Production of medical radionuclides at ILL
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How can one treat such patients?
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The principle of targeted therap




Multidisciplinary collaboration
to fight cancer

Target
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Receptor Radionuclide
Immunology Coordination Nuclear physics
Structural biology chemistry and

radiochemistry

Nuclear medicine and medical physics



\ 177Lu-radioligand therapy
Q/( / of advanced prostate cancer

C. Kratochwil et al., Eur J Nucl Med Mol Imaging 2015;42:987.
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The ILL Reactor

5.10%8 neutrons/s
generated at 57 MW




——

The highest neutron flux in Western Europe
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Indirect production of no-carrier-added '//Lu

Yield of n.c.a. 177Lu (7 d after EOI)
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High neutron flux is a very strong competitive advantage !
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! The diameter of the white circles is proportional to
ﬁ the thermal neutron flux in the irradiation positions.
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The “gold standard”
for radionuclide
therapy 2019:

1611 scientific users coming to ILL for experiments
> 4000 patients supplied with *//Lu from ILL
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Collaboration with Isotope Technologies Munich

2009: first 178Yb irradiations for ITM who were developing n.c.a. 17Lu
2016: ITM receives marketing authorization for EndolucinBeta (n.c.a. 17Lu)
Since: production ramp-up to follow exponential rise in demand

Today: itm is daily delivering 7Lu world-wide

n.c.a. ’7Lu from itm is the main ingredient of pluvicto® (Novartis)

& Itm endolucin
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beta

| Extoucingeta 40 GBqmL P
Uatum (77Lu) chiorido 4




New automated irradiation system for V4
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A great model: the US DOE Isotope Program

University of Washington
Cyclotron

Supplier of research isotopes
(e.g., At-211)

INL Reactor (ATR)

Co-60 Stereotactic radiosurgery,
industrial NDA

PNNL

Sr-90  Y-90 generator for cancer therapy
Ra-223 Targeted cancer therapy
Np-237 Research

LANL (IPF)

Ac-225 Targeted cancer therapy
Ge-68 Ga-68 generator for tumor imaging
Sr-82 Rb-82 generator for cardiac imaging
As-73 Environmental tracer
Si-32  Oceanographic research
Am-241 Oil and gas exploration
Na-22 Sodium tracer and positron source

ANL (LEAF)
Cu-67 Targeted cancer therapy

BNL (BLIP)

Ac-225 Targeted cancer therapy

Sr-82 Rb-82 generator for cardiac imaging
Cu-67 Targeted cancer therapy

University of Missouri (MURR)

Supplier of research isotopes
(e.g., Se-75, Lu-177)

SRNL (NNSA Tritium Facility)
He-3 Neutron detection
Fuel source for fusion reactors
Lung testing

National Labs + Universities

(e.g., Mg-28, Si-32, Ca-47)

Development of isotope harvesting

Y-12 (NNSA Facility)

Li-6 Neutron detection
Li-7 Radiation dosimeters

ORNL

HFIR:

Ac-227 Cancer therapy
Se-75 Industrial NDA
Cf-252 Industrial applications
W-188 Cancer therapy

Radioisotopes Inventory:

Stable Isotopes Inventory:

Stable Isotope Production
E.g., Ru-96, Yb-176

Ac-225 Targeted cancer therapy
Ra-223 Targeted cancer therapy

E.g., Ca-48, Ga-69, Rb-87, CI-37

Reactors + Accelerators + Radiochemical Labs + Mass Separators



PRISMAP: towards a European Isotope Center

Narodowe Centrum RIS Sc 43 Sc 44g Sc 44m Sc 47 Cu 64 Cu 67 Ge 69
Badan Jadrowych POLATOM
European Spallation
Source ERIC
DTU Danmarks Tekniske EVES) Ac 225 Ge T
Universitet BORATC
GSI Helmholtzzentrum fiir
Schwerionenforschung GmbH /
P ——— Rn/At 211 Sr 89
entre hospitalier
I universitaire vaudois
m Studiece'ljtrum voor Kernenergie / \m m
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Grand Accélérateur
National d'lons Lourds /
Groupement interet
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European organization
for nuclear research HEpicis
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TUM Klinikum rechts der Isar der
Technischen Universitat Miinchen

E Yb 175 Tm 167 Er169 | \Tm/Er 165 Er 165 Dy/Ho 166 | | Tb 161 Th 185 Tb 152

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 101008571 (PRISMAP).




STARTING MATERIAL
(NATURAL, ENRICHED)

Target
preparation

W
MEDICIS
HEVESY LAB.

BR2 RHF
ARRONAX

NCBJ

PSI

N -

Workflow in the PRISMAP project

PRODUCTION OF
RADIONUCLIDES OF INTEREST

Neutron irradiation,

e.g. high-flux reactors
RHF PSI
NCBJ BR2

Proton irradiation,
accelerator

ARRONAX
PSI

IRRADIATED

TARGET

HEVESY LAB.
MEDICIS NCBJ

Alpha irradiation,
accelerator

ARRONAX

SEPARATION, PURIFICATION,
(LABELLING) AND QUALITY CONTROL

Physical Labelling
separation HEVESY LAB. AGORA
MEDICIS NURA POLATOM

NUKLEARMEDIZIN (TUM)

Chemical Characterisation
separation & quality control
ARRONAX PSI MEDICIS
HEVESY LAB. NURA NCBJ

NCBJ PS| HEVESY LAB.
JRC KARLSRUHE JRC KARLSRUHE
NURA ARRONAX

v v

DELIVERY { APPLICATION <
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Use in the
user lab
. 7
Use at PRISMAP
medical facilities
HEVESY LAB.
NURA AGORA
NUKLEARMEDIZIN (TUM)
POLATOM

T0 PROMOTE CROSS-BORDER ACCESS,
ONLY TRANSNATIONAL ACCESS IS GRANTED.

DELIVERY OF RADIOISOTOPES EXCLUDES
PACKAGING AND SHIPPING COSTS.

TRAVEL, SUBSISTENCE, AND LOCAL ACCOMMODATION
COSTS ARE NOT COVERED UNDER PRISMAP.

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 101008571 (PRISMAP).



Spallation ™+ Mas_s Separation |
Generators (*?°Ac, ?1°Bi) e§)

Radiochemical separation




