
133© 2018 World Journal of Nuclear Medicine | Published by Wolters Kluwer - Medknow
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ABSTRACT
For bone‑targeted radionuclide therapy  (BTRT), different commercial radiopharmaceuticals are available such as strontium‑89, 
186Rhenium‑hydroxyethylidene diphosphonate (186Re‑HEDP), Samarium‑153‑ethylenediamine tetramethylene phosphonic acid, and radium‑223. 
Unfortunately, the commercial available radiopharmaceuticals are very expensive (from 1,200 to 36,000€ per patient in Europe). The 188W/188Re 
generator is an ideal source for the long‑term (4–6 months) continuous availability of 188Re suitable for the preparation of radiopharmaceuticals 
for different radionuclide therapies. Labeling at HEDP, it can use cost‑effective for BTRT, if enough patients are available for therapy. And so, 
188Re‑HEDP is the ideal candidate in developing countries which high population to replace the other agents. Two German groups documented 
a response rate of 80% without any severe side effects and similar bone marrow toxicity compared to the other compounds for 188Re‑HEDP. 
Using 188Re‑HEDP in repeated treatments, a prolonged overall survival of repeated to single application was observed (from 4.5 months for 
single to 15.7 months using ≥≥3 applications).
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INTRODUCTION

Skeletal metastases occur in many patients with different 
kinds of solid malignant tumors, especially in advance stage 
of prostate, breast, and lung cancer. Resulting bone pain 
interferes with the patient’s quality of life and requires 
effective treatment. The incidence of bone metastases in 
patients with cancer is mainly derived from autopsy studies[1] 
and is most commonly associated with advanced stage 
of breast cancer  (in 47%–85% of patients), prostate cancer 
(33%–85%), and lung cancer (32%–60%).[2,3] The typical sites of 
bone metastases are the thoracolumbar spine, pelvis, lower 
and upper limbs, and the skull.[1] Patients with bone metastasis 
commonly endure severe bone pain, and this symptom has 
the most impact on quality of life. The mechanisms involved 
in bone pain are poorly understood[4] but are likely to be a 
consequence of osteolysis (bone breakdown).[5] Infiltration of 
the bone trabeculae and matrix by tumor osteolysis is one of 
the physical factors. Other factors included microfractures and 
stretching to the periosteum by tumor growth.[6] Biochemical 
mechanisms of pain include the stimulation of nerve endings 

in the endosteum by a variety of chemical mediators which 
include bradykinin, prostaglandin, histamine, interleukin, and 
tumor necrosis factor produced by the osteolytic process.[6,7]

Prostate and breast cancer patients are commonly candidates 
for palliative treatment with bone‑seeking radionuclide 
agents because their use can often result in a relatively 
long survival time in patients with a high incidence of bone 
metastases.

Hormone therapy is the first option for prostate and breast 
cancer because these tumors commonly express hormone 
receptors. In hormone‑sensitive prostate cancer, orchiectomy 
or castration is effective in relieving pain, but this approach 
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has now been mostly replaced with chemical castration. 
Many hormonal agents work at different points along the 
hormone axis to inhibit the production or block the action 
of testosterone. The broad classes of agents are estrogens, 
progesterone, gonadotropin‑releasing hormone analogs, 
adrenal enzyme synthesis inhibitors, and antiandrogens. 
A  common regimen is a combination of an antiandrogen 
with a gonadotropin‑releasing hormone analog to provide 
total blockade of androgens.[8] Tamoxifen is the common 
antihormone drug in hormone‑sensitive breast cancer. In 
case of hormone receptor positive breast and prostate 
cancer patients reported up to 70% of patients a pain relief 
after hormonal therapy.[9,10] Unfortunately, this strategy is 
self‑limited, and during the course of the disease, these 
tumors often become hormone resistant and progress, 
resulting in recurrence of pain.[11]

If the patients have skeletal metastases than the 
bisphosphonates, application is indicate, especially in breast 
cancer patients with more osteolytic activities in bone 
lesions compared with prostate cancer. Bisphosphonates 
are analogs of endogenous pyrophosphates.[12] Pamidronate 
and zoledronic acid are second‑  and third‑generation 
nitrogen‑containing bisphosphonate formulations approved 
for use in metastatic bone metastases.[11] They have both 
demonstrated the capability to reduce skeletal complication 
and morbidity in patients with cancer.[13] Extensive clinical 
evidence has established bisphosphonates as useful agents 
for treating bone metastasis associated with breast cancer,[14‑18] 
although not all trials have demonstrated a beneficial effect.[19] 
There is less evidence demonstrating the therapeutic efficacy 
of bisphosphonates in metastatic prostate cancer, with some 
trials suggesting no effects from treatment[20] and other 
indicating only a reduction in bone pain.[21,22]

Local external beam radiotherapy represents another 
therapeutic option for local bone pain. Indications for 
radiotherapy for bone metastases include pain, risk for 
pathological fracture, and neurological complication arising 
from spinal cord compression, nerve root pain, or cranial 
involvement.[23] About 20% of all radiotherapies are performed 
for painful bone metastases.[24] Meta‑analysis data have 
established that >40% of treated patients can expect at least 
50% pain relief and fewer than 30% can expect complete pain 
relief at 1 month.[25] Numerous external beam radiotherapy 
regimens may be employed in the management of bone pain 
included fractionated schedules and single fraction regimens.[11]

Unfortunately, radiotherapy of the whole body is involved 
with high rate of side effects, and so internal radiotherapy 
using bone‑seeking agents is useful in patients with multifocal 

pain symptoms. The therapy is effective in delivering high 
doses of radiation to widespread metastatic bone lesions and 
can limited dose to healthy tissue.[26] And so for multiple size 
of bone metastases, a systemic treatment using bone‑seeking 
agents is the recommended option.

PREPARATION OF 188RHENIUM‑HYDROXYETHYLIDENE 
DIPHOSPHONATE

188Rhenium‑hydroxyethylidene diphosphonate  188Re-HEDP was 
prepared as previously described by Lin et al. and Palmedo 
et al.[23, 39] 188Re‑perrhenate was obtained from a 38 GBq alumina‑based 
188W/188Re generator[17] (Oak Ridge National Laboratory, Oak Ridge, 
USA). The generator was eluted with 20–25 ml of 0.9% saline. 
The generator eluates were concentrated to about 1.2 ml using a 
tandem cation/anion concentration system,[18] which consists of an 
Ag Plus cartridge (Alltech Associates, Deerfield, IL, USA) attached 
to a three‑way stopcock connected at the outlet to the QMA anion 
trapping column SepPak® (Waters Corporation, Milford, MA, USA) 
anion‑exchange column. The concentration system was housed in 
a Lucite shield.

8.3 mg HEDP (Fluka Chemie AG, Buchs, Switzerland), 3.0 mg 
gentisic acid  (Sigma‑Aldrich, Steinheim, Germany), and 
3.9  mg stannous chloride dihydrate  (Merck, Darmstadt, 
Germany) were weighed in kit vials and mixed with 1.0 ml of 
carrier‑added 188Re‑generator eluate (10 µl HReO4 Aldrich and 
100 µmol/ml physiological saline). The solution was heated at 
96°C–100°C for 15 min. After cooling to room temperature, 
1 ml of a sterile 0.3 M sodium hydroxide solution was added 
to adjust the pH to a range of 5–6.

Quality control of carrier‑added 188Re‑HEDP was performed 
with thin layer chromatography using Silica Gel  (ITLC‑SG) 
strips  (Gelman, Ann Arbor, Michigan, USA) to determine 
free perrhenate. A volume of 1–2 µl of 188Re‑HEDP solution 
added with acetone was deposited at the start line of the 
ITCL strip. The 188ReO2 remains at the start line of ITLC strip, 
the 188Re‑perrhenate moved. A  solvent 0.9% NaCl solution 
was used. In addition, anion exchange chromatography 
was performed based on gradient elution with increasing 
concentrations of NaCl solutions using a QMA SepPak®. 
The radiochemical purity determined by both procedures 
(ITLC and ion exchange) using the following formula: 
radiochemical purity = 100 − (%188ReO4 + %188ReO2). Sterility 
and pyrogen tests were performed for each preparation.

188RHENIUM‑HYDROXYETHYLIDENE DIPHOSPHONATE

188Re is of special interest in clinical applications because of 
its excellent availability and cost‑effectiveness as product of 
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an 188tungsten/188Re generator.[27] Radiolabeling of various 
agents with 188Re provides a variety of different therapeutic 
options outside the bone pain palliation, for example, 
treatment of liver metastases or primary liver cancer with 
labeling to lipiodol[28] or microsphere[29] and treatment 
of arthritis with labeling to colloids.[30] Other therapeutic 
options included 188Re‑labeled antibodies for treatment 
of leukemia[31,32] or a variety of 188Re‑labeled agents in 
intracoronary brachytherapy.[33‑35]

Diphosphonates such as methylene diphosphonate  (MDP) 
and hydroxymethane diphosphonate (HDP) are well‑known 
bone‑seeking agents for imaging with 99mTc. However, for 
unknown reasons, 188Re‑labeled HDP and MDP do not show 
sufficient uptake in the skeleton, with high soft‑tissue 
uptake.[36] In contrast, HEDP showed significant higher 
skeletal uptake and similar results in radiolabeling procedures 
as 186Re‑HEDP.[37,38] The first clinical data, reported by Palmedo 
et al.,[39] showed the results of a dose escalation study using 
1.3 GBq (35 mCi), 2.6 GBq (70 mCi), 3.3 GBq (90 mCi), and 
4.4 GBq (120 mCi) of 188Re‑HEDP in a small group of prostate 
cancer patients (22 men). The first hematotoxic results were 
noted in those patients who have an administered activity 
of 2.6 GBq 188Re‑HEDP. In the 3.3 GBq group, one patient 
exhibited reversible Grade  1 and 2 thrombocytopenia. In 
the 4.4 GBq group, thrombocytopenia of Grades 3 and 4 
was observed in one and two patients  (baseline platelet 
counts <100  × 109/l), respectively. With respect to bone 
marrow toxicity, the authors postulated an activity of 
3.3 GBq as the standard activity of this agent, with the 
exception of patients with a baseline platelet count level 
above 200 × 109/l, which might also be tolerable at a higher 
activity of 4.4 GBq. Pain palliation was reported by 64% of 
patients, with a mean duration of 7.5 weeks. The response 
rate seemed to increase with higher doses, reaching 75% in 
the 4.4 GBq group. Liepe et al. from Dresden[40] focused on 
the impact of dosage on the general status of the patient. 
In 27 patients with prostate cancer who were given 3.3 GBq 
(90 mCi) of 188Re‑HEDP, an increase in Karnofsky performance 
scale from 74% ± 7% before therapy to 85% ± 9% at 12 weeks 
after therapy was obtained  (P = 0.001). In addition, pain 
relief was achieved in 76% of patients and 20% of patients 
were pain free. The pain score showed a maximum decrease 
from 4.4% ±1.8% to 2.7% ±2.0% in the 3rd–8th weeks after 
therapy  (P  =  0.009)  [Figure  1]. Other groups have also 
described a therapeutic effect from 188Re‑HEDP therapy in 
other malignancies, such as lung, renal, rhinopharyngeal, 
and bladder cancer with 70% to 80% pain relief.[41]

Bone marrow toxicity, especially thrombocytopenia, 
traditionally represents the significant side effect in 

systemic radionuclide therapy. Liepe et  al.[40] reported a 
moderate transient bone marrow toxicity with a decrease 
in platelet counts from a baseline value of 286 ± 75 × 109/l 
to a maximum of 218  ±  83  ×  109/l with the nadir at 
3 weeks [Figure 2]. The authors found no evidence of either 
local or systemic intolerance to treatment with 188Re‑HEDP, 
while a flare reaction with an increase in pain within 14 days 
after therapy was noted in 16% of patients.

One c l in ica l  t r ia l  us ing 188Re‑HEDP,  186Re‑HEDP, 
Samarium‑159‑ethylenediamine tetramethylene phosphonic 
acid (153Sm‑EDTMP), and strontium‑89 (89Sr) in 79 patients with 
breast and prostate cancer[42] found no significant differences 
in thrombocytopenia and leukopenia (P  =  0.059–0.470). 
Anemia plays a minor role in the toxicity of bone pain 
palliation. After 188Re‑HEDP administration, patients showed 
a 30% decrease in the platelet counts from the baseline level 
to nadir. Typically, the nadir is early for thrombocytopenia and 
leukopenia using radionuclides with short physical half‑lives 
such as 188Re‑HEDP  (nadir between the 2nd and 4th weeks 
after therapy) in contrast to the radionuclides with a longer 
physical half‑life such as 89Sr (nadir between the 4th and the 
6th weeks after therapy).

New important therapeutic advances for bone pain 
palliation include the option of repeated radiotracer 
administration rather than a single administration. The 
group from Bonn[43] compared a standard single dose with 
two administrations of 3.3 GBq  (90 mCi) of 188Re‑HEDP in 
64  patients with prostate cancer. An important finding 
was the significant extension of the median times to 
progression and time of survival, from 2.3 and 7.0 months 
for a single administration to 7.0 and 12.7  months 
for two administrations, with an interval of 8  weeks, 
respectively  (P < 0.01). There was also a 60% response in 
pain relief following a single administration to 90% after 
twice administration  (P  <  0.01). Moreover, a significant 
reduction in the levels of the prostate‑specific antigen was 
documented following repeated administration, whereas 
this effect was not observed after just a single injection.[43] 
The same group also used three or more administrations 
and found a significant extension of the overall survival, 
from 4.5 months to 15.7 months in patients with multiple 
injections  (P  <  0.01)  (Biersack, 2011 #502). In another 
study,[44] 12  patients with hormone‑refractory prostate 
cancer were treated with 37 MBq/kg (1 mCi/kg) 188Re‑HEDP in 
combination with two applications of capecitabine (Xeloda®). 
A dose of 2500 mg/m2 capecitabine per day in combination 
with 188Re‑HEDP was reported as safe, but data on pain relief 
or Karnofsky performance scale were not documented. 
Clinical data using 188Re‑HEDP in primary bone tumors or a 
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combination with bisphosphonates in patients with bone 
metastases have not been published.

The kinetics of 188Re‑HEDP are favorable for bone pain 
palliation. Approximately 51% of the injected dose is 
absorbed by the skeleton 3  h after administration. The 
decay‑corrected whole‑body retention as the percentage 
of the administered activity decreases rapidly, in contrast 
to a slow decrease from the bone metastases. The 
biological half‑life values  (T½biol) also differ significantly 
between the whole body (T½biol = 51 ± 43 h) and the bone 
metastases (T½biol = 269 ± 166 h). These values correspond 
with rapid urinary excretion of 188Re‑HEDP; 8 and 48 h after 
administration, 40% ID and 60 ID% of the dose, respectively, 
were excreted.[45] Savio et al.[46] reported a urinary clearance 
of 70% within the first 6 h, bone uptake values of 10%–70%, 
and a remaining blood dose of 9% at 2 h. The bone uptake 
24  h postadministration was 43%. The dosimetric data 
for 188Re‑HEDP are comparable with the data from the 
commercially available radiopharmaceuticals used for bone 
pain palliation, with values of 3.83 ± 2.01 mGy/MBq for bone 
metastases, 0.61 ± 0.21 mGy/MBq for the bone marrow, 
0.07 ± 0.02 mGy/MBq for the whole body, 0.71 ± 0.22 mGy/MBq 
for the kidneys, and 0.99 ± 0.18 mGy/MBq for the bladder.

A s ingle report  descr ibed the ef fect iveness of 
bone‑targeted radionuclide therapy in bone metastases of 
neuroendocrine tumors which show no effect to peptide 
receptor radionuclide therapy. A small cohort of six patients 
with progressive bone metastases with falling effect to 
177Lu‑octreotate therapy were treated with a total of 11 cycles 
using 2.6–3.3 GBq 188Re‑HEDP per cycle. Using a 10‑step 
visual analog scale (VAS), the mean pain level decreased from 
6.6 (range: 5–8) to 3.7 (range: 2–7). Five patients reported 
pain response defined as a decrease of pain level ≥2 steps 
documented on the VAS for at least of 2 weeks.[47]

SUMMARY

Internal Radiotherapy using 188Re‑HEDP is effective in the 
treatment of metastatic bone pain and can improve quality 
of life. Using 188Re‑HEDP in larger group of patients, the 
cost for therapy is significant lower compare the approved 
radiopharmaceuticals such as 89Sr, 186Re‑HEDP, 153SM‑EDTMP, or 
radium‑223. The problem of the widespread use of 188Re‑HEDP 
is the lack of approved HEDP for therapy. In fact, the company 
Shanghai YITAI Pharmaceutical Technology Co., Ltd., initiated 
a Phase IIB clinical trial for castration‑resistant prostate cancer 
patients to have enough clinical data for an approval procedure.

Some investigators prefer radionuclides which emit low beta 
particles for the treatment of bone pain because the assumption 
of lower bone marrow toxicity of this agents. However, 
neither dosimetric data for radiation absorbed dose to the 
bone marrow[45,48,49] nor clinical blood count depression[50,51] 
have shown any significant differences between these agents. 
Other researchers suggest enhanced antitumoral effects using 
high‑energy beta emitters and propose aggressive first‑line 
treatment in the early disease stage instead of using these 
radiopharmaceuticals only in end‑stage patients suffering 
intractable bone pain.[52,53] Another approach consists of 
including other treatment modalities such as autologous stem 
cell rescue or in combination with chemo or bisphosphonate 
therapy to a radionuclide treatment scheme.[44,52,54] Future 
research should focus more on the curative effects of 
combination with radiosensitizer, for example, chemotherapy[55] 
or repeated treatments with bone‑seeking agents.[43]
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Figure  2: Time curve of platelet counts for strontium‑89  (Sr‑89), 
1 8 6r h e n i u m ‑ h y d r o x y e t h y l i d e n e  d i p h o s p h o n a t e   ( R e ‑ 1 8 6 ) , 
188rhenium‑hydroxyethyl idene diphosphonate  (Re‑188),  and 
samarium‑159‑ethylenediamine tetramethylene phosphonic acid (Sm‑153)

Figure  1: Time curve of pain documented with a 10‑step visual analog 
scale for 188rhenium‑hydroxyethylidene diphosphonate  (Re‑188), 
samarium‑159‑ethylenediamine tetramethylene phosphonic 
acid  (Sm‑153), and strontium‑89  (Sr‑89). The standard deviation is 
1.7–2.4 for 188rhenium‑hydroxyethylidene diphosphonate, 1.8–2.4 for 
samarium‑159‑ethylenediamine tetramethylene phosphonic acid, and 
1.8–2.2 for strontium‑89, respectively
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