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Among the Auger electron emitters, the radiolanthanide '*°Nd has some unique nuclear properties with potential for endoradiotherapeu-
tic applications. In the present study, “°Nd was produced via the “°Ce(*He,3n) nuclear process at the FZ Jiilich CV28 cyclotron,
irradiating CeO, with 3He particles of 36 MeV primary energy. Yields of about 5 MBq “°Nd per HAh were experimentally obtained.
Batch yields of > 100 MBq '“°Nd were reached. '“°Nd was separated in 75 + 5% radiochemical yield using a two-step process, first by

extracting the bulk of the target material according to a Ce™/Nd™P separation, then by final ion exchange purification.
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Effective endoradiotherapy (ERT) of soft tissue tumours
and small metastases with labelled complexes, particles,
peptides, monoclonal antibodies or fragments requires the
appropriate selection of a suitable radionuclide. Radio-
pharmaceuticals labelled with f~ -emitting nuclides such
as %Y, Sm or '®!88Re are commonly used for the
treatment of medium-sized tumours, but also for small
tumours or metastases. Nevertheless, for small-size tu-
mours, f~ -emitting nuclides with lower [~ -energy or
nuclides emitting «-particles or Auger electrons seem to be
adequate. These particles generally offer a shorter range as
well as a higher linear energy transfer (LET) in tissue.

Among the Auger electron emitters, the radiolanthanide
140N d has some unique nuclear properties:

— The "°Nd itself exclusively emits Auger electrons, not
accompanied by high-energy y-radiation. Additional
photons, and Auger electrons, however, originate from
the decay of its short-lived daughter '“°Pr.

— The "°Nd half-life of 3.37 d seems to be suitable for
most of the usual treatments in ERT. It allows a
significant tumour to blood activity ratio to be reached
and it is, therefore particularly useful for the application
of larger molecules with relatively long biological
kinetics.

— The Auger electron emission rates are 0.079 for the
K-shell, and 0.94, 0.876 and 0.875 for the L-shells (L,,
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L,, L;). These emission rates are thus comparable with
those for the, usually, in vitro used Auger electron
emitter '2°T (0.116 and 0.956, 0.921, 0.921, respectively)
(1, 2).

— There are groups of Auger electrons emitted per decay,
creating a positively charged residual atom. On averag-
ing the the corresponding
charges are +7 to +9 with maximum values up to

+20 to +30 (3). On the whole, the therapeutic
efficacy of one decay of '*°Nd parallels the number of
the emitted Auger electrons.

— The mean energy of the Auger electrons emitted
amounts to 6 keV, with the dominating fraction of the
LXY emission of 4 keV (compared to 17.9 keV for '*°T;
(2)), thus concentrating the '*°Nd Auger electron radia-
tion on several cell dimensions exclusively. Surrounding
healthy tissue is effectively saved.

Gaussian distribution,

1“0Nd produces the short-lived intermediate isotope
140Pr (T, ,, = 3.39 min). This daughter isotope decays via
positron emission (51% ", E, .. = 2.3 MeV) to the stable
140Ce (cf. Fig. 1). While the contribution of the decay of
the daughter to the total dosimetry needs to be studied in
detail, it is obvious that the decay of '“°Pr offers the
possibility of using positron emission tomography (PET)
to determine quantitatively the uptake kinetics and radia-
tion doses of the '*Nd-labelled radiotherapeuticals. First
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Fig. 1. Principal decay scheme of the Auger electron emitter
190Nd via the short-lived positron emitter “°Pr to stable '“°Ce.

PET images of a "'Nd ('*°Pr) phantom have been ac-
quired (4). ERT and PET are thus being bridged inher-
ently and might allow quantitative validations as described
for °°Y (ERT) and *°Y (PET) (5-7).

As a trivalent lanthanide, '“°Nd should provide an
excellent chemical potential for use either as '**Nd ligand
complexes alone or as conjugates being coupled to various
compounds via bifunctional chelators. This might be of
particular interest, for example, to label octreotide deriva-
tives similar to the "''In-, **Ga- or ***¢Y-analogs.

MATERIAL AND METHODS
Production of "*Nd

There are three principal routes to producing "“'Nd at
cyclotrons, namely (i) the spallation reactions with E, >
100 MeV on Ta, W or lanthanide targets, (ii) the bom-
bardment of '*'Pr with protons or deuterons, i.e. the
141Pr(p,2n)- or '*'Pr(d,3n)-reactions (8), and (iii) the «- or
’He-induced nuclear reactions on '*°Ce, ie. the
140Ce(*He,3n)- or '“°Ce(*He,4n) processes. In the present
study, the "*°Ce(*He,3n) route was used. Targets consisted
of 500 mg CeO, of high chemical purity (99.9999%, Sigma,
Aldrich), which was compressed into pellets. These targets
were irradiated with *He-particles of 36 MeV primary
energy at the CV28 cyclotron of the Forschungszentrum
Jilich.

Radiochemical separation

140Nd was radiochemically separated using a two-step
process, first extracting the bulk of the target material
according to a Ce"Y)/Nd"'V separation, followed by final
ion exchange purification. For systematic experiments,
141Ce and "*"Nd were used as tracers and were produced
via the '*°Ce(n,y)- and "**Nd(n,y)-reactions at the TRIGA
research reactor Mainz.
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Fig. 2. y-ray spectrum of "°Nd (°Pr).

The irradiated CeO, was dissolved in concentrated
HNO,; containing traces of HF. The bulk of Ce") was
then extracted into n-heptane using HDEHP (Di-2-ethyl-
hexyl-o-phosphonic acid) (9). KBrO; was added for com-
plete oxidation of Ce before the next extraction cycle. The
no-carrier-added (nca) '*Nd was subsequently isolated
from the aqueous solution and subjected to cation ex-
change chromatography. "*°Nd was selectively eluted from
a small Aminex A6 column using ®-hydroxyisobutyrate.

RESULTS

Through the irradiation of 500 mg CeQO,, yields of about 5
MBq “°Nd per HAh were experimentally obtained. Using
*He beam currents of 5 HA and irradiation periods of > 5
h, batch yields of > 100 MBq '“°Nd were reached. Owing
to the comparatively short half-lives of the co-produced
Nd isotopes *Nd (T, ,, = 5.5 h) and '"*'Nd (T, , = 2.5 h),
the isotopic purity of "*°Nd approaches 100% at the time
of its application. The y-ray spectrum of a highly purified
140Nd sample as measured at an HPGe detector is pre-
sented in Fig. 2.

Extraction

The irradiated CeO, was dissolved in concentrated HNO;
containing traces of HF. After neutralization, the first
extraction was performed into n-heptane/25% HDEHP.
About 95% of '*°Nd and > 95% Ce were extracted. Subse-
quently, '**Nd was re-extracted using 8 N HNO; with 80%
yield. KBrO; in a 6: 1 stoichiometry with respect to the
remaining amount of <10% of the macroscopic Ce"™
was added for complete oxidation of Ce and removed by
extraction twice with n-heptane/25% HDEHP. About 2 +
1 mg of the Ce target material remained in the solution,
corresponding to about 0.5% of the initial target mass. The
nca '“'Nd was subsequently co-precipitated from the
aqueous solution as the hydroxide by adding NH;. After
centrifugation, the hydroxide was washed and finally
dissoved in 0.5 ml of conc. HCI.
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Table 1

Comparison of Ce contaminations for the overall '*°Nd separation process for different concentrations of
the eluent o-HIB applied in the ion exchange purification

140Nd fraction considered

Ce contamination

0.25 M «-HIB 0.22 M «-HIB
95% 0.02% 0.4 pg* - —*
99% 0.05% 1.0 Hg* <0.01% <0.2 Hg*

* Starting from overall 500 mg irradiated CeO, and <2 mg Ce™P before ion exchange purification.
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Fig. 3. Typical elution profiles for the separation of nca '“Nd
and about 2 Mg Ce on an Aminex A6 column (50x 3 mm).

Cation exchange chromatography

The solution was transferred to a small Aminex A6
column (50x 3 mm). '"“*Nd was quantitatively absorbed
on the resin. After washing the resin with NH,Cl and
water, "**Nd was selectively eluted using 0.25 or 0.22 M
o-hydroxyisobutyrate («-HIB), pH 4.7. Elution fractions
were collected and every drop was measured y-spectromet-
rically on an HPGe detector. Optimum separation between
140Nd and 2 + 1 mg Ce was obtained at a concentration of
0.22 M «-HIB (cf. Fig. 3). The overall radiochemical
separation yield of "*"Nd amounts to 70 4 5%.

The final radiochemical purity of '*°Nd depends on the
percentage of the '*°Nd elution fraction considered; i.e. the
more complete the '“°Nd fraction, the higher the overlap
with the Ce elution fraction. Even a 99% consideration of
the "“*Nd fraction results in a contamination of <0.2 Hg
Ce (cf. Table). However, in the case of 95% of the '*'Nd
fraction considered for subsequent labelling reactions, no
detectable amount of Ce was found for 0.22 M «-HIB
concentration.

CONCLUSION

The Auger electron emitter '*°Nd is of significant interest
for the synthesis of endoradiotherapeuticals. The radiolan-
thanide *°Nd can be produced via the '*°Ce(*He,3n) nu-
clear process in yields of about 5 MBq '*°Nd per HAh and
in high radionuclidic and radiochemical purity. It is thus
available for further investigation of its labelling to
molecules relevant to nuclear medicine and the investiga-
tion of their endoradiotherapeutic potential. Its particular
advantage is the combination of the local Auger effect for
endoradiotherapy and the in situ generation of a f*
emission for simultaneous detection using PET. The thera-
peutic components of the Auger effect as well as of the
latter positron and 511 keV y-radiation require further
investigation.
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