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ABSTRACT

Background: Clinical trials involving patients with glioblastoma (GBM) distinguish cohorts who are
treated with enzyme-inducing anticonvulsants (EIAC). Such anticonvulsants induce hepatic P450
microsomal enzymes, which accelerate the metabolism of certain chemotherapy and molecular
targeted agents. However, the resultant effect of such induction on patient outcome has received
limited study.

Methods: We performed a correlative analysis of baseline EIAC use with outcome, using a cross-
sectional database of 620 patients with newly diagnosed GBM treated prospectively on North
Central Cancer Treatment Group trials.

Results: At registration, 72% were receiving treatment with EIAC; 2% were receiving non-EIACs,
and the 26% were not receiving anticonvulsants (26%). Surprisingly, in the multivariable Cox
model, overall survival (OS) and progression-free survival (PFS) showed a positive correlation with
EIAC use (hazard ratio [HR] � 0.75, p � 0.0028 and HR � 0.80, p � 0.022), even after adjust-
ment for the known prognostic factors of age, performance status, extent of resection, steroid
use, and baseline neurocognitive function. Specifically, the median OS was longer in EIAC com-
pared with non-EIAC patients (12.3 vs 10.7 months, p � 0.0002). Similarly, PFS was longer in
EIAC patients (5.6 vs 4.8 months, p � 0.003). No differences in median OS or PFS were observed
when comparing patients with or without a history of seizures at baseline.

Conclusions: Paradoxically, enzyme-inducing anticonvulsant (EIAC) use correlated with superior
outcome of patients with glioblastoma. These results suggest that in comparative clinical trials
testing agents metabolized by P450 microsomal enzymes, treatment arms may need stratifica-
tion for the proportion of patients receiving EIAC. Neurology® 2009;73:1207–1213

GLOSSARY
CI � confidence interval; CYP � cytochrome P450; EIAC � enzyme-inducing anticonvulsant; GBM � glioblastoma; HR �
hazard ratio; MTD � maximum tolerated dose; NCCTG � North Central Cancer Treatment Group; OR � odds ratio; OS �
overall survival; PFS � progression-free survival.

Enzyme-inducing anticonvulsants (EIAC) induce P450 microsomal enzymes, resulting in en-
hanced metabolism of chemotherapeutic agents degraded by these enzymes. EIAC use has
correlated with reduction in chemotherapy plasma levels in children with acute B-cell lympho-
cytic leukemia.1 Anticonvulsants are frequently prescribed to patients with glioblastoma
(GBM), but the potential effect on outcome has not been systematically analyzed in prospec-
tive trials, with adjustment for known prognostic variables. We performed a correlative analysis
of EIAC use with outcome, using a cross-sectional database of 620 patients with GBM treated
on prospective North Central Cancer Treatment Group (NCCTG) studies to determine the
relationship between EIAC use and overall survival (OS) and progression-free survival (PFS).
Our hypothesis was that individuals taking EIACs would have poorer outcomes because of
reduced chemotherapy plasma levels.

METHODS The database was compiled from patients with newly diagnosed GBM enrolled prospectively on 3 NCCTG trials.
These patients met the eligibility criteria of each trial on which they were enrolled, as reported previously.2-4 Patient, disease,
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treatment, and protocol specific variables were obtained from all
patients. Baseline seizure history information was available only
in the subgroup of patients treated at the Mayo Clinic.

EIAC use was coded as a dichotomous variable at baseline
(registration on study). OS was measured from the date of initial
surgical diagnosis until date of death, or last follow-up for those
not deceased. PFS was measured from the start of chemotherapy
to the date of documented progression. Follow-up of OS and
PFS is ongoing for these patients. Patients who died without
documented progression were assumed to have progressed at the
time of death. Immediate progression was defined as a dichoto-
mous variable in which the best objective tumor response was
progression; the lack of immediate progression was defined as
observation of complete response, partial response, regression, or
stable disease. Other variables considered in the analysis included
age at diagnosis (as a continuous variable); gender; baseline
ECOG performance status; family history of cancer; baseline
neurocognitive function (Folstein Mini-Mental State Examina-
tion score, treated as a continuous variable); extent of tumor
resection (biopsy, subtotal or gross total resection); steroid use
(yes/no) at baseline; and the clinical trial (NCCTG 937252,
987252, or N0074).

Comparisons of variable distributions among groups were
performed with a �2 test for categorical variables, the Wilcoxon
rank sum (for comparisons of 2 groups), or the Kruskal-Wallis
test (comparisons of 3 groups) for continuous variables.5 Specific
groups were defined by treatment protocol, anticonvulsant use
(yes vs no), EIAC use (yes vs no), and baseline history of seizures
(yes/no). Distributions of time-to-event data (survival and PFS)
were estimated with the Kaplan-Meier estimator.6 Comparisons
of PFS and survival experiences among defined groups of pa-
tients were performed with the log-rank test.7 Univariable and
multivariable Cox proportional hazards models were used to as-
sess the association between EIAC, history of seizures, and out-
come (PFS and survival).8,9 Immediate progression rates were
compared univariably by a �2 test and odds ratios (OR). Multi-
variable logistic regression models were used to assess the rela-
tionship of EIAC use to immediate progression in the presence
of other important clinical factors.5

Two different multivariable analyses were conducted. In the
first analysis, all known prognostic variables for survival and PFS
were entered into the model as adjusting variables, along with
the variable of interest (EIAC use). Because the choice to use or
not use EIAC was made totally by the treating physician, we
considered that bias, which potentially affected estimates of
EIAC association with the outcome variable (immediate progres-
sion, survival, or PFS), might have been introduced. Thus, a
second multivariable analysis examined the association that re-
mained when all prognostic variables were added as individuals
with adjustment for covariates, using propensity scores.10,11 Pro-
pensity score, defined as the probability of being treated with
EIAC (given all other prognostic variables or covariates), was
used to balance these covariates in the 2 groups, similar to what
would be achieved by randomization. A propensity score for
EIAC treatment was estimated using all patients and treatment
variables in a logistic regression model, and used as an adjusting
variable in the Cox proportional hazards and logistic regression
models to determine the association of EIAC with the outcome
variable (survival or PFS). All statistical tests were 2-sided, and
the a priori level for declaring statistical significance was 0.05.

Standard protocol approvals, registrations, and patient
consents. This database study (NCCTG N0475) was approved
by the Cancer Treatment and Evaluation Program of the Na-

tional Cancer Institute. This study, as well as the 3 clinical trials
from which the database was generated (NCCTG 937252,
987252, and N0074), were approved by the Mayo institutional
review board. Informed, written consent was obtained from all
patients or guardians for participation in one of these trials. The
ClinicalTrials.gov identifiers were NCT00003996 (NCCTG
987252).and NCT00014170 (NCCTG N0074). There was no
identifier for NCCTG 937252, which was completed before in-
stitution of regulatory requirements for identifiers.

RESULTS Baseline patient and treatment character-
istics. A total of 620 patients were enrolled from
1994 to 2002; 70% were accrued before 2000. Base-
line patient and treatment characteristics are summa-
rized in table 1. At the time of analysis, 48 of 620
patients (8%) were alive at last follow-up, and 19
(3%) had no documented disease progression. Anti-
convulsant use information was available on 605 pa-
tients; 432 (71.4%) were receiving an EIAC, 14
(2.3%) were receiving a non–enzyme-inducing anti-
convulsant, and 159 (26.2%) were not receiving any
anticonvulsant. There was no difference in the per-
cent of Mayo patients who were taking EIAC
(70.1%) vs non-Mayo patients (69.6%). At baseline,
most patients were receiving steroids (72.2%).

To identify potential changes in practice patterns
over time, we looked at variation in patient charac-
teristics among the 3 sequential studies. Most charac-
teristics remained similar. The proportion of patients
using an EIAC did not differ among the studies (p �
0.28). A baseline history of seizures was more com-
mon in earlier trials (chronologically, 33.3%, 6.5%,
and 14.3% incidence, p � 0.0004). Biopsies were
more common in earlier studies (chronologically,
19.6%, 15.2%, and 8.4%), and gross total resections
were more frequent in later studies (chronologically,
26.3%, 35.9%, and 46.3%, p � 0.001). Baseline ste-
roid administration was also more common in the
earlier studies (chronologically, 77.3%, 63.0%, and
57.9%, p � 0.0001).

Comparison of patient/treatment characteristics by
EIAC use. The EIAC-treated patients were slightly
younger than non-EIAC patients (median 55 vs 58
years, p � 0.0057), were less likely to have had a
biopsy only (13.4% vs 27.8%, p � 0.0001), and had
slightly higher Mini-Mental State Examination
scores (median 29 vs 28, p � 0.045). The frequency
of use of steroids at baseline did not differ (74.5% vs
66.9%, p � 0.057). The patients did not differ on
any other defined baseline characteristics.

Association between EIAC use and immediate progres-
sion. Immediate progression rates were higher in pa-
tients not treated with an EIAC than in those treated
with an EIAC (45.1% vs 30.6%, p � 0.0007). The
univariable OR for EIAC treatment and immediate
progression was 0.54 (95% confidence interval [CI]
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0.37– 0.77). A multivariable logistic regression
model was generated for immediate progression, ad-
justed for known prognostic factors (table 2) as well
as treatment protocol. The OR for immediate pro-
gression for EIAC use was 0.59 (95% CI 0.39 –
0.89). An OR of 0.61 (95% CI 0.41–0.89) for EIAC
use was observed in the multivariable logistic regres-
sion model, when adjusted for treatment protocol
and propensity score. The univariable and multivari-
able estimates indicated that EIAC-treated patients
were approximately half as likely to have an immedi-
ate progression.

Association between EIAC use and overall survival.
EIAC-treated patients had longer OS compared with
non-EIAC patients (p � 0.0002) (figure 1). The me-
dian survival for EIAC-treated patients was 12.3
months, compared with a median survival of 10.7
months for patients not treated with an EIAC. The
univariable Cox proportional hazards ratio for EIAC
use was 0.71 (95% CI 0.59–0.85) (table 3). In a
multivariable Cox proportional model that adjusted
for the known prognostic factors and treatment pro-
tocol, the hazard ratio for EIAC use was 0.75 (95%
CI 0.62–0.90). The multivariable Cox proportional
hazards model with adjustment for propensity score
and treatment protocol identified a hazards ratio of
0.75 (95% CI 0.62–0.91) for EIAC use. We did not
find a survival difference between the Mayo patients
(n � 87) and the non-Mayo patients (n � 533)
(11.8 months [CI 11.1–12.5]) vs 11.4 months [CI
9.8–14.4], p � 0.431).

Association between EIAC use and progression-free
survival. EIAC-treated patients also had longer PFS
than patients not treated with an EIAC (5.6 vs 4.8
months, p � 0.003) (figure 2). The univariable and
multivariable estimates were consistent with the esti-
mate produced by the multivariable model using a
propensity score adjuster.

Relationship of seizure history with outcome. Of the
145 Mayo Clinic patients, 21 had a baseline seizure
history, all of whom were receiving EIAC. Of the
remaining patients without a history of seizures, 82
(66.1%) were receiving prophylactic EIAC. No sig-
nificant differences in defined characteristics were
observed between those with or without a seizure his-
tory. Immediate progression rates did not differ be-
tween these groups (37.9% vs 23.8%, p � 0.32).
The univariable OR for immediate progression for
those with a baseline history of seizures was 0.51
(95% CI 0.18–1.49), and that for those without a
history of seizures was 1.15 (95% CI 0.53–2.49).
Immediate progression rates for patients without a
history of seizures were 39.2% if EIAC treated and
35.7% if not receiving EIAC (p � 0.72). With pro-

Table 1 Baseline characteristics for all
patients (n � 620)

Variable Summary

Age, y

Mean � SD 55.4 � 11.3

Median, IQR 56, 48–63

Min to max 19–79

Gender, n (%)

Female 226 (36.5)

Male 394 (63.5)

PS, n (%)

0 240 (38.7)

1 298 (48.1)

2 82 (13.2)

Family history of brain tumor,
n (%)

Yes 50 (8.3)

No 555 (91.7)

Missing 15

Seizure*, n (%)

Yes 21 (14.5)

No 124 (85.5)

Unknown 475

MMSE

Mean � SD 26.9 � 4.5

Median, IQR 29, 26–30

Min to max 2–30

Missing 17

Resection extent, n (%)

Biopsy 107 (17.3)

STR 322 (51.9)

GTR 191 (30.8)

Steroids, n (%)

Yes 447 (72.2)

No 172 (27.8)

Missing 1

Anticonvulsant, n (%)

Yes 446 (72.6)

No 168 (27.4)

Missing 6

EIAC, n (%)

Yes 432 (71.4)

No 173 (28.6)

Missing 15

Year of entry

Mean � SD 1998.0 � 2.1

Median, IQR 1998, 1996–1999

Min to max 1994–2002

*Known seizure status on Mayo Clinic patients only.
IQR � interquartile range; PS � performance status;
MMSE � Mini-Mental State Examination; STR � subtotal
resection; GTR � gross total resection; EIAC � enzyme-
inducing anticonvulsant.
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pensity score adjustment, the immediate progression
OR for EIAC patients with a seizure history was 1.08
(95% CI 0.48–2.46). This differed from the overall
data set, in which EIAC use was associated with re-
duced odds of immediate progression.

The median survival for patients with seizures (all
receiving EIAC) was 16.4 months, compared with
12.4 months for EIAC patients without a seizure his-
tory and 9.9 months for those non-EIAC patients
without a seizure history. However, OS did not differ
between those with or without a history of seizures,
regardless of EIAC status (median survival 16.4
months vs 10.9 months, p � 0.20). Although there
was a trend for the EIAC patients without baseline
seizure history to live longer, it did not achieve signif-
icance (p � 0.079). Similarly, there was no differ-
ence in PFS between EIAC patients with a history of
seizures, EIAC patients without seizures, and non-
EIAC patients without a history of seizures (4.3, 6.0,
and 5.0 months, p � 0.14). No difference in PFS
was observed between patients with or without a his-
tory of seizures (p � 0.19) or between EIAC and
non-EIAC patients without a seizure history (p �
0.11).

Models were used to compare the association be-
tween EIAC use and outcome (OS and PFS) for pa-
tients without a history of seizures. The univariable
hazards ratio of EIAC use for survival was 0.71 (95%
CI 0.48–1.04). With propensity score adjustment,
the survival hazards ratio for EIAC use was 0.79
(95% CI 0.52–1.22).

DISCUSSION The enzyme-inducing anticonvul-
sants phenobarbital, phenytoin, carbamazepine, and
primidone are potent P450 microsomal enzyme in-
ducers. Of the 6 major human hepatic cytochrome
P450 (CYP) isoenzymes (CYP 1A2, 2C9, 2C19,

Figure 1 Comparison of overall survival between
EIAC and non-EIAC patients

Median overall survival was 12.3 months in enzyme-
inducing anticonvulsant (EIAC) patients and 10.7 months in
non-EIAC patients (p � 0.0002).

Table 2 Comparison of baseline patient and treatment characteristics
between patients receiving or not receiving EIAC at baseline

Variable
EIAC patients
(n � 432)

Non-EIAC patients
(n � 173) p Value

Age (categories), n (%) 0.016*

<40 y 46 (10.7) 6 (3.5)

40–60 y 246 (56.9) 104 (60.1)

>60 y 140 (32.4) 63 (36.4)

Age, y 0.0057†

Mean � SD 54.5 � 11.6 57.6 � 9.8

Median, IQR 55, 47–63 58, 51–65

Min to max 19–79 26–79

Gender, n (%) 0.28*

Female 152 (35.2) 69 (39.9)

Male 280 (64.8) 104 (60.1)

PS, n (%) 0.42*

0 171 (39.6) 66 (38.2)

1 199 (46.1) 88 (50.9)

2 62 (14.4) 19 (11.0)

Family history of brain
tumor, n (%)

0.55*

Yes 37 (8.7) 12 (7.2)

No 387 (91.3) 154 (92.8)

Missing 8 7

Seizure‡, n (%)

Yes 21 (20.4) 0 (0) 0.0016*

No 82 (79.6) 42 (100)

Unknown 329 131

MMSE 0.045†

Mean � SD 27.2 � 4.2 26.3 � 5.0

Median, IQR 29, 26–30 28, 25–30

Min to max 2–30 2–30

Missing 7 10

Resection extent, n (%) �0.0001*

Biopsy 58 (13.4) 48 (27.8)

STR 244 (56.5) 70 (40.5)

GTR 130 (30.1) 55 (31.8)

Steroid use, n (%) 0.057*

Yes 322 (74.5) 115 (66.9)

No 110 (25.5) 57 (33.1)

Missing — 1

Year of entry 0.61†

Mean � SD 1997.9 � 2.0 1998.0 � 2.2

Median, IQR 1997, 1996–1999 1998, 1996–2000

Min to max 1995–2002 1994–2002

Missing — —

*Pearson �2 p value.
†Wilcoxon rank sum p value.
‡Known seizure status on Mayo patients only.
EIAC � enzyme-inducing anticonvulsant; IQR � interquartile range; PS � performance sta-
tus; MMSE � Mini-Mental State Examination; STR � subtotal resection; GTR � gross total
resection.
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2D6, 2E1, and 3A4), induction of CYP 3A4 and
CYP 2D6 are probably the most clinically relevant in
patients receiving chemotherapy. For example, the
clearance of irinotecan differs in those receiving
EIAC (29.7 � 9.0 L/hour/m2) and those not receiv-
ing EIAC (18.8 � 10.6 L/hour/m2, p � 0.033), al-
though there is no difference in area under the curve
of the active metabolites SN-38 (p � 0.4) and
SN-38 glucuronide (p � 0.55).12 The maximum tol-
erated dose (MTD) of IV irinotecan administered to
patients with GBM in an every-3-week schedule was
750 mg/m2 in those receiving EIAC, compared with
350 mg/m2 in the non-EIAC group.13 Wide differ-
ences in the MTD of imatinib, tipifarnib, gefitinib,
temsirolimus, taxanes, vinca alkaloids, methotrexate,

and teniposide have also been observed in EIAC vs
non-EIAC patients.14-17

Recently, there has been a decrease in the use of
EIAC in favor of the newer non–enzyme-inducing
anticonvulsants, which do not have potent P450
enzyme-inducing or inhibiting activity. It should be
pointed out that the pharmacokinetic interactions of
newer non-EIAC with chemotherapy have been less
well studied. Gabapentin, vigabatrin, levetiricam,
and lamotrigine are relatively devoid of P450-
inducing or inhibiting properties. Topiramate and
oxcarbazepine are weak inducers of CYP 3A4 and
weak inhibitors of CYP 2C19, and zonisamide also
has variable but weak inducing or inhibiting effects.18

In contrast, valproic acid is a potent inhibitor of mi-
crosomal enzymes and may actually increase the tox-
icity of chemotherapy.

There are limited prior data correlating outcome
of patients with cancer with EIAC use. In a review of
children with B-cell acute lymphoblastic leukemia
who were receiving active chemotherapy, those re-
ceiving EIAC for �30 days had shorter event-free
survival and an increase in the rate of hematologic
and CNS relapse.1 In a phase 2 study of tipifarnib in
for recurrent GBM, EIAC patients had more hema-
tologic toxicities and lower PFS at 6 months than
those not receiving EIAC.15 Finally, a prior study of
168 patients with GBM found differences in survival
between those receiving vs not receiving EIAC (10.8
vs 13.9 months) and increased hematologic toxicity
in the non-EIAC group.19 This study differed in sev-
eral ways from our current analysis, in that it was a
retrospective review of patients treated with a variety
of regimens, the study did not include adjustments
for known prognostic covariables, and most non-
EIAC patients were receiving the P450 inducer val-
proic acid. In contrast, our current analysis was
derived from patients treated on prospective clinical tri-
als with a limited number of regimens, prognostic vari-
ables were studied for covariation via multivariable
analyses, and we primarily compared patients receiving
EIAC vs those not receiving any anticonvulsants.

Other prior studies have reported improved out-
come in EIAC patients.20,21 In a prospective study of
patients with recurrent GBM receiving imatinib and
hydroxyurea, EIAC use was an independent predic-
tor of longer PFS, even though there were lower ima-
tinib plasma levels in the EIAC group.20 EIAC use
also correlated with improved outcome in a prospec-
tive phase 2 single-arm trial of temozolomide and
marimastat in treatment of patients with anaplastic
glioma.21

A potential limitation of the current study is that
most patients were treated in an era of widespread
use of prophylactic EIAC (phenytoin, phenobarbital,

Figure 2 Comparison of progression-free
survival between EIAC and non-
EIAC patients

Median progression-free survival was 5.6 months in
enzyme-inducing anticonvulsant (EIAC) patients and 4.8
months in non-EIAC patients (p � 0.003).

Table 3 Summaries of the hazard and odds ratios of EIAC treatment

EIAC hazard ratio

Univariable
Individual
covariates*

Propensity score
covariate†

HR p Value HR p Value HR p Value

Overall survival 0.71 0.0003 0.75 0.0027 0.75 0.0036

Progression-free
survival

0.76 0.0029 0.81 0.034 0.83 0.0640

EIAC odds ratio

OR p Value OR p Value OR p Value

Immediate
progression

0.54 0.0008 0.59 0.011 0.61 0.011

*All covariates in table 2 were used, as well as the treatment protocol.
†Logistic regression using all covariates in table 2 as explanatory variables (except treat-
ment protocol) and enzyme-inducing anticonvulsant (EIAC) treatment as an outcome vari-
able was used to compute the propensity score. The multivariable model included the
propensity score as a covariate, as well as treatment protocol.
HR � hazard ratio; OR � odds ratio.
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carbamazepine, and others). These trials were con-
ducted before publication of the meta-analysis re-
sults, which did not find a role for prophylactic use of
anticonvulsants in patients who had brain tumors
without seizures22; also, before the general availability
of newer non-EIAC; and finally, before the impact of
EIAC on chemotherapy metabolism was well recog-
nized. In the past decade, EIAC use has dropped
considerably because of more discriminate use of anti-
convulsants and the more widespread use of non–
enzyme-inducing anticonvulsants. Another limitation is
that we did not perform a separate analysis that corre-
lated outcome with changes in EIAC administration
during the actual treatment on the clinical trials.

Nevertheless, we found that patients receiving
EIAC at baseline had longer OS and PFS and lower
immediate progression frequency than the group of
patients who were not receiving EIAC. A cause-and-
effect relationship for this association cannot be de-
rived from this analysis. We could not identify
physician selection bias prompting use of EIAC in
patients expected to have a favorable outcome. If
anything, one would expect that nonneurologic phy-
sicians (most NCCTG accruals originate from
general medical oncologists) might administer pro-
phylactic EIAC to patients expected to have poorer
outcome, e.g., lower performance status and steroid
dependence, but these prognostic factors did not ac-
count for the observed differences in the multivari-
able analysis. One would expect the use of EIAC in
patients with a baseline history of seizures, which has
been associated with more indolent progression of
gliomas,23 but the presence of seizures at baseline did
not account for the observed survival differences be-
tween patients receiving or not receiving EIAC. In
fact, in the multivariable analysis, the association of
improved survival with EIAC use also remained sig-
nificant even after adjustment for age, neurocogni-
tive and performance status, baseline steroid use, and
extent of resection, and despite adjustment for varia-
tions in the distribution of known prognostic vari-
ables between EIAC and non-EIAC patients using
propensity scores. It is possible that EIAC affected
metabolism of steroids, increasing survival in this
group. Such an association was not identified, and
we do not have data on steroid requirements after
study entry. Steroid administration has not been
shown to have a significant effect on prolongation of
survival in patients with GBM when administered in
the absence of radiation therapy.23

We can only speculate on the cause for the ob-
served association. It is possible that a selection bias
that we did not identify was introduced by treating
physicians. Although small differences in age favor-

ing EIAC patients were observed in the univariable
analysis, age was not correlated with EIAC use in the
multivariable analysis. It is possible that non-EIAC pa-
tients developed greater toxicity, contributing to mor-
bidity or shorter survival. It is conceivable that more
patients with prognostically more favorable secondary
GBM were receiving EIAC. However, these potential
variables were not retrievable from the database.

It is unclear whether EIAC have direct antitumor
effects. Direct exposure of C6 glioma cell lines to
phenytoin increased the doubling time.24 In contrast,
pretreatment of rats bearing intracranial RG-12 glio-
mas with phenobarbital reduced tumoricidal activity
and toxicity of the alkylator amino-methyl-pyrimidinyl-
methyl-chlorethyl nitrosourea (ACNU), but only when
compared with survival after exposure to the CYP 3A4
inducer sodium valproate.25 Carbamazepine, phenyt-
oin, and valproic acid do not seem to reduce or increase
glioma cell viability, proliferation, or clonogenicity at
clinically relevant concentrations.26

Finally, it is possible that EIAC provide a protec-
tive effect, via a mechanism that is not yet recog-
nized. For example, folinic acid, an important factor
for neoplastic cell growth, is depleted via induction
of metabolism by phenytoin. However, the reason
for the observation of increased survival of EIAC pa-
tients remains a mystery.
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Save These Dates for AAN CME Opportunities!
Mark these upcoming dates on your calendar for these exciting continuing education
opportunities, where you can catch up on the latest neurology information.

AAN Regional Conference

● November 6–8, 2009, Las Vegas, Nevada, Planet Hollywood Resort and Casino

AAN Annual Meetings

● April 10–17, 2010, Toronto, Ontario, Canada, Metro Toronto Convention Centre

● April 9–16, 2011, Honolulu, Hawaii, Hawaii Convention Center
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