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Abstract Although bevacizumab has not proven effective
in adults with newly diagnosed high-grade gliomas (HGG),
feasibility in newly diagnosed children with diffuse intrinsic
pontine gliomas (DIPG) or HGG has not been reported in a
prospective study. In a safety and feasibility study, children
and young adults with newly diagnosed HGG received
radiotherapy (RT) with bevacizumab (10 mg/kg: days 22,
36) and temozolomide (75-90 mg/m?/day for 42 days) fol-
lowed by bevacizumab (10 mg/kg, days 1, 15), irinotecan
(125 mg/m?, days 1, 15) and temozolomide (150 mg/m*"
/day days 1-5). DIPG patients did not receive temozolo-
mide. Telomerase activity, quality of life (QOL), and
functional outcomes were assessed. Among 27 eligible
patients (15 DIPG, 12 HGG), median age 10 years (range
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3-29 years), 6 discontinued therapy for toxicity: 2 during RT
(grade 4 thrombocytopenia, grade 3 hepatotoxicity) and 4
during maintenance therapy (grade 3: thrombosis, hyper-
tension, skin ulceration, and wound dehiscence). Common-
est >grade 3 toxicities included lymphopenia, neutropenia
and leukopenia. Grade 3 hypertension occurred in 2 patients.
No intracranial hemorrhages occurred. For DIPG patients,
median overall survival (OS) was 10.4 months. For HGG
patients, 3-year progression free survival and OS were 33 %
(SE = 14 %) and 50 % (SE % 14 %), respectively. All 3
tested tumor samples, demonstrated histone H3.3K27M
(n =2 DIPG) or G34R (n =1 HGG) mutations. QOL
scores improved over the course of therapy. A bevacizumab-
based regimen is feasible and tolerable in newly diagnosed
children and young adults with HGG and DIPG.

Keywords Bevacizumab - Diffuse intrinsic pontine
glioma - High-grade glioma - Children

Introduction

Despite aggressive multi-modal therapy, prognosis for
children with high-grade gliomas (HGG) and diffuse
intrinsic pontine gliomas (DIPG) remains poor [1, 2].
While radiotherapy (RT) prolongs survival in HGG [3] and
DIPG [4] patients, adjuvant chemotherapy has had little
impact on survival [5-8], highlighting the need for novel
therapeutic approaches.

Bevacizumab (BVZ; Avastin; Genentech, San Fran-
cisco, CA) is a VEGF-specific recombinant, humanized
monoclonal antibody that binds to and inhibits vascular
endothelial growth factor (VEGF) from binding to its
receptors. Endothelial proliferation is a hallmark of
glioblastoma multiforme (GBM) [9, 10]. Gorski et al.
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demonstrated that irradiation of tumor cells induced
increased VEGF expression [11]. Pre-treatment of U87
GBM xenografts with anti-VEGF therapy, had a greater
than additive effect when combined with subsequent radi-
ation [11]. Using the same model, Lee et al. demonstrated
that anti-VEGF mAB treatment with radiation yielded
greater than additive tumor growth delay [12]. Further-
more, elevated expression of VEGF and its receptors,
VEGFR-1 and VEGFR-2, reported in GBM [13, 14], have
been shown to correlate with a worse prognosis [15].

BVZ received accelerated FDA approval for second-line
treatment of adult GBM in 2009, based on durable objec-
tive responses in phase II trials. Friedman et al. [16]
reported a 6-month progression-free survival (PFS) of
42.6 %, and a median overall survival (OS) of 9.2 months
in recurrent HGG patients receiving BVZ. Kreisl et al.
reported a 6-month PFS of 29 % in recurrent GBM patients
who received BVZ plus irinotecan (IRO) [17]. Despite
these promising results, randomized phase III trials of BVZ
in newly diagnosed adults with GBM have recently failed
to demonstrate a survival advantage [18, 19].

Although BVZ was well tolerated at doses of 5, 10 or
15 mg/kg every 2 weeks in children with recurrent solid
tumors [20], phase II studies of BVZ plus IRO in children
with recurrent HGG or DIPG, showed little efficacy [21].

To date, results of prospective pediatric studies using
BVZ in newly diagnosed HGG and DIPG patients have not
been published. This study sought to determine the feasi-
bility of BVZ with concurrent RT and temozolomide
(TEM) followed by BVZ, IRO £ TEM in patients with
newly diagnosed HGG or DIPG.

Methods
Study design

The study’s primary objectives were to determine the
toxicities and feasibility of the proposed treatment regi-
men. Secondary objectives were to: determine the one-year
event-free-survival (EFS), median PFS and OS, document
changes in magnetic resonance (MR) perfusion and diffu-
sion after BVZ during RT, correlate functional changes in
tumor with response to treatment using MR diffusion/per-
fusion imaging, assess telomerase activity, hTERT and
hTERC expression, and telomere length in HGG, and
assess the health-related quality-of-life and functional
abilities of patients during and following treatment.

Eligibility criteria

Patients >36 months and <30 years with newly-diagnosed
HGG or DIPG and a performance score >50, were eligible.
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HGG patients required histologic verification of a GBM,
anaplastic astrocytoma or gliosarcoma by central review
(LM). Biopsy was not required for patients with DIPG. The
imaging diagnosis of DIPG required that the tumor be
centered in, and involve, at least 2/3 of the pons with dif-
fuse involvement [22, 23]. Patients with NF associated
brainstem enlargement were not eligible. All patients had
to have adequate bone marrow, liver, and renal function, an
INR and aPTT <2x upper limit of normal and a fibrino-
gen <0.75x lower limit of normal. Patients with controlled
seizures on non-enzyme inducing anticonvulsants were
eligible.

The institutional review boards of participating institu-
tions approved the protocol; continuing approval was
maintained throughout the study. Patients or their legal
guardians gave written informed consent, and assent was
obtained as appropriate at the time of enrollment.

Patients were excluded if pregnant, had metastatic dis-
ease, a new intracranial hemorrhage on MRI within 14 days
prior to enrollment, chronic non-healing wounds, a history of
adeep venous thrombosis, a known thrombophilic condition,
or arterial thromboembolic events within 1 year prior to
enrollment. Patients on systemic anticoagulants, non-ster-
oidal anti-inflammatory medications, potent CYP3A4
inducers/inhibitors, anti-hypertensives or medications
known to inhibit platelet function were excluded.

Treatment plan

This pilot study was conducted at Cincinnati Children’s
Hospital Medical Center and Ann and Robert H Lurie
Children’s Hospital. HGG patients (stratum 1), started RT
within 30 days of surgery and TEM by day 5 of RT. For
planning target volumes (PTV) <200 cc, 59.4 Gray (Gy)
was delivered in 1.8 Gy daily fractions. For PTV >200 cc,
50.4 Gy was delivered in 1.8 Gy daily fractions to the
initial PTV followed immediately by an additional 9.0 Gy
in 1.8 daily fractions to the PTVy.. Patients with HGG
received RT with concomitant TEM at 90 mg/m*/dose
daily (75 mg/m*/day PO daily x 42 days for patient-
s > 19 years of age) [24] for a total of 42 days and BVZ
(10 mg/kg) on days 22 and 36 of RT to prevent surgical
complications post-surgical resection or biopsy. In DIPG
patients (stratum 2), the PTV received 54.0 in 1.8 Gy daily
fractions with no boost. Concomitant BVZ (10 mg/kg) was
administered on days 1, 15, 29, and 43 of RT.

Maintenance chemotherapy began 4 weeks after RT
completion. Each course was 28 days with 12 planned
courses. HGG patients (stratum 1) received TEM at
150 mg/m*day PO on days 1-5, BVZ at 10 mg/kg and
IRO, 125 mg/m?/day IV, on days 1 and 15 of each 28-day
course. DIPG patients (stratum 2) received the same
maintenance chemotherapy without TEM.
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Toxicity and dose modifications

Dose modifying toxicities (DMT) were defined as any of
the following events at least possibly attributable to ther-
apy: grade 3 or 4 non-hematological toxicity, (except grade
3 nausea and vomiting <5 days, grade 3 transaminase
elevation that returned to baseline within 7 days of therapy
interruption and did not recur upon re-challenge, grade 3
fever or infection of <5 days, grade 3 electrolyte abnor-
mality which resolves to <grade 2 =4 within 7 days of
interrupting therapy, grade 3 hypertension well-controlled
with oral medication prior to next BVZ course, or grade 3
diarrhea responsive to anti-diarrheals), any toxicities that
required holding BVZ for >7 days, grade 4 neutropenia for
>7 days, or grade 4 thrombocytopenia on two separate
days over 7 days, grade 3 thrombocytopenia that required
transfusion on >two occasions either during RT or over
7 days.

Statistical methods

The primary objective of the study was to assess the reg-
imen’s safety and feasibility. The stopping rules for the
primary feasibility endpoints were: the incidence of
>2 week delay in (a) the completion of RT or removal
from protocol therapy during RT or (b) >2 two week delay
in the start of any course of maintenance or removal from
therapy during maintenance therapy after appropriate dose
modifications. The study regimen would not be considered
feasible if 5 or more significant delays/removals were
observed during RT or 5 or more significant delays/re-
movals were observed during maintenance therapy among
the target number of 35 patients (20 HGG and 15 DIPGs)
estimated to be accrued at the two institutions over a
40-48 month period.

Median and frequencies were used to describe continu-
ous and categorical variables, respectively. PFS and OS
curves and estimates were computed using the Kaplan—
Meier method. All computations were done in R version
3.1.3.

Response criteria

MRIs were obtained prior to enrollment, within 72 h of
surgery, prior to starting maintenance therapy, and every
8 weeks thereafter. Tumor response was defined on non-
contrast MRI sequences as: complete response (CR), dis-
appearance of all target lesions; partial response (PR),
>50 % decrease in tumor size by bi-dimensional mea-
surement compared to baseline; stable disease (SD), MRI
response not meeting the criteria for other categories, with
stable neurological examination; progressive disease
(PD) >25 % increase in the bi-dimensional measurement,

or appearance of new lesions. Furthermore, if MRI showed
>25 and <50 % increase in size in the first 3 months after
completion of RT, patients were not considered to have
PD.

Correlative studies

All correlative studies were optional. Telomerase activity,
hTERT, hTERC expression, ALT, H3.3 mutation and
telomere length in tumor and blood specimens were
obtained prior to therapy. Tumor samples were analyzed
for hTERT and hTERC subunits expression using quanti-
tative real-time PCR. Telomerase enzyme activity was
assessed using the TRAP assay. Telomere length was
assessed by Southern blot. H3.3 mutations were determined
by Sanger sequencing on isolated genomic DNA from
tumor samples. To determine ALT status, one pg of
genomic DNA was digested by Rsal and Hinfl and sepa-
rated by gel electrophoresis. Telomeres were detected
using telomere specific probes by Southern blot (Telo-
TAGGG, Roche). Heterogeneous lengths, including large
telomeres of >20 kb, were considered consistent with ALT
on TRF analysis.

Functional outcomes were assessed using the Bruininks—
Oseretsky Test of Motor Proficiency, 2nd Edition (BOT-2)
and the Functional Rehabilitation Evaluation of Sensori-
Neurologic Outcomes (FRESNO), prior to therapy, within
2 weeks of completing RT, and at completion of therapy.
The FRESNO measures functional performance in self-
care, motor, communication, cognition and socialization.
The BOT-2 assesses fine and gross motor performance of
children ages 4-21 years.

Quality of life (QOL) assessments were administered
prior to therapy, after completing RT, prior to course three
maintenance, then every other course, at completion of
therapy, and 90 days thereafter. Patients 5-18 years and
their parent/guardian were assessed using: Pediatric Qual-
ity of Life (PedsQL) Brain Tumor Model, Parent and Self
Reports; Peds QL Multidimensional Fatigue Scale, Parent
Report; and the general PedsQL Parent and Self Reports.
QOL for patients >18 years were assessed with Functional
Assessment of Cancer Therapy [Brain (FACT-Br)], a
health-related QOL measure validated for adult brain
tumor patients. Domains assessed were comparable to
those being assessed by the PedsQL.

Results
Patient characteristics

From May 2009 to October 2013, 27 (15 DIPG and 12
HGQG) eligible and evaluable patients, median age 10 years
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Table 1 Demographic and patient characteristics

Patient Gender Age (years)  Diagnosis Tumor location Extent of Event free  Overall Current
resection survival survival status
(months) (months)
1 Male 8 DIPG Pons None 7.1 9.6 Deceased
2 Female 12 AA WHO III Left cerebellopontine angle  Subtotal 16.8 25.5 Deceased
3 Female 27 AA WHO 111 Left parietal lobe Biopsy 5.6 71° SD
4 Female 29 GBM WHO IV Right frontal lobe Gross total ~ 67.4 67.4% NED
5 Female DIPG Pons None 6.9 8.9 Deceased
6 Male GBM WHO IV Midbrain/thalamus Biopsy 2.6 6.3 Deceased
7 Female 23 AA WHO III Right frontal lobe Gross total ~ 63.1 63.1* NED
8 Female 22 GBM WHO 1V Left parietal lobe Gross total ~ 19.6 22.9 Deceased
9 Female 11 DIPG Left pons None 14.1 14.1 Deceased
10 Male 4 DIPG Brainstem None 5.7 6.8 Deceased
11 Female 4 DIPG Brainstem None 11.4 11.4 Deceased
12 Male 5 DIPG Pontine None 8.0 13.8 Deceased
13 Female 17 AA WHO 11T Left frontal lobe Gross total ~ 45.3 45.3* SD
14 Male 26 DIPG Pons None 7.2 9.9 Deceased
15 Female 6 DIPG Pons None 10.1 10.4 Deceased
16 Female 21 DIPG-AA WHO III  Pons Biopsy 8.9 12.9 Deceased
17 Female 3 DIPG Pons None 8.2 13.3 Deceased
18 Female 4 DIPG Pons None 4.8 8.8 Deceased
19 Male 10 DIPG Pons None 7.2 8.3 Deceased
20 Male 3 DIPG Pons None 7.6 9.7 Deceased
21 Male 26 GBM WHO IV Left parietal lobe Biopsy 15.2 20.0 Deceased
22 Male 16 DIPG Brainstem None 14.3 16.9 Deceased
23 Female 15 AA WHO III Bithalamic Biopsy 11.5 12.5 Deceased
24 Male 13 AA WHO 1III Left temporal lobe Gross total  45.4 45.4* NED
25 Male 3 AA WHO III Right thalamic Biopsy 5.8 45.1% PD
26 Male 8 AA WHO III Left thalamic Biopsy 10.6 17.6 Deceased
27 Male 4 DIPG Brainstem None 6.1 10.4 Deceased

NED no evidence of disease, SD stable disease, PD progressive disease, WHO World Health Organization Grading

 Patient still alive

(range 3-29 years) were enrolled. The 27 patients received
170 courses of maintenance therapy. Because of slow
accrual to the high-grade glioma stratum, the Data Safety
Monitoring Committee (DSMC) of the study recommended
closure of the study once the DIPG stratum had completed
accrual with 15 patients in May 2013. Five HGG and two
DIPG patients were >18 years of age. Table 1 summarizes
the characteristics of eligible patients.

Toxicity and safety

Two patients discontinued therapy during RT due to grade
4 thrombocytopenia and grade 3 hepatotoxicity, and 4
during maintenance therapy due to grade 3 central line
thrombosis (n = 1), uncontrolled hypertension (n = 1),
skin ulceration on chronic steroids (n = 1), or wound
dehiscence at the port site (n = 1) among 27 eligible

@ Springer

patients. Only 2 of 27 patients (7 %) discontinued therapy
during RT and 4 of 27 patients (14 %) who received 170
courses of maintenance therapy discontinued therapy dur-
ing maintenance. Based on these results, the DSMC
declared the regimen feasible. During RT, fatigue and
lymphopenia were the most common grade 2 and 3 toxi-
cities (Table 2). Grade 4 toxicities included neutropenia
(n = 2), lymphopenia (n = 2), leukopenia (n = 1) and
thrombocytopenia (n = 1).

During maintenance therapy, anorexia, nausea, vomit-
ing, pain, lymphopenia, and neutropenia were the most
common grade 2/3 toxicities. Grade 4 toxicities included
leukopenia (n = 1), lymphopenia (n = 1), and thrombo-
cytopenia (n = 1). Nasal septum perforation (without need
for medical intervention) occurred in one patient. Epistaxis
(grade 2) with normal platelet counts occurred in two
patients (7 %) (one each during RT and maintenance).
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Table 2 Number of adverse events >grade 2, attributed to therapy and observed in >10 % of evaluable patients

Adverse event Grade 2 # pts (# events)

Grade 3 # pts (# events) Grade 4 # pts (# events)

RT Maintenance RT Maintenance RT Maintenance
Anorexia 2 (2) 7 (13) 0 0 0 0
Fatigue 99 3 (15) 1) 0 0 0
Nausea 1(1) 6 (20) 0 1(D) 0 0
Neutrophils/granulocytes (ANC/AGC) 2(2) 7 (24) 0 6 (10) 2 (2) 0
Leucocytes (total WBC) 303) 9 (22) 0 333 1(1) 1(D)
Lymphopenia 10 (10) 8 (30) 5(5) 6 (7) 2(2) 1 (1)
Platelets 1(1) 303) 0 0 1(1) 1(D)
Vomiting 2(2) 9 (18) 0 24 0 0
ALT 33) 2(2) 1(D) 0 0 0
AST 1() 2(2) 1(D) 0 0 0
Infection 35 0 2(2) 314 0 0
Pain 33) 5(6) 1(1) 12 0 0
Skin 1(1) 1) 0 23 0 0
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Fig. 1 Kaplan-Meier curves showing the median PES for DIPG
patients was 8 months and the median PFS for HGG patients was
15.2 months. HGG patients had a 3-year PFS of 33 % (SE £ 14 %)

There were no intracranial hemorrhages, cerebral ischemia,
or toxic deaths.

Outcome

Median PFS and OS for DIPG patients were 8.2 and
10.4 months, respectively. Median PFS and OS for HGG
patients were 15.2 and 25.4 months, respectively, with a
median follow-up of 45.6 months. The 1-year PFS and OS

Months Post Treatment Start Date

Fig. 2 Kaplan-Meier curves showing the 1-year OS for patients with
DIPG was 10.4 and 25.4 months for patients with HGG. HGG
patients had a 3-year OS of 50 % (SE =+ 14 %)

for HGG patients were both 92 % (95 % CI 77-100) with a
3-year PFS and OS of 33 % (95 % CI 15-74) and 55 %
(95 % CI 28-88) respectively (Figs. 1, 2).

Radiological evaluation and response
Eleven of 27 (DIPG 7, HGG 4) patients had minimal

punctate and/or linear intra-tumoral hemorrhage at base-
line; two DIPG patients developed new punctuate
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Table 3 Optional correlative studies

Patient Diagnosis hTERT TERC TRAP ALT H3.3
HGGO01-01 DIPG 5380 8565 — + K27M
HGGO01-02 DIPG 52286 1461 NA NA NA
HGGO01-08 GBM 0.000 0308 — + G34R
HGGO01-09 DIPG 0502 5.025 - + K27 M
HGGO01-24 HGG 0361 1.179 NA NA NA
HGGO01-25 HGG 0.136  0.209 - NA NA

hTERT and TERC expression values are relative to that of normal
brain tissue. DIPG Diffuse Intrinsic Pontine Glioma. GBM glioblas-
toma multiforme. HGG high-grade glioma. K27M heterozygous
mutation Lysine 27 to Methionine. G34R heterozygous mutation
Glycine 34 to Arginine. NA not applicable

hemorrhages during treatment. Four DIPG patients without
baseline tumoral hemorrhage developed new punctate
hemorrhage, and three foci of hemorrhage slightly
enlarged, without any clinical significance.

Baseline tumoral enhancement was noted in 16 patients
(12 DIPG); three developed new areas of enhancement
during therapy. For this study, enhancement was used only
if it allowed us to identify the tumor margins more accu-
rately. Disappearance of contrast enhancement, in the set-
ting of tumor signal on other sequences was not considered
a response. In general, tumor response was based on non-
contrast imaging appearance.

Correlative studies

Six patients had adequate tissue for analysis of expression
levels of "”TERT mRNA and TERC RNA: 2 demonstrated
elevated levels of hTERT and four had elevated levels of
TERC. All patients with adequate tumor tissue showed
evidence of ALT activity by TRF Southern Analysis
(n = 3) while none showed positive telomerase activity by
TRAP (n = 5). Partial sequencing of H3F3A gene was
performed on two DIPG and one GBM specimens. Both
DIPG specimens demonstrated the K27M mutation. The
GBM specimen harboured the G34R mutation (Table 3).

All four patients who participated in functional evalua-
tion during and after RT demonstrated below average
scores at enrollment in motor (2/2) and body coordination
areas (4/4). Only 1 patient demonstrated improved body
coordination scores at follow-up. Two patients completed
all motor and coordination studies. Manual coordination
scores declined after RT, all patients functioning below, to
well below average at follow-up.

The greatest deficits in functional independence at
enrollment were in mobility/transfers and locomotion, but
three of four patients demonstrated maintenance or
improvement following RT. No patients completed func-
tional outcome assessment at therapy completion; thus,
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changes in functional capabilities after maintenance
chemotherapy were not assessed.

QOL reports were available for a subset of patients. For
patients under 18 years (n = 10), patient-and parent-re-
ported PedsQL Brain Tumor subscale scores were stable or
improved over time. For patients over 18 years (n = 7)
QOL remained stable or improved over time as assessed by

the FACT-BR.

Discussion

This prospective study demonstrates the feasibility of a
BVZ-based regimen in children with newly diagnosed
HGG and DIPG. A total of six patients (two during RT and
four during maintenance) discontinued therapy due to
BVZ-related toxicities.

No grade 3 or 4 hemorrhages were observed. Four of 27
patients (14.8 %) developed asymptomatic new punctate
hemorrhages and 2/27 patients (7 %) developed Grade 2
epistaxis after receiving therapy, comparable to adult and
pediatric CNS trials where the incidence of new intracra-
nial hemorrhage attributable to BVZ was very low [16, 17,
21]. Fangusaro et al. reported on the toxicities of 92 chil-
dren with recurrent brain tumors who received BVZ and
IRO. Grade 1 or 2 epistaxis occurred in 24 % of patients,
while 10.8 % developed grade 1 CNS hemorrhages. A
grade 3 subdural hematoma occurred in 1 patient (1.1 %)
[25]. Although 8-25 % of adults with recurrent HGG
treated with BVZ, developed thromboembolic events [26];
only one (3 %) of 27 patients developed a grade 3
thrombosis in our study.

Inhibition of angiogenesis may impair or delay wound
healing [27]. Fangusaro et al. reported no delayed wound
healing in patients on treatment; however, three (3 %) were
removed from therapy for delayed wound healing due to
“other complicating diseases”, physician discretion and
presence of skin ulcers [25]. In our study, the two patients
with grade 3 skin toxicities attributed to BVZ had addi-
tional factors including prolonged steroid use and trauma,
which may have exacerbated the risk for ulceration/wound
dehiscence.

Although our HGG cohort is small and the median age is
16 years, the outcomes are similar to previously reported
pediatric HGG studies. Median PFS and OS for 12 HGG
patients on our study were 15.2 and 25.4 months, respec-
tively, with a 3-year PFS and OS of 33 % (95 % CI 15-74)
and 55 % (95 % CI 28-88) respectively. Because of the
small numbers of patients, we could not correlate prog-
nostic parameters such as tumor grade, extent of resection,
and molecular characteristics of patients with PFS or OS.
Factors such as isocitrate dehydrogenase (IDH) mutations,
which rarely occur in younger patients with HGG, and



J Neurooncol (2016) 127:53-61

59

were beginning to emerge as a good prognostic factor [28,
29], at the time of this study’s development, were not
assessed.

Friedman et al. reported favorable results in 3 children
with newly-diagnosed GBM treated with BVZ, TEM and
RT followed by maintenance bevacizumab [30]: with two
remaining disease-free 38 and 49 months from diagnosis,
and one recurring 14 months off therapy. By comparison,
in ACNS0126, a Children’s Oncology Group study utiliz-
ing TEM with concurrent radiation followed by mainte-
nance TEM, the 3-year EFS and OS for 90 children with
HGG were 11 &+ 3 and 22 + 5 %, respectively [31]. In
CCG-945, the median PFS and OS were approximately 16
and 26 months, respectively with a 5-year EFS and OS of
33 £ 5, and 36 + 6 %, respectively [5].

By contrast, two recent randomized phase III trials in
adults with newly diagnosed GBM by Chinot et al. [18] and
Gilbert et al. [19] failed to demonstrate an improvement in
OS with BVZ. Chinot et al. noted that OS did not differ
significantly between BVZ (72.4 % at 1 year, 33.9 % at
2 years) and placebo (66.3 % at 1 year and 30 % at
2 years) arms. Gilbert et al. similarly found no significant
difference in OS between the BVZ and the placebo groups
(15.7 and 16.1 months, respectively) with more adverse
events reported with BVZ.

BVZ had no significant impact on median OS in newly-
diagnosed DIPG patients on this trial By contrast, two
smaller retrospective reports have demonstrated promising
activity of BVZ-based therapy in children with newly-di-
agnosed DIPG. Zaky et al. reported an OS of
14.6 £ 3.55 months in six patients who received different
chemoradiotherapy followed by maintenance IRO, TEM,
and BVZ [32], while MacDonald et al. reported a PFS of
37 and 42 months in two children treated with RT followed
by TEM and BVZ [33]. Our median OS of 10.4 months is
very similar to previous large reviews of frontline DIPG
studies by Hargrave [2] and Jansen [34], who reported
median OS of 8-11 and 7-14 months, respectively.

H3.3K27M mutation has been shown to define a clini-
cally and biologically distinct subgroup of DIPG associated
with shorter survival [35]. Two DIPG specimens exhibited
the H3.3K27M mutations and one GBM specimen har-
boured the G34R mutation, yet no conclusions can be
drawn due to limited samples.

Telomerase activation (telomere length, telomerase
activity, and hTERT expression) predicts aggressive tumor
behavior in adults with GBM and higher telomerase
activity has been associated with shorter OS in adults [36,
37]. We previously reported that children with HGG, par-
ticularly DIPG, have increased hTERT and TERC levels
compared to normal controls [38]. More importantly,
increased h"TERT mRNA and TERC RNA expression are
associated with worse OS in children with non-brainstem

HGG. In the present study, two patients demonstrated
elevated levels of ATERT and 4 had elevated levels of
TERC. However, no clear correlation could be demon-
strated as the OS ranged from 9.6 to 25 months among
these 6 patients.

Both general fatigue and brain-tumor-specific quality-
of-life measures remained stable or improved over time,
similar to Chinot et al.’s study, which showed maintenance
of baseline QOL and performance status with BVZ [18].
Future studies with larger sample sizes are needed to assess
the impact of this regimen on QOL.

In conclusion, a BVZ-containing regimen is feasible and
safe in children and young adults with newly diagnosed
HGG and DIPG, but confers no survival benefit to patients
with DIPG. Based on the preliminary reports of feasibility
of this study, the Children’s Oncology Group has recently
conducted ACNS0822, including BVZ and RT in one of
three randomized radiosensitization arms followed by
maintenance BVZ and TEM for all patients. The final
results of ACNS0822 will better determine the efficacy of
this regimen in children with newly diagnosed HGG.
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