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Bevacizumab treatment of symptomatic
pseudoprogression after boron neutron
capture therapy for recurrent malignant
gliomas. Report of 2 cases
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Background. Bevacizumab, an anti-vascular endotheli-
al growth factor antibody, has been used for the treat-
ment of radiation necrosis. Thus far, however, there
has been no definitive report on its use for the treatment
of symptomatic pseudoprogression. Here we report 2
cases of successful treatment with bevacizumab for
symptomatic pseudoprogression after boron neutron
capture therapy (BNCT} was applied for recurrent ma-
lignant gliomas.

Methods. Two recurrent malignant gliomas received
BNCT. Both cases were treated with intravenous admin-
istration of bevacizumab at the deterioration that
seemed to be symptomatic pseudoprogression.

Results. The first case was recurrent glioblastoma multi-
forme and the second was recurrent anaplastic oligoas-
trocytoma. Both cases recurred after standard
chemoradiotherapy and were referred to our institute
for BNCT, which is tumor-selective particle radiation.
Just prior to neutron irradiation, PET with an amino
acid tracer was applied in each case to confirm tumor re-
currence. Both cases showed deterioration in symptoms,
as well as on MRI, at intervals of 4 months and 2
months, respectively, after BNCT. For the first case, a
second PET was applied in order to confirm no increase
in tracer uptake. We diagnosed both cases as sympto-
matic pseudoprogression and started the intravenous ad-
ministration of 5 mg/kg bevacizumab biweekly with 6

Received October 8, 2012; accepted January 25, 2013.

Corresponding Author: Shin-Ichi Miyatake, MD, PhD, Department of
Neurosurgery, Osaka Medical College, 2-7 Daigaku-machi, Takatsuki
City, Osaka 569-8686, Japan {neu070@pch.osaka-med.ac.jp).

cycles. Both cases responded well to this, showing
rapid and dramatic improvement in neuroimaging and
clinical symptoms. No tumor progression was observed
8 months after BNCT.

Conclusions. Bevacizumab showed marked effects on
symptomatic pseudoprogression after BNCT. BNCT
combined with bevacizumab may prolong the survival
of patients with recurrent malignant gliomas.

Keywords: bevacizumab, boron neutron capture
therapy, malignant gliomas, pseudoprogression.

ith the advent of temozolomide (TMZ), con-

-\R/ comitant chemoradiation and maintenance
chemotherapy with TMZ have become the
worldwide standard treatment for malignant gliomas
(MGs), especially glioblastoma multiforme (GBM).! In
GBM treatments, pseudoprogression (psPD) can be
encountered with a relatively high frequency,
especially in OS-DNA methylguanine-methyltransferase
(MGMT) promoter methylated cases,” and intensive
treatment might be the primary factor in psPD, as
Brandsma et al reported.® Boron neutron capture
therapy (BNCT) is biochemically targeted radiation
based on the nuclear capture and fission reactions that
occur when nonradioactive boron-10, which is a constit-
uent of natural elemental boron, is irradiated with low-
energy thermal neutrons to yield high linear energy
transfer alpha particles and recoiling lithium-7 nuclei.
Because these particles are released within a very short
range, such as 9 pm, the cytotoxic effects are confined
within boron-10-containing cells.* Boron-10-contain-
ing compounds can be accumulated selectively into
tumor cells by several mechanisms. For example,

© The Author(s) 2013. Published by Oxford University Press on behalf of the Society for Neuro-Oncology. All rights
reserved. For permissions, please e-mail: journals. permissions@oup.com.
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Miyatake et al.: Bevacizumab treatment of pseudoprogression

boronophenylalanine (BPA) is selectively and preferen-
tially accumulated into tumor cells via the augmented
metabolism of amino acids in comparison with normal
cells. We applied BNCT aggressively to newly diagnosed
and recurrent MGs.”~” We previously reported a high
incidence of psPD after BNCT, not only in MGs but
also in malignant meningiomas.® However, it is difficult
for us to estimate precisely the psPD occurrence rate
after BNCT, because many cases were followed up
after BNCT by physicians in charge in many towns in
Japan. Nevertheless, we have the impression that psPD
might occur more frequently by BNCT than by X-ray
treatment and that the rate of psPD after BNCT might
be higher in recurrent cases than in newly diagnosed
cases.

Bevacizumab, an anti-vascular endothelial growth
factor {(VEGF) antibody, has been used for the treatment
of symptomatic radiation necrosis (RN).*1° It is difficult
to definitively distinguish RN from psPD. We therefore
applied intravenous administration of bevacizumab to
cases we highly suspected to be symptomatic psPD en-
countered after BNCT for recurrent MGs. Here we
report 2 successfully treated cases of symptomatic
psPD after BNCT with bevacizumab.

Case Presentation

Case 1

A 56-year-old male experienced speech disturbance and
consequently retired from his job. First he received a cra-
niotomy in April 2008 with a diagnosis of gemistocytic

astrocytoma followed by fractionated X-ray treatment
{total 50 Gy) and repetitive chemotherapy with nitro-
sourea. In April 2011, a recurrent lesion appeared with
gadolinium (Gd) enhancement on MRI. Re-cranictomy
revealed GBM histologically. After surgery, the enhanced
lesion gradually grew, and sensory aphasia was aggravat-
ed despite the repeated administration of TMZ. Also,
carbon 11-labeled methionine PET (C-Met-PET)
showed high uptake of the tracer beyond the Gd-en-
hanced lesion. The patient was then referred to our insti-
tute for BNCT. Upon referral, MRI showed a small
ringlike enhanced lesion having satellite-enhanced dots
in the left temporal lobe, with a relatively large volume
of fluid-attenuated inversion recovery (FLAIR) at high in-
tensity, as shown in Fig. 1A and D. A simultaneous fluo-
rine 18-labeled (F}-BPA-PET image showed marked
tracer uptake in the left temporo-parietal region, as
shown in Fig. 2A, with a 5.5 lesion/normal (L/N} brain
ratio of the tracer, indicating that the lesion was a
highly malignant tumor.

We administered BNCT to our patient according to
our recent protocol for recurrent MGs and malignant
meningiomas. Briefly, only BPA was administered in
the 2 h (200 mg/kg/h) just prior to neutron irradiation
and then during neutron irradiation (100 mg/kg/h).
The irradiation time was decided by simulation not to
exceed 12.0 Gy-Eq (Gray-equivalent) for the peak
brain dose. Using BNCT, we estimated maximum
brain dose, maximum tumor dose, and minimum
tumor dose as 10.8, 110, and 82.3 Gy-Eq, respectively.
Here, Gy-Eq corresponds to the biologically equivalent
X-ray dose that would have equivalent effects on

Fig. 1. Periodic MRI changes in case 1. {A-C) Gd-enhanced T1-weighted MRI. {D-F) FLAIR MRI. (A and D) Just prior to BNCT; (B and E) 4
months after BNCT; (C and F) 7 months after BNCT (3 cycles after initial bevacizumab treatment).
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