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Background
Novel radionuclides for nuclear medicine can improve diagnostics of a broad spectrum 
of diseases. Moreover, achievements in theranostic (therapy + diagnostic) can lead to a 
precise and quick way from diagnosis to treatment. Theranostics is a treatment using 
diagnostic imaging to identify if target receptors are present on cancer cells, followed by 
precision radiation treatment that targets these receptors. In the last years, nuclear med-
icine has shown its potential in personalized medicine and targeted therapy approaches. 
Implementation of positron emission tomography (PET) into clinical routine and estab-
lishing novel targeted therapies in oncology have made nuclear medicine more accessi-
ble to patients (Neels et al. 2019).

Abstract 

Background:  In order to support the ongoing research across Europe to facilitate 
access to novel radionuclides, the PRISMAP consortium (European medical radionu-
clides programme) was established to offer the broadest catalog of non-conventional 
radionuclides for medical and translational research. The aim of this article is to intro-
duce readers with current status of novel radionuclides in Europe.

Main body:  A consortium questionnaire was disseminated through the PRISMAP 
consortium and user community, professional associations and preclinical/clinical 
end users in Europe and the current status of clinical end-users in nuclear medicine 
were identified. A total of 40 preclinical/clinical users institutions took part in the sur-
vey. Clinical end users currently use the following radionuclides in their studies: 177Lu, 
68 Ga, 111In, 90Y, other alpha emitters, 225Ac, 64Cu and Terbium isotopes. Radionuclides 
that would be of interest for users within the next 2–5 years are 64Cu, Terbium radionu-
clide “family” and alpha emitters, such as 225Ac.

Conclusions:  Thanks to a questionnaire distributed by the PRISMAP consortium, 
the current status and needs of clinical end-users in nuclear medicine were identified.
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Radionuclides that are used in radiopharmaceuticals have different applications: for 
diagnostic, therapeutic and disease monitoring purposes in nuclear medicine practice, 
as well as research tools (European Medicines Agency 2023). Out of the more than 3000 
different radioisotopes that scientists have synthesized in the laboratory, only a handful 
are regularly used for medical procedures, mostly for imaging, though the interest in 
targeted radionuclide therapy has been growing in the last few years. One of the main 
limits to the development of novel radio-medicinal products is the access to radionu-
clides during the development and early biomedical research phases. In order to support 
the ongoing research across Europe to facilitate access to novel radionuclides, the PRIS-
MAP consortium (European medical radionuclides programme) was established to offer 
the broadest catalog of non-conventional radionuclides for medical and translational 
research. One of the aims of the European medical radionuclides program is to enable 
this development phase by providing access to novel radioisotopes of high purity grade 
for medical research (PRISMAP 2021a, b).

The most frequently used PET radionuclides are the pure positron-emitters 18F and 
11C, which can be produced at medical cyclotrons (Gabriela and Jacek 2012). Also, 68 Ga 
and 111In are used widely for positron emission tomography (PET) and single photon 
emission computed tomography (SPECT), respectively. 177Lu and 225Ac are used for β−- 
and α-radionuclide therapy, respectively (Müller et al. 2018).

PRISMAP “Production of high purity isotopes by mass separation” is the European 
medical isotope programme that federates a consortium of key European facilities such 
as intense neutron sources, isotope mass separation facilities and high-power accelera-
tors and cyclotrons, with leading biomedical research institutes and hospitals active 
in the translation of the emerging radionuclides into medical diagnosis and treat-
ment. PRISMAP creates a single-entry point for a fragmented user community distrib-
uted amongst universities, research centers, industry and hospitals, in a similar way as 
how the National Isotope Development Centre NIDC, supported by the Department 
of Energy (DOE), has provided radionuclide sources for users in the United States of 
America (USA).

PRISMAP brings together a consortium of 23 beneficiaries from 13 countries, one 
European research laboratory and an international organisation. It further receives sup-
port from leading associations and institutions in the field such as the European Asso-
ciation of Nuclear Medicine (EANM) and the International Atomic Energy Agency 
(IAEA) (PRISMAP 2021a, b). It supplies radionuclides across Europe and beyond to any 
user on an excellence basis, and offers support through a network of biomedical research 
facilities that are fully equipped and licensed to use the array of radionuclides available 
in the PRISMAP portfolio.

In order to find out the situation with novel radionuclides in Europe, the consortium 
questionnaire was created. The construction of a questionnaire was based on literature 
review, an expert review by a certain panel and finally a validating before the survey 
starts in consortium members meeting.

A questionnaire was disseminated through the PRISMAP consortium and user com-
munity, professional associations of radiology and nuclear medicine, and preclinical/
clinical end users in Europe, collecting a total of 40 responses. The survey was based 
online and the first results were summarized after a 9  month long period. The total 
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number of survey candidates is undetectable, because it was not sent out to specific 
institutions, but disseminated through communities and associations. Moreover, the 
link to this questionnaire is still available on the PRISMAP public homepage to encour-
age new clinical users to become visible.

Presented responses presented the current status and needs of clinical end-users in 
nuclear medicine. This questionnaire covered novel radioisotopes, clinical exam type 
and advanced technology current usage and near future plans in next 2–5  years. The 
survey also included questions about research and development activities and education 
activities that respondents’ institutions provide. Also, a literature review of currently 
used novel radionuclides in clinical and preclinical phases was carried out.

Main text
Examples of novel radionuclides usage in medicine—the review of current state 

in preclinical and clinical phase

Scandium presents three radioisotopes for theranostic application. 43Sc (T1/2 = 3.89 h, 
β+  = 88.1%, < Eβ+ >  = 476  keV) and 44Sc (T1/2 = 4.04  h, β+  = 94.3%, < Eβ+ >  = 632  ke
V) can both be used for PET, while 47Sc (T1/2 = 3.35 d, β− = 100%, < Eβ- >  = 162 keV) is 
the therapeutic match—also suitable for SPECT (Eγ = 159  keV (68.3%)). 43Sc and 44Sc 
can be radiolabelled with macrocyclic chelators, e.g. DOTA or other chelators such as 
NODAGA, AAZTA, pypa, mpatcn, etc., but 47Sc—with macrocyclic chelators, in par-
ticular DOTA. Currently, 44Sc is most advanced in terms of production, as well as with 
pre-clinical investigations, and has already been employed in proof-of-concept stud-
ies in patients. Even though the production of 43Sc may be more challenging, it would 
be advantageous due to the absence of high-energetic γ-ray emission (Eγ = 1157  keV 
(99.9%) for 44Sc). The development of 47Sc is still in its infancy, however, its therapeu-
tic potential has been demonstrated preclinically (Müller et al. 2018; PRISMAP 2021a, 
b). The results of study showed that accurate quantitative scandium-43/44 PET/CT is 
achievable in commercial devices (Lima et al. 1826). Scandium-44 was proposed as an 
alternative radionuclide to 68 Ga for PET imaging allowing the user of 44Sc-PSMA-617 
as a diagnostic match to 177Lu-PSMA-617 (Umbricht et al. 2017). Scandium-47 is a β–-
emitter suitable for therapeutic purposes, which also produces γ-ray emission useful for 
SPECT imaging (Müller et al. 2018).
Manganese-52 (T1/2 = 5.59 d, β+  = 29.4%, < Eβ+ >  = 242 keV) shows promise in posi-

tron emission tomography (PET) and in dual-modality manganese-enhanced magnetic 
resonance imaging (MEMRI) applications including neural tractography, stem cell track-
ing, and biological toxicity studies (Graves et al. 2015). 52Mn is suited for combined PET/
MR imaging or as PET analog of Mn-based MRI contrast agents to study their in vivo 
distribution and pharmacokinetics (Saar et al. 2018; Lewis et al. 2015). 52Mn can be radi-
olabelled with macrocyclic chelators, such as DOTA (PRISMAP 2021a, b).
Copper-64 (T1/2 = 12.7  h, β+  = 17.6%, < Eβ+ >  = 278  keV, 

β− = 38.5%, < Eβ- >  = 191 keV) labeled compounds ranging from small molecules (pep-
tides, etc.) to antibodies are regularly used in clinics and clinical trials respectively. A 
recent study confirmed that radiolabeled 64Cu-PSMA is a promising agent to target 
and visualize PSMA receptor positive tumor lesions with high serum stability. This 



Page 4 of 16Radzina et al. EJNMMI Radiopharmacy and Chemistry            (2023) 8:27 

was shown in preclinical evaluation by small-animal PET studies, organ distribution 
and a patient application (Carlos Dos Santos et al. 2020).
Copper-67 (T1/2 = 61.83 h, β− = 100%, < Eβ- >  = 145 keV) is an emerging β− emitter 

of interest for therapy with γ-emission usable for SPECT/CT (Eγ = 91.3 and 93.3 keV 
(21.1%) and Eγ = 185  keV (44.2%)) that forms a theranostic pair together with 64Cu. 
Promising results in SPECT/CT imaging have been already published showing the 
benefit of using medium energy collimators to obtain reconstructed images of a simi-
lar quality to the ones that can be obtained using 177Lu (Merrick et al. 2021). 64Cu and 
67Cu can be radiolabelled with macrocyclic chelators. DOTA is being used, but other, 
specific copper chelators such as MeCOSar may provide improved stability (PRIS-
MAP 2021a, b).
Palladium-103 (T1/2 = 17.0 d, 100% electron capture, EX-ray ≈ 20 keV (64.9%) and 

EX-ray ≈ 23 keV (12%)) is used in the development of a new concept for brachytherapy, 
based on gold–palladium (AuPd) alloy nanoparticles, intrinsically radiolabeled with 
103Pd. [103Pd]AuPd alloy nanoparticles embedded in gel-forming liquids have been 
tested preclinically (Fach et  al. 2021). 103Pd/103mRh generators have been developed 
(Jensen et al. 2020).
Silver-111 (T1/2 = 7.45 d, β− = 100%, < Eβ- >  = 350  keV) labeled hydroxyapatite 

particles have been studied preclinically for radiosynovectomy. Radiosynovectomy 
consists of intra-articular injection of a β−-emitting radionuclide in colloidal or par-
ticulate form, which comes into contact with synovium. The phagocytic cells absorb 
some of the injected dose, which is transmitted to the synovium. If the amount of 
radioactivity injected is large enough the tissue will be destroyed. A study has shown 
that regenerated tissue will be asymptomatic for 2–5  years (Chattopadhyay et  al. 
2008).
Caesium-128 (T1/2 = 3.66 min, β+  = 68.8%, < Eβ+ >  = 1260 keV) is a short half-life 

radionuclide with high potential for application in PET. It is provided to end users as a 
generator 128Ba/128Cs by profiting from the decay of its longer half-life (2.5 days) par-
ent 128Ba (Lagunas-Solar et al. 1982). Moreover, the radioisotope 129Cs (T1/2 = 32.06 h, 
Eγ = 372 keV (30.6%)) is also of interest for imaging due to its emissions and half-life 
suitable for SPECT.
Lanthanum-135 (T1/2 = 18.9  h, 100% electron capture (94.6% Auger electrons), 

EAuger e- = 2.66–5.97 keV (77.6%)) is a radiolanthanide, usually in trivalent state. 135La 
can be chelated e.g. with DTPA or DOTA (PRISMAP 2021a, b; Abel et al. 2018). It has 
been proposed as a therapeutic Auger electron emitter and has suitable x-rays emis-
sions for SPECT imaging (EX-ray ≈ 32 keV (61.3%) and EX-ray ≈ 37 keV (13.4%)) using 
low energy detectors. Its similar chemistry to actinium suggests it may also be a suit-
able imaging partner to 225Ac for theranostic applications.
Samarium-153 (T1/2 = 46.28  h, β− = 100%, < Eβ- >  = 225  keV) is suited as a source 

for Mößbauer spectroscopy, a highly sensitive technique to characterize the chemical 
state and chemical environment of samarium bound in solids or frozen ex vivo sam-
ples (Friedman et al. 1976). It can be radiolabelled with macrocyclic chelators, in par-
ticular DOTA (PRISMAP 2021a, b). 153Sm with limited specific activity is mainly used 
for bone pain palliation, commercially available under the brand name Quadramet®. 
High specific activity 153Sm has been recently produced using the mass separation of 
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an activated sample, opening the door to a translation of HSA 153Sm for therapeutic 
applications (Voorde et al. 2021).
Terbium presents four radionuclides of medical interest: 149  Tb (T1/2 = 4.12  h, 

β+  = 7.1%, < Eβ+ >  = 730 keV, α = 16.7%, Eα = 3967 keV), 152 Tb (T1/2 = 17.5 h, β+  = 20.
3%, < Eβ+ >  = 1140 keV), 155 Tb (T1/2 = 5.32 d, Eγ and X-ray ≈ 45 keV (107%), Eγ = 86.6 keV 
(32%), Eγ = 105.3  keV (25.1%)) and 161  Tb (T1/2 = 6.95 d, β− = 100%, < Eβ- >  = 225  keV, 
≈ 227% conversion and Auger electrons, Eγ and X-ray ≈ 48  keV (43.1%), Eγ = 74.6  keV 
(10.3%)). 149 Tb is the only α-emitter with clinically useful half-life that is also suitable 
for PET imaging. Muller et al. presented a preclinical study with a tumor-bearing mouse. 
The conclusion was that the perspective of alpha-PET makes 149  Tb highly appealing 
for radiotheragnostic applications in future clinical trials (Müller et  al. 2017). Simi-
lar study was conducted by Umbricht et  al.—149  Tb-PSMA-617 was used for targeted 
α-therapy (TAT) using a mouse model of prostate-specific membrane antigen (PSMA)-
expressing prostate cancer. The PET images confirmed the selective accumulation of 
149 Tb-PSMA-617 in PC-3 PIP tumor xenografts. The unique characteristics of 149 Tb for 
TAT make this radionuclide of particular interest for future clinical translation, thereby, 
potentially enabling PET-based imaging to monitor the radioligand’s tissue distribution 
(Umbricht et al. 2019). A first in human PET/CT imaging was performed with 152 Tb-
DOTATOC over 24 h (Baum et al. 2017). The results of a study by Muller et al. dem-
onstrate the successful preparation and preclinical testing of 152 Tb-PSMA-617 and its 
first applications in a patient with metastatic castration-resistant prostate cancer (Mül-
ler et al. 2019). Terbium-155 may be of particular interest for low-dose SPECT prior to 
therapy with a therapeutic match such as the β−-emitting radiolanthanides 177Lu, 161 Tb, 
166Ho, and the pseudo-radio lanthanide 90Y (Müller et al. 2014a). Due to the strong simi-
larities of chemical and nuclear properties of 161  Tb and 177Lu, 161  Tb is considered a 
logical evolution from 177Lu, increasing the local dose deposition in therapeutic appli-
cations with respect to the latter. The therapeutic benefit of 161 Tb over 177Lu has been 
demonstrated preclinically with different compounds (Müller et  al. 2014b). A clinical 
SPECT/CT protocol has been proposed for imaging with 161 Tb (Marin et al. 2020). A 
first-in-human application of 161  Tb-DOTATOC has been reported including clinical 
SPECT/CT imaging (Baum et al. 2021).
Thulium-165 (T1/2 = 30.1 h) is a radiolanthanide, usually in trivalent state. The main 

application of 165Tm is in 165Tm/165Er generators making available non-carrier-added 
165Er. 165Er (T1/2 = 10.3 h, ≈ 75% Auger electrons with < EAuger > ≈ 5 keV, EX-ray ≈ 47 keV 
(59.4%), EX-ray ≈ 54 keV (14.3%)) is of interest for Auger therapy and has x-rays emission 
compatible with imaging. (Beyer et al. 2004).
Erbium-169 (T1/2 = 9.39 d, β− = 100%, < Eβ- >  = 100 keV, ≈ 55% conversion and Auger 

electrons with < E > ≈ 7 keV) is a potential radionuclide toward therapy of metastasized 
cancer diseases, particularly, for the treatment of single cancer cells and small metas-
tases. It can be produced in nuclear research reactors, irradiating isotopically-enriched 
168Er2O3. High specific activity 169Er is obtained by using mass separation of the irradi-
ated sample (Talip et al. 2021). Chelators suitable for 177Lu can be directly employed for 
169Er too, in particular DOTA (PRISMAP 2021a, b).
Gold-199 (T1/2 = 3.14 d, β− = 100%, < Eβ- >  = 82  keV, Eγ = 158.4  keV (40%), 

Eγ = 208.2  keV (8.7%)) has been used for radiolabeling and SPECT imaging of Au 
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nanoparticles (Zhao et  al. 2016). Preclinical in  vivo SPECT imaging with mixed 
198Au/199Au radiotracers has been reported (Fazaeli et al. 2014).
Bismuth-213 (T1/2 = 45.6  min, β− = 97.8%, < Eβ- >  = 436  keV, αcumulative = 100%, < Eα 

cumulative >  = 8.32  MeV) has been used preclinically and clinically with antibodies and 
peptides (Morgenstern et  al. 2020). It can be labelled with macrocyclic chelators such 
as DOTA (PRISMAP 2021a, b). A clinical trial with 213Bi-DOTA-substance P has shown 
promising results for glioblastoma therapy (Krolicki et al. 2018). In spite of its short half-
life, this isotope may be supplied to clinics via a 225Ac generator with a longer shelf life 
(weeks).
Radium-223 (T1/2 = 11.43 d, αcumulative = 400%, < Eα cumulative > ≈ 6.6  MeV)—free Ra2+ 

ions act analogously to Ca2+ as bone seekers. It is used for targeted therapy of bone 
metastases of metastatic prostate cancer and is the only α-emitting radionuclide cur-
rently broadly approved in clinical practice (Parker et al. 2013).
Actinium-225 (T1/2 = 9.92 d, αcumulative = 400%, < Eα cumulative >  = 6.88  MeV) is one of 

the most promising new radioisotopes in the fight against cancer. 225Ac has been used in 
preclinical studies for over 25 years (Beyer et al. 1997). 225Ac is suitable for many macro-
cyclic chelators used with other trivalent metallic ions, in particular DOTA (PRISMAP 
2021a, b). Reports on the remarkable therapeutic efficacy of 225Ac-PSMA617 for therapy 
of prostate cancer have stimulated significant global interest in applying 225Ac as thera-
peutic nuclide in targeted alpha therapy of cancer. Moreover, further promising applica-
tions of the alpha emitters 225Ac include the therapy of brain tumors, bladder cancer, 
neuroendocrine tumors, and leukemia (Morgenstern et  al. 2020). The implementation 
of 225Ac-PSMA-617 as a therapy tool for metastatic castration-resistant prostate cancer 
(mCRPC) lead to a major advancement in targeted alpha therapy (Fendler and Cutler 
2017). It was reported that two patients with late-stage mCRPC came to complete remis-
sions after treatment with 225Ac-PSMA-617 (Kratochwil et al. 2016). One more example 
was reported of the therapeutic efficacy of a 225Ac-PSMA-617 patient with mCRPC that 
was progressive under conventional therapy, and was treated with two cycles of 225Ac-
PSMA-617 with a cumulative activity of 14 MBq. Restaging with 68 Ga- PSMA PET/CT 
after 5 months showed a remarkable molecular imaging response. This patient also dem-
onstrated a biochemical response with a decrease in PSA level from 1,301 to < 0.05 ng/
mL (Morgenstern et al. 2018).

Novel radionuclides for nuclear medicine—the current perspective from clinical end users 

point of view in Europe

Respondent profile

During a PRISMAP questionnaire, a scene of nuclear medicine in Europe from clinical/
preclinical end users’ point of view was identified. A total of 40 preclinical/clinical users 
institutions took part in the survey (55% clinical hospitals, 25% research institution-
hospital collaborations, 10% preclinical research institutions, 2.5% private clinics and 
7.5%—other types of institutions: 2 clinical research organisations, 1 private clinic and 1 
manufacturer and ambulatory clinical nuclear medicine center).

The respondents represented 22 countries among which 9 were coming from the 
Netherlands, 3 from Italy, 3 from the United Kingdom, 2 from France, 2 from Roma-
nia, 2 from Greece, 2 from Estonia, 2 from Slovakia, 2 from Switzerland, 1 each from 
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Austria, Latvia, Belgium, Denmark, Poland, Turkey, Spain, Cyprus, Slovenia, Finland, 
Serbia, Czechia and Lithuania (see Fig. 1).

47% of the respondents conducted both preclinical and clinical studies, 37% respond-
ents only clinical studies, 5% respondents only preclinical studies and 10% respondents 
other types of studies, such as medical physics, drug biodistribution, drug selection, fun-
damental (analytical methods), medical research. It is seen that the majority of respond-
ents work in the clinical phase, so the results of the survey are representative of the part 
of the end users that use it in daily clinical practice (see Fig. 2).

Clinical imaging is common for nearly all respondents: For routine clinical practice 
90% respondents have PET, PET/CT or PET/MR, 82,5% respondents SPECT, SPECT/
CT or SPECT/MR, 70% respondents planar scintigraphy, 40% respondents animal PET/
CT or PET/MR, 32% respondents experimental long term animal facilities for radionu-
clide therapy studies and 30% respondents animal SPECT or SPECT/CT (see Fig. 3).

Furthermore, many respondents are also involved in developments of those imag-
ing protocols. The emerging technologies that the respondent’s institutions have are 
the following: SPECT/CT software advances (quantification, 3D dynamics etc.) (52,5% 
respondents), PET new generation cameras with extended axial field of view, optimised 
image and dose reduction (50% respondents). Respondents also mentioned the use of 

Fig. 1  Map of respondents represented countries and cities
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Artificial Intelligence in Nuclear Medicine (17,5% respondents) as well as dedicated 
cardiac SPECT cameras (15% respondents) and CZT cameras (10% respondents)—see 
Fig. 4 for more details.

Regarding emerging imaging technologies that respondents would like to work with 
in their facilities in 2–5 years, similar answers were obtained. The artificial intelligence 
in nuclear medicine concerned 57,5% respondents. PET new generation camera with 
extended axial field of view, optimised image and dose reduction was ticked by 50% 
respondents and SPECT/CT software advances (quantification, 3D dynamics etc.) for 
32,5% of the respondents. CZT camera represented 20% respondents, dedicated car-
diac SPECT camera 7,5% respondents and PEM—positron emission mammography and 
dedicated cardiac PET camera, 5% respondents each (see Fig. 5).

All respondents perform studies in oncology, while inflammation studies were 
reported from 80% respondents, cardiology—77,5% respondents, neurology—75% 
respondents, endocrinology—72,5% respondents, nephrology—60% respondents, pul-
monology—57,5% respondents, traumatology-orthopaedics—55% respondents. A simi-
lar scene was seen about studies which respondent’s facility plan to implement within 

Fig. 2  Type of respondents conducted studies

Fig. 3  Equipment that respondent’s institutions have for daily practice
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the next 2–5 years. Most abundant answers were oncology (57,5% respondents), inflam-
mation (50% respondents), neurology and cardiology (40% respondents each), endo-
crinology (32,5% respondents), and pulmonology and traumatology/orthopaedics (30% 
respondents each).

Use of novel radionuclides

Part of the previous section summarized activities with radionuclides that are not only 
used in preclinical phase or experimental laboratories, but also used by end users in their 
daily clinical practice. The following “novel” non-conventional radionuclides are used 
by clinical users in Europe: 177Lu (80% respondents), 68  Ga (72,5% respondents), 111In 
(57,5% respondents), 90Y (52,5% respondents), other alpha emitters (42,5% respondents), 
225Ac (20% respondents), 64Cu (15% respondents) and Terbium isotopes (10% respond-
ents).. Other radionuclides mentioned were 223Ra, 89Zr, 166Ho, 131I, 123I, 212Pb, 89Sr, and 
153Sm. Some of the radionuclides of terbium and scandium that are very promising, are 
not yet utilized in the clinical environment because of their poor availability at the time 
of the questionnaire.

Fig. 4  Emerging technologies that respondents’ institutions use in daily work

Fig. 5  Emerging technologies that respondents want in the near future (2–5 year) in their institutions for 
daily work
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Novel radionuclides that respondents would be interested to use in the next 2–5 years 
were 225Ac (67,5% respondents), 64Cu (50% respondents), 68  Ga (47,5% respondents), 
177Lu (42,5% respondents), and other alpha emitters (40% respondents) and Terbium iso-
topes (37,5% respondents). Figure 6 shows both -radionuclides that end users use and 
radionuclides that end users would be interested in. It is seen that the demand for 225Ac 
and the terbium quadruplet (149, 152, 155, 161) coming from clinical end users will 
increase significantly in the following years. The foreseen application possibilities and an 
increasing demand for these radionuclides also point out the low availability of them at 
the moment, either by production capacity or required amounts or purity grade.

Not only single radionuclides were used in daily practice, but also theranostic pairs. 
If we look at the current radionuclide use for theranostics, Fig. 7 shows that the most 
popular pairs were 123I-131I as Iodine (57,5% respondents), [68 Ga] Ga-DOTA-peptides—
[177Lu] Lu-DOTA-peptides (55% respondents), [64Cu] Cu-peptides—[177Lu] Lu-peptides 
(50% respondents), 99mTc-223RaCl2 for skeletal metastases (47,5% respondents), [18F] 
PSMA—[177Lu] Lu-PSMA (42,5% respondents) and [123I] mIBG – [131I]-mIBG (27,5% 
respondents).

Most often mentioned theranostic pairs that respondent would be willing to use in the 
future were [64Cu] Cu-peptides-[177Lu] Lu-peptides (42,5% respondents), [18F] PSMA—
[177Lu] Lu-PSMA (40% respondents), [68  Ga] Ga-DOTA-peptides—[177Lu] Lu-DOTA-
peptides (35% respondents), [68 Ga] Ga-PSMA—[177Lu] Lu-PSMA (32,5% respondents) 
and [18F] NaF—223RaCl2 for skeletal metastases (20% respondents), as presented in 
Fig. 7.

We observed that none (except for iodine radiopharmaceuticals) of the current 
responder institutions yet are interested in possibilities of “matched pair” from terbium 
and scandium radionuclides in the near future. This probably reflects the still insufficient 
pre-clinical data and/or availability of such radionuclides.

Fig. 6  Novel radionuclides used by end users in their daily routine (green) and radionuclides that 
respondents would be interested to use in the next 2–5 years (blue)
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Improvements for daily practice

The following improvements were mentioned by preclinical/clinical users as their 
need for daily practice: unified licensing and registration of available radionuclides 
and kits in Europe (80% respondents), information about transport and logistics net-
work in Europe (55% respondents), database of available radionuclides and the geo-
graphic location of the supply site (50% respondents), and some specified equipment/
technologies (e.g., collimators etc.) (45% respondents). On-site training with the 
visit of international experts is also a wish (40% respondents) as is outsourced cru-
cial training for technical personnel (32,5% respondents) and medical doctors (30% 
respondents).

Some of the respondents’ countries send patients to other countries for speci-
fied nuclear medicine examinations and/or treatment procedures. The reason of 
this outsourcing is due to unavailability of the specific radiopharmaceuticals (42,5% 
respondents), a lack of reimbursement by the national healthcare system (22,5% 
respondents), and unavailable radionuclide for radiopharmaceutical production 
(17,5% respondents).

Research and development activities

Out of all respondents from preclinical/clinical institutions, 87,5% mentioned that 
their research and development activities would benefit from collaboration/cooper-
ation in obtaining emerging radionuclides with centralized and harmonized proce-
dures and legislation, offered by efforts of the PRISMAP consortium.

One of the main interest of end users were novel radionuclides—some respond-
ents indicated specific ones such as 43Sc/44Sc and 64Cu/61Cu and some indicated 
novel radionuclides overall—clinical translation of novel theranostic tracers, higher 
availability of new radiopharmaceuticals, access to new radionuclides for novel radi-
opharmaceuticals, enhancing clarity and regulatory procedures to enhance research 

Fig. 7  Theranostic pairs used by end users now (green) and theranostic pairs that respondents would be 
interested to use in the next 2–5 years (blue)
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with radiopharmaceuticals, improving the delivered radionuclide data and regula-
tion, along with biomedical research capacity and speed up implementation of new 
radionuclides and/or broader availability of currently used radionuclides. Production 
of novel theranostics pairs and access to rare and exotic radionuclides and need for 
quick registration of radiopharmaceuticals were also mentioned.

Respondents indicated the interest in collaborating with PRISMAP consortium mem-
bers with regards to the sharing of new research protocols across countries, speeding 
up the implementation of new radiotracers in clinical practice, extending of portfolio in 
performing preclinical studies. Also interest in multicentric clinical trials, international 
studies, and research and clinical use interest were present.

Finally, technical interests from end users were indicated, including the standardiza-
tion and harmonization of the medical physics calibrations, interests to establish labe-
ling of different probes (mostly peptide based) with different emerging radionuclides in 
order to promote translation to the clinic.

Education

77,5% of all end user institutions are involved in the training of industry experts, techni-
cians, students, and researchers at various expertise levels.

The most popular training fields are clinical trials/studies (27 respondents), radio-
nuclide/radiopharmaceutical QC and analysis (23 respondents), radiopharmaceuti-
cal synthesis and development (20 respondents), pre-clinical studies (18 respondents), 
radiochemistry (16 respondents). See Fig. 8 for provided training fields from end users 
institutions.

The most often mentioned answers about training level were workshops and seminars 
(26 responses), PhD programmes (21 respondents), and scientific visits (21 respond-
ents). See Fig. 9 for other types of provided training.

The target audience for training provided at respondent institutions are students (31 
respondents), early-stage researchers (28 respondents), technologists (27 respondents), 
experienced researchers (17 respondents), nurses (14 respondents), and industry profes-
sionals (5 respondents).

Fig. 8  Training and knowledge transfer fields provided by respondent’s institutions
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The main limitations in the training process were identified as a lack of integration of 
radiopharmaceutical research in faculty courses and student curriculum, no dedicated 
program for nuclear medicine physicians, technologists and radiochemists in university, 
limited training capacity to 1–2 weeks, due to daily workflow, and limited time resource 
overall.

Respondents also mention a lack of personnel since there is a lack of trained pre-
clinical scientists with a global view from radiochemistry to pharmacology and limited 
number of trainers overall. Some respondents indicated problems with training process 
regulation: training depends on the national regulatory organizations or there is a need 
to work within national health service training schemes.

It has also been indicated that there is insufficient access to radioisotopes, also a lack of 
equipment such as small animal imaging facilities and emerging new technologies. There 
is also a need for a good overview/database of training possibilities. Some respondents 
indicated that in their countries they don`t have any professional training available for 
radiopharmacy or radiochemistry, so their radiopharmacists are trained abroad.

Discussion
The most frequently used radionuclides in radiopharmaceuticals that are used in daily 
clinical practice are Carbon-11, Fluorine-18, Nitrogen-13, Oxygen-15, Copper-64, Zir-
conium-89, Iodine-124, Gallium-68, Iodine-13, Technetium-99  m, Indium-111, Lute-
tium-177, Yttrium-90, Iodine-131, Actinium-225, Astatine-211, Radium-223 and 
Bismuth-213 (Malcolm et al. 2019; Al-Toubah and Strosberg 2018).

These radionuclides represent only a part of overall potential as many novel radio-
nuclides have entered the preclinical phase studies. Due to that, the European medi-
cal radionuclides programme PRISMAP was established to offer the broadest catalog 
of non-conventional radionuclides for medical and translational research (PRISMAP 
2021a, b).

Thanks to a questionnaire distributed by the PRISMAP consortium, the current status 
and needs of clinical end-users in nuclear medicine were identified. It was found out that 
novel radionuclides in which respondents would be interested in the near future were 
225Ac, 64Cu, 68 Ga, 177Lu, other alpha emitters and Terbium isotopes. A lack of training 

Fig. 9  Types of provided training in nuclear physics, radiochemistry and radiopharmacy



Page 14 of 16Radzina et al. EJNMMI Radiopharmacy and Chemistry            (2023) 8:27 

possibilities and trained personnel have been identified as well as access to radionuclide 
to gain experience.

Also, the study has some limitations. First of all, it needs to be addressed that the study 
was conducted in a relatively small end users’ cohort. Not all European countries were 
covered—the majority of responses come from Western Europe, most notably the Bene-
lux, France and Italy. More emphasis will be needed for reaching out to responders from 
South-East Europe regions. Secondly, the PRISMAP programme continues and these 
results are preliminary, limited outcomes of this study so far. Moreover, study should 
be extended outside the PRISMAP consortium with the possibility to obtain data from 
other preclinical/clinical end users in Europe.

Conclusions
The current perspective shows that nuclear medicine specialists/clinical end users from 
broad parts of Europe are interested not only in new radionuclides for diagnostics, but 
also in therapy and technology advancements that confirm their interest in development. 
This study was preliminary and should be extended outside the PRISMAP consortium.

Abbreviations
PET	� Positron emission tomography
SPECT	� Single photon emission computed tomography
NIDC 	� National isotope development centre
DOE 	� Department of energy
EANM 	� European association of nuclear medicine
IAEA	� International atomic energy agency
MEMRI	� Manganese-enhanced magnetic resonance imaging
PET/CT 	� Positron emission tomography-computed tomography
SPECT/CT	� Single photon emission computed tomography-computed tomography
HSA 	� High specific activity
TAT​	� Targeted α-therapy
PSMA 	� Prostate-specific membrane antigen
mCRPC 	� Metastatic castration-resistant prostate cancer
T1/2	� Half-life
d	� Day
h	� Hour
β+	� Positron from β+ decay
β−	� Electron from β− decay
γ	� Gamma quantum
keV	� Kilo-electronvolt
E	� Energy

Acknowledgements
Not applicable.

Author contributions
All authors contributed to the study conception and design. Material preparation, data collection and analysis were 
performed by MR, LS, EM, MK and EP. The first draft of the manuscript was written by MR and LS. Review and editing 
were performed by UK, TEC, ZS, ZT, MJ, KL, TS and CD. Data visualization was done by KP. All authors read and approved 
the final manuscript.

Funding
This project has received funding from the European Union’s Horizon 2020 research and innovation programme under 
grant agreement No 101008571 (PRISMAP). This document reflects only the view of the author(s). The funding agenc(y/
ies) is/are not responsible for any use that may be made of the information it contains.

Availability of data and materials
The datasets generated during the current study are available from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.



Page 15 of 16Radzina et al. EJNMMI Radiopharmacy and Chemistry            (2023) 8:27 	

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 21 August 2023   Accepted: 28 September 2023

References
Abel EP, Clause HK, Fonslet J, Nickles RJ, Severin GW. Half-lives of 132La and 135La. Phys Rev C. 2018;97:034312. https://​

doi.​org/​10.​1103/​PhysR​evC.​97.​034312.
Al-Toubah T, Strosberg J. Peptide receptor radiotherapy comes of age. Endocrinol Metab Clin North Am. 2018;47(3):615–

25. https://​doi.​org/​10.​1016/j.​ecl.​2018.​04.​005.
Baum RP, Singh A, Benešová M, Vermeulen C, Gnesin S, Köster U, Johnston K, Müller D, Senftleben S, Kulkarni HR, Türler 

A, Schibli R, Prior JO, van der Meulen NP, Müller C. Clinical evaluation of the radiolanthanide terbium-152: first-in-
human PET/CT with 152Tb-DOTATOC. Dalton Trans. 2017;46(42):14638–46. https://​doi.​org/​10.​1039/​c7dt0​1936j.

Baum RP, Singh A, Kulkarni HR, et al. First-in-humans application of 161Tb: a feasibility study using 161Tb-DOTATOC. J Nucl 
Med. 2021;62(10):1391–7. https://​doi.​org/​10.​2967/​jnumed.​120.​258376.

Beyer GJ, Offord R, Künzi G, et al. The influence of EDTMP-concentration on the biodistribution of radio-lanthanides and 
225-Ac in tumor-bearing mice. The ISOLDE Collaboration. Nucl Med Biol. 1997;24(5):367–72. https://​doi.​org/​10.​
1016/​s0969-​8051(97)​00011-5.

Beyer GJ, Zeisler SK, Becker DW. The Auger-electron emitter 165Er: excitation function of the 165Ho(p, n)165Er process. 
Radiochim Acta. 2004;92(4–6):219–22. https://​doi.​org/​10.​1524/​ract.​92.4.​219.​35608.

Carlos Dos Santos J, Beijer B, Bauder-Wüst U, Schäfer M, Leotta K, Eder M, Benešová M, Kleist C, Giesel F, Kratochwil C, 
Kopka K, Haberkorn U, Mier W. Development of novel PSMA ligands for imaging and therapy with copper isotopes. 
J Nucl Med. 2020;61(1):70–9. https://​doi.​org/​10.​2967/​jnumed.​119.​229054.

Chattopadhyay S, Vimalnath KV, Saha S, Korde A, Sarma HD, Pal S, Das MK. Preparation and evaluation of a new radiop-
harmaceutical for radiosynovectomy, 111Ag-labelled hydroxyapatite (HA) particles. Appl Radiat Isot. 2008;66(3):334–
9. https://​doi.​org/​10.​1016/j.​aprad​iso.​2007.​09.​003.

European Medicines Agency. Guideline on radiopharmaceuticals. Available: https://​www.​ema.​europa.​eu/​en/​docum​ents/​
scien​tific-​guide​line/​guide​line-​radio​pharm​aceut​icals-​revis​ion-1_​en.​pdf.

Fach M, Fliedner FP, Kempen PJ, Melander F, Hansen AE, Bruun LM, Köster U, Sporer E, Kjaer A, Andresen TL, Jensen AI, 
Henriksen JR. Effective intratumoral retention of [103Pd]AuPd alloy nanoparticles embedded in gel-forming liquids 
paves the way for new nanobrachytherapy. Adv Healthc Mater. 2021;10(10):e2002009. https://​doi.​org/​10.​1002/​
adhm.​20200​2009.

Fazaeli Y, Akhavan O, Rahighi R, Aboudzadeh MR, Karimi E, Afarideh H. In vivo SPECT imaging of tumors by 198,199Au-
labeled graphene oxide nanostructures. Mater Sci Eng C Mater Biol Appl. 2014;45:196–204. https://​doi.​org/​10.​
1016/j.​msec.​2014.​09.​019.

Fendler WP, Cutler C. More α than β for prostate cancer? J Nucl Med. 2017;58(11):1709–10. https://​doi.​org/​10.​2967/​
jnumed.​117.​198333.

Friedman AM, Sullivan JC, Ruby SL, Lindenbaum A, Russell JJ, Zabransky BJ, Rayudu GV. Studies of tumor metabolism–I: 
by use of Mössbauer spectroscopy and autoradiography of 153Sm. Int J Nucl Med Biol. 1976;3(1):37–40. https://​doi.​
org/​10.​1016/​0047-​0740(76)​90009-7.

Gabriela K-M, Jacek C. Can pet imaging facilitate optimization of cancer therapies? Curr Pharm Des. 2012;18(18):2657–69. 
https://​doi.​org/​10.​2174/​13816​12128​00492​813.

Graves SA, Hernandez R, Fonslet J, England CG, Valdovinos HF, Ellison PA, Barnhart TE, Elema DR, Theuer CP, Cai W, Nickles 
RJ, Severin GW. Novel preparation methods of (52)Mn for ImmunoPET imaging. Bioconjug Chem. 2015;26(10):2118–
24. https://​doi.​org/​10.​1021/​acs.​bioco​njchem.​5b004​14.

Jensen AI, Zhuravlev F, Severin G, Magnus CB, Fonslet J, Köster U, Jensen M. A solid support generator of the Auger 
electron emitter rhodium-103m from [103Pd]palladium. Appl Radiat Isot. 2020;156:108985. https://​doi.​org/​10.​1016/j.​
aprad​iso.​2019.​108985.

Kratochwil C, Bruchertseifer F, Giesel FL, et al. 225Ac-PSMA-617 for PSMA-targeted α-radiation therapy of metastatic 
castration-resistant prostate cancer. J Nucl Med. 2016;57(12):1941–4. https://​doi.​org/​10.​2967/​jnumed.​116.​178673.

Krolicki L, Bruchertseifer F, Kunikowska J, et al. Prolonged survival in secondary glioblastoma following local injection of 
targeted alpha therapy with 213Bi-substance P analogue. Eur J Nucl Med Mol Imaging. 2018;45:1636–44. https://​doi.​
org/​10.​1007/​s00259-​018-​4015-2.

Lagunas-Solar MC, Little FE, Moore HA Jr. Cyclotron production of 128Cs (3.62 min). A new positron-emitting radionuclide 
for medical applications. Int J Appl Radiat Isot. 1982;33(8):619–28. https://​doi.​org/​10.​1016/​0020-​708x(82)​90059-x.

Lewis CM, Graves SA, Hernandez R, Valdovinos HF, Barnhart TE, Cai W, Meyerand ME, Nickles RJ, Suzuki M. 52Mn produc-
tion for PET/MRI tracking of human stem cells expressing divalent metal transporter 1 (DMT1). Theranostics. 
2015;5(3):227–39. https://​doi.​org/​10.​7150/​thno.​10185.

Lima TVM, Gnesin S, Strobel K, Pérez MDS, Roos JE, Müller C, van der Meulen NP. Fifty shades of scandium: comparative 
study of PET capabilities using Sc-43 and Sc-44 with respect to conventional clinical radionuclides. Diagnostics. 
2021;11(10):1826. https://​doi.​org/​10.​3390/​diagn​ostic​s1110​1826.

Malcolm J, Falzone N, Lee BQ, Vallis KA. Targeted radionuclide therapy: new advances for improvement of patient man-
agement and response. Cancers. 2019;11(2):268. https://​doi.​org/​10.​3390/​cance​rs110​20268.

https://doi.org/10.1103/PhysRevC.97.034312
https://doi.org/10.1103/PhysRevC.97.034312
https://doi.org/10.1016/j.ecl.2018.04.005
https://doi.org/10.1039/c7dt01936j
https://doi.org/10.2967/jnumed.120.258376
https://doi.org/10.1016/s0969-8051(97)00011-5
https://doi.org/10.1016/s0969-8051(97)00011-5
https://doi.org/10.1524/ract.92.4.219.35608
https://doi.org/10.2967/jnumed.119.229054
https://doi.org/10.1016/j.apradiso.2007.09.003
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-radiopharmaceuticals-revision-1_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-radiopharmaceuticals-revision-1_en.pdf
https://doi.org/10.1002/adhm.202002009
https://doi.org/10.1002/adhm.202002009
https://doi.org/10.1016/j.msec.2014.09.019
https://doi.org/10.1016/j.msec.2014.09.019
https://doi.org/10.2967/jnumed.117.198333
https://doi.org/10.2967/jnumed.117.198333
https://doi.org/10.1016/0047-0740(76)90009-7
https://doi.org/10.1016/0047-0740(76)90009-7
https://doi.org/10.2174/138161212800492813
https://doi.org/10.1021/acs.bioconjchem.5b00414
https://doi.org/10.1016/j.apradiso.2019.108985
https://doi.org/10.1016/j.apradiso.2019.108985
https://doi.org/10.2967/jnumed.116.178673
https://doi.org/10.1007/s00259-018-4015-2
https://doi.org/10.1007/s00259-018-4015-2
https://doi.org/10.1016/0020-708x(82)90059-x
https://doi.org/10.7150/thno.10185
https://doi.org/10.3390/diagnostics11101826
https://doi.org/10.3390/cancers11020268


Page 16 of 16Radzina et al. EJNMMI Radiopharmacy and Chemistry            (2023) 8:27 

Marin I, Rydèn T, Van Essen M, et al. Establishment of a clinical SPECT/CT protocol for imaging of 161Tb. EJNMMI Phys. 
2020;7:45. https://​doi.​org/​10.​1186/​s40658-​020-​00314-x.

Merrick MJ, Rotsch DA, Tiwari A, Nolen J, Brossard T, Song J, Wadas TJ, Sunderland JJ, Graves SA. Imaging and dosimetric 
characteristics of 67Cu. Phys Med Biol. 2021;66(3):035002. https://​doi.​org/​10.​1088/​1361-​6560/​abca52.

Morgenstern A, Apostolidis C, Kratochwil C, Sathekge M, Krolicki L, Bruchertseifer F. An overview of targeted alpha 
therapy with 225Actinium and 213Bismuth. Curr Radiopharm. 2018;11(3):200–8. https://​doi.​org/​10.​2174/​18744​71011​
66618​05021​04524.

Morgenstern A, Apostolidis C, Bruchertseifer F. Supply and clinical application of Actinium-225 and Bismuth-213. Semin 
Nucl Med. 2020;50(2):119–23. https://​doi.​org/​10.​1053/j.​semnu​clmed.​2020.​02.​003.

Müller C, Fischer E, Behe M, et al. Future prospects for SPECT imaging using the radiolanthanide terbium-155—produc-
tion and preclinical evaluation in tumor-bearing mice. Nucl Med Biol. 2014a;41(Suppl):e58–65. https://​doi.​org/​10.​
1016/j.​nucme​dbio.​2013.​11.​002.

Müller C, Reber J, Haller S, et al. Direct in vitro and in vivo comparison of 161Tb and 177Lu using a tumour-targeting folate 
conjugate. Eur J Nucl Med Mol Imaging. 2014b;41:476–85. https://​doi.​org/​10.​1007/​s00259-​013-​2563-z.

Müller C, Vermeulen C, Köster U, Johnston K, Türler A, Schibli R, van der Meulen NP. Alpha-PET with terbium-149: evi-
dence and perspectives for radiotheragnostics. EJNMMI Radiopharm Chem. 2017;1(1):5. https://​doi.​org/​10.​1186/​
s41181-​016-​0008-2.

Müller C, Domnanich KA, Umbricht CA, van der Meulen NP. Scandium and terbium radionuclides for radiotheranostics: 
current state of development towards clinical application. Br J Radiol. 2018;91:20180074. https://​doi.​org/​10.​1259/​bjr.​
20180​074.

Müller C, Singh A, Umbricht CA, et al. Preclinical investigations and first-in-human application of 152Tb-PSMA-617 for PET/
CT imaging of prostate cancer. EJNMMI Res. 2019;9:68. https://​doi.​org/​10.​1186/​s13550-​019-​0538-1.

Neels O, Patt M, Decristoforo C. Radionuclides: medicinal products or rather starting materials? EJNMMI Radiopharm 
Chem. 2019;4:22. https://​doi.​org/​10.​1186/​s41181-​019-​0074-3.

Parker C, Nilsson S, Heinrich D, et al. Alpha emitter radium-223 and survival in metastatic prostate cancer. N Engl J Med. 
2013;369(3):213–23. https://​doi.​org/​10.​1056/​NEJMo​a1213​755.

PRISMAP. Radionuclides portfolio. 2021a. Available : https://​www.​prism​ap.​eu/​radio​nucli​des/​portf​olio/
PRISMAP. Project description. 2021b. Available: https://​www.​prism​ap.​eu/​about/​proje​ct/
Saar G, Millo CM, Szajek LP, et al. Anatomy, functionality, and neuronal connectivity with manganese radiotracers for 

positron emission tomography. Mol Imaging Biol. 2018;20:562–74. https://​doi.​org/​10.​1007/​s11307-​018-​1162-6.
Talip Z, Borgna F, Müller C, et al. Production of mass-separated Erbium-169 towards the first preclinical in vitro investiga-

tions. Front Med (lausanne). 2021;8:643175. https://​doi.​org/​10.​3389/​fmed.​2021.​643175.
Umbricht CA, Benešová M, Schmid RM, et al. 44Sc-PSMA-617 for radiotheragnostics in tandem with 177Lu-PSMA-617—

preclinical investigations in comparison with 68Ga-PSMA-11 and 68Ga-PSMA-617. EJNMMI Res. 2017;7:9. https://​doi.​
org/​10.​1186/​s13550-​017-​0257-4.

Umbricht CA, Köster U, Bernhardt P, et al. Alpha-PET for Prostate Cancer: Preclinical investigation using 149Tb-PSMA-617. 
Sci Rep. 2019;9:17800. https://​doi.​org/​10.​1038/​s41598-​019-​54150-w.

Van de Voorde M, Duchemin C, Heinke R, Lambert L, Chevallay E, Schneider T, Van Stenis M, Cocolios TE, Cardinaels T, 
Ponsard B, Ooms M, Stora T, Burgoyne AR. Production of Sm-153 with very high specific activity for targeted radio-
nuclide therapy. Front Med (lausanne). 2021;19(8):675221. https://​doi.​org/​10.​3389/​fmed.​2021.​675221.

Zhao Y, Pang B, Luehmann H, Detering L, Yang X, Sultan D, Harpstrite S, Sharma V, Cutler CS, Xia Y, Liu Y. Gold Nano-
particles Doped with (199) Au atoms and their use for targeted cancer imaging by SPECT. Adv Healthc Mater. 
2016;5(8):928–35. https://​doi.​org/​10.​1002/​adhm.​20150​0992.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1186/s40658-020-00314-x
https://doi.org/10.1088/1361-6560/abca52
https://doi.org/10.2174/1874471011666180502104524
https://doi.org/10.2174/1874471011666180502104524
https://doi.org/10.1053/j.semnuclmed.2020.02.003
https://doi.org/10.1016/j.nucmedbio.2013.11.002
https://doi.org/10.1016/j.nucmedbio.2013.11.002
https://doi.org/10.1007/s00259-013-2563-z
https://doi.org/10.1186/s41181-016-0008-2
https://doi.org/10.1186/s41181-016-0008-2
https://doi.org/10.1259/bjr.20180074
https://doi.org/10.1259/bjr.20180074
https://doi.org/10.1186/s13550-019-0538-1
https://doi.org/10.1186/s41181-019-0074-3
https://doi.org/10.1056/NEJMoa1213755
https://www.prismap.eu/radionuclides/portfolio/
https://www.prismap.eu/about/project/
https://doi.org/10.1007/s11307-018-1162-6
https://doi.org/10.3389/fmed.2021.643175
https://doi.org/10.1186/s13550-017-0257-4
https://doi.org/10.1186/s13550-017-0257-4
https://doi.org/10.1038/s41598-019-54150-w
https://doi.org/10.3389/fmed.2021.675221
https://doi.org/10.1002/adhm.201500992

	Novel radionuclides for use in Nuclear Medicine in Europe: where do we stand and where do we go?
	Abstract 
	Background: 
	Main body: 
	Conclusions: 

	Background
	Main text
	Examples of novel radionuclides usage in medicine—the review of current state in preclinical and clinical phase
	Novel radionuclides for nuclear medicine—the current perspective from clinical end users point of view in Europe
	Respondent profile
	Use of novel radionuclides
	Improvements for daily practice
	Research and development activities
	Education


	Discussion
	Conclusions
	Acknowledgements
	References


