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[To3utpoHAb-3MUCCHsTBIK ~ ToMorpadus  (IIDT) -  Ow1  apTypai  aypy/apzbl
JIMarHOCTHKAaJIAy/IbIH KyaTThl Kypasibl, Oipak paZiIMOaKTHBTI 3aTTap/Ibl KOJIIaHyMeH KaTtap »Kypesi, Oyt
MaLeHTTepre pajydalUs/IblK acep eTy KaymiH aprreipagbel. byn 3eprreyze [I9T apicimen
[MarHOCTUKA/IbIK ~ 3epTTeysiep JKYPridy Ke3iHZe TMalUueHTTepAl pafualusiyiblK — KOpFay/bl
OHTAW/IaHJBIPYAbIH, SPTYPJIi 9AiCTepi YCbIHBUIALI. HITWKenep 3aMaHayd TeXHOJIOTMsiIap MeH
CKaHepsiey XxaTTamasapblH KOJ/laHy [AWarHOCTHKAJBbIK aKMapaTTbiH, >KOFapbl JeHreliH cakTai
OTBIPBITI, CIyJieieHy [03aChblH alTap/bIKTall TeMeHZeTyre MyMKiHZiK OepeTiHiH Kepcetti. Ker
)KasbIKTBIKTbl KeCKiH/l KailiTa Kypy, OHTallaHAbIPbUIFaH pajuoQapMaleBTUKAa/IbIK WHbEKLUS
XaTTamasiapbl JKoHe 9p MNalLMeHTKe )KeKe KO3Kapac CHUSKThI 9/IiCTep pafMaLUsIbIK 9Cep eTy KayIiH
asalTy/ia LIellyllli pes aTkapaAbl. by HITHKe/lep NmalyeHTTep YIIiH MaKCUMas/ibl Kayinci3aik neH
TUIMAUTIKTI KamTamacki3 etyre OarbiTTasiFaH [I3T omicTepiH yHemi >KeTinmipy[iH >koHe
CTaHAAPTTayAblH MaHbI3/IbUILIFbIH KOPCETe/|.
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Targeted therapy specifically targets tumor cells without affecting all cells indiscriminately.
By focusing on specific molecular targets, such as specific receptors and enzymes that regulate tumor
growth, targeted therapies seek to minimize toxicity by effectively targeting tumor dynamics [1].

Radiopharmaceutical therapeutic agents (RPTA) in radiotherapy is the effective use of
ionizing radiation in the foci of bone tumors and metastases with minimal radiation-induced damage
to bone tissues and cells. For these conditions, radiopharmaceuticals have to combine such properties
as to be osteotropic, have a high affinity for bone tissue, and not damage surrounding tissue. The
radiopharmaceuticalsthat use to treat tumors by targeted therapy called tumorotropy radiotargeted
radiopharmaceuticals. By focusing on specific molecular targets, such as specific receptors and
enzymes that regulate tumor growth, accumulate exactly in targeted tumor.

7Lutetium is an element of lanthanide metal group that emits beta- rays with maximum
energy 0.497MeV with light gamma radiation energy 113keV(6.4%) and 208 keV with range
<2mm.The half-life of ""Lu continue in 6.71 days that make is effective and less harmful for health
[2,3]. Because of the effectiveness of '’Lu it is useable in different types of tumor and metastases
treatment. Different combinations of it with other elements such as '"’Lu-PSMA and ""Lu-EDTMP
(Table 1) shows positive results in researches and treatments.

*»Actinium-an element that does not have stable isotopes. Actinium occupies a place in the
main subgroup of the third group of the periodic system and has an electronic structure of 6d' 7s, its
only stable oxidation degree is +3, the value of the ionic radius is 1.11A. Actinium has more
pronounced basic properties compared to its closest chemical analog, lanthanum [4]. Its preparations
are obtained by enrichment of uranium, thorium and radium with charged particles, mainly by protons
of high energies up to 1GeV. However, in practice, the most widely used indirect generative method
for the production of ***As from **Th is the indirect method [4]. In recent years, **Ac, have gained
significant attention for their use in targeted alpha therapy (TAT) due to their ability to deliver highly
potent alpha particles directly to cancer cells while minimizing damage to surrounding healthy
tissues. The compounds **Ac-PSMA and **Ac-DOTATOzol have shown remarkable efficacy in
treating cancers, such as prostate cancer and neuroendocrine tumors, respectively.

Table 1. General information of drugs

Drug name Component Doze(MBQq) Cycles
"Lu- Lutetium with prostate- 6-7,6MBq 2-9
PSMA specific membrane antigen
2 Ac- Actinium with prostate- 6-8 MBq 1-4
PSM-617 specific membrane antigen
"TLu- Lutetium with 22.2-37.0 4
EDTMP ethylenediaminetetramethylene | MBq/kg
phosphonate
PAC- Actinum with conjugate 404+47kBq 4
DOTAZzol of zoledronic acid and 1,4,7,10-
tetraazacyclododecane-1,4,7,1
0-tetraacetic acid

Prostate cancer '"’Lu binds to prostate-specific membrane antigens (PSMAs), proteins and
ligands that target cancer cell hyper exploitability. Once bound to target cells, """Lu delivers beta
radiation that destroys the tumor with minimal damage to surrounding healthy tissue [5].

7Lu-EDTMP  (lutetium-177  ethylenediaminetetramethylene = phosphonate) is a
radiopharmaceutical used for the palliative treatment of bone metastases. It consists of an osteotropic
compound (EDTMP) labeled with the radioactive isotope '""Lutetium, being an analogue of
phosphate, has a high affinity for bone tissue hydroxyapatite, which ensures selective accumulation of
the drug in bone, especially in areas with metastatic lesions also ensures delivery of therapeutic dose
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of radiation directly to the foci of metastasis, minimizing the impact on other organs and tissues.
Numerous clinical investigations have demonstrated the effectiveness and safety of '’Lu-EDTMP in
treating painful skeletal lesions and bone metastases. ’Lu-EDTMP significantly reduced pain and
significantly improved quality of life in individuals with painful bone metastases [6]. Turkish
scientists investigated the effect of '”’Lutetium on reducing pain in bone metastases. In a survey of 59
patients receiving "’Lu-EDTMP, the average pain score of the patient group was as follows. As a
result of their observation, it was found that the radiopharmaceutical ""’Lu-EDTM can be safely used
for significant efficacy in the treatment of metastatic bone pain, as well as 5.60 + 0.5, 4.3 £ 0.1, 2.6 +
0.4 and 1.4 + 0.7 at weeks 1, 3, 6 and 8, respectively. In addition, the mean pain score decreased from
baseline 7.6 + 1.6 to 1.4 + 0.7 at week 8 [3].

*Ac-PSMA (Prostate-Specific Membrane Antigen) therapy is a targeted alpha-particle
therapy used to treat prostate cancer. It involves the use of the radionuclide ***Actinium-conjugated
with PSMA-617, which specifically binds to PSMA receptors highly expressed on prostate cancer
cells [7]. **Ac-PSMA therapy has shown promise in treating advanced metastatic prostate cancer by
selectively targeting tumor cells, reducing damage to healthy tissues [8]. It is particularly useful in
cases where conventional treatments, such as beta-emitting radionuclides like '’Lu, are less effective
or unsuitable. Study on *Ac-PSMA therapy for metastatic castration-resistant prostate cancer
(mCRPC) has been conducted by two groups.

Study by N.A. Selcuk et al. (2018-2022) involved 23 patients (mean age 70.5 years), all of
whom had previously received at least two cycles of "Lu-PSMA..Patients received 1 to 4 cycles of
*>Ac-PSMA with an average activity of 7.6 MBq per cycle. Median progression-free survival was 3.1
months, and overall survival (OS) was 7.7 months. The illness control rate was 50%, and Grade 3
hematologic and nephrotoxicity were reported in 1 patient each [9].

Study from Heidelberg University Hospital (2016-2018) involved 13 patients receiving 4
cycles of **Ac-PSMA-617, starting with 8 MBq and reducing to 6 MBq. Eleven (85%) patients had
deceased at time of analysis. For the total cohort, median OS was 8.5 months (Fig.1A). Median OS
was 12.6 months for PSMA -naive patients vs. 1.3 months in patients who underwent prior "’Lu-
PSMA (Fig.1B). Two (15%) patients were alive, 29 and 34 months since first *>Ac-PSMA TAT
injecticil; one of them is having an ongoing response to PSMA RLT [10].

ol 100 ——  Prior RLT
i 0 —— Noprior RLT
&0 .
70- =4
£ Wy F 60
2 50- g sl
£ 40- ‘% 40-
0
30 30
204 20
10- 10
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: y b 3 [} B 12 15 18 21 24 27¥ 30 33 !
0 38 & 9 12 15 18 21 23 27 30 33 38 ’ '
Mo. atrisk Manths since start of 2Ac-PSMA RLT

: k=3
) Months since start of ““Ac-PSMARLT Prior RLT 2 f 0 o 0o 0 o6 0 b O
No. at risk 4 11 8 & 6 4 3 2 2 2 4t 1 0 MopriorRLT 11 10 8§ & B 4 3 2 2 2

a b

Fig.1. Overall survival in patients with metastatic castration-resistant prostate cancer treated
with 225Ac-PSMA-617 targeted alpha-radiation therapy: (a)Survival estimate for the total cohort;
(b)Survival stratified by prior 177Lu-PSMA-617 radioligand therapy.

a0 0
1 1

A mixture of radionuclide **’Ac andDOTA (1,4,7,10-tetraazacyclododecane-1,4,7,10-
tetraacetic acid) effectively binds radionuclides such as **’Ac to target receptors on tumor cells.
Integrin-based agents are designed to target intestinal receptors that are frequently expressed on the
surface of tumor cells, especially those that cause aggressive and metastatic forms of cancer. Also
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based on studies conducted in 2023 by Xu, Tingting MD and others, **Ac-DOTA successfully treats
refractory bone pain for bone metastasis in 1 cycle of use [11].

Macrocyclic para bisphosphonates have important potential for radionuclide therapy targeting
bone tissue. DOTAzol(a conjugate of zoledronic acid and DOTA) has shown promise for imaging
and treating painful bone metastases.”?Ac-DOTAzol was synthesized and administered to healthy
Wistar rats to study bone uptake and soft tissue distribution. High radiolabeling efficiency (>98%)
was achieved, with significant bone uptake (SUV femur 4.99) at 10 days post-injection. Bone-to-
blood ratios increased over time, reaching 2409 at 10 days. No clinical toxicity was observed for two
months, but by the third month, kidney tubular damage was noted in most rats. While **Ac-DOTAzol
shows strong potential for bone-targeted therapy, further work is needed to reduce renal toxicity [12].

Although both radiopharmaceuticals are used for targeted therapy in the treatment of tumors,
each of them has maximum efficacy in different clinical situations and tumor types. Lutitium-177 as a
beta-emitter is used in cases where gradual exposure of tumors with minimal damage to healthy tissue
is required. This is particularly useful in cases of palliative treatment of bone metastases and pain
recovery. Clinical studies have shown that '’Lu can effectively improve quality of life and reduce
pain in patients with bone metastasis.

On the other hand, Actinium-225, as an alpha emitter, is particularly effective in aggressive
and difficult-to-treat tumors such as castration-resistant prostate cancer with bone metastases and
gastroenteropancreatic neuroendocrine tumors. **Ac alpha particles have a more localized and potent
effect on cells, resulting in decreased tumor mass and increased patient survival, even when other
treatments, including '"’Lu, are insufficient.

Thus, the use of '’Lu and **Ac depends on the specific characteristics of the tumor and stage
of disease, as well as the individual patient's response to treatment. Both drugs are important agents
for targeted therapy and can complement each other in multiple cyclic cancer treatment.
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XWUTO3AH MEH I'PA®EH OKCHU/II HETI3THAE NKEM/II BUO YW/IECIM/II T'EJIb-
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'padenHiH TabBICTBI KOMMEpPLMSIAaHYbI OChI MaTepHasbl KoJAaHOanbl KypbUIFbLIapFa
VHTerpalusyiayibl Tanan eTefi. 2D-maTepuangap Oyn kyilenepfiH 6HIMAIMIriH aHBIKTaUTHIH
OencenH/ii KOMIOHeHTTep OOJ/IFaH/ABIKTAH, OJIap/bl KOJaHy YIIiH HaHOeHrele e, MaKpo/jeHrei e
Jie OapJsbIK, K@KeTTi Tajanrapra cail KeseTiH WepapXUsi/IblK rMOpPUATI KypbUIBIMJApAbl YTHIM/bI
Kobanay >koHe CHHTe3lley MaHbI3Abl. AJaiila J9CTYp/li MUKDPOKOHCTPYKLMsIay —dficTepi
9KOHOMMKAJIBIK, THiM/Ii MUKDOKYPBUIFbIZIAP/IbI JKacay/ja TUIMCi3 OOJIBIT IIBIKTHI KoHe OyJ1 omap/bIH
KeHiHeH KOJIZIaHbUTybIH IekTedzi. Ocbl MaceneHi 1meiny yimiH 6i3 rpadeH OKCHUJiIHIH CYHBIK
KpUCTaJllapblHa Heri3/ie/reH )kaHa epiTKilliKe Te3IMCi3 3/iCTi yCbIHaMbI3. [IepiaMyTp KypbIIbIMBIH
eJMiKTeUTIH (€Ki esmmeMZi >KoHe OTKi3rilm OuoyisieciMii ToMMMep/ieH TYpaTbiH) TUOPUATI
KOMITO3UTTIK MaTepuasap/ bl KypacTeipy rpadeHHiH KerTereH KacueTTepiH OipiKTipyre MyMKiH/iK
Oepeni. Byn marepuanzap OuoMemWIMHAIBIK WMIUIAHTTApAbl KyaTTaHJbIDyFa JKoHEe KHieTiH
3/IeKTPOHUKAa/Iapra apHa/IFaH SHeprus KUHaKTay KypbUIFblIapblH KYPY/ia KO/IZaHbLTybl MyMKIiH.

'ubpuaTi aucriieiiiep MeH KUIJIETiH 3/1eKTPOHUKA >KOFapbl eHIM/LMIKTI, KpICKa 3apsjTay
VakKbITbIH JKoHe y3aK KbI3MeT eTy Mep3iMiH Tasan eTefli, COHbIMEH KaTap OJlap JKeHil JKoHe
yABTPAXKYKA O0mybl KakeT. Asaiifa Oy MiHAETTep [J3CTYpJii aKKyMYJSATODPJIBIK TEXHOJIOTUsIap
Hemece OaTapesiziap apKpU/Ibl LIeliMelii. IeKTPOXUMUSIIBIK, CyTIePKOHZeHCaTop/iap FbUIBIM MeH
OHEPKICIIITe Y/IKeH KbI3bIFYIIbUILIK TYAbIPa/ibl, cebebi onapabiH bipHellle 1ayChi3 apTHIKILIBUTBIKTapb
G6ap. Onapra >KOFapbl KyaT TBIFBI3[bIFbl, CEKYHATap illiHAe >XbUIJaM 3apsiATay/pa3psiTay
XKBIIIaM/IBIFEI, Oy Ke3 KejreH OMOMeULIMHA/IBIK, KYPBUIFBI YILIiH MaHbI3/Ibl, )k9He OaTapessiapMeH
CasIBICTBIPFaH/Ia y3akK KbI3MeT eTy Mep3iMi >kaTafbl. [lereHMeH, CyrepKOHZeHCaTOp/ap/biH, 0acThl
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