
Potential and Pitfalls of Therapy with �-Particles

Because of the short path length in
tissues (�100 �m) and the high linear
energy transfer (�100 keV/�m),
�-particle therapy offers the potential
for specific tumor cell killing with a
low level of damage to surrounding
tissues (1). Clinical applications for
which this approach is favorable in-
clude minimum residual tumor tissue
(2,3) and local–regional administration
settings (4) as well as targeting of tu-
mor vasculature. Because of the geom-
etry of tumor cell populations, radia-
tion with short ranges in tissue should
be desirable because a larger fraction
of decay energy would be deposited in
small lesions (5).

Several �-emitters have been pro-
posed in the literature. 211At has
many attractive features for targeted
�-particle radiotherapy. 211At can be
produced by the cyclotron bombard-
ment of natural bismuth with �-parti-
cles [209Bi(�,2n) 211At]. 211At has a
half-life of 7.2 h, which is long enough
to permit complex labeling strategies
and which could allow the delivery of
therapeutic radiopharmaceuticals at
sites distant from the production site.
The half-life is also well matched to
the pharmacokinetics of a variety of
molecular entities, including peptides,
monoclonal antibody fragments, and
small molecules. �-Particle emission is
associated with each decay of 211At
either by direct �-emission to 207Bi
(42% of decays) or by electron capture
decay to 211Po, with a 520-ms half-life,
followed by �-emission (58% of de-
cays). Although it is possible that this
second decay mode would release ra-
dioactivity from its binding site, as the
half-life of 211Po is only 520 ms, the

distance traveled by the resulting po-
lonium is likely to be low. This prop-
erty is unlike that of other �-emitting
radionuclides, such as 212Pb, for which
the distance traveled by the daughter
nuclide is likely to be significant (6,7).
Liposomes have been developed to
minimize the escape of daughter nu-
clides from the site of the initial decay
(8).

A consequence of electron capture
decay is that 77- to 92-keV photons
from the excited polonium daughter
nucleus are emitted and can be imaged
by either planar or SPECT scanners
(9,10). Several research groups have
developed techniques for attaching
211At to a wide variety of targeting
molecules (11–14). The toxicity of
211At for human cancer cells has been
demonstrated with a wide variety of
211At-labeled compounds in cell cul-
tures (15–18) and in animal models
(19–21). A clinical trial has been ini-
tiated at Duke University with 211At-
labeled monoclonal antibodies (22,23),
and other trials are in the planning
stage. On pages 1393–1400 of this is-
sue of The Journal of Nuclear Medi-
cine, Pozzi and Zalutsky (24) report
the results of important basic science
studies on the radiolytic effects of as-
tatine �-particles on the synthesis of an
important 211At-labeled precursor.

With the interest in the production of
high yields of short–half-life positron-
emitting radiopharmaceuticals as well
as high yields of therapeutic radiophar-
maceuticals, studies on radiolytic ef-
fects are becoming more important.
This topic has been of interest to ra-
diochemists for many years (25). Re-
cently, several publications addressed
the stability of positron-emitting radio-
pharmaceuticals, particularly those la-
beled with 11C (26–29). Fukumura et
al. (26) carefully examined the stabil-
ity of 14 11C-labeled radiopharma-
ceuticals and examined the effects of
radical scavengers on stability. Inter-
estingly, they showed that, depending

on the chemical structure of the 11C-
labeled radiopharmaceutical, different
scavengers had different efficacies. By
using appropriate additives according
to the class of the radiopharmaceutical,
they showed that it is possible to pre-
pare 11C-labeled radiopharmaceuticals
with high radiochemical purity even at
high levels of radioactivity.

In the article in this issue (24) and
in an earlier article (30), Pozzi and
Zalutsky carefully evaluated the ef-
fects of solvents on the radiolysis of
precursors as well as the effects of
increasing amounts of activity on radi-
ation effects in astatine-labeled radio-
pharmaceuticals. In their first article
(30), Pozzi and Zalutsky incubated N-
succinimidyl 3-(tri-n-butylstannyl)ben-
zoate and N-succinimidyl 3-(trimethyl-
stannyl)benzoate with various astatine
time–activity combinations. They used
various solvents—chloroform, meth-
anol, and benzene—and varied the pH.
Extensive radiolytic decomposition of
both N-succinimidyl 3-(tri-n-butylstan-
nyl)benzoate and N-succinimidyl 3-(tri-
methylstannyl)benzoate was observed
in chloroform, but a greater degree of
stability was observed in both metha-
nol and benzene. Their conclusion was
that the nature of the solvent pro-
foundly influences the ability to syn-
thesize high levels of N-succinimidyl
3-211At-astatobenzoate (SAB) and pos-
sibly other 211At-labeled radiopharma-
ceuticals.

In their second article (this issue)
(24), Pozzi and Zalutsky extended this
work by examining the yields of SAB
as a function of the radiation dose.
They found that SAB production de-
clined rapidly with increasing radiation
dose. However, surprisingly, they ob-
tained greater than 30% yields of SAB
when the reaction was carried out with
methanol but without the addition of
acetic acid, an oxidant agent previ-
ously considered to be essential for
astatodestannylation. Their conclusion
that radiolytic effects play an impor-
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tant role in the synthesis of therapeutic
amounts of astatine-labeled radiophar-
maceuticals is an important observa-
tion and suggests that basic research is
needed to evaluate reaction conditions
that are not affected by radiolysis.
Such research is essential for an under-
standing of the role of radiolysis in the
preparation of high levels of astatine-
labeled radiopharmaceuticals. These
studies must be performed in a timely
manner because of the great promise of
211At-labeled radiopharmaceuticals for
therapeutic applications.
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