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Knowledge transfer — X-rays
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CERN’s Mission o)
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4th pillar of technology - collaboration @




Birth of medical physics )

» 1896: natural radioactivity

Henri Becquerel

1903 Noble prize

> 1898: radium and
polonium

(“brachytherapy”)
Pierre and Marie Curie
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Do NOT try this at home! ‘2

First radiobiologgy experiment



Cancer —a growing challenge %)

More than 3 million new cancer cases in Europe each year and 1.75 million
associated deaths

Increase by 2030: 75% in developed countries and 90% in developing countries
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Treatment options )\

[ Surgery } \ Radiotherapy [ Chemotherapy (+ others) }

X-ray, IMRT, Brachytherapy, E'gﬁ?ﬁggj&mmuno‘rherapy:

. Genetic treatments; Novel
\ Hadmmhempy¢ specific targets (genetics..)




: Detection

First step




The film challenge




Antimatter — scié iction? @




PET: how it works )

* Drug is labeled with
positron
(B+) emitting radionuclide.

* Drug localizes in patient
according to metabolic
properties of that drug.

* Trace (pico-molar)
guantities of drug are
sufficient.

e Radiation dose fairly small
(<1 rem =0.01 Sv).




PET: detection )

Neutron-deficient
radioisotope
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PET — How it works



PET Scan =)

Coincidence
Processing Unit

Brain Metabolism in Alzheimer’s
Disease: PET Scan
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Similar challenges

New materials

Compact

low noise electronics

Algorithms
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Multimodal imaging )

FGURE 1. CT, PET, and PET/CT of lung cancar with adranal metastases.

Proposed by David Townsend
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ClearPEM )

Extremely sensitive
to small tumour
masses
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Towards digital imaging -

it

Analog Image Digital Image
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Accelerators for cancer treatment 2




Use of accelerators today o)

General industrial use: Ion implantation,
Sterilisation, imaging surface modifications:
1500 Controlled semiconductor

6000 doping; Changing pm
of surfaces

Research accelerators:
Particles, synchrotron light
used In blomedical, physics, 1200
chemistry, biology, material

research

4500 200 '
Cancer treatment; imaging

Copyright © Nobel Media AB 2013

~ 9000 of the 17000 accelerators operating in the World today are used for medicine.
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Conventional radiotherapy '~

CERN

least expensive cancer treatment method

most effective

no substitute for RT in the near future
rate of patients treated with RT is increasing

30% of patients cancer comes
back in the same location after
RT



2 Geneva Unlversity Hospital
hitp://www.casimage.com




2 opposite photon beams o)

D Geneva Unlversity Hospital
http://www.casimage.com




CERN

m@m Alternative — Hadron Therapy

* 1946: Robert Wilson
Protons can be used clinically
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Why hadron therapy o)

Photons

JB Carbon .

Protons

Depth in the body (mm)

Tumours near critical organs
Tumours in children
Radio-resistant tumours
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Carbon ions: pilot project in Europe 0)l

GSI & Heidelberg
— 450 patients treated
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 |In-beam PET @ GSI
(Germany)
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e MonteCarlo simulations
* Organ motion
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HIT - Heidelberg
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Siemens Medical
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CNAO - Italy (Pavia o)\




ISOLDE D)l

Isotopes for detection & treatment

Beam lines

In collaboration with
University Hospital Geneva

HRS separator
(90, 60 deg)

HRS Target station


http://www.myl-france.com/index-4.html
http://smslo.hit-logo-klingelton.com/3-015/de_de/1/54925/drapeaux-suisse.html
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The Grid

Data and Resources
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Second Opinion
* Cancer Screening
* Education and Training
 Reference Database / Repository

From: David MANSET, CEO MAAT France, www.maat-g.com

39


http://www.maat-g.com
http://www.maat-g.com
http://www.maat-g.com

Simulation




-150

-100

-50

PET/CT Meas.

.”‘\\




1932 - first
cyclotron
developed by
Ernest Lawrence
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1946 - proton therapy proposed by
Wilson, exploiting the properties of
the Bragg peak
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1954 - Berkeley treats the first
patient and begins extensive
studies with various ions



1993 - patients treated at
first hospital-based facility at
Loma Linda

...to clinics

1994 - first facility dedicated to
carbon ions operational at HIMAC
Japan
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1997 - First patient
treated with carbon
ions at 6SI




European NoVel Imaging Systems

for ION therapy




Collisions and collaborations

e e —
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