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Introduction. Puimonary complications are common in children with acute lymphoblastic leukemia (ALL). The assessment of phospholipids
(PL) in the exhaled breath condensate can provide more information about pathological processes in the lungs in children with ALL.

Purpose — t0 assess the level of PL in the exhaled breath condensate (EBC) in children with ALL and its prognostic value.

Materials and methods. 40 children with ALL aged 6—17 years were examined. 1st group included newly diagnosed children with ALL
(n=18). 2nd group involved ALL survivors, who had completed the total course of chemotherapy (n=22). The control (C) group consisted
of 15 healthy children. The levels of PL in the EBC were investigated by spectrophotometric thin-layer chromatography using an SPh 46 spec-
trophotometer.

Results. The frequency of pulmonary complication was 82.5% during chemotherapy protocols and 18.4% in ALL survivals. The statistically
significant increase in the level of phospholipids in 1st(150.75 (137.62; 158.45) mmol/l) and 2nd (130.12 (120.59; 138.34) mmol/I) ALL groups
compared with the group C (54.80 (48.30; 60.80) mmol/l) has been detected (p1-c=0.0000; p2-c=0.0000). Children of the 1st group had
significantly higher levels of PL in the EBC than children of the 2nd group (p1-2=0.002911). PL level in EBC collected during induction phase of
chemotherapy >132.15 mmol/I can be prognostic for the development of acute pulmonary complications (Sensitivity 93.75%; Specificity 100%).
PL level in EBC collected after a complete course of chemotherapy >133.28 mmol/I can be predictive for persistent pulmonary complications
(Sensitivity 100.00%; Specificity 83.33%).

Conclusions. PL level in EBC can be prognostic for the development of pulmonary complications, both during chemotherapy and in long-
term remission after completed chemotherapy course.

The research was carried out in accordance with the principles of the Helsinki Declaration. The study protocol was approved by the Local Ethics
Committee of the participating institution. The informed consent of the patient was obtained for conducting the studies.

No conflict of interests was declared by the authors.
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docdoninign B KOHAeHcaTi NOBITPS, WO BUAUXAETbCA, K NPOrHOCTUYHUI paKTop
JiereHeBuX YyCKagHeHb y AiTeil 3 rocTtpoto nimgo061acTHOIO NeikeMielo

H.l. MakeeBa, B.A. KoBanb, T.B. lop6ay

XapKIBCbKMI HALLIOHaNBbHWUIA MEONYHWI YHIBEPCUTET, YKpaiHa

BeTtyn. JlereHesi ycknagHeHHs € xapakTepHimn B OiTen 3 rocTpoto nimdobnactHoo nerikemieio (MTU1). BusHadeHHs pisHs docdoniniais
(PJ1) y koHAeHcaTi noBITPS, WO BranxaeTbes, (KBIM) moxe Hagatv BinbLue iHdopMmadii Npo natonoriyHi npouecy B nerexsax airen 3 111,
MeTa — oujnnTu piserb DJTy KBIMy giteit 3 [T 1a MOro NporHoCTUYHE 3HAYEHHS.

Martepianu Ta metogu. O6ctexeHo 40 aiten 3 [T1J1 Bikom 617 pokiB. o 1-i rpynu yBiiWAM AiTA 3i WOWHO AjarHocToBaHoo [JUT (n=18).
Jo 2-i rpynvu — pekoHBanecueHTy [T1J1, aki nponwnm noBHUM Kypc ximioTepanii (n=22). Kontponbry rpyny (C) ctaHoBuav 15 300pOBUX OiTEN.
PigHi J1y KBIM pocnigxeHo MeToaom cnekTpopoToOMETPUYHOT TOHKOLLIAPOBOI XpomaTorpadii Ha cnekTpoPoToMETPI «SPh 46».
PesynbraTtn. Yactora nereHeBrx ycknaaHeHb ctaHoBuna 82,5% Ha i xiMioTepaneBTnyHX NPOToKoNniB i 18.4% vy niter nicna 3akiH-
YeHHs xiMmioTepanii. BuaBneHo CTatmcTvyHO BiporigHe niaBuileHHs pisHa dJ1 y 1-in (150,75 (137,62; 158,45) mmonb/n) Tta 2-i (130,12
(120,59; 138,34) mmonb/n) rpynax nopisHaHo 3 rpynoto C (54,80 (48,30; 60,80) mmons/n) (p1-c=0,0000; p2-c=0,0000). it 1-i rpynn manu
BiporiaHo Buwli piBHi PJ1y KBI, Hixx aitv 2-i rpynu (p1-2=0,002911). PiseHb dJTy KBTI, otprmanui nig 4ac npotokony 1, >132,15 mmons/n,
MOXe OyTW MPOrHOCTUYHMM ANS PO3BUTKY FOCTPUX NEreHeBMx ycknaaHeHb (YyTnmeicTb — 93,75%; cneundidHicts — 100%). PieHb PJI
y KBI, oTprmanunii nicns noBHOrO kypcy xiMioTepanii, >133,28 MMonb/n, MOxe BOyTv MPOrHOCTUYHUM ONS CTIMKUX JereHeBlrX yCKaaHeHb
(4ymmsicte — 100,00%; cneumdivHicTs — 83,33%).

BucHoBku. PieHb ®PJ1y KBl moxe OyTV NPOrHOCTUYHUM ANS PO3BUTKY NIEMEHEBNX YCKNAOHEHb, SK Nif, Yac ximioTepanii, Tak i B Tp1Banin
peMiCii Micns 3aBepLUEHOro Kypcy XiMioTeparii.

JocnigxXeHHs BMKOHAHO BIANOBIAHO 0O NPUHLMMIB [enbCIHCHKOT Aeknapadii. [poTokon A0CNIOXEHHS yXBaneHO JTIOKanbHNM eTUYHUM KOMITE-
TOM 3a3Ha4eHoi B poboTi ycTaHOBW. Ha npoBeAeHHs A0CAiAXEeHb OTPUMAaHO iIHPOPMOBaHY 3rofly 6aTbkiB, AiTei.

ABTOPY 3asBNF0Tb NPO BIACYTHICTE KOHDNIKTY IHTEPECIB.

KniouyoBi cnoBa: nereHeBi yCKNagHeHH:, nerkemia, aitv, aeporematndHnii 6ap’ep, docdoniniam, cypdakTaHT, KoHOeHcaT MNOoBITPS,
LLO BUANXAETLCA, MHEBMOHIA.

Introduction more and more attention is paid to the study
of complications of acute leukemia [3,5,11].
Pulmonary complications are common and are

associated both with the course of the underlying

cute lymphoblastic leukemia (ALL)
is the most common cancer in children

[8,23]. In recent years, there has been
an improvement in the quality of diagnosis
and treatment of this disease [3,4]. Nowadays
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disease and with the side effects of the treatment
[24]. The main reasons for these complications
are immunosuppression and cytopenia [16,17],
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the direct cytotoxic effect of drugs on lung tissue
[22,26,27]; bone marrow transplantation [9],
blast infiltration of the lungs on the background
of hyperleukocytosis [13]. Lung infections can
influence the prognosis of acute leukemia in the acute
period [12]. There are several studies that noted
that the severity of pneumonia and the spread of
pneumonic infiltrates during the induction phase of
chemotherapy is an important prognostic criterion
for early mortality during the treatment of leukemia
[10,19]. In catamnesis, complications during
chemotherapy exceed the mortality rate from relapse
of leukemia [11], due to pauses in protocol treatment.
In addition, it should be noted that some pulmonary
complications still persist in the long-term period
among pediatric cancer survivors [1,15,20]. A multi-
institutional retrospective cohort Childhood Cancer
Survivor Study reported that pediatric cancer
survivorsby theageof45 yearsweremorelikely to have
a chronic cough, oxygen need, lung fibrosis, and
recurrent pneumonia compared to sibling controls
[7]. Despite the growing attention to the study
of pulmonary complications in children with acute
leukemia, the problem is still insufficiently studied
and systematized.

Phospholipids (PL) are the main component
of pulmonary surfactants, as well as the structural
element of alveolocytes. These lipid components
of lung surfactant provide the functionality and
stability of the alveolar epithelium to ensure com-
plete gas exchange [2,14]. So, the determination of
the level of PL in the exhaled breath condensate
will allow us to assess the state of this component
of the blood-air barrier. Previous studies held
in our institution confirmed the diagnostic and
prognostic value of PL level in exhaled breath
condensate (EBC) in children with pneumonia
[21], wheezing, and bronchial asthma [18]. The re-
view made by B. Tlatelpa—Romero, V. Cazares—
Ordonez et al. (2022) summarized the potential
role of various pulmonary surfactant PL in the pa-
thology of fibrosing lung diseases, including idio-
pathic pulmonary fibrosis and pulmonary fibrosis
due to adult respiratory distress syndrome [25].

However, there is a lack of studies on the status
of the blood-air barrier in the lungs in leukemic chil-
dren. The assessment of PL level in EBC can be use-
ful for a more detailed understanding of pathologi-
cal processes in the lungs and their connection with
pulmonary complications in children with ALL.

Purpose of the study — to assess the level of PL
in the EBC in children with ALL and its prognos-
tic value.
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Materials and methods of the study

During our study 40 children (26 boys and
14 girls) with ALL aged 6—17 years were exa-
mined. All these patients were treated in the he-
matological department of the Kharkiv Municipal
Clinical Children’s Hospital No 16. The control
group (C) consisted of 15 healthy children, who
visited Kharkiv City Outpatient Hospital No 16
for routine health control or vaccination. None of
the children in the control group had any chron-
ic diseases of the respiratory tract or acute respi-
ratory diseases at the moment of examination. All
examined the patients were Caucasians.

The criteria for inclusion in the study were veri-
fied diagnosis of ALL, age 6—17 years, signed con-
sent from parents, and/or patients. The criteria for
exclusion in the study were refusal of the parents
or/and patients to sign the consent, age less than
6 years or problems in following instructions
during EBC collection, relapsed or secondary
ALL, diagnosed chronic pulmonary diseases before
the debut of ALL; any hereditary diseases that lead
to changes in the structure and functioning of the
respiratory system, including cystic fibrosis;
proven hereditary immune deficiency.

40 examined children with ALL consisted of
2 groups. The Group 1 included newly diagnosed
children with ALL (n=18). The Group 2 involved
ALL survivors, who had completed the total course
of chemotherapy and had a remission for at least
two years (n=22). Presence of pulmonary com-
plications in patients with newly diagnosed ALL
(the Group 1) was reordered by clinical observa-
tion from the manifestation of the main disease
till the complete completion of the chemothera-
py course. Information about the diagnosis and
pulmonary complication of ALL survivors
(the Group 2) have been received retrospectively
by studying their case histories.

The diagnosis and treatment of children were
carried out by the protocol «Acute Lymphoblastic
Leukaemia Intensive Chemotherapy Berlin Frank-
furt Munich 2009» (ALL IC BFM 2009) [31].
The diagnosis of ALL was verified if the blast count
in bone marrow was 25% or more. Peripheral blood
and bone marrow smears were evaluated accord-
ing to French-American-British (FAB) criteria,
immunophenotyping, and chromosomal analyses
were performed. The therapy was carried out ac-
cording to the ALL IC BFM 2009 protocol which
consists of induction (Protocol I), consolidation
(protocol M for the standard risk group, HR —
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Table 1
General characteristics of studied patients with acute lymphoblastic leukemia
Parameter Total (n=40) Group 1 (n=18) Group 2 (n=22)
Age, Me (Uq; Lq) years 9(7;14) 7(6;15) 9,5(7;13)
Gender (male/female), n 26/14 1/7 15/7
Immunophenotype, n
B-lineage 36 15 21
T-lineage 4 3 1
FAB classification, n
L1 31 11 20
L2 9 7 2
Risk group, n
Standard 29 12 17
High 11 6 5

Note: FAB classification — French-American-British classification.

for the high-risk group) re-induction (Protocol 2)
periods, and maintenance treatment.

In addition to standard protocol methods
of diagnostics, an assessment of the PL level in
EBC was conducted. In children with newly di-
agnosed ALL (the Group 1) EBC was collected
during induction remission (Protocol 1) in a peri-
od without signs of pulmonary complications and
critical neutropenia between the 7th and 14th day
of chemotherapy. In ALL survivors (the Group 2)
the level of PL in EBC was assessed during their
planned visit to the hematological department
for observations after a complete course of che-
motherapy. The levels of PL in the EBC were in-
vestigated by spectrophotometric thin-layer chro-
matography using an SPh 46 spectrophotometer.
The EBC was taken using the developed EBC
collection device, modified at the Department
of Pediatrics No. 2 of Kharkiv National Medical
University (patent No. 108795). The technique is a
non-invasive and non-traumatic method in which
it is possible to obtain up to 0.4—1.0 ml of conden-
sate in 12—18 minutes following biochemical ana-
lysis. Children less than 6 years were an exclusion
criterion due to differences in the method of col-
lecting EBC in different ages and possible prob-
lems in following instructions correctly in younger
children to avoid diagnostic mistakes and possible
differences in the PL levels for these reasons.

For statistical analyses of data, STATISTICA
8 (Tulsa, OK) and MedCalc 17.2 has been used.
Shapiro—Vilka test has been used for verification
of the distribution according to the Gauss law.
Taking into account the fact that the samples had
a non-normal distribution, the median (Me), and
interquartile range (Lq — lower, quartile; Uq —
upper quartile) were determined for the statistical
analysis. To compare two independent samples,
a non-parametric Mann—Whitney (MW) U-test
has been used. The difference in the parameters
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has been considered significant at p<0.05. Receiver
operating characteristic (ROC) curves were
drawn for variables by MedCalc 17.2 to determine
the optimal «cut-off» values to predict an endpoint,
that defines the highest sensitivity with a minimal
number of false positive results. Area Under
Curve (AUC) is the area bounded by the ROC
curve and the percentage axis of false positive
classifications, reflects the statistical characteristics
of classifier accuracy. An ideal classifier will have
an AUC of 1.0, indicating perfect discrimination,
whereas a random classifier will have an AUC
of 0.5, indicating no discrimination. Sensitivity
(Se) is the proportion of true positive cases
that were correctly identified by the predictive
method. Specificity (Sp) is the proportion of true
negative cases of the predictive method. 95% CI
is a confidence interval. Positive likelihood ratio
(+LR) is ratio between true positive test result
and the probability false test result. Negative like-
lihood ratio (-LR) is a ratio between the probabili-
ty of a true negative test result and the probability
of a false negative test result.

Each study participant and his/her parents
were informed about the nature of the study. In-
formed 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 and was conducted
according to Helsinki Declaration (1975).

Results of the study and discussion

General characteristics of patients with
ALL are highlighted in Table 1. There was
a significant prevalence of boys than girls
(p=0.0385). Bone marrow examination de-
tected that B cell lineage ALL was prevalent
(p=0.0002). Most children had the standard
risk group (p=0.0067). Among children of the
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Table 2

Pulmonary complications in children with acute lymphoblastic leukemia

During chemotherapy Aftergﬁgln?;?;?;aopu; se of
Complication (n=40) (n=38)

n % n %
Acute bronchitis 23 57.5 - -
Recurrent episodes of acute bronchitis 75 2 5.3
Wheezing 22.5 - -
Bronchial asthma - - 3 7.9
Pneumonia 18 45.0 - -
Interstitial pneumonia 1 2.5 - —
Pleurisy 1 2.5 - -
Pneumothorax 3 75 - -
Lung fibrosis - - 2 53
Respiratory failure 6 15.0 - -
Total 33 82.5 18.4

Group 1 two (11.11%) children die due to the pro-
gression of the main disease.

We recorded all pulmonary that occur in dif-
ferent periods of ALL in children of both groups.
The frequency of detected pulmonary complica-
tions is presented in table 2. We could record pul-
monary complications after complete course of che-
motherapy only in 38 children, because 2 children
of the Group 1 died due to progression of ALL.

Our study revealed, that most children had pul-
monary complications. Some children had more
than one variant of complications during different
stages of the disease. Acute lung complications
during ALL IC BFM protocols were frequent.
The fact that complications mainly manifested
in the acute phase of chemotherapy protocol treat-
ment corresponds to literature data [6,12]. In our
study acute pulmonary complications were re-
corded in 33 (82.5%) children. The most frequent
complications were acute bronchitis (23 (57.5%)
cases), pneumonia (18 (45.0%) cases), and wheez-
ing (9 (22.5%) cases). Pneumonias tended to
rapid progression of lung infiltration. They were
complicated by pleurisy in 1 case (5.6% of pneu-
monias), by pneumothorax in 3 cases (16.7% of
pneumonias), and by respiratory failure in 6 cases
(33.3% of pneumonias).

Also, there was 1 (2.5%) case of interstitial
pneumonia, that was probably induced by che-
motherapy toxicity. This complication developed
during HR-protocol, and methotrexate (MTX)
and cytosine arabinoside (ARA-C) are reported
to have pulmonary toxicity [22,27].

The frequency of pulmonary complication was
in 7 (18.4%) cases after a completed course of che-
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motherapy. These complications included 2 (5.3%)
cases of lung fibrosis, 3 (7.9%) cases of bronchial
asthma, and 2 (5.3%) cases with recurrent episodes
of acute bronchitis. Among children that formed
bronchial asthma, none had any wheezing episodes
before the debut of ALL. Therefore, this allows us
to suppose that this pathological state is connected
with ALL courses and its treatment. Cases of fibro-
sis are probably related to chemotherapy toxicity
[26]. According to previous studies, the prevalence
of distant pulmonary complications of varying se-
verity in survivors of pediatric cancer ranges from
45.5% to 84.1%, among which only 8% are clini-
cally detected [1,14]. Differences in this frequency
can be explained by differences in patient samples.

According to our results, the statistically sig-
nificant increase in the level of PL in the Group 1
(150.75 (137.62; 158.45) mmol /1) and the Group 2
(130.12 (120.59; 138.34) mmol /1) compared with
the Group C (54.80 (48.30; 60.80) mmol/1) has
been detected (p1-c=0.0000; p2-c=0.0000).

It was found that children with ALL on the
background of active chemotherapy (the Group 1)
have significantly higher levels of PL in the EBC
than children who had completed chemotherapy
(the Group 2): p1-2=0.002911. So, the highest PL
levels in the EBC are expectedly registered in a
group of children with ALL receiving chemothera-
py (the Group 1). This fact confirms the hypothesis
of a negative effect of the course and chemotherapy
treatment of ALL on the blood-air barrier of the
lungs. Damage of surfactant and epithelial compo-
nents of the blood-air barrier, detected by assess-
ment of our studied marker, becomes a background
for the formation of pulmonary complications.
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Fig. 1. ROC prediction curve of development of pulmonary complications
during ALL IC BFM 2009 protocol from PL level in EBC collected during
induction phase of chemotherapy (Protocol 1)

In accordance with our data, despite the de-
crease in PL in children after the end of chemo-
therapy protocols, this parameter in ALL survivors
does not reach the normal level of children of the
control group. These changes confirm the preserva-
tion of the destruction of surfactant and cell mem-
branes of the bronchopulmonary system, even after
the cure of the underlying disease and completed
course of aggressive protocol treatment.

As it was mentioned before, acute complications
during chemotherapy protocols were common.
It has been found that the levels of PL in EBC
were significantly higher in cases with the presence
of acute pulmonary complications among children
of the Group 1 in the period of chemotherapy pro-
tocols (p=0.035091). The conducted ROC analysis
(Fig. 1) determined that the PL level in EBC col-
lected during the induction phase of chemotherapy
higher than 132.15 mmol/I can be prognostic for
the development of acute pulmonary complications
during ALL IC BFM 2009 protocols (AUC 0.969;
Se 93.75% (95% CI 69.8—-99.8); Sp 100% (95% CI
15.8-100.0); +LR 0.00; -LR 0.063).

Despite achieved remission and total comple-
tion of protocol chemotherapy treatment some
children still had respiratory complaints. Among
children in remission of the Group 2 children with
persistent pulmonary complications had signifi-
cantly higher levels of PL (p=0.010657). Accord-
ing to ROC analysis (Fig. 2), PL level in EBC
collected after a complete course of chemotherapy
higher than 133.28 mmol/l can be predictive for
persistent pulmonary complications (AUC 0.917;
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Fig. 2. ROC prediction curve of presence of pulmonary complications in
ALL survivors from PL level in EBC collected after completed course of
chemotherapy

Se 100.00% (95% CI 39.8-100.0); Sp 83.33%
(95% CI 58.6-96.4); +LR 6.00; -LR 0.00).

Detected statistically significantly higher PL
levels in children with lung complications and
ROC-analysis results confirm the relation of PL
levels in EBC and formation of lung complications.

In contrast to previous studies, we firstly assess
the level of PLin children with ALL and its relation
to pulmonary complications in different periods
of pediatric ALL. The combination of high levels
of PL and high incidence of pulmonary complica-
tion in ALL children allows us to suggest the possi-
bility of a relation between the damage of the sur-
factant and epithelial layer of the blood-air barrier
and the formation of the inflammation process in
the lungs.

Our study has several limitations. We could not
detect whether recorded pulmonary complications
are connected with the course of the main disease
or toxic effects of cytostatic therapy, because these
factors influence at the same time and most of them
are not specific. Another limitation is connected
with a small sample of patients, due to the fact that
oncological diseases are comparatively rare pa-
thologies in general pediatrics population. There-
fore, further studies with larger samples, including
multi-central research can be useful for a more in-
depth study of the problem.

Conclusions

According to the study children with ALL can
be classified as a risk group for the development of
pulmonary pathology, both during the period of
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ALL IC BFM 2009 protocol treatment and in long
term remission after completion of chemotherapy.
As a result, this group of children requires more
careful management by pediatrician and hemato-
logist. The study of PL in EBC is non-invasive
and informative method for an objective assess-
ment of the severity of damage of blood-air barier,
and therefore can be included in the algorithm for
examining patients with acute leukemia. Moreover,
the PLlevel in EBC collected during the induction
phase of chemotherapy higher than 132.15 mmol/1
can be prognostic for development of acute pul-
monary complications during ALL IC BFM 2009
protocols with Se 93.75% and Sp 100%, PL level
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