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Clinical Evidence of RBE>1.1
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Importance of variable RBE in Proton therapy
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Microdosimetric Kinetic Model (MKM)
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FIG. 4. The a* value obtained with Eq. (5) and the value of o, +

pBz¥, in Eq. (7) as a function of lineal energy for a single event, with the

biological parameters applicable for HSG cells. The error bars show a
variation of 20 keV/pm for the saturation parameter, y, = 150 keV/pm.
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Where D, = 5Gy Is 10% survival of 200 kVp X rays for HSG
cells
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Silicon on insulator (SOI)
Microdosimeter

Conventional microdosimeter

v'Low energy =sLarge size of assembly which v Can measure an array of cells

sensitivity y= 0.05 reduces spatial resolution and J \/Mlcrqn sized 5\{ '

keV/um introduces wall effects v v Provide true microscopic SV .
v'Spherical SV in = Can not measure an array of v' Compact size and low voltage for operation
shape cells. v High spatial resolution.

v Tissue *High voltage applied

equivalency =Low degree of portability o< not tissue MEDICAL
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CMRP Silicon Microdosimeters

Bridge MD Version 2
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Heavy lon Medical Accelerator in Chiba

HIMAC, Japan
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RBE,, obtained with SOl microdosimeter in response to pristine BP of

180 MeV/u “N
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Characterization of Pencil Beam Scanning in Proton
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Proton Scanning Irradiation, Mayo Clinic, Minnesota, USA
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RBE In proton therapy Cell survival vs Brldge Microdosimetry
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Fig 1: In-vitro radiobiology setup in  Fig 2: In-vitro CHO-K1 irradiated
PMMA phantom. Bridge cells

Microdosimeter was placed at the

same depth as cells.

MicroPlus probe predicts RBE, and RBE,, in agreement the CHO-K1 cell line

RBE, : Cells survival vs Microdosimetry
prediction . Good agreement. Dose 2 Qy.

v Ability to replace time consuming radiobiological RBE experiments
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MicroPlus as QA tool for RayStation TPS verification: Experiment in
anthropomorphic head phantom with PBS patient treatment plan at proton
therapy centre, Groningen University, Netherlands

MicroPlus probe in the CIRS A coronal prOJectlon of CT scan of the CIRS
head and neck phantom 731-HN phantom | ==
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Comparison of yp distribution vs LET, predicted by Raystation
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Results: 70 MeV spot in water
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Results: Nasopharynx plan in water
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Meet the CMRP microdosimetry team
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CMRP-SINTEF business partnership

Microdosimeter sensor “Mushroom”

—= CMRP: Invention, prototyping and licencing to SINTEF

= SINTEF: 3D detector technology and sensors fabrication
| CMRP: Implementation to space and clinical practice
Jointly: ESA selected radiation sensors for space
missions
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SOI Microdosimeter as a Gold Standard

 Zhu, Hongyu; Chen, Yizheng; Sung, Wonmo ; McNamara,
Aimee; Tran, Linh; Burigo, Lucas N.; Rosenfeld, Anatoly; Li,
Junli; Faddegon, Bruce; Schuemann, Jan; Paganetti, Harald
“The microdosimetric extension in TOPAS: Development
and comparison with published data" , PMB , 64(14): 145004
, 2019 doi: 10.1088/1361-6560/ab23a3
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Conclusion
» Solid State SOI microdosimetry concept has been developed

» Optimized geometry of 3D SVs and simple conversion to tissue equivalency

» SOl microdosimeters using 3D detector technology have been fabricated

Y

SOl microdosimeter in mixed radiation fields is matching to TEPC

Unique submillimetre spatial resolution in proton and heavy ion fields
Ability of microdosimetry in a wide range of LET (0.15-50000) keV/um
Ability operate in GCR environment and low energy ion fields
Useful for TPS commissioning in terms of LET

Useful for space applications: radiation shielding evaluation,
personal dosimetry for astronauts and SEU prediction.
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