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Abstract

Purpose: To study the efficacy and tolerability of valproic acid (VPA) and radiation, followed by
VPA and bevacizumab in children with newly diagnosed diffuse intrinsic pontine glioma (DIPG) or
high-grade glioma (HGG).

Methods: Children 3 to 21 years of age received radiation therapy and VPA at 15 mg/kg/day and
dose adjusted to maintain a trough range of 85 to 115 ug/mL. VPA was continued post-radiation,
and bevacizumab was started at 10 mg/kg intravenously biweekly, four weeks after completing
radiation therapy.

Results: From September 2009 through August 2015, 20 DIPG and 18 HGG patients were
enrolled (NCT00879437). During radiation and VPA, grade 3 or higher toxicities requiring discon-
tinuation or modification of VPA dosing included grade 3 thrombocytopenia (1), grade 3 weight
gain (1), and grade 3 pancreatitis (1). During VPA and bevacizumab, the most common grade 3 or
higher toxicities were grade 3 neutropenia (3), grade 3 thrombocytopenia (3), grade 3 fatigue (3),
and grade 3 hypertension (4). Two patients discontinued protocol therapy prior to disease pro-
gression (one grade 4 thrombosis and one grade 1 intratumoral hemorrhage). Median event-free
survival (EFS) and overall survival (OS) for DIPG were 7.8 (95% Cl 5.6-8.2) and 10.3 (7.4-13.4)
months, and estimated one-year EFS was 12% (2%-31%). Median EFS and OS for HGG were 9.1
(6.4-11) and 12.1 (10-22.1) months, and estimated one-year EFS was 24% (7%-45%). Four patients
with glioblastoma and mismatch-repair deficiency syndrome had EFS of 28.5, 16.7, 10.4, and 9

months.
Conclusion: Addition of VPA and bevacizumab to radiation was well tolerated but did not appear

to improve EFS or OS in children with DIPG or HGG.
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Abbreviations: AA, anaplastic astrocytoma; COG, Children’s Oncology Group; CR, complete
response; CTCAE, Common Terminology Criteria for Adverse Events; DIPG, diffuse intrinsic
pontine glioma; EFS, event-free survival; GBM, glioblastoma; HDAC, histone deacetylase;
HGG, high-grade glioma; MMRD, mismatch-repair deficiency; MR, minor response; OS,

response; SD, stable disease; tid, three times a day; ULN, upper limit of normal; VPA, valproic
acid.

overall survival; PBTC, Pediatric Brain Tumor Consortium; PD, progressive disease; PR, partial
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1 | INTRODUCTION

Children with high-grade glioma (HGG) and diffuse intrinsic pontine
glioma (DIPG) continue to have dismal prognosis, with no improvement
in outcome over the last two decades. A recent pediatric national col-
laborative trial* showed a disappointing three-year event-free survival
(EFS) of 7% + 4% for glioblastoma (GBM), which was unimproved com-
pared with the preceding trial.2 Similarly, recent national collabora-
tive trials in children with DIPG3- also failed to improve survival com-
pared with a historical trial.® These disappointing outcomes highlight
the urgent need to identify novel therapeutic agents and strategies for
children with HGG and DIPG.

Because radiation often induces a temporary response and symp-
tomatic improvement for children with HGGs and DIPGs, concurrent
administration of an agent with both an antiglioma and a radiosensitiz-
ing effect should theoretically improve outcome. Valproic acid (VPA),
an anticonvulsant used in children for over 30 years, was discovered to
inhibit histone deacetylase (HDAC).”8 HDAC inhibition by drugs such
as VPA may reactivate critical pathways silenced during tumorigenesis
and therefore inhibit tumor growth.8-? VPA has been shown to inhibit
malignant glioma cell line growth in vitro1%-12 and to enhance radiation
efficacy against malignant glioma.13-1> In addition, a Children’s Oncol-
ogy Group (COG) phase | trial of single-agent VPA in children with
recurrent solid tumors showed a partial response in a child with GBM
and a minor response in a child with DIPG.1¢

Bevacizumab, a humanized monoclonal IgG antibody against
the human vascular endothelial growth factor-A isoform, has been
approved as a treatment, either as monotherapy or in combination
with irinotecan, for adult GBM based on improved response rate and
progression-free survival.1’-1? At the time of the conception of our
clinical trial, bevacizumab was being studied in two randomized trials in
adults with newly diagnosed GBM?20-21 and in a Pediatric Brain Tumor
Consortium (PBTC) trial for recurrent CNS tumors, including HGG.22

We therefore initiated a multi-institution, phase 2 clinical trial of
radiation and VPA, followed by maintenance VPA and bevacizumab,
in children with newly diagnosed DIPG or HGG. The primary aims of
this study were to determine the efficacy of this treatment strategy,
as measured by one-year EFS for children with HGG or DIPG, and to
determine the toxicities of VPA administered concurrently with radi-
ation as well as for coadministration of VPA and bevacizumab in the
post-radiation maintenance phase. Secondary aims were to determine
the one-year overall survival (OS) for patients with HGG or DIPG and

to assess tumor response.

2 | PATIENTS AND METHODS

2.1 | Patient eligibility

Children age 3 to 21 years, with histological confirmation of a HGG
(glioblastoma multiforme [GBM], anaplastic astrocytoma [AA], or
gliosarcoma) or a MRI evidence of a DIPG, defined as a tumor with
a pontine epicenter and diffuse rather than focal involvement of the

pons, were eligible. Patients with brainstem tumors who did not meet
these radiographic criteria but with biopsy evidence of AA, GBM, or
gliosarcoma were also eligible. Other eligibility criteria include no prior
therapy with the exception of surgery and/or corticosteroids; a Karnof-
sky (age > 16 years) or Lansky (age < 16 years) performance status of >
50; absolute neutrophil count > 1000/mm?3, platelets > 100 000/mm?,
hemoglobin > 8 g/dL; age-appropriate renal function; adequate hep-
atic function (albumin > 2 g/dL, bilirubin < 1.5x and SGPT/ ALT < 2.5x
institutional upper limit of normal [ULN] for age); normal amylase and
lipase (< 2x ULN); normal coagulation parameters (PT and PTT < 1.2 x
ULN, INR < 1.5). Patients with any intratumoral or intracranial hemor-
rhage, at diagnosis, after surgery, or before study entry, were eligible as
long as they were asymptomatic and the widest diameter of any hem-
orrhage was < 1 cm on MRI ECHO gradient sequences. Specific exclu-
sion criteria included prior or current treatment with VPA, pregnancy,
cardiac disease, evidence of prior ischemia or infarction, coagulopa-
thy/bleeding disorder, hypertension (SBP and/or DBP > 95 percentile
for age and height), significant vascular or gastrointestinal disease,
a known urea cycle disorder, metaphyseal growth plate abnormality,
or anon-healing wound/ulcer. Children who required other anticon-
vulsants for seizures were excluded from study participation because
of the known, but rare, risk of fatal hepatic toxicity, encephalopathy,
and pancreatitis with concomitant administration of VPA and other
anticonvulsants.23-26

The protocol was approved by the Institutional Review Boards at
participating institutions. Informed consent and assent, as appropriate,
were obtained according to local institutional guidelines.

2.2 | Radiation therapy

Radiation therapy was to begin within 30 days of surgery or radio-
graphic diagnosis, whichever occurred latest. Photon radiation was
administered in 30 to 33 fractions over 6 to 7 weeks at a total dose
of 54.0 Gy for completely resected HGG and brainstem gliomas and
59.4 Gy for incompletely resected non-brainstem HGGs. For primary
spinal cord HGG, radiation was administered in 28 to 30 fractions over
5 to 6 weeks, based on the treating radiation oncologist’s preference,
to atotal dose between 50.4 and 54 Gy.

2.3 | Valproic acid dosing and monitoring

VPA therapy was initiated a few days prior to or on the same day as
radiation therapy. VPA, 15 mg/kg/day divided three times a day (tid)
and escalated by 5 mg/kg/day every three to five days, was given
with the goal of maintaining a trough concentration range of 85 to
115 pug/mL, as per the dosing strategy of the preceding COG phase 1
trial.1¢ VPA was administered tid continuously throughout the entire
duration of protocol therapy, for a maximum of 104 weeks (two years),
in the absence of toxicities requiring interruption of therapy or disease
progression. VPA concentrations were monitored every 4 weeks,
following attainment of a VPA trough in the targeted range.

A history and physical examination, complete blood count,
liver function tests, electrolyte, and renal function tests were
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obtained weekly during concurrent radiation and VPA, and then every
four weeks starting week 11 of protocol therapy.

2.4 | Bevacizumab dosing and monitoring

Bevacizumab was started 4 weeks after completion of XRT (approxi-
mately week 11), at 10 mg/kg/dose intravenously every 2 weeks. Beva-
cizumab was continued through 104 weeks of protocol therapy, in the
absence of toxicities requiring interruption of therapy or disease pro-
gression.

Blood pressure, monitored every 2 weeks after initiation of beva-
cizumab therapy, was maintained below the 95 percentile for sex, age,
and height for each patient. The urine protein to creatinine ratio was
monitored every 4 weeks while on bevacizumab. Tibial radiographs
were obtained prior to bevacizumab and every 24 weeks while receiv-
ing bevacizumab to monitor for metaphyseal plate dysplasia.

2.5 | Toxicity definition and dose modification for
VPA

Toxicities were graded according to the NCI Common Terminology
Criteria for Adverse Events v3.0 (CTCAE). During concurrent radia-
tion therapy and VPA, VPA was withheld for grade 4 neutropenia, >
grade 3 thrombocytopenia, and > grade 3 nonhematologic toxicities
(except for nausea/vomiting or infection < 5 days in duration, transient
transaminitis < 7-day duration, and electrolyte abnormalities respon-
sive to oral supplementation). Upon improvement of toxicities to meet
on-study criteria, VPA was restarted with a decrement of 5 mg/kg/day
and to target a trough of 50 to 85 ug/mL. VPA during radiation therapy
was to be discontinued permanently for interruption of radiation ther-
apy for five consecutive days or 10 cumulative days or recurrence of a
toxicity despite a VPA trough of 50 to 85 ug/mL. Radiation was contin-
ued without interruption, if deemed safe to proceed.

VPA treatment was reinitiated at week 11 of protocol therapy (ini-
tiation of bevacizumab) in those who required discontinuation of VPA
during XRT, if the VPA-related toxicities improved to meet on-study
criteria. VPA was restarted at 10 mg/kg/day divided tid to target a
trough concentration range of 50 to 85 ug/mL.

VPA was permanently discontinued at any phase of protocol ther-
apy if any of the following occurred: new or progressive CNS hemor-
rhage (except for punctate lesions without clinical symptoms); > grade
2 CNS hemorrhage; > grade 3 systemic bleeding or encephalopathy;
evidence of bone marrow aplasia or myelodysplastic syndrome; need

for anticoagulation; pregnancy, or symptomatic pancreatitis.

2.6 | Toxicity definition and dose modification for
bevacizumab

Toxicities were graded according to the CTCAE v3.0. Bevacizumab was
permanently discontinued in the event of any of the following toxici-
ties: CNS or systemic hemorrhage, thrombosis/ischemia, significantly
delayed wound healing, poorly controlled hypertension, metaphyseal
dysplasia, severe proteinuria, or pregnancy.
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2.7 | Disease monitoring

MRI for evaluation of disease was obtained at study entry, week 10,
and then every 12 weeks afterward for the duration of protocol ther-
apy. If patients had evidence of disease progression between weeks
10 and 34, protocol therapy could continue with repeat imaging in
8 weeks, due to the potential for radiation enhancement from VPA
and resultant pseudoprogression. If the repeat study showed stable to
improving disease, then disease evaluations were resumed at 12-week

intervals.

2.8 | Definition of evaluable patients

All patients were considered evaluable for toxicity provided that they
have received at least one day of radiation and VPA. Patients were con-
sidered evaluable for response and survival after they had achieved
and maintained the targeted VPA trough of 85 to 115 ug/mL.

2.9 | Response evaluation

Tumor response was determined using WHO bidimensional criteria
(product of the greatest tumor diameter and its perpendicular diame-
ter), with progressive disease (PD) defined as a more than 25% increase
in tumor size or the emergence of new lesions, stable disease (SD) as
less than 25% increase in size, minor response (MR) as less than 50%
reduction in tumor size, partial response (PR) as 51% to 99% reduc-
tion in tumor size, and complete response (CR) as complete disappear-
ance of all measurable lesion(s). A response was considered sustained

if observed on two consecutive MRIs.

2.10 | EFS and OS comparison with historical trials

Using a one-year EFS of 36% for GBM from the COG trial ACNS0126,1
and 17% for DIPG from Children’s Cancer Group trial, CCG-99416 as
historical comparisons, the trial was designed to enroll 21 evaluable
patients with HGG and 19 with DIPG to provide 80% power for detect-
ing a 20% improvement in one-year EFS using the one-sample log-rank
test.2” The Kaplan-Meier method was used to estimate the one-year
EFS and OS for each cohort with 95% confidence intervals. EFS was
defined as the interval of time between study entry and documentation
of disease progression (clinical or radiographic), secondary malignancy,
death from other causes, or date of last follow-up. OS was defined as
interval of time between diagnosis and death due to any cause, or date
of last follow-up. All analyses were performed in SAS version 9.4 sta-
tistical software (SAS Institute Inc) and R (https://cran.r-project.org/).
All reported P values are two-sided with P < 0.05 considered as statis-

tically significant.

2.11 | Data safety monitoring committee

All adverse events, regardless of perceived relationship to study treat-
ment, were reported to and reviewed by study chair (JMS) on a
monthly basis. Any serious or immediately life-threatening adverse
event was reported to study chair and the site’s institutional review
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TABLE 1 Characteristics of eligible and evaluable DIPG patients
Age Best
(yrs) Sex Ethnicity EFS (mos) OS (mos) response Notable clinical information
10.6 M Black 14.3 221 PR Fragile-X syndrome
11.7 M Caucasian 12.9 14.9 MR
6.8 F Hispanic 9.2 9.2 MR
3.5 F Hispanic 8.5 12.0 MR
77 M Hispanic 8.2 10.7 MR
10.3 F Caucasian 8.2 18.2 PR
5 M Hispanic 8.1 12.6 PR
&2 F Hispanic 8.0 20.7 PR
7.4 F Caucasian 7.9 134 PR
7.1 M Caucasian 7.8 10.3 MR
8.1 F Caucasian 6.9 7.1 MR Fanconi anemia
5.3 F Caucasian 6.8 7.3 PR
6.4 M Caucasian 6.2 16.9 PR
74 F Mixed 6 10.0 PR *Parents refused bevacizumab after VPA + XRT
10.3 M Caucasian 57 8.8 MR
5 F Hispanic 5.6 6.2 MR Pseudoprogression at week 10
17.9 M Hispanic 5.6° 8.8 MR Pseudoprogression and radiation necrosis at week 10;
cessation of protocol therapy after DVT and
pulmonary emboli during week 23
34 M American 21 24 SD Disease progression/death before receiving
Indian bevacizumab
7.2 M Caucasian 1.4° 1.4 NA Died before receiving bevacizumab
9.5 F Black Eligible but not evaluable; never achieved targeted VPA

trough; died from tracheostomy complications

DIPG, diffuse intrinsic pontine glioma; EFS, event-free survival; F, female; M, male; mos, months; MR, minor response; NA, not available; OS, overall survival;

PR, partial response; SD, stable disease; yrs, years.

2Parents declined bevacizumab therapy despite PR after radiation and valproic acid.
bDeveloped DVT and pulmonary embolism, necessitating cessation of protocol therapy.
“Patient died of respiratory depression while receiving radiation and valproic acid, and parents declined imaging study or autopsy.

board within two working days. The Dan L. Duncan Cancer Center
Pediatric Safety Monitoring Committee at Baylor College of Medicine
monitored the adverse events for this clinical trial.

3 | RESULTS

Between September 2009 and August 2015, a total of 38 eligible
patients (20 DIPG and 18 HGG) were enrolled from five institutions
(Texas Children’s Hospital, Cook Children’s Medical Center, University
of Oklahoma Health Sciences Center, University of Texas Southwest-
ern Medical Center, and University of Texas Health Science Center).
Patient demographics, survival, and response data are detailed in
Tables 1 (DIPG) and 2 (HGG). There were 20 males and 18 females,
who had a median age of 7.9 years at the time of enrollment (range,
3.2-19.9 years).

3.1 | DIPG cohort

One patient was eligible but not evaluable as she deteriorated quickly
after diagnosis, requiring intubation and ultimately a tracheostomy.

She received two weeks of VPA and radiation, never achieved targeted
VPA trough of 85 to 110 ug/mL, and died of a surgical complication
unrelated to protocol therapy or disease. Three of the 19 remaining
evaluable patients did not receive bevacizumab: one died of severe
respiratory depression during week 6 of VPA and XRT and the family
declined resuscitation, MRI imaging, or autopsy, so the exact cause of
death was uncertain; one had disease progression before week 11; and
parents of one patient declined bevacizumab or further protocol ther-
apy, despite a PR after radiation and VPA.

The median EFS and OS for the DIPG cohort were 7.8 months (95%
Cl15.6-8.2) and 10.3 months (95% Cl 7.4-13.4; Figure 1A), respectively.
The estimated one-year EFS was 12% (95% Cl 2%-31%). Eight of 18
evaluable DIPG patients had sustained PRs beyond week 22 of proto-
col therapy, and two patients had pseudoprogression at week 10 with

eventual demonstration of a sustained MR on subsequent MRls.

3.2 | HGG cohort

Of the 18 patients with HGG, 12 had GBM and 6 had AA. There

were seven hemispheric, four midline (two thalamic, two brainstem),
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FIGURE 1 Kaplan-Meier plot of EFS and OS in evaluable patients. (A) EFS and OS in patients with DIPG. (B) EFS and OS in patients with HGG

two cerebellar, and one spinal cord HGG, and the remaining four
patients had gliomatosis cerebri. One patient was inevaluable because
of noncompliance with protocol therapy (confirmed by VPA trough
repeatedly below the targeted range of 85 to 115 ug/mL), and she
was removed from study prior to completion of radiation and VPA.
Two of the 17 remaining evaluable patients did not receive beva-
cizumab due to PD before week 11 of protocol therapy. Four patients
had constitutional mismatch-repair deficiency (MMRD) and one had
neurofibromatosis-1.

The median EFS and OS for HGG patients were 9.1 (95% Cl 6.4-
11) and 12.1(10-22.1) months (Figure 1B), respectively. The estimated
one-year EFS was 24% (7%-45%). Interestingly, the four patients with
GBM and MMRD syndrome had EFSs of 28.5, 16.7, 10.4, and 9 months,
at or exceeding the median EFS for the HGG cohort. One of these
patients completed protocol therapy and sustained a CR at 24 months.
Six of 14 patients with measurable HGGs had objective responses, con-
sisting of five PRs and one CR. Five HGG patients had evidence of pseu-
doprogression. Eight patients with HGG showed tumor dissemination
at the time of disease recurrence/progression, although two of whom
had not yet received bevacizumab.

3.3 | Toxicity during VPA and radiation therapy

Grade 3 or higher hematologic toxicities and > grade 2 nonhematologic
toxicities during concurrent VPA and radiation therapy, reported as

maximum grade per each patient, are detailed inTable3. Two patients
required VPA interruption and dose modification during radiation
therapy: one patient with known Fanconi anemia had grade 3 throm-
bocytopenia and one patient had grade 3 weight gain, and toxicities
improved to grade 2 after dose modification. Radiation therapy was
only interrupted in the patient with severe respiratory depression who
died during week 6 of protocol therapy. One patient had radiation
necrosis on his week 10 MRI, but clinical symptoms and MRI improved
after starting bevacizumab. One patient had a grade 3 amylase/lipase
elevation and pancreatitis noted at the time of tumor progression
(week 10) and was taken off protocol therapy.

3.4 | Toxicity during VPA and bevacizumab
maintenance

Grade 3 or higher hematologic toxicities and > grade 2 nonhematologic
toxicities during VPA and bevacizumab maintenance therapy, reported
as maximum grade per each patient, are detailed in Table 4. Protocol
therapy was discontinued due to toxicities in two patients: one who
developed multiple thrombi and a pulmonary embolism (week 23) and
one who achieved a PR but had an asymptomatic intratumoral hemor-
rhage > 1 cmin widest dimension (week 24). Intratumoral hemorrhage
was observed at the time of tumor progression in three other patients:
one with grade 2 intratumoral hemorrhage at week 23 and two with
grade 1 intratumoral hemorrhage at weeks 24 and 33, respectively.
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TABLE 2 Characteristics of eligible and evaluable HGG patients

Best

OS (mos) response Notable clinical information

28.5 CR Constitutional MLH1 deficiency;
pseudoprogression at week 10

28.5 SD Gliomatosis cerebri; pseudoprogression at
week 25

22.9 NM Constitutional MSH2 deficiency; disseminated
recurrence

221 PR Brainstem

17.4 MR Constitutional MSHé6 deficiency; gliomatosis
cerebri

10.0 SD

104 PR Disseminated recurrence

10.1 SD Neurofibromatosis-1; thalamic tumor;
pseudoprogression at week 10

12.1 PR Constitutional MLH1 deficiency; gliomatosis
cerebri; pseudoprogression at week 10;
disseminated recurrence

23.7 NM Thalamic tumor

12.8 PR Disseminated recurrence

10.9 SD Gliomatosis cerebri; pseudoprogression at
week 10; disseminated recurrence

10.2 SD

18.7 PR

6.4 NM Disseminated recurrence

8.2 PD Disseminated recurrence’

2.8 PD Spinal cord; disseminated recurrence’

Age
(yrs) Sex Ethnicity Hist Surgery EFS (mos)
14.8 F Caucasian GBM Near GTR  28.5
6.1 M Caucasian  AA Biopsy 16.9
13.6 F Black GBM GTR 16.7
4.5 M Caucasian GBM STR 14.3
8.2 F Black GBM Biopsy 10.4
12.6 M Caucasian  AA STR 10.0
10.7 F Caucasian  AA STR 9.6
7.5 M Caucasian GBM STR 9.1
19.9 F Caucasian GBM STR 9.0
8.2 M Caucasian  AA GTR 8.3
10.1 F Hispanic GBM STR 8.2
7.6 F Black AA Biopsy 7.8
16.4 M Mixed GBM STR 6.4
134 M Hispanic GBM Biopsy 5.8
6.7 M Hispanic GBM GTR 4.9
17.2 M Caucasian  AA GTR 3.0
9.6 M Caucasian GBM STR 2.4
8.8 F American GBM

Indian

Eligible but not evaluable; noncompliant with
therapy

AA, anaplastic astrocytoma; CR, complete response; EFS, event-free survival; F, female; GBM, glioblastoma; GTR, gross total resection; HGG, High-grade
glioma; hist, histology; M, male; mos, months; MR, minor response; NM, no measurable disease; OS, overall survival; PD, progressive disease; PR, partial

response; SD, stable disease; STR, subtotal resection; yrs, years.
2Disease disseminated before receiving bevacizumab.

Hypertension, the most commonly observed adverse event
attributable to bevacizumab, was managed per protocol guidelines
and did not require discontinuation of protocol therapy in any patient.
Fatigue was the next most common nonhematologic toxicity during
this phase of therapy. One patient was noted to have a grade 3 suba-
cute bone infarction, possibly attributed to bevacizumab, at the time
of tumor progression.

Nine of 31 patients required VPA dose modifications for the follow-
ing toxicities: grade 3 thrombocytopenia (3), grade 3 somnolence (1),
grade 3 fatigue (3), and grade 3 weight gain (2); all toxicities improved
after dose modifications, and none of them required discontinuation of
VPA.

4 | DISCUSSION

The combination of VPA, an HDAC inhibitor with potential for radia-
tion sensitization, with radiation and subsequently with bevacizumab,
an angiogenesis inhibitor, for post-radiation maintenance therapy,
was generally well tolerated. None of the 38 patients who received

concurrent VPA and radiation treatment required interruption of
radiation therapy. Only two of the 31 patients (6.5%) receiving VPA
and bevacizumab required cessation of treatment due to toxicities,
compared with the discontinuation rates of 22% and 24% observed
in children with CNS tumors receiving bevacizumab and irinotecan?2
or bevacizumab and temozolomide,2® respectively. Disappointingly,
the survival data for our DIPG and HGG patient cohorts were not
improved compared with historical series. For DIPG patients, median
EFS of 7.8 and OS of 10.3 months were comparable to other recent
collaborative trials (Table 5), but not statistically superior. The het-
erogeneous nature of HGG patients (degree of resection, location,
histology, etc.) precludes a meaningful conclusion from our small
cohort, but our median EFS of 9.1 and median OS of 12.1 months are
also comparable to historical survival figures. Similarly, adult trials20-21
of up-front bevacizumab combined with temozolomide and radiation
showed only a minor improvement in EFS but no impact on OS, and
a recent pediatric trial?® also failed to demonstrate improvement
in survival. Our HGG cohort showed a high rate of disseminated
progression (six of 15 HGG patients who received bevacizumab), in
agreement with another retrospective review in children with HGG
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TABLE 3 Summary of toxicities during valproic acid and radiation,
weeks 1 to 10 of therapy (n = 38 eligible patients)”

Hematologic toxicities Grade 3 Grade 4
Thrombocytopenia ’
Neutropenia

Lymphopenia

o O O O o

1
3
5
Leukopenia 1
Anemia 0

2

Grade3 Grade4 Grade5
0

Nonhematologic toxicities Grade
Somnolence

Fatigue

o

Weight gain

Hypoglycemia

Lipase and amylase elevation
Pancreatitis®

Dehydration

Radiation necrosis’
Abdominal pain

AST elevation

N R PO O R, O B AN W R
O O O O O »r O = O O
O O o »m OO 0O o o o

O O O O o o o o o o o

Cystitis

aToxicities listed are > grade 3 hematologic and > grade 2 nonhematologic,
maximum grade per patient.

bRequired lowering of targeted valproic acid trough to 50-85 ug/mL.
€Occurred in association with disease progression, and therefore protocol
therapy stopped.

dOccurred during week 10 of protocol therapy and showed clinical and
radiographic improvement after bevacizumab started.

or DIPG that also documented diffuse/distant progression in excess
of 40% of patients after bevacizumab treatment.2? This relatively
high rate of pediatric HGG dissemination suggests that there may be
altered tumor biology after bevacizumab-containing regimens and
underscores the need for novel therapies targeting HGG metastasis.
Despite lack of improvement in EFS and OS for patients in our
trial, there were objective tumor responses in both cohorts; eight PRs
were observed in 16 evaluable DIPG patients (50% response rate) and
five PRs and one CR were observed in 14 evaluable HGG patients
(42% response rate). In light of the encouraging tumor responses
observed in our trial but subsequent high rate of tumor dissemina-
tion while receiving post-radiation maintenance therapy, survival may
be improved in future trials employing similar drugs by adding new
agents inhibiting tumor dissemination. In addition, we observed a high
rate of pseudoprogression (19.4%; two in DIPG, five in HGG, out of
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TABLE 4 Summary of toxicities during valproic acid and
bevacizumab maintenance therapy (n = 31 patients who received
therapy beyond week 11)°

Hematologic toxicities Grade 3 Grade 4
Thrombocytopenia 3’ 0
Neutropenia 3 0
Lymphopenia 3 0
Leukopenia 0 0
Anemia’ 0 0
Nonhematologic toxicities Grade 2 Grade 3 Grade 4
Intratumoral/intracranial 1° 0 0
hemorrhage
Somnolence 2 1 0
Fatigue 7 3 0
Weight gain 1 2" 0
Hypertension 8 4 0
Hypoglycemia 1 0 0
Subacute bone infarction 0 1 0
Cellulitis o 1 0
Proteinuria 2 0 0
Deep vein thrombosis, 0 0 1°
pulmonary embolism

Ocular keratitis 1 0 0
Urinary tract infection 1 0 0
Cough 1 0 0
Anorexia 3 0 0
Hypoalbuminemia 3 0 0
Abdominal pain 1 0 0

aToxicities listed are > grade 3 hematologic and > grade 2 nonhematologic,
maximum grade per patient.

bRequired lowering of targeted valproic acid trough to 50-85 ug/mL.

€One patient had a grade 1 intratumoral hemorrhage despite showing a
partial tumor response and had protocol therapy discontinued for safety
reason; two additional patients had grade 1 intratumoral hemorrhage
observed at time of tumor progression.

dOccurred in association with disease progression, and therefore protocol
therapy was stopped.

€Required discontinuation of protocol therapy.

36 evaluable patients), most commonly between weeks 10 and 25
of protocol therapy, compared with < 10% in adult trials incorporat-
ing up-front bevacizumab,3° suggesting the potential of VPA’s radia-
tion enhancement. For future trials incorporating VPA or other similar
HDAC inhibitors in combination with radiation in children with CNS

TABLE 5 Comparison of pediatric DIPG clinical trials and associated survival data

Study Chemo Targeted drug XRT

Our trial VPA, BEV 54 Gy
ACNS0126 T™MZ 54 Gy
PBTC014 Tipifarnib 54 Gy
PBTCO7 Gefitinib 54 Gy
CCG-941 Various 54 Gy

1-yr EFS Median EFS Median OS
12% 7.8 months 10.3 months
14% + 4.5% 6.1 months 9.6 months
12.9% + 5% 6.8 months 8.3 months
20.9% + 5.6% 7.4 months

17%

BEV, bevacizumab; EFS, event-free survival; OS, overall survival; TMZ, temozolomide; VPA, valproic acid; XRT, radiation therapy.
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tumors, early clinical and/or radiographic progression 4 to 12 weeks
after completing radiation therapy should prompt treatment for radi-
ation edema/injury instead of a premature cessation of protocol ther-
apy.

Of note, our treatment strategy led to relatively prolonged EFS
and OS in four patients with GBM and MMRD syndrome, including a
patient with Lynch syndrome/MLH1 deficiency and gliomatosis cere-
bri, who completed protocol therapy and sustained a CR at week 104.
As HGGs in children with MMRD syndrome have been reported to
progress rapidly despite radiation and chemotherapy,31-33our alterna-
tive strategy of an HDAC and an angiogenesis inhibitor may warrant
further investigation in this subpopulation. Effect of VPA on reducing
expression of DNA-repair proteins and checkpoint kinase 134 is a plau-
sible explanation of the favorable survival observed in our cohort with
GBM and MMRD syndrome, similar to another case report of a dra-
matic response to checkpoint inhibiton.3>

In summary, our data suggest that an HDAC inhibitor such as
VPA may have radiation enhancement potential, and thus early clini-
cal and/or radiographic progression should alert clinicians to consider
treatment for pseudoprogression. The combination of VPA and beva-
cizumab appears to be better tolerated compared with bevacizumab
and chemotherapy, and although encouraging tumor responses were
observed in children with DIPG and HGG, including those with MMRD
syndrome, our treatment strategy did not improve survival.
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