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Purpose & Background

The interplay effect (between MLC and tumor motion), and the gradient effect (from tumor motion
across the PTV dose gradient) cause dose perturbations in moving tumors during RT.

Some authors have reported that interplay and gradient (I&G) effects during SBRT treatments are a
clinical concern [1], while others have reported that they are nof [2].

&G effects are highly patient specific and depend on: MLC leaf trajectories, dose rate, size of tumor,
motion amplitude, and the patient’s breathing pattern and breathing rate (BPM). In addition, &G
effects also depend on the tumor’s phase of motion at the start of treatment (ie, tumor start phase).

— |&G effects should be determined for each patient plan where large tumor motion is expected.

However, measuring |&G effects is difficult and time-consuming and start phases are not considered.

—> |&G effects are often not measured or fully characterized.

GOAL: Develop a GUI-driven I&G simulator which incorporates patient-specific
parameters and multiple start phases for multi-arc VMAT treatments:

IGOR: Interplay and Gradient Observations in Radiotherapy

Methods & Materials

Matlab-based (Mathworks Inc., Natick, MA) 3D homogeneous VMAT dose engine [3].
* Dose for each arc is calculated over 200 control points while applying 3D tumor motion.

« For each arc, 10 different 3D doses are calculated, each at different start phases spaced 36° apart.

 All multi-arc start-phase combinations are calculated (Fig 1).
— 100 3D dose combinations for plans with two VMAT arcs.

During simulation dose is accumulated in the moving target
volume (MTV; GTV+PTV margin) and selected moving OARSs.

* Interplay effects are quantified by comparing simulated MTV
DVHs with those obtained by motion-sampling the static dose

distribution using the MTV.

* Gradient affects are quantified by comparing MTV DVHs
obtained by motion-sampling the static TPS dose distribution
with the PTV DVH obtained from the TPS dose.

Simulated cosine/triangle motion matched to

1 cm, 2 cm, 3 cm sup-inf motion using CIRS
EBT3 Gafchromic film (Bridgewater, USA); E

Figure 1. First 10 start phase combinations
RGSC traces. for a plan with two VMAT arcs.
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PSON 10000XL scanner (Suwa, Japan).
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+ |&G effects are patient specific and should be evaluated per-patient for patient
plans where large tumor motion is expected.
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