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Abstract

A one-day satellite workshop was organized to coincide with the 17th International Symposium on 

Radiopharmaceutical Sciences held in Aachen, Germany, April 30-May 4, 2007. The workshop, 

“Production and application of ‘non-standard’ PET nuclides”, was held on Sunday April 29, 2007 

at the Eurogress Aachen and was organized by J. Lewis, PhD, L. Tang, and M. Welch, PhD. The 

workshop was designed for the radiopharmaceutical community discussing the production, use 

and dissemination of the “non-standard” PET nuclides. The definition of “nonstandard” positron 

emission tomography (PET) nuclides 

included 45Ti, 60Cu, 61Cu, 64Cu, 66Ga, 72As, 74As, 76Br, 86Y, 89Zr, 94mTc and 124I. The workshop 

was supported by the grant Research Resource for Cancer Applications (R24 CA86307) funded by 

the National Cancer Institute at the National Institutes of Health. The workshop was attended by 

over 110 scientists and engineers from over 20 countries from all over the world and was designed 

with an open forum style to allow for discussions and interactions by all participants. All of the 

invited speakers were asked to make a contribution to this edition of the Quarterly Journal of 

Nuclear Medicine. The individual articles following this introduction are reviews of their area of 

expertise and the current state-of-the-art. This introduction briefly describes the role of the 

workshop, the aims and the general outcome. Also, the translation of these nuclides to the clinic, 

perhaps the most important goal of this work is discussed in this introductory article.

Keywords

Radiopharmaceuticals; Tomography; emission computed; Radioisotopes

Aims of the Workshop

The 17th International Symposium on Radiopharmaceutical Sciences was held in Aachen, 

Germany, April 30-May 4, 2007. Given the rapidly expanding interest and use of longer-

lived positron emission tomography (PET) nuclides, the group from Washington University 

School of Medicine in St Louis organized a workshop highlighting the production and use of 

these longer-lived nuclides: The workshop, “Production and application of ‘non-standard’ 

PET nuclides”, was held on Sunday April 29, 2007 at the Eurogress Aachen and was 
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organized by J. Lewis, PhD, L. Tang, and M. Welch, PhD. The planning of the workshop 

was undertaken with the staff at the Eurogress and with the very valuable help and 

assistance of Dr. H. H. Coenen. The workshop was supported by the grant Research 

Resource for Cancer Applications (R24 CA86307) funded by the National Cancer Institute 

at the National Institutes of Health with the help and approval of the Program Director at the 

NCI, Dr. B. Y. Croft. This financial support enabled the workshop to be held without 

charging a registration fee making it open to academic and industry-based scientists at all 

levels of their careers. The workshop was attended by over 110 scientists and engineers from 

over 20 countries from all over the world and was designed with an open forum style to 

allow for discussions and interactions by all attendees.

During the planning of this workshop it was decided to define the “non-standard” PET 

nuclides as 45Ti,60Cu, 61Cu, 64Cu, 66Ga, 72As, 74As, 76Br, 86Y, 89Zr, 94mTc and 124I, 

although it became evident during the workshop that there was varying levels of interest in 

each of these nuclides as well as in some that were not listed. The organizers did not include 

generator-produced positron-emitting radionuclides, such as 68Ga (from a 68Ge generator) 

and 62Cu (from a 62Zn generator), although the latter of these is discussed in the 

contribution by Fujibayashi et al. Shown in Figure 1 is the final schedule of the conference. 

The workshop was split into three distinct sections: “Nuclide production and yields”, 

“Applications of nuclides” and finally, “Supply and demand”. Two moderators were 

assigned for each section to help involve the audience and to stimulate discussion of the 

topics being presented. The primary objective of the meeting was to generate discussion on 

all the topics and to educate the participants in all aspects of non-standard PET nuclide 

technology. All of the invited speakers were asked to make a contribution to this edition of 

the Quarterly Journal of Nuclear Medicine. The individual articles following this 

introduction are reviews of the current state-of-the-art in the area of expertise of the 

speakers.

Nuclide production and yields

The main academic institutions responsible for the development of production methods were 

represented in the first session of the Workshop. The first speaker was Dr. S. Qaim who 

gave an outline of the latest physical characteristics of the non-standard nuclides including 

up-to-date decay data and production yields. This was felt to be of great importance given 

the vast difference in values often quoted in the literature by researchers, and it was felt that 

everyone should be quoting consistent values. This was then followed by a series of 

presentations given by scientists representing some of the academic institutions that lead in 

the production and supply of these nuclides. The emphasis was on production methods and 

yields from smaller in-house cyclotrons. This session was then closed with discussion on the 

image quality associated with the non-standard nuclides on commercial PET scanners. Since 

the decay schemes of the non-standard radionuclides can ultimately affect image resolution, 

Drs. Herzog and Laforest discussed state-of-the-art methods to generate the highest 

resolution images possible from these nuclides.
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Applications of non-standard nuclides

The effective use of a non-standard nuclide often relies on its attachment to the targeting 

probe via a bifunctional chelator. The second session was, therefore, opened with a talk by 

Dr. M. Brechbiel, who reviewed many of the chemical and physical properties required for 

an efficient bifunctional chelator. A series of requirements were presented with reference to 

known chelators, with an open question to the audience of when is a chelator ‘good enough’ 

for a given application. Given the simple fact that 64Cu is currently the most widely used 

metallic non-standard nuclide, it was felt to be important to focus on which chelates are 

currently available for use with this nuclide. Talks by Drs. Anderson, Smith and Dilworth 

presented and compared the current state-of-the-art in copper chelate chemistry. Dr. Adam 

who has been the organizer of a series of meetings on radiohalogens presented the current 

status of labeling chemistry using positron-emitting halogen radionuclides.

Supply and demand

It was evident from the workshop that the majority of non-standard nuclide development has 

been undertaken by academic institutions. Within the United States, Washington University 

School of Medicine, University of Wisconsin Medical Physics Department, Memorial Sloan 

Kettering Cancer Center and the National Institutes of Health intramural program have been 

the leaders in production of the non-standard radionuclides. In Japan, Fukui Medical School 

has taken the lead; in Europe, Uppsala University (Sweden), Research Center Jülich 

(Germany) and PSI (Switzerland) are the main contributors to the production of the non-

standard nuclides. However, multiple academic institutions, in Europe, the United States, 

Asia and Australia are actively participating in the use of these nuclides, either in 

characterizing the physical properties and the image quality of the nuclide in commercial 

PET scanners, the development of chelates or producing new radiopharmaceuticals based on 

these longer-lived nuclides.

Although the use of these nuclides has grown exponentially over the last decade, academic 

institutions have largely been responsible for their production and supply. Moreover, the 

vast majority of radio-pharmaceutical development based on these nuclides has also been in 

academic institutions. It has now reached the point where the interest in these nuclides and 

agents requires wider and consistent availability in their supply to meet the increasing 

demands. In response to this, the majority of the cyclotron-producing companies are now 

interested in providing solid targetry systems with their cyclotrons. Dr. B. Lambert 

represented a company’s point of view in the supply of these isotopes. He presented the 

goals and technology of IBA Molecular and discussed their compact solid target irradiation 

system (Nirta® Solid), which is easy to install on existing cyclotrons and ideal for the 

production of non conventional PET radionuclides based on solid target technology. The 

expansion of commercially available systems that can be placed on existing equipment or 

supplied with new cyclotrons was met with enthusiasm by the audience. The general feeling 

was that the community could not rely on a limited number of academic institutions to 

supply the increasing demand of these nuclides and that the ability to either make them for 

themselves, or purchase them commercially was very important. There is now a number of 

other industrial companies, such as MDS Nordion (Canada), ACOM (Italy) and Trace Life 
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Sciences (USA), IBA Molecular (USA and Europe), and IsoTrace (USA), which are selling 

some of the non-standard nuclides and are, therefore, helping to meet the demands of the 

market.

Translation of the non-standard nuclides to the clinic for human studies

Perhaps, the ultimate goal of this area of research is the translation of these nuclides into the 

clinical arena. The workshop was ended by a discussion by Dr. J. Lewis on the translation of 

these nuclides, the obstacles to translation and examples of some successes. A number of 

these examples were supplied by researchers prior to publication and we wish to 

acknowledge their helpful contributions. It is apparent there have been very successful 

translations of 124I and 64Cu agents (incorporated into both small molecules and larger 

biomolecules) to the clinic and human imaging studies. There are now agents approved for 

use in the USA and Europe, but there are major issues, such as nuclide supply, and financial 

and regulatory hurdles, still slowing down the clinical translation of new agents. There are a 

number of companies that are supplying nuclides helping to overcome supply limitations, 

and as discussed by Dr. Croft, funding assistance can be sought from sources such as the 

DCIDE program. Regulatory approval remains somewhat of a hurdle, and differs greater 

between countries. To help in getting approval for new agents within the USA, the United 

States Food and Drug Administration (US FDA) have initiated the exploratory 

investigational new drug (EIND)1 mechanism that could help simplify the approval process 

for pilot human studies.

Historically, 64Cu (as 64CuCl2) has been administered to humans with Wilson’s disease and 

in patients with primary biliary cirrhosis.2 A summary of the reports in this area are 

reviewed in detail by Linder.2 This, however, was done to simply monitor changes in liver 

function and did not involve imaging and were often done prior to the development of PET 

technology. More recently, with support from the DCIDE program at the National Cancer 

Institute at the United States National Institutes of Health to generate the pharmacology and 

toxicity data for Cu-ATSM, the FDA approved an investigational pilot study in 2006 (IND 

62,675) examining the uptake and kinetics of [64Cu]ATSM in women with cancer of the 

uterine cervix. This was done to compare the image quality of [64Cu]ATSM against 

[60Cu]ATSM, following previous studies where [60Cu]ATSM uptake in tumors was 

correlated with the response of the tumor to conventional therapies.3, 4 It is anticipated that 

this pilot IND study will lead to a multicenter trial within the United States starting in 

November 2007. With the current production of 64Cu in other countries, it is likely that 

additional clinical trials with [64Cu]ATSM will be initiated soon in England, Italy and 

Japan.

Other examples presented of clinically-tested agents with 64Cu included work by ACOM 

SpA (Advanced Center Oncology Macerata, Italy) and their collaborating medical 

institutions who supplied data on their clinical imaging studies with [64Cu]asparagine for 

imaging patients with glioblastoma and [64Cu]TETA-octreotide for imaging neuroendocrine 

tumors. The work with [64Cu]TETA-octreotide follows on from the original work of 

Anderson et al., published in 2001, the first report of a 64Cu-labeled peptide in humans.5 In 

this original study, 8 patients with a history of neuroendocrine tumors (5 patients with 
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carcinoid tumors and 3 patients with islet cell tumors) were imaged by conventional 

scintigraphy with both [111In]DTPA-OC and by PET imaging with [64Cu]TETA-octreotide. 

The high lesion-detection, sensitivity, as well as favorable dosimetry and pharmacokinetics 

of [64Cu]TETA-octreotide indicated that it is a promising radiopharmaceutical for PET 

imaging of patients with neuroendocrine tumors. There has been one published trial 

utilizing 64Cu-labeled to an antibody.6 Copper-64-TETA-1A3 was evaluated in 36 patients 

with suspected advanced primary or metastatic colorectal cancer. In 29 patients, one or more 

tumor sites (n=56) were proven, in 5 patients the absence of active tumor was confirmed and 

in the remaining 2, tumor status had not yet been confirmed at the time of publication. The 

use of the F(ab’)2 of this antibody has been published in abstract form.7 On the whole this 

Phase I/II results confirmed that PET with 64Cu-radiolabeled MAbs may have important 

applications in clinical oncology, particularly for detecting smaller tumor foci and for 

determining accurate dosimetry for therapy, using either 64Cu or 67Cu agents. Several 

reports of 67Cu-labeled antibodies in humans have been published.8–13

Of the radiohalogens, both 76Br and 124I have been administered to humans. Dupont et al. 

studied [76Br]4-bromodexetimide (BDEX) in patients with medial temporal lobe epilepsy 

focusing on the regional distribution and binding kinetics of the 76Br-agent.14 This 

preliminary study suggested that [76Br]BDEX is a suitable radiotracer for studies in humans 

and that further studies are required to investigate the potential value of [76Br]BDEX PET in 

other neurological disorders with muscarinic disturbances. This study has laid the 

foundation for other brominated compounds to be translated to the clinic; these could also 

include analogs to previously studied 77Br compounds, such as the estrogen-receptor-

binding radiopharmaceutical, 16-a-[77Br]bromoestradiol, which was used to imaging 

patients with mammary carcinoma.15

Iodine-124 has been used for labeling both small and large molecules for use in humans. 

Iodine-124, in the simple chemical form of Na124I, has been used for the diagnosis of 

thyroid disease and for evaluating the spread of metastatic thyroid carcinoma.16, 17 One 

study reported the distribution of 124I in 64 patients with a variety of thyroid conditions.18 A 

number of small molecules have been labeled with 124I as analogs of 131I compounds; for 

example, patients designated to receive [131I]meta-iodobenzylguanadine (mIBG) for the 

treatment of neural crest tumors have been scanned with [124I]mIBG.19 Another small 

molecule labeled with 124I, 124I-labelled 2′-fluoro-2′-deoxy-1b-D-arabino-furanosyl-5-iodo-

uracil ([124I]FIAU) is perhaps the most widely studied. The use of 124I, a specific marker 

substrate for gene expression of HSV-1-tk, was used to identify the location, magnitude, and 

extent of vector-mediated HSV-1-tk gene expression in a phase I/II clinical trial of gene 

therapy for recurrent glioblastoma in 5 patients.20 The expression of this exogenous gene 

introduced by gene therapy into patients with gliomas was monitored non-invasively by 

PET. Dr. M. Pomper of John Hopkins Medical Institutions kindly supplied images and data 

on their translation of [124I]FIAU to the clinic for the imaging of musculoskeletal bacterial 

infections. Although this clinical data has not been published the exciting potential of this 

technology was evident and holds exceptional promise for future applications. Another 

iodinated small molecule, [124I]iododeoxyuridine ([124I]IUdR) has been used to measure the 
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proliferative activity of tumors in 20 patients with brain tumors, including meningiomas and 

gliomas.21

Iodine-124 has perhaps it greatest clinical applicability in the labeling of large biomolecules 

such as antibodies and there are a quite a few examples of this within the literature.22–24 For 

example, in 2002, Jayson et al., developed HuMV833, a humanized version of a mouse 

monoclonal anti-VEGF antibody (MV833) and investigated the distribution and biologic 

effects of [124I]HuMV833 in 20 patients in a phase I trial.23 More recently, in 2007, Divgi et 

al., undertook a Phase 1 study with 124I-labelled antibody chimeric G250 [124I]cG250 in 26 

patients with renal masses.22 It was shown that [124I]cG250 could identify clear-cell renal 

carcinoma where 15 of 16 clear-cell carcinomas were identified accurately by antibody PET, 

and all 9 non-clear-cell renal masses were negative for the tracer.

Finally, there have been reports of the use of 86Y in humans. Yttrium-90 is used as a 

radiotherapeutic nuclide, but, because it is a pure β-emitter, data on the pharmacokinetics 

and radiation doses to primary tumors, metastases and unaffected organs are lacking. In 

1996, Rösch et al., compared the properties of two different 86Y complexes-[86Y]citrate and 

[86Y]ethylene diamine tetramethylene phosphonate (EDTMP), in 10 patients with prostatic 

cancer who had developed multiple bone metastasis.25 The 86Y PET images from these 

compounds provided quantitative information applicable to the clinical use of 90Y. This 

method has also been useful in the design of other 90Y radiopharmaceuticals and for 

planning radiotherapy dosages. For example, pre-therapeutic dosimetry and biodistribution 

of [90Y]DOTA-Phe1-Tyr3-octreotide has been measured with [86Y]DOTA-Phe1-Tyr3-

octreotide (SMT487) in patients with metastatic carcinoid tumors (n=3) and advanced 

neuroendocrine tumors (n=24).26, 27

Clearly, there is huge potential for translating nonstandard nuclide-based 

radiopharmaceuticals to the clinic, but hurdles do exist that must be overcome. Also, despite 

the interest in the translation of new agents to the clinic the literature is still lacking in 

examples of agents that have been approved. To help achieve translation of more agents, 

researchers must publish their data and images in the literature to motivate other scientists to 

discover the huge potential of these PET radiopharmaceuticals.
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Figure 1. 
Final schedule of the conference.
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