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E®EKTUBHICTD JIBOIIAPOBOi CHCTEMH ®OPMYBAHHSI HEUTPOHHOI'O ITYYKA
JIJISI BOP-HEMTPOH-3AXOILTIOBAJIBHOI TEPAIIIT: MIKPOJJO3UMETPAYHE JOCJIJXKEHHSA
3 BUKOPUCTAHHAM ITPOI'PAMHOI'O KOMILIEKCY JJISA MOJAEJIIOBAHHSA IEPEHOCY
YACTHUHOK I BA’KKHUX IOHIB

Bop-neiitpon-3axommoBansaa tepamnist (BNCT) — me meron mikyBaHHS paky, IO Hapasi mepeOyBae Ha crasii
po3pobku. Ycmix BNCT 3amexuts Biml 3HaTHOCTI i30TOmMy 108 PO3MOAINATHCS BCEPEAWHI KIITHH Ta BiJ SKOCTI
BUKOPUCTOBYBAaHHX HEHWTPOHIB. MeTO0 NOCHIIKEHHS € OLIHKAa e(pEeKTHBHOCTI HEWTPOHHOTO ITy4yKa, C(OPMOBAHOTO
nsomapoBolo cuctemoro (DLBSA), y B3aemoii 3 1°B 11 yTBOpEHHs 0.-4acTHHOK Ta 'Li 3a ydacTio JBOX CIOJNYK 60py:
p-6oponodeninananiny (BPA) Ta marpito 6opoxanraty (BSH). EdexkTuBHiCTh mydka OIliHIOBAIIM 3a JOIIOMOTOIO
MiIKpOJO3UMETPUIHHX ITapaMeTpiB: aHAII3y MPOOIry YacTHHOK, 3HA4UeHb JiHiitHO1 nepenayi eneprii (JIIIE) ta po3moxiny
I03W Ha KITHHHOMY piBHI. OI[HKY OPOBOJWIN 3 BHKOPHUCTAHHSAM [IBOX TEOMETPUYHHMX MOJETEeH KIITHH:
OJIHOKJIITMHHOI Ta OaraTokmiTmHHOI. Jlkepenom HelTpoHiB Oyna cuctema DLBSA 3 mortokom Heitftponis 1,1-10°
1/(cM?-¢). MozieTIoBaHHsA Ta pO3paxyHOK MiKpOI03MMETPUYHHX TapaMeTpiB 3iCHIOBAIH 33 JOHOMOI0I0 HPOrPaMHOIO
komruiekcy PHITS (Particle and Heavy Ion Transport code System). Pe3ynpTatu 1OCIHIHKEHHS CBIIYaTh, 1[0 BHACIIOK
B3aeMoii HeliTpoHiB i3 1°B yTBOpIOIOTHCS O-4acTHHKH Ta 'Li 3 mpobirom 10 i 4 Mxm Ta 3nagennamu JIIIE 251,19 i
363,08 xeB/MkM BimnoBimHo. Po3monin no3m Bing o-yacTHHOK Ta “Li, yTBopeHuX 3i crionyk BPA, xapakrepusyerbcs
HAKOIHMYEHHSIM Y SAp1 KIITHHHU, TOHI K y BUNaAKy crnonyk BSH — y kimitunHIE MemOpani. Mikpomo3umerpuyse
JOCITiKEHHS TiATBEPAUIO, IO Heiitponu Big cucremu DLBSA MosxkyTh B3aemoaiatu 3 1°B (y cknani cnonyk BPA a6o
BSH) 3 yTBOpeHHAM 0-4acTUHOK Ta ’Li. XapakTepucTHKN OTPUMAHMX Oi-4aCTUHOK Ta 'Li BiAMOBiZalOTL BUMOTam JI0
SIKOCTI BUNPOMiHIOBaHHS, HeoOXiaHuM it BNCT.

Kniouosi cnoea: Oop-HEHTpOH-3aXOILTIOBabHA Teparis, JBomiapoBa cucrema QopmyBaHHs mydka (DLBSA),
MIKpO/IO3UMETPisl, O.-4aCTHHKHY, JITiH, JTiHIHHA epegada eHeprii, 103a.
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EFFECTIVENESS OF DOUBLE-LAYER BEAM SHAPING ASSEMBLY NEUTRON BEAM
FOR BORON NEUTRON CAPTURE THERAPY: A MICRODOSIMETRIC STUDY
USING PARTICLE AND HEAVY ION TRANSPORT CODE SYSTEM

Boron neutron capture therapy (BNCT) is a cancer therapy currently under development. The key to successful
BNCT therapy depends on the ability of 1°B to be distributed within cells and the quality of the neutrons being used.
The research aims to study the effectiveness of the neutron beam from Double-Layer Beam Shaping Assembly
(DLBSA) in interacting with °B in producing o and ’Li particles carried by two boron compounds:
p-boronophenylalanine (BPA) and sodium borocaptate (BSH). The effectiveness of the neutron beam is evaluated using
microdosimetric parameters by analyzing its range, linear energy transfer (LET) values, and dose distribution at the
cellular level. The assessment was carried out using two cell geometry models, namely: single- and multi-cell. The
neutron source comes from DLBSA with a neutron flux of 1.1:10° n/cm?-s. The modeling, simulation, and calculation of
microdosimetry parameters were carried out using the Particle and Heavy lon Transport code System (PHITS) program.
The study shows that the interaction between neutrons and °B produces o and ’Li particles with ranges of 10 and 4 um
and LET values of 251.19 and 363.08 keV/um. The dose distribution of o and "Li particles from the BPA compounds
accumulates in the nucleus, and those from the BSH compounds in the cell membrane. Based on the microdosimetry
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study, neutron interactions from DLBSA can interact with °B using both the BPA and BSH compounds to produce a
and Li particles. The quality of the resulting a and “Li particles has met the therapeutic quality required in BNCT.

Keywords: boron neutron capture therapy, Double-Layer Beam Shaping Assembly, microdosimetry, alpha, lithium,
linear energy transfer, dose.
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