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ABSTRACT

Knowledge-based planning (KBP) can
reduce planning time and inter-
planner variability, but its
performance may be affected by
treatment parameters not
represented in the model’s training
data.

This study evaluated the robustness
of an in-house RapidPlan model for
ocular tumors across different beam
energies and multileaf collimator
configurations.

The model was retrospectively
applied to 24 patients, with four
HyperArc plans generated per patient
using 6MV-FFF or 10MV-FFF beams
with standard or high-definition
MLCs, for a total of 96 plans. All plans
prescribed 25 Gy in one fraction and
were normalized to PTV D95% = 25
C\2

High-definition MLCs improved
conformity, dose gradient, maximum
dose, and optic nerve sparing. The
use of 10MV-FFF beams reduced
monitor units, modulation, and
beam-on time. EPID quality
assurance pass rates remained high
across all configurations.

These findings demonstrate that the
ocular KBP model can generate high-
quality plans across beam energies
and MLC types without retraining.
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INTRODUCTION

Stereotactic treatment planning for ocular tumors is
challenging because small targets are located near
critical structures, requiring highly conformal dose
distributions and rapid dose falloff. Manual planning
can also be time-consuming and subject to inter-
planner variability.

KBP may improve planning consistency and efficiency,
but models may not perform reliably outside the
conditions represented in their training data. This
study evaluated whether an ocular RapidPlan model
trained with 6MV-FFF beams and standard MLCs could
maintain plan quality when applied to 10MV-FFF
beams and HD-MLGCs.

METHODS AND MATERIALS

An in-house ocular RapidPlan model was
retrospectively applied to 24 patients. All plans
prescribed 25 Gy in one fraction and were normalized
to PTV D95% = 25 Gy.

Four HyperArc plans were generated per patient:

e 6MV-FFF with standard MLC

e 10MV-FFF with standard MLC

e 6MV-FFF with HD-MLC

e 10MV-FFF with HD-MLC

A total of 96 plans were evaluated for plan quality,
organ-at-risk dose, monitor units, modulation factor,
beam-on time, and delivery accuracy. EPID-based QA
used a 3%/1 mm gamma criterion. Results were
reported as median, interquartile range, and range.
Paired sign tests were used, with p < 0.05 considered
significant.

RESULTS

Plan quality: HD-MLCs improved conformity (PCl =
0.89), produced steeper dose gradients (Gl = 3.30),
and reduced global maximum dose across both beam
energies (p < 0.001).

Optic nerve sparing: HD-MLCs reduced optic nerve
Dmax for both 6MV-FFF plans (4.77 vs. 3.93 Gy) and
10MV-FFF plans (5.99 vs. 5.67 Gy; p < 0.001).

Delivery efficiency: Compared with 6MV-FFF, 10MV-
FFF significantly reduced monitor units, modulation
factor, and beam-on time by approximately 3 minutes,
regardless of MLC type (p < 0.001).

Skin dose and QA: Skin Dmax was lower with 10MV-
FFF when standard MLCs were used (p < 0.001), but no
significant difference was observed with HD-MLCs.
EPID 3%/1 mm QA pass rates remained high across all
planning configurations.

DISCUSSION

Although the model was trained only with standard-
MLC, 6MV-FFF plans, it maintained or improved
performance when applied to configurations outside
its training dataset. HD-MLCs primarily improved
dosimetric quality, particularly conformity, dose
gradient, and optic nerve sparing. In contrast, 10MV-
FFF beams primarily improved delivery efficiency.
The ability to rapidly generate several high-quality
plans may allow clinicians to compare configurations
and select the most appropriate plan for each patient
without the time demands of repeated manual
optimization.

across beam energies and

retraining. HD-MLCs improved plan conformity, dose
gradients, and optic nerve sparing, while 10MV-FFF beams
improved treatment-delivery efficiency. These results

support flexible clinical us
comparison of multiple pl
selection.

Figure 1. Isodose distributions of all treatment methods.
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CONCLUSIONS

The ocular KBP model demonstrated robust performance
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Table 1. Plan quality, dosimetric, and delivery metrics across energies and MLC types. Values reported as median (IQR,

range). P-values from paired sign tests. Statistically significant p-values are bolded.
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