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The early days

Marie Sklodowska-Curie
1867-1934 Courtesy prof O. Ratib
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Radioisotopes & Nuclear Medicine
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Classification of isotopes for Medicine:

1. Established isotopes > Industrial suppliers
99mTe 18F 123,125,131 111j 90y If
!
2. Emerging isotopes > Small innovative suppliers

68Ga’ 82Rb’ 89Zr’ , 188Re

Research labs
ONd’ 149, 152, 155, 161Tb’ 166H0’ 195mpt’ 211At, 212,

3. R&D isotopes
44’47SC, 64'67CU, 134C

, 223Ra, yoes
Courtesy U. Koester

(aea

Atomns for Peace
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Physics & Chemistry Nobel Prizes

New treatments in nuclear medicine : a large interest in Europe

¢
» 7 AAA bought by Novartis for

Figure 31 : Main medical radioisotopes production process

European Commission
ENER/17/NUCL/SI2.755660

(2018)
Helene Langevin-Joliot at MEDICIS, Accelerator Labs Worldwide
professor in nuclear physics, (eg PSI, TRIUMF )

grand-daughter of Marie Curie (2017)
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3.8 BiS in 2017 (*’’Lu-based drug)

Figure 8: Possible market evolution for radiotherapeutics — source MedRayslIntell (2016)

Economics, Innovators

Finally Monsieur et Madame tout le monde



Example of theranostics concept in pre-clinical research

= PET 152-Terbium radionuclide in antibody-based targeted moleculer therapy

Diagnostics THERAPY

Cicone et al. EINMMI Research (2019) 9:53 /
https://doi.org/10.1186/5s13550-019-0524-7

Matched therapeutic Tb

C. Miiller et al.,
Journal of nuclear medicine 53.12 (2012):

: 1951. 5
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World map of radioisotope ion beam facilities*

In-flight

Fragmentation

Facilities (in red) (
ISOL@Myrrha

Isotope Separation
OnLine Facilities
) RISP/Raon ISOL (in black)

RAON is expected to
start this year
SPES is expected to start
ISOL@Myrrha project

( ) has started constructiom

SPES

*As shown during FPRIB, Saha inst., Kolkata, India
(Apr 2012)
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The main ingredients :An accelerator for isotope production + mass purification

e I .

Thin Target Technique (In-Flight)

~

Thick target Method (ISOL)
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Thierry Stora — CERN — IAEA - AccConf’22 — May 2022 7



Radioisotope Beam Production at ISOLDE

I[pps] - (I)[pps] Olbarn] N[g/cmZ] e [%]
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Fnalyzing Intensity
Magnet Proton 1.4 GeV : :
Purity (quality)
Reliability
Isotope Separation
OnLine (ISOL)
1:0E+06: I DI.I:fUSIOn AHads =145 + 15 kJd/mol

8,0E+05 -

ions /s

Physical Chemistry

6,0E+05 -
4,0E+05 - -
20E+05 1 :\:\
0,0E+00 s B— Eur. Phys. Lett. 98, 32001 (2012)

6 2 4 6 &8 10 12 14 16 18 20 Highlighted in Europhysics news
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Principles of radioactive beam production

Primary he Plasma
(MeVl/ @O g N

Extracted

~nA for Surfgce

~uA for FEBJAD
~m or H
gt oven (Vranster line | lom souree | Etraction
1 1 |
Leaks I —I Leaks I L Leaks I JNeutraIsl I
Release loss Condensatio Condensatio Sidebands
Decay loss Decay loss Decay loss  Multiply chargdd

lon sources: compact, simple and withstand 1 MGy
lonize trace radioelements in larger impurities loads

Used to measure lon. Pot. Lr (Z=103)
at “1 atom at a time” rate
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Principle of isotope production, release and acceleration

@ Radioisotopes

Standard ISOLDE target unit with

O lons .
surface ion source
%
(-]
Q
(<]
(<]
© H. Ravn and W. Brian
o "On-line mass separators.
" Treatise on heavy ion science.
Isotope purification in MEDICIS Laboratory Springer US, 1989. 363-439.
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Surface lon Sources

Hot tube

%
Material work function ® ] - tu IR
Isotope 1%t lon. Pot. : Wi | 1 (

Saha-Langmuir Equation

For Alkalis,
g0=2 (251/2, degeneracy 2), g+=1

Some additional correction factors such as applied electrical potential or
surface coverage

Meghnad Saha, 1920
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http://en.wikipedia.org/wiki/File:SahaInBerlin.jpg

Clever use of Surface lon Sources

Ta surface
2700 K

/

S-L eq.

IP1*(Lr)=5.29 eV

T. K. Sato et al., J. Am. Chem. Soc. 2018, 140, 44, 14609-146132018

Ideas to measure lonization potential on element Z=104 have started
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2015
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The PRISMAP Consortium

The CERN accelerator complex
Complexe des accélérateurs du CERN

CMS

LHC ' NAorth Neutrino |
1 Area o
: :
ALICE TT20 :_____________f_____________: LHCb
T
SPS _,. ™
T2 AWAKE
AN
HiRadMat
MEDICIS
AD  ELENA ISOLDE —
BOOSTER 1992
< REX/HIE
G O7 >
TT10 RIBs fememeeoeeoeeaan, :
At & p i [EastArea !
n_TOF - e ) : } I
PS : i
AN < S —
LINAC 4
> LEIR CLEAR
LIE,’:S ? 2005 (78 m) ©
) H™ (hydrogen anions) ) p (protons) ) ions ) RIBs (Radioactive lon Beams) ) n (neutrons) ) p (antiprotons) P e (electrons) P p (muons)
P P

LHC - Large Hadron Collider // SPS - Super Proton Synchrotron // PS - Proton Synchrotron // AD - Antiproton Decelerator // CLEAR - CERN Linear
Electron Accelerator for Research // AWAKE - Advanced WAKefield Experiment // ISOLDE - Isotope Separator OnLine // REX/HIE - Radioactive
EXperiment/High Intensity and Energy ISOLDE // MEDICIS // LEIR - Low Energy lon Ring // LINAC - LINear ACcelerator //
n_TOF - Neutrons Time Of Flight // HiRadMat - High-Radiation to Materials / Neutrino Platform
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Equation to express production and mass separation yields

RIB intensity Proton beam Diffusi.on+
[s* pA7] Intensity Avogadro Effusion
s A] Numb. Efficiency

A% € s v Bion

___________________________ farget
Cross section Atomic Mass lonization
[cm?] [g cm?] [g] Efficiency

X X

Low specific activity X High specific activity
Impurities And purity
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From CERN- MEDICIS to the lab/Hospital
15t results from MEDICIS operation in 2018

15t Production of 20MBg of non carrier added ®°Er
(pure B~ emitter)

1000+ isotopes of 70+ chemical elements
MEDO11 : R. Formento Cavaier et al, “Very high specific activity Er-169

production at MEDICIS from external ILL target”, 168/1%Er, O,

MELISSA (L lon S tarted in 2019
(Laser lon Source) started in http://cds.cern.ch/record/2632033
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How to supply “novel” radionuclides with mass separation

= PRISMAP proposes to federate a consortium of high energy cyclotrons, research

reactors, and isotope mass separation facilities in Europe.
Accelerator Isotope mass separation Research reactor

Figure 31 : Main medical radioisotopes production process

lipps) ~ Fops) Starm) Nigiema) production rate lipps1 ~ Frops) Sivarni Nigiemz) € [%] dﬁ= nvo ., N, European Commission
10"pps  100pA (6.10™) 1mbarn 1g/cm? for Aarge=30g/mol dt ENER/17/N UCL/S|2-755660
(2018)
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Day-1 radionuclides from PRISMAP

Half-life determination of >°Tb from mass-separated samples produced at

CERN-MEDICIS

S. M. Collins et al, in preparation

(Some more information at www.prismap.eu)
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specification sheet for Er-169
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Other examples of isotope supply

Thierry Stora — CERN — IAEA - AccConf’22 — May 2022

18



From low to high specific activity radiobioconjugates

23RaCl,
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177 u-DOTATATE

153Sm-EDTMP
(low specific activity)

5

5Na’

Production of Sm-153 with

high specific activity for

targeted radionuclide therapy

M. van Voorde et al.,
European Journal Of Nuclear
Medicine And Molecular
Imaging; 2021; Vol. 48; pp.
S410

153Sm-DOTATATE or other ?

N7 N
0P/ 5745 N PO2

o:p—0C O—po2

v
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https://limo.libis.be/primo-explore/fulldisplay?docid=LIRIAS3666667&context=L&vid=Lirias&lang=en_US&tab=default_tab

Expected scope of projects to be received in the consortium

* Biomedicine at large

* Protocols, technology (imaging, pharma targets, whole body PET)
* Radionuclide grade (non carrier added, isotope decay chain)

* Innovative isotopes for imaging and treatment in theranostics

Field of Radiation Chemical elements
Appllcatlon

Alkaline earth

SPECT v Halogen. Hours
Lanthanide Days
TAT o Transition metals Months
Beta therapy B
Auger therapy e

* Studies on cells, animals « preclinical », possibly pilot clinical phases
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Where are the needs ? Example of Targeted Alpha Therapy

VIENNA INTERNATIONAL CENTER - ROOM M2-
9-10 OCTOBER 2018
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Earth alkali in nuclear medicine

F. Reissig, K. Kopka and C. Mamat Nuclear Medicine and Biology 98 (2021) 59-68
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MED-028 :

Study of the 128Ba/128Cs in vivo generator in a
preclinical model of osteosarcoma

D. Viertl et al, CHUV

https://medicis.cern/approved-projects

https://www.frontiersin.org/research-topics/16233/
(advances in radioactive ion beams for nuclear medicine)

https://www.prismap.eu/radionuclides/user-forum/
https://www.prismap.eu/news/events-feed/2022-public-event/
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https://medicis.cern/approved-projects

15t June

Thank You !!!

Question ?!*

Do you need some new isotopes ?

*1667 The first human blood transfusion is administered
Jean-Baptiste Denys, physician to King Louis XIV of France,
transfused sheep blood into a 15-year-old boy. He survived!
*1844 Charles Goodyear patents vulcanization

*1954 The Union of European Football Associations is founded
*1977 Spain holds the first free elections since 1936

*1991 Mount Pinatubo explodes

*most violent eruption of the 20th century

*2022 : PRISMAP Public Event (hybrid)
15t projects received
in the European Medical Radionuclide programme

https://www.prismap.eu/news/events-
feed/2022-public-event/

https://www.prismap.eu/radionuclides/user-forum/
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