high degree of correlation
between the two procedures. The closest correlations were
noted when the demonstration atlas provided by the
vendor was used. In terms of the atlas staples, the best
correlation with the reference was noted for the bladder;
moreover, the number of atlases used did not appear to
change the reliability of this result (Table 3). The patient

volumes are

@Overall = Demo atlas

@2 atlas
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contour was generally reasonable, but the correlations
were weakest when six atlases were stapled together. The
rectum was quite inconsistent with correlations becoming
poorer after the inclusion of four or more atlases in the
STAPLE algorithm. Correlations for the prostate were
variably poor (apart from the demo atlas), which aligns
with earlier discussions regarding the different imaging
modalities used for prostate contouring. For the femoral
heads, the best results were obtained when six atlases
were used.

Discussion

The present study investigated the utility of a computer-
based software program to generate clinically relevant
contours in the assessment of prostate patients. Overall,
ABAS generally produced structures that when compared
with clinician contours were essentially the correct
volume, similar in shape and in the correct place. In
general, the software generated volumes that were in close
agreement with manually drawn ones, particularly for
hard tissues like bone and where there was clear
delineation between the structure and its surrounding
tissue. This correlation was supported by the qualitative
analysis which demonstrated that high percentages of all
contours could be used with little or no manual editing.
For example, over three quarters of all bladder contours
were clinically acceptable, or required very minor editing
(Table 2). For the femoral heads and pelvis, nine in ten
scans met clinical requirements.

The clinical utility of ABAS was supported by the
quantitative analysis. Although the closest correlations

W4 atlas w6 atlas @8atlas @10 atlas

Clinically acceptable (%)

Structures

Figure 1. Percentage of ABAS volumes categorised as clinically acceptable (categories 1 and 2) versus the number of atlas groups scanned.

ABAS, atlas-based auto-segmentation; rt, right; It, left.
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HOK

B Very minor
differences
B Minor

differences

M Edits required

Number of assessments

Patient

Bladder Prostate Rectum

® Moderate
edits required

u Major edits

required
= Gross error

Rt

Lt Rt pelvis Lt pelvis

femoral femoral
head head
Structures

Figure 2. Qualitative evaluation: subjective assessment of contours/volumes generated by ABAS (categories 1-7). Number of occasions each
criterion met for each structure and category is shown. ABAS, atlas-based auto-segmentation; rt, right; It, left.

Table 3. Correlation between ABAS-generated volumes and ‘as treated’ reference volumes for a range of stapled atlases.

Number of stapled atlas

Structures Demo 2 4 6 8 10 Pooled
Patient contour 0.9995 "k 0.8368%** 0.8461%*xx* 0.6155%* 0.851 1% 0.7952* 0.8426%**
Bladder 0.9932%*x* 0.9535%** 0.9882%*x* 0.9767%** 0.9852%x* 0.9922 % 0.9780%**
Prostate 0.9994 % 0.4016* 0.4007* 0.4795%* 0.1098 0.6748 0.2000%
Rectum 0.9686* 0.6843%x*x* 0.7385%x*x* 0.5458%* 0.5273* 0.5613 0.7881 %
Right femoral head 0.8531 0.3204 0.2760 0.8265%** 0.3865 —0.1733 0.3342%*x*
Left femoral head 0.9885* 0.5774%%x* 0.5603%*x*x* 0.8999%** 0.5975%* 0.1095 0.6559%*

'Correlation coefficient, r.
*P < 0.05; **P < 0.01; ***P < 0.001.

were noted when the demonstration atlas provided by the
vendor was used, correlations between the ‘as treated’
reference and the ABAS-generated volumes were generally
significant. The bladder and patient contour proved to be
the most reliable contours based on the volumetric
assessment; correlations between ABAS and the ‘as
treated’ volumes were highly significant, correlation
coefficients for the bladder exceeded 0.95 for all the atlas
staples (P < 0.001). The bladder and patient contour are
the two largest structures in this region and small
variations in volume are less significant than these same
differences would be for a smaller structure. The
volumetric assessment also revealed some limitations of
ABAS. The femoral heads were the most clinically
acceptable contour in the qualitative analysis, but
occasionally showed poor correlations with the reference
in the volumetric analyses. The poor correlations for
some atlases were attributed to the fact that ABAS
contoured inferiorly to the lowest extent of the data set,
whereas the ‘as treated’ contours were cut short at the

© 2014 The Authors. Journal of Medical Radiation Sciences published by Wiley Publishing Asia Pty Ltd on behalf of

level of the lower trochanter, as per clinical protocol. The
prostate presented a different set of challenges. The
difficulties in contouring the prostate are widely
recognised and have been discussed by others.'"'* The
ABAS-contoured prostate was typically smaller than the
reference contour and clinical target volume (CTV) was
not clinically acceptable (as a general rule). The ability of
ABAS to adequately delineate the prostate
compromised in part due to the fact that the radiation
oncologist standardly defined the target based on
registered MRI images which ABAS was unable to use.
Based on our data, ABAS-generated volumes were on
average of 25% lower than manually drawn ones based
on MRI images.

In theory, it is possible that a single atlas is all that is
required to generate clinically acceptable contours for any

was

patient if the appropriate atlas is selected for each case. In
clinical practice, however, the male pelvic anatomy can
vary quite dramatically due to factors such as bladder and
rectal filling,” thus potentially requiring numerous atlases
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Figure 3. Representation of the correlation between the manually drawn (‘as treated’) reference and ABAS-generated volumes for the bladder
for 2 (A), 4 (B), 6 (C), 8 (D) and 10 stapled atlases (E). The correlations were highly significant (P < 0.001).
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Figure 4. Representation of the correlation between manually drawn
(‘as treated’) reference and ABAS-generated volumes for 2 (red
square), 4 (blue diamond), 6 (green triangle), 8 (purple cross), 10
(blue cross) stapled atlases for the rectum. The trendline for four atlas
staples is shown. ABAS, atlas-based auto-segmentation.

to cover the range of natural variation found in patients.
It then becomes a challenge to select the most
appropriate atlas for a particular patient. Investigation is
therefore justified into the use of multiple atlases which
may allow the software (ABAS) to accommodate a wider
range of anatomical variation and select features from any
atlas that best match the case in question and provide for
a better fit with the patient. In practice, selection of
appropriate atlases is not straight forward, nor is the
optimum number of atlases required for the best fit. One
study suggested that a data set of 15 patients may be
required."’ Further research is required in this respect.

Conclusion

This analysis of ABAS has provided a logical examination
of the capability and performance of this software to
produce contours of anatomical structures in the male
pelvic region. Findings from this study suggest that ABAS
has the potential to produce clinically acceptable volumes
that will lead to a reduction in planning workload. In this
respect, our study is in agreement with other recent
studies involving the male pelvis. Manual review and
refinement of contours is presently required with this
software, however, as part of a structured approach to
contouring, ABAS provides a good foundation on which
to achieve more consistent contouring while improving
efficiency over the fully manual process. As the process
for ABAS has been developed and fine-tuned it has

Atlas-Based Auto-Segmentation Evaluation

become an established part of the workflow for all male
pelvic patients receiving radiotherapy at our cancer
institute.
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