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Abstract Diffuse intrinsic pontine glioma is a pediatric

oncologic disease with dismal prognosis and no effective

treatment. Since 2007, our patients have been using val-

proic acid as prophylactic anticonvulsant. We have

undertaken a retrospective study in order to evaluate the

influence of valproate in the outcomes of children with this

disease in our center. Patients were treated with weekly

carboplatin and vincristine and received conformal radio-

therapy, either concurrent or sequential. Event-free sur-

vival and overall survival of patients not treated with

valproic acid were 6.5 and 7.8 months. Accelerated failure

time model (a parametric multivariate regression test for

time-to-failure data) showed a statistically significant

superiority of the median event-free survival of treated

patients (6.5 vs. 9.5 months in treated patients; HR

0.54–95 % CI 0.33–0.87; p \ 0.05) and also of overall

survival (7.8 vs. 13.4 months in treated patients; HR

0.60–95 % CI 0.37–0.98; p = 0.05).
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Introduction

Management of pediatric patients with diffuse intrinsic

pontine gliomas (DIPG) remains unsatisfactory. Although

considerable effort has been made to improve their out-

come, prolonged survival for these patients is still unat-

tainable [1]. Usually less than 10 % of patients with this

disease survive 2 years after diagnosis, and there are vir-

tually no patients with prolonged survival. Many novel

treatments have been tested, all with similarly disappoint-

ing clinical results in phase II trials [2].

Valproic acid (valproate sodium) is an anti-epileptic

drug (AED) widely used for treating seizures in children. It

has also been used for seizures associated with brain

tumors [3]. It does not modify hepatic metabolism of drugs,

unlike hepatic enzyme inducing anti-epileptic drugs as

phenobarbital or phenytoin. Seizure prophylaxis is con-

troversial in adult and pediatric brain tumor patients [3].

However, a recent metanalysis was not conclusive due to

the lack of appropriate clinical data. The decision to start

an antiepileptic drug for seizure prophylaxis in children

with brain tumors must be guided by assessment of indi-

vidual risk factors [4]. Seizures are more frequent in

pediatric patients with a supratentorial tumor but can

nonetheless infrequently occur in posterior fossa tumor

patients [3], and their determinants have remained obscure

[5]. In our center, we deal with patients that have inade-

quate access to medical services, including emergency and
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pre-hospital care, and there have been occasional episodes

of deaths supposedly caused by seizures in children with

brain tumor under our care. In one of the few reports about

this in our country, Kawasaki et al. [6] have described a

series of 50 patients with brain tumors and seizures,

including two with posterior fossa lesions (one brain stem

tumor). We have observed at least four cases of seizures in

patients with DIPG in the last 10 years in our center, and

their exact cause has been elusive, since they seemed not to

be related to predictable factors. Based on these local dif-

ferences, we considered using prophylactic AED adminis-

tration to all pediatric patients with brain tumors, including

children with posterior fossa tumors.

Since January 2007, valproate sodium at doses

10–15 mg/kg/day every 8–12 h was routinely prescribed

for all pediatric brain tumor patients as prophylactic anti-

convulsant [7, 8]. After the beginning of prophylactic

administration we observed a trend towards longer survival

in a subset of our patients. In order to study the possible

influence of valproate in the survival of pediatric patients

with brain tumors we have undertaken a retrospective

cohort study [8]. We also compared this cohort with a

historical control from our institution. In this brief report,

we focus on the outcomes of children with DIPG. Due to

modifications in referral policies in our state, the admission

rate of new patients in our center more than doubled from

before 2007 to nowadays.

Materials and methods

The institutional review board of our center approved this

retrospective study. We reviewed the charts of patients

referred to our institution and diagnosed between January

2000 and December 2010 with DIPG (tumor centered in

the pons, tumor extension over[50 % of the pontine cross-

sectional area, and with or without contrast enhancement),

aged 0–17 years. Our institution does not admit patients

over 17 years, as a result of Brazilian ministry of health

rules. All patients received conventionally fractionated

3-dimensional conformal radiotherapy. Additionally, all

patients (except for one in the historical control group)

were treated with chemotherapy (after, before or concur-

rent to radiotherapy) comprised of weekly carboplatin

175 mg/m2 and vincristine 1.5 mg/m2 (as reported else-

where) [9].

A member of our team reviewed magnetic resonance

images (MRI) for tumor site and characteristics. Some of

the images from patients diagnosed before 2006 were not

available for review, so we used the description of the

radiological report to classify the tumors. Usual image

parameters (MacDonald’s criteria) were used to analyze

MRI and judge disease progression [10]. Since this was a

retrospective study, imaging frequency was not standard-

ized and varied among patients. The general protocol was

imaging every 3 months, but this was not strictly followed.

The primary study endpoint for treatment efficacy was time

to treatment failure, measured from the diagnosis, from

which event-free survival percentage was computed. Fail-

ure events included tumor progression (defined by clinical

or radiologic deterioration; when radiological progression

was detected, the event was assigned to the patient only if it

was accompanied with clinical worsening, to avoid pseudo

progression [11]), or death due to any cause. The secondary

efficacy endpoint was time to death due to any cause, from

which overall survival (OS) was computed. The primary

objective of the statistical analysis was to determine whe-

ther the valproate treatment produced a difference in the

median event-free survival. Based on the hazard function

(Figs. S1a, d), the data was assumed to have exponential

distribution. As a result, the more appropriate accelerated

failure assumption was used to model the data. Model

diagnostics showed the Weibull survival distribution with a

fixed shape parameter of 2 was the better choice. Asymp-

totic log-rank test was performed as comparison. Data

descriptive statistics and statistical calculations were per-

formed on R 2.12 for Mac OSX (R Foundation for Sta-

tistical Computing, 2010). Accelerating factor (c), and

hazard ratio (HR) with 95 % confidence interval (95 % CI)

were calculated.

Results

Between 2000 and 2010, 30 patients were diagnosed with

DIPG, 12 between 2000–2006 and 18 in 2007–2010. Ten

patients were excluded because they did not receive

radiotherapy, five from the 2000–2006 group and five from

the 2007–2010 group. One patient was excluded because

he was treated with a subtherapeutically small dose of

radiotherapy (18 Gy). Nineteen patients were included.

Median age was 7.7 years, ranging from 6.4 to 10.5 years.

There were 8 males and 11 females. Thirteen patients

received valproate, only one of these from the 2000–2006

period. The non-treated group included six patients. There

were no differences between the two groups regarding

demographical data. There were no episodes of pseudo

progression. Median event-free survival of patients was

6.5 months in the non-treated group, and 9.5 months in the

valproate-treated group (Fig. 1b). Median survival of

patients in the non-treated group was 7.8 months, whereas

in the valproate-treated group it was 13.4 months (Fig. 1a).

Accelerated failure time model showed a statistically sig-

nificant better median event-free survival in treated group

(c = 1.87 95 % CI 1.14–3.1; HR 0.54–95 % CI 0.33–0.87;

p = 0.021). Overall survival was barely statistically
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different between groups (c = 1.67 95 % CI 1.02–2.7; HR

0.60–95 % CI 0.37–0.98; p = 0.05). Asymptotic log-rank

test did not show a significant difference between groups

regarding any of the outcomes (p = 0.13 and 0.19)

(Fig. 2).

Discussion

The event-free and overall survival of the patients treated

with valproic acid was unexpectedly better than our
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Fig. 1 Overall survival a and progression-free survival b of patients

treated (blue) or not (red) with valproic acid. All patients received

radiochemotherapy as described

Fig. 2 a–c MRI images of representative cases of diffuse intrinsic pontine glioma. Upper images are T1-weighted, gadolinium-enhanced, and

bottom images are FLAIR. a depicts case 14 (Table 1), b case 11, and c case 13

J Neurooncol (2014) 116:261–266 263

123



historical control and what is currently achieved with

standard care. In reported trials, the median time to pro-

gression ranged from 5 to 8.8 months, without a clear trend

toward improvement over time, and overall survival ranged

from 7 to 16 months (8 to 11 months evaluating only

studies for which clinical and radiological eligibility cri-

teria were specified) [2]. These results were compared with

a parametric univariate test. Comparison with a non-para-

metric univariate test, however, was not statistically

significant.

End-points for assessment of therapeutic efficacy in

brain tumors often give rise to controversy. In curative-

intent therapy the overall survival is the main gold stan-

dard. In palliative-intent treatment the aim is prolonging

OS while maintaining or improving quality of life. How-

ever, in the initial evaluation of drugs for the treatment of

brain tumors surrogate end-points have been used with

increasing frequency. The use of well-established surrogate

end-points can likely reflect clinical benefit and speed up

drug development [12]. Progression-free survival (PFS) is a

popular surrogate end-point validated for high-grade glio-

mas phase II trials. PFS is hard to evaluate in patients with

DIPG, but its value as a surrogate end-point has been

demonstrated [13]. Progression is defined by different cri-

teria in clinical trials of patients with DIPG [2], and this

can modify the measured outcome. In order to avoid con-

fusion with pseudo response, pseudo progression, and

because the usual radiological measure assessments are

difficult in DIPG, we used a clinicoradiological progression

definition. Clinical progression was registered as an event,

but radiological progression was registered as event only if

correlated with clinical worsening. Moreover, clinical

deterioration due to reversible causes (e.g. hydrocephalus)

was not registered as an event (only if it occurred in the

setting of a true clinicoradiological worsening). Since this

was a retrospective evaluation, there was no rigid protocol

of image or clinical monitoring. In our practice, we try to

obey a schedule of imaging every 3 months, but local

socio-economical limitations impair our ability to comply

with this protocol. As a result, monitoring varied between

patients. We acknowledge that this may have introduced a

bias in the progression date estimate.

In the valproate-treated group, 6 out of 13 patients had a

progression time higher than 10 months (300 days), and

two patients had a surprisingly long progression-free sur-

vival. In contrast, only 1 out of 6 patients not treated with

valproate had a progression-free survival longer than

300 days (Table 1). We hypothesize that valproate seizure

prophylaxis could have been at least partially responsible

for this observed effect. Treatment of seizures with val-

proic acid has been associated with better survival in adult

and pediatric high-grade brain tumor patients that received

standard care [14, 15]. Published data do not clearly

indicate if valproate has an intrinsic antitumor activity [15].

Valproate could inhibit hepatic microsomal enzymes,

leading to higher plasma concentrations of chemotherapy

agents [15], but high doses are often needed for this effect

and it is unlikely to have clinical impact. Recently, val-

proate administration to heavily pre-treated children with

brain tumor was shown to be safe [16]. In a very recent

report, Weller et al. [17] reappraised the EORTC/NCIC

glioblastoma temozolomide clinical trial data, showing that

patients treated with temozolomide and radiotherapy, as

well as with valproic acid, have had a significant survival

advantage. A retrospective single-center study and meta-

analysis of published data has also confirmed a statistically

significant survival advantage in patients with newly

diagnosed glioblastoma treated with valproate [18]. Barker

et al. [19] have reviewed retrospectively the RTOG data

upon glioblastoma patients treated with external beam

radiation and have found that valproic acid use correlated

with longer survival in patients treated with radiation. In

contrast, we have published evidence that showed lack of

statistically significant survival advantage in children with

malignant brain tumors when treated with prophylactic

valproic acid [5].

Valproic acid has epigenetic modulating properties

through the inhibition of histone deacetylases (HDAC).

Blocking the deacetylation of histones leads to the silenc-

ing of a great number of cellular genes. Preclinical and

clinical data has shown that valproate inhibits tumor

growth and has activity against a varied number of animal

tumor models and human cancers [20]. Antiangiogenic

properties, secondary to its HDAC inhibitor properties

could be one of the mechanisms of the in vivo antiprolif-

erative action of valproate on animal tumor models [21].

Valproic acid induced cytotoxicity and apoptosis, and

suppressed invasiveness in glioma cells. The action of

valproic acid seems to be cell type-specific, and includes

up-regulation of metastasis suppressor reversion-inducing

cysteine-rich protein with Kazal motifs (RECK) as well as

inhibition of matrix metalloproteinase-2 (MMP-2), both

involved in glioma progression [22]. Valproic acid can

sensitize human glioma cells to temozolomide and gamma-

radiation induced cytotoxicity [23].

Little is known about the molecular landscape of DIPG.

However, a recent study has undertaken a genome-wide

analysis of single-nucleotide polymorphisms (SNPs) in

tumor tissue from DIPG patients. Focal amplifications of

PDGFRA and MET genes (and others from ras pathway),

and RB gene were frequently found in these tumors [24].

Using whole-genome sequencing followed by targeted

sequencing, the Pediatric Cancer Genome Project group

has identified single-nucleotide substitutions affecting a

conserved domain of both H3F3A and HIST1H3B genes

(encoding histones H3.3 and H3.1) [25]. These data imply
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that DIPG have a unique genetic and molecular signature,

and that modified histones are part of this hallmark. It is

still unclear what functional modifications are caused by

the histone mutations, but large-scale gene expression

profile alterations are possible. Thus, epigenetic modula-

tion by drugs like valproic acid is an attractive new ther-

apeutic target in DIPG. Vorinostat, a HDAC-inhibitor drug

that has been tested in a phase I trial by the Children’s

Oncology Group (COG) [26], is currently being tested in a

phase I/II COG trial enrolling patients with DIPG

(NCT01189266).

Our patients received a low valproate dose, and trials

that successfully demonstrated surrogate markers of epi-

genetic inhibition by valproate in human patients have used

higher doses [20]. Nevertheless, chronic oral administra-

tion of 10–20 mg/kg/day of valproate to children can

achieve sustained therapeutic range plasma concentrations

[27]. The patients reported here had not any measure of

surrogate markers of epigenetic inhibition, or of valproate

plasma levels. Currently, clinical trials are investigating the

use of valproic acid alone or associated with oral chemo-

therapy for children with brain tumors (NCT01861990,

NCT00879437, NCT00107458, NCT00513162). They use

different doses and administration schemes. Carboplatin

has shown effectiveness in patients with progressive or

recurrent brain tumors, especially in patients with low-

grade glioma, and its combination with a microtubule-tar-

geting drug as vincristine or vinblastine further enhances

the survival outcome of these patients [28]. Both carbo-

platin and microtubule targeting drugs have shown recently

to possess antiangiogenic effect when administered in low,

frequent doses (metronomic CT schedule) [29]. No che-

motherapy drug scheme has been shown to be effective in

DIPG patients and there is no recommended treatment for

this group of patients besides palliative-intent radiotherapy

[11]. We have been offering compassive non-protocol

carboplatin-vincristine-based treatment additionally to

radiotherapy to patients diagnosed with DIPG since 2000.

Our study supports a survival-prolonging effect of val-

proic acid in patients with DIPG. However, it carries

inherent limitations, including its retrospective nature, lack

of comparative study of drug exposure and a small number

of patients. Clearly, further information is needed to make

sure valproic acid may have a role in the treatment of

DIPG. We think that data from the ongoing clinical trials

that enrolled patients with DIPG must be carefully ana-

lyzed. This would provide enough information to move

forward to plan clinical trials of chemotherapy combina-

tions associated with valproate for diffuse intrinsic pontine

tumor patients.

Table 1 Patient characteristics

Patient no. Sex VPA Age at

diagnosis

(years)

Treatment Irradiation

dose

Days between

diagnosis and

progression

Days between

progression and

death

1 F No 11.6 Radiotherapy (RT) followed by chemo 5,400 211 63

2 M No 5.9 RT followed by chemo 5,040 190 56

3 F No 9.9 Chemo during and after RT 5,400 77 150

4 F No 7.7 Chemo followed by RT 5,400 364 344

5 M No 6.1 RT followed by chemo 5,400 206 17

6 F No 6.7 RT 5,400 66 51

7 F Yes 2.8 RT followed by chemo 5,400 122 27

8 M Yes 11 Chemo during and after RT 5,400 815 102

9 M Yes 8.5 Chemo during and after RT 5,400 154 8

10 M Yes 13.4 Chemo during and after RT 5,400 249 58

11 M Yes 12.8 Chemo during and after RT 5,400 653 753

12 M Yes 5.1 Chemo during and after RT 5,400 184 39

13 F Yes 3.3 Chemo during and after RT 5,040 324 84

14 F Yes 7.4 Chemo during and after RT 5,400 462 69

15 F Yes 8.4 Chemo during and after RT 5,400 353 74

16 F Yes 7.5 Chemo during and after RT 5,400 366 128

17 F Yes 6.7 Chemo during and after RT 5,400 289 0

18 F Yes 15.8 Chemo during and after RT 5,400 277 88

19 F Yes 8.6 Chemo during and after RT 5,400 213 155

Bold values indicate that the cases with time to progression higher than 300 days
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