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Relative LET Measurement as a tool in Quality Assurance
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Introduction

The aim of radiotherapy is to use ionizing radiation to destroy tumor cells while sparing surrounding, healthy tissues. This
requires maximizing the dose delivered in the tumor while minimizing it in healthy tissues. At the cellular level, the goal is to
cause double strand breaks and therefore irreparable damage to the DNA of cancer cells, causing their destruction.
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The main potential advantages of particle radiotherapy on conventional radiotherapy (x-ray) are the higher Relative Biological
Effectiveness (RBE) and the change of RBE along the Bragg curve. Hadron therapy fields have higher linear energy transfer
(LET) than x-ray, which means that for the same absorbed dose, the RBE and therefore the biological dose may be higher when S :
compared to x-ray. As LET is the main physical quantity closely related to RBE, not only absorbed dose but also LET should be Dgio = RBE * D, o
reported in clinical hadron therapy dosimetry.

Relative Dose
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A variation of the composition of the primary beam during the course of a treatment is expected to result in a change of the L =

spatial distribution of the LET across the beam profile. The capability to detect such relative changes of LET could play an
important part in the patient-specific quality assurance (QA).

Material and Methods

The most widely used detectors in dosimetry are lonization Chambers (IC). Liquid filled lonization Chambers (LIC) have certain advantages over air filled IC. We use two
multichannel detectors composed of a 2-D Array of LIC to study 2-D LET distributions at different depths along the Bragg Curves of electron, proton and carbon ion beams. Both
of them are filled with isooctane (CgH,g), a non-polar liquid, with a quite constant stopping power ratio to water.

Being that the liquid is more dense than air, recombination of e’/ions in the sensitive volume after ionization can not be neglected.
It can be divided in two different components:

- Initial Recombination of electron/ions belonging to the same track: LET dependent

- General Recombination of electron/ions belonging to different tracks: dose rate dependent

The evaluation of collected charges at different voltages provides the Voltage Curve. Its shape is characterized by a steeper part at low voltages followed by a linear one at higher
voltages. The theory of Jaffe assess that under constant radiation and lower general recombination, the ionization current in a dielectric liquid will increase linearly with increasing
the field strength (E). At low E the ionization current deviates from the linear relation due to general recombination, but at higher E its linear shape can be related to Initial
Recombination, and therefore to LET, as the Initial Recombination is LET dependent.
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First Results
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_ The beam provided by the LINAC is an electron pulsed beam. The dose rate
'I_'he main purpose of the K-LIC was set to a value of 50 MU/min, the pulse period was 15 msec and the pulse
first measurements was to Voltage Curve length was about 2 msec. Two voltage curves have been performed at two
check and compare the Uniform Response LR different distances from the accelerator. As the dose is scaling as r2 and the LET
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Conclusions and Outlook O —
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