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Dosimetric impact of intrafraction prostate motion
in dose-escalated linac-based SBRT
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Purpose

1. Toinvestigate the effects of intrafraction motion on dose metrics

2. To assess the dosimetric benefit of employing continuous monitoring, beam gating
and motion correction strategies
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Prostate trajectories
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Clinical implemented strategy of
beam gating and motion
correction

Simulation of treatments without
any organ motion management
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Motion-encoded plans

A method of dose reconstruction for moving targets compatible Beam
with dynamic treatments
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Patient Dicom RT plan divided into several sub-beams to represent the part of the treatment delivery
synchronized with each prostate position bin extracted from the trajectories recorded during beam
delivery

* The target shift was modeled by shifting the sub-beam isocenter in the opposite direction, equivalent to
performing a rigid shift of the whole patient volume relative to the sub-beam
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Motion-encoded plans
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Dosimetric Analysis (1): case A

| Metics | Mean[range]
Urethra PRV

Dmean -0.1% [-0.7 — 2.3] D10%

CTV D99% -0.2 % [-5.1-5.1] D5%

o)

D2% +0.3 % [-0.4 - 4.4] DO

D20%

Dmean -0.0% [-0.7 — 2.0] S—

(o]
PTV D95% -0.4 % [-3.7 — 1.4] m DO.035cc
D2% +0.4 % [-0.4 — 4.3] D0.035cc
Dmean -0.1%[-1.5-1.0] D0.035cc

PTV - CTV
D95% -1.0% [-12.1-7.1] Bladder D10%
D40%
*significant differences (p < 0.05) according to Wilcoxon-Mann-Whitney test
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+0.7 % [-0.8 — 6.4]
+0.6 % [-0.9 — 5.4]
-1.7 % [-14.4 — 11.5]
-2.3% [-16.7 — 14.2]
-2.9 % [-39.8 — 13.6]
-1.3% [-12.5-6.2]
-0.6 % [-7.9-5.3]
-1.1 % [-13.5-14.0]
+0.3 % [-1.9 - 3.3]
+0.2 % [-11.7 — 11.4]
+1.4 % [-18.7 — 37.7]
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Dosimetric Analysis (2): case B vs case A

Dmean

CTVv D99%*
D2%
Dmean
PTV D95%*
D2%
Dmean
PTV - CTV
D95%*

-0.2%[-2.3-1.1] D10%
-2.8%[-16.3 -1.1] D5%
o)
-0.1% [-4.2-0.6] D10%
D20%
-0.4 % [-2.1-0.8]
D50%
-0.8% [-3.6 - 0.6] D0.035cc
-5.6 % [-23.7 - 1.9] Bladder D10%
D40%
(==

*significant differences (p < 0.05) according to Wilcoxon-Mann-Whitney test
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[ vewis | wemncame
|| Metrics | Mean [range]
Urethra PRV

+0.4 % [-5.3 — 2.9]
+0.6 % [-5.0 — 6.3]
-4.3 % [-30.8 - 13.0]
-4.6 % [-33.8 — 27.5]
-4.8 % [-31.2 - 38.0]
-1.9 % [-22.1 - 25.1]
-3.0 % [-25.2 - 4.7]
-3.9 % [-30.3 — 8.6]
+0.3 % [-6.3 — 3.0]
+3.1 % [-13.8 — 24.6]
+11.6 % [-22.8 — 83.5]
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Advanced Medical Imaging Registration Engine ADMIRE,
research version 3.13, Elekta AB, Stockholm, Sweden
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Dosimetric Analysis (3): delivered

e Tweis | wemnlmae

D0.035cc* +1.0 % [-1.6 — 5.6]
Urethra PRV
D10% +0.7 % [-1.2 — 4.9]

Dmean -0.5%[-2.0-1.2]
cTv D99%* 3.0 % [18.5 - 2.8] 5% | Dol 8n =2l
0, _ o/ [_ —
0729* YT D10% 5.0 % [-41.7 — 31.7]
i D20%  -3.6%[-38.4-39.0]
omean Oy e A D50%  -1.5%[-24.1-38.8]
S D95%* 2.6%[17.8-1.0]  FEEETT T D0.035cc 0.8 % [13.5 - 12.6]
D2% 0.4%[-1.5-2.7] D0.035cc  +0.8 % [-27.1~33.9]

o Dmean -1.2 % [-5.8 = 1.3] D0.035cc -0.8% [-7.0-1.2]
D95%* -4.8 % [-27.3 - 6.4] Bladder D10% 4.6 % [-44.6 — 38.0]
D4A0%*  +2.6 % [-74.0 — 319.9]

*significant differences (p < 0.05) according to Wilcoxon-Mann-Whitney test
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The intrafraction prostate motion marginally contributed in the scenario of gated treatments
with a 2 mm threshold

Non-gated treatments would have resulted in larger target dose deficits and bladder overdoses
in some fractions > continuous monitoring, beam gating and motion correction are
recommended to safely deliver such extreme hypofractionated treatments

Major discrepancies to both target and OARs with respect to planning were observed including
the interfraction anatomical deformations in the dose recalculations

The strict patient preparation regimen, along with current CTV to PTV margins, robustness of
original treatment plans, soft-tissue matching and fast FFF beam delivery, ensured no significant
degradations of dose metrics for target and OARs
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