
 

 

D2. Project Description 
 
PROJECT TITLE 
ARC Training Centre for Radiochemical Technologies and Precision Radiopharmaceuticals 
 

PROJECT AIMS AND BACKGROUND 
 

Project Aims 
1. Train the next generation of highly skilled scientists that will drive continued innovation in radiochemistry and 

provide the transformative technologies that are essential to Australia’s manufacture of high-value biologically 
active radiochemical agents and radiopharmaceuticals.  

2. Train new scientific leaders through a dynamic symbiotic combination of mentorship and training from leading 
academics, Australia’s major nuclear science agency (ANSTO), and seven additional industry partners.  

 

Global shortages in next-generation trained personnel across the entire sector of radiochemical science and nuclear 
chemistry have now reached a crisis point and threaten to derail the manufacture of emerging radiotherapeutics and 
radiotheranostic agents.1 This labour shortage has been accelerated by the imminent retirement of an entire generation 
of highly-trained scientists coupled with unprecedented growth in the radiopharmaceutical science (RPS) and nuclear 
medicine sectors. Due to the highly regulated environment, in combination with compact facilities/low staff ratio, little 
time is available for on-site training and hence few graduates/post-doctoral researchers possess the required skills for 
employment in this sector. The development of next generation, targeted radiopharmaceutical agents must arise from 
basic research in order to meet escalating global market demand in the future. This fundamental research requires a 
multi-disciplinary approach and innovation in radiochemistry, synthetic chemistry (organic and inorganic), new 
bioactive targeting molecules, and new chemical strategies for bioconjugation. 

 

This ARC ITTC on Radiochemical Technologies and Precision Radiopharmaceuticals strategically aligns 
members of the radiopharmaceutical science community within academia, industry and government to provide 

high-quality training of the next-generation of radiopharmaceutical science leaders. The Centre will be supported 
by the outstanding educators, facilities and nourishing research environment provided by three of Australia’s 

leading Universities, viz: Monash University, The University of Melbourne and The University of Sydney. 
 

Background 
 

Radiopharmaceuticals, as the name suggests, are both radioactive and pharmaceutical agents. The radioactivity is 
introduced into the molecule via a radionuclide (RN), an element that possesses excess nuclear energy. They decay 
from their unstable state by emitting small particles (a, b+/-) and/or electromagnetic radiation (g-ray photons), and 
subsequently X-rays, conversion electrons and Auger electrons. This released electromagnetic radiation can be 
harnessed for molecular imaging2 and therapeutic applications.  

The design of novel radiopharmaceuticals encompasses all of the challenges associated with successfully bringing 
a new chemical entity to the market in combination with radioactivity. Targeting molecules (TM) need to be chosen 
from large molecules, including peptides, antibodies and antibody fragments, or small molecular vectors, available 
from within the vastness of ‘chemical space’ (ca. 1060 molecules with <500 Da). Small molecules generally tolerate 
the introduction of radioactive F-18 or radioiodine. However, derivatisation with larger chelators, ligands designed to 
coordinate metal RNs, can result in reduced target affinity and membrane permeability. On the other hand, site-specific 
introduction of radioactivity into large molecules is also challenging and requires the development of new 
chemoselective reactions to provide reliable and high-yielding radiolabelling technology. New peptidomimetic 
approaches provide opportunity to generate matched RN-TM conjugates, regioselective introduction of the RN, and 
enhanced target selectivity and affinity. 

The RN chelate is also a fundamental and critical component of the radiopharmaceutical design and must quickly 
bind the radiometal ion in high yield and purity, preferably in water and under ambient temperature, and also exhibit 
high in vivo stability and kinetic inertness. A vast array of new RNs is emerging into the market which possess varying 
halflife and emission profiles. In particular, those elements with multiple radioactive isotopes provide exciting 
theranostic opportunities, i.e. a single TM is designed to selectively bind to a molecular target and possess the capacity 
to be radiolabelled with either of a ‘matched pair’ of isotopes, where one radionuclide allows diagnostic imaging, and 
the second radionuclide is exploited for targeted radionuclide therapy.3  
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Currently there is high market demand for new radiochemical designs and methodologies. The culmination of 
decades of pioneering and fundamental research in radiochemical technologies is exemplified by the now widespread 
domestic use of [F-18]-fluorodeoxyglucose in clinical diagnosis, and the acquisition of b-emitting Lu-177 labelled 
molecules, Lutathera and LuPSMA-617, by Novartis in 2018 for $3.9B and $2.1B, respectively. New chemistry will 
be needed to capitalise on emergent dual-use RNs before they can emerge within next generation radiopharmaceuticals. 
This ITTC will fill an important knowledge and training gap in Australia in radiochemical technologies and in the 
design of targeted radiopharmaceuticals. 
 
 

INVESTIGATOR(S)/CAPABILITY 
This Centre benefits from the assembly of a critical mass of expertise and passion for research training and leadership 

in combination with the scientific, industrial and translational knowledge across 17 CIs, 15 PIs, 3 Universities and 8 
partnering organisations. This team provides enormous opportunity to completely transform radiochemical science in 
Australia and provide growth and vitality to the sector. Whilst each CI has their own specialisation areas as described 
in their ROPEs (Section F), their combined skill set will deliver the necessary diversity to provide training and 
intellectual input across the entire multi-disciplinary radiochemical sector.  

The selected four key CIs (CIs Robinson, Donnelly, Rendina and McIntosh) have dedicated a significant amount of 
time to the Centre (~1.1 combined FTE) and have the capacity to lead the proposed research in collaboration with other 
CIs and PIs. In many cases, highly productive relationships between the CIs, PIs and POs already exist which is evident 
through co-awarded grants (>10, incl. ARC LE, MTP Connect, GILP, CRC, FAJS, MRFF and NHMRC fellowships), 
co-authored publications (>130), and shared HDR completions. All four key CIs have extensive experience as mentors 
of PhD researchers (a combined total of over 63 completions) and post-doctoral researchers, and as managers of 
research projects across organic chemistry, inorganic chemistry, medicinal chemistry, biochemistry, green 
manufacturing, formulation science and materials science, all disciplines used to engage within the sector.  

 

Training Centre Director and Key CIs: The Centre will be led by Professor Andrea Robinson and include three 
highly reputable and experienced node managers, Professor Paul Donnelly (University of Melbourne), Professor Louis 
Rendina (University of Sydney) and Professor Michelle McIntosh (Monash University) with complementary skill sets. 
All members of the gender-balanced leadership team have engaged extensively with industry. 
Professor Andrea Robinson (Training Director) is Deputy Head of the School of Chemistry, Monash University. CI 
Robinson has a strong academic and industry-engagement track record and recent leadership experience as Associate 
Head of Post Graduate Affairs (2005-2009), the Faculty of Science’s Associate Dean (Research) (2013-2016), and 
Director of Studies for the BSc(Adv)-Global Challenges (Honours), a newly established, industry-aligned and select-
entry four-year degree at Monash University (2017-2019). CI Robinson played a pivotal role in its design and strategic 
direction as well as directing and managing 65 full time research projects, engaging industry and government agencies 
across wide-ranging scientific interests (see F16). Her ability to coordinate large, student-centric research programs 
akin to this Centre is showcased by the degree’s outcomes in its first three years: Vice Chancellor's Teaching Excellence 
Award, generation of Rhodes and Fulbright Scholars, 60% growth in first-year enrolments, generation of >$100K 
philanthropic support, targeted employment of the program’s graduates and 100% completion of its honours’ graduates. 
Prior to joining Monash University, CI Robinson was a research scientist at Dupont Merck Pharmaceutical Company 
(DE, USA) where she successfully developed a two-step synthesis of chiral warfarin using asymmetric hydrogenation 
leading to patent, market capture and protection of its Coumadin brand. Working within the viral and cardiovascular 
discovery teams she contributed to the discovery and development of first generation cyclic ureas (e.g. DMP450, later 
Mozenavir) as HIV protease inhibitors, and  avb3 inhibitors to arrest tumour angiogenesis, and was awarded a DMPC 
Excellence Award. She also has Process and GMP experience. CI Robinson has continuously engaged with industry 
since joining Monash through commercial contracts and the award of several ARC-funded LP-grants. In 2011, she was 
awarded the Faculty of Science Award for Excellence in Innovation and External Collaboration. She is internationally 
known for her work on dicarba peptidomimetics and their use across several therapeutic markets (e.g. analgesic, 
diabetes, radiopharmaceuticals, oxytocin) and successfully developed and licensed an IP portfolio embodying early 
stages of this work in 2012. CI Robinson has also developed metathesis chemistry used in industrial surface coatings 
and in industrial scale processing of palm oil feedstock (see F16). She has co-authored over 86 papers and 12 patent 
families, many in the area of bioactive small molecules and peptidomimetics, utilising novel chemistry and catalysis. 
CI Robinson has personally supervised 25 PhD researchers (to completion) and 8 post-doctoral researchers over her 
career and was awarded a Faculty of Science Award for Excellence in Postgraduate Supervision. She has played a 
leading role in developing graduate research programs for the School of Chemistry and Faculty of Science.  
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Professor Paul Donnelly is a research and teaching academic in the School of Chemistry and Bio21 Molecular Science 
and Biotechnology Institute at the University of Melbourne. CI Donnelly was the Project Leader of an Innovative 
Manufacturing Cooperative Research Centre (IM CRC) for “Centralised manufacture of Molecularly Targeted 
Radiation (MTR) drugs for cancer treatment” that ended in Sept 2022. This IM CRC involved a consortium of 
commercial partners, Telix Pharmaceuticals, Cyclotek, iPhase Technologies and GenesisCare. The total 
‘manufacturing investment’ of over $2.5M included $499K in support from the IM CRC for 2020-2022. In this role, 
CI Donnelly engages with multiple commercial partners and is responsible for meeting end-user focused goals and 
stringent company directed timelines. CI Donnelly has been the founding scientist of two start-up companies. He has 
maintained a mutually beneficial collaboration with Clarity Pharmaceuticals (founded in 2010) for over 10 years. CI 
Donnelly also actively collaborates with Telix Pharmaceuticals. He has trained 14 PhD students to completion, with 
50:50 gender balance. Four of his PhD students’ theses have been marked by international examiners as being in the 
top 5% of all theses. Two former PhD students were awarded Victoria Fellowships to support post-doctoral research. 
Two former PhD students are now independent academic group leaders specialising in radiochemistry, one as a Senior 
Lecturer and research group leader at King's College, London, and another is an Associate Professor at the University 
of Queensland. Another former PhD student is an ARC DECRA Fellow at Deakin University. Eight of his former PhD 
students have entered into careers in radiochemistry. CI Donnelly has supervised 22 Hons/MSc students to completion. 
One MSc student was the Faculty of Science valedictorian in 2014 and awarded the Don Stranks Award from the Royal 
Australian Chemical Institute (RACI) in 2017 as well as the Bruce West Award. Donnelly has mentored 13 post-
doctoral fellows and 5 Research Assistants.  
Professor Louis Rendina is Professor of Chemistry at the University of Sydney. He is a Fellow of the RACI (FRACI, 
C. Chem.), Royal Society of NSW (FRSN), Royal Society of Chemistry, UK (FRSC), and Immediate Past Chair of the 
RACI Inorganic Chemistry Division (2019-2022). In recent years, CI Rendina has completed terms as Deputy Head of 
School, Associate Head of Research, Director of Postgraduate Studies, Director of Postgraduate Teaching Fellows, and 
was re-appointed Interim Deputy Head of School until the end of 2020. He has served the Australian Research Council 
(ARC) for 8 consecutive years, including the ARC College of Experts (2014-2016), the ARC Excellence in Research 
for Australia (ERA) Panel (2017-2018), and the ARC Medical Research Advisory Panel (2019-2022). In 2015, he was 
appointed as an Adjunct Professor at the US International Institute of Nano and Molecular Medicine (I2NM2), the first 
Australian scientist and one of only two international academic appointees. CI Rendina has an extensive international 
network and has been awarded 5 distinguished international fellowships from the UK, US, EU, Japan, and Canada, 
including a prestigious Royal Society JWT Jones Fellowship (Oxford University), a University of Osaka Distinguished 
Professorial Fellowship, and an EU Erasmus+ Fellowship (The University of Bologna). CI Rendina has a sustained 
national and international reputation for his original contributions to the design and synthesis of new lanthanoid metal 
agents, particularly those of Gd, as potential cancer theranostics and he is also an expert in the medicinal chemistry and 
chemical biology of boron compounds, notably the carboranes. CI Rendina has over 30 years of research experience, 
and has mentored and supervised >35 Hons students, 16 PhD students, and 11 postdocs throughout his career. Many 
former graduate students and postdocs have taken up high-level international positions in both academia (e.g., 
Northwestern Uni, TU Munich, Texas State University, and the University of Antwerp) and industry (BHP, 
AstraZeneca, and 3M). CI Rendina developed the first tumour-selective boronated phosphonium salts for boron neutron 
capture therapy (BNCT) of cancer. This pioneering research demonstrated that (glioma) cells could be selectively 
targeted by a new class of mitochondrial agents containing carboranes, a significant achievement in the development 
of new boronated agents for BNCT. These compounds were the basis of a PCT application which entered National 
Phase assessment in the EU and US in 2009, with licensing agreements involving Stella Pharma Corp (Japan).  
Professor Michelle McIntosh is Director of the Medicines Manufacturing Innovation Centre (MMIC) and interim 
Theme Leader of Drug Delivery, Disposition and Dynamics in the Faculty of Pharmacy and Pharmaceutical Sciences, 
Monash University. Prior to joining Monash University CI McIntosh was the Associate Director of the Centre for Drug 
Delivery Research (CDDR) at the University of Kansas. Over a period of seven years with CDDR CI McIntosh 
participated in data collection for an investigational new drug application for fospropofol, later registered as Lusedra®. 
CI McIntosh has worked on numerous drug delivery technologies, including prodrug and cyclodextrin-enabled 
formulations, that moved into spin-out companies from the university or were licensed to pharmaceutical companies. 
CI McIntosh founded MMIC in 2017 to provide drug delivery and formulation solutions to pharmaceutical and 
biotechnology companies. In 2020, MMIC received an industry excellence award from AusBiotech for collaboration 
in Life Sciences and a Vice Chancellor Award for Industry Engagement. CI McIntosh played a pivotal role in the 
development and technology transfer of methods for GMP production of cannabidiol and a safe and effective lipid 
formulation for paediatric epilepsy. CI McIntosh continues to support the establishment of a medicinal cannabis 
industry in Australia. Through the MMIC, CI McIntosh has overseen the development of intranasal, inhaled and oral 
formulations to support clinical trials of new drug treatments. Prof. McIntosh also led the internationally recognised 
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program developing a heat-stable, low cost inhaled delivery system for oxytocin. The program has progressed into late 
stage clinical development and if approved by the European Medical Agency will be only the second product to 
successfully deliver peptides to the systemic circulation via the lungs. CI McIntosh’s research has been presented to 
the United Nations General Assembly, a World Health Organisation technical consultation on uterotonics, UNICEF, 
and was named among the top 30 innovations in global health in the countdown to 2030. CI McIntosh has supervised 
and mentored more than 40 post-doctoral researchers, 10 research assistants, 8 PhD candidates to completion, and 20 
honours students since joining Monash in 2006.  
 

Additional Centre CIs and PIs: 
This capability described above is enhanced by the significant contribution of the Centre’s additional CIs and PIs who 
have outstanding track records to achieve the ITTC’s goals and the time to undertake and manage the proposed research 
within the collaborating partner organisations. The full and extensive capability of the Investigative Team is highlighted 
below (and in individual F16 sections): 
CI Dr Karen Alt (Monash) is an emerging leader in protein chemistry and antibody site-specific chemical modification 
and provides a link to the specialised infrastructure available at the molecular imaging facility at Monash.  
CI Assoc Professor Uwe Ackermann (UoM/Austin Hospital) is an experienced radiochemist and shares existing 
collaborations with other CIs in the design and production of many radiometal-based tracers. He is an ACPSEM 
certified radiopharmaceutical scientist and a member of the certification panel for radiopharmaceutical scientists (RPS). 
CI Professor Philip Andrews (Monash) is an expert in the coordination chemistry of biologically relevant metals with 
research programs focused on the design and development of homo- and hetero-metallic complexes, nanoparticles and 
clusters for optical, radio- and X-ray imaging; metal-based antimicrobial molecules and materials; and new sustainable 
synthetic methodologies. He has published over 180 papers in this field. 
CI Dr Margaret Aulsebrook (Monash) has a background in synthetic inorganic/organic chemistry and extensive 
experience in the development of radiochemistry methodologies for the improvement of radiolabelling targets via 
manual and automated techniques. She also brings expertise in quality control protocols and radiopharmaceutical life 
cycle analysis to the proposal.   
PI Dr Douglas Campbell (GlyTherix Ltd) is Head of R&D and brings over 15 years of antibody engineering and 
recombinant protein production experience, >20 publications, and inventor on 9 patent families, >850 citations, H=13. 
CI Professor Philip Chan (Monash) brings synthetic organic and green chemistry along with homogeneous catalysis 
expertise applied to bioactive small molecule-based applications, over 138 publications, >6 with 168 citations, H = 47. 
PI Assoc Professor Benjamin Fraser (ANSTO) is a synthetic organic chemist with extensive experience in 
radiolabelling of organic carrier molecules with specialist expertise in 18-F radiochemistry. 
PI Assoc Professor Ivan Greguric (ANSTO) is Head of Radiochemistry, ANSTO Biosciences, and brings advanced 
manufacture of radiopharmaceutical and radioisotope expertise to the ITTC proposal. 
CI Professor Christophe Hagemeyer (Monash) brings antibody engineering, site-specific bio-conjugation chemistry 
and radio-labelling expertise with experience in design principles for novel precision radiopharmaceuticals, over 100 
publications, >4800 citations, H=37. 
PI Ms Leena Hogan (ANSTO) is the Radioisotopes R&D manager at ANSTO. She has >10 years of experience in 
radiochemistry and brings knowledge and expertise in the production, separation, and formulation of reactor produced 
radioisotopes. 
CI Professor Craig Hutton (UoM) brings synthetic organic chemistry expertise, together with method development 
for radiolabelled peptides, over 120 publications, >3000 citations, H=35. 
PI Professor Dr Klaus Kopta (HZDR) is Director of HZDR Institute of Radiopharmaceutical Cancer Research inter 
alia and brings radiochemistry with radiohalogens, radiopharmaceutical chemistry, and radiometal complex 
chemistry experience applied to small and low-molecular weight tracer molecules and their in vitro and in vivo 
applications, ~ 300 publications, >9700 citations, H=52.  
PI Dr Loan Le (ANSTO) has >15 years of experience in biological research. She brings expertise in biology and 
imaging capabilities to characterise and evaluate radio-pharmaceuticals and biomarkers. 
PI Dr Nigel Lengkeek (ANSTO) brings 12+ years of experience in the radiopharmaceutical field; radiochemistry 
expertise spanning small molecules, peptides, antibodies, particles and medical devices; and extensive experience in 
radiopharmaceutical translation.    
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CI Professor Elizabeth New (USyd) is an expert on the interaction of metal complexes with biological systems, 
particularly through the development of novel fluorescent sensors of cellular environments. 100 publications, >4200 
citations, H =29.  
PI Dr Tim Oldham (AdALta) is CEO and Managing Director and brings more than 20 years of international 
technology commercialisation expertise, including intellectual property, manufacturing, regulatory and licensing in the 
fields of biopharmaceuticals and medical devices. 
PI Mr Stan Poniger (iPhase) is Co-founder and Chief Automation Engineer at iPHASE and brings expertise in the 
design of radiochemistry automation devices, their development, and use in chemical process. 
CI Dr Christopher Ritchie (Monash) is an expert in the design of hybrid stimuli-responsive molecular materials 
including photoactivated molecular switches and environmentally sensitive fluorophores.  >40 publications, >2700 
citations, H = 26. 
CI Professor Peter Rutledge (USyd) brings synthetic organic, medicinal, and biological chemistry expertise applied 
to ligand design and synthesis, bioactive metal complexes and antibiotics, >90 publications, >3200 citations, H=24. 
PI Mr Greg Santamaria (Cyclotek) brings corporate management pertaining to governance of research, budgeting 
and their structuring into milestones, stage gates and respective activities. He will contribute to the training program 
by sharing his expertise in good manufacturing principles.  
PI Professor David Spanswick (Neurosolutions) in an expert in evaluating new chemical entities for CNS modulation 
and provides chemical design advice for target modulation. He is extensively networked with international pharma and 
provides expert advice in commercialisation. 
CI Assoc Professor Kellie Tuck (Monash) is one of the few researchers worldwide developing responsive lanthanide-
based probes. Her expertise in synthesis, supramolecular chemistry and analysis skills have resulted in over 99 
publications, >3600 citations, H=27.  
CI Assoc Professor David Turner (Monash) brings supramolecular, coordination chemistry and crystallographic 
expertise applied to the synthesis of coordination compounds for bioactive applications. 150 publications, >5000 
citations, H=34. 
PI Dr Michael Wheatcroft (Telix) is an experienced leader from the biotechnology sector with a background in protein 
expression, bioconjugation and a passion for driving strong collaborative ventures between academia and industry. 
PI Assoc Professor Brad Walsh (Glytherix) shares knowledge and success in the design, development and large scale 
manufacture of tissue selective, 89Zr- and 177Lu-bioconjugated antibodies. His interest in new bioconjugation strategies 
and chelation chemistry aligns with two of the major themes within the proposal. 
CI Professor Jonathan White (UoM) has extensive expertise in radiochemistry, particularly F-18 labelled 
radiolabelling and the design and synthesis of DNA-binding agents. He shares long-term productive collaborations 
with the Peter MacCallum Cancer Research Institute, Austin Hospital and Olivia Newton-John Cancer Research 
Institute.  
PI Dr Kristof Zarschler (HZDR) has expertise in chemical functionalization, radiolabelling and in vitro 
characterization of proteins, peptides and small molecules and he brings a strong background in molecular biology, 
biotechnology, radiopharmacy, and cell biology to the ITTC. 49 publications, >1300 citations, H=17. 
PI Mr Nicholas Zia (Cyclotek) is lead radiochemist at Cyclotek and brings knowledge about radiolabelling chemistry, 
bioinorganic coordination chemistry and bioconjugation. 
(All: (Clarivate WoS, as of Dec-2022)) 
 
Additionally, management of the Centre’s activities will be aided by the appointment of a full-time Program Manager. 
 
 

PROJECT QUALITY AND INNOVATION 

The Centre will utilise the strengths of the three member universities, partnering nuclear science organisations of 
the Australian Nuclear Science and Technology Organisation (ANSTO) and the Helmholtz-Zentrum Dresden-
Rossendorf (HZDR), and six additional industry partners to: 1) build a strong, collaborative partnership of industry and 
research providers assisting the Australian radiochemical technologies and radiopharmaceutical sector to become more 
internationally competitive through innovative chemistry; 2) provide a bespoke and unique training program in 
radioisotope handling, regulatory affairs and commercial understanding, which are currently limited in Australia; and 
3) provide a skilled workforce of PhD graduates and post-doctoral scientists to lead future transformation in the 
Australian radiopharmaceutical manufacturing sector.  
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Method and Approach Overview 

The research activities will be centred on four key themes coupled with a detailed and formal Training Program. By 
design there will be overlap between all themes. CIs and PIs will be working with PhD students and post-doctoral 
researchers across the themes, each allocated to one or more individual PhD project. Each project will be aligned with 
a single PI or PO to encourage and facilitate design input, project management, mentoring and intern placement. 
Chemists, biochemists, and material and formulation scientists will provide significant input into the four key themes.  

 

Figure 1 
Theme 1: The Radionuclide Payload 
 

This theme will focus on the development, characterisation, and functional analysis of targeting molecules (TMs) to 
extend and enhance their specification and application to the selective delivery of radiometals in theranostics  
(Fig. 1).3, 5-11 Novel chemistry will be developed to allow the regioselective incorporation of radiometal chelates and 
direct chemoselective radiolabelling of bioactive TMs. We will (a) develop syntheses of new targeted metal chelators 
with high selectivity for an array of radiometals, (b) establish labelling and purification protocols for complexes of 
these chelators with radionuclides, and (c) assess their physicochemical properties. 

Highly selective TMs will be achieved by careful design and synthesis, combining the extensive expertise of CIs 
Donnelly, Andrews, New, Rendina, Rutledge, Hagemeyer, Alt, Aulsebrook, Ritchie, Turner and Tuck, and PIs 
Lengkeek, Hogan and Zarschler. Molecular selectivity will be achieved through exploitation of known oxidative stress 
and hypoxia under physiological conditions, differences in mitochondrial membrane potential between cells, and 
selection of peptide sequences known to target receptors, amongst other strategies. 

Generating the radioactive ‘payload’ within targeting entities requires rapid, selective, stable labelling with 
radiometal ions with varying radioactive decay profiles. This will be achieved by integrating chelating moieties into 
TMs alongside tailored bioconjugation strategies (described below). Novel polyfunctional and metal-specific chelates 
will be designed to allow the requisite control of kinetics and thermodynamic stability, thus enabling rapid preparation 
and future in vivo translation. 

TMs radiolabelled with positron emitters, such as Ga-68, Cu-64 and Zr-89, or gamma emitters such as Tc-99m and 
Hg-203, have great potential as future imaging agents. Conversely, TMs armed with i) β–emitters Cu-67, Tb-161, and 
Lu-177, ii) α-emitters Ac-225, Bi-213 and Ra-223/224, or with iii) Auger and conversion electron emitter, Hg-197(m), 
have the potential to provide new chemical entities with future therapeutic potential. Importantly, a change in 
radiometal requires a complementary change in chelation chemistry and affords great opportunity for new synthetic 
designs. 

The second main project suite will include the development of functionalised nanomaterials, polynuclear 
heterometallic cages and clusters as support frameworks, and explore the chemistry of ultra-small metal clusters (4-20 
metal centres). Inorganic, polymeric, and bionic nanomaterials have small particle size, controllable texture, and strong 
plasticity. Importantly, they possess enhanced solubility, stability, and enhanced membrane permeability enabling them 
to pass through membranes (e.g. blood brain barrier, BBB) and achieve effective concentrations without systemic 
toxicity. Currently, most small and macromolecular molecules (e.g. therapeutic antibodies, recombinant proteins, and 
nucleic acids) cannot cross the BBB. These polynuclear entities will be equipped with small targeting units as well as 
fluorescence and nuclear labels. Heavy metal nanoparticles and clusters incorporating Bi, W and Gd – either homo-
metallic or hetero-metallic – will be of particular interest due to their known low inherent toxicity and high radio-
sensitisation potential.12-14 These will become cytotoxic only after irradiation with high-energy X-ray photons and 
protons. Ultra-small lanthanoid-containing nanoparticles have unique light up-converting properties and potential to 
host a variety of radionuclides, suitable for both diagnostic and therapeutic applications in the future.15-17 This project 
will advance development of nanomaterials as biocompatible motifs to deliver a selection of radiometals and enable 
future targeted radionuclide therapies and multimodal molecular imaging.  
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Theme 2: Radiolabelling of peptides and peptidomimetics 
 

Peptides and peptidomimetics play an increasingly prominent role in imaging through the emergence of molecular 
imaging techniques such as positron emission tomography (PET), which requires incorporation of a positron-emitting 
radionuclide into the peptide structure.18 However, the radiochemistry associated with the preparation of radiolabeled 
peptides is complex, often involving multistep radiosynthesis procedures, thereby limiting the widespread use of such 
tracers. The full utilisation of these valuable compounds requires the development of new radiochemical techniques 
and also modular, automated radiochemical procedures capable of generating final radiotracer with minimal human 
intervention. 

Extensive knowledge in peptide chemistry and peptidomimetic design (CIs Hutton, Tuck, Robinson and 
Ackermann) exists within the Centre to develop new methodologies for precision radiolabelling. Their larger size over 
small molecule radiopharmaceuticals facilitates interaction with shallow and extended binding pockets not normally 
accessible to low molecular weight molecules.19 Late-stage and/or direct labelling strategies that circumvent current 
requirements for indirect labelling through tethered prosthetic groups will be a focus of this theme. Modified amino 
acid residues can be used to regioselectively chelate radionuclides, provide in vivo stability, and provide target 
selectivity by promoting bioactive conformation. Formulation methods, such as spray drying and incorporation into 
nanoparticles, provide formulations suitable for passage through biological membranes including the BBB (CI 
McIntosh).20 Projects will include: (i) Investigation of novel chelators and radiometals for conjugation to specific 
targeting peptides; (ii) Use of metathesis to facilitate the replacement of cystine S-S bridges to enhance stability, 
bioactive topography and radiolabelling;21 (iii) Development of direct methods for incorporation of radionuclides into 
peptides and peptidomimetics using C–H activation methodology; (iv) Development of chemistry to incorporate 
radiolabelled trifluoroborate groups into small molecules and peptides; and v) Disulfide re-bridging by 
dibromomaleimides at antibody hinge disulfides. Further, chemistry to enable the use of novel automated instruments 
will be developed in collaboration with partner organisations, iPhase and Cyclotek.22 

 

Theme 3: Bioconjugation and Targeting Strategies 
One major challenge in the field is the development of effective methods for the conjugation of proteins (e.g., 
antibodies) and peptides to radioisotopes. Methods need to be fast, to account for a short half-life of the radioisotope, 
specific, in order to ensure high target binding affinity and satisfy regulatory requirements, and compatible with 
conditions employed with sensitive biomolecules. Harsh conditions will inactivate protein-based reaction partners and 
non-specific conjugations can interfere with target engagement. Chemo-enzymatic bioconjugation methodologies 
provide approaches to circumnavigate these problems (CIs Alt, Hagemeyer, Rutledge, Donnelly, Aulsebrook and PI 
Ackerman).23-25 Within the Centre the following chemistry will be explored: (i) Sortase A (SrtA): Bacterial sortases are 
thiol-containing enzymes that covalently attach proteins to the bacterial cell wall. SrtA conjugates C-terminal LPETG 
tags to any tri-glycine containing substrate.26 GGG-Peptides with different length, amino-acid composition and PEG 
spacer will be explored; (ii) Hydrazone ligation: The “hydra-click” method forms a stable bond between a hydrazine 
and an aldehyde at pH 7 in phosphate buffer.27 This chemistry is highly selective, stable in solution and is not susceptible 
to non-specific binding. Proteins with lysine-ε-NH [6-hydrazinonicotinic acid] will be conjugated to aldehyde 
functionality; (iii) Thiol-ene click: This UV-light induced, radical mediated thiol-ene reaction will be employed to 
modify proteins containing lysine-ε-NH [4-Pentenoic acid] with thiol functionality;28 (iv) Cu click: Click-chemistry 
including strain-promoted azide-alkyne cycloaddition or “Cu-free click” is one of the fastest conjugation techniques 
known. Proteins with alkyne or difluorinated cyclooctyne groups will be conjugated to azide-containing reaction 
partners. 
 

Theme 4: New Methodologies for Radiofluorination 

The development of new PET (and SPECT) chemical tracers is required to realise the full potential of radiochemical 
imaging and involves the design and synthesis of new fluoro-F-18-containing molecules (and other emerging 
radionuclides). The positron-emitting radionuclide, fluorine-18 is the most common radionuclide used in PET imaging. 
The standard methods for incorporation of fluorine-18 into small molecules generally involve nucleophilic substitution 
using F-18 fluoride anion. The researchers engaged in these Centre projects will explore developing new methodologies 
to expand the scope of F-18 based imaging agents. Several projects will focus on new synthetic discoveries that will 
derive from their investigations into novel late-stage fluorination reactions (CIs Donnelly, White, Hutton, Robinson, 
Ackermann, Chan and PIs Fraser and Kopta). The focus will be on developing cost-effective synthetic procedures that 
are fast with high radiochemical yields and purity. The goal will be to develop methodologies that allow translation of 
the synthetic procedure to automated modules in collaboration with POs iPhase and Cyclotek. Projects will cover: (i) 
Pioneering investigation into the first radiochemical syntheses with a “milli-fluidic” synthesiser platform developed by 
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iPhase, a device which is a bridge between existing automated radiosynthesisers and micro-fluidic systems; (ii) 
Optimisation of synthetic methodologies to scale down reagent volumes and precursor amounts; (iii) Investigation of 
solid phase F-18 radiolabelling of relevant candidates using a solid-phase column: 18F-FDG, 18F-PSMA, 18F-
FDOPA; and (iv) Development of direct methods for late-stage incorporation of F-18 into small molecules, amino acids 
and peptides via C–H activation. 
 

PhD Research Projects 

Chemical synthesis will be facilitated by means of 
the excellent infrastructure and expertise provided 
at each of the University nodes (Fig. 2). The 
industry consortium will provide significant 
mentorship to the ICHDR+ICPD cohort and 
opportunity for internship experience in 
radiochemistry: ANSTO have committed  
5 research scientists to the Centre (PI Fraser, 
Greguric, Hogan, Le and Lengkeek, with combined 
FTE of 0.55) to supervise extended on-site 
laboratory use for 6 PhD students  
(6 wks/yr/student) and the 3 post-doctoral 
researchers. One of the three ICPD researchers will 
be placed at the University of Sydney to facilitate 
strategic research activity between ANSTO and the 
NSW/VIC nodes. HZDR’s commitment also 
provides multiple stays of >3 weeks hands-on 
radioisotope training across 3.5 years of 
candidature; HZDR has committed PIs (2 x FTE 
0.1) and additional scientists to train, supervise and 
mentor ICHDR and ICPD visitors at the Institute in 
Dresden, Germany. Additionally, several CIs have 
access to additional radiochemistry facilities that 
can be made available to trainees (ONJCRI and 
PeterMac), e.g. CI Ackermann (University of 
Melbourne and Austin Health) is accredited to train 
radiopharmaceutical scientists and has access to 
two cyclotrons (NIF). These collaborations will 
provide all PhD students and ICPDs with upwards 
of 5 months of immersive hands-on radioisotope 
handling experience. The current lack of research 
accessible radiochemistry facilities will be 
compensated by the collaborations above and 
growing investment in the area in time to capitalise 

on the Centre’s cohort of upskilled graduates. 
Post-Doctoral Research Projects 

Three post-doctoral research fellows (Years 1-5) will be aligned with each of the three University nodes. These ICPD 
fellows will provide research support and advice for students working within the four themes. Importantly, they will 
be strategically deployed on specific industry projects to rapidly progress discoveries towards translation. In the final 
year of the grant (Year 5), as the Centre’s PhD completions are finalised, two additional ICPDs will be employed to 
ramp up commercialisation and engagement through the POs. Excellent candidates from within the completed ICHDR 
cohort will be considered for these roles to capitalise on talent, the Centre’s portfolio of innovation, and help close the 
industry-perceived ‘experience gap’.29 This structure may also provide opportunity for immersion within the PO to 
establish additional skills in marketing, regulatory requirements (local and global), and IP valuation, translation and 
management strategy. Indeed, the MTPConnect ‘MTP Workforce Skills Report’29 cited these as highly desirable 
transferable skills in graduates. The Training Program outlined below also endeavours to provide training across other 
perceived gaps in the sector. 
 

           
Figure 2 
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Training Program: The Centre’s training program, comprising a minimum of 150 hours, will be taken across the 
period of PhD candidature and ICPD tenure. This program forms a critical part of the Centre’s mandate, and it will be 
developed and delivered via input from industry partners, professional bodies (e.g. Australian and New Zealand Society 
of Nuclear Medicine (ANZSNM) and Australian Radiation Protection and Nuclear Safety Agency (ARPANSA)), and 
all Centre participants. Training modules will also be made available to PO employees to enhance engagement, 
exchange of knowledge and networking opportunity. Topics will be offered as modules over 0.5-5 days and will 
include: 

Technical Training in Chemistry (University/PO): Excellence in Research and Training. Each student will be trained 
in general laboratory practice by CIs across the three University nodes. Additional training modules and opportunities 
will also be available to every student and PD researcher to develop skills and knowledge which are immediately 
relevant to academic life, including: advanced organic and inorganic synthesis, peptide and protein chemistry, 
bioconjugation methodologies, biophysical analysis of ligand binding, computational chemistry, mass spectrometry, 
bioanalytical techniques, synchrotron techniques, NMR spectroscopy, pre-clinical drug discovery and development, 
research ethics, statistics, and bioinformatics. Elementary background knowledge in some of these areas would be 
expected in PhD-ITTC enrolling undergraduates. 

Specialised Training in Radiochemistry (PO/ANSTO/HZDR/Other): Utilising the skills of CIs, PIs and POs this 
training aims to build a national knowledge base and enabling skills in radiochemistry and radiopharmaceutical 
production. Modules to facilitate quality radiolabelling will be delivered on: Radiolabelling chemistry including (i) 
radiometal labelling – chelator selection and labelling conditions, (ii) radiohalogen chemistry – radiofluorine, iodine 
and bromine, and (iii) radiochemistry of metalloids; chemical properties of selected radioisotopes; radioanalytical 
techniques (incl. radioHPLC, radioTLC, gamma spectroscopy, gamma/beta/alpha counting, imaging techniques 
(SPECT, PET, autoradiography)), specific activity/metal contamination; stability and formulation (chemical and 
radiolytic); scalability; reproducibility; production methodologies; and ADG Class 7 (Radioactives) with modern 
radiological safety requirements (including packaging and transport of radioactive goods). These modules will be 
accompanied by on-site handling of radioisotopes, as previously described. 

Specialised Training in Process Chemistry: PhD students will have limited exposure during their under-graduate 
candidature to scale-up manufacture and GLP/GMP. This is a skills area deemed to be highly desirable by industry 
partners in the sector and also highlighted in the MTP Workforce Skills Report.29 Significantly, the Centre has secured 
the commitment of Dr Chris Teleha, prior Scientific Director of Janssen R&D (also prior Director at DuPont 
Pharmaceuticals, Bristol-Myers Squibb, and Johnson & Johnson). Dr Teleha will deliver compulsory modules on 
quality control, process chemistry, and GLP/GMP. Certification and accreditation courses may also be considered to 
upskill graduates wishing to pursue a career in the RPS post-graduation. 

General Industry and Employability Training: Professionalism, Innovation and Career: With input from the 
Industry Advisory Board, a program will be developed to provide students with ability and expertise for use beyond 
academia. Many of the following skills are underdeveloped in current graduates yet highly valued by the radiochemical 
sector.29 The training modules in this area can draw on those currently available within each of the participating 
universities (e.g. Monash, 97 modules available): Communication skills, Project Management, Public Relations (media 
training), Marketing, Translational Understanding teamwork, Problem-solving and Networking. Training modules 
from other local ITTCs are also available to this Centre and will be utilised (where appropriate) to enhance the training 
program and include; Designing Safer Chemicals, Green Chemical Manufacture, Regulating Risk, and Understanding 
Regulatory Science.  

One key outcome of this Centre is to produce graduate students who are more industry-ready than the typical PhD 
graduates. While the format of the Training Program will be finalised with input from the Advisory Board, we will also 
draw upon local experience from other ITTC programs and our considerable PO in-kind training contribution (see 
Letters of Support). Site visits to industry partners will be strongly encouraged and ICHDR students will spend some 
time within the PO membership gaining experience to prepare them for their future careers, including non-laboratory 
vocational pursuits. 
Showcase and Workshop Events: Once per year, the Centre will hold a showcase event and mini-conference 
/workshop over three days. This will be attended by all CIs, PIs, PhD students, ICPD fellows, and invited guests, 
allowing for excellent networking opportunities. The workshop will include compulsory training modules together with 
a one day Showcase Symposium open to all industry partners and the radiochemical technology sector. It will include 
a keynote speaker on industrial radiochemical technology and provide updates on all projects by the students and ICPD 
fellows. 
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Alignment with Industrial Transformation Priorities  

The Centre’s activities clearly align with the Advanced Manufacturing Industry Transformation Priority area with 
identified knowledge gaps and opportunities in advanced radiochemical materials, manufacturing and biological 
integration. Additionally it aligns with the Medical Technologies and Pharmaceuticals Industry Transformation 
Priority area. 

The world’s most competitive companies embrace practice that increase value differentiation, identify untapped or 
niche markets, and optimise product cost and company processes. Projects within the Centre serve to drive 
competitiveness for the industry sector in the following ways:  
• Improving value: By focussing on innovation and technological improvement manufacturers can develop products 

with a distinctive performance value proposition. According to the Advanced Manufacturing Growth Centre Sector 
Competitiveness Report30 high skill workforces and R&D investment lead to high value products, and medical 
innovation relies on fundamental advances in science. The ARC Training Centre for Radiochemical Technologies 
and Precision Radiopharmaceuticals aligns perfectly with this model. 

• Shift market focus: Competitiveness can be increased by moving into high-potential products and high growth 
markets.  

• Secure critical technology: Focus on the development of nanoscale materials and medical and radiotherapy 
chemistry aligns with national interest (Critical Technologies Policy Coordination Office (CTPCO) Action Plan, 
2021).31 

• Reducing costs: The Centre’s collaborative framework draws together complimentary skill sets across academia, 
research institutes and partner organisations and maximises capital efficiency and overheads of knowledge transfer 
through student projects and the comprehensive Training Program provided by the consortium. Upskilled graduates 
and post-doctoral researchers with science and business acumen will help fill the Sector’s ‘management gap’.29   

 

 

FEASIBILITY AND COMMITMENT 

The Centre is composed of the top three Universities in Australia (e.g. 2022 QS World University Rankings) for the 
chemical, pharmaceutical, and biomedical sciences (Monash, Melbourne and Sydney); ANSTO is the nation’s leading 
nuclear and radiopharmaceutical facility; and the seven additional key industry partners are all currently engaged in 
facets of development radiochemistry towards and translation to radiopharmaceuticals. Each partner is committed to 
establishing an inclusive research and training community which, while protecting the IP interests of the POs where 
necessary, seeks to collaborate and share facilities, experience, and expertise across the whole Centre. This commitment 
will ensure optimum outcomes from the substantial ARC, University and partner investments. 

The Universities will be contributing 17 CIs, all leading experts in the fields of inorganic, organometallic, organic, 
and biological and medicinal chemistry; ANSTO will have five staff involved, all research leaders in radiochemistry 
and biology; and the POs will each provide staff for project supervision, management, and training. The Universities 
will be providing an additional 9 RTP PhD stipends in addition to the 10 ICHDR stipends sought through this 
application from the ARC. The close involvement of the Institute for Radiopharmaceutical Cancer Research at the 
Helmholtz Centre (Dresden-Rossendorf), as a key international partner, brings one of the leading radiochemistry and 
radiopharmaceutical facilities in the world into the Centre, offering world-class facilities and training for Centre PhD 
students, postdoctoral fellows and staff. 

Each of the POs involved in this application have demonstrated their commitment to the training centre through 
letters of support and financial and in-kind contributions (as detailed in the budget). The POs bring a cash and an in-
kind contribution of $595,000 cash and $3,090,380 respectively, over the 5 years of the Centre. Each of these companies 
has also committed scientific leaders and/or managers for the duration of the project. This represents a significant 
commitment to the Centre and clearly demonstrates a desire to transform the radiochemical technology and 
radiopharmaceutical industries, and develop new processes and chemistry to drive innovation in the sector. All partners 
have selected projects that are high priority and have committed time to support the project to ensure ultimate success 
and alignment.  

Project and Risk Management: Structure and Governance of Training Centre 

To ensure the efficient and collaborative nature of the Centre, and to monitor project progress against milestones and 
partner expectations, the Centre will operate within a formal governance and management structure. The Centre will 
be managed by an Operational Management Team consisting of the Director (CI Robinson), Centre Manager (to be 
appointed), Deputy Director (Training (CI Rendina)), Deputy Director (Research (CI Donnelly)), and representatives 
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from each of the three participating Universities. The Operational Management Team will manage the budget and all 
operations of the Centre. It will be responsible for the delivery of the Centre’s objectives for both research projects and 
training. The Centre Manager will coordinate with all consortium partners, assist with organising training events, and 
provide administrative support for all aspects of Centre operation. 
To guide the Operational Team, an Advisory Board will be established consisting of four members from the POs; a 
clinician from major hospital (to ensure Centre research programs are within the remit of the ARC Medical Research 
Policy and focus alignment on future translational projects); a nominee each from each of ANZSNM and ARPANSA; 
ANSTO (A/Prof. Ivan Greguric); HZDR (Prof. Klaus Kopta); and from Chemistry in Australia. Membership of the 
Advisory Board will rotate after two years in consultation with all partners. The Advisory Board will provide guidance 
to the Operational Management Team ensuring that the scientific objectives of Centre’s activities align with its research 
and training remit. It will provide industry knowledge, advice on commercialisation, end-user need (e.g. environmental 
sensing) and recommendations on the content and delivery of training modules, and the timing and scope of outreach 
events.  
All CIs and PIs have significant experience in running large interdisciplinary research programs and understand the 
resources and personnel skills required to make these programs successful. Combining the world-class research 
facilities with the deep knowledge in the translation and regulation of pre-clinical lead molecules provided by the POs 
establishes the feasibility of this Centre and mitigates risk in the development of commercially-valuable novel 
methodologies and technologies.  
The collaborative management and operating structure proposed for the Centre, and embraced by all partners, will 
ensure that individual expertise can be shared and utilised across all sites and projects. The regular coming together of 
participants in seminars, workshops and conferences will maximise knowledge sharing, problem solving, and enhance 
collegiality and training. 

Program risks and mitigation strategies 

The following program risks have been considered and mitigation strategies identified. These are described below. 
When considering the mitigations, the residual risk for each is calculated as low. 
Risk 1: Recruitment of PhD applicants: Mitigation - early and broad advertising across all Centre nodes and 
participating organisations; CIs have a strong track record of attracting high quality PhD candidates; recruitment from 
domestic load and countries without COVID travel restrictions (if applicable); Risk 2: Industry partner withdrawal: 
Mitigation - established CI-PO relationships and strong evidence of productivity; continued recruitment throughout the 
assessment phase to expand network and potential for additional partners; Risk 3: Project under-delivers on PO 
expectations: Mitigation - PO representation on Advisory Board; management of PO expectations within the PhD 
guidelines; designated research advisory panel (two academic project supervisors and two independent academic 
mentors), and University-regulated milestone delivery to monitor progress and prioritise project deliverables; Risk 4: 
PhD researcher withdraws: Mitigation - rigorous selection process with input from industry and academic 
supervisors; utilisation of University HDR support structures; HDR replacement possible (subject to timing) and/or 
reassignment of project within HDR/PD cohort; Risk 5: Industry partner not engaged: Mitigation - regular reporting 
and project management meetings scheduled; opportunities for collective research workshops and social engagement; 
Risk 6: Supervisor unavailable: Mitigation - all HDR projects have a minimum of two academic supervisors on 
commencement; significant expertise and flexibility across the 17 strong CI network; Risk 7: COVID restrictions 
affecting collaboration: Mitigation - if travel affected, HZDR lab operations will be reassigned to ANSTO (NSW), 
and then to PO with access to radiolab facilities, if interstate mobility is subsequently affected; ICHDR/PD recruitment 
will be targeted through domestic channels; university-industry-government collaboration will be strengthened to 
enhance capability and ensure robust supply chain and future-proofing of activities. 

Research Partners, Expertise and Contributions 

Monash University: The Monash node will be split over four areas encompassing the School of Chemistry 
(Faculty of Science), Monash Institute of Pharmaceutical Science (Faculty of Pharmacy), the NanoBiotechnology 
Laboratory within the Australian Centre for Blood Diseases (ACBD) at the Alfred Hospital (Faculty of Medicine and 
Health Sciences), and Monash Biomedical Imaging. In the 2022 QS World University Rankings by Subject, Monash 
ranks number one globally for Pharmacy and Pharmacology, number 34 in the world for Chemical Engineering (first 
in Australia), and equal 37th in the world for Chemistry (first in Australia). The facilities and infrastructure across all 
four areas are world-class and complimentary.  
The School of Chemistry provides a full suite of synthetic and analytical laboratories and translational laboratories in 
the Green Chemical Futures building. The School routinely has >150 HDR students undertaking projects across a wide 
variety of areas. The Analytical Facility houses routine separation and spectroscopic equipment (GC, HPLC, IR, 
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UV/Vis), eight NMR spectrometers (VT, multinuclear, solid state, and high-pressure capabilities), three CCD X-ray 
diffractometers, one PXRD, Mass Spectrometry (Maldi-TOF, EI, CI, ESI, accurate mass) FT-IR and Raman 
spectroscopy. In addition, all researchers have access to state-of-the-art research platforms that are integral to this 
proposal, including the Monash Centre for Electron Microscopy (MCEM) and the Australian Synchrotron. The ACBD 
is located within Monash’s Central Clinical School (CCS), itself a world leading research school within the Alfred 
Research Alliance - one of Australia’s largest research hubs spanning fundamental science through to clinical work. It 
has 1,500 staff and affiliates, 268 postgraduate students, attracts research income of $123M pa and has 
published around 2000 papers. Its state-of-the-art facilities relevant for the Centre include a new Mediso nanoPET/CT 
system, a new Shimadzu Radio-HPLC with TCL reader, a new AMG Hidex Gamma and specialised equipment for 
protein production and characterisation.  

The Monash Institute for Pharmaceutical Science houses more than 450 scientists and operates a range of research 
facilities directed towards translational drug discovery including, state-of-the-art imaging covering optical (confocal, 
super-resolution, CARS) and electron microscopy (single particle cryo-EM); MALDI mass spectrometry imaging and 
in vivo imaging (2-photon, tomographic fluorescence, CT); chemical profiling and bioanalysis (NMR, mass 
spectrometry); proteomics and metabolomics; fragment-based drug screening (NMR, SPR); pharmacometrics and 
ADME-PK profiling. Monash Biomedical Imaging is a world class research imaging technology platform, including 
advanced MRI, PET and CT scanners, which are co-located with the Australian Synchrotron Imaging and Medical 
Beam line. The technological capabilities at MBI include radiochemistry expertise (CI Aulsebrook, Head of 
Radiochemistry) to support imaging using the on-site radiochemistry hot cell laboratory and PET-CT and SPECT-CT 
imaging scanners. The capabilities within MBI will be expanded with the housing of a 18-24 MeV cyclotron 
(completion by April 2025) to enable the production of diagnostic and therapeutic radioisotopes and 
radiopharmaceuticals for research. The facility will expand the capacity for Australia to contribute to 
radiopharmaceutical production by exposing the Centre’s ICHDR/PD to Good Manufacturing Practice (GMP). An 
array of radiometals (Cu-64, Zr-89, Ga-68) that are currently limited or unavailable in Australia will be available 
through the facility. The facility has potential for expansion by the addition of a commercial manufacturing facility.  

The University of Melbourne is a leading institution in Australia with an international reputation for research and 
research training (2022 QS World University Ranking = 39). All University of Melbourne-based research groups are 
based in the Bio21 Molecular Science and Biotechnology Institute that accommodates over 600 researchers across 
multiple departments and faculties as well as global bio-pharmaceutical company CSL and several other biotechnology 
companies. The Bio21 Institute hosts core platform technologies, which are available for this project, including NMR, 
HPLC, Mass Spectrometry and X-ray Diffraction Facilities. The Bio21 Institute is located within the Parkville precinct 
with two of our partner organizations, Cyclotek and Telix Pharmaceuticals. The Parkville biomedical precinct is also 
home to other research institutes (WEHI, Peter Doherty, Victorian Comprehensive Cancer Centre) allowing ready 
access to researchers, seminar programs and social societies. 

The University of Sydney (USyd): All 22 broad fields of research at University of Sydney (USyd) were ranked 
at world standard or above by the ARC ERA 2018, and the University is home to over 150 research centres and 
networks. The School of Chemistry at USyd, one of the largest in Australia, spans a wide range of Chemistry 
disciplines, and was rated 5 in the 2-digit (03) Chemical Sciences category by ERA 2018 (2023 QS World University 
Ranking = 41). Areas of research strength with direct relevance to this Centre include the Molecular Innovations in 
Health theme which focusses on Molecular Design & Synthesis, Medicinal Chemistry, and Chemical Biology. The 
School provides a high-quality research environment with 8 dedicated research facilities supported by specialist 
professional staff who maintain and develop instrumentation, alongside Sydney Analytical, the University’s core 
research facility for state-of-the-art material, chemical and biological analysis. CIs Rendina, New and Rutledge are part 
of the recently-established Drug Discovery Initiative (DDI), an interdisciplinary network that brings together talent, 
technologies and tools to enable early stage research. The DDI is the latest phase in the creation of flexible, 
interdisciplinary institutes that are devoted to bringing leading researchers and infrastructure together at USyd in the 
support of cutting-edge research. In 2019, CIs Rendina and Rutledge, with PIs Fraser and Lengkeek, were awarded an 
inaugural DDI Translation Innovations Grant to establish a radiopharmaceuticals platform at DDI, connecting 12 
diverse research groups from across USyd and ANSTO. This collaborative platform directly aligns with the Centre. 

ANSTO is Australia’s home of nuclear science and technology, managing a diverse portfolio of user-focused 
capabilities and landmark infrastructure to deliver innovative research outcomes. Welcoming hundreds of academic 
and industry visitors annually, ANSTO is expertly positioned to collaborate across the Centre. ANSTO’s Biosciences 
platform (40 people) operates a modern radiopharmaceutical research facility incorporating chemistry, radiochemistry, 
biology and preclinical imaging laboratories. It is equipped with state-of-the-art radiosynthesis, radioanalytical and 
biology equipment, and is supported by a team of full-time permanent researchers who, with the ANSTO PIs, will 
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support ICHDR and ICPD visitors. The PIs links with the OPAL reactor and ANSTO Nuclear Medicine will facilitate 
access to reactor-based radioisotopes, and provide insights into radiochemistry practice from a GMP and TGA approved 
radiopharmaceutical manufacturing facility. Biosciences experience in radiopharmaceutical R&D encompasses the 
entire development and translational pipeline. 

HZDR: The Centre will partner with the Institute of Radiopharmaceutical Cancer Research within the Helmholtz 
Centre in Dresden, Germany. Within its expansive suite of chemical and biological laboratories and imaging facilities 
it houses a 30 MeV cyclotron for the generation of large array of radionuclides including, Cu-67, Y-90, Re-186/188 
and Hg-197(m) and for metallic PET nuclides (Cu-64, Ga-68, Zr-89). A key research program is exploring the 
generation of radioactively-labelled compounds. This entails the discovery and production of appropriate radionuclides 
as well as the identification of compounds for specific tumours targeting and the application of radiolabelled substances. 
The Department of Radionuclide Theranostics, with which this Centre will most closely align, has research capability 
in molecular metal chelates, nanoscale systems, therapeutic alpha-emitters, radio-conjugation chemistry, and cyclotron-
based production of radiometal nuclides. 
Industry Partner Organisations  

The POs have been invited based on their interest in innovation and need for new radiochemical technology and 
methodology, willingness to support a PhD or postdoctoral project, and mentorship of PhD student(s) and postdoctoral 
fellow(s). Existing relationships have been leveraged and each PO has a strong understanding of the Centre, the 
requirements of PhD students and postdoctoral fellows, and the likely outcomes. Each has signed the letter of support 
showing their interest and commitment to the Centre.  
Cyclotek: is a TGA licenced manufacturer of radiopharmaceuticals with operations encompassing medical cyclotrons, 
compounding of products, and dispensing and testing. They have access to significant analytical devices and 
monitoring. Cyclotek will offer training programs to all students within the Centre on all aspects of their operations, 
including chemistry optimisation and assessment, TGA and GMP criteria, aseptic techniques and environmental 
impact, cyclotron use, radiation management (facility and personnel), and waste management. 
Telix: Telix’s Australian offices manage contracted activity with radiopharmaceutical and research sites globally and 
sponsor clinical studies world-wide. The company owns research and manufacturing facilities in Belgium, with 
Australian sites planned by 2023. Students on Telix projects will be inducted through the ‘in-house’ training program, 
which includes OHS and QMS. As part of the Centre, Telix staff will provide workshops and training on the pipeline 
of radiochemical design and synthesis. 
GlyTherix: has a physical containment level 2 (PC2) biosafety laboratory based in the Faculty of Medicine, Health 
and Human Sciences at Macquarie University. Thus, GlyTherix project researchers within the Centre will have access 
to a range of biology/biochemical instrumentation, as well as the Australian Proteome Analysis Facility (APAF). 
Glytherix scientists will be able to offer training to all participating PhD students within the Centre on their in-house 
bioconjugation chemistry, analytical assays, GMP manufacturing and process development. 
AdAlta: operates a 200 m2 wet laboratory in LaTrobe University for i-body protein discovery and small-scale 
manufacturing and purification. The company spans all aspects of drug design/development and commercialisation. 
AdAlta will provide seminars and workshops on various aspects of drug discovery and cGMP for proteins (incl. 
oversight of protein and radiolabelled protein characterisation protocols). 
Neurosolutions: are a group of companies based out of Monash University (PacificDiscoveryServices), Warwick 
University (Neurosolutions Ltd, UK) and Neomed Institute Montreal (Cerebrasol, Canada) with nine fully functional 
laboratories. They have expertise in neuroscience and are focussed on the development of new chemical entities to 
understand CNS disorders. Neurosolutions supports joint industry-academia PhD programs, e.g. the UK MRC-Industry 
Doctoral Training Scheme at Warwick. All Centre students will have access to training and would be expected to gain 
hands-on experience of translational research, collaborative teamwork, problem solving and critical thinking, quality 
control, regulatory processes and requirements, and, where appropriate, experiential insight into entrepreneurship and 
commercialisation of research. 
iPhase: iPhase is a specialised design and fabrication company for radiochemistry with a primary focus on CAD 
development, and assembly and testing equipment to produce automated radiochemistry devices. The company has 
unique capability in Australia in offering training in the field of automated radiochemistry device design and prototype 
development, including both hardware and software development. Within the Centre, it will provide training in CAD 
product design and prototype device development, radio-synthesiser operation, and synthesis method development for 
an automated platform. 
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BENEFIT 

Creating a Skilled Workforce. The innovative nature of the research and training in this Centre will contribute to 
Australia’s science knowledge base in radiochemistry technologies, a crucial element for the sector’s future economic 
prosperity. Australian science makes an important contribution to the global intellectual capital, and the training of 
postdoctoral scientists is an important investment in Australia’s knowledge-based future. Australian biomedical 
research has rarely translated basic research findings into viable commercial successes. The MTPConnect industry 
growth centre has released a decadal sector draft competitiveness plan,32 which highlights a critical need in addressing 
the poor rate of biomedical research translation.  This Centre closely aligns with the needs identified in the plan, to 
enhance, viz: (a) collaboration between research and industry, (b) sector capability, (c) workforce skills, and (d) 
engagement with international markets. In particular, this Centre will provide outstanding training opportunities for 
young research scientists to develop a set of key scientific and commercial skills that will enable them to become future 
leaders in the pharmaceutical and biotechnology sectors. Survey findings detailed in the ‘MTP Workforce Skills 
Report’ (2020) reveal that the majority of Australian medical technology/pharmaceutical/biotechnology companies 
have less than 50 employees necessitating that graduates are hired with skills ready for work.29 Global experience, 
enhanced communication and presentation skills were deemed to be highly desirable business kills for entry level 
graduates and upskilling in areas including quality control, cleanroom, pharmacovigilance would be highly desirable. 
Graduates with expertise in science and public relations/marketing were considered to be important future assets. 
HDR Research Training. Future PhD graduates in STEM must develop their skills as innovators and learn to procure 
funding to bring their ideas to fruition. Entrepreneurial skills will help graduates work in close partnership with industry, 
philanthropy, government agencies, and business. The broad vision for this Centre is to provide an enhanced Training 
Program that brings together the very best components of existing HDR training at each of our three universities with 
new training opportunities provided by our dedicated industry partners and ANSTO. The Centre will produce PhD 
graduates of the highest calibre in each of our respective discipline areas who will be employment-ready for a variety 
of career paths both nationally and internationally. We will utilise the existing University and relevant state government 
initiatives outlined along with University-based entrepreneurial training opportunities in order to provide consolidated 
skills training that is highly relevant to the global radiopharmaceuticals sector. 

Health and Economic Benefits. The research in this Centre lies at the cutting edge internationally and provides an 
important opportunity for Australian radiochemistry, with considerable long-term potential for the development of new 
radiochemical technologies for future translation into agriculture, materials characterisation and medicine. 
Furthermore, the opportunities for future IP development and possible commercialization could lead to tangible 
economic benefits for Australia. For example, the global radiopharmaceuticals market was estimated to be worth 
$US5.3B in 2020 and is expected to reach $US9.9B by 2027 (Global Industry Analysts), a significant export earner for 
key players in the global arena. The Asia-Pacific radiopharmaceuticals market is projected to grow at the fastest rate 
internationally during the forecast period, largely owing to a rise in the demand for PET and SPECT devices pertaining 
to cardiovascular diseases and oncology. The expected increase in R&D activities with technological advancement and 
strategic partnerships in the market are anticipated to create ample opportunities in the radiopharmaceuticals market in 
the next decade. Radiopharmaceutical-based personalised medicine will undoubtedly fuel future growth of this market 
and fundamental research in this area is key to future success. 

 

COMMUNICATION OF RESULTS 
 

Research results will be communicated to the academic community through journal publications and conference 
proceedings, as well as to the broader industry community, by means of a number of key activities: 
• Publication in key and high impact-factor (IF) scientific journals, including discipline specific journals of the Journal 

of Nuclear Medicine (IF 10.057), European Journal of Nuclear Medicine and Molecular Imaging (IF 9.236) and 
Bioconjugate Chemistry (IF 4.774) and previously-mentioned high IF Society journals. These publications will be 
coordinated with the industry partner(s) with due consideration to protect IP prior to publication; 

• Presentations at local and international conferences, whereby CIs, ICHDRs and ICPDs will be representing the 
Centre. Opportunities locally include the annual ANZSNM meeting (radiopharmaceutical SIG), symposia held by 
the RACI (Radiochemistry Division) and the International Symposium on Radiopharmaceutical Sciences (ISRS) 
meeting to be held on the Gold Coast (QLD) in 2025. Recipients of AINSE scholarships will participate in ANSIE-
run events including O’Week and their professional development program. Internationally, the annual European 
Association of Nuclear Medicine (EANM) meeting, the biannual World Molecular Imaging Congress (WMIC), and 
the ISRS meeting (held every 2.5-3 years) would be suitable events for Centre members to showcase their work;   
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• Annually, once at each University node, the Centre will hold a Showcase Symposium. Face-to-face engagement 
with incorporated social activities is considered to be essential for highly collaborative and productive engagement. 
Symposia with closed and open sections will also be considered to cater to existing and new industry partners; 

• The Centre will produce biannual updates of projects and case studies, designed to be utilised by industry to further 
encourage cross-collaboration and harness full commercial potential of new innovation; 

• An engaging and informative website will be professionally created and maintained to provide information to 
industry and the broader community about the activities of the Centre; 

• The Centre will establish a social media presence on key platforms such as LinkedIn, Twitter, Facebook and 
Instagram. The accounts will be linked to those of Universities and POs to improve visibility. Content will be focused 
on and curated by the ICHDRs and ICPDs to build their connections and professional networks;  

• Data generated in the project will be managed by each institution with initial storage including backup procedures. 
Where practical, open access journals will be utilised, and data filed in central repositories such as the Cambridge 
Structure Database and RSBS Protein Data Bank. 
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