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In recent years the rapid expansion in the use of radionuclides for nuclear medicine has been 
observed involving various biologically active molecules as carriers. The potential usefulness 
of a particular radionuclide depends on many factors: physical data (half-life, energy of beta-
particles, gamma ray emissions), production method including separation, labeling and 
targeting properties of a radionuclide carrier molecule. Several beta-emitting radionuclides for 
targeted radionuclide therapy can be produced in the nuclear reactors, including generator 
systems. The cyclotrons and radionuclide generators can provide a number of others including 
gamma or positron emitters, which can be used for diagnostics. The list of potentially useful 
isotopes is not yet closed. 

The knowledge of the potential targets which are present in the human body in sufficient 
quantities is also expanding. To provide an efficient radiopharmaceutical the identified target 
should be expressed in the tumor with high density and incidence, the radioligand should have 
a good access to it and its expression in normal tissues should be low. Somatostatin receptors 
have been shown as the target which could be effectively utilized for diagnostics with 99mTc 
or 68Ga labeled analogs or for therapy with beta-emitters such as carrier-free 90Y and carrier-
added 177Lu. Since then several other potential targets have been identified, which are either 
expressed on the cell membrane (extracellular) such as transporters, neurotransmitter 
receptors, hormone receptors, neuropeptide receptors, growth factor receptors and tumour-
associated antibody epitopes or intracellular like metabolic pathways, DNA/RNA or other 
organelles. The availability of radionuclides and potential targets allows to construct tailor-
made radiopharmaceuticals for radionuclide diagnostics and therapy choosing from a variety 
of half-lives, energies and applicable chemistry. 

Radionuclides such as 131I, 90Y, 186/188Re, 166Ho and 153Sm have found applications in clinical 
procedures and have been used for cancer therapy, bone pain palliation, radiosynovectomy, 
intravascular radiation therapy and other disorders. Other radionuclides including 177Lu, 161Tb, 
67Cu, 47Sc with promising physical and chemical properties still need to be explored. 
Approaches using alpha therapies may allow better targeting of residual disease in specific 
therapeutic frameworks. New developments in PET radiopharmaceuticals radiolabelled with 
18F, 68Ga or Zr and the combination of PET for dosimetric applications involving the 
therapeutic matched radionuclide pairs such as 64/67Cu or 44/47Sc allow promising 
improvements in calculation of absorbed doses for an individual patient. 

Various techniques have been developed in order to improve and personalize the therapeutic 
effect of internal radiotherapy such as the radionuclide cocktail approach, loco-regional 
administration, pre-targeting or combination with chemotherapy, providing new therapy 
options. All these developments can be considered when designing new radiopharmaceuticals 
for personalized radionuclide diagnostics and internal therapy. The optimization of the 
radiopharmaceutical is crucial for its diagnostic or therapeutic efficacy and safety to the 
patients. Regulatory aspects: approval of clinical trial, Marketing Authorisation, GMP and 
Good Radiopharmacy Practice are additional challenge. 
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