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Introduction
The dose tolerances of normal tissues continue being the main limitation in radiotherapy. As a strategy to overcome it, we propose to ally
inherent physical advantages of heavy ions (up to Fe) with the normal tissue preservation observed when irradiated with

submillimetric

spatially fractionated beams (minibeam radiation therapy, MBRT) [1,2]. This would allow the use of higher and potentially curative doses
in the treatment of radioresistant tumors.

Material and methods (Monte Carlo (GATE/Geant4) codes were used to do dosimetric evaluations in hadron-MBRT)
Ø Minibeam generation: magnetic collimation assumed.

Theorical

Ø Dosimetry evaluations was assessed to the optimum
irradiation conﬁguration in terms of ion species,
beam widths and center-to-center distances (ctc).
Ø Dose distributions and dose averaged linear energy
transfer (LET) were recorded in water phantom.
Ø The contribution of secondary fragments, Peak-toValley-Dose-Ratio (PVDR) and Peak-to-Valley-dose
averaged LET-Ratio (PVLR) assessed.

Hadrons

Two different irradiation geometries were considered:

Emax
(MeV/u)

Rectangular (1D-Grid or
minibeams (MBRT))

P 100
C 194
O 230
Ne 276
Si 319
Ar 351
Fe 450

Squared (2D-Grid (GRT))
Squared (2D-Grid (GRT))

Lateral dose profile consisting
in a pattern of peaks and
valleys. PVDR affect the
biological response.

Experimental

Martínez-Rovira et al. 2015, Peucelle et al. 2015b, Guardiola et al. 2017, González and Prezado 2018

Ø Full proton beam line of the Orsay
Proton Therapy Center simulated and
benchmarked with experimental data.
Ø Complete dosimetric dataset acquired
to guide the preclinical studies.

Source
Emax
bw
(MeV/u) (um)

ctc
(um)

P 100 700 3500
Gafchromic© films irradiated in the
phantom using the collimator.

bw: beam width
ctc: center-to-center distance

Peucelle et al. 2015a, Prezado et al. 2017

Results
Depth dose distributions.

Dose-averaged LET (peak region) as a function
of depth for the different ions.

Contribution of secondary products of nuclear
fragmentation to the valleys, which is the
main responsible for tissue sparing.

dose averaged LET(keV/µm)

10000

Until 20 mm of depth, the delta rays
represent the principal contribution to
the secondary particles in the valleys.
(ctc = 3500 μm.)

Conclusions
Ø Heavy ions MBRT could offer some advantages with respect to proton
MBRT, in particular, the possibility of using thinner beams.
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Comparison of depth dose distributions of
protons and oxygen minibeams. Due to the
reduced scattering for higher ions, the
characteristic shape of the depth dose curve
is maintained.
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In normal tissues, LET values remains
below 100 keV/μm threshold where
biological effects starts being significant,
except for iron.
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