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An intra-planner study has been carried out to compare planning choices Keywords:

among qualified professionals when utilising Pareto-guided automated Pareto optimisation, radiotherapy
planning (PGAP) navigation. PGAP was used to calibrate planning goal planning, prostate cancer, inter-
weights of a protocol-based automatic iterative optimisation automated observer variability.

planning system. Four qualified professionals (Participant A-D) navigated

solutions for eight prostate seminal vesicle (PSV) patient cases using PGAP.

Plans were based on an existing clinically approved planning protocol Corresponding author:
containing seven planning goals (PGs). Three PG weights were navigated per FosterlD@cardiffac.uk
plan (rectum Dmean, bladder Dmean and PTV conformality) with all other

weights held constant at a value assigned in the original clinically approved

protocol. Statistically significant differences were observed between

participants for all PG groups except bladder Dmean. However, dosimetrically

the PGAP system mitigated the majority of discrepancies in deviations at

the calibration stage with few statistically significant dose-volume metric

differences observed, none of which were clinically significant.

[®) sv-ne-n |

I. Foster, E. Spezi, and P. Wheeler, ‘Inter-planner Variability in Expert Driven
Pareto-guided Automated Planning Solutions’, Proceedings of the Cardiff
University Engineering Research Conference 2023, Cardiff, UK, pp. 23-26.

doi.org/10.18573/confl.g



24

INTRODUCTION

Automated planning (AP) is fast becoming the state-of-
the-art in radiotherapy planning for intensity-modulated
radiotherapy (IMRT) and volumetric-modulated
radiotherapy (VMAT) [1, 2, 3] and can be classified into one
of two categories: knowledge-based planning (KBP) or rules-
based planning (RBP). KBP uses statistical techniques [4, 2,
5, 6] and is trained on historical clinical datasets to inform
planning for novel cases through prediction of optimisation
objectives [7], dose-volume histograms [8, 9] or voxel-level
dose [2]. RBP employs logic to converge on a solution. For
example, a lexicographic ordering that optimises planning
goals (PGs) in strict sequential order [10, 11, 12] and
protocol-based automatic iterative optimisation (PBAIO)
that uses algorithms to automatically adapt planning
parameters during optimisation.

Protocol based automatic iterative optimisation (PBAIO)
uses common protocols for patients within a cancer site.
This leads to improved quality compared to manual
planning although may not result in individualised planning.
The most clinically desirable plans are “Pareto optimal”
meaning no dosimetric improvements can be made to
anyone planning goal except at the detriment of another.
“Pareto guided automated planning” (PGAP) refers to any
branch of AP that incorporates Pareto navigation as part

of its functionality and studies suggest such methods have
may have congruence with oncological preference leading
to clinically desirable solutions [13, 14, 15]. However, even in
highly regulated fields such as radiotherapy planning where
qualified practitioner adhere to strict local and universal
practices, it is not unreasonable to expect some variance in
performance.

This study aims to explore discrepancies in choices made

by different qualified practitioners when using PGAP built
on a PBAIO framework known as the Experience Driven

plan Generation Engine by Velindre Cancer Centre or
EdgeVcc. Given a PGAP system is used, it is hypothesised
the interactive and intuitive nature of this approach enables
observer-relative interpretations of oncological preference.
Hence, findings of this work will help to determine the
clinically relevant region of the Pareto front as defined by a
range of qualified individuals.

MATERIALS AND METHODS

All sessions took place between 1 December 2019 and 28
February 2020 and 4 participants were selected to take part:

. medical physicist (Participant A)
. two oncologists (Participant B and D).
. professional planner (Participant C)

Participants were fully qualified, highly familiar with the
prostate seminal vesicles (PSV) treatment site and had
multiple years of experience. Plan generation with EdgeVcc
is dependent upon a base site-specific “AutoPlan protocol”
containing a set of prioritised planning goals (PGs). The PGs
are prioritised according to assigned weight values defied
using the Pareto navigation functionality in EdgeVcc. Figure
1 shows a CT scan of a typical patient including delineated
regions used during planning.

The base AutoPlan protocol contains seven PGs and
had been designed for clinical use and validated prior
to this study. The weights for PGs 1-3 were navigated by
participants in this study with all other PG weights held
constant. PG 1-3 were as following: (1) rectum D 2)

mean ? (
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bladder D,,.,, and (3) PTV conformality. Navigated PGs were
chosen for this study based on preliminary research of PGs
showing the most significant trade-off relationships.

Eight PSV patients were randomly chosen for this
retrospective study. This number of patients was chosen
because Pareto plan generation is computationally
expensive and in addition, navigation of large numbers of
patients can become a time-consuming task for participants
outside of their clinical duties. This set of patients was
therefore chosen such that the number of cases was
considered large enough to observe a sufficient range of
anatomies but small enough not to become unnecessarily
time-consuming for participants.

Observers completed the task in an environment fit for
clinical planning and had access to the clinical goals defined
by an oncologist and could interact with the TPS however
they desired. However, given not all participants were
familiar with the PGAP system, they were all required to
complete a practice case before completing the eight study
cases. The results of the practice case were not considered
in this study. Resulting plans were compared for difference
in terms of relative weighting factors and dosimetric
features and were tested using ANOVA when appropriate
and a Friedman test otherwise. Serensen-Dice coefficients
(DiceC) were also used to describe similarity between
participant choices.

Fig. 1. An example sagital plane indicating delineated regions-of-interest
used during planning. Shown are the external contour (purple), bladder
(yellow), rectum (brown), high dose PTV (red), low dose PTV (orange).
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Fig 2. Relative weights of the three navigated planning goals (rectum
D,ean» bladder D .. and PTV conformality) and non-navigated planning

goals (PG 4 and higher).
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RESULTS

Weights

Differences were observed between participants for all PG
groups except bladder D ., (Figure 2). For rectum D,,.,,,, the
highest degree of similarity was observed between B and D
with a DiceC values 0.884. The PG with the highest degree

of agreement between participants was bladder D ,,.. The
DiceC metric indicates A&C prioritised PTV conformality
similarly with a values of 0.950. All DiceC values are higher
than 0.99 for the PG 4 and higher group.

Dosimetry
DVH Statistic Participant A Participant C Participant B Participant D
D% (Gy) 57.6£0.3 57.7+0.2 57.6+0.3 57.5+0.3
8
E Dy, (Gy) 61.7+0.1 61.6+0.1 61.7+0.1 61.7+0.1
Cl 0.85£0.0 0.82£0.02 0.845+0.01 0.84£0.02
Dge% (Gy) 46.2+0.2 46.4+0.5 46.4+0.24 46+0.64
g
bd D, (Gy) 59.2+0.2 59.4+03 59.2+0.1 59.3+0.3
a
cl 0.82+0.02 0.72£0.06 0.81£0.02 0.77+0.04
Vs 36y (%) 27.2%+5.8% 25.3%+5.2% 28.6% +5.9% 24.8% +4.7%
€
2 | Vesacy (%) 5.25%+ 1.4% 5.16% + 1.5% 5.32%+1.5% 4.78% % 1.1%
&
Dynean (GY) 17.9£2.8 17.042.8 18.7 2.8 16.7+23
Vios6, (%) 12.6%+6.3% 12.9% £ 6.7% 12.5% £ 6.4% 12.8% + 6.3%
2
2 Vsg scy (%) 4.8%+2.7% 5.1% *3.0% 4.8% +2.7% 4.9% +2.8%
@
Dinean (GY) 159+6.4 152+6.2 15546.7 157463

Table 1. Summary of key dose metrics. Values shown are mean
+ 1 standard deviation and statistical difference at the 95% level of
significance indicated in boldface.

As reported in Table 1, differences were observed between
participant C&D for PTV60 Dyg,, (Gy). Higher doses were
observed for C than D with a mean difference of 0.155 Gy.
PTV48 differences were observed for Dy, (Gy) related to
participants A&B only. Observed dose was lower for A than
B with a mean difference of 0.832 Gy. For CI60 observed
difference relate to participant A&B with observed indices
low for A on average given a mean difference of 0.0315 units.
Cl48 saw participant B observe lower indices than all other
participants with deviations of 0.0973, 0.0899 and 0.0546
units for A, C and D respectively. All observed difference
were considered clinically small indicating differences is
planning decisions may be clinically negligible with this
PGAP system.

DISCUSSION

There still exists a gap in the literature for further inter-
planner studies, but of those that do exist, there is evidence
showing inconsistencies in participant choices [16, 17, 18,
19]. Given this expectation, the aim of applying PGAP to
mitigate discrepancies was explored here with a view of
observing clinically significant differences.

It was observed that oncologists (participant B and D)
applied a higher priority to sparing the rectum than do
planners or physicists. Following interviews with the
participants, participant B stated a preference to push dose
in the anterior direction to help spare the rectum even at
some cost to conformality or even increasing dose to the
bladder. This participant considered the rectum a notably
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higher clinical priority over the bladder and would increase
sparing of the rectum given a suitable dose distribution to
PTVs was still achieved and all clinical goals were being met.

A key difference between the oncologists in this study was
the tendency for participant D to use a higher range of

the navigation scale than participant B. The tendency of
participant D to use the higher end of the scale resulted in
a generally higher priority to the navigated PGs over the
other PGs than is seen for any other participant. However,
interviews with participant D revealed simple preferences.
Participant D wanted to ensure the achievement of the
clinical goals but had fewer concerns about the planning
details than some of the other participants. Although
traditional IMRT planning methods have been criticised
for being tedious and lacking an intuitive approach that
facilitates interaction of physicians [13], this work suggests
clinical preference can at times be broad. The number

of clinically applicable choices can be overwhelming for
physicians even with the use of intuitive techniques such
PGAP.

The physicist (participant A) and the planner (participant C)
performed the most similarly by default with participant A

in particular showing notably greater levels of consistency

in planning choices between patients. Nevertheless, the
PBAIO system was valuable in mitigated the majority of
discrepancies in deviations at the calibration stage with few
statistically significant dosimetric differences observed none
of which were clinically significant.

CONCLUSION

There is evidence that expert-driven PGAP can be used to
deliver consistent dosimetric planning with the clinically

relevant region of the Pareto front defined comparably by
any expert.
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