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Abstract

Aim: The novel three-dimensional (3D) radiotherapy interactive outlining tool allows volumes to be created
from a handful of points within axial, sagittal and coronal planes. 3D volumetric visualisation allows users to
directly manipulate the resulting volume using innovative-sculpting tools. This paper discusses the
development and initial evaluation of the software ahead of formal clinical testing.

Materials and methods: User feedback was collated as part of the software development phase to ensure
clinical suitability, define user training strategies and identify best practice. A loosely structured format was
adopted with leading descriptive questions aiming to generate suggestions for improvements and initiate
further discussion.

Results: The four participants reported great satisfaction and value in being able to use all three planes for
outlining, although orientation in 3D was evidently a problem. All participants felt that the software was
capable of producing acceptable outlines rapidly and that the multi-planar capability allowed for improved
outlining of the prostate apex.

Findings: Mesh generation from a small number of points placed on a range of planes is a rapid and effective
means of target delineation. Multi-slice volume sculpting and 3D orientation is challenging and may indicate
a need for a paradigm shift in anatomy and computed tomography training.
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INTRODUCTION user is creating a three-dimensional (3D) model

of the tumour and organs at risk (OAR) from
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It is often stated that radiotherapy planning is
more of an art than a science. This is certainly the
case for structure outlining where essentially the
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a limited two-dimensional (2D) planar dataset.
Currently, radiotherapy target structures are
‘drawn’ electronically on individual 2D computed
tomography (CT) slices by radiation oncologists
to generate 3D volumes that can be used to plan
the radiotherapy appropriately. Despite various
auto-outlining tools being developed, the process
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is still labour intensive with recent papers high-
lighting variability in practice with a mean manual
contouring time of 180 minutes for a salivary gland
alone' and 108 minutes for a head and neck
patient.” Even the most cursory examination of the
literature will demonstrate this array of timings
for different regions and even within the same
region. With the current drive towards more
intensity-modulated radiotherapy and volumetric-
modulated arc therapy planning in departments, it
1s often the additional structure outlining time that
is increasingly time consuming™ and is partly
responsible for restricting the use of this technol-
ogy.” Drawing on successive CT slices is not only
labour intensive but can produce an irregular
shaped volume rather than the naturally smooth
shapes found in the human body. The accuracy of
tumour delineation has been summed up by one
author’ as ‘the weakest link in the search for
accuracy in radiotherapy’. Given the major impact
of outlining accuracy on potential outcomes for
radiation therapy,®” it is unsurprising that there is a
wealth of literature highlighting the problems of
structure outlining variability.* > Although many
normal structures are relatively easy to identify on
CT, target structures in particular require an ele-
ment of clinical judgement in the outlining process
owing to their inherently abnormal appearance
and potential for further direct invasion of disease
into seemingly normal tissue. The result of this
subjective outlining process is clinician-dependent
variations that are classed as ‘inter-observer’
variations. Studies have demonstrated that this can
successfully be reduced by clinician engagement
with dedicated training materials and guide-
lines,”"” although even recent RTOG guidelines
for brachial plexus outlining failed to eliminate
variability.'' A more frustrating finding in the
literature is the problem of intra-observer
variability,'"*'> which compounds the natural
inter-observer variation that occurs between
different clinicians and frustrates attempts at
consistency and accurate quantification of inter-
observer variation. It is postulated that part of this
variability stems from the relatively crude 2D
outlining methods used. Clinicians must make a
judgement about how structures will change on
superior and inferior sectional images and integrate
this into their outlining process. It is anticipated
that using a 3D volumetric outlining technique
will reduce intra-observer variation in contouring,.
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In turn, a reduction in intra-observer variation will
allow for a reduction in error margins that are
routinely applied to target volumes. It will also
help to quantify inter-observer errors and inform
intervention strategies to further reduce error
margins.13

Current research in structure outlining is
mainly focussed on automating the process using
either sophisticated boundary detection tools to
locate edges of different structures or stored
image data that can be matched to different
patients. Although atlas-based auto-segmentation
(ABAS) systems are able to outline normal
and critical (OAR) tissues with relative
accuracy,'® the very nature of cancer growth
means that target tissues are likely to have an
abnormal appearance and thus will be more
challenging for the software to identify. The
downfall of ABAS is target delineation and Voet'
determined that salivary gland treatment based
solely on ABAS contours resulted in large
underdosage in the region of 7%. In addition, it
is vital that outlining of target structures has
clinician input in order to provide the essential
clinical judgement. All authors agree that ABAS
outlines need further editing in order to attain
sufficient levels of accuracy to be used clinically.
Furthermore, ABAS is only viable for ‘normal’
structures and tumour target structures oOr
abnormal anatomy will still require manual
delineation. Any further increase in speed of
outlining will thus need to utilise manual input in
a more productive manner.

A potentially more fruitful possibility is to create
multiple outlines in 3D simultaneously. Structure
outlining is the last of the radiotherapy procedures
to be conducted in 2D with advances in
CT scanning enabling collection of volumetric
CT data. Prescription of dose and evaluation of
dose limits is also volumetric based. This project
aims to enable the radiotherapy outliner to model
target structures in true 3D using 3D graphics
editing tools and immersive visualisation.
McBain'” proposed the first attempt at 3D
structure outlining as a replacement for slice-by-
slice drawing and discovered a significant
(r<0:017) time saving of around 7 minutes/
bladder patient. The novel 3D-radiotherapy
interactive outlining tool (RIOT) software

39


https://doi.org/10.1017/S1460396915000424

Development and initial evaluation of a novel 3D volumetric outlining system

further develops this concept by allowing the
target volume to be generated from a small number
of points on orthogonal planes and providing 3D
volume-sculpting tools to edit the resulting struc-
ture. This paper discusses the results of the initial
qualitative evaluation of the 3D-RIOT software.
The evaluation was performed as the penultimate
phase of the software development process to

inform clinical suitability of the final version.

MATERIALS AND METHODS

User feedback was collated as part of the deve-
lopment phase to ensure clinical suitability,
define user training strategies and identify best
practice. It should be noted that this evaluation
phase precedes the formal clinical evaluation of

the finished product.

Qualitative feedback from users was gathered
to inform software development. Focus groups
are a well-established method of gathering
qualitative data to gather opinions and usage data.
They encourage dialogue between participants
and facilitate collection of rich descriptive and
inferential data. Previous work'® has shown that
this dialogue relating to a shared experience
provides participants with ‘permission’ to engage
more than a questionnaire-based approach. A
loosely structured format was adopted with
leading descriptive questions (as seen in Table 1)
aiming to gather use and value data, generate
suggestions for improvements and initiate further

Table 1. Focus group questions

How easy was the software to use?
What made the software easy to use?
What aspects made it less easy to use?
What would have made it easier to use?

To what extent did you feel that 3D was of value to the software?

How could the user interface be improved?

How happy are you with the resulting outlines?

Why is this?

Do you foresee a role for this software in outlining practice?

Why? Or if not; what would need to change first?

How might this tool change the way you outline prostate
tumours?

How long do you think it took you to become reasonably
proficient with the tool?

How easy were the training materials to use?

What essential changes would you recommend be made to the
training instructions?
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discussion.  Follow-up inferential questions
encouraged exploration of ideas and established
wider underpinning theories relating to applica-
tion use and rationale for opinions.

Focus group participants were recruited by
invitation e-mail from all four local radiation
oncology registrars within the studied depart-
ment and all four responders were selected. Two
of the participants were half way through regis-
trar training and two were about to complete; all
four had experience in prostate outlining and
treatment. Ethical approval for the project was
granted by the Metro South Hospital and Health
Servicet. HREC and Queensland University
of Technology HREC (Reference HREC/
14/QPAH/161). Participants were assured
anonymity and participation was entirely volun-
tary. An hour of at-elbow training was delivered
to the participants; this comprised an instructor
sitting  with them, guiding them through
the process and familiarising them with the
software. They were also provided with a
video demonstration and a paper-based user
guide. Participants were supplied with a copy
of the software and a test patient CT dataset
containing a prostate tumour with seminal
vesicle involvement. They were then left for a
month to experiment with the software
before feedback was captured. The software
allows the target volume to be generated initially
from a small number of points around the
whole volume within axial, sagittal and coronal
intersecting planes. These are then used to
generate a smoothed mesh using MESHLAB.
3D volumetric visualisation allows users to directly
manipulate this volume wusing 3D-sculpting
tools until the surface matches the underlying
3D volume. Figure 1 illustrates the three main
stages of the process within the application.

Focus group transcripts and direct observation
captured feedback concerning software use, user
satisfaction, potential clinical wvalue, training
strategies and interface design. Content analysis
was facilitated with emerging coding techniques;
participant responses were assigned new codes as
they arose and collated accordingly. Given the
novelty of the volumetric outlining paradigm, a
grounded theory approach was used to develop
new theories relating to the perceived value and
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Point Placement

Small number of
points are placed
on all orthogonal
planes throughout
the volume

3D Mesh
Generation

Structure mesh is
grown in 3D fitted |
to the points and -
displayed with the

CT images e

3D Mesh
Manipulation

The new volume is
directly edited to
grow, shrink or
warp if necessary
to fit CT

1. Three-dimensional interactive

(3D)-radiotherapy

Figure
outlining tool software process.
Abbreviations: CT, computed tomography.

impact. These explored themes were used to
refine the application ahead of formal clinical
testing.

RESULTS

All four participants provided written responses
to a provided proforma and also participated in a
38-minute discussion around the questions.
Comments were sought related to the training
methods, ease of use, challenges arising, value of
3D and potential clinical use of the software.

The participants found the training to be
valuable, although there was an acknowledgement
that they were still continuing to learn. The ideal
training was reported to be at-elbow hands-on
practice with a printed summary to use later; the
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video was not felt to be advantageous. The sharing
of ideas and experiences via collaborative peer
learning was valuable.

All participants found the software user
friendly, reporting that after an outline had been
generated once it was easy to do another one and
proficiency was gained rapidly. The point
placement was felt to be much faster than tradi-
tional outlining methods with participants
reporting 1-2 minutes for initial volume
creation, although the sculpting was more
challenging and time consuming. It was clear that
the sculpting had caused difficulties to some
participants related to obscuring of the CT by the
volume, generation of holes owing to insufficient
point placement and 3D orientation. During
discussion, it was evident that other participants
had been able to solve most issues and this
initiated useful suggestions for improvement and
training.

All participants reported clear value in being
able to use all three planes for outlining. It was
interesting to note that they also enjoyed using
the software; a common finding with 3D inter-
active applications.'” Despite this, orientation
in 3D was evidently a common problem as
it represented a new paradigm. Use of the
3D glasses for an immersive experience was
generally felt to be unhelpful with participants
reporting flickering and the need for direct eye
contact with the screen. There was a suggestion
that point placing was easier in 3D but that it had
limited value for the sculpting.

Overall, all the participants felt that the
software was capable of producing clinically
acceptable outlines rapidly (when compared with
traditional methods) and that the multi-planar
capability allowed for improved outlining of the
prostate apex. Recommendations for future
improvement were provided in relation to
3D orientation tools and improved sculpting
visualisation. Aside from feedback concerning
the software development, emerging themes
from the wider discussion were strongly focussed
on the benefits arising from rapid initial volume
generation, the difficulties with the transition to
3D orientation, the benefits of multi-planar outlining
and the challenges of the 3D volume-sculpting tools.
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Table 2. Summary of themes

Theme Representative quotes

Speed The creation of the initial volume literally took me a minute or 2

I found that each next attempt was taking less time

I sort of like that it’s very easy to outline and get your 3D volume. It's just that fine-tuning that if that was a bit
simpler then it would be really very quick

I was spinning round and round and at one point I couldn’t tell if I was looking at feet you know normal CT feet
up or whether I was looking at head down

I'm not thinking in 3D that’s the thing ... it's harder to process the image

I think it’s very different to how we normally deal with the volumes and probably will work fine if people think
that way and are trained

In our normal system we can’t draw on coronal or sagittals and sometimes you really want to and this facility
here was quite nice

Actually I like the idea of this editing all the slices. You can look at them together at the points. Like normally
what we do we have axial coronal and sagittal and we are looking at all of them and our volume in comparison
so to some degree when you have them all on the same image it can be useful

3D transition

Multi-planar

3D editing I think it was more the fine-tuning where I felt I was sort of ‘ah this is going to take me too long to fine-tune it’
cos I didn't feel it was easy to sculpt it
If you're over-covered then it's very hard to trim back. Growing to cover what isn't covered is easy but trimming
back is much harder
Training What I found most helpful was sitting down playing with it with you looking over my shoulder going what to do

next. This [written instructions] was just to refresh

You need to play with it; if I watched a video I wouldn’t remember where to click

Pure reading wouldn't help at all; this needs to be after someone shows you

Learning from each other and what we find helpful is good because on our current planning system a lot of the
way we learn the good ways to do things is by talking to the other people using it and they'll say ‘oh have you
used this tool or that tool’

Abbreviations: 3D, three dimensional; CT, computed tomography.

standard. Furthermore, as participants only had
access to a single dataset they would have
experienced increased familiarity with the patient
compared with a clinical scenario.

Table 2 contains representative quotes relating to
these themes and the issues arising are addressed
in the discussion section.

DISCUSSION Outlining speed

A constant theme throughout the feedback and
focus group discussion related to both the rapidity
of initial volume creation using the multiple planes
and the challenges associated with the sculpting
3D editing tool. Although many of these concerns
related to visualisation of both volume and
underlying CT, there were also issues related to
effective use of the 3D volume editing itself. It is
clear that future development will need to focus on
improving the editing tools and perhaps provide
firm guidelines for the initial point placement
phase to minimise the need for editing.

Limitations

The findings within this paper are drawn from a
small cohort and thus a number of limitations are
worthy of note. First, the aim of the work was to
evaluate the software in a development stage;
turther development is ongoing ahead of more
rigorous formal testing. Although a structured
and impartial approach was adopted for the focus
group, facilitation was conducted by the
researcher and the Hawthorne effect (where
participation in research modifies participant
perceptions) may be an influencing factor. The
following discussion points, however, relate to

wider issues concerning the new paradigm and it Transition to 3D
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is unlikely that participant bias would have
affected these themes. The provided ‘test’ patient
was another potential influence as the anatomical
boundaries were clear and the volume was

https://doi.org/10.1017/51460396915000424 Published online by Cambridge University Press

All of the participants reported difticulties with
3D orientation resulting from the software’s
ability to visualise the volume and CT planes
from multiple angles. There were clear feelings of
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‘being lost” and requests for an orientation model
or ‘reset’ button were submitted. Related themes
concerned the wider 3D orientation and inter-
pretation issues with participants expressing their
unfamiliarity with different planes and views.
The transition to ‘thinking in 3D’ was a common
concern and it was clear that anatomical and CT
training had not fully facilitated this ability. With
the advent of magnetic resonance imaging-
guided radiotherapy 3D anatomical training
may be a key addition to the curriculum.

Multi-planar outlining

Although all participants provided positive feed-
back concerning the ability to utilise difterent
planes within the software, it was clear that there
was variation in how this was used. Some relied
on axial slices for point placement and other
planes for volume editing, whereas one registrar
enjoyed using all three planes to produce the
initial volume. The seminal vesicles were easily
identified on sagittal planes and the coronal was
useful for identifying the prostate apex. Further
guidance for optimal point placement is being
developed ahead of pre-clinical testing.

Volume editing tools

The sculpting tools allowed growth and shrinking
of the target volume to match underlying CT data.
There were some difficulties visualising both at the
same time, although use of transparency tools
helped some participants with this. In addition,
participants struggled with editing multiple slices at
the same time. The potential strength of the 3D
sculpting is that adjustment of a contour on an
individual slice will result in a graduated change on
adjacent slices. This requires the user to identify the
point of maximum divergence between volume
and CT, and effect the change with that point as
the centre. The ‘strength’ of the change also needs
to be amended to ensure that only the appropriate
adjacent slices are influenced. More guidance
with this is clearly required to facilitate future use of
3D editing tools.

Training

It was clear from the discussion that all participants
favoured a ‘hands-on’ approach to learning; the
provided video was not used at all and written
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instructions were seen as a reminder. It was also
interesting to see the participants affirming the
value of a collaborative approach to learning. Peer
learning and support was evidently highly valued
within this group.

CONCLUSION

Mesh generation from a small number of points
placed on a range of planes is a rapid and effective
means of target delineation, although further
work is needed to improve multi-slice volume
sculpting before more formal pre-clinical testing.
Orientation within orthogonal planes and
3D navigation is challenging and may indicate a
need for a paradigm shift in anatomy and CT
training. Formal clinical testing of the software is
now under way and aims to determine how the
process compares with the current 2D system in
terms of accuracy, speed and user feedback.
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