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Summary

The co-administration of antiepileptic drugs (AED) and chemotherapeutic agents in patients with glioblastoma
multiforme (GBM) is common. Interactions of chemotherapeutic agents and AED have not been investigated
sufficiently. The purpose of this study is to evaluate the effects of enzyme inducing (EI-AED) and non-EI-AED
in patients with GBM treated with standard chemotherapeutic agents on survival and haematotoxicity. One
hundred and sixty eight glioblastoma patients with standard treatment including surgery, radiotherapy and
chemotherapy were retrospectively analysed. Patients were separated into three groups: Group A patients without
AED (n ¼ 88), Group B patients with EI-AED (n ¼ 43), and Group C patients with non-EI-AED (n ¼ 37).
CCNU was the most frequently used first-line drug in all three groups (Group A: 77%; Group B: 81%; Group
C: 78%). Second line treatment, mainly temozolomide, was applicated in 58% of patients and third-line
treatment in 9%. Carbamazepine was the most frequently administered AED in Group B (81%) and valproic
acid in Group C (85%). For statistical analysis, only patients with CCNU first line treatment were calculated. A
significant difference regarding survival was detected between Group B (10.8 month) and Group C (13.9 month),
as well as increased haematotoxicity for Group C. These results indicate that AED influence the pharmacoki-
netics of chemotherapeutic drugs in patients with GBM. Valproic acid might be responsible for increasing
haematotoxicity. Whether the difference regarding survival between Group B and Group C is due to a decrease
of efficacy of chemotherapeutic agents by EI-AED, or due to increased efficacy of chemotherapeutic agents
caused by the enzyme inhibiting properties of valproic acid, has to be evaluated in future studies.

Introduction

The glioblastoma multiforme (GBM) is a fatal cerebral
neoplasm despite aggressive treatment including surgical
resection, radiotherapy and chemotherapy. Median
overall survival in these patients is about one-year and
ranges between 7 and 16 month [1–8]. Surgical proce-
dures as well as radiotherapeutic techniques have been
improved throughout the last years with the conse-
quence of reducing side effects but have proven only
little effect on life expectancy. Different chemothera-
peutic agents are increasingly used in patients with
GBM although the benefit on survival is marginal.
Nitrosourea, such as CCNU (1-(2-chloroethyl)-3-cyclo-
hexyl-1-nitrosurea), which is an alkylating agent, is fre-
quently administered to patients with GBM whether
alone or in combination with other chemotherapeutic
drugs such as procarbazine and vincristine.
Seizures are a common problem in patients with GBM

and contribute substantially to the morbidity [9]. The
frequency of seizures in glioblastoma patients ranges from
22% to 60% [10–12]. The majority of these patients are
treated with antiepileptic drugs (AED). Usually mono-
therapy is used in high-grade gliomas to control seizures.

In case of tumor progression or an increase of edema
seizure controlmight becomes insufficient and a combined
antiepileptic drug therapy can be necessary. Also surgery,
radiotherapy, steroids and even chemotherapy should be
considered, in order to control seizures.
The enzyme inducing antiepileptic drugs (EI-AED)

enhance the metabolism of other concurrently used
drugs like, steroids, warfarin, some antibiotics as well as
antipsychotics and antidepressants, so that the efficacy
of these co-administered drugs may be insufficient and
the dosage has to be increased [13,14]. A concomitant
medication of AED and chemotherapeutic agents is
necessary in the majority of malignant glioma patients
with seizures. In this regard, pharmacokinetic interac-
tions of AED with chemotherapeutic agents, when me-
tabolised by the cytochrome P450 (CYP) system in the
liver, can cause insufficient seizure and/or tumor control
or lead to increased haematotoxicity or other various
side effects [15,16]. Several isoenzymes of the CYP sys-
tem are involved in the metabolism of AED as well as in
the metabolism of nitrosureas [17,18]. However, the
knowledge about pharmacokinetic interactions between
chemotherapeutic agents, such as CCNU and AED is
very limited [19–21].
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In the clinical setting, interactions of chemothera-
peutic agents and antiepileptic drugs have not been
investigated sufficiently, although the co-administration
is very common. The purpose of this study is to evaluate
effects of EI-AED and non-EI-AED in patients with
GBM treated with standard chemotherapeutic agents,
mainly CCNU, on survival and haematotoxicity.

Patients and methods

In a retrospective analysis, 168 patients with histologi-
cally confirmed GBM, according to the WHO classifi-
cations system, WHO [22], seen at the Department of
Neurology, Kaiser Franz Josef Hospital, Vienna, and
the Department of Oncology, University Clinic Vienna,
between 1993 and 2003, were included in the study. Data
from the Kaiser Franz Josef Hospital were analysed
from an neurooncological database where age, gender,
diagnosis, clinical data, therapy and survival of neu-
rooncological patients are recorded. Data from the
University Clinic were taken from a study protocol. All
data were recorded by physicians engaged in the patients
care. Hospital records were available for all patients.
Only patients who received radiotherapy and stan-

dard chemotherapy after biopsy or tumor resection
were included for analysis. Patients without chemo-
therapy, or patients with chemotherapy but without
radiotherapy, were excluded. Age, gender, Karnofsky
Performance Status (KPS), cycles of chemotherapy,
haematotoxicity and survival were documented. Sei-
zures were retrospectively recorded from the database
and hospital records. A classification regarding the
type of seizure was not attempted, because retrospec-
tive data were inconclusive and not convincing.
Regarding antiepileptic drug therapy, the drug, dosage
and drug combinations were evaluated. The decision
whether to use EI-AED or non-EI-AED was up the
physicians involved in the patients care in each center
and based upon individual experiences. According to
the clinical guidelines of the two centers, no prophy-
lactic antiepileptic medication was administered to
patients with newly diagnosed glioblastoma.
For data analysis, patients were divided into three

groups: Group A; patients without epileptic seizures.
Group B; patients with seizures treated with EI-AED,
and Group C; patients with seizures treated with non-
EI-AED. In order to receive more homogenous sub-
groups for statistical analysis, we calculated also
patients with CCNU up front in each group.
The same standard chemotherapy with

CCNU 100 mg/m2, or temozolomide (150 mg/m2), or
(PCV) procarbazine/CCNU/vincristine was adminis-
tered to patients in both centers. Nineteen patients from
the Department of Oncology at the University of Vienna
were treated according to a protocol with fotemustine
(100 mg/m2) and dacarbazin (200 mg/m2). Survival data
were calculated from time of tumor diagnosis until
death. Haematotoxicity was evaluated according to the
National Cancer Institute Common Toxicity Criteria
(NCI CTC) toxicity scale (Version 2.0).

Statistics

The standard version of the SPSS/Inc. statistical pack-
age for Windows 7.0 (1995) was used for data evalua-
tion. Differences regarding survival between controls
(Group A), patients with EI-AED (Group B), and non-
EI-AED (Group C) were calculated between the total
number of patients in each group. A subgroup analysis
regarding survival for patients with CCNU up front was
also performed, in order to receive a more homogeneous
samples. The inter-group differences were tested for
statistical significance by means of the Mann–Whitney
U-test. A P-value less than 0.05 was assessed as statis-
tically significant.

Results

From 168 patients with GBM who underwent aggressive
treatment including surgery (or biopsy), radiotherapy
and standard chemotherapy, 80 patients (48%) experi-
enced seizures during the course of the disease. Forty-
three patients (54%) were treated with EI-AED and, 37
patients (46%) were treated with non-EI-AED.
Antiepileptic polytherapy was administered in nine patients
(11%).
Descriptive data of all three patient groups are sum-

marized in Tables 1–3. Regarding age, and KPS, no
statistical significant difference was observed.
All patients included had a standard first line che-

motherapy. The majority of patients in Group A, B, and
C received CCNU for first line treatment (Group A:
77%, Group B: 81%, Group C: 78%). More than half
of patients received a subsequent second line treatment

Table 1. Group A (controls). Glioblastoma patients with standard

therapy without epileptic seizures

n Median Min/max

Age (years) 88 59 (23/83)

Overall survival (month) 75a 11.6 (2/51)

Karnofsky Performance

Status (KPS)

82b 90% (70/100)

Chemotherapy Median

cycles

First line

1st CCNU 68 5 (1/9)

1st Da/Fo 9 5 (4/7)

1st PCV 6 4 (2/6)

1st TMZ 5 5 (2/7)

Second line

2nd TMZ 30 3 (1/6)

2nd CCNU 5 3 (1/5)

2nd Da/Fo 7 3 (2/5)

2nd others 7

Third line

3rd 9

aMissing data: 13 patients.
bMissing data: 6 patients.

Da/Fo, dacarbazin, fotemustin; PCV, procarbazine/CCNU/vincris-

tine; TMZ, temozolomide.
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(Group A: 56%, Group B: 63%, Group C: 57%). The
most frequently used second line chemotherapeutic drug
was temozolomide. (Group A: 61%, Group B: 59%,
Group C: 67%). Patients with CCNU as the first line
chemotherapy received in median 5 cycles of chemo-
therapy (Group A: 5, Group B: 5, Group C: 4), whereas
temozolomide was administered only in median three
times in the second line setting (Group A: 3, Group B: 2,
Group C: 3).
Regarding antiepileptic treatment in Group B, car-

bamazepine (81%) was more frequently used than phe-
nytoin (19%). In Group C, mainly valproic acid (85%)
was applicated for antiepileptic treatment.
Survival data are shown in Table 4. There was no

statistical significant difference in overall survival of
controls (Group A), as compared to patients who
received EI-AED (Group B), nor to patients who received
non-EI-AED (Group C). But, there was a statistically
significant difference in survival between Group B and
Group C (P ¼ 0.016, Mann–Whitney U-test). Also
survival data for the entire groups are provided in
Table 4, which showed also statistical significant differ-
ence in survival between Group B and Group C
(P ¼ 0.042, Mann–Whitney U-test). Median survival of
all glioblastoma patients with epileptic seizures was
12.4 month, which was not statistically different from
glioblastoma patients without epileptic seizures with a
median survival of 11.8 month.
Blood toxicity was evaluated in Group B and C

(Tables 5 and 6). Group B showed less frequent blood
toxicity (G1: 6 ,G2 : 3, G3 : 1) than Group C (G1 : 7 ,G2
: 5, G3 : 4).

Discussion

It has been addressed in several papers that AED
influence the pharmacokinetics of various concomitant
medication as chemotherapeutic agents especially when
metabolised by CYP system [14,23–30]. Therefore, from
the recent literature it is recommended to avoid the
classical EI-AED, such as carbamazepine and phenyt-
oin, in neurooncological patients, and favour valproic
acid or newer anticonvulsants like lamotrigine, leveti-
racetam, or topiramte [31,32]. The non EI-AED are not
metabolised by the P450 system, although there may be
unexpected interactions that do not involve known
pathways.
This study investigated whether glioblastoma patients

treated with standard chemotherapy, mainly CCNU,
and concomitant EI-AED or non-EI-AED do have
differences concerning overall survival, as well as con-
cerning haematotoxicity as compared to GBM patients
without seizures.
The results exhibited no significant difference in overall

survival of GBM patients without epileptic seizures,
compared to patients with EI-AED or non-EI-AED. But
a significant difference in overall survival was found be-
tween patients treated with EI-AED compared to pa-
tients treated with non-EI-AED. Moreover, increased
haematotoxicity could be demonstrated in patients trea-
ted with non-EI-AED as compared to patients with EI-
AED. There was no statistical significant difference in
overall survival between GBM patients with seizures

Table 3. Group C. Glioblastoma patients with standard therapy and

seizures treated with non-enzyme inducing antiepileptic drugs (non-EI-

AED)

n Median Min/max

Age (years) 37 56 (31/79)

Survival (month) 33a 13.7 (3/49)

Karnofsky Performance

Status (KPS)

33b 90% (70/100)

Chemotherapy Median

cycles

First line

1st CCNU 29 4 (1/8)

1st (da(fo)a 4 6 (4/8)

1st PCV 3 4 (1/5)

1st TMZ 1 5 5

Second line

2nd TMZ 14 3 (1/5)

2nd CCNU 1 3 (1/4)

2nd Da/fo 4 4 (2/5)

2nd others 2

Third line 3rd 3

Antiepileptic drug Median

dosage

Valproic acid 32 900 mg (600/1500)

Lamotrigine 7 100 mg (50/200)

Levetiracetam 2 2000 mg (2000)

Polytherapy 4

aMissing data: four patients.
bMissing data: four patients.

Da/Fo, dacarbazin, fotemustin; PCV, procarbazine/CCNU/vincris-

tine; TMZ, temozolamide.

Table 2. Group B. Glioblastoma patients with standard therapy and

seizures treated with enzyme inducing antiepileptic drugs (EI-AED)

n Median Min/max

Age (years) 43 57 (26/75)

Overall survival (month) 37a 10.8 (3/39)

Karnofsky Performance

Status (KPS)

39b 90% (80/100)

Chemotherapy Median

cycles

First line

1st CCNU 35 5 (1/8)

1st (da(fo)a 5 6 (4/8)

1st PCV 1 4 (1/5)

1st TMZ 2 4 (2/6)

Second line

2nd TMZ 16 2 (2/6)

2nd CCNU 3 3 (2/5)

2nd DaFo 6 3 (1/5)

2nd others 2

Third line 3rd 3

Antiepileptic drug Median

dosage

Carbamazepine 35 750 mg (400/1200)

Phenytoin 8 200 mg (100/200)

Polytherapy 5

aMissing data: six patients.
bMissing data: four patients.

Da/Fo, dacarbazin, fotemustin; PCV, procarbazine/CCNU/Vincris-

tine; TMZ, temozolomide.
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compared to patients without seizures, which has been
postulated previously [11–33]. Drug interactions of he-
patic EI-AED with chemotherapeutic agents such as
9-aminocamptothecin, irinotecan, vincristine, and pac-
litaxel are reported in the literature [23–29,34]. They
reduce blood levels by increasing their clearance, as well
as haematotoxicity and probably the efficacy of chemo-
therapeutic agents. Concerning CCNU, the most fre-
quently administered chemotherapeutic agent in Group
A, B, and C, no data about pharmacokinetic interactions
with EI-AED are available, which would suggest a
decrease of CCNU plasma levels, haematotoxicity and
efficacy. The shortened overall survival of Group B
compared to control Group A, as well as the significant
reduction in overall survival compared to Group C,
would be in line with previous findings indicating de-
creased blood levels and probably efficacy of several
chemotherapeutic agents concomitantly used with EI-
AED [23–25,27,29]. These findings are also in accordance
with animal studies on phenobarbital, a potent P450 en-
zyme inducer, which decreased CCNU related hepato-
toxicity as well as anti-tumor activity in animal studies
[21,35].
Valproic acid, the most frequently administered non-

EI-AED, is an inhibitor mainly of the isoenzymes
CYP2C9, CYP2C19, CYP2E1, CYP2A6 and possibly
CYP3A4, but also inhibits other enzymatic systems such
as the uridinediphosphate glucuronyltransferase for
example UTG1A4, which glucuronates other drugs to
usually inactive metabolites and epoxide hydrolase
[14,17,18,36–37]. The impairment of hepatic metabo-
lism, mainly the P450 system, can increase drug

concentrations, which has been demonstrated for
antiepileptic drugs like phenytoin, carbamazepine, ben-
zodiazepines, and lamotrigine [36–38,40]. Regarding
chemotherapeutic agents, such as irinotecan and SN-38,
the toxicity profile and plasma disposition was not
strongly influenced by valproic acid [30]. But high-grade
glioma patients, who received valproic acid for antiepi-
leptic treatment and a combination of fotemustine (a
nitrosourea derivate), cisplatin and etoposide, experi-
enced a threefold higher incidence of haematotoxicity
[19]. However, besides those limited clinical experience,
there are no available data concerning a possible mode
of pharmacokinetic interaction between valproic acid
and CCNU so far.
Nitrosureas, such as CCNU, are a common standard

first or second line treatment in patients with GBM.
From the literature, it is reported that CCNU has some
degree of hepatic activity. In the biotransformation of
nitrosureas by the CYP system, isoenzymes such as
CYP2C19, CYPP2D6, and CYP3A4, may be involved,
which has been demonstrated in animal studies. Results
of these studies indicate that CCNU leads to a prolonged
decrease of liver cytochrome P450 mediated enzyme
activities [35,41–43]. However, no available data in hu-
mans suggests that activation of the hepatic P450 system,
for example due to EI-AED, would significantly affect
the pharmacology of this agent.
Second line treatment may also be considered con-

cerning survival data and haematotoxicity, but phar-
macokinetics of temozolomide, which was the most
frequently used second line agent in all three patient
groups, are much more favourable compared to CCNU,
and it is not metabolized by the P450 system. Another
point is that more cycles of CCNU (median ¼ 5 cycles)
were applicated than cycles of temozolomide (med-
ian ¼ 3 cycles) and more patients were treated with
CCNU (n ¼ 132) than patients with temozolomide
(n ¼ 50). Concerning other concomitant medication,
dexamethasone is frequently applicated in patients with
GBM to reduce brain edema. It is prescribed in most
cases periodically and tapered as soon as possible due to
its severe side effects. Dexamethasone is mainly a
CYP3A3, but also CYP2B and CYPE1 isoenzyme in-
ducers [44]. Drug interactions are described with phe-
nytoin [45]. There are no data concerning drug
interactions with chemotherapeutic agents or other
AED. However, possible drug interactions of steroids
with chemotherapeutic agents and AED have to be
considered, although they are administered only peri-
odically.
Concluding the data from this analysis, it seems evi-

dent that EI-AED and non-AED do have some effect on
chemotherapeutic drug treatment. As CCNU was the

Table 5. Haematotoxicity (G0–G4) during chemotherapy in patients

with enzyme inducing AED during first line chemotherapy with

CCNU (Group B)

G0 G1 G2 G3 G4

Erythrocyte 1 0 0 0

Leucocyte 2 1 0 0

Thrombocyte 3 2 1 0

Total 6 3 1 0

Table 6. Haematotoxicity (G0–G4) during chemotherapy in patients

with non enzyme inducing AED during first line chemotherapy with

CCNU (Group C)

G0 G1 G2 G3 G4

Erythrocyte 2 0 0 0

Leucocyte 3 3 2 0

Thrombocyte 2 2 2 0

Total 7 5 4 0

Table 4. Survival data (month) of Group A, B and C in patients with CCNU up front and the entire groups

Group A Group B Group C (P value)

CCNU up front 11.7 (n = 66) 10.8 (n = 34) 13.9 (n = 28) *0.016 (B-C)

Total 11.6 (n = 75) 10.8 (n = 37) 13.7 (n = 33) *0.042 (B-C)

(*P < 0.05, Mann–Whitney U-test).
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most frequently used chemotherapeutic agent, it can be
assumed that enzyme inhibition of the CYP system by
valproic acid, decreases the rate of metabolism of
CCNU, which may leads to elevated plasma concen-
trations of the drug and possibly to increased haema-
tological toxicity. Survival data indicating a significant
difference between Group B and Group C, may be
explained by impairment of CCNU metabolism and
consecutively the efficacy of CCNU by EI-AED and
non-EI-AED. Whether the decrease of efficacy of
CCNU due to EI-AED or the increased efficacy of
CCNU due to valproic acid was responsible concerning
the significant difference in overall survival between
Group B and Group C, has to be evaluated in future
studies. Further studies should be obtained to evaluate
plasma levels of CCNU in patients treated with EI-AED
and non-EI-AED in order to confirm this observational
data.
This observation has significant implications for

patients with GBM when antiepileptic drug treatment
becomes mandatory. Anti-tumor treatment with
chemotherapeutic agents such as CCNU may become
insufficient when used concurrently with EI-AED, and
non-EI-AED, such as valproic acid, may amplificate
haematotoxicity. We recommend to use newer antiepi-
leptic drugs with a more favourable pharmacokinetic
profile as levetiracetam, topiramate, or gabapentine in
malignant glioma patients to avoid interactions with
chemotherapy. However, EI-AED are potent anticon-
vulsants and may be preserved to selected patients with
status epilepticus, epilepsia partialis continua, refractory
seizures or patients with short live expectancy.
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