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Abstract

Purpose—Valproic acid (VA) is an antiepileptic drug (AED) and histone deacetylase (HDAC) 

inhibitor taken by patients with glioblastoma (GB) to manage seizures, and it can modulate the 

biologic effects of radiation therapy (RT). We investigated whether VA use during RT for GB was 

associated with overall survival (OS).

Methods and Materials—Medical records of 544 adults with GB were retrospectively 

reviewed. Analyses were performed to determine the association of Radiation Therapy Oncology 

Group recursive partitioning analysis (RTOG RPA) class, seizure history, and concurrent 

temozolomide (TMZ) and AED use during RT with OS.

Results—Seizures before the end of RT were noted in 217 (40%) patients, and 403 (74%) were 

taking an AED during RT; 29 (7%) were taking VA. Median OS in patients taking VA was 16.9 

months (vs 13.6 months taking another AED, P=.16). Among patients taking an AED during RT, 

OS was associated with VA (P=.047; hazard ratio [HR], 0.67; 95% confidence interval [CI], 0.27–

1.07), and RTOG RPA class (P<.0001; HR, 1.49; 95% CI, 1.37–1.61). Of the 5 most common 

AEDs, only VA was associated with OS. Median OS of patients receiving VA and TMZ during 

RT was 23.9 months (vs 15.2 months for patients taking another AED, P=.26). When the analysis 

was restricted to patients who received concurrent TMZ, VA use was marginally associated with 

OS (P=.057; HR, 0.54; 95% CI, −0.09 to 1.17), independently of RTOG RPA class and seizure 

history.

Conclusions—VA use during RT for GB was associated with improved OS, independently of 

RTOG RPA, seizure history, and concurrent TMZ use. Further studies of treatment that combines 

HDAC inhibitors and RT are warranted.
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Introduction

Glioblastoma (GB) is the most common primary malignant brain tumor in adults and is 

associated with a very poor prognosis (1). Standard treatment of GB consists of maximum 

safe tumor resection followed by external beam radiation therapy (RT) with concomitant 

and adjuvant temozolomide (TMZ) chemotherapy. This strategy yields a median survival of 

14.6 months, with 2- and 5-year survival rates of 27.2% and 9.8%, respectively (2). More 

effective therapies are needed to improve GB outcomes.

Malignant gliomas have been shown to be driven by epigenetic aberrations (3). Epigenetic 

modifiers, such as histone deacetylase (HDAC) inhibitors, have been shown to sensitize 

cancer cells to ionizing radiation, while protecting normal cells and tissues from deleterious 

effects of RT (4). Valproic acid (VA) is an antiepileptic drug (AED) and HDAC inhibitor 

used to control seizures in patients with brain tumors (5, 6). Investigators have noted that 

exposing glioma cell lines U251 and SF539 to VA led to histone hyperacetylation, increased 

cellular radiosensitivity, and synergistic tumor-growth delay in animals treated with a 

combination of VA and RT (7). Similarly, it was recently reported that VA sensitized the 

glioma cell lines D384 and T98 to ionizing radiation, with or without TMZ (8). Importantly, 

VA can sensitize glioma cells for as long as 24 hours after radiation exposure (9).

The purpose of this study was to investigate the association of VA use during RT for GB 

and survival. Our hypothesis was that the use of VA during RT for GB may affect outcome.

Methods and Materials

Patients

This retrospective study was conducted with permission from the institutional review board. 

Eligible patients were identified using electronic institutional databases. Medical records of 

patients 18 to 70 years old at the time of histologic diagnosis (confirmed by a 

neuropathologist at our institution) of primary GB between 1998 and 2008 who underwent 

external beam RT were studied. Patients were excluded if more than 1 patient or treatment 

characteristic described herein were unavailable in medical records.

Patient characteristics analyzed included age at diagnosis, Karnofsky performance status 

(KPS), mental status, neurologic functional status, duration of symptoms before diagnosis, 

and clear documentation of a seizure at any time before the last fraction of RT. Treatment 

characteristics analyzed included extent of surgery (biopsy, subtotal resection, or gross total 

resection), RT dose and fractionation, and use of chemotherapy during RT. AEDs used for 

more than half the duration of RT were recorded for analysis.

Patient and treatment characteristics were used to assign patients to a Radiation Therapy 

Oncology Group recursive partitioning analysis (RTOG RPA) class (Table 1). Because there 

is no staging system for GB, the validated RTOG RPA classification system is used 

clinically for prognosis (10, 11).
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Statistical analysis

Differences in the distribution of patient and treatment characteristics were assessed using χ2 

tests and unpaired t tests. Overall survival (OS) was defined as time from start of RT to 

death or last follow-up (censored February 2, 2012). Kaplan-Meier analysis with log–rank 

tests were used to evaluate differences in OS. Cox regression models were built to evaluate 

the association of RTOG RPA class, concurrent TMZ use during RT, seizure before the end 

of RT, and AED use during RT with OS. Hazard ratios (HR) with 95% confidence intervals 

(CI) were reported. Analyses were carried out using WinSTAT for Microsoft Excel (Version 

2009.1).

Results

Patient and treatment characteristics

Five hundred forty-four patients met criteria for study. Median age was 56 years (range, 18–

70 years), and 69.7% of patients were ≥50 years. Most patients were in RTOG RPA class IV 

or V: III = 99 (18%), IV = 181 (33%), V = 212 (39%), VI = 38 (7%), unknown = 14 (3%). 

Seizure was noted before the end of RT in 217 (40%) patients. However, 403 (74%) patients 

were taking an AED during RT, suggesting that many took AEDs to prevent seizures.

Table 2 presents patient and treatment characteristics, grouped by use or nonuse of an AED 

during RT. There was no significant difference in age group, KPS, duration of symptoms, 

neurologic function, RT dose, and concurrent use of TMZ during RT between the groups. 

AED use was significantly more common in men, patients with abnormal mental status, 

patients who underwent surgery, and, as expected, patients with a history of seizures. Of the 

403 patients taking an AED during RT, VA was used by 29 (7%). Table 2 also presents 

patient and treatment characteristics, grouped by use of VA or another AED during RT. 

There was a greater prevalence of a seizure history among patients using VA compared with 

other AEDs, suggesting that VA was used less frequently as a prophylactic AED. There was 

no statistically significant difference in any other variables, including RTOG RPA class.

Survival

The median OS of the entire cohort was 14 months (range, 0–197 months). Median OS was 

17.6, 16.4, 11.4, and 8 months in RTOG RPA classes III, IV, V, and VI, respectively (P<.

0001); 16.2 and 12.8 months in patients taking and not taking TMZ during RT, respectively 

(P=.027); 13.8 and 13.5 months in patients taking and not taking an AED during RT, 

respectively (P=.98); and 13.2 and 14.7 months in patients with and without a history of 

seizures, respectively (P=.13). Cox regression analysis revealed that OS was associated with 

RTOG RPA class (P<.0001; HR, 1.47; 95% CI, 1.36–1.58) and TMZ use during RT (P=.

025; HR, 0.80; 95% CI, 0.61–0.99) but not with AED use during RT (P=.25; HR, 1.13; 95% 

CI, 0.92–1.33) or seizure history (P=.67; HR, 0.95; 95% CI, 0.72–1.18) on multivariable 

analysis.

Because of the observed differences in patients taking or not taking an AED during RT, 

additional analyses were carried out in the patients taking AEDs during RT. Among these 

patients, median OS of patients taking VA was 16.9 months, compared with 13.6 months in 
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patients using another AED (Fig. 1, P= .16). As noted in Table 3, multivariable Cox 

regression analysis revealed that OS was associated with VA use during RT and with RTOG 

RPA class but not with TMZ use during RT or a history of seizures. Cox regression analyses 

showed no association of OS with any of the other most commonly used AEDs (phenytoin, 

levetiracetam, carbamazepine, phenobarbital) (Table 3).

Because concurrent TMZ during RT is the current standard treatment for GB, further 

analysis was limited to patients who received concurrent TMZ during RT. Patients receiving 

VA and TMZ during RT had a median OS of 23.9 months, compared with 15.1 months in 

patients not receiving VA (Fig. 2) (P=.25). Cox regression analysis of patients receiving 

TMZ during RT revealed that VA use during RT was associated with longer OS with 

borderline significance (P=.06; HR, 0.54; 95% CI, −0.09–1.17), independently of RTOG 

RPA class (P=.002; HR, 1.39; 95% CI, 1.18–1.6) and seizure history (P=.007; HR, 1.69; 

95% CI, 1.31–2.07). Similar findings were noted among patients not taking TMZ during RT, 

with the use of VA during RT marginally associated with OS (P=.14; HR, 0.68; 95% CI, 

0.16–1.20), with RTOG RPA class but not seizure history associated with OS (P<.001; HR, 

1.58; 95% CI, 1.42–1.74 and P=.93; HR, 0.99; 95% CI, 0.73–1.24).

Discussion

This retrospective analysis of GB patients was designed to evaluate the association of VA 

use during RT with survival. We found that use of the HDAC inhibitor VA during RT was 

associated with improved OS. Importantly, we controlled for confounding variables by 

performing multivariable analyses of other factors associated with OS in GB patients, such 

as RTOG RPA classification (which consists of age, performance status, extent of tumor 

resection, RT dose, neurologic functional status, and mental status), seizure history, and 

concurrent TMZ use. Interestingly, among the AEDs used by the patients studied, VA was 

the only drug associated with prolonged survival. These results suggest that VA may be an 

effective radiation-effect modifier and a valuable part of the armamentarium for GB.

Our patients represented a typical cohort of GB patients, according to demographic statistics 

in the United States (1). RTOG RPA class IV or V criteria were met in 74.2% of patients, 

similar to the original RTOG RPA study (66.0%) (10), and the subsequent RTOG validation 

study (74.3%) (11). Seizures were noted in 54.0% of GB patients before the end of RT, 

which is consistent with that reported in GB patients (30%–50%) (6).

The use of AEDs in GB patients varies considerably. Guidelines do not recommend the use 

of prophylactic AEDs in patients with brain tumors (12). Nevertheless, 47.4% of patients in 

the present series were taking AEDs in the absence of seizures. Reports from Europe suggest 

that VA is the AED of choice for GB patients (13). We found few patients (7%) taking VA 

during RT. Another study of GB patients in the United States during the same period as the 

present study noted that 6% of patients received VA during RT. We speculate that VA was 

used infrequently because it is associated with more side effects than more recently 

developed AEDs, although the long record of safety in neurologic and psychiatric disorders 

is noteworthy.
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The OS of patients in the present cohort is similar to previous estimations (median, 14 

months) (2). The most powerful predictor of OS in the present study was RTOG RPA class. 

A recent study conducted using an adaptation of the RTOG RPA classification system found 

95% CIs of median survival of 15–21 months, 13–16 months, and 9–12 months in classes 

III, IV, and V, respectively (14), compared with 17.6, 16.4, and 11.4 months in the present 

study, suggesting that our patient classification was consistent with the outcomes of a 

cotemporaneous cohort. Moreover, TMZ use was associated with longer survival, which is 

consistent with data from a randomized controlled trial (2).

Previous and more limited analyses have also suggested an association between VA and OS 

in GB patients. A study of 168 GB patients who underwent surgery, RT, and chemotherapy 

reported significantly improved survival among patients receiving a non-hepatic enzyme–

inducing AED (86.4% were taking VA), although it was not specified whether AEDs were 

given during RT. The authors suggested that patients taking hepatic enzyme-inducing AEDs 

metabolize chemotherapy more efficiently, thus abrogating therapeutic effects, or 

alternatively that VA inhibited chemotherapy metabolism and increased bioavailability, to 

enhance therapeutic effects (15). Although our findings support the latter hypothesis, 

inasmuch as patients taking TMZ during RT were found to have longer survival if they were 

also taking VA, we did not find significantly worse survival in patients taking hepatic 

enzyme-inducing AEDs (such as phenytoin or carbamazepine). Moreover, a recent study by 

the RTOG (0525) did not find an association of dose-intensified TMZ and longer survival, 

suggesting that hepatic enzyme inhibition by VA (estimated to be modest, at approximately 

5%) and increased bioavailability would probably not account for differences in survival.

A study of glioma patients with epilepsy found that GB patients receiving VA had a median 

OS of 20 months (vs 15 months if using another AED). This finding is consistent with the 

present study, with a median OS of 16.9 months in patients taking VA (vs 13.7 months if 

taking alternative AEDs). Another report of 101 patients with newly diagnosed GB who 

underwent chemo-radiation therapy with TMZ indicated that 38 patients took VA at some 

time during therapy with TMZ (≥25 of these received VA during RT). Median OS of 

patients taking VA was 26.39 months, compared with 14.03 or 14.69 months, respectively, 

for patients not taking an AED or taking a hepatic enzyme-inducing AED. Despite the trend 

of longer survival among patients taking VA and prolonged survival similar to the present 

study (median OS of 23.9 months), multivariable analysis did not suggest a significant 

association of VA use and survival, after controlling for RTOG RPA classification.

A recent retrospective analysis of the EORTC/NCIC 26981-22981/CE.3 trial assessed the 

association of AED use and survival of GB (16). Of the 573 patients participating in the trial 

between 2000 and 2002, 68% were taking an AED at time of enrollment, which is a 

proportion similar to the present study (74%). VA was used by 17.4% of patients. Reason 

for, or duration of, AED use was not recorded. Median OS among patients taking VA during 

RT was 12.78 months. Among patients taking VA during RT, median OS was 10.09 and 

17.35 months when not taking and taking TMZ, respectively. respectively. In a 

multivariable Cox regression analysis, among patients taking TMZ during RT, use of VA 

was significantly associated with longer survival, compared with patients not taking an 

AED, or taking a hepatic enzyme-inducing AED. Multivariable analysis was carried out 
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using some prognostic variables (age, extent of surgery, corticosteroid administration, 

mental status) but not performance status, neurologic functional status, or RT dose. 

Moreover, seizure history, which was not analyzed, in previous studies has been associated 

with outcome in patients with high-grade gliomas and therefore could be a major 

confounding factor. The present analysis has overcome some of the limitations of the 

EORTC/NCIC analysis and, like that study, supports the hypothesis that the outcome in GB 

patients may be improved by taking VA during RT.

Other AEDs have been reported to have HDAC inhibitory properties, although VA is the 

most potent HDAC inhibitor of clinically available AEDs (17). Many have speculated that 

VA is not a potent enough HDAC inhibitor to be used in oncologic settings. However, VA 

has long been used as an AED and mood stabilizer, suggesting adequate central nervous 

system penetration and biologic effect. Moreover, Tsai and colleagues performed a 

retrospective analysis of 102 patients with GB; 7 patients received VA after first tumor 

resection but before second tumor resection. Histone 3 lysine 9 hyperacetylation was found 

in 4 of 7 patients on immunohistochemical staining of formalin-fixed, paraffin-embedded 

tumor tissue only after patients started taking VA. This study demonstrates that VA can 

modify the biologic target in some, but not all, patients receiving a dose titrated to target 

serum concentrations of 50 to 100 μg/mL (roughly equivalent to 0.5 mM) (18).

Relevant to the present study are previous studies suggesting that HDAC inhibitors, 

specifically VA, may protect neural tissues from therapeutic radiation effects. In a rat model 

of radiation spinal cord injury, investigators showed that animals receiving VA before and 

during RT were significantly less likely to manifest late radiation-related injury (paralysis) 

(19). In another study, hippocampal neurons were protected from radiation damage in vitro 

and in vivo by VA in colony formation and apoptosis assays (20). A clinical study from 

Australia demonstrated that cerebral radio-necrosis develops significantly later in patients 

taking VA than in patients not taking VA (21). Taken together, these findings suggest that 

VA is a unique radiation-effect modifier worthy of further study, with radiosensitizing 

properties in cancers and radioprotective properties in normal tissues.

Our study has several potential limitations. First, we retrospectively reviewed the outcomes 

in a heterogenous group treated over a 10-year period. Thus, this study may be affected by 

the biases inherent in any retrospective analysis. Nevertheless, our outcomes are consistent 

with the results of other studies. Second, the reason for and exact duration of AED use was 

not specified. However, by including seizure history in our analyses, we attempted to 

minimize bias introduced by patients receiving AEDs for seizure prevention (vs treatment of 

seizures). Third, the number of patients taking VA in our study was relatively small. We are 

optimistic that appropriately designed prospective trials (such as NCT00302159 and 

NCT00879437) will help assess the effect of VA during RT and TMZ in a larger cohort of 

GB patients.

In conclusion, our study offers an important perspective on the effect of VA on the outcome 

of GB patients treated with RT. We accounted for confounding factors by incorporating the 

RTOG RPA classification, which was not used in all the previous studies. Furthermore, 

seizure history and use of TMZ during RT are important factors included and adjusted for on 
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multivariable analysis. Despite clear strengths of this study, we suggest that properly 

designed prospective studies be carried out to determine whether VA, or other HDAC 

inhibitors, can improve GB outcomes. Importantly, incorporating analyses of the potential 

protective effects of VA would be critical to fully understanding the therapeutic benefit in 

combination with RT.
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Summary

Valproic acid (VA) is an antiepileptic drug and histone deacetylase (HDAC) inhibitor 

taken by patients with glioblastoma to manage seizures; preclinical studies suggest that it 

can modulate the biologic effects of radiation therapy (RT). We investigated whether VA 

use during RT for glioblastoma was associated with overall survival by retrospective 

multivariable analysis in a large cohort. The results suggest that HDAC inhibitors, like 

VA, may improve the results of RT and should be subjected to clinical trials.
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Fig. 1. 
Overall survival in glioblastoma patients by valproic acid (VA, n=29) or other antiepileptic 

drug (AED, n=374) use. Median survival was 16.9 or 13.6 months in patients receiving VA 

or another AED during radiation therapy, respectively (P=.16 by log–rank test). Estimated 

2-year and 5-year survival was 34% and 10% or 23% and 5%, respectively.
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Fig. 2. 
Overall survival in glioblastoma patients taking temo-zolomide during radiation therapy by 

valproic acid (VA, n=12) or other antiepileptic drug (AED, n=122) use. Median survival 

was 23.9 or 15.2 months in patients receiving VA or another AED during chemoradiation 

therapy, respectively (P=.25 by log–rank test). Estimated 2-year and 5-year survival was 

50% and 8% or 25% and 6%, respectively.
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Table 1

Radiation Therapy Oncology Group recursive partitioning analysis classification system and criteria

RTOG RPA Class Criteria

III Age < 50 y, KPS 90–100

IV Age < 50 y, KPS < 90

Age ≥ 50 y, KPS ≥ 70, tumor resected, patient working

V Age ≥ 50 y, KPS ≥ 70, tumor resected, patient not able to work

Age ≥ 50 y, KPS ≥ 70, tumor not resected, RT dose > 54.4 Gy

Age ≥ 50 y, KPS < 70, mental status normal

VI Age ≥ 50 y, KPS ≥ 70, tumor not resected, RT

dose ≤ 54.4 Gy

Age ≥ 50 y, KPS < 70, mental status abnormal

Abbreviations: KPS = Karnofsky performance status; RT = radiation therapy; RTOG RPA = Radiation Therapy Oncology Group recursive 
partitioning analysis.
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Table 3

Multivariable Cox regression models

Variables P value HR 95% CI

Valproic acid model

 RTOG RPA class <.001 1.49 1.37–1.61

 Concurrent TMZ .373 0.9 0.68–1.12

 Seizure history .136 1.17 0.96–1.38

 Concurrent valproic acid (n=29) .047 0.67 0.27–1.07

Phenytoin model

 RTOG RPA class <.001 1.46 1.35–1.57

 Concurrent TMZ .04 0.81 0.63–1.01

 Seizure history .244 1.11 0.93–1.29

 Concurrent phenytoin (n=234) .267 1.11 0.93–1.29

Levetiracetam model

 RTOG RPA class <.001 1.53 1.42–1.65

 Concurrent TMZ .22 0.86 0.63–1.10

 Seizure history .543 1.06 0.87–1.25

 Concurrent levetiracetam (n=92) .549 0.92 0.65–1.19

Carbamazepine model

 RTOG RPA class <.001 1.46 1.35–1.56

 Concurrent TMZ .021 0.8 0.61–0.99

 Seizure history .225 1.12 0.94–1.30

 Concurrent carbamazepine (n=28) .757 1.07 0.66–1.47

Phenobarbital model

 RTOG RPA class <.001 1.45 1.34–1.56

 Concurrent TMZ .011 0.78 0.59–0.97

 Seizure history .192 1.13 0.95–1.31

 Concurrent phenobarbital (n=27) .26 0.79 0.37–1.20

Abbreviations: CI = confidence interval; HR = hazard ratio; RTOG RPA = Radiation Therapy Oncology Group; TMZ = temozolomide.
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