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What is a Cancer?

Evading
apoptosis

Sustained
angiogenesis

Hanahan, Weinberg, Cell, 2000
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Source: http://www.macmillan.org.uk

Metastasized cells

A dividing lung cancer cell.
Credit: US National Institutes of Health
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Mortality Cumulative risk
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Europe: Both sexes
Estimated number of cancer cases, all ages (total: 3420,021)

Breast: 458 718
(13.4%)

Other: 1,093,080
(32.0%)
Colorectum: 447 136

(13.1%)

Melanoma of skin: 100 442
(2.9%)

Pancreas: 103 845

(3.0%)

Kidney: 115252

(3.4%)

Stomach: 139 667

(4.1%)

Bladder: 151 297

(4.4%)

Lung: 410,220
(12.0%)

Prostate: 400 364
(11.7%)

GLOBOCAN 2012 (IARC) -13.2.2018
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Europe: Both sexes
Estimated number of cancer deaths, all ages (total. 1756,231)

Lung: 353 848

(20.1%)

Other; 583 620
(33.2%)

Colorectum: 214 866
(12.2%)
Bladder: 52 411

(3.0%) :
Leukazmia: 53,806 (E;vresi:; 133
. (3.1%) Stomach: 107 360
Liver. 62,191 (6.1%)
. (3.5%) Pancreas: 104 554
Prostate: 92,328 (6.0%)

(5.3%)

GLOBOCAN 2012 (IARC) - 13.2.2018
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How do we defeat it?

Surgery Radiotherapy Chemotherapy




Proportion of patients diagnosed in England in 2013-14 receiving chemotherapy, for
all cancers combined and by cancer site Proportion of pati diagi d in England in 2013-14 receiving tumour resection,

for selected cancers combined and by cancer site

Proportion of tumours (and 95% confidence
interval)
Proportion of tumours (and 95% confidence
interval)
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The Story so far

© We know what a cancer is

© 1in 3 in this room, will develop one in their lifetime

© We have means to fight it

© We can select the best way according to individual situation
O If possible you get surgery

Next:

What are the options for Radiotherapy?
What are the differences?
How can we do it?

Zectizietey
a5,
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The Options of Radiotherapy

Electron
A »

Hadron
.

Radiotherapy

v

Credit (top-bottom) Sinclair, 1905; Varian; HIT;



X-ray of Kolliker‘s hand,
made by Rontgen (1896)
Source: wikipedia

Long history in medicine,
diagnostic and treatment.
Easiest to produce

A child undergoing an x-ray at
University Children's Hospital, Vienna, 1921
Credit: Wellcome Library, London

X-ray photo tube
Credit: Oak Ridge Associated Universities, 1999



Photon - getting to higher energy

Co-60
1 uCi. 527 yrg
Radioactiye Materia

USNRC ang State License
Pt Quantity

60 Co 60m 10.467m .
¥ 0.05853 MeV y 5+
27 Co 57722
2.505 4+
2.158 2+
1.1732 MeV y
1.332 2+
. 1.3325 MeV y
8% Ni 0+

e

The first cobalt machine in Italy, 1953
Source: wikipedia




Photon - getting it more flexible
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Electron

G. Isaacs, the first retinoblastoma patient
treated with an electron beam (1957)
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How do we get e to few MeV?

o 1 >

1.2 MV Cockcroft-Walton accelerator at the
Clarendon Laboratory, Oxford(1948)
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Radio frequency accelerating cavities

Electric Field  Positive Surface Charge
Magnetic Field Negative Surface Charge

7

Phase Surface Current

Cutaway accelerating waveguide of a 6 MV linac.
Source: Podgorsak, IAEA

Source: M. Liepe, Cornell U. 2008
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The Story so far

© We have option to fight cancers.

O Often surgery is the best option

© Radiotherapy can be a powerful tool

© Photon and electron have a long history of success

© We know how to produce and control high quality radiation

Next:

Can we do even better?
What about hadrons?
Can we use the same technology?

Zectizietey
a5,

mdc



Hadron - Proton

final dose
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Image credit: INFN/Assimetrie
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Hadron - Heavy Ions
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C: Low radiobiological effect
C: High radiobiological effect
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Not discussed hadron: Pion, neutron, He, (antiproton), ...
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Accelerate even further?

Option A

%L{Mh %LL @iMhMl. @h _

Option B




Cyclotron

dees
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ion source

The first cyclotron,
Lawrence Berkeley National
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© 2014 Encyclopaedia Britannica, Inc.
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Synchrotron

Bﬁ to keep constant path

Same path, with more energy

Shorter revolution time

RF freq ﬁto keep accelerating

w 4%

Fondazione CNAO, Pavia ltaly




Passive beam delivery
ﬂ* Scatterer

 Fine degrader

Ridge Filter

L
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Active beam delivery
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The Story so far

© We have option to fight cancers, surgery often best

O Radiotherapy long history, but constantly improving

© We can create photon, electron and hadron based therapy

© We know how to accelerate and precisely deliver charged particles
© We have options tailored for energy and particle type

Next:

From now on focus on hadron therapy.
How available is this technology?
Is it everywhere?
When do we start talking about MedAustron??

Zectizietey
a5,
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Particle Therapy Centers Worldwide: 68

(in operation by August 2017)

20 | 1
27 Europe ’ Africa 21

" Asia

North America

© MedAustron « Data: PTCOG, August 2017

MedAustron® A De Franco ISOTDAQ, 15" Feb 2018, Vienna
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Particle Therapy
Centers in Europe: 2%

(in operation by August 2017)

® Protons
e Protons &
Carbon lons

© MedAustron « Data: PTCOG, August 2017

MedAustron® A pe Franco ISOTDAQ, 15t Feb 2018, Vienna BE
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Carbon lon Centers Worldwide: 11
(in operation by August 2017)

HIT Heidelberg  Europe 7
MIT Marburg 7 .
CNAO Pavia Asia
MedAustron i

© MedAustron « Data: PTCOG, August 2017

MedAustron® A De Franco ISOTDAQ, 15t Feb 2018, Vienna
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MedAustron: The Facilit
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Irradiation Rooms

Treatment / Clinical Research:
4 Proton Gantry
3 Horizontal fixed beam
2 Horizontal and vertical fixed beam

Non-clinical Research:
1 Horizontal fixed beam
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Proton: 60 — 250 MeV (NCR: 800)
I Carbon: 120 — 400MeV/u




The History

Signature of
Base agreement
State-Province NO-

New focus: Town WN
MedAustron
1989 — 1994 1999 — 2004 2007
1995 2005
Proto Project
,AUSTRON*: N
Neutronspallation Grant Agreement from =
Lower Austria
Research Facility .
Design Study, Founding GmbH,

Agreement for realisation

Cooperation with
CERN and CNAO

Positive ETA-
verdict,
construction of

building

Start Treatment

2013 — 2016
2010 — 2012 2016
Construction,
Commissioning,

certification of Therapy
Accelerator and medical
devices
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The Future MedAustron!

MedAustron roadmap 2017 - 2019

IR1 800 MeV

And many development in between...

N
MedAustron I 32
lon Therapy Center



The Investment

10% ‘_\ 30%

Medical 10% Building
Other

Infrastructure

Yy

Total
200 MIO. €

@

10%

Development &
CE-Certification

409%0

Accelerator
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MAGNETS

285 Magnets

30 different types

700 Tons of steel
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PROTON GANTRY

Weight: 220 t

Curvature diameter: 7.5 m

[ e

= - Precision: <0.1°

Isocenter: < 0.3 mm
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Pick up in the ring

A device sensitive to the beam center position




Pick up in the ring - DAQ
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FEC (IV lovel) Crate

EQUIPMENT ROOM

ACTIVE PATCH PANEL
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ACTIVE PATCH PANEL
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GPS/NTP

Provides pulse per second,
10 MHz reference

GPS date and timestamp

OCXO
Multiplies 10 MHz to 100 MHz
for PXle reference frequency

Main Timing Generator
PXle crate & CPU, MRF EVG,
application software

Optical Fanout
Broadcast of timing event and
Command stream to FECs

MACHINE ROOM
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