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Purpose: Automated techniques for estimating the contours of organs and structures in medical
images have become more widespread and a variety of measures are available for assessing their
quality. Quantitative measures of geometric agreement, for example, overlap with a gold-standard
delineation, are popular but may not predict the level of clinical acceptance for the contouring
method. Therefore, surrogate measures that relate more directly to the clinical judgment of contours,
and to the way they are used in routine workflows, need to be developed. The purpose of this study is
to propose a method (inspired by the Turing Test) for providing contour quality measures that directly
draw upon practitioners’ assessments of manual and automatic contours. This approach assumes that
an inability to distinguish automatically produced contours from those of clinical experts would indi-
cate that the contours are of sufficient quality for clinical use. In turn, it is anticipated that such con-
tours would receive less manual editing prior to being accepted for clinical use. In this study, an
initial assessment of this approach is performed with radiation oncologists and therapists.

Methods: Eight clinical observers were presented with thoracic organ-at-risk contours through a
web interface and were asked to determine if they were automatically generated or manually delin-
eated. The accuracy of the visual determination was assessed, and the proportion of contours for
which the source was misclassified recorded. Contours of six different organs in a clinical workflow
were for 20 patient cases. The time required to edit autocontours to a clinically acceptable standard
was also measured, as a gold standard of clinical utility. Established quantitative measures of auto-
contouring performance, such as Dice similarity coefficient with respect to the original clinical con-
tour and the misclassification rate accessed with the proposed framework, were evaluated as
surrogates of the editing time measured.

Results: The misclassification rates for each organ were: esophagus 30.0%, heart 22.9%, left lung
51.2%, right lung 58.5%, mediastinum envelope 43.9%, and spinal cord 46.8%. The time savings
resulting from editing the autocontours compared to the standard clinical workflow were 12%, 25%,
43%, T17%, 46%, and 50%, respectively, for these organs. The median Dice similarity coefficients
between the clinical contours and the autocontours were 0.46, 0.90, 0.98, 0.98, 0.94, and 0.86,
respectively, for these organs.

Conclusions: A better correspondence with time saving was observed for the misclassification rate
than the quantitative contour measures explored. From this, we conclude that the inability to accu-
rately judge the source of a contour indicates a reduced need for editing and therefore a greater time
saving overall. Hence, task-based assessments of contouring performance may be considered as an
additional way of evaluating the clinical utility of autosegmentation methods. © 2018 American Asso-
ciation of Physicists in Medicine [https://doi.org/10.1002/mp.13200]

Key words: assessment, autocontouring, editing time, organs-at-risk, Turing test

1. INTRODUCTION

where health organs to be spared during treatment, known as
organs-at-risk (OARs), are outlined as part of the treatment

Numerous methods for automatic contouring (segmentation)
of structures within imaging have been proposed for a wide
range of medical applications. However, there is a need to
adequately assess the performance and added value of such
tools." In this paper, we focus on radiotherapy applications,
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planning process. However, the assessment method presented
may have broader relevance.

Published evaluations of autocontouring (AC) systems
broadly fall into three categories; Attempts to quantify clini-
cal impact (e.g., time saving assessment as performed in Ref.

© 2018 American Association of Physicists in Medicine 5105
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[2]), quantitative measures compared to “ground truth” (e.g.,
DICE measurement as performed in Ref. [3]), and subjective
assessment of benefits (e.g., assessment of an expectation of
clinical time saving as performed in Ref. [4]).

One of the purposes of autocontouring is to save time;
therefore, the most straightforward way to measure this effect
is to investigate the amount of time taken by editing autocon-
tours to a clinically useable standard compared to performing
fully manual contouring, for example, as assessed in Ref. [2].
However, the different actions of initial contouring and of
editing may entail the use of different tools,” making a speci-
fic assessment of the impact of autocontouring more chal-
lenging. Similarly, the use of different editing tools makes it
difficult to compare across studies.® Recontouring the same
cases may also introduce bias since familiarity with a case
may reduce editing time. Furthermore, manually drawn con-
tours may also be considered to require editing when
reviewed by other experts.” Finally, the process of extra
repeated manual contouring of multiple cases solely for the
assessment of time taken is time consuming and not feasible
for large patient cohorts in busy radiotherapy departments.
This reduces the numbers of cases that can be considered in
any study.

An alternative approach is to assess the impact contour
errors have on the resulting treatment plan.® Comparisons of
plans, created with autocontours or manual clinical contours,
indicate that the position of contours affects the treatment
plan created, and could therefore impact clinical outcomes.
Such assessment does not reflect a real clinical workflow
whereby the autocontours will be reviewed and edited as nec-
essary; rather it highlights and quantifies the impact that
errors could have on dose if erroneous contours are not cor-
rected. Furthermore, it must be recognized that dosimetric
differences would also result from variability in manual clini-
cal contours.’

The most common approach to evaluation is comparison
with “ground truth” clinical contours using quantitative mea-
sures. A wide range of quantitative measures for assessing
autocontours against ground truth have been proposed, based
on position, distance, volume overlap.lO However, the clinical
utility of such surrogates has been questioned”'' as the
ground truth itself is subjective, for example, even quantita-
tive measures between two sets of manual contours will not
give a perfect score — reflecting inter- and intraobserver
variability. Furthermore, good scores can result from a range
of differences, some of which would fall within human sub-
jectivity and some of which are more clearly wrong. There-
fore, although a bad score would indicate a bad contour, a
good score does not necessarily imply good contouring and a
perfect score is not achievable as a result of the variability
affecting how the contours are judged. Quantitative scores
are also be affected by the geometrical properties of the organ
being delineated, for example, the sensitivity of Dice similar-
ity coefficient (DSC) to contouring errors depends on the size
and shape of the segmented structure.'”

Subjective qualitative assessment, whereby the
results of contouring, whether manual or automatic, are

4,11,13
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graded by clinicians, also has drawbacks; Clinical contouring
staff may admit that they will change their opinion of their
own contouring and may edit their own work if they view it at
a later point. Therefore, editing alone does not mean a con-
tour is bad. Additionally, when human observers are aware
that a contour was generated by a machine, this awareness
itself can introduce bias during qualitative contour assess-
ment, and can influence their decision to edit or accept a
contour.

This work is, therefore, motivated by the continuing need
to identify a measure that represents a good surrogate for con-
touring quality, as well as being directly relevant to the con-
tour-related tasks in the clinical workflow. It is also desirable
that the surrogate measure be readily calculated, requiring
less effort than is required by a full assessment of impact of
workflow efficiency, and that it can be obtained easily across
multiple institutions. In this study, we propose and evaluate a
framework based on a variation on the Turing test for assess-
ing contour quality. This assessment is built on the assump-
tion that if a clinical observer is not able to distinguish
between autocontours and those produced manually by an
expert, then they are likely to edit the autocontours less as
they will consider them as adequate for clinical use as those
of the expert.

2. MATERIALS AND METHODS
2.A. The imitation game

The Imitation Game, sometimes referred to as the Tur-
ing test, was a proposal to test if “machines can think”,
which is reframed as “can machines display intelligence
via imitation”."* While the original proposal is quite com-
plex, a common formulation of the game requires an inter-
rogator to communicate electronically with a single
subject and to judge whether that subject is a human or a
machine, for example, The Leobner Prize.’® Tt is assumed
that the machine has performed well if the interrogator
makes an incorrect identification as often as they make a
correct one.

While there is discussion regarding whether the Turing
test is sufficiently complete as a demonstration of intelli-
gence,'® indistinguishability from human behavior can itself
be regarded as a performance criterion.'”'®

This question of imitation is applied in the proposed
framework for assessing autocontouring, where we can test
whether autocontouring is sufficiently similar to manual con-
touring by an expert to be indistinguishable when judged by a
blinded interrogator. In this case, autocontouring might be
deemed to be acceptable, or at least of the same quality as the
human standard.

To investigate if the “Imitation Game” approach is a
useful method of assessment of the clinical utility of con-
tours, it was compared to commonly used quantitative
measures of contouring quality as a surrogate of the edit-
ing time required to adapt autocontours to a clinically use-
able quality.
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2.B. Imaging data and contours

Twenty stage I-III NSCLC patients were selected from
routine clinical practice and their CT scans were used to
delineate OARs. The following OARs were delineated: left
lung, right lung, heart, mediastinum envelope, spinal cord,
esophagus. Each OAR was delineated manually by a senior
radiotherapy technician (Observer 1) with 10+ yr of experi-
ence, specialized in the thorax region using institutional
guidelines, and independently by a further two also with 5+
yr of experience (Observer 2 and 3), using the standard con-
touring tools (Eclipse, version 11.0, Varian, Palo Alto, USA)
available within the institution. The clinical contouring work-
flow was predominantly 2D contouring, as is common prac-
tice in radiotherapy, with the addition of some semiautomatic
3D threshold-based tools available within Eclipse.

A commercial atlas-based autocontouring product (Mirada
RTx 1.6 and Workflow Box 1.4, Mirada Medical Ltd.,
Oxford, UK) was used to automatically generate contours for
the 20 test patients, using 10 atlases.*'® These atlases con-
sisted of stage I NSCLC patients with minimal geometric dis-
tortions and small lesion volumes, collected from the same
institution and contoured by the same senior radiotherapy
technician (Observer 1), and carefully inspected by a radia-
tion oncologist for correctness.

The resulting autocontours were then manually edited by
each technician to match clinical contouring guidelines. The
time for the existing clinical contouring workflow (which
may include semi-automatic contouring tools within Eclipse)
and for editing autocontours was recorded for Observer 1, as
previously reported in Ref. [20].

2.C. Quantitative contour analysis

For comparison, the initial contours of Observer 1 were
treated as the “ground truth”. The following quantitative met-
rics, Dice similarity coefficient (DSC), average distance
(AD), and 95% Hausdorff distance (HD), were computed
between all of the other sets of contours, whether manual,
autocontours, or edited autocontours, and this ground truth.

2.D. Implementation of the contouring imitation
game

A website was setup, as shown in Fig. 1, in which
reviewers were shown a single CT slice at a time, together
with a contour corresponding to an organ, with the CT
case, organ, slice, and method of contour creation being
chosen at random. For each slice/contour reviewed, the
user was asked “How was this contour drawn?” and given
the options to select “By a human” or “By a computer”.
The image display could be adjusted to standard window/
levels and a magnifying tool was provided to enable
inspection of the image/contour in detail. Performing
assessment for a single slice at a time enables the estima-
tion of the proportion of slices in which autocontouring is
deemed indistinguishable.
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For each case, the autocontours to be assessed and the
original manual contours from one of the technicians (exclud-
ing Observer 1’s “ground truth” contours) were available for
assessment. Only slices where contours from both methods
of creation were available were considered in this study.

The website was setup to facilitate multiuser assessment of
the contours, allowing the reviewers to perform assessment at
a time convenient to them. Results were recorded in a data-
base for later analysis. In addition to documenting the details
of each slice presented and the reviewer’s choice for each
question, the time taken to make the assessment was also
noted. To allow unpressured assessment, observers were not
aware that the time taken was being recorded.

Four radiation oncologists and four radiotherapy techni-
cians, all specialized in thoracic radiotherapy, participated in
the imitation game. Of these, two of the radiotherapy techni-
cians had participated in the original contouring. Each reviewer
assessed 50 randomly selected slice/contour combinations,
from the pool of approximately 16,020 slices/contours. These
figures and the random nature of the selection meant that it
was rare for the same slice/contour to be presented for assess-
ment more than once (4 out of 400 assessments).

3. RESULTS
3.A. Quantitative contour analysis

The results of the quantitative assessment using DSC, AD
and 95% HD are shown in Tables I, II and III respectively. To
evaluate differences in quantitative measures, a ranked Wil-
coxon test was performed. Statistical significance was
assumed for P-values lower than 0.05. Bonferroni correction
was used to correct for multiple tests. Further results are
included in the Supporting Information.

For both lungs, observers 2 and 3 had a statistically signifi-
cant greater agreement with the ground truth contouring than
the atlas-based autocontouring, with higher DSC scores and
lower distance measures as indicated in Tables I-III. This is
illustrated in Figs. 2 and 3, which shows box-plots for the DSC
and AD, respectively, for the right lung for each method. After
editing, the interobserver error was similar, but showed greater
conformity to the atlas, with no significant difference being
found between observers for any of the metrics when compar-
ing the contours to the edited autocontours of Observer 1.
Although the difference in DSC appears small (approximately
0.02), this is a result of the large organ size. This difference cor-
responds to a more substantial difference in the AD (approxi-
mately 0.7 mm) and the 95%HD (approximately 2.3 mm).

In contrast, the heart shows more similar quantitative
between observers and between the atlas and GT. Greater
conformity was observed after editing of autocontouring with
higher DSC scores and lower distances between the autocon-
tours edited by Observer 1 and both the unedited autocon-
tours and the those edited by the other observers. This is
shown in Fig. 4, which shows box-plots of DSC for the heart,
and Fig. 5, which shows the box-plots of AD. A similar find-
ing was also observed for the mediastinum envelope.
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Home About Profile Admin Logout

© Answered: 3

How was this contour drawn?
By a computer
By a human
Window Level:| Chest v | Contour Name: Esophagus
®© Mirada Medical Ltd 2017
Fic. 1. Screenshot of the user interface used for the Imitation Game test. [Color figure can be viewed at wileyonlinelibrary.com]
TasLE I. DSC scores for secondary observers and autocontouring, before and after editing of autocontouring.
Observer 1 AC editing — Obs 1 AC

Reference contour
Comparison contour Observer 2 Observer 3 Autocontouring AC edited — Obs 2 AC edited — Obs 3 Autocontouring
Right lung 0.998 £ 0.001>  0.999 £ 0.001>  0.981 £ 0.006" 0.998 =+ 0.003 0.999 = 0.002 0.998 -+ 0.004
Left lung 0.999 =+ 0.000* 0.999 + 0.001° 0.957 + 0.086' 0.994 + 0.017 0.992 £ 0.026 0.977 £ 0.078
Heart 0.871 £+ 0.040 0.893 £ 0.029 0.898 £ 0.037 0.946 £ 0.032 0.92 + 0.036 0.941 £+ 0.039
Mediastinum envelope 0.919 +£ 0.017 0.927 £ 0.017 0.926 £ 0.030 0.964 + 0.022 0.955 £ 0.026 0.959 £ 0.027
Esophagus 0.755 + 0.036° 0.752 £ 0.058°  0.462 + 0.151"> 0.766 £ 0.056° 0.761 + 0.049 0.484 + 0.196*
Spinal cord 0.784 +£ 0.038°  0.783 £ 0.058>  0.854 + 0.027"° 0.934 £ 0.044 0.930 £ 0.036 0.928 + 0.039
“Observer ...” indicates original manual contours by the numbered observer. “Autocontouring” denotes unedited autocontours. “AC Edited — Obs ...” indicates results

for autocontours edited to a clinically acceptable standard by the numbered observer. The numbered superscript (from 1 to 6) indicates column of data (excluding the organ
label column) to which statistical significant difference was found, that is, a super script 2 would indicate statistical difference to the results of the DSC comparison of the

contours of Observer 1 (as reference contour) and Observer 3 (as comparison contour).

TasLE II. AD scores for secondary observers and autocontouring before and after editing of autocontouring.

Observer 1
Reference contour

AC editing — Obs 1 AC

Comparison contour Observer 2 Observer 3 Autocontouring

AC edited — Obs 2

AC edited — Obs 3

Autocontouring

Right lung 0.0652 + 0.0375°  0.0615 £ 0.0401°  0.765 + 0.191'7 0.0919 + 0.104 0.0695 + 0.0778 0.0728 + 0.119
Left lung 0.0385 + 0.0141° 0.143 + 0.435 212 4+ 5.57' 0.199 + 0.359 0.273 + 0.726 1.28 + 4.79
Heart 3.88 + 1.37 335 + 0.794 332 4 1.42 176 + 1.1 249 + 1.12 2.04 + 1.38
Mediastinum envelope 2.77 + 0.720 2.63 + 1.25 2.70 + 1.36 1.40 + 0.946 1.77 + 1.01 1.62 4 1.22
Esophagus 1.53 + 0.457° 1.57 + 0.418° 459 + 3.01"? 1.43 + 0.335° 1.53 & 0.417° 479 + 3.57%°
Spinal cord 6.05 + 2.49° 5.77 + 3.80° 1.28 + 0.405'2 0.800 + 0.975 0.845 + 0.977 0.757 4+ 0.913
“Observer ...” indicates original manual contours by the numbered observer. “Autocontouring” denotes unedited autocontours. “AC Edited — Obs ...” indicates results

for autocontours edited to a clinically acceptable standard by the numbered observer. The numbered superscript (from 1 to 6) indicates column of data (excluding the organ
label column) to which statistical significant difference was found, that is, a super script 2 would indicate statistical difference to the results of the DSC comparison of the

contours of Observer 1 (as reference contour) and Observer 3 (as comparison contour).

The elongated structures gave contrasting results. For the
esophagus, the interobserver measurements showed signifi-
cantly better agreement (higher DSC and lower distance mea-
sures as shown in Tables I-III) than was observed with the
atlas, both when creating a new contour and when editing the

Medical Physics, 45 (11), November 2018

results of autocontouring. However, for the spinal cord, sig-
nificantly better agreement was observed between the ground
truth and the atlas than between the human observers based
on the initial manual contouring. Again, editing of autocon-
tours improved conformity among the observers. Visual
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TasLE III. 95% HD for secondary observers and autocontouring before and after editing of autocontouring.

Observer 1 AC editing — Obs 1 AC

Reference contour

Comparison contour Observer 2 Observer 3 Autocontouring AC edited — Obs 2 AC edited — Obs 3 Autocontouring
Right lung 0.138 + 0.112° 0.134 + 0.113° 241 + 1.02%3 0.405 £ 0.691 0.251 £ 0.492 0.337 £ 0.796
Left lung 0.0912 + 0.00825° 0.0943 4 0.00886° 9.35 4 25.2%3 0.861 + 1.28 1.28 + 3.61 6.30 £ 23.7
Heart 11.5 £ 3.53 12.8 £ 3.73 10.2 £ 4.51 7.14 £+ 3.72 11.4 £ 4.75 8.31 £ 443
Mediastinum envelope 9.97 £ 2.79 8.87 £ 4.36 9.50 £ 5.09 6.42 £ 343 8.10 £ 5.09 7.84 = 4.90
Esophagus 538 + 3.64° 487 + 2.41° 16.4 + 11.9'2 4.67 + 1.39° 517 + 1.84° 173 + 14.5%°
Spinal cord 483 + 17.8° 43.7 £242° 5.00 + 3.49'2 347 £ 475 4.06 + 4.59 2.92 + LI5
“Observer ...” indicates original manual contours by the numbered observer. “Autocontouring” denotes unedited autocontours. “AC Edited — Obs . ..” indicates results

for autocontours edited to a clinically acceptable standard by the numbered observer. The numbered superscript (from 1 to 6) indicates column of data (excluding the organ
label column) to which statistical significant difference was found, that is, a super script 2 would indicate statistical difference to the results of the DSC comparison of the
contours of Observer 1 (as reference contour) and Observer 3 (as comparison contour).
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FiG. 2. DSC values for the right lung for the various resultant contours. The
overhead braces indicate the reference against which the DSC was calculated.
“Autocontouring” denotes the values for unedited autocontours. “AC edited
— ...” indicate the measurements after editing of the autocontours to a clini-
cally acceptable standard by the numbered observer. “Observer ...” are the
values for the manual contours of the numbered observer. The crosses repre-
sent mean values. Circles indicate outliers. [Color figure can be viewed at
wileyonlinelibrary.com]

inspection, as illustrated in Fig. 6, suggests that the main
variation occurs in the extent of the cord contoured.

Full quantitative results are provided as Supporting Infor-
mation in Data S1 (QuantitativeResults.xIs) and are
summarized in Data S2 (QuantitativeSummary.xIs).

3.B. “Imitation game” assessment

The system recorded the responses given by each user dur-
ing the assessment. Figure 7 shows the overall percentage of
slices correctly and incorrectly identified as being drawn by a
human or computer for each organ. The misclassification
rates for each organ are: Esophagus 30.0%, heart 22.9%, left
lung 51.2%, right lung 58.5%, mediastinum envelope 43.9%,
and spinal cord 46.8%. Figure 7 also gives a more detailed
breakdown by the method of creation of the contours, for

Medical Physics, 45 (11), November 2018

Fic. 3. AD for the right lung for the various resultant contours. The overhead
braces indicate the reference against which the AD was calculated. “Autocon-
touring” denotes the values for unedited autocontours. “AC edited — ...”
indicate the measurements after editing of the autocontours to a clinically
acceptable standard by the numbered observer. “Observer ...” are the values
for the manual contours of the numbered observer. The crosses represent
mean values. Circles indicate outliers. [Color figure can be viewed at wileyon
linelibrary.com]

example, human-created contours of the esophagus were mis-
classified in 29.3% of cases while autocontours of the esoph-
agus were misclassified in 21.9% of cases. For the lungs, the
misclassification rate is close to random selection (left,
51.2%; right, 58.5%) with a high proportion of the unedited
atlas contours being misclassified as human (left, 36.7%;
right, 50.0%). A similar finding is obtained for the medi-
astinum envelope and spinal cord. In contrast, the heart and
esophagus are often correctly classified as being drawn by a
human or computer. Table IV shows the misclassification
rate by observer, together with the assessment time taken per
slice. It is noted that the lowest misclassification was
achieved by one of the radiotherapy technician’s involved in
the contouring time experiment.

Full raw results of the imitation game assessments are
provided as Supporting Information in Data S3 (Imitation
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FiG. 4. DSC values for the Heart for the various resultant contours. The over-
head braces indicate the reference against which the DSC was calculated.
“Autocontouring” denotes the values for unedited autocontours. “AC edited
— ...” indicate the measurements after editing of the autocontours to a clini-
cally acceptable standard by the numbered observer. “Observer ...” are the
values for the manual contours of the numbered observer. The crosses repre-
sent mean values. Circles indicate outliers. [Color figure can be viewed at
wileyonlinelibrary.com]

8- Observer 1 AC edited - Obs 1
s
(o]
6 -
©
5
241
04
<
al
27 g
1
T m——
RN P e R
& 2 . . & F 5
0°° & & & & .\\Gb éP & & -\\@b o
3¢ & & 5 P
¥ ¥ o > ¥ o
o vow

FiG. 5. AD values for the Heart for the various resultant contours. The over-
head braces indicate the reference against which the AD was calculated.
“Autocontouring” denotes the values for unedited autocontours. “AC edited
— ...” indicate the measurements after editing of the autocontours to a clini-
cally acceptable standard by the numbered observer. “Observer ...” are the
values for the manual contours of the numbered observer. The crosses repre-
sent mean values. Circles indicate outliers. [Color figure can be viewed at
wileyonlinelibrary.com]

GameResults.xlIs) and are summarized in Data S4 (Imitation
GameSummary.xIs).

3.C. Temporal assessments

Manual contouring, using the tools available at the
institution, took on average 20.2 + 2.3 min per case
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without autocontouring for the original contouring by
Observer 1.  Editing  automatic  contours  took
12.6 £ 2.5 min per case by the same observer. The med-
ian times required for manual contouring and for editing
automatic contours are shown for individual organs in
Table V.

To evaluate differences in contouring time, a ranked
Wilcoxon test was performed; P-values smaller than 0.05
were assumed to be statistically significant. Full analysis
of the results of this time assessment have previously be
reported in Ref. [20], but are reported here as the real
measure of clinical impact for which approaches such as
DSC or the misclassification rate seek to act as a surro-
gate.

The misclassification rate for an organ during the Imi-
tation Game represents the inability to judge the source of
a contour. A plot showing how time saving varies with
respect to each of the surrogate measures (misclassifica-
tion rate, DSC) is shown in Fig. 8 where the values are
the median for each of the six organs. This gives some
indication of how well the proportionate time saving
might be predicted by each surrogate. It should be noted
that the absolute editing time will vary according to the
organ and observer.

For the Imitation Game, the mean time for each slice
assessment was 18 s (range: 8-36 s), so that the full assess-
ment took approximately 16 min per participant (range:
7 min 23 s to 31 min 32 s). Seven times (out of 800) that
were over 2 min were excluded from the analysis, as it is
assumed that the participant had left the website/assessment
to attend to something else. No correlation was observed with
the time taken to make the assessment and the level of accu-
racy of the assessment.

Full timing results are provided as Supporting Information
in Data S5 (TimingResults.xls) and are summarized together
with quantitative and imitation game results in Data S6 (Sim-
pleSummary.xIs).

4. DISCUSSION

The main purpose of this study was to evaluate whether
the proposed Imitation Game method for assessing autocon-
touring is beneficial compared with standard assessment
methods, rather than to actually assess the performance of
any particular autocontouring method. As a consequence,
more information was gathered about the performance of the
atlas-based autocontouring system than might normally be
considered in an evaluation.

4.A. Comparison to quantitative assessment

While anatomically there is a correct definition of an
organ, the processes of contouring on CT are subject to both
inter- and interobserver variability. That Observer 1 can edit
the autocontours until they believe them to be clinically
acceptable, and yet not achieve a DSC of 1 against their own
original contours demonstrates this. Therefore, the notion of
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FiG. 6. Contouring of the spine manually (a) and after editing autocontouring (b). Contouring agreement is high between observers without autocontouring,
except in the extent contoured. The agreement in the extent improves following autocontouring. [Color figure can be viewed at wileyonlinelibrary.com]

Esophagus Heart Lung_L

Percentage of slices correctly identified

Human Atlas

Human Atlas

Human Atlas

Esophagus Heart Lung_L

Lung_R MediastEnvelop Spinal_cord

W Incorrect
® Correct

Human Atlas Human Atlas Human Atlas

Lung_R MediastEnvelop Spinal_cord

Organ and original creation method

FiG. 7. Rates of correct and incorrect classification of contours as human or automatically generated during the Imitation Game test. Top: overall rates. Bottom:

rates by contour origin. [Color figure can be viewed at wileyonlinelibrary.com]

a “ground truth” contour is flawed to some extent. Measures
of autocontouring performance, such as DSC, average dis-
tance etc., against a manual ground truth, should consider
interobserver variability in manual contouring as a standard
against which variation can be measured, for example, see
Ref. [7].

If DSC was the only quantitative measure considered in
this study, then one might conclude that the performance of
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autocontouring for the lungs was poor in relation to interob-
server variability and that the performance for the heart was
acceptable being within human variation. However, the Imita-
tion Game reveals the opposite to be the case; the autocon-
touring of the lung is difficult to distinguish from human
contouring, while for the heart the participants could distin-
guish a difference more easily. This suggests that the lung
performance would be deemed satisfactory while the heart
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TaBLE IV. Overall misclassification rate and mean 4+ SD assessment time per slice by observer.

Observer Rad Onc 1 Rad Onc 2 Rad Onc 3 Rad Onc 4 RTT 1* RTT 2 RTT 3 RTT 4*
Misclassification rate (%) 36 54 44 46 48 48 48 26
Assessment time per slice (s) 293 +£223 182 £94 10.0 £8.2 15.7 £9.1 8.0 +£8.6 36.6 £29.0 16.9 £12.7 8.9 £5.6

“Indicate observers involved in the original contouring.

TaBLE V. Median times (and standard deviation) taken to produce contours manually and to edit automatically generated contours and the percentage of time

saved.

Lung L Lung R*

Heart" Spinal cord®

Esophagus M_Envelope®

Manual contouring 01:29 (00:24) 01:55 (00:23)
Editing autocontours 00:51 (00:51) 00:27 (00:34)

Time saved (%) 43 77

03:50 (00:33)
02:49 (01:09)

02:20 (00:27) 02:51 (00:30) 07:36 (01:13)
01:10 (01:11) 02:31 (00:51) 04:09 (01:12)
50 12 46

“Denotes organs for which the time saving was statistically significant (P < 0.05).

performance would not. This is in accord with more general
observations that quantitative measures, such as DSC, are
insufficiently informative, for example, by failing to differen-
tiate systematic from random errors.'

The quantitative measures show that the postediting lung
contours conform more to the original autocontours suggest-
ing that the autocontours for the lung contours are relatively
acceptable. The statistically significant difference prior to
editing can be attributed to low interobserver variability
resulting from the use of semiautomatic contouring tools in
the used delineation software which leads to different, yet
similarly acceptable, contours. Therefore, while statistically
significant, these differences are considered clinically
insignificant in the subjective judgment of the observers per-
forming the contouring. However, after editing the heart auto-
contours, the performance appears to be the same, suggesting
that the differences observed in the Imitation Game are clini-
cally significant, but do not end up appearing statistically dif-
ferent according to the quantitative measures.

4.B. Comparison to workflow assessment

The key test of autocontouring is in its impact on clin-
ical workflow; in particular, it is important to consider
whether the use of autocontouring ultimately leads to time
saving. In this work, the relationship between the time
saving and potential surrogate measures (the Imitation
Game misclassification rate and DSC) was explored in
Fig. 8. While the Imitation Game does not consider the
workflow directly, the assumption is that if the participant
cannot tell the difference between the autocontour and a
human-drawn contour, then it must be sufficiently good to
require minimal editing since the manual contours were
drawn to the clinical standard. For Observer 1, a statisti-
cally significant (P < 0.05) time saving was found for
editing the autocontours of the right lung, spine, and
mediastinum envelope compared with the routine clinical
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Fic. 8. Comparison of time saved when editing autocontours against two
surrogate measures of contouring quality, misclassification rate during the IG
test and DSC value. Each point represents the average values for an individ-
ual organ. [Color figure can be viewed at wileyonlinelibrary.com]

workflow. A 43% time saving was found in the left lung,
although this was not statistically significant as a conse-
quence of a single outlier as report in Ref. [20]. In the
Imitation Game, these organs were the ones for which the
participants were least able to identify the source. How-
ever, for the heart and esophagus, the organs for which
the autocontouring failed to show an ability to imitate
human contouring, little or no time saving was found in
practice. This correspondence suggests that the original
assumption is correct, and the inability to accurately judge
the source of a contour indicates a reduced need for edit-
ing and therefore a greater time saving overall.

The data in Fig. 8 give an overview of how the surrogate
measures of misclassification rate and DSC relate to time sav-
ing. The small number of data points prevents a rigorous sta-
tistical analysis but the data in Fig. 8 suggest that time saving
is better predicted by Imitation Game misclassification as a
surrogate than by DSC value. Absolute time taken by differ-
ent observers will vary, and therefore the absolute
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relationship between time saving and misclassification is
unlikely to be adequate to predict time saving for a particular
autocontouring method. However, the relationship may indi-
cate that an autocontouring system demonstrating greater
misclassification is likely to save greater time when editing
contouring. This relates to the notion of “task-"" or “applica-
tion-based” assessment of autocontours, that is, the measure-
ment of performance in a way that more directly relates to
how the contours will be used in a clinical workflow. Mea-
sures that more strongly predict time saving can be viewed as
more valuable in this context.

On a separate point, a general bias that participants have
for classifying a contour’s source as a human (or machine)
during the Imitation Game should also be investigated in
future. This could then be used to generate significance levels
for the observed classification rates, for example, through
permutation/simulation tests.

4.C. Design decisions

In setting up the Imitation Game website, there were a
number of design decisions with the potential to affect the
user acceptance and the quality of results.

Perhaps the most important decision was to show partici-
pants single slices of single organs. While the majority of
clinical users will be very familiar with viewing and editing
contours in an axial orientation, on a slice-by-slice basis, all
contouring software tools allow scrolling between slices, and
many also offer orthogonal views. Allowing the users to
scroll, or perform a 3D review of the contours, would enable
a reviewer to fully assess a given set of contours and to judge
their origin. While ultimately we would like to achieve auto-
contouring of a standard to pass such a test, this method of
assessment has its drawbacks; it is more time consuming both
to assess a whole case in 3D and also to get a sufficiently
large number of data samples. A large number of assessments
is required to enable quantitative assessment, therefore, the
decision was made to perform single slice assessments. The
proportion of correctly identified slices can be estimated by
performing multiple random assessments. Assuming that
editing is carried out on axial slices, this proportion can be
expected to be related to the editing time, as was found to be
the case.

A further consideration relates to organs, such as the
spinal cord and esophagus, which span a large number of
slices and where contours from both methods (manual and
automatic) are not available for every slice. We decided in
this survey to only show slices during the Imitation Game
where both methods provided contours. This may introduce
a small degree of bias if one method provides, for example,
more slices than the other, but this was deemed preferable as
the set of slices provided to the system was matched across
both methods.

Furthermore the slice-by-slice assessment, combined with
the random selection of organ and slice, meant that it was
unlikely that there was any repeat assessment of contours in
this experiment. Consequently, this study did not consider
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the consistency of assessment by observers (either intra- or
interobserver). Such a study is an avenue for further investi-
gation.

4.D. Alternative questions

Verbal feedback from participants indicated that they felt
that the question was not the right question, since, in clinical
practice, they are less concerned about the origin of contours
than they are regarding the correctness of the contour. Ulti-
mately, contours which are more precise and reliable than
human contouring would be desirable, even if such contours
are distinguishable from human contouring by their better
quality.

This would suggest that it would be better to ask a ques-
tion with the format:

You have been asked to review these contours for clinical
use by a colleague. Would you:

® Require them to be corrected; There are large, obvious,
errors

® Require them to be corrected; There are minor errors
that need a small amount of editing

® Accept them as they are; There are minor errors but
these are clinically not significant

® Accept them as they are; The contours are very precise

Such questions attempt to assess the clinical acceptance of
contours. The question above has been carefully phrased to
focus on QA for review purposes, which is already performed
by some institutions, so as to allow some element of accept-
able clinical variability. While similar questions on whether
contours need editing have previously been asked, they pre-
sent a challenge in that a clinical end user may often even
wish to edit their own or their colleagues’ contours.' Asking
such a question in a blinded manner, as in the Imitation Game
test, would allow assessment of acceptance level compared to
clinical contouring and would mitigate any bias due to know-
ing the contouring source. A challenge with this method of
assessment may also occur where multi-institutional partici-
pation is sought from practitioners with different contour
styles. The reference clinical acceptability of manual contour-
ing may be heavily affected by the institution of the partici-
pant,* and therefore some level of adjustment/interpretation
would be required to understand the absolute performance.
The Imitation Game avoids this problem as the user is not
asked whether they like the contour, and therefore they are
able to indicate that they think it was a human even if they
think it is incorrect.

An alternative would be to ask an A/B comparison type
question, whereby the user is shown images from two meth-
ods of contour creation as asked

Which contour (set of contours) do you think are best?

® SetA
e SetB
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This question lacks the judgment of the clinical acceptabil-
ity of the contouring source, but has the potential to mitigate
bias introduced by institutional variation. If both contours of
the direct comparison are intended to represent the same struc-
ture as contoured by a single institution, then the method of
autocontouring should have a similar contouring style as the
manual contouring. Thus, a participant may judge the better
accuracy of the contour, even if they deem neither acceptable
according to their institutional guideline. In the case where the
autocontouring imitates the human-level performance, the deci-
sion should be random leading to a 50% preference toward
either method. However, this approach would also enable the
autocontouring to be preferred.

These alternatives will be investigated in the future
research, for exmaple, to correlate the results with the results
obtained in the Imitation Game. The evaluation website can
be accessed at www.autocontouring.com, where these ques-
tions have been included.

5. CONCLUSIONS

A method of assessing autocontouring based on the Imita-
tion Game, or Turing test, has been proposed. In this initial
investigation, this approach was found to be able to discrimi-
nate between contouring methods for organs where standard
quantitative approaches would indicate no difference. It was
also observed that this approach is able to mitigate against
differences that might occur as a result of normal contouring
variation within the range of clinical acceptable contours,
something that might be inadvertently highlighted by quanti-
tative assessment. At the same time, the clinical burden of
conducting such an experiment was found to be much lower
than performing an assessment of time taken for contour cor-
rection. Finally, the initial results comparing the proposed
measure with times saved suggest that it may act as a surro-
gate for a task-focused assessment of contouring quality.
While we have focused in this work on a radiotherapy appli-
cation the Imitation Game test may be applied to the assess-
ment of contours in other areas, such as, for example,
segmentation for radiological quantification,”' for ROI detec-
tion”? or for cell classification.”?
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SUPPORTING INFORMATION

Additional supporting information may be found online in
the Supporting Information section at the end of the article.

Data S1. Original quantitative results of pairwise comparison
of contours per structure and per test case
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Data S2. Summary of quantitative results of pairwise com-
parison of contours per structure

Data S3. Original results per question from the Imitation
Game website

Data S4. Results for the Imitation Game summarized by par-
ticipant, by organ. and overall

Data S5. Original timing results per structure and per test case
Data S6. Summary of timing, quantitative, and Imitation
Game results by organ
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