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XBOPOBU IIUTOIOAIBHOI 3AJIO3U ITICJIS XIMIO-

TA IPOMEHEBOI TEPAIIIL Y JIITEN, AKI IEPEHECJIA TOCTPY
JIM®OBJACTHY JIEMKEMIIO, Y BIIJIATEHOMY IEPIOAI
CIIOCTEPEXXEHHA

MeTa: ouiHuTK natonorito WWUTONOAIGHOT 3aN03K Yy AiTeil, AKi OTPMMYBaANM XiMio- Ta NpOMEHeBY Tepaniio 3 Npusoay
rocTpoi nimcob6nacTHoi neitkemii, y BigaaneHomy nepiofi cnocTepexeHHs 3 ypaxyBaHHAM CTaTi, BikoBoi nepiogu3alii
Ta BapiaHTiB XBOPOOU.
Marepianu i metogu. Y 92 piteii 3 roctpoto niMhobacTHOI NeiikeMielo, AKi 3HaxoAATbCA B peMicii Big 6 A0 25 pokiB,
BMWBYANW YaCTOTy Ta XapaKTep Natonorii wuTonoaibHoi 3ano3un (rinotupeos, TupeoignT, pak). Po3nogin xBopux 3a
BapiaHTaMu nenkemiit OyB TakUi: «3aranbHuiit» Tun — 67,4 %, npe-B — 23,9 %, npo-B Ta T-KniTUHHWMIA NO 4,3 %. [iTn
OTpPMMYBa/IM XiMiO- Ta NpOMeHeBY Tepanito 3rigHo 3 npotokonoM. LLlofo BiKy XBOpUX Ha Yac BCTAHOBJIEHHA fiarHo3sy
rocTpoi nimdobnacTHoi neikemii, To BpaxoByBanu npenybepTaTHWii, nybepTaTHuMii Ta nicns nybepTaTHWil nepioau.
OuiHloBanu eHAOKPUHHI XBOPOOM B POAOBOLI, Macy Tina Npu HAapOAXKEHH [UTUHU, BMICT BiIbHOrO TMPOKCUHY, TUpe-
OTPOMHOrO ropMoHy rinodisy, KOpTM30.y, 3aii3a Ta GEPUTUHY i aHTUTINA [0 TUPEONEPOKCHUAA3MN B CUPOBATLi KPOBI.
Pe3ynbrartu. MNatonoris wutonoaiobHoi 3an03u y Aiteit BUHMKANA B neplwi 2—3 poku nicns Kypcy Tepanii i cTaHoBuna
22,8 % (rinotnpeo3 — 14,1 %, aytoiMmyHHMI1 TUpeoignT — 7,6 %, naninapHuit pak — 1,1 %). Cemepo giteit yiei rpynu
NPOMWAN NpOMeHeBy Tepanilo B go3ax 12-18 [p Ha ueHTpanbHy HepBOBY cucTeMmy. He Gyno BCTaHOBNEHO Kope-
NALIAHOTO 3B'A3KY MiX (PaKTOM ONPOMiHEHHS, L0300 MPOMEHEBOr0 HaBAHTAXEHHA HA LLEHTPaNbHY HEPBOBY CUCTEMY i
natosiorieto wutononibHoi 3an103M y BigganeHuin nepiof cnoctepexeHHs. Pak wutononi6Hoi 3an03M po3BuBCA Y Au-
TUHK yepe3 11 pokiB nicns ximio- Ta NnpoMeHeBoi Tepanii. [NoOTMpPeO03 yacTile AiarHOCTYBaBCS Y XBOPUX npenybep-
TaTHOro BiKy (rs = 0,49). Y nonosuHu fiTeit B pogoBofi byna eHAOKPUHHA NaTONOris, WO BiporigHO BULLE, HIX Y 3a-
ranbHiit BuGipui (p < 0,05). Maca Tina npu HapOAXEHHi AUTUHY, y AKOT B MOAANbLIOMY PO3BUHYBCA rinoTUpeo3 byna
MEHLLOIO, HiX Yy miTei 3 Tupeoigutamu (rs = 0,57).
BUCHOBKW. 3MiHW B €HAOKPUHHIN perynsuii opraHiamy, 30kpema wutonofdibHiin 3an03i, MoXyTb BNAKBATM Ha NPOrHO3
nepebiry 37108KiCHUX 3aXBOPIOBAaHb CUCTEMM KPOBi y AiTell, 0C06MBO NpenybepTaTHOro BiKy, y BifAaaneHomy nepiogi
CMOCTEPEXEHHS, WO NOTPebye CUCTEMATUYHOTO HArAAY Nikapa remaTonora Ta eHA0KPUHONOra.
KniouoBi cnoBa: fitu, roctpa nimdobnactHa neitkemis, ximiotepanis, npoMeHeBa Tepanis, pak WuTonofioHoT 3ano3u,
rinoTmMpeos, TMPeOiguT, BigaaneHuin nepioa.
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THYROID DISEASE IN THE LATE OBSERVATION PERIOD UPON
CHEMO- AND RADIOTHERAPY IN CHILDREN-SURVIVORS OF
ACUTE LYMPHOBLASTIC LEUKEMIA

Objective: to assess the thyroid disease in the late observation period in children who had received chemo- and
radiotherapy for the acute lymphoblastic leukemia (ALL) taking into account gender, age period and disease sub-
type.
Materials and methods. The incidence and nature of thyroid disease (hypothyroidism, thyroiditis, and thyroid can-
cer) were studied in children-survivors of acute lymphoblastic leukemia (ALL) being in remission from 6 to 25 years.
The distribution of patients by leukemia subtypes was as follows: «<common» — 67.4 %, pre-B — 23.9 %, pro-B and
T-cell — 4.3 %. Children had been receiving chemo- and radiotherapy according to the protocol. Regarding the age
of patients at the time of ALL diagnosis the prepubertal, pubertal and postpubertal periods were taken into account.
The endocrine diseases in family history, body weight at birth, serum content of free thyroxine, pituitary thyroid-
stimulating hormone, cortisol, iron, ferritin and thyroperoxidase antibodies were evaluated and assayed.
Results. Thyroid disease in children was emerging in the first 2-3 years after the ALL treatment with an incidence
of 22.8 % (hypothyroidism — 14.1 %, autoimmune thyroiditis — 7.6 %, papillary cancer — 1.1 %). Seven children in
this group had received radiotherapy (12-18 Gy doses) on the central nervous system (CNS). No correlation was
found between the radiation exposure event itself, radiation dose to the CNS and thyroid disease in the long-term
follow-up period. Thyroid cancer had developed in a child 11 years upon chemo- and radiotherapy. Hypothyroidism
was more often diagnosed in the patients of prepubertal age (rs = 0.49). There were endocrine diseases in the
family history in about a half of children, being significantly higher than in the general sample (p < 0.05). The body
weight at birth of a child who had later developed hypothyroidism was less than in children having got thyroiditis
(rs =0.57).
Conclusions. Disorders in endocrine regulation and of thyroid in particular can affect the prognosis of blood can-
cer course in the long-term follow-up in children, especially in prepubertal age, which requires systematic supervi-
sion by hematologist and endocrinologist.
Key words: children, acute lymphoblastic leukemia, chemotherapy, radiotherapy, thyroid cancer, hypothyroidism,
thyroiditis, late period.
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BCTYII
B octranHi necATHITITTS 301IBIINIACE BIDKUBAHICTD AITEN

INTRODUCTION
Survival of children with acute lymphoblastic

3 rocTpumu JimM@oobaactHnMmA aerikeMismu (ITT). Leit
Mporpec CTaB MOXJIMBUI 3aBISIKU BUKOPHUCTAaHHIO CY-
YacHUX IPOrpaM XiMio- Ta MpoMeHeBoi Tepaitii. JloBro-
TpuBaja BYKMBaHicTh aiteid 3 ITIJI mpusBena 1o HeoOXin-
HOCTi MOHITOPMHTY 3aXBOPIOBaHb, 110 TTOB’s3aHi 3 MPO-
BeJleHUM JliKyBaHHIM. Y nanieHTiB 3 [JIJ1, siki nepeOysa-
JIX B CTaflil peMicii IoHaliMeHIIe 2 poKu, OyJIi onrcaHi
Taki EHIOKPMHHI YCKJaaHEeHHs: aediuuT BiTaMiHy D
(46,6 %), oxupinns (33,3 %) Ta nucninigemist (23,3 %).
VY 5 % niteii cnocTepirajJiich MOpPYLIEHHS MYHKIT 11~
tonoaioHoi 3ano3u (II13). ABTopaMu He OYyJ10 BCTAHOB-

PeJ Katerina M. Bruslova, e-mail: katerina 142@ukr.net

leukemia (ALL) has increased in recent decades.
This progress was possible due to the use of con-
temporary chemotherapy and radiotherapy pro-
grams. Long-term survival of children with ALL
has led to a need to monitor the treatment-related
diseases. Such endocrine complications as vitamin
D deficiency (46.6 %), obesity (33.3 %) and dys-
lipidemia (23.3 %) were reported in ALL patients
who had been in remission for at least 2 years.
Thyroid dysfunction was observed in 5 % of chil-
dren. Authors had found no correlation between
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JIEHO KOpeJsLUiiHUX 3B’SI3KiB MK LIMMU YCKJIaIHEHHSI -
MU, BiKOM, CTaTTIO Ta IPOMEHEBOIO TePaITi€l0, 32 BUHSIT-
KoM JediuuTy BiTaMiHy D, sikuii OyB 3HaYHO YacCTilIUM
y TMX, XTO 3aXBOpiB y MyOepTaTHOMY Billi, TOPiBHSIHO 3
TUMU, 110 3aXBOPIIN B Iiepiof mperyoeprary (57,5 % Ta
25 %, BignosigHo) [1].

Onucani ycknagHeHHs 3 0oky L3 3amo3m y miteit 3
TOCTPUMM JIEHKeMisIMH, SIKi TIepeHecan XiMioTepariito Ta
TpaHCIJIAHTALil0 TeMOITOETUYHUX CTOBOYPOBHUX KJTITUH
(TT'CK) abo onpoMiHEeHHS LIEHTPaJIbHOT HEPBOBOI CUCTE-
mu (LTHC). CriocrepeskeHHS 3a IMMU XBOPUMHU TPUBAJIO
10 12 poKiB i rinotupeo3 y HUX aiarHoctyBaBes B 17,3 %.
ITpuyomy mauieHTH, SIKi OTPUMAaIM IIPOMEHEBY Teparlito
a6o TT'CK y 6inbw crapuromy Billi (3a 10 pokiB), Maiun
HIDKYNT pU3WK po3BUTKY maTosorii L3 [2].

€ poboTu, AKi CBigYaTh MPO MPOSBU FIMTOTUPEO3yY Yy Oa-
raThOX XBOPMX Ha rocTpi MiesoonacTHi Jerikemii (I'MJI)
nicis anoreHHoi TT'CK. JloBeneHo, 1110 4aCTOTa PO3BUT-
Ky rinotupeosdy Oynaa obepHEeHO MponopliiiHa BiKy Iu-
tuHU [3]. [TposBu cyOKIIiHIYHOTO TIMOTUPEO3y y AiTeli 3
I'JIJT a6o I'MJI nicng TI'CK cnoctepiranuck yepes 1, 3,
6, 9 Ta 12 micauiB. [Toka3HUKY CTaHAAPTHOTO BiAXUIEH-
HS IUISL 3pOCTY, MacH Tijla IIPOAOBXKYBaJIM 3HMKYBATUCS
npoTsiroM Tepiuoro poky micisg TI'CK [4].

V 35,7 % peuunieHTiB BuHuKaau nuceyHkiii 113 mic-
JISI TPAHCILJIaHTALIil ayTOJOrYHMX Ta aJJOTeHHUX FeMOMO-
€TUYHUX CTOBOYPOBUX KIIITWMH, JWIle IPU MPOBEIEHHI
XimMioTepartii 6e3 3arajJbHOIo orpomMiHeHHs Tija. [1pudo-
My TUTPU aHTUTII OO Mi€JONepoKCcuaa3 B CUPOBATI
KPOBi y XBOPUX ITiCJISI ayTOJOTiIYHOI TpaHCIUIaHTAallii OyIun
BUILIMMMU MTOPiBHSIHO 3 aJIOTEHHOIO TpaHCIIaHTali€eo [5].

Bimomo, mo nmepokcunaza 113, 3anizoBMicHUT dep-
MEHT, KaTajli3ye O0i0CMHTE3 ii TOPMOHIB. AHTHUTIJIA 10
nepokcuaasu I3 ta aHTUTINA 10 pelienTopa TUPEOT-
POITHOTO TOPMOHY Tirmodi3y XapaKTepHi IS ayTOiMyH-
Hux TUpeoinuTiB. [IpoayKyBaHHS LIUX aHTUTIJ MOXYThb
IHIYKYyBaTH YWHHWKM HABKOJMIIHBOTO CEPEHOBMINA,
XapakTep XapuyyBaHHS, IMYHHI po3jlafd Ta TeHETUYHi
dakropu [6].

HanmipHa akTMBHICTH TepOKCHUIA3M TMOB’s13aHa 3 OKUC-
JIIOBJIbHUM TIOIIKOKEHHSIM KJIITUH, 1110, B CBOIO Yepry,
MOTEHIIIOE IIMPOKUIA CHIEKTP 3aXBOPIOBaHb [7]. AyTOaHTH-
Tina go 113 MoXXyTh BUSBIIATHCS i TIPY TTO3aTUPEOITHIX XBO-
pobGax. TuTpy aHTUTUPEOIMTHMX AHTUTIJI 3aJIeKaTh Bi/l BHYT-
PILIHBOKJIITUHHOTIO Ta MO3aKJITUHHOIO PO3TALLlyBaHHS aH-
TUTEHiB, LIUPKYIIOIOUMX aHTUTIJI Ta IMyHHUX po3iafiB [8].

PobGoTtaMu ocTaHHiX pOKiB MMOKa3aHO BIUIUB i0Hi3YlO-
yoro BUIIPpOMiHIOBaHHS Ha aucoyHkuUio I3 i BUHUK-
HEHHS paKy MpH Ail BACOKUX A03. JloCITiKeHHS aHTUTI
1o nepokcuaasu 113 y MennepcoHany BiaiieHHST pEHT-
TreHOJIOTi1 B JlikapHi MaHCypHu mokKasaJju, 110 X TUTP KO-

these complications, age, gender, and radiation
therapy, except for vitamin D deficiency, which
was significantly more common in subjects who
had been taken ill during puberty than those who
were diagnosed ALL during prepuberty (57.5 %
and 25 %, respectively) [1].

Thyroid complications have been described in chil-
dren with acute leukemia who had received chemo-
therapy and hematopoietic stem cell transplantation
(HSCT) or radiotherapy on the central nervous sys-
tem (CNS). Surveillance of these patients lasted up
to 12 years and hypothyroidism was diagnosed in
17.3 % of cases. Notably, there was a lower risk of
thyroid disease in the patients who had received
radiotherapy or THSC in an older age (10 years) [2].

Manifestations of hypothyroidism are known in
many patients with acute myeloblastic leukemia
(AML) after the allogeneic HSCT. Hypothyroidism
incidence is inversely proportional to the age of child
[3]. Manifestations of subclinical hypothyroidism in
children with ALL or AML upon THSC were
observed in 1, 3, 6, 9 and 12 months. The standard
deviation values for growth and body weight contin-
ued to decline within first year upon the HSCT [4].

Thyroid dysfunction emerged in 35.7 % of the
autologous and allogeneic HSCT recipients only
upon chemotherapy administration with no total
body irradiation. Moreover, the serum titers of
antibodies to myeloperoxidase after autologous
transplantation were higher compared to allogene-
ic one [3].

It is known that thyroid peroxidase, an iron-con-
taining enzyme, catalyzes the thyroid hormone
biosynthesis. Thyroid peroxidase antibodies and
antibodies to pituitary thyroid hormone receptors
are characteristic of autoimmune thyroiditis.
Production of these antibodies can be induced by
environmental factors, nutrition style, immune
disorders and genetic factors [6].

Excessive peroxidase activity is associated with
oxidative cell damage, which in turn potentiates a
wide range of disease [7]. Thyroid autoantibodies
can be detected in extrathyroid diseases. The
antithyroid antibody titers depend on intracellular
and extracellular arrangement of antigens, circu-
lating antibodies and immune disorders [8].

Recent studies have shown the effect of ionizing
radiation on thyroid dysfunction and occurrence of
thyroid cancer at high doses. Studies of thyroid
peroxidase antibodies in the staff of Mansoura Spe-
cialized Medical Hospital Radiology Department
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peJiioBaB 3 BiKOM, pPiBHEM THUPEOTPOITHOTO TOPMOHY
rinodizy (TTT') Ta TpusanicTio podotu. IlepcoHan i3
NO3UTUBHUMM aHTUTIIaMu Ta piBHeM TTI B cupo-
BaTLi KpoBi OinbiuM 3a 1,69 MOn/n1 MaB cUMIITOMU
rimotupeo3sy [9].

V nopociaux namieHTiB i3 nudepeHuiiioBaHumMu Gop-
Mmamu paky 113, gKi oTpuMyBaIu pagioaKTUBHUI MO,
BCTAHOBJIEHUI MiABUIIEHUI pU3UK po3BUTKY [MJI 3
MOraHUM MPOTHO30M, IO CBiTYWUThL MPO HEOOXiTHICTh
00OMEXEHOr0 BUKOPUCTAHHS PadioaKTUBHOIO oay y
mux xBopux [10].

Sk mokaszaB aHai3 JKepesl JiTepaTtypu, y JiTeit i 1o-
pOCMX, SIKi MaJIv 3JTOSIKICHI 3aXBOPIOBaHHS Pi3HOI J10-
Kasizauii Ta OTpUMYBaJIM XiMio- Ta MPOMEHEBY Te-
pamito, 1113 € opranoM-MillIeHHIO IO Iii TOKCUYHUX
areHTiB. OgHaK, HeMa€e MEPEKOHJIMBUX TaHUX II10J0
yacToTu ¥ Buay natoJiorii 113 3anexkHo Bif BiKy AiTei
Ha yac BcTaHoBJeHHs aiarHo3y I'JIJI, cTpokiB BUHUK-
HEHHSI XBOPOOM Ta XapakTepy JiKyBaHHSI OCHOBHOIO
npolecy. BaxJuBUM € TaKOX MUTAHHS 1100 3B’ 13Ky
3aXBOPIOBAHb Yy POAOBOJI 3 MPOrHO30M BUHUKHEHHS
natoJorii I3 y giteil micas 3akiHUeHHs CTaHAAPTHO-
TO IIPOTOKOJY.

META

OUiHMUTU MATOJIOriI0 IIUTOMOAIOHOI 3a7103U Yy HIiTEH,
SIKi OTpUMMYBAJIU XiMiO- Ta IPOMEHEBY Tepallito 3 Mpu-
BOJY roCTpoi TiM(oOIacTHOI JeHKeMil, Y BiggaieHOMY
Tepiofli CIOCTePEXXEHHS 3 ypaXyBaHHSIM CTaTi, BIKOBO1
nepioau3allii Ta BapiaHTiB XBOPOOM.

MATEPIAJIN TA METOJIHN
Hamu ouiHoBanach yactorta ta matosoris I3 y 92
JTiTeH, SKi JiKyBaJuCh 3 MPUBOLY rOCTPOi JiMdpobaa-
ctHoi nerikeMii (I'JIJ1) i 3HAXOAATHCS IO TeTIePilIHii
yac B KJIiHiKO-TreMaToJIOTiuHiil peMicii, 110 TpUBae
BiI 6 10 25 pokiB (cepenHsI BUXKMBAaHICTh JOPiBHIOE
(15,5 £ 0,4) pokiB). Y Bubipui 6yyno 62 XJIOMYUKH Ta
30 miBuat. Bik miTeit BpaxoByBaJM Ha 4yac BCTAHOB-
JIeHHsI AiarHo3y. Bci xBopi oTpumanu cTaHIapTHY
XimioTepamnito 3a aganTOBaHUMM IPOTOKOJaMU
bepnin-®pankdypr-MroHcrep rpynu (BFM) 3 ypa-
XYBaHHSIM KpUTepiiB cTpaTudikaiii. JdocmimKkeHHS
MPOBOAUIM Yy BiAmisli KJiHiuyHOiI imyHoJorii ITKP
(3aBimyBau Bimminy, akaa. HAMH VYkpainu 1. A. bazu-
Ka). Po3nomin xBopux 3ailicHIOBaIU 32 iMyHO(EHOTU -
noBuMu Bapiantamu I'J1J1: «3aranbHuii» Tam (n = 62),
npe-B-TJIJI (n = 22), npo-B-T'JIJI (n = 4) Ta T-TJIJI
(n=4).

Hamra yBara Oysa 3ocepemkeHa Ha TOBITOCTPOKOBO-
MY CTaHi 3IOpOB’d TAIli€EHTIB, 30KpeMa CHUMIITOMaX,

showed the correlation of their titer with age, pitu-
itary thyroid-stimulating hormone (TSH) levels and
duration of work. There were symptoms of hypothy-
roidism in personnel with positive antibodies and
serum TSH levels greater than 1.69 U/1 [9].

There is an increased risk of AML with a poor
prognosis in the adult patients with differentiated
thyroid cancer who had received the radioactive
iodine treatment, which indicates the need for a lim-
ited administration of radioactive iodine in these
patients [10].

According to analysis of literature sources the thy-
roid is a target organ for the action of toxic agents in
children and adults who have had malignant diseases
of different localization and had received chemo-
and radiotherapy. However, there are no convincing
data on the incidence and type of thyroid disease
depending on the age of children at the time of ALL
diagnosis, timing of disease onset, and nature of
treatment of the main process. Relationship between
the diseases in family history and prognosis of thy-
roid disease is another important issue in children
after the completion of standard protocol.

OBJECTIVE

Assessment of thyroid disease in the late observation
period in children who had received chemo- and
radiotherapy for the acute lymphoblastic leukemia
taking into account gender, age period and disease
subtype.

MATERIALS AND METHODS
Incidence and type of thyroid disease were evaluated in
children (n = 92) been treated for ALL and currently
staying in clinical and hematological remission lasting
from 6 to 25 years with average survival of (15.5 = 0.4)
years. There were 62 boys and 30 girls in the sample. Age
of the children was taken into account at the time of
diagnosis. All patients had received a standard
chemotherapy according to the adapted protocols of
the Berlin-Frankfurt-Munster Group (BFM) taking
into account the stratification criteria. Studies were
conducted at the Clinical Radiology Institute Clinical
Immunology Department (Head Department, Acade-
mician of the National Academy of Medical Sciences
of Ukraine D. A. Bazyka). Patients were distributed
according to the ALL immunophenotypic variants, i.e.
«general» subtype (n = 62), pre-B-ALL (n = 22), pro-
B-ALL (n =4) and T-ALL subtypes (n = 4).

Our attention was fixed on the long-term health
state of patients, including symptoms of thyroid dis-

(1) 312



ISSN 2304-8336. pobnemn pagiauiiinoi Meouunkm 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2021. Bun. 26.

CLINICAL

RESEARCH

sKi mpuTamMaHHi xBopobam II[3. 3aranom cepen ycix
nawieHTiB oliHOBaIM pyHKito 113 1o moyaTky cTaH-
JIapTHOI'O MPOTOKOJIY, ITiCJIsI BiAMiHUM XiMioTeparlii Ta B
HacTyIHi poku. XBopoou I113 BpaxoByBanu 3aiexkHO
BiJ BiKOBOI INepioau3aliii aiteii. BikoBa nmepioausallis
BiAMOBigana TakKuWM IepiogaMm: TIpenyoepTaTHUIA
(miBuara 10 8 pOKiB, XJIOIMYMKH 10 9 pOKiB), mybepTart-
HUM (miByata 3 8 mo 13 pokiB, xjaomuuku 3 9 go 14
POKiB), MicyasmyoepTaTHUil (AiB4aTa 3 13 pokiB, XJIOI-
yuku 3 14 pokin) [11, 12].

VY 21 guTuHM micis 3aKiHYeHHS ITPOTOKOJIY XiMioTe-
pamnii BusgBisiach nartonorig I3 (rimotupeos, TH-
peoinut, pak). Cemepo miTel Ii€i rpymu Ijs Mpo-
(¢inakTUKU HeipoaeikeMii OTprUMaIi MIPOMEHEBY Te-
parifo B mo3ax 12—18 Ipeit Ha LIHC 3rigHo 3 mpoToko-
JIOM.

Mu Opasnu 10 yBaru mMacy Tijia Tpyu HapOIKEeHHI Au-
TUHM, OLIiHIOBAJIMd €HAOKPUHHiI XBOPOOU B POJAOBO/I.
BuBuamm Bmict BimbHOTO THpOKCUHY (FT4), TTT, Kop-
3oy, 3aiiza (C3), peputuny (CP) B cupoBarii Kpo-
Bi. KiflbKicHi MOKa3HWKM KPOBi JOCTIIKyBaJIu Ha aB-
TOMaTUYHOMY remoaHa’izatopi MicroCC-18 (CIIIA).
BwmicT 3ani3a BU3Havaau Ha OioXiMiYHOMY aHali3aTopi
Humostar-600 (Iepmanist). PiBHi ropMoHiB Ta (epu-
THUHY B CHUPOBATIli KPOBi BMBYAJIM 3a JOIOMOTIOIO
pangioimyHHoro metony (RIA-Kits).

CratncTnaHy 00poOKy OTpMMAaHUX JaHUX ITPOBOIN -
JIU 3 BUKOPHUCTaHHSM KOPEJSILIMHOIO aHajidy: Ko-
ediuienrtiB Kopensuii Crnipmena ta Cr’rogeHra, U-
TECTY, METOAY iHTEPBaJbHOrO OILIIHIOBAaHHS (MiO),
(https://www.psychol-ok.ru/statistics/).

PE3VYJIBTATU TA OBTOBOPEHHS

Oo6crexeHo 92 nutunu 3 I'JIJI y pi3Hi cTpoku cniocTte-

peXeHHs 3 ypaXyBaHHSIM BiKOBMX TepiomiB (Tad. 1).
Haii6inbiie xBopux OyJ0o i3 «3aralbLHUM» TUIIOM

I'JIT (67,4 %). 3 npe-B-TJ1J1 6yno 23,9 %. Haiimenmia

KinbKicTh xBopux Oyna 3 nmpo-B-TJIJI ta T-TJIJI —

4,3 %. IlpeBanioBalli XJIOIMUMKU HE3aJIEXKHO Bin

Ta6nuusa 1

ease. In general the thyroid function was assessed in
all patients before the initiation of standard proto-
col, upon discontinuation of chemotherapy, and in
subsequent years. Thyroid disease was taken into
account depending on the age periodization of chil-
dren. The latter corresponded to the following peri-
ods: prepubertal (girls under 8 years, boys under 9
years), pubertal (girls from 8 to 13 years, boys from 9
to 14 years), and postpubertal (girls from 13 years,
boys from 14 years) [11, 12].

Thyroid diseases (hypothyroidism, thyroiditis, and
thyroid cancer) were detected in the 21 children
upon completion of chemotherapy protocol. Seven
children in this group had received radiation therapy
at 12—18 Gy doses on the CNS according to the
protocol to prevent neuroleukemia.

Body weight at birth was taken into account and
endocrine diseases were assessed in the family histo-
ry. Serum content of the free thyroxine (FT4), TSH,
cortisol, iron (SI), and ferritin (SF) was assayed.
Quantitative blood parameters were examined on
the MicroCC-18 Automated Hematology Analyzer
(USA). Iron content was assayed on the Humostar-
600 (Germany) Biochemical Analyzer. Serum hor-
mone and ferritin levels were studied by the radioim-
munoassay technology (RIA-Kits).

Statistical processing of the obtained data was per-
formed through the correlation analysis featuring
Spearman’s and Student’s correlation coefficients,
U-test, and interval estimation method (IEM)
(https://www.psychol-ok.ru/statistics/).

RESULTS AND DISCUSSION
Children having ALL (n = 92) were examined at dif-
ferent observation times taking into account the age
periods (Table 1).

Most patients have had a «common» type of ALL
(67.4 %). There were 23.9 % cases of pre-B-ALL
and the fewest patients with pro-B-ALL and T-ALL

Po3nopnin xBopux 3a BikoBolo nepioausauicio, crarTio Ta Bapiantamu M1 (cniBBigHOWeHHA xnon4YuKku/aisyara)

Table 1

Age periodization, gender and ALL subtypes of the patients (male/female ratio)

Bikogi nepiogu

Bapiantu 11 / ALL subtypes

«3aranbHUi» TMN

Age periods Bcboro / total npo-B / pro-B «common» type npe-B / pre-B T-IJU1/T-ALL
Mpenybeprathuii / Prepubertal 35/19 0/1 26/16 8/2 1/0
My6eptathmii / Pubertal 17/3 1/0 12/3 3/0 1/0
NicnanybepratHuid / Postpubertal 10/8 2/0 3/2 3/6 2/0
Bcboro / All patients 62/30 3N 41/21 14/8 4/0
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BapianTiB I[JIJI. CrmiBBinHOIIEHHST XJIOIMYMKK/AiBYaTa
craHoBuJjio 2,1 : 1,0.

CykymHa yacrorta natosnorii 1113 y miTeit cranoBmia
22,8 % (21 xBopuii). Y ABOX HiTeil, sIKi 3aXBOpiIM Ha
I'JIJI B 14 ta 17 pokiB, B iHilliaJIbHUIi TIepioa XBOpoOu
o Tovarky xiMmioreparii piBeHb TTI B cupoBaTui
KpoBi 0yB minBuieHuit i cranosus (6,0 = 0,3) mOmn/m.
B mepmii nBa-Tpu pokM micas 3aKiHUEHHSI KypcCy
XimioTeparii TimOTUpeo3 AiarHOCTYBaIM y 13 miTeit
(14,1 %), ayroimyunuii tTupeoizut — vy 7 (7,6 %).
IManingapunii pak I3 Oysio miarHOCTOBaHO Yy OXHI€ET
nutuau (1,1 %) yepe3 11 pokiB Mmiciisg XiMio- Ta IipoMe-
HeBoi Teparii. [Ilogo po3noainy XBopux 3a BapiaHTaMU
I'JUJI, To 17 oci6 manu «3aranbHuit» Tum [T i 4 nutu-
npe-B-TJIJI, mo Bignosigalo po3noainy
MAalieHTIB B 3arajbHiil BUOipui. [imoTupeo3 yvacriiie
JliarHOCTYBaJIM Y XBOPUX MpenyoepTaTHOro BiKy (Y 8 3
13) (rs = 0,49). Po3nonin giteit 3 marosoriero I3 3a
cTarTio OyB Maiike mopiBHY. CIiBBiZHOIIIEHHST XJIOII-
yuku/miBuara oynao 1 : 1,3 (tabn. 2). BogHouac, tu-
PEOiANTHU AiarHOCTYBAJIM y 5 AiBYAT i 2 XJI0muuKiB. On-
HakK poOMTM OCTAaTOYHiI BUCHOBKM Ha MaJiii BUOIipL,
Ha Hallly TyMKY, HEKOPEeKTHO.

CeMepo Malli€HTIB, Y IKMX B TTOAAJIbIIOMY BUSBUIN
natoJjorito 13, npoiiiuiu npodilakTUHUI Kypc Mpo-
meHeBol Tepamnii Ha ITHC. I'imotupeo3 po3BUHYBCS Y
TPbOX XJIOMYUKIB, SIKi 3aXBOPLIM B Iepiodi mpemnyoep-
TaTy, Ta Il IBOX XJIOMYMKiB, SIKAUM OYJ0 BCTAHOBJIEHO
niarHo3 I'JIJI B myGepTaTHOMY Billi. Y IBOX AiBYaT Mpe-
nybepTaTHOro BiKy OyJI0 JiarHOCTOBAHO TUPEOIIUT Ta
pax LI13.

Hamu He BCcTaHOBJIEHO KOPEISILIMHOTO 3B’ 13Ky MixXK
(hakTOM (HASIBHICTIO) OITPOMiHEHHSI, 103010 IPOMEHE-
BOro HaBaHTaxkeHHs Ta matojorieto I3, sika BUsIBU-
Jlach Y XBOPMX Y BilJaJIeHUI MepioJl CIIOCTepeXKEHHSI.

EnpokpuHHa maToJioriss B pOJIOBOAiI XBOPUX 3aralb-
HO1 BUOipKM (LIyKpOBUM AiaOeT, OXKUPIHHS, ayTOIMYH-

HHN —

Ta6nuusa 2

(4.3 %). Boys prevailed in the number regardless of
ALL variants. The boys/girls ratio was 2.1/1.0.

The overall incidence of thyroid disease in chil-
dren was 22.8 % (n = 21). Serum TSH was elevated
to (6.0 £ 0.3) U/1 in the initial period of ALL before
chemotherapy administration in two children who had
developed the disease in 14 and 17 years of age.
Hypothyroidism was diagnosed in 13 children (14.1 %)
and autoimmune thyroiditis — in 7 of them (7.6 %) in
the first two or three years after the completed
chemotherapy. Papillary thyroid cancer was diagnosed
in one child (1.1 %) 11 years after the received chemo-
and radiotherapy. Regarding the distribution of patients
by ALL variants the 17 persons had «common» type of
ALL and 4 children — pre-B-ALL, which correspond-
ed to distribution of patients in the general sample.
Hypothyroidism was more often diagnosed in the
patients of prepubertal age (8 out of 13) (rs = 0.49).
Distribution of children with thyroid disease by gender
was almost equal with the boys/girls ratio 1/1.3 (Table
2). At the same time, thyroiditis was diagnosed in 5 girls
and 2 boys. However, it would be incorrect to draw any
final conclusions from a small study sample here.

Seven patients who were subsequently diagnosed
with thyroid disease had received a preventive course of
radiotherapy to the central nervous systm. Hypo-
thyroidism emerged in three boys who had developed
ALL during prepuberty and two other boys who were
diagnosed with ALL in pubertal period. Two prepuber-
tal girls were diagnosed with thyroiditis and thyroid
cancer.

No correlation was established between the fact of
radiation exposure, radiation dose and thyroid disease
diagnosed within a long-term observation period.

Endocrine disease (diabetes mellitus, obesity, and
autoimmune thyroiditis) in the family history of
patients in the general sample was 13.0 % (12 out of

Po3noain xBopux Ha 1)1 3a BikoBolo nepioausauicto Ta natonorieio WUTONOAI6HOT 3an03m (cniBBigHOWEHHA

xnonynku/pisyara)
Table 2

Distribution of ALL patients by age periodization and thyroid disease (boys/girls ratio)

Bikosi nepiogu

XeopoOu wuTonogioHoi 3ano3u / Thyroid disease

. rinoTupeos TMpEeOoIanT pak BCbLOIr0
Age periods hypothyroidism thyroiditis cancer total
Mpeny6eprartHuii / Prepubertal 4/4* 0/2 0/1 4/7*
My6eptathuii / Pubertal 3/0 2/2 - 5/2
MNicns ny6eptathmii / Postpubertal 0/2 0/1 - 0/3
Beboro / All patients 7/6 2/5 0/1 9/12

[Mpumitka. *Pi3HnLA MiX NokasHUKamu NOPIBHSHO 3 NpenybepTaTHiM Ta nicnsnybepTaTHuM nepioaamm B Mexax oaiei natonorii (p < 0,05).
Note. *Difference between parameters vs. prepubertal and postpubertal periods within each one disease (p < 0.05).
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Huii Tupeoignt) craHosuaa 13,0 % (y 12 3 92). BogHo-
yac, y 9 cim’ax nireit i3 3axBoproBaHHsMU 13 Oynu eH-
JIOKPUHHI XBOPOOU, 1110 BipOTrigAHO BUILE, HiX Y PEeIITU
(mio. 1-ma rpagawis: 0,91—0,88—0,83; 2-ra rpagartis:
0,79—0,70—0,58) (p < 0,05).

Hamu Oyna mpoaHanizoBaHa Maca Tijla Ipyd Hapoj-
KEHHi AiTelt, ki B nogajbiuomy 3axBopinu Ha TJIJI Ta
manu naroJorito II3. [TokazaHo, 1110 y XBOPUX Ha Till0-
TUPEO3 Maca Tijia MPU HApOIKEHHI OyJ1a MEHIIIO0, HiX Y
JiTeil 3 TMpeoigMTamMu i gopiBHioBana (2,91 = 0,10) kr
npotu (3,50 £ 0,09) xr (rs = 0,57) (p < 0,05). IIpunaomy
JiTH 3 TUPEOiAUTaMM YacTO XBOPIJIM Ha TOCTpi pecIipa-
TOpHi iHpeKuii Ta Maau MPOSIBU KOHCTUTYLIAHOTO
Jnimdatuzmy. TodbTO, OiTH 3 OijbLI HU3BKOK MACOI0 TiJia
OpU HApPOJXKEHHI CXWIbHI B IOJANbLIOMY OO IPOSIBIB
rimopyukuii I3, a gitn 3 nposiBamMu 1iMbaTU3My — 10
TUPEOITUTY.

PiBHi FT4 B cupoBaTLi KpoBi y AiTeil He BiApi3HAIUCH
3aJIe3KHO Biz BikoBoro nepioxy i marosnorii 1113 ta crano-
BUJIM: B mipernyoepratHomy Bili (14,6 = 2,8) nMomb/i,
nyoepratHoMy — (15,3 = 3,1) mMonb/1 Ta miciasmyoep-
tatHoMy — (14,1 £ 2,9) nmonb/n (cepeaHi BeIUYMHU
(14,7 £ 2,6) nmonb/n). B Tabi. 3 mpeacraBiecHO 3HAYCH-
Ha piBHiB TTI, xoptusony, C3 ta C® i aHTUTII 10
Mi€oNepOKCHUIa31 B CUPOBATIIi KPOBi Y JITEN 3aJIEXKHO
Big narosorii [I13. MakcuMainbHi BeanuuHu piBHiB TTT
B CMpOBaTLi KpoOBi cHoocTepiraau y AiTeil 3 rimo-
¢yskuiero I3, mo € xapakTepHUM IiaTHOCTUYHUM
KputepieM. [T XBOpUX Ha TUPEOIIUT XapaKTepHUM OyB
HiABUIIEHUI TUTP aHTUTLI 10 Mi€JONEPOKCUIA3U, IKUI
BTPUYi IIEPEBUIITYBaB HOPMAaTUBHUIA.

IIpuBeprae yBary nigsuiieHuii piseHb C3 ta CD y
IiBUMHKM, XxBopoi Ha pak II3. Crixg 3ayBaxXuTH, IO
3MiHM B OOMiHi 3aj1i3a y Li€i IMTUHU CIIOCTEPIraauch B
iHinianeHMM niepion I'JIJI, i ue cynpoBoaKyBaioCh HOP-
MoLMTapHOoO0 aHeMmielo. I[Ipu mpoBeneHHI MporpaMHoOiL
XiMioTepartii 6araTopa3zoBo MepeaInBaTUCh KOHIIEHTPATU
€pUTPOLIMUTIB i3 3aMiCHOIO LiJUTIO, 1110 CIIPUSLIIO HALJIUIII-
Ky 3aJj1i3a B OpraHi3mi.

92). At the same time, there were endocrine diseases
in the 9 families of children with thyroid disease,
which is significantly higher than in the rest ones
(MIO 1% gradation was 0.91—0.88—0.83, 2™ grada-
tion was 0.79—0.70—0.58, p <0.05).

The body weight at birth was analyzed in children
who later had developed ALL and had thyroid dis-
ease. It was shown that the body weight at birth in
patients with hypothyroidism (2.91 £ 0.10) kg was
less than in children with thyroiditis (3.50 £ 0.09) kg
(rs = 0.57, p <0.05). Moreover, children with thy-
roiditis often suffered from the acute respiratory
infections and had manifestations of constitutional
lymphatism. That is, children with lower birth weight
are prone to manifestations of hypothyroidism, while
children with manifestations of lymphatism are pre-
disposed to thyroiditis in the future.

Serum FT4 levels were not different depending
either on age or on thyroid disease being in prepu-
bertal age (14.6 £ 2.8) pmol/l, in pubertal age —
(15.3 = 3.1) pmol/l and in postpubertal age —
(14.1 £ 2.9) pmol/l with average values of
(14.7 £ 2.6) pmol/l. Values of the serum TSH, corti-
sol, SI and SF content both with antibodies to
myeloperoxidase levels depending on the thyroid dis-
ease are shown in Table 3. Maximum serum TSH lev-
els were observed in children with thyroid hypofunc-
tion, which was a characteristic diagnostic criterion.
Patients with thyroiditis were characterized by an
increased titer of antibodies to myeloperoxidase,
which was threefold higher than normal value.

The increased levels of SI and SF were noteworthy
in a girl with thyroid cancer. It should be noted that
changes in iron metabolism in this child were
observed in the initial period of ALL, and this was
accompanied by normocytic anemia. During the pro-
gram chemotherapy course the erythrocyte concen-
trates were repeatedly transfused with a replacement
purpose, which contributed to iron excess in the body.

Ta6nuusa 3

CepeaHi 3HaueHHA NokasHuKiB y AiTeil 3 MJ1 3anexHo Bia naronorii wuronoai6Hoi 3ano3m (M + m)
Table 3

Average values of serum parameters depending on thyroid disease in children with ALL (M + m)

XeopoOwu L3 TTT, mOg/n ATMN, MO/mn  Koptuson, Hmonb/n C3, kmonb/n CP, Hr/mn
Thyroid disease TSH, U/l MPAb,U/mli Cortisol, nmol/I Sl, umol/n SF, ng/ml
lnotpeo3 / Hypothyroidism 546 £ 0,71* 23,214 309,4+27,0 18,39+1,6 127,9£8,6
Tupeoigut / Thyroiditis 2,22 +0,31 111,0+8,7* 419,3+36,5* 19,91£21 86,1 9,7
Pak / Thyroid cancer 34104 28,5£3,4 258,0£14,5 27,5£3,4* 404,0£8,2*

MpumiTka. *MakcumansHe uncno B pagy (p < 0,05).
Note. *Maximum value in a row (p < 0.05).
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BUCHOBKU

1. YacroTa maroJjorii IUTONnoAi0HO1 3a103U Y AiTel, sIKi
JikyBanuchk 3 npuBoay I'JIJI i 3HaxomsIThCs B peMicii, sika
TpUMBae Bif 6 10 25 pokiB cTaHoBMIA 22,8 %: rinoTUpeo3 —
14,1 %, ayroimyHHU#T TUpeoiguT — 7,6 %, mamiaspHuit
pak — 1,1 %. CniBBimHOIIEHHS XJIOMYUKM/IiBUaTa CTa-
HoBuyo 1 : 1,3. I'imoTupeo3 vacTilie JiarTHOCTyBaBCs Y
XBOpUX TPernydoepTaTHOTO BiKy MOPiBHSIHO 3 iHIIMMU
BikoBumu rpynamu (rs = 0,49). Posnofin aiteit 3 xBopo-
0aMu IIMTONOAIOHOI 3aJI03M Ta BapiaHTaMu JieHKeMiil
BiAIOBiIAaB 3arajibHii BUOip1Ii.

2. He Oyn0 BCTaHOBIEHO KOPENSLiIMHOTO 3B’SI3KY MiX
(pbakTOM OTMIPOMiHEHHS, 103010 TTPOMEHEBOrO HaBaHTa-
xkKeHHs Ha [THC, mo npoBoauaoch 3 NpodilaKTUIHOIO
metoto (12 Ip, 18 Ip), Ta maTonoriero 1113, gxa BusIBU-
JIach Y XBOPOIO Yy BilfaJIeHU Tepiojl CIIOCTepeKEeHHS.
3. EHIOKpMHHA NATOJIOTisl Y POAOBO/Ii XBOPUX 3arajibHOL
BUOiIpKM (LyKpPOBUIA NiabET, OXHUPiHHSI, ayTOIMyHHUI
tupeoinut) craHoBwia 13,0 %. BomHouac, B aeB’TU
ciM’gIX niTelt i3 3aXBOPIOBAHHSIMM IIMTOIONIOHOI 3aJ10-
3U, SIKi BAHUKJIM B MEPILi ABa-TPU POKM ITiCJIS JiKyBaH-
Hga TJIJI, Manu wMicue eHIOKPUHHI XBOpoOHU, IO
BiporigHo BUIle, HiX B iHIINX BikoBux rpynax (p < 0,05).
4. Maca Tina npu HapoJIKeHHi IUTUHU, Y IKOI B TTOJAJTb-
1LIOMY PO3BMHYBCS TiMOTUpeo3 Oyjia MEHIIOW, HiX Yy
JiTeil 3 TupeoinuTaMu, i gopiBHoBaaa (2,91 £ 0,10) kr
npotu (3,50 £ 0,09) xr (rs = 0,57). [liTu 3 THpeoinuTaMM1
HaJIexXalIT 10 YacTO XBOPIIOYMX i MaJik MPOSIBU KOHCTU-
TylUiiiHOTO JiMpaTU3MY.

CNMUCOK BUKOPUCTAHUX OAXEPEN

1. Evaluation of endocrine late complications in childhood acute lym-
phoblastic leukemia survivors: A report of a single-center experience
and review of the literature / C. Bayram, N. Yaral, A. Fettah et al. J.
Haematol, 2017.Vol. 34, no. 1. P. 40—45. doi: 10.4274/jh.2015.0332.

. Late thyroid complications in survivors of childhood acute leukemia.
An LEA. study / C. Oudin, P. Auquier, Y. Bertrand et al.
Haematologica. 2016. Vol. 101, no. 6. P. 747-756. doi: 10.3324/
haematol.2015.140053

. Hypothyroidism following allogeneic hematopoietic stem cell trans-
plantation for acute myeloid leukemia / M. Medinger , D. Zeiter, D.
Heim et al. Leuk. Res. 2017. Vol. 58. P. 43—47. doi: 10.1016/
j.leukres.2017.04.003.

4. Thyroid dysfunction in children with leukemia over the first year after
hematopoietic stem cell transplantation /Y. Lee, H. Lee, M. Ahn et al.
J. Pediatr. Endocrinol. Metab. 2018. Vol. 31, no. 11. P. 1241-1247.
doi: 10.1515/jpem-2018-0162.

. Long-term thyroid disorders in pediatric survivors of hematopoietic
stem cell transplantation after chemotherapy-only conditioning /
L. N. Cima, S. C. Martin, et al. J. Pediatr. Endocrinol. Metab. 2018.
Vol. 31, no. 8. P. 869-878. doi: 10.1515/jpem-2018-0020.

CONCLUSIONS

1. Incidence of thyroid disease in children who had
been treated for ALL being thereupon in remission
which lasted from 6 to 25 years was 22.8 % with the
incidence of hypothyroidism 14.1 %, of autoimmune
thyroiditis 7.6 %, and of papillary cancer 1.1 %. The
boys/girls ratio was 1/1.3. Hypothyroidism was more
often diagnosed in the patients of prepubertal age
compared to other age groups (1s = 0.49). Distribution
of children with thyroid disease and leukemia variants
corresponded to the general sample.

2. There was no correlation between the event of
radiation exposure, dose of radiotherapy to the cen-
tral nervous system administered for prophylactic
purposes (12 Gy, 18 Gy), and thyroid disease diag-
nosed in the long-term observation period.

3. Endocrine disease (diabetes, obesity, autoimmune
thyroiditis) incidence in the family history of patients
in the general sample was 13.0 %. At the same time
there were endocrine diseases in nine families of chil-
dren with thyroid disease that developed in the first
two to three years upon ALL treatment, which is sig-
nificantly higher than in other age groups (p <0.05).
4. The body weight at birth of a child who subsequent-
ly developed hypothyroidism (2.91 + 0.10) kg was
less than in children with thyroiditis (3.50 £ 0.09) kg
(rs = 0.57). Children with thyroiditis were attributed
to the frequently ill ones having manifestations of a
constitutional lymphatism.
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