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Executive Summary

Cyclotron produced radionuclides are used routinely for the diagnosis of a wide variety
of diseases. Recently a number of radionuclides available from cyclotrons have been proposed
for use in radiotherapy. In fact Pd-103 has become routinely available in some parts of the
world for incorporation into brachytherapy seeds for treating prostate cancer.

The consultants meeting reviewed the status of target and processing technologies
associated with cyclotron production of radionuclides. The main topics of discussion
included the basic nuclear data that is crucial to the production of the desired radionuclides,
gas and solid target systems, the automated chemical processing units, the Good
Manufacturing Practices (GMP) required in order to use these radionuclides in human patients
in a safe and efficacious manner and a review of possible candidate nuclides that show
promise for use in Nuclear Medicine in the near future.

In addition, a presentation on the status of the cyclotron production and processing of
radionuclides in Korea was made. From this presentation it was obvious that PET is becoming
an important part of diagnostic medicine in Korea. In spite of these advances, there is a
shortage in production capacity for the more traditional radionuclides used in Nuclear
Medicine. Proposals for improving this situation are reflected in this document.

Advances in the preparation of solid targets using electroplating technology has created
the possibility of preparing targets capable of operating at very high beam currents which
would make the production of large quantities of SPECT agents possible at cyclotron
facilities throughout the world.

Recognising the needs of the developing countries which have established cyclotron
facilities, the consultants focussed on how to provide the technology for preparing solid
targets that could be used in the existing facilities. While solid target technology can be used
for many radionuclides the report concentrated on several key radionuclides, which are of
current importance or show potential for use in the near future. Tl-201 is currently used for
cardiac profusion studies throughout the world. New target preparation techniques could
potentially make many of the member states self sufficient in the production of this nuclide. I-
123 has tremendous potential because of the near ideal photon energy for SPECT cameras and
its well-understood chemistry. However, it is not widely available. New target technology
could make this radionuclide available from even low energy cyclotrons. The same
technology can be applied to the production of 1-124, which is a PET radionuclide, which also
has potential as a therapeutic agent. Pd-103 has become an extremely important radionuclide
for the treatment of prostate cancer when incorporated into sealed sources. The target
preparation technology requires further research including the chemical processing of the
target materials. The entire above target systems use either enriched or very expensive target
materials thus the importance of target recover procedures is recognised. This technology has
direct application in other target systems.

A CRP is proposed which will address the key points illustrated here.



I. Introduction

Cyclotrons have become essential tools for the production of radionuclides particularly
for medical applications. Currently, there are more than 200 installations around the world
sustaining active programmes, many of them more recently, in developing countries.

Parallel to the advances in cyclotron technology which made possible the manufacturing
of compact and more reliable machines and, driven by an ever increasing range of medical
applications of cyclotron-produced radionuclides, developments in the field of target and
target chemistry is an active field of applied research. This research is particularly oriented to
improving existing technologies in terms of performance and economics, including the search
for newer radionuclides and applications.

The IAEA has been actively involved in the field of cyclotron utilization for quite some
time. This involvement was through the organization of scientific meetings, support for the
implementation of a Co-ordinated Research Programme (CRP) aimed at developing
radiolabelling procedures for the preparation of F-18 and 1-123 radiopharmaceuticals,
publication of a cyclotron directory as a result of a worldwide survey and, support for the
establishment of radionuclide production radiochemical facilities in developing Member Sates
through the Technical Co-operation Programme.

With the purpose of conducting a review of the recent advances in target and processing
technologies for the production of radionuclides with cyclotrons, to advise the Agency on
future actions to facilitate the transfer of this technology to developing countries as well, a
group of consultants is being called upon to discuss these issues. In particular, the consultants
addressed the following issues:

To review the latest developments and to assess the future trends in the field of
cyclotron target and target chemistry for the production of radionuclides taking into
consideration the advent of newer and promising radionuclides for medical applications,

To assess and advise on those technologies most appropriate and amendable for transfer
to developing Member States and to advise on possible actions by part of the Agency to
facilitate this transfer of technology,

To discuss and advise on the scope and goals of a Co-ordinated Research Project ( CRP)
to be started in the year 2000 with the participation of scientists from developed and
developing countries as well and, if found appropriate, to outline the draft of the
corresponding proposal,

To prepare a report for internal use describing the findings, conclusions and
recommendations of the Consultants.

The consultants met in Vienna at the IAEA Headquarters from 16 to 19 November 1999
and prepared this report. The list of participants and the agenda of the meeting are included in
the Appendix.
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II. Summary of Presentations

II.l. Current Status of Relevant Nuclear Data for Radionuclide Production
Syed Qaim, Institut fur Nuklearchemie, Forschungszentrum Jiilich, Germany

The status of nuclear data needed for cyclotron production of radioisotopes was
presented. At first, some general aspects were considered. The importance of nuclear data in
optimization of a production process, i.e. maximizing the production yield and minimizing the
impurity level, was outlined. It was also mentioned that in recent years the problem of
isomeric impurities has been demanding more attention. Whereas the isotopic impurities can
be controlled via a selection of the incident particle energy and the target thickness, a
minimization of the isomeric impurity can be achieved only through the choice of a suitable
reaction. Thus, study of several reactions is necessary and only the reaction leading to the
best isomeric cross section ratio should be chosen.

Many of the existing data are somewhat discrepant near the reaction thresholds. There
is need for some accurate measurements since low energy cyclotrons are finding increasing
applications in production of radioisotopes. On the other hand, many medium-sized machines
are also being increasingly utilized. The nuclear data needs increase with the increasing
projectile energy.

The light elements constitute a special case. The excitation functions show strong
fluctuations and resonances. Most of the medically interesting P+ emitters occur in this mass
region. They can be produced via low energy (p,n), (d,n), (p,a) or (d,a) reactions at small-
sized cyclotrons.

Nuclear model calculations can generally reproduce the excitation functions of reactions
in medium and heavy mass regions within a factor of 2. For many applications, the accuracy
of the calculated data is not high enough. In the light mass region, the theory can hardly
reproduce the data. It is thus evident that reliance be placed on experimental data.

The status of nuclear data for production of commonly used PET and SPECT
radioisotopes is generally good. Recently, some standardization work has been done under
the auspices of an IAEA-CRP and a TECDOC is under preparation. The document lists all
the important charged particle beam monitor reactions, as well as reactions used for the
production of most commonly used PET and SPECT radioisotopes. Beside compilation of
literature data, evaluated and recommended values are given. In a few cases, however, some
discrepancies have also been observed.

New nuclear data measurements are necessary to resolve the discrepancies and to
develop alternative or new production routes. Considerable amount of research work is
necessary for developing therapy-related radioisotopes. Nuclear data measurements are
required in many cases. Cross-section measurement relevant to the formation of an Auger-
electron emitting therapeutic radioisotope is often very challenging since chemical separation,
thin source preparation and x-ray spectrometry are called for.
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II.2. Current Status and Future Developments in Gas Targets
Thomas J. Ruth, TRIUMF, Canada

Gas targets are used extensively for the production of PET radionuclides and in the
production of high purity 1-123. The parameters that impact the effective use of gas targets
include the quality of the beam of bombarding particles, the isolation foils on the target
chamber, the target chambers, the tubing and valves, as well as the gas supply.

In order to optimize the production capabilities using a gas target one must have the
most reliable cross section data so as to choose the appropriate nuclear reaction (bombarding
particle) and best energy window for that reaction. Based on the production needs one can
then choose the required beam current. All of these factors influence the design of the target
chamber that should be used for the particular reaction.

The primary consideration with gas targets relates to heat removal, both in the windows
as well as from the target gas and the chamber itself. High quality materials should be used in
all aspects of the systems including the target gas. Recovery systems exist for the enriched
target gas materials.

XA0054343

II.3. Current Status and Future Developments in Solid Target Technology
Pierre Van den Winkel, Cyclotron Department, Vrije Universiteit Brussel, Belgium

Up to now solid state targets were mainly prepared by constant voltage electrolysis from
rather sophisticated plating solutions that are used in industry for thin-layer coating.
Extrapolation to thick layers (up to 100 um) mostly results in dendrite formation making post-
plating mechanical smoothing (rolling) a must. As a result, non-homogeneous layers
containing plating solution and/or organic additives are obtained. Bombarding these layers
with the currently available high beam current gives rise to crater formation and/or peeling of:
decrease of the radionuclide yield and loss of enriched material is the result.

New Plating Technology

The preparation of solid state target layers can be done by constant voltage, constant
current or controlled cathode potential electrolysis.

To ensure a high quality of the target layer - that should be dense, smooth,
homogeneous and free of inorganic and organic inclusions-, a number of parameters should
be optimized.

A first set of parameters is related to the composition of the plating bath that may
contain a readily soluble inorganic metal salt, free acid or base and a number of additives such
as complexing agents, depolarizers, stress reductors and tensioactive agents. A second set
deals with temperature, stirring rate and maximum allowable depletion ratio of the plating
bath. Finally, the suitable current density range and the waveform applied to the
electrochemical cell must be determined.

If the current efficiency of the plating process equals 100% (meaning that no gas
evolution occurs at the cathode), constant current electrolysis is to be preferred as it allows
time control of the thickness of the layer. In general the plating solution should then contain
1) a complexing agent (EDTA for Tl, Cl" for Zn and NH3 for Cd) showing a low formation
constants with the metal ion; 2) an anodic depolarizer (hydrazine) preventing oxygen
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evolution at the anode that may oxidize the metal in the bulk solution (T1+1-»T13+) or at the
cathode surface layer (T1°->T12O3). 3) a non co-deposited tenside (BRIJ-35) that prevents or
reduces dendrite formation. To completely eliminate dendrite formation ac currents showing a
net cathodic component must be applied (bipolar chopped sawtooth for Tl, chopped sine for
Zn and asymmetric square wave for Cd) and the depletion ratio should be limited to 50%

The present plating technology allows simultaneous preparation of 4 targets within a 7-
hour shift. The plating solution can be reused - upon addition of suitable amounts of metal salt
- up to ten times.

The quality of the layers is excellent and does not require any post plating mechanical
smoothing. Up to now, Tl-203 targets (1000 mg/11,69 cm2) prepared in this way do tolerate
(wobbled) beam currents up to 270uA. Further developments will deal with the optimization
of the cooling efficiency and of the irradiation made.

The cooling can be optimized by plating Tl on a thin Cu backing (0.5 mm) having no
cooling fins, by introducing a narrow (<2mm width) coolant channel, by applying a high
linear coolant flowrate (>20 m. s '') and, by optimizing the geometry of the inlet and outlet of
the coolant channel.

Optimum irradiation conditions do involve the optimization of the full width half
maximum of the beam current density distribution and of the radius of the wobbler circle by
means of a four quadrant collimator that can tolerate up to 25% of the maximum beam
current.

II.4. Cyclotron Production of Newer Radionuclides for Medical and Industrial
Applications

David J. Schlyer, Brookhaven National Laboratory, Upton, N.Y., USA

There are a number of radionuclides that could be produced that would be useful to the
nuclear medicine community. A recent report in Science News October, 1999 states
"Unreliable supplies of special radioisotopes have undermined a variety of medical research
programs." The reason these radioisotopes are not currently being produced is that there are
few facilities, which can produce these radioisotopes in sufficient quantity for the nuclear
medicine community, and the commercial manufacturers find these radioisotopes unattractive
from a commercial point of view. The development of these radioisotopes could lead to
significant advances in diagnostic and therapeutic nuclear medicine. This same philosophy is
true for industrial applications.

There are a number of radioisotopes which have proven utility, but which are in short
supply. There are others for which some utility has been shown, but whose lack of
availability is inhibiting their use. There is a final group, which seem promising, but are not
being used because they are not available.

A number of new isotopes was presented which it was felt would be the radioisotopes of
promise in the near future. These included: Na-22, Sc-47, V-48, Co-55, Zn-62, Cu-64, Cu-67,
Ge-68, Y-88, Pd-103, Cd-109,1-124, Xe-127, Re-186, Pt-195m and At-211. These
radioisotopes include those used in industrial applications, diagnostic applications and
therapeutic applications.
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II.5. The Cyclotron Radionuclide Production Programme of Korea
Kwon Soon Chun, Korean Cancer Centre Hospital (KCCH), Korea

Three cyclotrons have been installed in Korea for the radionuclide production. The
MC-50 cyclotron installed in the Korea Cancer Centre Hospital (KCCH) is a multipurpose
cyclotron, being used for SPECT and PET radioisotope production, neutron therapy and the
nuclear physics research. The other cyclotrons, installed in the Seoul National University
Hospital and Samsung Medical Centre are only for PET radioisotope production. Also, three
PET tomographs have been installed in these hospitals, and applied for the diagnoses of
cancer and the evaluation of the effectiveness of treatment. Plans have been made to install
one additional PET in another hospital.

At the present time, 7 kinds of cyclotron produced radioisotopes have been developed in
KCCH and among them, 4 radioisotopes, i.e., 18F, 67Ga, 123I, 201Tl are routinely produced in
KCCH and distributed to nearby hospitals in Korea. From the middle of the 1990s, the
amount of cyclotron-produced radioisotopes consumed in Korea has been sharply increasing
by about 30% every year with the prevalence of SPECT and PET machine. However,
because of the low beam current of MC-50 the radioactivity produced in KCCH is not enough
to meet the demand in Korea. This deficiency, more than 85% consumed in Korea, has been
made up with imports from foreign countries. Consequently, it creates many obstacles in the
development of the nuclear medicine in Korea.

Thus, in order to overcome these obstacles and to accelerate the development of the
nuclear medicine, it is imperative to construct the mass production system with the
installation of the dedicated cyclotron for radioisotope production and the development of
high power target systems.

In addition, in order to ensure the PET radiopharmaceuticals, it is necessary to automate
the chemical processing devices. Because 123I substituted for 131I in diagnosis is produced
with I24TeO2 target in KCCH, it is unavoidable to be contaminated with impurity
radioisotopes. Therefore, the establishment of the 124Xe gas target system for the high purity
123I is very desirable.

I l l
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II.6. Current Technologies on Radionuclide Modules and Automation
Thomas J. Ruth, TRIUMF, Canada

The currently available commercial radiochemical/radiopharmaceutical synthesis units
can be described as consisting of units designed to prepare FDG, the small molecules
prepared from 0-15 and N-13 and systems based on unit operations which can be configured
to prepare a variety of compounds.

In considering automation one would expect some level of computer control when in
fact all currently available systems rely solely on the timing of each step. While there are a
number of devices capable of supplying important status information that could be used in the
control of a chemical synthesis such as pressure, conductivity, none are routinely used except
in isolated systems designed and built by users. The unit operations research approach can be
utilized to select the parameters necessary for combining chemical procedure with the
appropriate feedback information. The control of the chemical synthesis units makes use of
computers but the computers are primarily used to provide a schematic image display of the
process.
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The developments that can be expected in the future include the use of feedback
information so that the chemical process becomes truly automated in an intelligent fashion.
The increasing use of polymer supported chemical reactions will help in shortening the
chemical process as well as making the isolation of the final product simpler. These
approaches can also be coupled with the advances that are being made in Analytical
Chemistry in the development of the so-called "lab on a chip". These tiny chemistry units
should be adaptable to many of the chemical processes used in radiopharmaceutical chemistry
preparation since the agents and final product are often used in the sub-nanomolar range.

II.7. GMP Aspects and Regulations in the Cyclotron Production of Radionuclides
David J. Schlyer, Brookhaven National Laboratory, Upton, N.Y., USA

The preparation of radiopharmaceuticals is being regulated under much stricter controls
than in the past. As a part of these new regulations, many older facilities must be updated to
meet Good Manufacturing Practices (GMP). There are several aspects of GMP which do no
apply in the case of short-lived radiopharmaceuticals. These differences were outlined and
some potential solutions to the conflicts were presented. One of the factors common in the
GMP practices for all facilities is the design and construction of the new laboratory space, or
the upgrading of existing laboratory space, to make it compatible with the present standards.

Examples were offered in the design and construction of the Brookhaven National
Laboratory GMP laboratory and the upgrading of the surrounding space to make it meet GMP
standards. The cost of these renovations was also discussed. The cost of upgrading is
substantial and can mean a shutdown of several months in the operation of the programme.

II.8. Alternative P+Emitters: Se-73, Y-86, Tc-94m, 1-120,1-124 4 3 4 8

Syed Qaim, Institut fur Nuklearchemie, Forschungszentrum Jiilich, Germany

The necessity of developing new radioisotopes for applications in medicine was
outlined. Longer-lived p+ emitters are needed for investigating slow metabolic processes.
They also allow for transport to longer distances. Furthermore, quantitation of SPECT-
radiopharmaceuticals may be performed using a P+ emitting analogue of the SPECT-
radioisotope (e.g., 94mTc for 99mTc). In endoradiotherapy, therapy planning and dosimetry
may be done through the use of a p+ emitting analogue, e.g. 86Y for 90Y, 83Sr for 89Sr, 124I for
131

Some recent work on the production of the p+ emitting radioisotopes 73Se (Ty2=7.1h),
86Y(T./r=14.7h), 94mTc (T,/=52 min), 124I(T./=4.2d) and 120gI(T./=1.32h) done at Julich was
reported. In the case of 73Se, out of the many investigated reactions, the 75As(p,3n)73Se
reaction over Ep=40—»30MeV is most suited. A CU3AS alloy target is irradiated with protons
at 20uA and radioarsenic and radioselenium are separated from the matrix activity via a two-
step thermochromatographic method. The final purification of 73Se is done via extraction in
benzene. The radioisotope Y is produced via the Sr(p,n)-reaction on highly enriched Sr.
The optimum energy range is Ep=14—»10MeV. The separation of 86Y and the recovery of the
enriched target material are effected via a wet chemical process involving co-precipitation
with La(OH)3 followed by ion-exchange chromatography. The radioisotope 94mTc is
produced via irradiation of 93.9% enriched 99MoO3 at Ep=13^7MeV. The separation of
4mTc and the recovery of the target material 94Mo are effected via thermochromatography.

The radioisotope 124I is produced via the 124Te(p,n)124I reaction on 99.5% enriched l24TeO2 at



Ep=13—>9MeV. The separation of I24I and the regeneration of the target material are done via
the well-known dry distillation at 755°C. The product is of high radionuclidic purity but the
yield is rather low. Therefore, presently, the 125Te(p,2n)-process is under investigation. The
radioisotope I2OgI is rather exotic. It is produced either via the 122Te(p,3n)-or the 12OTe(p,n)-
reaction using highly enriched target material. The chemical processing is similar to that for
124

The reported work described here served to underline the interdisciplinary nature of
investigations. Besides cross section measurements, development of high current targetry,
efficient chemical separation and recovery of the enriched target material are called for.
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III. General Discussion

Problems, Current and Future Issues on Target Technology for High Intensity
Beams

Modern cyclotrons are capable of producing particle beams of several hundred
microamps. However, most targets systems are incapable of handling beams of this power.
The primary issue relates to heat removal, both in the isolation foils in the case of gas and
liquid targets and the target material itself (gas, liquid and solids). Advances in solid target
design include the use of glazing angles to spread the beam over a large physical area, while
maintaining a target thickness that is minimal, the use of high thermal conductivity support
materials and better designs in the coolant pathway based on heat transport models. One area
that is just beginning to be explored by a few groups involves heat pipe technology. In
principle, specific low melting solid materials may benefit from this approach.

At present, gas and liquid targets have a limited capability when it comes to high beam
current. Most water targets are operated below 50 microamps and low energy gas targets are
rarely operated above 50 microamps although the Xe gas target for 1-123 production is
reported to operate at above 100 microamps. Advances for increasing the beam power
capabilities of these fluid target systems are dependent upon advances in heat transfer
technology. Gas targets are more likely to benefit from this effort initially.

Problems, Current and Future Issues on Target Material Recovery Systems

Up to now most recovery procedures for enriched metals do involve classical chemical
separation techniques such as precipitation, chromatography and solvent extraction. These
methods are time-consuming, which increases radiation risks and often lead to incomplete
recovery and result in large volumes of liquid waste.

To overcome these drawbacks, a new Tl-203 recovery technology involving controlled
cathode potential electrolysis (CCPE) was developed. Tl-203 recovery solutions usually
contain, apart form the thallium, mg amounts of Cu and carrier-free Zn-65. By proper
adjustment of the composition of the recovery solution, the practical discharge intervals of
Cu, Tl and Zn do not overlap making their separation by CCPE feasible: Cu is first collected
on a Cu gauze electrode from acid medium (pH=2), thereafter and upon adjustment of the
composition of the solution (alkaline EDTA, pH=12, Hydrazine as anodic depolarizer), Tl-
203 is quantitatively deposited on a large area Pt-gauze cathode. Finally, after addition of Zn-
carrier, the metal is deposited on the Cu-gauze electrode resulting in a few cm3 of solid waste
per batch.

The Tl-203 can be stored in an alkaline EDTA solution for longer periods (days -
weeks) on condition that the Pt-gauze carrying the Tl is cathodically polarized in the
electrochemical cell made up from the Pt-gauze and a simple Pt-wire. In due course the Tl can
be dissolved in diluted sulphuric acid. Upon addition of EDTA, NaOH, hydrazine and BRIJ,
this solution can be used for plating.

The CCPE separation technique should be further developed for recovery of other
enriched metals (Zn, Cd, Te, etc.).

11



Modern Concepts in the Design of Radiochemical Facilities for Radionuclide Production
with a Special Emphasis on Hot Cells

The basic conclusion of the discussion on the various aspects of laboratory facilities was
that they must be built to meet not only the present needs of the facility, but also the future
needs of the facility. This is a difficult task since the future needs of the facility cannot
always be predicted with any accuracy beyond a few years. In order to accomplish this goal,
the facility must be laid out with sufficient space for the orderly placement of equipment and
materials to prevent mix-ups between the different components, product containers, closures,
labelling, in-process materials, or products and to prevent contamination of the product. The
flow of materials and components through the buildings shall be designed to prevent
contamination. Operations should be carried in specific areas designed for that operation and,
when possible, each area as such be limited to specific operations.

In general, hot cells which are to be used to house synthesis boxes or other completely
automated processing modules can be smaller and remain completely closed during operation.
On the other hand, hot cells in which remote handling is important must be at least one meter
in three dimensions and easily accessible during operation. A discussion of hot cell
construction techniques outlined the differences between hot cells, which open on more than
one side and those which can only be accessed from the front. The conclusion was that it is
important to be able to access the hot cells from at least two sides if possible. The use of
manipulators was also discussed and it was felt that at least one general-purpose hot cell be
equipped with manipulators to accommodate the development of future syntheses or
processing which would require manipulation from outside the hot cell.

Chemical Processing

The importance of efficient chemical processing needs to be re-emphasized. This
includes both, the isolation of the desired radioactive product and the recovery of the enriched
target material. The methods developed should be simple, relatively fast and effective. The
latter implies high separation and recovery yields.

In most cases, solvent extraction and ion exchange processes are utilized. Besides these
wet chemical methods, use of dry methods, i.e., distillation and thermochromatography is also
suggested. The latter technique, if thoughtfully applied, can lead to very efficient initial
removal of the desired activity from the high matrix activity. This may be followed by a final
purification step.
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IV. Recommendations

1. A program of education for radiochemists be undertaken in Member States. This could
consist of two parts. The first is to promote radiochemistry as a field of study. This can
be done by sponsoring students in radiochemistry programs or for advanced study at
Universities or National Laboratories where radiochemistry is being carried out on a
routine basis. The second is for the agency to sponsor specific workshops in a particular
area of radiochemistry with the goal of providing "hands on" experience in a very specific
procedure or process.

2. A CRP be implemented to help interested Member States with the development of high
current solid targetry for the production of Pd-103,1-123,1-124 and Tl-201.

3. Help be given to Member States in the form of practically oriented workshops and in
setting up Laboratories in accordance with Good Manufacturing Practices which will help
in assuring that the best possible radiopharmaceuticals be delivered to the patient
population.

4. Help be given to Member states in designing and building modules for the production of
PET radioisotopes, in particular FDG which has been shown to be one of the most widely
used compounds in developed countries with PET.

5. Since distribution of radioisotopes in developing countries will probably not be carried out
by commercial companies, it is important that the production of these important
radioisotopes and radiopharmaceuticals be carried out through the nuclear centres in these
countries. The revenues from the sales of these radiopharmaceuticals could be used to
help support the nuclear centres.

6. New methodologies need to be developed in solid targets in particular in the potential of
electrodeposition of tellurium oxide layers in the production of radioisodine.

7. A low volume, safe gas target be developed for the production of 1-123 from the
124Xe(p,x)123I nuclear reaction and high current targetry be developed for highly
isotopically enriched gases.

8. Research needs to be carried out on high intensity solid, liquid and gas targets for the
production of large amounts of radioisotopes for wider distribution.

9. Research is necessary in improving the recovery of enriched materials since this can be a
major expense to a nuclear centre if the recovery is not efficient.

10. The quality control of electrodeposited targets should be standardized.

13



V. Potential Role of the Agency

Considerable discussion was held on the possible role of the Agency in keeping the
Member States informed about the new developments in the field of cyclotron radioisotopes
and radiopharmaceuticals. Keeping in mind that this field of study is rapidly changing and
that there is a constant activity in advanced countries (summer schools, workshops, symposia,
conference, etc.), following actions are suggested on the part of the IAEA:

a) To hold a consultants' meeting on the topic every two or three years
b) To hold occasionally regional and interregional courses on special topics of timely

interest
c) To organize a symposium on "Cyclotron Radioisotopes and

Radiopharmaceuticals", with particular emphasis on targetry chemical processing
and automation, in three to four years' time.

d) To continue organizing the large conference on "Radiopharmaceuticals" at
periodic intervals. The information dissemination on the conference, however,
needs some streamlining.

e) To prepare a manual on Cyclotron Radioisotopes and Radiopharmaceuticals.

14



VI. Proposal for a Co-ordinated Research Project

Standardized High Current Solid Targets for Cyclotron Production of Diagnostic
and Therapeutic Radionuclides

1. Introduction

Radioisotopes produced with a cyclotron and their corresponding radiopharmaceuticals
have already been shown to be extremely valuable in basic medical research, disease
diagnosis and radiotherapy treatment. There are more than 200 cyclotron facilities worldwide
and the number is growing every year. A number of the Member States have acquired
cyclotrons for the purpose of producing radioisotopes for nuclear medicine and a number of
others have expressed an interest in acquiring such facilities. The IAEA has been co-
operating with the Member States in this endeavour through its Technical Co-operation
program.

Two of the most widely used SPECT radioisotopes are Iodine-123 and Thallium-201.
Another radioisotope which shows great promise is Iodine-124 which can be used for PET
studies as well as in radiotherapy. Pd-103, an Auger electron emitter, has become an
extremely important radionuclide for therapy.

Tl-201 is widely used throughout the world as 201T1+ for measuring cardiac blood flow. It
is a routine tool that is needed for the Nuclear Medicine communities and can be made
available to those countries possessing a cyclotron facility with 30 MeV protons. Moreover,
as preliminary results dealing with the labelling of chelated polypeptides with trivalent Tl-201
are very promising, the nuclide can also be tried as a potential substitute for Indium tracers in
SPECT diagnosis involving polypeptides.

There are several useful Iodine-123 tracers, which are already commercially available in
developed countries. These radiopharmaceuticals have been used for the diagnosis of a wide
variety of disease states and to evaluate function in several brain receptor subsystems.

1-124 (ti/2 = 4.2 days) has been shown to be a useful PET tracer for studies requiring
longer scan times than are possible with the F-18 with its 2 hour half life. Also 1-124 has
shown promise as a radiotherapeutic nuclide.

Pd-103 is being made into brachytherapy sources and its availability can be enhanced
through the use of the existing cyclotrons in Member States and the development of Rh solid
target technology.

The following points are to be considered in the preparation of the CRP proposal:

• As indicated above a large number of cyclotrons have been sited in Member States around
the world.

• The corresponding target technology has not, in general, been supplied that would allow
the full use of the cyclotron radionuclide production capabilities.

• Advances in high beam current target technology have been made in recent years. For
example better electroplating techniques and enriched target recovery processes.

• Research is still needed in the field of high beam current targets in order to take advantage
of the cyclotron technology.

• Labelling procedures of chelated polypeptides with trivalent Tl-201.
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• The wide availability of 1-123 can be enhanced through the use of tellurium oxide targetry
and low energy cyclotrons.

• This same targetry can be applied for the production of I-124.
• The development of Rh target technology should include the preparation of the Rh target

as well as the chemical separation of the nucleogenically produced Pd.
• Standardised methods are necessary in order to have the technologies transferred among

Member States.
• As part of the standardisation process, rigorous Quality Control and Quality Assurance

procedures need to be defined and implemented.

The following discussion outlines how the IAEA can assist in allowing Member States to
provide the radionuclides needed for their Nuclear Medicine programmes for the diagnosis
and therapy of various disease states.

2. Overall Objective:

The overall objective of the CRP is to improve cyclotron targetry for the production of
Pd-103,1-123,1-124 and Tl-201 for use in diagnostic nuclear medicine.

3. Specific Objective (Purpose):

The CRP will focus on solid phase targets for the production of Pd-103 1-123, 1-124 and
Tl-201.

The first objective will be to produce a target for the production of thallium-201 which
will withstand higher beam currents. This will be accomplished through the transfer of the
technology available on the electrodeposition of Thallium onto copper plates to produce a
smooth, stable surface. The techniques will include the preparation of the targets before
irradiation, extraction of the radioisotope, and the processing of the enriched materials after
irradiation. Furthermore, a standard procedure for the preparation of trivalent Tl-201 suitable
for polypeptide labelling can be developed.

The second objective will be to produce a target for the production of Pd-103 from
Rhodium. This will be accomplished by transferring the existing technology for the
electrodeposition of Rh onto metal plates. The chemical removal of Rh may also be
investigated.

The third objective will be to investigate the possibility of using electrodeposited
tellurium oxide as a target material. The following parameters and techniques will be
explored: 1) methods of deposition of the oxide on the metal target plate, 2) the stability of the
oxide layer during storage and irradiation, 3) the thermal characteristics of the oxide layer
especially during irradiation, 4) methods of radioiodine recovery such as dry distillation, and
5) reprocessing of the targets.

4. Expected Research Outputs (Results):

It is expected that at the end of the CRP the participants will have acquired sufficient
know-how and expertise to prepare suitable targets for high current irradiation at cyclotrons to
be able to produce reliably and economically 2O1T1, 123I or 124I and Pd103 for use in nuclear
medicine centres in their countries. The development procedure will also involve an efficient
recovery of the enriched target material for cyclic use. The associated radiochemical work
might also provide some basic data on the high temperature chemistry of iodine and on
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labelling methods of trivalent Tl-201, leading possibly to scientific publications. The overall
result of the CRP should be to establish standardized procedures for the production of these
radioisotopes. The document describing those procedures should be of use in all the Member
States.

5. Action Plan

1. Invite high beam current machine users of developing countries and of developed
countries to participate.

2. Evaluate the contracts and agreements in line with the proposed objectives and expected
output.

3. Organize the first RCM meeting (all participants) in an institute such as the Cyclotron
Department-Vrije Universiteit Brussel-Belgium where the techniques can be
demonstrated.

Purpose: 3.1.

3.2.

3.3.

3.4.

3.5.

3.6.

3.7.

3.8.
3.9.

Make known technology on high quality Tl-203 targets available to all
participants;
Demonstrate constant current Bipolar Chopped Sawtooth Tl-203
plating technology, heated flow-through stripper technology for
dissolution of irradiated Tl layers and controlled cathode potential
separation for quantitative recovery of enriched material;
Emphasize the necessity of efficient book-keeping of Tl-203 stock
through multiple analysis during Tl-203 cycle by voltammetric
stripping analysis (reference method);
Propose layer quality control techniques for homogeneity and
thickness (micrometry, transmission measurement, contact
radiography) and chemical purity, especially organic material from
bath additives (thermal shock test);
Discuss optimum cooling (thickness of non-finned Cu carrier,
geometry coolant channel, linear coolant flow rate) and irradiation
conditions (four quadrant beam collimator beam diagnostics, optimum
wobbler radius);
Inform the participants on the possibilities to prepare trivalent Tl-201
suitable for polypeptide labelling.
Inform participants on present status and future possibilities of TeC>2
and Rh electroplating and processing of irradiated targets;
To design and agree upon laboratory protocols and a work plan;
To critically examine the various routes for production of 1-123 from
enriched tellurium isotopes.

Make available to the contractants the required electronics and plating vessels for Tl203

deposition either through low-cost purchase or through home-made devices based on
VUB circuitry and drawings. Make arrangements that all contractants will use the same
chemicals (composition, purity) and the same Cu, Pt and reference electrodes. The
latter may have to be arranged by the Agency.

Organize the second RCM for reviewing the Tl-203 activities and drafting a technical
report on the results. Present preliminary results on TeO2 and Rh electroplating and
select preferences for future developments for both, deposition and processing of
irradiated targets.
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6. Organize a third RCM for reviewing TeO2 and Rh activities. Make decision on
optimum plating technology and (cfr 3.1 to 3.5) irradiated target processing and to
compile the results for a TECDOC publication.

7. Although more than 200 cyclotrons are available world wide it is suggested that only
those laboratories having strong interest in isotope production programmes should be
considered. The following is a list of the suggested laboratories: Argentina, Australia,
Belgium (Brussels), Brazil, Canada (Vancouver), China, Czech Republic, Egypt,
Germany (Julich), Hungary, India, Indonesia, Iran, Japan, Kazakstan, Korea, Russian
Federation, Saudi Arabia, South Africa, Syria, USA (BNL).
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Consultants' Meeting

on

"Target and Processing Technologies for Cyclotron Production of Radionuclides"

16 to 19 November 1999,
Vienna, Austria

AGENDA

Tuesday, 16 November

09:30 OPENING
Opening Remarks
D.D. Sood, Director, NAPC
H. Vera Ruiz-Scientific Secretary
Adoption of Agenda
Election of Chairman
Administrative Arrangements

10:00 SESSION I: Technical Reviews

S. Qaim: Current Status of Relevant Nuclear Data for Radionuclide
Production
T. Ruth:Cunent Status and Future Developments in Gas Target
Technologies
P. Van den Winkel: Current Status and Future Developments in Solid Target
Technologies
D. Schlyer: Cyclotron Production of Newer Radionuclides for Medical and
Industrial Purposes

K.S. Chun: The Cyclotron Radionuclide Production Programme of Korea.

Discussions

Wednesday, 17 November

09:00 SESSION II: Continuation of Session I

T. Ruth: Current Technologies on Radionuclide Production Modules and
Automation
D. Schlyer: GMP Aspects and Regulations in the Cyclotron Production of
Radionuclides
S. Qaim: Alternative p+ Emitters: Se-73, Y-86, Tc-94m, 1-120,1-124.
D. V.S. Narasimhan: The Co-ordinated Research Programme of the IAEA

Discussions
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Wednesday, 17 November (cont.)

13:30 General Discussion

Discussions on various related topics are proposed:
Problems, Current and Future Issues on Target Technology for High
Intensity Beams.
Problems, Current and Future Issues on Target Material Recovery Systems
Needs and Supply of Enriched Isotopes
Modern Concepts in the Design of Radiochemical Facilities for
Radionuclide Production, e.g. Hot Cells

Chemical Processing

The consultants are encouraged to propose other topics.

Thursdav,18 November

09:00 SESSION III: Potential role of the Agency
Potential future actions of the IAEA, e.g scientific meetings
Detail discussions on potential topics for CRP's
Elaboration of CRP proposal (s)

13:30 Drafting of the report of the meeting

Friday, 19 November

09:00 SESSION V: Finalization of the draft report

13:00 Closing of the meeting
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