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Abstract Valproic acid (VPA) is an anti-epileptic drug

with properties of a histone deacetylase inhibitor (HDACi).

HDACi play a key role in epigenetic regulation of gene

expression and have been increasingly used as anticancer

agents. Recent studies suggest that VPA is associated with

improved survival in high-grade gliomas. However, effects

on lower grade gliomas have not been examined. This study

investigates whether use of VPA correlates with tumor

grade, histological progression, progression-free and over-

all survival (OS) in grade II, III, and IV glioma patients.

Data from 359 glioma patients (WHO II–IV) treated with

temozolomide plus an antiepileptic drug (VPA or another

antiepileptic drug) between January 1997 and June 2013 at

the Massachusetts General Hospital was analyzed

retrospectively. After confounder adjustment, VPA was

associated with a 28 % decrease in hazard of death

(p = 0.031) and a 28 % decrease in the hazard of pro-

gression or death (p = 0.015) in glioblastoma. Addition-

ally, VPA dose correlated with reduced hazard of death by

7 % (p = 0.002) and reduced hazard of progression or

death by 5 % (p\ 0.001) with each 100 g increase in total

dose. Conversely, in grade II and III gliomas VPA was

associated with a 118 % increased risk of tumor progression

or death (p = 0.014), and every additional 100 g of VPA

raised the hazard of progression or death by 4 %, although

not statistically significant (p = 0.064). Moreover, grade II

and III glioma patients taking VPA had 2.17 times the risk

of histological progression (p = 0.020), although this effect

was no longer significant after confounder adjustment. In

conclusion, VPA was associated with improved survival in

glioblastoma in a dose-dependent manner. However, in

grade II and III gliomas, VPA was linked to histological

progression and decrease in progression-free survival.

Prospective evaluation of VPA treatment for glioma

patients is warranted to confirm these findings.
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Introduction

Gliomas are the most frequent primary malignant central

nervous system tumors [1–3]. Standard treatment for

GBMs consists of cytoreductive surgery followed by

radiation therapy with concurrent chemotherapy with the

alkylating agent temozolomide (TMZ), followed by six

cycles of adjuvant TMZ [4–7]. Almost all patients
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diagnosed with malignant gliomas will experience recur-

rence, and although there are different options for salvage

treatment, so far none of these therapies has demonstrated a

clear benefit [8]. Recent studies regarding initial therapy of

lower grade gliomas favor similar treatment as GBMs in

the form of surgery and chemoradiation [9–12]; however,

due to the lack of Class 1 evidence the decision and timing

for surgery and irradiation as well as the choice of

chemotherapeutic drug still remain controversial [2, 9, 11,

13, 14]. Moreover, patient age [15, 16], epigenetic tumor

markers (e.g. MGMT DNA methylation status [17]) and

genetic characteristics may influence therapy decisions as

well as response to treatment. For example, the standard

chemotherapeutic for those high-grade anaplastic gliomas

characterized by co-deletion of chromosomes 1p/19q,

remains procarbazine, lomustine, and vincristine (PCV)

and although sometimes replaced by TMZ, a possible

beneficial role of TMZ is yet to be further investigated [18,

19].

Therapy for gliomas can be complicated by seizures,

which occur in 30–50 % of high-grade and 60–85 % of

low-grade cases, requiring treatment with anti-epileptic

drugs (AEDs), such as valproic acid (VPA), phenytoin,

lamotrigine, topiramate or levetiracetam [20]. The choice

of AED, however, is largely discretionary, although non

enzyme-inducing AEDs are generally preferred. In addition

to its antiepileptic capabilities, VPA has also been shown

to be a potent histone deacetylase (HDAC) inhibitor [21–

23]. HDAC inhibitors (HDACi) play a key role in epige-

netic regulation of gene expression and have been widely

studied for their potential role in cancer therapy. VPA,

specifically, has been investigated for its anti-proliferative

and differentiating effects in vitro and its potential use in

multiple cancers [21, 24, 25]. Moreover, data from recent

retrospective studies suggest that combining VPA with

TMZ is possibly associated with improved survival in

patients with GBM [26–30]. Given these promising find-

ings, this study was initiated to further investigate the

influence of VPA treatment and dosage on survival and

progression in glioma patients. Hereby we were especially

interested to identify whether the previously described

beneficial effects of VPA in GBM were also relevant in

grade II and III gliomas.

Materials and methods

Patients

Patients with intracranial gliomas (WHO grade II–IV)

who were treated at the Massachusetts General Hospital

(MGH) with surgery and TMZ between January 1997 and

June 2013 were identified through an Institutional Review

Board–approved (Protocol #: 2013P000736) electronic

database from the MGH Brain Tumor Center. Only

patients on AEDs were included in the analysis. 360

patients met these criteria, of which one had to be

excluded due to an error in pathologic diagnosis, leading

to a final number of 359 patients. Two patient cohorts

were assembled for analysis (Fig. 1). The first cohort

consisted of 224 GBM patients confirmed by histological

grading. 74 of these patients had received VPA while the

other 150 patients had taken another AED, serving as a

control group. The second cohort consisted of 135 non-

GBM glioma patients (WHO grade II and III) of whom

46 patients had received VPA upon diagnosis while 89

patients had taken another AED.

Baseline characteristics of patients were assessed and

populated a dataset, including histological subtype, age,

sex, tumor maximum diameter, tumor volume, isocitrate

dehydrogenase 1 (IDH1) mutation status, epidermal growth

factor receptor (EGFR) amplification, O6-DNA methyl-

guanine-methyltransferase (MGMT) promoter methylation

status, 1p/19q deletion status [31, 32], extent of surgical

resection, Karnofsky Performance Status (KPS), and radi-

ation status.

Patients were studied for binary and dose-dependent

influences of VPA on overall survival (OS), progression-

free survival (PFS), and time to histological grade pro-

gression (TTP). Due to the nature of a retrospective study

and the setup of the in-house electronic database, data

regarding length of TMZ and VPA treatment as well as

compliance could not be directly assessed.

OS, PFS and TTP data were evaluated in months from

the time of initial histologically confirmed diagnosis.

Hereby, OS is defined as the time from diagnosis to death

and PFS is defined as the time from diagnosis to radio-

graphic evidence of recurrence or death. TTP is pertinent

only to the analysis of grade II and III gliomas and is here

defined as the time to histological evidence of advancement

in WHO-grading.

Fig. 1 Patient selection. Flow diagram, showing patient selection and

classification of GBM and grade II/III patient groups based on VPA

treatment status
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Statistical methods

Patients’ characteristics in the treatment group (VPA) and

control group (other AED) were compared using t-tests and

Wilcoxon rank sum tests for normally and non-normally

distributed continuous variables, respectively. Fisher’s

exact tests were used for class variables. Patient survival

was last assessed in April 2014. Extended Cox models

were fit to model the effects of VPA on OS and PFS with

an interaction effect of WHO grade (IV vs. II–III),

accommodating time-dependent progression from grade II/

III glioma to GBM. VPA was represented both as VPA

status (given or not) and as VPA dosage levels (total

cumulative VPA dose per patient). There was no minimal

length of VPA-treatment. Additional models for OS and

PFS were fit, controlling for known prognostic factors if

they were found to significantly differ by VPA status in this

population. Confounders of interest included tumor loca-

tion, mutation status, tumor volume at presentation, treat-

ment course, surgical resectability, and KPS. The effect of

VPA on TTP in the baseline grade II/III glioma population

was analyzed using both univariate and multivariate Cox

proportional hazards models, the multivariate model con-

trolling for the same above prognostic factors.

Results

From 1997 to 2013 a total of 359 patients with grade II–IV

gliomas were included in our study. 224 of these patients

had primary GBM, while 135 had grade II/III gliomas, both

diagnosed based on histological grading of surgical tissue.

The median total dose of VPA per patient was 90 g for

GBM patients (min 0.49 g; max 1825 g) and 710.63 g for

grade II/III patients (min 10.5 g; max 4106.25 g). The

difference in total applied median doses between the two

groups is hereby likely a result of the longer median sur-

vival and consequently longer VPA treatment of grade II/

III patients in comparison to GBM patients.

Of the 224 GBM patients, 221 received adjuvant radi-

ation therapy and all 224 received TMZ. In addition to

adjuvant chemoradiation, 74 GBM patients received VPA,

while 150 patients were treated with another AED. In the

grade II/III glioma group 110 of 135 patients received

adjuvant radiation therapy and all 135 patients were med-

icated with TMZ. In this group 46 patients were treated

with VPA, while 89 patients received another AED.

Supplementary Table 1 presents aggregate patient

characteristics of the treatment (?VPA) and control

(-VPA) groups for both GBM and grade II/III glioma

combined. There were no significant differences by VPA

status in regard to gender, age, primary pathology, tumor

diameter, mutation status, gross total resection and

chemoradiation treatment rates (p C 0.05). However,

patients treated with VPA had significantly higher rates of

subtotal and multiple resections.

Within the grade II/III glioma group (see Table 1),

VPA-treated patients again had significantly worse resec-

tion rates (higher rates of subtotal and multiple resections

and lower rates of gross total resections) but no other

significant differences from -VPA patients. In the GBM-

only patient group, ?VPA patients had lower rates of

biopsy compared to -VPA patients (see Table 2).

Overall survival (OS)

At the end of follow up, only 35 of the initial 224 GBM

patients were still alive and 4 had been lost to follow-up.

Among the 135 patients with grade II/III gliomas, 69 were

still alive at the end of data collection and 6 were lost to

follow-up. Median OS was 22 months for ?VPA and 14

for -VPA patients with GBM. The median OS in the grade

II/III group was 109 months for ?VPA and 127 months for

-VPA patients.

In an extended Cox model, treatment with VPA was

associated with a 35 % decrease in the hazard of death in

GBM patients (p = 0.004). Conversely, no difference in

OS was seen in grade II/III glioma patients (p = 0.335; see

Table 3). Even after adjusting for biopsy status, extent of

resection and multiple resections with an extended Cox

model, use of VPA was still associated with a 28 %

decrease in the hazard of death in GBM patients

(p = 0.031; see Table 4). Applying the same statistical

adjustments to the grade II/III glioma group, we were

unable to detect a significant difference in OS (p = 0.280;

Table 4). Kaplan–Meier survival curves of ?VPA versus

-VPA patients of both groups, GBM and grade II/III

diagnoses at baseline, are presented in Fig. 2, supporting

the notion that VPA use is associated with an OS benefit in

GBM but not in grade II/III patients.

An association of VPA dose and extent of OS is sum-

marized in Supplementary Table 2. In GBM patients, each

100 g increase of VPA total dose significantly decreased

one’s hazard of death by 7 % in the adjusted model

(p = 0.002). There was no significant dose-relationship

between VPA and OS in grade II/III glioma patients

(p = 0.434).

Progression-free survival (PFS)

Among the GBM patients, median PFS was 11 months in

the ?VPA and 9 months in the –VPA group. For grade II/

III patients, median PFS was 44 months and 117 months in

the ?VPA and –VPA groups, respectively.

In the unadjusted model, VPA was associated with a

33 % decrease in the hazard of progression or death
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(p = 0.002) among GBM patients. Conversely, among

grade II/III glioma patients, taking VPA was associated

with a 150 % increase in hazard of progression or death

(p = 0.004) (see Table 3). After controlling for the same

factors as above, VPA continued to share a beneficial

association with PFS among GBM patients (hazard

ratio = 0.72; p = 0.015), and was still associated with a

118 % increase in the hazard of progression in grade II/III

glioma patients (p = 0.014; see Table 4). Figure 2 shows a

Kaplan–Meier estimate of the PFS of baseline GBM

patients versus baseline grade II/III glioma patients with

and without VPA. Grade II/III glioma patients who

received VPA had a faster time to radiographic progression

or death as compared to those who did not take VPA. The

opposite effect was seen amongst GBM patients.

The dose-response relationship between VPA and PFS is

highlighted in Supplementary Table 2. In the adjusted

model, every 100 g increase of VPA decreased one’s

hazard of death or progression by 5 % among the GBM

patients (p\ 0.001). Conversely, every additional 100 g of

VPA dose in grade II/III glioma patients’ was associated

with a 4 % increase in hazard of progression or death in the

adjusted model, although not significant after adjusting for

confounders (p = 0.064).

Time to histological grade progression (TTP)

Among the 135 grade II/III glioma patients, 39 (29 %)

progressed during follow up. Taking VPA was associated

with a 117 % increase in one’s hazard of histological

progression to a higher grade (p = 0.020), although this

effect was no longer significant after controlling for biopsy

status, extent of resection and multiple resections

(p = 0.226).

Discussion

This study focused on examining the effects of VPA on

GBM (grade IV) and grade II/III gliomas treated with

surgery, radiation and TMZ. Plus-minus effects and dose-

dependent influences of VPA on OS and PFS were evalu-

ated. Furthermore, for grade II/III glioma patients we

analyzed the time to histological grade progression (TTP).

In recent years, a number of studies have indicated that

high-grade glioma patients treated for seizures showed a

modest OS benefit when receiving VPA, instead of another

antiepileptic drug, in addition to standard therapy with

resection and chemoradiation [27, 29, 30]. Findings from

Table 1 Population characteristics of grade II/III glioma patients

Variable Level Grade II/III patients N = 135 P value

No valproic acid (N = 89) Valproic acid (N = 46)

Male gender 49 (55.7 %) 32 (71.1 %) 0.094

Age at diagnosis 43.5 (11.0–80.0) 45.0 (23.0–77.0) 0.875

Primary pathology Astrocytoma 51 (57.3 %) 21 (45.7 %) 0.172

Oligoastrocytoma 19 (21.3 %) 8 (17.4 %)

Oligodendroglioma 19 (21.3 %) 17 (37.0 %)

Tumor maximum diameter (mm) 34.5 (2.0–96.0) 30.0 (8.0–80.0) 0.431

MGMT* 1 (2.0 %) 1 (6.3 %) 0.423

IDH1* 16 (31.4 %) 4 (25.0 %) 0.760

EGFR* 1 (2.0 %) 0 (0.0 %) 1.000

1p* 21 (41.2 %) 6 (37.5 %) 1.000

19q* 22 (43.1 %) 6 (37.5 %) 0.777

Biopsy 29 (32.6 %) 21 (45.7 %) 0.188

STR 1 (1.1 %) 14 (30.4 %) \.001

GTR 67 (75.3 %) 20 (43.5 %) \.001

Multiple resections 32 (36.0 %) 27 (58.7 %) 0.017

Concurrent RT 74 (83.1 %) 36 (78.3 %) 0.492

Continuous data are expressed as median (range). Categorical data are expressed as frequency (%)

* Data on mutation status (MGMT, IDH1, EGFR, 1p, and 19q) was only available for 51 patients in the no valproic acid group and 16 patients in

the valproic acid group

MGMT O-6-methylguanine-DNA methyltransferase, IDH1 isocitrate dehydrogenase 1, EGFR epidermal growth factor receptor, STR subtotal

resection, GTR gross total resection, RT radiation therapy
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Table 2 Population characteristics of GBM patients

Variable Level High grade patients N = 224 P value

No valproic acid (N = 150) Valproic acid (N = 74)

Male gender 95 (64.6 %) 48 (64.9 %) 1.000

Age at diagnosis 58.0 (27.0–88.0) 58.0 (22.0–81.0) 0.591

Primary Pathology Astrocytoma 1 (0.7 %) 2 (2.7 %) 0.254

Glioblastoma 149 (99.3 %) 72 (97.3 %)

Tumor maximum diameter (mm) 35.0 (1.0–210.0) 38.0 (2.0–70.0) 0.728

MGMT* 31 (37.8 %) 14 (38.9 %) 1.000

IDH1* 7 (8.5 %) 1 (2.8 %) 0.432

EGFR* 21 (25.6 %) 12 (33.3 %) 0.504

1p* 3 (3.7 %) 1 (2.8 %) 1.000

19q* 3 (3.7 %) 3 (8.3 %) 0.367

Biopsy 45 (30.0 %) 10 (13.5 %) 0.008

STR 65 (43.3 %) 32 (43.2 %) 1.000

GTR 51 (34.0 %) 32 (43.2 %) 0.188

Multiple resections 20 (13.3 %) 14 (18.9 %) 0.323

Concurrent RT 147 (98.0 %) 74 (100 %) 0.553

Continuous data are expressed as median (range). Categorical data are expressed as frequency (%)

* Data on mutation status (MGMT, IDH1, EGFR, 1p, and 19q) was only available for 82 patients in the no valproic acid group and 36 patients in

the valproic acid group

MGMT O-6-methylguanine-DNA methyltransferase, IDH1 isocitrate dehydrogenase 1, EGFR epidermal growth factor receptor, STR subtotal

resection, GTR gross total resection, RT radiation therapy

Table 3 Unadjusted survival analysis: valproic acid versus none

Grade Outcome Hazard ratio (valproic acid vs. none) 95% confidence interval

Lower limit Upper limit P value

Grade II/III glioma Overall survival 0.70 0.34 1.44 0.335

Progression-free 2.50 1.35 4.61 0.004

GBM Overall survival 0.65 0.49 0.87 0.004

Progression-free 0.67 0.51 0.87 0.002

GBM glioblastoma

Table 4 Adjusted survival analysis: valproic acid versus none

Grade Outcome Hazard ratio (valproic acid vs. none) 95% confidence interval P value

Lower limit Upper limit

Grade II/III glioma Overall survival 0.67 0.32 1.39 0.280

Progression-free 2.18 1.17 4.06 0.014

GBM Overall survival 0.72 0.54 0.97 0.031

Progression-free 0.72 0.55 0.94 0.015

Data adjusted for rates of biopsy, subtotal resection, gross total resection and multiple resections

GBM glioblastoma
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our retrospective analysis are consistent with these reports.

However, surprisingly, the VPA associated survival benefit

could not be detected in patients presenting with grade II/

III gliomas. Notably, VPA was associated with a decrease

in PFS and promoted malignant transformation in this

patient group, although the latter association was not robust

to confounder adjustment.

Effect of VPA on overall survival (OS)

After adjusting for biopsy, subtotal resection, gross total

resection and multiple resections, VPA was associated with

a 28 % decrease in hazard of death in patients with GBM

(p = 0.031). This result supports previous findings of a

beneficial use of VPA in GBM patients receiving TMZ.

Interestingly, every 100 g increase in VPA dose was

associated with a decrease in the hazard of death by 7 % in

GBM patients (p = 0.002). A dose dependent effect of

VPA on OS has been suggested [29]. Kerkhof et al [29]

noted a smaller survival benefit possibly secondary to

smaller VPA doses in their GBM patients when compared

to the study by Weller et al [30]. Findings from our study

support this hypothesis in GBM patients.

As discussed in a number of studies, a possible mech-

anism by which VPA is associated with improved survival

of cancer patients, is dependent on its HDAC inhibitory

potential [33, 34]. Suppression of histone deacetylase

activity leads to an increased acetylation of histones, which

ultimately promotes a more open chromatin configuration.

This in turn, has been hypothesized to cause overexpres-

sion of tumor suppressor genes that promote growth arrest,

differentiation and apoptosis [21, 22, 34]. Moreover, VPA

and other HDACi have been shown to enhance the in vitro

and in vivo response to irradiation of various cancers [35–

38], including gliomas [39, 40]. Interestingly, the initial

concern about VPA‘s demethylation effect on DNA [41],

Fig. 2 Overall survival and progression-free survival of baseline

GBM and baseline grade II/III patients receiving VPA or other AED.

Kaplan–Meier Survival estimates. a GBM patients who received VPA

had a significant benefit in overall survival compared to GBM patients

who received other AEDs (no VPA). b VPA treatment did not have

any significant influence on overall survival of grade II/III patients.

c GBM patients receiving VPA showed benefit in progression-free

survival compared to GBM patients who received other AEDs (no

VPA). d VPA treatment significantly shortened progression-free

survival for grade II/III patients
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which was hypothesized to possibly induce MGMT protein

and thereby antagonize TMZ treatment, has not substan-

tialized. In fact, a recent in vitro study by Van Nifterik et al

[42], as well as our own and the above mentioned clinical

studies on GBM patient survival, support a synergistic

effect of combined treatment of VPA, TMZ and irradiation

in the setting of glioblastoma.

Effect of VPA on progression-free survival (PFS)

and time to histological progression (TTP)

VPA was associated with a 28 % decrease in hazard of

progression or death in GBM patients (p = 0.015) and a

118 % increase in hazard of progression or death in grade

II/III patients (p = 0.014; see Table 4) after adjusting for

confounding factors. In contrast to GBM patients for whom

VPA had a beneficial dose-response relationship with PFS

(p\ 0.001; hazard ratio 0.95), incremental VPA doses

were associated with a borderline significant 4 % increase

in hazard of progression in this patient group (p = 0.064,

see Supplementary Table 2).

The beneficial effect of VPA on PFS in GBM patients

has previously been suggested by Kerkhof et al, who in

their study recorded borderline significant improvement of

PFS in GBM patients treated with a minimum of 3 months

coexposure of VPA and TMZ (p = 0.06) [29]. However,

the significant (p\ 0.001) dose dependence of this effect

shown in our study has not previously been reported.

When examining TTP, grade II/III patients who took

VPA had 2.17 times the hazard of progression to a higher

grade, compared to those who did not take VPA

(p = 0.020), although the association did not hold after

adjusting for confounding factors. Despite these findings,

we found that OS for patients with grade II and grade III

gliomas was not significantly different when comparing

?VPA and -VPA patients of this group (p = 0.280; see

Table 4). The similar OS, despite earlier progression, may

be explained by the significant PFS and OS benefit of VPA

for GBM patients. This observation, where a specific

treatment is associated with tumor progression without

affecting OS, has been seen in previous studies of radio-

therapy for low-grade glioma (LGG), where early radio-

therapy compared to delayed treatment prolonged PFS but

did not influence OS [14]. In both cases, the discrepancy

between a positive or negative effect of treatment on PFS

or TTP in contrast to unchanged OS may be explained by

differing influences of treatment during different disease

stages. In more detail, a benefit of treatment during early

disease, might mechanistically lead to earlier clonal

selection of a more malignant/resistant phenotype, which in

turn decreases PFS once a patient enters late stage disease.

In the above mentioned example of early irradiation in

LGG, the increase in PFS and unchanged OS might

additionally be explained by reaching the maximal irradi-

ation dose at an earlier time point, leaving less effective

treatment options (e.g. salvage radiotherapy) for high grade

disease. Conversely, as seen in our study, a shortened PFS

during lower grade disease stage does not necessarily have

to lead to a decrease in OS, as the positive effect of con-

tinued treatment during higher-grade disease might balance

out the negative effects that this treatment inflicts during

early stage disease.

Possible mechanisms of VPA induced progression

and malignant transformation

Our findings that VPA treatment of grade II/III patients

was associated with shortened PFS and possibly shortened

TTP have not been described previously. A possible

mechanism explaining these results, may be related to

VPA‘s HDACi properties. HDACi, such as VPA, have

been shown to inhibit expression of the CDK2NA gene

[43]. CDK2NA encodes tumor suppressor protein p16 as

well as its alternate reading frame, the tumor suppressor

protein p14 (p14ARF). Recent studies were able to

demonstrate that both, a loss of the CDK2NA locus [44], as

well as hypermethylation of p14ARF led to malignant

progression of LGGs [45]. The majority of tumors with

p14ARF hypermethylation exhibited homozygous co-

deletions of p14ARF, p15 (INK4b) and p16 (INK4a).

Therefore, VPA-mediated down regulation of CDK2NA

could be a possible explanation for the earlier progres-

sion/malignant transformation seen in our VPA treated

grade II/III glioma group. Additionally, VPA has been

reported to induce proteasomal degradation of HDAC II

[46]. Expression of HDAC II and IV have been found to be

down regulated in high grade gliomas [47] and as a result

VPA-associated decrease of HDAC II activity in LGGs

may possibly favor malignant transformation into GBM.

Furthermore, a recently published preclinical study by

Santoro et al [48] on acute promyelocytic leukemia was

able to demonstrate that both, HDAC I and, to a lesser

degree, HDAC II acted as tumor suppressors during tumor

initiation (preleukemic phase), but had oncogenic proper-

ties during tumor maintenance (full leukemic stage). In

their model, treating preleukemic mice with VPA led to

markedly accelerated leukemogenesis, in contrast to the

increased survival seen when treatment was started during

the full leukemic stage. Interestingly accelerated progres-

sion was not seen after treatment of preleukemic El-myc

mice, possibly suggesting a tumor-type or oncogene

specific effect. In any case, our study is the first to

demonstrate the contrary effect of HDACi treatment during

early and late stage disease in a clinical setting. Further

ongoing investigations will be needed to elucidate possible

mechanisms explaining earlier progression and possible
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malignant transformation of Grade II/III gliomas after VPA

treatment. In the meantime we recommend that VPA or

other HDACi medication should be thoroughly considered

during Grade II/III glioma therapy and avoided if possible.

Study limitations

This study has several limitations to be considered. Due to

the nature of a retrospective study and the setup of the in-

house electronic database, data regarding length of VPA

treatment could not be directly assessed. This is an

important shortcoming, since the length of VPA therapy

has previously been shown to significantly correlate with

OS in high grade gliomas [29]. However, it has to be

considered that our electronic database did instead allow

for assessment of total VPA dose per patient, which likely

correlates well with length of VPA treatment and may in

fact be a much better parameter to correlate treatment with

disease progression. Optimally, one would also assess

length and dose of TMZ treatment as well as serum VPA

levels, but unfortunately this data was not available.

Especially the lack of information on length of VPA

treatment has to be considered when interpreting binary

statistics presented in this study.

Another limitation of this study is the imbalance of

documented information regarding prognostic molecular

markers between the ?VPA (documented for 35 % of

patients) and –VPA (documented for 57 %) groups in the

Grade II/III patient population. Considering the importance

of IDH1/2 mutation status on prognosis, this might possi-

bly have led to confounding statistical outcomes.

Conclusions

Our data supports previous findings in which VPA use was

associated with improved survival and additionally showed

significant improvement of PFS in GBM. Moreover, we

demonstrate for the first time that the VPA dose positively

correlates with a benefit in survival in this patient group.

Surprisingly, in Grade II/III gliomas VPA was associated

with a decrease in PFS and more rapid malignant pro-

gression, though the latter may be attributed to other fac-

tors including extent of resection, number of resections and

biopsy status. Despite the limitations of a retrospective

analysis, this is a novel finding, which might impact patient

management, keeping in mind though that ultimately effi-

cacy on seizures and tolerability remain the most important

factors in the decision process regarding the choice of

antiepileptic drug. Our findings suggest that further

prospective studies are warranted to validate a possible

differential effect of VPA in low grade and high-grade

glioma patients. Future, prospective studies should

optimally also include data on length of VPA treatment as

well as dose and length of TMZ therapy.
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21. Göttlicher M, Minucci S, Zhu P, Krämer OH, Schimpf A, Gia-
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