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Abstract
Background: Sm-153 EDTMP is a widely accessible radiopharmaceutical 
for systemic radionuclide therapy in cancer patients with painful skeletal 
disseminations; its use is expressed to any metastatic bone lesions which 
has been avid to Tc-99m MDP. In this study we obtained a clinical experience 
with a single therapeutic dose of Sm-153 EDTMP on cancer patients showed 
painless bone metastases on conventional bone scintigraphy, its bone 
response so far has not been studied in a large number of patients.

Objective: evaluation of the overall therapeutic bone response in 103 cancer 
patients showed a painless skeletal metastases whom underwent a single 
therapeutic dose of Sm-153 EDTMP and elaborate if there is a significant 
difference in bone response depending on gender, patients age, pathology of 
primary cancer, number of the metastatic bone lesions.

Methods: 103 patients were included in this retrospective analysis, 78(75.7%) 
males and 25(24.3%) females, their age range (19-92y, mea= ± SD=64.3 
± 13.7), their diagnosis were prostate (60.2%), breast(19.4%), lung(7.8%), 
other primaries(12.6%), 64.1% of cancer patients showed less than 10 bone 
lesions, 35.9% showed more than 10 bone lesions on conventional bone 
scintigraphy performed pretherapy.

Results: Out of 103 cancer patients received a single dose of Sm-
153 EDTMP therapy, 67% (69/103) showed overall therapeutic bone 
stabilization/regression and 33% (34/103) showed bone progression, the 
rate of bone progression/regression showed a statistical significant difference 
among cancer patients dependent on their gender, age, type of cancer 
(P-values<0.005), while the rate of bone progression/stabilization differed 
significantly among those with more than 10 bone lesions as compared with 
patients showed less than 10 bone lesions on conventional bone scintigraphy.

Conclusion: This study showed that as Sm-153 EDTMP offers a riskless and 
effective therapy options in patients with painful bone disseminations, it also 
provides encouraging results among those with painless skeletal metastases.
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Introduction
Bone is the most common site for metastasis in cancer particularly 

in breast and prostate cancers because of the predominance of these 
diseases [1]. ~70% of patients dying of these cancers have evidence 
of metastatic bone disease. However, bone metastases may result in 
morbidity. Carcinomas of the thyroid, kidney, and bronchus also 
commonly give rise to bone metastases, with an incidence of 30% to 
40% [2].

Although some malignancies give rise principally to plastic or 
lytic lesions (prostate and multiple myeloma, respectively), most 
malignancies exhibit a mixed plastic-lytic phenotype [3].

The therapeutic options are rarely (if ever) curative and at some 
point of time the vast majority of patients suffering from osseous 
metastasis will develop progressive disease, leading to a series of 
disease related events that have the most significant impact on the 
quality of life in these patients. Chemotherapy or hormonal therapy 
may be used for both soft tissue and bone metastases and can be 
effective until the disease becomes refractory to these agents [4]. 
Systemic therapy with radionuclides avid to bone seeking agents, 
is a therapeutic option for patients with painful skeletal metastases, 
owing to its efficacy, economic and safety issues [5]. Bone seeking 
radiopharmaceuticals like Samarium‑153 EDTMP, Sr‑89, etc., have 
affinity for skeletal tissue and when administered intravenously they 
concentrate in areas of increased bone turnover [6]. Localizing in 
active bone and mainly at metastatic lesions, allowing site‑directed 
radiotherapy [7]. Samarium-153 is widely used in the field of 
metastatic bone dissemination has been obtained in this study, it 
localizes in the skeleton by chemo-absorption of the tetraphosphonate 
by hydroxyapatite and by the formation of Samarium oxide involving 
an oxygen on the hydroxyapatite molecule [8]. There is a few number 
of systemic studies deal with the efficacy of significant bone response 
induced by therapeutic doses of Sm-153 EDTMP in cancer patients. 
Therefore, it was the aim of our study to evaluate the rate of bone 
regression/stabilization after a single therapeutic dose of Sm-153 
EDTMP in 103 cancer patients with pain - free referred to the Nuclear 
Medicine Unit at The Medical University of Vienna.

Design and Methodology
Nature of the study

•	 This is a retrospective clinical study on 103 cancer patients 
with pain free who underwent single dose of Sm-153 EDTMP 
for therapy of metastatic bone dissemination.

•	 Concomitant chemo/radiotherapy or even repeated 
application of bisphosphonates are possible.

•	 Aim of the study was to evaluate the overall therapeutic bone 
response and elaborate if there is a significant difference in 
bone response depending on gender, patients age, pathology 
of primary cancer, number of the metastatic bone lesions 
among those patients.

Treatment design

Sm-153 EDTMP administration was performed according to 
the Vienna protocol [9]. The protocol is defined as follows: 30 mCi 
(1.1 GBq) of Sm-153 EDTMP was administered by slow intravenous 
injection, Red and white blood cell as well as platelet count was 
determined (3 and 6 weeks). Scintigraphy was performed usually on 
the next day anyway, more than 6 hours after radionuclide application 
to achieve complete blood clearance.

A recent conventional whole body Tc-99 m (MDP) bone scan 
(less than 8 wk.) proving osteoplastic activity in the metastatic sites. 
Total body scans were obtained after the intravenous administration 
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Results
A total of 103 cancer patients received a single dose of Sm-

153 EDTMP therapy referred to the Nuclear Medicine Unit with 
painless disseminated bone metastases, 67% (69/103) showed overall 
therapeutic bone stabilization/regression and 33% (34/103) showed 
bone progression (Table 1).

Bone response is assessed in all 103 cancer patients after 
administration of the single dose of 153Sm-EDTMP depending on 
their gender age, type of cancer and the number of metastatic bone 
lesions.

Gender

There is a significant difference between the number of male 
patients in this study as compared to the number of female patients 
(P-value=0.000), male patients who showed bone progression/bone 
regression on scintigraphy differ significantly than female patients 
showed the same bone response (P-value=0.017,0.001, respectively) 
(Table 2).

Age

All patients are divided into two groups according to their ages 
with considering of 64 years old is the cut-off point between both 
groups. The number of the young patients is nearly similar to the 
oldest one with no statistical difference between them, there is a 
significant difference in the rate of bone progression/regression 
between both groups of the patients (P-value=0.000) with no 
significant difference in the rate of bone stabilization among the 
both groups (Table 3).

The rate of bone progression and bone regression in prostate and 
breast cancer patients showed a significant difference among them 
(P-value=0.005, 0.000, respectively) as compared to patients with lung 
cancer and other primaries who showed no significant difference in 
bone response (Table 4).

Number of metastatic bone lesions

Before initiating treatment, all patients were submitted to whole 
body 99m Tc-MDP bone scintigraphy, which showed evidence of 
significant metastatic bone dissemination. After reviewing of their 

of 20 mCi of technetium-99 m methylene bisphosphonate. The scan 
was performed 2 or more hours after the injection of the radionuclide.

Whole body bone Scintigraphy after radionuclide application 
was performed usually on the next day (to achieve complete blood 
clearance) showed enhanced tracer uptake in the known metastatic 
lesions using large field of view double headed γ-camera, LEHR-
collimation, energy window 20%,103 Kev, acquisition mode 
contionusely 15 cm/min, early images(<4 hours) showed significantly 
lower quality.

Lesion response assessment

For assessment of the lesion response to 153Sm-EDTMP therapy, 
we reviewed the bone centigram (Tc-99 m MDP) of each patient at 
the time of first detection of bone metastases and compared it with 
the post-153Sm-EDTMP bone centigram, the number of lesions on 
the Tc-99 m MDP bone centigram was counted into 2 groups; “group 
1” had 1-10 bone lesions, “group 2” had >10 bone lesions.

Data reported in this study were from patients receiving only a 
single dose of 153Sm-EDTMP. The study included patients had been 
treated at Department of Nuclear Medicine, Medical University of 
Vienna, Austria.

Ethical approval

This study was approved by the Ethics Commission at the Medical 
University of Vienna and the Vienna General Hospital (AKH), each 
patient was illustrated the details of the procedure, benefits and side 
effects of therapy and the follow-up protocol and all patients provided 
written informed consents.

Statistical analysis

Date entry and data analysis were done using SPSS version 16. 
The data of the patients were retrospectively collected. Continuous 
variables were reviewed as mean ± standard deviations, while 
categorical variables were summarized as numbers and percentage. 
Chi square test was used to test for significance. For all P-values <0.05 
were selected as significant.

Patients and Methods
103 patients were included in this retrospective analysis, 

78(75.7%) males and 25(24.3%) females, their age range (19-92y, mean 
± SD=64.3 ± 13.7), their diagnosis were prostate, breast, lung, other 
primaries (rectum, pancreases, renal cell carcinoma, osteosarcoma, 
bladder, oesophagus, nasopharynx, multiple myeloma, uterus, 
adenocarcinoma of the jaw, respectively, with the majority of the 
patients have prostate and breast cancer representing (79.6%). 64.1% 
of the patients showed less than 10 bone lesions on conventional bone 
scintigraphy performed before initiating the treatment with 153Sm-
EDTMP while 35.9% showed more than 10 bone lesions (Table 1).

Before initiating treatment, all patients underwent whole body 
bone scintigraphy, which showed evidence of significant metastatic 
bone dissemination obtained after the intravenous administration of 
20 mCi of Tc-99 m methylene bisphosphonate (MDP). The scan was 
performed two or more hours after the injection of the radionuclide. 
Patients were scanned by large field of view double headed camera 
LEHR-collimation, energy window 20%, 140 Kiev acquisition modes 
continuously 15 cm/min. Another whole Tc-99 m MDP bone 
scintigraphy was performed 7 months later to evaluate the rate of 
bone response among those patients.

Personal characteristics
age: (years)
• mean ± SD 64.3 ± 13.7
• range 19-92 y
Sex: n. %
male
female

78/103
25/103

75.7
24.3

Pathology of primary cancer n. %
prostate
breast
lung
others

62/103 60.2
20/103 19.4
8/103 7.8
13/103 12.6

n. of bone lesions
≤ 10 lesions
>10 lesions

n.
66/103
37/103

%
64.1
35.9

bone response
progression(n/total)
stabilization(n/total)
regression(n/total)

n.
34/103
37/103
32/103

%
33
35.9
31.1

*descriptive test

Table 1: Demographic characteristics.
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bone scintigraphies, The cancer patients are divided according to the 
number of metastatic bone lesions to two groups, with the majority of 
cancer patients having more than 10 bone lesions showed a significant 
difference (P-value=0.004) as compared with the other group. 
Another whole bone scintigraphy (Tc-99 m MDP) was performed 
later after 7 months to assess the rate of bone response. The rate of 
bone progression/stabilization showed a significant difference among 
both groups of cancer patients (P-value=0.023, 0.016) while, the rate 
of bone regression showed no statistical difference (Table 5) (Figures 
1 and 2).

gender male female p-value
n/% 78/75.7 25/24.3 *0.000

bone progression 33/42.3 4/16 *0.017
bone stabilization 25/32.1 5/20 0.522
bone regression 20/25.6 16/64 *0.001

*Statistical significant difference (P<0.05)

Table 2: Sm153-EDTMP therapy induced bone response vs. patient’s gender

Age ≤ 64 is>64ys p-value
n/% 46/44.6 57/55.4 0.278

bone progression 23/50 32 *0.000
bone stabilization 17/36.9 15 0.261

bone regression 6/13.1 10 *0.0003-Pathology of primary cancer

Table 3: Sm153-EDTMP therapy induced bone response vs. patient’s age

Type of cancer CA prostate CA breast p-value CA lung others p-value
n/% 62/60.3 20/19.4 *0.000 8/7.7 13/12.6 *0.000

bone progression 29/46.7 3/15 *0.005 2/25 1/7.6 0.294
bone stabilization 20/32.3 5/25 0.731 1/12.5 6/46.2 0.124
bone regression 13/21 12/60 *0.000 5/62.5 6/ 46.2 0.491

Table 4: Sm153-EDTMP therapy induced bone response vs. type of cancer.

bone lesions ≤ 10 lesions>10 lesions p-value 
(n/total) 66/103 37/103 *0.004 
bone progression 16 17 *0.023 
bone stabilization 32 9 *0.016 
bone regression 18 11 0.793 

Table 5: Sm153-EDTMP therapy induced bone response vs. patient’s age.

Figure 1a: Lesion regression after single dose administration of Sm-153 
EDTMP in male patient, 75 years old, suffering from metastatic prostate 
cancer. First MDP bone scintigraphy was done on (28/6/2012) revealed 
two hot spots in the vertebral column verified by (MRI) had reflected 
metastases.

Figure 1b: Lesion regression after single dose administration of Sm-153 
EDTMP in male patient, 75 years old, suffering from metastatic prostate 
cancer. Post Sm-EDTMP bone scan was done after 7 months, showed 
complete disappearance of the 2 abnormal uptake sites in the vertebral 
column.

Figure 1c: Lesion regression after single dose administration of Sm-153 
EDTMP in male patient, 75 years old, suffering from metastatic prostate 
cancer. Another Tc-99m MDP bone scintigraphy was done later to prove 
absence of the previous metastatic bone lesions.

Figure 2: Lesion stabilization after single administration of Sm-153 
EDTMP in female patients, 92 years old suffering from metastatic breast 
cancer. first Tc-99m MDP bone scanOn (20/4/2012) revealed multiple 
skeletal metastases at ( Lt, shoulder, Lt, sternoclavicular joint, ribs at both 
sides, thoracolumbar vertebrae, hip joints). Post-153Sm-EDTMP therapy 
(20.11.2012), the proved bone metastases at the previous sites are still 
visible.
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Discussion
Several studies (including multicentre trials) support the efficacy 

of Sm-153 Lexidronam treatment for palliative metastatic bone pain, 
including its ability to improve patients’ life quality with a very limited 
number of studies reported the optimal efficacy of Sm-153 EDTMP 
therapy in lesion regression/stabilization among cancer patients 
suffered from painless skeletal metastases. This study is part of a wide 
study included 213 cancer patients received a single dose of Sm-153 
EDTMP for palliation of pain pain, in 110/213 cancer patients, the 
overall therapeutic response was evaluated and elaborated if there is 
a significant difference in bone pain response depending on gender, 
type of cancer, patients age, the number of the metastatic bone lesions 
[10]. Seraing AN, was the first author reported the first prospective, 
multicentre, double-blind, randomized, and placebo-controlled study 
to evaluate the efficacy of Sm-153 EDTMP for the palliation of painful 
bone metastases [11]. Many authors later assessed the therapeutic 
efficacy and the haematological toxicity of Sm-153 EDTMP for bone 
pain palliation in cancer patients suffered from multiple skeletal 
metastases, especially Angelo G [12-21]. Who reported that this 
therapy may have a therapeutic potential beyond simple palliation of 
bone pain [22].

In March 1998, intravenous therapy with 153Sm-EDTMP was 
performed at Department of Nuclear Medicine, University of Vienna, 
Austria on male patients with metastatic prostate cancer in the spine 
and the pelvis. The post single therapeutic scintigraphy showed 
increased tracer uptake in the known metastatic lesions. Tc-99 m 
DPD scintigraphy performed 7 months later (October1998) revealed 
complete regression and the PSA level was and still in the normal 
range(<0.5 mg/ml) with the patients still free of pain, concluded 
that Sm-153 EDTMP is not only effective in pain palliation, but 
might also have significant curative action in selected patients with 
metastatic bone lesions [23]. To complete the previous study but on 
a wide sample size, we obtained a clinical experience with a single 
therapeutic dose of Sm-153 EDTMP on 103 cancer patients showed a 
painless skeletal metastases on conventional bone scintigraphy. This 
study included patients having been treated at Department of Nuclear 
Medicine, Medical University of Vienna, Austria, between March 
2002 and May 2013.

Out of 103 cancer patients, 33% showed bone progression, 
35.9% showed bone stabilization and 32.1% showed bone regression. 
Breelong A confirmed also that Sm-153 EDTMP may be useful 
as anti-neoplastic therapy apart from pain palliation in a variety 
of malignancies. For prostate cancer patients, several phase I and 
II clinical trials have shown that combined Sm-153 EDTMP and 
docetaxel-based chemotherapy can result in>50% decrease in 
prostate-specific antigen with manageable myeloid suppression. Since 
many patients with metastatic solid tumours’ are end-stage, or go on 
to receive other systemic therapy after Sm153 EDTMP, few studies 
evaluate overall or even progression-free survival [24]. In Turner’s 
initial study of 35 patients (15 prostate, 10 breasts, 10 other) who 
received a single dose of Sm-153 EDTMP, 15 of 34 patients showed 
regression or stabilization in bone scans three months after therapy 
[25]. Two other studies reported similar findings but did not include 
dosimeter or survival data [26,27]. In our study of 103 patients (62 
prostate, 20 breast, 21 others), 50 patients showed bone stabilization/
regression in bone scans 7 months after therapy. In prostate cancer-
specific studies, results may be a bit more encouraging. In a study of 
32 men with CRPC who received 1.1 mCi / kg 153Sm-EDTMP, 88% of 
patients had an improved or stable bone scan one month post therapy 

and 78% of patients had improved or stable scans at 3 months [28]. 
Another study of 52 patients with CRPC received Sm-153 EDTMP 
in doses from 0.5-3 mCi, one month following therapy, 36 of 50 men 
had stable or improved in bone scans, while in our study performed 
on 62 men with prostate cancer, 20 men showed bone stabilization 
and 13 men showed improvement in bone response in bone scans 
after 7 months [29].

Similar strategies in other metastatic solid tumors have been 
investigated in very few studies. In a recent study of 43 breast cancer 
patients with osteoplastic or mixed osteoplastic/osteocytes bone 
lesions who received 1-1.5 mCi/kg Sm-153 EDTMP, where bone 
scans, three months later, showed improvement in 12% and stable 
disease in 70% of patients, as compared to our study which was 
performed on 20 females with breast cancer, 25% showed stabilization 
and 60% showed improvement in bone scan after 7 months [30].

Reported use of Sm-153 EDTMP in hematologic malignancies 
falls into two paradigms - low-dose as a single agent for pain control 
or in combination with radio sensitizing drugs, or high-dose with a 
myeloablative agent for pre-transplant conditioning [31]. Despite the 
classical teaching that myeloma bone lesions are primarily osteocytes. 
Some patients have enhancing lesions on bone scan that possess 
osteoplastic components, enabling Sm-153 EDTMP uptake, in this 
study we have only one patient with multiple myeloma showed bone 
progression on bone scan after receiving the single therapeutic dose 
of 153Sm-EDTMP 30mci (1.1 Gabs) [32]. Further studies in multiple 
myeloma with a large sample size may be needed to perform a 
significant statistical analysis.

In osteosarcoma, Sm-153 EDTMP infusion delivers radiation 
to multiple unrespectable lesions simultaneously and provides local 
cytotoxicity without soft tissue damage that can be combined with 
chemotherapy or radiation [33]. Several studies reported significant 
improvement in neurologic dysfunction related to spinal cord 
compression and resolution of patient’s pain that lasted for six 
months [34-36]. In this study we have one patient aged 19 years old 
with osteosarcoma showed less than 10 bone lesions in bone scan, 
after receiving a single therapeutic dose of Sm-153 EDTMP(30 mci), 
his bone scintigraphy after 7 months showed improvement.

Based on what Vegan et al, have reported, the cumulated 
activity of administered Sm-153 EDTMP in bone and red marrow 
are significantly higher in patients of prostate cancer (in which 
bone metastases are osteoplastic in nature), than in patients with 
breast cancer (where bone metastases are more of an osteocytes 
or mixed lytic/plastic component) [37]. As per this finding, the 
rate of bone regression among male prostate patients showed a 
statistical significant difference as compared to female breast cancer 
(P-values<0.05). However, several studies examined the response rate 
to Sm-153 EDTMP depending on the type of radiopharmaceutical 
administered, underlying cancer, age, number of metastases, and 
some other determinants as well as Beaky et al who also confirmed 
that the type of the underlying malignancy, gender, age and the 
number of metastases are not predictors of response to therapy [38-
44]. Our study revealed a significant improved/stabilized bone scan 
among younger patients (≤ 64 years old) as compared to the oldest 
patients as well as in patients showed less than 10 bone lesion in bone 
scintigraphy (P-values<0.05).

Another recent study confirmed the efficacy of Sm-153 
EDTMP as antineoplastic therapy as part of pain palliation in 
different malignancies, on a 73-year-old woman with a permanent 
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postoperative hyperparathyroidism. They concluded that in case of 
persistent hypocalcaemia caused by the combination of osteoplastic 
metastases and a permanent postoperative hyperparathyroidism after 
failure of the conventional replacement therapy, the administration 
of radionuclide therapy with Sm-153 EDTMP could be an effective 
option [45].

Conclusion
The results of this study showed that, as 153Sm-EDTMP offers a 

riskless and effective treatment option in patients with painful bone 
metastases, it also provides encouraging results among those with 
painless skeletal metastases.
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