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A multi-criteria optimisation approach for HDR prostate
brachytherapy:

. Benchmark against clinical plans
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What was your motivation for initiating this study?

Computerised treatment-planning systems are used to formulate clinical prescriptions into mathematical optimisation problems,
and to create treatment plans that fit these prescriptions to the treatment facilities that are available.

However, most available algorithms are not inherently patient-specific and usually the treatment plans must be manually altered
to draw up clinically acceptable plans for each patient. As a result, the planning procedure can be time-consuming and the result
is planner-dependent [1-3].

The main motivation for this study was to improve the efficiency of planning in high-dose-rate (HDR) prostate brachytherapy. We
developed a multi-criteria optimisation (MCO) algorithm from an existing commercial algorithm (inverse planning simulated
annealing [4]), and compared the planning times and the quality of the plans produced through use of the MCO algorithm with
the same factors when clinical plans were produced in the normal way.

What were the main challenges during the work?

Manual re-planning is a major obstacle to the improvement of planning efficiency in the traditional planning process. Several
challenges had to be overcome to remove this obstacle. The first was to understand the different automated planning approaches
that were described in the literature and choose the one that was best suited to this study. We chose the proposed MCO approach
because (1) it mimicked the manual planning process, (2) it generated automatically a high-quality plan dataset around a
population-based planning template, and (3) it enabled the selection of plans from the plan dataset that were acceptable according
to the standards of the Radiation Therapy Oncology Group (RTOG).

After the MCO algorithm had been implemented, the main challenge was to improve the speed at which the algorithm worked to
make it useful in a clinical setting.

When the dosimetric results of MCO plans and clinical plans were compared, the challenge was to find comprehensive criteria that
took account of both the tumour coverage and the sparing of organs at risk.

What were the most important findings of your study?

The computing efficiency of an MCO algorithm can be improved by (1) narrowing the whole solution space to the one that is
clinically relevant through use of dosimetric regression models, and (2) using computing techniques that involve parallel working
of the computer processing unit.
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As a result, compared with the traditional planning method that is used in HDR prostate brachytherapy, plans were obtained that
showed improved acceptance according to RTOG and RTOG+ standards (the target V100 threshold was increased to 95% from
90%) and planning time was reduced.

What are the implications of this research?

Given the results of this study and a companion study [5], we decided to conduct follow-up studies [6-7]. As a result, we successfully
implemented a novel, real-time MCO algorithm that was based on a graphics processing unit [6] and that was fast enough to
generate thousands of Pareto-optimal plans in seconds. We also proposed a user-friendly navigation tool [7] in HDR prostate
brachytherapy.

We hope these findings can cause more attention to be paid to the investigation of MCO algorithms as the next generation of
inverse planning approaches.
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