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Abstract
Introduction: Acute lymphoblastic leukemia (ALL) is one of the most common cancers in children. Since the
identification of patients immunophenotypes is effective for disease diagnose and prognosis, and due to very few
studies in Iran, especially Khuzestan province, the aim of this study was to investigate the immunophenotype of
children with leukemia and its association with recurrence in Ahvaz Shafa Hospital from 2013 to 2019.
Methods: This is a retrospective study that was conducted in patients referring to Ahvaz Shafa Hospital during
the years 2013 to 2019. Demographic data including age, gender, height, weight, leukocyte count, flow
cytometry and other laboratory findings were collected and analyzed by version 22 SPSS statistical software.
Results: The mean age of the patients was 7.59 ± 3.94 years and the sex of 51 (52%) were female.
Immunophenotype of 81 patients (82.7%) was Pre B cell, 4 patients (4.1%) was Pro-B Cell, 5 patients (5.1%)
was Pro-T Cell, and 8 patients (8.2%) was T Cells. 87 patients (88.8%) recovered and 11 patients (11.2%) had
recurrence. Only 11 patients with Pre B cell (13.6%) had recurrence, but in other immunophenotypes, 100% of
patients had remission, but this difference was not statistically significant (p = 0.46). There was no statistically
significant difference between the prevalence of phenotypes in female and male sexes (p = 0.76). The incidence
of recurrence was 9.8% in female patients and 12.8% in male patients, which was not statistically significant (p
= 0.64).
Conclusion: The results of this study showed that preB cell immunophenotypes with the prevalence of 82.7%
had the highest frequency in acute lymphoblastic leukemia, and the incidence of recurrence in patients was
11.2%. Also, patients with other immunophenotypes did not recurrence, so his finding may have been because of
insufficent patients to study and compare.
Keywords: Acute Lymphoblastic Leukemia, Immunophenotype, Pre B Cell ALL
1. Introduction
Cancer is the second leading cause of death in children between the ages of 1 to 14, and the most common type
of this, is leukemia (Espirito, Gaiva, Espinosa, Barbosa, & Belasco, 2011; Litzelman, Catrine, Gangnon, & Witt,
2011). About 32% of childhood cancers are related to leukemia. The most common form of leukemia in children
is acute lymphoblastic leukemia (ALL) (Karimi, Mehrabani, Yarmohammadi, & Safari Jahromi, 2008). World
reports, state that the prevalence of leukemia in the world for the period from 0 to 19 years is about 6.05 per
100,000 people (Barrington-Trimis, Cockburn, Metayer, Gauderman, Wiemels, & McKean-Cowdin, 2016).
Research has shown that leukemia is the most common cancer in children between 0 to 14 years old in Iran, and
the incidence of it, estimated 8 to 62 cases per million (Mousav, Pourfeizi, & Dastgiri, 2010). Risk factors are
classified as peripheral, genetic, and infectious factors. The disease also presents a variety of morphological,
cytogenetic and immunologic characteristics of the modified cells, which lead to various clinical signs and
various responses to treatment in this disease (Chiaretti & Foà, 2009; Hunger & Mullighan, 2015). Clinical signs
of this disease include colony proliferation, apoptosis and malignant proliferation of immature lymphoid cells
that stop at various stages of cell proliferation within the bone marrow and lymphoid tissues (Aghamohammadi
et al., 2008; Pui et al., 2015). The number of white blood cells in patients with acute lymphoblastic leukemia has
increased and organomegaly, especially mediastinal enlargement, as well as involvement of the nervous system
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have been observed in this disease, which initial manifestations of ALL are usually mild and non-specific, and
includes fever, fatigue, irritability, mild and alternate fever, bony or joint pain, especially in the lower extremity,
and often there is a history of an upper respiratory tract infection in the last 1-2 months (Azimi,
Aghamohammadi, Ramyar, Safari, Divsalar, & Mahmoodi, 2012; Masoomeh & Marjan, 2011).
In the environmental risk factors group, is ionizing radiation, which is significantly related to ALL and AML
(Belson, Kingsley, & Holmes, 2007; Mahoney et al., 2004; Nikpour, Rahimian, Shokrabi, & Haghani, 2010).
The history of abortion and the risk of leukemia have also been studied in several studies and controversial
results have been achieved (Hassanzade, Mohammadi, & Rajaeefard, 2013; Vazirianzadeh, Maraghi, Samie,
Vazirianzadeh, Montazeri, & Eghbalnejad Mofrad, 2017). specific hereditary diseases such as Falconi's anemia,
Bloom syndrome, Ataxia-telangiectasia and Neurofibromatosis are associated with leukemia. It has also been
reported that the incidence of this disease in boys is more than that of girls (Masoomeh & Marjan, 2011). Also,
several indirect factors encounter infectious agents such as birth rate, attendance at daycare centers and
kindergartens, exposure to pets, and the likelihood of children with leukemia, have been correlated. But only 10%
of the cases of childhood cancers are clinically and epidemiologically justifiable, and in 90% of cases, no
specific etiology has been identified. Like other cancers, it appears that children's leukemia is a multifactorial
illness, with environmental and genetic factors contradiction (Buffler, Kwan, Reynolds, & Urayama, 2005).
ALL using immunological markers is divided into 4 major subtypes: early pre B cell, Pre B cell, B cell, and T
cell, which the subtype of early pre B cell is the most common type among children (Entezar-e-Ghaem,
Rahgozar, Moafi, Moshtaghian, Esmaeli, Abedi, & Montazeri, 2013). Detection of lymphoproliferative disorders
requires the use of several technologies, such as cellular histology, cytogenetics and the study of immunological
cell markers. Flow cytometry provides a quick and accurate examination of the body's immune system, cancer
cells, chromosomes, DNA levels, and levels of cell and cytoplasmic surface antigens (Vahedi, Ëstakhri, Goldoost,
& Goldoost, 2011). Since the identification of immunophenotypes of patients to diagnose the disease as well as
its prognosis is effective, and due to very few studies in Iran, especially Khuzestan province, the aim of this
study was to investigate the immunophenotype of children with leukemia and the association with recurrence
Ahvaz Shafa Hospital from 2013 to 2019.
2. Material and Method
This study is a retrospective study that was conducted in patients referring to Ahvaz Shafa Hospital during the
years 2013 to 2019. The pre-implementation study was approved by the University's Ethics Committee. arrival
criteria include patients less than 18 years, with diagnosis of acute lymphoblastic leukemia. Exit criteria include
those with a history of other immune or other cancers, and the patients with secondary leukemia. Demographic
data of patients including age, sex, leukocyte count, flow cytometry and other laboratory findings were collected.
Data were analyzed by version 22, SPSS software and parametric tests were used for normal data and
nonparametric tests were used for abnormal data. The meaning has described with P-value less than 0.05.
3. Results
The mean age of the patients was 7.56 ± 3.94 years and in the range of 1 to 16 years. The evaluating of the
patients range shows that 49 patients (50%) were 1 to 6 years, 35 (35.7%) were more than 6 to 12 years old, and
14 (14.3%) were more than 12 to 18. 51 (52%) were female and 47 (48%) were male. The mean WBC of the
studied patients was 4.63 ± 3.53 and in the range of 0.1 to 18.60. The mean RBC of the studied patients was 3.57
± 0.68 and in the range of 1.52 to 5.21. The mean PLT of the patients was 130.83 ± 199.82 and in the range of 6
to 510. Immunofenotyp of patients showed that 81 patients (82.7%) were Pro B cell, 4 (4.1%) were Pro-B Cell, 5
(5.1%) were Pro-T Cell and 8 (8.2%) were T Cell. 87 (88.8%) patients recovered and 11 patients (11.2%) also
had recurrence. The mean age of PreB cell patients was 7.32 ± 3.94 years, Pro-B Cell was 4.50 ± 2.08 years,
ProT Cell was 12.60 ± 2.40 years, and T cell was 8.37 ± 2.87 years, which was significantly higher in The Pro-T
Cell group than the other groups. (p = 0.00). The mean WBC of PreB cell patients was 4.59 ± 3.59, Pro-B Cell
was 2.95 ± 2.14, ProT Cell was 4.72 ± 4.26 and T Cells were 5.86 ± 3.19, which did not show a significant
difference between different immuno-phenotypes (p = 0.6). The mean of RBCs of PreB cell patients was 3.55 ±
0.68, Pro-B Cell was 3.31 ± 0.65, Pro-T Cell was 3.81 ± 0.96, and T cell was 3.77 ± 0.47, which did not show a
significant difference between the different immuno-phenotypes (p = 0.58). The mean PLT of preB cell patients
was 193.29 ± 128.61, Pro-B Cell was 193.25 ± 192.07, Pro-T Cell was 192.07 ± 188.25 and T-cell patients were
281.12 ± 103.28, which showed a significant difference between the different immuno-phenotypes (P = 0.33).
study of the recovery and recurrence status of patients showed that only 11 patients (13.6%) had recurrence in
Pre B cell patients, but in other immunophenotypes, 100% of patients had remission, but this difference was not
statistically significant (p = 0.46). Age, WBC, RBC, and PLT variables according to the gender of the patients
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showed that there was no statisticaly significant difference in both gender. An examination of both gender
immunophenotype showed no statistically significant difference between the phenotypes prevalence in female
and male sexes (p = 0.76). Recovery and recurrence in both gender showed that the incidence of recurrence in
female patients was 9.8% and in male patients was 12.8%, which was not statistically significant (0.64).
Table 1. Comparison of Age, WBC, RBC and PLT by Immunophenotype
Variables

Age

WBC

RBC

PLT

Indices

Immunophenotype

Mean

SD

Pre B cell

7.3210

3.94280

Pro-B Cell

4.5000

2.08167

Pro-T Cell

12.6000

2.40832

T Cell

8.3750

2.87539

Pre B cell

4.5917

3.59159

Pro-B Cell

2.9550

2.14447

Pro-T Cell

4.7200

4.26755

T Cell

5.8625

3.19282

Pre B cell

3.5554

0.68532

Pro-B Cell

3.3125

0.65122

Pro-T Cell

3.8100

0.96961

T Cell

3.7775

0.47261

Pre B cell

193.2963

128.61662

Pro-B Cell

183.2500

192.07529

Pro-T Cell

188.8000

153.09703

T Cell

281.1250

103.28247

p-value

0.00

0.6

0.58

0.33

Table 2. Result of remission/relapse by Immunophenotype
Immunophenotype
Pre B cell
Pro-B Cell
Pro-T Cell
T Cell

Result

Number

Percent

remission

70

86.4

relapse

11

13.6

remission

4

100

relapse

0

0

remission

5

100

relapse

0

0

remission

8

100

relapse

0

0

p-value

0.46

4. Discussion
The results of this study showed that preB cell immunophenotypes were the most prevalent in our study
population, and the rate of recurrence was 11.2%. Now, to compare existing data with other studies, we review
several articles and compare them with the present data. In one study with a research community close to the
current study, Dr. Pedram et al. (2013), in a study entitled "Immuneotype determining by flow cytometry and its
relationship with clinical and hematologic index in children younger than 18 years with lymphocytic leukemia"
stated that the 72.2% patients age was under 10 years and 26.8% of them were older than 10 years. Also, 48.4%
were male, and 31.7% of patients had leukocyte count of more than 50,000 microliters at the time of admission.
Immunophenotypes of early pre B cell was 19.5%, pre B cell was 46.3%, B cell was 7.3%, T cell was 19.5%,
and B linage was 4.9%. Overall, 85.4% of the patients remained in the recovery phase and 14.6% died (Pedram
& Ghanovat, 2013). In the study of Dr. Pedram et al., the age of the patients and their gender were close to the
current study, but the prevalence of different immunophenotypes was different with the present study, because 81
patients (82.7%) of our study had Pre B cell, while in the study of the Dr. Pedram et al., although the
predominant Pre B cell was the most phenotype, but its prevalence was 46.3%, and finally although the
prevalence of recovery was slightly more than the present study, it was reported close to our study. Alavi et al.
(2005), developed a study in Tehran, titled "Prevalence of prognostic factors in children with acute
lymphoblastic leukemia in Mofid Children's Hospital" and stated that 77.7% of the patients were between 1 to 10
years and 3.6% of patients were less than 1 year and 18.7% were more than 10 years. 58.3% of the patients were
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male. In 24.5% of the patients, the leukocyte count was more than 50000μL. The pre-B cell immunophenotype
was 74.8%, the early pre-B cell was 17.1%, the T cell was 7.3% and the B cell mature was 8.0%. Overall, 79.3%
of the patients remained in the recovery phase and 18.1% died. 12.9% of the patients were recurrenced that only
6.2% of them recovered (Samin, Taghi, Mitra, & Haleh, 2005). This study not only was consistent with present
study in demographic variables such as age and gender, but also the prevalence of the pre-B cell
immunophenotype in this study was very close to the current study. The prevalence of recovery was close to this
study. Also, Yazdi et al. (2007), in a study titled "prognostic factors in children with acute lymphoblastic
leukemia", reported that 1.6 % of patients was less than 1 year, 24.8% more than 10 years and 73.6% were
among these years. 63.8% of cases was male. In 28.8% of patients, white blood cell count was more than
5000/mL. Pre-B cell immunophenotypes were 63.8%, the early pre-B cell were 23.1%, T cells were 12.3%, and
mature B cells were 0.8%, which in 88.1% of cases in category B, CD10 + was marker. In total, 74% of patients
recovered, 16.3% died and 16.5% of patients recurrenced (Yazdi et al., 2007). In the study of Olumi et al., the
age of the patients was close to the present study, but the Gender dispersal was slightly different, and the
majority of the population were boys. As in the present study, the pre-B cell immunophenotype was the most
prevalent in that study. The prevalence of recovery was also consistent with our study, although the recurrence of
patients in this study was slightly higher than the present study. In fact, the point of view in the present study
with other studies is related to pre-B cell prevalence, which has been reported with some differences as the most
common immunophenotype in all studies. This finding is also confirmed in other studies. As an example, Azim
Rezamand et al. (2014), published an article entitled "Immunophenotype of Acute Lymphoblastic Leukemia in
Children," a study of 150 children with acute lymphoblastic leukemia reported that the prevalence of malignancy
with the phenotype T -cell was 27.33%, B-cell was 15.33%, Pre-Bcell was 49.33%, and Mixed was 8%. The
most prevalent immunophenotypes was pre-B cell and Mixed immunophenotype were reported with the lowest
incidence (Rezamand, Rezazadehsaatlou, Sakha, & Leilabadi, 2014). Also, Borhan Moradveisi and colleagues in
Iran (1396) published a study entitled "The Frequency of Clinical and Laboratory Symptoms in Children with
Acute Lymphoblastic Leukemia". The prevalence of malignancy with T-cell phenotype was 15.5%, B-cell was
2.4%, Pre-Bcell was 56% and Early pre Bcell was 26.2% (Moradveisi, Yazdanifard, & Fathollahpour, 2017). In
addition to the prevalence of the immunophenotype investigating, the second main objective of the present study
was to investigate recurrence in patients, which is almost consistent with the current review of studies. However,
in some studies, especially in Iran, a higher incidence of recurrence has been reported. for example of Michael E.
Kelly et al. In the United States during a study to treat patients with acute pre-B cell leukemia, reported that the
recurrence of these patients was 14 of 25 patients (50%) (Kelly et al., 2013). Of course, in studies outside Iran
also reported a recurrence close to the current study, among which Hyery Kim and colleagues in 2014 in the
United States, investigating B-Cell acute lymphoblastic leukemia recurrence, reported that among 125 patients
with Mature B-Cell acute lymphoblastic leukemia, 19 patients (15%) had recurrenced (Kim et al., 2014). The
present study, with investigating of the immunophenotype prevalence and the incidence of recurrence in
Khuzestan province, showed that the frequency of immunophenotypes as well as recurrence incidence in the
patients of the present study population is consistent with other Iranian and foreign studies.
5. Conclusion
The results of this study showed that pre B cell immunophenotypes with the incidence of 82.7%, had the highest
incidence in acute lymphoblastic patients, and the incidence of recurrence was 11.2%. Also, patients with other
immunophenotypes did not recur, which this finding may be Because of the insufficent patients to study and
compare.
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