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Abstract. Cancer is the second more frequent cause of death, after cardiovascular disease, in developing 

countries. Most of adult patients with neoplasms will develop skeletal metastases that can lead to progressive 

pain. 
188
Re emits both beta particles suitable for therapy and a gamma ray (155 keV), adequate for diagnostic 

imaging in order to verify localization in the pain areas associated to metastatic process. The aim of this work 

was to correlate 
188
Re-HEDP dose estimations using biological samples and direct measures. All the patients had 

breast or prostate cancer, with bone metastases. Each patient received a tracer dose of 185 MBq of 

radiopharmaceutical. Urine samples were collected at 0-1, 1-2, 2-4 and, 4-6 hours post administration, and 

measured in dose calibrator. Whole body counts were acquired using a cammera without collimator, window 

centered at 155 KeV, matrix 256 x 256, during 60 seconds. Data were obtained at 1 and 6 hours post 

administration with the patient in sitting position at 2 meter from the detector. Percentage of injected dose was 

calculated both for urine samples and image for each patient. The number of disintegrations was determined for 

organs in which higher concentration of activity was observed: those involved in the excretion, red marrow and 

the reminder of the body. Total doses were estimated using OLINDA/EXM software. 

Conclusions: Data showed that the organs chosen as more compromised during the tracer dose procedure 

received very low effective doses. A good correlation between calculations performed both for image and urine 

samples was obtained. Safety of the radiopharmaceutical was also verified using this method. 
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1. Introduction 
Patient with breast and prostate cancer will develop skeletal metastases that can lead to progressive 

pain. Bone metastases occur in approximately 50% of patients and treatment of these metastases with 

radiopharmaceuticals has been beneficial for many patients, relieving the pain in 40% to 80% of cases, 

during weeks or months. Considering methods that involve radiation, external radiation therapy has 

proven effective in relieving pain, but its application is limited to localized treatment, in patients with 

few metastatic sites, since a more extensive treatment can produce side effects such as nausea and 

vomiting. Moreover, its application in the thorax and abdomen is limited, due to the presence of 

organs with high sensitivity to radiation. Since metastases are often disperse, systemic 

radiopharmaceutical radiotherapy is a good choice, because it can provide lasting pain relief, with 

minimal side effects, although bone marrow reversible alterations may occur. 

Pain palliation radiopharmaceutical therapy must accomplish certain characteristics: high affinity for 

pathologic bone tissue and permanence in the lesion; emission of beta electrons with enough energy to 

reach the pathologic cells; half-life period long enough to deliver a radiation dose able to destroy or 

damage neoplasic cells. 

The mechanism of action of these therapeutic radiopharmaceuticals is linked to its affinity for bone 

tissue (hydroxyapatite), with particular affinity for regions with osteoblastic activity, as happens in 

metastatic areas. These sites can be identified and located by diagnostic radiopharmaceuticals such as 
99m
Tc-MDP bone scan, before the treatment. Rhenium-188 hydroxyethylidine diphosphonate 

[
188
Re(Sn)HEDP] is a new radiopharmaceutical that localizes in skeletal metastases and emits beta 

particles that may be therapeutically beneficial. 
188
Re emits both beta particles suitable for therapy and 

a gamma ray (155 keV), adequate for diagnostic imaging in order to verify localization in the pain 

areas associated to metastatic process. Besides, 
188
Re may be obtained from a 

188
Tungsten/

188
Rhenium 

generator, resulting in a ready available system for a daily elution. [1]. 

The aim of this work is to evaluate the safety of the radiopharmaceutical, correlating 
188
Re-HEDP dose 

estimations using biological samples and direct measures. 

External or urine serial measurements are needed to determine the accumulated activity following the 

radiopharmaceutical administration.  
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Total body retention may be determined using external probe monitoring (nonimaging direct 

measures) or urine samples. The resulting time-activity curve allows calculation of the residence time 

to be used in the Olinda / EXM software in order to determine total dose. 

 

2. Materials and methods 

2.1 Radiopharmaceutical: The 
188
Re generator delivers a sterile, pyrogen-free and isotonic water 

solution of Sodium-Perrhenate (Na
188
ReO4). 

188
Re-HEDP (radiochemical purity > 98%) has been 

prepared from lyophilized and locally produced kits (Techi). Radiochemical purity was determined by 

ascending chromatography with NaCl as mobile phases and Whatman 3M as stationary phase.[2]  

2.2 Subjects:  Ten patients (6 male and 4 female, mean age, 63 y: range, 48-84 years) with 

disseminated bone metastases (primary cancer: prostate n= 6, breast n= 4) were treated. Written 

informed consent was approved by the Ethical Committee of the University Hospital, Faculty of 

Medicine, Montevideo, Uruguay.  

The inclusion criteria were: Patient with multiple bone metastases (bone scan); failure of prior 

conventional therapy; white cells and platelets number higher than 4000/mm
3 
(4 x 10

9
/liter) and 

150.000/mm
3
 (100 x 10

9
/liter) respectively; serum creatinine concentration less or equal to 1.5 mg/dl 

(133 µmole/liter). On the other hand, exclusion criteria were: obstructive renal pathology or renal 

insufficiency; urinary incontinence; psychiatric pathology; evidence of spinal marrow compression; 

pathological fracture. 

2.3 Methods: Each patient received 185 MBq of 
188
Re-HEDP as a tracer dose. Data from urine 

collection and external counting were obtained for all patients. Direct measures of whole body were 

acquired using Sophycammera DSX, 93 PMT, (SOPHA, France) without collimator, window centered 

at 150 KeV, matrix 256 x 256, during 60 seconds. The patient was located in sitting position at 2 meter 

from the detector, at 0, 1, 2, 4 and 6 hs post administration, (bladder void before counting). A 

reference standard was measured each time, in order to correct for radioactivity decay and for 

instrumental drifts. Special care must be taken to minimize errors from fluctuating background (such 

as might be caused by external radionuclide sources or other injected patients). From each external 

measure, percentage of injected dose (%ID) was calculated. Absorbed dose was estimated with  

Olinda / EXM software, mainly for urinary system  and bone marrow. 

At the same time, urine samples were collected at 0-1, 1-2, 2-4 and 4-6 hours post administration and 

measured in a Capintec CRC-12 dose calibrator (CII, USA). Bone uptake was assessed from urine 

data; extrapolation of bone uptake at 24 hours was validated from urine sample collection [3,4].  

Number of disintegrations (Residence time) in trabecular and cortical bone were considered equal, 

taking into account the following formula: 

 

)Re(44.1
5.0

.
188

2/1 hoursxtx
A

xC
DisntNumb =                                                                         (1) 

 

C- Bone uptake (MBq) 

A- Dose administered (MBq) 

t1/2  of 
188
Re  16.9 (hours)  

In this case, the residence time is introduced Olinda/EXM code and absorbed doses for organs 

involved in the excretion, red marrow and the reminder of the body are obtained. 
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3. Results: 

 

Figure 1. Residence time in the population 
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Table 1:  Total dose in the main organs (mSv/MBq) 
 

 Total Doses (mSv/MBq) Urine samples          
from 0 to 6 hs 

Urine samples                    
from 6 to  24 hs 

Direct measures 6 hs 

Kidneys 1,68E-03 ±±±±4,23E-04 1,35E-03  ±±±± 5,33E-04 1,48E-03 ±±±± 4,09E-04 

Red Marrow 8,87E-01±±±±2,28E-01 7,30E-01 ±±±±2,98E-01 7,81E-01 ±±±±2,36E-01 

U. B. Wall 1,06E-03±±±±2,17E-04 8,17E-04 ±±±±3,22E-04 9,10E-04 ±±±±2,44E-04 

Total Body 1,03E-01±±±±2,56E-02 8,35E-02 ±±±±3,29E-02 9,07E-02 ±±±±2,52E-02 
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Figure 2. Total dose in organs 
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4. Discussion: 

 

Number of disintegrations evaluated form urine samples and form images are of the same order and 

also their standard deviations are similar. The statistical analysis of results using T test, showed that 

residence times of both urine samples and direct measures were equivalent. Bone uptake of 
188
Re-

HEDP was of 43,96 ± 24,28% at 24 hours, total urine elimination at 6 hs was 57,98 ± 11,94%.  From 

the urine elimination profile it can be seen that the main contribution to bone dose happens during the 

first 6 hours after administration (Figure 2). No particular organ uptake was observed.  

 

 5. Conclusions: 

 

Data from urine samples and images can be used indistinctly to estimate the total absorbed dose. 

Despite this, the use of direct measures is simple and represents less exposure to health personnel 

because there is no need to handle biological and radiocontaminated fluids.    

Estimated total dose of the organs involved in the excretion (kidneys and urine bladder) was below     

2 cGy, on the other hand dose to red marrow was below 2 Gy, according to the radioprotection 

principles.  
 

6. References: 
 

[1] Savio E et al. “
1188
Re-HEDP: Pharmacokinetics characterization, clinical and dosimetric evaluation 

in osseous metastatic patients with two levels of radiopharmaceuticals dose”
  
B.M.C Nuclear Medicine 

2001, 1:2 

[2] Verdera ES et al. “Rhenium - 188 - Hedp - Kit Formulation And Quality Control” Acta 1997; 79: 

113-117 

[3] Knapp FF Jr. et al. “Reactor Produced Radioisotopes From Ornl For Bone Pain Palliation” Apll. 

Radiact.Isot (1998), 49:309-315.  

[4] Knut Liepe et al “Dosimetry Of 188- Hydroxyethyidene Diphosphonate In Human Prostate Cancer 

Skeletal Metastases”. 

 


