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Centre for lon-Beam Therapy and Research

» radiation therapy and clinical research

» protons and carbon ions

» 24000 single fractions per year
corresponds to about 100 patients/day
corresponds to about 1200 patients/year

> three medical irradiation rooms

» two shift operation from Monday to
Friday

MedAustron
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Centre for lon-Beam Therapy and Research

» radiation therapy and clinical research

» protons and carbon ions

» 24000 single fractions per year
corresponds to about 100 patients/day
corresponds to about 1200 patients/year
three medical irradiation rooms

two shift operation from Monday to
Friday

v

v

» non-clinical research

» protons and light ions
» one irradiation room dedicated for
non-clinical research

» labs for non-clinical purposes MedAustron
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Beam Parameters for Non-Clinical Research

particles:

beam intensity
particles per pulse:
beam energy

min — max:
magnetic rigidity
min — max:
extraction duration
min — max:

beam delivery
active scanning

protons carbon ions

later additional ions like He or O

<10%° < 4 x 108
60-800 MeV 120-400 MeV/A
1.14-4.88 Tm 3.25-6.35 Tm
0.1-10s 0.1-10s

horizontal-vertical fast scanning magnets
energy variation with synchrotron
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Accelerator Layout in Cooperation with CERN
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Irradiation Rooms

treatment & clinical research:

horizontal fixed beam
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Irradiation Rooms

treatment & clinical research:

horizontal fixed beam
horizontal & vertical fixed beam (IR 2)




Irradiation Rooms

treatment & clinical research:

proton gantry (IR 4)

horizontal fixed beam (1

horizontal & vertical fixed beam (IR 2)
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Irradiation Rooms

treatment & clinical research:
proton gantry (IR 4)
horizontal fixed beam (1R 3
horizontal & vertical fixed beam (IR 2)

non-clinical research:
horizontal fixed beam
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Non-Clinical Irradiation Room - IR1

v

dedicated irradiation room with 8 m x 12 m, i.e. 96 m?
up to 800 MeV protons

v

» cooling-down room for storage of activated material

» same positioning and verification system as in the medical rooms
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Non-Clinical Research Infrastructure
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Dedicated Laboratories and Equipment

» cell culture laboratory

incubators, laminar flows, microscopes
» chemical laboratory

digestor, safety storage cabinets, acid and lye liquids
» main laboratory radiation biology

histology equipment, cell counter, X-ray reference
radiation source, washing room, freezer, cooling cell

MedAustron
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Dedicated Laboratories and Equipment

» cell culture laboratory
incubators, laminar flows, microscopes

» chemical laboratory
digestor, safety storage cabinets, acid and lye liquids
» main laboratory radiation biology
histology equipment, cell counter, X-ray reference
radiation source, washing room, freezer, cooling cell
» dosimetry laboratory
water phantoms, dosimeters, scintillation detector
» software laboratory

research licences for treatment planning
system (RaySearch), Monte Carlo simulation
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Beam Time for Non-Clinical Research
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Links to Universities — Professorships

Medical Radiation Medical Radiation Applied and
Physics with Special- Physics and Translational
isation in lon Therapy Oncotechnology Radiation Biology

Lembit Sihver Dietmar Georg Wolfgang Dorr

m MEDICAL
T WY 5 medAustron
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Links to Universities
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Links to Universities — Work Packages

Medical Radiation Physics and One NCR

m e Contents

U 1 Basic and Applied Dosimetry 14
D @ 1.1 Commissioning of Dosimetric Equipment 16
I 1.2 Multi-Dimensional and Time-Resolved Dosimetry . . . . . .. ... . 19

.@@@m@m@ 2 Dose Calculation and Plan Optimisation
nY; 2.1 Acceptance Testing and TPS Commissioning . . . 25
= e = 2.2 Dose-Calculation Algorithms — Developments and Refinements . . . 29
2.3 Comparative and Adaptive Treatment Planning . . . . . . .. ... 33
24 Treatment Planning Concepts for Moving Targets 38

3 Advanced Imaging for Ton-Beam Therapy

3.1 Xeray Based In-Room Tmage Guidance . . . . .. .. ......... 44
3.2 In-Vivo Ton-Beam Verification Techniqu 19
3.3 MRI-Guided Ton-Beam Therapy . . . . ... ............. 53
34 Biological Imaging for Ton-Beam Therapy 56
4 Monte Carlo Simulations in Ton-Beam Therapy . . . . . . . . . . . 61
41 Monte Carlo Simulations for Dosimetry 63
4.2 Monte Carlo Simulations for Dose Caleulation . . . .. .. ... .. 65
4.3 Monte Carlo Simulations for Imaging 68

Research Visions Beyond 2018

MedAustron
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Links to Universities — Work Packages

my Contents
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Links to Universities — Work Packages

Radiation Physics
m S toad Medisien | Contents
s 1 Studies of Nuclear Reactions
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Publications and Theses — 2015
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Patties |, Haagen J, Dorr W, Hildebrandt G, Glasow A. Late inflammatory and thrombotic changes in irradiated hearts of
C57BL/6 wild-type and atherosclerosis-prone Apo-deficient mice. Strahlenther Onkol 191 (2): 172-179; Feb. 2015
Gruber S, Schmidt M, Bozsaky E, et al. Modulation of radiation-induced oral mucositis by pentoxifylline: preclinical
studies. Strahlenther Onkol 191 (3): 242-247; Mar. 2015

Kirchheiner K Nout RA, Czajka-Pepl A et al. Health 1ela(ed qnzl\w of life and patient reported symptoms before and
during defi r locally advanced cervical cancer and
early recovery ~ a mono-institutional pwspec(we sludy Gwvuo! Orcol 13(5) 15425, M. 2015

Géra J, Kuess P, Stock M, et al. ART for head and neck patients: On the difference between VMAT and IMPT. Acta
Oncol 54 (8): 1166-1174; Apr. 2015

Kodaira S, Konishi T, Kitamura H, et al. On the use of CR-39 PNTD with AFM analysis in measuring proton-induced
target fragmentation particles. Nluc! Instr Meth Phys Res B 349: 163-168; Apr. 2015

Steinschaden D, Brunner SE, Dichtl H, et al. Investigation of prompt + ray emission for online monitoring in ion therapy.
J Phys Conf 599 (1): 012042; Apr. 2015,

e Ryck T, Van Impe A, Vanhoecke BW, et al. 8-prenylnaringenin and tamoxifen inhibit the shedding of irradiated
epithelial cells and increase the latency period of radiation-induced oral mucosits: cell culture and murine model
Strahlenther Onkol 191 (5): 429-436; May 2015.

Dérr W. Radiobiology of tissue reactions. Ann ICRP 44 (1 Suppl): 58-68; June 2015

Dérr W, Trott KR. Do we need *
vadiation? Z Med Phys 25 (2): 0

iology-based” models to describe cell survival curves after exposure to ionizing
101; June 2015

Helmbrecht S, Kuess P, Birkfellner W, et al. Systematic analysis on the achievable accuracy of PT-PET through
automated evaluation techniques. Z Med Phys 25 (2): 146-155; June 201

Puchalska M, Sitver L. PHITS simulations of absorbed dose out-of-field and neutron energy spectra for ELEKTA SL25
medical linear accelerator. Phys Med Biol 60 (12): N261-N270; June 2015,

Sihver L, Ploc O, Puchalska M, et al. Radiation environment at aviation altitudes and in space. Radiat Prot Dosim
164 (4): 477-483; June 2015.

Fuchs H, Alber M, Schreiner T, Georg D. Implementation of spot scanning dose optimization and dose calculation for
helium ions in Hyperion. Med Phys 42 (9): 5157-5166; Aug. 2015

Gotta D, Amaro FD, Anagnostopoulos DF, et al. Pionic hydrogen and friends.
2015

Hyperfine Interact 234 (1-3): 105; Aug.

Gruber S, Hamedinger D, Bozsaky E, et al. Local hypoxia in oral mucosa (mouse) during daily fractionated irradiation
Effect of pentoxifylline. Radiother Oncol 116 (3): 404-408; Sept. 2015

Pachnerové Brabcova K, Stépén V, Karamitros M, et al. Contribution of indirect effects to clustered damage in DNA
irradiated with protons. Radiat Prot Dosim 166: 44-48; Sept. 2015

Hartenbach M, Weber S, Albert NL, et al. Evaluating Treatment Response of Radioembolization in Intermediate-Stage
Hepatocellular Carcinoma Patients Using 18F-Fluoroethyl-choline PET/CT. J/ Nuc/ Med 56 (11): 1661-1666; Nov. 2015

Andrzejewski P, Kuess P, Kniusl B, et al. Feasibility of dominant intraprostatic lesion boosting using advanced photon-,
proton- or brachytherapy. Radiother Oncol 117 (3): 500-514; Dec. 2015

18 publications

[10]

11

12

Hetzendérfer S. “Impact of Dermatan Sulfate on the Proliferative Activity of the Oral Epithelium in
Mice". Bachelor's thesis. Universitit Wien, Jan. 2015

Steiner E. “Intrafraction motion management for advanced radiotherapy techniques’. PhD thesis
Department of Radiation Oncology, Medical University of Vienna, Feb. 2015

Fuchs H. “Development and validation of helium-ion beam dose calculation’”
Radiation Oncology, Medical University of Vienna, Mar. 2015

PhD thesis. Department of

Schwarz K. “Radiation-induced TNFa expression (hanges in oral mucositis (mouse) —
Bachelor's thesis. alytik,

Impact of
le Wiener Neustadt, May 2015,

Gerned! V. “Induktion einer lokalen Hypoxie in der Mundschleimhaut durch fraktionierte Bestrahlung,
Modulation durch Dermatansulfat: Analyse von GLUT1/Pimonidazol”
Biotechnologie, Fachhochschule Campus Wien, June 2015

Bachelor's thesis. Molekulare

Korkut M. “Biologische Effekte einer Bestrahlung mit Ausgleichsfilter-freien Systemen auf humane

Tumorzellen". Bachelor's thesis. Molekulare Biotechnologie, Fachhochschule Campus Wien, June 2015,

Morava S. “Induktion einer lokalen Hypoxie in der Mundschleimhaut durch fraktionierte Bestrahlung und
deren Modulation durch Dermatansulfat: Analyse von HIF-1a"
Biotechnologie, Fachhochschule Campus Wien, June 2015

Bachelor's thesis. Molekulare

Wollner C. “Biologische Effekte einer Bestrahlung mit Ausgleichsfilter-freien Systemen”. Bachelor's

thesis. Molekulare Biotechnologie, Fachhochschule Campus Wien, June 2015.
Armold M. “Expression von NF-B p50 und IL-6 unter fraktionierter Bestrahlung in einem prakinischen
Modell der oralen Mukositis — Modulation durch Dermatansulfat”. Mast are
Biotechnologie, Applied Life Sciences, FH Campus Wien, Aug. 2015

ter's thesis. Molekul

Schaliner J. “Modifikation der Strahlenreaktion der Mundschleimhaut (Maus) durch Hemmung der
mittels nitro-L- Methyl-Ester (L-NAME)". PhD thesis.
Veterinirmedizinische Fakultt, Universitit Leipzig, Aug. 2015.

Nemecek S. “Monte Carlo versus pencil beam based dose calculation for scanned proton th
Assessment of optimal calculation and user interface parameters”
Radiation Oncology, Medical University of Vienna, Nov. 2015

erapy:
Master's thesis. Department of

Géra J. "Adaptive radiotherapy and treatment planning strategies for ion beam therapy”. PhD thesis

Department of Radiation Oncology, Medical University of Vienna, Dec. 2015

#y PhD Theses: 4
# MSc Theses: 2
# BSc Theses: 6

MedAustron
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Publications and Theses — 2016 (preliminary)

[1]  Hager M. "A Software Solution for the Dosimetric Verification of Treatment Plans with a
‘Three-Dimensional lonization Chamber Array”. Master's thesis. MedTech, Fachhochschule Wiene
Neustadt, 2016

6] Kenzsz H. "ARDOS Phantom: Research applications including further developments”. Master's thesis

dTech, Fachhochschule Wiener Neustadt, 2016

[1]  Buschmann M, Seppenwoolde Y, Wiezorek T, Weibert K, Georg D. Advanced optimization methods for whole pelvic and
local prostate external beam therapy. Phys Med 32 (3): 465-473; Mar. 2016

[3] Gnam L. “Monte Carlo based Dose Calculation for an X-lrradiator in pre-clinical Research. Master's

[2] Knéus! B, Fuchs H, Dieckmann K, Georg D. Can particle beam therapy be improved using helium ions? ~ A planning thesis. Department of Radiation Oncology, Medical University of Vienna, Jan. 2016
study focusing on pediatric patients. Acta Oncol 55 (6): 751-750; June 2016
[4]  Gober A. “Expression von YH2AX in HaCaT-Zellen im zeitlichen Verlauf nach Strahlenexposition —
(3]  Frings K, Gruber S, Kuess P, Kleiter M, Dérr W. Modulation of radiation-induced oral mucositis by thalidomide:

Abhiingigkeit von den Kulturbedingungen” . Bachelor's thesis. Biomedizinische Analytik, Fachhochschule
Wiener Neustadt, May 2016

Preclinical studies. Strahlenther Onkol 192 (8): 561-568; Aug. 2016.

[5]  Gruber S. “Epithelial cell signaling in radiation-induced oral mucositis s a basis for biological targeting —
preclinical studies”. PhD thesis. Department of Radiation Oncology, Medical University of Vienna, May

3 publications and 12 submitted Sone.
[

llledits S. “Strahleneffekte auf Fibroblasten: Veranderungen der 5-H2AX-Expression” . Bachelor's thesis.
Biomedizinische Analytik, Fachhochschule Wiener Neustadt, May 2016

[7] Komornik L. “Radiogene Veranderungen in der Expression von 1-H2AX in FaDu-Tumorzellen — Einfluss
der Kulturbedingungen”. Bachelor's thesis. Biomedizinische Analytik, Fachhochschule Wiener Neustadt,
May 2016

[8) Kowald LM. “Einfluss von der Expression von
Claudin-1 in der Mundschleimhaut (Maus)" wahs\m s thesis. Biomedizinische Analytik,
Fachhochschule Wiener Neustadt, May 2016

(9] Reumann V. “Strahleninduzierte Verinderungen der Expression von TGF-3 in normalen humanen
Fibroblasten”. Bachelor's thesis. Biomedizinische Analytik, Fachhochschule Wiener Neustadt, May 2016

[10] Rohorzka A. “Radiogene Modifikation der Occludin-Expression in der Mundschieimhaut (Maus) - Effekt

von Bachelor's thesis Analytik schule Wiener Neustadt
May 2016.
[11] Schuster B. * der Expression von H Indik in der Harnblase

(Maus)". Bachelor's thesis. Biomedizinische Analytik, Fachhochschule Wiener Neustadt, May 2016.

[12] Zeiler J. “Manifestation hypoxischer Bereiche in Tumor-Sphroiden in Abhangigkeit der Sphiroidgrabe”
achelor's thesis. Biomedizinische Analytik, Fachhochschule Wiener Neustadt, May 2016

# PhD Theses: 1
#1 MSc Theses: 3 (+5)
# BSc Theses: 8

MedAustron
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Status and Outlook

» acceptance tests of delivered beam parameters finished in
August/September 2016

» proton ranges: 30 mm to 380 mm < energy: 62.4 MeV to
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Status and Outlook

» acceptance tests of delivered beam parameters finished in
August/September 2016

» proton range: 30 mm to 380 mm < energy: 62.4 MeV to 252.7 MeV
» scanning system and beam size of 4 mm FWHM at isocentre in vacuum
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Status and Outlook

> acceptance tests of delivered beam parameters finished in
August/September 2016

» proton ranges: 30 mm to 380 mm < energy: 62.4 MeV to 252.7 MeV
» scanning system and beam size of 4 mm FWHM at isocentre in vacuum
» >10° protons per spill
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Status and Outlook

» acceptance tests of delivered beam parameters finished in
August/September 2016
» proton ranges: 30 mm to 380 mm < energy: 62.4 MeV to 252.7 MeV
» scanning system and beam size of 4 mm FWHM at isocentre in vacuum
» >10° protons per spill

v

non-clinical research programme started with beam time in October
> five shifts (5 x 8 hours) per month beam time with successive increase
in the upcoming years
» commissioning of dosimetric equipment and treatment planning system

v

beginning of clinical operation by the end of 2016

» commissioning of additional beam lines and beam parameters, such as
800 MeV protons and carbon ions

v

first carbon beams for non-clinical research in January 2018

additional ion beams (He, O) at the earliest in 2020 Med
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Thank you for your attention!
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