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PROCEEDINGS OF THE DOE WORKSHOP ON THE ROLE OF A HIGH-
CURRENT ACCELERATOR IN THE FUTURE OF NUCLEAR MEDICINE

Compiled by

David C. Moody and Eugene J. Peterson

ABSTRACT

The DOE Workshop on the Role of a High-Current Accelerator
in the Future of Nuclear Medicine was held at Los Alamos National
Laboratory August 16-17,1988. The meeting was prompted by recent
problems with isotope availability from DOE accelerator facilities; these
difficulties have resulted from conflicting priorities between physics
experiments and isotope production activities. The workshop was
designed to be a forum in which the nuclear medicine community,
isotope producers, industry, and other interested groups could discuss
issues associated with isotope availability (including continuous supply
options), the role of DOE and industry in isotope production, and the
importance of research isotopes to the future of nuclear medicine. The
workshop participants endorsed DOE's presence in supplying
radioisotopes for research purposes and made four recommendations:

(1) DOE should immediately provide additional
support for radionuclide production In tht form
of personnel and supplies.

(2) DOE should establish a policy that would
allow income from sales of future "routine"
radionuclide production to be used to support
technicians. Instead of production being
subsidized, users would be charged directly
for the materials they use.

(3) DOE should obtain a 70-MeV, 500-^A variable-
energy proton accelerator as soon as possible.
It should appoint a committees) for siting and
machine selection. Once the facility is
operating, BLIP and LAMPF should be used
for radionuclide production that requires higher
energy particles.

(4) DOE should also immediately solicit proposals
to evaluate the usefulness of a new or upgraded
high-energy, high-current machine for
production of research radionuclides.

This proceedings volume is a summary of workshop sessions
that explored the future radionuclide needs of the nuclear medicine
community and discussed the DOE production capabilities that would
be required to meet these needs. Four position papers defined
radionuclide production and the needs of the nuclear medicine
community; the following discussion sessions focused on problems
associated with isoitope availability; and the above recommendations
were unanimously adopted.

vi



PREFACE

The cornerstones of the nation's nuclear
medicine capability are the radioisotope production
facilities operated by the Department of Energy and
the excellent research programs carried out by
industry, university, and national laboratory scientists.
Both the research and radioisotope diagnostic user
communities depend upon the continuous supply and
ready availability of medical radioisotopes. Both
nuclear reactor- and accelerator-produced
radioisotopes contribute to the supply, but, as
described here, even this combination of sources is
not sufficient to meet existing demand. The continued
vitality of the nuclear medicine research and user
communities depends upon a reasonable and cost-
effective solution to this supply problem.

Reactor production of radioisotopes for
research and clinical applications continues to be
plagued by problems such as the recent disruptions in
operations of the High Flux and Research Reactors at
Oak Ridge National Laboratory (ORNL). However,
because there are a number of reactors at DOE
facilities, at universities, and in the private sector,
alternative irradiation facilities can usually be found.
For example, ORNL pioneered the production of
153Gd for clinical evaluation of osteoporosis. During
the recent temporary shutdown of the reactors at
ORNL, other reactors within DOE supplemented
production, and the community experienced few
disruptions in the supply of 153Gd. However, ail too
often while the alternate facility develops a
reasonable operating schedule, there is a period
when only limited quantities of the radioisotope are
available.

Unfortunately, there are few alternatives for
accelerator-produced radioisotopes. Only two large
irradiation facilities are currently operated by DOE:
the Brookhaven Linac Isotope Production Facility
(BLIP) and the Isotope Production Facility (IPF) at the
Los Alamos Meson Physics Facility (LAMPF).
Existing cyclotrons could produce small quantities of
selected isotopes, but production capacity would be
extremely limited. The DOE accelerators were
designed as physics machines for physics
experiments and operations are controlled by these
experiments. Radioisotope production facilities do not
receive priority status because their funding does not
contribute significantly to accelerator operation.
Nuclear medicine research funding from DOE or other
federal agencies alone is not adequate for extended
operation of these large physics machines.

Two recent examples of conflicts in
accelerator research priorities are (1) the severely
restricted operating schedule of BLIP that occurred
several years ago when a physics experiment
diverted beam from BLIP, and (2) the potential
shutdown of IPF operations at LAMPF because of
possible interference with a neutrino oscillation
experiment. Such priority problems are compounded
because the nuclear medicine research community
needs short-lived isotopes continuously; 6-month-a-
year production schedules are not sufficient.

The nuclear medicine community is faced
with a major dilemma. There is a crucial need for
accelerator-produced radioisotopes. However,
facilities within the DOE complex are not dedicated to
radioisotope production, and these facilities are aging
(with concomitant increases in hardware expenses
and more intensive maintenance schedules). The
nuclear medicine community depends on the DOE's
unique facilities for radioisotope production and
associated research and development. If adequate
supplies of radioisotopes are to be available to the
nuclear medicine community in the future, issues
concerning the production of radioisotopes must be
addressed.

The DOE-Sponsored Workshop on the Role
of a High-Current Accelerator in the Future of
Nuclear Medicine, held on August 16-17,1988 at the
J. Robert Oppenheimer Study Center of the Los
Alamos National Laboratory, was organized to

(1) evaluate the present and future needs
for medical radioisotopes;

(2) explore production alternatives to meet
established and future needs;

(3) discuss DOE and industry roles in
meeting these identified needs; and

(4) determine the need, feasibility, and
strategy for the establishment of a
dedicated high-current accelerator for
medical radioisotope production. It is
essential to develop this strategy so
that the DOE, industry, and the nuclear
medicine community can work together
to ensure a continuous and readily
available supply of medical
radioisotopes.



I. EXECUTIVE SUMMARY

The DOE Workshop on the Role of a High-
Current Accelerator in the Future of Nuclear
Medicine was held at Los Alamos National
Laboratory August 16-17, 1988. Recent problems
with isotope availability from DOE accelerator
facilities that resulted from conflicting priorities
between physics experiments and isotope production
activities have prompted the organization of this
workshop. The workshop was designed to be a
forum in which the nuclear medicine community,
isotope producers, industry, and other interested
groups could discuss issues associated with isotope
availability (including continuous supply options), the
role of DOE and industry in isotope production, and
the importance of research isotopes to the future of
nuclear medicine. The workshop participants
endorsed DOE's presence in supplying radioisotopes
for research purposes and made the following
recommendations:

(1) DOE should immediately provide
additional support for radionuclide
production in the form of personnel
and supplies.

(2) DOE should establish a policy that
would allow income from sales of
future "routine" radionuclide
production to be used to support
technicians. Instead of production
being subsidized, users would be
charged directly for the materials
they use.

(3) DOE should obtain a 70-MeV,
500-|aA variable-energy proton
accelerator as soon as possible.
It should appoint a committee(s) for
siting and machine selection. Once
the facility is operating, BLIP and
LAMPF should be used for
radionuclide production that
requires higher energy particles.

(4) DOE should also immediately
solicit proposals to evaluate the
usefulness of a new or upgraded
high-energy, high-current machine
for production of research
radionuclides.

This proceedings volume is a summary of
workshop sessions that explored the future
radionuclide needs of the nuclear medicine
community and discussed the DOE production
capabilities that would be required to meet these
needs. The following four position papers were
solicited to define radionuclide production and needs
of the nuclear medicine community:

A. The Future of Radioisotope Production
for Nuclear Medicine:
The DOE's Role
D. C. Moody, Ph.D., Los Alamos
National Laboratory

B. General Imaging and SPECT
W. C. Eckelman, Ph.D., Squibb
Institute for Medical Research

C. Monoclonal Antibodies:
Imaging and Therapy
M. R. Zalutsky, Ph.D., Duke University
Medical Center

D. Positron Emission Tomography
M. J. Welch, Ph.D., Washington School
of Medicine

These papers are included here, followed by precis of
the discussions that resulted from oral presentations
of the papers. The discussions focused on problems
associated with isotope availability, funding and
resource problems that affect isotope availability, and
facilities issues that impact isotope availability.

A major discussion theme of the workshop
was the role of DOE and industry in providing
radionuclides for nuclear medicine research.
Workshop participants enthusiastically endorsed DOE
participation in radionuclide production and
encouraged DOE to support existing production
efforts so that full production capacity can be realized.
In addition, the workshop participants recommended
several alternatives that would establish dedicated
production facilities to ensure continuous supplies of
research radionuclides for the nuclear medicine
community.



II. POSITION PAPERS

A. THE FUTURE OF RADIOISOTOPE
PRODUCTION FOR NUCLEAR
MEDICINE: THE DOE'S ROLE

D. C. Moody
Los Alamos National Laboratory
Los Alamos, New Mexico

Introduction

Nuclear medicine today is an exciting,
growing discipline of medical science. One of every
three hospital patients in the United States undergoes
some type of nuclear medicine procedure. The
annual total number of nuclear medicine procedures
performed in this country alone is estimated at
12 million. To the research scientist or practicing
nuclear medicine physician, the most important
aspect of the discipline is the direct benefit to the
health of the country's citizens. This promotes an
excitement about research and new discoveries with
potential clinical applications and reinforces the
extraordinary dedication of the nuclear medicine
community.

Nuclear medicine is at a crossroads; its future
is critically dependent upon decisions that will be
made in the next few years. The Department of
Energy (DOE) currently plays a key role in the
development of nuclear medicine. In fact, the
radioisotope production facilities operated by the DOE
serve as a national resource for research
radioisotopes, and associated research programs at
the national laboratories have made major
contributions to the field. Both the research and
clinical communities depend upon a continuous
supply of medical radioisotopes. Both nuclear
reactor- and accelerator-produced radioisotopes
contribute to the supply, but the combination of
sources is not sufficient to meet existing demand.
This problem is compounded by recent DOE reactor
shut-downs, competition between radioisotope
production and high-priority physics experiments for
accelerator beam, and an uncertain future for the
currently operating large accelerators. The continued
vitality of the nuclear medicine research and user
communities depends upon a reasonable and cost-
effective solution to this supply problem.

Reactors

It is not the purpose of this document to
specifically examine reactor production of
radioisotopes. However, several points are pertinent

to the topic—especially when they provide insight into
the future of the accelerators or when they concern
radioisotopes that could be produced by either reactor
or accelerator. Reactor production of radioisotopes
for research and clinical applications continues to be
plagued by problems such as recent disruptions in
operations of the High-Flux Isotope and Research
Reactors at Oak Ridge National Laboratory (ORNL).
The research reactor is not scheduled to restart, and
the High-Flux Isotope Reactor should resume
operation (at 85% power) in 1989. Radioisotope
production has continued but has been severely
hindered by the necessity of irradiating targets at
other DOE reactors with lower neutron fluxes.
A number of reactors exist at DOE facilities, at
universities, and in the private sector, and therefore
alternative irradiation facilities can usually be found.
For example, ORNL pioneered the production of
153Gd for clinical evaluation of osteoporosis. During
the recent temporary shutdown of the reactors at
ORNL, other reactors within DOE were able to
supplement production, and the community
experienced few disruptions in the supply of 153Gd.

Accelerators

Unfortunately, there are few possible facilities
for accelerator-produced radioisotopes. Only two
large irradiation facilities are currently operated by
DOE: the 3rookhaven Linac Isotope Production
Facility (BLIP) and the Isotope Production Facility
(IPF) at the Los Alamos Meson Physics Facility
(LAMPF). A few of the cyclotrons within the DOE
research community could be used to produce small
quantities of selected isotopes for external
distribution; however, their production capacity would
be limited because of low beam intensities and the
difficulties imposed by multiple target irradiations.
Accelerators in industry and at universities are
similarly limited. The problems of isotope production
at BLIP and LAMPF are compounded by the fact that
neither was designed solely for isotope production
and schedules are driven by other physics research
that provides funding support for accelerator
operation. Lack of priority became painfully evident

3 years ago when BLIP was forced to shut down for
4 to 5 weeks because of conflicting physics
experiments. More recently, careful evaluations at the
Los Alamos National Laboratory suggested that a
major physics experiment at LAMPF might preclude
isotope production for up to 3 years (Ketchum, 1987).
Fortunately, radioisotope production and neutrino
physics at LAMPF were able to coexist, and 6-month-
per-year operation has resumed. These problems are
accentuated because the nuclear medicine research
and user communities need a continuous supply of



short-lived isotopes; 6-month production schedules
are not sufficient. Even with the cooperation between
BLIP and LAMPF and attempts to stagger operating
cycles, there are still major gaps in radioisotope
availability.

Continued operation of BLIP and IPF at
LAMPF is made more difficult by the age of these
irradiation facilities. Aging contributes to increasing
numbers of hardware failures, and more manpower is
required to maintain a constant level of operation. A
recent upgrade has alleviated this problem at BLIP,
and major hardware changes are currently under way
at LAMPF. LAMPF and BLIP accelerator operating
budgets primarily come from DOE'S Office of High
Energy and Nuclear Physics (OHENP), which is not
charged with isotope production responsibilities.
Continued operation of these facilities for physics
research is proposed in OHENP long-range plans.
Because of costs associated with commissioning new
facilities, increased production time at existing
facilities is unlikely. Whether this will have a negative
impact on BLIP or LAMPF operations beyond the next
5 years is uncertain. The new physics accelerators
offer few options because they are designed to
operate at too high an energy (GeV's) to make
radioisotope production practical.

The nuclear medicine community and DOE
are thus faced with a major dilemma. Although there
is a crucial need for accelerator-produced
radioisotopes, not only are facilities within the DOE
complex not dedicated to radioisotope production, but
they are aging. A closer examination of both BLIP and
LAMPF capabilities and limitations is warranted as we
search to find a solution.

BLIP

The BLIP uses excess proton beam capacity
(200 MeV, 60 \JLA) of a linear accelerator (linac) that
injects into an Alternating Gradient Synchrotron
(AGS). As many as 10 targets can be simultaneously
irradiated, but energy and beam intensity drop off
rapidly. The major limitations are the low beam
intensity, which limits multiple target irradiations for
long-lived isotopes, and the short operating schedule.
Operation for 18-22 weeks per year appears to be a
reasonable expectation for the next 5 years, and up to
14 weeks is possible 10 years from now. Various
AGS upgrades and Strategic Defense Initiative (SDI)
experiments could affect these projections.

The linac that provides beam to BLIP is
capable of operating 46 weeks per year, and the
addition of another ion source could upgrade the beam

intensity from 60 to 150 nA. A $6.6M cost is
projected; approximately one-half to two-thirds of this
possibly could be covered by AGS and SDL To
ensure the 46-week cycle, another $4M would be
required to allow acceleration of both H+ and H". To
support this level of production, additional processing
personnel would be required, at a cost of $600K per
year. To take advantage of this option for upgrading
BLIP and to fund operations 46 weeks a year, the
total cost would range between $2M and $11M per
year, depending on the level of participation by AGS
and SDI.

Production information on several radio-
isotopes currently in demand for nuclear medicine is
shown in Tables 1 and 2. These isotopes were
chosen because they are currently produced in large
quantities. Many other radioisotopes are provided to
the nuclear medicine research community in smaller
quantities.

Table 1.
Radioisotopes Produced at BLIP

in Large Quantities

Irradiation Yield
Isotope (week) (month)

82Sr 4 600 mCi
68Ge 18 133mCi

(600 mCi total)
127Xe 4 3 Ci
67Cu 1 50 mCi (week)

(200 mCi total)

'Includes 200-mCi/month LANL requirement.

Present
Demand
(month)

400 mCi
>300 mCi

3-4 Ci
500 mCi'

LAMPF

LAMPF is a half-mile-long linac—the most
powerful medium-energy accelerator in the world (800
MeV, 1.1 mA). There are nine target stations, each
capable of irradiating cne to three targets, depending
on the target size. The Medical Radioisotopes
Research Frogram at Los Alamos produces more
than 30 different radioisotopes (Table 3) and is the
sole US supplier of 15 of these (Los Alamos Technical
Bulletin, 1988). Production information on a few key
examples is shown in Table 2.

•Information received from Leonard Maussner, Brookhaven
National Laboratory (1988).



Table 2.
Radioisotopes Produced At LAMPF

in Large Quantities

Irradiation Yield
botope (week) (month)

Present
Demand
(month)

67CU

4
4
4
1

1-2 Ci
350 mCi

5 Ci
1.5 Ci (week)

(6 Ci total)

400 mCi
>300 mCi

3-4 Ci*M

500 mCi"

^LANL production to cease September 1988.
Includes 200-mCi/month LANL requirement.

At Los Alamos a decision has been made to
maintain 6-month operation of LAMPF as long as
possible. Because approximately 4 months per year
are needed for maintenance and upgrades, it would
be most desirable for the physics programs to have
LAMPF in production for 8 months per year. At
present, budgetary constraints preclude this option.
Power costs alone are about $1M per month. Los
Alamos also has proposed construction of an
Advanced Hadron Facility (AHF) that would use
LAMPF as an injector into a booster ring. If funding
for the facility becomes available, this project could
terminate radioisotope production as early as 1993.
Even without the AHF, operation schedules beyond
5 years cannot be guaranteed because of the costs
associated with commissioning new facilities that will
likely be starting at this time. The total DOE budget
for research in medical applications of nuclear
technology, including nuclear medicine, for FY 1988 is
approximately $35M. The total cost for operating
LAMPF for 8 months is $25-30M. At present, nuclear
medicine funds alone are insufficient to operate such
a facility; even extending operating cycles for a few
months would drain these limited resources.

General Considerations for Accelerator
Production

The current situation with BLIP and
LAMPF—and indeed, for accelerator production of
radioisotopes in general—is critical. With limited
resources, short operating cycles, and prospects of
even further limitations on accelerator operations in
the future, we must act now to ensure a steady supply
of research radioisotopes for nuclear medicine. The
radioisotopes currently supplied by BLIP and LAMPF
are listed in Table 3. If we do not reach a solution to
this dilemma, US production of these isotopes could
cease in the near future.

Table 3.
Accelerator-Produced Radioisotopes

7Be
2 2Na
26AI
32Si
44TJ

44,46Sc
48\/

52Mn
52,59Fe

56CO
67CU
68Ge
72Se

72.73AS
77Br

82,83,86R5

LAMPF

sszr
88y

iO9Cd
105.109mAg

123,1251
127Xe
i39Ce
145pm
145Sm

146,148Gd
163RO
172Hf

172,173|_u

207B i

1 2 8 B a

BLIP

7Be
7Be (carbon)

28Mg
52,59F e

56CO
67CU

81m K r
82Sr

82Rb
9 7 Ru

117m5n

118je
123|

The present situation is similar to that of the
86" Cyclotron at ORNL. This machine was con-
structed in the early 1950s for classified programmatic
radioisotope production and physics experiments.
Medical radioisotope production began in the 1950s
and steadily increased through the 1960s. Beam time
was rented to NASA during this time to help support
the facility as programmatic needs diminished. During
the 1960s, more than 120 different products were
distributed—approximately 20 were routine.
Accelerators in the private sector and industry began
to take over production of the most profitable isotopes
in the early 1970s, leaving Oak Ridge with only ^Co
and 67Ga as large-volume irradiations. Physics
experimentation ceased and NASA buiit its own
facility to perform irradiations. Although research
isotopes from the 86" Cyclotron were urgently
needed, it proved too expensive to operate this
mammoth machine for just the nuclear medicine
research community; operation finally ceased in 1984.
We can learn from this experience and find ways to
ensure that research radioisotope production will not
depend on accelerators built for other purposes.

Future Nuclear Medicine Requirements
for Radioisotopes

One major purpose of this Workshop is to
evaluate present and future radioisotope needs and,
based on reasonable projections, explore logical
alternatives to meet this production requirement. The
four isotopes discussed earlier here by no means
represent the total picture. Information contained in



the other three position papers to be presented will
contribute to better projections, as will discussions at
the Workshop. However, it is important to evaluate
the current situation and future projections with as
accurate a "ruler" as possible. The following
discussion will provide some quantification, from the
point of view of the DOE radioisotope producer.

The continued availability of both 82Sr and
68Ge is extremely important for Positron Emission
Tomography (PET). Informal discussions with various
PET instrument manufacturers suggest that the
number of centers conducting PET in this country
could easily double by 1990—approaching a total of
80. They estimate that in 3 to 5 years the demand for
68Ge and 82Sr will be 600 mCi/month and 5 Ci/month,
respectively. When LAMPF is running, supply of 68Ge
is barely adequate for the present needs. The BLIP
lower beam current severely limits production of most
long-lived isotopes like 68Ge, and production capacity
is, at best, 133 mCi/month. The proposed upgrade of
BLIP from 60 to 150 uA would barely meet the current
demand and falls far short of supplying the projected
need in the next few years. Los Alamos distribution of
68Ge in recent years is presented in Fig. 1. The sharp
increase in the last 2 years suggests that we may
have underestimated the amount of isotope needed in
3 to 5 years—which could approach 1 Ci/month.
Neither facility could meet this level of demand.

If BLIP and LAMPF were able to operate on
staggered 6-month cycles, there might be ample
production of 82Sr; however, with modest growth,
demand could easily exceed BLIP capacity. Even
with an upgrade, BLIP could not meet the projected
demand in 3-5 years, and Los Alamos then would
have to devote three irradiation stations (one-third of
its capacity) to molybdenum irradiations for 82Sr.

o

M

1

Sh
ip

m

1600

1400

1200

1000

800

600

400

200

0
8

•

1 1
0 S

•1..1. Ill1 • 1 • 1 1 1I ^ wji j i W^ ^ 1̂1
1 82 S3 84 85 86 87

Fiscal Year

Fig. 1. Germanium-68 shipments from Los Alamos
Meson Physics Facility since 1980.

If one considers augmenting production of 82Sr with
• isotopes from Canadian or European accelerators,
perhaps 1 to 2 Ci/month could be generated. (These
figures are extrapolated from discussions at a recent
workshop on the role of regional accelerators and
PET.) In this scenario, one also must consider the
projected world needs for 82Sr. Doubling the current
number of worldwide PET centers would suggest that
approximately 100 centers might need 82Sr by 1990.
Generator requirements of 120 mCi/month/center
translates into a projected need of 12 Ci/month. Even
with combined production capabilities, production falls
far short of this amount.

Xenon-127 production continues to be a
problem for the combined capabilities of Brookhaven
and Los Alamos because demand is close to present
capacity. This problem will become acute after
September 1988, when Los Alamos will cease
production. We should be seeking alternative reactor
production from enriched stable 126Xe. Unfortunately,
clinical acceptance of 127Xe has been severely limited
by its availability. Significant growth in 127Xe use will
occur only if reactor production proves feasible and if
a steady supply is maintained at a reasonable cost.

Future needs for research radioisotopes are
often impossible to predict. In many cases, the
isotope and its radiopharmaceutical agents will be
evaluated over a 10-year period and demand will
steadily build, if a successful clinical agent is
developed, the need for the radioisotope will conftnue
to build, but if no major utility is discovered, research
interest will decrease and so will demand. The future
of nuclear medicine is critically dependent on the
variety and ready availability of research
radioisotopes. This latter point is particularly
important because infrequent or sporadic availability
of an isotope will discourage research with that
isotope, as will uncertain long-term supply. This is
most applicable to industrial research in which the
emphases of major research and development
programs demand the reasonable present and future
availability of key materials. Copper-67 is a prime
example. Several years ago, the need for a longer
lived copper isotope became critical. The 12.7-hour
64Cu available at the time severely limited cur ability
to follow copper metabolism in vivo. Los Alamos
pioneered the spaliation production of 67Cu from a
ZnO target and developed chemical separation
schemes for its purification (O'Brien, ef a/., 1984).
Research and development of the process continued
and an electrochemical procedure eventually replaced
the initial chemical separation procedures. During this
development period, 67Cu was made available to the
research community.



Our earliest external distribution of this
isotope was in September 1981. Because of its
convenient half-life (62 hours), gamma emissions for
imaging, and beta decay for possible therapy
applications, 67Cu is an attractive isotope for labeling
monoclonal antibodies. Several major research
programs (including our labeling effort at Los Alamos)
are currently exploring this possibility. The research
demand for 67Cu continues to grow; Los Alamos
shipped 3.0 Ci in 57 shipments during our 6 months of
LAMPF operation in FY i987 (September 1986
through October 1987). We have been contacted by
biotechnology companies interested in labeling
monoclonal antibodies with 67Cu, but ensuring year-
round availability is always a problem. Even current
clinical trials of promising agents are severely limited
by the 6-month availability. BLIP can produce small
quantities of 67Cu, but the specific activi'y averages
2000 Ci/g compared to 15,000 Ci/g for LAMPF-
produced material. Many companies that want to use
67Cu are awaiting the outcome of this workshop; they
will evaluate prospects for a continuous supply before
committing their resources to research in this area.
Meanwhile, the demand is steadily increasing and so
is the user community's concern about future
availability. A year-round supply of 67Cu would likely
double the present demand; in 5 years, with clinical
trials under way, the need for 67Cu could easily reach
2 Ci/montn. Los Alamos could meet this demand
while LAMPF is operating, but even with the proposed
upgrade, BLIP could not easily meet these specific
activity or quantity requirements.

Future needs for other accelerator-produced
research radioisotopes are often even more difficult to
project. Some estimates of 123I required for Single-
Photon Emission Computed Tomography (SPECT)
brain studies alone approach 5 Ci/month. Industry
and DOE roles in 123I production are yet to be
resolved, but a dedicated high-current facility could
greatly help meet this need.

Summary

It is clear that DOE should continue to be a
major partner in nuclear medicine research and
radioisotope production as well as associated
research and development. These areas must receive
emphasis and priority funding. This conclusion is
consistent with those set forth in a draft report of the
Subcommittee on Nuclear Medicine Research, Health
and Environmental Research Advisory Committee
(McAfee, 1988)—a report that also supports a
dedicated radioisotope production facility as a solution
to the problem of year-round availability. The next
paragraph is quoted from that report.

"As a major initiative, the Subcommittee
proposes the development of a facility containing a
cyclotron or other suitable charged particle accel-
erator for the continuous production of radionuclides
for research as a national resource. The DOE-
supported facilities (chiefly at Brookhaven and Los
Alamos) are the sole sources for many radionuclides
for research in the US. Because their accelerators
operate only during experiments under the control of
high-energy physics, radionuclide production is a
secondary intermittent activity with long periods of
shut-down. Consequently, research in nuclear
medicine becomes intermittent, particularly with short-
lived radionuciides. This will become a greater problem in
the future because of progressively increasing
application of these short-lived radionuclides at both
research and clinical levels. A continuous reliable
supply of research radionuclides is available in most
European countries and Canada. The Subcommittee
believes that this is a worthy goal for the US also, but
it can be reached only by establishing a facility
committed to radionuclide production."

A dedicated, high-current radioisotope
production linac within the DOE complex appears to
be an attractive solution to the problem of year-round
availability of research radioisotopes. Such a facility,
with multiple beam lines and target ports, could
provide both the variety and quantity of isotopes
needed to ensure a sound future for nuclear medicine.

The current problem of radioisotope avail-
ability for research in the US will continue to escalate
unless solutions are found soon. The radioisotope
production programs at BLIP and LAMPF are
approaching subcritical levels. How much longer can
these national resources operate effectively without a
commitment to the future? We hope that this
workshop will accomplish several goals.

(1) Provide an accurate assessment of the
present situation,

(2) Help quantify present and future
radioisotope needs,

(3) Explore DOE and industry roles,

(4) Critically evaluate the next 3 to 5 years,

(5) Explore logical alternatives,

(6) Reach consensus on the need, feasibility,
and priority of a dedicated radioisotope
production facility within DOE, and

(7) Recommend a course of action to DOE
OHER.
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GENERAL IMAGING AND SPECT

W. C. Eckelman
Squibb Institute for Medical Research
New Brunswick, New Jersey

The development of the "Mo-99mTc generator
system in the late 1950s at Brookhaven National
Laboratory was the single most important impetus to the
growth of clinical nuclear medicine. Because of the
complexity of technetium chemistry and the lack of
studies using "Tc in the traditional laboratory manner,
many of the early 99mTc radiopharmaceuticals were the
result of trial and error. Nevertheless, useful
compounds, mainly aimed at tracing the function of the
exaetory organs, were developed and used routinely in
diagnostic nuclear medicine.

On a practical level, the use of 99mTc was
accelerated by the development of "instant kits" that
employ stannous ion as the reducing agent.
However, the functional studies are often confused
with efforts to obtain anatomical detail and, in those
cases where anatomical changes occurred at the
same rate as functional changes, the higher
resolution techniques of computerized tomography
(CT) and, more recently, nuclear magnetic resonance
(NMR) imaging are superior. There are cases,
however, where function changes more quickly than
anatomy; for example, in bone metastases, where
nuclear medicine is still an important adjunct to
diagnosis. Nevertheless, it became clear that nuclear
medicine must concentrate on the measurement of
small-vessel perfusion and biochemical reactions
because that is the source of its uniqueness,
lodinated contrast media has not progressed beyond
the polar agents that distribute in the extracellular
space and then are filtered by the glomeruli. Contrast
agents for NMR imaging are presently at the same
stage of development with GdDTPA (gadolinium
diethylenetetramine pentaacetic acid). Because NMR
has lower requirements for the amount of contrast
agent per kilogram of body weight than CT does, it
may be possible to study small-vessel perfusion or
biochemical reactions by using proton NMR with
paramagnetic contrast media. Fast machines may be
developed to detect other nuclides present in
compounds of biological interest. But for the near
future, it appears that small-vessel perfusion and
biochemical reactions will be in the exclusive realm of
nuclear medicine, and anatomical differences will be
the realm of x-ray and NMR imaging (Table 1).

Certainly the present agents, such as 99m Tc
sulfur colloid, 99mjc macroaggregated albumin,
99myc DADS, and the "T>TC bone agents, distribute

Radiopharma-
ceuticals

lodinated
contrast media

Paramagnetic
contrast media

Table 1.
Imaging Modalities

Anatomy

Special
Cases

Yes

Yes

Perfusion

Yes

No

Future

Biochemistry

Yes

No

Future

proportional to flow and are most useful to detect flow
differences. The last two major target tissues, the
myocardial muscle and the cerebrum with a normal
blood-brain barrier, are now being studied with 99mTc-
labeled compounds. In the heart, 201TI—as the
thallous cation—is presently being used. However,
99mjc cations, such as hexakis (2-methoxy-2-
methylpropyl isonitrile) technetium (also known as
Cardiolite and RP-30) and neutral ^ T o complexes
such as {Bis[1,2-cyclohexanedione dioximato(1-)-O]-
[1,2-cyclohexanedione-dioximato(2-)-0]methyl-
borato(2-)-N,N1,N",Nm,N"",N""1}-chlorotechnetfurn (one
of a class of boron adducts of lechnetium dioximes
[BATOs], also known as Cardiotec and CDO-MEB)
are being tested to determine their suitability as
myocardial perfusion agents. The RP-30 is taken up
by the myocardium and retained with a half-life of
greater than 12 hours; whereas 99mTc-labeled CDO-
MEB is taken up rapidly and released rapidly. This
latter compound is more characteristic of xenon than
of thallium and can be used to obtain rapid repeat
studies. Both are in clinical trials and are expected to
expand nuclear medicine diagnostic studies
significantly, although in different clinical situations.

Xenon-133 is presently approved for the
measurement of cerebral perfusion. Recently,
123l-labeled N-isopropylamphetamine (Spectamine)
became the second commercially available agent that
crosses the intact blood-brain barrier. The distribution
immediately after injection is flow related, but the
immediate uptake and later distribution are dependent
upon amine uptake processes. There have been
examples of both low and high uptake of radioactivity
in areas of normal flow. Recently, a number of neutral
99rnTc-labeled compounds have been proposed for
measuring cerebral blood flow in disease state where
the blood-brain barrier is intact. The series of
propyleneamineoximes are also very interesting
cerebral perfusion agents. Whereas "f"Tc PNAO



(propyleneamine oxime) is taken up efficiently and
released from the cerebrum rapidly, a derivative,
99mjc ( j j hexamethylpropyleneamine oxime
(HMPAO), is taken up and retained. Because of the
available SPECT instrumentation, the latter
compound is being studied in the clinic. Another
derivative of the BATO series, {Bis[2,3-butanedione
dioximato (1 -)-0]-[2,3-butanedionedioximato(2-)-0]2-
methyl, 1-propyl-borato(2-)-N,N')N",N'",N"",N }-
chlorotechnetium (also known as DMG-2MP), is
taken up efficiently by the brain, but the release is
slow enough to facilitate SPECT imaging. Finally,
there is an ester derivative of the diamino, disulfide
chelation system (N,N'-1,2 ethylenediyl-bis-L-cysteine
diethylester, Tc-ECD.) that is taken up in the human
brain. This compound depends on the slow
hydrolysis of the ester groups in the blood but me
rapid hydrolysis of ester groups in the brain to result
in high cerebral uptake and retention of the more
hydrophilic metabolite.

It appears then that a series of first-
generation compounds have been developed to
measure perfusion in the brain, and these hold great
promise to establish the usefulness of nuclear
medicine studies of cerebral perfusion in diseases
that do not disrupt the blood-brain barrier.

However, the measurement of biochemical
reactions using 99mTc is another matter. The number
of attempts to radiolabel biochemicals that did not
result in a true tracer are legendary. Attempts to label
fatty acids alone comprise at least 15 9Smxc

bifunctional chelates, none of which are recognized as
fatty acids by the body. The expedient path here is to
use 1 2 3 I . Although this radionuclide has ideal imaging
properties, it is not available by means of a generator
system. This lack of availability puts it well behind
99mTc and, in fact, behind the positron-emitting
radionuclides 11C, 13N, 15O, and 18F because these
are at least available from an onsite, although expensive,
generator; that is, a cyclotron. Nevertheless, 123I
seems to be an efficient radionuclide for labeling
biochemicals. To date, quinuclidinyl benzilate has
been labeled and shown to localize at muscarinic
receptors; [125 l]IBZM,(S)-3-iodo-N-[(1 -ethyl-2-
pyrrolidinyl)]methyl-2-hydroxy-6-methoxybenzamide
has been radiolabeled and shown to localize at D-2
dopamine receptor; and [125l]IBZP,R-(+)-8-iodo-2,3,4,5-
tetrahydro-3-methyl-5-phenyl-1H-3-benzazepine-7-ol
has been radio-iodinated and shown to localize at D-1
receptors. Other iodinated derivatives of biochemicals
have been prepared. Radioiodinated estrogens and
progestins have been tested and shown to retain their
biochemical reactivity. None of these have been tested
for disease sensitivity and selectivity, but anecdotal
information of their usefulness has been published.

At present, there are about 50 positron
emission tomographs (PETs) worldwide. This offers a
tremendous opportunity to study biochemical
reactions because of the availability of 11C, 13N, 15O,
and 18F. The studies with 18F-2-fluoro-2-deoxy-
giucose have shown the ability to trace glucose
metabolism; whether this can be translated into
clinically useful diagnostic studies is still an open
question. A recent subcommittee of the ACNP/SNM
has supported the clinical utility of studying patients
with epilepsy and patients with glioma. Many receptor
binding radiotracers have also been labeled with
positron-emitting radiotracers. However, none -have
been.used to identify a specific disease entity. In fact,
one of the few receptor binding radiotracers that has
shown clinical utility is S9mjc neogalactosealbumin. It
has been proven sensitive to changes in liver function.

In the myocardium, PET radiotracers have
shown more clinical utility. Rubidium-82, available
from the 82Sr/82Rb generator system, appears to be
an important adjunct in the detection of myocardial
perfusion changes. The measurement of small-vessel
perfusion with radioisotopes should be more sensitive
than angiography because function is more important
than anatomy. The need for myocardial studies would
substantiate predictions that the number of PET
machines will double each year for the next 5 years.
However, the clinical usefulness of PET in identifying
neurological disease is still unproven.

In general, nuclear medicine has a bright
future, based on its ability to provide information on
small-vessel perfusion and biochemical reactions.
Technetium-99m-labeled radiopharmaceuticals are
available to study most organ systems and 1 2 3 I -
labeied radiotracers are being developed for
biochemical processes. Clinical utility of PET has
been shown in the myocardia, but it remains to be
proven in neurological diseases. However, great
potential for both SPECT and PET are evident
because of the unique characteristic of a technique
employing the "tracer principle."

Of the single-photon-emitting radionuclides
available, 99mTc and 123I seem to be useful for the
majority of applications, lodine-123 should be made free
of 124I to achieve maximum diagnostic sensitivity and,
therefore, a high-energy cyclotron is necessary. There
are, however, special applications where other single-
photon-emitting radionuclides may be necessary for
specific diagnostic purposes. A survey of the
International Journal of Radiation Applications and
Instrumentation, Part A (Applied Radiation and Isotopes)
and Part B (Nuclear Medicine and Biology) reveals a
number of other interesting radiopharmaceuticals labeled
with single-photon-emitting radionuclides.
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The list of most popular radionuclides
includes 20171, 67Qa, min, 12?Xe, and 133Xe. Four
are produced on the cyclotron; the first three are
made on relatively Sow-energy machines (Table 2).

Following, there is a long list of radionuclides
that are potentially useful. This list contains only the
most recent publication for each experimental
radionuclide and is not a reference list to the
originator of either the production of the radionudide
or the synthesis of the radiopharmaceutical. Rather, it
is meant to show recent trends in the use of research
radionuclides.

1.

3.

4.

prepared by i52Gd(n,Y>153Gd
P. Wedeking and M. Tweedle
"Comparison of the Biodistribution of
153Gd-Labeled Gd(DTPA)2-,
Gd(DOTA)- and Gd(acetate)n in Mice,"
Nucl. Med. Biol. 15, 395 (1988).

2. 199Au prepared from 198Pt
9 » i 9 9

5.

Table 2.
Radionuclides for Clinical Nuclear Medicine

Isotope

201 T I

67Ga

min

i27xe

i33xe

Nuclear Reaction
Process

203TI(p,3n)20ipb\20iTI

eazn (p,2n)67Ga

112Cd(p,2n)i11ln

133Cs (p,2p5n)i27xe

Fission

Half-Life
(d)

3.1

3.3

2.8

36.4

5.2

R. Anderson, A. T. M. Vaughn, and
N. R. Varley
"Antibodies Labeled with 199Au:
Potential of 199Au for
Radioimmunotherapy,"
Nucl. Med. Biol. 15, 293 (1988).

1°3Ru-Chloride prepared as tracer for
»7Ru from ™3Rh(p,2p5rt)97Ru
A. Ando, I. Ando, T. Hiraki, and
K. Hisada \
"Distribution of 103Ru-Chloride in
Tumor-Bearing Animals and the
Mechanism of Accumulation in Tumor
and Liver," Nucl. Med. Biol. i5,133
(1988).

MCu prepared from 63Cu (n,Y)MCu
J. Franz, G. M. Freeman,
E. K. Barefield, W. A. Volkert,
G. J. Ehrhardt, and R. A. Holmes
"Labeling of Antibodies with ^Cu
Using a Conjugate Containing a
Macrocyclic Amine Chelating Agent,"
Nucl. Med. Biol. 14,497 (1988).

16SDy prepared from i«Dy(n,Y)165Dy
J. Zuckerman, C. B. Sledge,
S. Shortkroff, and P. Venkatesan
"Treatment of Rheumatoid Arthritis
Using Radiopharmaceuticals,"
Nucl. Med. Biol. 14,211 (1987).

6. »9Sr prepared from »Sr(n,Y)8»Sr
R. G. Robinson, J. A. Spicer,
D. F. Preston, A. V. Wegot, and
N. L Martin
"Treatment of Metastatic Bone Pain
with Strontium-89,"
Nucl. Med. Bio!. 14, 219 (1987).

7. 153Sm prepared from 152Srn(n,Y)153Sm
186R6 prepared from 185Re(n,Y)ia6Re
"i53sm-EDTMP and 1«3Re-HEDP as
Bone Therapeutic Radio-
pharmaceuticals, "
Nucl. Med. Biol. 14,223 (1987).

8. «>Y from " S r generator
G. J. Ehrhardt and D. E. Day
"Therapeutic Use of ^ Y Microspheres,"
Nucl. Med. Biol. 14,233 (1987).

9. " B r from Mo Spallation
F. J. Otsuka and M. J. Welch
"Methods to Label Monoclonal
Antibodies for Use in Tumor Imaging,"
Nucl. Med. Biol. 14,243 (1987).

10. «Sc prepared from «Sc(n,y)*Sc
51Cr prepared from 50Cr(n,Y)5iCr
A. Ando, I. Ando, N. Yamada, T. Hiraki,
and K. Hisada
"Distribution of ^Sc and 51Cr in Tumor
Bearing Animals and the Mechanism
for Accumulation in Tumor and Liver,"
Nucl. Med. Biol. 14,143 )(1987).
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11. 67Ga prepared from 68Zn(p,2p)67Ga
M. C. Ward, K. R. Roberts,
J. W. Babich, M. A. Bukhari,
G. Coghlan, J. H. Westwood,
V. R. McCready, and R. J. Ott
"An Antibody-Desferrioxamine
Conjugate Labeled with 67Ga,"
Nucl. Med. Biol. 13, 505 (1986).

12. i»im|r generator from 191Os,

A. B. Packard, G. M. O'Brien, and
S. Treves
"The Development of an 191Os 191mlr
Generator Using an Osmium Chelate
Parent Complex.
I. Transdioxobismalonatoosmate (VI),"
Nucl. Med. Biol. 13, 519 (1986).

13. 211At prepared from 2WBi (a,2n),2HAt
T. C. Richardson
"Astatine (211At) as a Therapeutic
Radionuclide. The Plasma: Blood
Cell Distribution in vitro,"
Nucl. Med. Biol. 13,583 (1986).

14. 67Cu prepared from 68Zn(p,2p)67Cu
W. C. Cole, S. J. DeNardo,
C. F. Meares, M. J. McCall,
G. L. DeNardo, A. L. Epstein,
H. A. O'Brien, and M. K. Moi
"Serum Stability of 67Cu Chelates:
Comparison with "i11ln and 57Co,"
Nucl. Med. Biol. 13,363 (1986).

15. i°»Pd produced from i»Pd(n,Y)1MPd
Spallation of Cd or In targets
F. M. Chen and D. E. Troutner
"A Bifunctional Ligand for Pd(ll),"
Nucl. Med. Biol. 13, 373 (1986).

16. *>niBr prepared from «>3Kr(d,na)80mBr
R. H. Seeves, R. C. Mease,
A. M. Friedman, and E. R. DeSombre
'The Synthesis of Non-Steroidal
Estrogen Receptor Binding Compounds
Labeled with 80mBr,"
Nucl. Med. Biol. 13,483(1986).

17. »Y prepared from «Sr(p,n)i»Y
D. J. Buchsbaum, E. E. Hanna,
B. C. Randall, F. Buchegger, and
J. P. Mach
"Radiolabeling of Monoclonal Antibodies
Against Carcinoembryonic Antigen with
88Y and Biodistribution Studies,"
Nucl. Med. Biol. 12,79(1985).

18. »2Br prepared from si
D. C. Jette, L. I. Wieke, and
J. D. Chapman
"Synthesis and in vivo Studies of
the Radiosensitizer 4-[82Br]bromo-
misonidazole,"
Nucl. Med. Biol. 10,205 (1983).

19. 2izpb 288Th(4n) decay series
M. K. Rosenow, G. L. Zucchini,
P. M. Bridwell, F. P. Stuart, and
A. M. Friedman
"Properties of Liposomes
Containing 212Pb,"
Nucl. Med. Biol. 10,189 (1983).

20. 105Rh prepared from

B. Grazman and D. E. Troutne
"105Rh as a Potential Radiotherapeutic
Agent,"
Appl. Radiat. Isot. 39,257 (1988).

21. "">Kr from <"Rb generator
8 1 Rb prepared from 79Br{a,2n)8iRb
A. G. M. Janssen, A. J. Witsenboer,
and J. J. DeGoeij
"An Extension Set for 81 Rb - 8 1 mKr
Solution Generators for Lung
Ventilation Studies,"
Appl. Radiat. Isot. 39,87 (1988).

22. W H O prepared by i«Ho(n,Y)166Ho
M. Neves, F. Waevenborgh, and
L. Patricio
"Palladium-109 and Holmium-166
Potential Radionuclides from
Synoviotherapy-Radiation Absorbed
Dose Calculations,"
Appl. Radiat. Isot. 38,745 (1987).

23. 2 » B I and 2o»Bi prepared from
Pb(p,xn)BI
M. C. Lagunas-Solar, O. F. Carvacho,
L. Nagahara, A. Mishra, and
N. J. Parks
"Cyclotron Production of No-Carrier-
Added 2(»Bi (6.24d) and 205BJ (15.31 d)
as Tracers for Biological Studies and
for the Development of Alpha-Emitting
Radiotherapeutic Agents,"
Appl. Radiat. Isot. 38,129 (1987).
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24. io3mRh and "3Ru prepared from
103RU /103mRh

M. Wenzel and Y. Wu
"Abtrennung von [103Rh] Rhodocen-
Derivaten von den Analoger [103Ru]
Ruthenocen-Derivaten und deren
Organ Verteilung,"
Appl. Radiat. Isot. 38, 67 (1987).

25. 117mSn prepared from
"eSn(n,7)n7'"Sn or Cyclotron
S. M. Qaim and H. Dohle
"Production of Carrier Free 117mSn,"
Appl. Radiat. Isot. 35, 645 (1984).

For diagnosis, there seems to be little chance
that there will be another radionuclide that gains the
importance of sa^Tc or 1 2 3 I . There will be special cases
for relatively small clinical applications; for example, the
Os-191mlr generator. Many of these radionuclides have
been listed by D. E. Troutner (1987).

Radionuclides that did not appear in Dr.
Troutner's paper and are not primarily intended for
antibody labeling (this will be discussed by Dr.
Zalutsky) are ^Br, somBr, s2Br> 88Re, 86R6i 89s
166Ho, 88Y, 117mSn, 97Ru, 205BJ, 206Bii a n d 105Rh.

clinical situations. The greater need appears to be for
therapeutic radionuclides (excluding those for
antibody labeling) produced both in the reactor and
the accelerator. The majority of radionuclides needed
are produced in the reactor because of the nature of
beta-emitting radionuclides, but an appreciable
number are also produced on the accelerator (see
Table 3). The major categories of therapeutic
radionuclides (omitting those to be used for antibody
labeling) are listed here.

1. Bromine-labeled estrogens
7 7 8 2 8 0

2.

3.

In summary, there is a need for a high-flux
dedicated reactor for many of the therapeutic
radionuclides and for 99Mo/"mTc. There is also need
for a high-beam current cyclotron for several key
therapeutic radionuclides and for 1 2 3 I . There appears
to be sufficient cyclotron capacity for the commercially
available ^Qa, 111ln, and 20171.

Bone agents to reduce bone pain
i s a ^ s e ^ g i s s , and «

Colloids for synovectomy
i65 1 6 6 , soy, and 109Pd)

In general, there is a need for the production
of single-photon-emitting radionuclides for diagnosis,
although these seem to be radionuclides for special

Reference

D. E. Troutner, "Chemical and Physical Properties of
Radionuclides," Nucl. Med. Biol. 14,171-176 (1987).

Table 3.
Production Methods for Selected Radionuclides*

Avee-
Energy
(keV)

>500

300-500

200-300

100-200

0-100

0-0.5

H5m|n

G(n,Y)

103mRh

G(n.y)

0.5-1

188Re

G(n,y)

109pd

n,Y

123|

p,5n

Half-Life
(d)
1-2

186Re

nj

i53Sm
n,Y

1°5Rn
n.Y.P

119Sb
p,3n

*Of these, 119Sb, 67Cu, 123|, and 197Hg are made on a

2-4

90y
G(n,f)

67Cu
P.2p

WHg
p,n

cyclotron.

4-20

32p

n,p

1311

n.Y.P
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B. MONOCLONAL ANTIBODIES:
IMAGING AND THERAPY

M. R. Zalutsky
Duke University Medical Center
Durham, North Carolina

Introduction

No technological advance outside the domain
of nuclear science probably has had a greater impact
on the current directions of nuclear medicine research
than the development of hybridoma technology. In
both the public and private sector, a considerable
effort is being devoted to exploiting monoclonal
antibodies that can be directed against human
cancer-associated antigens for the selective delivery
of radionuclides to tumors of other cell-specific
targets. When labeled with gamma-emitting nuclides,
monoclonal antibodies can be used to define the
extent and location of disease by using either
conventional planar imaging or, preferably, single-
photon-emission computed tomography (SPECT).

Perhaps the most valuable application of
radioimmunoscintigraphy is as a prelude to
therapeutic studies (using monoclonal antibodies
labeled with alpha or beta emitters) or as a monitor of
response to other forms of therapy. Although this
two-step strategy is conceptuaily appealing, labeled
antibodies have yet to make a significant impact in
the clinical domain, primarily because both the
specificity and magnitude of tumor uptake have been
low.

If the effectiveness of labeled antibody
diagnosis and therapy is to be increased, a multitude
of variables must be considered, including those of an
immunological, physiological, and radiochemical
nature. Those that are unique for each individual
antigen-antibody system include antibody specificity,
binding affinity, and cross reactivity with normal
tissues, as well as antigen density on tumors. Tumor
blood flow, vascularity, permeability, and antigen
accessibility all influence the degree of tumor uptake
of a labeled antibody.

A major cause of low tumor uptake is the loss
of nuclide from the antibody following its administration
in vivo. Catabolism of label from radioiodinated
antibodies is reflected by uptake in the thyroid and
stomach and, for antibodies labeled with 111ln, by
significant uptake by the liver. These observations
suggest two important criteria that should be
considered in developing new strategies for labeling
antibodies: (a) we must maximize the in vivo stability of

the chemical bond between the nuclide and the protein,
and (b) because antibody catabolism will occur, we
must ensure that the labeled catabolites are in
chemical forms that will be excreted from the body as
rapidly as possible.

From a radiochemical perspective, it also is
important to use labeiing chemistries that do not
decrease the affinity or specificity of the antibody for its
antigenic target. This task is complicated by the fact
that several groups, including our own, have shown
that the various factors involved in the labeling
process, including oxidant, solvent, and presence of
the most reactive labeling site in the antigen
recognition region, can all affect the immunoreactivity
of a particular labeled antibody to a different degree.
Another consideration in the evaluation of alternate
nuclides for use as antibody labels is the match
between the nuclear decay characteristics of the
nuclide and the intended diagnostic or therapeutic
application.

Diagnostic Applications

The potential utility of labeled monoclonal
antibodies for diagnostic applications in vivo rests in
the ability of radioimmunoscintigraphy to provide
functional data that are complementary to the superior
anatomical information obtained from magnetic
resonance imaging or computerized tomography.
Thus, it will be critical to be able to use labeled
antibodies to quantitate tumor cell populations and
then to use this information, for example, to perform
dosimetry estimates for subsequent therapeutic
antibody studies and to monitor the response to other
therapies. Following external beam radiation therapy,
anatomical imaging techniques have difficulty in
distinguishing between radiation necrosis and viable
tumor. Studies with radiopharmaceuticals (FDG and
labeled amino acids) have shown that such a
distinction is possible when image contrast is related
to a parameter that reflects cell viability. Based on
these considerations, it is unlikely that a nuclide with
gamma emissions that are of marginal utility for
imaging in general and SPECT in particular will be
worth pursuing as a new antibody label.

Multiple-tumor imaging studies using
monoclonal antibodies labeled with either 131I or 111ln
have been performed in patients with a variety of
malignancies, including melanoma and ovarian,
colorectal, and breast carcinomas. Although a wide
range of specificities and sensitivities for tumor
detection have been reported in these retrospective
studies, detection rates of more than 70% appear to
be possible for tumors greater than 2 cm in diameter.
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If the clinical utility of labeled
antibodies is to be improved, higher
detection rates must be achieved, and
in prospective series.

In evaluating the diagnostic
potential of labeled antibodies, it is
important to bear in mind that the
gamma rays emitted by 1 3 1 I , and also
to some extent 111ln, are not optimal
for imaging, particularly with SPECT
(Table 1). Problems include low count
rate per unit dose, scatter
background, collimator penetration,
and suboptimal spatial resolution.
Additional factors that decrease
contrast between tumor and normal
tissues are dehalogenation (131I) and
high uptake in liver and, in some
cases, kidney (111 In).

Two nuclides with more
favorable physical properties for
radioimmunoscintigraphy are 13-h
•>23| anc j Q-h 99nrj-c (Table 1). These
nuclides not only have better
characteristics for conventional
gamma camera imaging but also are
well suited for use in SPECT. If 123I
and 9Smjc a r e to be exploited for
antibody imaging, several problems
must be addressed. First, labeling
methods must be developed that
impart in vivo stability without
compromising immunoreactivity.
Recent reports suggest that improved
approaches for labeling antibodies
with 123| (Zalutsky and Narula, 1988) and 99mTc
(Fritzberg et at., 1987) will soon be available for
clinical studies. Second, strategies must be
developed for obtaining adequate tumor uptake and
clearance from normal tissues in time frames
compatible with the shorter half-lives of these
nuclides. Approaches under investigation include the
use of antibody fragments, nonintravenous routes of
injection, and second antibodies.

Assuming similar complexities of labeling
method, 123I would probably be the nuclide of choice
for antibody imaging because of its more optimal half-
life. The value of combining 123I with SPECT imaging
for tumor detection has been demonstrated in a
recent European study (Delaloye et al., 1986).
Though conventionally radioiodinated antibody was
used, 82 and 89% of colorectal tumor sites coi:ld be
detected by using SPECT and i23l-labeled F(ab')2

and Fab fragments, respectively. It is important to

Table 1.
Gamma-Emitting Nuclides of Potential Utility for

Radioimmunodiagnosis

Nuclide

Optimal

99nrrc

123|

Acceptable

min

Marginal

97RU

1311

203pD

Half-Life

6.0 h

13.3 h

2.8 d

2.9

8.1 d

2.2 d

Gamma Emissions
E(keV) (%)

140

159
530

173
247

216
325

284
364
637
723

279
401

90

83
2

89
94

86
10

5
82
7
2

81
3

point out that, in four patients, sites of tumor were
detected that were not observed by CT or ultrasound
and were not suspected clinically. However, a major
impediment to the clinical application of 123I for this
and other purposes is the lack of reliable, reasonable-
cost, high-quality 123I on a widespread basis.

The other nuclides listed in Table 1—97Ru,
1 3 1 1 , and 203Pb—all offer the potential advantage of
half-lives that are more compatible with delayed
imaging times; however, the energies of their gamma
emissions are not as suitable for use as those of 123I
and 99mTC> As described above, the use of antibody
fragments does permit more rapid imaging of tumor.
In addition, advances in genetic engineering should
facilitate further manipulation of antibody
pharmacokinetics through the use of chimertc and
bispecific antibodies, as well as smaller fragments
such as the Fv or perhaps even immunocompetent,
hypervariable regions.

15



Radioimmunotherapy

The use of radiolabeled monoclonal
antibodies may result in major advances in cancer
diagnosis; however, it is anticipated that their most
significant impact will be in the treatment of human
malignancies. Because nuclides are available that
emit radiation of different relative biological
effectiveness and range of action, an advantage of
radioimmunotherapy is the potential for choosing a
nuclide with physical characteristics that are most
compatible with a particular tumor type. Several
reviews discussing the potential utility of a variety of
nuclides for antibody-mediated radiotherapy are
available (Jungerman et al., 1984; Humm, 1986;
Cobb and Humm, 1986; and Zalutsky, 1988).

The majority of radio-
immunotherapeutic patient trials have
used 131I as the nuclide and, in some
cases, therapeutic effects have been
observed. Although 131I will probably
be an adequate label for some
therapeutic applications—particularly if
improved labeling methods are
used—in many circumstances, other
nuclides might offer significant
advantages. Additional factors for
consideration in selectin' a nuclide for
therapy include tumor size, proximity
to radiation-sensitive normal tissue,
and radiosensitivity.

The ideal nuclide for treating a
0.5- to 1.0-kg, advanced-stage
hepatoma is likely to be different from
the one selected to treat
micrometasteses of only a few
hundred cells. In addition, the degree
of heterogeneous tumor dose
deposition that results from regional
variations in tumor blood flow,
permeability, and antigen expression
will dictate the relative efficacy of
using radiation of cellular or macro
range. In developing radioimmunotherapeutic
strategies, it is important to consider that this type of
therapy probably will be most useful, at least initially,
as an adjuvant to less specific forms of treatment
such as surgery, chemotherapy, and external beam
radiotherapy.

Beta Emitters

Beta emitters, which have average ranges of
several millimeters in tissue, are probably the nuclides
of choice for the treatment of larger tumors whose

anatomic location prohibits surgical removal. Their
relatively long range also would facilitate the
destruction of adjacent antigen-negative or poorly
perfused tumor cells through radiative cross-fire.
Because beta particles are radiation of low linear
energy transfer, the use of shorter half-life nuclides
might be advantageous to minimize dose rate effects.
Several of the beta-emitting nuclides under active
investigation for use in antibody radiotherapy are
listed in Table 2. The physical properties of other
potential beta emitters are summarized in Table 3.
Although it might be tempting to initiate studies with a
wide variety of beta emitters, it is important to give
high priority to those nuclides that offer distinct
advantages to 1 3 1 I ,

Isotope

4 7Sc

67CU

90y

109pd

131J

1 8 6 R e

1 8 8 R e

Table 2.
Some Beta-Emitting Nuclides of Potential Utility

for Antibody Radiotherapy

Half-Life

3.42 d

2.58 d

64.1 h

13.4 h

8.08 d

90.6 h

16.9 h

^max
(KeV)

450
610

395
484
577

2288

1028

336
606

934
1072

1973

Yield/100 decays

74
26

45
35
20

100

100

13
86

22
70

24

One of the most attractive radionuclides for
therapeutic applications is 16.9-h 188Re. Jt emits beta
particles with a maximum energy of 2.128 MeV,
which corresponds to a range of about 1 cm in tissue.
This nuclide is of particular interest because it could
be supplied conveniently from a generator by using
70-d 188W as the parent. Availability of 188Re thus
depends upon a reliable supply of 188W, which is
reactor produced by irradiation of 196W by means of
double-neutron capture. Studies with i 8 8Re wilt
permit the evaluation of increasing beta range and
dose rate through the use of a nuclide that could be
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Nuclide

77AS

105Rh

142pr

49Pm

i53Sm

159Gd

166H0

94|r

199Au

Table 3.
Additional Beta-Emitters of Potential

Utility for Labeling Antibodies*

Half-Life

38.8 h

35.5 h

19.2 h

53.1 h

46.8 h

18.6 h

26.8 h

19.2h

3.1 d

^max
(keV) Yield /100 decays

679

568
249

2158
586

1064
784

640
710
810

600
890
950

1776
1855

1920
2236

250
296
462

* Report of Subcommittee on Nuclear Madicine Research, HERAC.

98

70
30

93
7

90
9

30
49
20

13
24
63

48
51

5
89

22
72

6

made available for widespread, daily use. One could
also extend rhenium antibody labeling to studies with
reactor-produced 91 -h 186Re to compare the
therapeutic effectiveness of two nuclides of the same
element but different half-lives and beta energies.

Copper-67 is another attractive beta emitter
for radiotherapy. The half-life of this nuclide is
2.6 days; it emits beta particles with maximum
energies between 395 and 577 keV. Jungerman
(1984) has calculated that the volume of tissue
receiving 50% energy deposition for a point
source of 67Cu is about half that for 1 3 11. A major
impediment to investigations of the therapeutic
potential of 67Cu-labeled antibodies is the lack of
availability of this nuclide—a problem that could
be rectif ied through the establishment of a
dedicated isotope-production facility.

High Linear Energy Transfer
Radiations

For some radiotherapeutic
applications of monoclonal antibodies,
it may be preferable to use other types
of radiation such as alpha particles or
low-energy electrons. If the problem
of heterogenous antigen expression in
a tumor can be addressed through the
use of combinations of antibodies
directed against multiple-tumor-
associated antigens, then one could
match the cellular specificity of the
antibody with a nuclide that decays by
the emission of radiation with nearly
cellular range of action.

Alpha particles offer several
potential advantages for certain appli-
cations. Alpha particles of 5 to 8 MeV
have a range in tissue of only about 4
to 6 cell diameters. Their relative
biological effectiveness is higher than
that of beta particles and their
cytotoxic effects are nearly oxygen
independent, suggesting that it might
be possible to treat hypoxic tumor
regions. Several groups have shown
that only 2 to 15 alpha traversals per
cell are required to achieve ceil killing.

Two alpha-emitting nuclides
that might be useful for some
radiotherapeutic applications are
61-min 2 1 2Bi and 7.2-h 211 At.
Bismuth-212 can be provided from a
generator system through 212Pb decay
by using 3.6-d 224Ra as the parent
(Atcher et al., 1988). Astatine-211 is

produced in a cyclotron by alpha-particle
bombardment of natural bismuth. Unfortunately, few
cyclotrons in this country have alpha beams suitable
for production of this nuclide. In addition, none of the
machines that have been used to produce 211At have
sufficient incident alpha energy to permit the use of 4-
pi, water-cooled targets—an approach that has been
used at the Karlsruhe cyclotron to dramaticaliy
increase211 At yields.

The potential advantage of alpha emitters over
beta emitters is critically dependent on the geometry of
the tumor target. Humm (1986) has calculated that the
dose advantage for 211At compared to ^ Y increases
from a factor of 9 for a 1-mm-diam tumor to a factor of
1200 for a single-tumor cell. Thus, alpha emitters
might be useful in the treatment of micrometastatic
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disease and tumors of the circulatory system. In
addition, because of the surface nature of
intracavitary diseases such as ovarian cancers and
medulloblastomas, intracavitary administration of
alpha emitters might be particularly efficacious—
especially when toxicity to highly radiosensitive,
proximal, normal tissue such as spinal cord is a
potential problem.

Another possible approach, for use with
antibodies that are internalized rapidly by tumor cells,
is to use nuclides that emit low-energy electrons of
subcellular range, lodine-125 emits multiple electrons
of subcellular range, lodine-125-labeled iodode-
oxyuridine, a compound rapidly incorporated into
DNA, has been shown to be highly cytotoxic—in fact,
more so than when the beta emitter 133I is used as
the label. Of the nuclides that emit electrons of
subcellular range, 77Br is particularly appealing
because of the ease of protein radiobromination and
the fact that its radiotoxicity after intranuclear
localization has been documented (Kassis et al.,
1982). However, 77Br rarely is available in this
country, although it could be produced routinely if an
appropriate accelerator were available.

Summary

lodine-123 and 99mTc probably have the best
nuclear properties for both conventional and
tomographic single-photon imaging. Therefore,
efforts in the diagnostic realm should be concentrated
on optimizing 123 I and ssmjc protein-labeling
chemistries and devising strategies for achieving
rates of tumor uptake and normal tissue clearance
that are compatible with the relatively short half-lives
of these two nuclides.

A bewildering array of nuclides have been
proposed for use in radioimmunotherapy. Although it
is clear that different nuclides will be required for
different therapeutic applications, our knowledge of
the relationship between the physical properties of a
nuclide and its therapeutic utility in animal models or
patients is, at best, rudimentary. Using the available
data obtained with 131l-labeled antibodies as a point
of departure, we should focus our efforts on
answering basic questions to address this deficiency.
Clearly, a nuclide should be demonstrated to be of
therapeutic value before major resources are
committed to its large-scale production.
Unfortunately, for some potentially useful nuclides, it
is not clear whether such a demonstration could be
performed expeditiously because of the nuclide's
limited availability.
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C. POSITRON EMISSION TOMOGRAPHY

M. J. Welch
Edward Mallinckrodt Institute of Radiology
Washington School of Medicine
St. Louis, Missouri

Although it is over 25 years since the first
cyclotron was installed in a Medical Center in the US
and some 15 years since the description of the first
positron emission tomography (PET) designed for
routine human studies (Ter-Pogossian et al., 1975),
:°ET is still largely a research tool. In spite of the
primarily research applications of PET, the number of
centers either installed or planned in the US and
Canada is now approaching 40. A partial listing is
given below.

Brookhaven National Laboratory, Upton,
New York

Case Western Reserve, Cleveland, Ohio
Cleveland Clinic, Cleveland, Ohio
Creigton University, Omaha, Nebraska
Duke University, Durham, North Carolina
Johns Hopkins University, Baltimore,

Maryland
McMaster University, Hamilton, Ontario,

Canada
Massachusetts General Hospital, Boston

Massachusetts
M. D. Anderson Hospital, Houston, Texas
Minneapolis VA, Minneapolis, Minnesota
Montreal Neurological Institute, Montreal,

Quebec, Canada
Mt Sinai Hospital, Miami Beach, Florida
National Institutes of Health, Bethesda,

Maryland
North Shore University Hospital, Manhasset,

New York
* Oak Ridge National Laboratory, Oak Ridge,

Tennessee
Sloan Kettering Cancer Center, New York,

New York
St. Joseph's Hospital, Atlanta, Georgia
Texas Health Science Center of San

Antonio, San Antonio, Texas
TRIUMF, Vancouver, British Columbia,

Canada
University of Alabama, Birmingham,

Alabama
University of California, Berkeley, California
University of California, Irvine, California
University of California, Los Angeles,

California
University of Chicago/Argonne National

Laboratory, Chicago, Illinois

University of Iowa, Iowa City, Iowa
University of Michigan, Ann Arbor, Michigan
University of Pennsylvania, Philadelphia,

Pennsylvania
University of Pittsburgh, Pittsburgh,

Pennsylvania
University of Tennessee, Knoxville,

Tennessee
University of Texas Health Science Center,

Houston, Texas
University of Toronto, Toronto, Ontario,

Canada
University of Washington, Seattle,

Washington
University of Wisconsin, Madison,

Wisconsin
VA Medical Center, Yale University, Yale

Connecticut
Vanderbilt University, Nashville, Tennessee
Washington, University, St. Louis, Missouri
West Los Angeles VA Medical Center,

Wadsworth Division, UCLA, Los
Angeles, California

The majority of these centers use
radionuclides produced with in-house cyclotrons,
although a recent article by Gould (1988) contends
that cardiac positron imaging using generator-
produced radioactivity should be considered a routine
diagnostic tool for the clinician. A recent discussion
on the clinical status of PET suggests that PET is an
accurate and noninvasive method for identifying
patients with coronary artery disease (ACN/SNM Task
Force on Clinical PET, 1988). It is also suggested that
PET studies can accurately differentiate between
patients who will or will not benefit from
revascularization procedure.

Although in the research area many
radiopharmaceuticals are being used for neurological
applications, it is suggested that only 18F fluoro-
deoxglucose is of current use for diagnosis and that
PET studies in patients with partial epilepsy who are
being considered for surgery provide an anatomical
localization of the focus and will compliment other
tests (ACNP/SNM Task Force on Clinical PET, 1988).
The PET studies also give importance to diagnostic
and prognostic information in the management of
patients with gliomas and can distinguish recurrence
of tumors from radiation necrosis. This same recent
article suggests that several other areas of research
being pursued will probably develop into clinically
useful procedures. The three procedures listed above
are the ones with clinical potential at present. The
radioisotopes in current use for research studies are
shown in Table 1.
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Table 1.
Commonly Used Positron-Emitting Radionuclides

Radionuclide

Cyclotron-Produced

150

13N

" C

18 F

Generator-Produced

82Rb

8 8Ga

Half-Life
(min)

2.04

9.96

20.4

110.0

1.26

68.1

Positron
Yield

99+%

99+%

99+%

96.9%

96%

90%

Positron
Energy
(MeV)

1.72

1.19

0.96

0.64

3.35

1.90

A series of commonly used radiopharma-
ceuticals and their applications are listed in Table 2. It
should be noted that the majority of the compounds
listed in Table 2 are, in fact, cyclotron-produced.
Although many nuclear reactions can be used to
produce the commonly used radionuclides 15O, 13N,
and 18F, the preferred nuclear reactions are
i4N(d,n) iso, i6O(p,a)i3N, i4N(p,a)i1C, and
18O(p,n)18F. This means that the majority of cyclotron
PET centers currently operating have cyclotrons
accelerating both proton and deuteron beams. The
more commonly advertised accelerators are listed in
Table 3, which shows the most common cyclotrons to
be dual-particle accelerators.

Future Needs

If one anticipates the expansion of PET at the
present rate, the number of PET centers in existence
will have doubled by the early 1990s. It would appear
that there are likely to be three types of facilities.

(1) Centers with a major research effort

(2) Centers that use a wide variety of
routine radiopharmaceuticals

(3) Centers that use a limited number of
routine radiopharmaceuticals

The accelerators, staffing, and space
requirements for these three types of centers are very

different. One could suggest a choice
of the following accelerators for each
type of center.

Major research effort:

Four-particle, 30-MeV
proton accelerator

8-MeV deuteron/16-MeV
proton accelerator

11-MeV proton accelerator

Wide variety of routine
radiopharmaceuticals:

8-MeV deuteron 16-MeV
proton accelerator

11-MeV proton accelerator

Regional delivery center,
generators, 15O-production
system

Limited number of routine
radiopharmaceuticals:

Regional delivery center,
generators, 15O-production
system

It is obvious that the greater the number of
particles accelerated and the higher the energy, the
more versatile the operation but also the greater the
staffing*and space needs. The simplest way to
provide a broad spectrum of positron-emitting
radiopharmaceuticals to many medical centers would
be to have a regional delivery center providing
18F-labeled radiopharmaceuticals, an 15O production
system, and in-house-generator-produced radio-
pharmaceuticals. To this end, it should be noted that
before the advent of 99mTc phosphate bone scanning
agents, Medi-Physics Inc. distributed 18F as fluoride
throughout most of the western US; shipments were
made as far east as Chicago and St. Louis. As high-
yield reactions are now available for a broad spectrum
of 18F-labeled radiopharmaceuticals, regional delivery
centers with shipping distances of 300 miles should
be able to provide a broad spectrum of 18F-labeled
compounds. Although one cyclotron manufacturer
does advertise an 15O production system (JSW 006),
to this writer's knowledge, none have as yet been
installed in medical centers. An inexpensive 15O
system could provide routine measurements of brain
blood flow, myocardial blood flow, tumor blood flow,
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cerebral oxygen metabolism, and
blood volume measurements any-
where in the body in a very simple
manner. Development efforts to
produce such an accelerator are still
needed. If an 15O-production system
could be sold for $0.5M, it can be
estimated that the cost per 15O
radiopharmaceutical would be approxi-
mately $100 a dose—significantly less
than the current cost of SPECT brain
blood flow radio-pharmaceuticals.

Table 4 lists candidate
parent/daughter systems for PET.
Although, as is shown in Table 2,
generator-produced radiopharma-
ceuticals have been used, the total
number of positron-emitting gener-
ators and generator-produced radio-
pharmaceuticals have only been
investigated superficially. The group
at the University of California,
Berkeley, has carried out many PET
studies without a local cyclotron by
using some of the means discussed
above (Budinger, 1988). This group
uses the germanium/gailium, strontium/
rubidium, and xenon/iodine gener-
ators, as well as 18F, some of which is
produced in-house and some of which
is shipped from the University of
California, Davis. If regional delivery
centers, generators, and oxygen-
production systems are the future of
PET, accelerators capable of
producing large amounts of 18F would
be needed for the regional delivery
centers. An ideal accelerator here
would be a 20- to 30-MeV proton
accelerator with a well-designed target
capable of irradiating small volumes of
H2

18O with high-current proton beams.

It is difficult to predict which generators will
be useful in the future; however, if one assumes that
they are the germanium/gallium, strontium/rubidium,
xenon/iodine, and zinc/copper, large amounts of the
parent nuclides wil! be needed on a year-around
basis. Without the routine availability of 62Zn and
1 2 2 I , it will be impossible for the xenon/iodine,
zinc/copper, or strontium/rubidium generators to have
any impact on the future of PET. Although there are
many nuclear reactions that can produce the parent
isotopes, all the parent nuclides can be produced by
spallation reactions that use high-energy proton
beams. Other nuclear reactions that have been

Table 2.
Positron-Emitting Radiopharmaceuticals

Used in Common PET Imaging Procedures

Radiopharmaceutical

p5O]-O2

[15Q]-CO

[15O]-H2O

[13N]-ammonia

[11C]-n-butanol

[11C]-methionine

[11C]-palmitate

[11C]-acetate

[11CJ-glucose

[11 C]-N-methylspiperone

[18F].f luorodeoxyglucose

[18F]-fluorodopa

[18F]-spiperone

[18F]-N-methylspiperone

Application

Cerebral oxygen extraction
and metabolism

Cerebral blood volume
Myocardial blood volume

Cerebral blood flow
Myocardial blood flow

Myocardial blood flow

Cerebral blood flow

Amino acid metabolism

Myocardial metabolism

Myocardial metabolism ,

Cerebral glucose metabolism

Dopamine receptor binding

Cerebral glucose metabolism
Myocardia! glucose metabolism

Dopa uptake studies

Dopamine receptor binding

Dopamine receptor binding

(1 eF]-16a -f luoro-17 b-estradiol Estrogen receptor binding

FRb]-Rb+

[68Ga]-citrate/transferrin

Myocardial blood flow

Plasma volume

suggested are listed here (Finn etai, 1983; MacDonakJ,
1975).

«>Kr(a,2n)82Sr

63Cu(p,2n)62Zn

e5Rb(p,4n)82Sr

All the positron-emitting nudides discussed to
date have short half-lives. This is necessitated by the
high radiation dose given by the positron. Longer
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lived positron-emitting nuclides may
have potential applications in specific
instances, and 76Br-labeled neuro-
leptics have been used to study the
dopamine receptor in vivo (Maziere,
1985). One possible application of
PET has only recently been
addressed: using long-lived positron-
emitting radionuclide-labeled mono-
clonal antibodies to quantitatively
determine radiation dosimetry before
carrying out antibody therapy that
employs radionuclides with identical
chemical and in vivo properties. The
isotopes with potential for this
application are listed below, as well
as the preferred method of
production.

124Te(p,n)i24|t1/2=4.2d

Labeling monoclonal antibodies
with 89Zr and its applications has
been discussed in the literature
(Link, etal., 1986).

Accelerator Needs for PET

Although at present the major production
source of isotopes for PET are in-house cyclotrons, if
PET is to expand beyond the large medical center,
other sources will be needed. Regional delivery
centers will likely produce large quantities of 18F,
which will require high-current proton accelerators
with novel, designed targets capable of irradiating
aqueous targets at high beam current. The majority
of targets described in the literature for the production
of 18F from H2

18O use relatively low beam currents.
A reliable source of the parent isotopes will be
required before the generators can be used with PET.
For many isotopes, this is impossible with the
presently available commercial accelerators. It is
interesting to note that one of these generator
systems, the 68Ge/68Ga system, is required for PET
centers even though the 68Ga is not used for
radiopharmaceutical production. All PET devices use
an emission source to determine the uniformity of the
imaging device as well as (in most cases) to obtain a
transmission image to quantitate the emission image.
The isotope of choice for such a source is 68Ga
produced by the decay of 68Ge. Typical sources
contain from 3 to 10 mCi of 68Ge and need to be either

Table 3.
Commonly Advertised Accelerators

Current Proton Energy Deuteron Energy
Model (MeV) (MeV)

JSW 006a

JSW126a 12

JSW1710a 17

MC16FD 17

CGRSUM325C 15

CGRSUM370c 17

CTI 112«* 11

Oxford" 12

aJapan Steel Works; Japan and US
bScanditronix; Sweden and US
CCGR Sumitomo; Japan, France, and US
dCTI; US and Germany
eOxford, United Kingdom

6

6

10

8.5

8

10

—

—

Beam
(MA)

60

60

50

50

50

50

50

100

replenished or replaced more than once a year. If
there are only 100 PET units in the country, there is
still a requirement of approximately 1.5 Ci of S8Ge
solely for this purpose. Any expansion of PET
facilities will, of course, require additional 68Ge.

As has been discussed by many authors, the
number of PET centers is increasing dramatically and
the number of clinical PET studies is likely to increase
many times in the next 5 years. A new, inexpensive
accelerator is needed to produce 15O radio-
Pharmaceuticals. Also needed are high-beam-current
accelerators installed at regional centers to provide
large amounts of 1 8F as well as the parent
radionuclides for generator systems. These types of
accelerators appear essential for the anticipated
expansion of PET.
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Parent
Isotope

68Ge

82Sr

62zn

52Fe

122Xe

118Te

1288a

72Se

44-n

Parent
Half-
Life

288 d

25.0 d

9.2 h

8.27 h

20.1 h

6.0 d

2.43 d

8.4 d

47 yr

Candidate

Daughter
Isotope

68Ga

82Rb

62CU

52mMn

122|

11t*Sb

128Cs

72AS

44 SC

Table 4.
Parent/Daughter Systems

Daughter
Half-
Life

68.1 min

75 s

9.73 min

21.1 min

3.6 min

3.5 min

3.6 min

26 h

3.9 h

Daughter
Positron

Yield
(%)

90

96

98

98

77

...

61

77

95

Daughter
Positron
Energy
(MeV)

1.899

3.15

2.93

2.63

3.12

2.70

2.88

3.32

1.47

Daughter
Product
Decay

(Stable)

68Z n

82«r

62Ni

52Cr

i22Te

ussn

i28Xe

72Ge

44Ca
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III. DISCUSSION SESSIONS

The workshop was structured to allow ample
time for roundtable discussion among workshop
participants. There were four formal discussion
sessions and one executive session. The first
discussion session consisted of preliminary remarks
from Dr. James Robertson, DOE/Office of Health and
Environmental Research, Mr. Carlos Garcia,
DOE/Albuquerque Operations Office, and Dr. John
McAfee, subcommittee Chairman of the Health and
Environmental Research Advisory Committee. The
second discussion session occurred after
presentation of the first two position papers. The
discussion included a lengthy exposition of problems
associated with isotope availability and the
complementary roles of DOE and industry in
radionuclide production for nuclear medicine. The
third discussion session took place after the last two
position papers had been presented; it continued to
consider the topic of isotope availability but also
centered on funding, facilities, and the need for
continued DOE support to ensure adequate supplies
of "routine" and research radionuclides will be
available in the future. After the first-day discussions,
the moderator and the authors of the position papers
met in executive session to (1) summarize the
discussions and (2) synthesize a set of recom-
mendations concerning the DOE role in radionuclide
production for nuclear medicine. These suggested
recommendations were the subject of the second-day
discussions. Summaries of the discussion sessions
printed here are not verbatim transcripts; they are
intended to provide the flavor of the discussions as
well as the outcome of the sessions. Each session is
described through a listing of representative
comments, which are arranged by topic. All of the
discussion sessions were moderated by Dr. Richard
C. Reba from the George Washington University
Medical Center.

A. PRELIMINARY DISCUSSIONS

Welcoming Remarks

Dr. James S. Robertson
US DOE, Office of Health and Environmental Research
Washington, DC

Comments

• DOE and its predecessors stimulated
the development of radioisotopes and
instrumentation for nuclear medicine.

• DOE believes industry should take over
production where it can. DOE will not
compete with private industry.

• DOE's primary interest is the
development of new isotopes—
particularly PET agents.

• Funding for DOE accelerators is
primarily from physics budgets
supported by the Office of High Energy
Nuclear Physics. Nuclear medicine is
at the mercy of physics experiments.
DOE supports the concept that it
should cooperate in providing isotopes
for nuclear medicine research. DOE
will continue to subsidize radionuclide
production for nuclear medicine
research. If patients are being charged
for a procedure, the user should
provide resources to offset the cost of
production.

• DOE is very interested in the nuclear
medicine community's perceptions
concerning the need for a dedicated
machine for radionuclide production.

Discussion

Question: Should a dedicated machine have capacity
to support full-blown production?

Answer: Possibly, if industry is not capable of
producing the particular radionuclide.

Question: Will DOE put themselves in position for
FDA inspection?

Answer: It is preferable to have the user take care of
INDs, etc.

Discussion Summary

DOE's role is primarily to support nuclear
medicine research, and as part of that role, it recognizes
the need to produce research.radioisotopes. Unique
facilities will also produce "commercial" or "routine"
radionuclides if there is a need and industry is not
capable of producing the particular radionuclide. DOE
will not compete with industry but will transfer technology
and stop production in areas where industry is capable of
production. In general, the DOE radionuclide producers
will not initiate INDs; this is the responsibility of the user,
but the producers will provide appropriate information
and abide by user IND restrictions, if they are not too
limiting. Exceptions, like the 127Xe IND at BNL, currently
exist, but the general responsibility for FDA compliance
resides with the end user of the radionuclide and not
with DOE.
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Technology Transfer

Carlos Garcia
US DOE Albuquerque Operations Office
Albuquerque, New Mexico

Comments

• The isotope production program is
administered by Energy Technologies
and Waste Management at ALOO.
They are very interested in focusing on
the technology transfer aspects of the
isotopes program. For the most part,
ALOO's responsibility is in weapons
development. ALOO realizes that
some technologies with utility were
developed as a result of national
security programs and wants to see
these technologies transferred into
industry and into application. An
example of current interest is
superconductivity.

• This meeting should focus on the roles
of DOE, isotope users, and isotope
distributors, and on isotope production
for nuclear medicine. How much
subsidy by government is appropriate?
Should there be "sharing up front" on
development of new technology?

The HERAC Report

Dr. John McAfee
Subcommittee Chairman,
Health and Environmental Research Advisory Committee
SUNY Health Science Center
New York, New York

Comments

The HERAC report included seven main recommend-
ations, including:

(1) The exclusion of magnetic resonance
imaging in the definition of nuclear
medicine. However, in the past, the
definition of nuclear medicine has
included all biomedical applications of
nuclear technologies; this should be
changed to in vitro and in vivo use of
unencapsulated radioisotopes for
diagnosis and treatment.

(2) Establishment of a national resource to
produce radioisotopes for research
independent of physics experiments.
We are behind other countries in
facilities for radionuclide production.

(3) Support for development of PET and
SPECT (SPECT has been neglected),
including both instruments and isotope
availability.

(4) Development of software for computer
systems used in nuclear medicine.

(5) Recognition of the continuing need for
new SPECT radiopharmaceuticals.

(6) Exploitation of the new interest in
therapeutic use of radioisotopes.

(7) Improvement of the US's technological
capability to compete with foreign
development. Technology transfer is
taking too long because of excessive
regulation.

Discussion

Question: What is the foreign competition? Is there
really competition?

Answer: In the UK, 1 2 3 I is available free any day of
the week. The key is to establish the need and use
before transfer to industry.

Discussion Summary

The discussion centered on the statement that
the US was falling behind other countries in providing a
reliable supply of radioisotopes for research. Opinions
differed about the extent to which this is true. It was
pointed out that 1 2 3 I , for example, is readily available in
the UK. (This discussion was continued later and the
following points were added.) Some participants
contended that exotic isotopes for research are often
purchased from this country. Hammersmith Hospital is
currently one of DOE's customers for 68Ge and ^Sr.
Another point of view was that we should be doing better
than most other countries in making these research
radionuclides available.
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B. DISCUSSION SESSION 1

Before workshop participants began discussing
the first two position papers, Or. Leonard Mausner of
Brookhaven National Laboratory made some remarks
concerning the radionuclide production capabilities
available at Brookhaven. After his comments, the
discussion turned to isotope availability, definition of
specific availability problems that affect the nuclear
medicine community, and the appropriate role for DOE in
radionuclide production for nuclear medicine research.

Isotope Production at BLIP
Dr. Leonard Mausner
Brookhaven National Laboratory
Upton, New York

Comments:

The difference between LAMPF and
BLIP isotope production is that Linac
diverts prime beam to the production
facility, whereas the IPF at LAMPF
operates in a parasitic mode. BLIP has
control of the beam position and shape.
BLIP has been operating since 1972.

What is the future for BLIP? The
response from the BLIP personnel
present at the workshop indicated that
present operation is about 18 to 22
weeks per year. BLIP personnel
proposed an upgrade to 150 to 200 \xA
from 40 to 50 \iA and 23 to 28 weeks of
prime use in addition to the present 23
to 18 weeks of secondary use, with
overall reliability of about 80%. Their
time-table: when money is available
for "year-round" operation; an upgrade
for higher current is anticipated by
FY1991. They will share $1 -2.5M per
year operating costs with other
experiments. According to BLIP
personnel, with these upgrades, BLIP
could provide 100% 67Cu, 100 % 82Sr,
100% 1 2 3 I , and 40% ̂ G e needed, for
at least 41 weeks per year.

After these initial comments, Moderator Reba
focused discussion on the following four questions
posed in the first position paper and several of the
points raised immediately after that oral presentation.

(1) What is the present isotope production
situation?

(2) Is nuclear medicine research dependent
on continuous supply?

(3) What are the respective roles of DOE
and industry?

(4) What will be the demands in the next 3
to 5 years?

Additional Points:

• Objective:
A reliable supply of useful and
interesting radioisotopes

• Issues:
Research and/or clinical isotopes?
Clinical trials and practice
Radiochemical training

• Is there competition for DOE/OHER
nuclear medicine research dollars?

What is the problem?

Comments

• The moderator wants an answer—Is
there a problem?

• Has there been effort to meet demands
through Canadian sources? Yes, but
there is not sufficient reliability.
Canada has 123I available 5 days a
week, but there is a distribution
problem. Production is 5 to 7 Ci/day.

• There is no problem with delivery of
123I from Canada, according to the
AECL representative, at present
demand. Canada has the capacity for
much higher output if demand is there.

• Production estimates are altered
because it is anticipated that 201TI will
be replaced with 99mTc agents within
5 years. Thus, more accelerators will
be available for 123I production.
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• Target material for 123I—124Xe—is
available from Oak Ridge; commercial
suppliers provide this material now.
Oak Ridge should have sufficient
capacity for future demands of 124Xe.
DOE must address question of target
materials availability in general.

• 124Xe is available in both the US and
the Soviet Union and in other countries
in smaller supply.

Discussion Summary

Discussion began with an attempt to assess
the present situation by asking, "Is there a problem?"
The discussion first focused on 1 2 3 I ; various people
indicated that they were having some difficulty with
availability but most problems were with reliability.
Although Canada (AECL) produces ample 123I 5 days
a week, there remains a distribution problem. Others
reported no problems with current delivery from
Canada. Future supplies might be augmented from
industrial accelerators as 201TI is replaced by 99mTc
heart agents. The issue of stable 124Xe target
material was addressed, and participants decided that
current supply was sufficient. After much discussion,
it was suggested that 123I may not be a major DOE
issue for much longer and that the commercial sector
was addressing the availability of this isotope. High
cost may also be inhibiting wider use.

What of other radionuclides?

Comments

There is a definite need for an
accelerator to produce radioisotopes of
intermediate half-life nuclides (for
example, 97Ru and 2°3Pb) for research
and development into new SPECT
agents. Is there a need for ultrashort
half-life gamma emitters; for example,
the 195mHg/195mAu?

We are preoccupied with clinical needs
that are based on established
radioisotopes rather than on new
isotopes. It is absolutely essential to
evaluate and study new isotopes.

The DOE's role should not be one of
providing routine isotopes. The DOE
should look at future isotope
applications. There are scores of
potential isotopes that must be

evaluated. We cannot foresee how
many or anticipate which isotopes will
be needed.

• Any production facility supported by
DOE must anticipate the needs of non-
nuclear medicine users. These
communities need isotopes with
specific chemical identities (rather than
specific emissions). Tracer isotopes
are needed for many different types of
studies.

• Because of the diverse applications of
radionuclides, a production facility
should change focus from nuclear
medicine to "biomedical research."

• Nuclear medicine research is an
exploration of what isotopes might be
useful. There are uses for longer lived
isotopes and those uses should be
evaluated. Progression in nuclear
medicine research depends upon
clinical need. There does not appear
to be a good future for ultrashort half-
life isotopes.

• How does the US compare to other
countries in making radioisotopes
available for research? Shouldn't we
be doing the best?

• What data are available concerning
production capacity in other countries?

• Many foreign users buy isotopes from
LANL7BLIP for research—particularly
"exotic" isotopes.

• Hammersmith could make just about
anything in the chart of the nuclides.

• Why compare commercial and DOE
facilities for research radionuclides?

• The DOE's position on stable isotope
production is that if there is a
commercial supplier of an isotope,
DOE will not produce it in competition.
However, DOE must recognize that
they will be subsidizing development of
commercially useful isotopes.
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Discussion Summary

The discussion turned to other radioisotopes,
and various opinions were expressed about present
and projected needs. Much of the discussion
centered on the variety of radioisotopes needed for
research and the view that DOE's role in providing
"routine" radioisotopes should be less important. It
was generally accepted that there were research
needs for radioisotopes that were not currently being
met and that this hindered the development of nuclear
medicine. This point was broadened to include
"biomedical research," where the need for a variety of
radionuclides might even be more crucial than in
nuclear medicine. For instance, much of the nutrition
research using radioisotopes requires a specific
chemical species rather than specific emissions;
these users cannot substitute. Although the need for
research isotopes was the main emphasis, it was
pointed out that DOE's unique facilities still have a
role in producing commercially useful isotopes as
well. It was suggested that DOE should look to the
future and look at new isotopes. Although we cannot
quantify these future requirements as we can with
established isotopes, this fact does not diminish their
importance. They are the future of nuclear medicine.

What are comparative roles of DOE and industry?

Comments

• The US does not have a center for
research and development in
applications of radionuclide technology
that could be transferred to industry.
Should we? This country needs an
institution with state-of-the-art nuclear
medicine facilities, including isotope
production, for DOE-supported
research and development. Current
accelerator-based isotope production
facilities are presently dependent on
physics; nuclear medicine is
secondary.

• The individuals in a service-oriented
isotope production facility should have
the perspective (sales and
productivity) of manufacturers.

• Brookhaven and LANL currently do the
"Center"-type research in a diffuse and
limited way. They need greater support
to do this well. We want industry to be
interested, but the research and
development are not done to support
industry.

• Attempts to move toward a purely
production facility diminish the research
mission. Any production facility needs
a strong research program. It is
essential to produce isotopes for
research that will ultimately become
useful in nuclear medicine (even if that
isotope has no clinical use; for
example, 88Y for 90Y substitute).

• Facilities can never be dedicated to
pure production.

• Models for the "Center" concept exist in
high-energy physics.

• Do we need a review system for
deciding which isotope should be
produced? DOE requires an advisory
committee to review operations.
Proposals are peer reviewed.

Discussion Summary

The idea of a DOE-supported facility or
center incorporating various aspects of R&D on
applications of radionuclides met with favor.
Production, research, teaching or training in
radiochemistry, and transfer of technology to industry
were all positive discussion points. Varying views of
the type of center to best meet these goals were
given. The attempts of BLIP and LAMPF to perform
in the manner of this "Center," focusing on research
and production, led to a suggestion that greater
support was needed for them to better serve this
function. The importance of having a research
component associated with the production facility to
assist in making tough decisions about how to best
use limited production resources met with general
approval. It was cautioned that, with limited
production resources, external advice was required so
that the highest priority needs of the nuclear medicine
research community would be met and that resources
would not be wasted on producing marginally
important radionuclides. Currently, there are external
advisory committees in this role.

What is definition of
isotope?

Comments

a clinical vs a research

• When some other source (rather than
the patient) pays for a procedure, the
application could be termed research
and should be supported by DOE.
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• DOE should put money toward
preclinical research. What is DOE
policy?

• OMB says that NIH should be involved
in direct clinical research. DOE will
support the supply of isotope for clinical
research.

What is objective of this meeting?

• Is there a role for a dedicated
accelerator?

• What can DOE do to ensure a future
for nuclear medicine?

The DOE role should include:

Supplying isotopes for research
Training
Preclinical research
Proof of principal in humans

How are we doing now?

Are we likely to do better or worse in the
future? The DOE goal is to ensure a future
availability of isotopes for biomedical
research.

Discussion Summary

It was generally agreed that although the title
of the workshop was more narrowly focused on the
role of a dedicated accelerator, we were very
appropriately discussing what DOE could do to
ensure a future for nuclear medicine. DOE's
presence in research radioisotopes production was
endorsed. Its role in nuclear medicine
research—preclinical and through proof of principal in
humans—was also supported, as well as its role as a
training component. Discussion began to turn toward
the current problems and whether they were likely to
improve or become worse in the future. Just before
the break, a strong statement of a major DOE goal
was made: to ensure a future availability of
isotopes for biomedical research.

C. DISCUSSION SESSION 2

The second discussion session occurred after
oral presentation of the last two position papers.
However, the discussion continued to pursue the
themes that were introduced in the morning

discussion; that is, isotope availability, funding and
resources for radionuclide production for nuclear
medicine, and facilities issues that will impact DOE
production capabilities.

Isotope Availability

Comments

• The logistics of a regional PET center
would be complicated because of the
massive amounts that must be
produced to overcome short half-lives.

• Is there a problem with the FDA
regulatory environment being
counterproductive or too expensive for
regional centers?

• The supply of most imaging isotopes
currently is sufficient.

• The supply of therapeutic radioisotopes
is not sufficient.

• The current environment is uncertain
for short- and long-term supply.

• Many areas of research rely on
radioisotopes, not just medicine (for
example, nutrition, environment,
agriculture), and their needs are not
being met.

• There should be a distinction drawn
between isotopes that are in high
demand and continuous need and
those isotopes that will never be in high
demand but are nonetheless
irreplaceable (no substitute).

• When resources are limited, isotopic
variety is sacrificed first; for example,
77Br might be cancelled in favor of 26AI.

• The limited availability of isotopes
hinders research.

• People will not embark on clinical trials
if there is not a reliable source.

• It is difficult/impossible to coordinate
the production cycles of LAMPF and
BLIP to ensure a continuous supply.

• Increased regulation has hampered
isotope development and use.
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• It is important for the nuclear medicine
community to distinguish between
needs and wants.

• Development of methods to produce
new isotopes must be justified by
potential future gain.

• Future promise is difficult to predict (for
instance, a paper reporting 18F
research was rejected 20 years ago).
This should not discourage continued
research directed toward development
of new and potentially useful
radionuclides.

Discussion Summary

Many different opinions were expressed on
radioisotope availability. One view was that the
supply of imaging isotopes was adequate but that
therapeutic ones were not readily available. The
specific needs of other disciplines (nutrition,
environment, and agriculture) for radioisotopes were
also discussed, and the supply there was also found
lacking. There was much discussion about the need
for a variety of specific research radioisotopes, many
of which would never be in great demand but were
nonetheless crucial and often irreplaceable in
research. The current problems of limited resources
for isotope production and uncertain short- and long-
term supply both result in a limited availability of
radioisotopes that hinders research. Because LAMPF
and BLIP operating schedules are determined by
physics funding and physics experiments, it is difficult,
if not impossible, to coordinate production cycles to
ensure a continuous supply. As a result of limited
resources, difficult decisions must be made
concerning which isotopes will be made available.
These decisions are complicated by the unpredictable
nature of research. The future promise of an isotope,
for instance, is difficult to predict. As an example, the
first 18F paper was rejected 20 years ago because it
was deemed impractical. The implication is that we
should not discourage continued research directed
toward development of new and potentially useful
radionuclides.

Funding and Other Resources for Isotope
Production

Comments:

• Funding levels are not adequate.

• If real-cost recovery were implemented,
no one from the research community
could afford radioisotopes.

• Both LAMPF and BLIP are severely
understaffed; thus, isotope production
is compromised.

• Most users would be satisfied if present
facilities were funded at an increased
level. Manpower for isotope production
must be increased. It is no longer
possible to operate at current funding
levels.

• If one looks at the size of the OHENP
budget vs the cost of nuclear
medicine, there is no comparison.

• Money for a new facility would
adversely affect other DOE programs.

• Nuclear medicine has traditionally
received public and Congressional
interest and support. This should
provide an environment in which a
DOE senior management initiative to
supplement nuclear medicine support
would be well received.

• Physics has priority; the nuclear
medicine community is living off
crumbs. The nuclear medicine
community should be upset.

• Currently, coordination and develop-
ment of unified goals is a priority for the
nuclear medicine community.

• It is necessary to ask for at least $60M
to get anyone's attention.

• If we want funding, the nuclear
medicine community must believe in—
and be unified behind—a single goal.

• We are dealing with both capital and
operational funding.

• We must examine potential new
sources of money such as SDI and a
New Production Reactor.

• Congress is likely to seek guidance,
and we need to be technically prepared
to assist them.
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Discussion Summary

The discussion began to focus on the
immediate need and what could be done to improve
the present situation. Both BLIP and LAMPF are
severely understaffed; BLIP is down to one process
technician. Thus, the first step appears to be
increased support for research radioisotope
production so that maximum use of the present
facilities could be accomplished. This would satisfy
many of the research needs. The nuclear medicine
budget is dwarfed by the high-energy nuclear physics
budget, and there was concern that any move toward
a major new facility would adversely affect the
DOE/OHER programs. Lack of priority for nuclear
medicine is not tolerable; the nuclear medicine
community must unify in its goals and, in the likely
event that Congress seeks guidance, the community
must be prepared to assist them with technical
information.

Facilities Issues

Comments

• Federal funding and the present
parasitic use of facilities lends a feeling
of insecurity.

• Isotopes from reactors have similar
problems of availability.

• Current facilities are overcommitted.
Making every isotope available is
impractical and unrealistic.

• Current facilities try to accommodate
user requests, but usually at someone
else's expense.

• Most collaborations offered to facilities
are a simple attempt to gain free
isotopes.

• Isotopes that are said to be
commercially available are not always
actually available.

Discussion Summary

Inadequate funding to make complete use of
the current facilities and the uncertainties involved in
the parasitic use of physics facilities were discussed as
major contributors to the present feeling of insecurity
and were noted as the impetus behind the workshop.
The OHENP does not have isotope production
within its charter, and OHER is not in control, no

matter how hard it tries to provide the research
radioisotopes. Our current facilities are
overcommitted. New isotopes are generated at the
expense of others and many isotopes are just not
available. Discussion led to a focus on the options
available to DOE.

Options for DOE Involvement in Isotope
Production

Comments

> Suggestions included:

(1) Status quo

(2) Augment funding to make
full list of isotopes available

(3) Augment current facilities
for year-round availability of
research isotopes

(4) Augment research and
industrial use

(5) Build a new facility for research
or research/industry

(6) DOE should get out of isotope
production

One or more isotopes of each element
should be made available by DOE.

There is no in-between level of
commitment. It should be all or nothing.

National labs are reluctant to use
temporary funds to hire full-time staff
for isotope production.

DOE has a technology transfer program
to allow industrial persons to work for
the labs in a short-term fashion.

Research collaborations accentuate
isotope availability problems and
prejudice decisions.

Isotopes are being provided because of
the tremendous dedication of the LANL
and Brookhaven staff.

OHENP and others use nuclear
medicine for public relations purposes.
We should be getting credit and
funding. We deserve our own facility.
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• Augmentation vs a new facility; these
two goals are not mutually exclusive.
Augmentation can be immediate,
whereas a new facility could not receive
budget consideration until 1991.

• It would be desirable to have a
multifaceted institute for production,
training, research, etc.

• The new production facility must have
a production research component.

• Small plans have no force to move
people.

• The HERAC report should not be
duplicated or contradicted, but built
upon by this workshop.

• No one is satisfied with the current
situation.

• Another intermediate option is the
purchase of a commercially available
facility.

• We could take advantage of alternative
production options such as a reactor or
cyclotron.

• Nuclear medicine is less profitable than
other areas in the pharmaceutical field,
and therefore industry will not
contribute significantly.

• The nuclear medicine community must
feel strongly and have goals; we must
define specific requirements.

Discussion Summary

Options for DOE ranged from status quo or
getting rid of isotope production to increasing present
support and requesting a dedicated facility. Reactor
production as an alternative supply was suggested,
but the need for high specific activity seemed to
negate this option. The bottom line appeared to be
that BLIP and LAMPF are national resources for
research radioisotopes, and no one is satisfied with
the present situation. It was stated that augmentation
of BLIP and LAMPF budgets for immediate relief and
a new facility were not mutually exclusive, and DOE
should proceed with the former. The various
mechanisms of potential cooperation between

industry and DOE to help alleviate immediate
problems were discussed, but no solution seemed
apparent. The need for expansion of DOE facilities to
meet researchers' needs and the general knowledge
that Los Alamos and Brookhaven are overcommitted
led the discussion toward a new dedicated facility. It
was suggested that the first step was to increase the
national laboratories' isotope production staff. The
need for a $70M facility was questioned; it was
suggested that with augmented funds, most of the
current need for radioisotopes could be met. However,
if the objective is to provide a reliable source of
isotopes for biomedical research, one must ask if
nuclear medicine and radiotracer use hasn't evolved
to a stage where it cannot continue to rely on isotope
production controlled by others? These arguments
were followed with a challenge: if we want to support
growth, we need something more than we have now.

The concept of a new DOE center was
discussed with emphasis on production, training, and
research. Industry involvement in such a center was
discussed, but the nuclear medicine industry is not
profitable enough to make a significant commitment.
Thus, the expectation of a combined industry/
government rote may be unrealistic. At this point, it
was asked, "Is a high-current, high-energy machine
needed for the foreseeable future?"

Opinions differed on this issue; some
suggested that for the last 20 years, we have asked
for little and it is now time that nuclear medicine asked
for something. Small requests do not receive
appropriate attention, we should ask for something
big. Physics research helps justify major
expenditures on the basis of nuclear medicine
research. Therefore, we should take advantage of the
current positive climate for nuclear medicine. It was
reiterated that there is a problem with radioisotope
availability, and because this is crucial to our future,
we should establish common goafs and work toward
what is needed. It was suggested that a major facility
for isotope production must also have a research
component. This point was debated, and the
discussion turned to what specific needs might sell
such a large facility. Because the driving force is
research radioisotopes, there was no consensus
about the need for such a large facility. It was
suggested that the HERAC report supports a major
initiative of a dedicated accelerator and lists the
isotopes needed. We should build upon this and
address the issue of how to do it. An immediate
option of purchasing a commercially available
accelerator was introduced and briefly discussed
along with the proposed upgrade of BLIP.
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At the conclusion of the first clay's session of
the workshop, an informal poll of the participants
indicated agreement that there is at present a
problem, that radioisotope production is insecure, and
that the situation must change. General guidance to
the executive session was to consider short- and
long-term solutions as they identified specific issues
for discussion on the second day of the workshop.

D. RECOMMENDATIONS AND
PRIORITIES FROM EXECUTIVE SESSION

An executive session including the moderator
and authors of the four position papers was held after
the first day to summarize the workshop discussions.
From this session, a series of recommendations was
drawn up to be discussed, modified, and finally
endorsed by all workshop participants. The
suggested recommendations are listed here.

(1) DOE should provide immediate support
for production (including both staff and
supplies).

(2) In the future, DOE should manage
"routine" radionuclide production and
charge clients to pay for the
technicians involved.

(3) A 70-MeV, 500-uA machine should be
obtained for isotope production.

a. DOE should appoint a committee
on siting.

b. BLIP and LAMPF should be used
for isotope production requiring
higher energy.

(4) DOE should solicit proposals for
immediate evaluation of the usefulness
of a high-energy, high-current machine
for producing research radionuclides.

E. DISCUSSION SESSION 3

This discussion session focused on the
recommendations generated during the previous
evening's executive session. The moderator stated
that each recommendation would be discussed to
develop an understanding of the recommendation and
to develop wording changes to reflect the thinking of
all workshop participants. After discussion of each
recommendation, the moderator called for a vote by
the workshop to endorse the recommendation.

Recommendation 1

DOE should provide immediate additional
support for radionuclide production (in the form of
personnel and supplies).

Discussion

This first recommendation was unanimously
adopted by the Workshop Committee with little discussion.

Recommendation 2

In the future, DOE should manage "routine"
radionuclide production and charge to support technicians.

Discussion

• Recommendation 2 is a mechanism to
keep Recommendation 1 working in
the future.

• Support for technicians should come
from sales of routine radioisotopes.

• Recommendations 1 and 2 should be
coupled, so that industry does not
misinterpret the intent as competition.

• We need to be clear in our use of the
term "cost recovery;" for example, Oak
Ridge and Mound have different defini-
tions of cost recovery. We must be
sure that DOE knows what is meant.

• Really, there are two sets of isotopes:
research and "routine." We can never
have full cost recovery of research
radionuclides. Research isotopes
should be subsidized.

• 68Ge, 82Sr, and 127Xe should not be
subsidized. Because of the current
demand for them, they are routine.

• Wiio makes the decisions concerning
which isotopes get cost recovery?

• DOE should not "manage;" that is the
Lab's responsibility. Therefore
"manage" should be changed to "set
policy."

• Points 1 and 2 should be tied together
more firmly, so they should be
numbered 1AandB.
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The final form of Recommendation 2:

DOE should establish a policy that would
allow income from sales of future "routine"
radionuclide production to be used to support
technicians. Instead of production being subsidized,
users would be charged directly for what it costs to
produce the materials they use.

The revised recommendation was
unanimously approved by the workshop and was not
incorporated into Recommendation 1.

Recommendation 3

DOE should appoint a committee(s) on siting
and machine selection.

Discussion

• The recommendation should specify
the need for a variable-energy
machine.

• Both industrial representatives said that
their machines were variable-energy
negative-ion machines.

• Discussion of the probable cost of such
a machine indicated it would be
approximately $8M.

• There is a possible need for two
separate committees: one for siting and
one for selection of the machine.

• The recommendation's wording was
changed to reflect the possibility of two
committees.

A question was raised about the desirability for the
wording to specify "continuous" supply

• BLIP and LAMPF should be used for radio-
nuclide production requiring higher energy.

• It was stated that the cyclotron
intermediate solution really only covers
80% of isotopes, not 95%. For
example, 28Mg and other research
isotopes require higher energies than
the cyclotron would produce.

• Supply for 28Mg could be continuous
for 6 months if the burden of some
lower energy isotopes was removed
from higher energy machines.

What is the timing for part 3? The wording ir
Recommendation 3 was changed to reflect "as soon as
possible."

• The point was raised that industry
wants a continuous supply throughout
the year. Reponse indicated that if
industry wants an extended operating
cycle, they can provide funds for it; that
mechanism is already in place.
Discussions continued on whether
education should be included in
Recommendation 3.

• There was agreement that education
was an important part of such a center.
Lack of specification for training could
be looked on as negative vote by the
workshop.

• The focus of this workshop is on
production; that does not preclude
education, but there are already
mechanisms in place to handle it.

The final wording for Recommendation 3:

DOE should obtain a 70-MeV, 500-JXA variable-
energy proton accelerator as soon as possible. It should
appoint a comrnittee(s) on siting and machine selection.
Once this facility is operating, BLIP and LAMPF should
be used for radionuclide production that requires higher
energy particles.

Recommendation 4

DOE should solicit proposals to begin
immediate evaluation of the usefulness of a high-
energy, high-current machine for the production of
research radionuclides.

Discussion

Is this recommendation necessary if
90% of the need can be met with the
facility described in Recommendation
3? What is the cost for that extra 10%?
Is it justifiable?

Why isn't there any mention of
upgrading current facilities such as
Fermi, BLIP, and LAMPF?
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The moderator explained that the option of
upgrading existing facilities is inherent within Recom-
mendation 4. Steps 1 through 3 evaluate the need for a
dedicated facility. (This also would answer the question of
cost for the last 10%.) The discussion turned
to whether there should be a recommendation for
funds to increase operational time for Brookhaven.

• It was pointed out that other
laboratories did not come prepared to
submit upgrade proposals. These
proposals should be considered in the
normal course of implementing
Recommendation 4.

There was a motion to extend Brookhaven's
beam time (cost $80K per week). Those opposed
made the following statements

• Augmented personnel should
substantially alleviate the problem; let's
see how that works before operation
time is extended.

• What would be the increase in price for
cost recovery for the extra
6 months?

• The BNL representatives responded
that there would be no extra cost.

• It was felt that implementation of the
BNL recommendation would reduce
operational expenses for other DOE
grants.

The motion to recommend additional funds to
expand the BLIP operation failed by a 2.5 margin.

The final wording for Recommendation 4:

DOE should also immediately solicit
proposals to evaluate the usefulness of a new or
upgraded high-energy, high-current machine for
production of research radionuclides.

IV. FINAL RECOMMENDATIONS

The DOE Workshop on the Role of a High-
Current Accelerator in the Future of Nuclear Medicine,
held at Los Alamos National Laboratory on August 16-
17, 1988, endorsed DOE's presence in supplying
radioisotopes for research purposes and made four
recommendations.

(1) DOE should immediately provide
additional support for radionuclide
production in the form of personnel
and supplies.

(2) DOE should establish a policy that
would allow income from sales of
future "routine" radionuclide
production to be used to support
technicians. Instead of production
being subsidized, users would be
charged directly for the materials
they use.

(3) DOE should obtain a 70-MeV,
500-u.A variable-energy proton
accelerator as soon as possible.
It should appoint a committee(s) for
siting and machine selection. Once
this facility is operating, BLIP and
LAMPF should be used for
radionuclide production that
requires higher energy particles.

(4) DOE should also immediately
solicit proposals to evaluate the
usefulness of a new or upgraded
high-energy, high-current machine
for production of research
radionuclides.
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THE

August 16

8:00-8:30

8:30-8:40

8:40-8:50

8:50-9:00

9:00-9:30

9:30-10:10

10:10-10:30

10:30-12:00

12:00-1:00

1:00-1:40

1:40-2:20

2:20-2:40

2:40-4:40

4:40-5:00

5:00-6:15

6:30-8:00

8:00-10:30

August 17

8:00-8:30

8:30-8:45

8:45-11:00

11:00-12:00

12:00-1:00

APPENDIX A

MEETING AGENDA

DOE WORKSHOP ON
ROLE OF A HIGH-CURRENT ACCELERATOR IN THE FUTURE OF NUCLEAR MEDICINE

August 16-17,1988
Los Alamos National Laboratory Study Center

Registration and Continental Breakfast

ADR Welcome: Dr. Donald W. Barr

DOE Welcome: Dr. James S. Robertson

Draft HERAC Report: Dr. John G. McAfee, SUNY

Overview/Prospectus: Why Are We Here? (Position Paper I)
Dr. David C. Moody, Los Alamos National Laboratory

Generalral Imaging and SPECT (Position Paper II)
Dr. William C. Eckelman, Squibb Institute fcor Medical Research

Break

Discussion of Position Papers I, II, and the HERAC Report
Moderator, Dr. Richard C. Reba, George Washington University Medical Center

Lunch (Otowi Cafeteria)

Monoclonal Antibodies: Imaging and Therapy (Position Paper III)
Dr. Michael R. Zalutsky, Duke University Medical Center

Positron Emission Tomography (Position Paper IV)
Dr. Michael J. Welch, Mallinckrodt Institute of Radiology

Break

Discussion of Position Papers III and IV
Moderator, Dr. Richard C. Reba, George Washington University Medical Center

Summary and Charge for Tomorrow

Cocktails at Study Center

Dinner (Otowi Cafeteria)

Executive Session (4 Presenters, 4 Reporters, Discussion Moderator)

Continental Breakfast

General Recommendations (Executive Summary)
Moderator, Dr. Richard C. Riba, George Washigton University Medical Center

Discussion of General Recommendations and Formulation of Formal Workshop
Recommendations

Tours

Lunch (Otowi Cafeteria) and adjourn
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