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Summary  
This research projects consists of three clinical re-
search programs on BNCT for malignancies other than 
malignant brain tumors or head and neck cancers.  In 
P11-1, three patients were treated with BNCT.  In 
P11-2, no patient was recruited in their study.  In 
P11-3, no patient was recruited in their study.  Yan-
agie (Principal investigator of P11.3) et al. reported 
basic study on BNCT for hepatocellular carcinoma 
(HCC) using a pig. 

P11-1 
  In P11-1 clinical research study, three patients in-
cluding two malignant soft tissue tumors and one ma-
lignant plural mesothelioma (MPM) were treated with 
BNCT.  BNCTs for two malignant soft tissue tumors, 
clear cell sarcoma and synovial sarcoma, were the first 
attempts in the world.  BNCT for MPM was carried 
out to alleviate the symptom such as stiffness of neck 
or back from huge tumors of MPM.  
 Summary of the BNCT procedure and 
dose-distribution in the BNCT for MPM was reported 
in the report of P11-1. 

Details of the case reports of three cases will be re-
ported after proving the consequence of BNCTs.  

P11-3 
Yanagie et al. reported a preclinical study on feasibil-

ity of intra-arterial injection of 10BSH entrapped wa-

ter-in-oil-in-water (WOW) emulsion using pig.  They 
performed intra-arterial injection according to the in-
jection data that maximum dose 0.8mL/kg was inject-
ed for rabbit experiments, equivalent maximum dose 
for pig is possible to be injected 8mL/body. Transient 
hypotension at a 2mL infusion of WOW emulsion was 
happened in this experiment, but it was improved. The 
constitution drugs of this emulsion are safety, because 
10BSH is used in a clinic of BNCT, and the lipiodol 
and the surfactant HCO40 are authorized from the 
Ministry of Health. 
 The abnormal changes in the liver, the kidney, the 
heart, the pancreas were not found in the histopatho-
logic examination one week after intra-arterial injec-
tion of 10BSH entrapped WOW emulsion.  
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Introduction

Boron neutron capture therapy (BNCT) has been ap-
plied mainly for the treatment of locally recurrent ma-
lignant brain tumors or head and neck cancers in the 
irradiated region using neutron beams from the re-
search reactor.  In some BNCT clinical trials, the sur-
vival data or tumor response were suggested to be bet-
ter compared those by other clinical studies. Collabo-
rative project to develop an accelerator-based 
(AB)-BNCT system between Sumitomo Heavy Indus-
trial and Kyoto University succeeded to construct 
available cyclotron-based AB-BNCT system. 

Clinical trials using the AB-BNCT system are cur-
rently in progress. The targets of the ongoing clinical 
trials are two malignancies as follows: recurrent ma-
lignant gliomas and head and neck cancers.  In a few 
years, the system and boron-containing drug is ex-
pected to get medical device approval and pharmaceu-
tical approval from national agency. Since the 
AB-BNCT system installed in the hospital is available 
to more patients suffering from malignant tumors 
compared with those by the BNCT using research re-
actor.  However, in a few years before getting medi-
cal device approval and pharmaceutical approval, pa-
tients with malignant tumors other than malignant 
gliomas and head and neck cancers will be treated with 
research reactor-based BNCT.   When the AB-BNCT 
system will be applicable to many clinical trials to 
search for new application of BNCT in the hospitals, 
experience of BNCT for new malignancies will be 
helpful for the new clinical AB-BNCT trials. 

We treated two patients wit malignant tissue soft 
tissue sarcoma and one patient with malignant pleural 
mesothelioma (MPM) in this research program. In this 
report, we present summary of the BNCT for malig-
nant pleural mesothelioma. 

BNCT for malignant pleural mesothelioma 

A 64 year-old man with MPM had received a number 
of chemotherapy cycles.  His main symptom was 
stiffness of the neck and back.  The large MPM tu-
mors refractory to the chemotherapy located mainly 

between the dorsal and lateral skin of the thorax and 
the pleura rather than between the pleura and the lung 
parenchyma.  He referred to our center for further 
treatment of MPM with BNCT. Since the tumor was 
so large that the epithermal neutron beam using the 
maximum-sized collimator could not encompass all 
the volume of the tumor, the BNCT was carried out in 
order to alleviate the symptom.  

The BNCT for the large MPM tumors mainly located 
between the dorsal and lateral skin of the thorax and 
the pleura was performed with an epithermal neutron 
beam using a 24 x 24 cm square collimator.  The ir-
radiation time, 20 minutes, was determined according 
to the dose constraint for the skin.  Dose constraint 
was set to 9.0 Gy-Eq as a maximum dose for the skin. 
The dose delivered to the tumors ranged from 0.1 to 58 
Gy-eq. Since approximately one third of the whole 
tumor volume existed out of the collimator, the tumor 
volume greater than 50 % of the tumor received less 
than 20 Gy-eq.  However, the tumor volume greater 
than 1,500 cm3 was irradiated with the dose greater 
than 20 Gy-eq.  The maximum dose delivered to the 
liver, left lung and spinal cord was 4.6 Gy-eq, 7.5 
Gy-eq and 1.9 Gy-eq, respectively.  The mean left 
lung dose was 2.8 Gy-eq.  For two month after BNCT, 
no acute adverse event greater than grade 3was expe-
rienced. At two months after BNCT, a grade 2 lym-
phopenia developed.  The computed tomography

(CT) examined at one month after BNCT, the 

tumor size remained stable in size.  

No sever acute adverse event was observed 

in the treatment of large MPM tumor with 

BNCT. 
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INTRODUCTION: The principle of cancer cell 
destruction in boron neutron capture therapy (BNCT) is 
due to the nuclear reaction between 10B and thermal 
neutrons to release al-pha-particles (4He) and lithium-7 
ions (7Li) after delivery of 10B atoms to cancer cells 
selectively. The 4He kills cells in the range of 10 m from 
the site of 4He generation. 
    Higashi et al prepared a long term inseparable Water-
in-oil-in-water (WOW) emulsion by the double 
emulsification technique to be used in arterial injection 
therapy to treat patients with hepatocellular carcinoma 
(HCC) [1, 2]. 
    WOW emulsion could deliver high concentration of 
10Boron compounds to cancer tissues, so we applied this 
delivery system to BNCT. We performed preclinical 
BNCT study for VX-2 rabbit tumour model using 
10BSH-entrapped WOW [3], and also proceeded clinical 
BNCT study for HCC using this WOW system [4]. 

  In this study, we prepared 10BSH-entrapped WOW, and 
evaluated the toxicity by checking histopathological 
findings after intra-hepatic injection of 10BSH entrapped 
WOW emulsion in healthy rabbits.   

EXPERIMENTS:   As a part of the pilot safety 
evaluation of 10BSH-entrapped WOW emulsion(175mg 
10BSH/mL), the test article was dosed once by hepatic 
arterial administration to one female healthy pig at 
0.05mL/kg to investigate its toxicity. The investigated 
items included clinical observation, measurement of body 
weights and food consumption, blood chemistry, and 
histopathological findings.  

RESULTS:  We performed intra-arterial injected 10BSH 
entrapped WOW emulsion. According to the injection 
data that maximum dose 0.8mL/kg was injected for rabbit 
experiments, equivqlent maximum dose for pig is 
possible to be injected 8mL/body. Transient hypotension 
at a 2mL infusion of WOW emulsion was happened in 
this experiment, but it was improved. The constitution 
drugs of this emulsion are safety, because 10BSH is used 
in a clinic of BNCT, and the lipiodol and the surfactant 

HCO40 are authorized from the Ministry of Health. 
    The abnormal change in the liver, the kidney, the heart, 
the pancreas were not found in the histologic examination 
one week after intra-arterial injection of 10BSH entrapped 
WOW emulsion.  
    In the next experiments, we hope to increase a dose in 
quantity of WOW emulsion with an anti-histamine drug 
or steroid administration to prevent shock or hypotension 
before hepatic arterial infusion. We hope to refer these 
results of toxicity examinations to the clinical studies of 
BNCT to hepatocellular carcinoma with intra-arterial 
boron delivery using WOW emulsion. 

Liver: Hepatocellular 
denaturation and the destruction are absent (Lt: x200, 
Rt: x400).

Heart: There is no denaturation of cardiac muscle 
cells (x400). Kidney: There is no glomerulus or 
tubular denaturation(x400). 

Spleen: There is no lymphatic nodule-centered 
denaturation(x400).  Pancreas: There is no islet of 
Langerhans or acinar cells denaturation(x400). 

Lung: The denaturation of pulmonary epithelial cells 
is absent(x200). 
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