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Introduction

Childhood Acute Lymphoblastic Leukemia (cALL) is an 
aggressive malignancy of lymphoid cells most prevalent 
in children, with 75% of cases occurring under the age of 
15 years. B-ALL is the most common, whereas T-ALL is 
infrequent with a dismal prognosis. In 2016, the World 
Health Organization (WHO) further classified B-ALL 
with recurrent genetic abnormalities into nine categories 
and those without recurrent genetic abnormalities as not 
otherwise specified (NOS). There is no subclassification 
of T-ALL based on genetic abnormalities.1

Three varieties of recurrent genetic aberration in ALL 
are aneuploidy, balanced chromosomal translocations, 
and molecular genetic abnormalities.2 The first two are 
part of the diagnostic workup, directly impacting thera-
peutic decisions and clinical outcomes. The last one 
aims to discover new molecular targets for a precise 
understanding of biology and eventually translate into 
clinical practice for the best management.3 The risk 

stratification of cALL into high-risk (HR) and standard-
risk (SR) depends on precise prognostic factors. It is 
essential for the choice of induction regimen.4 It has 
been reported that 50% of patients of B-ALL have nor-
mal findings on cytogenetic analyses and are classified 
under standard risk (SR).5 T-ALL falls under HR.6 
Patients with less than 0.01% leukemic cells at the end 
of induction have an excellent treatment outcome. In 
contrast, high levels (ie, ≥1%) of minimal residual dis-
ease (MRD) are at higher risk of relapse.7 They are 
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Objectives. This study aimed to find the association between clinical characteristics, cytogenetics, and post-induction 
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considered for intensive chemotherapy, stem cell trans-
plantation, or targeted therapy.8

In the developed world, survival rates of cALL have 
improved dramatically. However, in underdeveloped 
nations, it differs due to delays in diagnosis, financial 
constraints, and access to treatment.9 In Pakistan, cALL 
is the second most common cancer and contributes to 
17.9% of all cancers.10 Only a few centers have com-
plete diagnostic facilities. Hence, data is scarce and 
inconsistent. We hypothesize the clinical features and 
cytogenetics of cALL in our setting are similar to other 
low/middle-income countries. The study aims to investi-
gate the association between clinical characteristics 
including gender, age, TLC at diagnosis, immunopheno-
type, CNS status, post-induction outcome, risk groups, 
and cytogenetic abnormalities of cALL

Methods

Indus Hospital is a privately run tertiary care hospital in 
Karachi, Pakistan with an established and fully equipped 
pediatric oncology ward providing free-of-cost services. 
It receives patients from all over Pakistan.

Study Participants

OpenEpi was used for sample size calculation. The sam-
ple size was calculated on a prevalence of 17.9% with a 
confidence interval of 95% and a margin of error of 
7.5%.10

Children diagnosed with ALL were included in the 
study. The inclusion criteria were: (a) B-ALL or T-ALL, 
(b) age 1 to 16 years, and (c) received induction therapy 
at the study site. Exclusion criteria were (a) infantile leu-
kemia, (b) acute leukemia other than ALL, (c) children 
receiving treatment for ALL, (d) relapsed ALL, (e) non-
consenting patients, and (f) incomplete workup/loss to 
follow-up.

Study Design Tools and Collection of Data

A single-center, cross-sectional study, was conducted at 
the pediatric hematology-oncology unit of The Indus 
Hospital, Karachi, from Jan 2019 to Dec 2022. Total 
leukocyte count (TLC) at presentation, Cytogenetics, 
CNS status, FISH, and post-induction remission status 
were recorded. Cytogenetics of T-ALL was not done due 
to institutional policy. TLC was analyzed on the hemato-
logical analyzer Coulter DxH 900 (Beckman Coulter, 
USA). Initial risk stratification was determined with the 
patient’s age and TLC following the National Cancer 
Institute (NCI) risk stratification criteria; HR constitutes 
≥10 years of age, or TLC ≥ 50 × 109/L and SR includes 

patients ≤10 years and with a TLC count ≤50 × 109/L. 
Chemotherapy was given according to the modified 
Berlin-Frankfurt-Munster (BFM) protocol. For B-ALL, 
Fluorescence in situ Hybridisation (FISH) was carried 
out to identify recurrent genetic abnormalities 
BCR::ABL1, KM2TA, and ETV6::RUNX1. Chro-
mosome analysis was done using the conventional 
G-banding technique. Their results were interpreted 
according to the international system of cytogenetic 
nomenclature (ISCN).11,12 CSF cytology and D/R were 
used for the assessment of CNS status. Slides were pre-
pared by cytospin and examined by a hematopathologist 
for detailed reporting of morphology. CNS status was 
classified as CNS1: absence of blasts on cytospin prepa-
ration, regardless of the TLC, CNS2: the presence of 
<5/µl TLC count with the presence of blasts and CNS3: 
>5/µl TLC with the presence of blasts, traumatic tap 
with >10 red blood cells/µl and presence of blasts and/
or signs of CNS leukemia. On day 35, bone marrow 
aspirate was assessed morphologically for induction 
response. Complete hematological remission is defined 
as absolute neutrophil count (ANC) 1.0 × 109/L; plate-
let count 100,000/µl, and bone marrow blast <5% after 
induction therapy. Based on all the above findings, 
patients were stratified into SR and HR according to the 
criteria in Table 1.

Ethical Approval and Informed Consent

The study was approved by the Institutional Review 
Board of Indus Hospital (IRD_IRB_2018_09_001). 
Parents/or a guardian of all participants provided written 
informed consent prior to enrolment in the study. Assent 
was taken from older children whose parents/guardians 
gave written informed consent.

Data Analysis Procedure

Data was analyzed on SPSS Version 22. Quantitative data 
were presented as mean ± standard deviation (SD). 
Frequencies and percentages were reported for the qualita-
tive variables and analyzed by chi-square or Fisher exact 
test. P < .05 was considered statistically significant.

Results

Patients’ Characteristics

A total of 108 children diagnosed with ALL met the 
inclusion criteria. The mean age of the children was 
6.55 ± 4.06 years. Eighty-five (79%) of the patients 
were between 1 and 9 years, and 23 (21%) were between 
10 and 16 years. Sixty-six (61.1%) were males and 42 
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(38.9%) were female. The male to female ratio was 
1.6:1. On immunophenotype, 90 (83.3%) had B-ALL, 
and 18 (16.7%) had T-ALL. The mean TLC was 
64.7 ± 114.7 × 109/L.

Association Between Age Groups and Clinical 
Characteristics of Children with ALL

In both age groups, there were more males than females 
[1-9 years: 51 (60%) and 15 (65.2%)] (Table 2). B-ALL 
was the most common immunophenotype in both age 
groups and was statistically significant [1-9 years: 75 
(88.2%) and 10-16 years: 15 (65.2%) P < .0001]. The 
mean TLC of 10 to 16 years was higher than 1 to 9 years 
(89.67 ± 151.6 × 109/L vs 58 ± 102.5 × 109/L]. Most 1 to 
9 years and 10 to 16 years had TLC ≤ 50 × 109/L [63 
(74.1%) and 15 (65.2%) respectively]. CNS1 was higher 
in both age groups [1-9 years: 73 (85.9%) vs 19 (82.6%) 

respectively]. CNS3 was higher in 10 to 6 years 3 (13%). 
Majority of 1 to 9 years had SR 53 (62.4%) and 10 to 
16 years had HR 15 (65.2%).

Association Between Immunophenotype and 
Clinical Characteristics of Children with ALL

The mean age of T-ALL was higher than B-ALL 
[9.67 ± 2.95 years vs 5.92 ± 3.97 years] (Table 3). B-ALL 
and was common in males, 56 (62.2%). The mean TLC of 
T-ALL was higher than B-ALL [194.8 ± 178.7 × 109/L  
vs 38.76 ± 74.9 × 109/L]. Most B-ALL 76 (84.4%)  
had TLC ≤ 50 × 109/L and T-ALL 16 (88.9%) had 
TLC ≥ 50 × 109/L. The association between TLC and 
immunophenotype was significant(P < .001). CNS 1 was 
common in both B-ALL 76 (84.4%) and T-ALL 18 
(88.9%). CNS3 was higher in T-ALL 2 (11.1%). In 
B-ALL, 61 (67.8%) were in SR was and 29 (32.2%) in 

Table 1. Criteria for Standard Risk and High Risk.

Standard risk High risk

All of the following features are required:
• Age ≥1 and ≤10 years
• B-ALL phenotype
• TLC ≤ 50,000/mm3

• CNS1, CNS2
• t(12;21) (ETV6::RUNX1)
• Hyper diploidy: 51-65 chromosomes
• MI post-induction

Any of the following features are required:
• Age ≥10 years
• T-ALL phenotype
• TLC ≥ 50,000/mm3

• CNS3
• t(9;22) (q34;q11) (BCR::ABL1)
• (t4;11) (q21;q23) MLL-AF4
• Hypodiploidy (<44 chromosomes)
• M2or M3 post-induction

CNS1: no blasts in CSF, CNS2: <5/µl TLC count with the presence of blasts in CSF, CNS3: >5/µl TLC with the presence of blasts, traumatic 
tap with >10 red blood cells/µl and presence of blasts and/or signs of CNS leukemia. M1: <5% blasts M2: 5% to 25% blasts M3: ≥25% blasts.

Table 2. Association Between Age Groups of Children with ALL and Clinical Characteristics.

Clinical characteristics 1-9 years, n (%), N = 85 10-16 years, n (%), N = 23 P-Value

Gender Male 51 (60%) 15 (65.2%) .8
Female 34 (40%) 8 (34.8%)

Immunophenotype B-ALL 75 (88.2%) 15 (65.2%) <.001*
T-ALL 10 (11.8%) 8 (34.8%)

TLC ≤50 × 109/L 63 (74.1%) 15 (65.2%) .2
>50 × 109/L 22 (25.9%) 8 (34.8%)

CNS status CNS 1 73 (85.9%) 19 (82.6%) .8
CNS 2 4 (4.7%) 1 (4.3%)
CNS 3 8 (9.4%) 3 (13.0%)

Post-induction status Remission 84 (98.8%) 23 (100%) 1.0
Non-remission 1 (1.2%) 0 (0%)

NCI SR 53 (62.4%) 8 (34.8%) N/A
HR 32 (37.6%) 15 (65.2%)

TLC: total leukocyte count, CNS: central nervous system, CNS1: no blasts in CSF, CNS2: <5/µl TLC count with the presence of blasts in 
CSF, CNS3: >5/µl TLC with the presence of blasts, traumatic tap with >10 red blood cells/µl and presence of blasts and/or signs of CNS 
leukemia, NCI: National Cancer Institute, SR: standard risk, HR: high risk, *: statistically significant.
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HR. All children with T-ALL 18 (100%) were in HR, 
according to Table 1 criteria.

Cytogenetics of Children with B-ALL

Fifty (56%) had a normal diploid karyotype and 22 
(24%) had numerical abnormalities (Figures 1 and 2). 
Among numerical abnormalities, one case of trisomy 8 
was found in a 10-year-old female with TLC of 
17 × 109/L, CNS 1, no abnormalities on FISH, and in 
remission.

Sixty-six (73.3%) had no typical gene rearrangement on 
FISH for tested probes, 3 (3.3%) had KM2TA, 10 (11.1%) 
had ETV6::RUNX1, and 11 (12.2%) had BCR::ABL1.

Association Between Karyotype and Clinical 
Characteristics of Children with B-ALL

Normal diploid karyotype was found in most males  
32 (64%) 1 to 9 years 41 (82%) TLC ≤ 50 × 109/L  
43 (86%) and CNS1 43 (86%) (Table 4). No associa-
tion was observed between karyotype and clinical 
characteristics.

Association Between FISH and Clinical 
Characteristics of Children with B-ALL

None of the analyzed fusion genes were present in 
most males 42 (63.6%), 1 to 9 years 56 (84.2%) 

Table 3. Association Between Immunophenotype and Clinical Characteristics of Children with ALL.

Clinical characteristics B-ALL, n (%), N = 90 T-ALL, n (%), N = 18 P-Value

Gender Male 56 (62.2%) 10 (55.6%) .6
Female 34 (37.8%) 8 (44.4%)

TLC ≤50 × 109/L 76 (84.4%) 2 (11.1%) <.001*
>50 × 109/L 14 (15.6%) 16 (88.9%)

CNS status CNS 1 76 (84.4%) 16 (88.9%) .5
CNS 2 5 (5.56%) 0 (0%)
CNS 3 9 (10%) 2 (11.1%)

Post-induction status Remission 89 (98.8%) 18 (100%) 1.0
No remission 1 (1.1%) 0 (%)

NCI SR 61 (67.8%) 0 (%) N/A
HR 29 (32.2%) 18 (100%)

WBC: white blood count, CNS: central nervous system, CNS1: no blasts in CSF, CNS2: <5/µl TLC count with the presence of blasts in CSF, 
CNS3: >5/µl TLC with the presence of blasts, traumatic tap with >10 red blood cells/µl and presence of blasts and/or signs of CNS leukemia, 
NCI: National cancer institute, SR: standard risk, HR: high risk, *: statistically significant, N/A: statistics not applicable.

Figure 1. Frequency of karytype findings and breakup of numerical abnormalities.
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TLC ≤ 50 × 109/L 58 (87.9%) and CNS1 55 (83.3%) 
(Table 5). No association was observed between FISH 
and clinical characteristics.

Discussion

In this study, most T-ALL 16 (88.9%) had hyperleukocy-
tosis (Table 3). Furthermore, the mean age and initial 
TLC of T-ALL were higher than B-ALL. These findings 
are consistent with local and international literature.13-15 
Age and initial TLC an independent risk factors in B-ALL 
but they have less impact on the prognosis of T-ALL due 
to its aggressive nature.16,17 10.2 to 19.2% cALL present 
with hyperleukocytosis (TLC ≥ 100 × 109/L) which can 
lead to early neurological, respiratory and metabolic com-
plications and has worse long-term survival.18,19 
Chainansamit found that the patients with hyperleukocy-
tosis had a higher relapse rate than those without it.20 
Other studies by Kittivisuit et al and Dongyan et al found 
that hyperleukocytosis in cALL is associated with older 
age, T-cell immunophenotype, mediastinal mass, hepato-
megaly, and splenomegaly.19,21

The male-to-female ratio was 1.6:1. The higher pro-
portion of males compared to females has been reported 
in local and other Asian countries.22-24 Social reasons 
such as gender bias in seeking healthcare and preferen-
tial neglect for the female child due to resource con-
straints must be considered. However, boys still have 
inferior event-free survival (EFS) and overall survival 
(OS) as compared to girls according to a recent report by 
Children’s Oncology Group (COG).25

A higher frequency of CNS leukemia was observed 
in the study (Tables 2 and 3) compared to other local 
literature by Fadoo et al13 and Meeraj et al.26 This is 
most likely due to delayed identification and referral. 

Another explanation is the delay in the first dose of 
intrathecal chemotherapy as it is administered on day 8 
of induction as in our current protocol.27

CNS3 was more common in the T-ALL and 10 to 
16 years age group (Tables 2 and 3). Sirvent et al con-
cluded that CNS3 is an adverse prognosis factor in 
cALL without cranial irradiation.28 Additionally, T-ALL 
predisposes to CNS involvement. The proposed mecha-
nism for CNS tropism is the enhanced expression of 
chemokines and adhesion molecules by T-cells in the 
cerebrospinal fluid (CSF), which facilitates their inter-
action with the choroid plexus and subarachnoid ves-
sels.29,30 Different cytogenetic subtypes in ALL, such as 
E2A-PBX1, BCR::ABL1 and KMT2A are associated 
with a higher incidence of CNS leukemia.31 CNS1 was 
the most frequent among all cytogenetic abnormalities 
(Tables 4 and 5) which is similar to studies from India by 
Chadha et al and Shawana et al from Palestine.32,33 New 
techniques for the detection of leukemic blasts in the 
CSF such as multicolor flow cytometry, PCR on cell-
free DNA, and circulating microRNA are currently 
undertrial to further enhance detection.33

Both FISH and karyotyping were done to analyze 
cytogenetic abnormalities in B-ALL. 55.5% had normal 
diploid karyotype and 73.3% had no findings on FISH. 
The most common chromosomal aberrations were 
hyperdiploidy 19 (21%) on karyotype and BCR::ABL1 
11 (12.2%) on FISH (Figures 1 and 2). No statistical sig-
nificance was observed between cytogenetics and clini-
cal characteristics of B-ALL (Tables 4 and 5). These 
findings are similar to a study from Iran.34

There is limited local research on the clinical implica-
tions of ALL’s cytogenetics. In a multi-institutional report 
on cALL by Fadoo et al, karyotype and FISH findings 
were consistent with our study although they analyzed 
selected samples with FISH due to cost constraints.13 
Khan et al found that 40% of patients with ALL had chro-
mosomal abnormalities, including 17.7% hyperdiploidy, 
8% near-tetraploidy and 13.1% t(9;22). However, they 
included both adults and children with ALL.35 Sheikh et 
al reported 48.8% with cALL had an abnormal karyotype, 
with hyperdiploidy being the most common (13.4%) fol-
lowed by t(9;22) (7.08%).36 Although the sample size of 
these studies was larger than ours, only karyotyping was 
done and associated clinical characteristics and induction 
outcomes were not reported. Korejo and Rana et al found 
30.6% and 19% hyperdiploidy respectively in cALL. 
Additionally, post-induction remission was significantly 
higher with favourable cytogenetics than the poor cyto-
genetics group.37,38 Niaz et al39 also had similar findings 
as Korejo et al but they included adults with ALL. In the 
present study, 107/108 (99.1%) patients went into remis-
sion. This higher finding is attributed to the small sample 
size and inclusion of patients with a complete workup.

Figure 2. Results of interphase FISH for ALL panels.
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Out of 11 cases of BCR::ABL1 detected by FISH, 
four were concordant with karyotype. Discordance was 
7/11 (63%). This signifies the simultaneous use of both 
techniques in the risk assessment of cALL. This marked 
discordance is due to the limited sample size. 
Chromosomal microarray (CMA) detects genomic gains 
and losses at a much higher resolution than G-banded 
karyotyping. In studies by Mitrakos et al and Chen et al, 
CMA detected chromosomal abnormalities in 81% and 
77.8% of the cALL patients and adult ALL with normal 
karyotypes, respectively.40,41 Hence, CMA can detect 
significant cryptic submicroscopic variants. Another 
study by Brown et al found that RNA-sequencing identi-
fied rearrangements that were missed by FISH and 
karyotyping.42

There was one case of isolated Trisomy 8 in B-ALL. 
So far, only a few patients with isolated trisomy 8 have 

been reported.43,44 In acute myeloid leukemia, trisomy 8 
is an intermediate risk. Liz et al. found that trisomy 8 
alters microRNA expression, fostering leukemogenesis, 
treatment response, and prognosis; this is yet to be 
explored in cALL.

The study provides valuable data on cALL in the 
Pakistani population. Complete diagnostic profiles 
including special testing like flow cytometry, FISH and 
cytogenetics are available in only a few centers there-
fore these data are very limited for our patients. 
Cytogenetic analysis was done with karyotyping and 
FISH to present the distribution and characteristics of 
chromosomal abnormalities of B-ALL. This is essential 
for assessing the risk group and determining the appro-
priate therapeutic strategy.

We acknowledge that there are several limitations to 
the study. The sample size was small. Therefore, some of 

Table 5. Association Between FISH and Clinical Characteristics in Children with B-ALL.

Clinical characteristic

FISH

No abnormality, 
N = 66, n (%)

KMT2A, N = 3, 
n (%)

BCR::ABL1, 
N = 11, n (%)

ETV6::RUNX1, 
N = 10, n (%) P-Value

Gender Male, N = 56 42 (63.6%) 1 (33.3%) 8 (72.7%) 5 (50%) .5
Female, N = 34 24 (36.4%) 2 (66.7%) 3 (27.3%) 5 (50%)

Age 1-9 years, N = 75 56 (84.2%) 2 (66.7%) 8 (72.7%) 6 (90%) .5
10-16 years, N = 15 10 (15.2%) 1 (33.3%) 3 (27.3%) 1 (10%)

TLC ≤50 × 109/L, N = 76 58 (87.9%) 3 (100%) 7 (63.6%) 8 (80%) .1
>50 × 109/L, N = 14 8 (12.1%) 0 (0%) 4 (36.4%) 2 (20%)

CNS status CNS1, N = 76 55 (83.3%) 3 (100%) 9 (81.8%) 9 (90%) .8
CNS2, N = 5 3 (4.5%) 0 (0%) 1 (9.1%) 1 (10%)
CNS3, N = 9 8 (12.1%) 0 (0%) 1 (9.1%) 0 (0%)

TLC: total leukocyte count, CNS: central nervous system, CNS1: no blasts in CSF, CNS2: <5/µl TLC count with the presence of blasts in CSF, 
CNS3: >5/µl TLC with the presence of blasts, traumatic tap with >10 red blood cells/µl and presence of blasts and/or signs of CNS leukemia.

Table 4. Association Between Karyotype and Clinical Characteristics in Children with B-ALL.

Clinical characteristic

Karyotype

P-Value
Normal, 

N = 50, n (%)

Numerical 
abnormalities, 
N = 22, n (%)

Complex 
karyotype, 
N = 8, n (%)

Structural 
abnormalities, 
N = 10, n (%)

Gender Male, N = 56 32 (64%) 13 (59.1%) 5 (62.5%) 6 (60%) .9
Female, N = 34 18 (36%) 09 (40.9%) 3 (37.5%) 4 (40%)

Age 1-9 years, N = 75 41 (82%) 19 (86.4%) 7 (87.5%) 8 (80%) .9
10-16 years, N = 15 9 (18%) 3 (13.6%) 1 (12.5%) 2 (20%)

TLC ≤50 × 109/L, N = 76 43 (86%) 20 (90.9%) 5 (62.5%) 8 (80%) .2
≥50 × 109/L, N = 14 7 (14%) 2 (9.1%) 3 (37.5%) 2 (20%)

CNS status CNS1, N = 76 43 (86%) 18 (81.8%) 6 (75%) 9 (90%) .4
CNS2, N = 5 4 (8%) 0 (0%) 1 (12.5%) 0 (0%)
CNS3, N = 9 3 (6%) 4 (12.2%) 1 (12.5%) 1 (10%)

TLC: total leukocyte count, CNS: central nervous system, CNS1: no blasts in CSF, CNS2: <5/µl TLC count with the presence of blasts in CSF, 
CNS3: >5/µl TLC with the presence of blasts, traumatic tap with >10 red blood cells/µl and presence of blasts and/or signs of CNS leukemia.
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the categories were merged like all numerical cytogenetic 
abnormalities presented as one group. Moreover, cytoge-
netic testing is not performed in T-ALL cases as it is not 
required for risk stratification and does not impact the pro-
tocol. Post-induction remission status was included based 
on the morphological assessment as flow cytometry data 
for the minimal residual disease was not included in the 
study. Lastly, the study was limited to the assessment of 
post-induction remission instead of long-term follow-up 
to study disease-free survival and overall survival.

Conclusion

Our study is based on the experience of a single institute 
with cALL. The majority of the patients were male, and 
B-ALL was the most common immunophenotype. In 
B-ALL, 61 (67.8%) were in SR was and 29 (32.2%) in 
HR. We observed a significant association between 
immunophenotype, age groups, and TLC. Hyperdiploidy 
was the most common cytogenetic abnormality, followed 
by BCR::ABL1. There were no statistically significant 
differences between clinical characteristics and cytoge-
netics of cALL. The findings reported are similar to local 
and international data from low-income countries.

cALL will continue to bank upon diagnostic testing 
to identify known and currently unknown genetic altera-
tions indispensable for the management and clinical 
development of “more tailored, less toxic” precision 
medicine therapies.

Authors’ Note

Talat Mirza is also affiliated to Ziauddin College of Molecular 
Medicine.

Acknowledgments

We would like to thank all the children and their parents or 
guardians for participating in this study. Additionally, we 
express our gratitude to the staff of the Pediatric Oncology 
ward at Indus Hospital for their dedication, and to Ms. Fariha 
Anum for her statistical expertise.

Author Contribution

NT contributed to the acquisition, analysis, interpretation and 
drafting of the manuscript. SM and TM contributed to the con-
ception and design and critically revised the manuscript. ZB 
and NM contributed to the acquisition, analysis, and interpre-
tation and critically revised the manuscript. All authors 
approved the work to be published. They are responsible for 
the integrity and originality of the research.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with 
respect to the research, authorship, and/or publication of this 
article.

Funding

The author(s) received no financial support for the research, 
authorship, and/or publication of this article.

ORCID iDs

Najia Tabassum  https://orcid.org/0000-0003-0430-5736

Talat Mirza  https://orcid.org/0000-0001-6264-3966

References

 1. Runjic E, Kadic AJ, Bastian L, et al. Clinical and 
cytogenetic characteristics of children with leukemia 
20-year retrospective study. J Pediat Hematol Oncol. 
2022;45(2):e161-e166.

 2. Chebihi ZT, Belkhayat A, Chadli E, et al. Cytogenetic 
profile of Moroccan pediatric acute lymphoblastic leu-
kemia: analysis of 155 cases with a review of the litera-
ture. Clinical Lymphoma Myeloma and Leukemia 2018; 
18(6):e241-e248.

 3. Coccaro N, Anelli L, Zagaria A, Specchia G, Albano F. 
Next-generation sequencing in acute lymphoblastic leu-
kemia. Int J Mol Sci. 2019;20(12):2929.

 4. Jovanovska A, Kocheva S, Trajkova-Antevska Z, et al. 
Clinical significance of minimal residual disease at the 
end of remission induction therapy in childhood acute 
lymphoblastic leukemia. J Open Access Maced J Med Sci. 
2019;7(17):2818-2823.

 5. Yan F, Wong NC, Powell DR, Curtis DJ. A 9-gene score 
for risk stratification in b-cell acute lymphoblastic leuke-
mia. J Leukemia. 2020;34(11):3070-3074.

 6. Inaba H, Mullighan CG. Pediatric acute lymphoblastic 
leukemia. Haematologica. 2020;105(11):2524-2539.

 7. West ZE, Castellino SM, Monroe C, Thomas AS, 
McCracken C, Miller TP. Quantifying the difference in 
risk of adverse events by induction treatment regimen in 
pediatric acute lymphoblastic leukemia. J Leukemia lym-
phoma. 2021;62(4):899-908.

 8. Malard F, Mohty M. Acute lymphoblastic leukaemia. The 
Lancet 2020;395(10230):1146-1162.

 9. Jaime-Pérez JC, García-Arellano G, Herrera-Garza JL, 
Marfil-Rivera LJ, Gómez-Almaguer D. Revisiting the 
complete blood count and clinical findings at diagno-
sis of childhood acute lymphoblastic leukemia: 10-year 
experience at a single center. Hematol Transfus Cell Ther. 
2019;41(1):57-61.

 10. Khalid A, Aslam S, Ahmed M, Hasnain S, Aslam A. Risk 
assessment of FLT3 and PAX5 variants in B-acute lym-
phoblastic leukemia: a case–control study in a Pakistani 
cohort. Peer J. 2019;7:e7195.

 11. McGowan-Jordan J, Simons A, Schmid M, eds. ISCN 
2016: An International System for Human Cytogenomic 
Nomenclature (2016). S.Karger AG; 2016.

 12. McGowan-Jordan J, Hastings RJ, Moore S, eds. ISCN 
2020: An International System for Human Cytogenomic 
Nomenclature (2020). S.Karger AG; 2020.

 13. Fadoo Z, Nisar I, Yousuf F, et al. Clinical features and 
induction outcome of childhood acute lymphoblastic 

https://orcid.org/0000-0003-0430-5736
https://orcid.org/0000-0001-6264-3966


8 Global Pediatric Health

leukemia in a lower/middle income population: a multi-
institutional report from Pakistan. Pediat Blood Cancer 
Metastasis Rev. 2015;62(10):1700-1708.

 14. Shawahna R. Clinical characteristics and outcome after 
induction of chemotherapy in pediatric acute lymphoblastic  
leukemia: a descriptive and correlational study from the 
West Bank of Palestine. BMC Res Notes. 2020;14:259.

 15. Reddy P, Shankar R, Koshy T, et al. Evaluation of cyto-
genetic abnormalities in patients with acute lymphoblastic 
leukemia. Indian J Hematol. 2019;35(4):640-648.

 16. Dai Q, Zhang G, Yang H, et al. Clinical features and 
outcome of pediatric acute lymphoblastic leukemia with 
low peripheral blood blast cell count at diagnosis. J Med. 
2021;100(4): e24518.

 17. Dai Q, Liu X, Yang H, et al. No prognostic significance 
of immunophenotypic changes at the end of remission 
induction therapy in children with B-lineage acute lym-
phoblastic leukemia. J Leuk Res. 2018;68:57-61.

 18. Park KM, Yang EJ, Lee JM, et al. Treatment outcome 
in pediatric acute lymphoblastic leukemia with hyper-
leukocytosis in the Yeungnam Region of Korea: a mul-
ticenter retrospective study. J Pediatr Hematol Oncol. 
2020;42(4):275-280.

 19. Kittivisuit S, Jongthitinon N, Sripornsawan P, et al. 
Hyperleukocytosis in childhood acute leukemia: early 
complications and survival outcomes. Cancers. 2023; 
15(12):3072.

 20. Chainansamit S-O. The effect of hyperleukocytosis on the 
survival rate for childhood acute lymphoblastic leukemia. 
J Med Assoc Thailand. 2022;105(7):616-622.

 21. Dongyan C, Yuting X, Ai Z, Mengmeng Y, Qun H. 
Clinical features and outcomes of childhood acute lym-
phoblastic leukemia with hyperleukocytosis at diagnosis. 
J Clin Hematol. 2022;35(9):650-655.

 22. Li SY, Ye JY, Meng FY, Li CF, Yang MJ. Clinical char-
acteristics of acute lymphoblastic leukemia in male and 
female patients: a retrospective analysis of 705 patients. 
Oncol Lett. 2015;10(1):453-458.

 23. Rafieemehr H, Calhor F, Esfahani H, Gholiabad SGJ. Risk 
of acute lymphoblastic leukemia: results of a case-control 
study. Asian Pac J Cancer Prev. 2019;20(8):2477-2483.

 24. Jamal S, Meraj F, Mansoor N, Parveen S, Shaikh A, 
Jabbar NJ. Distribution of subtypes and immunopheno-
typic characterization of 1379 cases of paediatric acute 
leukaemia. Pak J Med Sci. 2021;37(3):805.

 25. Gupta S, Teachey DT, Chen Z, et al. Sex-based dispari-
ties in outcome in pediatric acute lymphoblastic leu-
kemia: a children’s oncology group report. Cancer. 
2022;128(9):1863-1870.

 26. Meraj F, Jabbar N, Nadeem K, Taimoor M, Mansoor N. 
Minimal residual disease in childhood B lymphoblastic 
leukemia and its correlation with other risk factors. Pak J 
Med Sci. 2020;36(1):S20-S26.

 27. Mansoor N, Jamal S, Maqsood S, et al. Childhood 
B-lymphoblastic leukemia: integrating cytogenetics 
with other prognostic parameters and correlation with 

post-induction remission. Pediatr Hematol Oncol J. 
2023;8(3):194-199.

 28. Sirvent N, Suciu S, De Moerloose B, et al. CNS-3 status 
remains an independent adverse prognosis factor in children 
with acute lymphoblastic leukemia (ALL) treated without cra-
nial irradiation: results of EORTC Children Leukemia Group 
study 58951. J Archives de Pédiatrie. 2021;28(5):411-416.

 29. Lenk L, Alsadeq A, Schewe DM. Involvement of the 
central nervous system in acute lymphoblastic leukemia: 
opinions on molecular mechanisms and clinical impli-
cations based on recent data. J Cancer Metastasis Rev. 
2020;39:173-187.

 30. Deak D, Gorcea-Andronic N, Sas V, et al. A narrative 
review of central nervous system involvement in acute 
leukemias. Ann Transl Med. 2021;9(1):68.

 31. Lenk L, Alsadeq A, Schewe DMJC, Reviews M. 
Involvement of the central nervous system in acute lym-
phoblastic leukemia: opinions on molecular mechanisms 
and clinical implications based on recent data. Cancer 
Metastasis Rev. 2020;39(1):173-187.

 32. Shawahna R, Mosleh S, Odeh Y, Halawa R, Al-Ghoul 
M. Clinical characteristics and outcomes of patients with 
pediatric acute lymphoblastic leukemia after induction of 
chemotherapy: a pilot descriptive correlational study from 
Palestine. BMC Res Notes. 2021;14(1):1-8.

 33. Thastrup M, Duguid A, Mirian C, Schmiegelow K, 
Halsey C. Central nervous system involvement in child-
hood acute lymphoblastic leukemia: challenges and solu-
tions. J Leu. 2022;36(12):2751-2768.

 34. Alqasi A, Tavakolifar Y, Rezaeeyan H, Saki N, 
Bagherpour S, Nasab M. Cytogenetic and molecular 
assessment of childhood acute lymphoblastic leuke-
mia patients from 2014 to 2017 in Ahvaz. Clin Cancer 
Investig J. 2019;8(1):28-32.

 35. Khan M, Altaf C, Malik HS, Naeem MA. Cytogenetic 
profile of acute myeloid leukemia and acute lympho-
blastic leukemia in Northern Pakistan. Pak J Med Sci. 
2023;39(5):1440.

 36. Shaikh MS, Ali SS, Khurshid M, Fadoo Z. Chromosomal 
abnormalities in Pakistani children with acute lymphoblastic 
leukemia. Asian Pac J Cancer Prev. 2014;15(9):3907-3909.

 37. Korejo SH, Hussain CA, Ghafoor T, Malik HS, Khurshid 
A, Mahmood R. Association of hyperdiploidy with 
remission status in childhood acute lymphoblastic leu-
kemia after induction therapy. Pak Armed Forces Med J. 
2019;69(3):677-680.

 38. Rana NA, Mahmood A, Robert HM, Zahir S, Ali I, Riaz 
S. Induction chemotherapy response in childhood acute 
lymphoblastic leukaemia and its correlation with cytoge-
netic and molecular features. J Coll Physicians Surg Pak. 
2022;32(11):1430-1434.

 39. Niaz H, Malik HS, Mahmood R, Mehmood A, Nisar U, 
Jalil S. Cytogenetic profile of acute lymphoblastic leu-
kaemia patients and its association with induction remis-
sion status. J Ayub Med Coll Abbottabad. 2022;34(suppl 
1(4)):S909-S912.



Tabassum et al 9

 40. Chen C, Heng EYH, Lim AST, et al. Chromosomal 
microarray analysis is superior in identifying cryptic aber-
rations in patients with acute lymphoblastic leukemia at 
diagnosis/relapse as a single assay. Int J Lab Hematol. 
2019;41(4):561-571.

 41. Mitrakos A, Kattamis A, Katsibardi K, et al. High resolu-
tion chromosomal microarray analysis (CMA) enhances 
the genetic profile of pediatric B-cell acute lymphoblastic 
leukemia patients. Leu Res. 2019;83(6):106177.

 42. Brown LM, Lonsdale A, Zhu A, et al. The application of RNA 
sequencing for the diagnosis and genomic classification  

of pediatric acute lymphoblastic leukemia. Blood Adv. 
2020;4(5):930-942.

 43. Coccé MC, Alonso CN, Rossi JG, et al. Cytogenetic and 
molecular findings in children with acute lymphoblastic 
leukemia: experience of a single institution in argentina. 
Mol Syndromol. 2015;6(4):193-203.

 44. Pettenati M, Rao N, Wofford M, et al. Presenting char-
acteristics of trisomy 8 as the primary cytogenetic abnor-
mality associated with childhood acute lymphoblastic 
leukemia: a Pediatric Oncology Group (POG) Study 
(8600/8493). Cancer Genet Cytogenet. 1994;75(1):6-10.


