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Tumoricidal effect and pain relief after concurrent 

therapy by strontium-89 chloride and zoledronic acid 

for bone metastases 

Abstract
Objective: The purpose of this study was to investigate the palliative and tumoricidal effects of concurrent 

89therapy of strontium-89 chloride ( SrCl ) and zoledronic acid (ZA) for painful bone metastases. Subjects 2

and Methods: Fifty-one patients with painful bone metastases prostate cancer (n=17), lung cancer (n=13), 
breast cancer (n=12), other cancers (n=9) were treated. Bone metastases was con�rmed in all patients by 

99mtechnetium-99m hydroxymethylene diphosphonate ( Tc-HMDP) bone scintigraphy. The numeric rating 
scale (NRS) and performance status (PS) were used to assess the degree of pain and patients' physical condi-

99mtion. The extent of bone metastases was assessed with imaging modalities including CT, MRI and/or Tc 
89bone scintigraphy before treatment and 2 or 3 months after. Results: The pain relief response of SrCl  with 2

ZA for bone metastases was 94% (48/51) from 1 to 3 months after treatment. The tumoricidal effect of con-
89current therapy by SrCl  with ZA for painful bone metastases was 8/22 as shown by imaging modalities and 2

the rate of non-progressive disease (non-PD) was 19/22. Pain due to bone metastases assessed with the NRS 
was signi�cantly improved (P<0.001) in many types of primary cancer, including prostate, breast and lung 

89cancers. Conclusion: Concurrent therapy of SrCl  with ZA may offer not only pain relief, but also a tumori-2

cidal effect for painful bone metastases.
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Introduction

Bone metastases is frequently observed in patients with advanced cancer with an 
incidence were of 65% in patients with prostate or breast cancer, and 35% in those 
with advanced lung, thyroid and renal cell cancer [1]. Bone metastases frequently 

cause skeletal-related events (SREs) such as pathological fractures, spinal cord compres-
sion or vertebral collapse, severe bone pain and hypercalcemia which worsen patients' 
quality of life (QOL) and shortens their survival [2]. The management of painful bone me-
tastases consists of multidisciplinary approaches including systemic analgesics, hormo-
nes, bisphosphonates, denosumab, chemotherapy, steroids, external beam radiotherapy 
(RT), radiofrequency ablation and surgery [3, 4]. However, the management of bone me-
tastases is not standardized and the above approaches are not always effective, especi-
ally at the late stage of the disease having multiple bone metastases. 

The use of radiopharmaceuticals with avidity to selectively localize in the metastatic 
89skeletal sites, such as strontium-89 chloride ( SrCl ), rhenium-186-hydroxy ethylene dis-2

186 153phosphonate ( Re-HEDP) and samarium-153-ethylene diamine tetramethylene ( Sm-
EDTMP), is widely accepted to reduce the pain caused by bone metastases [5]. Strontium-
89 is a calcium (Ca) homolog that accumulates in bone-metastatic lesions that have en-
hanced Ca metabolism. Strontium-89 is a radionuclide with a physical half-life of 50.5 da-
ys. It emits β-rays with an energy of 1.49MeV and mean energy range of 2.4mm. The 
uptake of strontium-89 in bone metastases is 2 to 25 times higher than that in normal 
bone mar-row. Strontium-89 is also used to relieve pain caused by bone metastases and 
has also de-monstrated tumoricidal action [6-8].

Zoledronic acid (ZA) is a third-generation nitrogen-containing bisphosphonate bin-
ding to hydroxyapatite. It induces dysfunction and apoptosis of osteoclasts, reduces the 
number of osteoclasts, and inhibits bone re-absorption. It is reported that ZA reduces the 
risk of SREs in patients with bone metastases and delays its onset [9]. There are a few re-
ports that ZA has an anti-angiogenic effect and tumoricidal effect [10, 11].
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There are also a few reports concerning pain relief using 
89the combination of SrCl  with ZA for bone metastatic pati-2

ents [12, 13]. To our knowledge, the tumoricidal effect of this 
concurrent therapy for patients with painful bone metasta-
ses has not yet been fully investigated. The purpose of the 
present study was to investigate, in  patients with bone me-
tastases from various cancers, whether concurrent therapy 

89of SrCl  with ZA is effective for pain relief and whether it has 2

a tumoricidal effect.  

Subjects and Methods

Patients
89Patients who received concurrent therapy of SrCl  and ZA 2

for painful bone metastases at Saiseikai Hita Hospital during 
the period from March 2010 to July 2013 were enrolled in 
the present prospective study. Written informed consent 
was obtained from all patients before initiation of treat-
ment. The study was approved by the Institutional Review 
Board. Complete blood counts and serum chemistry tests 
were performed. Patients who met the following criteria we-
re excluded from the present study: a) white blood cell co-

3unts less than 2000/mm , b) platelet counts less than 
375000/mm , c) hemoglobin less than 9g/dL, d) serum creati-

nine greater than 2.0mg/dL or creatinine clearance less than 
30mL/min. All patients underwent technetium-99m 

99mhydroxymethylene diphosphonate ( Tc-HMDP) bone scin-
tigraphy before treatment. Pain equivalent to �ndings in the 
bone scintigraphy was con�rmed by a physicians' interview 
before treatment. 

The study population consisted of 51 patients (31 male 
and 20 female) with a median age of 74 years (range, 44-89). 
Primary lesions of painful bone metastases patients inclu-
ded prostate cancer (n=17), breast cancer (n=12), lung can-
cer (n=13), hepatocellular carcinoma (HCC) (n=3), gastric 
cancer (n=2), malignant �brous histiocytoma (MFH) (n=1), 
pancreatic cancer (n=1), uterine cancer (n=1) and rectal can-
cer (n=1). 

Treatment
Radioactive strontium-89 chloride was intravenously admi-
nistered at a dose of 2MBq/kg with a median dose of 108 
MBq/body (62-141MBq). Zoledronic acid was also intrave-
nously (i.v) administered every 3 weeks at a dose of 3 or 4mg/ 
body in 100mL of saline solution. The median duration of ad-
ministration of ZA was 3 months (2-23 months). Before con-

89current therapy of SrCl  with ZA, 14 patients had under-2

gone radiotherapy: 2 with prostate cancer, 6 with lung can-
cer, 2 with breast cancer and 3 each with pancreatic cancer, 
HCC and rectal cancer. Thirty-seven patients had undergone 
prior chemotherapy: 16 with prostate cancer, 7 with lung 
cancer, 11 with breast cancer, 2 with HCC and 1 with pancre-
atic cancer. Bone metastases occurred or persisted in all pati-
ents even after radiotherapy or chemotherapy. During seve-

89ral months of concurrent therapy with SrCl  and ZA and 2

thereafter, no other anti-cancer treatment such as radio-

therapy or chemotherapy was performed. The patients who 
underwent external radiotherapy waited at least three 

89months before receiving SrCl  with ZA. 2 

Bone scintigraphy 
Technetium-99m hydroxymethylene diphosphonate (Ni-
honMedi-Physics Co., Ltd., Nishinomiya, Japan) was admi-
nistered at a dose of 555MBq in all patients. Whole-body 
images taken 3 hours after radiotracer injection were recor-
ded with a gamma camera (E.CAM, Siemens Medical Sys-
tems, Inc., scan speed 10cm/min, matrix 256×1024). The 
whole-body �eld was digitally recorded in anterior and pos-
terior views (256×1024) on a dedicated computer system. 
Energy discrimination was provided by a 10% window cen-

99mtered on the 140keV of Tc.

89Sr imaging with bremsstrahlung
Strontium-89 imaging with bremsstrahlung was examined 

89within 2 to 4 weeks after SrCl  administration. It visualizes 2
89Sr β-rays damping radiation showing the distribution of 
89 99mSrCl  and was compared with the Tc accumulation in the 2

bone scintigraphy to detect changes in disease status. Ante-
rior and posterior views of whole-body images were recor-
ded with a gamma camera with a medium-energy colli-
mater (E.CAM, Siemens Medical Systems, Inc., scan speed 
10cm/min, matrix 256×1024). Energy discrimination was 
provided by a 100% window centered on the 300keV peak. 

Clinical assessment of painful bone metastases  
All patients received blood tests and be interviewed every 
two weeks until two months after the treatment. The seve-
rity of pain due to bone metastases was assessed with the 
numeric rating scale (NRS) [14]. The patients' physical con-
dition was assessed with the performance status (PS) scale 
[15]. To assess the clinical therapeutic effect, NRS and PS 
scores before and after treatment were compared.

Imaging assessment of tumoricidal effects   
Computed tomography (CT), magnetic resonance imaging 
(MRI) and bone scintigraphy were examined before and 2 or 
3 months after treatment. The tumoricidal effect of the treat-
ment on bone metastases was evaluated according to the 
Response Evaluation Criteria in Solid Tumors (RECIST) crite-
ria [16]. In this study, “responders” had a complete response 
(CR) or partial response (PR). 

Toxicity  
To assess bone marrow toxicity, minimum leukocyte and 
platelet counts in the three months after the administration 

89of SrCl  and ZA were examined. Toxicities were graded with 2

the Common Terminology Criteria for Adverse Events (CT-
CAE) version 4.0. 

Statistical analysis
The comparison of NRS and PS before and after treatment 
was analyzed with the Wilcoxon signed rank sum test using 
SPSS version 19.0 software (IBM Inc, Armonk, New York, 
USA). P-values less than 0.05 were de�ned as statistically sig-
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ni�cant.

Results

Evaluation of pain relief using NRS and PS 
The median NRS signi�cantly decreased after the treatment; 
it was 7 before treatment and 3 after treatment (P<0.001). 
This decrease in NRS was observed regardless of the primary 
cancer type: from 7 to 1 for prostate cancer (P<0.001), 7 to 2 
for lung cancer (P<0.001), 6.5 to 3 for breast cancer (P< 

0.001), and 7 to 3 for other cancers (P=0.008) (Tables 1-4). 
89In 48 of 51 patients, NRS was improved after SrCl +ZA 2

administration. In 2 of the remaining three patients, NRS 
was not changed, and in one patient, NRS was increased af-

89ter SrCl +ZA administration. The response rate of pain relief 2
89for SrCl +ZA was 94% (48/51). There was no difference in PS 2

before and after treatment for all cancers (P=0.417 for pros-
tate cancer, P=0.540 for lung cancer, P=0.755 for breast can-
cer and P=0.796 for other cancers) (Tables 1-4). 

Evaluation of tumoricidal effects using imaging mo-
dalities. 

Table 1 .  The c haracteristics o f p rostate c ancer p atients w ith b one m etastases. 

Case Age Radio-
therapy

Chemo-
therapy

89SrCl2 ZOL 
period

Follow-
up

Survival NRS PS Res-
ponse

1 74 BCL+LA 124 8 10 Death 7→3 0→0

2 89 110 2 2 Death 8→0 2→2

3 75 BCL+LA 128 14 16 Death 5→1 1→0 PR

4 77 BCL+LA 80 16 18 Death 7→3 1→1 SD

5 74 BCL+LA 108 23 25 Death 5→1 0→0

6 76 BCL+LA 100 17 19 Death 7→1 0→0 SD

7 63 30 BCL+LA 78 8 9 Death 7→1 1→1 PR

8 77 BCL+LA 120 5 8 Death 6→3 0→0 PR

9 81 LA 72 2 6 Death 6→2 1→1

10 80 LA 95 4 8 Death 6→1 1→1

11 78 BCL+LA 110 8 12 Death 7→0 0→0 PR

12 78 30 LA 141 5 6 Death 6→2 1→1

13 79 LA 124 3 22 Death 7→1 1→0

14 63 BCL+LA 118 3 20 Death 5→1 1→0

15 81 LA 98 2 3 Death 8→5 3→3

16 79 LA 93 3 5 Death 6→3 2→2

17 78 BCL+LA 120 3 22 Alive 8→2 2→1

89The  unit  of   SrCl   and  that  of  duration  of  ZOL  period  are  MBq  and  month,  respectively.  T he  unit  of  radiotherapy  and  that  of  duration  of  follow-up  are  Gy 2
89and  month,  respectively.  SrCl :  Strontium-89  chloride,  ZOL:  Zoledronic  acid,  NRS:  Numeric  rating  scale,  PS:  Performance  status,  BCL:  Bicalutamide,  LA: 2

Leuprorelin a cetate, R adiotherapy: E xternal r adiotherapy,  PR: P artial r esponse,  SD: S table d isease.
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Table 2 . T he c haracteristics o f l ung c ancer p atients w ith b one m etastases. 

Case Age Gen-
der

Radio-
therapy

Chemo-
therapy

89SrCl2 ZOL 
period

Follow-
up

Survival NRS PS Res-
ponse

1 70 F 128 2 4 Death 6→4 1→1

2 84 M 20 141 3 5 Death 8→1 2→1

3 77 F 141 7 8 Death 7→2 1→1

4 85 M CDBCA+GEM 120 11 12 Death 5→1 0→0 SD

5 74 M 20 CDDP+VNR 110 3 24 Death 8→2 0→0 SD

6 70 M 30 CDDP+TXL 120 4 4 Death 9→5 0→0 SD

7 70 F 20 Gefitinib 130 4 37 Death 5→2 0→0 PR

8 55 M CBDCA+TXL 141 16 19 Death 5→0 1→1 PR

9 75 M 30 110 3 4 Death 7→7 1→1 PD

10 89 F 20 62 3 3 Death 7→5 0→0

11 79 M UFT 100 3 4 Death 5→3 0→0 PR

12 63 M 80 5 1 Death 8→6 2→3

13 68 F DOC 96 17 23 Death 8→2 0→0 PR

89The  unit  of  SrCl   and  that  of  duration  of  ZOL  period  are  MBq  and  month,  respectively.  The  unit  of  radiotherapy  and  that  of  duration  of  follow-up  are  Gy  2

89and  month,  respectively. SrCl :  Strontium-89  chloride,  ZOL:  Zoledroni c  acid,  Radiotherapy:  External  radiotherapy,  CDDP:  Cis-diamminedichloro-2

platinum,  GEM:  Gemcitabine,  VNR:  Vinorelbine,  TXL: Paclitaxel,  CDBCA:  Carboplatin,  UFT:  Uracil-tegafur,  DOC:  Docetaxel,  SD:  Stable  disease,  PR:  Partial  

response,  NRS: N umeric r ating s cale,  PS: P erformance s tatus.

Table 3 . T he c haracteristics o f b reast c ancer p atients w ith b one m etastases. 

Case Age Radio-
therapy

Chemo-
therapy

89SrCl2 ZOL 
period

Follow-up Survival NRS PS Res-
ponse

1 61 ATZ 80 4 4 Death 7→7 1→1

2 44 Trastuzumab 106 8 8 Death 8→5 0→0

3 75 88 3 3 Death 8→5 1→1

4 63 Fulvestrant 100 2 2 Death 8→6 0→0

5 58 20 BEV, PTX 108 12 13 Death 7→2 0→0 PR

6 63 Trastuzumab
+PTX

86 12 27 Alive 6→1 1→1 SD

7 66 20 ATZ 112 10 10 Death 5→1 0→0 SD

8 59 Fulvestrant 121 3 22 Death 8→3 0→0 SD

9 84 ATZ 86 3 25 Death 5→1 0→0



10 59 Anastrozole 97 3 21 Death 5→4 1→1

11 49 Tamoxifen 110 2 11 Death 6→2 1→1

12 63 Anastrozole 100 3 20 Death 5→3 1→0

89The  unit  of  SrCl   and  that  of  duration  of  ZOL  period  are  MBq  and  month,  respectively.  The  unit  of  radiotherapy  and  that  of  duration  of  follow-up  are  Gy 2
89and  month,  respectively.  SrCl :  Strontium-89  chloride,  ZOL:  Zoledronic  acid,  ATZ:  Anastzole,  PTX:  Paclitaxel,  BEV:  Bevacizumab,  PR:  Partial  response,  SD: 2

Stable d isease,  PS: P erformance s tatus,  NRS: N umeric r ating s cale.

Table 4 .  The c haracteristics o f o ther t umors  p atients w ith b one m etastases. 

Case Age Gen-
der

Radio-
therapy

Chemo-
therapy

Tumor 89SrCl2 ZOL 
period

Follow-
up

Sur-
vival

NRS PS Res-
ponse

1 81 F Gastric 
cancer

98 2 4 Death 7→2 2→2

2 76 F MFH 86 3 3 Death 8→5 2→2

3 65 M 30 GEM Pancre-
atic 

cancer

114 3 5 Death 7→3 1→1 SD

4 68 M HCC 86 7 9 Death 7→3 1→1 PD

5 63 M TACE 
(Epi+AD

M)

HCC 116 3 18 Death 6→3 0→0 SD

6 63 M 30 DDP-
H+5FU

HCC 141 3 4 Death 7→8 0→0 PD

7 77 F Uterine 
cancer

86 3 3 Death 8→5 1→1 SD

8 67 M 30 Rectal 
cancer

106 3 8 Death 5→5 1→1

9 80 M Gastric 
cancer

121 3 10 Death 5→3 1→0

89The  unit  of  SrCl   and  that  of  duration  of  ZOL  period  are  MBq  and  month,  respectively.  The  unit  of  r adiotherapy  and  t hat  of  duration  of  follow-up  are  Gy 2

89and  month,  respectively.  SrCl :  Strontium-89  chloride,  ZOL:  Zoledronic  acid,  GEM:  Gemcitabine,  TACE:  Trancecatheter  arterial  chemoembolization,  Epi-2

ADM:  Epirubicin-adriamycin,  DDP-H:  Fine-powder  formulated  cisplatin  (cis-diammineedichloro-platinum),  5-FU:  Fluorodeoxyuridine-5-monophos-

phate,  SD:  Stable  disease,  PD:  Progressive  d isease,  NRS:  Numeric  rating  scale,  PS:  Performance  status,  MFH:  Malignant  �brous  histiocytoma, HCC:  

Hepatocellular c arcinoma.

In 22 patients, the tumoricial efficacy of the concurrent the-
89rapy of SrCl  with ZA for bone metastases could be assessed 2

99mwith CT, MRI and/or Tc bone scintigraphy; this included 6 
prostate, 7 lung, 4 breast cancer, and 5 other cancers (Tables 
1-4). Its effect was de�ned as PR in 8 patients (36%), stable 
disease (SD) in 11 patients (50%), and as progressive disease 
(PD) in 3 patients (14%). The rate of non-PD was 86% (19/22). 
Representative cases are shown (Figures 1-3). 

89Sr imaging with bremsstrahlung
89In 12 of 51 patients who underwent Sr imaging with brems-

89strahlung, SrCl  accumulated in bone-metastatic lesions 2

99mthat had shown Tc-HMDP uptake. Eleven of those 12 pati-
89ents were PR or SD. A representative case of Sr imaging wi-

th bremsstrahlung is shown (Figure 4).

Adverse events
Adverse events observed during 1-3 months of follow-up af-
ter treatment were anemia in one patient and post-therapy 
transient pain suggestive of a �are phenomenon in 5 pati-
ents.

Survival
The prognosis of patients was investigated with their medical
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Figure 1. The Tc-99m HMDP bone scintigraphy of a 78 years old man with bone 
89metastases from prostate cancer (A). SrCl  (110MBq) was administered twice eve-2

ry three months, and Zoledronic acid (ZA) at 3mg/body was administered every 4 
weeks. The bone scintigraphy three months (B) and six months (C) after treatment 
shows an improvement of multiple bone metastases. The Numeric Rating Scale (N-
RS) score decreased from 7 before the treatment to 0 six months after the treat-
ment. The tumoricidal effect was assessed to be partial response (PR). 

Figure 2. Tc-99m HMDP bone scintigraphy of a 75 years old woman with bone and 
89brain metastases from breast cancer. She underwent concurrent therapy of SrCl  2

(88MBq) and Zoledronic acid (ZA) of 4mg/body three times. The bone scintigraphy 
shows unchanged bone metastases  (A; before treatment, B; 1 year after treatment, 
C; 1.5 years after treatment). The therapy, however, enabled her to walk without pa-
in until her terminal stage. The tumoricidal effect was assessed to be stable disease 
(SD).

records and interviews of their family by telephone. The ave-
rage survival period was 11.6 months [prostate cancer 12.4 
months (range 2–25), breast cancer 13.8 months (range 1-37), 
lung cancer 11.4 months (range 2-27), others 5.0 months 
(range 3-18). Forty nine of 51 patients have died; one patient 
with breast cancer and one with prostatic cancer are still alive. 

Discussion

Pain relief assessed with NRS
In this study, the response rate of pain relief for bone metas-

tases was 94% (48/51). In the present study, a decrease in 
NRS was regardless of cancer type, i.e., prostate, breast, lung 
and other cancers. A systemic review showed the rate of res-

89ponders of SrCl  for metastatic bone tumors to be 57%-92 2

% [1]. Numerous reports have investigated the efficiency of 
89SrCl  for pain relief in patients with metastatic bone tumors 2

99mFigure 3. The CT and Tc HMDP bone scintigraphy of a 63 years old man with bone 
metastases from HCC. Technetium-99m HMDP accumulated in ninth thoracic verte-
brae and fourth lumber vertebrae, which were metastatic bone tumors (A). He un-

89derwent concurrent therapy of SrCl  (116MBq) and Zoledronic acid (ZA) of 4mg/ 2

body. The CT before the therapy shows osteolytic lesions due to metastases (B). The 
CT after the concurrent therapy shows an increase of bone metastatic lesions (C). 
The Numeric Rating Scale (NRS) score increased from 7 to 8. External radiotherapy 
(30Gy) was added, and the NRS score decreased to 7. The tumoricidal effect was as-
sessed to be progressive disease (PD). 

89Figure 4. Sr-89 imaging with bremsstrahlung shows SrCl  accumulation in bone 2
89metastases. In two cases (A and B) with accumulation of SrCl , pain relief was obta-2

ined. However, in a case (C) without it, pain relief was not obtained. 

from prostatic cancer or breast cancer; however, such inves-
tigations are fewer in patients with metastatic bone tumors 
from lung cancer or other tumor types. Taylor et al. (1994) re-
ported that 10 out of 45 patients with other cancers achieved 
a “dramatic” response, and 24 achieved a “partial” response 

89[17]. Concerning SrCl  single therapy for pain relief in 54 2

patients, Zenda et al. (2014) reported response rates of 71%, 
69% and 73% for breast, prostate and other cancers, respec-

89tively [18]. The mechanism of pain relief by SrCl  is pre-2

sumed as following; (1) damage of nerves cells, (2) the anti-
tumor effect decreasing the pressure on nerves, and (3) 
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suppression of prostaglandin E2 and interleukin-6 [19-21]. 
Our response rate of pain relief for painful bone metastases 

89was high, showing that SrCl  may be useful for pain relief in 2

patients with lung and other cancers, as well as in breast and 
prostatic cancer patients. 

89Concurrent therapy of SrCl  with ZA is not commonly 2

used for palliative care against bone metastases. However, 
89concurrent therapy of SrCl  with ZA has recently been re-2

89ported as more effective for pain relief than SrCl  or ZA alo-2

ne; Storto et al. (2006) reported that the clinical response ra-
89 89tes of SrCl  +ZA, SrCl  alone, and ZA alone were 96%, 72% 2 2

and 72% respectively, in 49 patients with breast cancer or 
prostate cancer [12]. Yamada et al. (2012) also reported a cli-
nically good response rate (88%) for painful bone metastases 

89using the combination SrCl  +ZA therapy in 16 patients with 2
89a breast cancer; however, in their study, SrCl  and ZA were 2

89not simultaneously administered but rather, SrCl was admi-2

nistered six months after the ZA therapy [13]. Maeda et al. 
89(2014) suggested that SrCl  could be enhanced with admi-2

nistration of ZA on the patient with esophageal cancer with 
bone metastases [20]. The present study is the �rst to show 

89the efficiency of concurrent therapy of SrCl  with ZA for pa-2

inful bone metastases. 

89Tumoricidal effect assessed with Sr imaging with 
bremsstrahlung
In the present study, a tumoricidal effect (PR) was obtained in 
8 of the 22 patients (36%) assessed with imaging modalities. 
In another 11 of the 22 (50%) patients, the tumoricidal effect 
was SD; hence, the rate of non-PD was 86% (19/22). The 
89 99mSrCl  accumulated in Tc-HMDP uptake-positive bone me-2

tastases in eleven of 12 patients in whom the initial imaging 
was performed. All these eleven patients were PR or SD (91. 

896%). One patient with PD response showed no SrCl  accu-2

mulation. These rates are considered reasonably well in pati-
ents with painful bone metastases. Strodium-89 chloride has 
been reported to have a tumoricidal effect on bone metas-
tases. According to a published autoradiography report, the 

89radiation dose at which SrCl  is absorbed into metastatic tu-2
89mors is 68cGy [22]. Kuroda et al. (2014) reported that SrCl  2

administration caused a decrease of the prostate-speci�c an-
tigen (PSA) level, improvement of painful bone metastases , 
and prolonged survival in patients with prostatic cancer [19]. 

89Yoshimura et al. (2011) suggested that clear Sr accumula-
89tion on Sr imaging with bremsstrahlung was associated wi-

th a tumoricidal effect for bone metastases [23]. Suzawa et al. 
(2010) reported a case in which pain caused by multiple bo-
ne metastases from HCC was relieved and regressed with tre-

89atment by SrCl  alone [24]. In addition, Heianna et al. (2014) 2

reported that multiple bone metastases from breast cancer 
89 89were regressed by SrCl  and that SrCl  has a possible tumo-2 2

ricidal effect on bone metastases as case report [25].
89 However, the effect of concurrent therapy of SrCl  with 2

ZA has not been investigated in detail among a cohort of pa-
tients using imaging modalities. ZA was reported to relieve 
the pain of bone metastases, decrease the risk of SREs, and 
have a tumoricidal effect for bone metastases in patients wi-
th lung cancer and those with breast cancer [26]. Wang et al. 

89(2013) suggested that treatment with ZA and/or SrCl  signi-2

�cantly reduced the incidence of SREs, and also prolonged 
survival [27]. Bisphoshonates exhibit a tumoricidal effect, 
showing anti-angiogenic and immunomodulatory effects 
and inhibition of tumor bone invasiveness [12]. Furthermore, 
ZA inhibits bone resorption by reducing osteoclast activity, 
and prevents acidi�cation at metastatic sites, and relieves pa-
in [28]. Zoledronic acid has been shown to be effective main-
ly when administered long-term; however, the combination 

89therapy of ZA and SrCl  improves painful bone metastases 2

within 8 weeks after administration [12, 29]. Yoshimura et al. 
89(2012) have suggested that SrCl  accumulation is signi�-2

cantly higher in the group with less than 1 year of ZA treat-
ment than that in the group with 1 or more years of ZA treat-

89ment [26]. They recommended concurrent therapy of SrCl  2

with ZA not only because of pain relief for bone metastases, 
but also to enhance the tumoricidal effect, because adminis-

89tering SrCl  simultaneously with a limited ZA dose is consi-2
89dered to increase SrCl  accumulation and prolong its biolo-2

gical half-life by avoiding the high bone turnover caused by 
continuous ZA treatment [26]. The relatively high rate of pain 
relief and tumoricidal effects in the present study may be due 

89to the synergy of SrCl  and ZA. However, Lam et al. (2008) 2

have reported that ZA does not in�uence skeletal uptake of 
153radiopharmaceuticals such as Sm EDTMP [30]. Investiga-

tions of combination therapy of ZA and radiopharmaceutical 
for painful bone metastases are few. The mechanism behind 

89the pain relief and tumoricidal effect of SrCl  and ZA combi-2

nation therapy is still up for debate. These issues should be 
investigated in the future. 

Clinical effect assessed with PS
In the present study, no signi�cant improvement of PS was 

89observed after concurrent therapy of SrCl  with ZA, altho-2

ugh pain relief was obtained in almost patients. Among 51 
patients, PS was improved only in seven patients. Perfor-
mance status remained unchanged in 43 patients and beca-
me worse in one patient. These results may be due to the go-
od PS (PS≤2) in almost all patients when the treatment was 

89initiated. Turner et al. (2011), however, reported that SrCl  2

alone signi�cantly improved the PS in 93 patients with bone 
metastases from prostate cancer [31]. To our knowledge, a 
correlation between improved PS and a therapeutic effect 
for bone metastases is seldom reported. Further investiga-
tions are needed. 

Adverse effects
Bone marrow suppression of grade III or more was not obser-
ved in the present study, although grade II anemia was. No 
severe bone suppression caused by concurrent therapy of 
89SrCl  +ZA was observed in previous papers [26, 28]. A tem-2

porary increase in pain within a week after administration of 
89SrCl  +ZA, so-called pain �are, was observed in �ve of 51 pa-2

tients (9.8%). The incidence of this phenomenon is reported 
to be 5%-15% [32].  Hence, concurrent therapy of ⁸⁹SrCl  with 2

ZA is eligible as palliation against painful bone metastases.
There are some limitations in the present study. First, this is 

a single-center study, and the patient population is small.
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Second, the correlation between the therapeutic effect as-
89sessed with imaging modalities and �ndings of the Sr ima-

ging with bremsstrahlung could not be investigated in all pa-
89tients. Third, the in�uence of the concurrent therapy of SrCl  2

with ZA to the SREs and QOL, and the statistics of biologically 
heterogeneous tumors such as lung cancer and breast can-
cer and their survivals were not investigated in the present 
study. In this study, this was not a randomized control study, 
and this treatment was uniform; we did not classify our pati-

89 89ents into three groups such as SrCl  +ZA group, SrCl  alone 2 2

group and ZA alone group, and investigate the pain relief 
and tumoricidal effect for bone metastases. However, con-

89current therapy of SrCl  with ZA has been already reported 2
89to be more useful to pain relief than SrCl  or ZA alone in se-2

veral studies, and it would be unethical to compare the pain 
relief and tumoricidal effect among three groups in terminal 
cancer patients suffering from painful bone pain. Strodium-
89 chloride is useful for palliation of pain from diffuse skeletal 
metastases, but no signi�cant bene�t in terms of disease 
progression and over-all survival (OS) has been shown in 
past reported literatures [33, 34]. However, radium-223 dic-

223hloride ( Ra) is an alpha emitter radionuclide, which is �rst li-
ne treatment of bone metastases from castration-resistant 
prostate cancer (CRPC) because of antitumor effect on bone 
metastases with no relevant effects on the bone marrow [34]. 

223Recently, Ra has been reported to improve the OS and re-
duce the risk for SREs in patients with CRPC bone metastases 
[34, 35].

223Especially, the positive interaction between Ra and os-
teoclast-target agents (bisphosphonates or denosumab) 
may not only be associated with simple pain palliation but al-
so provide bene�ts in terms of SREs reduction and increased 
survival [34, 36]. The clinical effectiveness of combined radio-
pharmaceuticals and osteoclast-target agents' therapy for 
bone metastases should be investigated in more cases in the 
future. 

89In conclusion, concurrent therapy of SrCl  with ZA is not 2

only effective for pain relief of bone metastases but also may 
have tumoricidal effect.

The authors declare that they have no con�icts of interest.
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