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ABSTRACT

Relevance: Acute lymphoblastic leukemia (ALL) is the most common cancer among children, accounting for nearly a
quarter of all childhood cancers.

The study aimed to determine the risk factors and signs of critical conditions in children with acute lymphoblastic leu-
kemia admitted to an intensive care unit (ICU).

Methods: The approach used was a systematic review. Data was collected from sources published in 2019-2023. Four
cohort studies, four retrospective analyses, two literature reviews, one case-control study, and one case study were included
in this systematic review.

Results: The prognosis in pediatric ALL depends on the initial number of blast cells in the peripheral blood. Patients
with B-cell precursor acute lymphoblastic leukemia (BCP ALL) and low blast cell numbers survived better than patients
with T-cell acute lymphoblastic leukemia (T-ALL) and low cell count. ILIB and NLRPI genetic polymorphisms enhanced
ALL risk and reduced infectious comorbidity. However, these gene polymorphisms must be confirmed in juvenile leukemia.
KRAS, FLT3, NRAS, PTPN1I, KMT2D, PTEN, and NOTCHI gene mutations affected pediatric ALL patient features
and treatment results. These mutations demonstrate the relevance of genetic profiling in risk classification and tailored
management. Gene variations and availability of effective medication contributed. Pediatric BCP-ALL patients with the
PAX5P8OR mutation had worse 5-year overall survival, higher white blood cell counts, male preponderance, and more genet-
ic abnormalities. Pediatric BCP-ALL focused on genetic analysis and risk stratification. Children of African American and
European American ancestry showed varied incidence, recurrence, and outcome rates for ALL. African American children

exhibited lower incidence but greater recurrence rates and poorer prognosis than European American children.

Conclusion: Risk factors for these patients’ admission to ICU include comorbidities, infectious diseases, hypoxia, and
hemodynamic instability, as well as age and baseline white blood cell count at diagnosis.

Keywords: Clinical deterioration, signs of critical conditions, intensive care unit (ICU), acute lymphoblastic leukemia

(ALL), children.

Introduction: Acute lymphoblastic leukemia (ALL) is the
most common cancer among children, accounting for near-
ly a quarter of all childhood cancers [1].

More than 6,600 new cases were diagnosed in the Unit-
ed States in 2022, and nearly 1,600 people died from ALL.
Children make up about 60% of all cases, with the highest
incidence rate occurring between the ages of two and five.
A second peak in incidence comes beyond the age of fifty.
Most childhood cancers and 75% of leukemia diagnoses in
children below 15 years are ALLs. It ranks behind only acci-
dents as the second-leading cause of death for children un-
der 15 years. After reaching its mid-20s low, the risk progres-
sively starts to grow again. This process continues until age
50. About 20% of adult acute leukemias are caused by ALL.
For both sexes, the lifetime risk of ALL is around 0.1% (1 in
1000 Americans). Even though the overall survival rate for
children with ALL has significantly increased over the last
several decades, some kids still need to be brought to the
critical care unit because of a decline in their clinical condi-
tion. This is the case even though the overall survival rate for
children has significantly improved. Identifying signs or early
warning indicators of severe conditions in children with ALL

admitted to an intensive care unit (ICU) is vital for improving
outcomes and reducing morbidity and mortality rates. It has
been shown that the following criteria are both clinically and
physiologically important predictors of prognosis in pediat-
ric ALL: age, initial white blood cell count, leukemic blast ge-
netics and immunophenotype, and treatment response.

It is significant to emphasize that over 80% of children
with cancer live in LMICs, where treatment results are not
optimum. This is mostly brought on by factors that lead to
higher treatment-related mortality rates, such as delayed
presentation, malnutrition, and a lack of supporting and
critical care facilities. A high desertion rate further decreas-
es the survival rates in LMICs. Anemia, thrombocytopenia,
and neutropenia are common signs of bone marrow loss in
children with ALL, along with visceromegaly and lymphad-
enopathy [2]. For severely sick patients, the ICU offers exten-
sive monitoring and treatment. Children with ALL admitted
to ICU often have a variety of clinical symptoms, such as or-
gan failure, sepsis, respiratory distress, and fever. The under-
lying causes of clinical deterioration in these cases can vary
widely, such as infectious complications, chemotherapy-re-
lated toxicities, or organ involvement by leukemia itself [2].
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The diagnosis, therapy, and supplementary care of pa-
tients with malignancies of the blood have made signifi-
cant strides over the last several decades, increasing surviv-
al rates. However, it is not yet known what the outcome will
be for hematologic cancer patients who need admission to
the critical care unit. According to recent statistics, these
patients’ in-hospital death rates vary from 46% to 90%.
This is significantly higher than the mortality rates in gener-
al medical patients admitted to the ICU over the same peri-
od. Through a multivariable analysis, six factors are signifi-
cant predictors of ICU admission. These factors relate to the
patient’s health, such as acute leukemia and curative intent
chemotherapy, to the patient’s laboratory results, such as
a platelet count below 50 109/L, albumin levels below nor-
mal, and elevated LDH at the time of admission, and to the
patient’s doctor, such as discussions about advanced direc-
tives. These indicators are paramount and may aid health-
care personnel in starting timely and thorough dialogues
with patients about treatment objectives, enabling proac-
tive choices before the patient’s health deteriorates. It is
essential to remember that most patients diagnosed with
hematologic cancers will need admission to ICU at some
point during treatment. This highlights the significance of
using the found predictors to enable efficient discussion
with patients about their treatment choices [3].

Detecting early signs of impending clinical deteriora-
tion is crucial for timely intervention and improving out-

comes in this vulnerable population. Identifying predic-
tors or early harbingers of critical conditions in children
with ALL admitted to the ICU is paramount. It allows
healthcare providers to recognize subtle changes and initi-
ate appropriate management strategies promptly. Howev-
er, recognizing these predictors can be challenging, espe-
cially in the pediatric population, where symptoms can be
nonspecific, rapidly evolving, and influenced by the child’s
age and developmental stage.

The study aimed to determine the signs in children
hospitalized in the critical care unit with acute lympho-
blastic leukemia.

Materials and Methods: For this systematic review of
early signs of critical conditions in children with ALL admit-
ted to ICU, the data was collected from sources published
in 2019-2023. To conduct a PubMed search for early signs of
critical conditions in children with ALL admitted to ICU, we
use the keywords (“prognosis” AND “pediatric ALL"). Four
years: There are 115 articles identified within a specific four-
year timeframe. It implies that the search was conducted
with a focus on a particular period or interval. Free full: Out of
the total results, 66 articles are marked as “free full.” This in-
dicates that these articles can be accessed without payment
or subscription restrictions. Selected: The dataset includes 17
articles marked as “selected.” These articles were reviewed or
curated to identify the most relevant and high-quality data.
12 of 295 articles were considered relevant (Fig. 1).
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Figure 1 - A Four-Phase Literature Review Flow Diagram

The inclusion and exclusion criteria were:

1. Time Frame: The search was limited to a specific four-
year period, possibly to focus on recent developments or
to align with a particular study timeline.

2. Availability: “Free full” articles were preferred to
open-access materials freely accessible without paywalls
or subscription requirements to ensure broader access to
the selected articles.

3. Manual Selection: 17 articles were manually selected
for a more targeted review. Then, they were scrutinized to
identify those of higher quality and relevance.

4. Relevance: Finally, 12 articles were considered rele-
vant, meaning they were especially important or coinci-
dent with the research objectives.

Results: According to Table 1, a retrospective co-
hort study by Dai Q. et al. involved 367 patients with
ALL aged 0 to 14 years [4]. F.S. Alves et al. conducted a
case-control study involving 158 patients with ALL and
192 healthy individuals aged 2 to 15 years [5]. D. Shen
et al. conducted a single-center cohort study with 219
patients diagnosed with pediatric ALL, ranging in age
from 0.05 to 16.25 years, with a median age of 3.75 years
[6]. W. Burke et al. performed a literature-based evalua-
tion without specifying a sample size, focusing on indi-
viduals up to 15 years [7]. M. Jung et al. conducted a ret-
rospective analysis involving 1237 patients with B-cell
precursor ALL (BCP-ALL) over ten years [8]. J. Chu et al.
conducted a retrospective analysis involving a large
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sample of 5,161 children diagnosed with ALL, covering
the age range of up to 18 years [9]. A.L. Brown et al. de-
signed a prospective cohort study involving 208 pedi-
atric patients with ALL, aged between 2 and 18 years
[10]. F. Liu et al. conducted a retrospective analysis in-
volving 178 patients with ALL, ranging in age from 1 to
13 years [11]. L. Kipfer et al. performed a retrospective
analysis involving 110 unselected pediatric patients
without specifying the age range [12]. J.T. Nearing et al.

Table 1 - Overview of study characteristics

conducted a combined 16S rRNA gene and metagen-
omic shotgun sequencing study in an independent
pediatric ALL cohort without providing a specific sam-
ple size [13]. A. Kashef et al. conducted a case study in-
volving 241 observations of patients with ALL, ranging
in age from 0 to 17 years [14]. Q. Zou et al. performed
a literature review and analysis of existing studies, col-
lecting 44 samples from individuals between 0.75 and
11.12 years of age [15].

Sr.No Study Study Design Sample Size Age Range
1 Dai Q. et al. [4] Retrospective Cohort Study | 367 patients with ALL 0to 14 years
2 | AlvesFS.etal.[5] Case-Control Study 192 healthy and 158 ALL patients 2to 15 years old
3 | ShenD.etal.[6] Single-Center Cohort Study | 219 patients with pediatric ALL 0.05-16.25, median: 3.75years
4 | Burke W.etal.[7] Literature-based evaluation | Not applicable Upto 15
5 |JungM.etal.[8] Retrospective analysis 1237 patients with BCP-ALL Tenyears
6 | Chul.etal.[9] Retrospective analysis 5,161 children with ALL Upto 18
7 | BrownA.L.etal.[10] | Prospective cohort design 208 pediatric patients with ALL 2-18 years.
8 | LiuF.etal.[11] Retrospective analysis 178 patients 1-13 years
9 | KupferL.etal.[12] Retrospective analysis 110 unselected pediatric patients Not specified.
10 | Nearing JT. etal.[13] | Cohort Study An independent pediatric ALL cohort | Not specified
11 | Kashef A.etal.[14] Case study 241 observations 0to 17 years
12 | ZouQ.etal.[15] Literature review 44 samples were collected 0.75-11.12 years of age
Early Signs of ALL ed patient-reported symptoms such as fatigue, pain, sleep

Table 2 of the systematic review examined a range of sign
variables concerning pediatric ALL. Q. Dai et al. focused on
the initial peripheral blood blast cell count at diagnosis [4].
F.S. Alves et al. investigated genetic polymorphisms, includ-
ing IL1B and IL18, NLRP1, NLRP3, and P2RX7, genotyped us-
ing PCR-RFLP and gPCR [5]. D. Shen et al. utilized targeted
sequencing through Next-generation sequencing (NGS) to
identify gene mutations [6]. W. Burke et al. explored signs
such as ALL incidence, relapse rates, prognostic indicators,
environmental risk exposures, gene variants associated with
treatment response, and access to treatment [7]. M. Jung et
al. examined signs, including PAX5P80R status, white blood
cell counts, sex, and copy number variations (CNVs) of IKZF1,
PAXS5, ETV6, RB1, BTG1, EBF1, CDKN2A, CDKN2B, and ERG [8].
J. Chu et al. assessed the response to dexamethasone, cate-
gorizing patients into dexamethasone good response (DGR)
and dexamethasone poor response (DPR) groups based on
peripheral lymphoblast count [9]. A.L. Brown et al. investigat-

Table 2 - Study Early Signs of ALL

disruptions, and nausea using surveys completed by patients
or caregivers [10]. F. Liu et al. analyzed predictors, including
the ETV6-RUNXT fusion gene, CNS state at diagnosis, pred-
nisolone response, risk level, gene positivity after induction
chemotherapy, minimal residual disease (MRD) positivity, and
gene positivity at the 12th week [11]. L. Kiipfer et al. examined
the impact of treatment with a reduced intensity ALL-Mos-
cow Berlin (MB)-91 protocol [12]. JT. Nearing et al. focused on
the gut microbiome composition and its association with in-
fectious complications during the initial six months of ther-
apy [13]. A. Kashef et al. conducted an extensive analysis in-
volving 31 attributes as potential signs in pediatric ALL [14].
Q. Zou et al. investigated genetic mutations (NOTCH1/FBXW?7,
PTEN, RAS, and KMT2D) and abnormal activation of the JAK-
STAT signaling pathway as potential signs in ALL [15]. These
studies contribute to understanding the diverse factors that
may influence the development, prognosis, and treatment
response of pediatric ALL.

Sr.No Study

Sign Variables

1 DaiQ.etal. [4]

Initial peripheral blood blast cell count at diagnosis

2 | AlvesFS.etal. [5]

IL1B and IL18 genetic polymorphisms (genotyped by PCR-RFLP), NLRP1, NLRP3, and P2RX7 genetic
polymorphisms (genotyped using qPCR)

3 Shen D. et al. [6]

Gene mutations identified through targeted sequencing based on Next-generation sequencing (NGS)

4 Burke W. et al. [7]

ALL incidence, relapse rates, prognostic indicators, environmental risk exposures, gene variants
associated with treatment response, access to treatment

5 |JungM.etal.[8]

PAX5P8O0R status, white blood cell counts, sex, copy number variations (CNVs) of IKZF1, PAX5, ETV6, RB1,
BTG1, EBF1, CDKN2A, CDKN2B, and ERG

6 | Chul.etal.[9]

Response to dexamethasone (classified as dexamethasone good response [DGR] and dexamethasone
poor response [DPR] groups based on peripheral lymphoblast count)

7 Brown A.L.etal.[10]

during the treatment

The signs variables were patient-reported symptoms, including fatigue, pain, sleep disruptions, and
nausea. The patients or their primary caregivers completed symptom surveys at specific time points

8 LiuF.etal. [11]

positivity at the 12" week

ETV6-RUNX1 fusion gene, Central nervous system (CNS) state at diagnosis, Prednisone response, Risk
level, Gene positivity after induction chemotherapy, Minimal residual disease (MRD) positivity, Gene
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Table 2 (continued)

9 | KupferL.etal.[12]

Treatment with a reduced intensity ALL-Moscow Berlin (MB)-91 protocol

pathways (JAK-STAT pathway)

10 | Nearing JT. etal.[13] | Gut microbiome composition, infectious complications during the first six months of therapy
11 | Kashef A. etal. [14] 31 attributes
12 | ZouQ.etal.[15] Genetic mutations (NOTCH1/FBXW?7, PTEN, RAS, and KMT2D), abnormal activation of signaling

Table 3 summarizes important findings regarding
pediatric ALL. Q. Dai et al. found that the initial pe-
ripheral blood blast cell count influenced the clinical
prognosis of pediatric ALL. Specifically, patients with
B-cell precursor acute lymphoblastic leukemia (BCP
ALL) and low blast cell counts had better survival rates,
while those with T-ALL and low counts had worse sur-
vival rates than intermediate and high counts [4]. F.S.
Alves et al. focused on inflammasome gene polymor-
phisms and their association with ALL risk and infec-
tious comorbidities. They discovered that certain ge-
netic variants, such as IL1B and NLRP1, were linked to an
increased risk of ALL and decreased susceptibility to in-
fectious comorbidities. However, larger-scale investiga-
tions are required to validate the significance of these
gene polymorphisms in juvenile leukemia [5]. D. Shen
et al. identified 381 mutations in 66 different genes in
pediatric ALL patients. They found that specific mu-
tations, including KRAS, FLT3, NRAS, PTPN11, KMT2D,
PTEN, and NOTCH1, were associated with particular
patient characteristics and treatment outcomes. This
highlights the importance of genetic mutations in risk
stratification and personalized management of ALL [6].
W. Burke et al. investigated the disparities in ALL inci-
dence, relapse rates, and prognostic markers between
African American (AA) and European American (EA)
children. They discovered that AA children had lower
incidence but higher relapse rates and worse prognos-
tic markers than EA children. Environmental risk factors
had a limited impact, while gene variations and differ-
ential access to effective therapy contributed to these
disparities. Precision medicine was suggested as a po-
tential solution to address these gaps [7]. M. Jung et
al. examined the presence of the PAX5P80R mutation
in pediatric BCP-ALL patients and its impact on clinical
outcomes. They found that patients with this mutation
had worse 5-year overall survival, higher white blood
cell counts, male predominance, and additional genetic
abnormalities. This highlights the importance of genet-
ic profiling and risk stratification in pediatric BCP-ALL
[8]. J. Chu et al. focused on the response to dexameth-
asone as a prognostic factor in pediatric ALL. Based on
the peripheral lymphoblast count, they divided the pa-
tients into groups for dexamethasone’s excellent reac-

Table 3 - Main results of the studies included in the analysis

tion and dexamethasone’s poor response. DPR patients
had higher relapse rates and lower 6-year event-free
survival and overall survival rates, emphasizing the im-
portance of early therapeutic response assessment and
tailored management [9]. A.L. Brown et al. investigat-
ed the association between patient-reported symp-
toms and the incidence of relapse in pediatric ALL.
They discovered that certain symptoms at various stag-
es of treatment — such as weariness, discomfort, dis-
turbed sleep, and nausea, were connected to an elevat-
ed chance of recurrence. Symptom clusters and higher
symptom load were also associated with recurrence
[10]. F. Liu et al. evaluated the prognostic factors and
treatment outcomes in pediatric ALL. They reported fa-
vorable outcomes in ETV6-RUNX1-positive patients but
highlighted the need to carefully consider CNS involve-
ment and minimal residual disease levels for appropri-
ate treatment decisions [11]. L. Kiipfer et al. studied the
outcomes of reduced-intensity ALL-MB-91 treatment in
pediatric ALL patients. They found a 3-year event-free
survival rate of 34.9% and suggested that tailored treat-
ment intensity and improved platelet infusion might
enhance outcomes [12]. J.T. Nearing et al. explored the
relationship between gut microbiota composition and
infectious complications in pediatric ALL patients dur-
ing treatment. They discovered that specific gut micro-
biome characteristics were associated with increased
vulnerability to viral problems, highlighting the poten-
tial role of the microbiome in patient outcomes [13]. A.
Kashef et al. examined the necessity of cranial radio-
therapy (CRT) in pediatric ALL patients and developed
a classifier to predict the need for CRT based on disease
recurrence. They found that CRT was cost-effective and
beneficial for patients with a higher risk of recurrence
[14]. Q. Zou et al. reviewed prognostic factors, genet-
ic and molecular characteristics, and optimal treatment
modalities in adult T-LBL. They emphasized the impor-
tance of genetic mutations, such as NOTCH1/FBXW?7,
PTEN, RAS, and KMT2D, and abnormal signaling path-
ways, particularly the JAK-STAT pathway. The study rec-
ommended specific treatment approaches while con-
sidering the benefits and risks of radiotherapy and
highlighted the significance of prognostic models in
guiding therapy selection [15].

Sr.No Study Outcome Measure Results Findings
Dai Q. etal. [4] The clinical progno-| BCP ALL was 91.6%, T-ALL 8.4%. BCP BCP ALL patients with low blast cell
sis of pediatric ALL | ALL and T-ALL patients’ prognoses de- | counts (<1x10%L) showed better sur-
pended on their initial peripheral blood | vival rates than those with large counts
1 blast cell count (>30%10°/L). T-ALL patients with low

counts had worse survival rates than
intermediate counts
(1-29.9x10%L) and high counts
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Table 3 (continued)

Alves F.S.etal. [5] | Inflammasome IL1B C/T rs19644 genotype increases | Larger-scale investigations are needed
gene polymor- ALL risk by 2.48-fold, whereas NLRP1 | to validate the relevance of inflam-
phisms and ALL A/T rs12150220 genotype decreases | masome gene polymorphisms in juve-

2 and infectious co- | infectious comorbidities by 0.37-fold. | nile leukemia.
morbidities NLRP3 and P2RX7 polymorphisms did
not affect risk

Shen D. et al. [6] Patient charac- 381 gene mutations were identified KRAS, FLT3, NRAS, PTPN11, KMT2D,
teristics, cytoge- | in 66 different genesin 152/219 pa- | PTEN, and NOTCH1 mutations were
netics, genetic tients related to particular patient features
subtypes, risk (P<0.050). PIK3R1 mutation was more

3 stratification, and common in babies (P=0.021). ETV6 and
treatment results PHF6 mutations lowered steroid sensi-
are correlated with tivity (P=0.033 and 0.048, respectively)
gene mutation

Burke W. et al. [7] ALL disparities AA children had a lower ALL inci- AA children had lower incidence,
between African | dence but greater recurrence rates greater relapse rates, and worse prog-
American (AA) and| and worse prognostic markers than | noses than EA children. Due to insuf-
European Ameri- | EA children. Due to limited evidence, | ficient data, environmental risk expo-
can (EA) children | environmental risk factors for ALL sures on ALL are unknown, whereas

4 had little effect, although treatment | gene variations and differential access
response gene variations increase AA| to effective therapy contribute to
children’s recurrence rates. Risk-di- the reported discrepancies. Precision
rected treatment, case management, | medicine may address these gaps by
and no out-of-pocket payments may | personalizing treatment techniques
reduce ALL recurrence rates for varied patient groups

Jung M. et al. [8] 5-year overall sur- | PAX5P80R was detected in 2% of Pediatric BCP-ALL patients treated
vival BCP-ALL patients, with greater white | with the AIEOP-BFM ALL 2000 regimen

blood cell counts and male sex. Most | who had PAX5P80R had worse clinical
PAX5P80R-positive individuals were | results, including poorer 5-year overall

5 >10 years old and had PAXS5, IKZF1, survival. PAX5P80R’s association with
CDKN2A, and CDKN2B deletions, other genetic abnormalities and in-
leading to lower 5-year overall sur- termediate-risk pediatric BCP-ALL risk
vival than in PAX5P80R-wildtype classification requires more study
BCP-ALL

Chu J. et al. [9] The prognosis Compared to DGR, DPR had greater | Dexamethasone caused an early ther-
(recurrence rate, | age, white blood cell counts, BCR/ apeutic response. Dexamethasone re-
6-year event-free | ABL1 and TCF3/PBX1 fusion genes sponse and low residual disease were
survival, and over- | frequency, and central nervous sys- | prognostic in the intermediate-risk
all survival rates) | tem recurrence (P<0.001). The DGR group, possibly directing early man-

6 group had reduced recurrence rates | agement to minimize recurrence
(18.6% vs. 11%) and greater 6-year
event-free survival (73% vs. 83%) and
overall survival (86% vs. 92%). Only
the intermediate-risk group differed
(P<0.001)

Brown A.L. etal. The main outcome| A total of 208 patients were followed | The research found substantial con-

[10] measure was the | up for a mean period of 2.6 years. A nections between recurrence and
incidence of re- relapse occurred in 22 patients certain symptoms at different treat-
lapse in pediatric ment phases. Fatigue at the onset
ALL patients of delayed intensification (DI) and

maintenance cycle 1 (MC1), pain at

7 DI, nausea after induction, and sleep
problems at the end of induction, DI,
and MC1 all increased relapse risk.
Symptom clusters with greater aver-
age DI symptom load were also relat-
ed to recurrence

LiuF. etal. [11] The induced The median white blood cell count ETV6-RUNX1-positive ALL has a good
remission rate, at diagnosis was 9.46x10°/L, and the | prognosis, although individuals with
cumulative relapse| median age was 4 years. The initial CNS2 at diagnosis or high MRD levels
incidence, 5-year | induction treatment achieved a at 12 weeks should have stem cell
and 10-year OS/ 97.8% remission rate, while 15.9% of | transplantation
EFS rates, and re- | patients relapsed, predominantly as
lated prognostic | isolated bone marrow relapse (83.3%)

8 variables affect and late relapses (79.2%). The medi-
medical research | an relapse to first full remission was
results 35.5 months. ETV6-RUNX1-positive

children had 5-year and predicted
10-year overall survival rates of 89.4%
and 88.6% and event-free survival
rates of 82.1% and 77.3%
42 Oncology and Radiology of Kazakhstan, Ne3 (69) 2023
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Table 3 (continued)
Kupfer L. etal.[12] Event-free survival | No patients stopped therapy, and 57% | The lower intensity ALL-MB-91 treat-
(EFS) and overall were high-risk. 65.5% obtained full ment in a charity-funded public hospital
survival (OS) remission on day 36. The 3-year event- | in Cambodia had a 3-year event-free
free survival (EFS) and overall survival survival rate of 34.9% for pediatric ALL
9 (OS) rate was 34.9%, with infections patients. Infections and bleeding killed
(53.3%) and bleeding (20%) causing the | most. The research also implies that leu-
most fatalities. Standard-risk (SR) indi- | kemia treatment may be justified with
viduals had 50.5% 3-year EFS selective lowering of treatment intensity
and enhanced platelet infusion
Nearing J.T. etal.[13] |Gut microbiota com-|Infectious problems within six months  [This research examines the gut microbi-
position and pedi- |of medication were associated with ota and infectious problems in pediatric
atric ALL infectious |[unique gut microbiota alpha diversity, |ALL patients following therapy. The
complications beta diversity, species abundance, and |findings emphasize taxonomic and func-
functional pathways. These results show [tional microbiome differences. Machine
that the gut microbiome’s makeup and [learning models employing patient
10 activity determine patients’ vulnerability [information and bacterial species had an
to viral problems during treatment 84.09% classification accuracy. Bacterial
species were the most relevant charac-
teristics. This connection and its implica-
tions for future research and therapeutic
practice need more study
Kashef A.etal.[14]  [The necessity of Cra-|The stacked ensemble classifier used in |In pediatric ALL patients, disease recur-
nial Radiotherapy |the study demonstrated highly reasona- |rence is the main predictor of CRT thera-
1 (CRT) treatmentin  |ble performance with an Area Under the |py, which is cost-effective and beneficial
pediatric ALL pa- Curve (AUC) of 87.52%
tients
Zou Q. etal.[15] Prognostic factors, |Genetic mutations (NOTCH1/FBXW?7, The review study covered adult T-LBL's
geneticand molec- [PTEN, RAS, KMT2D) and aberrant JAK-  [genetic and molecular features, rec-
ular characteristics, |STAT signaling were studied in adult ommended treatment options, and
optimal treatment  |T-LBL. Leukemia treatment, CNS proph- |[emphasized the significance of genetic
12 modalities ylaxis, and cranial radiation-free proce- |mutations and abnormal signaling path-
dures were used. 5-miRNA, 11-gene, and |ways. It also highlighted the importance
4-CpG classifiers predicted outcomes  |of prognostic models and recommended
specific therapies while considering the
benefits and risks of radiotherapy

Discussion: This systematic review on Early Signs
and risk factors of Critical Conditions in Children with
ALL Admitted to ICU includes 4 cohort studies, 4 retro-
spective analyses, 2 literature reviews, 1 case-control
study, and 1 case study.

Different research discovered that several clinical
and laboratory prognostic markers utilized for B-pre-
cursor ALL were much less predictive in T-ALL; other cri-
teria, such as the time to relapse and the relapse loca-
tion, were significant prognostic factors for survival [16].
A separate study has also shown that ALL children be-
low 15 years have a very good prognosis, with cure rates
exceeding 85%. However, the prognosis for ALL grows
less promising as people age. In the past, only 30% to
40% of individuals over 40 years were cured. Relapsed
ALL continues to cause cancer-related deaths in people
of all ages [171].

The systematic review of the original question focus-
es on various sign variables; the search results cover a
broader range of topics related to ALL. Regular laborato-
ry tests for pediatric ALL include lumbar puncture, bone
marrow aspiration and biopsy, complete blood count,
and peripheral blood smear [18]. Overall, the search re-
sults provide a more comprehensive understanding of
the diagnosis, treatment, and prognosis of pediatric
ALL, including the use of risk-adapted treatment proto-
cols and the importance of genetic and molecular fac-
tors in determining prognosis. This systematic review

focuses on signs of critical conditions in pediatric ALL,
including initial peripheral blood blast cell count, ge-
netic polymorphisms, gene mutations, prognostic in-
dicators, treatment response, and access to treatment.
Other literature from 2019 to 2023 provides additional
insights into prognostic factors, treatment outcomes,
genetic and molecular characteristics, and disparities in
ALL. Pharmacological heterogeneity of ALL exists, and
drug response varies across molecular subtypes [19].
Patient-reported symptoms such as fatigue, pain, sleep
disruptions, and nausea are associated with the inci-
dence of relapse in pediatric ALL. The gut microbiome
composition is associated with infectious complications
during ALL treatments. Genetic mutations and abnor-
mal activation of signaling pathways play a role in ALL
prognosis and treatment responses.

According to a study of pediatric patients, the typi-
cal risk factors for ICU admission are the following:

- Infectious and respiratory diseases, comorbidities,
acute respiratory distress syndrome [20, 21];

- Hyperleukocytosis, neural leukosis, infections,
hemorrhagic syndrome [22];

- Severe course of the underlying disease, hypoxia,
inability to eat and drink [23];

- Age, neurologic impairment, chronic disease, and
immunodeficiency [24].

These risk factors highlight the importance of mon-
itoring and managing comorbidities, infectious diseas-
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es, and respiratory and cardiovascular function in pedi-
atric patients to prevent ICU admission.

The available information describes the primary
reasons for patients with ALL admission to ICU. How-
ever, comparing these results with other research
studies is crucial for a more comprehensive knowl-
edge of the reasons for ICU admissions. The most fre-
quent causes of ICU admission in the United States, ac-
cording to research published in the BMC Emergency
Medicine journal, were chest discomfort, heart failure,
and pneumonia [25]. According to the Ottawa Hospi-
tal data, cancer patients sometimes require ICU ad-
mission for bleeding or infection, usually after chemo-
therapy or bone marrow transplantation. Overall, the
reasons for ICU admission can vary depending on age,
sex, type of hospital, and geographic location. How-
ever, respiratory issues, cardiac problems, renal issues,
and sepsis are common reasons for ICU admission in
various studies. Unified approaches to early precursors
of critical conditions in children with ALL are required
to prevent critical conditions and reduce adverse out-
comes of the disease [26].

Conclusion: Based on the data presented, sever-
al conclusions can be drawn regarding prognostic fac-
tors, signs, and underlying reasons for admission to the
ICU of pediatric patients with ALL and hematologic ma-
lignancies: age, initial white blood cell count at diagno-
sis, ALL subtypes, and initial response to treatment are
important prognostic factors. However, genetic abnor-
malities and recurrence are also important for progno-
sis. Comorbid conditions, infectious diseases, hypox-
ia, organ dysfunction, etc. are common risk factors for
ICU hospitalization. Larger studies show that sepsis, res-
piratory, cardiac, neurological, and renal diseases are
frequent causes of ICU hospitalization. Hematologic
malignancies require further examination of prognos-
tic variables and prognosis of ICU admission. This will
help to improve the understanding and management
of these diseases. Pediatric patients with ALL, especial-
ly those at increased risk of ICU admission, require close
monitoring and follow-up to address potential compli-
cations in due time and reduce the need for intensive
care. Healthcare providers should allocate appropriate
resources, including trained staff, equipment, and infra-
structure, to effectively manage pediatric patients with
ALL. This will optimize patient outcomes and reduce the
burden on intensive care units.
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PEAHUMAIIUS BOJIMIHE TYCKEH KEJEJ JUM®OBJIACTHKAJBIK JEUKEMUSMEH
AYBIPATBIH BAJIAJIAPIAFBI AYBIP )KAFIANWJIAPABIH AJIFAIIKBI BEJTIJIEPI
KOHE KAYIII ®PAKTOPJIAPbI

E.F. Kypakéaee'?, B.C. Typoanuesa', /1. H. Manscyosa®, B.B. Iykun®
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2«[Nenumatpus xaHe 6ananap xvpypruscsl FbinbiMu opTanbiFsiy AK, Anmarsl, KasakctaH Pecny6nukacs!;
3«mnTpuin Porayes aTbiHaarbl Gananap reMmaTonorusickl, OHKONMOTUS XaHEe UMMYHONOTUS YNTThIK MeAUUMHAMbIK 3epTTey optansifbly ®MBM. Mackey, Peceit ®egepauusice

Oszexminizi: JKeoen numpoobracmurxanvix netikos (KJIJI) 6anarap apacvinoazvl ey kon mapanzan Kamepii icik 6o1vin madwliadvl, o1 6ap-

abIK Oananap icikmepiniy mepmmen 0ip 6onicin Kypauowl.

3epmmeydin maxcamol — peanumayus dcone KapkuiHObl mepanus oenimine (PKTE) mycken oceden numepobiacmuxaivik ieiko30er ayul-
pamuln b6ananrapoazel Kayin paxmopiapel meH ayelp icaz20aiioviy benziiepin aHblkmay.
AQoicmepi: Peminoe scyiieni wiony Konoanwsinowl. Jepekmep 2019-2023 sucvinoapul sicapusiianaan 0epekko30epoeH scunanovl. JKyieni uwio-

Jy2a mepm Ko2opmmulK 3epmmey, mopm pempocneKmusmi manoay, exi o0ebuemxe womy, 6ip «xcaz0auovi-oaKpiiay»y zepmmeyi sxcone Oip
Jlcaz0auovl 3epmmey Kipoi.

Homuocenepi: Ileouampusnvix KJIJI bonoxcamvina nepughepusnvik Kanoazvl O1acm xHacyuaiapsbinbly 6acmanksl canvl ocep emeoi. bracm
Jlcacyuanapulibly canvl momer oeneetioeei B-JKJIJI nayuenmmepi, memen Oeneetini T-)XKJIJI nayuenmmepine Kapazanoa 00ndjcamol jHarcoi.
ILIB oicone NLRPI cenemuranvik noaumopgusmoepi stceden aumpooiacmuKkaibli 1eiuko30blly 0amy KAyinin apmmuipadsl JcoHe UH@DEeKyus-
JbIK yiiiecimoinikmi memendoemmi. Anaiioa, 6yn eendepoiy norumoppuzmoepi weenunvoi netikemusioa pacmanysl kepek. KRAS, FLT3, NRAS,
PTPNI11, KMT2D, PTEN owcone NOTCHI zendepiniy mymayusanaper neouampusavix XKJIJI 6ap nayxacmapovly cunammamanapvl meH HOmMu-
Jicenepine acep emmi. byn mymayusnap Kayin kamepoi Jcikmey dcone emoeyoi 0apaiay yuiH 2eHemuKaivlk npo@uiboeyoiy 03eKminicin kopce-
meoi. byzan eendix eapuayus sxcone muimoi 0opi-oopmexmepoiy bonyel viknan emmi. PAXSPSOR mymayusacer 6ap emoenywinepoe 5 sHcoliovblK
JHCANNbL OMIP CYpPY Y3AKMblebl MOMEH, JIeUKOYUM KIemKAIApbliHblY 0eH2elll Jco2apbl, epiepoe 0ACHIM JHCOHE 2eHeMUKANbIK AYblMKYIap Kon 001-
vl [Teouampusinvix, B-XKJIJI eenemuxanvix manoay men Kayin kamepoi cmpamuguxayusiayea oazeimmanean. Agppoamepuxanvix (AA) scone
eypoamepuranvix (EA) mexmec bananapoa JKJII aypyvinvly, KaumaianyslHblH JCOHe HOMUdICENePIHIY opmypai kKepcemkiwmepi baukaniovl. AA
bananapeinsly sHcuiniei memeH, 6ipax Kaumanauy xcuiniei sxcozapbol sHcone bonxcam EA banarapvina kapasanoa nawap.

Kopvimuinowv: Ocvl nayxacmapOuiy peanumayus 001iMiHe ACAmMKbI3bLLY Kayin pakmopirapsl Kamap jHcypemin aypyiap, dCyKnaivl aypy-
nap, 2UNOKCUSL HCOHE 2eMOOUHAMUKATBIK MYPAKCHI30bIK, COHOAl-AK, OUASHO3 Ke3iHOe MHCAChl MeH NelKoyummep CaHblHblY 6ACmankl Kepcem-
Kiwmepi 60.16in maodwiIAObL.

Tyiiinoi co3oep: Knunuxanvlx Hawapaay, KpUmukauislk aca20aiuiapoviy bencinepi, Kapkuinovl emoey bonimuweci (KED), oceden aumpoo-
nacmuxanvik netikemus (JKJLI), baranap.
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Axmyansnocmy: Ocmpuiii aumgpooracmuwiii aeiixos (OJ1/1) — naubonee pacnpocmpanentoe onkonozuyeckoe 3abonesanue cpeou oemel,
cocmasnAujee NOYMu 4emsepns 6cex 0emCKUX OHKON02UYECKUX 3a001e8aAHUIL.
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Ilenv uccnedosanusn — onpedenums Qaxmopvl pucka u NPUHAKU KPUMUYECKUX COCIMOAHUL Y 0emell ¢ 0CMmPbIM TUMPOOIACMHbIM 1eliKo-
30M, nocmynusuiux ¢ omoenenue peanumayuu u unmencusuoui mepanuu (OPUT)

Memoowi: B xauecmee nooxo0a ucnonb306aicsa cucmemamuyeckuii 0o3op. Jlannvie 0binu coOpanbl U3 UCMOYHUKOB, ONYOIUKOBAHHBIX 6
2019-2023 2. B cucmemamuueckuii 00630p Obliu 6KIIOUEHBL HeMbIpe KO2OPMHBIX UCCACO08AHUS, YeMblpe PeMPOCNeKMUGHbIX AHAIU3d, 08d
0030pa numepamypbol, 00HO UCCIE008AHUE MUNA (CTYYAL-KOHMPONbY U 00HO UCCLe008AHUE CYYAA.

Pesynvmamui: [Ipocnos npu neouampuueckom OJIJI 3asucum om ucxoono2o Koauuecmsa O1acmuvlx Kiemok 8 nepugepuieckoti Kposu.
Bonvnvie ¢ B-OJIJT u huskum koruuecmeom O1aCmHulX KAemoK ebidcusanu ayvue, yem oonvnuie ¢ T-OJII ¢ nuskum wuciom kremox. I'enemu-
yeckue nonumopgusmel ILIB u NLRPI nogviwanu puck pazsumus OJI/I u chuscanu ungpexyuonnyio komopouonocmo. OOnaxo norumop@us-
Mbl 3MUX 2€HO8 OONNHCHBL ObIMb NOOMBEPAHCOCHbL NPU t08eHULbHOM JNetikoze. Mymayuu cenoe KRAS, FLT3, NRAS, PTPNI11, KMT2D, PTEN
u NOTCHI noenusnu na xapaxmepucmuxu u pe3ynvmamol jedenus nayuenmog ¢ neouampuieckum OJLI. Dmu mymayuu demoncmpupyrom
AKMYAnbHOCHb 2eHeMUYECKO20 NPOPUIUPOSAHUS O KIACCUPUKAYUU PUCKA U UHOUBUOYANUZAYUY NedeHUs. DMOMY CnOcOOCME08ANU 2eHHbIE
sapuayuu u 0OCMynHOCHb IPHekmusnvix 1ekapcmeennvix npenapamos. Ilayuenmer ¢ neouampuveckum B-OJIJI ¢ mymayueii PAXSPSOR
UMeNU XYOuLy1o S-nemHiio 00wy 6bloicusaemMocmy, 6ojee 6biCOKUL YPOEeHb NeUKOYUMO8, NPeodadan MylcuuHbl i umMenu 6oblue 2eHemuye-
ckux anomanuil. [pu neouampuueckom B-OJI/I ocnosnoe snumanue yoensiemces enemuyeckomy aHanusy u cmpamugurayuu pucka. Y oemei
appoamepurarckozo (AA) u eepo-amepurarckozo (EA) npoucxosicoenus Habaooanucsy pasiuunsle nokazamenu 3a001e6aemMocmu, peyuougos
u ucxo006 OJIJL. Y oemeii AA 3ab01e6aemocmsb Hudice, HO UACMOMA PeyuUOUS06 8blule, A NPO2HO3 Xydice, uem y Oemetl EA.

3axnruenue: Daxmopamu pucka 20CRUMAIU3AYUL 6 OMOeNeHUe UHIMEHCUBHOU Mepanuu y makux nayuenmos A1A0mcs Conymcmeyio-
wue 3a00ne6anus, UH@exyuouHvle 6oNe3HU, 2UNOKCUA U 2eMOOUHAMUYECKAs. HeCMAOUILHOCb, d MAKHCe 803PACH U UCXOOHOE KOIULECHBO
JIeUKOYUMO8 6 KpO8U Npu NOCMAHOEKe OUAHO3A.

Kniouesvte cnosa: xiunuveckoe yxyoulenue, npusHaKu KpUmuueckux cocmosanutl, omoenenue unmencusnot mepanuu (OHUT), ocmpuiii
aumepobracmmuutil netikos (OJII), demu.
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