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Background 

ÅBone metastases are present in 

ïCRPC (castration resistant prostate cancer) patients: > 90% 

ïMBC (metastatic breast cancer): up to 80% 

 

ÅBone metastases are a major cause of mortality, pain, 

morbidity (decrease of quality of life) 

 

ÅBone metastases cause skeletal events  

(need for radiation of bone or for orthopedic surgical intervention, 

spinal cord compression, pathological bone fracture) 

Need for effective and tolerable therapies that improve survival 
and reduce skeletal events  
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Radium-223 



ÅAlfa (223Ra) 

Å Helium-nucleus 

Å High LET: 80 keV/µm 

Å Short range (~µm) 

Å 2000-7000 ionpairs/µm 

Å Double strand DNA breaks 

Å Irrepairable 

Å 2-3 tracks kill cell 

 

ÅBeta (electronen ï 89Sr / 153Sm) 

Å Elementary particle 

Å Low LET: 0,2 keV/µm 

Å Longer range (~mm) 

Å 5-20 ionpairs/µm 

Å DNA damage can be repaired 

Å Cross-fire necessary 

Å +/- 1000-10000 tracks kill cell 

Alfa versus Beta 



Nilsson, Am Soc Clin Oncol Educ Book, 2014 

a-particle radiation 



Ŭ-particle tracks in different bone areas  

Spongious bone Osteoblastic zone 

Note the short track 

length 

Bruland, Clin Cancer Res, 2006 



Decay scheme radium-223 

Total energy emitted by 

radium-223 and daughters is 

28,2 MeV 

- 95,3% as a particles 

- 3,6% as b particles 

- 1,1% as g 

Henriksen, Cancer Res, 2002 



Radionuclides for therapy of bone M+ 

Radionuclides/radiopharmaceuticals used for the therapy of bone metastases 

Isotope Radiopharmaceutical  Half-life 
(days) 

Energy (MeV) 
(maximum/mean) 

-ɹEnergy 
(keV) (%) 

Soft-tissue range (mm) 
(maximum/mean) 

Usual Activity 

32
P 

32
P-orthophosphate 14.3 мΦтκлΦтлόʲ) - уΦрκоόʲύ 5-10 mCi i.v. 10-

12mCi p.o. 

89
Sr 

89
SrCl2 50.5 мΦпсκлΦру όʲύ 0.91 (0.01) тκнΦп όʲύ 4 mCi i.v. 40-60 

µCi/kg i.v. 

153
Sm 

153
Sm-EDTMP 1.9 лΦумκлΦно όʲύ 103 (28) оΦпκлΦс όʲύ 1 mCi/kg i.v. 

186
Re 

186
Re-HEDP 3.7 мΦлтκлΦор όʲύ 137 (9) оΦтκмΦм όʲύ 35 mCi i.v. 

223
Ra 

223
RaCl2 11.4 рΦсп όʰύ όmean) 154 (5.6)       

269 (13.6) 
0.05-0.08 1.4 µCi/kg i.v. 

117m
Sn 

117m
Sn-DTPA 13.6 0.127.0.129 and 0.152 

(conversion electrons) 
159 0.2-0.3 (conversion 

electrons) 
0.05-0.27 mCi/kg 
i.v. 

Goldsmith, Nuclear Medicine Therapy, 2013 



Bone surface to red bone marrow ratio 

Bruland, Clin Cancer Res, 2006 



Imaging of 223RaCl2 

Carrasquillo, EJNMMI, 2013 

Small bowel 

Colon 

No liver 

No gallblader 



Bone targetting one day after injection 

Carrasquillo, EJNMMI, 2013 



ALSYMPCA trial 

Alpharadin in Symptomatic Prostate Cancer Patients 

Parker, NEJM, July 2013 


