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Purpose: Analyti cal algo rith ms with una voidable intrinsic accuracy
l imits are curre ntly use d fo r th e dose computation in Intensity
Modulated Proton Therapy (IM PT). These limits result in not achieving
t he optimum dose dis trib utio n and t o ov ercome them, Monte Carlo
algorithms (MC) have to be appli ed. We report on the implementation of
a fast MC into a tre atme nt plann ing sys tem for IMPT and the achieved
gains of MC in optim isat ion.

Methods and Mate rial s: We us e th e MC VMCpro and an analytical pencil
beam al gorithm, both imp leme nted in to t he treatment planning system
Hyperion. To qua ntif y th e gain of using MC in IMPT, treatment plans
f or six patients (th ree head and neck, one breast case and two
prostate cases) were cal cula ted wit h both algorithms. The analy tica l
calculated plans wer e re calc ulat ed with MC
without reoptimi zati on t o obtain th e co nvergence errors. In case of
t he analytical algor ithm , th e hi ghe st accuracy settings (high spot
decomposition, nucle ar scatt erin g l ater al correction,
multiple - scatte ri ng model) were applied. In case of MC, the dose
uncertainty of bette r th an 3% in each voxel for each proton spot was
guaranteed by th e ch osen number of prim ary protons.

Results: The con verg ence err or i n t he t arget is for all cases besides
t he prostate ca ses neg ligi ble (below 0.4%). However, MC shows large
i mpact on the st anda rd devia tion of the convergence error for cases
with high latera l hetero gene ity lev els leading up to 2.1% in the
t arget (breast case) . For pr osta te case s with high initial proton
ener gie s, the co nver genc e er ror rea ches up to 1% in the target and is
caused mainly by the nuc lear int era ctio ns. The calculation times were
25- 50 times high er f or MC.

Conclusions: MC in t he optim isat ion of IMPT significantly improves the
optimum dose dis tri but ion for specific patient cases.


