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1535m is successfully used for palliative treatment of patients with bone metastases and pain. ***Sm is being pro-
duced in the reactors by means of irradiating of **>Sm. In radio-labelled radiopharmaceuticals per each isotope of
153Sm contained about 1000 atoms of the '*2Sm, which greatly influence the kinetics of its transport into the tumor.
Production of *°Pm isotopes that do not contain impurities of other isotopes, it was implemented using photonuclear
reactions. The characteristics “**Pm is practically coincides with the parameters of ***Sm. The irradiation of neodym-
ium of natural isotopic composition was carried out by means of bremsstrahlung with a maximum energy of
12.5 MeV. For production of ***Pm the reaction *°Nd(y,n)***Nd (T1,=1.73 hours) — ***Pm was used. Reaction

148Nd%,n)l‘”Nd (T1,=10.93 days) — **’Pm (T,=2.62 years) will lead to low activity **’Pm provided daily extrac-

tion *
using a normal tributyl ester of phosphoric acid.
PACS: 28.60.+s; 87.53.Jw

INTRODUCTION

The metastatic bone lesions develop in various
cancers and are accompanied by persistent pain. For the
palliative treatment of patients with bone metastases and
pain successfully used isotopes. Intensively used for this
purpose *3Sm, which is produced in the reactors by
irradiating isotope *°Sm. Despite the large capture cross
section of thermal neutrons per each isotope of ***Sm
contains about 1000 atoms of the *°Sm, which greatly
influence the kinetics of its transport into the tumor.

Targeted tumor radiotherapy requires radioisotopes
with high specific activity, high LET particle emissions,
photon emissions for monitoring therapy with imaging
and follow-up as well as adsorbed dose distribution and
half-lives long enough to allow the preparation and dis-
tribution of radiopharmaceuticals. Encouraging clinical
results have been achieved with '’Lu-DOTATATE and
[*"Lu-DOTA -Tyr]-octreotide (*"’Lu-DOTATOC) in
the treatment of neuroendocrine tumors [1 - 3]. Because
all lanthanides have similar chemical properties, they
should have similar labeling procedures, and *’Lu might
easily be replaced by other radiolanthanides (Table).

Decay Data for the ***Sm, ***Pm and *"'Lu

Iso- Decay Energy B-par- | Energy y-radia-
tope | period, | ticles (intensi- tion, keV, (in-
hours ty), keV (%) tensity, %)
B3Sm | 46.44 640 (32), 710 103.2 (29,2)
(49), 810 (19)
pm | 53.08 1072 (97) 285.6 (2,9)
Ly | 160.8 497 (90) 208.3 (7.4)
9gr | 223.2 322 (15), —
330 (85)

Depending on the production route, either no-
carrier-added (nca) or carrier-added (ca) radionuclides
are obtained. High specific activity is necessary for sys-
temic radionuclide therapy [4], especially when using
peptides with pharmacological side effects [5].

An important criterion for therapeutic use radiolan-
thanides is their energy deposition in tumors and in a
normal tissue. The absorbed dose to a normal tissue, and
especially to the organs concentrating a certain isotope,
should be maintained so low as far as possible. These
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Pm. The rare earth elements of cerium group successfully are separated in a multistage extraction column

radionuclides with low emission of a gamma radiation
should be used. On Fig. 1 the qualities of medical iso-
topes of lanthanoids are given at use for radiotheraphy
of tumours [6]. It is possible to see that ***Pm insignifi-
cantly yields at the use of therapy of tumors of a smaller
size of Y"Lu and **3Sm. Merit of **°Pm is presented of
gamma radiation with energy 208 keV.

25—

15

TND

10

10 10" 10 10° 10°
6,200

Tumor size:
mass (g)
29,000 radius (pm)

a— 167Hg

. ) rurorsim:
10 10° 10° 10° 10" mass (g)
6.2 62 620 6,200 29,000 radius (um)

Fig. 1. The tumor-to-normal-tissue mean absorbed dose
rate ratio (TND ) [6]

The essential issue in the palliative treatment of
disseminated bone metastases is action of radiation of
isotopes by a marrow. Therefore, for therapy of osteal
metastases the best properties possess of **°Er isotopes
(Fig. 1). However, absence of the gamma radiation im-
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pedes diagnostic of deposition of **°Er in a tumor and in
normal tissue during treatment.

The carrier free “*Pm can be efficiently produced
and isolated from an enriched *4Nd target after irradiat-
ing in reactor [7]. The aim of this paper is realize of
technology of carrier free **°Pm by means of photo-
nuclear reaction. The characteristics of **°Pm is practi-
cally coincide with parameters of *>3Sm (see Table).

RESULTS AND DISCUSSION

The irradiation of neodymium of natural isotopic
composition and weighing 50 mg was carried out by
means of bremsstrahlung with a maximum energy of
12.5 MeV. Prevalence of isotopes *Nd and **°Nd is
5.73% and 5.62%, respectively. The reaction cross sec-
tion *°Nd(y,n)***Nd (T1,=1.73 hours) — **Pm at the
maximum at 12.5 MeV is 220 mb (Fig. 3). After activa-
tion of samples and standards the activity of radioiso-
topes obtained in reactions °Nd(y,n)***Nd has been
measured by Ge(Li)-detector with volume 50 cm® and
with energy resolution 3.2 keV in the area of 1332 keV

(Fig. 2).
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Fig. 2. The spectrum of Nd after irradiated
bremsstrahlung with E . = 12 MeV
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Fig. 3. Cross section of reaction ™ Nd(y,n)*’Nd [9]

Reaction “®Nd(y,n)**'Nd (T1,=10.93 days) — *’Pm
(T 1,=2.62 years) (Fig. 4) will lead to low activity **°Pm
provided daily extraction **>Pm. The rare earth elements
of cerium group successfully are separated in a multi-
stage extraction column using a normal tributyl ester of
phosphoric acid [8].
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The cross section of the thermal neutron capture of
daughter isotopes **Pm is 40140 b. Therefore, use of
149pm of a neutron capture therapy is possible.

On the linear accelerator of electrons of NSC KIPT
with an energy of 36 MeV and a current 260 pA it is
possible to produce 0.5 Ci **°Pm during the day with
using of neodymium (30 g) with a natural isotopic com-
position [10, 11]. In the targets of similar masses, but
enriched in **°Nd, the daily yield can attain 10 Ci for
149Pm.

Let's notice that obtaining of ***Sm with a high spe-
cific activity by means of a magnetic separation are un-
dertaken [12].
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Fig. 4. Cross section of reaction ™ Nd(y,n)*’ Nd [9]

CONCLUSIONS

The possibility of photonuclear production of **°Pm
medical  radioisotopes  produced by  reaction
BONd(y,n)"**Nd (T,=1.73 hours) — **°Pm was investi-
gated. As a result, there is prepared with high specific
activity of **°Pm which is necessary for systemic radio-
nuclide therapy, especially when using peptides with
pharmacological side effects.

In NSC KIPT on the linear accelerator of electrons
with E=36 MeV and a current 260 pA it is possible to
produce 0.5 Ci **Pm during the day by using of neo-
dymium (30 g) of natural isotope composition.
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®OTOSJIEPHBII METO/ ITPOU3BOJICTBA Pm-149
H.II. /Tukuu, A.H. /loeéons, F0.B. JIawko, E.Il. Meogedeea, /I.B. Meoseoes, B.JI. Yeapos

Jlia manuaTHBHOHM Tepanuy OOJNBHBIX C METacTa3aMH B KOCTH M OOJIEBHIM CHHAPOMOM YCIIEUIHO HCIONB3YeTCs
153Sm, KOTOpBIiT IPOM3BOMMTCS HA PEAKTOPAaX MPH OOMYUEHHH H30TONA ~>-SM. B HCIIONIB3yeMOM paiuomnpenapare
Ha KaxIpIil m30Ton °Sm npuxomutes okoxo 1000 aToMoB u3oToma *2SM, UTO CYIIECTBEHHO BIMSET HA KHHETHKY
€ro MOCTYIUICHUS B OIyXO0JIb. [IPOM3BOACTBO H30TOITOB, HE COJEPIKAIINX IIPUMECEH JPYruX M30TOIMOB, IIpe/rosara-
eTCsl Peal30BaTh IPH MOMOIIH (OTOSIEPHOrO IPOM3BOACTBA ' PM, KOTOPKIA IO CBOMM XapaKTEPHCTHKAM IIPAK-
THYECKH COBINAZACT C mapamerpamu ~Sm. IIpoBeneHo 00/IyueHHe HEOQMMAa eCTECTBEHHOrO H30TOMHOIO COCTABA
TOPMO3HBIM M3JIyd€HHEM C MaKCHUMalbHOU 3Heprueil 12,5 M»aB. [Ing npousBoacTsa “9Pm ucnons3osanace peakuus
BONdA(y,n) *Nd (T1,=1,73 waca) — **°Pm. Peaxmms “**Nd(y,n)**'Nd (T1,=10,93 nmst) — “*'Pm (T1,=2,62 roxa)
OyIeT co31aBaTh Malyio aKTHBHOCTb ~*'PM IpPH yCIOBHM EKEIHEBHOrO BhIIETCHHS “**PM. Pexxo3eMesbHbIe dle-
MEHTBI [IEPHEBON TPYIIIBI YCIIEIIHO Pa3/eNIOTCsS B MHOTOCTYEHYAThIX SKCTPAKIIMOHHBIX KOJIOHHAX C MCIOJIB30Ba-
HHEM HOPMaJILHOTO TPHOYTHIIOBOTO 3prpa opTohochOpHOH KUCIOTHI.

®OTOSAEPHUI METO/J BUPOBHUIITBA Pm-149
M.IL Tukuit, A.M. /loeons, FO.B. /Tawxko, O.I1. Meoseocsa, /1.B. Medeeocs, B.JI. Yeapos

Jl maniaTHBHOI Teparii XBOPHX 3 MeTacTa3aMHM B KiCTKaxX 1 OOJIICHOMY CHHIPOMIi YCITIIIHO BUKOPHUCTOBYETHCS
153Sm, 1m0 BHpOGIAETHCS HA peakTopax mpH OmpoMiHeHHi i3oTomy *2Sm. V pamionpemapari, sKuii BHKOPHCTOBY-
€ThCA, HA KOYEH 130TOI ~°Sm mpuxoauThcs 61u36k0 1000 aTomis i3otomy **’Sm, mo icTOTHO BILIMBAE HA KIHETHKY
HOro HaJIXO/PKEHHS B MyXJINHY. BHpOOHMIITBO 130TOIIIB, 1110 HE MICTATH JOMIIIOK iHIIHMX i30TOINIB, HEpe10a4aeThCs
peari3yBaTH 3 BUKOPHUCTAHHAM (DOTOSIEPHOr0 BHPOGHHITBA ~*°Pm, 1O 3a CBOIMH XapaKTEPHCTHKAMH MPAKTHIHO
36iraeThes 3 mapamerpamu >>Sm. IIpoBeeHO OIPOMIiHEHHS HEOXMMY IPHPOIHOTO i30TOMHOrO CKIALy raibMiBHIM
BUIIPOMIHIOBaHHIM 3 MaKcUMaJbHOIO eHepriero 12,5 MeB. Jlnsg BupoOHUnTBA 19%pm BHKOPHCTOBYBAJIACS PEAKIis
BONd(y,n)"*Nd (T2=1,73 rox.) — **°Pm. Peaxuis “*Nd(y,n)**'Nd (T1,=10,93 mus) — “'Pm (T1,=2,62 poku)
6y/Ie YTBOPIOBATH Majly aKTHBHOCTb ~* Pm 3a yMOBH IIOJAEHHOTO BHLICHHs ~*°Pm. PifKo3eMenbHi e1eMeHTH 1epi-
€BOI TPYNH YCIIIIHO PO3IUISIOTHCS B 0AraToCTyIiHYACTUX €KCTPAKIIOHHUX KOJIOHAX 3 BUKOPUCTAHHIM HOPMaJbHO-
ro TpuOYTHUIIOBOTO edipy OpTOPOCHOPHOI KUCTOTH.
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