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ABSTRACT 

Recent advances in cancer diagnosis and treatment have not yet 
improved the survival rate of patients with cancers of the brain, 
liver, etc. In these organs, an extirpation of the organ, which 
can be done for stomach, breast, cervix, lung, etc. is not allowed, 
and this fact is the cause of poor therapeutic results. 

Boron-neutron capture therapy (BNCT) utilizes the nuclear reaction 
which.will take place between the boron-10 (loaded in the cancer 
cells artificially) and the thermal neutrons (delivered by reactors). 
The secondary radiations, helium and lithium hit the cancer cell it
self and cause the death of the cancer cell while sparing the sur
rounding normal cells. 

BNCT in Japan has been applied to treating more than 130 brain 
tumor patients since 1968 by Hatanaka and collaborators. The longest 
surviving patient has lived more than 20 years. Nine patients have 
lived longer than 10 years with good quality of life. 

BNCT is now being tried also by Oda of Kyoto University (9 cases) 
and by Nakagawa of Tokushima University (7 cases). It has been tried 
by Mishima (Kobe University) on 12 skin melanoma patients, proving 
satisfactory local control of the melanomas. 

Mercaptoundecahydrododecaborate (BHS) and boronophenylalanine 
(BPA) have been tried for brain tumors and for melanoma. 

For cancers of the liver and abdominal viscerae, antibody to the 
tumor specific antigen has been considered a good carrier of boron-
10. Surgeons Takahashi, Fujii, Fujii, Yanagie, and Sekiguchi and 
immunologist Nariuchi of Tokyo University have been involved In the 
research and have obtained encouraging results in animals. 

Bone cancers have been studied by veterinary surgeons Takeuchi, 
Kadosawa and others at Tokyo University by using boronated deri
vative of porphyrins (BTPP) with satisfactory accumulation in the 
tumor tissue. 

Hatanaka has been proving good effect of BNCT upon giant cerebral 
arteriovenous malformation (AVH) and skull base meningioma. These 
diseases, although pathologically benign, have posed difficult 
problems in neurosurgery. It will be exciting good news to the 
patients. 

In conclusion, BNCT appears to be a good means to treat diffi
cult lesions in the brain and other organs which defy sophisticated 
modern therapeutic means. 
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INTRODUCTION 

Recent advances In cancer diagnosis and treatment have not yet improved 
the survival rate of patients with cancers of the brain, liver, etc. In these 
organs, an extirpation of the organ, which can be done for stomach, breast, 
cervix, lung, etc. is not allowed, and this fact is the cause of poor thera
peutic results. 

Boron-neutron capture therapy (BNCT) utilizes the nuclear reaction which 
will take place between the boron-10 (loaded in the cancer cells artificially) 
and the thermal neutrons (delivered by reactors). The secondary radiations, 
helium and lithium hit the cancer cell itself and cause the death of the can
cer cell while sparing the surrounding normal cells. 

BNCT in Japan has been applied to treating almost 140 brain tumor patlent6 
since 1968 by Hatanaka and collaborators. The longest surviving patient has 
lived 20 years and 9 months. Nine patients have lived 10-21 years with good 
quality of life. 

Since the discontinuation of clinical trials at Brookhaven and Boston in 
1961, the concept of neutron capture therapy (NCT) had been practically for
gotten until 1968, when the author resumed the treatment. Five years later in 
1973, Professor Gordon L. Brownell of Massachusetts Institute of Technology, 
advocated for reassessment of neutron capture therapy in the treatment of cer
ebral gliomas at the 7th National Cancer Conference, after seeing the author's 
preliminary work. He was a collaborator of Professor William H. Sweet, then 
the Chief Neurosurgeon at Harvard, who had conducted the early American clin
ical trials. In the preceeding year, 1972, a 50-year-old patient with a glio
blastoma was treated by BNCT by the author. He was the 10th case in the series, 
and ever since he has been alive and well for the past 25 years and 9 months. 
Although the term "cure" is a taboo word among cancer specialists, it would be 
safe to call him the first case that was 'cured* by neutron capture therapy. 

The concept of NCT has become increasingly important because indication 
to this type of therapy is by now considered to include not only malignant 
brain tumors but also benign but inexcisable brain tumors, and other incurable 
cancers in other parts of the body. 
1) Brain tumors 

One-hundred and thirty-nine patients with intracranial tumors (139) and 
nerve-related extracranial tumor (one) were treated by boron-neutron capture 
therapy before last Friday (March 5, 1993) by the author and collaborators. 
Eighteen lived or have lived longer than 5 years out of 87 patients operated 
on before May 1987. Nine of these 18 lived or have lived longer than 10 years 
out of 53 patients operated on before May 1982. 

Among more-than-10-year survivors, only two died at 17 and 12 years. All 
the others are still alive. The two died of delayed radiation damage because 
BNCT was applied to glioblastomas recurrent after their conventional radio
therapy. They lacked evidence of tumors when they died. 

Out of these 9 more-than-10-year survivors, three had been previously 
treated by conventional external radiotherapy and they developed radiation 
damage which brought all 3 patients ultimately to an incapacitated condition. 
Two of the three died. All the other six who were free from previous radiation 
history are active in their jobs and have no evidence of tumors: a farmer with 
glioblastoma, after 20 years, now at age 70; a school teacher with chondro
sarcoma, after 15 years, now 45 years old; a 5th grader with astrocytoma, 
after 11 years, now a 22-year-old draftswoman; a woman with glioblastoma, af
ter 15 years, now at age 75 still working as a lab assistant; a housewife with 
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transverse sinus meningioma, after 14 years, now 61 years old; and a. hotel 
employee with parasagittal meningioma, after 14 years, now retired at the age 
of 72. 

Glioblastoma patients can expect a 50% 5-year survival if the tumors are 
at the surface of the brain, and if treated within 2 weeks after discovery. 
This excludes radiotherapy or chemotherapy, but not a satisfactory debulking 
prior to BNCT. The procedure has to be performed avoiding iatrogenic tumor cell 
seedings. Brain stem gliomas, which do not allow even a debulking surgery, 
have been treated with some success. 

Cerebral metastases from cancers can be easily controlled by a single ra
diation with BNCT. 

Many patients with benign intracranial tumors (meningiomas, craniopharyn
giomas, neurinomas, and many others) are eventually incapacitated and killed in 
some years. Hence they are called "clinically malignant". 

Deep-seated inexcisable meningiomas of the cavernous sinus and clivus were 
treated by BNCT. Shrinking of the tumors is recognized. One patient bedridien 
for 6 years stood up to walk. 

BNCT on craniopharyngioma, which statistically kill most infant patients 
before adulthood unless they meet exceptionally skillful surgeons, and on bi
lateral acoustic neurinomas, which will make the patient totally deaf by ordi
nary surgery, has been contemplated. 
2) Cerebral vascular malformation 

Giant AVMs, which have defied surgical excision by master surgeons or rad
ical obliteration with other types of radiosurgery (stereotactic gamma-unit 
and proton beam), seem to be effectively and safely treated by BNCT. Cerebral 
vascular malformations (CVM) which canse hemorrhage, seizure and other neuro
logical problems, are found at autopsy in 0.3-0.1% of the population. Among 
them most frequent arteriovenous malformations (AVM) are corrected by total 
excision or total obliteration of the nidus, but only limited number of AVMs 
have been treated by skilled neurosurgeons. So far a total obliteration with
out destroying the surrounding brain matter has been achieved by other types 
of radiosurgery like stereotactic proton beam or gamma-knife, only if the le
sion is small enough. A giant AVM has always defied treatments, and is a life
long devastating disease. 

Three AVMs were so far treated with a small dose of boron-10 neutron cap
ture therapy. The plan has been to repeat such small dose irradiations 2-3 
times with 0.5-one year apart. In Case 1, by the first round of BNCT irradia
tion, the AVM became significantly less contrast-enhanced on CT by the 5th 
day. Another CT obtained later showed even more improvement. The patient's 
complaint, intermittent severe headache, was gone and the patient returned to 
work after two months. Total obliteration of the AVM may be expected by one 
more round of BNCT. 

The brain will not take up boron-10 isotope and hence will be relatively 
free from BNCT radiations. The vascular endothelium will be exposed to radia
tions arising from the boron-10 contained in the circulating blood after intra
venous injection, which captures the relatively harmless slow neutrons deliver
ed to the patient's head in a medical reactor. Although the normal blood ves
sels will be radiated with helium and lithium, as Kitao and Rydin separately 
calculated, the dose absorbed by the normal cerebral vessels will be only one-
third of the total radiation that occurs in the normal blood vessels for geo
metrical reason. In contrast, most radiations will be absorbed by the vascu
lar walls of AVM, because its nidus is a conglomerate of vessels and will ab
sorb most of the heavy particles. Thus AVMs will be exposed to almost three 
times as much radiation as the normal cerebral blood vessels. Besides, an AVM 
vessel may be structurally premature and may take up some boron-10. 
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3) Thermal neutrons and deep tumors 
If these mass lesions are not near the cortical surface, epithermal neu

tron beam may come to everybody's mind. But epithermal beam la not so easily 
available as thermal beams. Heavy water to be administered orally and intra
venously or intrathecally will assist deeper penetration of thermal neutrons. 
Multiportal thermal neutron delivery also increases the flux in the middle of 
the cranial cavity as we have demonstrated by direct measurement of neutron 
flux with gold wires implanted under the brain. Use of epithermal neutrons 
was emphasized by the author much earlier, but its clinical application re
quires thorough studies on animals. A large half-value layer of 4.0 cm can be 
achieved even with thermal neutrons in contrast to 2.0 cm of ordinary thermal 
beam half-value depth. 

Different from physicists' concept, selective and effective boron-neutron 
capture therapy is possible to treat any deep-seated brain tumors if thermal 
neutron penetration into tissue is helped by the combination of large aperture 
beam, partial replacement of brain water content with heavy water, and multi-
portal radiation. A patient's case is presented. 

This case was nn 11-year-old boy with recurrent primitive neuroectodermal 
tumor (FNET) seeded in the lateral and the third ventricles, 3 years after a 
full course radiotherapy for the whole brain and the spine. After BNCT the 
patient recovered from semi-comatose condition and survived 1.5 years. Al
though he died of radiation damage due to overlapping radiotherapies, this case 
proved efficacy of BNCT on recurrent PNET. 

FUTURE PROSPECT 

BNCT is now being tried also by Oda of Kyoto University (9 cases) and by 
Nakagawa of Tokushima University (7 cases). It has been tried by Hlshlma (Kobe 
University) on 12 skin melanoma patients, proving satisfactory local control 
of the melanomas. 

Hercaptoundecahydrododecaborate (BSH) and boronophenylalanine (BPA) have 
been tried for brain tumors and for melanoma, respectively. Several new boron 
compounds are also being developed. 

For cancers of the liver and abdominal viscerae, antibody to the tumor 
specific antigen has been considered a good carrier of boron-10. Surgeons 
Takahashi, Fujii, Fujii, Yanagie, and Sekiguchi and immunologlst Nariuchi of 
Tokyo University have been involved in the research and have obtained encour
aging result in animals. 

Bone cancers have been studied by veterinary surgeons TakeuchI, Kadosawa 
and others at Tokyo University by using boronated derivative of porphyrins 
(BTPP) with satisfactory accumulation in the tumor tissue. 

Hatanaka has been proving good effect of BNCT upon giant cerebral arte
riovenous malformation (AVM) and skull base meningioma. These diseases, al
though pathologically benign, have posed difficult problems in neurosurgery. 
It will be exciting good news to the patients. 

In conclusion, BNCT appears to be a good means to treat difficult tumors 
in the brain and other organs which defy sophisticated modern therapeutic 
means. 
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