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Abstract Epilepsy in glioblastoma multiforme (GBM)
patients is common. Hematological toxicity is a potential
side effect of antiepileptic drugs (AEDs) and a frequent
limiting-dose effect of temozolomide (TMZ). The aim of the
study was to investigate the impact of AEDs on thrombo-
cytopenia in GBM patients treated with radiotherapy and
TMZ. A cohort of 101 newly diagnosed GBM patients
treated with radiotherapy and TMZ was reviewed. Clinical
data, presence of seizures, AEDs use, platelet count, and
accumulated TMZ dose were analyzed at each cycle.
Thrombocytopenia was operationalized as a continuous
platelet count and a dichotomic variable (cut-off <100.000/
mm?). This cut-off represents the threshold beyond which
TMZ treatment is modified. A linear and a probit pooled
cross-sectional regression analysis were used to study the
impact of age, gender, AEDs, and accumulated TMZ on
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thrombocytopenia. Impact of AEDs on survival was also
analyzed. Thirty-five patients (35%) presented seizures at
onset and 18 (27%) during follow-up. Seven (13%) needed
two or more AEDs for seizure control. Grade 3—4 throm-
bocytopenia was found in 8%. Decrease in platelet count was
related to accumulated TMZ (p < 0.001), age (p < 0.001),
and valproate (p = 0.004). Platelet count <100.000/mm>
was only associated with accumulated TMZ (p = 0.001).
Recursive Partitioning Analysis prognostic class was the
only variable with significant impact on survival. Valproate
and age had an independent negative effect on total platelet
count, although neither had an effect on critical thrombo-
cytopenia (<100.000/mm?). Therefore, the systematic
withhold of valproate in GBM patients might not be justified.
Nevertheless, this negative effect may be taken into account
especially in elderly patients.

Keywords Glioblastoma - Hematological toxicity -
Temozolomide - Thrombocytopenia - Antiepileptic drugs -
Survival

Introduction

Glioblastoma multiforme (GBM) is the most frequent
malignant primary brain tumor in adults [1]. Standard
therapy includes temozolomide (TMZ) administered con-
comitantly with radiation therapy (RT) followed by adju-
vant TMZ. This regimen has represented the most relevant
therapeutic advance in the last two decades [2]. The main
dose-limiting adverse effect of TMZ is hematological
toxicity, particularly thrombocytopenia [2—4].

Seizures, either at presentation or during the follow-up,
are common in high-grade gliomas with a frequency that
ranges from 30 to 50% [5-7]. Medical management of
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brain tumor-related epilepsy is complicated by interactions
between antiepileptic (AEDs) and antineoplastic drugs
[8-12]. Among classical AEDs, phenytoin, carbamazepine,
and phenobarbital have cytochrome-P450 (CYP450)-
inducing properties (EIAEDs), which may reduce the blood
levels of antineoplastic drugs, with a potential negative
effect on antitumoral activity [13, 14]. However, recently
published studies showed controversial unexpected results
in terms of survival with regard to the use of classical
AEDs in the GBM population [15-17]. Conversely, val-
proic acid (VPA) has enzyme-inhibiting properties leading
to an increase in serum concentration of some chemo-
therapy drugs and a potential higher risk of toxicity as
suggested in several studies of chemotherapy regimens
without TMZ [16, 18], and in just one retrospective study
with TMZ [17]. TMZ is a prodrug that undergoes sponta-
neous conversion under physiological conditions to the
active alkylating agent, with a minor hepatic metabolism
[19]. Therefore, we should not expect a significant inter-
action between TMZ and AEDs.

Hematological toxicity is a well-recognized side effect of
classical and new generation AEDs. Classical AEDs have a
rate of blood dyscrasias of 3—4 per 100.000 prescriptions
[20]. Specifically, VPA-induced thrombocytopenia may be
as high as 17% [21]. In contrast, only isolated cases have
been associated with levetiracetam (LEV) [22-27].

The main purpose of this study was to investigate the
potential impact of AEDs on thrombocytopenia in a cohort
of GBM patients treated with the standard chemoradio-
therapy protocol. Additionally, we evaluated the impact of
AEDs on progression-free survival (PFS) and overall sur-
vival (OS).

Methods
Patients

We reviewed 101 patients with newly histologically con-
firmed GBM, diagnosed between June 2004 and July 2009,
except for 2 patients diagnosed in 2001 who were included in
the EORTC/NCIC TMZ trial. Clinical data were prospec-
tively included in the databases of two Spanish University
Hospitals; 77 from Hospital Universitari de Bellvitge-ICO
Duran i Reynals and 24 from Hospital Clinic of Barcelona.
We included all patients treated with the standard regimen:
RT (total dose of 60 Gy; fraction dose of 2 Gy) with con-
comitant TMZ (75 mg/m?/day) over 6 weeks, followed by a
4-week break, and TMZ (150-200 mg/mzlday for 5 days
each 28 days) for 6 months. TMZ doses in adjuvant therapy
were 150 and 200 mg/m? in subsequent cycles [2]. Complete
blood count was done before each TMZ cycle. Hematolog-
ical toxic effects were graded according the National Cancer
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Institute Common Toxicity Criteria for Adverse Events
(NCI-CTCAE), version 3.0 (http: www.cancer.org, 2000).
The protocol was approved by the Ethical Committee of
Hospital Universitari de Bellvitge—ICO Duran i Reynals.

Analysis of predictors of thrombocytopenia

To study the effect of AEDs on hematological toxicity,
four categories of AEDs were identified based on their
effect on the CYP450 isoenzymes system (Table 1). These
categories were updated in each TMZ cycle. Specifically,
patients who needed a replacement of AED therapy or
patients who needed an add-on AED were switched to the
corresponding category. Likewise, patients initially classi-
fied as non-AEDs at diagnosis who suffered seizures during
TMZ therapy, were included in the corresponding cate-
gory. Time of seizure appearance and use of prophylactic
AEDs were also registered. Decisions on AED preferences
were taken by the attending physician.

Other variables analyzed included age, gender, Kar-
nosfky Performance Status (KPS), brain tumor-related
characteristics (location, surgical management), and
Recursive Partitioning Analysis (RPA) prognostic class of
the Radiation Therapy Oncology Group (RTOG) [28, 29].
The extent of surgical resection was classified as biopsy,
subtotal, and gross total resection [30]. Treatment-related
characteristics such as total dose of administered RT and
accumulated TMZ dose (mg/mz) were also evaluated.
Accumulated TMZ dose was updated in each cycle of
treatment.

Analysis of PFS and OS

PFS was recorded from the date of surgical diagnosis to the
date of tumor progression and OS was measured from the
diagnosis date to the last follow-up or death. Progression
criteria were established by the multidisciplinary Neuro-
oncology Committee of each center based on Macdonald
response criteria [31]. Brain magnetic resonance imaging
(MRI) was performed every 3 months or when patients

Table 1 Antiepileptic drugs categories

Category  AEDs Definition
0 None Non-AEDs
VPA Valproate alone or combined with
non-EIAEDs
LEV Levetiracetam alone
EIAEDS EIAEDs alone or in combination with other

AEDs

AEDs antiepileptic drugs, VPA valproate, LEV levetiracetam, EIAEDS
enzyme-inducing antiepileptic drugs
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presented a clinical worsening. For these purposes, AED
category was reclassified as follows: patients who devel-
oped seizures during the course of TMZ therapy were
categorized in the corresponding AEDs group depending
on the chosen drug; patients initially classified in the LEV
group who required, during the course of treatment, the
adding-on of EIAEDs or VPA to control seizures were
censored at this point; patients initially classified in the
EIAEDs or VPA groups were kept in the corresponding
group regardless any adding-on of non-EIAEDs. Lastly,
patients who developed seizures after the end of TMZ
therapy were kept in the non-AEDs group.

Statistical analysis

The primary end point of our study was to evaluate the
impact of the different AED categories on thrombocyto-
penia. Thrombocytopenia was operationalized both as a
continuous and as a dichotomic variable with a cut-off
<100.000/mm?. This cut-off represents the threshold that
mandates to delay or to discontinue TMZ. A linear and a
probit pooled cross-sectional regression analysis, respec-
tively, were used to study the impact of registered
parameters on thrombocytopenia. Pooled analysis com-
bines time series for several cross-sections. Provided that
pooled data are characterized by having repeated obser-
vations on fixed units, pooled arrays of data combine cross-
sectional data on N units and T time periods to produce a
dataset of N x T observations. Here, thrombocytopenia
data for 101 patients was structured in 11 time points of
analysis, resulting in a potential dataset of 1,111 observa-
tions. Time points were defined as thrombocytopenia
measures in 11 different instances during TMZ therapy: at
baseline, at the end of radiotherapy treatment and before
each adjuvant TMZ cycle. These 11 time points were
designed to include the complete adjuvant treatment of the
entire cohort, because 12 patients received more than six
cycles of TMZ. In the same way, AEDs categories were
taken into account in these time points. In order to prevent
endogeneity, no further time observations were collected
after patients had surpassed the thrombocytopenia thresh-
old beyond which treatment decisions were altered. This
was the case for 34 instances, for which 145 observations
were discarded. Furthermore, mortality and occasional
missing data led to a final dataset of 683 observations. Data
evaluation was performed using STATA 10 statistical
software package for Windows.

The secondary end points of the study were to evaluate
the impact of AEDs on PFS and OS. The univariate anal-
ysis was made by constructing probability curves according
the Kaplan—-Meier method and comparing them by using a
log-rank test. Subsequently, gender, RPA prognostic class,
and the AEDs categorized group were introduced in a

forward stepwise proportional-hazard analysis (Cox
regression model) to identify independent predictors of
PFS and OS. Data evaluation was performed using SPSS
software package version for Windows 15.0 (SPSS, Chi-
cago, 111, USA).

Results
Patients

Demographics, clinical data, and tumor and treatment
characteristics of the 101 patients included in the study are
summarized in Table 2. Sixty patients (59%) were treated
with AEDs during the course of TMZ treatment. Fifty-three
of them (52%) had seizures, 35 (35%) at presentation and 18
(27%) during follow-up. Seven patients (7%) were treated
with AEDs as prophylactic measure (6) or because of neu-
ropathic pain (1). At baseline, 8 patients received EIAEDs
therapy (6 phenytoin and 2 carbamazepine) and 33 non-
EIAEDS therapy (25 VPA and 8 LEV). No patients were
treated with single-agent non-EIAEDs other than VPA or
LEV. No major differences were observed between patients
who did or did not receive EIAEDs (online resource sup-
plemental material, Table E-1). No patient received pro-
phylaxis with trimethoprim-sulfamethoxazole.

Seizures were well controlled with AED monotherapy in
the majority of patients (n = 46; 87%). Only 7 patients
(13%) had refractory epilepsy: 5 (9.4%) needed two AEDs
and 2 (3.8%) three AEDs to control seizures. Among
patients with monotherapy, 13 were switched to a second
AED. In 5 of these 13 patients, EIAEDs were replaced by
LEV before the initiation of radiotherapy and the other 8
patients received VPA at first but were switched to LEV
during the course of treatment. Hematological toxicity was
the reason for VPA replacement in 3 of these 8 patients. In
the other patients, the reason for AED replacement was not
reported in the medical records. AED therapy categories
update during TMZ therapy is summarized in online
resource supplemental material, Table E-2.

Hematological toxicity

Twenty-eight (28%) patients presented hematological tox-
icity during TMZ treatment. Nine (9%) of them had grade
3—4. Thrombocytopenia was the most common (n = 25)
with grade 3—4 toxicity in 8 (8%) patients. Only 3 patients
presented neutropenia. Lymphocyte count was not included
in the study. Hematological toxicity, mainly thrombocy-
topenia, was responsible for 95% of treatment delays but
only for 5% of treatment discontinuation. The main reason
for treatment discontinuation was disease progression.

@ Springer



454

J Neurooncol (2012) 108:451-458

Table 2 Clinical characteristics of the series

Patient characteristics (n = 101) Patients n (%)

Age (years = SD) 56.52 £ 10.52
Gender
Male 69 (68)
Female 32 (32)
Median KPS (range) 90 (60-100)
RTOG-RPA
I 12 (12)
v 57 (56)
v 32 (32)
Surgery
GTR 49 (48)
SR 38 (38)
Biopsy 14 (14)
Median TMZ cycles (range) 5 (1-25)
Non-seizures 48 (48)
Seizures 53 (52)
Onset 35 (35)
Follow-up 18 (27)
AEDs distribution®
First choice
VPA 38 (63)
LEV 12 (20)
EIAEDs 10 (17)
Second choice®
LEV 19 (95)
EIAEDs 1(5)
Median PFS (range) 6.95 (2.26-63.18)
PFS 6 60 (59)
PFS 12 26 (26)
Median OS (range) 17.25 (2.89-72.46)
oS 12 67 (66)
OS 24 40 (39.5)
OS 36 18 (18)

SD standard deviation, KPS Karnofsky performance scale, RTOG-RPA
Radiation Therapy Oncology Group—Recursive Partitioning Analysis,
GTR gross total resection, SR subtotal resection TMZ temozolomide,
AED:s antiepileptic drugs, VPA valproate, LEV levetiracetam, EIAEDs
enzyme-inducing antiepileptic drugs, PFS progression-free survival,
PFS6 progression-free survival at 6 months, PFSI2 progression-free
survival at 12 months, OS overall survival, OS12 OS at 12 months,
0524 OS at 24 months, 0S36 OS at 36 months

? Patients treated with AEDs (n = 60)

" Second choice AED included AED replacement in subsequent
monotherapy and add-on AED in politherapy

Predictors of thrombocytopenia
Evaluation of thrombocytopenia as a continuous variable

demonstrated that decrease in platelet count was related to
accumulated TMZ dose (p < 0.001), age (p < 0.001), and
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VPA use (p = 0.004). On average, VPA treatment was
associated with a decrease in 20.004 platelet units/mm?,
holding for sex, age, and TMZ dose. On the other hand, on
average, an additional year of age was significantly associ-
ated with a decrease in 1.328 platelet units/mm3, holding sex,
TMZ dose, and AED category constant. In a second analysis,
thrombocytopenia was analyzed as a dichotomic variable
with a cut-off <100.000/mm°>. This analysis showed that
accumulated TMZ dose was the only variable with a sig-
nificant impact on thrombocytopenia (p = 0.001). Age
(» =0.87) and VPA (p = 0.12) lost their influence
(Table 3).

Predictors of PFS and OS

Median PFS of the overall cohort was 6.95 months (range:
2.26-63.18 months). According to the RPA prognostic
class, median PFS was 10.5, 8.2, and 4.4 months in RPA
class III, IV and V, respectively. On the other hand, median
PFS was 6.1, 8.1, 6.9, and 3.2 months in non-AEDS, VPA,
LEV, and EIAEDs groups, respectively (Fig. 1a). Although
patients treated with VPA therapy had a marked tendency to
indicate a better prognosis, only RPA, class III (p = 0.02)
and class IV (p = 0.002), was independently associated with
longer PFS in Cox regression analysis. No significant effect
of AED therapy on PFS was found (Table 4).

In the same way, median OS of the entire cohort was
17.25 months (range: 2.89-72.46 months) and survival
ratios at 12 and 24 months were 66 and 39.5%, respectively.
The median outcomes by AED category were 14.03 months
(range: 2.89-71.48) for non-AEDs; 14.69 months (range:
3.9-31.93) for EIAEDs; 26.39 months (range: 3.02-72.46)
for VPA; and 23.44 months (range: 3.9—40.23) for LEV
(Fig. 1b). However, despite these better survival tendencies
in the VPA and LEV categories, the univariate analysis did
not show significant differences in OS between AEDs cate-
gories. Only the RPA prognostic class was independently
associated with longer survival in Cox regression analysis
(Table 4).

Discussion

The present study suggests that age, VPA therapy, and
accumulated TMZ dose had a negative effect on total
platelet count in GBM patients treated with TMZ. How-
ever, only accumulated TMZ dose was an independent
predictor of critical thrombocytopenia that indicated a
change in TMZ treatment.

Interactions between AEDs and chemotherapy, espe-
cially the risk of hematological toxicity and their impact on
survival in brain tumor patients, are a growing matter of
interest [11-18, 32-36]. However, since the introduction of
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Table 3 Impact of variables on platelet count

Variables Coefficient SE t9/2° p value 95% CI

Platelets analyzed as a continuous variable®

Sex (men) 9.2251 6.4844 1.42 0.16 (=3.5 to +21.96)
Age —1.3282 0.2812 —4.72 <0.001 (—1.88 to —0.78)
™Z —0.0113 0.0014 —8.72 <0.001 (—0.016 to —0.0097)
VPA —20.0045 6.9851 —2.86 0.004 (—33.72 to —6.29)
LEV 0.6802 8.7939 0.08 0.938 (—16.59 to 17.95)
Constant 323.3569 17.4665 18.51 <0.001 (4289 to +357.65)
Platelets analyzed as a dichotomic variable (<100.000/mm?>)"

Sex (men) —0.215 0.1796 —-1.2 0.23 (—0.57 to +0.14)
Age 0.0013 0.0079 0.16 0.87 (—0.014 to +0.017)
T™Z 0.0001 0.00004 3.42 0.001 (+5.8 x 107 to +2.2 x 1074
VPA 0.2914 0.1874 1.55 0.12 (—0.075 to +0.659)
LEV —0.1498 0.2614 —-0.57 0.57 (—0.66 to +0.36)
Constant —2.1305 0.493 —4.32 <0.001 (—3.097 to —1.1643)

SE standard error, CI confidence interval, TMZ accumulated temozolomide (mg/mz), VPA valproate, LEV levetiracetam

 Platelets were analyzed using a linear pooled cross-sectional regression analysis

" Platelets were analyzed using a probit pooled cross-sectional regression analysis
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Fig. 1 a Kaplan—Meier estimates of overall PFS according to AED
category. b Kaplan—Meier estimates of overall OS according to AED
category. Non-AEDS non-antiepileptic drugs, VPA valproate, LEV

TMZ, the potential impact of AEDs on hematological
toxicity has been poorly analyzed [17]. Nowadays, there is
a strong trend among neuro-oncologists to switch from
classical to newer AEDs in brain tumor patients. In the
setting of TMZ therapy, this change in the seizure treat-
ment is based on theoretical reasoning without support of
clear evidence.
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levetiracetam; the EIAEDs group was not included in the figure
because of his small sample size

Previous studies on hematological toxicity of brain
tumor patients treated with AEDs present several problems
to support the trend to use only second generation AEDs.
Some of these studies were done in patients under che-
motherapy protocols without TMZ [16, 18] and they
included both grade III and IV gliomas [18]. Other studies
reported a higher incidence of side effects attributed to
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Table 4 Predictors of PFS and OS in the entire cohort of GBM
patients

Progression-free survival Overall survival

Variable HR (CI 95%) p value  HR (CI 95%) p value

Sex
Men 1.10 (0.70-1.70)  0.70 1.13 (0.69-1.86) 0.64
Women* 1* 1

AEDs
Non-AEDs 0.60 (0.22-1.71)  0.34 0.5 (0.11-2.17) 0.35
VPA 0.44 (0.15-1.26)  0.12 0.36 (0.79-1.6) 0.18
LEV 0.61 (0.20-1.84)  0.38 0.47 (0.1-2.15) 0.33
EIAEDS* 1* 1

RPA
Class III 0.42 (0.20-0.87)  0.02 0.27 (0.11-0.62) 0.002
Class IV 0.47 (0.30-0.75)  0.002 0.35 (0.21-0.59)  <0.001
Class V* 1? 1?

p values were calculated using Cox proportional hazards model. The cut-off
chosen was the median value

HR hazards ratio, CI confidence interval, RTOG-RPA Radiation Therapy
Oncology Group—Recursive Partitioning Analysis

# This group served as reference

classical AEDs compared to new generation AEDs. How-
ever, these studies were retrospective in nature and inclu-
ded heterogeneous samples with low- and high-grade
gliomas, treated with different chemotherapy schedules
that makes it difficult to elucidate the role of AEDs on
toxicity [34, 36]. Another important limitation of all these
studies was that AEDs therapy was not updated during
chemotherapy treatment. Recently, a retrospective study of
the EORTC-NCI TMZ trial demonstrated that patients
treated with VPA had more grade 3—4 hematological tox-
icity than patients treated with EIAEDS or non-AEDs [17].
However, this increased hematological toxicity had no
influence on the total number of TMZ cycles with dose
reduction received by VPA-treated patients. Nevertheless,
this study presents some weaknesses. The dynamic change
of AEDs during TMZ treatment and the total dose of TMZ
administered were not taken in consideration. Both vari-
ables are more relevant than the number of TMZ cycles in
the study of drug interactions.

Hematological toxicity (grade 3—4) in our cohort was
similar to that previously reported (12-19%) [2, 3]. Up to
25% of patients developed thrombocytopenia, but it was
severe (grade 3 or 4) in only 8%. However, thrombocyto-
penia was responsible for only 5% of TMZ withdrawal in
our cohort, a lower rate than previously reported (11-17%)
[2, 3]. It is unclear why a lower percentage of patients
discontinued TMZ due to thrombocytopenia in our series,
because demographic and tumor-related characteristics of
our cohort were similar to previous reported studies with
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the exception of AEDs use, which was not reported in these
TMZ trials [2, 3].

In this study, VPA use resulted in a negative effect on
total platelet count, but it did not influence on clinically
relevant thrombocytopenia. Nevertheless, these findings
should be interpreted with caution. The low incidence of
TMZ withdrawal due to thrombocytopenia, in addition to
the sample size of our series, are two factors that may limit
the ability to detect a significant association between VPA
and critical thrombocytopenia. Age was the only biological
risk factor with significant impact on total platelet count,
but like VPA, it had no effect on critical thrombocytopenia.
This fact could be explained because elderly patients have
a less efficient metabolism, carrying a higher risk of
treatment interactions and adverse events [37]. In addition,
contrary to previously reported data, gender did not have a
significant influence on total platelet count [38].

In terms of outcome, median PFS was similar to data
previously reported [2], although OS was a little longer,
probably due to the implementation of bevacizumab regi-
mens as salvage treatment, and the slight increase of
patients with better RPA class and gross total resections
[39—41]. Nevertheless, RPA class was the only variable
with independent prognostic impact on PFS and OS. The
response evaluation in our series was performed before the
publication of RANO criteria [42], and pseudoprogression
could have been misdiagnosed, implying a potentially bias
in PFS. However, a retrospective response evaluation was
performed using these new RANO criteria without any
change in the results of the multivariate analysis.

The impact of AEDs therapy on survival is controver-
sial. Experimental studies have demonstrated an antitumor
effect of VPA through the inhibition of histone deacetylase
[43-45] and a possible synergistic effect of the combina-
tion VPA/TMZ through a redox regulation mechanism
[46]. LEV has also demonstrated an antitumor effect
through the inhibition of methyl-guanine-DNA-methyl-
transferase [47]. However, the impact of VPA use on sur-
vival in clinical studies revealed contradictory results [15—
17]. A retrospective study with 160 patients with GBM
treated with lomustine demonstrated a better outcome of
patients treated with VPA compared to those who received
EIAEDS (13.9 vs. 10.8 months) [16]. Conversely, a recent
retrospective analysis of three trials found a better survival
in patients treated with ETAEDs when compared with non-
EIAEDs (12.3 vs. 10.7 months) [15]. The principal limi-
tation of these studies is the absence of follow-up in AEDs
schedule, making it difficult to know how many of these
patients initially treated with EIAEDs discontinued therapy
or were switched to non-EIAEDs therapy or vice versa.
Interestingly, another recent retrospective study based on
the EORTC-NCI TMZ trial suggested that patients
receiving VPA had longer survival than those on EIAED
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[17]. However, this study had not performed adjustments
for multiple comparisons in the analysis and underesti-
mated the potential impact of treatments given after GBM
progression. Despite the fact that VPA-treated patients had
a marked tendency to indicate better prognosis, our series
did not identify differences among AEDs in terms of out-
come, including PFS and OS. On the assumption that there
was a potentially undetected effect due to the retrospective
nature of our study, or a potential lack of power provided
by our sample size, we presume that the impact of VPA use
on survival may be minor in comparison with classical
survival prognostic factors as RPA.

In conclusion, accumulated TMZ dose was the main
determinant factor of critical thrombocytopenia in treated
GBM patients with epilepsy. VPA use and age had an
independent and negative effect on total platelet count
without influencing critical thrombocytopenia. Therefore,
the systematic withholding of VPA in the management of
GBM patients treated with TMZ might not be justified.
Nevertheless, this negative effect may be taken into
account, especially in elderly patients, when choosing AED
therapy in clinical practice.
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