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Introduction

• A radionuclide is a 
radioactive nuclide with an
unstable nucleus that
dissipate its excess energy
by spontaneously emitting
ionizing radiation (eg alpha, 
beta or gamma rays).

• It is also called radioistope, 
radioactive isotope or
radioactive nuclide.

• In nuclear medicine, 
radionuclides are used for
diagnosis, treatment and 
research.



What causes radioactivity?

• Radioactivity is caused by instability in the
nucleus due to:

– Imbalance in number of neutrons (N) and protons
(Z)-Natural Radionuclides.

– Excitation due to bombardment of particles-
Artificial Radionuclides.



Properties

• Radionuclides are 
characterized by:

– Activity.

– Half-Life.

– Energy.

– Decay scheme.

– Production method.



Production Methods
METHOD OF 

RADIONUCLIDE
PRODUCTION

ADVANTAGES DISAVANTAGES

Cyclotron

•High specific activity.
•Fewer radioistopes are 
produced.
•It is easily accesible than
nuclear reactor

•Expensive tu purchase and 
operate

Nuclear fission

•The fission process is a source
of a number of widely used
radioisotopes (90Sr, 99Mo, 131I 
and 133Xe)
•High specific activity

•Large quantities of radioactive
materials generated

Neutron activation
- •It is difficult to separate

chemically
Low specific activity

Generator

•It is cheap
•It is portable
•High spcific activity
•It is easy to operate

•It cannot be stored for future
use



Commonly Used Radionuclides

• The primary radionuclide used for diagnostic
nuclear medicine is Technetium 99m.

• The primary radionuclide used for therapeutic
nuclear medicine is Iodine-131.

• The primary radionuclide used for Positron
Emission Tomography (PET) is Fluorine-18-
labelled De-oxyglucose (FGD).



Radiopharmaceuticals

• Pharmaceuticals are attached (labelled) to the
radionuclide in order to send it to desired target 
within the body. The resultant mixture is called
radiopharmaceuticals.

• Compose of a radionuclide bond to an organic
molecule.

• Radiopharmaceuticals are designed to
concentrate on a particular organ/tissue.

• Mimic a natural physiologic process.
• Evaluate function rather than anatomy.



Desirable properties of radiopharmaceuticals

• Localize largely and quickly in a target organ.

• Eliminated from the body with effective T1/2 similar to
duration of examination.
– Effective T1/2 should be long enough to complete the study, 

but short enough to minimize patien dose.

• Have low toxicity.

• Form stable product in vivo and in vitro.

• Minimal electron contamination.

• Contain no chemical or radionuclide contaminants.

• Be readily and cheap available.



Advantages of 
radiopharmaceuticals

– More precise than surgery or
RT. Avoiding healthy tissue
injury.

– They can reach tumors that 
are difficult to reach with 
other treatment methods.

– May be less expensive than 
other treatment methods.

Disadvantages of 
radiopharmaceuticals

– Adverse events:

• Fatigue.

• Nausea/vomiting.

• Myelosupression.

– Difficult administration.



Types of therapies

– Targeted radiopharmaceuticals – These 
radiopharmaceuticals are designed to bind to specific 
molecules on cancer cells. This allows the 
radiopharmaceutical to concentrate on cancer cells, 
reducing damage to healthy tissues.

– Controlled-release radiopharmaceuticals – These 
radiopharmaceuticals are designed to release radiation in 
a controlled manner over a period of time. This can help 
increase the effectiveness of the treatment and reduce 
side effects.

– Combination radiopharmaceuticals – These 
radiopharmaceuticals combine radiation with other 
treatments, such as chemotherapy or immunotherapy. 
This can help improve treatment results.



Radionuclides for therapy

• 131I treatment of thyroid cancer.

• 131I treatment in hyperthyroidism.

• Radioimmunotherapy with 90Y ibritumomab
tiuxetan (Zevalin) and 131I tositumomamab
(Bexxar) therapy of low-grade non-Hodgkin´s
lymphoma.

• They can be administered in capsule or liquid
solution form.



Current applications approved for 
treatment

Radiopharmaceutical Active Ingredient Cancer Type
Approval
Date

Xofigo® Radium-223 dichloride
Metastatic castration-resistant prostate 
cancer 2013

Hicon® Sodium iodide I-131 Thyroid cancer 1971

Azedra® Lobenguane iodine-131
Pheochromocytomas and 
paragangliomas 2012

Quadramet®
I-131 
metaiodobenzylguanidine Neuroendocrine tumors 2008

Zevalin®
Yttrium Y-90 ibritumomab 
tiuxetan Non-Hodgkin's lymphoma 2002

Lutathera® Lutetium Lu-177 dotatate Neuroendocrine tumors 2018

Pluvicto™
Lutetium Lu-177 vipivotide 
tetraxetan

Prostate-specific membrane antigen 
(PSMA)-positive metastatic castration-
resistant prostate cancer 2021

SkyScrin® Gallium Ga-68 dotatoc Neuroendocrine tumors 2018

Myloview™ Iodine-131 I-bensamidin Myeloma 2021
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PRESCREENING & FUP.





• [68Ga] Ga-PSMA-
11 PET/CT 
imaging

• Serum (PSA) 
values.

• clinical T stage.

• Gleason scores



• 138 pts high-risk 
Prostate Cancer.

• 68Ga PSMA-PET/CT.

• Radical prostatectomy.





TREATMENT



PSMA-Alpha Targeted Radionuclide Therapy with or without 
Prior PSMA-Beta Targeted Radionuclide Therapy



No significant difference PSA50 (52 vs 58%), PFS (4.03 vs 5.07 mo), or OS (16.4 vs 17.3 mo)
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