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CLINICAL STUDY
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Abstract There is a paucity of data regarding patterns of
progression in children with high-grade glioma (HGG) or
diffuse intrinsic pontine glioma (DIPG) treated with bev-
acizumab (BVZ) at diagnosis. We performed a retrospec-
tive study of 20 children with HGG or DIPG who received
BVZ-based therapy at diagnosis on, or according to, a bi-
institutional study. Magnetic resonance imaging (MRI)
characteristics of first and most recent progressions were
reviewed. Comparison was made to a control group of 19
patients who never received BVZ. Imaging definitions of
progressive disease (PD) were local: at primary site or
within 2 cm, contiguous; diffuse: >2 cm away but
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contiguous with primary site, ill-defined and infiltrative;
distant: new, non-contiguous disease. In the BVZ-treated
group, 14 patients had DIPG, six patients had HGG.
Median age was 7 years (range: 3—21). Median time to PD
and follow-up were 8.8 months (range 4-21) and
11 months (range: 6-25), respectively. Among 14 patients
with PD, 8 (57.1 %) had local PD, 6 (42.9 %) had local and
diffuse/distant PD, at initial progression. At most recent
progression, a median of 10.8 months (range 6-25) from
diagnosis, 10 of 14 (71.4 %) had at least diffuse (n = 8), or
distant (n = 6) PD. In the comparable control group, 15
patients had PD: 11(73.3 %) local, 4 (26.7 %) local and
diffuse/distant PD at first and most recent progressions.
Based on these data, we postulate that BVZ may lead to a
higher incidence of distant and diffuse disease in newly-
diagnosed children with HGG or DIPG who received BVZ-
based therapy.

Keywords High-grade glioma - Diffuse intrinsic pontine
glioma - Bevacizumab - Anti-angiogenic therapy -
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Introduction

The outcomes for children with high-grade gliomas (HGG)
or diffuse intrinsic pontine gliomas (DIPG) remain uni-
formly poor [1, 2] despite multi-modal therapy with sur-
gery when possible, radiation therapy (RT) and
chemotherapy. Although RT has been successful in pro-
longing time to progression in children with DIPG [3],
chemotherapy has had little impact on survival in children
with HGG or DIPG [4-6].

Bevacizumab (Avastin; Genentech, San Francisco, CA)
is a vascular endothelial growth factor (VEGF)-specific
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recombinant, humanized monoclonal antibody. It binds
with high affinity and specificity to all four VEGF isoforms
inhibiting it from binding to its receptors. HGG are highly
vascularized tumors and VEGF plays a critical role in
tumor angiogenesis in HGG [7] making it a rational ther-
apeutic target in these tumors. Bevacizumab (BVZ) has
gained interest in many HGG studies. In trials in adults
with glioblastoma multiforme (GBM) [8, 9] single agent
BVZ demonstrated durable objective responses earning
accelerated FDA approval for second-line treatment of
GBM in 2009. Unfortunately, patients with GBM and
DIPG invariably progress. Patterns of progression for these
patients can be classified as local, distant or diffuse inva-
sive based on neuroimaging characteristics.

The pattern of failure of adult patients with GBM is pre-
dominantly local with a historical rate of diffuse progression
of approximately 10 % [10] with conventional chemo-
radiotherapy. Recently, a shift in the patterns of progression
in patients with GBM treated with angiogenic blockade was
reported. In newly-diagnosed or recurrent adult patients,
Narayana et al. [11, 12] reported diffuse invasive recurrence
inupto75 % of patients who received BVZ-based regimens.
Another trial, in which adults with recurrent HGG were
treated with BVZ plus irinotecan, reported similar results
with 60.5 % of patients having diffuse or distant progression
[13]. More recent frontline Phase III trials (AVAglio [14]
and Radiation Therapy Oncology Group study 0825 [15] )
have failed to demonstrate an increase in diffuse recurrence,
making this phenomenon still controversial.

Pediatric studies have retrospectively reviewed patterns
of DIPG and HGG progression and show conflicting
results. Before the era of anti-angiogenic agents, Guru-
rangan et al. [16] found that 17 % of patients with DIPG
progressed with neuraxis metastases. On the other hand,
Heideman et al. [17] and Vaidya et al. [18] reviewed pat-
terns of progression in children with HGG and found that
31 and 46 % of patients progressed with neuraxis dis-
semination, respectively. A Pediatric Brain Tumor Con-
sortium trial that administered BVZ-based therapy to
children with recurrent HGG or DIPG [19] briefly descri-
bed patterns of radiologic progression as being predomi-
nantly local. In contrast, a diffuse invasive recurrence
pattern was noted in 45.5 % of 12 children with progres-
sive HGG or DIPG treated with BVZ plus irinotecan [20]
in another single institution study. In addition, in a series of
8 pediatric patients with recurrent HGG treated with dif-
ferent BVZ-containing regimens, five patients had pro-
gression with non-enhancing lesions and three patients
progressed with distant disease [21].

To our knowledge, no studies have analyzed patterns of
progression in children with newly-diagnosed HGG or
DIPG receiving BVZ-based therapy. This study compares
patterns of progression in children with HGG or DIPG who
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received front-line BVZ-based therapy to a control group
of patients who never received BVZ.

Materials and methods

Institutional review board approval was obtained to per-
form this retrospective chart review analysis. The treatment
group included patients >3 and <22 years of age diag-
nosed with HGG or DIPG between March 2009 and Jan-
uvary 2013 who received BVZ-based therapy at initial
diagnosis and were treated on, or according to, a study at
Cincinnati Children’s Hospital Medical Center (CCHMC)
or Anne and Robert Lurie Children’s Hospital. The control
cohort included all patients >3 and <22 years of age
diagnosed with DIPG or HGG from January 2000 until
January 2014 at CCHMC. The cut-off point of January
2000 was used in order to have consistency in magnetic
resonance imaging (MRI) techniques across both groups.
To be included in the control group, patients must not have
received BVZ at any time during their treatment and had to
have adequate follow-up (defined as a minimum time of
9 months, since the median reported time-to-progression
for DIPG patients ranges between 5 months and
8.8 months [2] ). Informed consent/assent was obtained
upon enrollment on treatment protocol.

Briefly, patients with DIPG in the treatment group
received local radiotherapy (54 Gy) with BVZ (10 mg/kg)
every 2 weeks for 6 weeks, followed by a 4-week break,
before maintenance therapy with BVZ (10 mg/kg) and iri-
notecan (125 mg/m?) every 2 weeks for 12 cycles. Radia-
tion was delivered in 1.8 Gy daily fractions to the planned
target volume (PTV) that included a 2 cm margin around
the gross tumor volume (GTV). GTV was defined as the
operative tumor bed in addition to any residual enhancing
tumor and adjacent FLAIR signal abnormality. Therapy for
children with HGG included resection/biopsy and localized
radiotherapy (59.4 Gy). The regimen was otherwise iden-
tical to that described for the DIPG group, except that HGG
patients also received temozolomide (90 mg/m?/dose) daily
during radiation and temozolomide at a dose of 150 mg/m?/
dose on days 1-5 of each cycle during maintenance.

Treatment for patients in the control cohort consisted of
surgical resection when possible, localized RT (54-59.4 Gy)
and a variety of adjuvant chemotherapeutic regimens
(combination of cisplatin, vincristine, cyclophosphamide
and etoposide, single agent capecitabine, temozolomide,
vorinostat and oral cyclophosphamide).

Descriptive statistics summarizing the two cohorts are
reported as medians, interquartile ranges (IQR), and fre-
quencies. Differences in categorical and continuous vari-
ables were assessed with the Fisher exact and Wilcoxon
rank sum tests, respectively. Differences in overall survival
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Fig. 1 a Local Progression (Patient 2). Top: Initial tumor in the
central pons (arrows). Middle: Decrease in size of signal and pons
with treatment (arrows). Bottom: Increase in size of tumor signal and
pons with no cerebellar or other distant disease identified (arrows).
b Local, diffuse, and distant progression. (Patient 8) Top: Large tumor
in the pons with some extension into the right middle cerebellar
peduncle (arrows). Middle: Decrease in size of signal and pons with
treatment. Bottom: Increase in size of signal of primary tumor site,
new infiltrative ill-defined signal in cerebellar hemispheres (arrows,
left), and new infiltrative, non-contiguous periventricular signal

between patients with different disease progression patterns
were assessed using the Log-Rank test.

Progressive disease (PD) was defined as a 25 % or more
increase in the product of perpendicular diameters of any
target lesion (taking as reference the smallest product
observed since the start of treatment) or the appearance of one
or more new lesions on MRI. Because RT may be associated
with transient, reversible swelling during the first 3 months
after therapy [22], an increase in the product of perpendicular
diameters by 50 % was tolerated during that period.

MRI characteristics of first and last progressions were
reviewed by the study neuroradiologist (J.L.). First progres-
sion was defined as the first time PD was radiologically
detected and last progression corresponded to the pattern of
progression at the time of the last available MRI. Definitions
of patterns of PD (Fig. 1) were adapted from Zuniga et al.
[13] and were as follows: local (at primary site or within
2 cm, contiguous), diffuse (>2 cm away but contiguous with
primary site, ill -defined and infiltrative) and distant (new,
non-contiguous enhancing or non-enhancing disease).

(arrows, right) consistent with distant progression. ¢ Local, diffuse,
and distant progression. (Patient 9) Top: Tumor occupying the pons
with extension into the left middle cerebellar peduncle and left
cerebellar hemisphere. Middle: Marked decrease in signal at the site
of original tumor with return of pons to nearly normal size after
treatment. Bottom Left Increased tumor signal at site of original tumor
(arrowheads), ill-defined bilateral cerebellar signal changes (arrows)
consistent with diffuse recurrence. Right: Ill-defined white matter and
cortical signal changes in the frontal periventricular regions, corpus
callosum, and basal ganglia (arrows)

Results
Patient and tumor characteristics-study group

Twenty patients met inclusion criteria in the BVZ treat-
ment group and were included in the final analysis. Table 1
summarizes patient characteristics. Of 20 patients, 6 had
HGG (stratum 1) and 14 had DIPG (stratum 2) (Table 2).
One patient (patient 9 listed in Table 3) did not receive
BVZ with radiation but received maintenance BVZ.
Median age at enrollment was 10 years for stratum 1
(range: 3-17 years) and 6.5 years for stratum 2 (range:
3-21 years). Median follow-up was 11 months (range
6-25 months) for all patients who have progressed. Among
20 patients reviewed, 14 (70 %) had radiologic PD at the
time of analysis. Median time to first progression was
8 months (range 4-21 months) for HGG and 9 months
(range 5-14 months) for DIPG. Patients received a median
number of 14 doses (range 2-26 doses) of BVZ (10 mg/kg/
dose).
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Table 1 BVZ-treated group patient characteristics

Patient characteristics HGG (Stratum 1) DIPG (Stratum?2)

n==6 n=14

Age at enrollment (year)

Median (range) 10 (3-17) 6.5 (3-21)
Sex

Male 4

Female 2
Number of patients with PD 4 10
Time to first progression (month)

Median (range) 8 (4-21) 9 (5-14)
Number of BVZ doses

Median (range) 18 (2-26) 12 (3-20)
Table 2 Control group patient characteristics
Patient characteristics HGG DIPG

n=11 n=2_8

Age at enrollment (year)

Median (range) 11 (6-21) 6 (3-15)
Sex

Male 5

Female
Number of patients with PD 7
Time to first progression (month)

Median (range) 10 (1-20) 8 (4-14)

Patterns of progression-study group

Among 14 patients with PD (Table 3), eight patients
(57.1 %; 7 DIPG and 1 HGG) had local PD, two patients
(14.3 %; both HGG) had local and diffuse PD and four
patients (28.6 %; 3 DIPG and 1 HGG) had local, diffuse
and distant PD, at first progression. Patterns of distant PD
at initial progression included hemispheric and periven-
tricular (n = 2; DIPG) and non-contiguous hemispheric
PD (n = 2; 1 DIPG and 1 HGG). Of the 13 patients with
contrast MRI exams at first progression, seven had new or
increasing contrast enhancement, three had decreased
contrast enhancement and three had no enhancement
within tumor regions. At the time of last PD, at a median
time of 10.8 months (range 6—25 months) from diagnosis,
10 of 14 (71.4 %) had diffuse or distant PD. Among these
10 patients, four patients had local, diffuse and distant PD,
four patients had local and diffuse PD and two patients had
local and distant PD. None of the patients with distant PD
had symptoms attributable to distant disease. There was no
significant difference (p = 0.08) in the number of BVZ
doses received between patients who had local PD (median
number of doses = 10, IQR = 8.75-11.5) and patients
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who had diffuse or distant PD (median number of BVZ
doses = 16, IQR = 12.75-18.5).

Two patients with DIPG (patients 8 and 9) had distant non-
contiguous changes on brain MRI before the target lesion in
the pons progressed. Patient 8 had white matter signal
abnormalities that were hyperintense on T2/FLAIR sequences
involving the frontal lobes bilaterally. These changes pre-
ceded the pontine tumor progression by approximately
3 months. Patient 9 had ill-defined regions of abnormal signal
in the right frontal lobe and left frontal lobe and left periven-
tricular white matter that appeared 8 months before the target
lesion in the pons enlarged. MRI brain with spectroscopy was
performed sequentially on one of these lesions (right frontal
lobe of patient 9) and showed a progressive increase in cho-
line/creatine ratio (1.41-1.82) as the lesion enlarged, sug-
gesting tumor progression [23]. F-18 fluorodeoxyglucose
(FDG)-PET scan of the brain was performed on both patients
and did not show any significant increase in FDG uptake in the
pontine tumors or distant lesions in either case. Patient 9 had a
brain-only autopsy performed after consent was obtained.
Extensive leptomeningeal involvement with tumor spreading
to the right frontal lobe was confirmed, pathology was con-
sistent with WHO Grade IV GBM.

Patient and tumor characteristics-control group

Nineteen patients met inclusion criteria for the control
group and were included in the final analysis. Table 2
summarizes patient characteristics. Of 19 patients, 11 had
HGG and 8 had DIPG. Median age was 11 years for
patients with HGG (range: 3-17 years) and 6 years for
patients with DIPG (range: 3—15 years). Median follow-up
for all patients who have progressed was 11 months (range
1-31 months). Among 19 patients, 15 (78.9 %) had
radiologic PD at the time of analysis. Median time to first
progression was 10 months (range 1-20 months) for HGG
and 8 months (range 4-14 months) for DIPG.

Patterns of progression-control group

Among 15 patients with PD (Table 4), 11 patients (73.3 %;
6 DIPG and 5 HGG) had local PD, 2 patients (13.3 %; both
DIPG) had local and diffuse PD and 2 patients (13.3 %;
both HGG) had local and distant PD (periventricular,
n = 1; leptomeningeal, n = 1) at first progression. All
instances of diffuse PD occurred in the cerebellum. No
changes in patterns of progression were noted at last pro-
gression, at a median time of 11 months after diagnosis.

Comparison of study and control groups

Using the statistical tests described under the “materials
and methods” section, no statistically significant difference
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was detected in age (p = 0.45), number of patients with
DIPG (p = 0.11) and number of patients who progressed
(p = 0.72) between the two groups. Patients who pro-
gressed had a comparable median time of follow-up in both
groups (p = 0.51).

When patterns of failure were compared at first pro-
gression, no significant difference was detected in the
incidence of diffuse or distant disease (six patients in the
BVZ-treated group and four patients in the control group,
p = 0.24). At last progression, there was a trend towards a
higher occurrence of diffuse or distant disease (10 patients
in the BVZ-treated group and four patients in the control
group, p = 0.1). Among patients with diffuse PD, while
there was no significant difference between the two groups
at first progression (four patients in the BVZ-treated group
and two patients in the control group, p = 0.66), the dif-
ference increased at last progression (eight patients in the
BVZ-treated group and 2 patients in the control group,
p = 0.06).

Discussion

In this study, we compare patterns of progression in chil-
dren with newly-diagnosed HGG or DIPG who received

BVZ-based therapy with children who did not receive
BVZ. We did not detect a significant difference in the
incidence of diffuse or distant disease at the time of first
progression between the BVZ-treated and control groups
(p = 0.24). Our analysis however suggests a trend towards
a higher incidence of diffuse or distant progression at last
progression (p = 0.1). Interestingly, the incidence of dif-
fuse disease reported at last progression in the BVZ-treated
group was higher than the control group, almost reaching
statistical significance (p = 0.06). Within the BVZ-treated
group, the limited number of HGG patients who progressed
prevented any meaningful comparison to DIPG patients
with PD. An important limitation of this study is the small
sample size in both cohorts which limits the power of the
statistical analysis; however, these are all the available
patients who met inclusion criteria.

Reviews of patterns of progression in children with
HGG or DIPG receiving BVZ are limited to the recurrent
setting and report conflicting patterns of progression. While
some authors reported a predominantly local pattern of
disease progression (78.2 %) [19], others noted an increase
in diffuse invasive recurrence pattern (45.5 %) [20]. One
explanation for the divergence of our results from those
previously reported by Gururangan et al. [19] may be the
timing of BVZ administration. Pre-clinical data [24, 25]

Table 4 Time to progression and patterns of progression of patients with HGG or DIPG who did not receive BVZ therapy at diagnosis or

progression

Patient Dx Age at Time to 1st  Pattern at 1st Time to last  Pattern at last radiologic progression or Distribution, if distant
Dx progression  radiologic progression  status at last available imaging progression noted

progression

(years) (months) (months)

1 DIPG 3 6 Local 6 Local N/A

2 DIPG 4 14 Local 14 Local N/A

3 DIPG 4 4 Local 11 Local N/A

4 DIPG 4 4 Local 4 Local N/A

5 HGG 6 N/A Not progressed N/A Not progressed N/A

6 HGG 6 1 Local 1 Local N/A

7 DIPG 7 10 Local + Diffuse 11 Local + Diffuse N/A

8 HGG 7 10 Local + Distant 10 Local + Distant Leptomeningeal

9 DIPG 8 Local Local N/A

10 DIPG 8 Local Local N/A

11 HGG 9 15 Local 15 Local N/A

12 HGG 11 11 Local 11 Local N/A

13 HGG 11 N/A Not progressed N/A Not progressed N/A

14 HGG 12 N/A Not progressed N/A Not progressed N/A

15 HGG 14 10 Local 31 Local N/A

16 DIPG 15 10 Local + Diffuse 11 Local + Diffuse N/A

17 HGG 15 8 Local + Distant 8 Local + Distant Periventricular

18 HGG 15 20 Local 25 Local N/A

19 HGG 21 N/A Not progressed N/A Not progressed N/A

@ Springer



J Neurooncol (2015) 121:591-598

597

support the use of BVZ to treat HGG in the frontline setting
concomitantly with RT. Indeed, BVZ can “prune” the
vasculature and normalize blood supply to tumors
decreasing hypoxia and acting as a radio-sensitizer. Given
the crucial role that angiogenesis plays in gliomagenesis
[26], it is possible that administration of BVZ as part of the
initial treatment of patients may have a more pronounced
effect than after progression.

Mechanisms of BVZ resistance have been implicated
in this “shift” to diffuse invasive disease progression and
have been well-described in pre-clinical models. In a
GBM intracranial xenograft [27] model, anti-VEGF
treatment was associated with slowing the progression of
tumors in athymic rats but also with an increase in
infiltration and a 23-fold increase in the number of dis-
tant satellite tumor areas when compared to control. It is
thought that, after reaching a threshold of hypoxia caused
by prolonged anti-angiogenic treatment, tumor cells
switch to an invasive phenotype [28] and express a
variety of proteases [29] that allow them to infiltrate
through the extracellular matrix. Tumor cells can also
“co-opt” existing blood vessels to spread to more distant
areas in the brain following pharmacologic inhibition of
VEGF [27]. Initial observations on tissue obtained from
five adult HGG patients before and after treatment with
RT and BVZ [30] revealed a trend towards an increase in
immunostaining for D2-40 and fascin, two markers that
suggest a more invasive phenotype post-BVZ treatment.
Finally, the activation of alternative pro-angiogenic sig-
naling pathways was suggested in GBM patients treated
with a VEGF receptor inhibitor [31]. In these patients,
levels of another pro-angiogenic mediator, basic fibro-
blast growth factor [32] (bFGF) were elevated in the
blood of patients at progression, explaining evasive
resistance to VEGF receptor inhibition.

In both our patient cohorts, patterns of progression did
not correlate with overall survival (OS): patients with local
only, diffuse or distant PD had comparable OS indepen-
dently from the occurrence of diffuse/distant disease at first
or last progression. This is consistent with adult data
showing that diffuse invasive disease following anti-
angiogenic therapy is not an independent prognostic factor
in HGG [33].

Interestingly, two of the patients in this study had evi-
dence of distant disease before progression of the target
lesion. While these atypical distant changes on brain MRI
were initially attributed to RT, it became evident, as these
lesions continued to enlarge, that these findings represented
PD. In fact, in one patient, PD with GBM was confirmed on
autopsy. Thus, based on these data, clinicians should con-
sider the possibility of early occurrence of distant disease
in patients with HGG or DIPG receiving BVZ.

Conclusion

This retrospective review in a unique pediatric population
with newly-diagnosed HGG or DIPG suggests a change in
patterns of progression and a trend towards a higher inci-
dence of distant and especially diffuse disease following
BVZ treatment. It would be important to review the pat-
terns of progression in a larger cohort of patients such as
the Children’s Oncology Group HGG study (ACNS0822),
which utilizes BVZ as part of maintenance in children with
newly-diagnosed HGG, to confirm our findings.
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