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Pezome. Axunoa AL (60% ALL, 40% AML) mawxucu gytuunean 50 magap 6onada npochnekmug Kozopm
maoxukomu 2023 uunoan 2025 tiuneaua ymxazunou. Buomapxeprap oapadxcacu OUOKUMESUU MAXAULLAD 8d
xemuntomunecceum ummynmaxaun (CLIA) époamuoa 6ownanzuy dapaxcada, mepanuanuue 14- ea 28-kyunaiapuoa
yauanou. Cmamucmuk maxaun SPSS 626.0 époamuda amanea owmupunou, axamusmauiux P<0,05 da anuxnauou.
Hacmnabrxu xonamoa AJI 6unan oepucan 6onanrapoa HA (nazopamoa 1,1 £ 0,2 me/n ea nucéaman 2,8 £ 0,6 me/n),
PCT (AJIUI 0a 0,96 £ 0,24 ne/mn, AMJI 0a 1,12 £ 0,31 ne/mn nazopamoa 0,03 £ 0,02 ne/mn 2a nucoaman) ea UJ1-6
(AJUUT 0a 35 £ 8 ne/mn, AMJI oa 45 + 10 ne/mn nasopamoa 3 + 1 ne/mn ea nucbamawn) oapaxcacu ce3unapiu
dapaxcaoa owou. Tepanus yw6by mapKepiadpruHe acma-cekuH nacauuwuea oaud Keidu, 6y 5ca KIUHUK
axwuranuw ounan 6oeruk 20u. Ileouampux AJIJIoa sinuenanuut OuOMApKepLAPUHU KY3AMuui 3pma MAauixuc
Kyuuul, xas@ oapasxcacurHu mabaxaiaumupuui 6d O0A8OIAWHU OAXONAWHY AXWULAUOU, 0d8oaaUied UHOUBUOYAT
énoawysHu Kya1a6-Ky8eamiaiou.

Kanum cyznap: [leouampux ymxup J1eiko3, SLIULAHUW OUOMApKepLapu, 2udiypoH Kuciomacu,
NPOKANCUMOHUH, UHIMEPAEUKUHAAD, NPOSHO3U.

Abstract. A prospective cohort study of 50 children with newly diagnosed AL (60% ALL, 40% AML) was conducted
from 2023 to 2025. Biomarker levels were measured at baseline, day 14, and day 28 of therapy using biochemical assays
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and chemiluminescent immunoassays (CLIA). Statistical analysis was performed using SPSS v26.0, with significance set at
P< 0.05. At baseline, children with AL showed significantly elevated levels of HA (2.8 £ 0.6 mg/L vs 1.1 £ 0.2 mg/L in
controls), PCT (0.96 £ 0.24 ng/mL in ALL, 1.12 + 0.31 ng/mL in AML vs 0.03 + 0.02 ng/mL in controls), and IL-6 (35 + 8
pg/mL in ALL, 45 £ 10 pg/mL in AML vs 3 £ 1 pg/mL in controls). Therapy led to a progressive decline in these markers,
correlating with clinical improvement. Monitoring inflammatory biomarkers in pediatric AL enhances early diagnosis,
risk stratification, and treatment evaluation, supporting a personalized approach to therapy.

Keywords: Pediatric acute leukemia, inflammatory biomarkers, hyaluronic acid, procalcitonin, interleukins, prog-

nosis.

Introduction. Acute leukemias (AL) are a
leading cause of morbidity in  pediatric
oncohematology, with acute lymphoblastic leukemia
(ALL) accounting for 75-80% of childhood
hemoblastoses and acute myeloblastic leukemia
(AML) comprising 15-20% [1,2]. Despite diagnostic

and therapeutic advancements, survival outcomes
remain disparate, with five-year survival rates of 85—
90% for ALL and 60-70% for AML [3]. These dis-
parities underscore the need for novel biomarkers to
predict disease progression and tailor therapy.

Table 1. Dynamics of Inflammatory and Tumor Growth Biomarkers in Children With Acute Leukemia and

Healthy Controls
. At Admission, Day 14, Day 28, Reference
No. Biomarker Group Mean £+ SD Mean + SD | Mean + SD Range
1 Proca'cr']g}mrl'_(PCT)' ALL 0964024 | 041£0.12 | 0.15%0.05 <0.05
AML 1.12+0.31 0.53+£0.15 | 0.22+0.08 <0.05
Healthy
Controls 0.03 £0.02 0.02+0.01 | 0.03+£0.02 <0.05
Hyaluronic Acid
2 (HA), ng/L ALL 210 £ 45 150 + 32 95+25 <100
AML 250+ 60 190 £ 45 120+ 30 <100
Healthy 65 + 20 68+ 21 67+ 19 <100
Controls
3 Laminin, ng/mL ALL 120 £25 80+ 18 60 £ 15 <50
AML 150+ 30 100 £ 25 75 +£20 <50
Healthy
Controls 35+10 36 £11 37+10 <50
Interleukin-1p (IL-
4 1B), pg/mL ALL 15+4 7+2 4+1 <2
AML 20+5 10+3 6+2 <2
Healthy 1£05 1+0.6 1+0.4 <2
Controls
5 | Interleukin-6 (IL-6), ALL 3548 1845 10£3 <5
pg/mL
AML 45+ 10 22+6 15+4 <5
Healthy 31 441 31 <5
Controls
g | Interleukin-10 (IL- ALL 25+6 35+8 20+5 <10
10), pg/mL
AML 307 40+9 25+6 <10
Healthy
Controls >E2 >*2 >*2 <10
C-reactive Protein
7 (CRP), mg/L ALL 27.5+6.8 94+32 38+1.5 <5.0
AML 342+79 12.8+£4.5 52+2.1 <5.0
Healthy 18409 17408 | 19=1.0 <5.0
Controls

Table Notes: ALL = acute lymphoblastic leukemia; AML = acute myeloblastic leukemia.
Values are expressed as mean + standard deviation (SD).
Statistical significance was determined with P< 0.05 compared to healthy controls (data not shown in
table but referenced in text). Reference ranges are based on established laboratory standards.
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The pathogenesis of AL involves profound
immune dysregulation and bone marrow microenvi-
ronment alterations, characterized by overproduction
of pro-inflammatory cytokines, suppression of anti-
inflammatory mechanisms, and systemic inflamma-
tion [4]. Recent research highlights the role of inter-
leukins (IL-1p, IL-6, IL-10), hyaluronic acid (HA) as
a marker of extracellular matrix remodeling, and
procalcitonin (PCT) as an early indicator of systemic
inflammation and sepsis in AL [5,6].

IL-6 drives T-lymphocyte activation, acute-
phase protein synthesis, and B-cell differentiation,
with elevated levels correlating with disease severity
and poor prognosis in leukemia [7]. Conversely, IL-
10 exerts anti-inflammatory effects but may contrib-
ute to immunosuppression and infectious complica-
tions when overproduced [8]. PCT, traditionally a
marker of bacterial sepsis, is often elevated in AL
patients even without overt infection, reflecting sys-
temic inflammation [9]. HA, a key extracellular ma-
trix component, indicates tissue damage and angio-
genesis, correlating with blast infiltration and in-
flammation in AL [10].

This study investigates the utility of these bi-
omarkers in early diagnosis, monitoring, and progno-
sis of pediatric AL, aiming to inform personalized
therapeutic strategies.

Materials and methods. This prospective co-
hort study was conducted at a pediatric hematology
unit in a national medical center from 2023 to 2025.
The study included 50 children with newly diagnosed
AL, comprising 60% males (n=30) and 40% females
(n=20). Morphologic and immunophenotypic analysis
confirmed ALL in 60% (n=30) and AML in 40%
(n=20). Age distribution was as follows: 36% (n=18)
aged <4 years, 44% (n=22) aged <10 years, and 20%
(n=10) aged <14 years at diagnosis.

A control group of 20 healthy children was in-
cluded for comparison. The study analyzed both ret-
rospective and prospective data, focusing on infection
history (viral and bacterial episodes prior to diagno-
sis) extracted from medical records. Biomarker levels
(HA, PCT, IL-1p, IL-6, IL-10, laminin, and C-
reactive protein [CRP]) were measured at baseline
(admission), day 14, and day 28 of therapy using bio-
chemical assays and CLIA with certified reagent Kits.

Statistical analysis was performed using SPSS
v26.0 (IBM Corp., Armonk, NY). Data were ana-
lyzed with Student’s t-test, Mann-Whitney U test, and
Spearman’s correlation coefficient, with significance
defined as P< 0.05.

Results. Of the 50 children enrolled, 48 com-
pleted the study (36 ALL, 12 AML). At baseline, HA
levels were significantly elevated in AL patients (2.8
+ 0.6 mg/L) compared to controls (1.1 £ 0.2 mg/L;
P< 0.001), with higher levels in AML (250 + 60
ng/L) than ALL (210 + 45 pg/L). By day 28, HA de-

creased (95 += 25 ug/L in ALL, 120 + 30 pg/L in
AML), reflecting treatment response.

PCT levels were also elevated at admission
(0.96 £ 0.24 ng/mL in ALL, 1.12 = 0.31 ng/mL in
AML vs 0.03 £ 0.02 ng/mL in controls; P< 0.001),
decreasing by day 28 (0.15 £ 0.05 ng/mL in ALL,
0.22 £+ 0.08 ng/mL in AML), indicating reduced in-
flammatory activity.

Cytokine analysis revealed significant eleva-
tions in IL-6 (35 = 8 pg/mL in ALL, 45 + 10 pg/mL
in AML vs 3 + 1 pg/mL in controls; P< 0.001) and
IL-1B (15 £ 4 pg/mL in ALL, 20 + 5 pg/mL in AML
vs 1 £ 0.5 pg/mL in controls; P< 0.001) at baseline,
with reductions by day 28 (IL-6: 10 + 3 pg/mL in
ALL, 15 £ 4 pg/mL in AML; IL-1B: 4 + 1 pg/mL in
ALL, 6 + 2 pg/mL in AML). IL-10 levels remained
elevated throughout (25 £ 6 pg/mL in ALL, 30 + 7
pg/mL in AML vs 5 + 2 pg/mL in controls), suggest-
ing a compensatory anti-inflammatory response.

Laminin levels were higher in AL patients (120
+ 25 ng/mL in ALL, 150 + 30 ng/mL in AML vs 35 +
10 ng/mL in controls; P< 0.001), decreasing by day
28 (60 = 15 ng/mL in ALL, 75 = 20 ng/mL in AML),
indicating reduced tissue remodeling. CRP levels fol-
lowed a similar trend (27.5 = 6.8 mg/L in ALL, 34.2
+ 7.9 mg/L in AML vs 1.8 £ 0.9 mg/L in controls; P<
0.001), declining by day 28 (3.8 = 1.5 mg/L in ALL,
5.2+2.1 mg/L in AML).

General clinical parameters (hemoglobin, leu-
kocytes, platelets) improved by day 28, reflecting
treatment efficacy. All patients received standard
chemotherapy per clinical protocols, including anti-
metabolites and alkylating agents.

Discussion. Elevated baseline levels of HA,
PCT, IL-6, IL-1B, laminin, and CRP in children with
AL highlight the role of systemic inflammation and
tissue remodeling in disease pathogenesis. The higher
biomarker levels in AML compared to ALL align
with its more aggressive course and lower therapy
response, consistent with survival data (60-70% for
AML vs 85-90% for ALL). The progressive decline
in these markers during therapy correlates with clini-
cal improvement, supporting their utility in monitor-
ing treatment response.

IL-6 and IL-1p emerged as potential prognos-
tic markers, with their reduction reflecting suppres-
sion of inflammation by chemotherapy. Persistent IL-
10 elevation suggests an ongoing immunoregulatory
response, potentially linked to immunosuppression
risks. Elevated PCT, even without bacterial infection,
underscores its role as a marker of systemic inflam-
mation in AL. HA and laminin levels indicate tissue
damage and angiogenesis, offering insights into dis-
ease severity and vascular complications.

These findings advocate for integrating bi-
omarker monitoring into routine clinical practice to
enhance early diagnosis, risk stratification, and per-
sonalized therapy in pediatric AL.
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Conclusion. This study demonstrates that in-
flammatory biomarkers (HA, PCT, IL-6, IL-1p, IL-
10, laminin, CRP) provide valuable insights into the
diagnosis, monitoring, and prognosis of pediatric AL.
Their dynamic changes during therapy correlate with
clinical outcomes, supporting their role in personal-
ized treatment strategies. Future research should fo-
cus on larger cohorts and standardized cutoffs for
clinical application.
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Pesztome. [lpocnexmugnoe Kocopmuoe ucciedosa-
nue 50 demeii ¢ nedasno ouacnocmupogannvim AL (60%
ALL, 40% AML) nposoounocy ¢ 2023 no 2025 200. Ypos-
HU OUOMAPKepO8 USMEPANUCL HA UCXOOHOM YypogHe, Ha 14-
o u 28-1 OeHb mepanuu ¢ NOMOWBIO DUOXUMUYECKUX AHA-
U308 U XeMumomMunecyeHmuozo ummynoananuza (CLIA).
Cmamucmuyeckuil aHaiu3z nposoouics ¢ nomougpio SPSS
v26.0, 3nauumocms onpedensinacy npu P<0,05. B ucxoo-
Hom cocmosanuu y demeti ¢ AJI 6viau 3HaUUMENLHO NOBbI-
wenvl yposuu HA (2,8 + 0,6 me/n npomue 1,1 £ 0,2 me/n 6
xoumpone), PCT (0,96 + 0,24 ne/mn npu AJUI, 1,12 + 0,31
ne/mn npu AMII npomug 0,03 £ 0,02 ne/mn 6 konmpone) u
HII-6 (35 = 8 ne/mn npu AJIJI, 45 + 10 ne/mn npu AMJI
npomug 3 + 1 ne/mn 6 xonmpone). Tepanus npusoounra
NOCMENEeHHOMY CHUIICEHUI0 SMUX MapKepos, 4mo Koppenu-
posano ¢ Kaunuveckum yayduwenuem. Monumopune o6uo-
Mapkepog eocnanenusi npu neouampuyeckom AJL ynyu-
wiaem pamHior OUASHOCMUKY, CMpamu@ukayuio pucka u
OYeHKY JleueHUs, No00epiHCUsas nepCoHANIU3UPOSAHHbLL
nooxo00 K mepanuil.

Knroueevie cnosa: Ileouampuueckuii ocmpulii neti-
K03, OuUOMapkepbl 0CHANEHUSA, 2UATYPOHO8AA KUCIOMA,
NPOKANLYUMOHUH, UHMEPAEUKUHbL, NPOSHO3.
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