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SUMMARY. In recent, years a revolution in radiotherapy has been developing based on more
sophisticated targeting methods, including radioactive intra-arterial microspheres, chemically-
guided bone agents, labeled monoclonal antibodies, and isotopically-tagged polypeptide receptor-
binding agents. The isotopes of choice for these applications include reactor-produced beta
emitters such as Sm-153, Re-186, Re-188, Ho-166, Lu-177, and Rh-105. The University of
Missouri Research Reactor (MURR) has been in the forefront of research into means of
preparing, handling, and supplying these high-specific-activity isotopes in quantities appropriate
not only for research, but also for patient trials in the U.S. and around the world. Considerable
effort has been expended to develop techniques for irradiation, handling, and shipping
radioisotopes worldwide. The MURR has also served as a highly reliable production source for
radioisotopes, with one of the best operating histories of any radioisotope production reactor in
the world.

1. INTRODUCTION

Nuclear medicine today is primarily
diagnostic, but it has been pointed out that
diagnosis of an incurable disease is of limited
value. With competition from other
diagnostic modalities, recent progress in
nuclear medicine has focussed on its unique
ability to provide radiotherapy for
malignancies and other maladies. Supply of
radioisotopes for these purposes is crucial
because more activity is required per patient
(typically at least 100 mCi, or 3.7 Gbq) and
the specific activity may have to be very
high. In addition, beta emitters are highly
preferred because their 1-10 mm ranges in
tissue are appropriate to lesion sizes and the
inhomogeneity of typical isotope
distributions.

High powered research reactors are
appropriate for making therapy isotopes
because neutron bombardment produces beta
emitters and because copious amounts of
isotope can be made in many targets
simultaneously. Although (n,gamma)
reactions tend to produce low specific
activity radioisotope, judicious choice of
high cross-section targets and very high
thermal fluxes often makes the radioisotope

high enough in specific activity to be useful
for techniques such as radioimmunotherapy.
In addition, reactors can produce no-carrier
added (NCA) isotope by indirect production,
in which (n,gamma) reactions are followed by
beta decay and a chemical separation, and also
through production of isotope generators,
such as the W-188/Re-188 system.

2. DEVELOPMENT OF THERAPEUTIC
ISOTOPES

Nuclear medicine therapy requires physical,
chemical, or immunological guidance to
deliver radioisotope to the sites where it may
destroy diseased tissue. An example of
physical guidance which MURR has been
heavily involved in is the use of labeled
microspheres directed by catheter or syringe
to areas of lesions. Researchers at MURR, in
conjunction with other University of Missouri
(MU) scientists and a pharmaceutical
company, developed 64.1-hr. Y-90
TheraSphere™, an activatable glass
microsphere(l) injected via catheter through
the hepatic artery to treat liver tumors.
Clinical trials of this agent from 1986-1989
in Canada and the U.S. resulted in its approval
in Canada in 1991. Other work at MU has
suggested the applicability of this technique to



pre-surgically sterilize kidney tumors, using
46.3-hr. Sm-153 activated glass
microspheres. Work at MURR has also
been performed on Re-186/Re-188 labeled
protein or polypeptide microspheres for
radiation synovectomy(2).

About 15 years ago MURR became part of
two projects to develop therapeutic bone
agents to palliate the pain of osseous
metastases. This represents what some have
called the "small, labeled molecule"
approach to radiotherapy, in which the
chemical characteristics of the compound
determine its targeting. In particular, high
metabolic rates at bone cancer sites are
believed to lead to concentration of
phosphonate compounds. Production at
MURR supplied and continues to supply
development and trials of 89.3-hr. Re-186
HEDP (hydroxyethylidene diphosphonic
acid) for this purpose(3). In addition, a
project arose at MU and MURR to
investigate Sm-153 for this purpose,
culminating in the development of Sm-153
EDTMP (ethylenediaminetetramethylene
phosphonic acid)(4,5). With the success of
Phase I clinical trials of this agent, it went
on to become an approved drug in the U.S.
in March, 1997, with MURR being the
principal supplier of radioisotope. This
project in particular demonstrates what can
be accomplished with a multidisciplinary
university effort (reactor, chemistry
department, veterinary school, and medical
school) in conjunction with good industrial
support. A related effort is MURR's
current supply of Curie (37 Gbq) quantities
of Ho-166 for small-molecule, controlled
ablation of diseased bone marrow in
leukemia patients prior to marrow
recolonization(6). Although these Re-186,
Sm-153 and Ho-166 agents do not require
extremely high specific activities, the large
neutron cross sections of their precursors
permit production of Curie (37 Gbq)
quantities of activity per mg of target.

Much work is now being conducted at
MURR to develop, prepare and supply high-
specific-activity isotopes for research and
c l i n i c a l t r i a l s i n v o l v i n g
radioimmunotherapy and receptor-guided
therapy. In such treatments, antibodies,
fragments of antibodies, or short-chain
polypeptides are used as the targeting
vectors. Radiosotopes can be attached
either through direct labeling to amino acids

(e.g., Re-186 or Re-188) or via bifunctional
chelates (radiolanthanides and Rh-105).

For about 6 years MURR has been producing
1-3 Ci (37-110 Gbq) quantities of Re-186 at a
specific activity of about 3.5 Ci (130 Gbq) per
mg of rhenium for radioimmunotherapy trials
in the U.S. and Europe(7); development of
new rhenium targetry greatly aided this
process(8) and simplified labeling by
clinicians. Related to this has been
development at MURR of W-188/Re-188 gel
generators able to supply no-carrier-added
(NCA) Re-188 (tl/2=17hr) using low specific
activity, W-188 (tl/2=69.4hr) produced by
double neutron capture on W-186(9). This
technology, in which target material is
processed into a column packing in which the
Re-188 diffuses efficiently into saline eluate,
permits gram quantities of tungsten to be
loaded onto small columns producing the very
compact elution profiles (i.e., high activity
concentrations) of Re-188 needed for
radioimmuno- and receptor agent labeling.

The extensive experience at MU with
radiolanthanides has led to work with Lu-177,
which has a very large cross section for
neutron capture on Lu-176, and with the Dy-
I66/H0-I66 generator system. The Lu-177
(t 1/2=6.72 day) irradiated in the MURR high
flux (flux trap) position of about 4.5 X1014

neutrons/cm2/sec activates about 1 in 5 Lu
atoms to Lu-177. At such specific activities,
this radioisotope is being produced by MURR
for clinical trials in the U.S.(10). Similarly,
while Dy-166 must be produced by double
neutron capture, MURR is able to achieve a
specific activity of over 1 Ci (37 Gbq) Dy-
166/gm dysprosium. As Ho-166 is the
daughter of Dy-166, this has led our group to
propose an in-vivo, delayed dose generator, in
which Dy-166 is separated from its Ho-166
daughter and injected as a component of a
therapeutic radiopharmaceutical. During
localization, the weak beta of Dy-166 would
do relatively little damage to healthy tissue,
while after localization and ingrowth of high-
beta-energy Ho-166 the dosage to target
tissue would be much higher. Supplying Ho-
166 (t]/2=26.8hr) via Dy-166 (t,/2=81.6hr)
permits generator supply of NCA, Ho-166
while reducing decay losses during shipment.
Work at MURR has shown that the generator
separation may be achievable by a hot-atom
process.

Rhodium-105, with its 35.4-hr, half life, low



energy beta emissions, and inert complex
formation, has been suggested as an ideal
radiopharmaceutical isotope similar in some
respects to the difficult-to-obtain Cu-67.
For a number of years MURR has produced
research quantities of NCA Rh-105 for use
at MU and other universities. This
production involves irradiation of Ru-104
to produce Ru-105 (tl/2=4.5hr), which
decays to Rh-105. Separation is complex,
requiring oxidation of ruthenium target to
RUO4 and subsequent distillation, leaving
Rh-105 in the original solution. This
radioisotope has so far been supplied only
for animal trials.

3. OTHER REACTOR PRODUCED
ISOTOPES

In addition to the above nuclear medicine
isotopes, MURR produces large quantities of
radioisotope for other purposes, principally
as biomedical research tracers. Many curies
(37 Gbq quantities) of P-32 and S-35 are
produced by irradiation of natural isotopic
enrichment sulfur and potassium chloride,
respectively. Indeed, MURR is one of the
world's leading sources of these raw
radioisotopes, produced via (n,p) reaction.
Recently, development of a propriety
process using isotopically enriched S-33 has
led to MURR supply of large quantities of
P-33. This radioisotope, which has a longer
half life than P-32 (25.3 vs. 14.3 d) and a
lower beta energy, is more convenient and
safer than P-32 and thus has found favor
for labeled compound research.

4. CONCLUSIONS

High power research reactors capable of
supplying short-lived radioisotopes have a
vital role to play both in biomedical
research and in the upcoming field of
therapeutic nuclear medicine. A network of
these reactors throughout the world is
important to progress in human health and
biomedical research.

ACKNOWLEDGEMENTS:

The authors would like to gratefully
acknowledge Theragenics Corp., Dow
Chemical Co., NeoRx Corp., and
Mallinckrodt Medical, Inc. for their
generous support.

REFERENCES:

1) G.J. Ehrhardt and D.E. Day, "Therapeutic
Use of Y-90 Microspheres," Nucl. Med. Biol.
14(3), 233-242 (1987).

2) Jia, W., Ehrhardt, G.J., Zinn, K., Wang,
N., and Ketring, A.R., "Re-186/Re-188
Labeled Polypeptide Microspheres as a
Potential Radiation Synovectomy Agent," L
Radioanalytical and Nuclear Che m is t rv .
Articles. Vol. 206, No. 1, 107-117, (1996).

3) H.R. Maxon III, L.E. Schroder, V.S.
Hertzberg, S.R. Thomas, E.E. Englaro,
R.Samaratunga, H. Smith, J.S. Moulton,
C.C.Williams, G.J. Ehrhardt, and H.J.
Schneider, "Re-186 (Sn)HEDP for Treatment
of Painful Osseous Metastases: Results of a
Double-blind Crossover Comparison with
Placebo," J. Nucl. Med. 32 (10),. 1877,
(1991) .

4) W. A.Volkert, J. Simon, A.R. Ketring, R.A.
Holmes, J.C. Lattimer, and L.A. Corwin,
"Radiolabeled Phosphonic Acid Chelates:
Potential Therapeutic Agents for Treatment
of Skeletal Metastases," Drugs of the Future
1989. 14: 799-811.

5) J.F. Eary, C. Collins, M. Stabin, etal.,
"Samarium-153-EDTMP Biodistribution and
Dosimetry Estimation," J. Nucl. Med.
43:1031-1036, (1993).

6) J.E. Bayouth, D.J. Macey, L.P. Kasi etal.,
"Pharmacokinetics, Dosimetry, and Toxicity
of Holmium-166-DOTMP for Bone Marrow
Ablation in Multiple Myeloma, J. Nucl. Med.
36: 730-737, (1995) .

7) H.B. Breitz, J. S. Durham, D.R. Fisher,
etal. "Pharmacokinetics and Normal Organ
Dosimetry Following Intraperitoneal
Rhen ium-1 8 6-L abeled M o n o c l o n a l
Antibody." J. Nucl. Med. 36: 754-761, (1995)

8) J.-L. Vanderheyden, F.-M. Su and G. J.
Ehrhardt, U.S. Patent #5,053,186 "Soluble
Irradiation Targets and Methods for the
Production of Radiorhenium," issued October
1, 1991.

9) G.J. Ehrhardt, A.R. Ketring, Q. Liang,
R.A. Miller, A. Holmes, and R.G. Wolfangel,
"Refinement of the Peroxide Process for
Making W-188/Re-188 and Mo-99/Tc-99m



Gel Radioisotope Generators for Nuclear
Medicine," Technetium and Rhenium in
Chemistry and Nuclear Medicine 4. edited
by M. Nicolini, G. Bandoli, and U.
Mazzi, SGEditoriali, Padova, Ital, 1995

10) M.E. Schott, J. Schlom, K. Siler, etal.,
"Biodistribution and Preclinical
Radioimmunotherapy Studies Using
R a d i o l a n t h a n i d e - L a b e l e d
Immunoconjugates," CANCER. Vol. 73,
No. 3, pp. 993-998, (1994).

4


