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Abstract

Purpose—Valproic acid (VPA) is an antiepileptic agent with histone deacetylase inhibitor 

(HDACi) activity shown to sensitize glioblastoma (GBM) cells to radiation in pre-clinical models. 

We evaluated the addition of VPA to standard radiation therapy (RT) and temozolomide (TMZ) in 

patients with newly diagnosed GBM.

Methods and Materials—Thirty-seven patients with newly diagnosed GBM were enrolled 

between July 2006 and April 2013. Patients received VPA, 25 mg/kg orally, divided into 2 daily 

doses concurrent with RT and TMZ. The first dose of VPA was given 1 week before the first day 

of RT at 10 to 15 mg/kg/day and subsequently increased up to 25 mg/kg/day over the week prior 

to radiation. VPA- and TMZ-related acute toxicities were evaluated using Common Toxicity 

Criteria version 3.0 (National Cancer Institute Cancer Therapy Evaluation Program) and Cancer 

Radiation Morbidity Scoring Scheme for toxicity and adverse event reporting (Radiation Therapy 

Oncology Group/European Organization for Research and Treatment).

Results—A total of 81% of patients took VPA according to protocol. Median overall survival 

(OS) was 29.6 months (range: 21–63.8 months), and median progression-free survival (PFS) was 

10.5 months (range: 6.8–51.2 months). OS at 6, 12, and 24 months was 97%, 86%, and 56%, 

respectively. PFS at 6, 12, and 24 months was 70%, 43%, and 38% respectively. The most 

common grade 3/4 toxicities of VPA in conjunction with RT/TMZ therapy were blood and bone 

marrow toxicity (32%), neurological toxicity (11%), and metabolic and laboratory toxicity (8%). 

Younger age and class V recursive partitioning analysis results were significant for both OS and 

PFS. VPA levels were not correlated with grade 3/4 toxicity levels.
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Conclusions—Addition of VPA to concurrent RT/TMZ in patients with newly diagnosed GBM 

was well tolerated. Additionally, VPA may result in improved outcomes compared to historical 

data and merits further study.

Introduction

Primary brain tumors represent 2% of tumor subtypes; 23,000 new cases and 14,000 deaths 

per year were registered in the United States, with grade 4 glioblastoma (GBM) being the 

most common. Standard therapy consists of maximal safe resection followed by concurrent 

radiation therapy (RT) and temozolomide (TMZ), followed by adjuvant TMZ, which results 

in an overall survival (OS) of 27.2% at 2 years and 9.8% at 5 years (1). Although the 

efficacy of this therapy remains limited, attempts to increase the effectiveness of the 

RT/TMZ protocol (2, 3) have not been successful.

The pattern of recurrence following combined RT/TMZ therapy indicates failure in or 

adjacent to the initial RT treatment volume, suggesting that enhancing the effectiveness of 

RT could lead to an improved therapeutic response. A number of strategies for modifying 

the delivery of RT (4–6) have been tested, without an improvement in survival. Integration 

of cytotoxic agents as radiation modifiers into GBM treatment protocols (7) has been 

disappointing. An increased understanding of the mechanisms mediating radiation-induced 

cell death has led to the use of molecularly targeted agents such as histone deacetylase 

inhibitors (HDACi) (8, 9). HDACs comprise a family of enzymes that remove acetyl groups 

from histones as well as other nuclear and cytoplasmic proteins. Inhibition of HDAC 

activity has been shown to selectively increase tumor cell radiation sensitivity in a variety of 

in vitro models and to enhance radiation-induced growth delay of subcutaneous human 

tumor xenografts (8–10). HDACi also reduce the repair of DNA double-strand breaks, a 

process critical to radiation-induced cell death and consistent with radiation sensitization (8, 

9).

Valproic acid (VPA), a nonhepatic enzyme-inducing antiepileptic drug is of particular 

relevance because it enhances the radiation sensitivity of tumor cells by using in vitro and in 

vivo model systems (9, 11); it is orally bioavailable; it effectively crosses the blood-brain 

barrier; and its sera and plasma levels are routinely measured as an antiseizure drug (12). On 

the basis of the preclinical evidence of VPA as a radiation sensitizer and its reportedly safe 

long-term use as an antiepileptic agent, we initiated a phase 2 study designed to investigate 

the safety, tolerability, and effectiveness of concomitant RT/TMZ therapy and relatively 

high-dose VPA followed by adjuvant TMZ in patients with newly diagnosed GBM.

Methods and Materials

Patient eligibility

This open-label, phase 2 study XXX was conducted at the XXX and XXX in patients with 

histologically confirmed GBM, who were 18 years of age or older, and had a life expectancy 

greater than 8 weeks, and who had undergone surgery no more than 6 weeks prior to 

enrollment. Pathology review was obtained in all patients. Patients were required to have a 

Karnofsky performance status ≥60 and adequate hematological, renal, and hepatic function. 
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Exclusion criteria included previous VPA therapy, chemotherapy, or RT treatment; a known 

disorder of urea metabolism; and any history of a second malignancy other than 

nonmelanoma skin cancer or cervical cancer <3 years since diagnosis. Concurrent use of 

sulfamethoxazole, salicylates, or naproxen was not allowed. The protocol was reviewed and 

approved by the XXX Institutional Review Board, and written, informed consent was signed 

by all patients.

Treatment

Patients received VPA, 25 mg/kg orally, divided into 2 daily doses, concurrent with RT and 

TMZ. No VPA was administered adjuvantly. A dose of 25 mg/kg was selected based on 

preclinical pharmacology (9). In mice, 150 mg/kg VPA would yield plasma levels of ≈225 

μg/mL and brain levels of ≈60 μg/g of brain tissue (12); and in humans, 25 mg/kg would 

yield a plasma level of ≈125 μg/mL and brain levels of ≈40 μg/g. Because 25 mg/kg of 

VPA can be given safely in patients with acute mania, this dose was chosen for this study. 

The first dose of VPA was given 1 week before the first day of RT at 10 to 15 mg/kg/day 

and subsequently increased up to 25 mg/kg/day, as recommended to reduce side effects, 

over the week prior to RT (Fig. 1). RT was delivered using 3-dimensional (3D) conformal 

RT or intensity modulated RT technique 5 days per week in 2-Gy fractions to 60 Gy total. 

T2-weighted magnetic resonance imaging (MRI)-defined tumor volume and surrounding 

edema with a 2-cm margin received 46 Gy. T1-weighted MRI-defined tumor volume with a 

2.5-cm margin received an additional 14 Gy. TMZ was given daily at a dose of 75 mg/m2 

concurrently with RT. Patients used inhaled pentamidine for PCP prophylaxis. Adjuvant 

TMZ was given for 5 days at 150 mg/m2 for 1 cycle and then 200 mg/m2 every 4 weeks if 

tolerated and no tumor progression was detected.

Patient evaluation

Patients were evaluated at baseline, then weekly while taking RT/TMZ/VPA therapy, and 

subsequently at 1 month and then 3-month intervals for the first 2 years and then every 6 

months for the next 3 years. Evaluations included history and physical examination, 

hematological and clinical chemistry examinations, and MR imaging. VPA-and TMZ-

related acute toxicities were evaluated using Common Toxicity Criteria version 3.0 

(National Cancer Institute Cancer Therapy and Evaluation Program), and the Radiation 

Morbidity Scoring Scheme was used for adverse event reporting (Radiation Therapy 

Oncology Group [RTOG]/European Organization for Research and Treatment of Cancer 

[EORTC]). Expected side effects of RT to the brain were not considered adverse events. 

Any patient with grade 4 adverse toxicity due primarily to VPA or TMZ was removed from 

the study, as was any patient with grade 3 or 4 nonhematologic toxicity requiring 

discontinuation of VPA. Treatment response was analyzed according to Response 

Evaluation Criteria in Solid Tumors (RECIST) (13) criteria and retrospectively by RANO 

criteria (14). Time to progression was determined from initiation of treatment on protocol to 

symptomatic or radiographic progression. OS was determined from initiation of treatment 

on protocol to date of death.
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Statistical analysis

This prospective phase 2 study was designed to test whether VPA in conjunction with 

concurrent RT and TMZ therapy improved OS and PFS. The original study design sample 

calculation was based on data from a study by Stupp et al (15) with a 1-year OS rate of 55% 

and a 6-month PFS rate of 55%. VPA would be considered worthy of future study if the 

addition of VPA increased 1-year OS and 6-month PFS by approximately 20%. To balance 

the statistical significance of the trial with the time to accrue an adequate number of patients, 

we chose 41 patients and an alpha of.06 and a beta of.12 (see Supplementary materials; 

available online at www.redjournal.com). Kaplan-Meier method was used to estimate OS 

and PFS. Effects of patient characteristics and clinical factors on OS and PFS were analyzed 

using univariate Cox proportional hazards model. Age was dichotomized into ≤50 years old 

and >50 years old. RTOG recursive partitioning analysis (RPA) was defined according to 

the method used by Mirimanoff et al (16).

Results

Patient characteristics

Forty-three patients were enrolled in this study. Six patients were subsequently ruled 

ineligible as they did not receive concurrent VPA with RT/TMZ. Thus, 37 patients were 

included in the analysis. Patient demographics and baseline characteristics are listed in Table 

1. Characteristics of the patients enrolled in this study are similar to those in the EORTC 

26981/22981-NCIC CE3 trial (1).

Toxicity

Thirty-seven patients were treated with concomitant RT/TMZ and VPA. All 37 completed 

the 1-week dose escalation of VPA (Fig. 1). Both TMZ and VPA were discontinued early in 

4 patients due to bone marrow suppression (3 patients) and skin reaction (1 patient). Three 

other patients discontinued VPA but not TMZ due to mental status changes in conjunction 

with increased ammonia (2 patients) or increased amylase (1 patient). Four patients 

discontinued TMZ but not VPA, all due to bone marrow suppression. One patient took TMZ 

at 100 mg/day, and 1 patient had increased seizure activity resulting in a VPA dosage 

increase above that prescribed in the protocol. All but 1 patient completed RT as prescribed. 

That patient developed clinical deterioration and mental status changes, and the patient’s RT 

was thus hypofractionated, causing him to complete RT in 30 days. This was also 1 of the 3 

patients who stopped VPA but not TMZ. All other patients completed RT in 38 to 46 days, 

accounting for holidays and machine maintenance. Thus, 24 patients finished the prescribed 

RT/TMZ and VPA according to protocol. Overall 29 patients (78%) received concurrent 

RT/TMZ, and 8 patients stopped TMZ as described above. Thirty-three patients (89%) had 

adjuvant temozolomide, with a median of 6 cycles.

The most common side effects of RT/TMZ/VPA concomitant treatment were grade 1 and 2 

blood/bone marrow toxicity and constitutional, gastrointestinal, and metabolic/laboratory 

toxicities (Table 2). Grade 3 or 4 toxicity of blood/bone marrow was detected in 12 patients 

(32%), and constitutional symptoms in 2 patients (5%), both of which compared favorably 

with the previously published RT/TMZ combination (15). With respect to toxicities that 
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might have been related to VPA, 3 patients (7%) had grade 3 metabolic/laboratory toxicity, 

specifically, an increase in ammonia, and 4 patients (10%) had grade 3 mental status 

changes, consistent with the use of high-dose VPA (17).

Time to progression and response

At the time of this analysis, 28 patients had died. Median duration of follow-up for the entire 

group was 22 months. Response was evaluated by RECIST criteria (13) at 1 month post-RT 

with complete history and physical and an MR examination showing 81% of patients had 

stable disease and 16% of patients had progression of disease. For 1 patient (3%), treatment 

response was not documented. Response was also retrospectively evaluated by RANO 

criteria at 1 month post-RT as well as at subsequent follow-up visits for all but 4 patients. 

Using RANO criteria, we found 2 additional patients who were classified as having had 

stable disease 1 month post-RT due to radiographic findings which were present within the 

80% RT isodose line, in the absence of clinical progression or histologic confirmation of 

progression. No change in date of progression was otherwise noted.

On the basis of Kaplan-Meier estimates, the median OS was 29.6 months (95th percentile 

confidence intervals [CI]: 21–63.8 months) (Fig. 2A). OS rates at 6, 12, and 24 months were 

97% (CI: 92–100), 86% (CI: 76–98), and 56% (CI: 42–76), respectively. The median PFS 

duration was 10.5 months (CI: 7–51 months) as shown in Figure 2B. PFS rates at 6, 12, and 

24 months were 70% (CI: 57–87), 43% (CI: 30–63), and 38% (CI: 25–57), respectively. In 

the cohort that did not progresse to date, the median survival was 33 months (range: 22–62 

months).

On univariate analysis, RPA of class 3 versus class V was statistically significant for both 

improved OS (P=.019) and PFS (P=.003) (Fig. 3A/B), younger age (≤50) for both OS (P=.

043) and PFS (P=.051) (Fig. 3C and D). VPA sera levels measured in the hospital clinical 

laboratory were not correlated to survival or to development of grade 3/4 toxicity as shown 

in Figure 4. The mean VPA concentration in patients without grade 3/4 toxicity was 147 

μg/mL, and the mean VPA level in patients with grade 3/4 toxicity was 150 μg/mL. Of the 

37 patients only 15 of the most recent had MGMT status known with 8 tumors methylated 

and 7 tumors unmethylated. As expected, patients with methylated tumors had a longer 1-

year OS and PFS compared to patients with unmethylated tumors (100% vs 89% and 78% 

vs 30%, respectively).

Discussion

Despite extensive research into the surgical, radiation and drug treatment options for patients 

with GBM, prognosis remains poor (1). As RT is the backbone of therapy for GBM there 

has been much effort in the development of chemoradiation combinations. A number of 

phase 1/2 trials evaluating chemotherapeutic agents in combination with radiation (reviewed 

in ref. 7) have been carried out; however, the only phase 3 trial to demonstrate a survival 

advantage remains the EORTC 26981/22981-NCIC CE3 trial (1), with a median OS of just 

under 15 months.
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The use of drugs to modify radiation sensitivity in patients with glioblastoma has been 

extensively studied, with phase 2/3 trials having been performed using halopyrimidines (18, 

19), hypoxic cell sensitizers (20–23), anti-angiogenic therapy (24, 25), and inhibitors of 

polyamine synthetase (26), without a significant benefit in either PFS or OS.

However, these phase 2/3 studies were performed before the standard of care became RT 

plus concurrent TMZ. To compare the toxicity profile from our study to other publications 

one must deconvolute the causes of the toxicities. For example, in the RT/TMZ phase 2 

study by Stupp et al, 15% of the patients were unable to complete the assigned RT/TMZ 

with 22 grade 3 and 40 grade 4 toxicities (Supplemental Table; available online at 

www.redjournal.com) (27). Similarly, in the EORTC 26981/22981-NCIC CE3 phase 3 

study, 15% of the patients did not complete the RT/TMZ, 7% of the patients had grade 3/4 

toxicities, and 32% of the patients had delays in RT (15). Thus, approximately 15% of 

patients did not complete standard TMZ/RT, with a 7% to 15% rate of grade 3/4 toxicities. 

Chakravarti et al (28) studied a radiation modifier without concurrent TMZ and showed that 

26% of patients could not complete the study drug with significant grade 3/4/5 toxicity (28).

For direct comparison to our study, there have been five phase 2 studies that combined a 

radiation modifier and standard RT/TMZ including three studies of erlotinib, one with 

enzastaurin and one with poly-ICLC (29–33). In summary, these studies had about 20% of 

their patients unable to complete the study drug, fairly significant grade 3/4/5 toxicity and 

unreported delays of RT. Thus, in our study of 37 patients, with 67% completing study drug, 

32% with a grade 3/4/5 and no patient having delays in radiation, the toxicity profile is 

comparable to the studies using a novel drug/RT/TMZ combination.

The RT/TMZ/VPA protocol resulted in 70% of patients progression free at 6 months, 86% 

of patients alive at 1 year and 56% of the patients alive at >2 years after initiation of therapy. 

This 6 month progression free survival is comparable to the phase 2 combination studies 

(Supplementary Table; available online at www.redjournal.com) that had a range of 30–73% 

and the phase 3 EORTC study that was 54%. However, the median survival in our trial was 

29.6 months and the median survival of the five previous studies ranged from 8.6 to 19.3 

months. In addition, since the initiation of our study, retrospective analyses have shown that 

the use of VPA in conjunction with RT or RT/TMZ may improve the outcome of adult 

patients with glioblastoma (34, 35).

Although results were encouraging, they have several limitations. Because of competition to 

patient accrual from several large phase 3 trials, our accrual took almost 7 years, during 

which the treatment of glioblastoma evolved, including the use of RANO criteria for 

response assessment and the standard assessment of MGMT status. To address these 

changes, we retrospectively evaluated each patient’s response by RANO, and neither PFS 

nor OS were altered using RANO compared to that using RECIST criteria. Likewise, we 

evaluated MGMT status on all samples that could be obtained retrospectively. In the 

samples that we could obtain, there was an even split in our study group between methylated 

and unmethylated tumors, thus, an over-representation of patients with methylated tumors in 

our study population is not likely. In addition, the patients in this study had more GTR and a 

higher RPA class than historical controls. Whether the increased percentage of GTR and 
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higher RPA class also contributed to the improvement in outcome observed in this trial 

cannot be determined but can be tested in a future randomized study. The VPA serum level 

did not correlate with either outcome or toxicity, similar to the disconnect with the use of 

VPA as an anti-seizure medication and the suppression of patient seizures. Further 

development of efficacy biomarkers and advanced tumor pharmacodynamics is thus also 

needed.

Conclusions

In summary, with the addition of VPA to standard RT/TMZ therapy, both of the study 

endpoints were met, with a 1-year OS rate of 86% (CI: 76–98) and a 6-month PFS rate of 

70% (CI: 57–87). This compares favorably with previously studied combinations and 

suggests consideration of further investigation in a randomized phase 3 study.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Summary

This is a report of a phase 2 trial of 37 patients with newly diagnosed glioblastoma 

treated with valproic acid (VPA) at a dose of 25 mg/kg divided into 2 daily doses, 

concurrent with radiation and temozolomide therapy. VPA toxicity was comparable with 

historical data. Median overall survival and progression-free survival were 29.6 months 

and 10.5 months, respectively.
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Fig. 1. 
Treatment schema for the study group. VPA was administered concurrently with RT. No 

adjuvant VPA was given. RT = radiation therapy; VPA = valproic acid.
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Fig. 2. 
Kaplan-Meier analysis of overall survival (A) and progression-free survival (B). Dotted 

lines represent 95% confidence limits.
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Fig. 3. 
Prognostic factor analysis: Kaplan-Meier analysis of overall survival (OS) and progression -

free survival (PFS) by RPA (A and B) and age (C and D). RPA = XXX.
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Fig. 4. 
Survival and toxicity versus VPA levels (according to possible or probable attribution to 

VPA) for patients in whom VPA levels were available. VPA = valproic acid.
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Table 1

Valproic acid study pretreatment characteristics

Characteristic n %

Age (y)

 Median 54.3 (range: 31–72)

Sex

 Male 25 68

 Female 12 32

RPA

 3 11 30

 4 17 46

 5 2 5

 Unknown/missing 7 19

Resection

 GTR 19 51

 STR 17 46

 Biopsy 1 3

KPS

 Median 100

 Range 90–100

Tumor location

 Frontal lobe 11

 Temporal lobe 10

 Parietal lobe 8

 Occipital lobe 1

 Frontotemporal 2

 Frontoparietal 0

 Temporoparietal 2

 Parieto-occipital 3

 Temporo-occipital 0

Abbreviations: GTR = XXXX; KPS = Karnofsky performance score; RPA = XXXX; STR = XXXX.
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Table 2

Acute toxicity related to temozolomide, valproic acid, and radiation therapy

Toxicity

Grade

1 2 3 4

Auditory/hearing 1 7 0 0

Blood/bone marrow 8 9 6 6

Cardiovascular 2 0 0 0

Coagulation 1 0 0 0

Constitutional symptoms 20 3 2 0

Dermatology/skin 21 3 0 0

Endocrine 0 1 0 0

Gastrointestinal 21 4 0 0

Hepatobiliary/pancreas 2 0 0 0

Lymphatics 2 2 0 0

Metabolic/laboratory 16 14 3 0

Musculoskeletal 1 1 0 0

Neurology 5 11 4 0

Ocular/visual 6 0 1 0

Pain 7 2 0 0
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