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KEY POINTS & CONCLUSIONS

[1] Caldecott, KW. Nat. Rev. Genet., 2008; 9:619-631.
RBE IS hlgher at Iower energles [2] ward, JF. Biochemistry of DNA lesions. 1985; 104(2):5103-5111.
* Maximum RBE along the central axis showed a trend of decreasing as the
pencil beam energy was increased.

This could be considered in selecting the direction and energy of treatment [4] Semenenko, VA, Stewart, RD. Phys. Med. Biol. 2006; 51(7):1693-1706
fields in intensity modulated proton therapy (IMPT)

A probabilistic single particle interaction model was developed to quantify
DSB vield for a given voxelized energy spectrum.
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Parametric fitting was performed to Monte
Carlo DSB counts [3, 4] under hypoxic
conditions, to limit effects of chemical

repair and oxygen fixation. [3] Semenenko, VA, Stewart, RD. Radiat. Res. 2004; 161(4):451-457

Monte Carlo simulations of 60 MeV to 120
MeV proton pencil beams were carried out
in water, as well as a 10 cm?® 6 MV photon
field for comparison, using TOPAS [5].

[5] Perl J, Shin J, Schumann J, Faddegon B, Paganetti H. Med. Phys. 2012;

. - 39(11):6818-37
O RBE of 1.1 is recovered in SOBP ortherreding

* An average RBE of 1.1 was calculated for an SOBP at 100 MeV. Van den Heuvel, F. PLoS One, 2014; 9(10): e110333.
* This falls in line with much of the experimental evidence in literature.
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Restricted RBE, based on DSB induction,

was calculated by dividing proton beam

DSB counts by photon field DSB counts. Cl&[‘El’ldOﬂ

The spread in RBE was assessed in the
middle of the spread out Bragg peak (SOBP)
for maximum beam energies of 60, 100 and

180 MeV. Above: Schematic of a charged
particle travelling through a cylindrical
section of DNA and surrounding
cellular material, 10 base pairs high,
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* Our single particle interaction model scales linearly with dose, meaning DSB corrented o “the |
counts due to multiple pencil beams in overlapping voxels simply add. and reached betweer nd . tthe ¢ ioe. An averag
* This leads to simple fluence-based inverse plan optimization. of 1.1 was calculated for a spread out Bragg peak at 100 MeV.’

A mathematical relationship was derived
between RBE and linear energy transfer
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