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Concentration 153Sm in the blood of patients with bone metastasis after radionuclide therapy was determined.

Considerable variation of the content of 153Sm in blood of patients with various primary cancers from 10 to 65 Bq/ml

is found. The effective half-life of 153Sm in the blood of patients was estimated at more than 10 days during the

course of the therapy.

PACS: 87.58.Ji; 87.64.-t

1. INTRODUCTION

153Sm oxabiphor is a major therapeutic agent
that is widely used for effective palliative treatment
of skeletal metastases from various primary cancers
[1,2]. This radiotracer has excellent analgesic prop-
erties and minimum side effects.

The radioactive isotopes 32P, 89Sr, 90Y, 186Re and
153Sm etc. are used in radionuclide therapy for the
treatment of widespread bone metastases [3].

Three radioisotopes are currently approved for
the treatment of bone pain: phosphorus-32 (32P),

strontium-89 (89Sr) and samarium-153 (153Sm) [4-7].

These radioactive isotopes localize to regions of
enhanced bone turnover and deliver high local doses
of radiation through the emission of β-particles.

The mechanism of bone targeting varies for each
radioactive isotope. 32P is targeted to bone through
inorganic phosphate pathways. 89Sr is taken up as
a calcium analog. 153Sm targeted to bone via chela-
tion with phosphonic acid. The relevant nuclear de-
cay properties of these radioactive isotopes are shown
in Tab. 1.

Table 1. Nuclear decay properties of radionuclides approved for treatment of metastatic bone pain

radioisotopes half-life, days β-emission, average, MeV penetration, mm γ-emission, keV, %
Phosphorus-32 14.3 0.7 2.7 none
Strontium-89 50.5 0.58 2.4 none
Samarium-153 1.9 0.22 0.55 103, 29

The half-life and particle energy play a significant
role in the clinical characteristics of these agents, such
as onset and duration of palliative effects and time to
recovery from myelosuppression. The particle emis-
sion from 32P and 89Sr and the corresponding ranges
in bone and soft tissue are greater than for 153Sm.

High-energy particles are associated with greater
marrow toxicity, as a result of the large volumes of
marrow exposed to radiation. The shorter physical
half-life of 153Sm (1.9 days) results in more rapid de-
livery of radiation than either 32P (14.3 days) or 89Sr
(50.5 days).

For many patients with multiple symptomatic os-
teoblastic bone metastases who have relapsed follow-
ing an initial course of hormonal or chemotherapy,
bone-targeted systemic radioisotopes have emerged
as a viable treatment option. The indications and
contraindication for the use of bone-targeted radioiso-
topes are presented in Tab. 2.

Delivery of 90% of the total dose of radiation re-
quires approximately 3.5 half-lives of decay, a time
interval of approximately 1 week for 153Sm, 7 weeks
for 32P, and 25 weeks for 89Sr.

As a rule, 153Sm is produced by the neutron bom-
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bardment of isotopically enriched 152Sm2O3 in a nu-
clear reactor.

Table 2. Use of bone-targeted radionuclides for
treatment of metastatic bone pain

Indications Relative con-
traindications

Absolute con-
traindications

Bone scan posi- Predominant Severe mar-
tive (osteoblas- soft-tissue row suppres-
tic lesions) pain sion
Bone pain due
to cancer

Unifocal bone
lesions

Severe renal
dysfunction

Multifocal dis-
ease

Osteolytic
lesions (poor
uptake on bone
scan)

2. CLINICAL-DOSIMETRIC
CHARACTER 153Sm

153Sm oxabiphor was produced by “Radioprepa-
ration”(Tashkent, Uzbekistan), the certificate of
quality No.85, series No.026251114, with purity of
>99.2%. Activity of 153Sm oxabiphor was 2000 MBq.
The initial activity of 153Sm oxabiphor was 8400
MBq. The content of trace radioisotopes was not
more 3·10−3%. The content of Sm 62.0 µg/ml. The
non-active trace element was absent. The content Na
oxabiphor was 16.2 mg/ml, NaCl – 5.1 mg/ml. The
radio preparation 153Sm oxabiphor was sterile. Index
hydrogen (pH) was 6.4.

This complex combination of Sm and oxa-
bis(ethylenedithio)tetramethylphosphonium acid
(Fig.1) has the biologic properties necessary for a
bone-targeted radiotherapeutic agent.

Fig.1. The structure of the
oxa-bis(ethylenedithio)tetramethylphosphonium acid

3. CLINICAL STUDIES

These studies have been carried out on patients
with painful bone metastases with a variety of pri-
mary tumors in the department of nuclear medicine of
the Kharkov Institute of Medical Radiology. The ma-
jority of the patients had either primary prostate or
breast cancer. Primary diagnostic bone scans are use-
ful for identifying patients eligible for treatment with
153Sm oxabiphor. Patients with symptomatic bone
metastases were treated with single and repeat doses
ranging from 0.28 mCi/kg to 0.84 mCi/kg. Standard
dose of 153Sm oxabiphor was 1 mCi/kg. This dose is
safe and efficient. The injection of 153Sm oxabiphor

is simple and does not demands high technological
equipment.

4. RESULTS AND DISCUSSION

Gamma spectrum for 153Sm oxabiphor was mea-
sured by Ge(Li)-detector, volume 50 cm3 with the
energy resolution 3.25 keV on line 60Co 1332 keV.
Ge(Li)-detector was equipped by three-layer (Pb-Cu-
Al) background protector (Fig.2).

Dynamics of 153Sm content in a blood is charac-
terized by average effective half-life T1/2=0.68 hours
[8]. The kinetics of 153Sm oxabiphor in an organ-
ism with bone metastasis is specific for each patient.
Radioactivity isn’t being localized to the skeleton
rapidly. This radio preparation is being cleared via
the urine with complete excretion in 6 hours.
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Fig.2. The gamma spectrum of blood of patient
during treatment by 153Sm oxabiphor

The preparation of 153Sm oxabiphor was intro-
duced intravenously. The medical dose was calcu-
lated by means of the use of specific value 1 mCi on
kg of mass of the patient. Blood was taken (2 ml) at
3 days and 10 days during treatment of patients. The
specific activity of a blood of patients in the course
of treatment is given in Tab.3.

Table 3. The activity A3, A10 of blood after
treatment of 153Sm oxabiphor after 3 and 10 days,

respectively

Bone metastases A3 A10 Ratio
after cancer Bq/ml Bq/ml A3:A10
L., Bile ducts 63.2 29.9 2.11
Si., Stomach 40.8
Su., Prostate 13.2 9.7 1.36

It is possible to see that the concentration of
153Sm oxabiphor in a blood of patients is decreased
insignificantly. The effective half-life 153Sm ox-
abiphor from a liver, kidney, and bladder 1.51, 11.9
hours and 3.1 days, accordingly [8]. Also the effective
half-lives of a small amount of 153Sm 22 and 29 days
for a liver and nephroses, accordingly, are known. It
is known that the effective half-life of 153Sm from a
bone tissue is 2.5 years. Apparently the lowering of
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content of radiopharmpreparation at the patient of L.
was caused by accumulation of a considerable amount
of 153Sm oxabiphor in a liver.

5. CONCLUSIONS

The concentration of 153Sm oxabiphor in the
blood of patients with bone metastasis during ra-
dionuclide therapy was determined. Variation of con-
tent of 153Sm oxabiphor in the blood in patients with
different primary disease was detected. The activity
value of 153Sm in blood of patients on the third day of
treatment was in the range 6.9·10−3% ... 3.3·10−2%
relative to the administered dose of the radiopharma-
ceutical. Later on the effective half-life of 153Sm in
the blood of patients depends on the localization of
the tumor and is more than 7 days.
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ÊÈÍÅÒÈÊÀ ÑÎÄÅÐÆÀÍÈß 153Sm ÎÊÑÀÁÈÔÎÐÀ Â ÊÐÎÂÈ ÎÍÊÎÁÎËÜÍÛÕ
Â ÊÎÌÏËÅÊÑÍÎÉ ÒÅÐÀÏÈÈ ÊÎÑÒÍÛÕ ÌÅÒÀÑÒÀÇÎÂ

Í.Ï.Äèêèé, Þ.Â.Ëÿøêî, Å.Ï.Ìåäâåäåâà, Å.Í.Áîäíàð, À.Â.Ãðóøêà,

Í.Â.Êðàñíîñåëüñêèé, Î.Í.Ïàñêåâè÷

Îïðåäåëåíà êîíöåíòðàöèÿ 153Sm â êðîâè ïàöèåíòîâ ñ ìåòàñòàçàìè â êîñòíîé òêàíè ïîñëå ðàäèîíóêëèä-
íîé òåðàïèè. Îáíàðóæåíà çíà÷èòåëüíàÿ âàðèàöèÿ ñîäåðæàíèÿ 153Sm â êðîâè äëÿ áîëüíûõ ñ ðàçëè÷íû-
ìè ïåðâè÷íûìè çàáîëåâàíèÿìè, êîòîðàÿ ñîñòàâèëà îò 10 äî 65 Áê/ìë. Îöåíåí ïåðèîä ïîëóâûâåäåíèÿ
153Sm èç êðîâè ïàöèåíòîâ â ïðîöåññå òåðàïèè, ñîñòàâëÿþùèé áîëåå 10 äíåé.

ÊIÍÅÒÈÊÀ ÂÌIÑÒÓ 153Sm ÎÊÑÀÁIÔÎÐÓ Â ÊÐÎÂI ÎÍÊÎÕÂÎÐÈÕ
Ó ÊÎÌÏËÅÊÑÍIÉ ÒÅÐÀÏI� ÊIÑÒÊÎÂÈÕ ÌÅÒÀÑÒÀÇIÂ

M.Ï.Äèêèé, Þ.Â.Ëÿøêî, O.Ï.Ìåäâåä¹âà, O.M.Áîäíàð, À.Â.Ãðóøêà,

M.Â.Êðàñíîñåëüñüêèé, Î.Ì.Ïàñêåâi÷

Âèçíà÷åíî êîíöåíòðàöiþ 153Sm ó êðîâi ïàöi¹íòiâ ç ìåòàñòàçàìè â êiñòêîâié òêàíèíi ïiñëÿ ðàäiîíóêëiäíî¨
òåðàïi¨. Âèÿâëåíî çíà÷íó âàðiàöiþ âìiñòó 153Sm ó êðîâi äëÿ õâîðèõ ç ðiçíèìè ïåðâèííèìè çàõâîðþâàí-
íÿìè, ùî ñêëàëà âiä 10 äî 65 Áê/ìë. Îöiíåíî ïåðiîä íàïiââèâåäåííÿ 153Sm iç êðîâi ïàöi¹íòiâ ó ïðîöåñi
òåðàïi¨, ùî ñêëàäà¹ áiëüø 10 äíiâ.
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