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1 | INTRODUCTION

Abstract

Background: Glioma-related epilepsy (GRE) is defined as symptomatic epileptic
seizures secondary to gliomas, it brings both heavy financial and psychosocial bur-
dens to patients with diffuse glioma and significantly decreases their quality of life.
To date, there have been no clinical guidelines that provide recommendations for the
optimal diagnostic and therapeutic procedures for GRE patients.

Methods: In March 2017, the Joint Task Force for GRE of China Association
Against Epilepsy and Society for Neuro-Oncology of China launched the guideline
committee for the diagnosis and treatment of GRE. The guideline committee con-
ducted a comprehensive review of relevant domestic and international literatures that
were evaluated and graded based on the Oxford Centre for Evidence-Based Medicine
Levels of Evidence, and then held three consensus meetings to discuss relevant rec-
ommendations. The recommendations were eventually given according to those rel-
evant literatures, together with the experiences in the diagnosis and treatment of over
3000 GRE cases from 24 tertiary level hospitals that specialize in clinical research of
epilepsy, glioma, and GRE in China.

Results: The manuscript presented the current standard recommendations for the di-
agnostic and therapeutic procedures of GRE.

Conclusions: The current work will provide a framework and assurance for the di-
agnosis and treatment strategy of GRE to reduce complications and costs caused by
unnecessary treatment. Additionally, it can serve as a reference for all professionals

involved in the management of patients with GRE.
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places heavy financial and psychosocial burdens on patients
and their families.’ Moreover, the effect of current con-

Glioma-related epilepsy (GRE) is defined as symptomatic
epileptic seizures secondary to gliomas. The epileptogene-
sis of GRE involves various factors including tumor location,
tumor histology, microenvironment, and specific genetic al-
terations.'” GRE is volatile, unpredictable, closely related
to the progression/recurrence of gliomas,6 and accordingly

ventional treatment strategy for GRE, which consists of
antiepileptic drugs (AEDs) and anti-tumor therapies, is un-
satisfactory, despite the above treatments, seizures cannot be
effectively controlled in 20%-40% of patients.'*®

Low-grade gliomas (LGG) are highly epileptogenic and
epilepsy is the most common initial symptom occurring in
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65%-90% of cases.”!! Isocitrate dehydrogenase 1 (IDH1) muta-
tion, younger age (<38 years), and cortex involvement have been
proposed to be associated with a higher frequency of preoperative
GRE in LGGs.”'? Over 50% of GRE are drug-resistant preoper-
atively, and postoperative seizure freedom rates range from 43
to 87 percent depending on the extent of resection.' In addition
to gross-total resection, older age, generalized seizures, shorter
history of seizures and low-expression of Ki-67 have been iden-
tified as predictors of favorable postoperative seizure control. 1415
As for high-grade gliomas (HGG), the incidence rate of GRE is
approximately 40%-64%.''7 Over 70% of glioblastoma (GBM)
patients with GRE preoperatively can become seizure-free in the
early stage after tumor resection, and total resection is still a pos-
itive predictor for postoperative seizure control. 18 Additionally,
postoperative GRE relapse in HGG is typically correlated with
tumor recurrence/progression.6 It is also worth noting that no
matter in LGG or GBM patients, preoperative GRE is usually
correlated with prolonged overall survival.'’

According to the 2016 World Health Organization (WHO)
classification,20 the diffuse gliomas include WHO grade 1II
and III astrocytic tumors, grade II and III oligodendroglio-
mas, and grade IV GBMs. In the current guideline, LGGs are
referred to WHO grade II adult diffuse gliomas, while HGGs
are referred to WHO grade III-IV adult diffuse gliomas.

2 | THE DIAGNOSTIC PROCESS
FOR GRE

It is important to recognize that the diagnostic process of
GRE should include the diagnoses of both glioma and epi-
lepsy, and the identification of the correlation between them.

The diagnosis of glioma necessitates localization and
pathological diagnosis. A patient should receive appropriate
history-taking and physical clinical evaluation at the initial
visit. Magnetic resonance imaging (MRI) is essential for
preoperative diagnosis, and the conventional scanning se-
quences should include T1-weighted, T2-weighted and con-
trast-enhanced T1-weighted imaging, diffusion-weighted
imaging (DWI), perfusion-weighted imaging (PWI) and
fluid-attenuated inversion recovery imaging (FLAIR).
Moreover, magnetic resonance spectroscopy (MRS), com-
puted tomography (CT), and positron emission tomography
(PET) are also helpful supporting methods for the evaluation
of glioma. If the tumor involves the eloquent cortex, diffu-
sion tensor imaging and functional MRI should be utilized
for the localization of cortical functional areas and fiber
tracking.zl’22 For making a definitive diagnosis of glioma,
a surgery/biopsy with subsequent pathological evaluation
is necessary. A comprehensive pathological evaluation for
glioma should include both histopathological and molecu-
lar pathological examinations according to the 2016 WHO
classification.” Special attention should be paid to IDH1
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mutation status, which is closely associated with GRE, es-
pecially for LGG patients.'**

As for the diagnosis of epilepsy, seizure history and
clinical signs of epileptic seizures should be conventionally
documented for patients with glioma.2 Moreover, a 2-hour
video electroencephalogram (EEG), including a non-rapid
eye movement stage I-II sleep EEG, should be performed for
patients with definite or possible epileptic seizures.” Seizure
type should be classified according to the 2017 International
League Against Epilepsy (ILAE) guidelines.24

Overall, a preoperative diagnosis of GRE can be made
based on clinical signs, EEG and imaging findings. Ictal EEG
can be used for the differential diagnosis of non-epileptic at-
tacks in patients without typical clinical seizures or interictal
epileptiform discharges; furthermore, it should also be per-
formed when the clinical signs and interictal epileptiform
discharges are contradictory to the localization of tumor on
MRIL? PET, ictal single-photon emission CT (SPECT), and
magnetoencephalography (MEG) can also be used to localize
the epileptogenic zone, if necessary.***’ If various diagnostic
reports show no significant correlation between tumor and
epilepsy, intracranial EEG can be used to determine the rela-
tionship between them.’ Figure 1 shows the diagnostic flow-
chart for GRE.

3 | TREATMENT OF GRE

31 |

The administration of AEDs for glioma patients should be
initiated as soon as possible after a definite epileptic seizure.
The selection of AEDs mainly depends on the seizure type
and should follow an individualized treatment plan with ad-
equate drug dosage and duration.

A fundamental principle for AED use in GRE patients is
that hepatic enzyme-inducing AEDs should be avoided for
patients receiving chemotherapeutic agents.z&29 Among vari-
ous AEDs, levetiracetam (LEV) and valproic acid (VPA) can
be administrated conveniently with various dosage forms to
improve seizure control, survival and quality of life for GRE
patients, and are accordingly recommended for the mono-
therapy of GRE patients.®****! If seizure control cannot be
achieved by LEV or VPA alone, polytherapy with LEV and
VPA is recommended.®* It must be noted that as the limita-
tions of available clinical studies, particularly the heterogene-
ity in terms of dose and duration of drug administration, it is
not recommended to use LEV or VPA for reasons other than
seizure control in glioma patients.>® Additionally, lacosamide
has a greater curative effect and fewer side effects in GRE
patients resistant or intolerant to other AEDs.**

The prophylactic application of AEDs has been a con-
troversial issue for a long time.'#%3%3¢ For patients without
preoperative GRE, the vast majority of clinical evidences

Antiepileptic drugs
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FIGURE 1 Diagnostic flowchart for glioma-related epilepsy
supported that the prophylactic application of AEDs during
the perioperative period had no benefit.”*® Even for pa-
tients with preoperative GRE, there were also plenty of
clinical trials suggesting that prophylactic AED use follow-
ing surgery did not influence the rate of perioperative sei-
zures.*® And in 2000, the American Academy of Neurology
recommended against prophylactic AED use for patients
with brain tumor.* However, according to a survey pub-
lished in 2017, AED prophylaxis was still routinely used
for patients with brain tumor in actual practice.*’ Such
disconnection between the recommendation and clinical
practice may be due to the lack of well-designed contem-
porary clinical trials.*>** For now, we should be cautious
in dealing with this issue; using prophylactic AEDs in
certain high-risk subgroups would be more appropriate.
In the current guideline, we recommend that for patients
with preoperative GRE, early postoperative AED applica-
tion is generally acquired; for patients without preoperative
GRE, perioperative prophylactic AEDs should be applied
in the presence of the following high-risk factors: (a) fron-
tal or temporal lobe gliomas*'; (b) chemotherapeutic drug
polymer implants during surgery*’; (c) cortical gliomas or
severe cortical injury during tumor resection; (d) gliomas
with an oligodendroglial component43; (e) recurrent or pro-
gressive malignant gliomas; (f) an extended surgical pro-
cedure (cortex exposed for over four hours) or anticipated
postoperative brain edema/cerebral cortex infarction.

AED withdrawal is also a complex issue for glioma pa-
tients. Unlike patients with idiopathic epilepsy, for GRE pa-
tients, seizure risk is highly influenced by tumor status and
anti-tumor treatment, and therefore makes predicting the pre-
cise seizure risk very difficult. In addition, the side effects of

Not diffuse
glioma

AED:s, the financial, and psychosocial reasons should also be
considered. A newly published prospective study suggested
that AED withdrawal should only be considered in carefully
selected patients with a low risk of tumor progression, even
the patients had experienced long-term seizure freedom.**
As for the timing of AED withdrawal, we recommend that
for patients without preoperative and postoperative seizures,
withdrawal of prophylactic AEDs is feasible at 2 weeks after
surgery. Patients without preoperative GRE can gradually
withdraw AEDs after a 3-month administration period in
those with a single early-stage postoperative seizure, how-
ever, for patients with repeated postoperative seizures, AED
withdrawal should be delayed after a minimum seizure free-
dom period of 1 year. For patients with preoperative GRE,
patients can withdraw AEDs after a minimum of 1 year of
seizure freedom when their seizure histories are shorter than
6 months and tumors are completely removed, however, for
those with a long seizure history, incomplete tumor resection,
distant epileptiform EEG discharges, preoperative drug-resis-
tant seizures or focal seizures without a loss of consciousness,
we recommend that the optimal timing of AED withdrawal
should be at least 2 years without seizures after the surgery
and needs to be considered carefully.44’45 AED withdrawal is
not recommended for two subgroups in any case: (a) all GBM
patients46; (b) other HGG patients (patients with anaplastic
glioma) with incomplete tumor resection or intractable post-
operative seizures.

32 |

It is important to be clear that up to now, the primary purpose
of surgery in patients with glioma has been oncologic tumor

Surgery
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FIGURE 2  Process flowchart for
patients with preoperative glioma-related
epilepsy. For glioblastoma patients and
other high-grade gliomas patients with
incomplete tumor resection or intractable
postoperative seizures, antiepileptic drug
withdrawal is not recommended

Withdraw AEDs
after 12 mo of
seizure freedom

| —i|

Open Access,
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without a loss of consciousness
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FIGURE 3 Process flowchart for

Patients without preoperative GRE

High-risk group

patients without preoperative glioma-related
epilepsy. For glioblastoma patients and

1 High-risk patients requiring
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perioperative prophylactic AED
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No seizure

l
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control but not seizure control. However, neurosurgeons have
realized the importance of seizure control for patients with
glioma and regarded it as a second goal of surgery. In terms
of seizure control, gross-total resection is better than sub-total
resection.” 1347 A recent study showed that for LGG patients
with preoperative epilepsy, the postoperative seizure control
was more likely when the extent of resection was over 91%.%
Additionally, “supratotal” resection can achieve better sei-
zure control than even gross-total resection.” Accordingly,
for patients with GRE, the maximal safe resection is helpful
to improve not only local tumor control and survival but also

AED treatment :
seizure

Clinical

No seizure s
evaluation

Withdraw AEDs Radiotherapy or
after 12 mo surgery

postoperative seizure control. For patients with tumors involv-
ing the eloquent cortex, gross-total resection is not feasible, the
most advanced technologies should be used to achieve remov-
ing the tumor maximally to reduce postoperative seizures while
protecting brain function, for instance, “engraving surgery”
can be effective. Additionally, intraoperative electrocorticog-
raphy is recommended for LGG patients with preoperative re-
fractory GRE to guide the resection of the epileptogenic area
and to improve the postoperative seizure outcome.>”

Epilepsy relapse or aggravation could be related to
tumor recurrence or progression in patients with GRE.'®
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TABLE 1 Conclusion and recommendations
Level of Grade of
Recommendations evidences recommendation
Diagnosis
MRI is essential to obtain a definite preoperative diagnosis of glioma IIb B
Pathological evaluation for glioma should be performed according to 2016 WHO classification la A
Special attention should be paid to the IDHI mutation status lla B
Seizure type should be classified according to the 2017 ILAE guidelines la A

AEDs
The administration of AEDs should be initiated as soon as possible after a definite seizure
Hepatic enzyme-inducing AEDs should be avoided for patients undergoing chemotherapy
LEV and VPA are recommended for the monotherapy of GRE patients
Polytherapy with VPA and LEV can be more effective when monotherapy is unsatisfactory
For patients with preoperative GRE, early postoperative AED application is generally acquired

For patients without preoperative GRE, prophylactic AEDs is acquired for high-risk subgroups

Expert consensus
Ib
Ib
IIb
Expert consensus

Expert consensus

For reference
A
A
B
For reference

For reference

The timing of AED withdrawal should be carefully considered (see 2.1, paragraph 4)

Expert consensus For reference

Surgery and management of intraoperative and early postoperative epilepsy

Maximal safe resection is helpful to improve postoperative seizure control lla B

Intraoperative electrocorticography is recommended for LGG patients with refractory GRE IIb B

Irrigating the cortex with ice-cold Ringer's solution or saline is useful to control intraoperative v C
seizures

Radiotherapy, chemotherapy, and other treatments
Radiotherapy has a significant effect on inhibiting GRE
Chemotherapy is also effective for the control of GRE

lla B
lla B

AEDs, antiepileptic drugs; GRE, glioma-related epilepsy; ILAE, International league against epilepsy; LEV, levetiracetam; LGG, low-grade gliomas; MRI, magnetic

resonance imaging; VPA, valproic acid.

Postoperative MRI (combined with contrast-enhancement)
should be performed within 24-72 hours after surgery to
evaluate the extent of resection, as this influences the in-
cidence and timepoint of postoperative seizures greatly.
Relapse of epilepsy following a long-term postoperative
seizure-free period may suggest tumor recurrence.® If
tumor recurrence is accompanied by frequent drug-resis-
tant seizures, an operation is feasible after a comprehen-
sive assessment of the patient's condition. If the patient
suffers from postoperative seizures without evidence of
tumor recurrence, an evaluation following the principle of
refractory epilepsy should be performed. In cases of drug-
resistant GRE, surgery should be considered when the
quality of life of patient is significantly decreased due to
frequent seizures.’

3.3 | Management of intraoperative and
early postoperative epilepsy

Direct electrical stimulation for functional cortical or sub-
cortical mapping may lead to epileptic seizures during
awake craniotomy of gliomas, intraoperative seizures are
usually partial seizures and the incidence is approximately

3.2%-15.5%.>'5 Patients with the following risk factors are
more likely to experience intraoperative seizures: younger
age, frontal lobe (mainly supplementary motor area) involve-
ment, preoperative seizure history, treatment with multiple
AEDs preoperatively, and IDH1 mutation.”** Intravenous
injection of LEV or VPA can be prophylactically used for
these high-risk patients. Once intraoperative seizures occur,
the surgeons should stop the stimulation and irrigate the cor-
tex with ice-cold Ringer's solution or saline immediately.*® In
general, the intraoperative seizures can be quickly resolved
by the above procedure, in case of seizure persistence, ben-
zodiazepines should be injected in a timely manner to stop
the seizure. Additionally, intraoperative electromyographic
monitoring could be used for early detection of potential sei-
zure onset.

In the case of immediate or early postoperative seizures,
electrocardiography and routine blood, urinalysis, blood glu-
cose, hepatic and renal function, and electrolyte tests should
be performed to exclude non-epileptic attacks caused by
cardiac incident, hypoglycemia, or electrolyte disturbance.
Subsequently, CT or MRI should be performed to exclude in-
tracranial hemorrhage and infarction after the initial postop-
erative seizure is controlled. If the patient's condition allows,
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2-hour EEG monitoring should be used to observe the cor-
relation between abnormal epileptiform discharges and brain
edema/residual tumor. There is no need to change the thera-
peutic strategy for patients receiving AEDs, while monother-
apeutic AEDs should be applied to those who do not receive
prophylactic AEDs perioperatively.'® The blood concentra-
tion of AEDs should be monitored when multiple episodes
are observed and add-on treatment with another type of AED
must be considered when seizures are poorly controlled.

Figures 2 and 3 show the process flowcharts for patients
with preoperative GRE and those without, respectively.

3.4 | Radiotherapy

All relevant clinical evidences showed that radiotherapy had
a significant effect on inhibiting GRE.”’ For patients with
GRE, the radiotherapy strategy is the same as those without
GRE and postoperative radiotherapy at the early stage is rec-
ommended.*®*° It is noteworthy that seizure control is more
often achieved in patients with a long seizure duration before
the start of radiotherapy and is not strictly associated with
tumor shrinkage on MRI.® Additionally, glioma patients
with frequent refractory epilepsy and intolerance to surgery
can receive radiotherapy, irrespective of tumor relapse.

35 |

Similar to radiotherapy, chemotherapy (procarbazine-lomus-
tine-vincristine or temozolomide) is also correlated with im-
proved seizure control in 30%-100% of patients with GRE,
regardless of surgical resection.”’

Moreover, an adjuvant ketogenic diet may be useful to
suppress glioma cell proliferation, as well as reduce seizure
frequency and severity.

Chemotherapy and other treatments

3.6 |

Relevant recommendations are summarized in Table 1. The lev-
els of evidence and grades of recommendation were evaluated
and given according to the Oxford Centre for Evidence-based
Medicine Levels of Evidence and Grades of Recommendation
(https://www.cebm.net/2009/06/oxford-centre-evidence-
based-medicine-levels-evidence-march-2009/). For some con-
troversial issues, we also proposed Chinese expert consensus as
references for clinical practice.

Note
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