
CLINICAL STUDY - PATIENT STUDY

A prospective evaluation and literature review of levetiracetam
use in patients with brain tumors and seizures

Justin B. Usery • L. Madison Michael II •

Allen K. Sills • Christopher K. Finch

Received: 1 September 2009 / Accepted: 25 January 2010 / Published online: 10 February 2010

� Springer Science+Business Media, LLC. 2010

Abstract To determine the safety and tolerability of IV

and oral levetiracetam monotherapy for seizures in brain

tumor patients following resection. Brain tumor patients

undergoing neurosurgery with C1 seizure within the pre-

ceding month prior to surgery were enrolled to receive

intravenous levetiracetam for a minimum of 48 h, transi-

tioned to oral levetiracetam at the same dose, and followed

for 1-month after discharge. Patients were assessed daily in

the hospital, provided with a seizure diary, and supplied

with 30 days of levetiracetam upon discharge. Study

patients were telephoned weekly to assess their cognitive

status and seizure frequency. Of the 17 patients enrolled,

the baseline seizure types were tonic clonic, partial, and

complex partial with secondary generalization. The most

common type of tumor was glioblastoma multiforme.

Levetiracetam was well tolerated with no medication dis-

continuation during the study period. Adverse effects

reported were somnolence, nausea/vomiting, headache, and

insomnia. Eleven patients were evaluable for TICS scores

(64.7%) with an average score of 33.3. Two patients were

deemed to be cognitively impaired (18.2%). Eleven of

twelve patients (91.7%) that completed the study period

achieved a C50% reduction in their number of seizures. A

total of 92 drug interactions were avoided (P = 0.0016)

with dexamethasone, acetaminophen, and fentanyl being

the most common. Levetiracetam monotherapy was found

to be safe and tolerable in this patient population. Nearly

all patients achieved a C50% reduction in seizure fre-

quency post-op with levetiracetam monotherapy. Leveti-

racetam also has the potential for less drug interactions

compared to phenytoin in these patients.

Keywords Levetiracetam � Brain tumor � Seizures �
Neurosurgery

Background

Seizures in patients with primary and metastatic brain

tumors occur commonly. In the United States in 2000, an

estimated 359,000 persons were living with a diagnosis of

primary brain and central nervous system tumors, and the

prevalence rate for these tumors was estimated to be 130.8

per 100,000 [1]. In 2004, more than 225,000 patients were

newly diagnosed with primary and/or metastatic brain
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tumors, and this number has continued to climb annually [2–

4]. The incidence of seizures varies from 20 to 70%

depending on the type of tumor, with seizures being the

presenting symptom of brain tumors in approximately 10–

40% of this patient population [5, 6].

Treatment of seizures related to tumors has often been

associated with an inadequate response that may be due to

tumor growth, anticonvulsant resistance, and pharmacoki-

netic or pharmacodynamic drug interactions. Typical anti-

convulsants (phenytoin, carbamazepine, phenobarbital, and

valproic acid) have been associated with a large spectrum of

drug–drug interactions. The aromatic anticonvulsants (phe-

nytoin, carbamazepine, phenobarbital, and primidone) have

been well known inducers of drug metabolism, which

markedly reduces the effective serum concentrations of

many of the chemo- and nonchemo-therapeutic agents used

in the management of brain tumor patients.

Medication side effects and the sequelae of brain tumors

complicate treatment of seizures in these patients. In addition

to an inadequate response, brain tumor patients receiving

antiepileptic medications experience an increased incidence

of certain side effects, especially drug rashes. Clinical

studies have reported that more than 20% of brain tumor

patients treated with phenytoin and carbamazepine devel-

oped morbilliform rashes, with a small percentage pro-

gressing to Stevens-Johnson syndrome [7, 8]. The American

Academy of Neurology recently reported that 23.8% of all

brain tumor patients taking anticonvulsants will experience

side effects severe enough to warrant a change in or dis-

continuation of therapy [9–14]. Nonetheless, these patients

are often treated with the older, conventional antiepileptic

medications (phenytoin, carbamazepine, and valproic acid)

that require significant monitoring for therapeutic serum

concentrations, can cause drug toxicity, and exhibit signifi-

cant drug–drug interactions.

Levetiracetam, a relatively new antiepileptic medica-

tion, is currently indicated for adjunctive therapy in the

treatment of partial onset seizures in adults and children

4 years of age and older with epilepsy. To date, clinical

studies with levetiracetam have demonstrated the follow-

ing: no serum drug concentration monitoring required,

limited side effect profile, lack of known drug interactions,

and 1:1 intravenous to oral conversions. Therefore, lev-

etiracetam may be a very useful, alternative antiepileptic in

patients with brain tumors following resection.

Methodology

Rationale for the study

This prospective, open label study proposed to assess the

use of levetiracetam as monotherapy in the treatment of 20

brain tumor patients with seizures and document their

clinical outcomes. Levetiracetam is being utilized as

monotherapy in brain tumor patients; although, to date,

there have only been a few reports of levetiracetam use

(adjunctive and monotherapy) in this patient population.

Methodist University Hospital is a center of excellence in

the neurological sciences and is one of the top neurosur-

gical institutions in the United States. Since there is a large

number of new brain tumors diagnosed at this institution

yearly, this site provides a unique patient population to

prospectively analyze levetiracetam monotherapy in

patients with brain tumors following resection and seizures.

Objectives

The overall aim of this study was to determine the safety and

tolerability of IV and oral levetiracetam, as monotherapy, for

seizures in brain tumor patients following resection through

adverse effect monitoring and cognitive functioning/

impairment assessments (TICS—telephone interview for

cognitive status). Secondary objectives were to evaluate the

efficacy of IV and oral levetiracetam, as monotherapy, in

brain tumor patients following neurosurgery and seizures,

defined as a C50% reduction in baseline seizure activity or

being seizure free, and to assess the number of possible drug

interactions avoided through the use of IV and oral leveti-

racetam monotherapy in comparison with phenytoin as a

theoretical therapeutic substitution for levetiracetam.

Study population

Through a database search performed by Health Information

Management, an estimated 380 brain tumors are diagnosed at

Methodist University Hospital each year. Of the estimated

380 brain tumor patients, 10–40% of these patients have

concomitant seizures. A total of 20 patients with a diagnosis

of a brain tumor that is operable and who have a history of

seizures (C1 witnessed seizure) were included in this study

on an intention to treat basis. Patients were selected by a

neurosurgery investigator based on the aforementioned

diagnoses. Patients were screened for inclusion and exclusion

criteria and had informed consent initiated by one of the IRB

(Institutional Review Board) approved investigators (see

Tables 1 and 2). This study was approved by the IRB.

Treatment

Baseline evaluations (prior to levetiracetam

administration)

After patients were evaluated for enrollment according to

study criteria and had signed voluntary informed consent, the

following baseline information was collected: demographic

252 J Neurooncol (2010) 99:251–260

123



data (age, race, gender); patient weight and height; medical,

social (smoking, alcohol, illicit substances), and medication

history.

Levetiracetam administration

If treated previously with other antiepileptic agents,

patients were converted to levetiracetam monotherapy and

all other agents discontinued prior to surgery. Following

standard clinical practice, no washout period occurred prior

to levetiracetam administration to prevent a potential

increase in the risk of seizures during the transition period.

Within 6 h following surgery, patients previously

untreated with levetiracetam were administered leveti-

racetam 500 mg IV twice daily as monotherapy for a

minimum of 48 h (recommended starting dose per FDA

approved package labeling). Patients receiving levetirace-

tam prior to surgery or as an outpatient received the same

preoperative regimen as initial therapy. Dosage titrations of

the IV formulation were made per physician, based on

patient response to therapy and seizure frequency.

Patients were then converted to the same dose and fre-

quency of oral levetiracetam, when tolerated, but not\48 h

after IV levetiracetam initiation. Intravenous and oral doses

were titrated on an individual basis by 500 mg/day incre-

ments per physician in response to patient’s seizure activity

up to a maximum dose of 3,000 mg/day. Patients that

required[3,000 mg/day of levetiracetam for seizure control

or had intolerance to levetiracetam dose escalation were

deemed candidates for concomitant therapy with another

antiepileptic(s).

Patients were provided with a 1-month supply of lev-

etiracetam oral tablets upon discharge from the hospital.

Outpatient oral dosage titrations were made per physician

based on patient response to therapy and seizure frequency.

One week prior to discontinuation from the study, the

primary physician was notified to determine the necessity

of antiepileptics beyond the 4 week study period.

Daily assessments and procedures (during levetiracetam

therapy)

While in the hospital, each patient was evaluated daily by

an investigator to determine efficacy, safety, and tolera-

bility of levetiracetam dosing, including the number and

type of seizures and adverse effects.

As an outpatient, each patient was asked to record daily in a

seizure diary the number and a description of seizures expe-

rienced. Each patient was also asked to record the schedule

and daily doses of levetiracetam administered as an outpatient.

Weekly follow-up contacts

Upon discharge from the hospital on levetiracetam, patients

had weekly telephone follow-up performed by a study

investigator. The safety, tolerability, and efficacy of lev-

etiracetam monotherapy were determined based on the

reported information from each patient’s seizure diary.

Adverse effects of levetiracetam were evaluated and

recorded weekly and a questionnaire called the TICS was

administered weekly to assess each patient’s cognitive

function and mental status.

Statistical considerations and data analysis

All data was collected on a standardized data collection

form by study investigators. Data was entered into a

Table 1 Inclusion criteria

To be eligible for enrollment in this prospective study, each patient

must fulfill the following criteria:

(1) Read and sign the informed consent form following study

explanation

(2) Male or female C 18 years of age

(3) Brain tumor patients, operable

(4) Seizures, any type (C1 seizure witnessed within 1 month prior to

neurosurgery)

(5) Negative pregnancy test (if female of childbearing age)

Table 2 Exclusion criteria
A subject will not be enrolled into this prospective study if he or she meets any of the following criteria:

(1) Brain tumor without documented seizures

(2) Necessity of concurrent treatment w/other antiepileptic medications (unable to take levetiracetam

monotherapy)

(3) Pregnancy

(4) Creatinine clearance \ 10 ml/min (calculated per Cockcroft–Gault equation) and/or evidence of

end-stage renal disease

(5) Inoperable brain tumors

(6) Contraindications to levetiracetam that include hypersensitivity to levetiracetam or any of its

components

(7) Status epilepticus (recent history)

(8) Currently enrolled in another antiepileptic/seizure study/clinical trial
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Microsoft Excel spreadsheet to group data for analysis.

Demographic and baseline information were summarized.

Descriptive statistics for continuous variables included N,

mean, and range.

Mean and range were used to evaluate patient age, pre-

op seizure frequency, and TICS scores. Descriptive anal-

ysis was performed on seizure type, antiepileptics prior to

surgery, brain tumor type, brain tumor location, and med-

ication adverse effects.

The secondary objectives evaluated the efficacy of IV

and oral levetiracetam, as monotherapy, for seizures in

brain tumor patients following resection and identified the

number of drug interactions avoided through the use of IV

and oral levetiracetam monotherapy. Per national guide-

lines, efficacy of antiepileptic treatment was determined by

patients being seizure free or having a C50 reduction in

their number of seizures. To assess the efficacy of leveti-

racetam monotherapy, a seizure type and quantitative sei-

zure history, for 1-month prior to study enrollment, were

documented. This baseline assessment was compared to the

number and type of seizures each patient had post-surgi-

cally while being treated with levetiracetam monotherapy.

Drug interactions avoided were determined by utilizing

Micromedex Drug-Reax� system. Each patient’s medica-

tion profile was assessed daily while in the hospital and

weekly after discharge for drug interactions with leveti-

racetam and compared to the potential drug interactions

with phenytoin, as if it had been prescribed. The drug

interactions avoided were attributed to the potential num-

ber of drug interactions phenytoin had with each patients’

medication profile compared to the actual drug interactions

with levetiracetam. Drug interactions avoided were ana-

lyzed with paired student t test.

Results

Enrollment began on August 9, 2007, and ended on

November 1, 2008. Of the 20 patients anticipated for

inclusion in this study, only 17 patients were enrolled for

evaluation. Recruitment was ceased at the request of UCB

Pharma due to difficulties in identifying and enrolling

patients within the levetiracetam study protocol. Demo-

graphics of these patients were as follows: 8 male, 9

female; 12 Caucasian, 5 African American. The mean age

of these patients was 56 y/o (range 27–77 y/o). The mean

number of seizures pre-op per patient was 3.5 (range 1–22).

The types of seizure at baseline for patients enrolled are

listed in Table 3. Most patients were receiving antiepileptic

medications prior to study enrollment (see Table 4). A

number of different types of tumors were identified upon

surgery, but the most common type (glioblastoma multi-

forme) occurred in 7 patients (41.2%) (see Table 5). Tumor

location also varied among the study population with 13

patients having a left-sided tumor and 4 patients having a

right-sided tumor (see Table 6). Of the patients enrolled,

16 of 17 patients had gross total resections of their tumors.

Primary objective

All patients continued levetiracetam monotherapy

throughout the entire study period with no decreases in

dose due to adverse effects. A total number of 6 adverse

effects were reported by levetiracetam study patients with

somnolence being the most commonly reported (see

Table 7). One patient did develop aphasia but this was

deemed to be a consequence of disease progression and not

an adverse effect of levetiracetam. Due to the effects of

Table 3 Baseline seizure types

Type of seizure Number of patients

(N = 17)

Tonic clonic 8

Simple partial 8

Complex partial with secondary

generalization

1

Table 4 Seizure medications prior to study enrollment

Antiepileptic Number of

patients (N = 17)

Phenytoin 3

Levetiracetam 13a

None 1

a Of note, 7 of these 13 patients had their antiepileptic switched in

neurosurgery clinic \7 days prior to scheduled surgery. All were

given appropriate overlap with 2 concurrent days of dual antiepilep-

tics before receiving levetiracetam monotherapy. Six of these patients

were switched from phenytoin to levetiracetam (3 patients switched

due to adverse effects: somnolence and CNS depression) and one

patient was switched from valproic acid to levetiracetam

Table 5 Patient brain tumor types

Type of brain tumor Number of patients (N = 17)

Glioblastoma multiformea 7

Oligodendroglioma 2b

Meningioma 2

Adenocarcinoma 2

Small cell carcinoma 1

Anaplastic astrocytoma 1

Squamous cell carcinoma 1

Large B cell lymphoma 1

a Two of seven had WHO Grade IV glioblastoma multiforme tumors
b One patient WHO Grade 1, one patient WHO Grade 2
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other antiepileptic medications on cognitive status, a TICS

evaluation was performed on study patients to determine if

levetiracetam had any adverse effect on cognitive status.

Eleven patients (64.7%) were available for TICS evalua-

tions. Two patients did not achieve the minimum score of

31 (18.2%) and were deemed cognitively impaired. All

other patients achieved a score of 31 on each of their

assessments (see Table 8).

Secondary objectives

Seizure control

Twelve patients completed the entire 4 week follow-up for

determining a C50% reduction in seizure activity. Eleven

(91.7%) of these twelve patients achieved this degree of

seizure control with 10/12 patients achieving seizure free-

dom (83%) during the study period. Of the 17 patients

enrolled, two patients had at least 1 seizure during the

study period (see Table 9). The first of these patients had 2

tonic clonic seizures prior to surgery and 1 tonic clonic

seizure during the 1st week of outpatient follow-up. The

maintenance dose of levetiracetam was increased from

1,000 to 1,500 mg po daily. No further seizures occurred

during the study period.

The second of these patients had 1 tonic clonic seizure

prior to surgery and two seizures during the post-op study

period. The first was a tonic clonic seizure hours after

surgery was completed that was averted with lorazepam

2 mg IV. No levetiracetam dosage changes were made at

that time. The second seizure was a partial seizure that

occurred during the 4th week of follow-up. Per the clinic’s

recommendation, the patient was advised to increase the

levetiracetam dose by 500 mg that day to a total of

1,500 mg daily. Both of these patients had gross total

resections of an oligodendroglioma. All other patients in

the study were maintained on levetiracetam 500 mg po

twice daily and had no further seizures while on

monotherapy.

Drug–drug interactions

A significant number of potential drug interactions were

avoided with the use of levetiracetam as compared to

phenytoin. A total number of 92 drug interactions (62

inpatient, 30 outpatient) were avoided with the use of

levetiracetam as compared to if patients had received

Table 6 Brain tumor location

Lobe/groove position Number of

patients (N = 17)

Left parietal lobe 5

Left frontal lobe 4

Left temporal lobe 2

Left frontotemporal lobe 1

Left occipital lobe 1

Right frontal lobe 2

Right temporal lobe 1

Olfactory groove 1

Table 7 Reported side effects

Adverse effects Number of

events reported

Somnolence 3a

Nausea/vomiting 1b

Headache 1c

Insomnia 1d

a Each of these patients were receiving intravenous narcotics for

analgesia
b One episode that resolved with intravenous promethazine

administration
c Resolved with no intervention
d History of insomnia prior to levetiracetam administration

Table 8 Cognitive status evaluations

Mean TICS scores per patient Range TICS

scores per patient

33.3 32–35

27 25–29

33.8 31–36

37.8 37–39

31.5 31–33

35 33–37

29a 29a

32.7 31–34

34.3 31–37

35.5 35–36

34 34

a Only able to reach patient once for TICS follow-up

TICS scores unable to be performed on 6 patients for the following

reasons: unable to communicate (4), lost to follow-up (1), and expired

(1)

Overall mean TICS score = 33.3

Table 9 Follow-up seizure frequency

Follow-up period Seizure control

In hospital 16/17 (94.1%)

Post-discharge 11/12a (91.7%)

a Five patients lost to follow-up
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phenytoin (P = 0.0016). The most common potential

drug–drug interactions avoided were phenytoin/dexameth-

asone, phenytoin/acetaminophen, and phenytoin/fentanyl

(see Table 10).

Discussion

Potential role for levetiracetam in brain tumor patients

with seizures

Several studies have investigated the use of levetiracetam in

various patient populations. VanLandingham and Radtke

[15] examined the efficacy of levetiracetam in 38 patients

with primary brain or metastatic tumors and uncontrolled

partial seizures. Seizure frequency, along with side effects of

the antiepileptic agents administered, was assessed at each

patient visit. Initial doses of levetiracetam were 500 mg

twice daily for 1 week and increased based on individual

patient response and side effects. Fourteen patients received

levetiracetam concurrently with phenytoin, at doses ranging

from 200 to 400 mg/day. Mean and median doses of lev-

etiracetam within the study were 1,826 and 1,750 mg/day,

respectively. Follow-up between 2 and 18 months found 8

patients to be seizure free and 7 patients with a [90%

reduction in their number of seizures. Six patients exhibited

no significant improvement with 1 patient developing

worsening of seizures. Three patients were maintained on

levetiracetam monotherapy, one of which became seizure

free. Of the 38 patients treated in this study, three patients

required dose reductions or termination due to excessive

sedation [15].

In 2002, Siddiqui et al. [16] published an abstract that

reviewed levetiracetam therapy in 49 brain tumor patients.

Levetiracetam was administered to 41 (23 female, 18 male;

aged 24–78) of these patients for a minimum of 6 months.

Two patients (4%) had no history of seizures, 32 (78%) had

seizures post-surgery, and 23 (57%) had seizures upon

presentation. Levetiracetam therapy was initiated in patients

for seizure prophylaxis, with suboptimal seizure control,

with sedation and fatigue adverse effects on previous anti-

epileptics, for neutropenia on previous antiepileptics, and on

chemotherapy protocols that prohibited enzyme-inducing

medications. Of these 41 patients, sixteen received leveti-

racetam monotherapy for a duration of 6–18 months. A total

of 21 patients were seizure free, 11 patients had moderate

seizure reduction, and 2 patients had no improvement.

Adverse effects were limited to mood disturbances (drug

discontinuation in 1 patient), fatigue, or sedation [16].

Within the 2 previously described studies, a significant

number of brain tumor patients received levetiracetam for

documented seizures lending to the design of our prospective

evaluation of levetiracetam in brain tumor patients. Several

of these patients were able to be maintained on levetiracetam

monotherapy throughout the duration of their study periods.

Although these 2 studies were conducted for significantly

longer periods of time, similar results were discovered in

seizure reductions or freedom and limited adverse effects

that required dose adjustments or discontinuation compared

to our prospective evaluation.

In a 2004 retrospective evaluation in Epilepsia, Peno-

vich et al. [17] reviewed the efficacy of newer antiepilep-

tics and chemotherapy medications in central nervous

system (CNS) neoplasms that were responsible for new

onset, adult seizures. Antiepileptic medications were cho-

sen based on avoidance of drug interactions with chemo-

therapeutic agents being administered. Forty patients aged

18–77 with multiple types of tumors were included. Lev-

etiracetam was administered as monotherapy in 22 patients

and polytherapy in 5 patients. Gabapentin, oxcarbazepine,

topiramate, and phenytoin were the other antiepileptics

used as mono- and polytherapy. Of patients treated with

levetiracetam, 77.8% had seizure freedom or experienced

only simple partial seizures [17].

Levetiracetam was theorized to be an effective alternative

antiepileptic in patients with CNS neoplasms due to its

inability to invoke drug–drug interactions. Decreased serum

concentrations or altered metabolism with chemotherapeutic

agents can negatively effect tumor treatment when potent

cytochrome inducing agents such as phenytoin,

Table 10 Potential drug interactions avoided with levetiracetam

Drug–drug interactions

with phenytoina
Number of interactions avoided in

hospital and upon discharge (N = 92)

Dexamethasone 31

Acetaminophen 25

Fentanyl 12

Promethazine 3

Simvastatin 4

Furosemide 2

Diazepam 2

Levodopa 2

Levothyroxine 2

Midazolam 1

Metronidazole 1

Ibuprofen 1

Nifedipine 1

Folic acid 1

Aspirin 1

Diltiazem 1

Fluvastatin 1

Methylprednisolone 1

a Phenytoin—potent cytochrome P450 inducer that significantly

decreases therapeutic concentrations or renders ineffective these

medications received by our study patients
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carbamazepine, and phenobarbital are utilized. Optimal

effects and outcomes can be achieved with recommended

dosing of chemotherapeutic agents when levetiracetam has

been prescribed in lieu of phenytoin. Although our study

analyzed the avoidance of drug–drug interactions, none of

the patients were documented to have received chemother-

apeutic agents during the study period. The potential for

avoiding other vital drug–drug interactions with drugs such

as dexamethasone, prescribed to decrease vasogenic edema

and swelling, was significantly reduced with the use of lev-

etiracetam instead of phenytoin in our study patients.

Another 2004 retrospective study in Epilepsia by Larson

et al. [18] evaluated the efficacy and tolerability of lev-

etiracetam in brain tumor patients with seizures. Fifteen

patients (aged 24–76) with primary or metastatic tumors

that had experienced a minimum of one simple partial,

complex partial, or generalized seizure were included. The

mean duration of therapy was 7.25 months on levetirace-

tam doses that ranged from 500 to 2,000 mg/day

(mean = 1,016 mg/day). Six patients received levetirace-

tam as monotherapy with 9 patients receiving 1–3 con-

current antiepileptics. After a minimum follow-up of

3 months, all 6 patients receiving levetiracetam mono-

therapy were seizure free. Of the 9 patients receiving lev-

etiracetam as adjunctive treatment, two had improved

seizure control and 7 had no change in seizure control.

Behavioral adverse effects requiring levetiracetam dis-

continuation occurred in 2 patients and required 1 patient to

have the levetiracetam dose reduced [18].

In a 2005 Neurology supplement, Stevens et al. [19]

reviewed 278 medical charts for patients with various brain

tumor types treated with levetiracetam over a 3 year per-

iod. Each chart was reviewed for documentation of brain

tumor type, seizure frequency, and drug therapy adverse

effects. Levetiracetam was found to have a[50% reduction

in seizure activity in 60% of patients. Of these patients,

70% were treated with levetiracetam as monotherapy. Only

10 patients (3.5%) required dosage reductions or discon-

tinuation of levetiracetam due to behavioral-related adverse

effects. The most frequently documented adverse effects

were somnolence and fatigue [19].

As with our study, multiple brain tumor types and var-

ious types of seizures were analyzed in these two studies.

Levetiracetam monotherapy was effective in these small

populations, regardless of seizure type. No differences

were stated in the ability of levetiracetam to be more

effective in particular brain tumor types within these

studies, but in our study, levetiracetam dosage increases

were required in patients with an oligodendroglioma due to

the occurrence of seizures. As discovered in the Stevens

analysis, somnolence was the most common adverse effect

in our study.

Historically, one of the major adverse effects and rea-

sons for discontinuation of first generation antiepileptics

has been alterations in cognitive function. In our study, we

assessed each patient’s cognitive function weekly with the

TICS. This simple test of global mental status was first

validated as a tool for assessing cognitive function in the

Alzheimer’s Disease population back in 1988 [20]. The

TICS was discovered to be a reliable and valid alternative

to the Mini Mental State Exam (MMSE) in a cross-sec-

tional study of cognitive assessment in geriatric patients.

Greater than 90% of cases that screened positive via the

TICS also screened positive on the MMSE [21]. More

recently, a TICS evaluation of patient cognitive function

and outcomes, when exposed to phenytoin 14 days and

3 months after subarachnoid hemorrhage, was published in

Stroke in 2005. Cognitive outcome testing with the TICS

was stated as providing a sensitive method of detecting

permanent disabilities and being highly predictive of cog-

nition post subarachnoid hemorrhage [22]. We were able to

employ the TICS evaluation tool to assess patients for

declines in cognition during the 4 week follow-up period

while on levetiracetam monotherapy. While location of

tumor, degree of surgical debulking, and concomitant CNS

altering medications were potential confounding factors,

the TICS provided an objective measurement of cognitive

changes within our patient population with data supporting

its test–retest reliability [23].

Valeriano and Lane [24] retrospectively reviewed 25

adult patients treated with levetiracetam as monotherapy

and presented their findings at the Meeting of the American

Epilepsy Society in December 2005. These patients had a

variety of seizure types including simple and complex

partial seizures (with and without secondary generaliza-

tion) and primary generalized seizures, including myo-

clonic seizures. Twenty-one of these patients had

previously received one to six antiepileptics that were

either ineffective or discontinued due to intolerable adverse

effects. Initial treatment was levetiracetam 250 mg twice

daily titrated to 500 mg twice daily after 1 week of ther-

apy. All subsequent dosage titrations were dependent upon

individual patient response and breakthrough seizures.

Patients were followed for a minimum of 3 months up to

[5 years ([1 year in 15 patients) [24].

Of the 25 patients, 21 had seizure freedom with leveti-

racetam monotherapy. The remaining 4 patients did have

C50% decrease in seizure frequency although they did not

achieve seizure freedom. Twenty-four patients were

assessed utilizing the Global Clinical Impression Scale. A

good or excellent rating was reported in 23 patients

(95.8%) with the remaining patient reporting a fair rating.

No adverse events were attributed to levetiracetam therapy

in this retrospective review [24].
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Two retrospective analyses were published in the

Journal of Neuro-Oncology in 2006 [25] and 2007 [26] that

included either primary and metastatic brain tumor patients

or only metastatic brain tumor patients, respectively.

Levetiracetam was utilized as monotherapy in 8/41 patients

[25] and 6/13 patients [26] within each of these studies. In

the 2006 analysis, levetiracetam reduced the median sei-

zure frequency from 1 seizure per week at baseline to 0 per

week when prescribed as adjunctive or monotherapy. A

total of 59% of patients were documented to have achieved

complete seizure control. Levetiracetam was well tolerated

in this patient population with the most common adverse

effect being somnolence in 37% of patients [25]. In the

2007 analysis, levetiracetam reduced the median seizure

frequency from 1 ictal event every other day at baseline to

0 per week when prescribed as adjunctive or monotherapy.

All patients had reductions of [50% in seizure frequency

from their pre-levetiracetam baseline with a total of 77%

achieving complete seizure control. The most common

adverse effects discovered in this retrospective analysis

was somnolence and headache in 23% of the population

[26]. Both studies concluded that levetiracetam was

effective and well tolerated in this patient population and

could be considered as either an adjunctive or monotherapy

antiepileptic [25, 26].

Although levetiracetam has been utilized effectively as a

monotherapy antiepileptic in brain tumor patients, no study

had been undertaken to prospectively analyze the safety

and efficacy of both intravenous and oral levetiracetam in

brain tumor patients with seizures. A recent publication by

Rüegg et al. [27] described the use of weight-based dosing

of intravenous levetiracetam in 50 critically ill patients. Of

these patients, nine (18%) were diagnosed with a brain

tumor. An initial dose of levetiracetam at 20 mg/kg body

weight was administered intravenously with subsequent

doses starting 6 h later at 15 mg/kg body weight. The mean

duration of treatment with intravenous levetiracetam was

2.1 ± 1.22 days with a range of 1–5 days. Eighty-six

percent of patients were either in status epilepticus (48%)

or had an initial seizure (38%) prior to the initiation of

levetiracetam. Twelve patients were administered leveti-

racetam as a first-line therapy with 11 becoming or

remaining seizure free during the 7-day study period. The

intravenous dosage form of levetiracetam was deemed both

safe and effective in this broad, small population of

patients [27].

Also, Chang et al. [28] retrospectively analyzed the

seizure characteristics of 332 patients with low-grade gli-

omas following resection. Of these patients, 269 (81%) had

experienced at least 1 seizure including generalized (33%),

complex partial (16%), simple partial (22%), and combi-

nations (29%). Cortical tumor location along with oligo-

dendroglioma and oligoastrocytoma subtypes were more

likely to be associated with seizures compared to deeper

midline location and astrocytoma subtype (P = 0.017,

P = 0.001). Pharmacoresistant seizures were present in

132 patients (49%) prior to surgery and most likely to be

located in the temporal lobe and be simple partial in nature

(P = 0.0089, P = 0.0005). The majority of patients

became seizure free after surgery (67%), but other patients

either experienced rare seizures (17%), meaningful

improvement (8%), or no improvement/worsening (9%).

Simple partial seizures (P = 0.004) and longer seizure

history (P \ 0.001) were more common in patients that

had poor seizure control post-op. Gross total resections

compared to subtotal resections or biopsies (OR 16, 95%

CI 2.2–124, P = 0.0064) were predictors of improved

seizure control post-op. Tumor progression was linked with

seizure recurrence after patients had achieved initial sei-

zure control post-operatively (P = 0.001) [28].

In our study population, patients were most likely to

have a left-sided tumor in various lobes with the majority

of tumors being identified as a GBM subtype. The majority

of study patients achieved seizure freedom but one type of

seizure was not seen more than another. No determinations

could be made in seizure control for patients that had a

gross total resection (16 patients) versus a biopsy (1

patient).

Milligan et al. [29] recently published a retrospective

analysis of monotherapy with levetiracetam or phenytoin in

supratentorial neurosurgical patients. Although only a

small percentage of this patient population had seizures

pre-operatively (levetiracetam group—31%, phenytoin

group—21%), both intervention groups successfully pre-

vented seizures within 7 days of surgery and had similar

rates of patients developing epilepsy at 12 months

(P = 0.17, P = 0.34, respectively). Adverse drug reactions

during hospitalization that required antiepileptic therapy

changes were less among patients in the levetiracetam

group (P \ 0.001). A larger percentage of patients were

also maintained on levetiracetam monotherapy (64%)

versus phenytoin monotherapy (26%) throughout the study

period (P = 0.03). Both interventions had a low risk of

early postoperative seizures and a moderate risk of devel-

oping epilepsy during the study. Levetiracetam was

responsible for a significantly less number of adverse drug

reactions and less discontinuations of medication compared

to phenytoin during the 12-month follow-up [29].

In contrast to our study, Milligan actively compared

monotherapy treatment with levetiracetam versus phenyt-

oin in neurosurgical patients regardless of a history of pre-

operative seizures. Our study design included only patients

with pre-operative seizures with no comparator group.

Even though the amount of published literature is limited in

this patient population, Milligan et al. [29] noted that

levetiracetam monotherapy was equally efficacious to
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phenytoin in neurosurgical patients for the prevention of

seizures. These researchers had only 1 patient that received

levetiracetam and required discontinuation due to adverse

effects. Multiple patients required discontinuation of phe-

nytoin due to adverse effects in this study [29]. A low

incidence of adverse drug reactions occurred in our lev-

etiracetam monotherapy study with no patients requiring

medication discontinuation.

Finally, a similarly designed phase II pilot study was

recently published in the Journal of Neuro-Oncology that

described the safety and feasibility of switching from

phenytoin to levetiracetam monotherapy for glioma-related

seizure control following craniotomy [30]. As with our

study, patients were required to have at least 1 seizure at

baseline prior to the initiation of antiepileptics, but contrary

to being a prospective levetiracetam study as with our

design, this prospective pilot study randomized 29 patients

over a 13-month period in a 2:1 ratio of levetiracetam to

phenytoin. Initiating levetiracetam within 24 h of surgery

varied slightly from our design of beginning intravenous

levetiracetam in the first 6 h following neurosurgery. At

6 month follow-up, 87% of levetiracetam patients were

seizure free compared to 75% of phenytoin patients. This

rate of seizure freedom was comparable with our results of

83% of patients having seizure freedom (10/12 patients) at

the end of study follow-up. Adverse effects reported with

levetiracetam were similar with the most common in this

study being depression (7%), lack of energy or strength

(20%), insomnia (40%), and mood instability (7%). From

this data, the authors concluded that patients with supra-

tentorial gliomas having craniotomies could be safely

transitioned from phenytoin to levetiracetam as a mono-

therapy antiepileptic [30].

Limitations

This study had several limitations. Study enrollment was a

challenge with the unique patient population. Although the

goal was to enroll 20 patients, the study was ceased early by

the manufacturer. We had a small sample size of 17 patients

which was not powered to detect differences among the

population. This study was open label with no randomiza-

tion or a placebo-controlled group. Sixteen of the study

patients underwent gross total resection of their brain tumor.

Potentially, the epileptogenic source may have been

removed with this surgical procedure or had its epilepto-

genic capability greatly reduced negating the necessity for

antiepileptic therapy. However, gross total resection is a

confounding variable in all post-neurosurgery antiepileptic

studies. Follow-up proved to be difficult in reaching patients

after discharge from the hospital leading to deficiencies in

documentation for the entire study period. Baseline

cognition scores were unable to be obtained to detect dete-

rioration in cognitive status over time while receiving lev-

etiracetam. Although a valid evaluation tool for cognitive

function, the TICS was unable to be performed in all patients

and led to deficiencies in documentation when assessing

each patient for changes in cognition. Some adverse effects

were dependent on patient self-reporting and may not have

represented the actual number experienced within this study

period.

Conclusion

Levetiracetam, intravenous and oral, demonstrated both

safety and efficacy for post-surgical brain tumor patients

with seizures. The medication was well tolerated throughout

the study period with no discontinuations. Nearly all patients

achieved a C50% reduction in the number of seizures post-

operatively compared to pre-operatively while in this study.

A significant number of drug interactions were potentially

avoided with the use of levetiracetam instead of phenytoin in

this patient population. Although larger, placebo-controlled,

clinical trials are warranted, levetiracetam appears to be an

efficacious, monotherapy agent in neurosurgical brain tumor

patients with seizures.
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