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Abstract

Purpose/Objective(s): Valproic Acid (VPA) is an antiepileptic agent with HDACi (histone deacetylase inhibitor) activity shown to radiosensitize 
glioblastoma (GBM) cells. We evaluated the addition of VPA to standard radiation therapy (RT) and temozolomide (TMZ) in an open- label, phase II 
study (NCI-06-C-0112). The intent of the current study was to compare our patient outcomes with modern era standard of care data (RTOG 0525) and 
general population data (SEER 2006–2013).

Materials/Methods: 37 patients with newly diagnosed GBM were treated in a phase II NCI trial with daily VPA (25 mg/kg) in addition to concurrent 
RT and TMZ (2006 - 2013) and 411 patients with newly diagnosed GBM were treated in the standard TMZ dose arm of RTOG 0525 (2006 - 2008). Using 
the SEER database, adult patients (age > 15) with diagnostic codes 9440- 9443 (third edition (IDC-O-3) diagnosed between 2006 - 2013 were identified 
and 6083 were included in the analysis. Kaplan-Meier method was used to estimate OS and PFS. The effect of patient characteristics and clinical factors 
on OS and PFS was analyzed using univariate analysis and a Cox regression model. A landmark analysis was performed to correlate recurrence to OS 
and conditional probabilities of surviving an additional 12 months at diagnosis, 6, 12, 18, 24 and 30 months were calculated for both the trial data and 
the SEER data.

Results: Updated median OS in the NCI cohort was 30.9m (22.2- 65.6m), compared to RTOG 0525 18.9m (16.8–20.3m) (p= 0.007) and the SEER cohort 
of 11m. Median PFS in the NCI cohort was 11.1m (6.6 – 49.6m) compared to RTOG 0525 with a median PFS of 7.5m (6.9–8.2m) (p = 0.004). Younger 
age, class V RPA and MGMT status were significant for PFS in both the NCI cohort and the RTOG 0525 cohort, in addition KPS was also significant for 
OS. In comparison to RTOG 0525, the population in the NCI cohort had a more favorable KPS and RPA, and a higher proportion of patients receiving 
bevacizumab after protocol therapy however with the exception of RPA (V) (8% vs 18%) (0.026), the effects of these factors on PFS and OS were not 
significantly different between the two cohorts.

Conclusion: Previously reported improvements in PFS and OS with the addition of VPA to concurrent RT and TMZ in the NCI phase II study were 
confirmed by comparison to both a trial population receiving standard of care (RTOG 0525) and a contemporary SEER cohort. These results provide 
further justification of a phase III trial of VPA/RT/TMZ.

Introduction

In the United States, primary brain tumors represent 2% of tumor 
subtypes with 23,000 new cases and 14,000 deaths per year with grade 
4 glioblastoma (GBM) the most common. Standard therapy consists 
of maximal surgical 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. 

Since the pattern of recurrence following the RT/TMZ 
combination indicates failure in or adjacent to the initial RT 
treatment volume, enhancing the effectiveness of RT could lead to 
an improved therapeutic response. It is this premise that prompted 
the use of histone deacetylase inhibitors (HDACi) [4, 5]. Inhibition 
of HDAC activity has been shown to selectively increase tumor cell 
radiosensitivity in a variety of in vitro models and enhance radiation-
induced growth delay of subcutaneous human tumor xenografts [4, 
5]. HDACi reduces the repair of DNA double strand breaks (DSBs) 
leading to radiation-induced cell death [4, 5]. 
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Valproic acid (VPA), a non-enzyme-inducing antiepileptic drug 
(non-EI-AED), is orally bioavailable, crosses the blood-brain barrier 
and has minimal toxicity and thus, it provides an attractive option as a 
radiation sensitizer. In 2006 we initiated a study designed to investigate 
the safety, tolerability and effectiveness of concomitant RT/TMZ and 
relatively high dose VPA followed by adjuvant TMZ in patients with 
newly diagnosed GBM. The previously published median OS in the 
study was 29.6 months (range: 21–63.8 months) with a PFS of 10.5 
months (range: 6.8–51.2 months) while toxicity was similar to that of 
other phase II studies involving RT/TMZ [6].

Over the past 10 years the reported median survival data for GBM 
has increased from 14 months to around 20 months [7]. The reasons 
for this increase are likely multifactorial including a combination of 
superior surgical resection, earlier initiation of systemic therapies at 
first recurrence and the management of patients within subspecialized 
neuro-oncology teams. Since our Phase II NCI trial did not include a 
standard of care arm, we compared the outcome of the patients treated 
on our Phase II trial with concurrent VPA with the outcomes of 
patients who received standard of care concurrent RT and TMZ in the 
modern era. Thus, we performed a secondary analysis of the RTOG 
0525 standard of care arm in conjunction with our NCI data. The most 
recent molecular RPA based analysis of the RTOG 0525 standard arm 
included MGMT, Ki-67, mTOR and survivin in addition to age, KPS, 
extent of resection, and neurologic function, and revealed the median 
OS times for the three classes as 21.9, 16.6 and 9.4m [7]. Since both the 
NCI and the RTOG cohorts represent patients treated on trial who as a 
result tend to have superior outcomes, an additional comparison with 
data from GBM patients in the SEER database, who are more likely to 
be more representative of the GBM patient population at large, was 
also conducted. The intent was to assess the outcome of patients in the 
Phase II VPA trial in comparison with both modern era GBM patients 
treated on trial (RTOG 0525) and the population at large (SEER).

Methods and Materials

Patient population

NCI Phase II study of VPA concurrent with chemoirradiation (CRT)

The NCI study was a two center, open-label, phase II study 
(NCI-06-C-0112) that was conducted in patients with histologically 
confirmed GBM, aged 18 years or older and a life expectancy greater 
than 8 weeks, with surgery no more than 6 weeks prior to enrollment. 
Pathology review was obtained in all patients. Patients were required 
to have an ECOG performance status ≤ 2 and adequate hematological, 
renal and hepatic function. Exclusion criteria included previous VPA, 
chemotherapy or radiotherapy treatment, a known disorder of urea 
metabolism and any history of a second malignancy other than non-
melanoma skin cancer or cervical cancer < 3 years since diagnosis. 
The concurrent use of sulfamethoxazole, salicylates or naproxen was 
not allowed. The protocol was reviewed and approved by the NCI 
Institutional Review Board, and written informed consent was signed 
by all patients. 37 patients with newly diagnosed GBM were treated 
in a phase II NCI trial with daily VPA (25 mg/kg) in addition to 
concurrent RT and TMZ 2006 - 2013.

RTOG 0525 population

The RTOG 0525 study examined the effect of dose dense TMZ 
on 833 patients randomized to two arms (dose dense vs standard of 
care). Inclusion and exclusion criteria were largely similar to those 
of the phase II NCI study (patients older than age 18 years with a 
newly diagnosed, histologically confirmed GBM, KPS of at least 60 
and adequate hematologic, renal, and hepatic function). Having 
verified that RTOG 0525 shares inclusion and exclusion criteria with 
our own study, we were specifically interested in the 411 patients 
who were randomized to and received standard of care in order to 
facilitate comparison with the phase II NCI study patient population. 
A secondary analysis request was submitted to NRG for the baseline 
characteristics (age, sex, KPS, type of surgical intervention, RPA class 
and MGMT status) of the patient population randomized to standard 
of care arm in RTOG0525. To further compare the impact of adjuvant 
treatment between these two populations, we requested the number of 
cycles of adjuvant TMZ the patient received and whether the patient 
did or did not receive Bevacizumab. In order to compare OS and PFS 
as the relevant endpoints we requested time to death or progression 
for the standard of care arm from initiation of treatment.

SEER population

Using the SEER database, adult patients (age > 15) with diagnostic 
codes 9440–9443 (third edition (IDC-O-3) diagnosed between 2006 
- 2013 were identified and 6083 were included in the analysis. The 
intention was to analyze the GBM population captured in SEER over a 
similar time span as the patient populations captured in the NCI study 
and the RTOG 0525 studies.

Statistical Analysis

Pretreatment characteristics of the Phase II NCI study population 
and the RTOG 0525 population were compared using log rank test. 
Outcomes between the two studies were compared using log rank test 
and cox regression model for confounders. Kaplan-Meier method was 
used to estimate OS and PFS. The effect of patient characteristics and 
clinical factors on OS and PFS was analyzed using univariate analysis 
and a Cox regression model. A landmark analysis [8, 9] was performed 
to assess residual survival of additional 12 months.

Results

The NCI cohort represents 37 patients on the NCI phase II trial. 
Patient characteristics including the patient’s performance status and 
RPA class as well as treatment details and progression and survival 
outcomes were available, however MGMT status was only available in 
51% of the patients as many patients were accrued prior to standard 
MGMT testing (Table 1). The RTOG 0525 cohort represents 411 
patients included on the standard of care arm of RTOG 0525. Similar 
to the NCI cohort, patient’s characteristics are available and MGMT 
status was available in 91% of the patients in this cohort (Table 1). 
In comparison to RTOG 0525, the population in the NCI cohort had 
a more favorable KPS and RPA, and a higher proportion of patients 
receiving bevacizumab as salvage (Table1). However, with the 
exception of RPA (V) (8% vs 18%), the effects of these factors on PFS 
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and OS were not significantly different between the two cohorts (Table 
2 and Table 3). Median OS in the NCI cohort was 30.9m (22.2- 65.6m), 
compared to RTOG 0525 18.9m (16.8- 20.3) (p= 0.003) (Figure 1), and 
SEER cohort 11m (supplemental table). Younger age, KPS and class V 
RPA, were significant for OS in both the NCI cohort and the RTOG 
0525 cohort while MGMT status was only significant for the RTOG 
0525 cohort (Table 2). Median PFS was 11.1 and 7.5m in the NCI 
study and the RTOG study respectively (Figure 2). PFS was superior in 
the NCI study as compared to the RTOG study at 6, 12 and 24 months 
(p=0.0005) (Figure 2). Younger age, class V RPA and MGMT status 
were significant for PFS in both the NCI cohort and the RTOG 0525 
cohort (Table 3). The SEER cohort represents a population of patients 
captured in the US SEER database. Unlike the NCI or RTOG cohorts, 
patient’s performance status, RPA class and MGMT status as well as 

the extent of systemic management and PFS were not recorded within 
the database and therefore were not available for comparison.

Since significant factors that underlie the ability to analyze 
survival are not available across the all three data sets, a landmark 
analysis was used to estimate the survival probabilities in each of 
the data sets conditional on the patients having survived at least 6 
months. From the analysis, with a landmark time of 6m, the percent 
of patients surviving an additional 12m was 77, 57 and 43 in the NCI 
study, RTOG 0525 and SEER respectively (Table 4). The difference was 
statistically significant at the initiation of treatment, at 6m and at 18m. 
VPA patients’ survival was superior to both RTOG and SEER patients 
up until 30m when they coalesced to a similar likelihood of surviving 
an additional 12m (Figure 3).

Table 1. Pretreatment  characteristics. Recursive partitioning analysis (RPA), gross total resection(GTR), 
sub-total resection (STR), valproic acid (VPA), methylguanine-DNA methyltransferase (MGMT), epidermal 
growth factor receptor (EGFR)

NCI RTOG 0525

n % n % P

Age (y)

median 54.3 (range 31–72) 57 (range 22–84) 0.183

Sex

Male 25 68 239 58

Female 12 32 172 42 0.347

RPA

3 13 35 85 21

4 16 43 251 61

5 3 8 75 18 0.026

Unknown/missing 5 14 0 0

KPS

<=90 18 49 321 78

100 19 51 90 22 <0.001

Resection

GTR 19 51 230 56

STR 17 46 167 41

biopsy 1 3 14 3 0.671

MGMT status

methylated 9 24 122 30

unmethylated 10 27 254 62 0.272

unknown 18 49 35 8

BEV given

No 15 40 296 72

Yes 21 57 115 28 <0.001

unknown 1 3 0 0
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Table 2. Univariate analysis for OS.

NCI RTOG 0525 Difference in HR

HR 95% CI p-value HR 95% CI p-value P-value

Age (continuous variable)* 1.6 1.0–2.4 0.046 1.3 1.2–1.4 <0.001 0.399

Age: 50–60 years 2.2 0.8–6.1 0.147 1.6 1.2–2.1 0.002 0.564

Age: > 60 years 3.2 1.0–10.0 0.043 1.8 1.4–2.4 <0.001 0.331

KPS (<=90) 2.7 1.1–6.4 0.029 1.5 1.1–1.9 0.007 0.205

RPA (class IV) 1.8 0.6–5.0 0.266 1.5 1.1–2.1 0.004 0.773

RPA (class V) 5.7 1.3–26.1 0.024 2.2 1.5–3.2 <0.001 0.231

Extent of resection=STR 1.4 0.6–3.1 0.383 1.1 0.9–1.4 0.448 0.53

Avastin (yes) 0.7 0.3–1.6 0.389 0.7 0.5–0.9 0.002 1.00

MGMT (unmethylated) 3.6 0.9–13.9 0.068 1.9 1.5–2.5 <0.001 0.390

*HR corresponds to increase of age by 10 years

Table 3. Univariate analysis for PFS.

NCI RTOG 0525 Difference in HR

HR 95% CI p-value HR 95% CI p-value p-value

Age (continuous variable)* 1.3 0.9–2.0 0.156 1.2 1.1–1.3 <0.001 0.59

Age: 50–60 years 1.6 0.6–4.2 0.297 1.4 1.1–1.8 0.008 0.775

Age: > 60 years 2.9 1.0–8.1 0.048 1.5 1.2–1.9 0.002 0.231

KPS (<=90) 1.8 0.8–3.8 0.128 1.1 0.8–1.4 0.517 0.21

RPA (class IV) 1.4 0.5–3.6 0.517 1.2 0.9–1.6 0.128 0.829

RPA (class V) 12.2 2.4–62.9 0.003 1.7 1.2–2.4 0.002 0.021

Extent of resection=STR 1.1 0.5–2.4 0.743 1.1 0.9–1.3 0.482 0.90

Avastin (yes) 1.4 0.6–3.1 0.462 1.3 1.0–1.6 0.029 0.89

MGMT (unmethylated) 3.9 1.0–14.6 0.045 1.6 1.2–2.0 <0.001 0.187

*HR corresponds to increase of age by 10 years

Discussion

In recent years the published outcomes of GBM patients on trial 
has improved as compared to published Stupp data [1, 7], nonetheless, 
outcomes for GBM patients remain poor. Between 2006 and 2013 we 
carried out a Phase II trial with the goal of investigating the safety, 
tolerability and effectiveness of concomitant RT/TMZ and relatively 
high dose of VPA followed by adjuvant TMZ in patients with newly 
diagnosed GBM [6]. In order to compare the outcome of our Phase II 
NCI study with modern GBM treatment and outcomes, we performed 
a secondary analysis of the standard of care arm of RTOG 0525. To 
ensure adequate comparison with the GBM population at large, we 
also carried out a SEER analysis spanning the same time period as 
the previous two trials (2006–2013). The NCI study and RTOG 

study patients were sufficiently similar to allow for a meaningful 
analysis although the NCI patients had superior KPS, RPA and use of 
Bevacizumab. None of these factors were found to have a statistically 
significant impact on the analysis. We found that the NCI study 
patients had a superior PFS and OS compared to either the RTOG 
0525 patients or the SEER patients, who in turn had the poorest 
survival.

Median OS for the NCI patients far surpassed RTOG 0525 and the 
SEER cohort outcomes at 30.9m (22.2–65.6). It also surpassed other 
modern published GBM data [2,3,7]. The effect observed on OS was 
sustained to 30 months post initiation of treatment. In recent years, 
landmark analyses have been employed in order to contextualize 
outcome results by clarifying the relationship between progression 
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and survival [8, 9]. We carried out a landmark analysis on the 
premise that those patients that had not died at the 12 month time 
point may have superior biological behavior possibly distinguished 
by biomarkers such as MGMT, Ki-67, survivin or mpTOR as well as 
other as yet undiscovered biomarkers which may correlate with the 
administration of VPA. The analysis suggests a significant benefit to 
the administration of VPA with 71% of patients having a probability 
of surviving another 12 months at the 18m time point in the NCI 
study as compared to 51% in the RTOG 0525 and 48% in the SEER 
cohort. The data also showcases that fact that the modern day RTOG 
0525 cohort, presumably representing a highly selected, superior 
performing population nonetheless has probability of surviving 
another 12 months that is very similar to the SEER cohort once they 
pass the 6m time point. By contrast the NCI VPA treated cohort 
approaches similar probabilities of survival to the SEER cohort much 
later, approaching 30 months. This could indicate a potential alteration 
in tumor biology that occurs in patients treated with VPA which could 
be explored further in larger cohorts.

Figure 1. Overall survival (OS) comparison NCI phase II study, RTOG 0525 and SEER 
2006–2013.

In our phase II study we explored the effectiveness of VPA as 
a radiosensitizer [6] and the hypothesis that VPA favorably alters 
tumors response continues to be explored in the literature [10–18]. 
While a recent analysis of four contemporary randomized clinical 
trials [14] showed no improvement in outcome to the addition of VPA, 
dose dependency was not addressed in this analysis and existing data 
suggests that the effect of VPA is dose dependent [15]. By contrast a 
2014 meta-analysis suggested improved survival of patients with VPA 
administration [16, 17] although dose response was not addressed. It 
is possible that the effects of VPA may include modification of tumor 
behavior that may be both disease and dose dependent. Biomarker 
studies aimed at exploring possible avenues underlying the effects of 
VPA are ongoing within the NCI study cohort and in the literature at 
large [18].

Figure 2. Kaplan-Meier analysis of progression free survival (PFS) between RTOG 0525 
and the phase II NCI study examining the addition of Valproic acid (VPA) to concurrent 
radiation (RT) and temozolomide (TMZ).

There are several limitations to our analysis, including the fact that 
the number of patients on the standard of care arm in RTOG 0525 
(411) greatly exceeded the number of patients in the NCI study (37), 
and that MGMT status was unknown in 49% of NCI study patients, 
as the bulk of the study was carried out preceding the era of wide 
spread MGMT methylation testing. In the phase II NCI study time to 
death or progression was calculated from the initiation of VPA which 
preceded the initiation of RT and TMZ by 1 week, while in RTOG 
0525 time to death or progression was calculated from initiation of 
concurrent CRT and it was not possible to account for this discrepancy, 
although the difference of 1 week is unlikely to significantly alter our 
conclusions. In addition, progression on RTOG 0525 was determined 
according to Macdonald criteria, whereas the NCI study used RECIST 
criteria, although both studies accounted for pseudoprogression in 
determining response. However since SEER does not capture patient 
characteristics such as KPS, RPA, progression data or MGMT status, 
a comparison of these characteristics between the NCI study and 
RTOG 0525 and SEER was not possible. We understand that while 
anticonvulsant (AED) usage was collected on RTOG 0525, the use of 
VPA specifically, as a type of AED was not collected.

Conclusion

Previously reported improvements in PFS and OS with the 
addition of VPA to concurrent RT and TMZ in the NCI phase II study 
were confirmed in comparison to both a trial population receiving 
standard of care (RTOG 0525) and a contemporary SEER cohort. 
These results warrant further consideration of VPA for analysis in a 
phase III trial.
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Table 4.  Landmark analysis. Probability and 95% CI of surviving additional 12 months.

NCI RTOG SEER

Time from
initiation of
treatment 
(months)

Probability
of surviving 
additional
12 months

Lower
95% CI

Upper
95% CI

Probability
of surviving 
additional
12 months

Lower
95% CI

Upper
95% CI

P Probability
of surviving
additional 
12 months

Lower
95% 
CI

Upper
95% 
CI

P-value*

0 0.92 0.83 1 0.70 0.66 0.75 <0.001 0.45 0.44 0.47 0.000

6 0.77 0.64 0.92 0.57 0.52 0.62 0.010 0.43 0.42 0.45 <0.001

12 0.61 0.46 0.81 0.49 0.43 0.55 0.167 0.43 0.41 0.44 0.032

18 0.71 0.55 0.92 0.51 0.45 0.59 0.049 0.48 0.46 0.51 0.016

24 0.73 0.53 1 0.62 0.53 0.72 0.385 0.56 0.53 0.59 0.165

30 0.69 0.47 1 0.61 0.5 0.75 0.610 0.62 0.58 0.65 0.587

*Comparing survival probability between NCI and SEER

Figure 3. Landmark analysis - Kaplan-Meier survival estimate vs. timing of recurrence using landmark analysis setting the landmark time 
at 6 months.
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Supplemental Table.  Comparison of PFS and OS between NCI and RTOG  0525 study cohort. Log-rank test was employed to compare PFS and OS between NCI and RTOG 0525 study 
cohort and between the  NCI and SEER cohort.

NCI (n=37) RTOG 0525 (n=411) SEER GBM 2006–2013  
(n=6083)

PFS OS PFS OS OS

# of events (%) 30 (81) 27 (73) 374 (91) 320 (78) 5359 (88)

median
(months)(95% CI)

11.1 (8.0,51.9) 30.9 (22.2, 65.6) 7.5 (6.9, 8.2) 18.9 (16.8, 20.3) 11

6 months (%) 78.4 (66.2, 92.8) 97.3 (92.2, 100) 61 (56.5,65.9) 91.9 (89.3,94.6) 65.5 (64.3,66.7)

12 months (%) 45.9 (32.4,65.2) 91.7 (83.2,100) 30 (25.9,34.8) 70.4 (66.1,75) 45.5 (44.2,46.7)

24 months (%) 37.8 (25,57.2) 56.4(41.9,75.8) 14.4(11.3,18.2) 34.2 (29.9,39.2) 20.7 (19.6,21.8)

p-value* 0.0005* 0.003* <0.001**

*Log-rank test comparing PFS and OS between NCI and RTOG0525 study cohort; **log-rank test comparing

OS between NCI and SEER cohort
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