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186Re-1-hydroxyethylidene-1,1-diphosphonate (HEDP) is an at-
tractive radiopharmaceutical for the treatment of bone pain aris-
ing from skeletal metastatic lesions. Currently, 186Re-HEDP is
most commonly used in European countries. The aim of this
study was to investigate the palliative efficacy and adverse
effects of 186Re-HEDP in patients with different types of can-
cers and skeletal bone pain. Methods: Nineteen (8 male, 11
female) patients with various cancers (breast, prostate, renal
cell carcinoma, colon, and neuroendocrine tumors) and painful
bone metastases were included in the study. A dose of 1,480–
3,330 MBq (40–90 mCi) of 186Re-HEDP was administered in-
travenously. The patients’ level of pain relief was assessed by
the Visual Analog Scale for 8 wk after treatment and by a weekly
blood cell count to evaluate for hematologic toxicity. Results:
The overall response rate was 89.5%, and the mean pain score
assessed by the Visual Analog Scale was reduced from 9.1 to
5.3 after 1 wk (P 5 0.003). No adverse effects were reported by
patients during intravenous administration or for up to 24 h after
administration. A flare reaction was seen in 63.2% of patients,
mainly during days 1–3, and lasted for 2–4 d. There was no
significant correlation between the response to therapy and
the flare reactions (P . 0.05). The nadir of platelet reduction
occurred at the fourth or fifth week and led to platelet infusion in
only 4 patients with a low baseline platelet count and diffuse
skeletal metastases. Bone marrow suppression occurred in
patients receiving higher doses, but no clinical problems were
seen except in 2 patients who required packed cell transfusion
similar to their prior transfusions. Conclusion: 186Re-HEDP is
an effective radiopharmaceutical for the palliative treatment of
metastatic bone pain and has minimal adverse effects.
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The skeleton is the most common site of metastatic
disease, and tumors arising from the breast, prostate, lung,
thyroid, and kidney commonly spread to bone. The fre-
quency of bone metastases has been estimated at 65%–75%
in patients with breast and prostate cancer (1,2) and about
30%–40% in those with lung cancer (3). Bone pain, as the
main symptom of skeletal metastases and the most common
type of cancer-related pain, obviously has a negative impact
on quality of life (4). Currently, the factors contributing
to cancer pain are not completely understood (5,6), and met-
astatic bone pain might be poorly localized for external ra-
diation therapy (7). Various modalities have been introduced
for the treatment of bone metastases, including analgesics,
hormone therapy, cytotoxic drugs, biphosphonates, and sur-
gery; however, they are not effective in all patients with
painful refractory skeletal metastases. An alternative ap-
proach is systemic administration of radiopharmaceuticals,
which is a valuable and effective method for relieving bone
pain in patients with multifocal skeletal metastases (4,8).

Various bone-seeking b-emitting radiopharmaceuticals
have been developed, including 32P, 89Sr, 153Sm-ethylene-
diaminetetramethylene phosphoric acid, 186Re-1-hydroxy-
ethylidene-1,1-diphosphonate (HEDP), and 188Re-HEDP.
186Re is a promising radionuclide with a physical half-life
of 89.3 h, maximum b-emission of 1.07 MeV, and 9%
abundant g-emission of 137 keV, making it suitable for
imaging and dosimetry (9,10). These physical characteris-
tics have led to the development and clinical application of
186Re-HEDP for metastatic bone pain palliation, and this
therapy has been available in Iran. The main purpose of this
study was to evaluate the benefits of 186Re-HEDP for bone
pain palliation and its adverse effects in Iranian patients
with different types of advanced cancer.

MATERIALS AND METHODS

Participants and Study Design
Patients with histologically confirmed cancers, skeletal metas-

tases, and marked bone pain were included in the study. The
patients were referred to the nuclear medicine department for
systemic radionuclide therapy and met the eligibility criteria,
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including age greater than 18 y, multiple bone metastases seen on
a recent 99mTc-methylene diphosphonate whole-body scan, intract-
able or considerable bone pain compatible with scintigraphically
detected hot lesions, life expectancy of at least 3 mo, normal or
acceptable renal function (creatinine level , 2 mg/dL), and suffi-
cient bone marrow function (platelet count . 150,000/mL, white
blood cell count . 2,500/mL, and hemoglobin level . 10 g/dL).

Patients who had any of the following criteria were excluded
from the study: impending or pathologic fracture, impending or
existing spinal cord compression, hemibody whole-body radiation
during the previous 3 mo, or pregnancy.

In accordance with the Helsinki declaration, all patients were
comprehensively informed about the procedure and possible
adverse effects and all gave written consent. Approval for the
study was obtained from the local ethics committee.

Pretherapy Evaluation
99mTc-methylene diphosphonate whole-body scanning, renal

function assessment, and hematologic assessment were performed
on all patients, as well as conventional radiographic or CT/MR im-
aging evaluation if indicated. Afterward, the patients’ symptoms were
evaluated to determine whether they had simple metastatic bone pain.
In addition, a neurologic consultation was requested for patients with
suspected nerve root compression or a pathologic fracture.

An interval of at least 1 mo was necessary between the
preceding and next session of chemoradiotherapy. Furthermore,
the type of therapy had not been changed during the 3 mo of the
ongoing study, and other treatment regimens such as hormone
therapy or biphosphonate were continued.

Baseline data were taken on registration, including pain score,
analgesic score, and the blood cell counts in the previous week.
Pain was measured using the Visual Analog Scale (0 5 no pain
and 10 5 intolerable pain) (11). For analgesic evaluation, the
dosage and type of drug taken (no medication 5 grade 0, non-
opioid analgesics 5 grade 1, weak opiates 5 grade 2, strong
opiates 5 grade 3) were recorded.

The analgesic score was calculated by multiplying the number
of mean dosages per week by the conversion factor (12). The bone
scan index was defined to evaluate any spread of skeletal metas-
tases in pretreatment bone scintigraphy according to the number
and extent of focal lesions. The skeleton was divided into 5 ana-
tomic regions—skull, spine, thoracic cage, pelvis, and extremi-
ties—and each region was scored from 0 to 2. The bone scan
index was the sum of these scores from 0 to 10.

186Re-HEDP Administration
Patients were admitted to the day care unit of the nuclear

medicine or radiation oncology department and received 1,480–
3,330 MBq (40290 mCi) of 186Re-HEDP in 30 mL of saline
through a running intravenous line for 10 min. The patients were
then observed in an isolated room for 6–8 h. All patients received
oral or intravenous hydration (;500 mL) before and after the
tracer infusion, and urinary incontinence was managed by bladder
catheterization before administration of the drug. Whole-body
scanning was performed after 4–24 h using a single-head camera
(e.cam; Siemens) equipped with a low-energy high-resolution col-
limator and energy window setting of 137 keV 6 20%. External
dosimetry was performed at 0, 1, 2, 4–6, and 24 h after injection.

Posttherapy Evaluation
The Visual Analog Scale, analgesic intake, and complete blood

count were recorded weekly for 8 wk. In addition, the efficacy of

the treatment, duration of pain relief, hematologic toxicity, and
flare reactions were evaluated. The treatment efficacy was
considered complete if the pain score decreased by at least 80%,
partial if by at least 50%, and minimal if by more than 25%. In
nonresponders, none of these criteria were fulfilled. Hematologic
toxicity was assessed by World Health Organization criteria, and
a flare reaction was identified as a transient increase in pain
intensity of more than 25% that started within 1 wk of the tracer
administration and resolved quickly within a few days.

Statistical Analysis
To compare the variables between groups, we applied the t test

or paired t test, Friedman test, Fisher exact test or x2 test, and
Mann–Whitney test. A P value of less than 0.05 was considered to
be statistically significant. Linear correlations among the variables
were analyzed using the Spearman linear correlation coefficient.
The SPSS for Windows software package (release 18; SPSS Inc.)
was applied for the statistical analysis.

RESULTS

Among 45 referred patients, 20 fulfilled the eligibility
criteria for radionuclide therapy. The 20 patients included
in the study (12 female, 8 male) had a mean age of 55 y
(range, 30–75 y). They had a pathologic diagnosis of breast
cancer (11), prostate cancer (4), colon cancer (2), renal cell
carcinoma (1), neuroendocrine tumor (1), or synovial sar-
coma (1). One patient with breast cancer died 3 wk after
treatment because of a sudden onset of brain metastasis
symptoms and was therefore excluded from the study
(Table 1). Retreatment was arranged for only 1 patient 6 mo
after administration of 177Sm-ethylenediaminetetramethy-
lene phosphoric acid.

The mean dose administered was 2,882 6 675 MBq
(77.89 6 18.24 mCi). Only 3 patients received 1,480
MBq, and a dose of more than 2,775 MBq was adminis-
tered to the other patients. Table 2 summarizes the patient
characteristics and treatment results. The distribution of
186Re-HEDP in the body was obtained within 4–24 h and
correlated completely with the pretreatment 99mTc-methy-
lene diphosphonate scan (Fig. 1). Pain relief typically began
around 7 d after treatment, and a response was observed for
at least 1 wk in 15 patients (78.9%) and for 2 wk in 12
patients (63.15%). A complete response was observed in 9
patients (47.3%), a partial response in 4 (21%), and a min-
imal response in 2 (10.5%). No response was seen in 4
patients (21.1%). The mean duration of pain relief was
5.26 6 3.58 wk (range, 1–8 wk). It was less than 4 wk in
6 patients (31.5%), 4–8 wk in 2 patients (10.5%), and more
than 8 wk in 7 (36.8%) patients. Mean pain scores reduced
from 9.106 1.33 before the intravenous injection to 5.316
3.24 during the first week (P5 0.0001) and to 6.636 3.4 at
the end of week 8 (P 5 0.007). The analgesic score
revealed the same trend, and a significant reduction in the
mean analgesic score was seen after treatment (P 5 0.002).
The mean analgesic score was 5.656 3.98 before treatment
and 2.73 6 4.18 at the end of the first week (P 5 0.0001),
and the mean response duration was 4.15 6 3.48 wk. Pain
palliation was achieved for at least 8 wk in 7 patients
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(37%), who also had favorable palliation after the study
period (Table 3). The duration of response was not signif-
icantly different between the groups with and without a flare
response (P . 0.05), and no appreciable changes in vital
signs or clinically evident adverse reactions were observed
within the 24 h after 186Re-HEDP injection.
A transient decrease in the platelet, white blood cell, and

hemoglobin counts was observed. Four patients received
1,480 MBq of 186Re-HEDP at the start of the study, and no
considerable complete blood count changes occurred in
these patients (Table 4). Although significant bone marrow
suppression was detected in patients receiving higher doses
of the drug, no clinical problems arose except in 2 patients
who required a packed cell transfusion as they had done
before treatment. Only 4 patients showed grade 3 platelet
toxicity, and 3 of them had a baseline platelet count of
lower than 200,000/mL. The other patient had widespread
bone metastases and a superscan pattern on the whole-body
bone scan. White blood cell toxicity was limited to grade
0 and 1 toxicity, except in 1 patient with grade 2 toxicity. In
most patients, the nadir of platelet count reduction was seen

at the fourth or fifth week. Declines in peripheral counts
returned to the reference range at the end of the eighth week
(Table 4).

Twelve patients (63.2%) experienced a flare response;
the majority occurred during days 1–3 and lasted for 2–4 d.
A flare reaction occurred in 53.3% (8/15) of responders and
100% (4/4) of nonresponders. As a result, there was no
significant correlation between the flare reaction and pain
response (P . 0.05). In addition, there was a significant
association between the presence of a flare response and
dosage (r 5 0.47, P 5 0.04).

The bone scan index value ranged from 2 to 10 (mean,
6.21 6 2.4). The mean bone scan index was 6.4 6 2.55 in
the responder group and 5.5 6 1.73 in the nonresponder
group (P.0.05). Themean alkaline phosphatase serum level
was 343 6 149.84. It was 312 6 85.5 and 350 6 162.91 in
responders and nonresponders, respectively (P. 0.05).

DISCUSSION

In our study, 78.9% of patients experienced bone pain
relief, and a therapeutic efficiency of 50%–92% has been

TABLE 1
Patient Demographics

Patient no. Sex Age (y) Tumor site Dose (MBq) Flare BSI Treatment efficacy

1 F 45 Breast 2,960 No 8 CR
2 M 63 Kidney 3,330 No 4 PR
3 M 31 Synovium 1,480 Yes 7 NR
4 M 64 Colon 2,960 Yes 4 NR
5 F 65 Breast 2,960 Yes 2 MR
6 F 52 Breast 2,590 No 8 PR
7 M 50 Prostate 2,960 Yes 4 MR
8 M 74 Prostate 2,960 No 10 CR
9 F 62 Breast 3,700 Yes 8 PR

10 F 42 Breast 3,700 Yes 3 CR
11 F 30 Breast 3,700 Yes 5 CR
12 M 64 Colon 2,960 Yes 4 NR
13 F 68 Neuroendocrine 3,700 Yes 4 CR
14 M 75 Prostate 3,330 Yes 6 CR
15 F 54 Breast 1,480 No 7 CR
16 F 61 Breast 1,480 No 9 PR
17 F 40 Breast 3,330 Yes 7 NR
18 F 50 Breast 2,960 No 9 CR
19 M 63 Prostate 2,960 Yes 9 CR

BSI 5 bone scan index; CR 5 complete response; PR 5 partial response; NR 5 no response; MR 5 minimal response.

TABLE 2
Clinical and Hematologic Effects of 186Re-HEDP Before and After Treatment

Parameter Before treatment (mean 6 SD) After treatment (mean 6 SD) P

Response (first week)
Pain score 9.10 6 1.33 5.31 6 3.24 ,0.05
Analgesic score 5.65 6 3.98 2.73 6 4.18 ,0.05

Hematologic toxicity (fifth to sixth weeks)
Platelet count 316,000 6 285,000 115,000 6 6,100 .0.05
Leukocyte count 6,055 6 3,200 4,800 6 2,800 .0.05
Hemoglobin 11.75 6 1.81 11.21 6 2.36 .0.05
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reported with low-dose 186Re-HEDP in different malignan-
cies (13,14). This variation could be related to some het-
erogeneous factors such as patient selection criteria, tumor
type, response criteria, and the method of administration.
Comparable results for the efficacy and duration of pain
relief have been reported with high-dose 186Re-HEDP
(2,590 MBq) (15). Conversely, a dose-escalating study in
a small number of prostate cancer patients showed a better
response rate when a high therapeutic dose was used (16).
In fact, the intravenous administration of 186Re-HEDP is

a challenging subject. The standard dose of 1,295 MBq is
recommended as safe, even in heavily pretreated patients
(13). However, some data support administering higher
doses, which are more likely to reduce tumor markers,
ablate micrometastasis, and bring about the disappearance
of bony lesions (17). In addition, when there is extensive
skeletal involvement, the calculated absorbed dose to spe-
cific metastatic deposits has been shown to be significantly
reduced (18). This finding could explain why a better re-
sponse is seen in patients who have received higher doses
(19–21). On the other hand, it might be a reasonable justi-
fication for a good response in patients with few metastatic
lesions treated with a lower administered activity (22–24).
Because 186Re-HEDP delivers a substantial dose to the

bone marrow, bone marrow toxicity will be the major ad-
verse effect. In these patients, thrombocytopenia is the
dose-limiting factor, whereas leukopenia plays only a minor
role (25). A growing number of escalating-dose studies

have revealed that the maximum tolerated dose of 186Re-
HEDP is 2,960 MBq in prostate cancer (26) and 2,405 MBq
in breast cancer (13,27). One report also shows that 2,960
MBq is a threshold for grade 2 toxicity and that grade 3
toxicity was detected in only 1 of 6 prostate cancer patients
treated with 4,070 MBq of 186Re-HEDP (25). In fact, bone
marrow suppression and the subsequent adverse effects
could be affected by various factors other than the dose
administered. Suggested factors include the patient’s overall
condition, metastatic load, pretreatment blood cell count,
and previous therapies (28,29). Our study showed that
declines in blood cell count do not depend solely on the dose
administered and that baseline complete blood count is im-
portant when selecting the best treatment. Thus, we could
safely administer higher doses in patients with sufficient
blood cell counts. Blood toxicities associated with treat-
ments indicate the importance of pre- and posttreatment
monitoring for patients receiving radionuclide therapy, par-
ticularly patients with widespread skeletal metastases.

A flare reaction is the other adverse effect of bone-
seeking therapeutic radionuclides and is probably related to
transient inflammatory reactions that modify intratumoral
pressures. Flare reactions can be managed by analgesics or
steroid agents (30). An incidence of 10%–30% has been
reported with 186Re-HEDP (13,31–34) and up to 50% with
188Re (19). In our study, flare reactions occurred in 63% of
patients and could have been due to the patients’ awareness
of the probable short-term worsening of bone pain, higher
administered dose, or greater fluctuations in the level of
pain. The present study, like another reported study (13),
suggested that the flare response was not predictive of pain
palliation. This suggestion is contradictory to reports that
have mentioned the predictive power of flare reactions for
treatment response (16,31). Furthermore, we found no sig-
nificant differences between responders and nonresponders
in terms of bone scintigraphy and alkaline phosphatase
level—issues that are also controversial in the literature
(35). To date, other factors have been evaluated to determine
the predictive power of response, such as baseline tumor and

FIGURE 1. A 50-y-old man with prostate cancer in whom
abnormal foci of increased radiotracer uptake were seen in
clavicles, sternum, ribs, spine, sacroiliac joints, and pelvis on
99mTc-methylene diphosphonate (MDP) and 186Re-HEDP scans.
In addition, significant uptake resulting from liver involvement
is seen on both 99mTc-methylene diphosphonate and 186Re-
HEDP scans. Patient showed complete response to therapy and
flare reaction after receiving 2,960MBq of 186Re-HEDP.

TABLE 3
Efficacy of 186Re-HEDP in Patients with Painful

Bone Metastases

Pain response n

Complete response 9 (47.4%)
Partial response 4 (21.1%)
Minimal response 2 (10.5%)
No response 4 (21.1%)
Duration of response
,4 wk 6 (21.1%)
4–8 wk 2 (10.5%)
$8 wk 7 (36.8%)

Flare response
Yes 12 (63.2%)
No 7 (36.8%)

186RE-HEDP IN BONE PAIN PALLIATION • Pirayesh et al. 195



bone markers, hemoglobin level, and previous treatments
(14,23,24,36), but highly controversial issues remain.
Although several studies have demonstrated that earlier

treatment in patients in better clinical condition may im-
prove the response rate (22–24), unfortunately radionuclide
therapy is underutilized in Iran. This underutilization could
be a result of limited referrals due to specialists’ inadequate
knowledge and misconceptions about adverse effects or
to the restricted availability and expense of bone pain–
palliating radionuclides.

CONCLUSION

186Re-HEDP is an effective radiopharmaceutical for the
palliative treatment of metastatic bone pain and has mini-
mal adverse effects.

DISCLOSURE

This paper was adapted from a student thesis at Shahid
Beheshti University of Medical Sciences (grant 2345). No
other potential conflict of interest relevant to this article was
reported.

ACKNOWLEDGMENT

We thank our colleagues in our departments for their
productive assistance with data acquisition.

REFERENCES

1. Saeki T, Ookubo K, Takeuchi H, Fujiuchi N. The incidence and management of

bone metastasis from breast cancer. Gan To Kagaku Ryoho. 2006;33:1054–1057.

2. Greco C, Forte L, Erba P, Mariani G. Bone metastasess, general and clinical

issues. Q J Nucl Med Mol Imaging. 2011;55:337–352.

3. Tsuya A, Fukuoka M. Bone metastases in lung cancer. Clin Calcium.

2008;18:455–459.

4. Vasudev NS, Brown JE. Medical management of metastatic bone disease. Curr

Opin Support Palliat Care. 2010;4:189–194.

5. Jimenez-Andrade J, Mantyh W, Bloom A, Ferng A, Geffre C, Mantyh P. Bone

cancer pain. Ann N Y Acad Sci. 2010;1198:173–181.

6. Sabino MA, Mantyh P. Pathophysiology of bone cancer pain. J Support Oncol.

2005;3:15–24.

7. Coleman RE. Metastatic bone disease: clinical features, pathophysiology and

treatment strategies. Cancer Treat Rev. 2001;27:165–176.

8. Serafini AN. Therapy of metastatic bone Pain. J Nucl Med. 2001;42:895–906.

9. Liepe K, Roswitha A, AE R, Kotzerke J. The benefit of bone-seeking radio-

pharmaceuticals in the treatment of metastatic bone pain. J Cancer Res Clin

Oncol. 2005;131:60–66.

10. Lewington VJ. Bone-seeking radionuclides for therapy. J Nucl Med. 2005;46

(suppl):38S–47S.

11. Boonstra AM, Preuper HRS, Reneman MF, Posthumus JB, Stewart RE. Reli-

ability and validity of the visual analogue scale for disability in patients with

chronic musculoskeletal pain. Int J Rehabil Res. 2008;31:165–169.

12. Foley KM. The treatment of cancer pain. N Engl J Med. 1985;313:84–95.

13. Lam MG, de Klerk JM, van Rijk PP. 186Re-HEDP for metastatic bone pain in

breast cancer patients. Eur J Nucl Med Mol Imaging. 2004;31(suppl):S162–S170.

14. Zafeirakis A, Papatheodorou G, Arhontakis A, Gouliamos A, Vlahos L,

Limouris GS. Predictive implications of bone turnover markers after palliative

treatment with 186Re-HEDP in hormone-refractory prostate cancer patients with

painful osseous metastases. Eur J Nucl Med. 2010;37:103–113.

15. Tennvall J, Abrahamsson P, Ahlgren G. Palliative radiation with a radiolabeled

diphosphonate (rhenium-186 etidronate) in patients with hormone-refractory

disseminated prostate carcinoma. Scand J Urol Nephrol. 2000;34:188–193.

16. Quirijnen JM, Han SH, Zonnenberg BA, et al. Efficacy of rhenium-186-etidro-

nate in prostate cancer patients with metastatic bone pain. J Nucl Med.

1996;37:1511–1515.

17. O’Sullivan JM, McCready V, Flux G, et al. High activity rhenium-186 HEDP

with autologous peripheral blood stem cell rescue: a phase 1 study in progressive

hormone refractory prostate cancer metastatic to bone. Br J Cancer. 2002;86:

1715–1720.

18. Robinson RG, Spicer JA, Blake GM, et al. Strontium-89: treatment results and

kinetics in patients with painful metastatic prostate and breast cancer in bone.

Radiographics. 1989;9:271–281.

19. Palmedo H, Guhlke S, Bender H, et al. Dose escalation study with rhenium-188

hydroxyethylidene diphosphonate in prostate cancer patients with osseous me-

tastases. Eur J Nucl Med. 2000;27:123–130.

20. Zhang H, Tian M, Li S, Liu J, Tanada S, Endo K. Rhenium-188-HEDP therapy

for the palliation of pain due to osseous metastases in lung cancer patients.

Cancer Biother Radiopharm. 2003;18:719–726.

21. Cheng A, Chen S, Zhang Y, Yin D, Dong M. The tolerance and therapeutic

efficacy of rhenium-188 hydroxyethylidene diphosphonate in advanced cancer

patients with painful osseous metastases. Cancer Biother Radiopharm. 2011;26:

237–244.

22. Ziada G, Faris L, Yacoub S, Elgazzar A. Evaluation of efficacy and toxicity of

treatment using rhenium-186 HEDP in metastatic bone pain. Med Princ Pract.

1998;8:196–200.

23. van der Poel HG, Antonini N, Hoefnagel CA, Horenblas S, Olmos RA. Serum

hemoglobin levels predict response to strontium-89 and rhenium-186-HEDP

radionuclide treatment for painful osseous metastases in prostate cancer. Urol

Int. 2006;77:50–56.

24. Turner SL, Gruenewald S, Spry N, Gebski V. Less pain does equal better quality

of life following strontium-89 therapy for metastatic prostate cancer. Br J Can-

cer. 2001;84:297–302.

25. Lewington VJ. Targeted radionuclide therapy for bone metastases. Eur J Nucl

Med. 1993;20:66–74.

26. de Klerk J, Zonnenberg BA, van het Schip AD, et al. Dose escalation study of
186Re-HEDP in patients with metastatic prostate cancer. Eur J Nucl Med.

1994;21:1114–1120.

27. de Klerk JM, van het Schip AD, Zonnenberg BA, et al. Phase 1 study of rhenium-

186-HEDP in patients with bone metastases originating from breast cancer.

J Nucl Med. 1996;37:244–249.

28. de Klerk JM, van het Schip AD, Zonnenberg BA, et al. Evaluation of thrombo-

cytopenia in patients treated with rhenium-186-HEDP: guidelines for individual

dosage recommendations. J Nucl Med. 1994;35:1423–1428.

29. van Dodewaard-de Jong JM, de Klerk JMH, Bloemendal HJ, et al. A phase I

study of combined docetaxel and repeated high activity 186Re-HEDP in castra-

tion-resistant prostate cancer (CRPC) metastatic to bone (the TAXIUM trial).

Eur J Nucl Med Mol Imaging. 2011;38:1990–1998.

30. Porter AT. Strontium-89 (Metastron) in the treatment of prostate cancer meta-

static to bone. Eur Urol. 1994;26:20–25.
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