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Children with leukemia are at risk for epilepsy due to primary disease or neurotoxic therapies. We
describe the phenotypes of drug-resistant epilepsy in 10 children with history of leukemia.
Of 10 cases, 6 had features of Lennox-Gastaut syndrome, and 4 had focal epilepsy. Mean age of epilepsy

onset was 5 years in Lennox-Gastaut cases and 6.5 years in focal epilepsy cases. Mean latency between
leukemia diagnosis and seizure onset was about 3 years. Brain MRI of 2 patients with epileptic
encephalopathy had structural abnormalities – unclear if causative for epilepsy, and 4 had no overt struc-
tural abnormalities. In focal epilepsy group, 3 had temporal lobe epilepsy and one had fronto-temporal
localization. All 10 patients had received intrathecal chemotherapy; 2 also had received whole brain irra-
diation. Seizures were poorly controlled in the epileptic encephalopathy group. Three underwent corpus
callosotomy with variable response. Two patients with temporal lobe epilepsy had temporal lobectomy
with Engel 1 outcome at 2 year follow-up in both.
Two phenotypes of refractory epilepsy were observed in children with previous history of leukemia,

focal epilepsy and epileptic encephalopathy. Children with temporal lobe epilepsy had good response
to temporal lobectomy; response to palliative surgery was variable.
� 2021 The Authors. Published by Elsevier Inc. This is an open access article under theCCBY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction freedom despite adequate trials of two tolerated, appropriately
Children with leukemia are at risk for neurological injury due to
the primary disease or its treatment. Seizures are a common pre-
sentation of CNS involvement [1,2]. About 10–13% of children with
leukemia had acute seizures that usually occurred at the time of
induction chemotherapy [1]. The development of chronic epilepsy
is less common, especially in the setting of no obvious CNS injury
or lesion [2]. In this case series, we describe the phenotype of 10
cases with drug-resistant epilepsy in the setting of prior childhood
leukemia including the surgical management in 6 children.

2. Methods

We identified 226 children with a history of malignancy and
seizures from the Cleveland Clinic electronic medical records, Jan-
uary 2003 through September 2019. We identified 26 children
with hematological malignancy and history of seizures; 18 had sei-
zures after leukemia. Five had acute symptomatic seizures, three
chronic controlled epilepsy, and ten drug-resistant epilepsy.
Drug-resistant epilepsy was defined as failure to achieve seizure
chosen anti-seizure medications. We reviewed medical records
for clinical history of leukemia and epilepsy, diagnostic work up,
treatment, and outcome. The Cleveland Clinic Institutional Review
Board approved this study.
3. Results

Of ten children with childhood leukemia and drug-resistant epi-
lepsy, six presented as an epileptic encephalopathy and four as
focal epilepsy.
3.1. Phenotype 1: epileptic encephalopathy

Details regarding cases with epileptic encephalopathy are out-
lined in Table 1. Mean age at leukemia diagnosis was 2 years. Of
the six, three had CNS involvement at diagnosis. One had ocular
involvement at diagnosis with cerebellar and base of spine spread
on relapse. Two had leptomeningeal involvement detected on CSF
analysis. All received systemic and intrathecal chemotherapy,
including intrathecal methotrexate. Case 2 also received intrathe-
cal steroids and cytarabine. Case 3 underwent brain and spine irra-
diation and later bone marrow transplant. All cases achieved
remission.
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Table 1
Phenotype; LGS = Lennox-Gastaut, TLE = Temporal lobe epilepsy, FTE = frontotemporal epilepsy; Cancer Dx = Cancer Diagnosis; ALL = acute lymphoblastic leukemia, AML = acute
myeloid leukemia. CNS+ = positive CNS involvement by leukemia. Therapy; Sys = systemic chemotherapy, IT = intrathecal chemotherapy, RT = radiation therapy, SCT = stem cell
transplant. Seizure types; T = tonic, A = absence/atypical absence, M = myoclonic, FIA = focal seizure with impaired awareness, GTC = generalized tonic-clonic, At = atonic seizures,
ES = epileptic spasms. EEG; R = right, L = left. MRI; MTS = mesial temporal sclerosis. TTX = other treatments; CC = corpus callosotomy, VNS = vagus nerve stimulation,
KD = ketogenic diet, TL = temporal lobectomy. Outcome; GDD = global developmental disability.

Case
(Gender)
Phenotype

Age at:
Cancer
Dx
First
Seizure

Cancer
Diagnosis

CNS+ Therapy Seizure
Type

EEG MRI TTX Outcome

1 (M) LGS 2 y
4 y

ALL No Sys, IT T, A, M,
FIA,GTC

Slow spike-and-waves,
Polyspikes,
Continuous slowing

Normal CC
VNS

Engel; IVB
GDD

2 (F) LGS 3 y
4 y

AML + (CSF) Sys, IT T, At, M Spikes,
Polyspikes,
Continuous background slowing

Diffuse atrophy,
ventriculomegaly,
several foci on SWI

KD Uncontrolled seizures;
GDD

3 (M) LGS 10 m
4 y

AML +
(Orbit)

Sys, IT,
RT, SCT

T, ES, At Slow Spike-and-Wave,
Polyspike,
Continuous Slow (G)

Multifocal white
matter
hyperintensities

VNS Engel; IVB
GDD

4 (F) LGS 3 y
8 y

ALL + (CSF) Sys, IT T, At, A Slow Spike-and-Wave,
Polyspike,
Background Slowing

Normal CC
VNS

Weekly/monthly seizures;
No falls after CC; Engel IIIA

5 (M) LGS 2 y
6.5 y

ALL No Sys, IT T, At, A,
M

Slow spike-and-wave,
Polyspike (G)

Normal VNS
CC

Lost to follow up

6 (M) LGS 2.5 y
5 y

ALL No Sys, IT T, ES,
At, FIA,
A

Slow spike-and-Waves,
Polyspikes,
Background Slowing

Normal – Uncontrolled seizures; GDD

7 (M) TLE 3.5 y
7 y

ALL Relapse Sys, IT,
RT, SCT

FIA,
GTC

Sharp Wave,
R Temporal

R MTS TL Engel IA

8 (F) TLE 5 y
6 y

ALL No Sys, IT FIA,
GTC

Sharp waves,
L Temporal

L MTS TL Engel IC;
Mild cognitive impairment

9 (F) TLE 3 y
3.5 y

ALL No Sys, IT FIA,
GTC

Sharp waves,
L Temporal

Hyperintensity inL
Hippocampus

– Weekly seizures;
Mild cognitive impairment

10 (F) FTE 14 m
10 y

ALL No Sys, IT FIA,
GTC

Sharp Wave,
Frontal-Temporal

Normal – Monthly Seizures
Mild cognitive impairment
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Mean age at first seizure was 5 years. Mean latency between
leukemia diagnosis and first seizure was 3 years; range of 1–
5 years. Four of the six developed seizures after remission and
two (case 1 and 6) had their first seizure before remission. Case 1
had initial seizures in the setting of presumed acute methotrexate
neurotoxicity; events were unclear in case 6. Risk factors to sei-
zures, outside of oncological histories, were limited to distant fam-
ily history of epilepsy in two, HHV6 infection (CSF positive) in one,
and VP shunt placement in another.

Only one (case 6) had signs of developmental delay prior to leu-
kemia diagnosis. The remaining had evidence of delay following
leukemia diagnosis, with further regression after onset of epilepsy.
All six developed daily seizures with poor response to treatment.
All had multiple seizure types (Table 1) including generalized tonic
seizures. EEG showed slowing of the background rhythms and
abundant generalized or multifocal epileptiform discharges consis-
tent with epileptic encephalopathy. Generalized slow spike-and-
wave complexes and generalized polyspikes were seen in all, con-
sistent with Lennox-Gastaut syndrome. Brain MRI was normal in
four. Two, with AML and CNS involvement at diagnosis, had sub-
cortical MRI abnormalities without overt cortical lesions.

All were on multiple anti-seizure medications. One failed the
ketogenic diet. Four had a vagus nerve stimulation device placed
with a modest change in seizure burden. Three underwent corpus
callosotomy with resolution of atonic seizures in one and no
change in another; third patient was lost to follow up.

3.2. Phenotype 2: Focal epilepsy

Of the four with focal epilepsy, three had temporal lobe epilepsy
and one frontotemporal epilepsy, as shown in Table 1. Mean age at
leukemia diagnosis was 3 years. All had CNS-negative ALL at diag-
nosis. All had exposure to systemic and intrathecal chemotherapy,
2

including intrathecal methotrexate. One had CNS relapse, subse-
quently receiving neuroaxis irradiation and bone marrow trans-
plant. All cases achieved remission.

Mean age at seizure onset was 6.5 years. Mean latency between
leukemia diagnosis and first seizure was 3.5 years; range of
6 months to 9 years. All three with temporal epilepsy had epilepsy
onset prior to remission of leukemia. Case 6 with frontotemporal
epilepsy had seizure onset 9 years after leukemia diagnosis. All
four had focal impaired awareness with or without progression
to bilateral tonic-clonic seizures. Seizures occurred weekly to
monthly and were resistant to medications. EEG showed focal
epileptiform discharges in the temporal regions in three and fron-
totemporal region in one. MRI showed features of mesial temporal
sclerosis in all three temporal epilepsy cases but was normal in the
frontotemporal localization case.

All had mild developmental disability primarily involving cog-
nitive domain, presenting after diagnosis and treatment of leuke-
mia. Two cases with mesial temporal lobe sclerosis had temporal
lobectomy; both were seizure free at 2-year follow-up. The other
two had persistent seizures despite medical therapy. Mesial tem-
poral epilepsy in these children with leukemia appeared to have
good surgical outcome, similar to other causes of temporal lobe
epilepsy.

4. Discussion

Children with leukemia may develop seizures during the acute
phase of the disease or less commonly later. In this series of 10
children with history of leukemia who developed drug-resistant
epilepsy, we found 2 distinct phenotypes: Lennox-Gastaut syn-
drome and focal epilepsy. Latent period from onset of leukemia
to development of epilepsy was variable, ranging from months to
a few years; one child developed epilepsy 9 years after the initial
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leukemia diagnosis. Phenotypic resemblance between our cases
and prior published cases, as shown in Table 2, suggests a strong
association to underlying leukemia and or its treatment.

LGS in a patient with prior diagnosis of leukemia was first
reported in English literature in 1996 [3]. Since then, 11 cases have
been reported [4–6]. In one case series of 7 children with epileptic
encephalopathy and leukemia, patients had features of LGS except
for generalized tonic seizures [4]. In many of these reports, prior
CNS involvement was not noted. This suggested that brain injury
due to CNS prophylaxis including IT methotrexate and radiation
were the possible cause for epileptogenesis. Brain irradiation, in
addition to its direct neurotoxic effects, is thought to compromise
the blood–brain-barrier with potentiation of chemotherapy [3].
Contradictory to this, some cases have demonstrated that drug-
resistant epilepsy including LGS can occur without brain irradia-
tion [4,6]. This was seen in our patients, with only 2 of 10 having
prior brain irradiation.

In addition to neurotoxic injury by chemotherapy and radiation,
young age was proposed as a risk factor, potentially due to incom-
plete brain myelination [4–6]. In our series, children with LGS were
relatively younger. Mean age was 2 years in LGS group vs 3 years in
focal epilepsy. The immature brain’s susceptibility to epileptogen-
esis by formation of ‘‘hyperconnected cortex” and maldevelopment
of thalamocortical connections has been hypothesized in patho-
genesis of LGS, making this age pattern noteworthy [7].

Previously described cases had evidence of abnormality on MRI
either supportive of a leukoencephalopathy or consistent with
prior radiation or chemotherapy such as brain calcifications
[3–6]. However, in our series, 4 of the 6 children with LGS had
no abnormalities on brain MRI. This may suggest that MRI is not
a sensitive test to identify neuronal injury in this setting. Occur-
rence of LGS without overt structural abnormalities is not infre-
quent in many genetic causes of LGS.

Focal epilepsy following childhood leukemia has been
described, most commonly in the form of mesial temporal sclerosis
[5,6,8–10]. Some of these patients have been found to have good
control on anti-seizure medications [8], however drug-resistant
epilepsy has also been reported.

In those with drug-resistant epilepsy due to MTS, temporal
lobectomy has led to favorable seizure outcome [6,10], similar to
our two patients. Extratemporal epilepsy or ‘‘temporal plus” epi-
lepsy has been described with seizure resolution following surgery
[9]. Use of palliative surgery including vagus nerve stimulation and
corpus callosotomy has not been reported widely in this setting. In
our cases, a modest response after VNS placement, and variable
response to corpus callosotomy was seen. One prior report
described the use of anterior callosotomy in a patient with LGS,
with poor response [6].

Chemotherapeutic agents, specifically methotrexate, have been
heavily implicated [5,8,10], especially given known repertoire of
neurotoxicity for the latter [11]. Clinical observations and animal
studies suggest that methotrexate may have a direct role in causa-
tion of hippocampal injury and mesial temporal sclerosis [12,13].
Theories have included interruption of biochemical pathways
including folate and homocysteine, increasing excitatory neuro-
transmitters (such as glutamate), as well as direct neurotoxicity,
implicated in both acute and chronic effects [11]. Leukemic
involvement on a microscopic level is also possible, which may
not be reflected on testing or imaging.

It is unknown why certain children with leukemia with similar
treatment regimens go on to develop drug-resistant epilepsy. Poly-
morphisms in genes related to neurodevelopment in patients with
methotrexate-related neurotoxicity have been found [14]. This
supports possible underlying genetic predisposition to the devel-
opment of epilepsy in certain patients, ignited by a neurotoxic
event. Although it would have been optimal if we had performed
3
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genetic testing on our cases as a next step to explore this possibil-
ity, this was not feasible given lack of funding. Further studies on
the mechanism are needed to understand the epileptogenesis in
this cohort.
5. Conclusions

Children with childhood leukemia are at risk for developing epi-
lepsy, even after remission of leukemia. In drug resistant patients,
two phenotypes – focal epilepsy and epileptic encephalopathy
with LGS phenotype were observed. Four of 6 children with epilep-
tic encephalopathy had no structural abnormalities on brain MRI.
Children with temporal lobe epilepsy had good response to tempo-
ral lobectomy while response to palliative surgery was variable in
the epileptic encephalopathy group.
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