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Abstract

When the technetium generator developed in the 1960's, there was an urgent need for
individuals in Nuclear Medicine Departments that were specialists in such agents. While
training in the use and handling of labeled compounds had been offered at a number of
institutions, the need to have Pharmacists specialized in such radiolabeled drugs determined
that Radiopharmacy emerged as the first specialty in Pharmacy. The University of Southern
California School of Pharmacy, which had taken the lead, in the late 1960's, of changing the
profession of Pharmacy from a product-oriented to a patient-oriented paradigm, also took the
lead in developing the notion that Pharmacy, just as Medicine or Dentistry, could have post-
professional specialties.

The USC Radiopharmacy program, which included offerings at the MS in
Radiopharmacy (a professional specialization degree), the short-term training programs
(usually 30 days, not degree-oriented), and training for Radiopharmacy Technologists,
operated from 1969 though 1986. 201 pharmacists and others graduated with the MS in
Radiopharmacy, 15 individuals with a Technologist certificate, and well over 500 individuals
who participated in one or more of the formal short-term courses. A number of other
institutions, in the US and elsewhere, have and are offering such specialty education.
However, in the same manner that USC closed its program in 1986, the number of institutions
that offer formal degrees has also been decreasing, just at a time when the demand for
radiopharmacists is increasing.

The changes in the how health care is being delivered in the 1990's and beyond
requires new paradigms. There is now a need for pharmacists (and perhaps some new breed
of professionals) to be specialists, not only in radioactive drug products, but in all drugs used
in imaging studies. While that includes diagnostic radiopharmaceuticals, it also includes
drugs used for therapy with internal emitters, as well as novel aspects of the study of drugs
and of the pathophysiological determinants of drug distribution - pharmacokinetic imaging
and functional imaging. The challenge is here to develop new directions.

Introduction:

When the technetium generator developed in the 1960's, and 99mTc started to become
widely available to Departments of Nuclear Medicine, one of the problems that had to be
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addressed was, who was competent for preparing, dispensing and advising on the use of these
new radiotracers? Were they (radio)pharmaceuticals that also had to meet pharmaceutical
regulations and operational principles? Contrary to what used to happen with products
labeled with the 8-day m I , these products labeled with a short lived radionuclide (t1/2 of 6 hrs)
could not be prepared at a central location and then distributed all over the country. While
courses devoted to the teaching of radioisotope methodology for chemical, biological and
medical uses had existed for many years, a number of institutions started appreciating in the
late 1960's the need of developing programs leading to a formal degree in radiopharmacy.
This coincided with the recognition that Pharmacy had to move from a purely product-
oriented profession to one which emphasized the provision of pharmacy services. The
University of Southern California was active in pioneering developments in both areas.
Pharmacy became clinically oriented, and USC instituted the first formal degree program in
Radiopharmacy in 1969, with the first class graduating in 1970 (1). Over the years, the USC
Radiopharmacy program graduated 201 pharmacists with the degree of Master of Science in
Radiopharmacy and it trained several hundred other people (including many sponsored by the
IAEA) in various aspects of Radiopharmacy, including the establishment of a formal program
for training Radiopharmacy Technicians (2) and others. Other programs throughout the
country and throughout the world developed concurrently and shortly thereafter, and now that
more than a quarter of century has passed, it is timely to assess what had been the experience
and what the future entails.

Nuclear Pharmacy

Radiopharmacy (or Nuclear Pharmacy, as it is called in many places) is now a well-
established pharmaceutical specialty. Indeed, the very concept that the profession of
Pharmacy could have specialties was a new idea in 1969, which took some time to be
accepted, as was the evolution of Pharmacy into becoming a more clinically oriented
profession. The American Board of Pharmaceutical specialties was established in the US in
the 1970's, with Radiopharmacy as the first field attaining this recognition. By now, this has
expanded to several other pharmaceutical specialties having board certifications (3). While
each country has their own regulations concerning who is responsible for the preparation,
dispensing and the safe utilization of radiopharmaceutical drug products, the central point is
that such specialized training is now generally recognized as needed to prepare the individual
to be fully competent in these areas. One area of particular interest is the rapidly growing
field of PET radiopharmaceuticals. They all must, by necessity, be prepared "in house". Who
regulates them? What is the relative role of the (radio)pharmacist in their preparation,
dispensing and utilization? These are problems under active discussion all over the world (4).

A number of key principles were incorporated into the development of the MS in
Radiopharmacy, a professional specialty of Pharmacy. The first was that the
(radio)pharmacist was to be the drug specialist of the Nuclear Medicine team. His/her role
was not to be limited to the preparation of the products, but to participate actively in their
selection, monitoring the patient to determine drug effectiveness, and work with the
physician, in a collaborative rather than in a subaltern manner, in providing clinical
radiopharmacy services. The diagram in figure I illustrates how that relationship was
supposed to work, and appended is a civil service class specification for the Radiopharmacist,
as developed in the 1970's for the County of Los Angeles.
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Figure I: The Relation Between Physicians and Pharmacists in Nuclear Medicine.
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Practical realities and institutional traditions dictated a number of different variations
of this idealized schema. While in some hospitals Radiopharmacy was part of Pharmacy
services, the tensions created by the changes in the profession led a number of Pharmacy
services to remain askance of anything that was new and different, whereas others, with
greater vision, embraced wholeheartedly such new opportunities. In other hospitals a
tradition in the Nuclear Medicine service determined that Radiopharmacy should become a
section in such a service. The later evolution of Radiology, and the changing views of the
relationship between Nuclear Medicine and the other Radiological Sciences complicated
further this picture in the US. And in other countries, where the requirements did not exist
that all pharmaceutical products had to be dispensed by licensed pharmacists,
radiopharmacists could also come from other disciplines and scientific backgrounds,
including chemistry, physics, etc.

Another major change started at the time these considerations were being sorted out:
that of how the whole health care system should be managed. The rapidly increasing costs in
health care lead to the development of cost-containment strategies which may be grouped,
for this discussion, under the term of "managed care". In the swing of the pendulum from
primary emphasis to quality patient care to primary emphasis on cost-effective patient care,
many of the gains that clinical pharmacy and the pharmaceutical specialties had gained in the
1970's and early 1980's eroded. There were also developments unique to Radiopharmacy:
the emergence of the commercial radiopharmacies, and the emergence of PET (positron
emission tomography) as a rapidly growing branch of nuclear medicine.

The commercial radiopharmacies were based on the principle that the nuclear
medicine services (and especially, the radiology services which did some limited nuclear
imaging) would require products, with little or none of the clinical pharmacy services that
were included in Figure I. It is a cost effective method for the distribution of products, and
has taken significant hold in the US and a number of other countries. The commercial
operations are different, however, from the shared services, where a number of institutions
pool their resources. The role and the future impact of both sets of services is under constant
evolution, and differs from country to country.

The rapid growth of PET centers, and hence, the need for the in-house preparation of
radiopharmaceuticals with very short half-lives, under conditions where the primary emphasis
has been on chemistry, has brought in a group of highly trained individuals into the field,
many of whom do not have a professional Pharmacy background. The emphasis shifted to
product preparation, purity and identity, rather than to clinical aspects of utilization and
pharmacological monitoring. The more recent shift from I8F-FDG (2-fluoro-deoxy-glucose)
to 18F- and uC-labeled receptors suggests another area where the need for persons properly
trained in the radiopharmaceutical sciences will maintain or increase.

Future Directions

Both Pharmacy and Radiopharmacy are again at major crossroads. The delivery of
health care and the nature and role of its providers are undergoing momentous changes, not
only in the nature of the services they are asked to provide, but in the overall relations to
other providers - physicians, technician, nurses -, to patients, and to the system. Clinical
Pharmacy is evolving into Pharmaceutical Care (5), and Radiopharmacy is evolving now into
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Drug Administration

Patient

Clinical Result

Figure II: Current scheme of drug development and treatment.

providing "poly-pharmacy" services. These will include not only expansion of the traditional
roles of preparing, of dispensing and advising on the use of radiopharmaceutical drug
products for diagnostic purposes, but much more frequently for their use in radiotherapy, as
well as for monitoring the pharmacokinetics of drugs (6) as well as the pathophysiological
characteristics of the patient. And then there is the impact of modern technology, the role of
computers in data generation, sorting and transfer. And finally, there is the impact of
pharmacoeconomics. How effective is the provision of radiopharmaceutical services?
Outcome studies will need to be performed. And how well can we control radioactive waste
and other ecological related problems?

The area of using noninvasive methods for monitoring what happens to drugs in
patients, and what happens in patients when they are undergoing diagnosis or treatment with
pharmaceutical drug products, can be illustrated by Figure II.

While data are available from the amount, rate and route of drug administration, and
then of the clinical outcome, little information is generally available of the fate of the drug in
vivo, of the patient's individual characteristics, etc. In a word, there is currently an urgent
need to develop effective methods for monitoring the individual patient in order to optimize
any form of treatment. And it is our postulate that radiopharmaceuticals can play a major role
in this process.

Let me conclude here with another issue: that of the relation of nuclear medicine and
other areas of radiology, which will impact the role that the radiopharmacist/
radiopharmaceutical scientist should have in the use of the correlative imaging modalities
(MRI, ultrasound, etc). Let me postulate that the radiopharmacist/ radiopharmaceutical
scientist should be as heavily involved in the use of these correlative-imaging modalities as
he/she is now in radiolabeled drug products. There areas are complementary, not
competitive. The same principles of drug biodistribution, of pharmacokinetic analysis, and of
pharmacokinetic/pharmacodynamic considerations apply.

Conclusion

There is much to be proud of what has been achieved in the last 25 years. But there is
much more that needs to be done in the future. This represents a challenge - and an
opportunity.

669



Appendix

CLASS SPECIFICATIONS FOR RADIOPHARMACIST, COUNTY OF LOS
ANGELES, AS DEVELOPED IN THE 1970'S

TITLE: RADIOPHARMACIST

DEFINITION: Provides professional radiopharmacy services to the nuclear medi-
cine and other medical services of a hospital and has immediate charge of the
hospital's isotope laboratory.

CLASSIFICATION STANDARDS: Positions allocable to this class apply the estab-
lished professional principles and practices of pharmacology and nuclear radiation
In the preparation, dispensing, and control of radiopharmaceuticals used either in
producing scans used for imaging, metabolic, or functional studies of internal parts
of the body for diagnostic purposes or in the treatment of patients with cancer or
other diseases. Positions in this class also perform applied research in developing
and testing new or modified radiopharmaceuticals; instruct students, interns, resi-
dents and others in the pharmacology of radlonuclides; and provide training and
supervision to radiopharmacy technicians and technician trainees. Under the gen-
eral administrative supervision of the head of nuclear medicine services or the
head of pharmacy services and the technical direction of a nuclear medicine phy-
sician, positions in this class have full responsibility for the quality and quantity of
radiopharmaceuticals produced and for the purchase and control of radionuclides
used by the hospital. In addition to established hospital policies and procedures,
they work within the framework of the regulations of the Atomic Energy Commis-
sion1, Food and Drug Administration, and State Department of Public Health gov-
erning the use and control of radionuclides.

EXAMPLES OF DUTIES:

Subjects radioactive substances and reagents to a variety
of laboratory procedures involving chemical and electrolytic interactions
for the purpose of labeling, or chemically fusing, radioisotopes onto
chemical or biological susbtances and purifying the resulting radiophar-
maceutical to eliminate wastes and impurities.

Assays radiopharmaceuticals at the time of receipt or
preparation and again at the time to be dispensed; using mathematics,
including calculus, calculates the amount of individual doses based on
the half-life of the radiopharmaceutical in relation ot the type of proce-
dure required, time of administration, and amount of radioactivity pre-
scribed by the physician.

Using the above procedures, prepares and dispenses or

supervises the propartion of radiopriarmaceuticals either for use in ra-
diation detection procedures designed to produce images (kortwn as
scans) and metabolic or functional studies of the heart, lungs liver,
kidneys, bone structure, etc., for diagnostic scrutiny by the nuclear
medicine physician or for the treatment oi cancer and other diseasos.

Coordinates the production and dispensing of
radiopr.armaceuticals with the scheduling of patients for dlaynostic or
therapeutic procedures so as to maximi2e the efficient use of time,
equipment and materials and to enhance the Quality of scans produced.

1 The functions of the otd Atomic Energy Commission were divided among ERDA
and the NRC (Nuclear Regulatory Commission); ERDA has since been merged
into the Department of Energy (DOE). The lifting of the exemption, in 1975. fur-
ther modified the relative responsibility of these various Agencies.
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Reviews and evaluates the quality and value of the
radiophsrrnaceutlcais prepared by studying the resulting scans in con-
sultation with nuclear medicine physicians, adjusts procedures to im-
prove quality when possible.

Performs pharmacological research in connection with the
development of new radiopharmaceurical compounds or new methods
for formulating existing compounds for the purpose of exposing tho pa-
tient to less radiation, expediting the elimination of radioactivity by the
patient, producing higher quality scans, or saving time and money;
reads professional literature and performs experimental laboratory tech-
niques, including animal studies, to determine the chemical interaction
of the proposed components of the drug and to calculate the likely ef-
fects of radiation dosimetry on the patient.

Prepares formal reports for inclusion in proposals to the
Atomic Energy Commission, Food and Drug Administration, and the
State Department of Public Health required to obtain approval for test-
ing and use of new radlopharmaceuticals; reports on research proce-
dures and findings, calculation of dosimetry and serum levels, and pro-
cedures to be used in preparing the radiopharmaceutical, including
quality control procedures.

Requisitions and supervises tha ordering of radionuclides.
reagents, laboratory equipment and supplies and of other pharmaceuti-
cals usod by the nuclear medicine section.

Develops and supervises the maintenance of written
controls on the receipt, storage, preparation, administration, and dis-
posal of radionuclides and prepares reports of the circumstances and
disposition of radioactive materials when spills or other accidents occur
in tha isotope laboratory.

Lectures students, residents, interns, nuclear medicine
technicians, and technician trainees on radiopharmaceutical characteris-
tics and compounding procedures; provides general orientation 10 phy-
sicians and others on the policy, procedures, operations and purpose of
the isotope laboratory.

Attends meetings, conferences and seminars for the purpose
of upgrading professional skills and knowledges and sharing information
on the pharmacological aspects of the field of nuclear medicine.

Develops operating, technical, reporting, and safety
procedures for the conduct of an isotope laboratory, and closely moni-
tors their implementation by technicians and trainees.

Supervises technicians and trainees in ordering, preparing
assaying, and measuring doses of radiopharmaceuticals and In the
maintenance of inventory controls on their receipt, preparation, admin-
istration, and disposal.

Participates in the selection of radiopharmacy technicians
orients and trains new technicians and trains or supervises the trainmg
of technician trainees; plans, assigns and evaluates the work of subor-
dinates including trainees.

MINIMUM REQUIREMENTS:

TRAINING AND EXPERIENCE: Completion of a combination of postgraduate cour-
ses and professionally supervised experience, such as an internship or residen-
cy, in the pharmacology of nuclear medicine equivalent to a Master's degree in
radiopharmacy in and accredited college of pharmacy.

LICENSE: A licence to practice as a Registered Pharmacist issued by the Califor-
nia State Board of Pharmacy.

PHYSICAL CLASS; "2" - Light.
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