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Aspekte bei der Zielvolumendefinition
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ICRU 62 report
«GTV = Gross Tumour Volume
= Macroscopic tumour

*CTV = Clinical Target Volume

= Microscopic tumour

L
L]

WPTV= Planning target Volume

Advice: Always use the
. ICRU reports to specify and

record dose and volume
Baumert et al. |[JROBP 2006 Sep 1,66(1):187-94

Bildquellen:
ICRU 62 report 4
Baumert et al. 2006
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Aspekte bei der Zielvolumendefinition
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Ein Tumor hat viele Gesichter !!!

PET

Methionin




Aspekte bei der Zielvolumendefinition
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Ein Tumor hat viele Gesichter 11!
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Bildquellen:
Zeilinger et al. 2015
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Aspekte bei der Zielvolumendefinition
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Aspekte fir die Zielvolumendefinition

Morphologische und molekulare Information = komplementar

Image Delineation by the Radiomic feature Treatment
acquisition physician (GTV) extraction planning (RTV)
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Molecular imaging of specific tumor(patho)physiological processes

Mod. Hanahan und Weinberg, 2022
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Molecular imaging of specific tumor(patho)physiological processes

Mod. Hanahan und Weinberg, 2011
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Molecular imaging of specific tumor(patho)physiological processes

Mod. Hanahan und Weinberg, 2011
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Molecular imaging of specific tumor(patho)physiological processes
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repair

11

Mod. Hanahan und Weinberg, 2011



Molecular imaging with PET in radiotherapy
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Change of energy metabolism o

['8F]IFDG = glucose utilization

3@ Glycolytic and Giyccly‘tlt and
s —= ribosomat genes 2 ribosomal genes e

,/ \

Normal Cell : Cancer Cell

http://www.cell.com/abstract/S0092-8674(12)01351-7 12
https:/ /usa.healthcare.siemens.com



Molecular imaging with PET in radiotherapy
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[''C]Acetat = lipid homeostasis
Glucose = o
Py f.' - Acetate
\ 1 ‘ acetylated histones
Glucose WA g i
Lipids
\ A
Pyruvate / citrate
Y b
acetyl-CoA
/ v citrate \
Lactate X T@Am@}
N
Glutamate
13

(c) Copyright 2014 SNMMI;



Molecular imaging with PET in radiotherapy

Change of protein and amino acid metabolism

['8F]FET =» amino acid metabolism
["'C]Methionin =» amino acid metabolism
['8F]FABCB =» amino acid transport

Cell Proliferation

Fap " Protein Synthesis
H 4 RNA synthesis

; Methionine Transamination
Glycine .y

4
: } » THE 4
Serine r 1

Austrian Network for Higher Education

[L1C]MET

I Polyamine

dimethylglycin SAM T— 4 R
B6 o synthesis pathways
¥ B12 BHMT
Methylena-THF MetS ‘L}
betaine g P SAH Methylation of:

DNA/ RNA

Methyl-THF Histones
Phospholipids
B Catacholamines
Transulfuration { Cystathionine
(irreversible) ‘\|\
laa

[8F]FET

Proteins
Cysteine

14

https:/ /upload.wikimedia.org
http://inm.snmjournals.org /content /49 /5 /694




Molecular imaging with PET in radiotherapy
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Change of protein and amino acid metabolism e b e e
['8FJMTHF =>» folic acid metabolism
[111In]-DTPA-folate ['8FIMTHF

L R
e 3

Folate deficiency

risk of neoplastic
transformation

progression of progression of

\Lprogmion of
ACF to adenoma adenoma o cancer

cancer

Normal » ACF — Adenoma — (Cancer

Boss et al. 2011 1 5



Molecular imaging with PET in radiotherapy %
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DNA modifications and adoptions

['8F]FLT =>» DNA synthesis
['8F]PARPi =>» Poly ADP Ribose Polymerase PARP1

[**FIPARPi ['8F]PARPi

DSB ﬁv
— PARP1

Persistent stalled

dT,HU 2 Collapsed —_— HR
= o forks Mre11
DSB
S5B 18
PARP1 —— ["FIFLT

L i’ o

Fork jf \5,
progression Kugo

¥
HR o YRCC4

Beck et al. 2014 16
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Molecular imaging with PET in radiotherapy

FACHHOCHSCHULE
DNA modifications and adoptions e
['8F]FLT =>» DNA synthesis
['8F]PARPi =>» Poly ADP Ribose Polymerase PARP1
radiation necrosis tumor
DSB S A
Pereéztl:aan; ﬁ"mﬂ :Pmprv R { & / 2
forks Mre11 :

DSB
\ e ['*F]FET-

= PARPI —
S \, [8F]PARPI-
prograssion Kugo PET

HR . XRCC4
&, onees high T/B low T/B

®

Beck et al. 2014 1 7
Kossatz et al. 2018



Molecular imaging with PET in radiotherapy

Change of oxygen partial pressure and apoptosis

['8F]FMISO => hypoxia
['8F]FAZA => hypoxia
[8°Zr]ranibizumab =» neoangiogenesis DRSSk
['8F]Annexin V =>» Caspase 9
['8F]ML-10 =>» apoptosis
HIF-1

Expression

Blood vessel

http://pharma.bayer.com
http:/ /www.auntminnie.com

FMISO PET

FACHHOCHSCHULE
WIENER NEUSTADT
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Follow-up DWI

18
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Molecular imaging with PET in radiotherapy
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Change of oxygen partial pressure and apoptosis e
['8F]IFMISO => hypoxia

['8F]FAZA => hypoxia

[8°Zr]ranibizumab =» neoangiogenesis

['8F]Annexin V =>» Caspase 9

['8F]ML-10 =>» apoptosis

18F.FDG 89Zr-ranibizumab - 89Zr-ranibizumab

Zoom 3x

Neovascularization

Vasculogenic s ©®
mimicry

Baseline 1 wk sunitinib 1 wk sunitinib

19

Jung-Tung Liu et al. 2012
http:/ /www.auntminnie.com



Molecular imaging with PET in radiotherapy

Change of oxygen partial pressure and apoptosis

['8F]FMISO
['8F]JFAZA
[8°Zr]ranibizumab
['8F]Annexin V
['8F]ML-10

=» hypoxia
=> hypoxia
=» neoangiogenesis

=» Caspase 9
=>» apoptosis

Granzyme B

Caspase-8

Effector
Caspases

Death Receptor

Death domains

—

APOPTOSIS

Mitochondria

Cytochrome ¢

Caspase-9

DNA damaging

Caspase2

Ghatage DD et al. 2012
http:/ /www.auntminnie.com

Baseline

18F-ML-10 PET
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Fusion
Normalized

Activity
1.5

20



Biomarkerentwicklung und Imaging Methodenvalidierung

2
MOLECULAR
TARGETS

i

1
BIOCHEMICAL
PROCESS/PATHOLOGY

3
IMAGING
MODALITY

oF w
7 ¢
Phlied Scienf-"s«\

CLINICAL
IMAGING

9
IMAGING

6
MOLECULAR/CELL

BIOLOGY
(i vitro tests)

8
LARGE ANIMAL 7
MODELS SMALL ANIMAL
MODELS

Prescription
Function
Multimodal/Multiparametric Radiomics/Proteomics/Holomics Biological adaptive
Preclinical Imaging Machine learning / Al radiation therapy;
UMRI, uCT, uSPECT, UPET investigation of

radiobiological effects



Kompetenzzentrum fir Praklinische Bildgebung und Medizintechnik
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Technical integration and

establishment of the imaging

infrastructure In-vivo experiments
2017-2021 Starting January 2023

|
O

Development of robust acquisition and reconstruction

protocols for the different imaging modalities
2018-2023

*  Ex-vivo system validation

*  Performance analysis

* Irradiation workflow development
*  Small animal research set-up

FACHHOCHSCHULE
WIENER NEUSTADT
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Data analysis and image post-

processing

Starting Q3 2023

*  Method verification in-vitro/in-vivo/ex-vivo
*  Fine tuning of imaging protocols

¢ Treatment monitoring

Development of novel
imaging methods and

analysis tool
Starting 2023
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Imaging Labs der FHWN am Standort MedAustron
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Data post-processing lab
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Basement
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Beispiel — praklinische multimodale Bildgebung
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Klinisches CT versus mikroCT

36
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Current research activities
(Selection)




>

Beispiel — praklinische multimodale Bildgebung
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Kooperationsprojekt — periphere Nervenregeneration

41



>

Beispiel — praklinische multimodale Bildgebung

FACHHOCHSCHULE

Kooperationsprojekt — periphere Nervenregeneration

Nn. Ischiadicus et. peroneus comm.,, , M. peroneus longus,
M. peroneus brevis, Mm. peroneus digiti quarti et quinti, M. extensor hallucis longus

42
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Beispiel — praklinische multimodale Bildgebung
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Kooperationsprojekt — periphere Nervenregeneration




Beispiel — praklinische multimodale Bildgebung
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Kooperationsprojekt — periphere Nervenregeneration

Week

1

FACHHOCHSCHULE
Austrian Network for Higher Education

5to 8 Assessment

Induction of nerve injury

T4 4 1

PET
Axial scan length
Injected activity
Time p.i.
PET scan duration
Energy window
Timing window
Attenuation correction
Reconstruction algorithm

Resolution

> PET: functional analysis

CT: volumetry

T 1

127 mm

45 MBq

60 min

20 min
350-650 keV
3.438 ns

CT scan
OSEM3D/MAP

1.5 mm



Beispiel — praklinische multimodale Bildgebung
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Kooperationsprojekt — periphere Nervenregeneration
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Parameter Currentvalue % SE Conflow Confhigh Unit
Lumped Constant 0.89 — - - 11"
Plasma Gluc. 50 — - - mmolfl
vB 0.010178 757 000846 0.0119 11
K1 0.051644 333 0.04782 0.05547 mliccm/min
k2 0.186626 466 016724 0.20601 1/min
k3 0.002694 2191 0.00138 0.00401 1/min
k4 0.0 — — — 1/min
Flux 7.34949E-4 19.93 4 08596E-4 0.00106 millccm/min
| MRGIu. 0.397012 19.93 022072 05733 pmoliminf1f}ﬂg|
Vs NaN - — — milccm
vt NaN - — - ml/ccm
Parameter Currentvalue
DOF 10.0
SumSquared 0.870949
ChiSquare 0517325
AlC -1.493352
SC -3.381567
MSC 5.622161
R2 0.997958
Sy.x 0.295118
Runs testp 0.760237
AUC 60568.695138
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Beispiel — praklinische multimodale Bildgebung
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Kooperationsprojekt — periphere Nervenregeneration s Nesorfor ighr Ecaion

Standardized Uptake Value Glucose metabolic rate
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Beispiel — praklinische multimodale Bildgebung
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Kooperationsprojekt — periphere Nervenregeneration, 2
1.0 12 1.0 12
0.8 o 08 10
b= b=
5 s § =W
=0° 2 _ 08 2 = mRG
5 6 3 £ 6 3
© 04 = %04 2
o 4 O
o o
3 @ «a
o T T T T 0 0.0 T T -0
L P R,
& & RO & 8
3 4
1.0 12 1.0 1.0
08 0 08 08
- S = sw
086 e 06 06 2
_ = — < B MRGlu.
£ 6 3 £ El
e
Z 04 = 04 04
4 O o
o o
« «
02 2 0.2 02
0.0 T T T 0 0.0 T ITI T 0.0
>
I S
NG NG Qe Q@
5 6
1.0 12 1.0 12
0.8 10 08 10
s 3 s § 03 sw
=% g _oe 2 = MRGl.
£ 6 3 E 6 %
© 04 % © 04 S
4 4 9
& &
0.2 ﬂ 5 0.2 ’_‘ )
0 T T 0 0.0 T T T 'T‘ 0
> > > O
A S CAF SN

& ¢ & ng” & L & Qg}?’



Uk

Beispiel — praklinische multimodale Bildgebung
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“PRECISE — Development of 3D-printed surgical guides to standardize,
refine and reduce animal experiments in osseointegration research‘

Selection of implant Implantation Analysis of
osseointegration

Selection of disease » Q - 2N

a b A ¥

T ’ Wi

Wi

Diabetes Osteoporbsis [

(streptozotocin i.p.) (ovx) V! 4
N r \ s 7

48
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Beispiel — praklinische multimodale Bildgebung
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“PRECISE — Development of 3D-printed surgical guides to standardize,
refine and reduce animal experiments in osseointegration research‘

Rotational stability by anchoring Lock by using the cone
to the anterior ridge shape in upward motion

fio
#

.‘I I,."I .

Y {f

h Y i

\‘. /

cane shape |~ anterior tibial ridee ‘

49



Beispiel — praklinische multimodale Bildgebung

Spheriograph
Affinity Chromatography Biomedical Engineering
1) Bioscaffold allows complex tissue
- % generation with artificial
Consisting of = extracellular matrix
- Mobile Phase (Cell culture media)
- Stationary Phare (3D cell culture)
Scientific Question

Can we build a chromatographic
system with living cells?

FACHHOCHSCHULE
WIENER NEUSTADT

Austrian Network for Higher Education
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Beispiel — praklinische multimodale Bildgebung
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3 different groups of 3 spheriographs with 4 compartments each (silk incl. Colon Ca cells)
- Group A — Photons
- Group B — Protons
- Group C — Control Group

1 group a 3 spheriographs containing only silk

- Group E

51




Beispiel — praklinische multimodale Bildgebung
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Spheriograph

USPECT (y — Cube) System, Molecubes, Ghent

Generator

Nuclide

Tracer

Accumulation period
Acquisition duration
FOV

Reconstruction parameter

FACHHOCHSCHULE
WIENER NEUSTADT

Austrian Network for Higher Education

Curium, 2,15 GBq

[Tc99m]

Sestamibi (MIBI)

30 min
10 min

FOV 31 x196 mm
4,5 - 8nenn

Spatial 0.7 mm
MLEM, iterative, 500um und 250 pm resolution

Bore size 32 mm

52
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Beispiel — praklinische multimodale Bildgebung

FACHHOCHSCHULE
Spheriograph
Acquisition HR Scan (High resolution)
Reconstrucion iterative, 200um und 100 um
, * One x-ray source
‘ * Cone shaped X-ray beam
* Fixed geometry
* Focal spot size: 33um
* Tungsten anode
e  Filter: 0.8 mm Aluminium
filter

a ! e Detector material: Csl

53
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Beispiel — praklinische multimodale Bildgebung
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e s

Set up - Biology

*  Flushing with RPMI (Cell culture medium)

* Inducing activity: caudo — cranial

*  Flushing: cranio - caudal
* No sterile filter used
* Incubation chamber at37°C, without CO2

* Cell death with MTT Essay

54




Beispiel — praklinische multimodale Bildgebung
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* Photon irradiation group A
* Proton irradiation group B

* Same positioning for imaging

and irradiation

* Start with 2 Gy

* Usage of plates for adjusting

the height

55
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Beispiel — praklinische multimodale Bildgebung
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E1 - Silk only, without colon ca cells — 5,2 MBq

Al Pl _Tagl —irradiation with photons — 5,5 MBq

B1 Pl _Tagl —irradiation with protons — 5,4 MBq

56



Beispiel — praklinische multimodale Bildgebung

Graph Pad Prism

Day O — Pre irradiation % normalisation to compartment 1

Group A

Pre Irradiatio Post Spiilung_%_A_PS_

140
® GroupA PS
120
< 1004 o ¢ .
80
60 1 1 1 1 1
0 1 2 3 4 5

Compartments

[%]

m Group B_PS

Group B
Pre Irradiatio Post Spiilung_%_B_PS
250
200
150
100- m %
50
0 T T T T 1
0 1 2 3 4 5
Compartments

FACHHOCHSCHULE
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Group C

Pre Irradiatio Post Spiilung_%_C_PS

200+
A Group C_PS
180

160

[%]

140
120

100 A

80 T T T T 1
0 1 2 3 4 5

Compartments
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Beispiel — praklinische multimodale Bildgebung
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Day 1 — Post irradiation % normalisation to compartment 1
Group A Group B Group C
Post Irradiatio Tag1_%_A Post Irradiatio Tag1_%_B Post Irradiatio Tag1_%_C
110 130 150
e Group A_PI_1 = Group B_PI_1 A GroupC_PI_3
120
1004 o
110 } B } {
%07 < 1004 = =
= 50-
80 E 90 }
80-
70 1 1 1 1 1 0 1 1 1 1 1
0 1 2 3 4 5 70 , | | | | 0 1 2 3 4 5
Compartments 0 1 2 3 4 5 Compartments
Compartments
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Day 2 — Post irradiation % normalisation to compartment 1
Group A Group B Group C
o Post Irradiatio Tag2_%_B _r
Post Irradiatio Tag2_%_A Post Irradiatio Tag2_%_C
110+
1957 o GroupA_PI_2 " GroupB_PI2 120 A Group C_PI_2
1004 o 1004 = 110
|
95 —_ — 1004 a4,
9 3 X 904 S
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Compartments Compartments
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Day 3 — Post irradiation % normalisation to compartment 1
Group A Group B Group C
Post Irradiatio Tag3_%_A Post Irradiatio Tag3_%_B Post Irradiatio Tag3_%_C
105- - 105-
o GowAP3 % = GowBP3 | A Group C_PI_3
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Whole-Brain mouse irradiation to study normal tissue complications (NTC) P —
.t ks ssssssssss
PiLOT stedy: o weeks wo weeks |
! | 4. UMRI
* 15 female Balb/c mice, 6-8 Wochen 1. Arrival 2. UCT + treatment planning |

*  Evaluation of potential pain with MGS @ .
a

. ' N’
DLX
scoring gﬂ
= \ ,
= 5. Euthanisation +
. I, 3. (Sham)Irradiation histology

| | ,ﬁ

(5mg/L) 48h until one week

*  Pain management with Carprofen:

s.c. (10mg/kg BW) via tip water

*  Evaluation of normal tissue complications
after brain irradiation with photons and
protons

*  Validation of the methodological and

technical set-up
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FACHHOCHSCHULE
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Whole-Brain mouse irradiation to study normal tissue complications (NTC) st Neoworfor Hihr Ecucation

Main study:

102 Balb/c mice, 8-12 Wochen

Pain management with Carprofen:
s.c. (10mg/kg BW) via tip water
(5mg/L)

Evaluation of normal tissue
complications after brain irradiation
with photons and protons and carbon
ions

Validation of the methodological and

technical set-up

Kontrollgruppe A

Versuchsgruppe B

Versuchsgruppe C

Versuchsgruppe D

Study design

Vor Bestrahlung Bestrahlung Nach Bestrahlung
Eingewiihnungsphase| Bildgebung e #Tiere (n) Bildgebung Histologie
Placebo i n=24 || —» >
qPCR
UMRT 06} UMRT
Photonen » | n=24 _ » e~ H&E
14-tagige nCT uCT
Immuno-
UPET MPET histology
== Protonen —» n=24 [|l—p — >
USPECT HSPECT Western
blot
- Kohlenstoff |—»| [ n=24 | |— —t»
N=96
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BioSpec 152/II

FACHHOCHSCHULE
WIENER NEUSTADT

Austrian Network for Higher Education
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FACHHOCHSCHULE
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FWF PAIR project — Preclinical lon Beam Research st Newwor o HigherEcication

Project 1 posimetricaspects of 4 imaging time points over the
course of 4-5 weeks

image guided pre-clinical ion beam

Project 5 Differential cellular minimum 10 days

research responses to radiation B S —— = .
i g 3 T data evaluation
1 acclimatization period U= SR—
fiducial marker 5?
placement

| proton |irradiation
(& W ¢ 3 -

L 2 uCT/uPET or i uCT + treatment

(@) R, vetmedun:

Project 2 Multiparametric
MRI in pre-clinical research -
medical physics aspects

@_’g\»

Ssaiaiies US screening planning imaging sessions

®

¢ b
l, t biomedical analysis

12 irradiated + ) i
12 ctrl mice repeat imaging at 4-6 @-- 3-5days 4@ b
(@l KPQ) day intervals until tumor
detection
Project 3 multiparametric MRI Project 4 Biological effects of L ,
and radiomics approaches for in-vivo article beam therapy on pancreatic
2r 3 RYIonp 4-5 months

particle beam response assessment cancer
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PDAC:

>90% of all pancreatic carcinomas
Late diagnosis

Aggressive tumor growth

high risk of metastatic spreading
Dire prognosis

Increasing incidence world-wide

Heterogenic tissue composition,

hypoxic

Limited therapy options due to high

toxicity

FACHHOCHSCHULE

WIENER NEUSTAD

Pd r‘ricle The rq py: Austrian Network for Higher Education

* Promising therapeutic option
* high radio-biological effect
* Better tumor control = survival rate
A
* Better sparing of normal/healthy tissue

* Precise dose deposition

* Better utilization of therapeutic dose

2

(12as (e230j0iq uliapiSU0D) 350D AL ERY
& = N WA @ N ® B

2 4 6 8 10 12 14
Depth from the body surface (cm)
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FACHHOCHSCHULE
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Education

* Establishing a robust in vivo tumor model for PDAC:
— Heterotopic allograft model

— Orthotopic transgenic model

* Worklfow testing and optimization:
— Irradiation (reproducable positioning, fiducial
marker placement, imaging-guided irradiation, etc.)
— Imaging (sequence and protocol optimization,
respiratory gating, immobilization/positioning bed,

etc.)

Lateral

Caudal

Navarro, M., Ruberte, J., Carretero, A., Nacher, V., & Dominguez, E. (2017). Digestive tract.
Morphological Mouse Phenotyping: Anatomy, Histology and Imaging, 89—-146.
https://doi.org/10.1016/B978-0-12-812972-2.50005-2
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FACHHOCHSCHULE
WIENER NEUSTADT

Austrian Network for Higher Education

® 20 C57BL/6) mice 4-6 weeks, Janvier Labs
* 36 KPC mice 4-6 weeks, Shanghai Model Organisms

* Max. 20Gy proton irradiation for both tumor models

* Imaging prior to IR = YUPET/UCT and/or US
* Imaging during IR = CBCT
* Imaging after IR = UPET/UMRI, JCT or US

® Health assessment score sheet daily and when needed; therafter twice a week
* Weighing mice daily
* Caliper measurement in flank model daily

* Orthotopic tumors measured in size (@ imaging time points
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Austrian Network for Higher Education

imaging

10 days

acclimatization period ‘

adoption

8 CS?BL/GJ mice S TCEE TR CE R TR CL R EAPCRPOLEE g :_'
(imaging only) interval = 2 weeks interval = 2 weeks
minimum 5 days of minimum 5 days of

recovery time recovery time

maximum 4-5 months

ONLY IMAGING AND WORKFLOW



Beispiel — praklinische multimodale Bildgebung

//

Irradiation group

FACHHOCHSCHULE
WIENER NEUSTADT

Austrian Network for Higher Education

10 days

1 acclimatization period |
3 pCT/pPET or US +

treatment planning]

-‘“:%.

K @& e
"‘\, A

I, 2 inoculation |

- b irradiated +6 ctrl mice

2-4Mdays

4 proton irradiation

maximum 5 imaging sessions
at minimum 2-5 day intervals

5 imaging sessions

&

data evaluation

biomedical analysis

(C57BL/6)) : ; 2-5 days T
- inoculated with KPC cells in grows until 5-7mm in
both flanks diameter
| | ]
~2 months
Outcome:

tumor progression, morphological, functional, molecular and immunobiological information
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FACHHOCHSCHULE
WIENER NEUSTADT

Austrian Network for Higher Education

maximum 5 imaging sessions

minimum 10 days at minimum 2-5 day intervals

5 days data evaluation

3|
fiducial marker |
placement 5 imaging sessions

1 acclimatization period

l@%-?__cg,

2 uCT/pPET or
US screening ‘

- 12 KPC mice " repeatimaging at 4-6 day _
- imaging and workflow only intervals until tumor detection T biomedical analysis
4-5 months

Outcome:
positioning verification, fiducial markers, optimizing imaging sequences and protocols to minimize
duration of anesthesia, tumor detection and progression, immunibiological effects
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Irradiation group

4 imaging time points over the

minimum 10 days course of 4-5 weeks

p—>5 jays
3 |
fiducial markpr

placement

o ®
Q& -E-Qg,@

1 acclimatization period

| 2 pCT/pPET or pCT + treatment o ;
us scrleemng | planning ‘ |mag||ng sessions
12 irradiated ' I '
12 gtrra!\ r:ﬁci ’ repeat imaging at 4-6 ®— 2-4days — T
(all KPC) day intervals t{ntil tumor
detection
4-5 months
Outcome:

FACHHOCHSCHULE
WIENER NEUSTADT

Austrian Network for Higher Education

data evaluation

biomedical analysis

therapeutic response of tumor, angiogenesis/vascularization, metabolism, immuno-response
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Competence Center for Preclinical Imaging and Biomedical Engineering

University of Applied Sciences Wiener Neustadt &
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,Science should be
one of the great
unifying forces in a
world of diversity.”

Peter Ratcliff

Competence Center for Preclinical Imaging and Biomedical Engineering

. : , : : 73
University of Applied Sciences Wiener Neustadt



