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Abstract

pediatric ALL in the main referral hospital in Palestine.

associated (p value <0.001) with splenomegaly.

Objective: Pediatric acute lymphoblastic leukemia (ALL) is the most prevalent type of cancer among children. This
study was conducted to describe and correlate the clinical characteristics and outcomes of treatment of patients with

Results: Complete data of 69 patients were included in this analysis. The majority (79.7%) of the patients had B-ALL
phenotype. After induction chemotherapy, remission was experienced by the vast majority of the patients and 5
(7.2%) experienced relapses. Cytogenetics for patients with B-ALL phenotype indicated that 10 (18.2%) patients

had t(12, 21) translocation, 5 (9.1%) had hyperdiploidy, 4 (7.3%) had t(1, 19) translocation, and 2 (3.6%) had t(9,

22) translocation. The initial white blood cells (p value <0.001), absolute neutrophils (p value=0.011), and hemo-
globin (p value <0.001) were significantly lower in patients with B-cell ALL. Platelet counts were significantly lower
(p value=0.012) in patients with splenomegaly and those with bleeding symptoms (p value =0.008). Presence of
palmar pollar was positively associated (p value =0.035) with T-cell ALL. Presence of hepatomegaly was positively
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Introduction

Cancer is the second most common cause of mortal-
ity among Palestinians in the West Bank and Gaza Strip
[1]. In general, leukemias are the most common type of
cancer among Palestinian children with an estimated
incidence rate of 2.6 per 100,000 children [1, 2]. Acute

*Correspondence: ramzi_shawahna@hotmail.com

Yahya Odeh, Rami Halawa and Majd Al-Ghoul contributed equally to this
work

! Department of Physiology, Pharmacology and Toxicology, Faculty

of Medicine and Health Sciences, An-Najah National University, New
Campus, Building: 19, Office: 1340, PO. Box 7, Nablus, Palestine

Full list of author information is available at the end of the article

B BMC

lymphoblastic leukemia (ALL) is the most diagnosed
tumor in pediatric population and the most frequent
cause of death from cancer before the age of 20 [3].
According to some estimates, more than 75% of pediat-
ric leukemias are ALL. On annual basis, about 6000 ALL
cases are diagnosed in the US, of those, about 50% are
children and teenagers [4, 5].

In Palestine, cancer care is highly fragmented and a
high percentage of patients receive treatment outside
the country [1, 6]. Currently, referral hospitals in which
patients with pediatric ALL receive induction chemo-
therapy in Palestine are limited [1, 6]. Since its incep-
tion, An-Najah National Hospital has emerged as the
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main referral hospital for pediatric ALL in Palestine.
Description of the epidemiological and clinical char-
acteristics of patients with ALL in different nations has
received considerable attention [7]. The Middle East
Childhood Cancer Alliance (MECCA) collected clini-
cal and demographic data on children with ALL from 16
countries in the Middle East [8]. However, Palestinians
were not included in MECCA’s study. Currently, little is
known on the epidemiological and clinical characteris-
tics of patients with pediatric ALL among Palestinians
[2]. Therefore, this pilot study was conducted to describe
the clinical characteristics and outcomes of induction
chemotherapy among patients with pediatric ALL in the
main referral hospital in Palestine. The study also aimed
to assess the associations between sociodemographic
and clinical characteristics of the patients included in the
study. The study provided insights into the clinical char-
acteristics and outcomes of induction chemotherapy in
Palestinian patients with pediatric ALL.

Methods

Study participants

Patients with pediatric ALL were included in this study.
The inclusion criteria were: (a) patients who were 16 years
old and younger, (b) admitted to the referral hospital with
a diagnosis of pediatric ALL, and (c) received induction
chemotherapy at the study site. With not restrict inclu-
sion based on gender or admission dates. We excluded
patients whose medical records were incomplete and
those who received their induction chemotherapy out-
side the referral hospital. All patients with a diagnosis
of pediatric ALL regardless of their gender or admission
dates were screened against the inclusion and exclusion
criteria.

Study design, tools, and collection of data

This present study was a single-center, retrospective,
observational study. The study used a descriptive correla-
tional approach. In this study, paper-based and electronic
medical records of patients with pediatric ALL were
reviewed by field researchers. A data collection form
that was created for this study using Excel Spreadsheets
(Microsoft Excel, Microsoft Inc, US) was used to extract
the pertinent data relevant to sociodemographic, physi-
cal examination, daily progress, hematological, clinical,
bone marrow biopsies, flow cytometry, and cytogenetics.
The data collected for this study were informed by pre-
vious studies [8—10]. Data were collected from the time
the patient was admitted until outcomes of induction
became available. The outcomes of the induction were
assessed based on bone marrow biopsies performed on
days 19-21 after initiation of induction chemotherapy.
In this study, the outcomes were classified as follows: (a)
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remission (<5% blast on bone marrow), (b) non-remis-
sion (>5% blast on bone marrow), (c) relapse (>20%
blast in bone marrow, any blasts in CNS or both, or (d)
death of the patient during the first admission for the
induction chemotherapy.

Statistical analysis

Data were entered into IBM SPSS for Windows v.21.0
(IBM Inc., Armonk, New York). Kolmogorov—Smirnov
test was used to assess whether the data were normally
distributed or not. Because the data were not normally
distributed, the data were expressed using medians and
their corresponding interquartile range (IQR). Categori-
cal data were compared using Mann—Whitney U test.
Correlation was investigated using Spearman’s rank cor-
relation. Statistical significance was considered when the
p value was <0.05.

Results

All medical records of patients who received induc-
tion chemotherapy at An-Najah National Hospital were
reviewed. Complete records and laboratory reports were
identified for a total of 69 patients. Patients with com-
plete records and laboratory reports were included in the
final analysis.

Sociodemographic, clinical, and hematological variables

of the study patients

Cytogenetic studies for the B-ALL phenotype showed
that 10 (18.2%) patients had t(12, 21) translocation, 5
(9.1%) had hyperdiploidy, 4 (7.3%) had t(1, 19) trans-
location, and 2 (3.6%) had t(9, 22) translocation. Of all
patients, 19 (34.5%) did not have any of the previously
mentioned abnormal cytogenetics. Detailed sociode-
mographic, clinical, and hematological variables of the
patients are shown in Table 1.

Association between the different sociodemographic

and clinical variables of the study patients with their
hematologic laboratory findings

The median hemoglobin in patients who were 5 years
of age and older (9.1 with an IQR of 2.5 g/dL) was sig-
nificantly higher (p value=0.007) than those who were
younger than 5 years (7.8 with an IQR of 2.8 g/dL)
(Table 2). The median platelet count in patients who did
not have splenomegaly (122,000 with an IQR of 169,000)
was significantly higher (p value=0.012) than those who
had splenomegaly (49,500 with an IQR of 145,850). The
median platelet count for patients who did not have
bleeding symptoms (103,000 with an IQR of 171,000) was
significantly higher (p value=0.008) than those who had
bleeding symptoms (34,000 with an IQR of 66,050). The
median hemoglobin for patients who had T-ALL (11.2
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Table 1 Sociodemographic, clinical, and hematological variables
of the patients with pediatric ALL included in the study (n = 69)

Variable n %
Age (years)

<10 26 377

>10 43 62.3
Gender

Male 42 60.9

Female 27 39.1
Presence of abdominal pain

Yes 22 319

No 47 68.1
Presence of fever

Yes 37 536

No 32 464
Presence of bone pain

Yes 30 435

No 39 56.5
CNS status®

CNS 1 66 95.7

CNS2 1 14

CNS 3 2 29
Presence of pallor

Yes 50 72.5

No 19 27.5
Presence of anorexia

Yes 9 13

No 60 87
Presence of hepatomegaly®

Yes 34 493

No 35 50.7
Presence of splenomegaly®

Yes 34 493

No 35 50.7
Presence of bleeding®

Yes 15 21.7

No 54 783
Immunophenotype

B-ALL 55 79.7

T-ALL 14 203
Cytogenetics for B-ALL

t(12,21) 10 18.2

Hyperdiploidy 5 9.1

t(1,19) 4 73

t(9, 22) 2 36

Nil 19 34.5

Missing 15 273
Relapse®

Yes 5 7.2

No 64 928
Remission'

Yes 68 98.5
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Table 1 (continued)
Variable n %
No 1 15
Hematological laboratory data at admission Median IQR
Hemoglobin (g/dL) 9.0 27
Platelet count (per mm>) 80000 157000
Initial WBCs count (cells/mm?) 7100 20600
Absolute neutrophils count (cells/mm?) 1420 2030

IQR interquartile range, WBCs white blood cells

@ CNS1: WBC in CSF < 5 without WBC blasts, CNS2: WBC in CSF < 5 with WBC
blasts, CNS3: WBC in CSF > 5 with WBC blasts

b Hepatomegaly: palpable liver below the costal margin
¢ Splenomegaly: palpable spleen

9 Presence of bleeding symptoms like petechiae, epistaxis, bruising, gum
bleeding, blood in stool

€ Relapse: patient was in remission and developing any of the following: 1. More
than 20% of blasts in bone marrow, or, 2. CNS status 2 or 3, or, 3. Both 1 + 2

fRemission: the percentage of blast cells in the bone marrow is less than 5% at
the end of induction of chemotherapy

with an IQR 2.8) was significantly higher (p value <0.001)
than those who had B-ALL (8.4 with an IQR of 2.5). The
median initial WBCs count for patients who had T-ALL
(22,100 with an IQR 35,550) was significantly higher (p
value <0.001) than those who had B-ALL (5000 with an
IQR of 10,950). The median absolute neutrophil count for
patients who had T-ALL (2670 with an IQR of 4595) was
significantly higher (p value=0.011) than those who had
B-ALL (1050 with an IQR 1730).

Correlation between sociodemographic and clinical
characteristics of patients with pediatric ALL

There was a positive correlation (p value =0.035) between
the presence of pallor at presentation and T-ALL immu-
nophenotype. Again, there was a positive correlation (p
value <0.001) between the presence of hepatomegaly and
the presence of splenomegaly (Table 3).

Discussion

This is the first description of hematological laboratory
findings, signs and symptoms at presentation, immu-
nophenotype, cytogenetics, and outcomes of induc-
tion chemotherapy for patients with pediatric ALL who
received induction chemotherapy at the main referral
hospital for pediatric ALL patients in Palestine. The study
also established associations between hematological
laboratory findings, sociodemographic, and clinical vari-
ables of the patients.

At presentation, the median hemoglobin concentra-
tion was 9.0 with an IQR of 2.7 g/dL. Hemoglobin lev-
els reported in this study were comparable to those
reported in a previous larger study in the Middle East
[8] and other regional studies in Jordan [11] and Brazil
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[12]. Hemoglobin levels differed significantly between
children older and younger than 5 years and those who
had T-ALL or B-ALL. Findings of this study were consist-
ent with those reported in previous studies [13, 14]. The
median platelet count was 80,000 with an IQR of 157000
platelets/mm?>. In a previous larger study in the Middle
East, the platelet count was 36,600 platelets/mm? [8]. In
this study, patients who had splenomegaly and those who
had bleeding symptoms had significantly lower platelet
count than patients without splenomegaly and bleeding
symptoms. Platelet counts after induction chemotherapy
could be useful in treatment stratification of patients with
pediatric ALL [15, 16]. Platelet counts could also be used
in predicting prognosis and response to chemotherapy
[15, 17]. The median initial WBCs count was 7100 with
an IQR of 20,600 cells/mm?3. The median initial WBCs
counts were significantly different between patients who
had T-ALL and B-ALL. Similarly, the absolute neutro-
phils counts were also significantly different between
patients who had T-ALL and B-ALL. Our findings were
consistent with the reported complete blood count and
clinical findings of patients with pediatric ALL [13].

Pediatric ALL has many clinical manifestations and
patients usually were symptomatic at presentation. Usu-
ally, symptoms result from dysfunction of different blood
cells. In this study, pallor (72.5%), fever (53.6%), bone
pain (43.5%), abdominal pain (31.9%) and bleeding symp-
toms (21.7%) were the main manifestations at presenta-
tion. Our findings showed that pollar was significantly
associated with T-ALL. Presence of hepatomegaly was
significantly associated with splenomegaly. Manifesta-
tions reported in this study were consistent with those
reported in larger studies in the Middle East where fever
(75.5%), bone pain (39.6%), and bleeding symptoms
(30.8%) were the most frequent manifestations of pedi-
atric ALL [8]. In Saudi Arabia, patients presented with
fever (70%), bleeding symptoms (18%), and bone pain
(10%) [10]. In this study, splenomegaly was reported in
49.3% of the patients. Al-Mulla et al. reported that 60.8%
of patients with pediatric ALL had splenomegaly [8].
Among Saudi Arabians with pediatric ALL, 42% of the
patients had splenomegaly [10]. Hepatomegaly was pre-
sent in 49.3% of the patients with pediatric ALL included
in this study. Findings of this study were consistent with
those reported in the region among Arab populations
in the Middle East and Saudi Arabia as well as those
reported among Brazilians [8, 10, 12].

Consistent with international and regional stud-
ies, 79.7% of the patients had B-ALL and 20.3% of the
patients had T-ALL. Findings of this study mirrored
those reported in international studies as well as those
reported in the Middle East and the region. B-ALL was
prevalent in 85% of Middle Eastern patients with ALL [8],
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82% of Saudi Arabian patients [10], and 89.5% of Brazil-
ian patients [12]. Findings of this study reported that the
vast majority of the patients (95.7%) had CNS status 1.
Previous studies have shown that CNS infiltration altered
protein profiling of the CSF [18]. Our findings were con-
sistent with those reported among Middle Eastern, Saudi
Arabian, Moroccan, and Brazilian patients with pediatric
ALL[8, 10, 12, 19].

Although cytogenetic studies were not conducted
for all patients, the findings of this study were consist-
ent with those reported for the hyperdiploidy, t(12, 21),
t(1, 19), and t(9, 22) translocations among patients with
pediatric ALL. For example, in a study conducted in King
Hussein Center in Jordan reported that about 12% of
the patients with pediatric ALL were positive for trans-
location (12, 21), 1.7% were positive for translocation (1,
19), and 7.4% were positive for translocation (9, 22) [11].
Among Middle Eastern patients with pediatric ALL, 5.1%
had (9, 22) translocation [8].

After induction chemotherapy, the vast majority
(98.5%) of the patients included in this study had com-
plete remission. In a larger Middle Eastern study, the
remission rate was as high as 96.6% [8]. In Jordan, the
remission rate was 7% [11]. In this study, 7.2% of the
patients who showed complete remission developed
relapse. Relapse rates after complete remission showed
variability in previously reported studies in Jordan (9%)
and Pakistan (20%) [11, 20].

Limitations

First, this study was based on data collected from the
medical record of the patients. Although a data collection
form was specifically designed for this study and field
researchers had access to the records as many times as
they needed, the data collected could be biased by incor-
rectly entered information in the medical records. Sec-
ond, this was a single-center study. Although An-Najah
National Hospital has emerged as the main referral center
for patients with leukemia, including those with pediatric
ALL in the West Bank and Gaza Strip, the inclusion of
other centers could have permitted a complete descrip-
tion of patients with pediatric ALL in Palestine. Third,
the sample size included in this study was relatively small.
This could be attributed to the fact that care for patients
with cancer is based on fragmentation and patients often
receive healthcare outside Palestine.
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