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KPUTEPIT KOPEKIIII ITIOPYUIEHB B CTPYKTYPI KICTKOBOT
TKAHUHU VY JITEN, KKUTEJIB PAIIOAKTUBHO 3ABPYJIHEHUX
TEPUTOPIN ITICJISI ABAPII HA YOPHOBWJIBCBHKIN AEC

MeTa: BM3HAYMTM 3MiHM B CTPYKTYPi KiCTKOBOT TKAHMHU Ta 0OI'PYHTYBATM TaKTUKY NiKyBaHHS [iTeil, XBOPUX HA rocTpi
nimdobnactHi neiikemii ([N1J1), i piteit 6e3 oHKorematonoriyHoi naronorii, )utenis P3T.
Marepianu i metoau. O6cTexero 220 gitent, xutenis P3T. 3 Hux: 120 xopux Ha [J1J1 (I rpyna) Ta 100 nauieHTiB 6€3 oH-
KOreMaTooriyHoi natonorii 3i 3MiHamu B ocTeoHi Ta 06MiHi 3aniza (II rpyna). I3 «3aranbHumy Tunom [J1J1 6yno 81,7 %,
npo-B-M1J1 — 10,0 % ta T-[J1J1 — 8,3%. BpaxoByBanu 4acToTy nepefnomiB KiCTOK, HassBHiCTb aHoManii wenen. OuiHoBanM
BWJ, NaToNOrii y poaunyiB Aiteit. JOCNifxXyBanu NOKa3HUKM reMorpamu Ta Miesorpamu. Busyanu GioximiuHi napameTpu
KpOBi: 3aranbHuii 6iN0K, KpeaTuHiH, KanbLili, NyxHy docdarasy, cuposarkose 3ani3o (C3) i peputun (CP), TpaHchepuH,
BiTaMiH D, cknap, aMiHOKMCNOT B ceui, WinbHicTb KicTkoBoi TKaHUHW (LLIKT), piBHi TupeoTponHoro ropmoHy rinodisa (TTT),
BiJIbHOrO TUPOKCUHY, KOPTU30/y B CUPOBATLi KPOBi Ta pO3paxoByBaan 4031 ONPOMiHEHHSA fiTeil. Po3pobunu Ta 3actocy-
Banu NiKyBaNbHO-NPodinakT1yi 3axofu.
Pe3synbratu. Y piteii I rpynu nicns ximiotepanii (XT) BigbyBanack ferpafauis konareHy, nifBuilyBanach eKCKpeLis ok-
CUMPONiHY, NPOAiHY 3 CEYelo Ta 3HUXKYBABCA PiBeHb MiLuHY i ni3uHy. 3pocTano yncno xsopux 3i WUKT Huxue 65 ym.op.
(p < 0,05). 36inbwyBanach KinbKicTb AiTel 3 HABAMUWKOM 3ani3a B opraHismi (41,7 %). Mpu pisHi CP Buwe 500 Hr/mn y
XBOPMX YacTile cnoctepiranuch TokcuyHi renatutu (p < 0,05) Ta netansHi Bunagku (r=-0, 38; p < 0,01). BctaHoBneHo
npsaMuin 38'a30k Mix pisHem C® i kopTu3ony B cupoBartLi kpoBi (r = 0,55; p < 0,05), mix pisHem TTI (Buwe 3,3 mOg/n) B
CMpoBaTLi KpoBi Ta okcunponiHom B cevi (r=0, 39; p < 0,05), L0 HeraTMBHO BMIMBANO HA CTAH KonareHy. MigBuLweHwil
piBeHb KOPTU30Ny Y AiTel CNpUsAB 3MiHAM B CTPYKTYPi KiCTKOBOT TKaHWHi Ta ripwomy nporHo3y nepebiry )1 (p < 0,01).
Y oci6 II rpynu 3i 3miHamu B CTPYKTYpi KicTOK cyma amiHokucnoT Gyna nigeuweHa. Y 30,0 % pisHi C3 nepesuuyyBanu Hop-
MaTUBHi Noka3HuKkK. [lo3n onpomiHeHHsA y xBopux Ha [J1J1 cknapanu B cepeaHbomy (4,5 + 0,9) m38, y xutenis P3T —
(0,78 + 0,07) m3B i BOHU He KopenioBanu 3 GioximiuHMmMM napameTpamu kpoBi Ta WKT. JlikyBanbHo-npodhinakTuyHi 3a-
xoau 6ynu cnpsMoBaHi Ha KopekLito aediuuTy 6inka, MiHepanbHOT KOMNOHEHTU KiCTKOBOT TKAHUHM, BUBEEHHSA HAANMLL-
Ky 3ani3a 3 opraHiamy Ta Hopmanizauilo ropmoHanbHoro cratycy. Y 81,7 %. xBopux Ha [J1J1 yepe3 6 micauiB micns
3aKiHyeHHs XT BigMiyaBcs no3uTMBHUI edekT. Y 80 % AiTeit 6e3 oHKOrematonoriyHoi matonorii Bigbysanacb Hop-
Mani3alis noKasHMKiB.
BucHoBKu. [liarHoCTMKa 3MiH y CTPYKTYPi KiCTKOBOT TKAHMHM 1 KOPEKLis NPOLEeCciB OCTEOYTBOPEHHS Y AiTell po3KpuBa-
l0Tb MEXaHi3MU IeKeMOoreHe3y, BU3Ha4aloTb alfOPUTM LWOLO0 CBOEYACHUX NiAXOAIB A0 NPOdinaKTUKM 3aXBOPIOBaHb CUC-
TEMMW KPOBi, @ TAKOX MOKPALLYIOTb AKICTb XXUTTA AiTel.
Kntouosi cnoBa: fitv, aBapis Ha YAEC, mapkepu 0cTeoyTBOpEHHS, 00MiH 3ani3a, WwutonoaibHa 3an03a, KOPTU30., NiKy-
BaJlbHi 3axou.
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CORRECTION CRITERIA FOR THE BONE TISSUE STRUCTURE
DISORDERS IN CHILDREN LIVING IN RADIOLOGICALLY
CONTAMINATED TERRITORIES AFTER THE CHORNOBYL NPP
ACCIDENT

Objective. To determine the structure of abnormalities of bone tissue and substantiate the management tactics in
acute lymphoblastic leukemia (ALL) pediatric patients and in children with no oncohematological disorders, living
in radiologically contaminated territories (RCT).
Materials and methods. Children (n = 220) living in RCT were the study participants i.e. the ALL patients (n = 120,
Group I) and ones with no oncohematological disorders but having got some abnormalities in osteon and iron
metabolism (n = 100, Group II). There were 81.7 % cases of the «xcommon» ALL, 10.0 % of the pro-B-ALL, and 8.3 %
of the T-ALL types. Incidence of the bone fractures and jaw anomalies were taken into account. Types of
diseases/disorders in the children’s relatives were identified. The hemogram and myelogram data were evaluated.
Biochemical blood parameters, namely the total protein, creatinine, calcium, alkaline phosphatase, serum iron (SI),
ferritin (SF), transferrin, and vitamin D serum content along with the amino acid content in urine, bone mineral den-
sity (BMD) value, serum level of pituitary thyroid-stimulating hormone (TSH), free thyroxine, and cortisol were
assayed. Individual radiation doses were calculated/reconstructed. Curative and preventive measures were devel-
oped and applied.
Results. Collagen degradation, increased urinary excretion of oxyproline and proline, and decreased level of glycine
and lysine occurred in the Group I after the chemotherapy (ChT) administration. The number of patients with BMD
lower than 65 relative units (RU) was increasing (p < 0.05) as well as the number of cases with body iron excess
(41.7 %). Toxic hepatitis and fatal cases were more often observed (p < 0.05 and r = -0.38, p < 0.01 respectively)
under the SF level above 500 ng/ml. A direct relationship was established between the serum levels of SF and cor-
tisol (r=0.55; p < 0.05), between the TSH levels (above 3.3 IU/l) in blood serum and oxyproline in urine (r = 0.39;
p < 0.05) negatively affecting the state of collagen. An increased level of cortisol contributed to the abnormalities
in bone tissue structure and to a worse prognosis of the ALL course (p < 0.01). In the Group II (subjects having got
bone structure abnormalities) the sum amount of amino acids was increased. In 30.0 % of them the SI level exceed-
ed the normative range. Radiation doses were on average (4.5 + 0.9) mSv in ALL patients and (0.78 + 0.07) mSv in
the RCT residents with no correlation with either serum biochemical parameters or BMD values. Curative and preven-
tive measures were aimed at correcting the protein deficiency and mineral component of bone tissue, removing
excess iron from the body, and normalizing of hormonal status. Positive effect was reached in 81.7 % of the ALL
patients 6 months after the end of ChT. Normalization of the studied parameters occurred in 80 % of children hav-
ing no oncohematological disorders.
Conclusions. Diagnosis of abnormalities in the bone tissue structure and correction of osteogenesis in children
reveal the mechanisms of leukemogenesis, determine the algorithm for timely approaches in prevention of blood
system diseases, and improve the quality of life of children.
Key words: children, Chornobyl accident, osteogenesis markers, iron metabolism, thyroid gland, cortisol, curative
measures.
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BCTVYII

3MiHM B OOPHO-PYXOBOMY arapaTi € JOCUTb MOIIMpPe-
HOIO MAaToJIOTIEI Y el BChbOTO CBiTY. MeTaboJ1i3m
KiCTKOBOI TKAHWHM BU3HAYa€ TMPOILECU POCTY, aAude-
peHIiIoBaHHS Ta (bYHKIIIOHYBaHHS ii OpraHiyHOI Ta
MiHepaJbHOI CKJIaJIOBUX, 1110, B CBOIO YEpry, Biairpae
BasKJIUBY POJIb Y hopMyBaHHI MOPDOPYHKITIOHATEHIX
0COOJIMBOCTEH CTPOMAJILHOTO MiKpOOTOYEHHSI KiCTKO-
BOIro MO3KY Ta KJIiTUH-TIONEepeaHUKIB reMomnoe3sy. I1a-
TOJIOTiIUHI 3MiHU B LIUX MeXaHi3MaX MOXXYTb OYTH MPO-
MOTOpPOM JielikeMoreHe3y. Bearka poJib y IboMy Hale-
KUTh OOMIHY 3aJli3a Ta eHOOKPpUHHIN perymsuii [1, 2].
Oco0611BOi yBaru NoTpeOyOTh AT 3 TOCTPUMU JIeHi-
kemisimu (IJI) i nuTsye HaceneHHs 06€3 OHKOTreMaTo-
JIOTIYHOI1 NATOJIOTII 31 3MiHAMU Y CTPYKTYPi KiCTOK, sIKe
MPOXMBAE HA PafdiOaKTUBHO 3a0pyIHEHUX TEPUTOPISIX
(P3T) micns aBapii Ha YAEC [3].

BcraHoBneHo, 1110 MiHepaJizalis KicTok Ha 60—80 %
3aJIEXXUTh Bill criagkoBoi KoMnoHeHTH [4]. DakTopu,
SKi MiagalThes KOpeKlii, Taki K (izuuyHe HaBaHTa-
JKEHHSsI, TpaBUJIbHE XapyyBaHHS, Maca Tijla IUTUHU Ta
ropMOHaJIbHA peryJsiis, BilirpaloTh BaXKJUBY POJib Y
¢dopMyBaHHI MiHepaJIbHOI IIITBHOCTI KicToK. IlimBum-
LIEHHIO MiHEpaJIbHOI CKJIaIOBOI CIIPUSIOTH MpernapaTu
Kajpliito i Bitamin D [5—7]. g HopMati3aliii 1Iiib-
HocTi KicTkoBoi TKaHuHU (IIIKT) mmrpoko BUKOpHUC-
TOBYIOTb aHTUPE30POTUBHI TTpernapaTH, Taki K 0idoc-
(onatu, axi Ha 20—70 % 3HUKYIOTb PU3KK IIEPEIOMIB
crerHa [8]. BomHouac, mig umx mpemnapaTiB 3 4acom
3HIKYETBCS, TOMY €(PEKT JIiKyBaHHS BBAXKAETHCS TUM-
yacoBuM |[9].

VY nitepatypi BcebGiuyHO onMcaHi MOpyIIeHHs, SIKi BU-
HUKAIOThb MpPU TepeBaHTaxKeHHi OpraHizMy 3ali3oMm,
0oco0auBo y xBopux Ha I'JI. BuBueHHsI 3B’513Ky MixX e-
POKiHEeTUYHUMHU MpoliecaMy i CTaHOM KiCTKOBHUX
CTPYKTYp OyIe CIpHUSITU KOpeKilii 3MiH B OCTEOYTBO-
peHHi. HemoctaTHbO pOOIT, 1110 BUCBITIIOIOTH €HAOK-
PUHHY peryisuilo ¢GopMyBaHHS KojareHy, ooMiH
3aJjli3a Ta 3MiHU B OIIOPHO-PYXOBOMY ariapari, 0co0JIu-
BO y autsdomy Bili. lllomo nmiteit 3i 3MiHAMu y CTPYK-
Typi KiCTOK, TO B JIiTepaTypi Majo JaHUX MpPO BIUIUB
3aj1i3a Ha MPOIECH OCTEOYTBOPEHHS Ta POJIb TCHETUI-
Hoi koMmioHeHTU. Ll mpobGiemMa He BUCBITIEHA Yy
nitei, xxureiis P3T.

Hes3Baxaoun Ha HasSBHICTb JKepen JiTepaTypu, B
SIKVIX MIIETHCS IIPO MiHEpaJIbHY CKJIaIOBY KiCTOK, HEIOC-
TaTHbO YBAaru MpUAUISIETbCS METOAAM OLIIHKM 1 KOPeKIIil
OpraHiuyHOro MaTpukcy. BuszHaueHHS MeTaOOMIUHUX Ta
peryasTopHux (akTopiB 0OMiHy 3ajtiza y AiTeit, XBOpUX
Ha I'JI, B amHaMili ximiorepanii (XT) Ta ix MpOrHoCTUY-
HEe 3HA4YeHHS$I, OOIPYHTYBaHHSI TaKTUKW AiarHOCTUKU

INTRODUCTION

Abnormalities in musculoskeletal system are fairly
common disorders worldwide. Bone tissue metabo-
lism determines the processes of growth, differentia-
tion and functioning of its organic and mineral com-
ponents, which, in turn, plays an important role in
the formation of morphofunctional features of stro-
mal microenvironment of bone marrow and hema-
topoietic precursor cells. Pathological changes in
these mechanisms can promote the leukemogenesis.
Iron metabolism and endocrine regulation play a
major role here [1, 2]. Children with acute leukemia
(AL) and the pediatric population of radiologically
contaminated territories (RCT) after the Chornobyl
nuclear power plant (ChNPP) accident with no on-
cohematological disease but having got abnormali-
ties in bone structure need a special attention [3].

It has been established that bone mineralization
patterns are inherited for 60—80 % [4]. The modifi-
able factors such as exercise, proper nutrition, body
mass, and hormonal regulation play an important
role in the maintaining of bone mineral density
(BMD). Calcium medications and vitamin D sup-
plementation contribute to the mineral component
increase [5—7]. Antiresorptive pharmaceuticals,
such as bisphosphonates, are widely used to normal-
ize the BMD, which reduce the risk of hip fractures
by 20—70 % [8]. At the same time, the effect of these
medicinal agents decreases over time, so the treat-
ment effect is considered temporary [9].

Disorders that occur when the body is overloaded
with iron, especially in AL patients, are comprehen-
sively described in scientific literature. Studying the
relationship between ferrokinetic processes and state
of bone structure will contribute to the range of cor-
rection tools for osteogenesis disorders. There are no
enough published works highlighting the endocrine
regulation of collagen formation, iron metabolism,
and changes in musculoskeletal system, especially in
childhood. As for children with changes in bone
structure, there are little literature data about the
effect of iron on the processes of bone formation and
role of genetic component. This problem has not
been addressed in children, living in the RCT.

Despite availability of literature sources referring to
the bone mineral composition, insufficient attention
is paid to the assessment methods and correction of
the organic matrix. Determination of metabolic and
regulatory factors of iron metabolism in children with
AL under the course of chemotherapy (ChT) and
their prognostic value, substantiation of diagnostic
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CTPYKTYPHO-(YHKIIIOHAIBHUX 3MiH B KiCTKOBiii TKa-
HUHi, Moau@iKallis MeToiB MPOMiTaKTUKH i JTIKyBaH-
HSsI € Cy4aCHOIO CBITOBOIO MpobJieMor0. ToMy BaxJIMBU-
MU i aKTyaJJbHUMHU € TIUTaHHS IIOJ0 PO3pPOOKM Ta
MiABUIIEHHST e(PEeKTUBHOCTI JIiKyBaJbHO-Mpodinak-
TnuHuX 3axoniB (JITI3), crnpsiMoBaHMX Ha HOpMaJi-
3allif0 CTPYKTYPH OITOPHO-PyXoBoro arapary [10].

META

Bu3zHauuTH 3MiHU B CTPYKTYpPi KiCTKOBOI TKAHUHU Ta
OOIPYHTYBaTU TAaKTUKY JIiIKyBaHHS JiTeii, XBOpUX Ha
roctpi nimgoobaactHi netikemii (ITLJT), i miTeii 6e3 oH-
KOoreMaToJsI0TiuHoi maTtosorii, xurenis P3T.

MATEPIAJI TA METOJIN

O6cTexeHo 220 miteit BikoM Bin 5 10 16 pokiB. 3 HUX:
120 xBopux Ha I'JIJI, gki 3axBopinu 3a nepion 3 2003
poky 110 2018 pik Ta 100 maiieHTiB 6€3 OHKOTEeMaTO-
JIOTiYHOI MaToJIOril 3i 3MiHAMM B OCTEOHi Ta OOMiHi
3aji3za, ki obcrexeni y 2021—-2023 pokax. Xiom-
qyukiB oyno 120 (54,5 %), nisuaroxk — 100 (45,5 % ).
Hitn oymu xutensamu P3T KuiBcwkoi ta 2Kuromup-
CbKOI1 obOytacTeil YKpaiHu.

Posnonin xBopux 3a Bapiantamu I'JIJI nmpoBomuimn
3rinHo 3 FAB-kiacudikalii€to ta pe3yabraTaMu iMy-
HO(MEHOTUNYBAHHS OJaCTHUX KIITUH KiCTKOBOTO
MO3KY Yy Binaiii kiiHiyHoi imyHosorii IKP. I3 «3arans-
HUM» TUIIOM XBopoOu Oyso 98 marieHTiB (81,7%), 3
mpo-B-TJIJT — 12 (10,0 %) Ta 3 T-TJIJT — 10 ( 8,3%).
XT npoBoauiu 3a CTaHIAPTHUM IIPOTOKOJIOM TPyIIU
BFM.

[MoxazHuKuM remMorpamMu IOCTiIKyBaayd Ha aBTOMa-
TMYHOMY TemoaHanizatopi MicroCC-18 (CIIA) Ta
NigpaxoByBajU y CBITJIOBOMY MiKPOCKOIIi (30i1bIIeH-
Hs x1000) micns 3abapBiaeHHs mpenapatiB 3a [lam-
neHreliMmoM. bBioxiMiuHi TapaMeTpu KpoBi: 3arajb-
HUI Oinok, JayxHy ¢ocdarazy (JID), 3amizo (C3),
KpeaTuHiH, Kajbliii, TpaHcdepuH, BitaMiH D B cu-
pOBaTLIi KpOBi BUBUAJIM Ha OioXiMiuHOMY aHami3aTopi
Humostar-600 (Himeyunna). Ckian aMiHOKMCIIOT B
cevi BM3HAYaJIM Ha aMiHOKMCIOTHOMY aHasizaTtopi
tuny T-339 (Yexist). LlinpHICTh KiCTKOBOI TKAHMHM
(IOKT) BuBuanu Ha geHcutoMeTpi Ultrasonometer
Lunar (CIIIA) 3a T-nmokazHukoM. PiBHiI TMpeoTporn-
Horo ropmoHy rinodiza (TTT'), BiIbHOrO TUPOKCUHY
(FT4), xoptusony, deputnny (CP) B cupoBaTii
KpOBi JochimKyBanu pagioiMmyHHUM MetogoM (RIA-
Kits). AHanizyBaiu aHaMHe3 AiTel 111010 MepeIoMiB
KiCTOK, BpaxoOBYBaJIM HAasIBHICTb aHOMAJIl ILeJeIl.
OnintoBanu Bun matonorii y 1320 pomuuiB miteit

tactics for structural and functional changes in bone
tissue, modification of methods of prevention and
treatment are the emerging global tasks. Therefore,
issues related to the development and improvement of
effectiveness of curative and preventive measures
(CPM) directed at normalizing the structure of muscu-
loskeletal system are important and relevant [10].

OBJECTIVE

To determine the structure of abnormalities of bone
tissue and substantiate the management tactics in
acute lymphoblastic leukemia (ALL) pediatric
patients and children with no oncohematological dis-
orders, living in RCT.

MATERIAL AND METHODS

Children (n = 220) aged 5 to 16 were involved in the
study. There were ALL patients (n = 120) who had got
the disease in the period from 2003 to 2018 and children
(n = 100) with no oncohematological disorders but
abnormalities in osteon and iron metabolism, who were
examined in 2021—2023. There were 120 boys (54.5 %)
and 100 girls (45.5 %). Children were residents of the
RCT of Kyiv and Zhytomyr oblasts of Ukraine.

Distribution of patients according to ALL variants
was carried out according to the FAB classification
and results of immunophenotyping of bone marrow
blast cells at the Clinical Immunology Department of
the NRCRMHO ICR. There were cases of the «gener-
al» type of disease (n = 98; 81.7 %), pro-B-ALL type
(n = 12; 10.0 %), and T-ALL one (n = 10; 8.3 %).
Chemotherapy (ChT) was administered according to
the standard protocol of the BFM Group.

The hemogram data were received on the MisroCC-
18 automatic hemoanalyzer (USA) and counted under
a light microscope (x1000) upon staining the prepara-
tions after Pappenheim. Serum biochemical parame-
ters, namely the total protein, alkaline phosphatase
(APh), iron (SI), creatinine, calcium, transferrin, vita-
min D were assayed on a Humostar-600 biochemical
analyzer (Germany). The urine content of amino acids
was assayed on an amino acid analyzer type T-339
(Czech Republic). Bone mineral density (BMD) was
studied on an Ultrasonometer Lunar densitometer
(USA) using the T-index. Serum content of the pitu-
itary thyroid-stimulating hormone (TSH), free thyrox-
ine (FT4), cortisol, and ferritin (SF) were measured by
the radioimmunoassay (RIA-Kits). Anamnesis of chil-
dren regarding the bone fractures was analyzed and jaw
anomalies were accounted. Types of the diseases,
namely cholelithiasis (ChL), urolithiasis (UrL), cancer
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Ta6nuusa 1
Po3nopin piteit 3a go3amm onpomiHeHHA
Table 1
Dose groups in study participants
Fpynu piteit Yucno pjteit Hosa, m38
Study groups n Dose group, mSv
Litv 3 [711/ Children that have got ALL (n = 120)
> piarHo3 11 BctaHoBneHo B nepiog, 2003—2010 pp. / diagnosed in 2003—2010 53 5,47 £1,22
> piarHo3 [J1]1 BcraHoBneHo B nepiog, 2010—2018 pp. / diagnosed in 2010—-2018 67 3,58 + 0,81
[Litn 6e3 oHkorematonoriyHoi natonorii, o6cTexeHi B nepiop 2021-2023 pp. 100 0,78 £ 0,07

Children with no oncohemetologiucal disease, examined in 2021-2023

(6aTtbku, 6a0yci Ta mimyci Mo JiHii MaTepi Ta 6aThKa),
a came: )xoBuHOKam ' gHy (KKX) Ta ceuokaM’sTHY XBO-
poon (CKX), oHKOJIOTiUHI 1 eHIOKPUHHI XBOPOOU.

Ho3u onpoMiHeHHd AiTell HagaHo B Tabu. 1. XBo-
pum 3 [JIJI, sikuM OyJiIo BCTAaHOBJIEHO MiaTHO3 3a ITe-
pion 3 2003 mo 2010 pik, m03M BHYTPILLIHBOTO OM-
POMiHEHHSI KiCTKOBOTO MO3KY pO3paxoByBaju 3a
BeCh TE€pMiH IXHBOTO MOCTIHHOIO MPOXMBAHHS Ha
P3T micng asapii [11]. Hiram 3 TJIJI, sgxkum Oyno
BCTaHOBJIEHO aiarHo3 3a mnepiog 2010—2018 poxis,
IIO3W OIMPOMIiHEHHST PO3paxoByBain 3rimHo 3 [12].
JliTsiM Ge3 OHKOTreMaToJIOTiYHOI MaToJIorii, sKi OyIu
obctexeHi B 2021—-2023 pokax, BUBHAYEHO iHAUBIAY-
ajli3oBaHi 1031 onpoMiHeHHs [13].

OoOrpyHTyBaHHS Ta po3pooka JIT13 6a3yBammchy Ha
MapKepax MeTaboJIi3My Ta perysiii KiCTKOBOI CHC-
TeMu y JiTeil. BpaxoByBasin 3MiHU B KiCTKOBIili TKa-
HUHI (opraHiyHa Ta MiHepaJibHa CKJIaaoBi), OOMiHi
3ajliza Ta TOpPMOHAJIbHIl peryJIsiiil LUX NPOoLecCiB.

OOpoOKy OTpMMaHUX MarepiajiB MPOBOAMIMN 3a
METOJaMM MaTeMaTUYHOI CTaTUCTUKU (KOedillieHT
kopensuii Cr’iopenra, Cnipmena, U-test, x> Kpu-
tepiid IlipcoHa. PaHXXyBaHHSI MOKAa3HMKIB POBOAM-
JU 3a CepelHiM KBaapaTUYHUM BiAXWUJICHHSIM
(https://www.socscistatistics. Com/tests/).

PE3VJIBTATU TA OBI'OBOPEHHS

Bubipka cknaganace 3 220 giteit. 120 xBopux Ha [J1JI:
«3aranbHuii» Tin — 98, npo-B- TJIJT — 12, T-TJII —
10 (I rpyna), ta 100 miteit 6€3 OHKOreMaTOJIOTriYHOL
MaToJOoril 3i 3MiHaMM B OCTEOHI Ta OOMiHi 3aii3a
(II rpyna). Hiteit 3 IJIJI obcTexkyBaiu 10 MOYaTKYy i
micig 3akinyeHHs XT, a TakoxX yepes 6 Mic. mics 3a-
BepLIEHHS MpoToKoay. OOrpyHTYBaHHS AiarHO3y OC-
teorteHii (OIT) Ta ocreomoposy (OI13) 6Gasysamoch
Ha MaTtepiasax MixXHapogHOTro TOBapUCTBa KIiHid-
Hoi neHcutomeTpii (ISCD) 1mon0 BU3HAYEHHS KpU-
TepiiB NiarHOCTUKU I1aTOJIOTil OMNOPHO-PYXOBOIO
amapary [14].

and endocrine disorders were evaluated in the 1,320
relatives of children (parents, grandparents of both
maternal and paternal lines).

The children’s radiation doses are given in Table 1.
In the ALL patients who were diagnosed since 2003 till
2010 the internal radiation doses to the bone marrow
were calculated for the entire period of their perma-
nent residence in RCT after the ChNPP accident [11].
In the children diagnosed with ALL in 2010—2018 the
radiation doses were calculated according to [12]. The
individualized radiation doses were determined in
children with no oncohematological disorders, who
have been examined in 20212023 [13].

The rationale and development of CPM were based
on markers of metabolism and bone system regula-
tion. Abnormalities in the organic and mineral com-
ponents of bone tissue, iron metabolism, and hor-
monal regulation of these processes were taken into
account.

Processing of the obtained data was performed by
methods of mathematical statistics (Student’s and
Spearman’s correlation coefficients, U-test, and
Pearson’s % test). Data ranking was held according to
the mean square deviation (https://www.socscistatis-
tics.Com/tests/).

RESULTS AND DISCUSSION

The study sample (n = 220) included ALL patients
(n = 120) with the disease «general» type (n = 98), pro-
B-ALL (n = 12), and T-ALL ones (n = 10) (Group I),
and children with no oncohematological disorders
with abnormal osteon and iron metabolism (n = 100;
Group II). Children with ALL were examined before
and after the completion of ChT, as well as 6 months
upon finalization of the protocol. Diagnosis of osteo-
penia (OP) and osteoporosis (OPR) was based on the
positions of the International Society of Clinical Den-
sitometry (ISCD) regarding the definition of diagnos-
tic criteria for disorders of musculoskeletal system [14].
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AHaJni3 Bugy natosorii y pogonoai aiteit 3 I'JIJI mo-
KaszaB, 110 cepel IXHiX poauyiB OyJa0 Oijbllle OHKO-
JoriyHux xBopob (20,6 % npotu 9,8 %), menie CKX
(2,6 % nipotu 6,3 %) Ta nepenaomis KicTok (4,9 % npo-
™ 11,8 %) nopiBHstHO 3 poguyamu aiteit 11 rpymm (p <
0,05). ¥V 48,3 % niteit I rpynu Gyam cKapry Ha OCaIrii,
y ocio II rpynu — 24,0 %. KinbkicTh miTeit 3 aHo-
Manismu wenen y I ta Il rpymax ve po3spizHsiucs (20,0
% nipotu 24,0 %). I'inepMOOiTbHII CUHIPOM PEECTPY-
BaBcs yacTiwe y nauieHTiB II rpynu, Hix B oci6 I rpy-
m (24,2 % npotu 11,0 %) (p < 0,05). Y miteit 3 OI1
(LILIKT 85—65 ym. on.) ta OI13 (IUKT Huk4ue 65 ym.
OJ1) YacTillle MaJu Miclle IepeJOMU KiCTOK.

VY nirteii I rpynu no moyartky Teparii 3a HOKa3HUKaMU
reMorpamM AiarHOCTyBaJIMCh HOpMoLUTapHi aHemii 11
CTYTICHS TSKKOCTI. Pe3ynbratu geiikorpam BinmoBiga-
Jm aiarHody [JUJI. ITiciasa mpoBeaeHHs Tepamil iHAyKIIii
peMicii MoKa3HUKU KPOBi Y XBOPUX HOPMAaTi3yBaJIUCh.
V¥ Bcix maii€eHTiB KOHCTAaTOBAaHO MOBHY KJIiHiKO-reMa-
TOJOTiuHYy peMicito. Y miteii Il rpynu He Oysno aHeMil
Ta JIMKeMOITHUX peaklliii.

bioxiMiuHi MOKAa3HUKMW CUPOBATKU KPOBi y HiTel 3
I'JIT micnst XT BKasyBajiv Ha 3MiHU B KOMIIOHEHTAaX OC-
TeoHy (Tab. 2). PiBHi 3aragbpHOTrO OiJIKY Ta KpeaTUHIHY,
0 CKJIaay TomepeaHuKa SIKOro (KpeaTMHY) BXOIUTh
TPU aMiHOKMCJIOTU (DJIiLMH, apriHiH, MeTioHiH) [15],
sHmkyBanuch (p < 0,05). byna migBuieHa akTUBHICTh
JI®. Tob6ro, y miteit 3 I'J1J1 o npusHayeHHs XT Oy
3MiHM B OUIKOBill Ta MiHepabHilf KOMITIOHEHTaX Kic-
TOK, SIKi MOCWJIIOBAJIUChH MiCJIsl MPOBEIEHHS JiKyBaH-
Hsl, 110 noTpedyBano Kopekuii. Y aiteid II rpynu 6e3
OHKOreMaTOoJIOTiYHOI IaTOJI0Tii 3HAaYeHHS TOKa3HUKIB
Oyu Ha MeXi pedpepeHTHUX.

ITpuzHauennsa JITI3 3anexano BiA iHAMBiTyaJTbHUX
3Ha4YeHb JOCTiIKyBaHUX IToKa3HUKiB. ITicast XT 306i1b-
LIIyBaJIaCh YMCEJbHICTh AiTEH 3 TiPIIUMU pe3yIbTaTaMu

Analysis of types of diseases in the family history of
ALL patients compared to relatives of children of the
Group II showed higher incidence of cancer cases
(20.6 % vs. 9.8 %) and lower one of UrL (2.6 % vs.
6.3 %) and bone fractures (4.9 % versus 11.8%)
(p <0.05). The 48.3 % of children in the Group I had
complaints of ossalgia unlike 24.0 % in Group II.
There was no difference between the groups in the
number of cases of anomalies of jaws (20.0 % vs.
24.0 %). The hypermobility syndrome was registered
more often in the Group II vs. Group I (24.2 % vs.
11.0 %) (p < 0.05). Bone fractures occurred more
often in children with OP (BMD 85—65 relative
units — RU) and OPR (BMD < 65 RU).

Children of the Group I before the start of therapy
were diagnosed normocytic anemia severity grade 2
according to hemogram. The leukogram correspond-
ed the CLL diagnosis. Upon delivery of the remission
induction therapy the blood parameters had norma-
lized. A complete clinical and hematological remis-
sion was established in all the patients. There were nei-
ther anemia nor leukemic reactions in the Group II.

Serum biochemical data in ALL patients upon the
ChT reflected some changes in osteon components
(Table 2). Levels of total protein and creatinine, the
precursor of which (creatine) includes three amino
acids (glycine, arginine, methionine) [15], were de-
creased (p < 0.05). The APh activity was increased.
That is, there were abnormalities in the bone protein
and mineral components before ChT administration
in children with ALL, which had been intensified
upon treatment and required a correction. Values in
the Group II were borderline.

Administration of the CPM depended on individ-
ual values of the data assayed. The number of chil-
dren with worse results increased upon ChT com-

Ta6nuusa 2

bioximiuHi nokasHukm kposi y piten (M + m)

Table 2

Serum biochemical data (M + m)

MokasHuku I rpyna / Group I, n =120 Il rpyna / Group Il
Parameters o XT / before ChT nicna XT / upon ChT n=100
3aranbHuii binok, r/n // Total protein, g/l 68,6 =1,3* 62,7 £1,2%* 69,115
KpeatuHin, mkmonb/n // Creatinine, mmol/l 65,1 £ 1,2%** 52,5 1,6 61,2+ 1,1
J®, on/n // APh, U/I 303,2 £ 13,9%** 4993 + 11,4** 327,1 £ 15,0
Bitami D, Hr/mn // Vitamin D, ng/ml 130+17 109+17 136+ 1,0
XonectepuH, mmonb/n // Cholesterol, mmol/l 419+0,11 3,92+0,16 422 +0,14
Kanbuiit, mmons/n // Ca, mmol/l 2,21 £0,03* 2,39 + 0,03** 2,26 = 0,02

Mpumitkn. *PisHnus Mix nokasHukom B | rpyni fo Ta nicns XT, p < 0,05; **pisHuua Mix nokasqukamu | Ta Il rpynm, p < 0,05
Notes. *Difference in the Group | before and upon ChT (p < 0.05); **difference between the Groups | and Il (p < 0.05)
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Ta6nuusa 3
Po3nopin piteit 3i 3miHamu B 6ioxiMiyHMX NOKa3HMKAX CUPOBATKU KPOBi
Table 3
Distribution of cases with abnormal serum biochemical data

. I rpyna / Group I, N =120 Il rpyna / Group Il

BiZIHOCHO HOpPMU
Mokasuuku / Parameters A P B0 XT / before ChT nicna XT / upon ChT N=100
vs. norm
abc.y./n % abc.4/n % abc.y./n %

3aranbHuii 6inok / Total protein 1 23 19,1 38** 31,7 13 13,0
Kpeatuin / Creatinine 1 27* 22,5 55 45,8 32 32,0
J1® / APh 1 20* 16,7 4 34,2 31 31,0
Biramin D / Vitamin D 1 6*** 50 12 10,0 11 11,0
Xonecteput / Cholesterol 1 9 75 12 10,0 8 8,0
Kanbuiii / Ca 1 20 16,7 28 23,3 30 30,0

MpumiTkn. *PigHnus mMix nokasHukom B | rpyni go Ta nicns XT, p < 0,05; **pisHnug mix nokastukamu | Ta Il rpynun, p < 0,05
Notes. *Difference in the Group | before and upon ChT (p < 0.05); **difference between the Groups | and Il (p < 0.05)

MmopiBHAHO 3 iHimiampHMM mepiomom (p < 0,05),
(ta6. 3). [TigBuIryBagoCch YUCIO0 MAIIEHTIB 3 TTOETHA-
HUMU 3MiHAMHM SIK B OpraHiuHiii (0iTKOBiil) KOMITIO-
HEHTi, TaK i MiHepalbHili, 10 MOTpPeOyBaao OilbIII
CKJIAIHUX ITAXOMIB IIOA0 KOPEKIil LUMX IOpPYLIEHb.
Kinbkicts giteit II rpynu 3i 3HMXKEHUM piBHEM 3arajib-
Horo 0ifKy B cupoBatii KpoBi 0yna MeHina (p < 0,05)
nopiBHsIHO 3 uyuciaoM xBopux Ha I'JUJI micng XT, i He
pO3pi3HSIacCh CTOCOBHO KiJIbKOCTI AiTeil 3 Timompo-
TETHEMIEIO JO MOYATKY MPOTOKOJTY.

[Ticna nposenennsa XT y aireii 3 [JUI (n = 52) piBHi
BiJIbHUX aMiHOKMCJIOT, 110 OepyThb y4acTb Y CHUHTE3i
KOJIareHy, 3a3HaBald HU3KM 3MiH (Ta0j. 4). 30LIbIIy-
BaBCS BMICT OKCUIIPOJIiHY, IPOJIiHY B Ceui, 1110 CBiIUM-
JIO IIpO po3naj KojareHy Ta aeiluT mIacTUIHOTo Ma-
Tepiany (MILUHY, JTi3UHY) 1151 Horo BigHOBIEHHS. Cy-
Ma BUIbHUX aMiHOKMCJIOT B C€Yi IiJBHMILYBalach, 110
TaKOX CBiIUMJIO TIpO Aerpamauiro OinkiB. Y miteit 11
rpynu (n = 42) eKcKpelisl BiIbHUX aMiHOKUCJIOT 3 ce-
Yyer 3HaxoAWJach B MeXXaX HOPMATMBHUX BEJIUYMH,
Xo4ya 3BepTa€ Ha cebe yBary 30iJbllIeHUId BMICT acHa-

Ta6nuus 4
PiBHi aminokucnor B ceyi y piten (M + m)

Table 4
Urine content of the amino acids (M + m)

pared to the initial period (p < 0.05) (Table 3). The
number of patients with combined abnormalities in
both organic (protein) component and mineral com-
ponent of bone tissue was increasing, which required
more complex approaches to the correction of these
disorders. The number of cases with a reduced level
of total serum protein in the Group II was lower (p <
0.05) compared to the number of ALL patients upon
ChT with no difference in the number of children
with hypoproteinemia before the start of protocol.
Levels of the free amino acids involved in collagen
synthesis underwent a series of changes in the ALL
patients (n = 52) upon delivery of ChT (Table 4).
Content of oxyproline and proline in urine
increased, indicating the breakdown of collagen and
lack of biochemical material (glycine, lysine) for its
restoration. Amount of the free amino acids in urine
was increased, indicating also a degradation of pro-
teins. Excretion of the free amino acids with urine in
the Group II (n = 42) was within normative values,
although an increased content of aspartic acid,

AMiIHOKMCNOTH, MKMOJIb/N I rpyna / Group I, n = 52 Il rpyna / Group Il
Amino acids, pmol/I o XT / before ChT nicna XT / upon ChT n=42
Oxcunponit / Oxyproline 10,1 £ 1,0* 14,8 £ 1,1** 1M14£11
MponiH / Proline 0,42 £ 0,05* 0,62 £ 0,03 0,51 + 0,08
IniumH / Glycine 19,7+ 1,0* 152+ 1,1 16,2+ 1,4
JliauH / Lysine 2,65 + 0,14*** 2,02 £0,09 2,23 +£0,13
AcnaparitoBa k-1a / Aspartic acid 3,63 + 0,20%** 6,25 +£0,19 6,11 £0,25
Amino acid total sum 36,40 £ 0,21* 39,0 £ 0,3** 36,45 + 0,44

MpuMiTkn. *PigHnus Mix nokasHukom B | rpyni go Ta nicns XT, p < 0,05; **pisHmus mix nokasumkamu | Ta Il rpynu, p < 0,05
Notes. *Difference in the Group | before and upon ChT (p < 0.05); **difference between the Groups | and Il (p < 0.05)
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Ta6nuusa 5
Po3nopain piten 3a 3MiHamu amiHOKuCNOT B ceyi

Table 5

Patterns of changes in urine content of the amino acids

. I rpyna / Group I, N = 52 Il rpyna / Group Il
. . . BilHOCHO HOpPMHM _
AmiHokucnotu / Amino acids vS. norm Bo XT / before ChT nicnga XT / upon ChT N =42
) abc.y./n % abc.u/n % abc.u./n %
Oxcunponin / Oxyproline T T 13,5 18 34,6 9 21,4
Mponin / Proline t 4rx* 7,6 8 15,4 8 19,0
[niuwH / Glycine 1 1* 21,2 28** 53,8 1 26,1
JlisuH / Lysine 1 6% ** 11,85 15 28,8 10 23,8
AcnaparitoBa kucnota / Aspartic acid 1) 9 17,3 14 26,9 9 21,4

MpuMiTku. *PiHmus Mix okasHiukom B | rpyni 4o Ta nicnst XT (32 2), p < 0,05; **pisHuus Mix nokasHukamu | Ta Il rpymm (3a 2), p < 0,05
Notes. *Difference in the Group | before and upon ChT (the 2 test) (p < 0.05); **difference between the Groups | and Il (the 2 test) (p < 0.05)

pariHOBOI KMCJIOTH, 1110 BILUIMBAE HA a30TUCTY PiBHO-
Bary Ta CyMy aMiHOKHCJIOT.

Huns nmpusnayenns JITI3 BimObupanuch mitu 3i
3MiHaMM iHAMBiIyaJdbHUX IOKa3HMKIB. KilbKicTh
niteit 3 I'JIJI 3i 3MiHaMU B piBHSIX aMiHOKUCJIOT TTiCJIs
XT BiporigHo 3poctana (p < 0,05), (ta6n. 5). 21,4%
nauieHTiB Il rpynu Manu nposiBu aerpanaliii Kojare-
Hy, Y 26,1 % OyB aeiluT MIiLUHY, IKMI HEOOXiTHU I
JIJISI perapatiii CTpyKTyp KiCTKOBO1 TKAHUHU.

IIpoBOAMBCSI MOHITOPUHT 3MiH B OOMiHi 3aii3a. ¥
xBopux Ha [JIJI mo mpusHayeHHss XT moyaTKoBi
piBHi C3 Ta CPD He BUXOIWIM 32 MEXi HOpMaTUBHUX
3Ha4yeHb (Tabi. 6). Jlo mouatky XT piBeHb TpaHche-
puHy ctaHoBuB (3,72 = 0,2) /1, micas — (3,93 £ 0,3)
r/a), 10 BiporigHo Buile, Hix y miteir Il rpynu —
2,8 £0,3) r/1, (p <0,05).

ITicaa XT Bmict C3, C® minBuiyBaBcsT TOPiBHSI-
HO 3 moyaTkoBuM. CmocTepirajoch 30iIbIIeHHS
KUIBKOCTI JiT€ 3 HaIJMIIKOM 3ajli3a B OpraHi3Mi
(41,7 %). 3a nasgsaocti C® Buie 500 Hr/mMi y XBO-
pUX 4YacTillle peeCTPyBalvCh TOKCHYHI IelaTUTHU
(p < 0,05). BcTanoBiaeHO 3BOPOTHUIT 3B’SI30K MiXK
koHueHTpauieto CPO pumie 500 Hr/MII i XapakTepoMm
XBOpoOU (JieTanbHui BUnagok) (r =-0,38; p <0,01).

Ta6nuusa 6
MokasHukn o6MmiHy 3aniza y piteir (M + m)

Table 6

Iron metabolism parameters in study subjects (M + m)

which affects the nitrogen balance and total sum of
amino acids, is conspicuous.

Children with abnormal individual data were select-
ed for the CPM administration. The number of ALL
patients having got changes in the levels of amino
acids upon ChT had increased significantly (p < 0.05)
(Table 5). The 21.4 % of subjects in the Group II had
signs of collagen degradation and 26.1% had deficien-
cy of glycine, which is essential for the repair of bone
tissue structures.

Changes in the iron metabolism were monitored.
Before ChT administration the initial levels of SI and
SF in the ALL patients did not exceed the normative
values (Table 6). Before ChT initiation the level of
transferrin was (3.72 * 0.2) g/l and (3.93 + 0.3) g/l
upon ChT completion, which was significantly higher
than in the Group II, namely (2.8 + 0.3) g/1, (p < 0.05).

Levels of SI and SF had increased compared to the
initial ones upon the ChT. There was an increase in the
number of children with iron excess (41.7 %). In case
of SF content above 500 ng/ml the toxic hepatitis was
more often diagnosed (p < 0.05). An inverse relation-
ship was established between the SF concentration
above 500 ng/ml and nature of the disease (fatal case)

Mokazuuky / Parameters I rpyna / Group I, n =120 Il rpyna / Group Il
8o XT / before ChT nicns XT / upon ChT n=100

C3, mkmonb/n // SI, mmol/I 12,8 £ 1,3%** 249+20 247+1,.2

C®, Hr/mn // SF, ng/ml 116,7 + 13,3%** 375,2 = 35,1** 309+48

KHT*, % / Transferrin saturation coefficient, % 34,7 £ 2,5 36,0 £2,1** 17,4+20

MpuMiTKK. *PiHuugs Mix nokasHukom B | rpyni 4o Ta nicns XT (3a 2); p < 0,05; **pisHuus Mix nokasHukamu | Ta Il rpynu (3a 2), p < 0,05; #koediLigHT Hacu4eHHs! TpaHCHEPUHY
Notes. *Difference in the Group | before and upon ChT (the 2 test) (p < 0.05); **difference between the Groups | and Il (the 2 test) (p < 0.05)
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Ta6bnuusa 7
Po3nogin piteit 3a 3MiHamu B 06MiHi 3ani3a
Table 7
Patterns of changes in iron metabolism
I rpyna / Group I, N =120 Il rpyna / Group Il

Mokasuuku / Parameters Ao XT / before ChT nicna XT / upon ChT N=100

abc.y./n % abc.y/n % abc.4./n %
C3, Buwwe 27 mxkmonb/n // SI > 27 pumol/l 21* 17,5 50 M7 30 30,0
C®, suwe 500 Hr/mn // SF > 500 ng/ml 12%:%* 10,0 41** 34,2 5 50
KHT, % / Transferrin saturation coefficient, % 17 14,2 21 17,5 11 11,0

MpumiTku. *PisHnua Mix nokasHukom B | rpyni 1o Ta nicas XT (3a 2), p < 0,05; **pisHuus Mix nokasHukamm | Ta Il rpynm (3a 2), p < 0,05
Notes. *Difference in the Group | before and upon ChT (the 2 test) (p < 0.05); **difference between the Groups | and Il (the %2 test) (p < 0.05)

V¥ 30,0 % nireii 11 rpynu 3i 3MiHaMu B CTPYKTYpi KicT-
KoBoi TKaHuHM piBHI C3 mnepeBullyBaau pede-
PEHTHI 3HaYCHHS.

Mg npoBenenns JIT13 Binbip mamieHTiB TpoBO-
JOWBCS 3a iHAMBiAyabHUMM BeanduHamu C3 ta CO
(taba. 7). BpaxoByBanu piBeHb C3 Bumwmii 3a 27
MKMOub/11 Ta CO Bumuii 3a 500 Hr/mia. Beranose-
HO pI3HULIIO0 MiX 4yucenbHicTio aiteid 3 TJIJI 3 Bin-
MOBiAHUMU TToKazHuKaMu 10 Ta micast XT (p < 0,05).

IIKT € iHTerpaibHUM MOKa3HMKOM OPTaHiyHO1 Ta
MiHepaJbHOI KOMIIOHEHTHU KicToK. Hamu npoBeaeHo
posmonin mireit 3a HIKT (3a cepenniM kBampaTuy-
HUM BigxuaeHHsIM) Ha 3 rpanarii: 100—85 ym. ox. —
HOpMAaTHBHA BeJIMYMHA; 85—65 yM. 0. — 3HMIXeHa
Ta HUK4a 65 yM. of. — AyxXKe 3HmxeHa. [licist mpo-
BegeHHs1 XT KiibKicTb aiTeit 3 HopmatuBHow HIKT
OyJia MeHIlIa, HiX A0 MOoYaTKy JiKyBaHHS, 3011bLIYy-
Bajioch ynciio xpopux 3i KT Huxue 65 yMm. ox.
(p <0,05). Y 36 % nireii 11 rpyrn Harnsny LIKT 6y-
Jla HUK4e 65 yM. of.

BwmicTt kopTr3ony B cupoBarii Kposi y giteit 3 TJIJI
IIO TIpU3HAYEHHSI IMTPOTOKOIy X T 3HaxXoauBCs B MexKax
pedepenTHNX 3HaYeHb — (287,5 £ 12,3) HMOIB/I.
BoagHouac, BCTaHOBJIEHO MNpPSIMUN KOpeasLiiHUA
3B’5130K Mixk C® Ta piBHEM KOPTU30J1y B CUpPOBATI
KpoBi (r=0,55; p <0,05). ITinBuieHU piBeHb KOP-
TU30JIy BIUIMBAB Ha Ierpamaililo KoJareHy, 3MiHU B
CTPYKTYpPi OCTEOHY i KiCTKOBii TKAaHWHI Ta TipLUIW
nepe6ir I'JIJT (p < 0,01). 3a ctaHgapTHUM MPOTOKO-
JgoMm XT gitam 3 TJIJI mpu3HayaroTh TIIOKOKOPTHU-
KOIIM, TOMY BU3HAYaTH iX BMIiCT B MOJAJIbIIOMY HeE-
JOLIUIBHO.

Oco0auBy yBary 3BepTajii Ha piBHi TOPMOHIB IIIUTO-
noaioHoI 3a1031, sIKa 0epe ydacTb Yy Impoliecax KoJjia-
T€HOYTBOPEHHSI. BMiCT BiIbHOrO TUPOKCUHY Y XBOPUX
Ha I['JIJI He BuxonuB 3a MexXi pedepeHTHUX 3HAYEHb.
Pisens TTT B cupoBaTtui KpoBi y aiteit gk 1o XT, TaK i

(r = -0.38; p < 0.01). In the Group II the SI levels
exceeded reference values in 30.0 % of cases.

Patients were selected for the CPM administration
according to the individual values of SI and SF levels
(Table 7). The SI level higher than 27 umol/l and SF
above 500 ng/ml were taken into account. A differ-
ence was established between the number of ALL
patients and corresponding parameters before and
after ChT (p < 0.05).

BMD is an integral indicator of the bone organic
and mineral components. We had selected the study
sample into 3 gradations according to the BMD values
(featuring the mean square deviation): 100—85 RU —
standard/normative value; 85—65 RU — reduced, and
< 65 RU — much reduced. Upon completed ChT the
number of children with a standard BMD was less
than before treatment, and the number of cases with
BMD < 65 RU had increased (p < 0.05). In the Group
I1 the BMD values < 65 RU were in the 36 % of chil-
dren.

Serum content of cortisol in ALL patients before
the administration of ChT protocol was within refer-
ence values being (287.5 £ 12.3) nmol/l in average.
At the same time, a direct correlation was establi-
shed between the content of SI and cortisol (r = 0.55;
p < 0.05). An increased level of cortisol affected the
degradation of collagen, changes in the structure of
osteons and bone tissue, and promoted the worse
course of ALL (p < 0.01). As the glucocorticoid prepa-
rations are prescribed according to the standard ChT
protocol in ALL, so it is inexpedient to assay serum
cortisol further.

A special attention was paid to the level of thyroid hor-
mones, involved in the processes of collagen formation.
Serum content of the free thyroxine in ALL patients did
not exceed reference values. Serum TSH level both
before and after the ChT did not differ significantly
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TiCJIS JTIKyBaHHSI CYTTEBO HE PO3Pi3HSIBCS, i CTAHOBUB
(2,13 £ 0,03) MOn/m ta (2,15 £ 0,02) MOn/n, Bin-
noBigHo. Xova y 23,3 % mauieHTiB Iic/s 3aKiHYeH-
Hs JIIKyBaHHS OT0 BMIiCT OyB BUIILIE BiITTIOBIZHO J0
pedepeHTHoro i gopiBHioBaB (5,89 * 0,07) mOn/n
(p <0,001), 110 CcBimYMIIO PO TOKCUYHY Ait0 LIUTOCTA-
TUYHUX MpernapaTiB Ha (PYHKIIOHYBaHHSI TUPEOITHOT
cucteMu. BcraHoBiaeHO TIpsAMMIA KOpensTUifiHUNA
3B’5130K MixX piBHeM TTI B cupoBaTli KpoBi (BUIlE
3,3 MmOgp/) i BMicTOM okcuIposiHy B cedi (r = 0,39;
p < 0,05), mo Bigm3epKaIioe HETATUBHUIA BIUTUB TOP-
MOHY Ha CTaH KOJIareHy.

ITincymoByI0oUM OTpUMaHi pe3yJabTaTu, MOXHa
JIATA BUCHOBKY, 1110 y Aiteii 3 IJIJI mpu npoBeaeHHi
XT 3a BMiCTOM aMiHOKMCJIOT B Ceui crocTepirajaach
Jerpagaliiss konareHy. Cyma BiIbHUX aMiHOKMCJIOT
MiaBUIIyBaJach i BiZOyBaBcsl KaTaboJi3M OinKy, 110
HETaTUBHO BIUIMBAJIO HA OPraHiYHY CKJIAIOBY KiCTKO-
BOI TKAHUHU, CTpoMaJjibHe MikpooToueHHs Ta IIKT.

3actocyBaHHsa JIII3 Oyno crnpsiMoBaHe Ha KO-
pexuio aediuuTy 0iIKy, HopMaJi3allilo MiHepaJabHO1
KOMITOHEHTH KiCTKOBOI TKAaHWHM, BUBEACHHS 3 Op-
raHiaMy HaJIMIIKYy 3ajli3a Ta HOpMaJi3alilo ropMo-
HaJbHUX IMOKa3HUKIB.

Kopexiiist 6i1K0BOi KOMIOHEHTH KiCTKOBOI TKAHM -
HU BKJIIOYAJIa HU3KY 3aXO[liB, a came: pallioHaJIbHe
XapuyyBaHHSsI 0iJIKOBO-OBOUYEBUMU MPOAYKTAMU, IIPe-
napaTu MIIuHY (eKCKpellis MIILKHY 3 ceuelo HK4Ya
15,0 MKMOJIB/JT); TIpernapaTu JiduHy (€KCKpeLList JTi3u-
Hy 3 ceuero HiK4a 3,0 MKMOJIb/JT); BiTaMiHU rpynu B
(B1, Be, Bis). g kopexitii MiHepaJlbHOI KOMITOHEH-
TH KiCTKOBOI TKAHWUHU MPU3HAYaAIN TaKi MeTMKaMeH-
™M 9K audocdar Ta aurigpodocdaT Kaabliilo 3 ac-
KOpOiHOBOIO KMCJIOTOIO, MpernapaTu BitTaMiHy D.

BuBeneHHI0 HaIIMILIKY 3ajli3a 3 OpraHi3My CIIpusi-
JIO pallioHaJibHE XapuyyBaHHS 3 IpPU3HAUYEHHSIM
OiJIKiB, >XUPiB, BYTJIEBOMAIB 3riIHO 3 BiKOM JUTHHU;
KOMILIEKCH BiTaMiHiB, 110 HE BMilllyBaJu 3aJli3a.

[IpusHavaau mpenapatu, 10 MPU3BOAMINA A0 aKTH-
Ballii MeTa0OIiUHMX MPOLIECIB; alleTUILUCTEIH, cepel
BJIACTMBOCTEN SIKOTO € 3HWKEHHS OKMCIIIOBAJBHOTO
cTpecy Ta 3MeH1IeHHs nowmkomkeHHsa JITHK; nimoesa
KMCJIOTa, 110 MOKpAally€ MITOXOHIpiaJibHUII OOMiH,
JeKapOOKCUIIOBAaHHS TipOBMHOIPAaJHOI KMCIOTH Ta
Ol-KETOKHMCJIOT, MEAMKAMEHTU aHTMOKCUAAHTHOI il
(Bitaminu A, C, 6iopraBoHoinu To110). MenukaMmeH-
TO3Hi 3aCO0M MPU3HAYAIUCH Y BIKOBUX J103aX.

Kopexiiro eHIOKpUMHHOIO CTaTycy INPOBOIMIN 3a
peKOMeHAallisIMU €HIOKPUHOJIOTa.

EdexTuBHICTh po3po0eHUX 3aXO/iB OLIHIOBAIU
yepes 1,5—6 micauis. Y 40 % xBopux Ha [J1JI B I roct-

being (2.13 + 0.03) mU/1 and (2.15 = 0.02) mU/I,
respectively. In the 23.3 % of patients its content after
the end of treatment exceeded a reference threshold
being (5.89 = 0.07) mU/1 (p < 0.001), which indicat-
ed the toxic effect of cytostatic drugs on the thyroid
system function. A direct correlation was established
between the serum level of TSH (above 3.3 mU/I) and
urine content of oxyproline (r = 0.39; p < 0.05), which
reflected a negative effect of the hormone on the state
of collagen (utility model patent No. 132868, 2019).

Summarizing the obtained results, it can be con-
cluded that collagen degradation according to the
urine content of amino acids was observed in ALL
patients during ChT. Amount of the free amino acids
had increased and protein catabolism had occurred,
which negatively affected the organic component of
bone tissue, stromal microenvironment, and BMD.

Administration of CPM was aimed at the correction
of protein deficiency, normalization of mineral com-
ponent of bone tissue, remove of iron excess from the
body, and normalization of hormonal parameters.

Correction of the protein component of bone tissue
included a number of measures, namely the rational
nutrition with protein and vegetable products, admin-
istration of glycine preparations (excretion of glycine
with urine was lower than 15.0 umol/1), lysine prepa-
rations (lysine excretion with urine was lower than
3.0 umol/I), and vitamins of the B group (B1, Bs, Bis).
Such medications as calcium diphosphate and dihy-
drogen phosphate with ascorbic acid, and vitamin D
preparations were prescribed to correct the mineral
component of bone tissue.

Removal of iron excess from the body was facilitat-
ed by a rational diet with an adequate amount of pro-
teins, fats, and carbohydrates according to the age of
the child. Food supplementation was provided with
vitamin complexes containing no iron.

There was prescribed a complex of medications
promoting the activation of metabolic processes,
namely the acetylcysteine (capable to suppress the
oxidative stress and reduce the DNA damage), lipoic
acid (improves mitochondrial metabolism, decar-
boxylation of pyruvic acid and o-keto acids), medic-
inal agents with antioxidant action (vitamins A, C,
bioflavonoids, etc.). Medicines were prescribed in the
age-appropriate doses.

Correction of endocrine status each time was car-
ried out according to the recommendations of
endocrinologist.

Effectiveness of the developed measures was evaluat-
ed after 1.5—6 months. Changes in protein metabo-

(1) 252



ISSN 2304-8336. Ipobnemu pagiauiitHoi mequumky 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2024. Iss. 29.

CLINICAL

RESEARCH

Ta6nuuysa 8

Ouinka eektuBHocti JIN3 y piten

Table 8

Evaluation of CPM effectiveness

OuiHka edexty Mepenik nokasHukiB

Effect Parameters

Mo3uTnBHMiA edekT Hopmanisavisi Takux nokasHuKiB: piBeHb 3aranbHOro Ginky, KpeaTuHiHy, i3uHy, FiLMHY, OKCUNPONiHy, nponiHy, JIO, kanbujio,
itamiHy D, C3, C® B cuposartui kposi, LLKT

Positive Normalization of the serum levels of total protein, creatinine, lysine, glycine, oxyproline, proline, APh, calcium, vitamin D, SI, SF, and
of the BMD

Yactkosuin edekt BennunH1 NokasHMKiB HUXYI 338 HOPMATMBHI

Partial Values of parameters were lower than normative

BincytHiit edext Hopmanisavji nokasHukis He BigbyBanoch

Absent No normalization occurred

puii repioj; CriocTepirajuch 3MiHU B 01IKOBOMY O0OMi-
Hi (Taba. 8). OgHak He OyJIO MAIiEHTIB, KOTPUM Tep-
MiHOBO HEOOXigZHO OYJI0 MPOBOJUTU KOPEKIIito OiJIKO-
BOro oOMiHYy 3a MOKa3HMKAMU 3arajibHOro OiJKy B CH-
poBaTli KpOBi Ta aMiHOKHUCIOT B ceyvi. B 1eii nepion
npoBoauiach X1, cripsiMoBaHa Ha epaauKalilo IyX-
JIMHHOI'O KJOHY JJIsI JOCATHEHHS peMicii rmpoiecy.
B Ta61. 8 HaBeAeHO MOKA3HUKMU, SIKi BpaXOBYBaJIM JJIsI
OLIIHKM edeKTUBHOCTI TTpoBeneHux JIT13 y miteit.

IMpuznauenns JIT13 micnsg XT cripusiyio mo3UTUBHOMY
edextyy 62,5 % nireit 3 ITLJ1 (Tabn. 9). BonHouac, yepes
6 wmic. mmicins XT y 81,7 % nireit i€l rpynu BigOyBajiach
HoOpMaJTi3amis moka3HuKiB. He Oyio edekTy Ta yacTKo-
BE TTOKpaIIeHHS TTOKa3HUKIB CITOCTEPIiTaaoch y 22 mitei
MPU BiICYTHOCTI KJTiHiIKO-TeMAaTOJIOTiYHOI peMicii.

ITicng nposeaeHHst JITI3 3anexHoO Bia MOKa3HUKIB
MeTaboJIiYHOro 6ioxiMiyHOro 0OMiHY B ocTeoHi y 80 %
niteit 3 OI1 Ta OI13 O0yB mo3utuBHMI eekT. YacTko-
BUIA Ta BiICYTHill e(peKT criocTepiraBcs y JiTeil 3 XBo-
pobaMM IIUTYHKOBO-KUIIIKOBOTO TPaKTy Ta 3MiHAMU B
€HIOKPUHHOMY CTaTYCi.

Ta6nuusa 9
OuiHka epektusHocTi JIN3 y piten

Table 9
Patterns of CPM effectiveness

lism were observed in the 40 % of ALL patients in the
first acute period (Table 8). However, there were no
patients who urgently required a correction of pro-
tein metabolism based on the serum level of total
protein and urine content of amino acids. ChT aim-
ed at eradicating the tumor clone was performed dur-
ing this period to achieve the remission of the pro-
cess. Table 8 shows the parameters that were taken
into account to evaluate the CPM effectiveness.

Administration of the CPM upon ChT contributed
to a positive effect in 62.5 % of ALL patients (Table 9).
At the same time, normalization of the parameters
occurred in 81.7 % of them after 6 months upon ChT
protocol completion. No effect or partial improve-
ment was observed in 22 children in the absence of
clinical and hematological remission.

There was a positive effect upon the CPM admin-
istration in 80 % of children with OP and OPR
depending on the data of osteon metabolism. Partial
effect or no effect were observed in children with
gastrointestinal and endocrine disorders.

Edextn / Effects

Fpynu piteit / Study groups no3uTUBHMIA / positive yactkoBuii / partial BiACYTHil / absent
abc.y./n % abc.4./n % abc.y./n %
I rpyna / Group I, N = 120
nicns XT / just upon ChT 75 62,5 27* 22,5 18* 15,0
nicnst XT yepes 6 mic. / 6 months upon ChT 98 81,7 14 11,7 8 6,7
Il rpyna / Group I, N = 100 80 80,0 1 11,0 9 9,0

Mpumitka. *PiHuus nopieHsHO 3 epexTom micns XT (3a x2), p < 0,05
Note. *Difference vs. effect upon ChT (y2 test) (p < 0.05)
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TakuM 4yMHOM, HaMM Oyau chOpMOBaHiI KpuTepil
Bigoopy npiteit 3 I'JIJI gisa nposenenHst JITI3, ski 6a3y-
BaJCh Ha KJIIHIKO-TE€MAaTOJOTIYHMUX ITOKa3HUKaX,
0iOXiMIYHUMX MMapaMeTpax KoJareHo- Ta OCTEOYTBOPEH-
HsI, OOMiHi 3ayi3za i pe3yJbraTax TOPMOHAJIbHUX HO-
climkeHb. [Ipoliec BimHOBIEHHSI CTPYKTYPU OCTEOHY
TPUBAB B cepeHbOMY 110 6 MicsuiB. HopMairizaliist op-
TraHiYHOI KOMITOHEHTHU KiCTKOBOI CTPYKTYpH, 30KpeMa,
PiBHI 3araJIbHOTO OiJIKY, KpeaTUHIHY Ta CTaH KOJIareHy
3a aMiHOKMCJIOTHMM CKJaaoMm cedi Ha 1-1,5 micsausa
nepenyBaiau BigHoBAeHHIO IITKT.

besnocepenubo micist XT 4acTKOBU Ta BiACYTHil
edexktu Oynu y 37,5% XBopuX, y SIKMX TaKi MapKepu
CMHTE3Y i JeCTPYyKIlil KiCTKOBOI TKAHWUHU, SIK OKCMII-
postiH, npoJtid, mrinuH, JID, 3anexanu Big cTaHy TH-
PEeOoiaHOI CUCTEMU Ta HAAHUPKOBUX 3ay103. BinHOBIEH-
HS SIK KOJIATEHOBOTO MaTpPUKCy, Tak i mipodocdaTib
KaJlbllilo, MOTpeOyBaa0o TPUBAIILIOrO TEPMiHY Mics
npoBeneHHs X T Ta BXWBaHHS TJIFOKOKOPTUKOIAIB (10
6 micsuiB). Hopmasizaiiiss oOMiHy 3aj1i3a TpuBasia Bin 3
10 6 MicAIliB 32 YMOBM BilICYyTHOCTi TpaHC(Y3iii KOH-
LIEHTPaTiB €pUTPOLUTIB. TOJOBHOIO YMOBOIO OOCHT-
HEHHSI Mo3uTUBHOro edexkty y aireir 3 I'JIJI Oyam
KiCTKOBOMO3KOBa peMicisl i HopMaJli3allis TOpMOHAaJIb-
Horo crartycy. Yepes 6 MicsIIIiB Imic/sT 3aKiHYEHHS TIPO-
tokoiy XT y xBopux Ha IJIJI mo3utuBHUIT edeKT
crioctepiraBca y 81,7 %. HaliMeHI11a KiJIbKiCTh XBOPUX
3 YacTKOBUM e(deKToM Ta 0e3 edeKTy peecTpyBaiach
cepen MalieHTIB i3 «3araabHuM» Tunom [JIJT — 9,2 %
(9 3 98), HaiibinbIIa — cepen xBopux Ha npo-B-TJIJ1
(8 312) ta miteir 3 T-TJIJI (5 3 10).

Y 80 % niteii 6e3 OHKOIeMaTOJIOTiYHOI MATOJIOTI 3
OIT ta OII3 micas nposenenHs JITI3 oTpuMaHo mo3u-
TUBHUI edekT. YacTKoBUIt Ta BiACyTHiil edeKT croc-
Tepiraaucs y AiTeit 3 XBOpoOaMM ILIYHKOBO-KUILIKO-
BOTO TPaKTy Ta 3MiHAMU B eHIOKPUHHOMY CTaTYCi.

BpaxoByroun ¢izionoriio Ta GyHKLUiOHATIbHUIA 3B’sI-
30K MiXK CTAaHOM T€MOIIOe3Y, OIIOPHO-PYXOBOTO aIrapa-
Ty, OOMiHY 3aJjliza Ta eHIJOKPMHHOI CUCTEMOIO JIiTH 3i
3MiHAMHU Y CTPYKTYpi KiCTKOBOI TKAHWHMU BiTHOCSITHCS
JIO TPYIM PU3MKY 3 TeMaTOJIOTiYHOI MaToJIorii Ta MoT-
peOyIOTh MOHITOPYBaHHSI.

IIono 103 onpoMiHeHHs, To y XxBopux Ha ['JIJI BoHu
OyJIM BUIIi, HiXX y AiTeil 6€3 OHKOTeMaToJIOTiYHOI Ma-
TOJIOTi1, Y 3B 3Ky 3 Pi3HUMU TEPMiHaMU MTPOKUBAHHS
Ha P3T Vkpainu micng apapii. ¥ xBopux Ha IJIJI,
IKUM OyJsi0 BcTaHOBJIeHO aiarHo3 B 2003—2010 pp.,
cepelHsl po3paxoBaHa J03a BHYTPILIHBOTO OIMPOMi-
HeHHs ctaHoBuna (5,47 £ 1,22) M3B; y Nalli€HTiB, gKi
3axBopisu B 2010—2018 pp. — (3,58 £ 0,81) M3B; y ni-
teit, sxkxnteniB P3T, aki oocrexeni B 2021-2023 pp. —

Thuswise, we have formed the criteria for selection
of ALL pediatric patients for administration of CPM,
which were based on clinical and hematological data,
biochemical parameters of collagen and bone forma-
tion, iron metabolism, and hormonal values. Process
of restoring the osteon structure lasted up to 6
months on average. Normalization of the organic
component of bone structure with the levels of total
protein, creatinine and state of collagen according to
the amino acid content in urine in particular preced-
ed the restoration of BMD for 1-1.5 months.

Just after ChT completion there were either partial
or no effect in 37.5 % of patients, in whom such
markers of bone tissue synthesis and destruction as
oxyproline, proline, glycine, APh depended on thy-
roid and adrenal function. Restoration of both colla-
gen matrix and calcium pyrophosphates required a
longer period upon ChT and administration of glu-
cocorticoid medications for up to 6 months.
Normalization of the iron metabolism lasted from 3
to 6 months, provided there were no transfusions of
erythrocyte concentrates. Bone marrow remission
and normalization of hormonal status were essential
for achieving a positive effect in the ALL patients.
Positive effect was observed in the 81.7 % of ALL
patients 6 months after the end of ChT protocol.
The smallest number of cases with partial effect and
no effect was registered among the patients with a
«common» type of CLL (9.2 %, i.e. 9 out of 98),
while the largest was among patients with pro-B-
ALL type (8 out of 12) and with T-ALL (5 out of 10).

In the 80 % of children with no oncohematologi-
cal disorders but having got OP or OPR a positive
effect was received after the CPM administration.
Partial and no effect were observed in children with
gastrointestinal and endocrine disorders.

Taking into account the physiology and functional
relationship between the state of hematopoiesis,
musculoskeletal system, iron metabolism, and
endocrine system, the children with abnormalities in
bone tissue structure are attributed to the risk group
of hematological disorders and require a survey.

As for radiation doses, they were higher in the ALL
patients than in children with no oncohematological
disorders due to the different periods of stay in the
RCT of Ukraine after the ChNPP accident. In the
ALL patients diagnosed in 2003—2010 an average cal-
culated internal radiation dose was (5.47 = 1.22) mSy,
while in patients who became ill in 2010—2018 it was
(3.58 £ 0.81) mSy, and in children living in RCT and
been examined in 2021—2023 it was (0.78 = 0.07) mSv.

(1) 254



ISSN 2304-8336. pobnemu paniauiiiHoi Meguunkm Ta pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2024. Iss. 29.

CLINICAL

RESEARCH

(0,78 = 0,07) M3B. X0o4a BCTAaHOBJICHI 103U i pO3Pi3HSI-
nuce y giteit 3 TJIJI Ta piteil 6e3 OHKOreMaTOJI0TiYHOl
naToJIoTii, TpoTe B 000X BUIIaAKaX BOHU OYJI1M HU3bKU-
mu. Po3paxoBaHi mo3u onpoMiHeHHS JiTeil He Kope-
JIIOBAJIM 3 KJIiHIYHMMM O3HaKamu, OiOXiMiYHMMM Ma-
pamerpamu Kposi Ta IIIKT.

BUCHOBKU

1. ¥V ponosoai nireit I rpynu Oyjao Oijiblie OHKO-
sorigyHux xBopoo6 (20,6 % npotu 9,8 %), menie CKX
(2,6 % npotu 6,3 %) Ta nepenoMiB KicTok (4,9 % mpo-
™ 11,8 %) mopiBHSIHO 3 poaudYaMM [iTeil 6€3 OHKO-
JjoriuHoi matosorii. ¥ miteit Il rpynu yacTiie, HixX
I rpynu, peectpyBaBcs rinepMoOiIbHUI CUHIAPOM
(24,0 % npotu 11,0 %). Y nawieHTiB 3 OCTEONEHIEIO Ta
OCTEOMOPO30M YaCTillle MaJIM Miclie TIepPeIOMU KiCTOK
(p <0,05).

2.V niteii I rpynu no npusHayeHHs1 XT Oyau 3MiHU B
OLJIKOBIl Ta MiHepaJbHili KOMIIOHEHTaX OCTEOHY, SIKi
yacTilllajauy TicJisl MPOBEICHHS JIIKyBaHHS Ta MOTpedy-
BaJIM Kopekllii. BinOyBaBcs po3naja KoyareHy i miaBu-
LIyBaJlaCh €KCKpelisl OKCUIPOJiHY, MPOJiHYy 3 ceuyelo
Ta crocrepiraBcs Ae@ilUT IJIACTUYHOIO MaTepiaiy
(TailuHY, Ji3uHY) 11 foro BimHoBiIeHHs. CyMa Bijib-
HUX aMiHOKMCJIOT B ceui 30ibliyBaiach, 110 CBiIUMIO
npo jJerpagaliito OifKiB. 3pocCTajgo YMCIO XBOPUX 3i
LIKT Huxue 65 ym.om. (p < 0,05).

3. ¥V xBopux I rpynu no npusHauenHs XT piBHi C3 Ta
C® He BUXOIMIM 3a MEXi HOpMaTUBHUX, BMICT TpaHC-
¢epuny cranosus (3,72 + 0,2) r/m, 110 BipoOTiZHO BU-
me, Hix y giteit 11 rpymm — (2,8 = 0,3) r/1 (p < 0,05).
ITicna XT 36inpiryBanach KiabKicThb OiTei 3 HAIJIUIII-
KOM 3aiti3a B opraHi3mi (41,7 %). I1pu piBHi C® Bu-
me 500 Hr/mMJa y XBOpHUX 4YacTillle CIIOCTEPIrajanch
tokcnuHi rematuth (p < 0,05) Ta AeTanbHi BUTTAAKNA
(r=-0, 38; p<0,01).

4. Y xBopux | rpynu BCTaHOBJEHO MPSIMUI 3B’SI30K
Mix piBHeM C® Ta KOPTH30JIy B CUPOBATIIi KPOBi (r =
0,55; p < 0,05). IMigBuieHnii piBeHb KOPTU3OJY V ITi-
Teil BIJINBAB Ha 3MiHU B CTPYKTYPi KiCTKOBOI TKAHUHI
Ta ripiuit mporHo3s nepe6iry IJIJI (p < 0,01). ¥ 23,6 %
nawieHTiB micasg 3akiHueHHss XT piseHb TTI B cupo-
BaTii KpoBi mimBuiyBaBcsa (5,89 = 0,07) mOm/n).
BcranoBneHo npsiMuii 38°5130K Mixk piBHeM TTT (Buiie
3,3 MOn/m) Ta BMICTOM OKCHUIIPOJIiHY B cedi (r = 0,39;
p <0,05), 110 HETAaTUBHO BIUIMBAJIO HA CTaH KOJarcHY.
5.V niteit 11 rpynu 6e3 OHKOreMaToJIOTiYHOI MaToJIoTil
piBHI MOKAa3HUKIB OyJIM HAa HIXKHIN MeXi pepepeHTHUX
3HauYeHb. EKCKpelis BiTbHUX aMiHOKMCIOT 3 CEYElo
3HAXOIWJIACh B MeXXaX HOPMAaTUBHUX BEJIMIMH, OTHAK
cyma aMiHoKucaoT Oyna migsuiieHa. Y 30,0 % nmiteii 3i

Although the reconstructed doses differed in the
ALL patients and children with no oncohematolog-
ical disorders, the values were low in both cases. The
calculated radiation doses were not correlated with
either clinical signs, or serum biochemical parame-
ters and BMD.

CONCLUSIONS

1. There were more cancer cases (20.6 % vs. 9.8 %),
less ones of UrL (2.6 % vs. 6.3 %) and bone fractures
(4.9 % vs. 11.8 %) in the relatives of children in the
Group | compared to the ALL pediatric patients.
Hypermobility syndrome was registered more often
in the Group II than in the Group I (24.0 % vs. 11.0
%). Bone fractures occurred more often in patients
with osteopenia and osteoporosis (p < 0.05).

2. Children of the Group I had abnormalities in the
protein and mineral components of osteon before
ChT administration, which had become more fre-
quent upon treatment and required correction. Col-
lagen disintegration occurred and excretion of oxy-
proline and proline with urine increased, while a de-
ficiency of biochemical material (glycine, lysine) for
its restoration was observed. Amount of the free ami-
no acids in urine had increased, which indicated a
degradation of proteins. The number of patients with
BMD lower than 65 RU was increasing (p < 0.05).
3. In the Group I before ChT administration the lev-
els of SI and SF did not exceed the normative limits,
while the content of transferrin was (3.72 = 0.2) g/I
being significantly higher than in the Group II i.e.
(2.8 £0.3) g/1 (p <0.05). After the ChT administra-
tion the number of children with an excess of iron in
the body had increased (41.7 %). In case of SF level
above 500 ng/ml the toxic hepatitis (p < 0.05) and
death (r = -0.38; p < 0.01) were more often.

4. A direct relationship was established between the
serum levels of SF and cortisol (r = 0.55; p < 0.05) in
the Group I. An increased level of cortisol in children
affected the changes in the bone tissue structure and
worsened the prognosis of ALL course (p < 0.01). In
the 23.6% of patients the serum TSH level had
increased to (5.89 £ 0.07) mU/1 after the end of
ChT. A direct relationship was established between
the TSH level (above 3.3 mU/1) and the urine con-
tent of oxyproline (r = 0.39; p < 0.05), which nega-
tively affected the state of collagen.

5. In the Group II the values of parameters were at
the lower limit of the reference range. Excretion of
the free amino acids with urine was within standard
values, but the amount of amino acids was increased.
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3MiHaMM B CTPYKTYpi KiCTKOBOI TKaHUHHU piBHI C3 me-
pPEeBUIIYBaJIM HOpMaTUBHI ITOKa3HUKU.

6. o3u onpomineHHst xBopux Ha IJ1J1, s1ki 3axBopiiu B
2003—2010 pp., ctanoBunu (5,47 = 1,22) m3B, naitieH-
TiB, SIKMM OYJ10 BcTaHOBJIEHO aiarHo3 B 2010—2018 pp., —
(3,58 = 0,81) m3B, miteit 6e3 OHKOreMaTOJOTiYHOI
MaToJIoTii, AKi obcrexyBamuch B 2021-2022 pp. —
(0,78 = 0,07) m3B. [lo3u onmpoMiHEeHHS JiTeit He Kope-
JIIOBaJi 3 Oi0XiMIYHMMM MapaMeTpaMu KpOBi, TOpMO-
HajnbHUM ctaTycoM Ta ILIIKT.

7. JITI3 Oynu crmpsaMoOBaHi Ha KOpEKIlilo IedilnTy
0inKy, MiHEepaJIbHOI KOMITOHEHTU KiCTKOBOI TKAHWHM,
BUBEACHHS HAIJIMIIKY 3aji3a 3 OpraHi3amMy Ta HOp-
MaJti3alilo TOpMOHAJIbHOrO cTaTycy. Y 81,7 % xBopux
Ha [J1JI yepe3 6 MicsLiB. micis 3aKiHYEHHST ITIPOTOKO-
ny XT cnioctepiraBcst Mo3UTUBHUI e(eKT Bi JTiKyBaH-
Hs. EdexTy He crocTepirajgoch y aiTeil mpu BimcyT-
Hocti pewmicii TJIJI. ¥ 80 % niteit 6e3 oHKOreMaro-
soriuynoi maroJjorii 3 OIT ta OI13 orpnMaHoO MO3UTHUB-
Huit edekt. YacTKoBUil Ta BiICyTHill edeKTu B Ll
TpyIli Oyav MpuTaMaHHi oco0aM 3 XBOpoOaMH IITYH-
KOBO-KMIITKOBOTO TPAKTy Ta 3MiHAMU B €HAOKPUHHO-
My CTaTyCi.

CMUCOK BUKOPUCTAHUX OAXEPEN

1. Bnnve 3aniza Ha mpouecu Metaboniamy B KiCTKOBii TkaHWHI Ta
byHKUjlo WKTONORIBHOT 321031 Y LiTeN, SKi XMBYTb Ha PagioakTuB-
HO 3abpyaHeHux TepuTopisx nicns aapii Ha YAEC / [. A. basuka,
K. M. Bbpycnoga, J1. O. JlqweHko Ta iH. Npobremu pagiaviviHoi me-
anunkn 1a pagiobionorii. 2022. Bun. 27. C. 264-275. doi: 10.
33145/2304-8336-2022-27-264-275.

2. GakTopy, Lo BNMBAIOTL HA MifBULLEHWA BMICT 3ai3a B OpraHiami
JiTel, XuTeniB PaflioakTMBHO 3abpydHeHUX TepuTopii Ykpaiiu,
nicns agapii Ha YAEC / 1. A. basuika, K. M. Bpycnoga, J1. O. Jlgwe-
Ko Ta iH. [pobremu pagiauivinoi meauumHy 1a pagiobionorii. 2023.
Bun. 28. C. 239-253. doi: 10.33145/2304-8336-2023-28-239-253.

3. Mpor+Ho3 nepediry rocTpux neikemiii y aiten nicns asapii Ha YAEC
3aexHo Bif, 06MiHy 3anisa / B. I'. bebetuko, K. M. Bpycnoea, J1. O.
JlqweHko Ta iH. [pobnemu pagiauiviHoi MeauLyHm Ta pagiobionori.
2020. Bun. 25. C. 390-401. doi: 10.33145/2304-8336-2020-25-
390-401.

4. Chen L.-R. Ko N.-Y., Chen K.-H. Medical treatment for osteoporo-
sis: from molecular to clinical opinions. Int. J. Mol. Sci. 2019. Vol.
20, no. 9. P. 2213. doi: 10.3390/ijms20092213.

5. Palacios S. Medical treatment of osteoporosis. Climacteric. 2022.
Vol. 25, no. 1. P. 43-49. doi: 10.1080/13697137.2021.1951697.
6. Lorentzon M. Treating osteoporosis to prevent fractures: current
concepts and future developments. J. Intern. Med. 2019. Vol. 285,

no. 4. P. 381-394. doi: 10.1111/joim12873.

7. Vitamin D and calcium in osteoporosis, and the role of bone turnover
markers: a narrative review of recent data from RCTs / G. Voul-

In the 30.0 % of children with abnormal structure of
bone tissue the SI levels exceeded the normative
range.

6. Radiation doses in the ALL patients who had
become ill in 2003—2010 were (5.47 = 1.22) mSy, in
the patients diagnosed in 2010—2018 they were
(3.58 = 0.81) mSy, and in children with no oncohe-
matological disorders examined in 2021—2022 being
(0.78% 0.07) mSv in average. The radiation doses
were not correlated with blood biochemical param-
eters, hormonal status or BMD.

7. The CPM were aimed at correcting the protein
deficiency and mineral component of bone tissue,
removing the iron excess from the body, and normal-
izing the hormonal status. In the 81.7 % of the ALL
patients a positive effect of treatment was observed 6
months since the end of ChT protocol. No effect was
observed in children in the absence of ALL remis-
sion. A positive effect was received in 80 % of chil-
dren with no oncohematological disorders but hav-
ing got OP and OPR. Partial effect or no effect in
this group were characteristic for individuals with
gastrointestinal and endocrine disorders.
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