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ABSTRACT 

Among the 131 cases with brain tumors treated by boron-neutron capture 
therapy ( BNCT), seventeen were children. Eight supratentorial tumors included 
five astrocytomas(grade 2-4), two primitive neuroectodermal tumors (PNET) and 
one rhabdomyosarcoma. Seven pontine tumors included one astrocytoma, one 
PNET and 5 unverified gliomas. Two cerebellar tumors (PNET and astrocyto
ma) were also treated. All pontine tumors showed remarkable decrease in 
size after BNCT. However, most of them showed regrowth of the tumors because 
the neutrons were insufficient due to the depth. Four cases with cerebral 
tumor died of remote cell dissemination, although they all responded to BNCT. 
One of them survived 7 years after repeated BNCTs. An 11 years old girl with a 
large astrocytoma in the right frontal lobe has lived more than 11 years and is 
now a draftswoman at a civil engineering company after graduating from a 
technical college. An 8 years old girl with an astrocytoma in the left occipital lobe 
has no recurrence of the tumor for 2 years and attends on elementary school 
without any mental and physical problems. Two children ( one year old girl and 
four years old boy) with celebellar tumors have shown showed an excellent 
growth after BNCT and had no neurological deficits. Mental and physical 
development in patients treated by BNCT is usually better than mat in 
patients treated by conventional radiotherapy. 
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INTRODUCTION 

Boron neutron capture therapy (BNCT) is an ideal radiotherapy for brain tumors in 
children, because mental and physical development in children treated by BNCT is usually 
better than in patients treated by conventional radiotherapy. However, There are more cases 
with deep-seated brain tumors, such as brain stem gliomas and periventricular tumors in chil
dren than in adult. It is also widely believed that thermal neutrons can not ideally treat a patient 
with deep-seated brain tumors because of the attenuation of neutron flux in the brain tissue. In 
such a case, deuteration of brain water content and/or multiportal radiation should significantly 
improve neutron penetration in the tissue and can be used to treat deep-seated brain tumors. 

MATERIAL AND METHOD 

Patients: until December, 1992, we have treated eighteen children with malignant brain 
tumor ranging in age from one to 16 yearsof age. Eight supratentorial tumors included five 
astrocytomas (grade 2-4), two primitive neuroectodermal tumors (PNET) and one rhabdomyo
sarcoma. Eight pontine tumors included two astrocytomas, one PNET and 5 unverified glio
mas. Two cerebellar tumors (PNET and astrocytoma) were also treated (Table 1). 

Procedure: The boron-10 compound used in this study since 1968 is mercaputundec-
ahydrododecaborate (Na2Bi2HnSH)made from 95-97% enriched boron-10 (abbreviated as 
BSH or borocaotate). Isotonic aqueous solution of the boron compound (50-60mg/kg)is added 
to an equal volume of physiological saline and is infused into the carotid or vertebral artery 
with a pressurized motor pump or by a simple intravenous drip. The infusion of boron-10 is 
done 8-14 hours before neutron irradiation. No complication was encountered except for a mild 
flushing of the face when the infusion speed is too fast Infusion usually takes 30-60 minutes. 
The patients whose tumors had been debulked by craniotomy a week or two earlier, are taken to 
the reactor. Samples of blood and urine are collected for boron chemical analysis or for prompt 
gamma-ray spectrometry. 

In the reactor a patient undergoes general anesthesia and the skin flap is re-opened. 
The bone flap is usually removed during the procedure to obtain tumor tissue specimens for pa
thology and boron analysis. In case of deep-seated tumor or brain stem tumor in which heavy 
water replacement is carried out, physical saline solution made of D20 is infused into the ven
tricles while the cerebrospinal fluid is drained. Gold wires and foils and simultaneous monitor
ing devices are placed where they are necessary for neutron monitoring. The whole head is 
covered with a sterilized plastic 6LiF helmet except for the area to be radiated. The entire head 
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is covered with a sterile plastic film to void contamination. The operating table together with the 
patients is rolled into the radiation room to place that head against the beam. All the vital sign 
monitoring devices are connected to the body. The door is closed, and the neutron beam is 
delivered to the tumorous area. The irradiation time is calculated so that the deepest part of the 
tumor will be given at least 10 Gy (or 1000 rad) and that the superficial layer of the normal 
cerebral surface will be exposed to less than 20Gy (or 2000 rad). After the whole procedure, the 
head is closed as in routine craniotomy. 

RESULT 

Four children with supratentorial tumors died of remote cell dissemination, although 
they all responded to BNCT. One of them survived 7 years after repeated BNCT. An 11 years 
old girl with a large astrocytoma in the right frontal lobe has lived more than 11 years and is 
now a draftswoman at a civil engineering company after graduating from a technical college. 
An 8 years old girl with astrocytoma in the left occipital lobe has no recurrence of the tumor for 
2 years and attend on elementary school without mental and physical handicaps. All pontine tu
mors showed remarkable decrease in size after BNCT. However, most of them showed re-
growth of the tumors because the neutrons were insufficient due to the depth. Two children (one 
year old girl and four years old boy) with celebellar tumors showed excellent improvement 
after BNCT and have no neurological deficits nor mental retardation. The recent development 
of diagnostic means such as CT or MRI permits precise localization of the tumor and thereby 
helps to determine the radiation field and neutron fluence. 

Case Reports 

Case9 : An 11 year-old boy. Ventricular dissemination of primitive neuroectodermal 
tumor (PNET). The patient had headache and vomiting in June, 1984 and on August 23, 1984 
underwent craniotomy to remove a tumor in the left occipital area. Histologically it was PNET 
and irradiation was performed. Whole spine was also radiated. Subsequently this patient did 
well for 3 years, and then he suddenly started deteriorating in July, 1987. This time the original 
tumor site was empty, but multiple nodules were found in the bilateral ventricle and the third 
ventricle. He was referred to one of the authors (H.H.) for BNCT. The ventricles were were 
lined with nodular masses(Fig 1-a). On August 21, at Musashi Institute of Technology Reactor, 
the patients underwent BNCT. 
A total of 2500ml of heavy water in the form of isotonic glucose and saline solution was given 
intravenously during the general anesthesia for BNCT. This yielded a 1% replacement rate on 
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the average. The beam was introduced from the left parietal region, then the direction was 
changed and the beam was introduced from the occipital region. As the result, the gold wire 
measurement was 8.0 X 108 n at the occipital surface, 2.8 x 10E8 n at 6 cm from the cranial 
surface (= foramen Monro), and 2.6 x 10E 8 n at 8cm below the cranial surface (= Illrd ven
tricle). Estimated dose to the tumor was 1400-1300 cGy or 4100-3800 RBE dose; to the brain 
1100-300 cGy or 1100-300RBE dose. 
The patient recovered promptly after BNCT, and MRI made on September 25 within 35 days 
after BNCT, showed a prompt regression of the tumor. A total of 2000 cGy was radiated over 
the posterior fossa and the spine with a lineal accelerator. A follow up scan made on October 7 
showed no more tumor nodules (Fig. 1-b). 
He enjoyed a happy family lifefor a while, but then he started deteriorating due to the radiation 
damage which was th result of overlapped radiotherapies. Radiation was evidenced in the 
cerebral white matter in the later CT. He died 1.5 years s after BNCT. 

Casel 1: A 2 years old male. PNET in the brain stem. Ataxic gait and left facial paresis 
were noted by pt's mother in April 1989. A large mass was demonstrated in the brain stem by CT 
and MRI(Fig. 2-a, b). On June 2, the patientunderwent BNCT at Musashi Institute of Technol
ogy. Before the neutron irradiation, ventricular drainage was carried out through the right oc
cipital horn of the lateral ventricle. Then heavy water physiological saline solution was circu
lated in the subarachnoid space from the lateral ventricle to cistema magna. Neutron irradiation 
was performed from one direction and followed by the conventional radiotherapy (3000 cGy). 
The patient recovered completely after treatment and MRI demonstrated remarkable decreasing 
in size of the tumor (Fig. 3-a,b). He had no neurological deficits until a six months after BNCT. 
He became unable to walk and had vomiting due to hydrocephalus. Recurrence of the tumor 
was suspected and chemotherapy (5-FU) was given for 14 days by a pediatrician in another 
university. He suddenly deteriorated and died. Autopsy revealed an Intratumoral hemorrhage. 
He died 264 days after BNCT. 

Case 16: A oneyear old female. PNET in the cerebellum. In June 1992 the child was 
seen by a pediatrician because of gait disturbance (cerebellar ataxia). A large cystic mass was 
demonstrated in the posterior fossa by CT and MRI. The wall of the cystic tumor was irregu
larly enhanced( Fig. 4-a). Following the suboccipital craniotomy, the tumor was partially re
moved. Histological diagnosis was PNET. On July 13 the patient underwent BNCT at Kyoto 
University Reactor. Following the suboccipital craniotomy , a gold wire was placed in the 
tumor and neutron flux was measured. As the result, the neutron flux was 2.9 X 10E8 n at the 
deepest area of the tumor and 6.6 x 10E8 n at 6 cm from the cranial surface (cerebellum). Boron 
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concentration in the tumor was measured by prompt gamma-ray spectrometry and the value was 
28.6ppm. According to the data, the irradiation time of 192 minutes was decided .The patient 
recovered completely after BNCT and the tumor remarkably decreased in size (Fig 4-b).She 
has no neurological deficit and shows a good mental and physical development. 
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Figure 1-a. MR1 (before BNCT) Figure 1-b. MRI (after BNCT) 
High intensity mass was demonstrated Dilated ventricular system with smooth 
around the ventricular wall. ventricular wall. Tumor mass completely 

disappeared. 
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Figure l-a. MRI (before BNCT) 

High intensity mass was demonstrated 

around the ventricular wall. 
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Figure l-b. MRI (after BNCT) 

Di¥ated ventricular system with smooth 

ventricular wall. Tumor mass completely 

disappeared. 



Figure 2-a. MRl (before BNCT): Enhanced mass lesion with cyst 
was demonstrated in the brain stem (T-1 Gd+) 

Figure 2-b. MRl (before BNCT): 
Enlarged brain stem with cystic lesion 
was demonstrated 

Figure 3-a. MRl (after BNCT): 
Cystic lesion completely disappeared 
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Figure 3-a. MRI (a仇erBNCT):
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Figure 3-b. MRI (2 manths after BNCT): The tumor decreased 
in seize. No enhanced lesion was demonstrated. (T-1, Gd+) 

Figure 4-a. (before BNCT) Markedly 
enhanced tumor was revealed. Note 
the depressed IVth ventricle and brain 
stem. 

Figure 4-b. (2 months after BNCT) 
The tumor remakably decreased in <ze 
IVth ventricle showing normal size and 
form. 
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Figure 4・b.(2 months after BNCT) 

The tumor remakably decreased in <ze 
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Table 1 CLINICAL SUMMARY AND OUTCOME 

case no. age site histology survival(days) cause of death 

1 6 pons not verified 339 regrowth 
2 12 cerebral rhabdomyosarcoma 2460 dissemination 
3 3 pons astrocytoma II 1833 negligence in shunt revision, 

(no tumor; isolated 4th ventricle) 
4 7 pons not verified 209 regrowth 
5 16 cerebral astrocytoma II 1277 autoimmune disease 

=leucoencephalopathy (no tumor) 
6 4 pons not verified 159 regrowth 
7 11 cerebral astrocytoma II—III >11 years alive and well 

so 8 9 pons not verified 95 regrowth + radiation myelitis 
*» 9 9 ventricle PNET 1607 radiation myelitis 

(due to earlier radiotherapy) 
10 5 cerebral 

ventricle 
glioblastoma 355 dissemination 

11 2 pons PNET 264 hemorrhage in tumor 
12 5 pons not verified 187 dissemination 
13 6 ventricle astrocytoma III 679 dissemination 
14 5 thalamus PNET 303 dissemination + malpractice 
15 8 cerebral astrocytoma III >2 years alive and well 
16 1 cerebellar astrocytoma III >7 months alive and well 
17 4 cerebellar PNET > 5 months alive and well 

10 years survival = 1/8 = 12.5% 5 year survival = 3/9 =33.3% 
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