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Abstract:

Background: Seizure is one of the most common CNS complications among patients

receiving chemotherapy for acute lymphoblastic leukemia (ALL). Seizures are seen

in 8-13% of patients with ALL. Most seizure occurs during the induction and

consolidation phases of treatment. However, not much is known about the risk factors

of these seizure.

Materials & Method: This prospective observational study was conducted in the

department of Pediatric Hematology and Oncology, BSMMU. One hundred and five

newly diagnosed admitted children with ALL aged >1 year to <18 years, from May

2017 to March 2018 for induction remission chemotherapy and who fulfilled the criteria

of case definition were enrolled into this study.

Results: This study showed that seizure frequency was14.3% in children with ALL

getting induction remission chemotherapy. Female patients developed seizures more

than males which was statistically significant by univariate analysis (p = 0.029) but

was not found to be a risk factor by multivariate analysis (p = 0.059). All the seizures

developed in B-lineage ALL but there was no statistically significant association

between lineage of ALL with development of seizures.

Conclusions: In this study slightly higher frequency of seizure in ALL patients on

induction remission chemotherapy was found than previous studies (14.3% vs. 13%).

Females developed seizures more than males.

Key words: Seizure, Acute lymphoblastic leukemia (ALL), risk factors, induction

remission chemotherapy.

1. Junior Consultant (Paediatrics), UHC, Nawabganj, Dhaka.
2. Professor, Department of Paediatric Hematology and

Oncology, BSMMU, Dhaka.
3. Ex Resident, Department of Paediatric Hematology and

Oncology, BSMMU, Dhaka.
4. Junior Consultant (Paediatrics),UHC keraniganj, Dhaka.
5. Assistant registrar, Department of Paediatrics, Faridpur

Medical College Hospital, Faridpur.
Correspondence: Dr. Shahinoor Akter Soma, Junior Consultant
(Pediatrics), UHC, Nawabganj, Dhaka. Cell phone: 01816384495,
E mail: somabd79@yahoo.com
Received: 11/11/2020 Accepted:9/8/2021

Introduction

Acute lymphoblastic leukemia (ALL) is the
commonest pediatric malignancy. From January 2012
to December 2012, 58% of the 455 newly diagnosed
children with malignancy in the Department of Pediatric
Hematology and Oncology of BSMMU were ALL
patients.1  Long-term outcomes for children with ALL
have greatly improved, with reported overall survival

rates >90% compared with <10% in the 1960s.2  This
dramatic improvement of the survival outcome is due
to intensive and risk directed chemotherapy in the
treatment of children with ALL. But intensive
chemotherapy leads to significant morbidity including
adverse neurological events. Typically ALL
chemotherapy protocols includes four phases -(1)
Induction phase (2) Consolidation phase/ CNS
preventive therapy (3) Delayed intensification phase
and (4) Maintenance phase.3

Neurological complications are among the most
serious problems in children receiving chemotherapy,
and may cause permanent disability or death. The
most frequent neurologic complications are
neuropathy, convulsions and meningitis.4  Seizures
are seen in 8-13% of patients with ALL.5-9   Most of
the seizures occur during the induction and CNS
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system consolidationphases.6,9-11  A seizure is
defined as a transient occurrence of signs and/or
symptoms arising from abnormal excessive or
synchronous neuronal activity in the brain.¹²   Seizures
may be triggered by chemotherapeutic neurotoxicity,
metabolic complications (hyponatremia, hypoc-
alcaemia),  Posterior reversible encephalopathy
syndrome (PRES), cerebral hemorrhage, CNS
infection, cerebral vascular disorders, and leukemic
inûltration.6-8,13-15

Not much is known about the risk factors of these
seizure. A data regarding the same from Bangladeshi
population is lacking. The knowledge of seizure in
ALL in these patients is essential to improve overall
survival rate by designing precise follow up plan and
formulating management plan.

Thus, the purpose of this study was to see the
frequency and risk factors of seizures in our children
undergoing induction remission chemotherapy for
ALL.

Materials & Methods:

The present single centered, prospective observational
study was conducted over a period of one year from
May 2017 to April 2018 in the Department of Pediatric
Hematology and Oncology, Bangabandhu Sheikh
Mujib Medical University. All patients admitted in the
Department of Pediatric Hematology and Oncology,
aged 1 to <18 years with both sexes diagnosed newly
as ALL were the study population. Informed written
consent from the parent or caregiver were obtained at
the time of study enrollment. Data were collected using
a preformed data collection sheet (questionnaire).
Demographic data regarding age, sex, were collected
from parents or caregiver. The diagnosis of ALL was
based on history, clinical examination, and relevant
investigations such as CBC with PBF examination,
bone marrow study and immunophenotyping. Clinical
information about pallor, temperature, pulse rate, blood
pressure, respiratory rate and other general and
systemic clinical parameters were taken. Prior to
initiation of therapy baseline investigation were done.
Chemotherapy was given to all patients with ALL
according to UK ALL 2003 protocol after stratifying
risk. Patients between the ages of 1 to 9.9 years with
initial WBC of less than 50000 /cumm considered as
standard risk. On the other hand, patients aged
³10years or initial WBC count ³ 50000 /cumm were

considered as high risk.  Regimen-A was given to
standard risk group and regimen-B was specified for
high risk group.

In case of regimen A, the chemotherapeutic agents
used in induction phase included  oral
dexamethasone, vincristine, L-asparaginase, 6-
mercaptopurinand IT/ TIT (intrathecal methotrexate,
hydrocortisone and/or cytosine-arabinoside). However,
in regimen-B another drug daunorubicin was given
additionally. All patients were monitored regularly from
the start of chemotherapy up to 35 days of induction
remission for the occurrence of seizure. Development
of seizure and its type was confirmed by attending
physician.

Statistical analyses were performed by using SPSS
for Windows (IBM SPSS Statistics for Windows,
version 22.0, Armonk, NY: IBM Corp) software.
Descriptive statistics (numbers and percentage) were
calculated for all variables and statistical analyses
were also applied to find associations between variable
using Chi-square test. Risk estimation were calculated
by using the Odds ratio through Cross tabulation and
multivariate logistic regression analysis, with 95%
confidence intervals. A p-value <0.05 was considered
as significant.

Results:

Total 112 children with ALL were included in this study,
among them 3 patients took discharge against
medical advice and 4 patients died due to other cause.
Finally data were analyzed among 105 patients.
Among the 105 patients 86 (81.9%) were in the age
group of <10 years, 19 (18.1%) patients were in the
age group of e”10 years. Mean age was 5.99±3.89
years and range was between 1.20 to 16.0 years.
Male were 63 (60%) and 42 (40%) were female
patients. Male children were predominant in number.
M: F ratio was 1.5:1. At diagnosis WBC count <50000/
cumm was found in 69 (65.7%) patients, on the other
hand at diagnosis WBC count e” 50000/cumm was
found in 36 (34.3%) patients. Among them, 94 (89.5%)
patients were in B cell lineage and 11(10.5%) patients
were in T cell lineage. Fifty-six (53.3%) patients were
treated with regimen A, whereas 49 (46.7%) were
treated with regimen B.

Among the 105 patients in the study, 15 patients
developed seizure. Seizure frequency was 14.3% in
our study (Figure 1). Among the 15 patients who
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14.3

85.7

Seizure

Without seizure

Table-I

Measurement of risk factors for seizure in children with ALL (n=105)

Variables N             With seizure        Without seizure OR 95% CI P value

No. % No. %

Age group (in years)

1-10 86 13 15.1 73 84.9 1.510.31-7.35 0.605

>10 19 2 10.5 17 89.5

Sex

Female 43 10 23.3 33 76.7 3.451.09-10.9 0.029

Male 62 5 8.1 57 91.9

Initial WBC count /mm3

<50000 69 10 14.5 59 85.5 1.050.33-3.35 0.933

>50000 36 5 13.9 31 86.1

Immunophenotype

B-ALL 94 15 16.0 79 84.0 - 0.152

T-ALL 11 0 0.0 11 100.0

Types of chemotherapy

Regimen – A 56 7 12.5 49 87.5 0.7320.25-2.19 0.576

Regimen – B 49 8 16.3 41 83.7

Table-II

Multivariate logistic regression analysis of risk factors for seizure in children with ALL (n=105)

       Variables B S.E. Wald P   value OR               95% C.I.for OR

Lower Upper

Age .069 .109 .393 .530 1.071 .864 1.327

Sex 1.134 .600 3.569 .059 3.107 .958 10.069

Initial WBC count -.513 1.048 .240 .624 .599 .077 4.667

Treatment regimen .950 1.053 .813 .367 2.586 .328 20.384

Immunophenotype -19.304 11976.73 .00 .999 .00 .00 .00

Fig.-1:  Pie diagram showing frequency of seizure in

ALL.

developed seizure 10 were female and 5 were male.
Female sex shows statistically significant risk for
development of seizure by univariable analysis (p =
0.029). Age, WBC count at diagnosis, lineage of ALL
and treatment regimen cannot be considered as risk
factor, because those factors had no statistical
significant relation with having seizure (Table-I).
However all the seizure developed in B cell lineage
ALL. None of these factors remained significant for
the development of seizure by multivariable analysis
(Table-II).
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Discussion:

Several neurologic complications occur in children who
receive chemotherapy for treatment of ALL and among
the neurological complications, seizure is the most
devastating one.

In this study fifteen patients (14.3%) developed
seizures out of 105 patients with ALL getting induction
remission chemotherapy. In the previous studies
seizures were seen in 8-13% of patients with ALL.5-9

The present study has found a slightly higher frequency
of seizure than some of the previous studies.

In our study statistically significant difference in risk
for development of seizures in ALL patients between1-
10 years age group and >10 years age group was not
found. In a retrospective study on 1464 ALL patients
treated with (NOPHO) ALL2008 protocol showed that
patients aged 10- 17.9 years had higher risk of
development of seizures both in univariable and in
multivariable analyses. Older age may act as a risk
factor for seizures in ALL pediatric patients as they
have poor overall outcome, more adverse effects to
therapy including thrombosis.16Rank et al. showed
that ALL patients aged 10.0-17.9 years had an
increased risk of cerebral venous sinus thrombosis (p
= .003).17

The present study showed female patients developed
seizures more than males which was statistically
significant by univariate analysis (Odds Ratio - 3.45,
p = 0.029). But female sex was not found to be a risk
factor by multivariate analysis (p = 0.059).

Many previous study also found female preponderance
to develop seizure in ALL. Maytal et al. in their study
found that females are at a significantly higher risk to
develop seizures (p = 0.033).6  Aytac et al. found that
females develop more CNS complications including
convulsions than males and the male: female ratio
was 1:4 for development of these complications.4

Parasole et al. also found that females develops more
CNS complications including convulsions than males
and their male:female ratio was 1:2.8 Khan et al.
showed that female patients with ALL had statistically
significant poor seizure control than male.18

This increased frequency of seizure in female patients
may be due to gender variation in drug
pharmacokinetics and pharmacodynamics. Data
regarding gender-related drug efficacy and safety
profile are limited, but evidence suggests that girls
are more vulnerable to the development of side effects

than boys. Gender is an crucial stratification factor
and should be incorporated in all cancer trial for
improving treatment.19

Females have different metabolic activities, so they
are more vulnerable to most cytotoxic drugs. Different
enzyme expression levels and enzyme activities which
is regulated indirectly by sex hormones have been
implicated for gender-associated differences in
metabolism of drugs. In addition, differing body
composition like muscle/fat ratios plays a role in
treatment efûcacy. During the menstrual cycle the
sensitivity to a drug is changed. Half-life of drugs is
often longer in females, which leads to increased
toxicity to drugs but also associated with improved
survival. Studies have shown that there are about 40%
difference in pharmacokinetics between

men and women for most drugs. It has been found
that a greater number of differentially expressed genes
are present on the X chromosome. The clustering of
genes on the sex chromosomes makes them prone
to numerous epigenetic modification.20 So, it can be
postulated that increased toxicity to chemotherapeutic
drugs in females may be the cause of more seizure in
this group.

In the present study B-ALL was found in 94 (89.5%)
of patients and T-ALL in 11(10.5%) of patients which
is more or less consistent with known
immunophenotypic presentation of ALL. According to
Lanzkowsky et al. B precursor ALL accounts for about
80% and T-ALL accounts for 15-20%.21 Although in
our study all the seizures developed in B-lineage ALL,
no statically significant association between these
subtypes of ALL with development of seizures was
found. But Anastasopoulou et al. in their study showed
that patients with T cell immunophenotype has
increased risk of development of seizures in univariable
analysis but not in multivariable analysis.16

Among the 15 patients who developed seizure 10
patients had initial WBC count <50000 /mm³ and 5
patients had initial WBC count > 50000 /mm³. Initial
WBC count and treatment regimen cannot be
considered as risk factor for development of seizure
in our study, because those factors had no statistical
significant relation with having seizure.

Conclusion:

In this study a slightly higher frequency of seizure
(14.3% vs 13%) in children during induction remission
chemotherapy for ALL was found compared to previous
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studies. Chance of development of seizure is more in
female patients. Though statistically not significant
all the seizures developed in B-ALL
immunophenotype.
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