INVITED COMMENTARY

Overcoming the Obstacles to Clinical Evaluation
of “t!At-Labeled Radiopharmaceuticals

be surmounted to begin that clinicallL) and the University of Chicago

The potential for using the-parti- study. Some of the highlights are de{Chicago, IL) that included Dr. Evan
cle—emitting radionuclidé!!At in can  scribed in this commentary. H. Appelman and Dr. Michael Zalutsky,
cer therapy has been noted in the liter- ?**At was produced in 1940 on thereported the first stable attachment of
ature for many yearsl{7). 21!At is 1  cyclotron at the University of Califor- 2!*At to a protein in 1977. Difficulty
of only a fewa-emitting radionuclides hia at Berkeley11). The first hurdle to was encountered in th&'At labeling
considered to be reasonable candidat@yaluating 21?At in biologic studies studies; full characterization of the
for in vivo therapeutic use8]. How- Wwas manmade. Because of World Waproducts could not be attained because
ever, it has taken several decades froll, nearly a decade passed before inthere are no stable nuclides of astatine.
the discovery of!!At to begin clinical depth in vivo evaluations were con-However, several investigations showed
evaluation of its potential in cancerducted. In vivo studies showed thatthat the nonactivated aryl compounds
therapy. The primary reason for thislike radioiodine, 2*At was accumu could be readily astatinated through or-
long lead time is that many obstacledated in the thyroids of rats and mon-ganometallic intermediates22-24).
placed by nature and man had to b&eys (L2-14). However, it was noted Zalutsky et al. §) have spent consid-
surmounted before clinical studiesthat the metabolism and biologic ef-erable effort since that time evaluating
could be initiated. Fortunately, manyfects of?2'?At in rats and monkeys were various structures of the nonactivated
of the obstacles that have preventedignificantly different. There can be lit- aromatic ring compounds and optimiz-
clinical evaluation in the past havetle doubt that the history 6t!At use in ing labeling conditions such that they
been overcome, and the potential ofancer therapy would have been differcan be used in clinical studies. Their
this a-emitting radionuclide for ther- entif it had been found thdt'At inits  article describes labeling conditions
apy of cancer (endoradiotherapy) willfree state was identical, or very similarthat were used over many years of
be assessed in different radiopharmae radioiodine. Such a finding would study, but optimization of conditions
ceutical forms in the coming years. Inhave made free?j'At]astatide attrac for scale-up to clinical levels of'?At-
this issue ofThe Journal of Nuclear tive for therapy of thyroid cancedf). labeled antibody had to be conducted.
Medicine, Zalutsky et al. 9) describe The results obtained in those earlyt is encouraging to see that labeling
studies that circumvent some of thestudies indicated th&t!At required a yields can be obtained for high-level
formidable challenges to entering clin-cancer-selective targeting agent to b&abeling (e.g., 2.15 GBq [58 mCi]) that
ical studies with?'?At. Although there used in cancer therapy. are similar to those obtained for 37- to
was an earlier report of a single patient Nature provided the next 2 major74-MBq (1- to 2-mCi) labeling.
receiving human serum albumin mi-obstacles to evaluatir§!At in cancer A manmade (but necessary) hurdle
crospheres containing'*At to treat therapy. First, it was not until the ad-that had to be surmounted before be-
plate epithelial carcinomal(), the re- vent of methods to prepare monoclonaginning clinical studies is an assess-
sults reported in the article by Zalutskyantibodies {6) in the 1970s that ap- ment of the toxicity oR!At. There are
et al. @) have led to the first clinical propriate cancer-selective carrier molalways questions of toxicity when
evaluation of an?'!At-labeled radie ecules were available. Second, it was-emitting radionuclides are involved.
pharmaceutical. This can be considnoted that, again unlike radioiodine,This likely comes from the very high
ered a major triumph over the last of &11At directly labeled on proteins wastoxicity of the a-emitting radionu-
series of obstacles to entering into &ery unstable toward in vivo dehaloge-clides thorium, plutonium, and polo-
clinical study with?!!At. To place this nation (L7,18. The problem of astati- nium. Early studies witH?'!At raised
accomplishment in perspective, oneated-protein stability was circum-the issue of a potential for breast can-
must reflect on the obstacles that had tgented by attaching thél!At to a cer with free Pl!At]astatide g5,26.
nonactivated aromatic ring19-21). Although there are several questions
Indeed, Dr. Arnold M. Friedman, who about those studies, this specter again
Apfffg“"ggm"."ar- 27, 2001; revision accepted (a9 | ynderstand it) wanted to resurrecinakes it imperative that the astatine
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St., Seattle, WA 98103. gonne National Laboratory (Argonne,that toxicity of P?At]astatide in mice
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was observed in spleen, lymph nodegRn produced could be used in aOther small-moleculéAt-labeled ra
bone marrow, gonads, thyroid, salivarycryogenic generator system to provideliopharmaceuticals (e.g., methylene
glands, and stomach. In a recent study}'At for therapy. It has been estimatedblue @6), methyl-naphthoquinol di-
McLendon et al. 28) evaluated the that such a system could provide curigghosphonate 37), deoxyuridine 88),
toxicity of free astatide- and astatine-evels of211Rnf1At from each irradi  diphosphonates3@), benzylguanidine
labeled antibody in rodents. Theyation. There are, of course, issues of40), and peptides4l)) are being eval-
found that “the L, for [2?At]astatide contamination with the problematicuated in preclinical studies. It might be
was about 10-fold higher than the ef-8.3-h half-life of21%At. It is important anticipated that some of those radio-
fective treatment dose f8#At labeled to note that the issue 8#°At contam pharmaceuticals will also make it to
monoclonal antibody” in rats, whereination is not a consideration in irradi- clinical studies. However, it is impor-
LD, is the lethal dose for 10% of theation of bismuth when amx-particle tant to note that, whereas slowly me-
animals. They also found that “thebeam is used below 29-MeV currenttabolized?!!At-labeled molecules can
LD, of 21At-labeled chimeric 81C6 in Larsen et al.31) report that irradiation be evaluated in clinical studies at this
a mouse strain was about half that oht 50—60pA for 1.5—-4 h using their time, more rapidly metabolized carrier
[21At]astatide” 9). Those results es internal target can produce large quanmolecules still present a significant ob-
tablished the preclinical maximum tol-tities of 21At (1.96—-6.59 GBq [53— stacle to developing ne#'At radio-
erated dose of!'At-labeled chimeric 178 mCi]) and that the majority of that pharmaceuticals. This is true because
81C6 and defined the target organs foactivity (1.26-3.74 GBq [34-101 the stability of %At can be compreo
toxicity (in the rodent model). The re- mCi]) can be isolated by dry distilla- mised when it is attached to a rapidly
sults of those studies were used to deion in a form that can be readily usedmetabolized molecule. Although a
termine the starting doses for clinicalin labeling procedures. These data sugnethod of stabilizing*?At under met
studies. gest that a potentially viable route toabolic conditions presents yet another
The question that is often askedcircumventing the problem of!!At major challenge, it should be possible
about the use cf!At as a radionuclide availability would be to have regional to surmount this obstacle as well.
for therapy is whether enough!At cyclotron centers using the internal tar-

could be produced if clinical studiesgets. With this setup, large-scale pro- D. Scott Wilbur
show that astatinated monoclonal antiduction of?!!At could be attained and University of Washington
bodies effectively treat cancer. Thisdelivery of an?*'At radiopharmaceuti Seattle, Washington
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