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A kit method for the high level synthesis of [211At]MABG
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Abstract—meta-[211At]Astatobenzylguanidine ([211At]MABG), an analogue of meta-iodobenzylguanidine (MIBG) labeled with the
a-emitter 211At, targets the norepinephrine transporter. Because MABG has been shown to have excellent characteristics in preclin-
ical studies, it has been considered to be a promising targeted radiotherapeutic for the treatment of tumors such as micrometastatic
neuroblastoma that overexpress the norepinephrine transporter. To facilitate clinical evaluation of this agent, a convenient method
for the high level synthesis of [211At]MABG that is adaptable for kit formulation has been developed. A tin precursor anchored to a
solid-support was treated with a methanolic solution of 211At in the presence of a mixture of H2O2/HOAc as the oxidant;
[211At]MABG was isolated by simple solid-phase extraction. By using C-18 solid-phase extraction, the radiochemical yield from
25 batches was 63 ± 13%; however, loss of radioactivity during evaporation of the methanolic solution was a problem. This difficulty
was avoided by use of a cation exchange resin cartridge for isolation of [211At]MABG, which resulted in radiochemical yields of
63 ± 9% in a shorter duration of synthesis. The radiochemical purity was more than 90% and no chemical impurity has been
detected. The final doses were sterile and apyrogenic. These results demonstrate that [211At]MABG can be prepared via a kit method
at radioactivity levels anticipated for initiation of clinical studies.
� 2007 Elsevier Ltd. All rights reserved.
1. Introduction

The norepinephrine transporter (NET) represents an
attractive target for the delivery of therapeutic radio-
pharmaceuticals to malignancies that arise from the neu-
roendocrine system. NET is highly over-expressed in
neuroendocrine tumors such as neuroblastoma, pheo-
chromocytoma/paraganglioma, and carcinoid. meta-
Iodobenzylguanidine (MIBG or Iobenguane) is an avid
substrate for NET1,2 and radioiodinated MIBG has
been shown to accumulate in these tumors to such an ex-
tent as to be highly useful for both disease detection
using nuclear imaging and targeted radiopharmaceutical
therapy in humans.3,4

[131I]MIBG is an active agent in the monotherapy of
heavily pretreated, refractory high-risk neuroblastoma,
with 37% responding per International Neuroblastoma
Response Criteria (INRC), 27% alive and without
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disease progression 6 months after [131I]MIBG mono-
therapy, and with 30% alive at 12 months, including
those with progressive disease.5 [131I]MIBG has been
used in combination with radiosensitizing agents,6

surgery,7 myeloablative chemotherapy,8 and/or external
beam radiotherapy9 in attempts to improve therapeutic
response. Similarly, [131I]MIBG is an effective agent
in the treatment of malignant pheochromocytoma
patients, with 30% showing tumor response and 45%
showing hormonal response.10

As [131I]MIBG has demonstrated activity in neuroendo-
crine cancers, significant data also have demonstrated
the ability of other radiohalogenated analogues of
MIBG such as 77/76Bromo-, 18Fluoro-, and 211Astato-la-
beled benzylguanidines to accumulate in neuroendocrine
tumors.11–13 The ability of this transporter (NET) to rec-
ognize and transport these various halogenated benzyl-
guanidines offers several opportunities for medical
imaging and radiotherapy applications.

Most intriguing may be the use of the a-particle emitting
analogue meta-[211At]astatobenzylguanidine ([211At]-
MABG)13 for the treatment of neuroendocrine cancers
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Figure 1. Scheme for the synthesis of [211At]MABG from resin-

supported tin precursor.
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in conjunction with [131I]MIBG, particularly in the
treatment of micrometastatic lesions that are often asso-
ciated with neuroblastoma. b-Particles of 131I have a
range in tissue that is longer than the dimensions of neu-
roblastoma metastases. Because of this, the fraction of
radiation dose from b-particles that is deposited in these
metastatic tumors will be considerably less.14 a-Parti-
cles, on the other hand, have a range in tissue of only
a few cell diameters and are more appropriate for the
targeted radiotherapy of smaller tumors. Also, because
of their high energy and short path length, a-particles
are radiations of high linear energy transfer (LET).
The LET of 211At a-particles is about 100 keV/lm, a
value at which the relative biological effectiveness of
ionizing radiation is the highest.15 Astatine-211 has a
half-life of 7.2 h and decays by a double-branched path-
way, producing one a-particle as a consequence of each
decay.16 Its physical half-life is well matched with the
biological half-life of small molecular weight pharma-
ceuticals such as MIBG. Furthermore, being a heavy
halogen, it is often facile to label organic compounds
with 211At using aromatic tin intermediates.

For these reasons, we have developed a synthesis of
[211At]MABG13 and it has been demonstrated that the
mechanism for cell uptake and the tissue distribution
of [211At]MABG are quite similar to [131I]MIBG but
the a-particle emitting analogue is considerably more
cytotoxic to human tumor cells that over-express
NET.13,17–26

One of the major impediments to the clinical evaluation
of [211At]MABG is that the labeling method developed
for this compound is not ideal for large-scale produc-
tion, in part, because it involves an HPLC purification
step. Although the method provided [211At]MABG in
high yield, only <1 mCi had been synthesized at a time.
Because this method would not be practical for the syn-
thesis of [211At]MABG at higher radioactivity levels on
a routine basis, a simpler method was sought before get-
ting regulatory approval to initiate clinical evaluation of
[211At]MABG as a cancer therapeutic. Our goal was to
develop a simple, high yielding procedure that could
be adapted to kit formulation in a hospital
radiopharmacy.

Solid-phase organic synthesis has become a powerful
tool for the syntheses of a variety of chemicals and drug
molecules.27 Originally developed by Merrifield for the
synthesis of peptides,28 this methodology has several
advantages over solution-phase techniques including
ease of product isolation via simple filtration, the ability
to use large excess of reagents to drive the reaction to
completion, and amenability to automation. The speed
and simplicity of solid-phase organic synthesis is appeal-
ing for radiopharmaceutical applications, especially for
those involving high levels of radioactivity.

A very few examples of solid-phase synthesis of radio-
pharmaceuticals exist. Of particular interest to [211At]-
MABG synthesis is a work reported for the synthesis
of no-carrier-added [*I]MIBG in high yields from
poly-(3-{dibutyl[2-(3-and-4-vinylphenyl)ethyl]stannyl}-
benzylguanidinium acetate)-co-divinylbenzene (tin pre-
cursor; Fig. 1).29 Herein, we have adapted this strategy
for the synthesis of [211At]MABG utilizing a procedure
that is amenable to kit formulation. To date, up to
9 mCi of [211At]MABG in a form suitable for patient
administration has been produced using this approach.
2. Results and discussion

The availability of a practical procedure for radiophar-
maceutical preparation, especially for molecules tagged
with short-lived radionuclides such as 211At at high
radioactivity levels, via a kit method should greatly
facilitate their clinical evaluation. With this goal in
mind, we have evaluated the synthesis of [211At]MABG
from a solid-supported tin precursor (Fig. 1) that was
originally developed for the synthesis of no-carrier-
added [*I]MIBG.29

The conditions used by Hunter and Zhu for the synthe-
sis of radioiodinated MIBG involved the use of a mix-
ture of methanol and potassium phosphate as solvent
and H2O2/HOAc as the oxidant. The choice of methanol
as a solvent should be well-suited for 211At because it
has been shown that the radiolytic damage of other tin
precursors at higher activity levels is relatively low in
methanol.30,31 It should be noted that our original pro-
cedure utilized chloroform as the solvent,13 a medium
demonstrated to be unsuitable for use at high 211At
activity levels due to reaction of radiolytically generated
chlorine molecules with the tin precursors.30,31

For these reasons, all reactions were conducted using
methanolic solutions of 211At. Preliminary experiments
indicated that use of the buffer, and the large volumes
of buffer, methanol, and acetic acid utilized per milli-
gram polymer in the Zhu and Hunter procedure were
not necessary and might even be counter productive.
Initially reactions were conducted using 5 mg of resin
per reaction to determine the effect of reaction time on



able 1. High level synthesis of [211At]MABG from a tin precursor

nchored to a solid support: isolation by C18 cartridgea

Experiment

No.

Initial 211

At activity

used (mCi)

Radioactivity

eluted in methanol

fractions from the

C-18 cartridge

Percent of

activity loaded

1 1.01 0.55 57

2 2.71 1.66 63

3 8.65 5.30 65

4 7.15 2.81 41

5 7.41 4.33 60

6 8.99 2.95 34

7 2.90 1.11 39

8 12.63 7.61 62

9 10.33 5.03 51

10 4.23 2.24 55

11 20.47 8.56 42

12 19.99 13.39 69
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the radiochemical yield. The radiochemical yield was
determined by injecting an aliquot of the reaction mix-
ture onto HPLC. As shown in Figure 2, a radiochemical
yield of 50.2 ± 6.3% was obtained when the reaction was
performed for 5 min. An increased yield of 60.5 ± 6.3%
was obtained by prolonging the reaction to 15 min.
Increasing the duration of the reaction beyond 15 min
did not further increase the radiochemical yield.
Although not systematically investigated, from the
results of a few reactions, increasing the reaction temper-
ature (up to 70 �C) did not improve the radiochemical
yield. This is in contrast to the observations of Maresca
and Kronague (Molecular Insight Pharmaceuticals Inc.,
unpublished results) who found a considerable increase
in the yield of [123I]MIBG at 85 �C compared to that ob-
tained at 25 �C. They conducted the reactions with
10 mg of resin in a mixture of phosphate buffer and eth-
anol and using the H2O2/HOAc mixture as the oxidant.
The HPLC of the reaction mixtures of our temporal ef-
fect studies, performed at <1 mCi of 211At, indicated the
formation of other labeled byproducts that were more
polar than [211At]MABG. Frequently, there was a peak
eluting with the solvent front, consistent with the pres-
ence of astatide or other ionic forms of astatine, and
at times, a couple of other peaks with retention times be-
tween that of the solvent front peak and that of
[211At]MABG.

Based on the information obtained from these prelimin-
ary experiments, reactions using higher radioactivity lev-
els of 211At were performed. Although it may be possible
to extract larger amounts of 211At in 50 ll of methanol,
a higher volume was desired when higher activities of
211At were used in order to minimize the effect of radiol-
ysis on the labeling reaction.30,31 However, preliminary
studies indicated that the radiochemical yields were con-
siderably lower when more than 100 ll of methanol was
used per 5 mg of resin. On the other hand, use of 10 mg
of resin and a total volume of 100–200 ll of methanol
gave fairly consistent yields.

Initially [211At]MABG was isolated by the C-18 solid-
phase cartridge method. Using this method of isolation,
25 reactions with relatively high levels of 211At activity
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Figure 2. Temporal effect on the radiochemical yield: resin (5 mg) was

treated with a methanolic solution of 211At and a mixture of H2O2/

HOAc for 5, 15, and 30 min. Radiochemical yields were determined by

reversed-phase HPLC.
under optimized conditions have been performed and
the results are summarized in Table 1. These reactions
utilized 10 mg of resin, 100–200 ll of methanol, and a
10-min reaction time. The range of 211At activity used
was 1–23 mCi. The average radiochemical yield,
calculated as the percent of radioactivity loaded onto
the C-18 cartridge column that eluted in the methanol
fractions 2–6, was 63 ± 13%; minimal radioactivity was
stuck to the reaction vial.

It should be pointed out that more than one batch of
precursor resin was used for these high level synthesis
reactions. Radiochemical yields of 52 ± 11% were
obtained for runs 1–11 in Table 1 and 72 ± 5% for runs
12–25; the batch of resin used for the latter group con-
sisted of finer particles and thus, of higher surface area.
In Figure 3, the radiochemical yield as a function of
initial 211At activity in the reaction mixture is plotted
for both batches of resin. Although there was a small
decrease in radiochemical yield as a function of 211At
activity added to the reaction mixture, the effect was
not statistically significant (r2 = 0.042, first batch and
r2 = 0.431, second batch).
13 4.95 3.74 80

14 18.35 13.87 79

15 18.38 12.73 71

16 13.36 10.09 77

17 18.75 12.71 69

18 9.89 7.19 75

19 20.59 13.89 70

20 20.22 13.71 70

21 13.41 9.21 72

22 20.31 14.86 75

23 18.42 11.60 65

24 22.66 13.00 60

25 18.85 13.5 72

Means ± SD 12.98 ± 6.85 8.23 ± 4.89 63 ± 13

The tin precursor resin (10 ± 1 mg) was treated with 211At in 100–

150 ll methanol and 20 ll H2O2/HOAc mixture for 10 min at room

temperature. Three different batches of resin were used. For most

runs, the loading was �1 mmol/g; for reaction 6, the resin loading

was only 0.7 mmol/g. The resin used for reactions 12–25 had a more

powdery consistency; others were clumpy.
T
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Figure 3. Correlation of initial 211At activity and radiochemical yields

for reactions 1–11 (A; r2 = 0.042) and 12–25 (B; r2 = 0.431) of Table 1.
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Figure 4. A typical radioactivity profile of reversed-phase HPLC of

final [211At]MABG dose obtained by the kit method. For this a

Waters’ XTerra C18 column was eluted isocratically with 0.1% TFA in

80/20 water/CH3CN at a flow rate of 1 ml/min.
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Figure 5. A typical radio TLC of final [211At]MABG dose obtained by

the kit method.
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As shown in Figures 4 and 5, there was only one major
radioactive peak in both the HPLC and TLC radioacti-
vity profiles of [211At]MABG synthesized using the kit
protocol suggesting that any polar byproducts, such as
those observed in the temporal effect studies, were elim-
inated during the solid-phase extraction procedure.
Based on HPLC and TLC analysis, the radiochemical
purity is determined to be more than 90%. No peaks
were seen in the HPLC UV profile of the final prepara-
tions. Three batches of [211At]MABG prepared in this
manner were subjected to sterility and apyrogenicity
tests. These batches were found to be sterile and apyro-
genic, suggesting the suitability of these methods for
preparing [211At]MABG for clinical studies. The
maximum amount of [211At]MABG that has been syn-
thesized to date using the C-18 cartridge for isolation
is 15 mCi; however, due to loss during evaporation of
methanol, the final injectable dose obtained by this
method was lower (see below).

If the astatination reaction takes place as expected by
breakage of the bond between the tin and the carbon
of the aromatic ring substituted with the guanidinom-
ethyl group, the tin atom should stay attached to the re-
sin and should not contaminate the final preparations.
Nonetheless, although thermodynamically less favored,
there is a possibility of a side reaction whereby the bond
between tin and the carbon residing on the polymer can
break32 resulting in small molecular weight tin-contain-
ing byproducts. As mentioned above, the HPLC UV
profile of the final dose did not have any detectable
peaks. However, even very small levels of alkyl tin com-
pounds could be extremely toxic. To ensure that the fi-
nal dose is devoid of any tin impurities, the tin content
of a few batches was determined using ICP-MS. The
tin content was less than one part per million in all cases.

A serious problem with the C-18 cartridge method de-
scribed above for the isolation of [211At]MABG was that
a considerable amount of radioactivity (average 50%)
volatilized off during the evaporation of methanol from
the cartridge elution fractions. Being a polar and
ionic molecule, [211At]MABG itself may not volatilize
considerably; in fact, we have experienced little or no
loss during the evaporation of the solvent from a
methanolic solution of [131I]MIBG. We speculate
that this observation with [211At]MABG might be due
to the formation of some volatile byproduct by the
radiolytic decomposition of [211At]MABG during the
prolonged evaporation step (about 45–60 min), particu-
larly at the end of the process when the remaining vol-
ume was small. Indeed, a TLC analysis of the
volatilized radioactivity, which was trapped in another
C18 cartridge and eluted with methanol, indicated that



Table 2. High level synthesis of [211At]MABG from a tin precursor anchored to a solid support: isolation by cation exchange cartridge

Experiment

No.

Initial 211At activity

used (mCi)

[211At]MABG activity (mCi) in cation

exchange cartridge fractions

Radiochemical

yield (%)a,b

Final sterile filtered

[211At]MABG mCi (%)

2–12 4–10

1 14.81 10.18 9.86 69 (67) 7.71 (52)

2 13.16 9.67 8.69 74 (66) 7.15 (54)

3 16.65 11.96 10.96 72 (66) 9.12 (55)

4 2.23 1.36 1.22 61 (55) 1.08 (49)

5 3.35 1.59 1.51 51 (48) 1.22 (39)

6 17.30 11.36 10.74 66 (62) 9.19 (53)

7 11.16 7.19 6.96 64 (62) 5.82 (52)

8 0.39 0.26 0.25 68 (64) 0.24 (62)

9 17.80 8.63 8.12 49 (46) 6.67 (38)

10 16.12 9.10 8.63 56 (54) 7.45 (46)

Means ± SD 11.30 ± 6.75 63 ± 9 (59 ± 8) (50 ± 7)

a Percent of initial 211At activity that was eluted in all of the fractions; values in parentheses are based on the activity eluted in just fractions 4–10.
b Sterile-filtered fractions 4–10 combined.
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only about 10% of it co-eluted with MIBG; most of the
radioactivity was in nonpolar fractions. To surmount
this problem, a different method, developed at Molecular
Insight Pharmaceuticals for no-carrier-added [*I]MIBG
purification, was investigated to isolate [211At]MABG.
In this method, [211At]MABG was trapped in a cation
exchange cartridge, which was subsequently eluted with
0.2 M phosphoric acid and the pH of the eluent was
adjusted to the physiological value. This avoided the
evaporation step, thereby circumventing the inferred
radiolytic decomposition, and helped reducing the total
synthesis time by 45–50 min.

The results of the experiments, performed utilizing the
cation exchange cartridge, are presented in Table 2.
The resin used for these reactions was the finer variety
and was of the same batch that was used for reactions
12–25 of Table 1. The average radiochemical yield
based on the percent of initial 211At activity that eluted
in fractions 2–12 from the cation exchange cartridge
was 63 ± 9%. Based on the [211At]MABG activity
available for injection, the radiochemical yield was
50 ± 7%. To date, 9 mCi of [211At]MABG that was in
a form suitable for patient administration has been pre-
pared. The HPLC and TLC of the final product from
these experiments also were similar to those shown in
Figures 4 and 5. A few batches of [211At]MABG prep-
arations isolated using the cation cartridge method
were analyzed for sterility and apyrogenicity, as well
as their tin content determined. They were sterile and
apyrogenic and their tin content was less than one part
per million.

The original method that we developed for the synthesis
of [211At]MABG13 involved a HPLC purification step
and thus may not be ideal for high radioactivity level
synthesis. The HPLC run and the subsequent removal
of volatile solvents from the HPLC fractions take about
30 min. The total time for the synthesis by the kit meth-
ods is about 120 and 70 min for C18 and cation exchange
cartridges, respectively; in comparison, the duration
was about 150 min for the HPLC method. Because of
the 7.2-h half-life of 211At, an additional advantage of
the cation exchange procedure compared with HPLC
procedure is that it will increase the amount of [211At]-
MABG available for use by about 10%. More impor-
tantly, this method provides a convenient way to
produce relatively high levels of [211At]MABG that
can be readily adapted for use in a hospital
radiopharmacy.
3. Conclusions

In summary, we have developed a method for the syn-
thesis of relatively high amounts of [211At]MABG in
good radiochemical yields from a tin precursor that
was anchored to a solid support. This method is adapt-
able to a kit formulation and the quality control charac-
teristics of the final dose are consistent with those
appropriate for clinical studies.
4. Experimental

4.1. General

All chemicals were purchased from Sigma–Aldrich un-
less otherwise noted. A tin precursor anchored to a poly-
styrene matrix (1; Fig. 1) was synthesized as reported
before.29 High-pressure liquid chromatography was per-
formed using a Beckman System Gold HPLC equipped
with a Model 126 programmable solvent module, a
Model 166 NM variable wavelength detector (a wave-
length of 254 nm was used for all runs), a Model 170
radioisotope detector, and a Beckman System Gold re-
mote interface module SS420X; data were acquired
using 32 Karat software. For reversed-phase chroma-
tography, a Waters’ XTerra C18 column
(4.6 · 250 mm, 5 l) was used. The column was eluted
in isocratic mode at 1 ml/min with one of the two mobile
phases: (1) 10% THF in 0.2 M ammonium dihydrogen
phosphate, pH 7.0, or (2) 0.1% TFA in 80:20, water/
acetonitrile.
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4.2. Astatine-211 production

Caution! Astatine-211 is an a-emitter of high LET. It
should be handled in a well-ventilated fume hood; pro-
tective masks should be worn. Ingestion or inhalation
of 211At can cause severe radiotoxicity. The 211At
activity was produced on the Duke University Medical
Center CS-30 cyclotron via the 209Bi(a, 2n)211At reac-
tion by bombarding natural bismuth metal targets with
28 MeV a-particles using an MIT-1 internal target
system (Cyclotron Inc., Napa, CA).33 The radioactivity
was condensed into a PEEK (polyetheretherketone)
tube34 immersed in a dry ice/ethanol bath and subse-
quently extracted from the tube into methanol.

4.3. Astatine-211 quantification

For measurement of 211At activity using the gamma
counter, the energy window was set to encompass the
77–92 keV Po K X-rays emitted by its electron capture
decay branch. Both the gamma counter and dose cali-
brator had been cross-calibrated for 211At with a germa-
nium semiconductor detector. For the dose calibrator,
the 133Xe setting was used and a correction factor of
2.3 was applied.

4.4. [211At]MABG synthesis

4.4.1. Temporal effect on the radiochemical yield. To
5 mg of resin 1 (�1 mmol/g) in a Reacti� vial was
added 50 ll of a methanolic solution of 211At (200–
300 lCi) followed by 10 ll of a 17:10 (v/v) mixture of
hydrogen peroxide (30% w/v):HOAc. The suspension
was stirred gently at room temperature for various
periods of time. The resin from the reaction mixture
was removed by filtration through a syringe filter and
washed with three 25 ll portions of methanol. Radio-
chemical yield was determined by injecting an aliquot
of the filtrate onto reversed-phase HPLC (tR = 23–
24 min and �18 min using HPLC conditions 1 and 2,
respectively).

4.4.2. High level synthesis
4.4.2.1. C18 cartridge. To 10–12 mg of the resin was

added 211At (up to 23 mCi) in 100 ll of methanol
followed by 20 ll of hydrogen peroxide–acetic acid mix-
ture. The reaction mixture was stirred gently for 10 min
at room temperature and diluted with 10 ml of water.
This mixture was passed through an activated C18
solid-phase cartridge (Waters). The cartridge was
sequentially washed with 2 · 5 ml water and 0.25 ml
5 mM hexane sulfonic acid, pH 2.5. The [211At]MABG
was eluted from the cartridge with 0.25 ml portions of
methanol; most of the radioactivity eluted in fractions
2–6. The methanol was evaporated from pooled frac-
tions containing [211At]MABG and the radioactivity
was reconstituted in saline and sterile filtered. During
the evaporation of methanol, a C-18 solid-phase
cartridge was attached to the vial to trap the volatile
radioactivity. In some cases, the radioactivity trapped
in the cartridge was eluted with methanol to determine
the amount of intact [211At]MABG in the volatilized
fraction by TLC.
4.4.2.2. Cation exchange resin cartridge. Astatine-211
(2–18 mCi in 100–150 ll MeOH) was added to 10 mg of
resin in a Reacti� vial. The vial was swirled to ensure
uniform coating of radioactivity and 20 ll of a 10:17
(v/v) mixture of glacial acetic acid and hydrogen perox-
ide (30%, w/v) was added to the vial. A triangular stir
bar was placed in the vial and the contents were stirred
at room temperature for 10 min. The entire mixture was
transferred to a 14-ml Falcon tube with the aid of 10 ml
of sterile water for injection (SWFI). A cation exchange
cartridge (BondElut–CBA 3 ml, 500 mg; Varian Inc.,
Palo Alto, CA) attached with a threeway stopcock was
activated by passing 2.5 ml each of anhydrous MeOH
and SWFI. The diluted reaction mixture was added in
portions to the activated BondElut cartridge and the
effluents were withdrawn using a 10-cc syringe. The Fal-
con tube was rinsed with an additional 20 ml of SWFI
and passed through the cartridge as above. [211At]-
MABG was eluted from the cartridge with 12 · 1 ml
of 0.2 M phosphoric acid. Generally, the majority of
the radioactivity elutes in fractions 4–10. The pooled
fractions were adjusted to pH 7.0 with the addition of
5 N NaOH and then filtered through a 0.2-lm sterile fil-
ter (preconditioned by passing 0.25 ml of sterile-filtered
1% HSA in PBS, pH 7.14) into a sterile vial.

4.4.3. Quality control. Purity of the final preparation was
determined using both HPLC and TLC. For TLC, silica
plates were eluted with 5% HOAc in EtOH, and under
these conditions MIBG (and [211At]MABG) eluted with
an Rf of 0.4. After developing, the TLC plate was cut
into small strips, which were then counted using a gam-
ma counter. The CPM values were plotted against the
corresponding strip (fraction) number. Sterility and
apyrogenicity testing of a few batches was performed.
Sterility was determined using the standard USP sterility
test and apyrogenicity by a Limulus amoebocyte lysate
(LAL) assay for detection of bacterial endotoxins. The
tin content of a few batches of the final [211At]MABG
product was determined by inductively coupled plasma
mass spectroscopy (ICP-MS; Galbraith Laboratories,
Knoxville, TN).
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