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FACILITY OVERVIEW

Clinical Irradiation Rooms
Three rooms for patient
treatments

Research
Irradiation room for non-
clinical use

Ion Sources
and linear accelerator

Synchrotron
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INTERNATIONALITY

{\

TEAM CLINIC COOPERATIONS
~300 employees from Patients from all over With institutes,
20 different countries Austria and abroad companies,
professional societies
worldwide
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COMPANY HISTORY TO FIRST PATIENT

Reorientation:

MedAustron - ]
therapy and research Company foundation CE certification
MedAustron EBG EIA process 1di & 1% patient
feasibility and B_UI_ ing
design studies finished
MedAustrond
2005 2007 - 2012 2011 2013 _
1989 - 1994 1996 - 2000 2014 - 2016
2016
1998 - 2004
1995 2007 2012
ﬁ A m
Signing basic Start
AUSTRON feasibility agreement on Ground accelerator Start
StUdy ﬂMS realisation breaking installation research
(research facility - Rep. of Austria - . program
neutron spallation) Federal State of Lower Cooperations
Austria - city of CERN & CNAO: -
Wiener Neustadt design, tendering,
manufacturing of accelerator

Proton-Ion Medical

Machine Study components

Commissioning,
preparation
certification
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MILESTONES SINCE FIRST PATIENT

Additional
Start of Additional optﬁ:)ena:t?ae:l:on .
patient treatment ions for vertical Additional
treatments & option: vertical beamline treatment
research with beamline option: carbon
protons ions for 2nd
treatment
room

2017 2019 2022

2018 2020 2023
Start of
patient o
treatments & Additional treatment
research with : option: proton
carbon ions He =~ _ gantry & start of
treatments & helium
2nd treatment commissioning

room
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RADIOTHERAPY IN GENERAL

°* The aim is to prevent further proliferation
of the tumor cells

Organ at risk:
brain stem

* This requires a high radiation dose in the

tumor cells
Organ at risk:
* Organs at risk tolerate only a low radiation optic nerve
dose
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THE PRINCIPLE OF PARTICLE THERAPY

180 - X-rays (15 MV)
= = = Protons (pristine peak 200 MeV)
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TREATMENT PLANNING - COMPARISON

PHOTONS PROTONS DOSE DIFFERENTIAL

IMRT, VMAT, SBRT IMPT Photons minus Protons

Several fields, entry and Fewer fields, reduced entry
exit dose dose, no exit dose
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PARTICLE TYPES AT MEDAUSTRON Update in the

upcoming

presentation
by C. Lenauer

1 6

H C

Hydrogen Carbon
1,008 12,011

2
He
Helium
4,003

PROTONS CARBON IONS HELIUM IONS

Possible future canditate
- currently subject of
research

Sparing of organs at risk and healthy tissue

Higher dose in the tumor /
application in
radioresistant tumors
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INDICATIONS TREATED AT MEDAUSTRON

CNS 25%
Head & Neck 20%

Re-Irradiation 16%
Pediatrics 16%

Sarcoma 12%

_ Skull Base 5%
2024: 3%

525 Prostate

Gastrointestinal (upper) 2%
Thorax 1%

Patients

11,800 Gastrointestinal (lower) <1%
Single Fractions Urogenital Tumors <1%
Breast/Mamma-Ca <1%

l l Gynecological Tumors <1%

Values (rounded) as of April 2024

MedAustrond
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INITIAL AUTHORITY APPROVAL FOR THE FACILITY
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AUTHORITY APPROVAL FOR AN ADDITIONAL
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EXTENSION OF APPROVED ION SPECIES

Annual Eq. Dose

y (cm) IR3 -- thick target -- primary: C12 Rate [msv/a]
1

- 6,63E-2 mSv/a 6,57E-2 mSv/a
+2,4% +-2,8%

[23] [O]

Room with heavy concrete
| concrete . 3. * Excess neutrons
e 2 x ® ¥ %2, x § 1.0
= ) * T o 00
a —~ ¥
\.&)_ x ¥ ® 1.0
8-u>) 2 e 20
S u] . : Detektor
08_, ) & far
=TS PR e .o
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MEASURMENTS AND SIMULATIONS IN IR DURING PATIENT

TREATMENT

LB 123 UMo Probe LB 1321
FHA40 (2) FH40 (1)
WENDI (2) WENDI (1)
base unit LB 1320

Reasonable agreement

btw measurements

and simulations

-> Method might be

valid to assess
OROR BRGSO G Tt e e s s pe rsonal dose
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ACTIVATION OF WATER

(Ba/g) After protons
Nuclide Activity o MDA
Be-7 0.07 0.01 0.0066
C-11%* 2.42 0.31 0.0138
N-13* 8.14 1.04 0.0465
10 Activity 1
— Cl11
—— N13
84 — Be7
B \
2 \\xx 2
T~
— |
0 r - . - e — 0
[4] 10 20 30 40 50 [=1i]
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Time after last irradiation [min]

6E+10

4E+10
2E+10 I I
11 11

time

# of particles
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After carbon

Activity © MDA

0.04 0.03 0.0099
1.75 0.22 0.0102
4.27 0.55 0.0248
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OPTIMIZATIONS FOR SINUS IRRADIATION

L~jounge’
0.5 mm Titan oder plastic
= 1 mm plastic
) ] ] ] Energy dose in
Dose Equivalent in beam direction beam direction

z (cm)

Ivicuau/waoul
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COMMISSIONING OF THE PROTON BEAM MODEL IN FLUKA

Differences in range (R80) between Spot size at isocenter - Measurements versus
measurements and FLUKA TPS baseline and FLUKA
for proton beams of different energies 2,30 Measurement
(current beam model) S 1o in X
0,06 r— , Measurement
£ 1,9 inY
— (3]
0,04 (YY) = —e—TPS model
g s 1,70 X=Y IR2 HBL
— 1 o I
Q 0,02 eo00® o S 1,50 TPS model
v L X=Y IR2 VBL
S XY ) eoe & 1,30
5 0 ® Without Range Shifter g 10 +IE TR°3dﬁ'BL
Y
& 0 50 100 150 200 250 300 \yith Range Shifter 81,
© [ —&— TPS model
o -0.02 2 0,90 X=Y IR4
()] 0 Gantry
c 0,70 —#—Fluka X
& 0,04
0,50 —8—Fluka Y
006 50 100 150 200 250
Nominal energy [MeV] Nominal energy [MeV]
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EVALUATION OF PROFILES IN AIR - 5X5 SPOTS PLAN

iTs

; ‘=l e, ey P,
Rt b R ﬂ B 3
.-u_w.. i e S ':L - =
r L et LA LA e P E b -q'u = L
AirGap
i) 40 30 =1 —2n —30 =
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EVALUATION OF PROFILES IN AIR - 5X5 SPOTS PLAN

Beam profiles, en.252.7, 3 depths

For ISD58, ISD30 and

; ISDO (at isocenter)
2 R FWHMs in agreement
sty — (inside 0.6 mm
3 vt — difference from
i measurements)
YL A S ==
m | e =
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APPLICATION OF BEAM MODEL IN A TREATMENT PLAN

Without beam model With beam model

Planned: (5 ././Voxel2024/Couch0/Patient/B2phys| ¥|1 RTDOSE | ¥| Norm: [1.0 v v ¥ Barmzi1 0 hd
|1 WatDOSE1| w| Norm: =rtplan_weight2*1.0 ¥/

$700.13001.1 v

xe ] fl

Axial Coronal Sagittal

Calculated: -5 Results/Beam2_98.bnn | |1 DOSEWate| w] Norm: [=rtpian_weightz ]

RTSTRUCT: 1.2.752.243.1.1.20231120104049683.5700.13001.1 |w!

& import

B ROl
External
PTVL

RingPTVL

External [1]

External [1] & PTV1 [2]

PTV1 [2] 0 g —— RingPTV1 [3]

RingPTV1 [3] 2 s = dashes:planned
,,,,,, dashes:planned > —— solid:calculated

solid:calculated

und Forschungsstand

der Karl Landsteiner Privatuniversitat fiir Gesu

8.0
0.000 . LI 8x |
Min: [_1_| Max: | L8 Ax: I N Width: [_|_[" Preset: |
Window Center: | = width: |_|_[ Preset: |¥| =04 &
84 L
i Slice: | J LIPS

heitswissenschaften

Akkreditie
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MedAustron&

Ionentheraple.'entrum



APPLICATION O MENT PLAN

Without beam model With beam model

% Add Planned: (-5 ./TPS/B4.bnn | ¥/ 1 RTDOSE _ | w| Norm: [1.0 v hd|
3 Remove m Calculated: (5 Plan2B2_NoBM_99.bnn || 1PhDOSE | w| Norm: [=rtplan_weight2/Gy [¥] hd
% import | A3l Coronal Sagittal | prerpucr 12.752,243.1.1.20240418134902994.1500.11244.1 |v. x|

temal
V1

|pT
|RingPTV1

|oARL
|oaR2

Dose Volume Histogram

Dose Volume Histogram
01
100 1
80 1
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@
° E
=2
g2 40
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O0ARL1 [5] OAR1 [5]
20 OAR2 [6] 204 0AR2 [6]
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0 0.2 0.4 0.6 0.8 X 0 O:Z 0.4 0.‘6 O:B 1
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a2 52
| Slice J |
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FLUKA SIMULATION OF BEAM SCATTERING IN THE NOZZLE

MAD-X/PTC particle tracking in the accelerator beam line — recorded particle coordinates.
Output of MAD-X/PTC at the vacuum window — FLUKA input via the SOURCE sub-routine.

© MedAustron

Beam delivery monitors consist of thin metal and plastic foils with gaps filled by gasses.

Detailed nozzle model was built using Flair to simulate the beam scattering using FLUKA.

MULSOPT card included — MCS optimization & single scattering activated.

Below — FLUKA simulation of the 136.8 MeV proton beam passing through the nozzle.

Distance from the vacuum window [cm]

isocenter = 11.7 mm

beam ! Nozz/e
‘ o nrk_ce_r1fe e Hls W2l b atecp 2 | | arece_s| : arp_ce_a geomel‘ry
1 model (Fiajr)
_M|_‘ .
14 . : longitud. | FWHM FWHM
e FWHM horl_zontal : ) location | position |horizontal| vertical
_ e FWHM vertical : . 9 (cm) (mm) (mm)
£ 12 FLUKA simulation % Vacuum
= nol window 0.0 4.94 5.11
E N
g 10 :
T [} : BDS2 27 5.11 5.21
T ] :
N L H
‘n 8 (]
£ s ! : BDS1 40 5.36 5.44
g ® ¢ : Isocpnter —
6 - o :
e o8 o o ° ¢ : < Isocenter | 124.5 | 11.69 | 11.79
0 20 40 60 80 100 1%0 140
Measure at the
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COLLIMATOR DESIGN USING FLUKA p

o§\ — s L E'm o
FLUKA was used to design a protective collimator in the gantry irradiation room. %
N h

The collimator shall protect the patients in case of a failure of the last dipole magnet -> 5 O
IEC 60601-2-64 clause 201.10.2.101.4.6. — non primary radiation under fault condiditon : CCD
FLUKA simulations were used to determine the collimator parameters (dimensions, | %
material, ...). - : 9
Secondary particles generated by the beam which accidentally hits the collimator, are Collimator o
also evaluated. 4,5 cm -
. . : : tungsten <
Below are presented FLUKA simulations of the 252.7 MeV proton beam impacting on %
the collimator. Effective dose rate Fluence of the secondary N
0 [ 10? 10 pa rticles —— Neutrons f_—‘l'
o 10° —— Photons Q
25 E —— Protons (secondary) (L)
g 102 =~
) 50 107 o g 101 %
E s St <
N o 2 1 g
100 00 T 8 10 S
‘F_i, 1072 O
125 5 9
© 10 <
-1 —

15900 -75 50 -25 0 25 50 75 100 O 0755167 167 102 107 18° 10! 107 102

cor ourond
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MOTIVATION

* Experimental

To verify dose calculation in clinical treatment planning system ( )

O standardized geometry and material
O Limited to errors in planned/delivered dose
O

BIf UBYIA @ UYdSaY '4 Sealpuy JO AS214n0)D

24 PinPoint ICs fixed to the PTW 3D detector block holder

in a PTW MP3-P water phantom MedAustrond
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IDEAL 6 GEANT4

e DosE cAlculation system for

Wrapper for GATE-RTion v1.0/Geant4.10.3.p3 BRSSP

O GATE-RTion: well validated release of GATE for
clinical usage, release cycle ~ 5 years

Designed for
- automatic workflow

Integration of IDEAL into
O Collaboration with IBA Dosimetry

First step
O Absorbed dose validation

Next step
O RBE weighted dose validation

Grevillot et al. 2021

eI UBYIA X YOSy '4 sealpuy Jo AS214n0D
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