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Radiolanthanides hold a special place in Nuclear Medicine and in 
PRISMAP
▪ Our web interface :

https://www.prismap.eu/radionuclides/portfolio/
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Lu-177 DOTATATE success story – Also key to PRISMAP approval during COVID-19
6 lanthanides already included in PRISMAP (La, Sm, Tb, Er, Tm, Yb)
While Tb-161 is clearly leading the number of projects,
other radiolanthanides may well find their way to the clinical research stage
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Industrial stakeholders interest A dedicated work –package

PRISMAP

MEDICIS

https://www.prismap.eu/radionuclides/portfolio/


Historical radiolanthanides and isotope mass separation
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ISOLDE, MEDICIS,
Arronax+MEDICIS

ILL+MEDICIS

CERN-MEDICIS

High Molar Activity Sm-153 : SCK CEN + MEDICIS
Tm-167 : PSI + MEDICIS

Total body scan of a rabit
with Tm-167-citrate

G. Beyer et al,
https://doi.org/10.1016/
0020-708X(78)90105-9.

G. Beyer et al,
Hyperfine Interactions 129 (2000) 529–553
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Sm-142 EDTMP

Most of the radiolanthanides produced with
the isotope mass separation technique

were investigated for preclinical 
and imaging proof-of-concept studies



▪ Underlying principle for CERN-MEDICIS : irradiation, transfer and mass separation for source collection

Characteristics of the irradiation facilities in PRISMAP
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I[pps] ~ F[pps] s[barn] N[g/cm2] production rate

1010pps     100µA (6.1014) 1mbarn 1g/cm2 for Atarget=30g/mol

Accelerator Research reactorIsotope mass separation

I[pps] ~ F[pps] s[barn] N[g/cm2] e [%]
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Equation to express radionuclide production and mass separation yields

Target density
[g cm-3]

Cross section
[cm2]

Target
Atomic Mass

[g]

Diffusion+
Effusion

Efficiency

Ionization
Efficiency

Avogadro
Numb.

RIB intensity
[s-1 A-1]

Proton beam
Intensity
[s-1  A-1]

High (specific) Molar activity
And purity

225Ra     52%*

Ionization efficiencies
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Isotope mass separation in MEDICIS Laboratory

Standard ISOLDE target unit with 
surface ion source

Ions
Radioisotopes

Principle of isotope production, release and acceleration

H. Ravn and W. Brian
"On-line mass separators.

" Treatise on heavy ion science. 
Springer US, 1989. 363-439.
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Surface Ion Sources

+

Hot tube

e-0

Saha-Langmuir Equation

Meghnad Saha, 1920

Material work function F
Isotope 1st Ion. Pot. : Wi

For Alkalis,
g0=2 (2S1/2, degeneracy 2), g+=1 

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

http://en.wikipedia.org/wiki/File:SahaInBerlin.jpg


There are differences…

Eventhough we claim radiolanthanides have similar properties
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ISOLDE seminar, CERN, Switzerland, June 9, 2016

Ieff (Lr) on IP*-Ieff curve

Ta surface
2700 K

S-L eq.

I
eff

(Lr) = 33±4%

IP1*(Lr)=5.29 eV

IP1*(Lr)=5.29 eV

IP1* = IP1 -kT ln (Qi
 
/Qo)

IP1(Lr) = 4.96±0.08 eV

Theoretical:  4.963(15) eV

The first successful measurement of IP1 
in the heaviest elements region (Z >  100)!!

based on [Rn]5f147s27p
1/2

 

ISOLDE seminar, CERN, Switzerland, June 9, 2016

T. K. Sat o et  al . 

Nat ure 520 (Apr.9) (2015) 209- 211.

Extreme chemistry

“ Exper iment s on rare lawrencium 

at oms il luminat e a relat ivist ic 

region of  t he per iodic t able”



High Molar Activity Sm-153 clinical dose achieved by mass separation
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Not shown : > 1 GBq High Molar Activity Sm-153 achieved in 2023
And 6.8% collection efficiency (EOB)
T. Stora et al. 2024 J. Phys.: Conf. Ser. 2687 082039.

FAPI-46 vs Isotope T1/2
RN Target cross –section (barn)

Lu-177 (c.a) Lu-176 2090, but Lu-177m (T1/2=160d)
Lu-177 (n.c.a) Yb-176 2.85
Tb-161 (n.c.a) Gd-160 1.4
Sm-153 (n.c.a) Sm-152    206

FAPI

Sm-153

Lu-177

One of the 4 KPI’s for MEDICIS…
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Règles pour utilisation des radioisotopes dans un médicament : cas en Suisse

Fabrication du radionucléide : 

Les réactions nucléaires employées…la demi-vie, le type et l’énergie
du rayonnement ainsi que les effets perturbateurs engendrés par les
impuretés.

Nucléides obtenus par bombardement de cibles : matériau cible et 
enveloppe de la cible : 
- composition, forme chimique, pureté chimique, état physique et 
additifs chimiques éventuels, susceptibles d’influer sur le produit 
- méthode d’irradiation, environnement physique et chimique 
(support de la cible) 
- rendement

Traitement du radionucléide : 
- description détaillée de l’isolation (séparation de la cible) et de 
l’enrichissement du radionucléide souhaité ; rendement. 

Propriétés physiques du radionucléide : 
Il faut indiquer en détail la demi-vie, le type et l’énergie du 
rayonnement ainsi que l’évolution dans le temps à compter de la 
fabrication du radionucléide et jusqu’à la date d’expiration du 
médicament ainsi que les aspects importants pour l’élimination. 

Contrôle du produit fini : 
- identité des nucléides
- pureté des nucléides
- pureté radiochimique
- pureté chimique
- activité spécifique

Nucléides produits par fission : 
Il convient d’indiquer l’ensemble de la chaîne de nucléides, de la 
matière première initiale (impuretés comprises) jusqu’aux nucléides 
filles stables correspondants, y compris la demi-vie, le type et l’énergie 
du rayonnement. Les effets perturbateurs provoqués par les impuretés 
ou la matière première doivent être discutés. 



Separation from a cyclotron target (Er2O3) irradiated at PSI 

What about other radiolanthanides : Tm-167
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R. Heinke et al, Front. In Medicine,
https://doi.org/10.3389/fmed.2021.712374 



Also ongoing in PRISMAP – the Terbium quadruplet
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Thank you !

Happy MEDICIS Team*

Happy biomedical Researchers*

Happy PRISMAP Team*

Need isotopes ?
call 5 is open ! 

Frontiers in Medicine : Advances in Radioactive Ion Beams for Nuclear Medicine
(J. Prior, C. Decristoforo, T. Stora eds) ISBN 978-2-83250-522-9

https://prismap.eu, https://medicis.cern/publications-articles, https://zenodo.org
(search for PRISMAP)

Acknowledgement* :
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PRISMAP + MEETING IN NANTES
https://indico.cern.ch/event/1438450/

https://prismap.eu/
https://medicis.cern/publications-articles
https://zenodo.org/


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

WWW.PRISMAP.EU @MEDRADIONUCLIDE PRISMAP PROJECT 

WWW.PRISMAP.EU (CALL 5 OPEN !)

PRISMAP+ 19 SEPT :  HTTPS://INDICO.CERN.CH/EVENT/1438450/
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