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Hot topics in Nuclear Medicine

A Imaging: molecular imaging
I Scintigraphy
I Positron emission tomography (PET): oncology,
cardiology, neurology

A Per-op detection: sentinel nodes, radioguided
surgery

A Brachytherapy
A Targeted Radionuclide Therapy
A Dosimetry
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Needs for radionuclides

A Potential user's expectations

I A questionnaire was sent to 134 Nuclear Medicine centers in
Europe

I Experts were consulted

i Barbet J, Chatal JF, Gauch® F, Mar
nuclear oncology need tomorrow? Eur J Nucl Med Mol Imaging.
2006, 33:627-30.

A Radionuclides that may be produced by a cyclotron

I Several criteria: emitting positrons, betas or alphas, stable target
radionuclide, stable daughters, half-life, minimum cross-section

I Haddad F, Ferrer L, Guertin A, Carlier T, Michel N, Barbet J, Chatal
JF. ARRONAX, a high-energy and high-intensity cyclotron for
nuclear medicine. Eur J Nucl Med Mol Imaging. 2008, 35:1377-87.

A ARRONAX Scientific Committee confirmed the choices
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Molecular imaging in Nuclear Medicine

A PET

I PET is superior to standard scintigraphy
Need to expand clinical indications
Need for better logistics

Thus need for positron emitters with longer half-life than fluorine-18
and generators

A ARRONAX
I Strontium-82/rubidium-82 generators for cardiac imaging

I Germanium-68/gallium-68 generators for peptide and other small
molecules labelling (oncology, cardiology)

I Scandium-44 for 3-photon imaging

I Possibly other radionuclides if need is confirmed
(copper-64, iodine-124, iron-52)
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Therapy in Nuclear Medicine

A Targeted radionuclide therapy

I Low energy beta emitters with unique physical, chemical and
biological properties
I Alpha emitters
I Beta/ positron emitter pairs for pre-therapeutic dosimetry
A ARRONAX
I Copper-67 (with copper-64)
I Scandium-47 (with scandium-44)
I Astate-211
I lodine-124 ?
I Zirconium-89 ?
I Lutetium-177 ?
I Actinium-225 ?
A Brachytherapy: Holmium-166 (through neutron activation)

O ARRONAX |




How should ARRONAX look like ?
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Main characteristics of ARRONAX

A For copper-67, strontium-8 2 é
I Protons (H)
I High energy: 30-70 MeV
i High intensity: 2 x 350 OA
A For astatine-211
I Alpha beam (68 MeV must be degraded to 28 MeV)
A Dedicated to the production of radionuclides for nuclear
medicine research
A Large facility for radionuclide production

I 6 reaction vaults, 4 for radionuclide production, one for neutron
activation, one for radiolysis and radiobiology (alpha beam)

I Hot cells, laboratories and equipement for GMP production and in
Situ research
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Why in Nantes ?

Recognized competence in radioimmunotherapy: the research
teamset-upby Jean-Fr an- oi s Chat al

Recognized competence in physics at Subatech

Medicine-physics-chemistry synergy demonstrated by
collaborative works on alpha-immunotherapy since 1998

At the centre of the "Tumour targeting" network of the
Canc®rop?tl e Grand Ouest

International cooperation within European networks and
collaborative projects (COST "Targeted Radionuclide Therapy",
TARCC) and several teams in the USA (Brookhaven, Los
Alamos, DoE)
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Beta et alpha-immunotherapy
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Targeting Alpha-Radionuclides
to Combat Cancer: 2008 - 2010

WP1: Radionuckide chemisiry © WP?2: Veciors desizn

= Pmodice of alpha-emithng radiomeclides -

«  Optimized and standardized radiclabeling protocols ;‘a‘fgm‘g molecules expressed

= Studies onlonger halftlife radiomclides: in sita ] ’
gererators, including encapsulation in nano- !
colloidal vectos

= Improving the quality of alpha-radicemchde
radicphannacenticals

= Tamorcells
= Tamorextracellular
Tat

= Tumorendotheliam

I I = Development of acourate dosime try
methad

= Tomaty and efficacy forweast

= Ophruzation of tamonr models for targeting alpha-enuter vectors

= Targetng of differert vector within the same tamouar model £ L
*  Prtargeting strategy using affinity enhancement system (AE3 ) “ Radichiology

technology
»  Therapeutic efficacy: &ystenue or local gection

= Deterninatonof EEE and
tolerance dose
= Effectof dose rate and hypooga

WPFP3: Animal Models for Preclinical alpha-rad ionuclides therap v

. WP4: Dosimetrv and Radichioobev

7t Framework Program
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Program schedule

X Initial project writing: June - November 2001

X Government (CIADT) decision: December 18, 2003

X Approbation by the Regional Counsel: July 9, 2004

X Choice of the cyclotron manufacturer: October 2005 (IBA)
X Choice of the construction company: December 2005 (Eiffage)
X Final project and detailed plans: January i August 2006
X Public enquiry: August 2006

X Cyclotron manufacturing: July 2006 - March 2008

X Building: October 2006 i December 2007

X  Establishment of ARRONAX GIP: December 13, 2007

X Cyclotron delivery: March 12, 2008

A Cyclotron installation: March-August 2008

A First beam: September 2008

A First productions: April 2009
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In Nantes
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ARRONAX iIs iIn Nantes !
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Beam lines: under construction

ALY ARRONAX



Beyond Nuclear Medicine research ?

A A vertical pulsed alpha (and proton) beam:
I for nuclear physics (radiolysis, nuclear wastes, detectors)
I for radiobiology

A A tool for training:

I Universit® de Nantes (European mas

I £Ecol e des Mines de Nantes
A A structuration center for research:

I Canc®roptl e Grand Ouest

I Nuclear Medicine in Europe (COST, TARCC) and beyond

I Radiochemistry, radiobiology
A An economic development tool

I Industrial productions for radiopharmacy

I Start-up companies connected with nuclear medicine
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Project selection:
the International Scientific Committee

in Fontevraud Abbey in 2007
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