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Acute lymphoblastic leukemia (ALL) is the most frequent malign hematologic disease in children. We
studied the hematologic toxicity caused by the cytostatic treatment which was administered to the children
diagnosed with ALL, according to the ALL-IC-BFM 2002/2009 protocol. The study included a number of 15
children with ALL who were treated from 2008 to 2018 within the Oncopediatrics Department of the 2nd

Pediatric Clinic of the Emergency County Hospital in Craiova. We decided upon the level of toxicity in blood
values, taking into account the severity level (G), according to the Common Terminology Criteria for Adverse
Events 2010 guideline and we calculated the mean value of the hemoglobin, leukocytes, neutrophils, and
thrombocytes in the children with ALL, for every phase of the cytostatic treatment. The most severe toxicity
(grade 4 of severity) was registered in neutrophils (7/15 patients), during the induction and re-induction
periods; 4 of these patients had severe infections.

Keywords: hematological toxicity, polichemotherapy protocols, acute lymphoblastic leukemia, children

* email: petridiana@yahoo.com; Phone: +40763399277         # The authors contributed equally to the manuscript and share first authorship.

Acute lymphoblastic leukemia (ALL) is the most
common childhood cancer and represents 80% of all
leukemia cases [1, 2].

The basic treatment is represented by antileukemic
polychemotherapy. There has been a significant increase
of life expectancy in children who were diagnosed with
ALL in the last couple of years due both to the large
administered dosage of chemotherapy agents and to the
supporting treatment [3].

Cytostatics – besides eliminating the malignant clone-
inhibits normal tissues proliferation as well, especially those
with speedy proliferation such as the hematopoietic tissues,
reducing the number of pluripotent stem cells.
Hematopoietic medulla will become hypo-cellular on the
3 cell lines (erythrocytic, megakaryocytic and granulocytic)
and pancytopenia will occur in the peripheral blood.

Myelosuppression is directly linked to dosage and is
transient most frequently (medulla recovers after 2-4
weeks) but repeated toxic aggression can determine
aplasia, sometimes irreversible medullar aplasia. The
peripheral pancytopenia may occur when the capacity of
the pluripotent stem cell regeneration has decreased, after
repeated toxics, under the threshold of 10% necessary for
supporting the compartment of the hematopoietic
precursors. Any previous cytostatic treatment determines
the shortage of the occurrence interval for the
pancytopenia and the prolonging of the recovery time [4].
It may be possible the existence of an individual sensitivity
determined by a genetic or acquired deficit in some
cytostatics elimination or detoxification [5, 6]. The chronic

pancytopenia appears when continuously using cytotoxic
drugs to destroy the microscopic neoplasia disease with
the risk of recurrence or metastasis.

Cytostatics which most frequently induce medullar
toxicity are: antimitotics (Vincristine), antimetabolites
(Methotrexate, 6 Mercaptopurinum, 6-Thioguanina,
Cytarabinum), alkilants (Cyclophosamide), antineoplasia
antibiotics (anthracyclines - Adriamycin, Daunorubicine)
and enzymes (L-Asparaginase) [7].

Experimental part
The aim of the study

Our paper aimed at assessing the frequency and severity
of the hematologic toxicity caused by the cytostatic
treatment which was administered according to ALL IC
BFM 2002/2009 protocol in the children diagnosed with
ALL.

Materials and Methods
The study included a number of 15 children diagnosed

with ALL who were treated from 2008 to 2018 in the
Oncopediatrics Department of the 2nd Pediatrics Clinic of
the Emergency County Hospital in Craiova, Romania. The
patient data were obtained retrospectively from the
hospital’s information system.

The children were divided into two risk groups according
to the ALL IC BFM 2002/2009 protocol: 11 children
presented a standard risk (SR) and 4 of them an
intermediate risk (IR). Both risk groups (SR and IR) received
the same treatment scheme [8, 9].
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We excluded, from our study, an infant who was
diagnosed with ALL type B with MLL translocation and
who presented a high risk and who required a different
treatment protocol.

The demographic information of the patients were
registered and analyzed; the values of the hematologic
parameters were statistically processed (hemoglobin,
leukocytes, neutrophils, and thrombocytes).

The study assessed the induction, consolidation and re-
induction phases where intense chemotherapy was
administered. We studied the toxicity of the administered
chemotherapy substances:

- in the induction phases of the remission - Protocol I
Phase A (we administered Prednisone, Vincristine,
Daunorubicine, L-Asparaginase and Methotrexate

intrathecal) and Phase B (Cyclophosphamide, Citarabine,
6- Mercaptopurine, Methotrexate intrathecal);

- in the consolidation phase (protocol M) which used 6-
Mercaptopurine, Methotrexate in PEV, Methotrexate
intrathecal;

- in the re-induction phase of the remission - Protocol II
Phase 1 (Dexamethasone, Vincristine, Adriamycin, L-
Asparagine) and Phase 2 (Cyclophosphamide, Citarabine,
6- Thyoguanine, Methotrexate intrathecal).

The drug doses, the duration and the mode of
administration used during the protocol are presented in
table 1.

The grade of toxicity in blood values was classified based
on the Common Terminology Criteria for Adverse Events
2010 guideline (table 2) [10].

PO, orally; IV, intravenous push; PI, intravenous infusion; IT, intrathecally; SR, standard risk group; IR, intermediate risk group; a: Steroid is given
up in 9 days by being decreased; b: Two doses of daunorubicin has been added in IR patients; *: Applied as four days’ blocks.

Table 1
TREATMENT SCHEME OF ALL

IC BFM 2009 PROTOCOL

Table 2
TOXICITY CRITERIA ACCORDING

TO THE COMMON
TERMINOLOGY CRITERIA FOR

ADVERSE EVENTS 2010
GUIDELINE
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Results and discussions
The studied group was made up of 15 children: 11

children had ALL immune phenotype B while the other 4
had ALL immune phenotype T. 11 children presented SR
and the other 4 had IR.

The average age for the children diagnosed with ALL
was 4.9±3.9 years, within the limits of 18 months and 15
years and 9 months. The distribution of the children
according to their age was as follows: between 1 and 3
years - 5 children; between 3 and 6 years - 6 children;
between 6 and 10 years - 3 children, over 10 years -1 child.
Among the 15 children with ALL who were part of our
study 11 were boys and 4 girls.

The origin area of the children was urban in 10 and rural
in 5. Their residence county was: Dolj 7 children, Olt 6
children, Valcea 1 child, and Gorj 1 child (table 3).

The studied group contained 11 children with ALL
immune phenotype B and 4 children with ALL immune
phenotype T (table 3).

We distributed the cases taking into account their grade
of severity, according to the Common Terminology Criteria
for hemoglobin, leucocytes, neutrophils, and thrombocytes.

The case distribution according to the grades of severity
(G) of the studied hematologic parameters revealed the
following:

- for the Hb values we registered: G1 in 2 children, G2 in
4 children, G3 in 6 children and G4 in 3 children;

- for the leukocytes values: G1 in 3 children, G2 in 5
children, G3 in 3 children, and G4  in 4 children;

- for the ANC values: G1 in 2 children, G2 in 3 children,
G3 in 3 children, and G4 in 7 children;

- for the thrombocytes values: G1 in 4 children, G2 in 6
children, G3 in 4 children, and G4 in 1 child (table 4).

The mean values for the Hb were 7.3 ± 2.7 g/dl in
Protocol I, Phase A, 7.8 ±1.96 g/dL in Phase B; 9.7 ± 1.2 g/
dL in Protocol M; 10.2 ± 1.5 g/dL in Protocol II Phase 1 and
9.9 ± 2.1 g/dL in Phase 2.

The mean values for the leukocytes were 2.92 ± 1.04
x109/L in Protocol I, Phase A, 2.14 ± 0.85 x109/L in Phase
B; 3.21 ± 1.12 x109/L in Protocol M; 4.02 ± 2.03 x109/L in
Protocol II Phase 1 and 2.32 ± 1.76 x109/L in Phase 2.

The mean values for the Absolute Neutrophil Count
(ANC) were 0.85 ± 0.52 x109/L in Protocol I, Phase A, 0.76
± 0.27 x109/L in Phase B; 3.2 ± 1.8 x109/L in Protocol M;
3.9 ± 2.8 x109/L in Protocol II Phase 1 and 1.1 ± 0.9 x109/
L in Phase 2.

The mean values for the platelet count (PLT) were 102.7
± 82.3 x109/L in Protocol I, Phase A, 132.3 ± 72.4 x109/L in
Phase B; 203.6 ± 87.5 x109/L in Protocol M; 198.7 ± 72.3
x109/L in Protocol II Phase 1 and 163.8 ± 82.5 x109/L in
Phase 2.

The mean values (± DS) for the hematologic
parameters, according to the treatment phases of the BFM
2002/2009 protocol were registered in table 5.

Anticancer chemotherapies are responsible for
numerous adverse events. Among these, hematologic
toxicity is one of the main causes for ending treatment.

These toxicities decrease production of red blood cells
(anemia), production of white blood cells (neutropenia or
granulocytopenia), and production of platelets
(thrombocytopenia) which may be life–threatening to the
patient [4].

Most of the children diagnosed with ALL were males
(11/15). The average age of the children when diagnosed
with ALL was 4.9±3.9 years, between the interval 18
months and 15 years and 9 months, most of the cases
being registered in the age group of 3-6 years (6/15).

Table 3
DEMOGRAPHIC DATA OF THE PATIENTS

INCLUDED IN THE STUDIED GROUP

Table 4
CASE DISTRIBUTION ACCORDING TO THE SEVERITY GRADES (G) OF THE HEMATOLOGIC PARAMETERS

Table 5
MEAN VALUES FOR THE HEMATOLOGIC PARAMETERS, ACCORDING TO THE TREATMENT PHASES

OF THE BFM 2002/2009 PROTOCOL
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The registered immune phenotype was predominantly
B (11/15), while de risk group was mainly SR.

The children were treated according to the BFM 2002
protocol until 2011 and according to BFM 2009 protocol
until the end of 2018.

The most severe hematologic toxicity (G4) was
registered for neutrophils (7/15 children) during the
induction and re-induction periods; in 3 children during the
Protocol I, Phase A, in 2 children during Protocol I, Phase B,
and in 2 children during Protocol II, Phase 2; 5 of these
children presented an episode of febrile neutropenia and 4
of them accused severe infections (1 pneumococcal
sepsis with otoantritis, 1 sepsis with Staphylococcus aureus
and otoantritis with Klebsiella, 2 had whitlow). Other 2
children with severe neutropenia presented severe
mucositis.

For the leukocytes count, G4 of severity was registered
in 4 children (2 during Protocol IA, 1 during Protocol IB and
1 during Protocol II2).

The hemoglobin values most frequently showed grade
3 of severity during the remission induction period (with
values between 6.5 and 7.9 g/dL) in 6 children, requiring
transfusions of red blood cells concentrates. Grade 4 of
severity for hemoglobin was registered in 3 children.

The platelets count showed that grade 2 of severity was
the most frequent (50-74.9x 109/L) - in 6 children out of 15;
only 1 patient presented G4 (PTL 20x109/L) accusing a
mucosa bleeding and was given a substitution treatment
with thrombocyte concentrates.

The chemotherapy toxicity remains a problem, while
the hematologic toxicity has major consequences upon
the disease evolution. The most frequent toxic adverse
reaction is represented by neutropenia. This may lead to
serious infections, which prove difficult to treat. Anemia
and thrombocytopenia often occur during the cytostatic
treatment.

They will require blood product transfusions which, at
their turn, will generate other possible complications
(allergic reactions, infections) [11-14].

The combination therapy with cytostatic agents having
different action mechanisms and toxicity grades is often
necessary in order to avoid the destruction following the
limited logarithmic monotherapy. If the used agents do
not have a similar toxicity, they can be used in scheme
combinations for dosages which have an approximately
equal toxicity to those used in monotherapy [15-42].

Stating the hematologic toxicity differs from one case
to another and depends on the used agents, the
administered dosages, the way of administration; it is also
influenced by the therapeutic antecedents (previous
cytotoxic chemotherapy, applied therapeutic strategy and
the biologic status of the patient) [17-19].

Medullary aplasia represents the most dangerous picture
which may occur after chemotherapy and its seriousness
is given by the possibility for an infectious clinical picture
to occur, which may lead to septicemia, to a hemorrhagic
syndrome or to mucosal lesions associated with
hemorrhage and necrosis [7-19].

We did not register any death during our study.

Conclusions
The most severe hematologic toxicity (grade 4 of

severity) was registered for neutrophils (7/15 children)
within the induction and re-induction periods.

The lowest absolute value of the number of neutrophils
was 0.76±0.27x10y /L in phase B, Protocol I. 5 of these 7
children presented an episode of febrile neutropenia, 4 of
them accusing severe infections.

Grade 4 of severity was registered in 4 children for the
leukocyte number.

The hemoglobin values showed that grade 3 of severity
was the most frequent in the remission induction periods.

The thrombocytes count showed that grade 2 of severity
was the most frequent (6 out of 15 patients); only one
patient presented G4 (PTL=20x109 /L).
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