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Editorial: Neutron therapy

Neutron therapy is a relatively new form of treat-
ment for malignant tumours, and during the few
years in which it has been used it has shown itself
to be effective. It does, however, cause radiation
damage to the eye when the eye is unavoidably
irradiated, although this is acceptable when life is
threatened.
The neutron is the particle of the atomic nucleus

which carries no charge. It is generated in the
cyclotron by bombarding a beryllium target with
deuterons, which are themselves generated in the
cyclotron by the action of an electric field on
deuterium gas. The neutrons leave the cyclotron in
a horizontal beam in which the patient is placed.
Neutrons pass readily through most materials and
are best absorbed by hydrogen-containing material
such as paraffin wax. They pass easily through
blocks of metal. Thus effective screening to prevent
the irradiation of areas outside the necessary field
of treatment is difficult. The beam itself is defined
by a neutron-absorbing cone at the emission
opening of the cylotron, and paraffin-wax moulds
are applied to the patient. Thus it is not possible
to screen the eye completely when it lies unavoid-
ably in the treatment field. It is therefore important
for the radiotherapist to understand the extent of
the ocular effect which will be produced by any
particular dose of neutrons so as to plan treatment
for the patient.
Neutrons produced by a cyclotron were first

used in the treatment of cancer by Lawrence in
Berkeley, California, in I938. Between I938 and
1943 more than 200 patients were treated with this
machine (Stone and Larkin, 1942). A curative
effect on tumours was demonstrated but there was
an unacceptable level of damage to adjacent tissues
(Stone, 1948).
However, in Britain knowledge was accumulating

on the biological effects of fast neutrons (Gray and
Read, 1942) and of differences in biological effects
between neutrons and x rays and y rays (Gray and
Read, 1944). It appeared that the results of the
American study should not be taken as conclusive,
since the dose assessment was doubtful and the
proper adjustment of the total dose to allow for
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the effect of fractionation had not then been
understood. It was suggested that the therapeutic
use of fast neutrons should be fully investigated,
and for this the Medical Research Council decided
to build the first cyclotron to be constructed
primarily for clinical use; this was begun at the
Hammersmith Hospital in 1950. Ten years'
experimental work on animal tissues preceded the
clinical application of the Hammersmith cyclotron,
and patients were first treated in I966. During the
past two years three cyclotrons in the USA have
been adapted for clinical use, although these were
not primarily built for the purpose, and in Scotland
a cyclotron for clinical use is under construction
at the Western General Hospital, Edinburgh.
The neutron differs from x rays and y rays in

its interaction with tissues. Neutrons produce
ionization in tissues by interaction with atomic
nuclei to produce nuclear recoils in the form of
protons and a-particles. The effect of x rays upon
cells has been shown to be oxygen-dependent, but
the neutron does not require a high oxygen level to
be effective; this is one of the factors explaining
the tumour-destructive effect of neutrons, since it is
believed that the central parts of tumours are
relatively hypoxic. Less cellular recovery occurs
between divided neutron doses than with x rays,
so that, unlike the x ray dose, the neutron dose
does not need to be increased when it is frac-
tionated, which may have led to overtreatment in
the early American studies. Penetration of soft
tissues is not better than with x rays, but bone
is better penetrated, another factor which gives a
relative advantage to neutrons in intracranial
tumours.
The effect of neutrons produced by the Hammer-

smith Hospital cyclotron in the treatment of
tumours in patients has been reported by Catterall
and Vonberg (I974) and Catterall, Sutherland, and
Bewley (1975). It does appear that the neutron is a
particularly effective agent in the treatment of
tumours, so that the understanding of its effects and
side-effects will continue to be necessary and the
collaboration of the ophthalmologist will be required
whenever tumours of the head are being treatedl.
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