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ST 1: Radiation Therapy

Time: Monday 16:00-17:45

ST 1.1 Mon 16:00 STa
MC study of prompt gamma production in water by protons
of 100-250 MeV energy — eMariaMm ABuLADZE!, Jonas KASPER?,
Ronia HeTzeL2, REvaz SHANIDZED3, and AcHiM StasL? — Kutaisi
International University, Kutaisi, Georgia — 2RWTH Aachen Univer-

sity, Aachen, Germany — 3Thbilisi State University, Thilisi, Georgia

Proton therapy is a relatively new and advanced method of radiation
treatment of cancerous tumors. The characteristic feature of this treat-
ment modality is a high localization of energy deposit (Bragg peak)
in a tumor, which requires a precise monitoring of the proton beam
position in the patient. Prompt gamma radiation, which is produced
during the ionization losses of the protons in a matter (patient) could
be used for imaging of the beam position and hence for the proton
therapy treatment control.

We used Geant4 toolkit for the MC study of the characteristics of
the prompt gamma radiation produced by protons in the energy range
of 100-250 MeV. Energy spectra, production vertices and directions of
prompt gammas produced with the protons in the water phantom were
studied, as well as the correlations with the Bragg location. This in-
formation is necessary for the development of prompt gamma imaging
(PGI) devices. Several PGI-detectors are currently under considera-
tion by different research groups, involved in the proton/ion therapy
worldwide

ST 1.2 Mon 16:15 STa
Challenges of SiPM Applications for Prompt Gamma Range
Verification in Proton Therapy — eToBias TEICHMANN, MAR-
TIN SERFLING, HANNAH JAcoBl, and ARNO STRAESSNER — IKTP TU
Dresden, Dresden, Germany

With an increasing role of proton therapy in cancer treatment there is
a growing demand on reliable, non-invasive methods for in-vivo pro-
ton range verification to be able to adapt to changes of the irradiation
conditions during a treatment session and to ensure best possible pro-
tection of organs at risk. The measurement of prompt gamma radiation
which is emitted along the beam track due to the interaction of the
incident protons with the nuclei of the patients body has been shown
to provide both temporal and spectral information which can be used
to determine the proton range and have the potential to meet all de-
sired requirements. The present work studies the application of SiPMs
coupled to scintillation detectors and read out with the PETsys TOF
ASIC evaluation kit as a detector for prompt gamma radiation. The
combination of SiPMs with high photon detection efficiency, excellent
timing resolution, low bias voltage operation and immunity to mag-
netic fields and the cost effective, fast and scalable PETsys read out
electronics present an interesting alternative to existing approaches in
prompt gamma range verification. The presentation gives an overview
over the most important challenges of prompt gamma detection such
as detector efficiency, data throughput, load tolerance and timing res-
olution and will present the status of the work at the Dresden Institute
of Nuclear and Particle Physics.

ST 1.3 Mon 16:30 STa
Characterization of pixelated silicon detectors for the mea-
surement of small radiation fields in proton therapy —
oISABELLE ScHILLING', CLAUs MAxXIMILIAN BAcker!:3:45  Curis-
TIAN BAUMERZ345 CARINA BEHRENDsS?3%5 KEVIN KRONINGER!,
BeATE TIMMERMANNS'45:6  and JENs WEINGARTEN! — 1TU Dort-
mund, Experimentelle Physik IV, 44221 — 2TU Dortmund, Fakultit
Physik, 44221 — 3Westdeutsches Protonentherapiezentrum Essen,
45122 Essen — *Westdeutsches Tumorzentrum, 45122 Essen —
5Universitatsklinikum Essen, 45122 Essen — SUniversitdtsklinikum
Essen, Klinik fiir Partikeltherapie, 45122 Essen

In order to achieve a high-dose irradiation while sparing normal tis-
sue, small fields generated by pencil beam scanning or beam shaping
apertures are increasingly used in proton therapy. These irradiation
methods require the development of small field dosimetry systems for
quality assurance. Applying the knowledge from high energy physics
it becomes apparent that 2D pixelated silicon detectors with a good
spatial resolution, a high rate capability and an electronic readout en-
abling the counting of single protons could meet these requirements.
To assess their applicability in proton therapy ATLAS pixelated sil-
icon detectors are used to measure lateral beam profiles of different
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irradiation modes at the WPE Essen. The measured beam profiles
of a single pencil beam spot matches the expectations within +4 %.
Further measurements underline the possibility to investigate the dose
gradient at the field edges with high resolution. Analysis strategies to
determine the residual proton energy are currently being worked on.

ST 1.4 Mon 16:45 STa

Consolidation and absolute measurement of the
12C(p,pn)!'C-cross section for particle therapy —
oCLaus MaximILIAN Bicker!234  WiHaNn Ap1®, CHRISTIAN
BiuMER?3%6  MarceL GerHArRDT!, FeLix HorsTt™® KErVIN
KRONINGER!, CHRISTOPH ScHUY®, BEATE TiMMERMANNZ3:49 Nico
VERBEEK?3?4, JENs WEINGARTEN!, and Jorc WuLFr?347 —

ITU Dortmund, Experimentelle Physik IV, 44227 Dortmund —
2Westdeutsches Protonentherapiezentrum Essen, 45122 Essen —
3Westdeutsches Tumorzentrum, 45122 Essen — 4Universitatsklinikum
Essen, 45122 Essen — °II. Physikalisches Institut, Justus-Liebig-
Universitéit, 35392 Giessen — STU Dortmund, Fakultit Physik,
44227 Dortmund — 7Institut fiir Medizinische Physik und Strahlen-
schutz, Technische Hochschule Mittelhessen, 35390 GieRen — 8GSI
Helmholtzzentrum fiir Schwerionenforschung, 64291 Darmstadt —
9Universititsklinikum Essen, Klinik fiir Partikeltherapie, 45122 Essen

For PET imaging as a range verification method in proton therapy,
an accurate knowledge of the activation cross sections is required to
determine the expected BT activity distribution.

For the 2C(p,pn)!! C-reaction, the measured cross sections accumu-
late around two excitation functions, which are about 15% apart. This
difference persists in the recent measurements from Essen / Dortmund
and Giessen / Darmstadt. With comparative measurements, the rea-
son for this systematic difference is investigated and the new reference
cross section (68 4 2) mbarn of the 12C(p,pn)!!C-reaction is evaluated
at 100 MeV proton beam energy. The results are presented in this talk.

ST 1.5 Mon 17:00 STa
Investigation of radio-activation of titanium implants in pro-
ton therapy — eFLEUR ANNA SPIECKER!, CLAUS MAXIMILIAN
Bickerb2:34  CurisTiaAN BAUMER?3?, WALTER JENTZEN?, SAN-
pra Kazek?, KEviN KRONINGER!, BEATE TiMMERMANNZ3:5 ) and
JENs WEINGARTEN! — 1TU Dortmund, Experimentelle Physik IV,
44227 Dortmund — 2Westdeutsches Protonentherapiezentrum Es-
sen, 45122 Essen — 3Westdeutsches Tumorzentrum, 45122 Essen —
4Universitétsklinikum Essen, 45122 Essen, Klinik fiir Nuklearmedizin
— 5Universitétsklinikum Essen, Klinik fiir Partikeltherapie, 45122 Es-

sen

In order to verify the calculated proton dose distribution after the pro-
ton irradiation of a patient, the 3T activation of titanium implants can
be used. For this purpose, the knowledge of the dependence between
the dose, activity and proton energy is needed.

To examine this dependence, different PMMA phantom shapes with
different titanium implants are irradiated with protons and measured
over time with a PET scanner. The results are illustrated as depth
activation curves and compared with the depth dose curve, which is
calculated by the treatment planning system. To verify the dose, the
expected activity is calculated as a function of depth by using the cross
sections of the positron-emitting reaction products. The local proton
energies are calculated by using the CSDA-ranges for water and tita-
nium. With this method the distal fall-off of the activity distribution
can be already predicted successfully for a simplified setup. In this
talk the results of the project will be presented.

ST 1.6 Mon 17:15 STa
Monte-Carlo-Simulationen der verschiedenen Therapiefor-
men fiir intraokulare Tumore — eSaskiA MULLER!', MICHELLE
StroTH!, HENNING MANKE!, BERNHARD SPaaN! und Dirk FLons?
— 1Experimentelle Physik 5, TU Dortmund — 2Strahlenklinik, Uni-
versitatsklinikum Essen

Bei der Behandlung von Augentumoren gibt es verschiedene Moda-
litaten wie zum Beispiel die Brachytherapie. Ziel der Arbeit ist es
Dosis-Volumen-Histogramme der Brachytherapie anhand von echten
Falldaten zu simulieren, da es weder in der Bestrahlungsplanung noch
in der retrospektiven Analyse von Bestrahlungen Informationen iiber
die Dosisverteilung in den Augenstrukturen gibt.
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Ein generisches Augenmodell wird mithilfe des Konstruktionspro-
gramms ”Autodesk Fusion 360” erstellt. Die einzelnen Kompartimente
werden automatisiert in viele Teilvolumina zerlegt und anschliefend
in einer Monte-Carlo-Simulation in "Geant4” eingebunden. Die Imple-
mentierung wird mit "CADMesh” realisiert und die Teilvolumina einer
gemeinsamen Risikostruktur erzeugen zusammen ein Dosis-Volumen-
Histogramm. Die Simulation wird an ausgewahlte reale Falle ange-
passt, so dass Informationen fiir eine retrospektive Analyse erzeugt
werden kénnen. Hierfiir wird eng mit dem Universitétsklinikum Essen
zusammen gearbeitet, um eine moglichst realitdtsnahe Simulation zu
gewahrleisten.

ST 1.7 Mon 17:30 STa
Evaluation of a New Inverse Planning Software and Imple-
mentation of Plan Verification for Gamma Knife Treatments
— oFELINE HEINZELMANN!, MoriTz BUuppE?, KEVIN KRONINGER!,
and JAN BosTrOM® — ITechnische Universitit Dortmund, Ex-
perimentelle Physik 4, Dortmund, Germany — 2?Marien Hospital

Herne, Universitatsklinikum der Ruhr-Universitdt Bochum, Klinik fiir

Strahlentherapie und Radio-Onkologie, Herne, Germany — 3Gamma
Knife Zentrum, Bochum, Germany

Gamma Knife therapy uses ionizing radiation for stereotactic radio-
surgery. This non-invasive treatment is suitable for brain diseases, such
as malignant and benign brain tumors or vascular malformations. Usu-
ally, radiation treatment plans are created either manually or with the
help of an optimization software of the Gamma Knife device manufac-
turer. This inverse planning software often converges to local minima
of the objective function precluding the optimal solution.

The software IntuitivePlan uses a new global convex optimization
algorithm. In a prospective user study, this algorithm was tested in
clinical practice and was evaluated based on plan quality metrics.

In particular, the use of the plan optimization software shows a con-
siderable improvement in the selectivity of the target volume and high
target volume coverage. Significant differences are likewise apparent
in the planning time and the sparing of organs at risk. Further ad-
vantages and disadvantages, especially concerning the disease, were
identified. Preparations to implement a treatment plan verification for
Gamma Knife radiosurgery by using film dosimetry have been made.



