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Abstract Seizures are a common complication of

metastatic brain tumors (MBT), affecting approximately

27–50% of all patients during the course of their illness.

Treatment of tumor-induced seizures is often inadequate

with traditional antiepileptic drugs (AED) due to a variety

of factors, including activation of glutamatergic NMDA

receptors, alterations of neuronal input pathways, and

tumor growth. Levetiracetam (LEV) is a 2nd generation

non-enzyme inducing AED with a novel mechanism of

action, binding to neuronal synaptic vesicle protein SV2A,

that has been previously shown to reduce seizure activity in

patients with primary brain tumors. Due to its unique

mechanism of action, it has been postulated that LEV may

also be effective in controlling seizures from MBT. A

retrospective chart review was performed of all Neuro-

Oncology Center patients with MBT who had received

LEV for seizure control. Thirteen patients were reviewed

with a median age of 55.1 years (range: 34–70). Six

patients had breast cancer, five had lung cancer, and two

had melanoma. LEV was used as an add-on AED in seven

patients (54%) and as monotherapy in six patients (46%),

with a median dose of 1,000 mg/day (range: 500–3,000).

The baseline median seizure frequency was one ictal event

every other day. After the addition of LEV, the median

seizure frequency was reduced to 0 per week. The seizure

frequency was reduced to less than 50% of the pre-LEV

baseline in 100% of patients (P = 0.0002, Sign test), with

10 patients (77%; confidence interval: 46–95%) noting

complete seizure control. The most common adverse event

was somnolence and headache, noted in 3 of 13 patients

(23%). LEV was very effective and well tolerated in MBT

patients with seizures and should be considered for add-on

therapy or as a substitute AED for monotherapy.
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Introduction

Metastatic brain tumors (MBT) are the most frequent

neurologic complication seen in patients with systemic

cancer, occurring in 10–40% of patients [1–2]. The

systemic cancers most likely to metastasize to the brain

include lung, breast, and melanoma, although there are

known cases of brain metastases from cancers originating

in the colon, rectum, kidney, prostate, testis, and ovary [3].

Seizures occur in 27–50% of patients with MBT during the

course of their illness [4, 5]. Primaries with the highest

frequencies of seizure activity include melanoma (67%),

lung (29%), and gastrointestinal (21%) [4]. Although there

is little evidence that patients with MBT should be treated

prophylactically with anti-epileptic drugs (AEDs), patients

who do develop seizure activity should be placed on an

effective AED [6].

Treatment of tumor-induced seizures is often inadequate

with conventional AEDs. This inadequacy is due to a
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variety of factors, such as activation of glutamatergic

NMDA receptors, alterations of neuronal input pathways,

and tumor growth. Additionally, the mechanism of action

of traditional AEDs may not be effective in treating tumor-

induced seizures. Traditional AEDs act through excitatory

mechanisms via blockade or inactivation of Na+ channels

(phenytoin, carbamazepine, valproate) and/or Ca2+ chan-

nels (lamotrigine, topiramate, oxcarbazepine), or through

inhibitory mechanisms via stimulation of GABAergic

activity (benzodiazepines, phenobarbital, tiagabine,

vigabatrin, gabapentin). These mechanisms of action only

cover a few of the pathophysiologic mechanisms of tumor-

induced seizures known to exist [5]. The majority of

traditional AEDs (phenytoin, carbamazepine, phenobarbi-

tal, oxcarbazepine) induce the hepatic cytochrome P450

system, which may lead to increased metabolism of corti-

costeroids and many chemotherapeutic agents that are also

metabolized by the hepatic cytochrome P450 system

(nitrosurea, paclitaxel, cyclophosphamide, irinotecan,

adriamycin, methotrexate) [7–9]. This can lead to inade-

quate corticosteroid and chemotherapeutic dosing in

patients with MBT, which is of significant concern.

Levetiracetam (LEV) is a 2nd generation non-cyto-

chrome P450 inducing AED with a novel mechanism of

action [7, 10, 11]. LEV binds with high-affinity to the

synaptic vesicle protein SV2A, which is enriched in syn-

aptic vesicles and is believed to be involved in synaptic

vesicle exocytosis and presynaptic neurotransmitter release

[12, 13]. In an audiogenic mouse model of epilepsy, there

is a strong correlation between the affinity of a compound

for SV2A and its anti-epileptic effect [13]. LEV also

induces a reduction of Ca2+ current through neuron-spe-

cific, high voltage activated n-type Ca2+ channels [14, 15].

Additionally, LEV reduces the effect of Zn2+ and the beta-

carbolines on GABA and glycine, the main inhibitory

receptors of the central nervous system [16]. Multiple

studies have shown that LEV exerts neuroprotective effects

via stimulation of neurotrophic factors that reduce the

amount of inflammation and neuronal death that occurs

with seizures [17, 18].

Due to the unique mechanism of action of LEV, its lack

of significant drug–drug interactions, and its lack of

interaction with the hepatic cytochrome P450 system, it has

been suggested as the best choice of AED in patients with

brain tumors [7, 19]. Many studies have shown that LEV as

add-on or monotherapy reduces the seizure activity in

patients with primary brain tumors [19–21]. Some of these

studies have included patients with MBT, but none of them

have isolated these patients and their results of epilepsy

treatment with LEV. To test the effectiveness of LEV in

the treatment of tumor-induced epilepsy in patients with

MBT, we have performed a retrospective analysis of the

efficacy and tolerability of LEV in a cohort of patients that

have received the drug while being followed at the

Dardinger Neuro-Oncology Center.

Materials and methods

A retrospective chart review was conducted of all patients

with MBTs that had received LEV for seizure control at the

Dardinger Neuro-Oncology Center. Criteria for eligibility

in the study included the diagnosis of MBT, placement on

LEV, and at least one follow-up visit after beginning

treatment with LEV. Indications to initiate LEV therapy

included: seizure activity that persisted after maximal

therapy with traditional AEDs, potential drug interactions

with chemotherapeutic agents or corticosteroids, and

unacceptable adverse side effects of other AEDs. Patients

with concomitant epileptic conditions were excluded. Data

regarding seizure frequency was obtained from patient

histories, hospital charts, and clinic notes. For each patient,

seizure frequency data was collected for a minimum

interval of 4 weeks after the initiation of LEV, with addi-

tional data being collected at each scheduled follow-up

visit after the initial 4 week visit. Significant improvement

in seizure frequency was defined as a greater than 50%

reduction in seizure activity as compared to the pre-LEV

baseline. Additional data collected about each patient

included age, gender, primary tumor site, and treatment

modalities.

Results

A total of 13 patients were reviewed with a median age of

55.1 years (range: 34–70). Of the total cohort, six patients

had breast cancer, five had lung cancer, and two had

melanoma. Eleven of the 13 patients (85%) suffered from

partial seizures, while 2/13 (15%) suffered from general-

ized seizures. The majority of patients had already received

some form of irradiation (whole-brain radiation, gamma

knife) and many had received or were currently receiving

chemotherapy (e.g. tamoxifen, paclitaxel, herceptin). Most

of the patients remained clinically and radiologically stable

during the study, without significant change in tumor size

by MRI imaging. Each patient had their post-LEV seizure

frequency evaluated after 1 month of treatment with LEV,

and at each subsequent scheduled visit. The mean length of

time each patient’s seizure frequency was followed after

the initiation of LEV was 15 months (range: 1 month–

4 years). For patients in which LEV was used as add-on

therapy for inadequate seizure control by other AEDs, the

initial AED (phenytoin, carbamazepine, valproate,

oxcarbazepine) had already been titrated to adequate
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therapeutic levels. LEV was used as an add-on AED in

seven patients (54%) and as monotherapy in six patients

(46%), with a median dose of 1,000 mg/day (range:

500–3,000). The interval of evaluation of seizure frequency

during LEV treatment was 4 weeks for all patients. Prior to

initiating LEV therapy, the median seizure frequency was

one ictal event every other day (range: 2 every day–1 every

month). After the initiation of LEV, the median seizure

frequency was reduced to 0 per week (range: 0–2 every

month). All patients (100%) had their seizure frequency

reduced to less than 50% of their pre-LEV baseline

(P = 0.0002, Sign test), with 10 patients (77%) noting

complete seizure control (confidence interval: 46–95%). If

analyzed by primary tumor site of origin, complete seizure

control was noted in 5/6 (83%) patients with breast cancer,

3/5 (60%) patients with lung cancer, and 2/2 (100%)

patients with melanoma. There were no correlations noted

between the use of irradiation or chemotherapy and clinical

response to LEV.

A total of 6/13 (46%) patients experienced adverse side

effects from LEV. The most common side effects were

somnolence and headache, each experienced by 3/13 (23%)

patients. Blurry vision was experienced by 2/13 (15%)

patients and 1/13 (8%) patients experienced nausea and

vomiting while on LEV. The clinical response to LEV did

not appear to correlate with dosage or the presence of side

effects (Table 1).

Discussion

The incidence of seizures in patients with MBT ranges

from 27 to 50% [4, 5]. The overall incidence of seizure

activity appears to be highest in patients with melanoma as

the primary tumor (67%), followed by lung as the primary

(29%), and gastrointestinal as the primary (21%) [4].

Patients with MBT and seizure activity that is poorly

controlled despite adequate doses of conventional AEDs

are in need of further treatment with an add-on AED. LEV

as an add-on AED has been shown to be efficacious in

many patients with primary brain tumors and seizures

[19–21]. The results of this study suggest that LEV is a

good choice for an add-on AED in patients with MBT,

because 54% of our cohort received LEV for this reason

and all patients showed benefit. There was significant

improvement in seizure frequency in 100% of patients after

the initiation of LEV, with 71% noting complete seizure

control. LEV also seemed to be effective when used as

monotherapy, which occurred in 46% of our cohort. LEV

as monotherapy caused significant improvement in seizure

frequency in 100% of patients, with 83% noting complete

seizure control. Recent studies in adult patients with vari-

ous forms of partial and generalized epilepsy suggest that

LEV is active and well tolerated when used as monother-

apy [22–24]. One study even showed that LEV as first-line

monotherapy was as effective as carbamazepine in treating

newly diagnosed epilepsy [24]. The American Academy of

Neurology has concluded that there is insufficient evidence

at this time to recommend the use of LEV as monotherapy

for newly diagnosed epilepsy patients or in those with

refractory partial seizures [25–27]. Further clinical trials

with LEV (i.e. prospective randomized placebo controlled)

are needed before the AAN will recommend LEV as

first-line monotherapy for the treatment of epilepsy.

The results of this study confirm that LEV is well tol-

erated and can improve seizure control in patients with

MBT. However, due to the relatively small size of our

cohort and the limitations of retrospective analyses from

confounding variables, including tumor status, treatment

status, and clinical status at the start of LEV treatment, our

data is not able to serve as an official endorsement of

efficacy in this patient population.

Tumor-induced seizures need to be considered sepa-

rately from traditional epilepsy when selecting appropriate

AED therapy. The severity of AED side effects in patients

with brain tumors appears to be 20–40% higher than in the

general population requiring AEDs, largely due to the

presence of drug-drug interactions [3]. The most com-

monly cited AED side effects noted in patients with brain

tumors are myelosuppression, thrombocytopenia, rash,

changes in behavior or cognition, ataxia, and elevated liver

enzymes [28]. These side effects are even more worrisome

in patients who are immunocompromised secondary to

chemotherapy or radiation therapy. The side effects expe-

rienced by patients with brain tumors and MBTs taking

LEV seem to be milder than with traditional AEDs. Less

than 50% of patients in this study experienced adverse

effects while on LEV, and the adverse effects that were

experienced were mild, including somnolence, headache,

blurry vision, nausea, and vomiting. Another study also

noted mild side effects from LEV, including somnolence,

Table 1 Efficacy and incidence of side effects of LEV in patients

with MBT

Metastatic

breast

Metastatic

lung

Metastatic

melanoma

Total patients 6 5 2

Sz free 5 3 2

<50% sz 1 2 0

No effect 0 0 0

Side effects 3 2 1

LEV mono Tx 2 4 0

LEV add-on

Tx

4 1 2

Abbreviations: Sz-seizure, Mono-monotherapy, Tx-treatment
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headache, dizziness, and paresthesia [20]. Many tradi-

tional AEDs (phenytoin, carbamazepine, phenobarbital,

oxcarbazepine), corticosteroids, and chemotherapeutic

agents commonly given to patients with brain tumors

(nitrosurea, paclitaxel, cyclophosphamide, irinotecan,

adriamycin, methotrexate) are known to induce the hepatic

cytochrome P450 system [7–9]. These interactions can

cause inadequate serum levels of AEDs, corticosteroids,

and chemotherapeutic agents in patients with brain tumors,

resulting in inadequate seizure control and inadequate

treatment of the malignancy. Valproate is a known inhib-

itor of the hepatic cytochrome P450 system, and can cause

increased and sometimes toxic serum levels of chemo-

therapeutic agents [29, 30]. In contrast, LEV does not

interact with the hepatic cytochrome P450 system, so there

is less opportunity for negative drug-drug interactions,

making it a better choice of AED in many patients with

brain tumors and seizure activity [7, 11, 19].

In conclusion, this retrospective cohort study has dem-

onstrated that LEV was both effective and well tolerated in

patients with MBT and persistent seizure activity. Based on

its unique mechanism of action, relative lack of drug–drug

interactions, and mild side effect profile, LEV is a good

choice for add-on AED treatment for patients with MBT.

LEV may also be effective as monotherapy in selective

patients.

References

1. Arnold SM, Patchell RA (2001) Diagnosis and management of

brain metastases. Hematol Oncol Clin North Am 15:1085–1107

2. Posner JB, Chernik NL (1978) Intracranial metastases from

systemic cancer. Adv Neurol 19:579–592

3. Soffietti R, Ruda R, Mutani R (2002) Management of brain

metastases. J Neurol 249:1357–1369

4. Oberndorfer S, Schmal T, Lahrmann H et al (2002) The

frequency of seizures in patients with primary brain tumors or

cerebral metastases. An evaluation from the Ludwig Boltzmann

Institute of Neuro-Oncology and the Department of Neurology,

Kaiser Franz Josef Hospital, Vienna. Wien Klin Wochenschr

114:911–916

5. Schaller B, Ruegg SJ (2003) Brain tumor and seizures: patho-

physiology and its implications for treatment revisited. Epilepsia

44:1223–1232

6. Glantz MJ, Cole BF, Forsyth PA et al (2000) Practice parameter:

anticonvulsant prophylaxis in patients with newly diagnosed

brain tumors-report of the Quality Standards Subcommittee of the

American Academy of Neurology. Neurol 54:1886–1893

7. El Kamar FG, Posner JB (2004) Brain metastases. Semin Neurol

24:347–362

8. Fetell MR, Grossman SA, Fisher JD et al (1997) Preirradiation

paclitaxel in glioblastoma multiforme: efficacy, pharmacology,

and drug interactions. New approaches to Brain Tumor Therapy

Central Nervous System Consortium. J Clin Oncol 15:3121–3128

9. Liddle C, Goodwin BJ, George J et al (1998) Separate and

interactive regulation of cytochrome P450 3A4 by triidothyro-

nine, dexamethasone, and growth hormone in cultured hepato-

cytes. J Clin Endocrinol Metab 83:2411–2416

10. Patsalos PN (2000) Pharmacokinetic profile of levetiracetam:

toward ideal characteristics. Pharmacol Ther 85:77–85

11. Stevens GH (2005) Antiepileptic drug use in patients with brain

tumors. Profiles in Seizure Manage 4:5–9

12. Stahl SM (2004) Psychopharmacology of anticonvulsants:

levetiracetam as a synaptic vesicle protein modulator. J Clin

Psychiatry 65:1162–1163

13. Lynch BA, Lambeng N, Nocka K et al (2004) The synaptic

vesicle protein SV2A is the binding site for the antiepileptic drug

levetiracetam. Proc Natl Acad Sci USA 101:9861–9866

14. Niespodziany I, Klitgaard H, Margineanu DG (2000) Leveti-

racetam: modulation of high voltage activated C++ current in CA1

pyramidal neurons of rat hippocampal slices (abstract). Epilepsia

41:37

15. Lukyanetz EA, Shkryl VM, Kostyuk PG (2002) Selective blockade

of n-type calcium channels by levetiracetam. Epilepsia 43:9–18

16. Rigo JM, Hans G, Nguyen L et al (2002) The anti-epileptic drug

levetiracetam reverses the inhibition by negative allosteric

modulators of neuronal GABA- and glycine-gated currents. Br J

Pharmacol 136:59–672

17. Cardile V, Pavone A, Gulino R et al (2003) Expression of brain-

derived neurotrophic factor (BDNF) and inducible nitric oxide

synthase (iNOS) in rat astrocyte cultures treated with leveti-

racetam. Brain Res 976:227–233

18. Hanon E, Klitgaard H (2001) Neuroprotective properties of the

novel antiepileptic drug levetiracetam in the rat middle cerebral

artery occlusion model of focal cerebral ischemia. Seizure

10:287–293

19. Wagner GL, Wilms EB, Van Donselaar GA et al (2003) Lev-

etiracetam: preliminary experience in patients with primary brain

tumours. Seizure 12:585–586

20. Newton HB, Goldlust SA, Pearl D (2006) Retrospective analysis

of the efficacy and tolerability of levetiracetam in brain tumor

patients. J Neurooncol 78:157–160

21. Maschio M, Albani F, Baruzzi A et al (2006) Levetiracetam

therapy in patients with brain tumour and epilepsy. J Neurooncol

80:97–100

22. Alsaadi TM, Shatzel A, Marquez AV et al (2005) Clinical

experience of levetiracetam monotherapy for adults with epi-

lepsy: 1-year follow-up study. Seizure 14:139–142

23. Labate A, Colosimo E, Gambardella A et al (2006) Levetiracetam

in patients with generalised epilepsy and myoclonic seizures: an

open label study. Seizure 15:214–218

24. Brodie MJ, Perucca E, Ryvlin P et al (2007) Comparison of

levetiracetam and controlled-release carbamazepine in newly

diagnosed epilepsy. Neurol 68:402–408

25. French JA, Kanner AM, Bautista J et al (2004a) Efficacy and

tolerability of the new antiepileptic drugs I: treatment of new

onset epilepsy. Neurol 62:1252–1260

26. French JA, Kanner AM, Bautista J et al (2004b) Efficacy and

tolerability of the new antiepileptic drugs II: treatment of

refractory epilepsy. Neurol 62:1261–1273

27. Payakachat N, Summers KH, Barbuto JP (2006) A comparison of

clinical practice guidelines in the initial pharmacological man-

agement of new-onset epilepsy in adults. J Manag Care Pharm

12:55–60

28. Glantz M, Recht LD (1997) Epilepsy in the cancer patient. In:

Vecht CJ (ed) Handbook of Clinical Neurology. Elsevier Science,

Amsterdam, pp 9–18

29. Kivisto KT, Kroemer HK, Eichelbaum M (1995) The role of

human cytochrome P450 enzymes in the metabolism of anti-

cancer agents: implications for drug interactions. Br J Clin

Pharmacol 40:523–530

30. Vecht CJ, Wagner GL, Wilms EB (2003a) Treating seizures in

patients with brain tumors: drug interactions between antiepi-

leptic and chemotherapeutic agents. Semin Oncol 30:49–52

296 J Neurooncol (2007) 84:293–296

123


	Retrospective analysis of the efficacy and tolerability �of levetiracetam in patients with metastatic brain tumors
	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


