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Abstract. The paper deals with the problem of kidney injury in children with leukemia after 

anticancer therapy. It is stated that cancer incidence has a steady growing trend all over the 

world, including the children population of Russia. It is reported that a significant proportion of 

childhood cancer survivors suffer serious late complications, including heart failure, neurotoxi-

city, nephrotoxicity, growth failure, hormonal disorders, and secondary cancers. Therefore, cur-

rent research is focused on the problems of early diagnosis even in the "asymptomatic" period of 

the disease. Special attention is paid to early diagnosis of kidney disorder in children with leu-

kemia who have received anti-cancer treatment. The aim of research was to study the markers of 

kidney damage after completion of polychemotherapy and radiation therapy. The results ob-

tained demonstrate that in the first two years after completion of anticancer therapy children 

with acute lymphoblastic leukemia (ALL) had an increased level of urinary kidney damage-1 

molecule (KIM-1). It is highlighted that further long-term follow-up studies are necessary to as-

sess the significance of the urinary KIM-1 and cystatin C in the blood serum and their relation-

ship to kidney damage after anticancer treatment in childhood. 
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Cancer incidence has a steady growing 

trend all over the world, including the chil-

dren population of Russia. Implementation of 

the National Project "Healthcare” (the federal 

project “Fight against Cancer”), significantly 

improved results of anticancer treatment and 

accompanying support in children. The pro-

ject has also resulted in a wider introduction 

of anticancer drugs into clinical practice, pro-

gress in studying the molecular biological 

features of the disease, search for the main 

immunological, cytogenetic and molecular 

targets for epigenetic therapy, contribute to 

the survival of patients with cancer [1-4]. Up 

to 40% of childhood cancer survivors suffer 

serious late complications, including heart 

failure, neurotoxicity, nephrotoxicity, growth 

failure, hormonal disorders, and secondary 

cancers [5]. Cancer survivors are at risk for 

early and late renal side effects, including 

CKD and kidney failure, impaired (estimated) 

GFR, proteinuria, hypomagnesaemia, hypo-

phosphatemia, impaired tubular phosphate 

reabsorption, and hypertension. The preva-

lence of long-term renal outcomes ranges 

from 0 to 84% [6]. Green DM. et al. 2021 

found that 2.1% of 2753 adult childhood can-

cer survivors diagnosed ≥10 years ago had 

stage 3-5 CKD according to the KDIGO 2012 

criteria [7]. Anticancer chemotherapy is asso-

ciated with nephrotoxic side effects that affect 

long-term consequences, and their study is of 

particular relevance [8]. Late complications 

not only seriously impair the quality of life of 

patients and cause higher rates of hospitaliza-

tion, but in 15% of cases become the direct 

cause of patient death [9-11]. Therefore, cur-

rent research is focused on the problems of 

early diagnosis even in the "asymptomatic" 

period of the disease. Early diagnosis of kid-

ney disorder in children with leukemia who 

have received anti-cancer treatment is essen-

tial in prevention of development and pro-

gression of chronic kidney disease. Currently 

the new diagnosic approach is the assessment 

of kidney function using new biomarkers that 

are more sensitive and specific in relation to 

the functional state of the kidneys compared 

to blood creatine. The presence of markers of 

kidney damage is possible in the early stages 

from the onset of the development of the 

pathological process to establish the level of 
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manifestation of the nephron. It is worth not-

ing that biomarkers are detected in children 

with severe early injury and recovery before 

proteinuria or serum creatinine reveal irre-

versible expansion and disappearance of the 

nephron [12]. The aim of our research was to 

study the markers of kidney damage after 

completion of polychemotherapy and radia-

tion therapy. 

Methods. We examined 39 children with 

acute lymphoblastic leukemia (ALL) after 

anticancer therapy (22 boys and 19 girls) aged 

10,7 ± 3,7 years. They received anticancer 

therapy according to approved treatment pro-

tocols. The examination period from the end 

of anticancer therapy ranged from 2 weeks to 

6,5 years. The patients were divided into 3 

groups: Group I - patients with a period of 2 

weeks to 2 years from completion of the ther-

apy; Group II - patients with a period of 2 

years to 4 years from completion of the thera-

py, and Group III - patients with a period of 4 

to 6.5 years from completion of the therapy. 

The control group included 50 children (25 

boys and 25 girls) at the age of 10,7 ± 4,8 

years of I-II health groups. All children in the 

control group had estimated glomerular filtra-

tion rate (eGFR) > 90 ml / min / 1,73 m2, 

urine tests and kidney ultrasound data were 

normal, SDS BMI was from -1 to +1. Formu-

las based on serum creatinine and cystatin C 

concentrations (CKiD U25 using age-

dependent coefficient) were used to calculate 

eGFR. Lipocalin associated with neutrophilic 

gelatinase (NGAL), β2-microglobulin (β2-m), 

kidney damage-1 molecule (KIM-1), inter-

leukin 18 (IL-18), in blood serum - cystatin C 

were studied by ELISA method. The results 

were presented as a median and interquartile 

range [IQR]. Comparison between groups 

was performed using the Mann-Whitney U 

test. 

Results. Children of Group I had the level 

of urinary KIM -1 - 323.19 pg / ml [150.43-

888.55], which was significantly higher ac-

cording to the control group: 162.35 pg/ml 

[95.85-253.95], p=0.009. Urinary β2-m /UCr 

- 0.85 mkg / mg [0.35-7.55], urinary IL -18 

/UCr - 26.36 pg/mg [17.32-39.05] were even 

lower than in control group; β2-m /UCr - 4.63 

mkg/mg [1.75-9.43], p=0.035, IL-18 /UCr - 

44.86 pg/mg [35.03-58.15], p= 0.018. All uri-

nary markers in children from Group II and 

Group III did not differ from those in the con-

trol group. The level of cystatin C in blood 

serum in all three groups of patients was 

higher than in the control group 0.47 mg/l 

[0.43-0.53]: 1-st group - 0.62 mg/l [0.54-

0.86], p<0.001; 2-nd group - 0.6 mg/l [0.48-

0.64], p=0.024; 3-d group - 0.57 mg/l [0.51-

0.63], p=0.004. 

Discussion. The influence of anticancer 

treatment, especially radiotherapy and ne-

phrotoxic agents such as ifosfamide and cis-

platin, on kidney function is well known in 

patients with ALL treated in childhood. Bárdi 

E. et al., 2004, found that the level of serum 

cystatin C remains elevated after the end of 

specific therapy [13]. In a study by Grevtseva 

E., 2017, children were identified with persis-

tent elevated levels of cystatin C and interleu-

kin-18 in the blood serum after the end of 

specific therapy [14]. Zubowska et al., 2013, 

studied the role of IL-18, IMT-1, and beta2-

microglobulin in the detection of chronic kid-

ney disease in cancer patients after the end of 

treatment. The author concluded that beta2-

microglobulin and especially IL-18 can be 

used as early markers of chronic damage to 

the proximal tubules in children after chemo-

therapy [15]. Latoch E et al., 2021, evaluated 

urinary beta2-microglobulin levels in children 

with leukemia. The authors found a signifi-

cantly higher concentration of beta2-

microglobulin in the urine in children with a 

longer follow-up period (more than 5 years 

after treatment) [16]. In another study by the 

same authors, it was shown that children 5 

years after the end of treatment had higher 

levels of KIM-1, NGAL compared with those 

whose time from the end of therapy did not 

exceed 5 years at the time of the study [17].  

But there are studies demonstrating that in 

children with ALL these markers remain 

normal after anticancer therapy. Krawczuk-

Rybak M et al. reported that after the comple-

tion of specific therapy, renal function in 

children returned to normal, despite previous 

use of nephrotoxic drugs. Cystatin C in blood 

serum, beta2-microglobulin and cystatin C in 

urine after the end of specific therapy were 

the same in the analyzed and control group of 

healthy children [18]. Kaya Z et al. concluded 

that renal toxicity for low-risk ALL resolves 
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slowly, leaving almost no significant late ne-

phrotoxicity in survivors [19].  

In the current study we tried to find out 

whether biomarkers are elevated in survivors 

of childhood ALL patients compared to con-

trol group.  

There are several limitations of this study. 

It was a single-center analysis, with a rela-

tively small number of patients. We did not 

evaluate the levels of biomarkers before the 

start of treatment, during exposure to chemo-

therapy or at the end of therapy. The strengths 

of our research include the homogenous 

group of acute lymphoblastic leukemia survi-

vors, relatively long follow-up time and no 

ethnic diversity. 

Conclusions. In the first two years after 

completion of anticancer therapy children 

with ALL had an increased level of urinary 

KIM -1. The level of cystatin C in the blood 

serum after completion of the polychemother-

apy and radiation therapy remains elevated 

during 6 years. Further long-term follow-up 

studies are necessary to assess the signifi-

cance of the urinary KIM-1 and cystatin C in 

the blood serum and their relationship to kid-

ney damage after anticancer treatment in 

childhood. 
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Аннотация. Статья посвящена проблеме поражения почек у детей с лейкозом после 

противоопухолевой терапии. Установлено, что заболеваемость раком имеет устойчи-

вую тенденцию роста во всем мире, в том числе и среди детского населения России. Со-

общается, что значительная часть выживших после рака в детстве страдает серьез-

ными поздними осложнениями, включая сердечную недостаточность, нейротоксич-

ность, нефротоксичность, задержку роста, гормональные нарушения и вторичный рак. 

Поэтому современные исследования сосредоточены на проблемах ранней диагностики 

даже в «бессимптомном» периоде заболевания. Особое внимание уделено ранней диагно-

стике патологии почек у детей, больных лейкозом, получающих противоопухолевое лече-

ние. Целью исследования было изучение маркеров поражения почек после завершения по-

лихимиотерапии и лучевой терапии. Полученные результаты свидетельствуют о том, 

что в первые два года после завершения противоопухолевой терапии у детей с острым 

лимфобластным лейкозом (ОЛЛ) повышен уровень молекулы мочевого повреждения по-

чек-1 (КИМ-1). Подчеркнута необходимость дальнейших долгосрочных катамнестиче-

ских исследований для оценки значимости мочевого KIM-1 и цистатина С в сыворотке 

крови и их связи с поражением почек после противоопухолевого лечения в детском воз-

расте. 

Ключевые слова: лейкоз, дети, полихимиотерапия, нефротоксичность, биомаркеры, 

повреждение почек, ХБП. 

  




