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PE3IOME

AKTyanbHicTb. BuBYeHHSI MapkepiB NOLIKOMXEHHS aeporematuyHoro 6ap’epy Mae
BaXMMBE 3HAYEHHs1 Ansi PO3yMiHHSA MaTOMNoOriYHOro Npouecy B fereHsix AiTen 3 roctpoo
nimgobnacTHoto nenkemieto (MN).

Meta po6otu. NpoaHanisyBaTh nereHeBi ycknagHeHHs Ta ouiHuTK piBeHb IL-6 | TGF-B y
KOHAEHcaTi MOoBITps, Wo Buamxaetbes (KBIM) Ta Moro nporHocTnyHe 3HaveHHs y giten 3 M.
Marepianu ta metogu. O6crexeHo 40 piten 3 [T1J1 Bikom 6-17 pokiB. lNMepwa rpyna
BKMNtovana Aaitei 3 Bneple pgiarHoctoaHoto [T (n = 18). Opyra rpyna Bknoyana
niTen y pewmicii, Ski npoAwnu noBHui Kypc npotokonis ALL IC BFM 2009 (n = 22).
KoHTponbHy rpyny cknanu 15 3gopoBux gitent. PiBHi IL-6 i TGF-B B KBI1 aHanisyBanu
meTtoaom ELISA.

Pe3ynbTaTth Ta ix o6roBopeHHs. JlereHeBi ycknagHeHHs cnoctepiranvcs y 82,5% aiten
3 [T nig yac ximiotepanii Ta y 15,8% aiten y goBrocTpokosii pemicii. PiBHi IL-6 Ta TGF-f
y KBIM 6ynu 3HayHo BuwmmMmn B 060x rpynax 3 [T1J1, nopiBHAHO 3 KOHTPOMNBHOK rpymnoto:
IL-6 p1-C = 0,000001; p2-C = 0,000000; TGF-B p1-C = 0,000014; p2-C = 0,009364.
1-wa rpyna mMana AocToBipHO Buwi piBHi IL-6 Ta TGF-f B EBC, HiXx 2-ra rpyna:
IL-6 p1-2 = 0,000000; TGF-B p1-2 = 0,000141. BusiBneHa noO3WTUBHA KOpensuis
Mk piBHsimun IL-6 | TGF-B (r = 0,681176, p = 0,000001). BignosigHo ao ROC aHaniay,
piBeHb IL-6 y KBI, 3ibpanuin nig 4Yac npotokony 1 > 47,64 nr/mn, moxe Gytu npor-
HOCTMYHUM [ONs FOCTPUX FereHeBMX YycKnagHeHb Nig 4ac npoTokoniB XimioTepanii
(AUC 0,875; uyTnusictb 75,0%; cneundivnicte 100,0%). PiseHb IL-6 > 49,96 nr/mn
MOXe NpOrHo3yBaTu NMHEeBMOHIt0 nig yac ximiotepanii (AUC 0,883; vytnueicts 100,0%;
cneumndiyHicTe 81,82%). PiBeHb IL-6 nicns 3aBepLueHHs Kypcy ximiotepanii > 23,64 nr/mn
MOXe MpOrHO3yBaTW fereHeBi YCKMagHEeHHs y Aite y pgosroTpusanivn pemicii 11
(AUC 0,819; uyTtnusicTb 75,00%; cneumdivHicte 81,82%). PiBeHb TGF-B y KBIl
nicns 3aBepLUeHHs MpoTokoniB ximioTepanii > 19,93 nr/mn Moxe OyTu nporHoc-
TUYHUM [ANS NereHeBMX YcKnagHeHb Yy posrotpusanin pemicii 1T (AUC 0,896;
yytnueicTb 100,0%; cneundivrictb 77,78%).

BucHoBku. PisHi IL-6 i TGF-B y KBIT MoXxyTb 6yTW NPOrHOCTUYHUMU ANS BU3HAYEHHS
PO3BUTKY NereHeBux ycknagHeHb y aiten 3 [J1.
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ABSTRACT

Background. Damage markers of blood-air barrier are important for studding
pathological process in lungs in children with acute lymphoblastic leukemia (ALL).
Purpose is to analyses pulmonary complications and to assess IL-6 and TGF-§ levels
in the exhaled breath condensate (EBC) in children with ALL and its prognostic value.
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Materials and Methods. 40 children with ALL aged 6-17 years were examined.
1st group included newly diagnosed ALL (n = 18). 2nd group involved ALL survivors
who had completed course of ALL IC BFM 2009 protocols (n = 22). The control group
consisted of 15 healthy children. The levels of IL-6 and TGF- B in the EBC were
analyzed by ELISA.

Results and discussion. Pulmonary complications presented in 82.5% of children
with ALL during chemotherapy and in 15.8% of ALL survivors. IL-6 and TGF-B levels
in EBC were significantly higher in both ALL groups than control: IL-6 p1-C = 0,000001;
p2-C = 0,000000; TGF-B p1-C = 0.000014; p2-C = 0.009364. 1st group had
higher levels of IL-6 and TGF-f in the EBC than 2nd group: IL-6 p1-2 = 0,000000;
TGF-B p1-2 = 0.000141. There was a positive correlation between IL-6 and TGF-B levels
(r = 0.681176, p = 0.000001). According to ROC analysis, IL-6 level in EBC collected
during Protocol 1 > 47.64 pg/ml can be prognostic for pulmonary complications during
chemotherapy (AUC 0.875; Sensitivity 75.0%; Specificity 100,0%). Level of
IL-6 > 49.96 pg/ml can predict pneumonia during chemotherapy (AUC 0,883; Sensi-
tivity 100.00%; Specificity 81.82%). IL-6 level after the total course of chemotherapy
> 23.64 pg/ml can predict pulmonary complications in ALL survivors (AUC 0.819;
Sensitivity 75.00%; Specificity 81.82%). TGF-8 level in EBC after the completion
of chemotherapy > 19.93 pg/ml can be prognostic for pulmonary complications
in ALL survivors (AUC 0.896; Sensitivity 100.00%; Specificity 77.78%).

Conclusions. IL-6 and TGF-B levels in EBC can be prognostic for pulmonary

complications in children with ALL.
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BCTYN

loctpa nimdobnactHa nerikemis (I1J1) € Hannowwmpe-
Hilwoto cpopmoto paky y aiten [1]. Y ocTaHHi gecatunitta
CrocTepiraeTbCA 3Ha4YHUM Mporpec y fAiarHoctuui Ta
nikyBaHHi ujiei xBopobu. 3BiTu Surveillance, Epidemiology,
and End Results (SEER), CLLUA cBig4aTb Npo nokpalleHHs
NMPOrHo3y Ta BWXWBaAHOCTI Yy MauieHTiB 3 rocTpoo
newvkemieto, NpoOTe HaBiTb NaUiEHTWU, SKi 4OCArMWU peMicil
B [OBroTpvBanoMy nepiogi Bce Lie MalTb BULLY CMepT-
HICTb MOPIBHSAHO i3 3aranbHot nonynsdieto [2]. MNepebir
camoi TIJT Ta nikyBaHHA UMTOTOKCUYHUMM npenapaTtamu
MOXYTb CMPUYMHUTL CEePWO3Hi ycknagHeHHs [3], ki
BMIMBAOTb SIK HA MPOrHO3 OCHOBHOI XBOPOOM [4], Tak i Ha
AKICTb XWUTTS nauieHTiB [5]. Cnig 3a3HaunTH, WO Y NEBHUX
BMMNaZKax CMEpTHICTb Bif PO3BUTKY YCKMagHEHb MOXe
nepesuLLyBaT CMepPTHICTb Bi4 peuuausy neunkemii [4].
Came ToMy 3pocTae yBara 0O BMBYEHHS Pi3HMX MOBIYHUX
edekTiB, noB’sn3aHmx 3 MJ1.

Cepen Hanbinbw xapakTepHuUX nobiYHMX edekTiB
cnig BUAINUTU NereHesi ycknagHeHHs Ha (POHi rocTporo
nepiogy nemnkemii, WO BMMarawTb CBOEYACHOro AiarHoCTy-
BaHHA Ta BTpyyaHHA [6, 7]. JlereHesi ycknagHeHHs
nos’a3aHi sk i3 MepebiroM OCHOBHOIO 3axBOPHOBaHHS,
Tak i 3 BNIMBOM npoBegeHoi Tepanii. Cepen OCHOBHMX
chakTopiB, WO BUKNUKaKOTb AaHy KaTeropilo ycknagHeHb
cnig 3asHaunTu iMyHocynpecito Ta uutoneHito [7, 8],
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INTRODUCTION

Acute lymphoblastic leukemia (ALL) is the most
prevalent form of childhood cancer [1]. In recent decades
there is a significant progress in diagnosing and treating
this disease. Surveillance, Epidemiology, and End Results,
USA reports that there is an improvement in prognosis
and survival in acute leukemia patients, but leukaemia
survivors still have higher mortality rates than the general
population [2]. The nature of ALL and the introduction
of cytotoxic drugs during its treatment can cause serious
complications [3], affecting the prognosis of the disease [4]
and the quality of life of patients [5]. In fact, in certain
instances, the mortality rate resulting from complications
can surpass that of leukemia relapse [4]. Therefore, there
has been a growing focus on studying the various
adverse effects associated with ALL.

Among the frequent complications are acute pulmo-
nary ones, which necessitate timely diagnosis and inter-
vention [6, 7]. Pulmonary complications can arise from
the progression of the underlying disease and the adverse
effects of the treatment. These complications primarily
occur due to immunosuppression and cytopenia [7, 8],
the direct toxic impact of medications on lung tissue [9-11],
bone marrow transplantation [12], and infiltration of
the lungs by leukemic cells in the presence of hyper-
leukocytosis [13]. In the acute phase, lung infections
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NPAMUA TOKCUYHWUIA BMNAMB MELAMKAMEHTIB Ha IereHeBy
TKaHWHy [9—11], TpaHcnnaHTauilo KicTKOBOro MO3Ky [12],
a TakoX iHQiNbTpauito nereHb 6GrnacTHUMKM  KhiTUHaAMK
Ha poHi rinepnenkoumnTody [13]. Y rocTpin asi nereHesi
iHdeKUii 3Ha4yHO BMMMBAKOTb Ha MPOrHO3 rOCTPOI NENKEMIl.
3rigHo 3 pocnigpkeHHam Torres-Flores J, Espinoza-
Zamora R et al. (2020), nereHeBi iHdekKuUii Buainanucs
SK TOfMIOBHA MpUYMHA CMEpPTHOCTI Big  iH(EKUinHMX
yCKNnagHeHb, Ta cknaganu 6nmsbko 67% Big 3aranbHoOi
KinbkocTi cmepten [14]. [ekinbka AocnigXeHb nigkpec-
MNoKTb, WO CTYMNiHb TAXKOCTI MHEBMOHII Ta pO3noBCloa-
XEHHs1 nereHeBuMx iHGINbTPaTIB Nig Yac iHAYKUiNHOT dhasn
ximioTepanii € 3HavywMMM NPOrHOCTUYHUMU akTopamu
ONA paHHLOT NeTanbHOCTI Y NauieHTiB 3 nerikemieto [15, 16].

Binbwe TOro, cnig nigkpecnuTu, WO NEeBHi nereHesi
YCKMagHEHHS MOXYTb iCHyBaTW MpOTArOM TpMBAaroro
nepiogy y nauieHTiB nicns OOCATHEHHS peMicii rocTpoi
nenkemii  [17, 18]. Pesynstatn peTpPOCNEKTUBHOIO
koropTHoro gocnigxeHHs Childhood Cancer Survivor Study
nigTBEpOXYIOTh, WO Aopocri, SKi Y AUTUHCTBI XBOpPINu
Ha pak i gocarnu Biky 45 pokiB, 4acTile CTUKalTbCs
i3 XPOHIYHMM Kalunem, noTpebyloTb A04ATKOBOMO KUCHIO,
po3BmBaloTb pibpo3 nereHb Ta NEPEHOCATb MNOBTOPHI
MHEBMOHIi MOPIBHSAHO 3i CBOIMM 340poBUMKM  BpaTamm
i cectpamu [19]. JdocnimkeHHsi, npoBegeHe YHiBepcuUTeT-
cbkoto nikapHeto M. Ocno (2018) cepen BWXMBLUMX Micns
roctpoi niMmdgobnactHoi nerkemii y OUTUHCTBI, BUSBUIIO,
WO dyHKUiA nereHb Ta 3aranbHa isnvyHa nigroToska
y Ui rpyni Oynu 3aranom HWKYMMK, HDK OdYiKyBanocs,
HaBiTb Yepes cepefHi nepiog 23 poku MicnAs yCniHOro
nikyBaHH4 ximiotepanieto [20].

AeporematnyHmn Gap’ep (AlB) — uUe CTpPyKTypHO-
dyHKUiOHanbHa YacTMHa fereHiB, WO CKrnagaeTbed
3 eniTenianbHUX, IHTEPCTUUiaNbHUX Ta eHgoTenianbHUX
KOMMOHeHTIB. Llen 6ap’ep Bigirpae >XMTTEBO BaXJIMBY pOIib
y nigTpumui ra3oobmiHy (KUCHIO Ta BYrMEKMCNOro rasy)
MK KPOBOTOKOM i anbBeonamu [21]. Ha doHi nowkoa-
XeHHs AlB nig BnNnNuBOM HecnpuaTnuBMX  hakTopiB
BMAINATLCA npo3ananbHi uutokiHm (TNFa, iHTepneiikiHn
IL-1B, IL-6, IL-12, IL-15, IL-23), aKi aKkTuBYIOTb rocTpy dasy
3ananeHHsa. Y Bignosigb BUAINANOTECSA MNpOoTM3anasnbHi
unTokiHm (IL-4, IL-10, IL-13) i dpakTopmn pocty (TpaHcdop-
mytounii cpaktop pocty TGF, eHpoTenianbHui dakTop
pocty cyauH VEGF, enigepmanbHun caktop pocty EGF,
dakTop pocty cnonyyHoi TkaHnHu CTGF, daktop pocty
ibpobnactieB FGF, daktop pocty Tpomb6ouutis PDGF),
AKi MPUrHIYYOTb 3ananeHHs Ta iHiuilolTb pereHepadito.
Lle kopucHuMA npouec y HOpManbHUX yMOBaXx, SKUN
Cnpusie  BiOHOBMEHHKD TKAHWUH MIiCNS  MOLUKOOXKEHHS.
OpHak y geskux BuMnagkax nigBuLLYETbCA piBEHb eKcrnpe-
cii npotusananbHuMx i MNpPodibpOTMYHMX dpakTopiB, LWO
npvM3BoAMTL OO HaaMipHoi nponicdepadii ibpobnacTis
i CMHTE3y KonareHy, a Le npu3BoAMTb 0 (DOPMyBaHHSA
pybueBOi TKaHWHW | MOTOBLUEHHHA IEereHeBMx MembpaH.
Ak Hacnigok, Uue npu3BOAUTb OO PEMOAENOBaHHS
OpoHxonereHeBoOi CTPYKTypu Ta pO3BUTKY FEereHeBux
3aXBOPOBaHb, 30KpeMa nereHeBoro ibposy [22—24].

BuBYEHHS ynbTPaCTPyKTYpHUX OCOBMMBOCTEN, More-
KYNAPHUX KOMMOHEHTIB, KNITUHHMX B3aEMOAiN i piBHIB
UMTOKIHIB, Aki BepyTb yyacTb y (hOpMyBaHHi Ta MmiaTpumLi
Alb, mae BaxnuBe 3HaAYeHHA ONS KpaLloro pPoO3yMiHHS
naTonoriyHoro npouecy B fereHax 1| Woro 3B'A3Ky
3 flereHeBUMN ycknagHeHHsaMu y aiten 3 [T1J1.

Meta pocnigkeHHs. [lpoaHanisyBaT HasaBHICTb
nereHeBUX YCKMagHeHb Ha Pi3HMX eTanax 3axBOPHBaHHS
Ta BW3HA4UTM piBHi iHTepnewkiHy-6 (IL-6) i TpaHcdop-

can significantly impact the prognosis of acute leukemia.
Torres-Flores J, Espinoza-Zamora R et al. (2020)
reported that lung infections were the most common reason
for infection-related mortality, accounting for about 67%
of all deaths from infectious complications [14]. Several
studies have highlighted that the severity of pneumonia
and the progression of lung infiltrates during the induction
phase of chemotherapy are significant prognostic factors
for early mortality in leukemia patients [15, 16].

Moreover, it is crucial to acknowledge that certain
pulmonary complications can persist even long-term
among acute leukemia survivors [17, 18]. A retrospective
cohort study conducted across multiple institutions,
known as the Childhood Cancer Survivor Study highligh-
ted that pediatric cancer survivors, by the age of 45,
are more likely to experience chronic cough, require
supplemental oxygen, develop lung fibrosis, and suffer
from recurrent pneumonia when compared to their
unaffected siblings [19]. According to research conduc-
ted by Oslo University Hospital (2018), which focused
on individuals who survived childhood acute lympho-
blastic leukemia (ALL), the findings revealed that the
pulmonary function and cardiorespiratory fithess of the
survivor group were generally lower than anticipated,
even after an average period of 23 years following
successful chemotherapy treatment [20].

Blood—air barrier (BAB) is a structural and functional
part of the lungs with epithelial, interstitial and endothelial
components. This barrier plays a vital role in maintaining
the exchange of gases (oxygen and carbon dioxide)
between the bloodstream and the alveoli [21]. On the back-
ground of BAB damage under the influence of unfavorable
factors, pro-inflammatory cytokines (TNFa, interleukin
IL-1B, IL-6, IL-12, IL-15, IL-23) are released, which
activate the acute phase of inflammation. In response,
anti-inflammatory cytokines (IL-4, IL-10, IL-13) and growth
factors (transforming growth factor TGF, vascular
endothelial growth factor VEGF, epidermal growth
factor EGF, connective tissue growth factor CTGF,
fibroblast growth factor FGF, platelet growth factor PDGF)
are activated, which suppress inflammation and initiate
wound healing. This is a beneficial process in normal
conditions that helps tissue repair after injury. However,
in some cases, the level of anti-inflammatory and profibro-
tic factors expression is increased, leading to excessive
fibroblast proliferation and collagen synthesis, leading
to scar tissue and thickening of the lung membranes.
As a result, it leads to remodeling of bronchopulmonary
structure and the presence of pulmonary diseases,
including pulmonary fibrosis [22—24].

The study of ultrastructural features, molecular
components, cellular interactions and cytokine levels
involved in forming and maintaining the blood-air barrier
is essential for better understanding the pathological
process in the lungs and its connection with pulmonary
complications in children with ALL.

The objective of the study is to is to analyses
pulmonary complications and to determine the levels
of interleukin-6 (IL-6) and transforming growth
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mytoyoro caktopa pocty 6bera (TGF-B) y koHaeHcari
noBiTps, wo Buamnxaetsca (KBI), Ans BM3HaYyeHHS 3B’A3KY
i3 nowkomxkeHHaMm AlB Ta iX NOTEHUINHOT MPOrHOCTWY-
HOT UiHHOCTI Ana opMyBaHHA nereHeBUX YCKNagHeHb
y aiten 3 TIJ1.

MATEPIAAU TA METOAU AOCAIAXKEHHA

Y Hawomy pocnimkeHHi mu obctexnnn 40 piten
(26 xnonuukie i 14 pisyatok) 3 IT1J1 Bikom 6-17 pokis. Bci ui
nauieHTn nepebyBanu Ha rikyBaHHi B reMaTonori4yHOMy
BigaineHHi KHIM «Micbka gntauya kniHivyHa nikapHa Ne 16»
XapkiBcbKoi Micbkoi paaun, YkpaiHa. KoHTponbHy rpyny
cknanu 15 3gopoBux 3a gemorpacdpiyHO O3HaKow Aiten,
ski 3sepHynuca o KHIM «Micbka antaya nonikniHika Ne 16»
XapkiBcbKoi MiCbKOi pagwn, YkpaiHu Ans nnaHoBoro Meamy-
Horo ornsaay abo wenneHHsA. Y )XoAHOT ANTUHU KOHTPOSBHOI
rpynu Ha MOMEHT obCTexeHHss He Oyno roctpux abo
XPOHIYHNX 3aXBOPIOBAHb ANXaribHOI CUCTEMMU.

Kputepismun Ons BKMAOYEHHA B OOCHIMKEHHA Oynn
BCTaHoBrneHun piarHo3 [JIJ1, Bik 6—17 pokiB, nignucaHa
3ropga GatbkiB Ta/abo nauieHTiB. KpuTepismmn BMKMIOYEHHS
3 pgocnimpkeHHst Oynu BigMoBa ©OaTtbkiB Ta/abo nauieHTiB
nignucatun 3rogy, 4iTv 0o 6 pokiB, peunauB abo BTOPWH-
Hu TT1J1, piarHOCTOBaHI XPOHIYHI 3aXBOPHOBAHHA IereHb
po nouvatky [TIJ1; Oygb-aki cnagkoBi  3axXBOPIOBAHHS,
WO MpU3BOAATL A0 3MiHW CTPYKTYpU YHKLiIOHYBaHHSA
OuxanbHOi  cuctemn, B TOMYy 4uChi  MYKOBICLMOO3;
BPOMXXEHWI iMyHOZediLunT.

40 o6ctexxeHnx giten 3 M1 nopineni Ha ABi rpynu.
Mepwa rpyna — gitv i3 Bnepwe BUSIBNEHUM AiarHO30M
M (n = 18). Opyra rpyna cknaganacs 3 naujieHTiB, SKi
3aBepLwnnM MOBHMI KypC XiMioTepanii Ta manu pemicito
NpOTArOM LOHaNMeHLe ABOX pokiB (n = 22). lMauieHTn
3 peunagmeom [T1J1 abo 3 BToprHHUM [T1JT He Bynun BKOYEHi
B JOCTiAXXEeHHS Yepes BigMIHHOCTI B MPOTOKOMAX JliKkyBaHHS.
Y Tabnuui 1 nogaHo 3aranbHy xapakTepuCTVKy NauieHTiB
3 [T, 3any4yeHnx 0o AOCNIMKEHHS.

factor-beta (TGF-B) to find relations with blood-air barrier
damage and potential prognostic value for the formation
of pulmonary complications in children with ALL.

MATERIALS AND METHODS

In our study, we have examined 40 children (26 boys
and 14 girls) with ALL aged 6-17 years. All these patients
were treated in the hematological department of the
Kharkiv Municipal Clinical Children’s Hospital No 16,
Ukraine. The control group consisted of 15 healthy demo-
graphically matched children who visited Kharkiv City
OQutpatient Hospital No 16, Ukraine for routine health
control or vaccination. None of the children in the control
group had any acute or chronic respiratory system
diseases at the moment of examination.

The criteria for inclusion in the study were verified
diagnosis of ALL, age 6-17 years, signed consent from
parents, and/or patients. The criteria for exclusion in the
study were refusal of the parents or/and patients to sign
the consent, relapsed or secondary ALL, diagnosed
chronic pulmonary diseases before the debut of ALL;
any hereditary diseases that lead to changes in the
structure of the functioning of the respiratory system,
including cystic fibrosis; primary immune deficiency.

40 examined children with ALL consisted of 2 groups.
1st group involved newly diagnosed children with
ALL (n = 18). 2nd group consisted of ALL survivors
who had completed the total course of chemotherapy
and had a remission for at least two years (n= 22).
Neither patients with relapsed ALL nor with secondary
ALL were included in the study due to differences in
treatment protocols. Table 1 provides an overview
of the general characteristics of the ALL patients included
in the study.

Ta6nuus 1. 3aranbHa xapakTepucTuka gocnigxeHux xsopux Ha [T1J1
Table 1. General characteristics of studied patients with ALL

Kputepin Bcboro / Total I'pyna 1/ Group 1 I'pyna 2 / Group 2
Parameter (n = 40) (n=18) (n=22)
Bik, Me (Uqg; Lq) pokis . . .
Age, Me (Ug; L) years 9(7;14) 7 (6; 15) 9,5(7;13)
Cratb, n/ Gender, n
XiHo4a / male 26 11 15
yonosiva / female 14 7 7
IMyHoeHoTMN, N / Immunophenotype, n
B 36 15 21
T 4 3 1
Knacudikauisi FAB, n / FAB classification, n
L1 31 11 20
L2 9 7 2
lpyna pu3auky, n / Risk group, n
CrangaptHa / Standard 29 12 17
Bucoka / High 11 6 5

Kniniynuin matepian (KBIM) ans nabopatopHux gocnia-
XeHb Bigbupanu B nepiog 3 01.09.2016 p. no 31.01.2019 p.
BeneHHs xBopux 3 BriepLue BuaeneHum MJ1 (nepwa rpyna)
3 peecTpauielo 4yacToTW NnereHeBMX YCKMagHeHb Ta Ha-
CniaKiB OCHOBHOIO 3axBOPHOBaHHSA NPOBOAMBCA 3 MOYaTKy
pocnigkeHHa go ciyHa 2022 p. [ani npo AiarHos
Ta nereHeBi yCKNagHeHHs AiTel y JOBroCTPOKOBIN peMicii

Clinical material (EBC) for laboratory tests has been
collected in the period between September 1st, 2016
and January 31st, 2019. Management of the patients
with newly diagnosed ALL (group 1) with recording the
incidence of pulmonary complications and outcomes of
the main disease has been held from the beginning of
the study till January 2022. Data about diagnosis and

OpuwuriHanbHi gocnigpkeHHs

164

Original research



YKpaiHCbKWI pafionoriyHWin Ta oHKonorivyHWi >xypHan. 2023. T. 31. Ne 2. C. 161-174
Ukrainian journal of radiology and oncology. 2023;31(2):161-174

ISSN 2708-7166 (Print)
ISSN 2708-7174 (Online)

(rpyna 2) 6ynu oTpvMaHi peTPOCMNEKTUBHO LUMSIXOM BU-
BYEHHS iX icTopii xBopobOu. XogHa i3 cnoctepexyBaHuX
nereHeBux naTonorii He Mana noxomkeHHs Big COVID-19,
Lo NMiATBEPAXKEHO HEFATUBHUM TECTOM.

AIarHoCcTUKA TA AiKyBaHHS AiTen 3 TAA

LiTn, BKMOYEHI B OOCHIDKEHHS, NPOXOoAWNU AiarHoc-
TUKY Ta IiKyBaHHS 3rigHO 3 peKoMeHZauismu, BuKna-
aeHumn B npotokoni «Acute Lymphoblastic Leukaemia
Intensive Chemotherapy Berlin Frankfurt Munich 2009»
(ALL IC BFM 2009) [25]. Hiarto3 [TIN nigTBEpmxXy-
BaBCS, SKLWO KinbKiCTb OnactiB y KICTKOBOMY MO3KY
nepesuwyBana 25%. [iarHocTuyHa oOuiHKa Bkoyana
JOCnipKeHHA nepudepuyHOi KpoBi Ta MaskiB  KiCTKO-
BOro MO3Ky BignoBiaHo o French-American-British (FAB)
KpuTepiiB, a TakoX IMyHOMEHOTUMNYBaHHSA Ta XpPOMO-
COMHUI aHanis.

Ha ocHosi npotokony ALL IC BFM 2009 nauieHTn
3 TN 6ynn knacudpikoBaHi B pi3Hi rpynu puauky. Hesa-
nexHo Bi4 rpynu pusuky yci gitm 3 [T noynHanu
ximioTepanito 3 iHayKuiiHOi daan (Protocol I). Micna dasun
iHAYKUiT  OiTAM  NpoBOAWMMM  KOHconigauinHy — Tepanito;
ONS rpyn HU3bKOro Ta cepeaHboro pu3nky ue OyB npoTto-
kon M, Tomi SK OiTM BWCOKOro pu3vKy AOTPUMYBanucs
npotokony HR (BMcCOKOro pwusuky). 3rogom yci gitw,
HesanexHo Bi4 MO4YaTKOBOI rPynu pu3uKy, MNPOWLLNN
NMoBTOpHE iHAYyKUiiHe nikyBaHHa (Protocol Il). Mig-
TpuMytlode nikyBaHHA Oyno posnoyato 4epe3 14 gHiB
nicnga 3aBepLUeHHs dha3n NOBTOPHOI IHOYKLI.

36ip KOHAEHCATY NoBITPA, LWLO BUAUXAETHLCH

KBIM 3bvpanu 3a JONOMOroK cnelianbHOro npunagy,
moaucpikoBaHoro Ha 6asi kadegpu negiatpii Ne 2
XapkiBCbKOro HaLioOHanbHOro Meau4yHOro YHiBepcuUTeTy
(mnateHt Ne 108795). LUewn npwuctpin po3pobneHo
3 BUKOPUCTaHHSIM NopTaTUBHOI cknsiHoi U-nofiGHoi Tpyoku
BiOMOBIAHO [0 cTaHgapTiB 300py Martepianie. MNpuctpin
MICTUTb  MEXaHi3M  OXONMOMXEHHSI 3  BUKOPUCTAHHAM
CyMilli xorogoareHTiB, AKWWA NigTPUMYye TemnepaTypHUn
nianasoH Big —5°C go —10°C. lNoBiTps, WO BUAMXAETLCS,
nepeTtBoptoeTbest Ha kpanni KBl y ckngawin Tpy6ui [26].
KBI 36upann 4yepe3 cucTEMU 3 OQHOPA30BMM MYHALUTY-
KOM, 3’'€QHaHMM 3 OOHOCTOPOHHIM KnanaHoM BUAOUXY,
wob 3anobirtTm Hacnigkam  BOMXaHHSA  KOHOEHcaTy.
Micns 36opy cknsaHy npoOipky Big’egHyBanw, a 3pasku
KBI HeraiiHo 36epiranv npu Temnepatypi —70°C. MNpucTpin
Mae pyyHe perynioBaHHA Temnepatypu Ta BMMarae
HaneXHOro OYULLEHHS MK MOCMiAOBHUMU BUNpobyBaH-
HaMW. Yci 3pasku KBIM 6ynu 3i6paHi mixx 08:30 i 09:30 paHky.
TexHika € HeiHBa3aWBHOW Ta HeTpaBmaTtudHow. [lig 4vac
uiei npoueaypu 3a 12-18 XBUNMH MOXHa OTpUMMaTn
no 0,4—1,0 mn koHAeHcaTy AN HacTynHoro GioxiMiYyHOro
aHanizy. [iTm monoglwe LWecTn pokiB Oynu Kputepiem
BMKIIOYEHHS 4epe3 BiaAMiHHOCTI B Metoai 36opy KBI1
y pi3HOMYy BiUi Ta MOXnvBi NpobnemMu 3 npaBUITbHUM
OOTPUMAHHAM  IHCTPYKUiIA Yy  AiTe  MOMOALOro  BiKY,
Wob YHUKHYTU [OiarHOCTUYHMX TMOMMUIIOK | MOXNIMBUX
BiMIHHOCTEN Y PIBHAX MapPKepIB 3 LMX NPUYUH.

Y piten i3 Bnepue giarHoctoBaHoto [T1/1 (nepwa rpyna)
KBIM 36upanu nig 4ac iHAyKkuiiHoOi pemicii (npotokon 1)
y nepiog 6e3 03HaK nereHeBWX YCKNagHEeHb i KPUTUYHOI
HenTponeHii Mix 7-m i 14-M pgHAMM  XimioTepanii.
Y pitei B pOBrocTpokoBivi pemicii (gpyra rpyna) KBI1
36upanu nig Yac NnaHoOBOro BiABiQyBaHHA remartonoriy-
HOrO BiAAiNeHHs Nicnsa NOBHOMO Kypcy xiMmiotepanii.

pulmonary complications of ALL survivors (group 2) have
been received retrospectively by studying their case
histories. None of the observed pulmonary pathology was
of COVID-19 origin, that was confirmed by negative test.

Diagnosis and treatment of children with ALL

The children included in the study underwent
diagnosis and treatment following the guidelines outlined
in the «Acute Lymphoblastic Leukaemia Intensive
Chemotherapy Berlin Frankfurt Munich 2009» protocol
(ALL IC BFM 2009) [25]. The diagnosis of acute lympho-
blastic leukemia (ALL) was confirmed if the blast count
in the bone marrow exceeded 25%. Diagnostic assess-
ments included the examination of peripheral blood
and bone marrow smears according to the French-
American-British criteria, as well as immunophenotyping
and chromosomal analyses.

Based on the ALL IC BFM 2009 protocol, patients
with ALL were classified into different risk groups.
Regardless of the risk group, all children with ALL
commenced their chemotherapy treatment with
an induction phase (Protocol I). Following the induction
phase, children underwent consolidation therapy;
for low and intermediate-risk groups, it was protocol M,
while high-risk children followed the HR (high-risk)
protocol. Subsequently, all ALL children, irrespective
of their initial risk group, underwent re-induction treat-
ment (Protocol IlI). Maintenance treatment was initiated
14 days after the completion of the re-induction phase.

Collection of exhaled breath condensate

The EBC was taken using a special device, modified
on the basis of the Department of Pediatrics N 2
of Kharkiv National Medical University (patent No. 108795).
This device was designed using a portable U-form glass
tube according to material collection standards.
The device incorporated a cooling mechanism using
a mixture of refrigerants, which maintained a temperature
range of -5°C to —10°C. The exhaled air was converted
into EBC droplets within the glass tube [26]. EBC was collec-
ted through systems with a single-use mouthpiece
connected to a one-way exhalation valve to prevent
the effects of inhaling the condensate. After collection,
the glass tube was detached, and the EBC samples were
immediately stored at —70°C. The device had manual
control for temperature regulations and necessitated
proper cleaning between consequent trials. All samples
of EBC were collected between 8:30 and 09:30 a.m.
The technique is non-invasive and non-traumatic. During
this procedure, it is possible to obtain up to 0.4-1.0 ml
of condensate in 12-18 minutes for the following bio-
chemical analysis. Children less than six years were
an exclusion criterion due to differences in the method
of collecting EBC in different ages and possible problems
in following instructions correctly in younger children
to avoid diagnostic mistakes and possible differences
in the cytokines levels for these reasons.

In children with newly diagnosed ALL (1st group) EBC
was collected during induction remission (Protocol 1)
in a period without signs of pulmonary complications
and critical neutropenia between the 7th and 14th day
of chemotherapy. In ALL survivors (2nd group) the EBC
was collected during their planned visit to the hematologi-
cal department after a complete course of chemotherapy.
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OujHka IL-6, TGF-B

IL-6 y KBl aHanidyBanu imyHO(EPMEHTHUM aHaniaoMm
(ELISA) 3 BMKOpUCT@HHAM  KOMepUiiHux  Habopis
(Human IL-6, «BekTop BecT YkpaiHa», katanoxHuin Homep:
8768). PisHi TGF-B y KBIM ananisyBanu metogom ELISA
3 BUKOPUCTaHHAM KOMepLUinHux Habopie (Human TGF-31,
eBioscience (Bender MedSystems), katanoxHuin Homep:
BMS249, CLLUA) BignoBigHO A0 iHCTPYKUiA BUPOGHUKA.

CTATUCTUYHUIA QHAAI3

STATISTICA 8 (Tulsa, OK) i MedCalc 17.2 BukopucTo-
BYBanucs AN aHanidy crtatuctuyHux Adanux. [Ons nepe-
BipKkM po3snofdiny 3a 3akoHOM [aycca BMKOpPUCTaHO TecT
LWanipo—Binka. BpaxoBytoun, wo Bubipkn manu HeHop-
mManeHW po3nogin, mepiaHa (Me) Ta iHTEepKBapTUIbHUIA
fianasoH [Lq — HWxHIA kBapTunb; UQq — BEPXHil KBapTuIb]
Oynun BM3HAYeHi Ans CTaTUCTUYHOro aHanidy. [ns nopis-
HSHHS [BOX He3aneXHWX 3paskiB BMKOPUCTOBYBaBCSH
HenapameTpuyHun U-tect ManHa—YiTHi (MW). PisHuuio
B napameTpax BBaxanu BiporigHolo npu p < 0,05.
[Ona nepeBipkn CTATUCTUYHO 3HA4YyLUMX BigMiHHOCTEWN
MK KiTbKOMa He3anexHWMW rpynamu BUKOPMCTOBYBanmu
wkany Kpackena-Yonnica (KW). ¥ uboMy BUNaaky BigMiH-
HOCTi BBaXxanucsi CyTTEBMMM 3 MonpaBKko BoHdeppoHi.
[Ons Bu3HayeHHA kopensuii Mk napametrpamn 6yB
3acTocOoBaHWi  kopensAuiHuin  aHania  Cnipmena  (r).
CraTnucTnyHoO 3HavyLla kopensuis BBaxanacs npv p < 0,05.
Kpusi receiver operating characteristic (ROC) 6ynu no6y-
[OoBaHi AN BM3HAYeHHS ONMTUMarbHUX 3HAYEHHb «BiACi-
yeHHa» («cut-off point») Ans nNporHo3yBaHHA KiHLEBOI
TOYKM Ta OUiHKM YyTNMBOCTI Ta cneumdidHOCTi mMertoay.
Mnowa nig kpmeoo ROC (AUC) npeacrtaensie 3aranbHy
3gaTtHicTb  krnacudpikatopa po3pi3HATM  ABi KaTeropii.
loeanbHnii knacudikatop matume AUC 1,0, wo Bkasy-
BaTUMe Ha igeanbHy OMCKPUMIHALIIO, TOA4i sIK BUMAAKOBUWA
knacudikatop matume AUC 0,5, wo BkadyBatume
Ha BiACYTHICTb AMCKPUMIHALi.

CXBAAEHHS 3 NUTAHb €TUKU TA 3roAd HA YHACTb

KoxeH yvacHuK JocnimkeHHsa Ta rnorofii 6atbkn Oynum
npoiHchopmoBaHi Npo xapaktep AocnimxkeHHs. OTpumaHo
iHbOopMOBaHy 3rogy Ha y4vacTb Y [OOCHiMKEHHI Big
OaTbKiB yCiXx nauieHTiB Ta nauieHTiB Bikom 14-17 pokis.
HocnigxeHHs Oyno cxeBaneHo Komitetom 3 eTuku Ta Gio-
€TKn XapKiBCbKOro HauioHarnbHOr0 MELMYHOro YHiBep-
cuteTy  MiHicTepcTBa  OXOpOHM  340pOB’'  YKpaiHu
(MpoTokon Ne 8 Big 5 xoBTHA 2016 p.) Ta npoBoAMnoCH
BiANoBiaHO 0o MNenbCiHCbKOI Aeknapadii (1975).

PE3YABTATU TA IX OBFTOBOPEHHS

Y pocnigxeHHi B3anu yyacte 40 pfiten  Bikom
Big 6 #o 17 pokie 3 giarHozom [T1J1. Cnig 3a3HaunTy, WO
cepef yYacHWKIB CrocTepiranocs 3HayHe nepeBa)kaHHs
xnonyukis, Hix gisyat (p = 0,0385). Kpim Toro, yci naui-
€HTU B AOCNIMAXKEHHI Hanexanu OO0 €BPONeoigHol pacw.
JocnigXeHHa  KICTKOBOrO  MO3KYy  BUSIBUNO  3Ha4He
nepeBaxaHHsa B-knituHHoi T (p = 0,0002) cepen aiten,
BKIIOYEHUX Yy  pocnigkeHHs. Kpim  Toro, OGinbLwictb
fiTen Oynu BigHeceHi OO CTaHOapTHOI Trpynu PU3NKY
(p = 0,0067). Ha anb, OBOE AiTeW nepLioi rpynu mManu
neTanbHi Hacnigku BHacnigok nporpecysaHHs [T1J1.

Y piten obox rpyn Mu peecTpyBanu BCi NEreHesi
3axXBOPIOBaHHSA, WO BWHWKanNW B pisHi nepiogn [T1J1.
Oesaki pitm manu 6Ginblle ogHOrO nereHeBOro ycknag-

Assessment of IL-6, TGF-f

IL-6 in EBC were analyzed by the enzyme-linked
immunosorbent assay (ELISA) technique using commercial
kits (Human IL-6, «Vector Best Ukraine», catalog number:
8768). TGF-B levels in EBC were analyzed by the ELISA
technique using commercial kits (Human TGF-p1,
eBioscience (Bender MedSystems), catalog number:
BMS249, USA) according to the manufacturer’s instructions.

Statistical analysis

STATISTICA 8 (Tulsa, OK) and MedCalc 17.2
have been wused for statistical data analyses.
The Shapiro-Vilka test has been used to verify the
distribution according to the Gauss law. Considering
that the samples had a non-normal distribution, the
median (Me) and interquartile range [Lq — lower quartile;
Uqg — upper quartile] were determined for the statistical
analysis. A non-parametric Mann-Whitney (MW)
U-test was used to compare two independent samples.
The difference in the parameters has been considered
significant at p <0.05. The Kruskal-Wallis (KW) was
used for testing statistically significant differences among
multiple independent groups. In this case, the differences
were considered significant with the Bonferroni correction.
The Spearman correlation analysis (r) determined the
correlation between parameters. It was considered
to indicate a statistically significant at p <0.05. Receiver
operating characteristic (ROC) curves were drawn for
variables to determine the optimal «cut-off» values to
predict an endpoint and assess the method’s sensitivity
and specificity. The area under the ROC curve (AUC)
represents the overall ability of the classifier to discrimi-
nate between the two categories. A perfect classifier
would have an AUC of 1.0, indicating perfect discri-
mination, while a random classifier would have an AUC
of 0.5, indicating no discrimination.

Ethics approval and consent to participate

Each study participant and his /her parents were
informed about the nature of the study. Informed consent
for participation in the study from the parents of all patients
and patients aged 14-18 was obtained. The study was
approved by the Ethics and Bioethics Committee of
Kharkiv National Medical University, Ukraine (Protocol No. 8
of 5th October 2016) and was conducted according
to Helsinki Declaration (1975).

RESULTS AND DISCUSSION

The study involved a total of 40 children from 6 to
17 years old, who were diagnosed with ALL. It was notable
that there was a significant prevalence of boys than girls
(p = 0.0385) among the participants. Furthermore, all the
patients in the study were of Caucasian ethnicity. The bone
marrow examination revealed a significant predominance
of B cell lineage ALL (p=0.0002) among the children
included in the study, indicating the importance of this
subtype in the development of the disease. Additionally,
the majority of children were categorized into the standard
risk group (p=0.0067). Unfortunately, two children in the
first group had fatal outcomes due to ALL progression.

We recorded all pulmonary that occur in different
periods of ALL in children of both groups. Some children
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HeHHs1. YacToTa BUSIBNEHUX NEreHeBUX YCKNagHeHb npea-
cTaBneHa B Tabnuui 2.

had more than one lung complication. The frequency of
detected pulmonary complications is presented in table 2.

Tabnuusa 2. llereHesi ycknagHeHHs y aitew i3 M1
Table 2. Pulmonary complications in children with ALL

Bcboro / Total [Mig yac ximiotepanii [Micna noBHOro Kypcy ximiotepanii
YeknanHeHHs (n = 40) During chemotherapy | After complete course of chemotherapy
Complications
n % n n
loctpun 6poHxiT / Acute bronchitis 23 57.5 23 -
MoBTOpHI enisogu roctporo GpoHxiTy
) - 5 12.5 3 2
Recurrent episodes of acute bronchitis
O6eTpykuis / Wheezing 225 9 -
BponxianbHa actma / Asthma 3 7.5 - 3
MHeBmoHis / Pneumonia 18 45.0 18 -
IHTEepcTULianbHa NHEBMOHIsS
" ) 1 25 1 -
Interstitial pneumonia
MnespwuT / Pleurisy 1 25 1 -
MHeBmoTopakc / Pneumothorax 3 7.5 3 -
®dibpo3 nereHb / Lung fibrosis 2 5,0 - 2
ﬂmxa]_'lea HepocTaTHICTL 6 15.0 6 _
Respiratory failure
Bcboro / Total 33 82.5 33 6

[ocnioXeHHss BMSABUNO BMCOKY MOLUMPEHICTb NnereHe-
BUX YCKMaOHeHb, AKi ypaxkyBanu npubnusHo 82,5% piten
3 piarHosom [TIJT Ha pi3HMX cTagiax 3axBoproBaHHS.
Lli nereHeBi ycknagHeHHs NPOSBAANUCS B Pi3HUX popmax.
HaryacTilwmmm  ycknagHeHHsaMu Oynu rocTpum  OpoHXIT
(57,5%), nHeBMOHiIsa (45,0%), obcTpykuia (22,5%). Cepen
23 piTen 3 roctpum OpoHXITOM y 5 fiTen cnocTepiranucs
noBTOpHI enizogun. Lo cTocyeTbcsa BMMAOkiB MHEBMOHIT,
TO CriA 3a3Ha4YnTX TEHAEHLI0 A0 LWBMAKOIO NPOrpecyBaHHs
nereHeBux iHginbTparie. NMHEBMOHIS ycknagHunaca nnes-
putom B 1 BuUMagKy Ta NMHEBMOTOPAKCOM Yy 3 BUMagKax.
[OuxanbHa HepocTaTHicTb Oyna y 6 Bunagkax. [Mig 4ac
npoTokony HR 6yB 1 BUNagok iHTepcTuLianbHOI MHEBMOHIl.
Cepen 9 piten i3 enizogpamu o6CTpyKUii OpoHxianbHa
acTma 6yna piarHoctoBaHa y 3 Bunagkax. Baxnueo, wo
Yy KOOHOro 3 uUux AiTer He Oyno enisogiB obGCTpyKLUii
AuxaHHsa oo noyatky 1.

Mig  4Yac npoBedeHHs  MNPOTOKOMIB  xiMmioTepanii
ALIC BFM 2009 yacTto cnocTepiranucsi rocTpi NnereHesi
YCKNagHeHHs, ski ypaxyBanm 82,5% giten. Yacrtota
HaMbINbL MOLWMPEHNX §EereHeBUX YycKNnagHeHb Ta ix
po3nogin 3a NpoToKonamu NikyBaHHs HaBegeHo Ha pwc. 1.

Hagitb cepen Aaiten y QoBroTpuBanin pemicii nicns
3aKiHYEeHHA XiMioTepaneBTUYHOro fikyBaHHA npu  [T1J1
3HayHa yYacTMHa nauieHTiB npogoBXyBana Big3HavaTtu
ckaprn 3 OoKy AmxanbHOi cucTtemw. BapTto 3asHaunTwy,
WO MereHeBi YCKMagHEHHs  BUHMKaNM  NpubnusHo
y 15,80% Bcix gocnimkeHux Aiten, ki ycnilwHoO 3aBep-
wunn  ximiotepanito. Lli  ycknagHeHHs — oxonnwoBanu
Pi3HOMaHITHI 3axBOPHOBAHHS auxanbHoi cucTemu,
30kpeMa 2 Bunagku nereHesoro ibpody, 3 Bunagku
OpoHXxianbHOI acTMM Ta 3 BMNAZKM 3 MOBTOPHOBASIbBHUMMU
eni3ogamMmu roctporo 6poHXxiTy.

Y HacTynHOMY eTani HaLoro AOCHIIKEHHA MU OLIHUNK
pieeHb IL-6 Ta TGF-f B KBIl y pocnigkeHux pgiten.
Cratuctnyni nokasHukm piBHiB IL-6 Ta TGF-f B KBIl
HaBedeHi y Tabnuui 3.

3rigHo 3 HawuvMmu pesynsratamu, Byno BMSABMNEHO CTa-
TUCTMYHO 3HavyLe 36inbLueHHst piBHiB IL-6 Ta TGF- B KBI

The study revealed a high prevalence of pulmonary
complications, affecting approximately 82.5% of children
diagnosed with ALL at different stages of the disease.
These pulmonary complications manifested in various
forms. The most frequent complications included acute
bronchitis (57.5%), pneumonia (45.0%), and whee-
zing (22.5%). Among 23 children with acute bronchitis,
5 children had recurrent episodes. As for cases of
pneumonia, it should be noted that there was a tendency
for rapid progression of pulmonary infilirates. Cases of
pneumonia were complicated by pleurisy in 1 case and
pneumothorax in 3 cases. Respiratory failure was
present in 6 cases. There was 1 case of interstitial
pneumonia during HR protocol. Among 9 children with
wheezing the, asthma was diagnosed in 3 cases.
Importantly, none of these children had experienced
wheezing episodes prior to the onset of ALL.

During the ALIC BFM 2009 chemotherapy protocols,
acute pulmonary complications were frequently obser-
ved, affecting 82.5% of children. The incidence of
most common pulmonary complications and their
distribution according to the protocols of treatment is
highlighted in figure1.

Even among survivors of ALL, who achieved remission
following a comprehensive course of chemotherapy
protocols, a notable proportion continued to experience
respiratory complaints. Notably, pulmonary complications
persisted in approximately 15.80% of all examined
children who had completed the chemotherapy regimen.
These complications encompassed a range of respiratory
conditions, with 2 cases of lung fibrosis, 3 cases of bron-
chial asthma, and 3 cases characterized by recurring
episodes of acute bronchitis.

As a next step of our study, we assessed the level
of IL-6 and TGF-B in the EBC in examined children.
Statistical parameters of IL-6, TGF-f3 levels in the EBC
are presented in table 3.

According to our results, the statistically significant
increase in the level of IL-6 and TGF-B in EBC in both
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B obox rpynax nauieHTiB 3 [TIJ1 nopiBHAHO 3 KOHTpOnb-
Hoto rpynoto: IL-6 MW U-tect p, . < 0,001; p,, = < 0,001;

ALL groups compared with the control group has been
detected: IL-6 MW U-test p, <0,001; p,.<0,001;

TGF-B MW U-tect p, . < 0,001; p, . = 0.009364.

KiaskicTe Brnagxis

O

Number of cases

B [ocTpui GpokxiT

1%

Nepiog nikyBadHa
Period of treatment

B OGcTpyRyin

Acute bronchitis Wheezing

O NueamoHisA
Preumonia

TGF-B MW U-test p, .<0,001; p, .= 0.009364.

Puc. 1. KinbkicTb BUNaakiB i3 HaWbinbLL NOWMPEHUMMN NEreHEBUMU YCKNaaHeHHsMK y aitewt 3 [T (n = 40)

Ha noyaTKy OCHOBHOIO 3axBoptoBaHHs (Baseline) Ta Ha pisHux eTanax npotokony ALL IC BFM 2009,

SKUA cknagaeTbes 3 iHaykuii (Protocol 1), koHconigauii (M gns rpyny ctaHgapTHOro pusmky, HR ansa rpynu BUCOKOro pusnky),
pe-iHgykuii (Protocol 2) i nigTpumytodoi Tepanii (Maintenance)
Fig. 1. Number of cases with most common pulmonary complications in children with ALL (n = 40)

at the onset of main disease (Baseline) and at different stages of ALL IC BFM 2009 protocol, which consists of induction (Protocol I),
consolidation (protocol M for standard risk group, HR for high risk group) re-induction (protocol 2) periods and maintenance treatment

Ta6nuua 3. KoHueHTpauis IL-6, TGF-B B KBI y giten, xBopux Ha roctpy niMgobrnacTHy nekemito Ta rpynm KOHTPOIto, Nr/mn
Table 3. Concentration of IL-6, TGF-B in the EBC in children with acute lymphoblastic leukemia and control group, pg/ml

MokasHuk / Parameter I'pyna 1/ Group 1 I'pyna 2 / Group 2 KoHnTpons / Control
Me 51,64 19.96 8.12
IL-6 Lq 47,12 18.14 7.02
Uq 60,00 23.16 9.45
KW H = 46.50148 p = 0.0000
MW U-test p, . = 0,000001; p, . = 0,000000; p, , = 0,000000.
Me 33.22; 18.49 15.22
TGF-B Lq 21.69 15.00 13.88
Uq 47.11 20.11 16.00
KW H = 25.99770; p = 0.0000
MW U-test p, . = 0.000014; p, . = 0.009364; p1-2 = 0.000141.

Takox BusiBneHo, wo y giten 3 M1 Ha ¢oHi ximio-
Tepanii (rpyna 1) pieeHb IL-6 i TGF-B B KBI1 3HauyHO
BULLMIA, HXX y AiTEN B peMicii nicnsi 3aBepLleHoi ximioTepanii
(rpyna 2): IL-6 MW U-tecT p, , < 0,001; TGF-g MW U-TecTt
p,, < 0,001. Xoua croctepiranocs 3HWKEHHA PiBHA LUTO-
KiHIB y [OBrOCTPOKOBI peMicCii nicrns 3aBepLUeHHS XiMio-
Tepanii, BOHM He p[ocsarany HOpMaribHUX MOKa3HMKIB
300pOBUX AiTEN.

Hawi gaHi BUSBUNM NO3MTUBHY KOPENSALO MiX PiBHAMM
IL-6 i TGF-B y giten 3 [T (r = 0,693927, p < 0,001).

Ona OuiHKM MNPOrHOCTUYHOI LIHHOCTI JOCHiaAXyBaHUX
mapkepiB IL-6 Ta TGF-B 6yno nposegeHo ROC-anani3
(Tabn. 4). Mu ouiHoBanu piBHI AOCNIMKYBaHNX MapKepis
Ha noyaTtky XxiMioTepanii Ta ix 3B'A30K i3 nereHeBUMMU
ycknagHeHHsMu nig yac npotokony ALL IC BFM 2009.
OcCKinbKn MHEBMOHIA € OAHMM i3 HalBaX4ux IEereHeBux
yCKNagHeHb i MOXe BMAMBATU Ha BWXMBAHHA giTewn
3 M1 [15, 16], M1 OKpeMO OLiHWMM 3B’A30K MiXK LIUTOKIHAMM
Ta Uieto NaTornorieto.

Also, it was found that children with ALL on the
background of chemotherapy (group 1) had significantly
higher levels of IL-6 and TGF-B in the EBC than ALL
survivors who had completed chemotherapy (group 2):
IL-6 MW U-test p, ,<0,001; TGF-B MW U-test p, , = <0,001.
Although there was a decrease in cytokine levels in long-
term remission after completing chemotherapy, they did not
reach the normal range observed in healthy children.

Our data showed a positive correlation between IL-6 and
TGF-B levels in children with ALL (r= 0,693927, p<0,001).

To assess the prognostic value of studied markers IL-6
and TGF-B the ROC analysis was conducted (Table 4).
We assessed the levels of studied markers in the begin-
ning of chemotherapy and their relations with pulmonary
complications during ALL IC BFM 2009 protocol.
As pneumonia is one of the most severe pulmonary
complications and it can influence on survival rate [15, 16]
we assessed the relation between cytokines and this
pathology separately.
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Ta6nuus 4. MNokasHukn ROC-aHanisy IL-6, TGF-f B KBIT Ta HasiBHiCTb nereHeBux ycknagHeHb y giten 3 N
Table 4. ROC indicators of IL-6, TGF-f in the EBC and presence of pulmonary complications in children with ALL

Mapkep Jlerexesi YCKNaAHeHHs AUC «cut-off» point, Se, % 95% ClI Sp, % 95% ClI +IR | —LR
Marker Pulmonary complications pg/ml
KBIT, 3i6panuii nig yac Protocol 1
EBC collected during Protocol 1
Yci rocTpi nereHeBi ycknagHeHHS
LAl Hac ximorepan - 0875 >4764 | 75.00 | 47.6-92.7 | 100,00 | 15,8-100,0 | 0.00 | 0,25
IL-6 All acute pulmonary complications

during chemotherapy

MHeBMOHiIs // Pneumonia 0,883 > 49,96 100,00 | 59,0-100,0 | 81,82 | 48,2-97,7 | 5,50 | 0,00

Yci rocTpi nereHeBi ycknagHeHHs

L acawoerepant 059 | <2086 | 4375 | 19,8-70,1 | 100,00 | 15,8-100,0 [ 0,00 | 0,56
TGF-B All acute pulmonary complications

during chemotherapy

MHeBMOHiIs // Pneumonia 0,610 > 33,16 71,43 | 29,0-96,3 | 63,64 | 30,8-89,1 | 1,96 | 0,45

KBI, 3ibpaHunin nicns NoBHOro Kypcy XiMmiotepanii
EBC collected after total course of chemotherapy
IL- | CTiki nerexesi ycknapHerHs 0819 >2364 75,00 | 19,4-99.4 | 100,00 | 81,5-100,0 | 0,00 | 0,25

y TpuBanin pemicii

Persistent pulmonary complications
TGF-B |in long-term remission 0,896 > 19,93 100,00 | 39,8-100,0 | 77,78 | 52,4-93,6 | 4,50 | 0,00

Byno BusHayeHo, wo piBeHb IL-6 y KBIl, 3ibpaHux
nig yac Protocol 1, Buwwmi 3a 47,64 nr/mn, moxe 6yTun npor-
HOCTUYHMM [ONA PO3BUTKY TFOCTPUX NeEreHeBux Yycknag-
HeHb nig yac npotokonis ALL IC BFM 2009 (AUC 0,875;
yytnueictb 75,0%; cneumndivHicte 100,0%). PiBeHb IL-6
Buwe 49,96 nr/mn Moxe CBiOYMTU NPO MOXMMBICTb PO3-
BUTKY MHEBMOHIi nig 4yac ximiotepanii (AUC 0,883;
yytnueicte 100,00%; cneundiynicTb 81,82%).

Kpim TOro, My ouiHWNM 3B’A30K MK piBHAMMK [L-6
i TGF-B nicna noBHOro Kypcy XximioTepanii Ta CTilKuX
nereHeBUX ycKnagHeHb y AiTen B AOBroTpusanin pemicii.
KoHueHTpauis IL-6 nicna 3aranbHoro kypcy Ximiotepanii
Ginbwe 23,64 nr/Mn MoXe nporHosyeaTu CTiike nere-
HeBe yCKnafHeHHsa y Aiten y gosrotpusanin pemicii M1
(AUC 0,819; yytnueictb 75,00%; cneumndiyHicte 81,82%).
PieeHb TGF-B y KBIl nicna 3aBeplueHHs MNpPOTOKONIB
ximiotepanii Buwwe 19,93 nr/mn Moxe ByTn NPOrHOCTUYHUM
ONS HasiBHOCTI nereHeBWX YCKnagHeHb y AO0BroTpvBsaniv

pewmicii TN (AUC 0,896; UYytnueictb 100,00%;
CneumnadivHictb 77,78%).

Hessaxatoum Ha nporpec y nikyBaHHi newnkemii,
YCKNaAHEHHSA 3anualTbCs  CEeprio3HO  npobnemoto

B reMaTororiyHii npaktuui. ¥ 3B’a3Ky 3 Lum 36inbLiyeTbes
KiNbKICTb ~ JOCHIAXEHb, CNPSIMOBaHMX Ha  BUBYEHHSA
yCKnagHeHb, MOB’A3aHMX 3 rOCTpolo nerikemieo [3-5].
Hawe pocnimkeHHs 30cepemKeHo came Ha IereHeBux
yCKNagHeHHsax y aiten 3 MJ1.

Pesynbratv gocnigpkeHHs BKa3ytoTb Ha Te, Lo fereHesi
yCKnagHeHHs € nowwupeHnmn y giten 3 M1, ronoBHUm
YMHOM BMHWKaKOTbL Nifg 4Yac roctpoi dasu XimioTepanii,
Lo cniBnagae 3 HasBHUMM NiTepaTypHUMuK AaHnmvm [3, 4, 6].
I'DYHTYIOMMCb Ha [OMHAMIYHOMY CrOCTEPEXEHH HaLLmX
JOCrniaXyBaHUX MaLieHTIB Ta iIX Meagu4yHoi AOoKyMeHTadii,
Mu cnoctepiranu 82,5% nereHeBnx ycknagHeHb NPOTArom
AaHoro nepiogy. Hanbinbw nowmpeHumyn  rocTpuMmn
yCKnagHeHHaMn Oynu  rocTpunm  BpOHXIT, MHEBMOHIS
Ta eniszogn obcTpykuii. Cnig 3a3HaunTy, WO 3adikcoBaHi
NMHEBMOHIi Manu TEHAEHL0 00 LWBWAKOrO NPOrpecyBaHHs,
WO BiAMOBIgae AaHMM i3 nonepeaHix gocnigkeHs [7, 8].
OouH  3adhikcoBaHUM BUNAAOK iHTEPCTULIANBbHOI MHEB-

It was determined that the IL-6 level in EBC collected
during Protocol 1 higher than 47.64 pg/ml can be prog-
nostic for the development of acute pulmonary compli-
cations during ALL IC BFM 2009 protocols (AUC 0.875;
Sensitivity 75.00%; Specificity 100%). Level of IL-6
higher than 49.96 pg/ml can be indicative of pneumonia
during chemotherapy (AUC 0,883; Sensitivity 100.00%;
Specificity 81.82%).

In addition, we assessed the relations between IL-6
and TGF-B levels after the total course of chemotherapy
and persistent pulmonary complications in ALL survivors.
The concentration of IL-6 after the total course of
chemotherapy more than 23.64 pg/ml can predict
persistent pulmonary complication in ALL survivors
(AUC 0.819; Sensitivity 75.00%; Specificity 81.82%).
The level of TGF-B in the EBC after the completion
of chemotherapy protocols higher than 19.93 pg/ml
can be prognostic for the presence of pulmonary compli-
cations in ALL survivors (AUC 0.896; Sensitivity 100.00%;
Specificity 77.78%).

Despite the advances in leukemia treatment, compli-
cations remain a significant concern in hematological
practice. As a result, an increasing number of studies
are being conducted to investigate the complications
associated with acute leukemia [3, 4, 5]. Our study
focuses specifically on pulmonary complications in child-
ren with ALL.

Our findings indicate that pulmonary complications
are common in children with ALL, primarily occurring
during the acute phase of chemotherapy treatment,
which aligns with existing literature data [3, 4, 6]. Based
on the dynamic management of our studied patients
and their medical records, we observed a frequency
of 82.5% for pulmonary complications during this period.
The most prevalent acute complications included acute
bronchitis, pneumonia, and wheezing. Notably, observed
cases of pneumonia tended to progress rapidly, which
corresponds with previous studies [7, 8]. A single case
of interstitial pneumonia was likely induced by chemo-
therapy toxicity. It developed during the HR protocol,
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MOHii, MMOBIpHO, OYyB CMPUYMHEHWUIA TOKCUYHOW [Ai€t0
ximioTepanii. [laHe ycknagHeHHs1 PO3BWHYMocsa Mig 4ac
npoTtokony HR, skuin BKkMNoyas Taki npenapatn sk MeToT-
pekcat (MTX) i uwTo3uH-apabiHo3ug (ARA-C), dki, sk
BiJOMO, MatoTb nereHeBy TOKCHYHICTb [10, 11].

3rigHO 3 HasiBHMMK LOCHIIKEHHAMM, MOLUMPEHICTb
BigganeHux nereHeBnx ycknagHeHb y AiTen, ki nepeHecnm
pak, konuBaeTbca Big 45,5% po 84,1%, npuyomy nue
y 8% BunagkiB BOHW NpOSABNSOTLCHA KMiHIYHO [27, 28].
Y Hawomy [ocnigXeHHi 4YactoTa nereHeBuXx YycknagHeHb
nicna 3aBepLUeHHs ximioTepanii ctaHoBuna 15,8% cepen
ycix obctexeHnx giten 3 [TIJ1. BigmiHHOCTI y 3paskax
nauieHTiB MOXYTb MOSACHMTM BIOMIHHOCTI B Ui 4acToTi.
Lli ycknagHeHHs Bkmovanu ibpo3 nereHb, actmy
Ta MOBTOPHI eni3ogn roctporo GpoHxiTy. BapTto BigsHa-
unTK, WO cepeq 3 diten, y sSkux cdopmyBanacs 6poHxi-
anbHa acTma, Yy XOOHOro 3 Hux He Oyno eni3ogis
obeTpykuii go nodatky [T, Llen dakT cBiguutb npo
3B’A30k Mk [TUT 3 i nikyBaHHAM i noganbwnm po3-
BUTKOM  XPOHIYHOrO  3ananeHHs AuxanbHWX  LUMsxiB
i rinepyyTNMBOCTI BPOHXiB. Y Hawin BMOOpLi y 2 BMNagkax
BUsiBNEHO pibpo3 nereHis, WO, WMOBIPHO, MOB’A3aHO
3 TOKCWYHicTiO XimioTepanii [9]. Lle cepnosHe ycknag-
HEHHsI, 9K MOXe CYTTEBO BMMHYTWU Ha CTaH AMXanbHOi
cMcTeMM Ta 3aranbHe camonodyTTs. Hespaxawum Ha Te,
WO piBEHb 3axXBOPIOBAHOCTI He OyB BUCOKUM, HasiBHICTb
BuNagkie ibpo3y rnereHb nigKpecnoe HeobXiaHICTb
peTenbHOro  MOHITOPUHIY  Ta  NiKyBaHHA  JEreHeBuX
ycKknagHeHb Yy AiTen, ki npoxoasaTh ximioTepanito npu M.

IL-6 BM3HAHO KMOYOBUM (PAKTOPOM $IK Y TFOCTPOMY,
TaK i B XpOHIYHOMY 3ananeHHi nereHb. BiH BuAINAeTbCA
y BiAMNOBiAb Ha iHMEKUii Ta NOLWKOMKEHHS TKAHUH | cnpusie
3axuCTy OpraHiamy, CTUMYMOKYM peakuil rocTpoi dasw,
KPOBOTBOPEHHS Ta iMyHHI peakuii [29]. MMigBuweHi piBHi
3ananbHoro UmMTokiHy IL-6, siki cnocTepiraloTbCs B HALLOMY
JOCniMpKeHHI, NigTBEPAXYHOTb HAasBHICTb aKTUBHOIO 3anarnb-
Horo npouecy y Al'b. 3 iHworo 6oky, TGF-f € knio4yoBum
UMTOKIHOM, WO ©Oepe yyacTb Yy BiAHOBMEHHI TKaHWH
i pibposi. XpoHiyHe 3ananeHHs nereHb MOoXe CrnpuaTn
HaKOMUYEHHIO KOMMOHEHTIB MO3aKMNiTMHHOIO MaTpUKCY,
IO NpW3BOANTL OO PEMOAENMOBAHHA TKaHWMH i (hiGPO3HMX
3MiH [24]. MigBuwWEHHSA piBHA npodibpoTnyHoro daktopa
TGF-f B Hawwmx AOOCNimKyBaHWX rpynax cBiguMTb MNpo
aKkTMBauito mioibpobnacTtiB i pemogentoBaHHa Alb. lMo-
wkomxkeHHs Alb, niaTeepokeHe BMCOKMMW piBHAMMK IL-6
i TGF-B, ctae cboHoM anst popmMyBaHHA NereHeBnX ycknaa-
HeHb. Pomnb IL-6 i TGF-B y nereHeBinn natonorii Takox
3ragyetbCcsa Yy nonepegHix gocnigkeHHax. JlitepaTypHui
ornsa, 3pobnenun Laskin DL, Malaviya R et al. (2019)
3a3Hayae, Wo rinepaktuBauis Makpodgaris M1 abo M2
i NiOBULLIEHHSI PIBHA LMTOKIHIB, Bkmtoyatoun IL-6 i TGF-,
nig BNMVMBOM INEreHeBMX TOKCUKAHTIB MNpUM3BOAMTL [0
FOCTPOrO ypaXKeHHsi NereHb Ta MOXe BUKIMKaTUM XPOHIYHI
3axBOpPOBaHHSA, Taki Sk ibpo3, XpPOHiYHa OOCTPYKTMBHA
xBopoba nereHb Ta OpoHxianbHa acTtma [22]. Saito A,
Horie M et al. (2018) 3a3Haumnu, WO NigBULLEHHS PiBHSA
TGF-B cnocTepiraeTbCa Npu OCHOBHWUX FEreHEBUX 3aXBO-
PIOBaHHSIX, BKIOYaluM rereHeBu ibpos, emdisemy,
OpoHxianbHy actMy Ta pak nereHiB [24]. Astopu Xu C,
Shang Z, Najafi M. (2022) onucanu MHEBMOHIT i ¢ibpo3
nereHiB y naujieHTiB nicns NikyBaHHA paky Ta BBaXalTb
TGF-B mapkepoM ni3HbOi hasn yYpaxeHHs NereHb
i dopmyBaHHS ¢ibposy nereHb [9]. BignosigHo go gaHux
Karakioulaki M, Stolz D. (2019) IL-6 sk caktop 3ana-
NEHHS BUSIBUBCA MEPCMNEKTMBHUM ANS TOYHOI AiarHoc-
TUKW Ta cTpaTtudikauii pusmky nHesmoHii [30].

which included such drugs as methotrexate (MTX) and
cytosine arabinoside (ARA-C) that are known to have
pulmonary toxicity [10, 11].

According to the available studies, the prevalence
of distant pulmonary complications in pediatric cancer
survivors ranges from 45.5% to 84.1%, with only 8%
of cases being clinically detected [27, 28]. In our study,
the frequency of pulmonary complications after the
completion of chemotherapy was 15.80% among all
examined children with ALL. Differences in patient
samples can explain differences in this frequency.
These complications included lung fibrosis, asthma, and
recurrent episodes of acute bronchitis. It is worth noting
that among 3 children that formed bronchial asthma,
none had any wheezing episodes before the debut of ALL.
This fact suggests an association between ALL with its
treatment and the subsequent development of chronic
airway inflammation and hypersensitivity of bronchi.
In our samples, lung fibrosis was detected in 2 cases
that are probably related to chemotherapy toxicity [9].
It is a severe complication that can significantly impact
their respiratory health and overall well-being. Even though
the incidence rate was not high, lung fibrosis highlights
the need for careful monitoring and management
of pulmonary complications in children undergoing
chemotherapy for ALL.

IL-6 is recognized as a key player in both acute
and chronic lung inflammation. It is produced in response
to infections and tissue injuries and contributes to host
defense by stimulating acute phase responses, hemato-
poiesis, and immune reactions. [29]. The elevated
levels of the inflammatory cytokine IL-6 observed in
our study confirm the presence of an active inflammatory
process at the blood-air barrier. On the other hand,
TGF-B a key cytokine involved in tissue repair and
fibrosis. Chronic lung inflammation can contribute to
the accumulation of extracellular matrix components,
leading to tissue remodeling and fibrotic changes [24].
The increased levels of the profibrotic factor TGF- in
our study groups suggest the activation of myofibro-
blasts and remodeling of the BAB. Damage of BAB proven
by high levels of IL-6 and TGF-8 becomes a background
for forming pulmonary complications. The role of IL-6
and TGF-B in pulmonary pathology is also mentioned
in previous studies. The review made by Laskin DL,
Malaviya R et al. (2019) declare that hyperactivation
of M1 or M2 macrophages and increased levels of
cytokines, including IL-6 and TGF-3 on the background
of pulmonary toxicants leads to acute lung injury and/or
induce chronic lung disease such as fibrosis, chronic
obstructive pulmonary disease and asthma [22].
Saito A, Horie M et al. (2018) noted that increased
levels of TGF-( is observed in major pulmonary diseases,
including pulmonary fibrosis, emphysema, bronchial
asthma, and lung cancer [24]. Authors Xu C, Shang Z,
Najafi M. (2022) described pneumonitis and lung
fibrosis in patients following cancer therapy and consider
TGF-B as a marker of late phase of lung injury and
formation of lung fibrosis [9]. According to the review
by Karakioulaki M, Stolz D. (2019) IL-6 as an inflamma-
tory factor appeared to be promising for the accurate
diagnosis and risk stratification of pneumonia [30].

The highest levels of IL-6 and TGF- in EBC were
expectedly detected in the group of children with ALL
receiving chemotherapy. This finding supports the hypo-
thesis of a detrimental effect of ALL and chemotherapy
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Hameuwi pisHi IL-6 i TGF-B B KBI1 odikyBaHO Oynu
BUSABMneHi B rpyni giten 3 ALL, aki oTpumyBanu Ximio-
Tepanito. Lle BigkpuTTa NigTBEpPOXXYE rinoTedy npo LKia-
nmem Bnnue [JUJ1 Ta ximioTepanii Ha uinicHicte Alb
B JIEreHsx, WO BpeLTi-pewT Cnpuse BUCOKIA YacToTi
nereHeBux ycknagHeHb. KpiMm Toro, HaBiTb nicns 3aBep-
LUEHHs MpoToKomny XimioTepanii Ta AOCArHEeHHs peMicil,
a TaKOX 3HAYHOMO 3HMXKEHHS LMX MapKepiB nicna Xximio-
Tepanii, y giTen y posroTpusanii pewmicii [T1J1 Bce we
BiJ3HaA4alOTbCst 3HAYHO NnigBuLLeHi piBHi IL-6 | TGF- y KBI
NOpIiBHAHO 3i 300poBUMK AiTbMU. Lli pe3ynbTati BKasyoTb
Ha 306epexeHHs XPOHIYHOro 3anarneHHs Ta 3HayHe pe-
MOZJentoBaHHS OpOHXONereHeBOi CUCTEMMW, He3BaXarun
Ha ycnillHe NiKyBaHHS OCHOBHOMO 3aXBOPHOBAHHS.

MpoBegeHi Hamm ROC-aHanian nokasanu, wo IL-6
MOXEe CMYXXVMTW MPOrHOCTUYHUM MapKepoM AFis rOCTpUX
nereHeBUX ycknagHeHb nig 4ac NpoToKoniB XiMmioTepanii
Ta BigganeHnx nereHeBWX YCKNaHeHb Yy OOBroTpuBanin
pewicii [TI1. Kpim Toro, piBeHb IL-6 Ha nodaTky nikyBaHHSA
NPOAEMOHCTPYBaB MOTEHLian Ans MPOrHo3yBaHHS MHEB-
MOHIT, IKa € OQ4HMM i3 HANBaXXYMX | NPOrHOCTUYHO 3HAYYLLUX
ycknagHeHb [15, 16]. PiBeHb TGF-B nicns noBHOro kypcy
ximioTepanii Moxe OyTW MPOrHOCTUYMHMM ONSA  CTiNKMX
nereHeBUX YycCKnagHeHb Yy pJosroTpmBanin pemicii T1J1.
Pesynbratn ROC-aHanidy nigTBepoKyloTb 3B'SI30K  MiX
piBHsaMu IL-6 | TGF-B B KBIT Ta dhopMyBaHHsIM fiereHeBux
yckrnagHeHb. Po3ymiHHA NpOrHo3y nereHeBuX ycknagHeHb
y aiten 3 [TIJT moxe [O3BONMTM MeanyHUM dhaxiBuam
30JMCHIOBATN CBOEYaCHE BTPYYaHHS, YBaXXHO CTEXWTU
3a CTaHOM [AuxanbHOI CUCTEMU OUTUHM Ta MNOTEHLUINHO
MOKPaLUMTN MOKAa3HMKN BWXKMBAHHS Ta SKICTb XUTTHA
y gosrotpusanin pemicii I[1J1.

Ha BigmiHy Big nonepegHix AOCniAKeHb, Halle
OOCTiaXKeHHs YHikanbHO Bu3Haumno pieHi IL-6 i TGF-B
y aiten 3 [JIJ1 Ta ix 3B'SI30K i3 nereHeBMMW Yycknag-
HEHHAMM Ha pi3HMx cTtagiax gutadol [T, MNoeaHaHHs
BUCOKMX piBHIiB IL-6 i TGF-B i BUCOKOI YacToTh nereHeBmx
ycknagHeHb y giten 3 [T1J1 gossonse HaMm npunycTUTU
MOXIMBICTb 3B’SI3Ky MK AUCKYHKLUIE eniTenianbHoro
Ta iHTepcTuuianbHoro wapis AI'b Ta ypaxXeHHsM nereHb
y aiten 3 M1,

Hawe gocnigykeHHs Mae Kinbka oomexeHb. Mu He 3mor-
NV 0OBECTU, Y1 NOB’A3aHi 3apeeCcTpoBaHi NereHeBi ycknaa-
HEHHs1 3 nepebiroM OCHOBHOIO 3aXBOPHBAHHSA YN TOKCUY-
HUMM edeKTaMn UMTOCTaTMYHOI Tepanii, a Mornu nuwe
NPUNYCTUTKU, OCKINbKK Ui bakTopwn AitoTb B OONH i TOWN Xe
nepiog 4acy, i cMMnToMM GiNbLIOCTI 3 HUX HecneuudiyHi.
LLle ogHe obmeXeHHs MoB’si3aHe 3 HEBENWKOK BMOGIPKOH
nauieHTis, Tomy wo T1J1 € NopiBHAHO pigKICHNUM 3axBOpto-
BaHHAM. ToMy noganblli AOCHIMKEHHS MOXYTb OyTn
KOpUCHUMU Ans B6inbL NornMbneHoro BUBY4EHHS Npobrnemu.

BUCHOBKHU

Pesynbtat Haworo AocnigXeHHa cBigyaTb npo
3Ha4yHy MOLUMPEHICTb NEreHeBUX YCKMaAHeHb Y hiTew,
sKi cTpaxgatoTb Ha [T1J1. 3okpema, BUsSIBNEHO, WO nig vac
roctpoi asu XximioTepanii Ui ycknagHeHHs1 BWHMKaKOTb
y 82,5% pitent, a Takox cnoctepiratoTeca y 15,8% Aaiten
nig Yac TpmBanoi pemicii.

Hamu BusiBNneHo 3HayHe nMigBuLLEHHA piBHIB IL-6
i TGF-B y piten 3 T/ nig Yac ximiotepanii (ci p, ., < 0,001)
3i 3HWKEHHSIM PIBHA UMX UMUTOKIHIB nicns 3aBepLUeHHsI
ximioTepanii (Bci p, , < 0,001), ane BoHM BCe 0f1HO He Aocs-
ranM 3HadeHb HOpMarnbHUX MOKa3HMKIB 300POBUX AiTewn
(P, =< 0,001 ana IL-6, p,. = 0.009364 ana TGF-B).

on the integrity of the blood-air barrier in the lungs,
ultimately contributing to the high incidence of pulmonary
complications. Furthermore, even after completing the
chemotherapy protocol and achieving remission, and
a significant decrease in these markers after chemo-
therapy, ALL survivors continued to exhibit significantly
elevated IL-6 and TGF-B levels in the EBC compared
to healthy children. These findings indicate the persis-
tence of chronic inflammation and significant remodeling
of the bronchopulmonary system, despite successful
treatment of the underlying disease.

Our conducted ROC analyses revealed that IL-6
can serve as a predictive marker for acute pulmonary
complications during chemotherapy protocols and distant
pulmonary complications in ALL survivors. Additionally,
IL-6 levels at the beginning of treatment showed the
potential to predict pneumonia, which is one of the
most severe and prognostically significant compli-
cations [15, 16]. The level of TGF-B after the total course
of chemotherapy can be prognostic for persistent
pulmonary complications in ALL survivors. The ROC-analy-
sis results confirm the relation between IL-6 and TGF-f3
levels in EBC and the formation of lung complications.
Understanding the prognosis of pulmonary complications
in children with ALL can allow healthcare providers to
implement timely interventions, closely monitor the
child’s respiratory health, and potentially improve the
survival rates and quality of life of ALL survivors.

In contrast to previous studies, our research uniquely
examined the levels of IL-6 and TGF-B in children
with ALL and their association with pulmonary compli-
cations at different stages of pediatric ALL. The combi-
nation of high levels of IL-6 and TGF-B and high inci-
dence of pulmonary complication in ALL children allows
us to suggest the possibility of a relation between the
dysfunction of the epithelial and interstitial layers of the
blood-air barrier and lung involvement in children with ALL.

Our study has several limitations. We could not prove
whether recorded pulmonary complications are connected
with the course of the main disease or toxic effects of
cytostatic therapy, and we could only suggest. It is because
these factors influence the same time period, and
symptoms of most of them are not specific. Another
limitation is connected with a small sample of patients
because ALL is a comparatively rare disease. Therefore,
further studies can be helpful for a more in-depth study
of the problem.

CONCLUSIONS

The results of our study indicate a significant preva-
lence of pulmonary complications in children with ALL.
Specifically, it was found that these complications occur
in 82.5% of children during the acute phase of chemo-
therapy and are also observed in 15.8% of ALL survivors.

We have observed a significant increase in levels
of IL-6 and TGF-B in children with ALL during chemo-
therapy (all p, .<0,001), with a decrease in these cytokine
levels after completion of chemotherapy (all p,,<0,001).
However, they still did not reach the normal levels of
healthy children (p,.=<0,001 for IL-6, p,.=0.009364
for TGF-B). This indicates the presence of chronic
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Lle cBigunTe NpO HasABHICTb XPOHIYHOrO 3ananeHHs
y cTpyktypax Al'B, ske 30epiraeTbca HaBiTb nig 4ac
JoBrotpusanoi pemicii, i ctae (oHOM Ana pPo3BUTKY
niereHeBuxX ycKragHeHb.

Kpim Toro, nigBuileHi piHi IL-6 | TGF- MoXyTb cnyry-
BaTU MPOrHOCTUYHMMMK MOKa3HMKaMW JiereHeBux Yyckrag-
HeHb. PiBeHb IL-6 y KK, 3i6paHuii nig yac npotokony 1,
BAWMA 3a 47,64 nr/mn, Moxe OyTM NPOrHOCTUYHUM
ONs pO3BUTKY TFOCTPUX INEreHeBMX YCKNagHeHb nig 4vac
npotokonis ALL IC BFM 2009 3 wytnueicTio 75,0%
i cneuncpivnicTio 100,0%. PiBeHb IL-6 Buwwe 49,96 nr/mn
MoXe OyTM MPOrHOCTMYHOK O3HAKOK MHEBMOHIT Mig 4yac
ximiotepanii 3 4ytnueictio 100,00% i cneundiyHicTio
81,82%. KoHueHTpauis IL-6 nicna 3aranbHOro Kypcy
ximioTepanii  Ginbwe 23,64 nr/mn Moxe nepen6aunTh
CTiKi nereHeBi YycKnagHeHHsi y [JOBrotTpusanin pemicii
MI 3 uytnueictio 75,00% i cneundivHicTio 81,82%.
PieeHb TGF-B y KBIl nicns 3aBeplueHHs MNpPOTOKONIB
ximiotepanii Buwwe 19,93 nr/mn Moxe OyTU NMPOrHOCTUYHUM
LLOAO HasBHOCTI nereHeBux ycknagHeHb y M1 noctpax-
panux i3 yytnueicTio 100,00% Ta cneuudivHicTio 77,78%.

BuaBneHi BWCOKI piBHI AOCRigKyBaHMX Mapkepis
nowkomkeHHa Al'b y noegHaHHi 3 BUCOKOK MOLUMPEHICTIO
rnereHeBUX ycknagHeHb A03BONSAIOTh BigHecTu aiten 3 [TJ1
[0 Ipyn pyu3uKy LLOAO PO3BUTKY FNEreHeBMX 3aXBOPIOBaHb
nig 4ac nikyBaHHA Ta B nepiog TpuBanoi pemici.
Tomy peTenbHe CNOCTEpeXeHHA nediaTtpiB i remaTonoris
Ma€e BupillanbHe 3Ha4YeHHA ONs Uuiel kateropii giten.
OuiHka piBHiB IL-6 i TGF- B KBI1 € HeiHBa3MBHMM Jocnia-
XEHHAM Ta f[ae UiHHY iHdopMauilo npo CceprosHiCTb
MOLIKOKEHHS! aeporemMaTuyHoro 6ap’epy. Moro MmoxHa
BKMIOYMTU B iarHOCTMYHWUIA Npouec Ansa nauieHTis 3 [T1J1.
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inflammation in the BAB structures of children with
ALL, which persists even during long-term remission
and serves as a background for the development of
pulmonary complications

Furthermore, elevated IL-6 and TGF- levels can serve
as prognostic indicators for pulmonary complications.
The IL-6 level in EBC collected during Protocol 1 higher
than 47.64 pg/ml can be prognostic for developing
acute pulmonary complications during ALL IC BFM 2009
protocols with a sensitivity 75.00% and a specificity 100%.
The level of IL-6 higher than 49.96 pg/ml can be indi-
cative of pneumonia during chemotherapy with a sensi-
tivity 100.00% and a specificity 81.82%. The concentration
of IL-6 after the total course of chemotherapy more
than 23.64 pg/ml can predict persistent pulmonary
complication in ALL survivors with a sensitivity 75.00%
and a specificity 81.82%). The level of TGF-B in the EBC
after the completion of chemotherapy protocols higher
than 19.93 pg/ml can be prognostic for the presence
of pulmonary complications in ALL survivors with a sensi-
tivity 100.00% and specificity 77.78%.

The detected high levels of the studied markers
of BAB damage combined with the high prevalence of
pulmonary complications make it possible to classify
children with ALL as a risk group for developing pulmonary
diseases during treatment and in ALL survivors. Therefore,
careful monitoring by pediatricians and hematologists
is crucial for this category of children. Assessing IL-6
and TGF-B levels in EBC provides valuable non-invasive
insights into the severity of BAB damage. It can be
incorporated into the diagnostic process for ALL patients.
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MepcnekTMBU NOAAABLUMX AOCAIAXEHD

Mopanblue  JOCNIAXEHHS  NereHeBMX YCKNagHeHb  rocTpoi
nerikemii BigKpMBaE 3Ha4Hi nepcnekTMBW. BMBYEHHS OCHOBHMX
MexaHi3MiB pO3BWTKY, BMMUBY NiKyBaHHA Ta po3pobka iHHoBaLiii-
HWX QiarHOCTUYHUX Ta TepaneBTUYHUX NiOXOAIB MOXe MOKpaLuTu
BeleHHS NauieHTiB 3 roCTPOIO NenKeMmieto, NoninwnTn pesynsratm
nikyBaHHS Ta SKICTb iX XWUTTS.

KoHdAIKT iHTepeciB

ABTOpPM 3aaBnsAOTb MNP0  BiACYTHICTb Oyab-AKMX  KOHCNIKTIB
iHTepeciB i BNacHMX PiHAHCOBUX iHTEPECIB, AKi MOXYTb BNMMBaTU
Ha pe3ynbrat abo TrymayeHHs pyKonucy.

IHdbopMmalis Npo dpiHAHCYBAHHSA

®iHaHcyBaHHs BuaaTkamu [lepxaBHoro 6ompkeTy YkpaiHu.

Moaska

ABTOpWU BWUCMNOBMIOKTbL NOAsiKy OaTbkam 3a [03BiN CBOIM AiTAM
B3ATM YyyacTb Yy QJOCNIMDKEHHI Ta 3a nigTPUMKYy nepcoHany

remMaTonoriyHoro  BigdineHHss XapkiBCbKOi  MIiCbKOI  KMiHIYHOT
avTayoi nikapHi Ne 16, Ykpaina.
BIAOMOCTI NPO ABTOPIB
MakeeBa Haranisa IBaHiBHa — [OKTOp MeauMyHMX Hayk,

npodecop, 3aBigyBad kadpegpu nepgiatpii Ne 2 XapkiBCbkoro
HauioHanbHOro MeawnyHoro yHiBepcuteTy MiHicTepcTBa OXOpPOHM
300poB’a YkpaiHu; np. Hayku, 6ya. 4, m. Xapkis, YkpaiHa, 61022;
e-mail: makeevanataly313@gmail.com
mo6.: +38 (066) 257-17-20
BHecok aemopa: KoHuenuis ma Ou3alH O0CniOXeHHS;
KopeaysaHHsI 8UKOHaHOI pobomu; ocmamoyHe 3ameepo-
JKEeHHS1 cmammi.

KoBanb BikTopis AHapiiBHa — acnipaHT kadpegpu negiat-
pii Ne 2 XapkiBCbKOro HauioHanbHOTO MEOUYHOro YHiBepcuTeTy
MiHicTepcTBa OxOpoHM 300poB’A YkpaiHw; np. Hayku, 6ya. 4,
M. XapkiB, YkpaiHa, 61022;

e-mail: 1.victoria.koval@gmail.com

mo6.: +38 (095) 024-74-29

BHecok aemopa: 306ip i KOMMOHyg8aHHs1 OaHuX; aHani3
ma cmamucmuy4Ha 06pobka daHux; HarnucaHHs cmammi.

Prospects for further research

Research into the pulmonary complications of acute leukemia
holds promising prospects. Futher studying the underlying
mechanisms, treatment impacts, and developing innovative
diagnostic and therapeutic approaches can advance manage-
ment of acute leukemia patients, improving patient outcomes
and their life quality.
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