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PROJECT/COMMITMENT	TITLE: Detector development for Positron Emission Tomography  


	PROPONENT:		F. Retiere	 	 	 TRIUMF	CONTACT:		F. Retiere		 		


PRINCIPAL	COLLABORATORS:		V.Sossi, P.Kozlowski (UBC), F. Benard (BCCA), A. Goertzen (U. 
Manitoba), C. Thompson (McGill)	


PROJECT	DESCRIPTION:	
We are proposing to develop detectors for Positron Emission Tomography (PET) focusing on niche 
applications that are expected to enhance the capabilities of Canadian research centers. The detector 
development project is a collaboration between UBC, University Manitoba, McGill University and 
TRIUMF. We are expecting to develop instruments that will be used at UBC brain research center and at BC 
Cancer Agency. Between 2015 and 2020, we foresee constructing a Magnetic Resonance Imaging (MRI) 
compatible PET detector for brain imaging. We also foresee constructing a low cost planar solution for organ 
dedicated PET imaging and especially Positron Emission Mammography. The low cost planar detector could 
be combined with endoscopic probes for in-situ imaging. 
 
Our collaboration is currently working on a novel high resolution pre-clinical MR compatible PET insert that 
can be coupled with open low field and traditional high field MRI systems. The system is based on modules 
prototyped at McGill and Manitoba with two offset pixilated LYSO crystals stacked on top each other 
readout by one matrix of SensL SPMArrays. An electrical multiplexer reduces the number of electronics 
channels per module from 4 to 16 which minimizes the system complexity. The spatial and energy 
resolutions are comparable to Sherbrooke’s LabPET2 system that requires a factor of 4 more channels. A 2 
ring demonstrators is expected to be built in 2013 and commissioned in 2014.  
 
The planar PET detector technology is well suited for low cost and organ dedicated applications. Two 
solutions are expected to be relied upon: digital SiPM (made by Philips) and wavelength shifting light guides 
coupled to analog SiPMs. Both solutions are currently being investigated with the digital SiPM solution 
expected to offer optimum performance and the wavelength shifter option being for low cost applications.  
 
The basic Research and Development for PET detectors will be performed within the Infrastructure for Light 
Detector Development (ILIDD). The scope of this proposal is the construction of complete detectors that can 
be readily used in pre-clinical and clinical applications. Funds for detector construction will be obtained from 
grant. The following TRIUMF resources are expected to be needed: 


- Detector design and mechanical integration. TRIUMF detector facility expertise is well suited 
because the design of PET detectors is similar to subatomic physics detectors, especially medium 
resolution gamma ray detectors. 


- Electronics design. We foresee requiring a combination of passive, analog and digital electronics 
board that are customized for each solution. Due to space, power and performance requirement, it is 
essentially impossible to build a PET detector using commercial electronics.  


- Data acquisition. A PET detector produces very high raw data rate, which must be rapidly processed 
to deliver images to users. TRIUMF DAQ group has a strong expertise in high speed data transfer 
and online data reduction (from working on projects such as DEAP). Support from TRIUMF DAQ 
group will be essential to achieve the desired data rate (> 1MHz). 
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SCIENTIFIC	JUSTIFICATION: 
The development of detectors for Positron Emission Tomography (PET) has attracted renewed interests in 
the research community with the advent of pixelated Geiger-mode avalanche photodiodes commonly called 
Silicon Photo-Multipliers (SiPMs). Indeed, SiPMs offer several benefits over Photo-Multiplier Tubes 
(PMTs): 1) they can be operated in Magnetic Resonance Imaging (MRI) systems because they are insensitive 
to magnetic field, 2) they achieve better performance than PMTs, especially better timing resolution and 
photo-detection efficiency, and 3) they are more compact than PMTs, potentially providing smaller 
granularity and minimizing dead spaces. Major companies, General Electric, Philips and Siemens are 
developing MRI compatible, Time of Flight capable, full body PET detectors based on SiPMs.  
 
Users at UBC and BCCA have strong needs for new application specific PET systems, either MRI 
compatible or for organ dedicated scans. A brain scanner combining PET and MRI would enable cutting 
edge research at UBC. The BC Cancer Agency is interested in investigating PET for breast cancer 
diagnostic. Taking advantage of SiPM technology, we can develop a cheaper and better solution at a fraction 
of the cost of the only currently available scanner made by Naviscan Inc. 
	
RELATIONSHIP	TO	BROADER	CANADIAN	RESEARCH	COMMUNITY: 
The development of SiPM based PET detectors is a collaboration between UBC, the University of Manitoba, 
McGill University and TRIUMF. The systems developed by the collaboration are expected to be used at 
UBC, U. Manitoba and BCCA.  
 
BROADER	IMPACTS:	
The R&D, design and construction of the PET systems will involve undergraduate and graduate students and 
postdocs. HQPs will be exposed to multi-modality imaging from inter-disciplinary perspectives: 
physics/engineering and medicine, with the addition of industry. HQPs will be required to spend time in the 
existing imaging laboratories of the PIs and familiarize themselves with imaging techniques to better 
understand the system design requirements. For-credit interdisciplinary directed study courses will be offered 
by the PIs when needed. 
The system that we are developing could be commercialised eventually. We are collaborating with a 
commercial partner, MRI tech, on the development of the PET insert for small combined PET-MRI imaging.  
MRI-Tech is a spin-off company from the NRC, producing open, low field MRI systems based on 
technology developed by NRC, allowing reduction of the production costs while maintaining high image 
quality. MRI tech currently specialised in MRI magnet and coils, but it is interested in expanding its scope. 
Our primary aim is to build prototypes that provide sufficient functionalities to the end users to demonstrate 
their capabilities. Then, we intend to collaborate with our commercial partner for the construction of full 
scale complete systems that can be commercialized. End users have indeed shown strong interests in the 
solutions that we are developing especially for research on brain diseases, as there is currently only one 
manufacturer that offers dedicated brain scanners. 
 
 
 
 
 
 
 







 


 
MAJOR MILESTONES: 


Description Date 


MRI compatible Micro-PET detector used for research 2015 


Completion of planar PET detector 2017 


Completion of MRI compatible brain scanner 2018 


Completion of endoscopic probe 2019 


  


  


  
 


RESOURCE REQUIRMENTS: 
CASH FLOW REQUIREMENTS 


                \YEAR 
SOURCE  \ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


  TRIUMF       
  EXTERNAL 180,000 180,000 180,000 180,000 180,000 900,000 
  TOTAL       


TRIUMF NON-CASH RESOURCES 
                   \YEAR 
RESOURCE\ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


Det. Fac. design 10 10 10 10 10 50 
Det. Fac. Tech 15 15 15 15 15 75 
Electronics dev. 10 10 10 10 10 50 
DAQ 10 10 10 10 10 50 
       
       
       
       
       
       
       
       


 


EXTERNAL FUNDING INFORMATION:  
The external funds are expected to be obtained from NSERC, CHRP, CIHR and CFI. The 180,000$ per year 
assumes that only the CHRP application will be successful.  
 


ONGOING OPERATIONAL REQUIREMENTS:  
None 
 


DECOMMISSIONING REQUIREMENT: 
None.  
 
 
 
 
 
 
 Accepted:     Date:  


       












 


 
 
 
 
PROJECT/COMMITMENT	TITLE: Radionuclide based imaging at UBC and CCM 


  


	PROPONENT:		 Vesna	Sossi		 	 TRIUMF	CONTACT:			 	Paul	Schaffer	
 


PRINCIPAL	COLLABORATORS:	
Institutions:  Pacific Parkinson’s Research Centre, UBC (PHAS, Medicine, Pharmaceutical Sciences), 
Triumf 


Principal	Investigators:	AJ	Stoessl,	D	Doudet,	L	Yatham,		S	Appel‐Creswell,	R	Hsiung,	M	
Farrer,	M	McKeown,	U	Hafeli,		P	Schaffer,	M	Adam,	C	Harvey‐Clark	
 


PROJECT DESCRIPTION: 
Historical context. The positron emission tomography (PET) program was initiated in the early ’80 as a 
joint UBC/TRIUMF scientific endeavour. After an initial important contribution to imaging instrumentation, 
TRIUMF’s ongoing essential contribution and commitment to the program was through production of 
radioisotopes and radiotracers, while investigators from the UBC Pacific Parkinson’s Research Centre 
(PPRC) led the Neurology related imaging research.  This joint venture led to one of the best PET brain 
imaging centers in the world and to being the flagship of TRIUMF’s Life Science-related activity, bringing 
TRIUMF world renown fame not only in the imaging world, but also in neurological applications. The 
operation of the program, including radiotracer production costs and acquisition of new PET scanners has 
been mainly supported through PPRC-related research grants (PPRC director Dr. AJ Stoessl, UBC 
Medicine), while TRIUMF has been supporting cyclotron operations, providing radiochemistry laboratory 
space and 2-4 scientists/technicians, until recently mainly focused on radiotracers used for brain imaging. 
The seamless joint nature of the program was reflected in the fact that Dr. Tom Ruth, a TRIUMF scientist, 
was PET Program director. Relatively recently, TRIUMF expanded its medically-related operations (now 
denoted as Nuclear Medicine Division, with its own head, Dr. Paul Shaffer) into non-neurology and non-
UBC related activities, thus expanding its research portfolio with consequent reallocation of resources. The 
role of Dr. Ruth in brain imaging was taken up by Dr. Sossi (UBC Physics and Astronomy). This proposal, 
describing a research program, rather then a single project, thus builds on TRIUMF’s commitment and 
interest to being a seamless part of the PET imaging program, which now also includes pre-clinical imaging 
instrumentation located at UBC (dedicated microPET) and at the Center for Comparative Medicine (CCM – 
hybrid microPET and SPECT camera).  
Research related to neurodegeneration – humans. The main clinical research focus of the imaging 
program is Parkinson’s disease (PD). Three themes are investigated: pathogenesis, treatment related 
complications and normal brain function. Particular emphasis is placed on imaging of asymptomatic carriers 
of genetic mutations that place subjects at increased risk of developing PD in order to understand the 
significant changes that occur in the pre-symptomatic period during which 50%-80% of the dopaminergic 
neurons die. These are longitudinal studies performed over at least a decade, requiring at least 8 different 
radiotracers examining the dopaminergic, serotonergic and cholinergic systems, as well as 
neuroinflammation. Subjects are recruited from all over the world and they come to UBC for PET imaging 
due to the local unique expertise. Outcomes of these studies will contribute to testing different hypotheses on 
pathogenesis while providing an ideal subject population in whom to test novel neuroprotective therapies. 
Other studies are examining the role of the serotonergic system in treatment related motor and psychiatric 
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complications such as debilitating compulsive behaviour. Outcome of these studies will contribute to the 
ability of designing patient-specific treatment therapies. 
Dementia.  Studies are being performed to understand the genetic role in the development of various 
dementias, including fronto-temporal dementia and Alzheimer disease. In these studies subjects are scanned 
with at least two different tracers over time to examine different neurochemical aspects of disease 
progression and relate them to clinical progression. Here also, the ultimate goal is to understand disease 
mechanisms, risk factors, and to identify the stage in the disease (disease often precedes clinical symptoms 
by decades) where novel therapeutic intervention would be most effective. 
Mood Disorders.  The main area of research is manic- depression and understanding effects of treatments as 
well as of mechanisms that explain why some subjects respond to treatment and others do not. At least 4 
different tracers are required for these studies that focus on the dopaminergic and serotonergic systems. 
Pre-clinical research. Studies performed on the microPET complement the human research in 
neurodegeneration, with a large emphasis on transgenic rodent models of PD. This is very important 
translational research that bridges imaging observations in humans with ex-vivo and in-vitro neurobiology 
research that allows the investigation of mechanisms that lead to neurodegeneration at the molecular scale. 
The novel hybrid microSPECT/PET (VECTor, CFI funding, P.I. V Sossi) very recently installed at the CCM 
(of which there are only approximately 5 available worldwide), will allow for more complex imaging 
protocols, where several tracers can be injected simultaneously which will allow to explore interaction 
between different processes. Brain and oncology related research will be performed on this scanner. 
Furthermore, the imaging studies enabled by this scanner will complement the research on novel tracers, 
which is one of the main mandates of the TRIUMF’s Nuclear Medicine Division. 
Imaging physics. Studies are focussed on data quantification algorithm development, kinetic modeling and 
novel image analysis methods. This researched enabled the PET group to obtain and optimise state of the art 
research scanners, such as the high resolution research tomograph (HRRT - still the highest resolution brain 
scanner available) and now the VECTor. Planned studies include development of multi-modality image 
reconstruction and analysis methods, reflecting the growing tendency of the imaging field toward multi-
modality approaches to studying disease. Efforts at designing an MR compatible pre-clinical PET insert are 
also underway, pending successful funding (Once funding is secured, support from TRIUMF will be 
requested.  Please see submission by F. Retiere for more detail on required support). 
Radiochemistry development. A necessary prerequisite for PET images to convey the desired information 
about a process, is for the development of highly specific, biologically relevant PET radiotracers.  The 
imaging program thus requires implementation of additional radiotracers, and ideally, design of novel 
tracers as understanding of disease progresses. There is an increased understanding and appreciation of 
genetic predisposition to various brain diseases: identification of specific biochemical mechanisms 
predisposing to disease is ideally suited to the development of novel radioligands for such specific 
biochemical targets.  This is the area where TRIUMF’s personnel and intellectual resources are 
required (as per initial commitment of TRUMF to this program) and the area where TRIUMF could 
expand its core capabilities into an exciting research program building on the unique synergy between 
radiotracer development and imaging, the two essentially being two sides of the same coin. In addition to 
being an essential component of the PET imaging program, radiotracer implementation and development fit 
very well in the overall TRIUMF Nuclear Medicine program.  
 
SCIENTIFIC JUSTIFICATION: 
Radionuclide based imaging provides a unique opportunity to study human function. These studies can not 
be performed in any other way. The brain diseases investigated with imaging pose a large human and 
economic burden especially in light of the aging population. Furthering the understanding, ultimately leading 
to successful treatment, is essential.  
Likewise more research is required into developing better imaging probes (see above) and better and 
complementary imaging techniques. For example the combination of PET/CT (computerized tomography) 
has revolutionized management of cancer. It is expected that as soon as treatment for any of the brain 
diseases becomes available, development of imaging markers and imaging techniques that will allow for 
accurate early detection will become increasingly more important. TRIUMF is ideally suited to playing a 







 


vital role in this evolution by (i) facilitating research in this area through radiotracer production and an 
ongoing symbiotic relationship with the PET program; (ii) development of novel radiotracers; (iii) 
development of novel imaging approaches.  
 
RELATIONSHIP TO BROADER CANADIAN RESEARCH COMMUNITY: 
Brain research and development of novel diagnostics imaging tools has been identified a top priority at UBC 
and by federal funding agencies (note initiatives such as Brain Canada http://www.braincanada.ca).  Through 
its partnership with the brain –related imaging program TRIUMF is part of these initiatives and of the wider 
national (and international) brain research network thus maintaining and expanding (through dedicating 
resources to development of novel brain disease targeting radiotracers and imaging) its visibility at the 
Canadian and international level. It is noteworthy that in the first round of Brain Canada Multi-Investigator 
Research Initiative LOI competitions, an imaging application from UBC was one of only 30 applications 
invited to submit a full application, out of more than 160 letters submitted.  
 
BROADER IMPACTS: 
Impact occurs at all three levels indicated. 
People. The program is attracting high calibre Faculty as visitors and permanent Faculty members. Examples 
include Dr. M Farrer who recently obtained the UBC CERC in Molecular Genetics; an important factor in 
his recruitment was the existence of the PET imaging program. Dr. Yu-Shin Ding (one of the top 
radiochemists in the world) recently spent a sabbatical stay at TRIUMF, which resulted in the 
implementation of two additional brain tracers. There is a growing interest in PET imaging amongst UBC 
researchers, for example Dr A Diamond (one of the founders of the field of Developmental Cognitive 
Neuroscience, UBC CRC Tier 1), is interested in using PET to explore cognition. Many international 
collaborations (clinical, radiochemistry and physics) are being formed as a consequence of this program. In 
addition the interdisciplinary nature of this program is attracting a large number of HQPs at the student, 
postdoctoral and medical fellow level. 
Knowledge. The program has impacted at the world level (i) understanding of Parkinson’s disease 
(examples include, first demonstration of toxin-induced Parkinson’s disease, first demonstration of the 
neurochemical effects of placebo; first quantitative demonstration of dopaminergic deficit in genetically-
related PD; highly cited insights into compensatory mechanisms and mechanisms underlying complications 
of therapy); (ii) production of radiotracers (novel synthesis methods for brain imaging tracers); (iii) imaging 
physics (development of data quantification and novel data analysis methods). Hundreds of publications 
support these claims. Outcomes of the proposed studies will continue generating novel knowledge in all 
three areas. 
Entrepreneurial. We are in the process of establishing collaborations with industrial partners for (i) testing 
new therapeutic approaches for neurodegenerative diseases, which continues and strengthens our activities in 
this area; (ii) testing of new radiolabels (especially on the VECTor scanner).  We are planning to expand this 
area through an increasing number of industrial collaborations. TRIUMF will directly benefit form this 
expansion. The program is also receiving funds from private donations and various foundations. 
 







 


 
MAJOR MILESTONES: 


Description Date 


This is an ongoing program requiring resources on an ongoing basis: cyclotron 
operation, routine tracer production and development of novel tracers. 


 


  


  


  


  


  


  
 


RESOURCE REQUIRMENTS: 
CASH FLOW REQUIREMENTS 


                \YEAR 
SOURCE  \ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


  TRIUMF*    435,000    443,700     453,000   462,000    471,000   2,264,000 
  EXTERNAL 2,000,000 2,000,000 2,000,000 2,000,000 2,000,000 10,000,000 
  TOTAL 2,228,000 2,228,000 2,228,000 2,228,000 2,228,000 12,264,000 


TRIUMF NON-CASH RESOURCES 
                   \YEAR 
RESOURCE\ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


TR13 Cyclotron 
operation  


20 
hours/week 


20 
hours/week 


20 
hours/week 


20 
hours/week 


20 
hours/week 


20 
hours/week 


Radiochemistry 
laboratory space 


35 
hours/week 


35 
hours/week 


35 
hours/week 


35 
hours/week 


35 
hours/week 


35 
hours/week 


       
       
       
       
       
       
       
       
       
       


 


EXTERNAL FUNDING INFORMATION:  
Funds are obtained from a variety of funding agencies (CIHR, MJFF, Parkinson’s Society of Canada, 
NSERC, CFI) and private donations. The current level of funding is ~ 2M/year.  Several grant applications 
are currently being submitted to CIHR, Brain Canada, CHRP and MJFF to ensure continued funding at the 
same or higher level. 
 


ONGOING OPERATIONAL REQUIREMENTS:  
Funds are required for 1 production chemist (~ $65,000 including benefits), 1 development chemist  (~ 
$90,000 including benefits), 2.5 FTE of technical support (~ $90,000 including benefits), 0.5 FTE of a newly 
hired chemist (as replacement for M. Adam upon his retirement, $100,000 including benefits) and  cyclotron 
operation.Cyclotron operation has been estimated to represent an approximately $312,000 yearly cost. 
Continued space allocation for radiotracer production is also required. 
DECOMMISSIONING REQUIREMENT: 
 
None. 








 


 
 
 
 
PROJECT/COMMITMENT	TITLE: TRIUMF Nuclear Medicine: Centre of Excellence for non-Reactor Isotope 
Research 


  


	PROPONENT(s):	Paul	Schaffer,	Mike	Adam	 TRIUMF	CONTACT:		Paul	Schaffer	 		
 


PRINCIPAL	COLLABORATORS:			
UBC	PPRC:	Jon	Stoessl,	Vesna	Sossi,		
BCCA:	François	Bénard,	Kuo‐Shyan	Lin,	Don	Yapp	
UBC	Chemistry:	David	Perrin,	Chris	Orvig,		
SFU	Chemistry:	Paul	Li,	Tim	Storr	
UBC	(other):	Anna	Celler,	Mark	Martinez,	Tony	Glass,	Maite	Maldonado,	Chris	Harvey‐
Clark	


PROJECT	DESCRIPTION:	
Goals for 2015-2020: TRIUMF’s Nuclear Medicine Group will emerge as a national centre of 
excellence in all aspects of isotope research. This centre will serve as a world-class training facility 
performing cutting-edge basic and translational research toward new accelerator target technology, 
new radioisotopes and innovative radiochemistry geared toward addressing unmet clinical needs.  
 
 Accelerator science is the foundation of TRIUMF’s nuclear medicine program, a program that maintains a 
strong isotope and radiopharmaceutical production capability enabled by four onsite cyclotrons. These 
cyclotrons drive the spectrum of research encompassed by the division, which starts with the physics of 
particle acceleration and target bombardment, followed by a deep capability in radiopharmaceutical 
chemistry and tracer production which is ultimately used for biological and imaging studies to gain an 
understanding of the physiology and disease of the human body at the molecular level. These three areas: 
accelerator targetry, isotope production and radiochemistry define the core capabilities of the TRIUMF 
Nuclear Medicine Group. These competencies define the envelope of research projects that the division itself 
undertakes, those that our collaborators wish to pursue as well as the future growth of the program. 


TRIUMF’s Nuclear Medicine division is built upon a long-standing collaboration with the Pacific 
Parkinson’s Research Centre, for which we routinely provide various tracers for human and pre-clinical 
imaging studies. These studies aim to establish the relationship between neurochemical dysfunction and the 
origin and progression of Parkinson’s disease, and also include studies into other neurodegenerative diseases 
such as Alzheimer’s. The needs of this aspect of the program are the subject of a separate proposal. 


This proposal describes how TRIUMF will continue to drive toward new discoveries in all aspects of 
nuclear medicine and the related fields of research. By leveraging TRIUMF’s deep expertise in each of the 
three aforementioned core areas, the Nuclear Medicine group along with its partners have mobilized and 
secured over $8.5 million in grant and contribution funding since 2009. Several of these funding 
opportunities also provided as a means to establish or enhance existing collaborations with other 
radiopharmaceutical centres across the country. The focus of these funds ranged from improving TRIUMF’s 
aging chemistry facilities for radiopharmaceutical production under GMP guidelines, to leveraging 
TRIUMF’s expertise in accelerator-based isotope production to address the recent medical isotope crisis.  
i) Research into the development of new accelerator-based isotope production technology 
TRIUMF maintains a core complement of world-class individuals with deep expertise in many aspects of 
accelerator operations. This interdisciplinary group consists of five individuals that together focus on 
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advancing the field of accelerator target design – establishing new knowledge into medical isotope 
production. Efforts have included research into: 
Solid Targets – Medical cyclotrons have long been viewed as machines for producing non-metallic positron 
emitting isotopes (18F, 11C, 13N, 15O) for use in PET imaging. All of these isotopes are produced from either 
gas or liquid target materials that are easy to manipulate via pneumatic transfer from the production space, to 
the chemistry space (hotcell) for radiopharmaceutical production. Positron emitting radiometals (44Sc, 52Mn,  
64Cu, 68Ga, 86Y, 89Zr, 94mTc, etc) have been steadily increasing in popularity due to their decay properties, 
facile chemistry, compatibility with aqueous media and favorable reaction kinetics; all of which enable their 
rapid incorporation into a growing number potential radiotracers. These vectors are used to target specific 
physiological structures or metabolic processes.   
 TRIUMF has been heavily involved with the demonstration of non-reactor production technology for Tc-
99m, the world’s most widely used medical isotope. The team was instrumental in the design, manufacture, 
testing and demonstration of new high-current target plate, housing and transfer technology for commercial-
scale production of Tc-99m. It is anticipated that this effort will continue until 2016 at which point 
commercial-scale production for the greater Vancouver area will become a routine activity at TRIUMF’s 
site. The technology developed by this team has caught the attention of numerous existing and private-sector 
partners. Demand for the expertise of this team is expected to increase over time. 
Liquid Salt Targets - The widespread acceptance of new and promising radioisotopes is typically 
challenged by their availability and accessibility. Many radiometals have demonstrated promise in molecular 
imaging, however many laboratories are required to purchase an isotope generator or invest substantially in 
unique solid-target infrastructure for the production and isolation of radiometallic isotopes from a cyclotron - 
a substantial technical and financial commitment, especially if preliminary biological studies are required to 
warrant their purchase. These obstacles likely inhibit the development of novel tracers that may possess a 
better match between the physical half-life of a promising new radioisotope and the pharmacokinetic profile 
of the vector to which it is attached. 


In order to enhance the availability of new and promising radiometallic isotopes, the TRIUMF target 
team has envision a modified liquid-target system to enable irradiation of select metal-salt solutions for the 
production of research quantities (or higher) of various radiometallic isotopes. An NSERC/CIHR-funded 
Collaborative Health Research Project has been funded in conjunction with the BCCA and others to develop 
and demonstrate this liquid/solution target approach. Recent progress has been demonstrated with Tc-94m 
production from solutions containing molybdenum. Future efforts are focused on 89Zr, 44Sc and 68Ga 
production from isotopically-enriched salt solutions of 89Y, 44Ca and 68Zn. In principle, solution targets are 
easier to handle than solid targets, and easily integrate with the existing paradigm of 18F-FDG production 
which currently dictates the setup in modern cyclotron facilities.  


By 2020, TRIUMF will be recognized as a world-class centre for target research that will train 
individuals, contribute to the fundamental knowledge of non-reactor isotope production and advance the 
field with real-world solutions, moving this technology further into the mainstream.  
ii) Development of new and novel medical isotopes, production, isolation and incorporation 


TRIUMF also maintains a team of individuals with expertise in isotope production, extraction and 
purification. In conjunction with the target work described above, efforts are underway to understand 
production metrics, solution dynamics, product and byproduct formation and other aspects of novel 
irradiation procedures and target designs. To enable these studies, a deep knowledge of isotope purification 
methods that involve selective recovery of trace isotope quantities from bulk target material is needed. This 
work is also facilitated by process automation, enabling isotope recovery quickly and safely.  


Having this expertise available enables rapid mobilization to address the needs of the research program, 
but also provides opportunity to redefine the way isotopes are made and isolated. Examples include the 
adoption of Aqueous Biphasic Extraction Chromatography for the selective isolation of 99mTcO4 from 
irradiated Mo-100 and the use of ion exchange resins to purify the radiometals described above. 
iii) Design and synthesis of novel large molecular weight radiotracers which includes labeling peptides, 
proteins, oligonucleotides and peptide nucleic acids with radiometals. 


Radiometals are a class of radioisotopes that exhibit a wide range of chemical behavior and radioactive 
emission properties that are a good match to the chemical and physiological behavior of peptides, proteins 







 


and other large molecular weight tracers. As such, radiometals have enjoyed growing popularity as signal 
generators for novel PET- and SPECT-based MI probes. Despite years of use, fundamental chemical studies 
on radiometals remains a necessity for developing compatible radiolabeling methods. TRIUMF is uniquely  
positioned to capitalize on the results of the target development and production efforts described above with 
ready access to an array of popular and novel isotopes. Access to radiometals such as 94m/99mTc, 55Co, 52Mn, 
67/68Ga, 89Zr have enabled several efforts into novel chelate chemistry and applications. Ongoing 
collaborative studies with Dr. Orvig at UBC Chemistry, funded through the NSERC CRD program, has 
resulted in the development of a new more powerful ligand system for the incorporation of these radiometals 
into large molecular weight radiotracers. Internal efforts have also seen promising results for a new class of 
radiometal scorpionate-based chelators for 67/68Ga, 94m/99mTc, 55Co and others. This combination of expertise 
will enable TRIUMF to move this area of research ahead rapidly. 
 The TRIUMF program will leverage its unique radiochemistry capabilities to train more students, post 
doctoral fellows in the art of radiopharmaceutical chemistry and to foster interactions with visiting scientists. 
iii) Novel molecular imaging applications 


In collaboration with PPRC, TRIUMF continues to implement brain imaging markers (for example, 
targeting the serotonergic and cholinergic systems) in response to an increasing recognition of the 
complexity of brain diseases. The ability to rapidly bring these tracers on line is essential to the PPRC 
collaboration and success. Novel, highly specific tracers will be produced as novel biologically relevant 
targets are discovered through genetic approaches. Recent efforts have seen the development of a number of 
novel peptide and small molecule radiotracers. Vectors have included bombesin, marimistat, folate, RGD, 
oligonucleotides, peptide nucleic acids, etc. The results have seen a number of tumor targets successfully 
imaged in collaboration with our partners. 


Moving forward, TRIUMF-based efforts in the labeling and use of substrates and/or inhibitors of the 
cystine transporter are planned, with the focus on elucidating the in vivo behaviour of this amino acid 
transporter during cellular oxidative stress – and its role in the initiation, onset and progression of a host of 
conditions. Preliminary studies will likely focus on those conditions that do not image well with 18F-FDG, 
such as prostate and pancreatic cancers. By 2020, novel applications, such as oxidative stress imaging will be 
enabled by all facets of the Nuclear Medicine program – from identification of a clinical unmet need to 
implementing a solution by developing an appropriate technology. Additional applications are expected to 
emerge as the program grows. 
iv) Facilities 


For more than 20 years, the TR13 has been the heart of the TRIUMF Nuclear Medicine Program. This 
machine is ageing and given the growing demands for isotope production, replacement will be required in 
the near future. In addition, the maximum allowed energy (13 MeV) of the proton beam has long been 
dictated by the location of the cyclotron being in an open area of the proton hall, severely constraining the 
options available for isotope production. In order to continue delivering on our existing commitments and 
also grow the program, a replacement cyclotron is needed. This machine will need to be housed in a new 
vault with close proximity to the radiochemistry facilities.  


A new opportunity is now available with the relocation of the UBC centre for comparative medicine 
across the street from TRIUMF. An imaging centre is being developed there which will be coupled to the 
TRIUMF isotope production facilities by a short delivery pipeline enabling unique research on animal 
models with short-lived  radiotracers. This is anticipated to be fully operational in the current five year plan. 
Support for research personnel associated with these unique facilities will be needed. 


The newly built MHESA basement laboratory is the first step in upgrading the Nuclear Medicine 
Research capabilities to support the expansion of the program as envisaged above, Part of this upgrading 
program was financed by Nordion, Inc. and it is anticipated that private sector collaborations of that type will 
grow. The refurbishing of the whole basement of the MHESA will be required and is assumed to have been 
completed by the end of the current five year plan. 
v) New Personnel 
 With the anticipated hire of new research scientists, the portfolio of the TRIUMF Nuc. Med. research 
program is expected to grow substantially in scientific breadth, while remaining focused on our core 
competencies. By 2020, the division will function to enable research for a team of scientists that are 







 


supported by the individuals requested in this proposal while the research itself will be performed by 
securing additional, peer-reviewed external funds. Two additional scientists will be needed, first to address 
imminent retirements followed by a need to expand the Nuclear Medicine Program. New hires will be sought 
to drive the core competencies of the division: Physics/Target Research, Nuclear Chemistry/Isotope 
Production and Radiochemistry/Novel Applications. 
SCIENTIFIC	JUSTIFICATION: 


Molecular imaging (MI) has enabled health professionals and basic researchers to probe the function of 
living systems at the molecular level, enabling non-invasive studies into the changes that take place during 
the onset and progression of disease, well before anatomical changes occur. This understanding will 
dramatically change the way disease is diagnosed, staged and treated and will ultimately enable a 
personalized treatment regiment for affected patients.  


MI is heavily reliant on fundamental physical and chemical research for the development of contrast-
enhancing biological probes that emit an appropriate signal for detection using imaging scanners, such as 
MRI, CT, ultrasound and nuclear. MI using radioactive probes (also known as radiopharmaceuticals), exhibit 
the highest degree of sensitivity amongst the imaging methods used in modern medicine. These probes are 
used in nearly 40 million single photon- and positron emission tomography (SPECT and PET) scans per year 
around the globe in patients suffering from heart ailments, cancer and neurological diseases like Parkinson's 
and Alzheimer's. As new biological questions about these diseases emerge, novel ways to produce medical 
isotopes and chemically modify them into pharmaceuticals for delivery to the tissue of interest are of 
paramount importance.  
RELATIONSHIP	TO	BROADER	CANADIAN	RESEARCH	COMMUNITY: 


TRIUMF’s multi-decade relationship with the UBC PPRC has long defined success for molecular 
imaging programs both domestic and international. This success continues with TRIUMF’s target and 
production expertise having led the NRCan-funded, multi-institutional proof of feasibility and proof of 
concept Tc-99m production effort on Canada’s existing cyclotron infrastructure. These translational efforts 
have seen new technology developed and delivered, concomitantly strengthening collaborative ties to centres 
in several Canadian provinces. Couple this with the historical program focus on the delivery of 
radiopharmaceuticals for human neurological studies and the more recent efforts to enable oncology imaging 
studies in conjunction with the BC Cancer Agency, and the relationship to the molecular imaging community 
becomes evident.  


Our team of interdisciplinary experts, in conjunction with our collaborators and industrial partners are a 
unique entity in Canada – one that other centres look to for technical and administrative leadership. In turn, 
TRIUMF continues to look to its collaborators for guidance, leadership and collaboration in various 
applications. The relationships are potent and symbiotic and epitomize a Centre of Excellence in 
Accelerator-Based Isotope Research. 
BROADER	IMPACTS:		
People. The program is attracting high calibre faculty as visitors and applicants. Examples include Dr. Yu-
Shin Ding (one of the top radiochemists in the world) recently completed her sabbatical at TRIUMF, which 
resulted in the implementation of two additional neurological tracers. In addition, a number of prominent 
scientists have actively participated in TRIUMF’s Life Sciences Peer Evaluation Committee (LSPEC) with 
several others inquiring about involvement. A number of institutions have looked at TRIUMF’s governance 
model in an effort to identify effective management and review systems for their own programs. In addition, 
the interdisciplinary nature of this program is attracting a large number of HQPs at the student, doctoral and 
postdoctoral level. 
Knowledge. The program has impacted at the world level (i) understanding of Parkinson’s disease (ii) 
production of radiotracers (novel synthesis for small and large molecule tracers); (iii) novel, state-of-the-art 
isotope production methods and (iv) novel applications for new tracers. Hundreds of publications support 
these claims. Outcomes of the proposed studies will continue generating novel knowledge in all areas. 
Private Sector. We are in the process of maintaining collaborations and establishing new relationships with 
industrial partners from around the world for (i) testing new isotope production technology; (ii) testing  
of new chemistry to better radiopharmaceutical processes and (iii) developing new imaging applications.  
 







 


 
MAJOR MILESTONES: 


Description Date 


  


  


  


  


  


  


  
 


RESOURCE REQUIRMENTS: 
CASH FLOW REQUIREMENTS 


                \YEAR 
SOURCE  \ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


  TRIUMF Division Ops 
($20K), 
Core FTEs 
(11ppl @ 
$100K ea), 
Facilities 
($65K+) 
Total~$1.26 
million 


~$1.28 
million 


~$1.31 
million 


~$1.33 
million 


~$1.36 
million 


$6.54 million 


TRIUMF (new 
cyclotron) 


$6.0 million 
(facility) 


$4.0 million 
(machine) 


   $10.0 million 


  EXTERNAL TBD TBD TBD TBD TBD TBD 
  TOTAL $1.26m+ $1.28m+ $1.31m+ $1.33m+ $1.36m+ $16.54m+ 


TRIUMF NON-CASH RESOURCES 
                   \YEAR 
RESOURCE\ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


TR13 cyclotron 
operations 


20 hours/wk 22 hours/wk 25 hours/wk 30 hours/wk 30 hours/wk  


Radiochemistry 
facilities (RCA1-
007) 


30 hours/wk 30 hours/wk 30 hours/wk 30 hours/wk 30 hours/wk  


Radiochemistry 
facilities (MHESA 
– 6 rooms) 


30 hours/wk 30 hours/wk 30 hours/wk 30 hours/wk 30 hours/wk  


Chemistry 
facilities (RCA1 –
103, 110) 


30 hours/wk 30 hours/wk 30 hours/wk 30 hours/wk 30 hours/wk  


New cyclotron ops 0 hours/wk 15 hours/wk 30 hours/wk 30 hours/wk 30 hours/wk  
       
       
       
       
       
       
       


 


EXTERNAL FUNDING INFORMATION:  







 


The funds requested here are for core operations of the TRIUMF Nuc. Med. effort, in order to have available 
a core complement of individuals and state-of-the-art facilities that are poised to capitalize on additional 
external funding opportunities. This model has worked effectively historically, with an external to internal 
funding ratio of greater than 8:1 during the 2010-2015 period. 
 
 


ONGOING OPERATIONAL REQUIREMENTS:  
Funds are required for: 
Scientists: 4 FTEs (~$120,000 each including benefits) 
Accelerator Target Team: 4.5 FTEs (~ $100,000 each including benefits),  
Cyclotron Ops: 1.5 FTEs (~$100,000 each including benefits) 
Facility Manager (chemist): (~ $90,000 including benefits) 
Cyclotron operation has been estimated to represent an approximately $312,000 yearly cost. 
Continued space allocation for isotope and radiotracer research is also required. 


- RCA1-005,007,103 and 110 
- MHESA basement area (7 rooms: Nordion joint research, wet chem., biology, radiochem, target 


shop) 
- TR13 area 
- New cyclotron – location to be determined 


 


DECOMMISSIONING REQUIREMENT: 
Decommissioning of TR13 will be required at end of use. Various components will be active and addressed 
according to TRIUMF’s master decommissioning plan. Other aspects of the Nuc. Med. facilities will require 
physical dismantling with no anticipated long-term radiological hazards. 
 
 
 
 


Accepted:     Date:  
       





