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ABSTRACT

Background: Acute lymphoblastic leukemia (ALL) is the most common childhood malignancy, with che-
motherapy significantly impacting immune cell populations. This study evaluates changes in lymphocyte
subsets in children with ALL during treatment.

Methods: A retrospective-prospective study analyzed 17 pediatric patients (aged 2—12 years) treated at
the University Clinic for Children’s Disease— Skopje following the BFM ALL-IC 2002 protocol. Lym-
phocyte subsets (CD3, CD4, CD19, CD45) were assessed before chemotherapy, after induction, and after
reinduction using flow cytometry.

Results: Children with ALL exhibited reduced cellular immunity at the end of therapy. Lymphocyte de-
pletion was observed in all patients following the induction phase. A statistically significant difference
in CD19+ cell values across the three time points was confirmed (p=0.017). Post-hoc analysis revealed
significantly lower CD19+ cell values after induction compared to baseline (1.22 vs. 15.3, p=0.008) and
significantly lower values at the end of therapy compared to pre-therapy levels (2.5 vs. 15.3, p=0.021).

Conclusion: Intensive chemotherapy induces profound immunosuppression in pediatric ALL patients,
primarily affecting B cells. These findings highlight the necessity for immune function assessment and
consideration of supportive immunotherapy.
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INTRODUCTION

Malignant hematological disorders account Acute lymphoblastic leukemia (ALL) is the

for more than 40% of childhood malignancies.
These are malignant diseases of the hematopoi-
etic system, characterized by the clonal prolif-
eration of lymphoid cells that are blocked in the
early stages of differentiation [1, 2].

most common childhood malignancy, accounting
for 25% of all malignancies in children up to 15
years. The annual incidence of childhood leuke-
mia is about 4.5 cases per 100,000 children up to
15 years of age (3). of age or approximately 60%
of all cases of malignant disease in children and
adolescents younger than 20 years of age [3-5].
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In the last 5 decades, the 5-year total survival
rate for children with ALL has made impressive
progress and today exceeds 90% in highly devel-
oped countries (4-7). The 5-year overall survival
rate for ALL in children up to 15 years of age
ranges from 20 to 90%, depending on the subtype
of the disease [9, 10].

During the initiation of treatment, children
experience significant neutropenia [11]. However,
lymphopenia, with low levels of B and T cells
1s common and is reported to persist for up to 6
months after treatment [12]. B cells have been re-
ported to be more profoundly affected than T cells,
with naive B-cell numbers falling proportionately
more than memory B-cell populations [13, 14].

The reported effects of chemotherapy on
T-cell populations are less consistent but with
more significant effects reported on CD4+ T cells
and relatively modest effects on CD8+ T-cell num-
bers [13]. Reports on the effects on natural killer
(NK) cells are limited and inconsistent [15].

There are only a few publications on humans
with CD45 deficiency or minimal CD45 surface
expression, a condition leading to severe com-
bined immunodeficiency (SCID).

Current therapeutic protocols include inten-
sive chemotherapy protocols, biological agents,
and radiotherapy, which often have a detrimental
effect on immune system cells and are the cause
of secondary immunodeficiency (SID) [16, 17].

Secondary immunodeficiency (SID) is mainly
a consequence of the nature of the malignant dis-
ease or is an undesirable consequence of a series
of medical treatments associated with specific im-
mune defects and dysregulation of the immune
system.

During chemotherapy for acute lymphoblastic
leukemia (ALL), the risk for infection has been
proposed to be associated with decreased numbers
of T helper lymphocytes (CD4+ T cells) [12].

Infections remain a major cause of morbidity
and mortality in patients with malignant diseas-
es. They prolong the course of treatment in these
patients and often pose a serious life-threatening
risk. The interest in analyzing the immune status
of children with malignant disease has been the
subject of research in recent years.

This study aims to evaluate quantitative
changes in lymphocyte subsets in children with
ALL before initiation of chemotherapy, after com-
pletion of the induction phase of therapy (protocol
I), and after the reinduction phase (protocol II).

MATERIAL AND METHODS

The study is an analytical, retrospec-
tive-prospective study. The study included 17
children with acute leukemia (15 children with
B-cell ALL, 2 of them with T-cell ALL) aged
2—-12 years, who were diagnosed and treated at
the Department of Oncology -University Clinic
for Children’s Disease in Skopje over 1 year.
A total of 17 patients were analyzed, for 7 of
them, data were taken retrospectively from
medical history at 2 points, with no possibili-
ty of taking analysis after the reinduction phase
because the children were already on mainte-
nance therapy. 10 of the children were prospec-
tively monitored during the three examination
points. 11 (64.7%) were female and 6 (35.3%)
male. The children had a median age of 5.3 +
2.8 years. All patients were treated according to
the BFM ALL-IC 2002 (Berlin-Frankfurt-Mu-
nich) therapeutic protocol.

Among the children involved in the study,
the following parameters were analyzed:

— Complete blood count with total leu-
kocyte count, lymphocyte count, and neutrophil
leukocytes were analyzed using fluorescence
flow cytometry in Sysmex XS8001 and Sysmex
1000 hematologic analyzers,

— Quantitative evaluation of the lym-
phocyte subpopulations CD3, CD4, CD19 and
CDA45, using10 color flow cytometry BD FAS-
CLyrics. (Table 1)

Table 1. Immunophenotyping markers used to quan-
tify numbers of peripheral blood lymphocyte subsets

Lymphocyte population Phenotype
CD3+,
T-cell CD4+
B-cells CD19+
Activate T-cells CD45+

Immunological parameters were analyzed
and monitored at 3 time points:

1. at the diagnosis of the disease, before
initiation of chemotherapy,

2. after completion of the induction phase
(protocol I),

3. after completion of the reinduction
phase (protocol II).
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The data obtained from the survey were
analyzed statistically in the statistical program
SPSS 23.0. Shapiro Wilk's test was used to test
the normality of the data distribution. Statistical
significance was defined at the level of p<0.05.

Categorical (attributive) variables are rep-
resented by absolute and relative numbers. Nu-
merical variables are represented by mean, stan-
dard deviation, minimum and maximum values,
medial value, and interquartile rank.

To compare the values of the analyzed
parameters before therapy, after the induction
phase, and after therapy, the non-parametric
Friedman Chi-square dependent sample assay
was used. Post-hoc analysis of total statistical
significance was performed with the Wilcox-
on matched pairs test, with correction with the
Bonferroni test.

RESULTS

The study included 17 children with acute
leukemia, of whom 11 (64.7%) were female and
6 (35.3%) were male. The children range in age
from 2 to 12 years, with a median age of 5.3 +
2.8 years.

Table 2 shows the values of the analyzed
hematological parameters at the analyzed time
points, i.e. before the starting of therapy, after the
end of the induction phase, and after the end of
therapy (reinduction).

Total leukocytes at diagnosis of disease,
after induction therapy, and after reinduction
averaged 16.51 £ 25.8, 3.12, = 1.8, and 3.56 +
1.3, respectively, at the three-time points, medial
values of 4.39, 3.1, and 3.33, at the three-time
points. A total statistically significant difference
was recorded over the analyzed period concern-
ing total leukocyte values (p=0.017). Post-hoc
analysis showed that this total significance was
due to significantly lower total leukocyte values
after completion of the induction phase relative
to pre-treatment values (3.1 vs 4.39, p=0.013).

Mean and medial neutrophil values were
2.34 + 3.8, and 0.92, respectively, before thera-
py; 1.37 = 1.02 and 1.48, respectively, after the
induction phase; 1.97 + 1.03 and 1.78, respec-
tively, after completion of therapy. No statistical-
ly significant difference was found in neutrophil
values during the analyzed period (p=0.53).

An overall statistically significant differ-
ence in lymphocyte values between the three
time points was confirmed, with p=0.045. Post-
hoc analysis of intertemporal differences as sta-
tistically significant confirmed the difference
between T1 and TO (p=0.003), and was due to
significantly reduced lymphocytes after the in-
duction phase (0.92 vs 2.52).

On average, lymphocytes had values of
11.27 +£18.3 in TO, 1.27 + 0.86 in T1, and 2.43
+4.2in T2.

Quantitative evaluation of the lymphocyte
subpopulations CD3, CD4, CD19, and CD45 are
presented on Table 3.

The CD3 cells had averages of 57.56 +
23.7, 57.56 = 23.7, and 86.37 £+ 7.7, respective-
ly, at the three time points; and medial values
of 63.8, 87, and 89.3, respectively, at the three
time points. An overall statistically significant
difference in CD3 values between the three-time
points was confirmed, with p=0.035, which ac-
cording to the results of the post-hoc analysis
was due to significantly higher values after the
induction phase compared to the initial values
(87 vs 63.8, p=0.0065) and to significantly high-
er end-of-therapy values compared to pre-thera-
py values (89.3 vs 63.8, p=0.011).

The average CD4 cell values were 38.09 +
19.1, 38.85 = 11.3, and 42.62 £ 5.9, respective-
ly, in TO, T1, and T2; at the three-time points,
the medial CD4 values were 42, 39, and 40, re-
spectively. The difference in CD4 cell values be-
tween the analyzed time points was statistically
non-distinguishable (p=0.57).

CD19 cells had average values of 21.71 +
19.9, 3.38 + 7.5, and 3.56 + 3.6, respectively, at
the three time points; and medial values of 15.3,
1.22,and 2.5, respectively, at the three time points.
For p=0.017, an overall statistically significant
difference in CD19 values between the three-time
points was confirmed. Post-hoc analysis of inter-
time intervals showed significantly lower values
after the induction phase compared to baseline
(1.22 vs 15.3, p=0.008) and significantly lower
values at the end of therapy compared to pre-ther-
apy values (2.5 vs 15.3, p=0.021).

No statistically significant difference was
found in CD45 cell values between the ana-
lyzed time points (74 vs 38.8 vs 32.p=0.29).
Mean CD45 cell values were 64.06 + 28.41,
43.34 + 19.7, and 38.0 = 15.24, respectively in
TO, T1, and T2.
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Table 2. Total number of leukocytes, neutrophils, and lymphocytes — descriptive values

Time. | | mean 250 | min—mas | meaan G0

Total leucocytes number

17 16.51 +25.8 1.68-103.73 4.39 (3.23 - 18.81)
el 17 3.12+1.8 0.73-6 3.1(1.65—-4.1)
IvVAS 10 356+1.3 1.39-5.59 3.33 (2.64 —4.86)
Neutrophils x'"3/ulL

SN 17  234+38 026-12.4 0.92 (0.37—1.66)
NN 17 1.37+1.02 0.03-3.19 1.48 (0.39-1.9)
Ipis 10 1.97+1.03 0.52-3.66 1.78 (1.22 — 2.46)

Friedman X'=3.5 *p=0.017
TO vs T1 Z=2.45 *p=0.013

Friedman X'=1.3 p=0.53

Lymphocytes x'"3/ulL

gl 17 11.27+ 183 0.77 - 63.13 2.52 (1.83 -15.12)
T 17 1.27+0.86 0.57-3.84 0.92 (0.7 —1.44)
10 243+42 0.47-14.4 0.97 (0.66 —2.01)

Friedman X =1 .6%p=0.045
TOvs T1 Z=3.0 **p=0.003

1
T2

TO (Pre-Therapy Start) Z (Wilcoxon Matched Pairs Test), customized with Bonferroni
T1 (after induction phase) *p<0.05, **p<0.01
T2 (after reinduction phase)

Table 3. CD3, CD4, CD19 and CD45 — descriptive values

Tine |0 JmeanssD | min-max | metan00R) | plev

CD3(%)
17 5756+237  194-9277  63.8(38.31—72.5) , .

Friedman X =6.7 *p=0.035
17 8223126  6143-985  87(72.62—91.24) TOvs T1 Z=2.7 **p=0.0065

TOvs T2 Z=2.55 *p=0.011
T2 9 8637+7.7 69.6 —93.6 89.3 (82.4-91.2)

CD4(%)
SN 17 3809:19.1  2.54—68 42 (21.08 —49.92)
SV 17 3885+113  2042-593  39(29.43—47.4)
IV © 426259 36-52.5 40 (38.2—47.4)
CD19(%)
N 17 2071:£199  0-713 15.3 (9.55 - 21.7) _ )
Friedman X =8.2 *p=0.017
SO 16 338:75 0-31.18 122 (1-2.415) TOvs T1 Z=3.35 **p=0.008
TOvs T2 Z=2.31 *p=0.021
9 3.56+3.6 0-11.5 2.5 (1.2 - 4.94)
CD45(%)
SN 17 6406:2841  1253-94 74 (35.48 — 88.7)
N 17 4334:197  12-85.1 38.8 (34.4 - 58)
vl 0 380-1524  20-67 32 (26 — 48)

Friedman X =1.1 p=0.57

Friedman X'=2.5 p=0.29

TO (Pre-Start of Th.) Z (Wilcoxon Matched Pairs Test), customized with Bonferroni
T1(by induction phase) *p<0.05,**p<0.01
T2 (after reinduction phase)
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DISCUSSION

After completion of intensive care, all pa-
tients had some degree of immune dysfunction
as measured by cytopenia and lymphocyte
dysfunction.

The results of our study showed that lym-
phocytic depletion was observed in all chil-
dren after completion of induction therapy. At
p=0.017, an overall statistically significant dif-
ference in CD19 values between the three-time
points was confirmed. Post-hoc analysis of the
inter-time intervals showed significantly lower
values after the induction phase compared to
the initial (1.22 vs 15.3, p=0.008) and signifi-
cantly lower end-of-therapy values compared
to pre-therapy values (2.5 vs 15.3, p=0.021).

Studies such as Mackall et al. and oth-
ers have shown that chemotherapy, especial-
ly corticosteroids and antimetabolites used in
induction, leads to prolonged B-cell lympho-
penia and impaired humoral immunity. This
depletion extends beyond the clearance of ma-
lignant cells and involves delayed recovery of
normal B cell precursors from the bone mar-
row [29]. Thus, while we recognize that the
reduction in CD19+ cells immediately post-in-
duction is confounded by the presence of leu-
kemic blasts, sustained suppression of B cells
beyond this period is clinically relevant and
well-documented.

Although there is no significant decrease
in CD45+ T lymphocytes, their decrease is
still observed, which has an important prog-
nostic effect in terms of relapses [18].

Studies have shown that children at the
time of their ALL diagnosis have both higher
proportions and absolute cell numbers of both
CD4+ and CD8+ T cells in peripheral blood as
well as increased proportions of T regs com-
pared to age-matched controls [19, 20]. The
use of more intense chemotherapy protocols
has led to a dramatic improvement in progno-
sis, unfortunately accompanied by both acute-
and long-term toxicity that causes significant
treatment-related morbidity. The general un-
derstanding is that T cells remain more resis-
tant to chemotherapy than B cells [21]. There
is also evidence of a lower proportion of T
cells in peripheral blood during chemotherapy,

with a pronounced effect on naive compared to
memory T cells, the latter remaining overrep-
resented during a 3-year period of chemother-
apy [22].

CD45 is a central player of immune cell
activation. Loss of CD45 expression was also
detected in childhood acute lymphocytic leu-
kemia (ALL). Studies on adult ALL patients
revealed that compared to CD45-low patients,
CD45-high ALL patients had a lower event-
free survival rate due to a higher cumulative
relapse incidence [23].

The underlying mechanisms of SID in
patients with hematologic malignancies are
different and correlated with malignancy and
specific treatments. The clinical effect of SID
can lead from moderate susceptibility to infec-
tion to a more serious condition characterized
by recurrent lung infections, and viral or fun-
gal opportunistic infections that have a severe
impact on the course of the disease [24-26].

A retrospective study analyzing infec-
tions in children diagnosed with ALL during

treatment was published from data taken
from 17 hematology centers in Poland. 53.2%
of children reported having a bacterial infec-
tion during treatment, 18.4% had viral infec-
tions, and 20.4% of children had a fungal in-
fection. The rate of death was 2.4%, mainly
due to fungal infection [27].

Changes in immune response in pediat-
ric patients with malignant hematological dis-
orders have not yet been investigated in our
country. Research published so far indicates
a mismatch between daily practice, clinical
practice, recommendations, and currently ap-
proved immunoglobulin therapy (IgT) indica-
tions. This underscores the medical need for
more evidence from clinical trials, particularly
in hematologic malignancies other than chron-
ic lymphoblastic leukemia (CLL) and multiple
myeloma MM, to optimize risk stratification
for patients and identify those patients who are
likely to benefit from IgT. The consensus that
has been reached among SID specialists, ex-
pert immunologists, and hemato-oncologists
in European pediatric centers makes clear
recommendations for the inclusion of IgT in
treatment during the therapeutic protocol [28].
Despite differences in regional indications, IgT
use is generally comparable across countries.
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CONCLUSION

The results of this study suggest that mod-

ern multiagent chemotherapy in the immune
system of children with ALL leads to second-
ary immunodeficiency. Detection of secondary
immune deficiency is important for successful
and much easier treatment. These initial results
suggest the need for additional evaluation of
immunological function, emphasizing the risk
of infection in children with ALL, and consid-
eration of supportive immunotherapy during
the therapy to reduce morbidity and mortality
in these children.
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Pe3ume

IMPOMEHMU HA ITIOAT'PYIIUTE HA JIMM®OLUTHUTE KAJ JELA
CO AKYTHA IUM®OBJIACTUYHA JJEYKEMUMUJA 3A BPEME HA XEMOTEPAITUJA

Apujera Xacann', Anexcanaap [eranukoBckn?, Upuna [lanoBcka’,
Teonopa Bpmwapuescka’, Heenka Pujioa’, CBetiiana Kouesa!

! YHuBep3uTeTCKa KIMHMKA 3a IeTCKU Ooiectd, MenuiuHcku dakynrer, Yausep3urer ,,CB. Kupun u
Metonuj* Bo Cromnje, PC Makenonuja

2 IHCTHTYT 3a UMYHOJIOTHja M XyMaHa TeHeTHKa, MeauuHCcKku (akyiaret, YauBep3ureT ,,CB. Kupun n
Mertoauj* Bo Cromje, PC Makenonuja

* VHuBep3uTeTCKa KIMHHKA 3a Xemaronoruja, Memuuuacku dakyarer, Yausepsutet ,,CB. Kupun u
Metonuj“ Bo Cromje, PC Makenonuja

BoBen: Axytnara numgpoOnactHa neykemuja (AJIJI) e HajuecTara ManurHa OonecT BO JeTCKara
BO3pacT. XeMoTeparuja uMa 3Ha4uTeTHO BIIMjaHK]je Bp3 KJIETKUTE Ha HIMYHOJIOIIKHOT cucteM. OBaa cTy-
J1ja TH aHAJIM3Upa MPOMEHUTE BO TUM(POLUTHATE MOATPYyNH Kaj Aenara co AJIJI 3a Bpeme Ha TPETMaHOT.

Metoau: PeTpocneKTHBHO-NPOCIIEKTUBHATA CTYAMja aHaIu3upa 17 meaujaTpucKu MauueHTH (Ha
Bo3pact oA 2 10 12 rogunn) Tperupanu Ha Knunukara 3a nercku 6onectu — Ckorje, Cropes NpoTOKOJIOT

BOM AJUI-UIL 2002. JlumponmtauTe moarpymnu (CD3, CD4, CD19, CD45) 6une omieHeTH Tpes XeMo-
TepanujaTa, o HHAYKIHja U TI0 PEUH/IYKIIH]ja CO KOPUCTEHHE HA MPOTOYHA IUTOMETPH]A.

Pesyararu: [lenara co AJIJI mokakane HamalleH KJI€TOYeH UMYHHUTET Ha KpajoT Of] Teparujara.
Jenurernja Ha mumdonuTrTe OMITO 3a0ermexaHo Kaj cuTe manueHTH 1o (azata Ha HHIyKIHja. [loTBprena
€ CTaTUCTHYKH 3Ha4ajHa pa3inka Bo BpenHocture Ha CD19+ kimeTkuTe BO TpUTE BPEMEHCKH TOUKH (P =
0,017). ITocTxok aHanmM3aTa OTKPU 3HAUNTEITHO TIOHUCKU BpenHOCTH Ha KieTknute CD19+ no naayknmjata
BO criopenda co ocHoBHaTa nuHHja (1,22 Hacporu 15,3, p = 0,008)

3axuydok: lHTEeH3MBHATA XeMOTeparnuja Mpe/r3BUKyBa Jy1ad0ka MMyHOCYIPECH]ja Kaj TIe/TH]aTPUCKH-
T€ TAITUEHTH, CO MMPBUYIHO ACjCTBO Ha b-kieTkuTe. OBUE HAOMM ja HAarIacyBaar morpedara off mporieHa Ha
MMYHOJIOIIKATa (GYHKIIMja ¥ pa3mieyBambe Ha MOAApKyBadka UMyHOTEpanuja.

Kayunu 360posu: AJUJI, CUJl, xemoTepanuja, TMM(OLUTHH TOATPYITH



