Neutron Capture Therapy

We believe Mark Crawford’s 13 April
article concerning boron neutron capture
therapy (BNCT), “Pork in a medical wrap-
ping” (News & Comment, p. 156), does not
provide an accurate assessment of BNCT
research reactor needs. We therefore provide
the following additional information.

The Brookhaven National Laboratory
(BNL), the Massachusetts Institute of Tech-
nology (MIT), and the Georgia Institute of
Technology do not have reactor facilities
equivalent to the Idaho National Engineer-
ing Laboratory’s (INEL’s) Power Burst Fa-
cility (PBF) reactor. “Epithermal” neutrons
(neutrons with energies between 0.5 and
10,000 electron volts) are necessary for tis-
sue penetration sufficient to allow nonsurgi-
cal treatment of human tumors. The PBF
reactor was specifically designed to produce
epithermal neutrons; the other reactors were
designed to produce thermal (0.025-
electron-volt) neutrons and have a smaller
epithermal-neutron component.

To ensure that an epithermal-neutron
beam will permit treatment of deep-seated
human tumors without causing unaccept-
able damage to normal tissue, three condi-
tions must be met: (i) the ratio of fast-
neutron dose to peak thermal-neutron flux
developed in tissue must be as small as
possible; (ii) the incident beam should be as
monodirectional as practical (collimated);
and (iii) the beam aperture should be adjust-
able so that the treatment field is only as
large as necessary (similar to conventional
radiation therapy). All three conditions are
difficult to achieve while providing the de-
sired epithermal-neutron intensity needed
for practical treatment. Measures to meet
these conditions reduce the desired
epithermal-neutron intensity.

A neutron filter was designed and fabri-
cated by the INEL PBF/BNCT program
staff for the Brookhaven Medical Research
Reactor (BMRR). This filter is near opti-
mum for that facility, and the neutron beam
produced has been well characterized by
measurement (1). The measured values of
neutron intensity and spectrum are in excel-
lent agreement with INEL design calcula-
tions. Similar calculations for the proposed
PBF beam show that (i) the undesired fast-
neutron contaminant is only 10 to 25% of
the BMRR value; (ii) a PBF neutron beam
will be at least ten times greater than that of
the BMRR in desired epithermal intensity;
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and (iii) the output of a PBF beam will be
much more monodirectional than that of the
BMRR, allowing desired aperture adjust-
ment without significant loss of beam inten-
sity (2). Therapy is limited by normal tissue
tolerance. Therefore, a PBF neutron beam
will deliver a significantly higher tumor dose
than will the BMRR beam.

The INEL PBF/BNCT program partici-
pants are now conducting the biological
research required to define the useful limits
of the BMRR beam and to further refine the
required design limit for high-energy neu-
trons. The greater intensity of the PBF
source will allow even further reduction in
the fast-neutron contamination, if required.

Because of the fundamental reactor design
parameters, the Georgia Tech Research Re-
actor (GTRR) may produce a better BNCT
neutron beam than the BMRR; the MIT
reactor (MITR-II) beam will be significantly
inferior to both.

Contrary to the statement in the article,
assumptions about the acceptability or ad-
vantage from treatment fractionation are
extrapolation from conventional photon ir-
radiation response that may be incorrect.

Crawford’s statement concerning the lack
of human BNCT treatment, attributed to
Ralph G. Fairchild, is incorrect: BNCT has
been tested in humans. Thermal-neutron
brain tumor BNCT conducted at BNL and
MIT in the 1950s and early 1960s was
unsuccessful. After additional boron com-
pound development, more than 100 pa-
tients with brain tumors have been treated
by H. Hatanaka, and six patients with ma-
lignant melanoma have been treated by Y.
Mishima in Japan. Japan does not have a
satisfactory source of penetrating epithermal
neutrons. The brain tumors must therefore
be exposed by neurosurgery, and the treat-
ment for melanoma is limited to tumors near
the surface. The results from these recent
human studies are encouraging and provide
the basis for a worldwide resurgence of
interest in BNCT.

The INEL PBE/BNCT program plan was
prepared under the guidance of an eminent
biomedical advisory committee. The pro-
gram has undergone four peer reviews. The
researchers have developed analytical capa-
bilities that are now in worldwide use. Two
of these capabilities were recognized as “na-
tional resources” in the recent Health and
Environmental Research Advisory Commit-
tee review (3). The research results are pub-
lished in peer-reviewed journals and pro-
ceedings (4).

If BNCT proves to be effective in clinical
trials, treatment of patients with lethal re-
fractory tumors (brain tumors, metastatic
melanoma, and so forth) will require the
construction of dedicated treatment facilities

in several cancer centers. Low intensity,

epithermal-neutron sources (BMRR, MITR-

II, and GTRR) will have useful applications

in BNCT research. But it is by no means

justified to restrict the available neutron

sources to such limited facilities. The BNCT

research necessary to optimize the design of

dedicated treatment facilities requires an in-

tense epithermal neutron beam. PBF is the

only reactor that has the intensity required.

The PBF reactor is an international resource

that must be utilized if the full potential of
BNCT is to be scientifically assessed.
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Science is to be congratulated for its article
“Pork in a medical wrapping” and its report
of the manner in which funding is being
sought to continue operations of the De-
partment of Energy’s (DOE’s) reactor in
Pocatello, Idaho. It is deplorable that the
funding for the neutron capture therapy
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