Fig.5 Successfully treated case of radiation necrosis by bevacizumab. Radiation necrosis was derived form metastatic brain
tumor from uterine corpus cancer, caused by repetitive SRS. A: Pre-treatment T1-Gd MR, B: Pre-treatment FLAIR MRI, C:
Post-treatment T1-Gd MRI, D: Post-treatment FLAIR MRI. E: F-BPA-PET for the diagnosis of radiation necrosis. Drastic
decrease of Gd-enhancement and brain edema was observed under the influence of bevacizumab treatment. Lesion/normal
brain ratio was 2.1. Circles show the region of interest.
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Fig. 6 Double immunofluorescence analysis of the radiation necrosis. This radiation necrosis was caused at the temporal lobe
by repetitive BNCT for recurrent head and neck cancer. A: GFAP staining. B: VEGF detection. C: Merged image. D: CD68
stainning. E: HIF-1@ detection. F: Merged image.
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Fig. 7 Hypothesis of the patho-physiology of brain radiation necrosis. Vascular damage around the
irradiated tumor tissue caused tissue ischemia. This hypoxia leads CD68 pasitive cells to express HIF-1«
around the necrotic core. Under the regulation of HIF-1e, VEGF is expressed by reactive astrocytes,
causing leaky and fragile angiogenesis. CXCL12/CXCR4 signaling is also regulated by HIF-1e. CXCL12-
expressing reactive astrocytes might draw CXCR4-expressing macrophages by chemotaxis into the peri-
necrotic area. These accumulated CD68 positive cells producing pro-inflammatory cytokines seemed to
cause aggravation of radiation necrosis.
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Fig. 8 Periodic MRI and PET imaging changes in symptomatic pseudoprogression. The patient had recurrent GBM treated by
BNCT. A-C: Gd-enhanced T1-weighted MRI. D-F: FLAIR MRI. G-I: F-BPA-PET imaging. A, D, G: Just prior to BNCT. B, E, H: 4
months after BNCT. C, F, I: 7 months after BNCT (3 cycles after initial bevacizumab treatment).
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Pathogenesis and Treatment of Radiation Necrosis in the Brain :
Application of Investigational Medical Care System approved by
Ministry of Health, Welfare and Labor

Shin-Ichi Miyvatake, M.D., Ph.D." and Motomasa Furuse, M.D., Ph.D.V
1) Department of Neurosurgery, Osaka Medical College

Symptomatic radiation necrosis is a serious problem after high—dose irradiation for brain tumors. We studied
the pathogenesis of radiation necrosis in 18 surgically excised specimens obtained at Osaka Medical College by
Hematoxylin and Eosin (H&E) staining and immunohistochemistry. H&E staining showed marked angiogenesis,
telangiectasia at the boundary between the necrotic core and normal brain tissue, the so-called peri-necrotic
area. Reactive astrocytosis at the peri-necrotic area produced Vascular Endothelial Growth Factor (VEGF)
abundantly. These findings are irrespective of original tumor types and radiation modalities. Therefore, we demon-
strated the crucial role of VEGF in the pathogenesis of radiation necrosis.

Thereafter, we reported the potent effects of bevacizumab, an anti~-VEGF antibody, for the treatment of
symptomatic radiation necrosis. In a single-institute clinical trial, we applied intravenous administration of bevaci-
zumab to 12 consecutive cases of symptomatic radiation necrosis in the brain. All cases responded well to this
treatment, with marked shrinkage of peri-lesional edema. These treatments were effective irrespective of the
original tumor types and radiation modalities.

Based on these observations, we applied for an Investigational Medical Care System Grant from the Minis-
try of Health, Labor, and Welfare (MHLW) to study “Intravenous administration of bevacizumab for the treatment
of symptomatic radiation necrosis in the brain with the diagnosis based on amino acid PET”. MHLW approved
the grant on April 1, 2011, and the clinical trial is ongoing. Five institutes are now included in the study, and
other several institutes will join it this year for a nationwide multi—institutional clinical trial. The final goal of this
clinical trial is to determine the on-label use of bevacizumab for the treatment of symptomatic radiation necrosis
in the brain.

(Received October 31, 2011 ; accepted November 16, 2011)

Key words ' angiogenesis, bevacizumab, positron emission tomography (PET), radiation necrosis, vascular
endothelial growth factor (VEGF)
Jpn J Neurosurg (Tokyo) 21 : 472-480, 2012
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Fig.1 Typical H&E staining of the surgical specimens from cases 1, 2, 3,

and 4

A : Case 1, Radiation necrosis (RN) derived from glioblastoma (GB) caused by X~
ray treatment (XRT) and horon neutron capture therapy (BNCT).

B : Case 2, RN derived from GB caused by proton beam and XRT. Proliferation of
arterioles is observed as well as telangiectasia.

C : Case 3, RN derived from metastatic brain tumor caused by stereotactic

D

radiosurgery (SRS).

: Case 4, RN derived from adenocarcinoma in temporal bone, caused by XRT and

repetitive BNCT.

In A, B, C, and D: Black arrows show telanglectasm White arrows show
bleeding in the interstitial space. Black arrowheads show the proliferation of

arterioles.

Ne : necrotic center, Pe : peri-necrotic area, Int * intact brain.
In A, B, C, and D: The original objective magnification is X20, X20, x40,

and X 40, respectively.
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Fig. 2 Immunohistochemistry for VEGF of the peri-necrotic area from
cases 1, 2, 3, and 4
A, B, C, and D are the same specimens depicted in Fig. 1.
Strong immunoreactivity to VEGF and angiogenesis was observed in the peri~
necrotic area in A to D. In A to D, the original objective magnification is X 40.

Fig. 3 Immunohistochemistry (IHC) for HIF-1q in a typical
radiation necrosis (Case 1)
We applied THC for HIF-1a, for the detectoin of hypoxia at the
peri—necrotic area.
A : Negative control of IHC in peri—necrotic area. Normal mouse

serum was used instead of primary mouse monoclonal antibody
for human HIF-1a.

B : IHC of HIF-1« in intact brain tissue.
C : THC of HIF-1a in peri—necrotic area.

In A to C, the original objective magnification is X 40.

Abundant expression of HIF-1¢ is observed not in normal brain
tissue, but in peri—necrotic area.
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Hypothesis of radiation necrosis and its treatments

{ Vascular damage in early phase of RN }

P € - - Anti-coagulants, Vit E

{ Increasing of interstitial fluid pressure ]

| Angiogenesis ’

Hemorrhage

Fig.4 Hypothesis of the patho-physiol-
ogy and proposed treatments in
radiation necrosis in the brain

Rectangulars and ovals include some
patho-physiology and treatments,
respectively. Bold lines show inhibition.

A
‘ Gd-enhancement

[ Peri-lesional edema ]

Fig.5 One of the RN cases treated
with bevacizumab
The original tumor was lung cancer

and treated by SRS.

A, A Pre—treatment, FLAIR MR images.

B : Pre-treatment, T1-weighted gadolin-
ium-enhanced MRIL

C, C: Post-treatment, FLAIR MR
images.

D : Post-treatment, Tl-weighted
gadolinium-enhanced MRL
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Fig. 6 BPA-PET image of the same patient
in Fig. 4, just prior to bevacizumab
treatment

The red oval shows the region of interest for
radiation necrosis.

The black oval shows the region of interest
for contralateral normal brain.

The mean value of the tracer accumulation
(standerized uptake value mean, SUV mean) in
the red oval and the black oval were 4,745 and
2,775, respectively. Thereore, L/N ratio was
calculated as 1.7 in this case.
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Fig.7 Scheme of the clinical trial, “Intrave-
nous administration of bevacizumab
for the treatment of radiation
necrosis in the brain”, as an
Investigational Medical Care System
approved by the Ministry of Health,
Labor, and Welfare
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Stereotactic Biopsy with Electrical Monitoring for Deep-Seated Brain Tumors
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VIM: Ventralis intermedius
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INTRODUCTION

Stereotactic biopsy of a brain tumor is
widelyintegrated into clinical practice as an
efficient and safe procedure for obtaining a
histologic diagnosis. The diagnostic accu-
racyis reported to be greater than 9o%, with
amorbidity rate of approximately 4% and a
mortality rate ofless than 1% (1, 2, 6, 10, 14,
16). However, the surgical risk is known to
increase when lesions are located in the
deep brain, such as the basal ganglia, thal-
amus, and brain stem (g, 14, 16, 18). Carefil
procedures were required for a stereotactic
biopsy of a deep-seated lesion, although
several reports have shown low mortality
and morbidity rates (4, 11).

The currentreport describes two patients
with deep-seated brain tumors who under-
went stereotactic biopsies. The patients
were monitored with electrical recording
and stimulation, and the biopsies were suc-
cessfully performed without any resulting
neurologic deficits. Electrical monitoring
enabled identification of the precise loca-
tion where the electrode was passing onto
the trajectory and target. This report dem-

OBJECTIVE: The stereotactic biopsy is widely integrated into clinical practice
as an efficient and safe procedure for histologic diagnoses. However, the
surgical nisk increases when the lesions are close to the eloguence of the
adjacent brain. The present report describes fwo patients with deep-seated brain
tumors who underwent a stereotactic biopsy with electrical monitoring and
demonstrates the importance of this technique.

METHODS: The tentative target and trajeciory were determined on a stereo-
tactic map from the Schaltenbrand and Walhren atlas. A Cosman—Hoberis—Wells
stereotactic frame was applied to the patient. Electrical recording along a smgle
trajectory was used to identify the circumscribed neuronal structures, and
electrical simulation was administered to the target The biopsy point was
decided when no adverse events were observed with a low electric current
level.

- RESULTS: & 3d-year-old male patient with anaplastic astrocytoma i the
putamen and thalamus and an 8l-vear-old female patient with malignant
lymphoma in the midbrain underwent sterectactic biopsies with electrical
monitoring. The biopsies were successhully performed without any resulting
neurclogic deficits.

CONCLUSIONS: This report describes two patients with deep-seated brain
tumors who underwent stereotactic biopsies with electrical recording and
stimulation. The electrical monttoring appears o be a useful technique to
complement the ordinary image-gnided hiopsy.

onstrates the advantages of this useful
monitoring technique for performing biop-
sies of deep-seated lesions.

SURGICAL TECHNIQUE

Magnetic resonance imaging (MRI) was
performed for the stereotactic procedure
with 1-mm-slice thickness Gadolinium
(Gd)-enhanced T1-weighted MRI. The pro-
cedure was planned by a surgeon (H.0.)
using the iPlan Stereotaxy 2.6 software pro-
gram (BrainLAB, Feldkirchen, Germany),
and the tentative target and the trajectory
were determined (Figure 1). The trajectory
was planned so that the biopsy needle
would not penetrate the cortical vein, the
brain sulci, or the lateral ventricle. The an-
terior commissure and posterior commis-
sure were also identified, and these data
were transcribed onto a stereotactic map

from the Schaltenbrand and Wahren atlas.
The atlas map could be stretched or shrunk
in accordance with the length of the pa-
tient's intercommissural line. These pro-
cesses provided the location of the tentative
target and where the trajectory passed on a
stereotactic map. A Cosman-Roberts—
Wells stereotactic frame (Radionics, Mas-
sachusetts, USA) was applied to the patient,
and 1-mm slice thickness computed tomog-
raphy was performed. The computed to-
mography data were combined with the
previous MRI data.

The patient was administered local anes-
thesia. A 4-cm skin incision and a 1.5-cm
burr hole were made on the skull. The dura
mater was opened, and the brain surface
was carefully coagulated. A Digital Probe
MicroDrive (Radionics, Massachusetts,
USA) was set on the arc of the Cosman-
Roberts-Wells frame. The Semi Micro Elec-
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