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Abstract

Radiopharmaceuticals comprise a critical element of diagnostic and therapeutic clinical nuclear
medicine. As well they contribute to more basic pre-clinical and clinical diagnostic studies such
as the evaluation of new drugs and new drug formulations. Their development and utilization is
based on the complex interaction of a number of disciplines including medicine, pharmacy,
biochemistry, pharmacology, chemistry, physics and engineering. This technically-complex
multidisciplinary base has impeded the development of a uniform curriculum of training for
basic scientists and professionals who work with radiopharmaceuticals. The range of technical
knowledge required is very broad; it ranges from chemical synthesis and radiolabelling, through
a maze of biochemistry, pharmacology and now molecular biology, to GMP manufacture,
dispensing and clinical consultation concerning use and interpretation of data.

Clearly, no single discipline can (nor should) be expected to undertake in-depth training of
radiopharmaceutical scientists, but equally clearly, there is need for the development of curricula
that will develop specific components of the essential knowledge base. The
' radiopharmaceutical' or 'product' orientation of both teaching and research can be used to
provide a focus for academic and professional organizations to develop 'radiopharmacy'
curricula that effectively train radiopharmaceutical practitioners for specific roles within the
clinical, academic, government and industrial interests of radiopharmaceutical scientists.

Currently, there is a plethora of segmented training programs, many of which are inadequately
positioned to be of great value to the field or its practitioners. Efforts to re-focus radiopharmacy
programs and to build professional recognition for them are bringing about harmonization of
performance objectives, and leading to didactic and experiential curricula. The impact and
evolution of regulatory processes will demand new and better radiopharmaceuticals and at the
same time, contribute to the professional recognition of radiopharmaceutical scientists through
the implementation of clearly defined training strategies.

RADIOPHARMACEUTICALS AND RADIOPHARMACY

The terms 'radiopharmaceuticals' and 'radiopharmacy' may be considered to be synonymous in
many respects, but in fact the former describes a class of medicinal agents, whereas
radiopharmacy refers to a specialization of pharmacy practice. Indeed, from the radiopharmacy
perspective, radiopharmaceuticals comprise a subsection of radiopharmacy practice. Increasingly
in pharmacy terms, 'radiopharmacy' and 'nuclear pharmacy' have become interchangeable
practice descriptors, the latter term paralleling the usage of 'nuclear medicine'.
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Although one may expect that 'radiopharmaceuticals' are a subset of 'pharmaceuticals', and that
with the addition of radiation considerations they would be equal in the eyes of professional and
regulatory bodies, this is not necessarily the case. The qualifications of personnel dispensing
radiopharmaceuticals, the requirements for product registration and even the site conditions for
production may not only differ between the two, but the regulatory bodies (or divisions thereof)
that are responsible for these matters may not be the same. For example, in Canada there is no
requirement for an individual who dispenses radiopharmaceuticals to either be a pharmacist nor
to work under the authority of one, whereas this is a requirement for one who is dispensing
Pharmaceuticals. Similarly, registration of radiopharmaceuticals, although handled by the Health
Protection Branch (HPB) of Health Canada [1], is regulated by a different division than
prescription drugs. Furthermore, regulatory (e.g. Alberta Pharmaceutical Association [2]) and
professional associations (e.g. Canadian Pharmacists Association [3]) in Canada currently do not
exert any influence on the practice of radiopharmacy or on the regulatory aspects governing
radiopharmaceuticals. These situations are found, to greater or lesser degree, in many countries.

RESOURCES FOR RADIOPHARMACEUTICAL TEACHING AND RESEARCH

Training Programs

There are a number of approaches to provide training in the design, preparation and use of
radiopharmaceuticals. Historically, as is the case in most disciplines, training was a matter of
self-education that was based on, and limited by, the fundamental knowledge and insight (vision)
of the practitioner, and the resources available. The earliest radiopharmaceutical practitioners
were most likely to be physicians and physicists, with pharmacists, chemists and biochemical
pharmacologists appearing as the field matured. This rich human resource required the
development of professional training in order to gain recognition and to sustain itself.

Two medical groups, the physicians and the pharmacists, which both enjoyed legal recognition
of their roles in professional health care delivery were obvious front-runners in the bid to develop
recognized training and specialization programs. Medicine established their specialization
quickly (e.g. Society of Nuclear Medicine [4]), whereas pharmacy faltered at the professional
level, having built strong academic programs in the 1970's but failing, in most regions, to build a
professional practice base. Even today, the Nuclear Pharmacy specialization of the American
Pharmaceutical Association [5] stands as one of the few exceptions to this failure to build a
professional base for radiopharmacy practice. As a result, there are still several avenues for a
non-medical practitioner in radiopharmaceutical science to enter the field (Table 1).

Table 1. Approaches to Training Radiopharmaceutical Practitioners

• On the job
• Academic (University)

• Professional qualification (Society)
• Residency (Society; University)
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Academic Training Programs

It is natural that individuals currently involved in radiopharmacy and the radiopharmaceutical
sciences, most of whom are University-educated, look to Universities as primary sites to meet
their teaching and research needs. Where they look within the University, however, frequently
depends on their own background and experience, rather than on a recognized program (consider
that physicians would only look to Medicine for training in nuclear medicine). Within the
Universities there are a number of established disciplines that are involved in teaching elements
of what one might consider to be basic elements of the field (Table 2). In some departments this
information is presented in isolation of the radiopharmaceutical sciences, whereas in others, it is
presented as part of integrated programs in nuclear medicine or radiopharmacy.

Table 2. Academic Units that may provide Training in one or more
Disciplines of the Radiopharmaceutical Sciences

•Pharmacy

•Nuclear Medicine

•Radiology

•Chemistry

•Medicinal Chemistry

•Pharmacology

•(Bio)physics

•(Biomedical) engineering

•Biology

To an outsider, the role of schools of Pharmacy in the teaching of radiopharmacy and the
radiopharmaceutical sciences would appear self-evident, although it is clear to those already in
the field that these natural links between pharmacy and radiopharmacy may be weak or non-
existent in some geographic regions. None-the-less, a pharmacy perspective will be emphasized
in this monograph. The material presented in the following sections is intended to be
representative, not comprehensive, in either the nature or scope of the programs currently being
offered around the world.

The science and medicine of radiopharmaceuticals involves many disciplines. Indeed, although
this could potentially be said for other medical fields, it is a fact for everyday nuclear medicine
practice. Therefore, the diversity of teaching sources is not only to be anticipated, but a
necessary element in teaching and research in radiopharmaceuticals which are equally
multidisciplinary in nature.

Teaching Radiopharmacy in Schools of Pharmacy.

Several schools of Pharmacy have, or have had, strong didactic programs in radiopharmacy. The
Nuclear Pharmacy program at Purdue University in the USA is one of the original and most
durable programs typical of radiopharmacy training by schools of Pharmacy. They have
maintained the teaching of basic knowledge and concepts of nuclear pharmacy through an
integrated undergraduate education. The radiopharmacy programs offered by many other
Pharmacy schools in North America in the late 1960's and 1970's (e.g. Alberta, California) and
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in the UK (Chelsea) appear to have diminished in impact within their Universities, although
aspects of their programs may continue to flourish [6]. In other geographic regions (e.g. Japan,
Australia, Europe), radiopharmacy (research) has become more prominent within pharmacy
programs. University-based pharmacy programs which provide training in radiopharmacy and/or
in radiopharmaceutical research utilize a range of academic platforms to this end (Table 3).

Table 3. Radiopharmacy-Related Academic Degrees and
Certificates offered by Schools of Pharmacy

•undergraduate: B.Sc.(Pharm); Pharm. D.

•post-graduate professional: M. Pharm.; diploma

•post-graduate research: M. Sc; Ph. D.

New emphasis in the Purdue undergraduate program reflects a growing global change in
pharmacy education: the provision of clinical services and pharmaceutical care. In the Purdue
pharmacy curriculum there is instruction in the broader subject of radiology in order to promote
nuclear pharmacy roles and to emphasize the unique aspects of nuclear medicine in diagnosis and
therapy relative to the competing technologies. Purdue, like other pharmacy schools in the USA,
is moving rapidly towards the Pharm. D. program as the practice entry qualification and is
phasing out the baccalaureate degree in Pharmacy. The Pharm. D. degree programs include a
much larger component of experiential training than the baccalaureate programs, and Purdue, for
example, has established an advanced clerkship in nuclear medicine for students in the final
professional year in pharmacy. This nuclear medicine clerkship is designed to aid the
undergraduate pharmacy student in relating to the patient and to the nuclear medicine
technologist, in order to promote more clinical service rather than to promote only the clinical
product viz. the radiopharmaceutical.[7-9]

Other Pharmacy programs in North America, where the Doctor of Pharmacy (Pharm. D.) degree
will become, or already is the predominant practice-entry degree for Pharmacy, are adopting
similar or somewhat modified approaches. At Alberta, for example, a parallel-track, non-practice
baccalaureate degree in 'pharmaceutical sciences' is being developed. In this program, which
will share some of the didactic curriculum of the Pharm. D. program [10], a series of specialties,
including radiopharmacy, will be offered in order to provide in-depth scientific training for
specialties like radiopharmacy in which practice is not regulated by a professional or licensing
body. Unlike the American counterpart, nuclear pharmacy in Canada is not recognized as a
professional specialty by any main-stream pharmaceutical organization. In fact, the Canadian
Association of Pharmaceutical Scientists (CARS), a body comprising pharmacists, chemists,
physicists and others is the only 'radiopharmacy' voice in Canada [11]. Although CARS deals
effectively with regulatory agencies on behalf of its members, it does this directly and through
nuclear medicine organizations, and not through the Canadian Pharmacists Association , the
Canadian Association of Hospital Pharmacists or, in curriculum matters, the Association of
Faculties of Pharmacy of Canada. The role of the newly formed Canadian of Pharmaceutical
Sciences (CSPS)[12] could potentially include a voice for radiopharmacy, but this avenue
remains undeveloped at the present time.

Although a number of Pharmacy schools are promoting their radiopharmacy courses via the
Internet (e.g. 9,13,14], Purdue may be the first to have developed a distance learning program to
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aid pharmacists that wish to learn the nuclear pharmacy basics after graduation from the practice-
entry pharmacy degree program distance. Such certificate programs are likely to have broad
appeal to informally qualified radiopharmaceutical practitioners already in the field, as well as to
pharmacists, especially hospital pharmacists, who are legislatively compelled to assume
responsibility for radiopharmaceuticals used within their institutions.

Non-Pharmacy Teaching of the Radiopharmaceutical Science.

As shown in Table 2, many aspects of radiopharmacy training are also taught in science and
engineering departments. Cursory examination of programs listed on the Internet suggest that in
fact, more 'radiopharmaceuticals' training is offered through nuclear medicine and other
programs than by pharmacy schools [e.g. 15-21]. Part of this subject material will be taught in
introductory courses in physics (e.g. nuclear structure, nuclear activation reactions, interactions
of ionizing radiation with matter) and chemistry (e.g. radiochemistry, radiolabelling chemistry,
chemical kinetics, radiometry, chromatography). Other basic aspects are more likely to be found
in second-tier courses such as biochemistry and pharmacology (metabolism and excretion,
molecular targets, pharmacokinetics) and in engineering (kinetics, process control, materials,
targetry). The medical subjects can be found in medical programs, especially in Radiology and
Nuclear Medicine (biological effects of ionizing radiation, radiation dosimetry). Medical
applications are taught not only in these 'radio-medical' departments, but also in medical
specialty units such as cardiology, pulmonary medicine, internal medicine and oncology.

STRATIFICATION OF RADIOPHARMACEUTICAL TEACHING AND RESEARCH

Radiopharmaceutical sciences are taught through a number of academic departments, of which
schools of Pharmacy probably offer the most comprehensive curriculum. Interestingly, the nature
of teaching radiopharmaceutical science in non-pharmacy-based units is frequently biased by the
research and/or clinical expertise of that unit. These specialization's are based not only on the
medical specialty (e.g. cardiology) but also on features of the associated technology (Table 4).

Table 4. Medical Specialties and Technologies that Influence
Teaching and Research in the Pharmaceutical Sciences

•
• Diagnostic imaging

• Radionuclide-based radiotherapy
• Imaging technique (e.g. planar scintigraphy, SPE(C)T; PET)

• Radionuclide source (e.g. generator, cyclotron)
• Labelling techniques (e.g. shake & shoot, chemical synthesis)

• Disease / target tissue (e.g. cancer, cardiology)

Greatly improved didactic and experiential radiopharmaceutical science training programs have
been developed in recent years. This is due in large part to the individual efforts of a few
radiopharmaceutical scientists who are active in either clinical departments or academic units.
These efforts have been motivated by both the perceived need for high(er) practice standards and
increasing regulatory constraint. Clearly there is a need for the development of standards for
training, and these appear to be under regional development [22,23]. The result of these efforts
has not only been to broaden the scope of 'radiopharmaceutical' curricula, but to provide an
unprecedented degree of international harmonization of training programs [24].
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International harmonization will not be addressed further in this monograph, except to say that
the radiopharmaceutical community already owes a substantial degree of appreciation to a
number of individuals, including Peter Cox, Knud Kristensen, David Laven, Steve Mather, Gerd
Meyer and Stan Shaw, for their commitment and hard work to this end.

INFORMATION SOURCES FOR RADIOPHARMACEUTICAL TEACHING AND
RESEARCH

It is both desirable and necessary to develop information data bases that will satisfy the needs of
the potential student, the regulators, the current practitioners and the curious onlooker.
Information is available from a number of sources, none of which is universally available to all
who want details of the field. The most common information resources are presented in Table 5.
Personal contacts are invaluable sources for the insider, but they may be virtually non-existent
for the novice and the outsider. Personal bias is an integral part of the information that is
obtained in this way, but this is frequently an advantage, especially in the selection of teaching
sources, since official documents seldom convey 'rankings' or other information that may be
accurate but critical in nature.

Journals are likely to be excellent sources of up to date information on research and product
evaluation, but articles on professional practice and training are harder to find. Several excellent
series [25] and monographs [26,27] that address both teaching material and research reviews are
available.

Table 5. Commonly used Sources of Information about Radio-
pharmaceutical Teaching and Research.

•Personal contacts (small field)

•Journals (pedagogical, professional, scientific)

•Books and monographs

•Institutions (hospital, university, regulatory agency)

•Industry

•Internet

The industry is generally an unlikely source of information on training programs, at least of
programs that are not intended to promote their own commercial interests. The programs offered,
of course, may be of vital importance to the function of the individual, for example, as in new
radiopharmaceuticals for new indications [28-35]. Of the Institutional sources, the best materials
are available from academic departments and research units active in the field [36-40].

The Internet as an Information Resource for Teaching and Research in
Radiopharmaceuticals

The Infobahn (information highway) has become a global household phenomenon; access is
universal in many countries and available to most scientists around the world. The cost is usually
not prohibitive, the size of the data base is simply unimaginable and the speed of gathering
information from world-wide sources is adequate for most users. There are, unfortunately,

642



several limitations to the technology. The main limitation is usually found in the 'search engine'
used to find the key words that are used for the search. Both the quantity and quality of the 'hits'
can vary from engine to engine, as shown in Table 6.

Syntax plays an important role when using multiple word search phrases. A search using the
words radiopharmaceutical chemistry, without delimiters, will usually bring up several thousand
hits, many or most of which will not be useful for the intended purpose. When delimiters are
used properly, however, the hits are more likely (but not guaranteed) to be accurate, and small in
number.

Other limitations of the Internet data base include the biases introduced by the author of the
information package loaded on the source server. For example, extraneous phrases and keywords
may be used (deliberately) in order to capture additional readers. This, in fact, leads directly to
the major problem with today's Internet data bases; there are virtually no standards to be met;
thus, a search brings not only extraneous information, but also hits that are unacceptably
outdated, devoid of information, speculative and even deliberately misleading.

When using an Internet search, the reader must be prepared to use critical judgment. Institutional,
academic and industrial sources are usually dependable, whereas personal comments of an
editorial nature are the most likely to have hidden agendas.

Table 6. Search Engine Variability for Predetermined Keyword Searches

Search engine Search word
Radiopharmacy Nuclear

Pharmacy
Radio-

pharmaceuticals

Infoseek*
Lycos
Webcrawler
Yahoo

264
82
40
3

229
43
22
2

1127
285
62
8

* 10,777 entries for "nuclear medicine"

RADIOPHARMACEUTICALS RESEARCH

Much of what has been stated in the preceding paragraphs was directed towards the teaching of
radiopharmacy and radiopharmaceutical sciences. Clearly, however, it is essentially impossible
to divorce teaching from research. This is true because of the rapid cycling of research into
clinical practice, so that the teaching needs for today are based on current research. The major
difference may lie in the venues where the two functions take place. Whereas teaching may be
primarily the prerogative of academic institutions, research is spread quite uniformly among a
number of players (Table 7).
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Table 7. Venues for Radiopharmaceutical Research

• Radio (Nuclear) pharmacies
• Nuclear Medicine departments

• University laboratories
• Government research laboratories

• (Radio)Pharma industry

Research in radiopharmacies, nuclear medicine departments and the radiopharmaceutical
industry laboratories is frequently product/process oriented. That is to say, these groups are
interested in the development of a new radiopharmaceutical or image enhancement process, or to
develop pragmatic improvements in existing products. In practice there is often good rapport
among these organizations, to take advantage of the unique resources of each participating
member. Resources of the industry include materials, data bases and money, whereas the medical
institutions have medical knowledge, practical radiopharmaceutical knowledge and perhaps most
importantly, access to patients. Shared intellectual skills may or may not be part of these
arrangements.

Research in academic and government laboratories was traditionally oriented towards the
generation of knowledge and less towards exploitable intellectual property. This has changed
drastically, even in the most conservative institutions, in the past two decades. Although basic
research is still being undertaken in all venues (Table 7), academic and government interaction
with industry is a prominent feature today.

Within all research environments there is a range of projects that address the development of new
diagnostic and therapeutic radiopharmaceuticals. Examples from groups in Canada include:
• development of new therapeutic radionuclide sources at TRIUMF (a national laboratory)
• radiopharmaceuticals for clinical neuro-PET and FDG for oncology; and SPECT; at

TRIUMF, University of British Columbia (Pharmaceutical Sciences; Medicine) and
Vancouver General Hospital

• radiopharmaceuticals for imaging in gene therapy at the University of Alberta (The Noujaim
Institute, an academic research institute in the Faculty of Pharmacy and Pharmaceutical
Sciences) and the Alberta Cancer Board [43].

• radiopharmaceuticals for melanoma imaging at the Edmonton radiopharmaceutical Centre (a
not for profit radiopharmacy operating through the Alberta Cancer Board).

• nuclear medicine applications for 'neural net' technology at the University of Alberta
(Faculty of Pharmacy and Pharmaceutical Sciences)

• assessment of hypoxia-sensitive diagnostic radiopharmaceuticals at the Ontario Cancer
Centre and the University of Alberta

• assessment of diagnostic and therapeutic monoclonal antibodies at several institutions,
including the Royal University Hospital and the Saskatchewan Cancer Board.

• design and synthesis of novel 99mTc radiopharmaceuticals, and solid-phase radioiodination
precursors, at the University of Western Ontario (Department of Chemistry and Faculty of
Medicine)

• neuroPET (I8F and UC) diagnostics at the Clark Institute, University of Toronto, and the
Montreal Neurological Institute.

• although laboratories of governmental agencies at the provincial level are active in
radiopharmaceutical research, particularly in the area of oncology, TRIUMF in the only
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national laboratory where radiopharmaceutical research is undertaken; the laboratories of
Atomic Energy Laboratories of Canada (AECL) are no longer active in this field, as a result
of the privatization (Nordion [32]) of their isotope interests a decade ago. The Atomic Energy
Control Board, the nuclear regulatory body in Canada, divested itself of (potential conflicts
of) interest over 2 decades ago, and the Health Protection Branch (the radiopharmaceutical
regulatory body) similarly has no research program.

• with few exceptions, the radiopharmaceutical industry in Canada has been that of
multinational subsidiaries, and as such virtually no research has been undertaken and little
has been sponsored by this important group. The most notable exceptions are Draxis [31]
(formerly Frosst Radiopharmaceuticals, a division of Merck, Canada) and Nordion [32]. The
former has concentrated of marketing licensed radiopharmaceuticals (including generators),
with a long history of sponsoring collaborative research with University and clinical partners,
while Nordion has concentrated primarily on the production and marketing of bulk
radiotracers (99mTc and the radioiodines) for industrial end-users.

Clearly, a detailed review of Canadian, let alone international radiopharmaceutical research
efforts lies well beyond the scope of this paper. The examples given above undoubtedly have
their counterparts in many countries, and certainly there are projects and approaches elsewhere
that are not identified in this brief review.

SUMMARY

The clinical practice of nuclear medicine is based on the complex interaction of a number of
disciplines including medicine, pharmacy, biochemistry, pharmacology, chemistry, physics and
engineering. Clinical nuclear medicine relies entirely on the radiopharmaceutical, which can be
either therapeutic or diagnostic. By extension, the development and utilization of
radiopharmaceuticals has an equally complex technical base, and it is therefore understandable
that neither research nor teaching in the radiopharmaceutical sciences can lie in the providence of
a single discipline. It is equally apparent that the 'product' orientation of both teaching and
research ensures that effective action comes about through the cooperative interaction of clinical,
academic, government and industrial scientists. The development of regulatory process will
continue to exert impact on the clinical realization of new and better radiopharmaceuticals and on
the professional recognition of radiopharmaceutical scientists.
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