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Abstract
Acute lymphoblastic leukemia (ALL) in children is associated with development of a large
number of serious complications. Inflammatory and pro-aggregation activation of endothelial
cells accompanies the course of leukemia. Endothelial dysfunction (ED) is believed to be an
integral part of the pathogenic link of ALL and its complications. Materials and methods.
The content of nitric oxide in serum with the concentration of its stable metabolites – NO2,
NO3 – was determined in 73 patients with ALL and 19 healthy children. Determination of
nitric oxide was performed at different stages of the presentation of ALL: 49 children were
examined during the manifestation of leukemia (group 1A), of whom 36 children (group 1B)
were re-examined during the first course of treatment – induction of remission. Also
8 children (group 2) were examined during supportive therapy and 16 children (group 3)
who underwent complete chemotherapy treatment. Results. The study showed that nitrite
increase and nitrate reduction secondary to reduced total nitric oxide content during all
treatment periods in children with ALL. In addition, signs of endothelial dysfunction were
recorded in patients after treatment. ROC analysis showed that reduction in NO2 content
lower than 12.31 µmol/l and the sum of NO2 + NO3 lower than 32.99 µmol/l significantly
had a negative effect on the survival of children with ALL. Conclusions. ED accompanies
the course of ALL in children. Determination of nitric oxide is of diagnostic and prognostic
importance in patients with leukemia. The critical fall in the concentration of NO and NO2
accompanies development of multiple organ failure with fatal outcome in children with ALL.
Preservation of signs of ED after the end of the treatment of leukemia indicates the need for
cardiac monitoring of patients with ALL in history.
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Acute lymphoblastic leukemia (ALL) is
associated with a large number of complications
due to the disease itself and multicomponent
therapy [1–3]. Infectious-toxic complications are
particularly severe as they are more often lethal
than relapse of leukemia [4]. The survival rate of
children diagnosed with ALL has been improved
due to anthracycline agents, but their use is
accompanied by vascular endothelial damage with
subsequent development of endothelial
dysfunction (ED) [5, 6]. Moreover, it has been

proved that ED is part of ALL phenotype in
children [5, 7–9], which also explains the effect
of anthracycline agents. Studies have shown that
there are functional cross-links between
hematologic malignancies and vascular
endothelium [10]. Hematopoietic stem cells,
including myeloid precursors, can integrate into
existing functional vascular endothelium with
differentiation into phenotypic and functional
epithelial-like cells. It is claimed that vascular
endothelium is an unrecognized reservoir for blast
cells, which plays an important role in the
pathogenesis and recurrence of leukemia [10].

Endothelial dysfunction can be defined as
inappropriate (increased or reduced) formation
in the endothelium of vessels of various biologically
active substances. Reduced bioavailability of
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L-arginine, accelerated catalysis, or decreased
concentration of nitric oxide (NO) is one of the
foundations of ED [7].

The term "nitric oxide" refers to the reduced
form of nitric oxide (NO) with a half-life of 2 to
30 seconds, which complicates the method of
determining it in the blood. Indirect markers of
nitric oxide concentration in the body are its more
stable end products nitrite (NO2) and nitrate
(NO3) [11]. It is the content of these metabolites
that determines the total content of nitric oxide.

To date, it has been proven that ED is a
common feature of many early complications of
chemotherapy, which are a significant cause of
morbidity and mortality, despite optimization of
treatment protocols [5]. However, there is
insufficient data on the role of ED markers in the
treatment and remission of ALL in children [8].

2. Purposes, subjects and methods
2.1. The purpose of the work was to

evaluate the profile of endothelial function during
diagnosis and different periods of treatment and
remission in children, to attest the presence of
correlation of endothelial dysfunction markers
with early adverse clinical outcome of ALL.

2.2. Subjects and Methods
General
The study was performed between

01 September 2016 and 01 November 2020.
73 children (49 boys and 24 girls) with ALL who
were hospitalized at Kharkiv City Clinical
Children's Hospital No. 16, were studied. The
patients' age ranged from 1 to 17 years. The
control group consisted of 19 healthy age- and
gender-matched children brought to Kharkiv City
Outpatient Hospital No. 16 for routine health
control or vaccination.

The diagnosis of ALL was established
according to the diagnostic criteria specified in
the Acute Lymphoblastic Leukaemia Intensive
Chemotherapy Berlin Frankfurt Munich 2009
(ALL IC BFM 2009) [12]. After the diagnosis
has been established, the patients began an
inductive chemotherapy course under the
program ALL IC BFM 2009 [12].

The criteria for inclusion in the study were
verified diagnosis of ALL, 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 or death of patients.

Determination of nitric oxide metabolites
All 73 patients with ALL were involved in

determination of the content of serum nitric oxide
by spectrophotometric method with nitrogen oxide
in M.O. Kovaleva et al. modification (2007) by

concentration of its stable metabolites (oxidation
products) of nitric oxide – NO2, NO3 [13]. The
results of NO2, NO3 concentrations were
expressed in μmol/l.

Determination of nitric oxide was performed
at different stages of ALL presentation:
49 children were examined during the
manifestation of leukemia (group 1A), of whom
36 children (group 1B) were re-examined during
the first course of treatment – induction of remission.
Also, 8 children (group 2) were examined during
supportive therapy and 16 children (group 3) who
underwent complete chemotherapy treatment and
had a bone marrow remission period of 2 to 12 years.

Nineteen children in the control group were
tested for nitric oxide once during a routine
pediatric examination.

Ethics approval and consent to participate
Each study participant and his/her parents

were informed about the nature of the study and
signed a consent to participate in the study. The
study was approved by 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).

Statistical analyses
For statistical analyses of data STATISTICA

8 (Tulsa, OK) was used. Shapiro–Vilka test was
used for verification of the distribution according
to the Gauss law. Non-parametric variables
included median (Me), interquartile range [Lq –
lower quartile; Uq – upper quartile]. To compare
the two dependent samples, the non-parametric
Wilcoxon test (T) was used. To compare two
independent samples, non-parametric Mann–
Whitney U-test has been used. All P-values were
two-tailed, and values <0.05 were considered
significant. ROC analysis was used to evaluate
the specificity and sensitivity of the method.

Conflict of interests
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3. Results and discussion
The study involved 73 children with ALL.

General characteristics of patients are presented
in Table 1. There was a significant (p = 0.006)
prevalence of boys (67.0%) than girls (33.0%).
Patients had a median age of 6.7±5.0 years (range
1 to 17 years).

Among the immunophenotypic variants of
leukemia, B cell lineage leukemia was significantly
more common (p = 0.000) – 60/73 children
(82.2%). Only 13/73 (17.8%) children had T cell
lineage leukemia.
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The level of metabolites of nitric oxide, namely
nitrites (NO2) and nitrates (NO3) in the serum of
children with ALL, was significantly different from
the normal parameters of the control group (Table 2).
Based on the fact that ED is a pathological increase
or decrease in biologically active substances in
the vascular endothelium [7], the deviations
obtained from our control values confirm the
manifestations of ED in all patients studied.

NO? content in patients of all groups (1A,
1B, 2, 3) was significantly higher than the nitrite
level of the control group children (Table 2). NO2
had the opposite pattern and was significantly
lower in patients with ALL than nitrate levels in

healthy children. At the same time, despite the
high concentration of NO2, the total amount of
NO3 + NO3 in children with ALL during all
observation periods (manifestation, intensive care,
supportive therapy and remission of leukemia)
was significantly lower than in the control group
children, with a maximum reduction during
induction polychemotherapy (group 1B patients).

Adrian Doroszko et al., 2016 [9], Woo Jung
Jang, 2013 [6] obtained similar results (reduction
of NO content) and confirmed the pathogenic
hypothesis of impaired NO synthesis in children
with ALL. The low concentration of nitric oxide
was explained by intensification of ED secondary

Table 1
General characteristics of patients in diagnosis

Table 2
Indicators of nitric oxide levels in children with acute lymphoblastic leukemia and controls

(Me (Lq; Uq))

Note. W Test – Wilcoxon test, MW U Test – Mann–Whitney test
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to cytostatic therapy with anthracycline antibiotics
and an increase in the production of NO
synthetase inhibitors [6, 9]. For example,
asymmetric dimethylarginine (ADMA) is a
competitive inhibitor of NO synthase and is
increased in patients with ALL. ADMA is a
product of tumor cell degradation, oxidative stress,
manifestation of liver failure and inflammation of
the endothelial wall [5, 8, 9].

It should be noted that there are a number of
scientific studies on the levels of nitric oxide in
ALL, which have shown the results of increasing
total NO [7, 14, 15]. However, studies were
conducted on adult patients who likely had
concomitant cardiovascular diseases.

When comparing nitrite levels across all
groups, it was found that starting high NO2
content during leukemia manifestation (group 1A)
continued to increase significantly (p<0.05) at
subsequent stages of treatment (induction therapy,
supportive therapy, and during remission of ALL).

NO3 concentration remained at a level lower
than normal throughout the study periods
(manifestation, induction, supportive therapy and
remission). No statistical significance was found
between the patients of groups 1A, 2 and 3 (p>0.05).
Wilcoxon's test between NO3 groups A and 1B
demonstrated a significant (p = 0.0002) tendency
to an increase in this index during complications
of induction therapy compared to the acute phase
of the disease.

Thus, at a low level of nitric oxide, an increase
in nitrite values accompanied by a decrease in
nitrate indicators was observed. A much higher

nitrite content (NO2) than nitrate level (NO3)
indicated severe tissue damage, endogenous
intoxication [16] due to the manifestations of
leukemia. Perhaps, secondary to a low total NO
level, there were compensatory changes in the
ratio of nitrogen metabolites in the form of an
increase in NO2 level due to the inverse
conversion of NO3 to NO2. In some conditions,
the reaction of the nitrogen cycle may be
dominated by the synthesis of NO from arginine,
or its reduction from nitrite ion [16].

In patients of group 1A, direct correlation was
found between the levels of metabolites of nitric
oxide and indicators of humoral immunity
(immunoglobulins A, G), circulating immune
complexes, glycoproteins (Table 3). Thus, an
increase in ED during the increase in the severity
of leukemia and immunodeficiency was recorded.
In addition, nitrogen metabolites showed a weak
indirect correlation between blood pressure levels
in patients during the onset of ALL, confirming
the vasoactive function of nitric oxide [14].

Group 1B patients were found to have indirect
correlations between NO2, NO2 + NO3 and uric
acid (Table 3), demonstrating an increase in ED
during blast cell lysis. The metabolites of nitric
oxide also had correlation with C-reactive protein,
albumin α1-globulins and γ-globulins. The above
indicates a close correlation of endothelial
function with the intensity and severity of the
inflammatory process in ALL.

In patients with remission of leukemia, after
completion of treatment (group 3), the content of
NO2 + NO3 tended to increase, i.e. almost

Table 3
Correlation relationships between endothelial dysfunction markers,

laboratory and physical indicators
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reached normal values. This is evidently due to
the normalization of a number of NO synthetase
inhibitors in children in remission [8] and the
absence of pathological factors (remission of
leukemia, end of treatment).

It should be emphasized that children who
received anthracycline drugs are at risk of
cardiovascular disease even after therapy [6, 9,
17]. Persistence of a high NO2 concentration and
a low NO3 concentration in the serum of patients
during remission confirms incomplete endothelial
recovery. This substantiates the need for cardiac
monitoring of patients with ALL in history.

Influence of nitric oxide metabolite levels
on the development of adverse complications

Five (6.8%) patients out of 73 died. Of them,
3 (4.1%) children died during the induction of
remission from complications of ALL and
chemotherapy. All three children had manifestations
of multiple organ failure secondary to toxic
ulcerative necrotic enteropathy, mucositis,
respiratory failure, myelosuppression (neutropenia),
and hemorrhagic syndrome. One child had
bilateral pneumonia. The other child had acute
renal failure and angioplastic encephalopathy.

The other 2 children died of recurrence of
leukemia after the end of our study. To analyze
the possible prognostic value of NO2, NO3 levels,
their sums among patients of group 1B, who died
during the development of complications during
chemotherapy, ROC analysis was used. The
results of the analysis showed that the NO2 level
was lower than 12.31 μmol/l (Figure 1), predicts
lethality with a sensitivity of 100% (95% CI 29.2 –

100), specificity 92.9% (95% CI 76.5–99.1)
(AUC = 0.952 [0.81; 0.99]. These data confirm
the contribution of NO2 to the development of
leukemia complications.

Reduction of biological activity of nitric oxide
(NO) leads to stimulation of vasoconstriction,
inflammation and thrombosis, damage to tissue
structures, plays a crucial role in the pathogenesis
of ED [5, 8, 16]. The role of nitric oxide in
disorders of cardiovascular function under
conditions of endotoxic shock has been proved
[16]. The timely detection of this process can
have therapeutic and prognostic consequences
[5, 8]. We observed a maximum decrease in the
total amount of nitrates and nitrites during
induction polychemotherapy. ROC analysis
confirmed (Figure 2) that the NO2 + NO3 level
was lower than 32.99 μmol/l, predicting fatal
complications with sensitivity of 100% (95%
CI 29.2 –100), specificity 92.9% (95% CI 37.2 –
75.5) (AUC = 0.810 [0.62; 0.92])

NO3 concentrations did not show any
correlation between their content and reliable
likelihood of severe clinical adverse events (Table 4).

Thus, the critical localization of endothelial
cells between circulation and other components
of the vascular wall places them in the
pathophysiological bed of cardiovascular and
other consequences of oncohematological
diseases [5]. Inflammatory and pro-aggregation
activation of the endothelium is common in
children with ALL [5, 7–9]. Therefore, ALL
should be regarded as a multiple organ disease,
and ED as an integral part of the pathogenic link
of leukemia [9] and its complications.

Figure 1. ROC curve predicting the likelihood
of lethality according to NO2 level of patients i

n group 1B

Figure 2. ROC curve predicting the likelihood
of death according to the level of the sum

of NO2 and NO3 patients in group 1B
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Conclusions
Our study determined significant violations of

nitric oxide synthesis in the form of nitrite increase
and nitrate reduction secondary to reduced total
nitric oxide content. This confirms that ED
accompanies the course of ALL in children.

The negative effects on the cardiovascular
system of the concentration of nitric oxide and
its metabolites in ALL in children are well known.
There is a lack of information on the likely role of
these markers in the pathogenesis of other (toxic,
infectious) complications. The findings of our
work demonstrate that the determination of nitric
oxide is of diagnostic and prognostic significance
in patients with ALL. The critical fall in the
concentration of NO and NO2 accompanies the

Table 4
ROC indicators of NO? levels and lethal complications of induction therapy

in acute lymphoblastic leukemia
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