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New Cancer Therapy using
Boron Neutron Capture Therapy

Introduction


Over the past decade there has been a continued interest around the world in the development of Boron Neutron Cancer Therapy (BNCT), which is a new promising form of therapy for brain cancer and melanoma.  In clinical trials it has shown promise in the treatment of glioblastoma (a high malignant form of brain cancer that kills about 8000 people in the United States each year), brain metastases and melanoma (a malignant form of skin cancer that can spread to other parts of the body, including brain).  

BNCT involves the selective irradiation of tumour cells in a way which is not achievable using current forms of conventional radiation.  In BNCT the radiation effect or damage produced can be extremely localized (tumour cells are selectively destroyed) thereby sparing the normal tissue.  

At present, there are several groups in the U.S and abroad working on this approach. The MIT/Harvard group, which conducted some of the clinical trials, is considered a leader in the field. The Boneca Corporation group in Finland is also developing the BNCT technology. 
Theory 
BNCT is a binary radiation therapy that brings together two components: a stable isotope of boron and a beam of epithermal neutrons (intermediate- energy levels in the range of 0.4 eV to 10 KeV). The nuclear reaction that occurs when the stable isotope of boron (10B) is irradiated with an epithermal neutron produces highly energetic alpha particle (4He), a Lithium-7 (7Li) ion and a gamma ray. (See figure attached).  The alpha and lithium nuclei have a range of approximately 4-7 μm, sharing between them 2.3-2.8 MeV. The in-air epithermal flux ranges from 3.2 to 4.6 x 109 n/cm2 s at the patient position.    
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The method takes advantage of the nuclear properties of boron 10B that have high neutron capture cross-section.  Boron can be concentrated in tumour cells by attaching it to a special boron carrier drug designed to be selectively taken by the cancer cells. When the tumour cell is irradiated and exposed to the neutrons, the 10B atoms at the tumour cells capture the neutrons, become unstable and immediately release highly energetic short-range alpha particles and lithium ions which deposit most of their energy within the tumour cells containing the original 10B atoms. Because alpha particles travel a very short range (~ length of a single cell) it is expected that they will damage the tumor cell and not the adjacent cell. Therefore BNCT can be thought as a radiation therapy which targets cancer cells at the cellular level. The success of the BNCT relies on both the ability of the 10B compound to concentrate preferentially in tumor cells and of the neutrons in the beam to reach all malignant cells. 

Of the various nuclides that have high neutron capture cross section 10B is the most attractive for the following reasons: it is not radioactive, can be readily incorporated into a multitude of different chemical structures, the alpha and lithium particles emitted by the capture reaction are high “Liner Energy Transfer” (LET) i.e. high energy deposited per unit of track length (KeV/μm ), the particles emitted have a combined path length of about 12 μm, (approximately one cell diameter) limiting the radiation effects to the tumor cells and sparing the normal cells.  
Because boron is ideally taken up preferentially by the malignant cells, the BNCT process offers the possibility of higher selective destruction of malignant tissues (the radiation effect or damage produced can be extremely localized) while sparing of neighbouring normal tissues. If a high concentration of 10B exists in tumour cells relative to other normal tissues, a higher dose will be delivered to tumour cells during neutron irradiation. Little or no radiation is delivered to the other normal tissues if the 10B is selectively localized within the tumour cells. 
Another advantage of the alpha particles having high LET is that, compared to some other forms of ionizing radiation like X-rays, do not require oxygen to enhance their biological effectiveness. A rapidly growing tumor outgrows its blood supply so that some regions which receive less oxygen become more resistant to the radiation effects. An alpha particle, not needing oxygen, is effective in attacking all parts of the tumor.
How it works
The cancer patient receives an intravenous injection with a special drug that is tagged with non-radioactive atoms of 10B which concentrates preferentially in tumor cells. The interval between the drug administration and neutron irradiation can be adjusted to an optimum when there is the highest differential 10B concentration between normal tissues and the tumor.  The epithermal neutron beam itself can be collimated so that the field of irradiation excludes normal tissues with high 10B concentration.  
Dose limits
BNCT has the potential to injure the normal tissue by low and fast energy neutrons interactions as well as gamma rays. The gamma radiation produced contributes very little to the cancerous cells but has to be evaluated at the normal tissue to ensure dose is acceptable. 
Clinical considerations and clinical trials
At present there are several groups in U.S and abroad working on BNCT approach.  The MIR/Harward group is leading the BNCT research in the USA and is the only US program which is licensed for human trials. They make use of a fission converter epithermal neutron beam at the MIT Nuclear Research Reactor. 
The thermal neutron irradiation facility at MIT is a vertical beam-line situated directly underneath the core reactor. Beam intensity is proportional to the operating power of the reactor with a maximum thermal incident neutron flux of ~ 5x 109 neutrons/cm2-sec. available in-air at the position of the patient. Beam contamination from fast neutron and gamma rays is low and considerably less than the inherent background induced by thermal neutrons in tissue. This beam permits irradiation for clinical trials to be conducted in 1-4 fractions in 10 minutes or less.

The 1999 MIT researchers concluded a Phase I clinical trial for intracranial melanoma and glioblastoma in the central nervous system.  The goal of Phase I trial was to determine the maximum level of radiation that can be safely administrated. They did not have as primary purpose to demonstrate the BNCT efficacy.  
The Phase I trial showed that NBCT could be delivered safely.  Results from BNCT Phase I trial also were encouraging for melanoma tumors in the brain, as complete or partial tumor control has been observed in several cases. 
The Phase II research study, underway at the MIT, has the purpose to examine the clinical response of melanoma after BNCT irradiation, to determine time course and severity of any acute skin reaction following NCT, to measure the amount of boron that is taken up in the tumor and surrounding normal skin, etc.  
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