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Treatment-Related 
Fractures

Disease-Related 
Skeletal Complications

Castrate sensitive, Castrate resistant, 
nonmetastatic

Castrate resistant, 
metastatic

New Bone Metastases



Targeted  Delivery of radiation to specific tissue

Radionuclide  Use of radiation to destroy lesions

Therapy  Treatment of benign or malignant lesions
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• Analgetics
I- aspirin, ibuprofen, naproxen; II- kodein; III- morfin
• Bifosfonats: 
Alendronat, Risedronat, Ibandronate, Zoledronat
• Radiotherapy
• Chemotherapy:  
Tamoxifen, Aminoglutetimid
• Biologic therapy: 
Denosumab
• Surgery
• Radionuclide therapy

Spectrum of Bone Disease in Cancer





The ideal agent for painful bone metastases:
More uptake in lesions than normal bone
Distribution predicted by Tc-99m MDP scan
Rapid clearance from remainder of body
Long half life
Beta energy >0.8 MeV - < 2.0 MeV
Easy to produce
Cost reasonable

McEwan. Cancer Biother Radiopharmaceut 1998;13:413
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• 89Sr=150 MBq, - 148 MBq
• 153Sm=37 MBq/kg, 37 MBq/kg
• 186Re=1,295 MBq 1,3-3 GBq
i.v. + 0,9%NaCl     

EDTMP= etilen-diamino-tetrametilen-fosfat
HEDP= hidroksi-etlien-difosfonat

Targeted Radionuclide Therapy

Radiopharmaceuticals



• Mechanism of action



Indications

• Hg < 90 gl−1,
• Le < 3.5×109 l−1,
• Tr < 100×109 l−1

• Cre >180 μmol/l 
• GFR <30 ml/min

Absolute
Metastases on skeletal scintigraphy
 Failure of drug therapy
 Failure of other forms of therapy
Relative
 Asymptomatic metastases
 Less than 3 metastatic foci
Osteolytic metastases
 Expected survival less than 60 days

Contraindications
• Pathological 

fractures



89Sr (Metastron®)



Complex decay
Beta has maximum energy of 0.81 keV
Half-life 1.95 days
Gamma photon (103 keV) can be used for 

imaging
Excretion mostly renal

153Sm (Quadramet®)



Present: 153Sm (Quadramet®)
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Check list:

Proven bone metastases
Objective evidence of referral for therapy
Complete blood count
Recent bone scan
Signed consent form
Appropriate continuity of care, including blood counts



99mTc-MDP                           186Re-HEDP
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166Ho-DOTPM 
177Lu-BPAMD
153Sm-DOTMP 
186/188Re-CTMP

166Ho-DOTPM 
(1,4,7,10-tetraazacyclododecane-1,4,7,10-
tetramethylene-phosphonic acid)

Targeted Radionuclide Therapy
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BPAMD = (4-{[bis-(phosphonomethyl))carbamoyl]methyl}-7,10-bis(carboxymethyl)-1,4,7,10-tetraazacyclododec-1-yl)

68Ga-BPAMD  PET/CT   177Lu-BPAMD

Targeted Radionuclide Therapy



• 153Sm + Denosumab

Pre 3m 6m Pre 3m 6m
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Complex decay scheme, including mostly alpha, but also beta and
gamma
Half life of 11.4 days
Excretion mostly renal, but also through the GI tract
Very short range and therefore causes less damage to

surrounding tissues than other radiopharmaceuticals

223Ra (Alpharadin®)

Developed in Norway by Algeta,
approved in Europe

Marketed by Bayer Healthcare



• 223Radium hlorid –Ca analogue, 
• 4h i.v.-77% in bone

• 50 kBq / kg i.v.; every 4 weeks, 4-6 months

223 Radium 11.4 d α 5.78 MeV range in tissue :   2-10 cells  
100um

γ :  269 keV -13.6%      154 keV-6%      324 keV-4%

223Ra (Alpharadin®)



99mTc-MDP 99mTc-MDP 223Ra 223Ra

223Ra (Alpharadin®)



• 99mTc-MDP pre before Alpharadin

223Ra (Alpharadin®)



• 99mTc-MDP 6 months after

223Ra (Alpharadin®)



• 99mTc-MDP 9 months after

223Ra (Alpharadin®)



• Primary – hepatocellular carcinoma, cholangioma, sarcoma, 
hepatoblastoma

• Secondary - TU of the digestive tract, lung, breast, melanoma,
• Small metastatic foci are difficult to visualize

Liver tumors 



• Primary and secondary liver malignancies are common and associated
with a poor prognosis. Surgical resection is the treatment of choice;
however, many patients have unresectable disease. In these cases,
several liver directed therapies are available, including SELECTIVE
INTERNAL RADIATION THERAPY

• SIRT is a multidisciplinary treatment involving nuclear medicine,
interventional radiology and oncology. High doses of localised internal
radiation are selectively delivered to liver tumour tissues, with relative
sparing of adjacent normal liver parenchyma. Side effects are minimal
and radiation protection measures following treatment are
straightforward

SIRT



• HCC - greater density of arterioles, predominantly supplied by 
the hepatic artery 80%

• Lipiodol: 131I, (Japan 1984) 188Re (Lipiocis®)
• Fatty acid ethyl ester of iodinated opium oil
• Rapid diffusion into the tumor, slow clearance
• Protocol: 30 days; 2-3 months
• Lipiodol+chemotherapy 3-5x higher radiation tumor/surrounding 
tissue dose

Liver tumors 



• Transarterial embolization a. hepatica

Liver tumors 



99mTc-Sn koloid

131I lipiodol

Liver tumors 



188Re lipiodol

Liver tumors 



• 90Y-Microsfere (SIR-Spheres® TheraSphere®)
• 188Re-Microsfere (β- 2.12 MeV; γ-155 KeV)
• 166Ho-Microsfere  (β- 1.85 MeV)
• 165Dy-Microsfere (β- 1.3 MeV)
• Radioembolizaton: iradiation  (90%)+ishemia(10%)

Liver tumors SIRT 



• 99mTc-MAA



90Y- SIR-Spheres®

“Bremsstrahlung”
imaging 

Liver tumors SIRT 



18FDG PET before (A) after (B) 90Y- SIR-Spheres®

Liver tumors SIRT 



188Re-Microsfere (SIR-Spheres®)

Liver tumors SIRT 



• 166Ho-QuiremSpheres® Eβmax = 1.84 MeV, T1/2 =26.8 hr

[166Dy]/166Ho generator 

166Dy – 81.5h

166HoCl3, y-80keV

Liver tumors SIRT 


