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Introduction

Nuclear medicine is one of the most inter- and raultidisciplinary
of the medical subspecialties today. Although progress in the practice
of nuclear medicine is driven by an integration of basic science, high
technology and medical practice, it has been the advances made by
chemists with specialized training in the nuclear technologies which
have played a major role in shaping the state of the art as we know it
today. We feel that the vitality and evolution of nuclear medicine and
the development and application of the new methods and new technologies
to problems in the basic and clinical research arenas will continue to
be shaped, in large part, through innovation in chemistry and that the
needs for chemists with advanced training will increase for the
foreseeable future.

This panel was organized to address the current and anticipated
future shortage of chemists with advanced training to fill positions in
the nuclear medicine field. Although hard data and statistics are
difficult to acquire, we will attempt to highlight the impact of
chemistry on nuclear medicine and to describe the growth of the field
which has led to an increasing need for chemists resulting in the
current manpower shortage. We also will make recommendations for
attracting Ph.D. chemists to careers in nuclear medicine research and
possible mechanisms for postgraduate training. Solving this problem and
establishing a long term committment and mechanism for advanced training
is critically important to meet the current needs of the profession and
to assure future growth and innovation.

The Impact of Chemistry

The application of nuclear chemistry to medicine has been
described as one of the intellectual frontiers related to chemistry and
national well-being in the 1985 Piraentel Report (Opportunities in
Chemistry, National Academy Press, Washington D.C.,1985, page 263).
This report also designated the "chemistry of life processes" as one of
the five frontiers deserving high priority. While there are many
innovations in chemistry which have advanced the practice of nuclear
medicine, there are two areas which have presented a particular
challenge and which exempify the key role played by chemists. These
include the development of highly selective technetiura-99m labeled
radiopharmaceuticals and the development of short-lived radiotracers for
positron emission tomography (PET).

Technetium-99m: Of the many classes of radiotracers which
are currently used in the practice of clinical nuclear
medicine, none has had more of a impact than technetium-99m.
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Today more than 85 % of the twelve million nuclear medicine
procedures performed annually involve the use of a
technetium-99m labeled radiopharmaceutical. Technetium-99m
is available at low cost from a generator and has nearly
ideal decay properties for imaging. However, the full
exploitation of technetium-99ra in nuclear medicine required
the development of radiotracers for imaging the brain and
the heart. To this end, for the past two decades, there has
been a concerted research effort by several groups directed
to understanding the chemical properties of this artificial
element, the structures of its compounds and the
relationship of these factors to biological specificity.
This fundamental approach has yielded the recent development
of organ-specific new technetiura-99m radiopharmaceuticals
for diagnostic imaging of brain and heart.

Positron Emitter Radiotracers and PET: Over the past
fifteen years, there has been an intense growth in the field
of PET brought about, in major part, by the demonstration
that PET and short lived positron emitting radiotracers
could be used to probe biochemical transformations in the
living body. Once the possiblity of obtaining metabolic
information in the living human brain was demonstrated using
highly selective radiotracers such as 2-deoxy-2-[ F]fluoro-
D-glucose ( FDG), and the technology (cyclotrons, PET

- instrumentation, and radiotracer chemistry) became more
readily available, the number of cyclotron-PET centers
increased from four in 1976 to more than two dozen in 1987
(Table 1) with a projected number of 50 by 1995. Chemists
have played a central role in shaping the PET field as we
know it today because it is through research in chemistry
that reliable methods for the production of the short-lived
positron emitters such as carbon-H, fluorine-18, nitrogen-
13 and oxygen-15 were developed, and new short-lived
radiotracers were synthesized. It is noteworthy that while
PET began in the nuclear medicine field, it has rapidly been
adopted as a scientific and clinical research tool in the
fields of cardiology, neurology, oncology, and psychiatry.

Development and Growth of the Field

Basic and applied research in chemistry has played a major role in
developin' safer, more efficacious radiopharmaceuticals for nuclear
medicine. The participation of chemists in this field has increased
significantly over the past two decades. The growth of the field can be
attributed in large part to sustained support by the Department of
Energy (DOE) and by the National Institutes of Health (NIH). New
developments in radiopharmaceuticals are rapidly commercialized and
radiopharraaceutical chemistry has become one of the most active sub-
disciplines of nuclear medicine. Unfortunately, long terra programs to
address the inevitable manpower shortage resulting from this rapid
growth are not in place.



Funding for the development and application of radiotracers comes
from three major sources the DOE, the NIH, the Veterans Administration
and the radiopharmaceutical industry (see Table 2 for funding for
nuclear medicine research from the DOE (OHER), NIH and the VA). The
greatest single source of continuing support originated with the Atomic
Energy Commission in the form of a committment to the medical
application of nuclear technology. This mission, which began nearly
forty years ago, has continued under the aegis of the Energy Research
and Development Agency and is currently a mission of the Department of
Energy (Office of Health and Environmental Research). It is a mission
characterized by the support of basic research in the development and
application of new radionuclides and radiotracers and associated high
technology, and state of the art instrumentation at the national
laboratories and at universities. The development of technetium-99m,
thallium-201 and FDG can be sited as milestones developed wholly or in
part through DOE support.

While the DOE (and formerly AEC and ERDA) has played and continues
to play the major role in the long terra (over four decades) support of
basic research in the development of the tracers and technologies used
in the current practice of nuclear medicine, there are also other
important sources of support for radiotracer development and for new
clinical applications of the nuclear technologies. For example, the NIH
supports many investigators in the development and applications of
radiopharmaceuticals. In addition, nearly a decade ago, the National
Institute of Neurological, Communicative Diseases and Stroke (NINCDS)
recognized the potential of PET as a scientific tool for addressing
problems in the neurosciences and announced the availability of a
program project grant for the development and support of a clinical and
basic neuroscience research efforts which utilized PET (NIH Guide for
Grants and Contracts, 7(11), August 18, 1978). Moreover, the
announcement acknowledged that the potential applicability of PET was
not restricted to problems in the neurosciences and encouraged
collaborations in the development and use of PET facilities and services
for other applications in medicine. Of the six institutions which
shared in the initial $5.7 million award, all still have active PET
programs. Numerous other cyclotron-PET centers have been constructed
since that time supported by DOE, NIH and other sources. It is
anticipated that by the year 1995 as many as 50 cyclotron-PET facilities
will be operational within the United States.

Innovation in development of radiotracers and associated
instrumentation has been accompanied by a rapid transfer of technology
and increased commercialization and integration into the practice of
nuclear medicine. At this time, several firms are committed to the
development of high quality, competitively priced instrumentation for
nuclear medicine. For example, in the PET field, state of the art
scanners are being marketed along with radioisotope delivery systems
that include a compact cyclotron and chemistry modules based on new
developments in radiotracer synthesis. The industrial sector is
actively addressing the issue of clinical PET and the installation of
competitively priced systems in hospitals to take advantage of the new
advances in diagnostic advantages of PET is underway. At the time which
this report was prepared, there were 15 new Computer Technologies



Incorporated positron emission tomographs ordered and under construction
with 6 in the field (K. Halliday, CTI, personal communication).
Positron Corporation has sold ten tomographs within the last three years
and expects to sell 12 more in 1988 and projects a worldwide market
growth of 10 units per year in the research sector and 20-30 units/year
in the clinical sector (N. Mullani, Positron Corporation, personal
communication). Each facility receiving one of these units will require
one or more chemists to develop or oversee production of the new
radiopharraaceuticals.

Perhaps the growth and vitality of chemistry in nuclear medicine
is best represented by the professional activities of the chemists
working in the field. There is an increasing active representation of
radiopharmaceutical chemists at scientific meetings and in the
scientific literature. For example, in 1976, in response to a growing
need for a special forum for addressing some of the unique problems in
radiopharmaceutical chemistry, the First International Symposium on
Radiopharmaceutical Chemistry was organized and held at Brookhaven
National Laboratory and 111 papers were presented. The meeting has
continued on a biannual basis and at the Sixth International Symposium
held in Boston in 1986, there were 311 participants, 174 presentations
and posters. There is an equally strong representation of
radiopharmaceutical chemistry at the Annual Society of Nuclear Medicine
meeting with a steady increase in the number of papers and sessions
devoted to presentations on radiotracer development. In 1976, the
Radiopharmaceutical Science Council (of the Society of Nuclear Medicine)
was established. It has grown from 100 members to a current (1987)
membership of 616 (Ernest Rendon, Society of Nuclear Medicine, personal
communication). There are also conferences on special topics in
radiopharmaceutical chemistry which are organized on an irregular basis
and parers on radiopharmaceutical development and application are being
presented at a growing number of meetings devoted to research in the
neurosciences, in cardiology and in oncology, to name a few.

Current Manpower Shortage

The output of chemists trained in the nuclear technologies
required for the nuclear medicine field has not kept up with the growth
of the field. As a result, employment opportunities for chemists in
clinical nuclear medicine departments and related departments and
institutions currently exceed the supply of trained professionals. Many
new centers (especially in the cyclotron-PET field) are unable to hire
the trained chemists required to set these institutions into operation
and established groups are "laving difficulties in adding new staff or in
replacing individuals who have changed positions. This problem is
already serious in the cyclotron-PET field and the predicted doubling of
the number of centers by 1995 in the absence of a significant effort to
recruit chemists and to provide a mechanism for advanced training would
mean that most of these new centers could not be set into operation.

The shortage of chemists with training focussed on radiochemistry
and synthetic techniques results both from the overall slow growth in
the number of available graduates in chemistry (Table 3), the lack of
active recruitment efforts on the part of the radiopharmaceutical



chemistry community and the lack of programs specifically dedicated to
postgraduate training of chemists in the nuclear medicine technologies.
To exemplify the first part ot the problem, the numbers of Ph.D.
chemists produced in the specialized fields of chemistry has, for the
most part, remained the same or has decreased over the past ten years.
Universities are finding it difficult to till faculty positions. It has
been reported that in 1970, universities and colleges in this country
graduated 2223 doctoral chemists of which 18.5 X sought academic
careers. The year 1985 saw 1836 doctoral chemists graduated of which
only 8 Z considered academia as a career option. A survey teken in
1987, indicated that 381 academic positions were available at Ph. D.
granting institutions, many of which had remained vacant for two or more
years (Gassman, P. G. , Will "Chemistry" Exist in the Future?, Chera. and
Eng News, December 14, 1987, page 51). A negative public image of
chemistry (reinforced by the recent tragedies at Bhopal and Caernobyl),
the perception that chemistry is an unattractive profession and
increasing scientific illiteracy and intuitive risk judgments (Slovic,
P., Perception of Risk, Science, 236: 280, 1987), have exacerbated the
problem resulting in a gradual decline in both the quality and quantity
of students who elect chemistry as a career.

The problems being experienced in the field of chemistry in
general are amplified for the nuclear medicine area. Since this
research specialty is not a common interest of faculty members in major
universities with graduate programs in chemistry, there is a problem in
attracting Ph.D. chemists to the field during the time when they are
making career choices or when they are making decisions on advanced or
specialized training at the postdoctoral level.

Postgraduate training of chemists in the specialized areas of
radiotracer research and development has usually taken place at the
National Laboratories or at Universities having an active nuclear
medicine research programs and the high technology resources. This is
usually effected through a limited number of postdoctoral positions in
active nuclear medicine or radiotracer research programs and is
restricted by the available monies for graduate students and
postdoctorals. These positions are almost solely supported by the DOE
or NIH. However, the output of these training programs has not been
sufficient to meet current demands and as a result, new chemists with no
advanced training are frequently trained on the job in industries or at
research institutions. The important point is that there is presently
no formalized, long-term committment to support postdoctoral training
for the chemists required to staff the existing and anticipated clinical
and research facilities. The problem is compounded when the needs for
specialized high technology resources (cyclotron or accelerator, special
licenses, equipment, shielding, etc) and personnel qualified to carry
out training programs are considered.

Training Requirements

To meet the current and anticipated needs brought about by rapid
growth in the radiotracer development and PET areas of nuclear medicine,
chemists with Ph.D. or equivalent training in the traditional
subdisciplines of chemistry (nuclear and radiochemistry, organic



chemistry, biochemistry, physical chemistry, inorganic chemistry,
pharmaceutical chemistry and analytical chemistry) are required.
Specialized training in the nuclear technologies related to research and
development in nuclear medicine is also required, preferably at the
postgraduate level. It is important to emphasize that multidisciplinary
training cannot replace a rigorous education in the basic principles of
chemistry followed by specialization.

While chemists in all of the subdisciplines listed above have
played a role in the nuclear medicine field, there is a particular need
for individuals with training in radiochemistry and synthetic (organic
and inorganic) chemistry. The type of chemist required for a particular
position also depends on the problems being addressed. This is not an
obvious or trivial point since one frequently sees employment ads for a
radiocheraist when the position description is for an organic chemist.
Thus while radiochemistry (and to a lesser extent nuclear chemistry) are
generally required in research centering on the accelerator and reactor
production and purification of the radionuclides, it is expertise in
organic chemistry which is essential in the development of synthetic
routes to new radiotracers. Similarly inorganic chemistry has played an
essential role in the development of radiotracers labeled with
technetium-99m and other inorganic radionuclides. The principles of
biochemistry and physical chemistry are generally applied to the
evaluation of the new radiotracers, in developing kinetic models and in
developing a knowledge base on the relationship of structure to
biological behavior. Pharmaceutical and analytical chemists frequently
address problems in quality control and documentation for regulatory
agencies although this role is frequently undertaken by individuals with
other specialties. Since progress in nuclear medicine thrives on a
multi- and interdisciplinary approach, chemists who work effectively in
this field generally acquire some perspective on the problems of other
disciplines represented.

Summary and Recommendations

There is a current shortage of chemists at the Ph.D. level who
also have advanced training related to research in nuclear medicine.
The shortage is especially serious with subspecialties like
radiochemistry and synthetic chemistry (organic and inorganic). The
shortage stems from four major factors (1) rapid growth of the field
especially the PET field, (2) the decrease in the number of chemistry
graduates, (3) the low visibility of career opportunities for chemists
in nuclear medicine research and (4) the lack of a long term commitment
and funding for programs dedicated to postdoctoral training of Ph.D.
chemists to fill positions in radiotracer research and development. The
following recommendations focus on addressing the manpower shortage in
the nuclear medicine field. All of these recommendations will require
support in terms of a long term commitment and funding to reflect the
unique contributions of chemistry to the quality of life and to the
delivery of health care.

Proposals to attract chemists to careers in nuclear medicine:



1. Public Relations: The contributions of nuclear medicine to
health care should be publicized in the media (television and magazines)
to address the problem of public awareness of the contribution of
chemistry to medicine and to begin to improve the public image of
chemistry. This should be undertaken by chemists and physicians in the
field of nuclear medicine research with the consultation of professional
science writers and media experts.

2. Contacting Chemistry Graduates: Lectures to graduate and
undergraduate chemistry students on the contributions of chemistry to
advances in the field of nuclear medicine should be sponsored and take
place on a regular basis to contact chemists at the graduate and
undergraduate level. These lectures should be given by chemists who are
leaders in the field, who have active research programs and who are good
speakers.

3. Presenting Radiotracer Research in the General Chemistry
Literature: Chemists in the field of nuclear medicine should write
review articles on research in chemistry in the nuclear medicine field
for popular scientific journals read by chemists (for example Science,
Accounts of Chemical Research, Chemical Reviews).

4. Symposia: Special symposia should be held at ACS meetings on
research and career opportunities for chemists in the nuclear medicine
field. The format should be a mixture of information on opportunites
for chemists and reviews of current special topics and new developments
in radiotracer research. Reviews should be sufficiently general to be
interesting to chemists who have no background in the nuclear medicine
field. Here it is important to communicate the vitality of the field
and the role that creativity in chemistry has played in shaping the
state of the art.

Proposals to address advanced training for chemists at the
graduate and postgraduate level.

1. Internships and Fellowships: Internships and fellowships
should be established at the graduate and postgraduate level at
appropriate national laboraotries and universities which have the
required high technology facilities, active nuclear medicine research
programs and personnel. These programs should also have a structure and
curriculum which would enable a graduate chemist to choose a program
which suits a particular career goal. A training program could reflect
the character and unique personnel resources and facilities of a
particular institution. There should be long term support for these
programs and these programs should focus on training. Proposals for
training programs could be solicited and competitively reviewed by a
funding agencies such as the DOE and NIH. Industrial support would also
be appropriate.

2. Joint Faculty Appointments: Joint faculty appointments at
nearby universities should be encouraged for research chemists in the
nuclear medicine field in non-academic institutions such as the national
laboratories. This is especially important in areas such as nuclear and
radiochemistry which are poorly represented in academia. This would



increase the exposure of chemistry students to the research activities

of chemists in the nuclear medicine field and provide expertise in

teaching basic courses such as nuclear and radiochemistry at the

graduate level.

These are only preliminary recommendations and it is expected that

input from this workshop will lead to other proposals.
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Table 1. Research and Clinical Positron Production and Imaging Centers in
North America (1987) (includes completed and developing centers, updated from
Wolf, A. P. and Fowler, J. S. in Positron Emission Tomography, M. Reivich and
A. Alavi, editors, 1985, pages 63-80).

Baylor University, Waco, Texas
Brookhaven National Laboratory, Upton, New York
Case Western Reserve, Cleveland, Ohio
Duke University, Durham, North Carolina
Johns Hopkins University, Baltimore, Maryland
McMaster University, Hamilton, Ontario, Canada
Massachusetts General Hospital, Boston, Massachusetts
McGill University, Montreal, Quebec, Canada
M. D. Anderson Hospital, Houston, Texas
Mt. Sinai Hospital, Miami Beach, Florida
National Institutes of Health, Bethesda, Maryland
North Shore University Hospital, Manhassett, New York
Oak Ridge National Laboratory, Oak Ridge, Tennessee
Sloane Kettering Cancer Center, New York, New York
University of Pennsynvania, Philadelphia, Pennsylvania
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 Minnesota, Minneapolis, Minnesota
University of Michigan, Ann Arbor, Michigan
University of Tennessee, Knoxville, Tennessee
University of Texas Health Sciences Center, Houston, Texas
University of Washington, Seattle, Washington
University of Wisconsin, Madison, Wisconsin
Washington University, St. Louis, Missouri
West Los Angeles VA Medical Center, Wadsworth Division, UCLA, Los Angeles,
California



Table 2. Funding for nuclear medicine research from the Department of Energy
(Office of Health and Environmental Research), the National Institutes of
Health and the Veterans Administration (This data was provided by Dr. John
McAfee, Upstate Medical Center, Syracuse, New York).

Total Nuclear Percent for

Agency Medicine Funds Radiopharmaceutical R and D

43.4

22.2

na

a includes direct and indirect costs.

DOE

NIH

VA

$17,918,000

$45,186,000 a

$1,360,000



Table 3. Number of graduated doctoral chemists

Doctorate Discipline 1986a 1981b 1976C

Analytical
Inorganic
Nuclear
Organic
Pharmaceutical
Physical
Polymer
Theoretical
Chemistry, general
Chemistry, other

TOTAL

257
260
18
510
58
293
72
41
290
104

1903

229
188
12
494
52
275
62
33
193
74

1612

152
226
25
497
55
355
42
48
144
66

1988

Summary Report-Doctoral Recipients from U.S. Universities'
National Academy Press, Washington D. C.
Chemical and Engineering News, Sept 7, 1987, page 23.


