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Introduction 
 Therapy for metastatic bone pain in Hormonal-Resistant Prostate Cancer (HRPC) 
patients is performed by administering systemic radioisotope therapy [1]. The beta radiation 
emitted by the radioactive strontium 89Sr [T1/2=50.5 d, Eβ(max)=1.49 MeV], an adequate 
radionuclide for this therapy procedure [2,3], irradiates the metastatic cells in the bone, 
producing the desired palliative effect. The beta disintegration of 89Sr is followed by a low 
abundance (0.00945%) gamma ray with energy of 909 keV. The commercially available 89Sr 
is in the form of SrCl and contains an impurity of less than 0.5% of 85Sr [T1/2=64.8 d] ,which 
decays by electron capture, emitting  gamma rays at 511 keV (95.71%). 
 The radiation dose to the metastatic cells due to the gamma rays is negligible 
compared to the dose given by the beta radiation, assuming that the 89Sr is concentrated at the 
metastatic bony lesions. Accurate information about retention and excretion of Sr in the 
patient’s body will contribute to better evaluate the effectiveness of the treatment. 
 The effective half-life of 89Sr can be calculated either from Whole Body Counting 
(WBC) measurements or by measuring 85Sr and/or 89Sr in urine/blood. WBC measurements, 
using collimated HPGe detectors, allow the follow-up of 89Sr and 85Sr at different sites in the 
skeletal bones of the patient. Biological half-lives of Sr in different body sections measured 
by WBC and the correlation with excretion-rate-based biological half-lives are presented.  
 
Materials and Methods  
 Patients with HRPC, who were scheduled for 4 mCi of 89Sr Metastron (Amersham 
Ltd, England) intravenous (IV) injection were enrolled to this study. Formal consent and 
Ethical Committee approval were obtained.  
 Successive collimated WBC measurements of different body parts were performed on 
five patients at 1, 4 and 7 weeks after the IV injection. A mobile high purity germanium 
(HPGe) detector of 63% relative efficiency and 1.95 keV energy resolution at 1332 keV, 
(Canberra, USA), collimated with mercury shielding and having an aperture of 90 mm 
diameter was used for the WBC measurements. Normalization of count rates for a fixed 
patient-detector distance was performed using the MCNP Monte Carlo code. A simulation of 
the photon interaction in the patient body, detector crystal and shielding, was performed to 
determine the normalization factors. 
 Samples of 10ml heparinized whole blood and urine samples of 24 hour collection 
were taken and analyzed before and on day of injection, as well as 3 and 11 weeks later [4]. A 
minimal amount of the original injected aliquot was analyzed for the initial 85Sr/89Sr ratio 
calculation. 
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Results  
 A gamma ray spectrum of the injected solution, as measured by the HPGe 
detector, is presented in figure 1. The gamma rays of 85Sr (514 keV) and 89Sr (909 keV) 
can be clearly seen, the 85Sr gamma ray being the most prominent, due to the high 
emission yield of this gamma ray and the extremely low emission yield of the 89Sr gamma 
ray. 
 

 
Figure 1: WBC gamma ray spectrum of injected Sr. 

 
           The biological half-lives were calculated for different body sections (head, thorax, 
pelvis), and also total body, from the count rates of 85Sr, as measured by the WBC. In some 
cases, biological half-lives were calculated also from urine/blood excretions. Trace amounts 
of 85Sr could be detected up to 148 and 80 days after injection in urine and blood. The results 
based on WBC counting are presented in Table 1.  
 
       Table1: Biological half-life (days) of Sr in  HRPC patients, as measured by WBC. 
 

Patient Head Thorax Pelvis Total 
 1 320 240 260  300 
 2 18 18 18 20 
 3 - 4 4 4 
 4 11 11 - 11 
 5 14 9 9 9 

*The uncertainty of the results (2σ − 95% confidence level) is in the range 12-20%.  
 

 The results in the table are based on the 514 keV count rates. Similar results, but with 
higher uncertainty, were obtained using the count rates of the 909 keV (89Sr) gamma rays, 
except for patient 1, for whom for the pelvis section, a negative biological half life was 
found. A negative biological half-life may be due to an effective half-life longer than the 
physical half-life of Sr, which may indicate accumulation of Sr in the target section. Urine 
and blood samples were analyzed for patient 2, and gave half life values close to those 
determined by WBC (13 days based on urine results and 27 days based on blood results),   
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but urine samples of patient 1 gave negative biological half life values. The results for patient 
1 indicated also a fast component of the biological half-life of less than 10 days. 
  

Patients with long biological half-lives retained 3 weeks after injection around 50% of 
administered 89Sr , and more than 20% after 10 weeks, as can be seen in figure 2.  
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Figure 2: The results of three consecutive measurements of one patient. 

 
Conclusions 
    Biological half-lives of Sr in HPRC patients were evaluated from measurements by WBC 
and in some cases from measurements of Sr in urine and blood. The values seem to be 
generally similar for different body parts, but they are different from patient to patient. In one 
case, a possible indication for accumulation of Sr (a negative biological half life) was 
observed. 
    Comparison of WBC and excretion results was made for one patient, and yielded a similar 
biological half-life by both methods.  
    By measuring the individual biological half-life and hence the effective half life of 89Sr in 
the body, a more accurate time schedule for repeated doses of 89Sr can be produced.  
    The combined treatment (chemotherapy + 89Sr) has recently been found [2] to increase the 
overall survival of prostate cancer patients unresponsive to hormonal manipulation. 
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