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Training the next generation of radiopharmaceutical scientists
1. Introduction

During recent conversations between the corresponding authors
(ADG, PJHS) and numerous colleagues working in nuclear medicine
and the radiopharmaceutical sciences in North America and Europe, re-
ports of shortages in trained personnel across our entire discipline
began emerging. Expanded discussions with colleagues from Asia,
Latin America, Australia and elsewhere at international conferences
last year (e.g. the 2019 International Symposium on Radiopharmaceuti-
cal Sciences in Beijing, China) revealed that there is a critical global issue
of staffing shortages impacting our field. This is consistent with scarci-
ties of trained personnel that have been highlighted recently in the
broader nuclear medicine community [1], including specifically in the
context of emerging radiotherapeutics and radiotheranostics [2].
While the scope of this article is specifically concerned with trainee
shortages in nuclear medicine and the radiopharmaceuticals sciences,
it is noteworthy that these represent subdisciplines of radiochemistry
and nuclear science, and that similar issues are being encountered in
the broader community [3].

A shortage of radiopharmaceutical scientists is an extremely
concerning trend that creates challenges in addressing both short-
term staffing needs to meet the unprecedented growth occurring in nu-
clearmedicine aswell as long term succession plans for aworkforce fac-
ing the imminent retirement of the “baby boomer” generation [3]. In
light of this, the Society of Radiopharmaceutical Sciences (SRS) assisted
in the creation of a taskforce of experts who participated in a teleconfer-
ence in October 2019 to review the shortage of trained/skilled workers
across the field, as well as make initial recommendations on how to ad-
dress the issue strategically. In order to obtain a truly global perspective,
the taskforce is composed of members of the radiopharmaceutical sci-
ences community from both academia and industry, as well as from
many sister societies and international government agencies who rou-
tinely partner with SRS. Furthermore, the taskforce has been carefully
populated with representatives from around the world, as reflected by
the 26 affiliations represented from Asia, Africa, Australia, Europe,
North America and South America. The first goal of the Taskforce after
the 2019 teleconferencewas to publish this Awareness Paper to draw at-
tention to the issue and provide initial recommendations.We anticipate
additionalmeetings in the comingmonths and years, aswell as publica-
tion of a followup Editorial in due course thatwill expand on the prelim-
inary recommendations outlined below.
2. Background

Radiopharmaceutical sciences and nuclear medicine encompass a
number of highly specialized and extensively trained professionals
https://doi.org/10.1016/j.nucmedbio.2020.06.004
0969-8051/© 2020 Published by Elsevier Inc.
(Fig. 1) whowork together daily in heavily integrated, multidisciplinary
teams. These professionals include:

• Radiochemists;
• Nuclear pharmacists;
• Cyclotron physicists and engineers;
• Pharmacologists/biologists;
• Regulatory experts;
• Radiological safety specialists;
• Medical physicists;
• Health physicists;
• Preclinical imaging scientists;
• Kinetic modelers;
• Clinical trial coordinators;
• Nuclear medicine (and PET) technologists;
• Nuclear medicine physicians/radiologists;
• Interventional radiologists.

Consideration of the shortages in trained personnel across the ma-
jority of this spectrumof professions revealedmultiple important differ-
ences (depending on geographical location and/or purpose of
radiopharmaceutical production) that need to be factored into any rec-
ommendations, including:

• Different staffing requirements (e.g. some jurisdictions require staff
dedicated to cyclotron operation);

• Inconsistent training and recertification requirements (e.g. whether
pharmaceutical Qualified Person (QP) training is required; board cer-
tification variation between countries);

• Differences in required skill sets (e.g. the skillset of a “radiochemist”
labeling molecules with 18F or 11C for preclinical studies in a pharma-
ceutical company or academic lab is quite different to the skillset of a
“radiochemist” running a theranostic production facility adhering to
good manufacturing practice (GMP));

• Limited capacity of undergraduate and postgraduate education in nu-
clear chemistry and radiochemistry, as well as on-the-job training for
specific qualifications (e.g. automation of radiochemical processes, ra-
diation detection, dosimetry and spectroscopy), to address both radi-
ation protection and manufacturing/release regulations;

• Drug regulatory issues that may vary between countries (e.g. some
countries have more stringent regulations imposed by government
agencies that can block timely use of radiopharmaceuticals);

• Changing requirements regardingwho can interpret nuclearmedicine
scans (e.g. radiologists and nuclear medicine physicians).

There are several interconnected reasons for staffing shortages in the
radiopharmaceutical sciences, including increased demand for clinical
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Fig. 1. Proposed framework of subject area divisions for various specialists and professionals working in nuclear medicine and the radiopharmaceutical sciences.
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radiopharmaceuticals, decline in training opportunities, and reduced
funding. The substantial growth occurring in the radiopharmaceutical
sciences and nuclear medicine is being driven by a number of motivat-
ing factors: i) major developments in clinical PET and radionuclide ther-
apy including, for example, rapid adoption of [68Ga]NETSPOT and 177Lu-
Lutathera for diagnosis and treatment of neuroendocrine tumors in the
USA following recent FDA approval [4]; ii) a surge in the use of PET im-
aging (e.g. [68Ga]Ga-PSMA-11, [18F]Auxumin [5]) and radiotherapy (e.g.
Xofigo (223Ra) and PSMA (177Lu, 225Ac) [6]) for diagnosis and treatment
of prostate cancer, respectively; iii) use of amyloid and tau PET inmulti-
site clinical studies (e.g., the Alzheimer's Disease Neuroimaging Initia-
tive) and therapeutic trials (e.g., aducanumab [7]) has sparked thewide-
spread use of imaging in a clinical research context [8]; iv) newmarkets
are developing in certain countries in Asia, Africa, and the Latin
American and Caribbean region. For example, in China it is estimated
that a new PET scanner is being installed approximately every 2 weeks
[9], and countries in the African region (e.g. Niger and Mauritius) are
planning to establish nuclear medicine facilities, while others (e.g.
Ethiopia and Morocco) are expanding existing facilities. Meanwhile,
the Latin American and Caribbean region is collectively trying to address
the issues of heterogenicity with respect to production facilities, regula-
tions and education in radiopharmacywith the help of the Technical Co-
operation programme at the International Atomic Energy Agency
(IAEA); and v) PET is increasingly being used to support drug discovery
efforts in the pharmaceutical industry [10].

The surge in utilization of nuclearmedicine has created an increased
demand for trained and qualified personnel across the entire global
spectrum of the radiopharmaceutical sciences, and this has spurred a
number of discussions about educating new generations of trainees.
For example, in 2002 IAEA commissioned a report on the teaching and
applications of radiochemistry ([11] and references therein), as did the
U.S. National Science Foundation and Department of Energy in 2004
[12]. Later, in 2007 and 2012, the US National Academies published on
Advancing Nuclear Medicine and Assuring a Future U.S.-Based Nuclear
Chemistry Expertise [1,13]. All of these initiatives reported similar find-
ings: serious deficiencies in training opportunities (and associated
funding) for the next generation of radiochemists and nuclear scientists.
Moreover, the reports note that instead of changes in policy and/or in-
creased training to address shortages, the field has actually seen a de-
cline in training and this trend has only continued to the present day.
The overarching decline in training appears to have been caused by de-
cline in funding available to train the next generation of radiopharma-
ceutical scientists (e.g. from the U.S. Department of Energy [1] or the
Brazilian crisis for research and graduate studies [14]), as well as chang-
ing demographics in college enrollment (e.g. chemistry enrollment re-
mains flat [15] or may even be declining [16]). Difficulties in training
the next generation of radiopharmaceutical scientists are further exac-
erbated due tomany faculty/professionals in the field not being in a po-
sition to accept high school, community college, undergraduate and/or
graduate student trainees. For example, radiology departments are typ-
ically non-PhD-granting departments and, in some institutions, training
11
in our field is not offered at all (e.g., only 28/415 further education insti-
tutions in Brazil offer training in radiopharmacy [17], while the last active
full radiopharmacy program in Canada shut down over ten years ago).
Many sites operating under GMP regulatory frameworks are not able to
offer sufficient capacity or breadth of training due to the necessary prior-
itization of resources required to support busy clinical programs
(i.e., high demand of clinical tracers means that qualified personnel are
often too busy to properly train newcomers). The in-depth training and
broad, methodological, interdisciplinary competence needed for radio-
pharmaceutical sciences is in stark contrast to the realistic human re-
sources available on site. About 600 small sized radiopharmaceutical
facilities are scattered over the planet leading to a highly dispersed com-
munity of small teams, often with less than 10 permanent staff. Due to
the highly regulated environment as well as compact facilities and
small team sizes at many sites, very limited infrastructure and resources
can be devoted to the task of on-the-job training leading to low through-
put and inflexibility when recruiting. Moreover, few postgraduate posi-
tions other than temporary postdoctoral research positions or entry
level technical roles are available for new graduates, while employers
with permanent positions prefer candidates with work experience
equivalent to 2–5 years employment. Both of these issues lead to limited
employment opportunities for newcomers to the field, andmay lead to a
drain of talent to other fields after education.

Reflecting all of these issues, the resource and infrastructure inten-
sive education in radiopharmaceutical sciences is limited to a small
number of academic sites with dedicated training programs. On the
other hand, there is a notorious imbalance between attention to in-
depth training and achieving apparent high scientific impact in the com-
petitive evaluation process for the typical external grants required to
fund research-based education. Here a better connection of local needs
with international researchUniversities through creation of training fel-
lowships or partnerships can have a huge impact. Furthermore, because
of different national policies for radiationworkers in different countries,
and no harmonized global educational materials to date, there are lim-
ited positions for foreign trainees in some countries which potentially
makes the field of radiopharmaceutical sciences less appealing to
some students.

3. Recommendations

The Taskforce offered several suggestions for addressing staffing
shortages that cover both funding aspects and creation of training op-
portunities:

• Establish university programs (e.g. undergraduate majors (a potential
curriculum was proposed by Ünak [18]), Masters or PhD programs,
Associates Degrees for technologists) dedicated to radiopharmaceuti-
cal sciences including research andmore vocational aspects [e.g. GMP]
of radiopharmaceutical production;

• Establish international or interdisciplinary training grants at the grad-
uate level;

Image of Fig. 1
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• Consider including the discipline of radiopharmacy/radiochemistry as
an obligatory component of pharmacy and chemistry programs;

• Create public outreach and internship experiences for high school,
community college and undergraduate students to spark an interest
in radiopharmaceutical sciences amongst younger learners;

• Offer internships and workshops for trainees in areas of immediate
staffing shortages (e.g. in 11C and 18F-radiochemistry, PET tracer ki-
netic modeling, medical physics, preclinical imaging, etc.);

• Create fellowships for post-graduate studies in the radiopharmaceuti-
cal sciences through national programs and societies;

• Support attendance at existing training courses/summer schools (e.g.
the PET pharmacokinetics course offered annually prior to the
Neuroreceptor Mapping or Brain/BrainPET conferences [19],
American Chemical Society (ACS) Nuclear and Radiochemistry Sum-
mer Schools [20], PET3D training in the EU [21], PET: Technology
and Application at Kings College, London [22], European Postgraduate
Specialisation Certificate in Radiopharmacy offered by ETH Zurich in
conjunction with EANM [23]), and create new ones to fill training
gaps as required. New training initiatives could be created either
through universities, government agencies (e.g. Department of En-
ergy), international agencies (e.g. IAEA), professional societies like
SRS (e.g. the first summer school on organic and halogen radiochem-
istry and its application in PET tracer development (CAFACHEM) is
scheduled for August 2020 in London), or professional associations
like the Brazilian Council of Pharmacy and the Brazilian Association
of Radiopharmacy who have trained dozens of pharmacists in the
field in the last 2 years;

• Runwebinars on educational programs through professional societies
like SRS;

• Enhance government awareness of the need for commitment and
funding for research and training in the radiopharmaceutical sciences
and nuclearmedicine (the Taskforce considers this critical to ensuring
a future pipeline of trained scientists and physicians capable of sus-
taining the field);

• Enhance funding for activities aimed at harmonizing radiopharmacy
education and regulations across the globe;

• Encourage funding for research and training through international
collaboration supported by agencies like IAEA;

• Promote international science and technology exchange and coopera-
tion, including harmonization of educationalmaterials and certificates
in radiopharmaceutical sciences;

• Encourage entry level temporary positions with a career track for
postgraduates within the clinical production environment;

• Recruit (and retain) junior faculty to replace growing numbers of re-
tirees in the field.
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