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Objective: In order to analyze the clinical characteristics of epileptic seizures in children
with acute lymphoblastic leukemia (ALL) during treatment.

Methods: The clinical and imaging data of children diagnosed as ALL with epilepsy
seizures from January 2013 to December 2020 were retrospectively analyzed.

Results: A total of 2217 children with ALL were admitted during the study, of whom 229
(10.33%) had epileptic seizures after ALL treatment. Among them, 45 (19.65%) were
in the high-risk group and 184 (80.35%) were in the low-risk group. Epileptic seizures
mainly occurred in the induction remission period (24.02%), maintenance treatment
period (25.33%) and after bone marrow transplantation (21.40%). The common causes
were MTX-related demyelinating encephalopathy (34.06%) and reversible posterior
encephalopathy syndrome (PRES) (25.3%). The first symptom was mainly convulsion
(84.50%). The first attack had a comprehensive attack and partial attack. Most patients
stop themselves. 30 cases (13.10%) had acute recurrence of epilepsy (recurrence within
3 months after the first attack), and 49 cases (25.76%) had neurological dysfunction
after follow-up. 36 cases developed symptomatic epilepsy. Among the 130 children who
completed the follow-up, 78 (60.00%) had no obvious neurological sequelae, and 52
(40.0%) had neurological sequelae. Among the 52 cases, there were 34 cases of mild
sequelae and 18 cases of severe sequelae, including 8 cases of epilepsy combined with
cognitive impairment.

Conclusion: Epileptic seizure is a common neurological complication during ALL
treatment. The etiology and associated manifestations of the first epileptic seizure
are diverse. Early neuroimaging and EEG examination are helpful for early diagnosis
and treatment.

Keywords: ALL, epilepsy, posterior reversible encephalopathy syndrome, abnormal white brain matter, prognosis

INTRODUCTION

The incidence of acute leukemia in children is on the rise in China, with an annual
incidence of 4/100 000. More than 50 000 new childhood leukemias are added each
year, ranking first in children with malignant tumors and becoming the number
one killer threatening children’s health (1). Acute lymphoblastic leukemia (ALL)
accounted for 75% of all leukemias and 25% of all malignant tumors in children (2).
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ALL Children With Epileptic Seizures

In the past 20 years, the treatment of childhood with ALL
has achieved remarkable results, and the treatment plan is
also very mature. The disease-free survival rate of children
with ALL in developed countries is close to 80%-85%, and
the 5-year long-term survival rate of all children in China is
more than 85%. ALL has become a curable malignant disease
(3). With the continuous improvement of ALL treatment,
the survival rate of ALL children was significantly improved.
However, complications of central nervous system during acute
gonorrhea therapy remain a challenging clinical problem. With
the strengthening of chemotherapy, the prognosis of ALL was
significantly improved, and the incidence of adverse events
and the degree of physical injury after chemotherapy were
also significantly increased. Therapeutic regimens containing
intrathecal methotrexate (MTX) injections, for example, often
lead to neurotoxicity (4, 5). In particular, epileptic seizures
are more common. According to statistics, epileptic seizures
occurred in 8 ~ 13% of ALL patients during treatment (6).
There is a higher risk of late neurological complications in ALL
patients with epilepsy than those without epilepsy, leading to
symptomatic epilepsy and mental retardation (7). It is not only
beneficial to timely and effective treatment and avoid irreversible
damage, but also affects the choice of follow-up chemotherapy
and the prognosis of nervous system in children with ALL. In this
study, 236 cases of ALL children with epileptic seizures admitted
to Suzhou Children’ s Hospital from 2011 to 2020 were collected.
The clinical manifestations, imaging, EEG and other data of
epileptic seizures in children with acute lymphoblastic leukemia
were analyzed to improve the clinical understanding of childhood
ALL with epileptic seizures.

PATIENTS AND METHODS

Population

The clinical data of children with ALL and epileptic seizures
admitted and diagnosed in the Department of Blood Tumor,
Children’ s Hospital Affiliated to Suzhou University from January
2013 to June 2020 were retrospectively analyzed.

Inclusion criteria: [JAge 7 months ~ 14 years; OALL
initially diagnosed; OTreated in accordance with the Chinese
Childhood Leukemia Cooperation Group ALL2008 Programme
(CCLG-ALL2008 Programme) (8) or the Chinese Anti-
Cancer Association Pediatric Oncology Committee ALL 2015
Programme (CCCG-ALL 2015 Programme) (9); OEpileptic
seizures occurred for the first time after chemotherapy.

Exclusion criteria: OEpilepsy or epilepsy syndrome has been
diagnosed before ALL; Oprevious congenital diseases or genetic
metabolic diseases; [ Patients with epilepsy as the first symptom,
and then diagnosed as ALL.

This study was approved by the Hospital Medical Ethics
Committee (No. 2021 CS 142). The guardian of the child was
informed and signed the consent.

Research Method

Clinical Data Collection and Follow-Up

Clinical data were collected during hospitalization and follow-up,
including gender, age, seizure time and clinical manifestations,

TABLE 1 | Clinical characteristics of primary epilepsy seizure in ALL children.

Variable Classification n Constituent ratio
Sex Male 146 64.68%
Female 83 35.32%
Age of <1 3 1.31%
first CNS
symptom (years)
1~10 174 75.98%
>10 52 22.71%
Treatment 2015 108 48.51%
2008 121 51.49%
Primary Induced remission 55 24.02%
epilepsy stage
seizure
period
Early intensive 20 8.73%
treatment period
consolidation 10 4.37%
period
Delayed intensive 17 7.42%
treatment period
Maintenance 58 25.33%
treatment period
Mitigation period 6 2.62%
after
chemotherapy
Retreatment 6 2.62%
period of
recurrence
Before bone 8 3.49%
marrow
transplantation
After bone marrow 49 21.40%
transplantation
Diagnosis MTX related 78 34.06%
demyelinating
encephalopathy
CNSL 29 12.66%
Reversible 58 25.33%
posterior brain
syndrome (PRES)
Cerebral hernia 9 3.93%
Cerebral iR 4.80%
hemorrhage
Unknown 44 19.22%
First Convulsions 79 34.50%
symptom
Blurred vision 31 13.54%
Fever 21 9.17%
Vomit 24 10.48%
Headache 23 10.04%
Other symptoms 51 22.27%
Seizure Comprehensive 127
degree seizures
Continuous state 36 28.35%
Stop by itself 81 71.65%
Focal seizures 102
(Continued)
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TABLE 1 | Continued

Variable Classification n Constituent ratio
Continuous state 27 26.47%
Stop by itself 75 73.53
Prognosis Clinical recovery 170 74.24%
Acute recurrence 30 13.10%
of epilepsy
Neurological 49 21.68%
sequelae
Symptomatic 36 15.72%
epilepsy

imaging examination, EEG results. All patients were followed up,
130 cases completed the follow-up. Fifty nine cases were followed
up by neurology, 57 cases were followed up by telephone,
and follow-up of 14 patients with recurrent seizures Visit. The
shortest discharge time of 130 patients was 6 months and the
longest was 7 years. The termination time of follow-up was
December 31, 2020.

Diagnostic Criteria for Symptomatic Epilepsy

Epilepsy seizure is different from epilepsy. Symptomatic epilepsy
refers to the occurrence of epileptic seizures during the course
of disease, which is consistent with the definition of clinical
practicability of epilepsy. Clinical practicability definition of
epilepsy (10, 11): at least two non-inducible seizures (seizures
with no clear acute inducement), and the interval between two
seizures > 24h. The risk of re-epileptic seizures in the next
10 years is comparable to the risk of recurrence after two
non-epileptic seizures (at least 60%), and any of the following
risk factors can be considered for recurrence. DEEG showed
typical epileptic discharge, and the discharge was correlated
with epileptic seizures; 2 Neuroimaging showed abnormal
brain structure, which was correlated with epileptic seizures;
OSignificant brain dysfunction, such as mental retardation,
focal signs (limb paralysis, limb sensory disturbance, aphasia,
blindness), or long-term symptomatic causes (static brain lesions
such as previous brain injury or congenital cortical dysplasia).

Evaluation of Sequelae in ALL Children With Epilepsy
Seizures

The global burden of disease-disease control priorities project
(GBD-DCPP) scale was used to evaluate the sequelae of 30
children who completed the follow-up (12).

Statistical Analysis

SPSS23  software was used for statistical analysis. The
measurement data were not subject to normal distribution and
represented by median. The enumeration data are represented
by n and constituent ratio.

RESULTS

Characteristics of Primary Seizures

January 2013 to June 2020, a total of 2217 children were
diagnosed with ALL. There were 229 ALL children with
epilepsy seizures. The incidence was 10.33%. There are 146
males and 93 females. The age of onset ranged from 5
months to 16 years with a median age of 9 years. Among
them, three cases were under 1 year old (1.31%), 174 cases
were 1~10 years old (75.98%), 52 cases were 10 years old
(22.71%). The proportion of epileptic seizures in ALL children
during induction remission, maintenance treatment and after
bone marrow transplantation were high. The constituent ratios
were 24.02, 25.33, and 21.40%. Seventy eight cases (34.06%)
were diagnosed as MTX related demyelinating encephalopathy.
Twenty nine cases (12.66%) were diagnosed as central nervous
system leukemia (CNSL). 58 cases (25.33%) were diagnosed
as reversible posterior encephalopathy syndrome (PRES). The
primary symptoms were mainly convulsion (34.50%). In 229 ALL
children with epilepsy seizures, 127 cases had comprehensive
seizures (55.46%) and 102 cases had local seizures (44.54%).
Of the 127 cases with comprehensive seizures, 36 cases were
persistent (28.35%). Thirty cases (13.10%) had acute recurrence
of epilepsy (recurrence within 3 months after the first attack).
Fourty nine cases (25.76%) had neurological abnormalities after
follow-up. 36 cases developed symptomatic epilepsy (Table 1).

Factors Influencing Initial Seizures

There were 229 ALL children with epilepsy seizures. There were
45 (19.65%) cases in the high-risk group and 184 (80.35%) cases
in the low-risk group of leukemia. 11 (4.80%) patients found
CNSL when diagnosed with ALL. 28 (12.23%) cases had organic
damage of central nervous system before the first attack (Table 2).

Etiology Diagnosis of Primary Epilepsy
Seizures

Thirty one cases (56.36%) of ALL patients with induced
remission seizures were related to PRES. the main cause
of epilepsy during early intensive treatment was MTX—
related demyelination (75.00%). Epileptic seizures in 38 ALL
patients (65.52%) during maintenance treatment were also

TABLE 2 | Factors of primary epilepsy seizures.

Factors Classification n Constituent ratio
Risk of leukemia High-risk 45 19.65%
Medium-low-risk 184 80.35%
CNSL Existence at diagnosis 11 4.80%
Existence at attack 18 7.86%
No 200 87.34%
Organic damage Yes 28 12.23%
of central nervous
system before
seizures
No 201 87.77%
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TABLE 3 | Etiology diagnosis of primary epilepsy seizures.

Period n MTX CNSL PRES Cerebral hernia Cerebral hemorrhage
Induced remission stage 55 10 7 31 2 4
Early intensive treatment period 20 15 4 1 0 0
Consolidation period 10 1 0 3 0 0
Delayed intensive treatment period 17 12 0 0 0 0
Maintenance treatment period 58 38 0 10 0 6
Mitigation period after chemotherapy 6 0 0 3 1 0
Retreatment period of recurrence 0 0 0 0 0
Before bone marrow transplantation 8 0 2 0 0 0
After bone marrow transplantation 49 2 16 10 6 0

mainly associated with MTX—related demyelination. Epilepsy
caused by CNSL occurs mainly during after bone marrow
transplantation (Table 3).

Follow-Up and Prognosis

Among the 130 children who completed the follow-up, 36
cases (26.7%) developed symptomatic epilepsy and were treated
with antiepileptic drugs. Among them, 21 cases were treated
with Levetiracetam alone and five cases were treated with
Levetiracetam combined with Topiramate, and the seizures
were controlled. six cases still recurred after treatment with
Levetiracetam alone, and were treated with topiramate and
nitrosi, with seizure control. Four cases were treated with
phenobarbital alone, and the seizure was controlled by
oxcarbazepine after the recurrence of epilepsy.

According to GBD-DCPP classification, 78 cases (60.00%)
had no obvious neurological sequelae, and 52 cases (40.0%)
had neurological sequelae. Among the 52 cases, 34 cases
were mild sequelae and 18 cases were severe sequelae, of
which eight cases were epilepsy combined with cognitive
motor disorder.

DISCUSSION

Epilepsy seizures are common neurological complication during
ALL treatment. In this study, the incidence of epileptic seizures
was 5.2% in ALL children. The related studies reported that
the incidence of epileptic seizures in ALL children receiving
different regimens was 8 ~ 13% (12-14). The incidence of
this study was relatively low. The reason may be that there
was no head radiotherapy in the treatment plan, and support
treatment was strengthened to improve the prognosis of children.
It is reported that seizures in children with ALL usually occur
during chemotherapy induction period (12). In this study,
24.02% of ALL children occurred in the induction period of
chemotherapy, which may be related to the neurotoxicity of
chemotherapy drugs used in ALL treatment, and the latter
was the main reason for chemotherapy-related neurotoxicity.
A 13 year old ALL patient was reported to have recurrent
seizures after MTX treatment (15). A 11 year old ALL patient
developed generalized seizures after treatment with vincristine
(16). During treatment, the patient did not receive intrathecal

injection of MTX or subcutaneous injection of L-asparaginase.
In this study, the chemotherapy regimens used in children were
basically the same, and the drug difference was not obvious. The
brain organic causes such as intracranial hemorrhage, cerebral
infarction, intracranial infection, and central nervous system
leukemia were excluded, and the neurotoxicity of chemotherapy
drugs was considered to lead to seizures. In the late stage of
bone marrow transplantation, there were 49 cases (21.40%) of
ALL with seizures, excluding brain organic causes, and also
considering the neurotoxicity of anti-rejection drugs such as
cyclooxygenase A and tacrolimus after transplantation (17). All
in all, seizures in childhood acute lymphoblastic leukemia are
closely related to combined chemotherapy, especially the two
drugs, rather than leukemia itself.

Due to the limitation of diagnostic techniques and the
complexity of children’s condition, it was difficult to analyze the
etiology of acute lymphoblastic leukemia epileptic seizures in the
early stage. With the development of diagnostic techniques and
the deepening understanding of the toxicity of chemotherapy
drugs, most cases have been diagnosed more clearly through
a series of neuroimaging and laboratory tests, combined with
the research results in the literature. In this study, 185 out
of 229 ALL children with first seizure were able to identify
the etiology, among which PRES, MTX-related demyelinating
encephalopathy and so on were common, which were roughly
consistent with the literature (18). This study found that in
the clinical manifestations associated with the first seizure in
ALL children, 34.50% of the children had convulsion symptoms,
and 13.54% had blurred vision symptoms. The accompanying
manifestations of epilepsy are related to the etiology of
epilepsy. Intracranial hemorrhage can cause disturbance of
consciousness, limb movement disorder, headache with nausea
or vomiting; cerebral infarction can cause movement disorder
or muscle tension change; MTX — related demyelinating
encephalopathy can cause generalized seizures; MTX—related
demyelinating encephalopathy and PRES may have disturbance
of consciousness, language, blurred vision and characteristic
transient neuroimaging changes (19). In this study, due to the
relatively lack of specificity of symptoms, clinical diagnosis was
mainly based on neuroimaging results and the sensitivity of
medical staff to the disease on the basis of excluding other organic
brain damage.
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The mechanism of epilepsy in children with ALL after
treatment is complex and diverse. The increase of plasma
homocysteine level after high dose methotrexate treatment may
also be the cause of epilepsy (20). Plasma protein depletion
during coagulation and fibrinolysis may occur in children
receiving L-asparaginase treatment, resulting in hemorrhagic
and thrombotic cerebrovascular diseases. Vincristine acts on
the hypothalamus, causing excessive secretion of antidiuretic
hormone leading to hyponatremia, thereby inducing seizures.
Another common early complication in ALL treatment is
reversible posterior encephalopathy syndrome (21), and seizures
are the most common symptoms. PRES cases mainly occurred
in the induction remission period of leukemia treatment, which
was consistent with the results of other large sample studies.
Children received multi-drug combination chemotherapy during
induction remission, so it is difficult to determine which drug
induced PRES. Glucocorticoid can increase blood pressure,
which may promote the pathogenesis of PRES. In the literature,
a case of PRES in a female patient aged 4 years old during the
treatment of asthma attack with hormones was reported (22).
In addition, the occurrence of vincristine, amifostine and other
common drugs in the induction period and renal insufficiency
can lead to hypertension, which is more likely to be accompanied
by PRES (23).

In this study, 78 children with epilepsy were diagnosed as
MTX—related demyelinating encephalopathy, of which 48 cases
occurred after intrathecal injection of 3 ~ 9 doses of MTX, and
17 cases had chronic and irreversible brain damage after 1 ~
6.5 years of diagnosis of ALL. Demyelinated encephalopathy is
the most common neurological complication caused by MTX.
The lesions mainly occur in the myelin sheath. The clinical
manifestations and prognosis are different and have certain
reversibility, which are generally divided into subacute and
chronic demyelinated encephalopathy. Subacute encephalopathy
(SAL) usually occurs within 5 ~ 14 days after intrathecal or high-
dose intravenous injection of MTX. Although SAL occurs after
the injection of the first dose of MTX, most patients only develop
SAL after intravenous or intrathecal injection of three doses (23).
SAL is most common in children over 10 years old, and can also
occur in adults. According to statistics, 10 ~ 56% of patients
will have SAL again, but most neurological symptoms disappear
within 1 ~ 7 days after the attack. Therefore, patients can
generally recover high-dose chemotherapy without leaving long-
term symptoms (23). Due to the lack of histopathological data,
the current research is based on the results of cerebrospinal fluid
test and neuroimaging. Cerebrospinal fluid examination rarely
found abnormalities, characterized by nonspecific diffusion or
focal slow wave (24). In addition to acute brain dysfunction,
it can also lead to chronic nervous system damage. Chronic
encephalopathy (CLE) has been reported in many literature,
but the understanding of the disease is still very limited.
Children under 10 are more likely to occur. Different from
the subsequent onset of SAL, chronic encephalopathy occurs
months to years after treatment, without any obvious symptoms
before. The course of disease gradually deteriorated, showing
cognitive impairment, and finally caused serious damage to
the nervous system, delirium, seizures, pyramidal tract signs,

visual impairment and even coma (25). Histopathological studies
showed that demyelination, nerve cell necrosis, and astrocytic
proliferation occurred in the brain of patients, forming spongy
tissue. Scanning showed brain atrophy, white matter diffuse high
density, ventricular enlargement, cortical calcification (25). In
this study, 17 patients with epileptic seizures in ALL years to
6.5 years all had organic damage such as brain calcification,
cortical atrophy and ventricular enlargement, among which
people had a history of craniocerebral radiotherapy before
seizures. The occurrence of calcification and epilepsy is the
performance of the late progress. If radiation encephalopathy
occurs after radiotherapy, it can predict the occurrence of
radiation encephalopathy. Studies have shown that the most
important risk factor for the disease is brain radiotherapy before
injection (25). This may be due to the destruction of the blood
brain barrier by radiotherapy, so that the drug concentration into
the brain tissue is too high. Hormone therapy can alleviate the
disease to a certain extent, but the disease is usually irreversible.

The seizures associated with ALL are usually acute, and
most seizures disappear within 24 h. In most cases, epileptic
seizures during chemotherapy do not need to be diagnosed as
epilepsy, but some children cannot well control seizures after
the first epileptic seizure in the acute phase, or have severe
brain injury, which can be secondary to symptomatic epilepsy,
and need long-term antiepileptic drugs. For children with brain
injury or neurological abnormalities, antiepileptic therapy is
recommended for at least 2 years or until the end of leukemia
treatment (7). Combined with the clinical manifestations and
imaging examination of epilepsy can identify the etiology of most
children. If there is no abnormality in imaging examination,
even if ALL children have acute seizures, they can continue to
observe after correcting or eliminating the causes, without using
antiepileptic drugs. When evaluating whether antiepileptic drugs
are needed to prevent seizures, clinical manifestations, imaging
structural lesions and EEG epileptic discharges are important
predictors of recurrent seizures, especially recurrent seizures.

In this study, the brain images of ALL children with epileptic
seizures were less analyzed. And follow-up sample size is too
small, need to follow up more center large sample clinical
research in the future, in order to accurately determine the
prognosis of ALL children with epilepsy.

CONCLUSION

Intensive treatment of acute lymphoblastic leukemia has been
very mature, and basically no brain radiotherapy, largely
reducing the long-term damage to the central nervous system.
However, the disadvantage is that the incidence of acute central
nervous poisoning increased significantly during treatment.
Now, drug-induced neurological damage is more common than
leukemia central nervous system infiltration, and also fatal. Most
of the acute iatrogenic damage in the treatment of childhood
leukemia is reversible, but its neurological symptoms are often
lack of specificity. Therefore, it is more necessary for doctors
in neurology, radiology and hematology to cooperate closely,
so as to find out the pathogenic factors in time, make patients
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get early diagnosis, and avoid long-term systemic damage and
unnecessary treatment.
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