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“Brain (Gy-eq)  Tumor (Gy-eq)

Figure 2 Dose planning of boron neutron

capture therapy (BNCT).

Dose planning of neutron capture therapy for the
tumor (right) and for the normal brain (eft}. (Gy-
Eq: gray equivalent, star! air instillation to the
tumor removed cavity)

In this case, tumor volume was 70mL (black avea;
tumor; white area; cavity with fluid) and >40Gy
was irradiated for 75% and >80Gy for 87% of
gross tumor volume, Peak dose for normal brain
and skin was 11 and 7 Gy-eq, respectively.

12.44 A), W RTE o3k 8.6 A A3k
11.74 ) Th o720 il BNCTEOKPSIC
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p=0.181) B MHFHICH LTk py bt 7 &
2o 728mLEkH Ol (n=7) TMST = 12.8%
A. 8mLU EOFIT11.05 HE R W WEICH
HETED o 7 PRAETH 532mLE LD
# CEYIEE4RL52mL) OMSTIE 11.44
ATH ol $-FREBOMMI % GBIZES
& FHNERARIE36mL Th H, MST i
10.44 A T#» - /2 (Table 2)s
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Table 1 Prognostic factors for survival in adult patients with recurrent glioma enrolled
onto the NABTTclinical trials

survival time

class results of the recursive partitioning analysis (RPA). (median)
1 Initial histology = Not GB, KPS = 80-100, location (Frontal only) 25.7 months
2 Initial histology = Not GB, KPS = 80-100, location (Other) 17.2  months
3 Initial histology = Not GB, KPS = 60-70 3.8  months
4 Initial histology = GB, Age < 50, KPS = 90-100 10.4 months
5  Initial histology = GB, Age < 50, KPS = 60-80 5.6 months
6  Initial histology = GB, Age >= 50, Steroids (No) 6.4 months
7  Initial histology = GB, Age >= 50, Steroids (Yes) 4.9  months

GB, glioblastoma; KPS, Karnofsky performance score.
*Carson et al, J Clin Oncol 25: 2601-6, 2007 2

Table 2 Overview of re-irradiation for recurrent malignant gliomas with large targeted
volumes

o tumor volume  overall survival
no of cases Irradiation

(median, mL) (median)
Cho et al., 1999 (12) 27GB/ SRS 10 11 months
19 grade III
15GB/ fractionated 25 12 months
10 grade III SRT
Lederman et al,, 88 GB hypofractiona 33 7.0 months
2000 (18) ted SRT
( 38 GB <30 9.4 months )
( 50 GB >30 5.7 months )
months
Voynov et al., 2002 (14) 5GB!/ IMRT 35 10.1 months
5 grade III
Hall et al., 1995 (15) 26 GB/ SRS 28 8.0 months
9 grade 111
Combs et al., 2005 (18) 53 GB fractionated 48 8  months
SRT
Patel et al., 2009 (17) 10 GB fractionated 51 7.5 months
SRT
Kawabata et al, 26 GB BNCT 36 10.3 months

present series

abbreviations: GB, glioblastoma; SRS, stereotactic radiosurgery; SRT, stereotactic radiotherapy; IMRT,
intensity-modulated radiotherapy; BNCT, boron neutron capture therapy
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Clinical results of boron neutron capture therapy on previously
irrediated patients with recurrent malignant glioma

Shinji Kawabata®, Ryo Hiramatsu®, Motomasa Furuse!, Yoko Matsushital,
Gen Futamura’, Hiroyuki Onishi?, Toshihiko Kuroiwa!, Natsuko Kondo?,
Minoru Suzuki®, Yoshinori Sakurai?, Hiroki Tanaka?,

Koji Ono® and Shin-Ichi Miyatake®

'Department of Neurosurgery, Osaka Medical College, Takatsuki, Osaka, Japan,
ZKyoto University Reserch Reactor Institute, Kumatori, Osalka, Japan

Abstract: We have applied tumor selective particle irradiation known as boron
neutron capture therapy (BNCT) using the nuclear reaction (*°B[n, alpha)’Li)
to recurrent malignant gliomas (MGs).

We have treated 34 cases of previously irradiated recurrent MGs with BNCT.
As there has been no standard treatment for recurrent MGs so far, it has been
difficult to evaluate the results of BNCT. Here we introduce the survival benefit
of BNCT for recurrent MGs with RPA classification NARTT,  Clin Oncol.
2007).

The median overall survival (OS) was 11.2 (8.9-12.4) months. In the subgroup
considered to be a poor prognosis, OS was satisfactory with 11.0 (7.8-11.6)
months (v.s. 4.4 (3.6-5.4)). The prognostic factor in our experienced cases did not
become the tumor size which was on-site histology, steroids / temozolomide
history, tumor location (right < left) with the risk.

Earlier BNCT did not become received widely by a problem to use a nuclear
reactor as a neutron source. In late years, a technical problem was solved, and
clinical trials using the accelerator based BNCT device have been started. In
this report, the treatment result with good clinical results of reactor based
BNCT for a similar target cases were shown.

key words: glioma, boron neutron capture therapy, recurrence, reirradiation
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Summary

Background: We recently developed a surgical loupe system for observing the fluorescence
emitted by protoporphyrin IX (PplX), a metabolite of 5-aminolevulinic acid.

Methods: This system used a semiconductor laser as the excitation light source. A compact,
transparent, and ultraviolet cut-off filter was mounted on an eyepiece lens, which did not
require filter on—off manipulation.

Results: Good quality protoporphyrin iX fluorescence was acquired using the surgical loupe
system during glioblastoma resection, which was nearly identical to that acquired by fluorescent
microscopy. In addition, surgeons can perform ordinary surgical procedures using this surgical
loupe system under white light.

Conclusion: This surgical loupe system enables the detection of PplX fluorescence during
resection of high-grade glioma. Further evaluations of this system are required to determine
the extent of surgical resection before its practical application.

© 2013 Elsevier B.V. All rights reserved.

Introduction

Surgical microscopes with integrated protoporphyrin IX
(PpIX) fluorescence systems are marketed by several man-
ufacturers. However, they involve relatively large and
complicated equipment. Because surgical microscopes use

* Corresponding author at: Department of Neurosurgery, Osaka
Medical College, 2-7 Daigakumachi, Takatsuki City, Osaka 569-8686,
Japan. Tel.: +81 72 683 1221; fax: +81 72 683 4064.

E-mail address: neu040@poh.osaka-med.ac.jp (T. Kuroiwa).

xenon light that passes through a filter, the excitation
light has a broad wavelength range (approximately 405 nm).
Therefore, this excitation light requires attenuation, which
is usually accomplished by using a band-pass or a low-cut
filter that allows the passage of light with a wavelength of
approximately 635 nm. Consequently, filter on—off manipu-
lation is required and the filter is mounted on the system
only during observations.

When a laser is used as the excitation light source, the
light exhibits a sharp peak at approximately 405 nm. In this
case, filter on—off manipulation during observation is not
required if an ultraviolet (UV) cut-off filter is mounted on

1572-1000/$ — see front matter © 2013 Elsevier B.V. All rights reserved.
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Figure 1  (A) Laser device with 405 nm irradiation and its wavelength distribution. The output at the fiber end is 300 mW. Irradiation

of a 6-cm diameter area with light of 6 mW/cm? brightness is possible. (B) 405 nm excitation light, 635 nm fluorescence emitted by
protoporphyrin IX, and their relationship to an ultraviolet cut-off filter that blocks wavelengths less than 410nm. (C) The surgical

loupes are integrated with ultraviolet cut-off filters (arrows).

the eyepiece lens. We previously reported a neuroendoscope
that used this type of system [1]. We have developed a sur-
gical loupe system using an excitation laser that does not
require filter on—off manipulation during PpIX fluorescence
observations.

Materials and methods

Head-mounted x4 magnification loupes (HEINE HR® binoc-
ular toupes, Heine Optotechnik, Herrsching, Germany) and
a semiconductor laser exhibiting a sharp peak at approxi-
mately 405nm (Fig. 1A) were used as the excitation light
source. A UV cut-off filter that attenuated light with
wavelengths less than 410 nm was used to observe the flu-
orescence at 635nm (Fig. 1B). The surgical loupe system
integrated with the UV cut-off filter (Fig. 1C) did not require
filter on—off manipulation because the filter was transpar-
ent.

When this system was used under an ordinary light
source, surgical manipulations were possible without being
affected by the UV cut-off filter. When the ordinary light
source was turned off and the laser was used, PpiX fluores-
cence at 635 nm could be observed.

We have used this system clinically after it was approved
by our institutional ethics committee. This laser was
rated lower than an FDA class b by The Center for Devices
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and Radiological Health 21 Code of Federal Regulations.
Therefore, it is recommended that laser eye protection
should be provided to all staff members in the operating
room when using this laser.

Results

The proposed laser system was used during glioma surgery
for a patient with a glioblastoma. A microscope (OPMI
Pentero, Carl Zeiss Meditec, Germany) and our surgical
loupe system were used during tumor resection. Silicone
fence-post tubes were inserted around the tumor, and the
tumor surrounded by the fence posts was resected. Fig. 2A
shows an intraoperative post-resection image under white
light. Fig. 2B shows the same image captured through
a 410nm-low pass filter. This image simulated the field
of vision that surgeons would observe with the surgical
loupes.

Fig. 2C and D show the images obtained with fluores-
cence microscopy (BLUE 400, Carl Zeiss Meditec, Germany)
without (Fig. 2C) and with the 405 nm laser (Fig. 2D). PpIX
fluorescence was more distinct when the laser was used.
Similar PplX fluorescence intensity was obtained in an image
when the laser light was passed through the 410 nm-low
pass filter (Fig. 2E). The residual fluorescent tumor was
resected.
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Figure 2

(A) Intraoperative image under white light during a glioblastoma resection. (B) Image obtained using a transparent ultra-

violet (UV) cut-off filter, which simulates the surgeon’s view using the surgical loupes. (C) Fluorescence image using a microscope.
(D) Fluorescence image with a laser using a microscope. (E) Fluorescence image using a laser and a transparent UV cut-off filter.

Discussion

Fluorescence-guided glioma surgery initially used fluores-
cein sodium [2—-5]. Recently, 5-aminolevulinic acid (5-ALA)
has become widely used because PplX has a theoreti-
cally higher selectivity than fluorescein sodium for tumor
fluorescence. A randomized controlled trial using 5-ALA
revealed a higher rate of complete resections and extended
progression-free survival for newly diagnosed malignant
gliomas [6]. Pathological examinations showed that 5-ALA
fluorescence had a higher predictive value for tumor cells
than white light [4].

With our system, the use of a laser as the excita-
tion light source, which exhibits a sharp peak at 405nm,
does not require filter on—off manipulation during obser-
vations. When a laser is used with a surgical microscope,
filter on—off manipulation is unnecessary as long as a UV
cut-off filter is mounted on the eyepiece lens. Because
the UV cut-off filter needs to be mounted only on the
eyepiece lens, it can be used not only with a head-
mounted loupe but also with a glasses frame-type or a lens
insertion-type loupe. In addition, ordinary surgical proce-
dures can also be performed using the surgical loupe under
white light because a low pass UV cut-off filter at 410nm
does not alter the field of vision, particularly the color
tone.

This system enables more accurate glioma resection than
a regular surgical loupe because of the features of PplX flu-
orescence technology. However, it is desirable that a video
camera is mounted on the loupes to display operative images

on a monitor for recording and education. Further evalua-
tions of this system are required to determine the extent of
surgical resection before its practical application for high-
grade glioma.
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Phase II clinical study on intraoperative photodynamic therapy
with talaporfin sodium and semiconductor laser in patients with
malignant brain tumors
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Object. The objective of the present study was to perform a prospective evaluation of the potential efficacy and safety
of intraoperative photodynamic therapy (PDT) using talaporfin sodium and irradiation using a 664-nm semiconductor laser
in patients with primary malignant parenchymal brain tumors.

Methods. In 27 patients with suspected newly diagnosed or recurrent primary malignant parenchymal brain tmmnors, a
single intravenous injection of talaporfin sodium (40 mg/m?®) was administered 1 day before resection of the neoplasm. The
next day after completion of the tumor removal, the residual lesion and/or resection cavity were irradiated using a 664-nm
semiconductor laser with a radiation power density of 150 mW/cm? and a radiation energy density of 27 J/em®. The proce-
dure was performed 22-27 hours after drug administration. The study cohort included 22 patients with a histopathologically
confirmed diagnosis of primary malignant parenchymal brain tumor. Thirteen of these neoplasms (59.1%) were newly diag-
nosed glioblastomas multiforme (GBM).

Results. Among all 22 patients included in the study cohort, the 12-month overall survival (OS), 6-month progression-
free survival (PFS), and 6-month local PFS rates after surgery and PDT were 95.5%, 91%, and 91%, respectively. Among
patients with newly diagnosed GBMs, all these parameters were 100%. Side effects on the skin, which could be attributable
to the administration of talaportin sodium, were noted in 7.4% of patients and included rash (2 cases), blister (1 case), and
erytherna (1 case). Skin photosensitivity test results were relatively mild and fully disappeared within 15 days after admin-
istration of photosensitizer in all patients.

Conclusions. Intraoperative PDT using talaporfin sodium and a semiconductor laser may be considered as a potentially
effective and sufficiently safe option for adjuvant management of primary malignant parenchymal brain tumors. The inclu-
sion of intraoperative PDT in a combined treatment strategy may have a positive impact on O$ and local tumor control, par-
ticularly in patients with newly diagnosed GBMs. Clinical trial registration no.: JMA-IIAQ0026 (https://dbcentre3.jmacct.
med.orjp/imactt/ A pp/IMACTRS06/IMACTRS06, aspx?seqno=862).

(hetp:/ithegns. org/doifabs/10.3171/2013.7 JNS13415)

Key Worps ¢ malignant brain tumor +  malignant glioma ¢ oncology ¢
photodynamic therapy + talaporfin sodium + outcome

Abbreviations used in this paper; GBM = glicblastoma multi-
forme; OS = overall swrvival; PDT = photodynamic therapy; PES
= progression-free survival, PS = performance status; 5-ALA =
S-aminolevulinic acid.
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ALIGNANT brain tumors are characterized by in-
vasive growth into adjacent normal neuronal
tissue. Thervefore, it is crucial that their man-

This article contains some figures that are displayed in color
online but in black-and-white in the print edition
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agement is directed not only to maximal possible re-
section (while ensuring preservation of the functionally
important anatomical structures), but on suppressing the
growth of the residual infiltrative tumor cells. Despite ag-
gressive surgical removal followed by postoperative ra-
diotherapy and chemotherapy, between 50% and 85% of
WHO Grade I'V gliomas recur locally.®!¢ This emphasiz-
es the need for additional options to improve their growth
control.

Photodynamic therapy (PDT) is a treatment method
that involves administration of a photosensitizer that ac-
cumulates in tumor tissue and newly formed neoplastic
vessels. During subsequent irradiation with a laser beam
of a specific wavelength, the photosensitizer undergoes a
photochemical reaction that produces singlet oxygen pos-
sessing strong oxidation properties that cause alteration
of the cells. Because singlet oxygen has a short lifetime
(0.04—4 psec), the PDT-induced cell death is realized
only locally in the areas irradiated by the laser beam.2"81

Talaporfin sodium (mono-i-aspartyl chlorine €6, or
NPe6) is a relatively novel photosensitizer for PDT. Its
administration in combination with a semiconductor la-
ser has been approved in Japan for clinical use in cases of
eatly stage lung cancer. Nonclinical pharmacological stud-
ies directed to its possible application for management of
malignant brain tumors were initiated starting in 2001.12-#
Experiments with glioblastoma cell lines demonstrated
that such therapy induces mitochondrial apoptotic cell Joss
accompanied by tumor necrosis.’*** Our recent single-cen-
ter pilot clinical study on the use of talaporfin sodium and
a semiconductor lager in patients with malignant gliomas
demonstrated promising results with regard to tumor re-
sponse rates and treatment safety.! Therefore, the present
open-label, prospective, multicenter clinical trial was initi-
ated for evaluation of the potential efficacy and safety of
such therapy. This study was the first investigator-initiated
clitical trial in Japan that planned to assess the use of tala-
porfin sodium and a semiconductor laser for intraoperative
PDT as part of a combined management of primary malig-
nant parenchymal brain tumors.

Methods

Patients with suspected primary malignant paren-
chymal brain tumors, either newly diagnosed or recur-
rent, which according to preoperative neurcimaging
corresponded to a WHO histopathological grade of III
or IV,!! were enrolled in this study. The recruitment of
patients and analysis of treatment efficacy were mainly
focused on newly diagnosed glioblastoma multiforme
(GBM). The main inclusion criteria included agreement
of the patient to provide written informed consent to par-
ticipate in the study; age between 20 and 69 years at the
time of informed consent; performance status (PS) score
of 0, 1, 2, or 3 according to Eastern Cooperative Oncol-
ogy Group PS scale (a PS score of 3 was accepted only
when the score was attributable to neurological symp-
toms caused by the tumor); supratentorial location of the
tumor not including neoplasms originating from the optic
pathways and pituitary gland; absence of subarachnoid
dissemination; and eligibility for aggressive resection of
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the lesion. The main exclusion criterion was a history of
photosensitivity or porphyria.

Study Design

This prospective clinical trial was developed and
carried out in 2 neurosurgical centers with well-estab-
lished neurooncology programs, namely Tokyo Women's
Medical University and Tokyo Medical University, An
open-label, investigator-initiated clinical study was con-
ducted in accordance with the Declaration of Helsinki.
The research protocol was approved by the Pharmaceu-
ticals and Medical Devices Agency of Japan as well as
by the ethics committees and institutional review boards
of both participating vniversities. A special review board
was formed for central radiology assessment, evaluation
of data related to treatment efficacy and safety, and han-
dling of the enrolled cases and overall data management.
Additionally, a pathology board was created for central
review of the permanent formalin-fixed tissue specimens
to determine the histopathological tumor type and grade.
The 3-year study period was scheduled from March 21,
2009, to February 28, 2012. The clinical trial information
for this study can be found at https://dbcentre3.jmacct.
med.or.jp/jmactr/App/IMACTRS06/IMACTRS06.
aspx’seqno=862.

Patients who were considered eligible for enrollment
into study received a single intravenous injection of tala-
porfin sodium (Laserphyrin, Meiji Seika Pharma Co., Ltd.)
in a dose of 40 mg/m? on an inpatient basis 1 day prior to
undergoing the elective craniotomy. The next day, surgery
was done, the neoplasm was resected, and irradiation of the
resection cavity with a 664-nm semiconductor laser beam
(Panasonic Healthcare Co., Ltd), with a diameter of 1.5
cin, radiation power density of 150 mW/cm?, and radiation
energy density of 27 Jem?, was performed. Particular em-
phasis was put on irradiation of the areas at risk for recur-
rence, such as the genu of the corpus callosum.?® If tumor
resection was incomplete and the residual lesion was mac-
roscopically identified, additional irradiation by the laser
was applied at 1 to 3 sites with avoidance of overlap of
the irradiation areas. In all cases laser trradiation was done

2-27 hours after administration of talaporfin sodium.,

Postoperative Treatment and Follow-Up

Postoperatively all patients with newly diagnosed
gliomas underwent fractionated radiotherapy (total dose
60 Gy) with concomitant and adjuvant chemotherapy us-
ing ACNU (in cases of WHO Grade III tumors) or te-
mozolomide'® (in cases of GBM). Patients with recurrent
neoplasms were treated according to the preference of
their doctors, taking into consideration the details of the
primary management.

Adverse effects of treatment were graded according
to the Common Terminology Criteria for Adverse Events
version 3.0 Follow-up examinations were performed
every 2-3 months and included physical and neurologi-
cal assessments with evaluation of PS score, blood and
urine tests, and contrast-enhanced MR Tumor progres-
sion was defined as a 25% or greater increase in the vol-
ume of the contrast-enhanced lesion or the appearance of
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new brain lesions. At the time of recurrence the salvage
treatment was applied according to the preference of the
individual doctors and usually included a combination of
re-resection, second-line chemotherapy, and/or vaccine
therapy.

End Point Evaluation

The primary end point of the study was overall sur-
vival (OS) rate at 12 months after PDT. Secondary end
points were progression-free survival (PFS) and local
PES rates at 6 months after PDT. The OS, PFS, and local
PES were all estimated from the date of surgery. Addi-
tionally, in cages with a maximal diameter of the residual
neoplasm of 16 mm or more, the overall tumor response
to treatment was evaluated. All brain MRI data before

surgery and during follow-up were assessed by review .

board members. Safety end points included rates of ad-
verse events, side effects, and results of skin photosensi-
tivity testing.

Data Analysis

Analysis of the treatment efficacy was done in all pa-
tients who underwent PDT based on administration of ta-
laporfin sodium and intraoperative lager irradiation of the
residual neoplasm and/or resection cavity if the diagnosis
of primary malignant parenchymal brain tumor was con-
firmed by the pathology review board after investigation
of the permanent formalin-fixed tissue sections (study co-
hort). Separate analysis of the treatment efficacy was also
done in the subgroup of patients with newly diagnosed
GBMs. Survival was assessed using the Kaplan-Meier
method. Analysis of the treatment safety was done in all
patients initially enrolled into the study who received ta-
laporfin sodium.

Results

Patient Characteristics

Detailed characteristics of patients enrolled in the
study are presented in Table 1. In all, 27 patients initial-
ly received talaporfin sodium. However, 3 patients were
deemed ineligible for study participation during surgery
and did not receive irradiation with the laser based on the
results of the intraoperative histopathological investiga-
tion of the resected tissue on the frozen sections, which
revealed lymphoma, low-grade glioma, and cavernoma (1
case each). Additionally, 2 patients were excluded from
the study later on because the pathology review board did
not confirm the diagnosis of a primary malignant paren-
chymal brain tumor based on the postoperative exami-
nation of the permanent formalin-fixed tissue sections.
Therefore, the study cohort included 22 patients with a
male/female ratio of 1:1 and a median age of 50.5 years
(range 24—-69 years). The frontal lobe was affected most
frequently (59.1% of cases). In 72.7% of patients the tumor
was located within or close to eloquent brain areas. Total,
subtotal (> 90% of the lesion volume), and partial resec-
tions of the neoplasm were performed in 36.4%, 50%, and
13.6% of cases, respectively. No significant differences in

J Neurosurg / Volume 119/ October 2013

clinical characteristics were observed between the entire
group of initially enrolled patients (m = 27) and the study
cohort (n = 22). Thirteen (59.1%) of 22 patients included
in the study cohort had newly diagnosed GBMs and cor-
responded to recursive partitioning analysis Classes III (4
cases), IV (5 cases), and V (4 cases).’

Treatment Efficacy

Among all 22 patients included in the study cohort,
1 death occurred within 12 months after surgery. This
patient died 3.4 months after resection and PDT of a
newly diagnosed gliosarcoma due to local progression of
the tumor. Therefore, the 12-month OS rate was 95.5%.
Two tumors demonstrated progression despite treatment
within 6 months after surgery, and both recurrences were
local. Therefore, the 6-month PFS and local PES rates
were 91%. The maximum length of follow-up was 38.6
months. The median OS was 27.9 months (95% CI lower,
24.8 months; upper, not estimated), the median PFS was
20 months (95% CI lower, 10.3 months; upper, not esti-
mated), and the median local PFS was 22.5 months (95%
CI lower, 17.2 months; upper, not estimated).

Among 13 patients with newly diagnosed GBM,
the 12-month O8, 6-month PFS, and 6-month local PES
rates after surgical removal of the tumor and PDT were
all 100% (Fig. 1). In this subgroup the maximum length
of follow-up was 32.0 months. The median OS was 24.8
months (95% CI 18.5-32.0 months), the median PFS was
12.0 months (95% CI 10.3-24.2 months), and the median
local PFS was 20.0 months (95% CI 16.2-32.0 months).

In only 1 patient was it possible to evaluate the over-
all tumor response to treatment. In this case, a newly di-
agnosed GBM showed complete response 4 months after
surgery and PDT.

Treaiment Safety

Among all 27 patients who received talaporfin so-
dium the day before surgery, serious adverse events
were noted postoperatively in 6 patients (22.2%). These
included aphasia (2 cases) and hemiplegia, hemiparesis,
unilateral blindness, visual field defect, homonymous
hemianopia, postoperative pyrexia, and infection (1 case
each). The overall frequency and distribution of postop-
erative adverse events were within the range of our usual
neurosurgical practice in cases of primary malignant pa-
renchymal brain tumors, and their causal relationships
with administration of talaporfin sodium and/or intraop-
erative laser irradiation were very unlikely. None of these
adverse events resulted in the death of a patient.

The laboratory test results in all patients were abnor-
mal, most frequently with an increase in y-glutamyltrans-
ferase (59.3%), alanine aminotransferase @8.1%), aspar-
tate aminotransferase (37.0%), blood atkaline phosphatase
(25.9%), and blood lactate dehydrogenase (22.2%). In 18
(66.7%) of 27 patients such abnormalities could be con-
sidered as side effects after administration of talaporfin
sodium. Postoperative adverse events by system organs,
particularly abnormal liver function, were relatively fre-
quent but never exceeded Grade 3 toxicity (Table 2). Only
2 patients (7.4%) had skin disorders, which could be con-
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TABLE 1: Characteristics of patients enrolled into study

Valug*
Initially Enrolled Study Cohort

Demographics & Clinical Characteristics Patients (n = 27) Total (n = 22) Newly Diagnosed GBM (n = 13)
age in yrs

mean £ SD 471 £135 481 +£135 46.0 + 141

median {range) 50.0 (24-69) 50.5 (24-69) 49.0 (24-69)
Sex

male 13 (48.1) 11 (50.0) 6 {46.2)

female 14 (51.9) 11 (50.0) 7(53.8)
histopathological type of tumorf

GBM 13 (48.1) 13 (59.1) 13 (100.0)

gliosarcoma 1(3.7) 1{4.5) 0(0)

anaplastic astrocytoma 3(11.1) 3{13.6) 0(0)

anaplastic oligoastrocytoma 2(7.4) 2(9.1) 0(0)

anaplastic oligodendroglioma 2(1.4) 2(91) 0(0)

pilocytic astrocytoma w/ anaplastic features 1(3.7) 1(4.5) 0(0)

cligodendroglioma 2(7.4) 0{0) 0(0)

central review not performeds 3 0(0) 0(0)
WHO gradet

v 14(51.9) 14 (63.6) 13 (100.0)

i 8 (29.6) 8(36.4) 0(0)

l 2(74) 0(0) 0(0)

central review not performedi 3(11.1) 0{0) 0{0)
tumor status

newly diagnosed 26 (96.3) 21(95.5) 13 (100.0)

recurrent 1(3.7) 1(4.5) 0{0)
tumor location

frontal lobe 16 (59.3) 13 (569.1) 7(53.8)

temporal lobe 5 (18.5) 3 (13.6) 2(15.4)

parietal lobe 4(14.8) 4(18.2) 3(2341)

occipital lobe 2(1.4) 2(9.1) 1(77)
tumor side

rt 13 (48.1) 12 (54.5) 8 (61.5)

it 14 {51.9) 10 (45.5) 5(38.5)
tumor functional grade

located in eloquent area 13 (48.1) 12 (54.5) 7(53.8)

adjacent to eloquent area 6 (22.2) 4{18.2) 2(15.4)

located in noneloquent area 8 (29.6) 6(27.3) 4(30.8)
PS before treatment§

0 14 (51.9) 10(45.5 3(231)

1 10 (37.0) 9 (40.9) 8 (61.5)

2 0 (0) 0(0) 0(0)

3 I 3{13.6) 2 (15.4)
extent of tumor resection

total 9(33.3) 8 (36.4) 5 (38.5)

subtotal (>30% of lesion vol) 13 {48.1) 11(50.0) 8 (61.5)

partial 5(18.5) 3{13.6)

* Unless otherwise stated, values represent cases {%).

T According to central review based on WHO criteria.

T These patients did not receive laser irradiation during surgery due to results of the intraoperative histopathological investigation
of the resected tissue on the frozen sections and exclusion of the diagnosis of primary malignant parenchymal brain tumor.

§ According to the Eastern Cooperative Oncology Group Performance Status Scale.
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inthe subgroup of patients with newly diagnosed GBM included in the
study cohort. Censored observations are marked.

sidered as side effects after administration of talaporfin
sodium. It included rash (2 cases) blister (1 case) and
ervthema (1 case).

Photosensitivity test results were relatively mild and
most patients had a score of 1 (barely perceptible erythe-
ma) or 2 (distinct erythema); no patient had a score of 3
(marked erythema or edema). These reactions completely
disappeared within 4, 8, and 15 days after administration
of talaporfin sodium in 55.6%, 77.8%, and 100% of pa-
tients, respectively (Table 3).

Discussion

Management of primary malignant parenchymal
brain tumors represents a significant challenge. According
to the latest edition of the Japan Brain Tumor Registry, 1,
2-, and 3-year survival rates of patients with high-grade
gliomas constitute 64%, 37%, and 28%, respectively.’
The poor survival rates are mainly due to an inability

I Newrosurg / Volume 119 / October 2013

to perform complete removal of the neoplasm due to its
infiltrative growth into functionally important neuronal
structures, as well as the limited effectiveness of the post-
operative radiotherapy and chemotherapy. Therefore, find-
ing additional effective and safe treatment options in such
cases is required.

As a highly selective treatment with minimal injury
to the adjacent normal structures, PDT has demonstrated
promising potential for management of the various can-
cers and nonneoplastic disorders, such as age-related
macular degeneration, local infection, dermatological
diseases, arteriosclerosis, and rtheumatoid arthritis.” How-
ever, despite a large amount of basic and clinical research
conducted during several decades and directed on festing
of the various photosensitizers, light sources, irradiation
types, and treatment regimens, PDT still was not ap-
proved to be used as a standard treatment for malignant
brain tumors.2!® During the last decade there was con-
siderable interest in the use of 5-aminolevulinic acid (5-
ALA) in the surgical management of gliomas. Neverthe-
less, while its application for photodynamic diagnosis and
fluorescence-guided resection was associated with a sig-
nificant impact on effectiveness of tissue sampling, tumor
resection rates, and clinical outcomes,*!” the attempts to
use this photosensitizer for PDT were not so impressive.?
These unimpressive results might be particularly caused
by insufficient incorporation of the drug in the neoplastic
cells, especially in necrotic regions and at the periphery
of the neoplasm.?

In the present study PDT was based on administra-
tion of the relatively novel second-generation photosen-
sitizer talaporfin sodium. This water-soluble compound
is derived from plant chlorophyll In the living body it
binds to albumin and does not pass the blood-brain bar-
rier. In neoplastic cells it is primarily distributed in the
lysosomes.* Compared with conventional photosensi-
tizers, talaporfin sodium is activated by light with lon-
ger wavelengths; therefore, its light absorption is not
affected by hemoglobin and penetrates deeper’® Addi-
tionally, talaporfin sodium more selectively accumulates
in glioma tissue, is rapidly eliminated from the normal
tissues, and is less likely to cause adverse reactions.* It
was demonstrated that PDT based on administration of
talaporfin sodinm with subsequent irradiation using a
664-nm laser led to necrosis and apoptosis of cultured
human glioblastoma cells'® and experimental tumors' in
a dose- and time-dependent fashion. The adverse effects
on the peritumoral brain were limited to mild temporary
edema, and no damage to neurons or the myelin sheath
was observed.* A pilot clinical study on 14 adult patients
with unresectable malignant gliomas showed a median
PFS of 23 months in newly diagnosed neoplasms. In con-
cordance, in our present prospective investigation, which
included 21 patients with newly diagnosed high-grade
gliomas treated according to strict research protocol, the
median local PES constituted 22.5 months.

The most impressive results of our study were ob-
tained in patients with a newly diagnosed GBM. In this
subgroup, the 12-month OS and 6-month PFS rates were
100%, and the median OS and median PES were 24.8 and
12.0 months, respectively. These rates compare favorably
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TABLE 2: Frequency of adverse events and side effects by grade*

No. of Patients (%)

System Organ Classt Grade1 Grade2 Grade3 Graded Grade5 Total (n=27)
adverse events
investigations 3(M) 120444 10(37.0) 2(74) 0{0.0) 27 (100.0)
gastrointestinal disorders 5(18.5) 16(59.3) 0(0.0) 0(0.0) 0{0.0) 21(77.8)
general disorders & administration site conditions  15(55.6) 6{22.2) 0(0.0) 0{0.0) 0{0.0) 21(77.8)
nervous system disorders 137 17(63.0) 2(7.4) 0{0.0) 0{0.0) 20 (744}
skin & subcutaneous tissue disorders 10(37.0) 8{296) 0(0.0) 0(0.0) 0{0.0) 18 {66.7)
injury, poisoning, & procedural complications 9(333) 6222 0(0.0) 0{0.0) 0(0.0) 15 (55.6)
eye disorders 7(259) 1(37) 1(3.7) 0(0.0) 0(0.0) 9(33.3)
infections & infestations 1(3.7) My 2074 0¢0.0) 0(0.0) 6{(22.2)
renal & urinaty disorders (1) 2(74) 0(0.0} 0(0.0) 0(0.0) 5(18.5)
psychiatric disorders 4(148) 0{0.0) 0{0.0) 0 (0.0} 0(0.0) 4{14.8)
respiratory, thoracic, & mediastinal disorders 4(148) 0{0.0) 0{0.0) 0(0.0) 0{0.0}) 4{14.8)
vaseular disorders 0¢0.0) 0(0.0) 4(148)  0(0.0) 0(0.0 4{14.8)
musculoskeletal & connective tissue disorders 1(3.7) 2{74) 0(0.0) 0(0.0) 0 (0.0) 314
blood & lymphatic system disorders 1(3.7) 13.7) 0 (0.0} 0{0.0) 0(0.0) 214
metabolism & nutrition disorders 0(0.0) 0{0.0} 2(7.4) 00.0) 0{0.0) 2{1.4)
cardiac disorders 1(3.7) 0(0.0) 0(0.0) 0{0.0) 0(0.0) 1(3.7)
ear & labyrinth disorders 1(3.7) 0{0.0) 6(0.0) 0(0.0) 0(0.0) 1(3.7)
side effects

investigations 7(259) 6(22) 5(185) 0(0.0) 0.0) 18 {66.7)
skin & subcutaneous tissue disorders 1(3.7) 138.7) 0(0.0) 0{0.0) 0) 2{74)

* According to the Cancer Therapy Evaluation Program ®

t According to the Medical Dictionary for Regulatory Activities version 14.1 (http:/Avwav.meddra.org).

with contemporary results obtained in such tumors with
standard treatment. In a global Phase III randomized con-
trolled study on radiotherapy with concomitant and adju-
vant temozolomide for GBM, Stupp et al.’® demonstrated a

TABLE 3: Skin photosensitivity test results in 27 patients*

No.of Dayst  No. of Patients (%) Cumulative No. of Patients (%)
3 4 (14.8) 4(14.8)
4 11 (40.7) 15 (55 .6}
8 6(22.2) 21(77.8)
10 137) 22 (81.5)
13 2(14) 24(88.9)
14 13.7) 25(92.6)
15 2014 27 (100)

* For the skin photosensitivity {est, between 11 a.m. and 2 p.m,, the
back of the individual’s hand was exposed to direct sunlight for 5 min-
utes, and the occurrence of any photosensitivity reaction, such as
erythema, was assessed. In cases in which photosensitivity reactions
were detected, the subject was kept shielded from light until the reac-
tion disappeared, and the skin photosensitivity test was subsequently
repeated.

T From administration of talaporfin sodium to disappearance of reac-
tion.
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12-month OS rate of 61%, a 6-month PEFS rate of 54%, ame-
dian OS of 14.6 months, and a median PFS of 6.9 months.
In the series by Stummer et al.”” on fluorescence-guided
resection of malignant gliomas with the use of 5-ALA, the
6-month PFS rate was 41% and the median PFS period was
5.1 months. Moreover, in our patients with a newly diag-
nosed GBM, the median local PFS was nearly two times
longer than the median PFS (20.0 vs 12.0 months). It can
therefore be speculated that prolonged survival was caused
by improved local tumor growth control due to intraopera-
tive PDT. It should be emphasized that in the present series
all patients with newly diagnosed GBM underwent either
total or subtotal resection. Aggressive removal of the tumor
may be an important prerequisite for clinical effectiveness
of intraoperative PDT, since the penetration depth of a la-
ser is approximately 2.5-5 mm; therefore, the correspond-
ing effective distance for irradiation is limited to 0.75-1.5
cm.'? The limitations of the efficacy of PDT in bulky target
tissues and recurrent tumors have been demonstrated.! It
is also possible that metabolically active infiltrating tumor
cells in the periphery of the GBM may be more sensitive
to PDT because of incorporation of a greater amount of
photosensitizer. It was reported that the tissue concentra-
tion of a photosensitizer directly correlates with the grade
of malignancy of the neoplasm.?

In the present study PDT showed a high level of safe-
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ty. While laboratory investigations have frequently re-
vealed abnormalities likely attributable to the administra-
tion of talaporfin sodium, only 2 patients (7.4%) had defi-
nite symptoms on the skin, which did not exceed Grade
2 toxicity. In no case did we encounter brain edema or
cerebral infarction, which may complicate PDT.*? There-
fore, the risk of clinically significant side effects caused
by the administration of talaporfin sodium and intraop-
erative irradiation of the residual tumor and peritumoral
brain with a 664-nm laser 22-27 hours thereafter may be
considered low. Moreover, according to photosensitivity
test results, any reactions completely disappeared in all
patients within 15 days after administration of the drug.
The main linitations of the present study are related
to its design. A nonrandomized noncontrolled prospec-
tive investigation was performed in just 2 neurosurgical
centers with well-established neurooncology programs
and enrolled a limited number of highly selected cases
with rather heterogeneous histopathological diagnoses of
malignant parenchymal brain tumors. It is evident that to
prove clinical efficacy of the intraoperative PDT with ta-
laporfin sodium and a semiconductor laser, further care-
fully designed Phase III studies should be performed in
a sufficiently large number of patients with possible ini-
tial stratification according to tumor resection rate. Test-
ing of the proposed treatment method is also planned in
cases of low-grade gliomas and in incompletely resected
benign extraaxial neoplasms, such as pituitary adenomas
and meningiomas. Since appropriate use of equipment for
PDT requires specific skills, the dedicated training pro-
gram for neurosurgeons is currently under organization,
Finally, advanced experimental investigations directed
at further understanding the basic mechanisms of the
therapeutic effectiveness of intraoperative PDT are also
required, and additional studies to search for the most
optimal treatment regimens should be continued as well.

Conclusions

The results of the present study demonstrate that
novel PDT based on administration of talaporfin sodium
and subsequent irradiation with a 664-nm semiconductor
laser may provide an additional benefit to the combined
management of primary malignant parenchymal brain tu-
mors through possible improvement of their local growth
control, which, in turn, may lead to prolongation of the
patient’s survival. The therapy seems sufficiently safe
with a minimal risk of serious side effects. Therefore,
application of the intraoperative PDT along with aggres-
sive resection, radiotherapy, and chemotherapy may be of
clinical significance, particularly in patients with newly
diagnosed GBM.

Disclosuxe

This study was supported by grants of an open-label study of
photodynamic therapy with ME2906 and PNL6405SCNS in patients
with malignant brain tumors by Center for Clinical Trials, Japan
Medical Association, Funding Program for World-leading Inno-
vative R&D on Science and Technology (FIRST Program) by the
Japan Society for the Promotion of Science (JSPS), and Strategic

J Newrosurg / Velume 119/ October 2013

116

international standardization acceleration action plan by METI
(Ministry of Economy, Trade and Industry).

Author contributions to the study and manuscript preparation
include the following. Conception and design: Muragaki, Aki-
moto, Iseki, Maebayashi, Matsumura, Kuroiwa, Nakazato, Kayama.
Acquisition of data: Muragaki, Akimoto, tkuta, Nitta, Saito, Kaneko.
Analysis and interpretation of data: Muragaki, Akimoto, Ikuta, Kara-
sawa. Drafting the article: Muragaki. Critically revising the article:
all authors. Reviewed submitted version. of manuscript: all authors.
Approved the final version of the manuscript on behalf of all authors:
Muragaki. Statistical analysis: Muragaki, lkuta. Adounistrative/
technical/material support: Maruyama, Iseki, Nitta, Maebayashi,
Saito, Okada, Kaneko, Matsumura, Kuroiwa, Karasawa, Nakazato,
Kayama. Study supervision: Muragaki, Iseki, Maebayashi, Okada,
Matsumura, Kuroiwa, Nakazato, Kayama.

Acknowledgments

The authors thank all of the patients who participated in this
study and the investigators from both study sites. Special thanks are
devoted to Drs. Masahiko Tanaka, Norio Mitsubashi, and Mikhail
Chernov, and Mr. Takashi Sakayori (Tokyo Women's Medical
University) for valuable help with clinical work and data analysis.

References

1. Akimoto J, Haraoka J, Aizawa K: Preliminary clinical report
on safety and efficacy of photodynamic therapy using tala-
porfin sodium for malignant gliomas. Photediagn Photodyn
Ther 9:91-99, 2012

. Bechet D, Mordon SR, Guillemin F, Barberi-Heyob MA: Pho-
todynanic therapy of malignant brain tumours: a complemen-
tary approach to conventional therapics. Cancer Treat Rev
[epub ahead of print], 2012

3. Cancer Therapy Evaluation Program: Comunon Terminol-

ogy Criteria for Adverse Events v3.0 (CTCAE). etep.cancer.
gov, (http/fetep.cancer. goviprotocolDevelopment/electronic_
applications/docs/cteaev3. pdf) [Accessed July 22, 2013]

4. Colditz MJ, Jeffree RL: Aminolevulinic acid (ALA)-proto-
porphyrin IX fluorescence guided tumour resection. Part 1:
Clinical, radiological and pathological studies. J Clin Nenro-
sci 19:1471--1474, 2012

. Committee of Brain Tumor Registry of Japan: Report of brain
tumor registry of Japan 1984-2000), 12 edition. Neurol Med
Chir (Tokye) 49 (Suppl):1-101, 2009

. Curran W Jr, Scott CB, Horton J, Nelson JS, Weinstein AS,
Fischbach A, et al: Recursive partitioning analysis of prog-
nostic factors in three Radiation Therapy Oncology Group
malignant glioma trials J Natl Cancer Inst 85:704-710, 1993
Dougherty TJ, Gomer CJ, Henderson BW, Jori G, Kessel D,
Korbelik M, et al: Photodynamic therapy. J Nath Cancer Inst
990:88%--905, 1998

8. Juzeniene A, Peng Q, Moan I: Milestones in the development

of photodynamic therapy and fluorescence diagnosis. Photo-
chem Photobiol Sei 6:1234-1245, 2007

9. Konishi Y, Muragaki Y, Iseki H, Mitsuhashi N, Okada Y: Pat-
terns of intracranial glioblastoma recurrence after aggressive
surgical resection and adjuvant management: retrospective
analysis of 43 cases. Nenrol Med Chir (Tokye) 52:577-586,
2012

. Kostron H: Photodynamic diagnosis and therapy and the

brain. Metheds Mol Biol 635:261-280, 2010

Louis DN, Ohgaki H, Wiestler OD, Cavenee WK (eds) WHO

Classification of Tumounrs of the Central Nervous System,

ed 4. Lyon: IARC Press, 2007

Matsumura H, Akimoto J, Haraoka J, Aizawa K: Uptake and

retention of the photosensitizer mono-L-asparthyl chlorine ¢6

in experimental malignant glioma. Lasers Med Sei 23:237-

245, 2008

j ]

i

<

=1

11.

12,

851



13.

14

15
16.

Miki Y, Akimoto J, Yokoyama S, Homma T, Tsutsumi M,
Haraoka J, et al: Photodynamic therapy in combination with
talaporfin sodium induces mitochondrial apoptotic cell death
accompanied with necrosis in glioma cells. Biol Pharm Bull
36:215-221, 2013

Namatame H, Akimoto I, Matsumura H, Haraoka J, Aizawa
K: Photodynamic therapy of C6-implanted glioma cells in the
rat brain employing second-generation photosensitizer tala-
porfin sodium. Photodiagn Photodyn Ther 5:198-209, 2008
Palumbo G: Photodynamic therapy and cancer: a brief sight-
seeing tour. Expert Opin Drug Deliv 4:131-148, 2007
Petrecca K, Guiot MC, Panet-Raymond V, Souhami L. Failure
pattern following complete resection plus radiotherapy and
temnozolomide is at the resection margin in patients with glio-
blastoma J Neareencol 111:19-23, 2013

Stummer W, Pichlmeier U, Meinel T, Wiestler OD, Zanella F,
Reulen HI: Fluorescence-guided surgery with 5-aminolevu-
linic acid for resection of malignant glioma: a randomised

852

117

Y. Muragaki et al.

controlled multicentre phase III trial. Lancet Oneol 7:392—
401, 2006

18 Stupp R, Mason WP, van den Bent MJ, Weller M, Fisher B,
Taphoorn MJ, et al: Radiotherapy plus concomitant and adju-
vant temozolomide for glioblastoma. N Engl J Med 352:987-
996, 2005

Manuscript submitted February 28, 2013,

Accepted July 16, 2013.

Please include this information when citing this paper: pub-
lished online August 16, 2013; DOI: 10.3171/2013.7.JNS13415.

Address correspondence to. Yoshihiro Muragaki, M.D., Ph.D.,
Faculty of Advanced Techno-Surgery, Institute of Advanced Bio-
medical Engineering and Science, Tokyo Women’s Medical Univer-
sity, 8-1 Kawada-cho, Shinjuku-ku, Tokyo 162-8666, Japan. email:
yvinuragaki@ abmes. twm. ac.jp.

J Newrosurg / Volume 119/ October 2013



Journal of Radiation Research Advance Access published October 18, 2013

Journal of Radiation Research, 2013, 00, 1-8
doi: 10.1093/jrr/rrtl10

Technical Report

Development of a snnple and rapid method of precnsely identifying the
position of '’B atoms in tissue: an improvement in standard alpha
autoradiography

Hiroki TANAKA, Yoshinori SAKURAI Minoru SUZUKI, Shin-ichiro MASUNAGA,
Koichi TAKAMIYA, Akira MARUHASHI and Koji ONO*

Kyoto University Research Reactor Institute, 2-1010, Asashiro-nishi, Kumatori-cho, Sennan-gun, Osaka 590-0494, Japan
*Corresponding author. Kyoto University Research Reactor Institute, 2-1010, Asashiro-nishi, Kumatori-cho, Sennan-gun,
Osaka 590-0494, Japan. Tel: +81-72-451-2475; Fax: +81-72-451-2627; Email: onokoji @rri.kyoto-u.ac.jp

(Received 14 May 2013; revised 9 August 2013; accepted 16 August 2013)

Boron neutron capture therapy (BNCT) can be utilized to selectively kill cancer cells using a boron compound
that accumulates only in cancer cells and not in normal cells. Tumor-bearing animals treated by BNCT are rou-
tinely used to evaluate long-term antitumor effects of new boron compounds. Alpha-autoradiography is one of
the methods employed in the evaluation of antitumor effects. However, a standard alpha-autoradiography cannot
detect the microdistribution of 1°B because of the difficulty associated with the superposition of a tissue sample
image and etched pits on a track detector with the etching process. In order to observe the microdistribution of
198, some special methods of alpha-autoradiography have been developed that make use of a special track de-
tector, or the atomic force microscope combined with X-ray and UV light irradiation. In contrast, we propose,
herein, a simple and rapid method of precisely identifying the position of '°B using the imaging process and the
shape of etched pits, such as their circularity, without the need to use special track detectors or a microscope. A
brief description of this method and its verification test are presented in this article. We have established a
method of detecting the microdistribution of °B with submicron deviation between the position of etched pits

and the position of reaction in a tissue sample, for a given circularity of etched pits.

Keywords: boron neutron capture therapy; boron compound; alpha-autoradiography; microdistribution

INTRODUCTION

Boron neutron capture therapy (BNCT) is a radiation therapy
that makes use of the °B(n, ¢))"Li reaction to selectively kill
tumor cells. The ranges of lithium nuclei and alpha particles
that are emitted following the 1og (n, 05)711 reaction are 5 pm
and 8 um, respectively, corresponding to the diameter of a
representative tumor cell [1, 2]. Thus, if a boron compound
accumulates in the tumor, the tumor can be selectively
destroyed by the above-mentioned reaction. However, due to
the extremely short particle ranges, it is necessary for the B
to be located m the proximity of the cell nucleus, in order to
enhance the cell-killing effect. Even for high concentrations
of 1B in the tissue, no strong cell-killing effect is expected if
198 is not localized in the cells.

Although Borono-PhenylAlanine (BPA) [3] and sodium
borocaptate (BSH) [4] boron compounds are presently used

in clinical studies, each of these compounds has its own
shortcomings. BSH is a very hydrophilic chemical and only
weakly permeates the cellular membrane. Most BSH mole-
cules exist in the extracellular space, and their cell-killing ef-
ficiency in combination with neutron irradiation is relatively
small. In contrast, BPA is actively accumulated, especially in
rapidly proliferating cells. Therefore, the microdistribution of
this compound in tumor tissue is heterogeneous, and this
characteristic of BPA acts to reduce the final tumor control
effects. For the reasons described above, there is a need to
develop new compounds that have large effects and are able
to selectively accumulate in tumor cells.

In order to evaluate the final antitumor effect and its se-
lectivity between tumor and normal tissues, it is necessary to
perform long-termi monitoring, extending over several
months, of tumor-bearing animals treated by BNCT using
the new compound.
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