Sunday 9/16/2012
Chair: M. Adam
Breakfast
Valley Foyer

07:30 AM
07:45 AM
08:00 AM
08:15 AM
08:30 AM
Welcome
08:45 AM
Radiohalogen Symp.
09:00 AM
Historical
09:15 AM
IS1: Len Wiebe
09:30 AM
discussion
09:45 AM
Advancements in
10:00 AM
Drug Development
10:15 AM
IS2: Gilles Tamagnan
10:30 AM
discussion
10:45 AM
Mid-Morning Break
11:00 AM
11:15 AM
IS3: John Babich
11:30 AM
11:45 AM
discussion
12:00 PM
Lunch Break
12:15 PM
Fitzsimmons
12:30 PM
12:45 PM
01:00 PM
01:15 PM
Radioiodinated
01:30 PM
Phospholipids
01:45 PM
IS4: J. Weichert
02:00 PM
discussion
02:15 PM
Conditioning with
02:30 PM
Alpha Emitters
02:45 PM
IS5: B. Sandmaier
03:00 PM
discussion
03:15 PM
Mid-Afternoon Break
03:30 PM
Isotope Production
03:45 PM
IS6: Ingo Spahn
04:00 PM
04:15 PM
discussion
04:30 PM
cs paper - Breunig
04:45 PM
cs paper -Engle
05:00 PM
cs paper - Crawford
06:00 PM Registration/Reception Valley Foyer
6:00 pm to 8:00 pm

Saturday 9/15/2012

cs paper - Watanabe
Iodine Chemistry

discussion
cs paper - Li
cs paper - Yang

Meet at Gondola
Pictures
BBQ at Roundhouse
Free time for sighseeing
Peak2Peak Gondola

Fluorine/Applications

cs paper - Oshima
cs paper - Inkster
cs paper - Coenen

IS10: H. Kung

Mid-Afternoon Break
Fluorine/Applications

discussion
cs paper - Arksey
cs paper - Jackson
cs paper - Donnelly
cs paper - Hoepping

IS9: F. Wuest

discussion
cs paper - Dawson
cs paper - Vergara
cs paper - Al-Qahtani

discussion

discussion
Mid-Morning Break
Iodine-Boron
IS13: G. Kabalka

Lunch Break
Fitzsimmons

IS8: Müller

Fluorine/Automation Chem

Mid-Morning Break

cs paper - Selivanova
cs paper - Castillo

IS12: D. Wester

discussion

Astatine Isolation
IS15: S. Wilbur

Bromine Chem/Appl.
IS11: Shigeki Watanabe

IS7: M. Kilbourn

discussion
Mid-Morning Break
cs paper - Balkin
cs paper - Chyan
cs paper - Hamlin
closing remarks

IS14: G. Meyer

Astatine Chemistry

Breakfast
Valley Foyer

Chair: S. Wilbur

Fluorine/Basic Chem

Wednesday 9/19/2012

Tuesday 9/18/2012
Chair: C. Ferreira
Breakfast
Valley Foyer

Monday 9/17/2012
Chair: H. Coenen
Breakfast
Valley Foyer

	
  7ISR	
  –	
  7th	
  International	
  Symposium	
  on	
  Radiohalogens	
  	
  	
  —	
  September	
  15–19,	
  2012

PROGRAM
7TH INTERNATIONAL SYMPOSIUM ON
RADIOHALOGENS
Saturday, September 15, 2012
18:00-20:00

Registration and Reception

Sunday, September 16, 2012
07:30-08:30

Breakfast, Valley Foyer

08:30

Welcome
M. Adam, TRIUMF/UBC, Vancouver, B.C., Canada

SESSION I:
Chairperson:

HISTORICAL OVERVIEW
M. Adam

08:45

Invited Talk (IS1)
Radiohalogens Then and Now: Seven International
Symposia on Radiohalogens
L.I. Wiebe
Department of Oncology, Faculty of Medicine & Dentistry
University of Alberta, Edmonton, Canada
Discussion

SESSION II:

ADVANCES IN DRUG DEVELOPMENT

09:45

Invited Talk (IS2)
Use of Exploratory IND for Early Phase Clinical Trials
Using PET or SPECT Imaging
G. Tamagnan
Institute for Neurodegenerative Diseases, New Haven, CT,
USA
Discussion

10:45

Mid-Morning Break

11:00

Invited Talk (IS3)
Halogen Containing Small Molecule Inhibitors of Prostate
Specific Membrane Antigen (PSMA) for Imaging and Targeted
Radiotherapy of Prostate Cancer (PCa)
J. Babich, Molecular Insight
Discussion

12:00

Lunch Break Fitzsimmons Room

SESSION II Continued:
Chairperson: M. Adam
13:15

Invited Talk (IS4)
Diapeutic Radioiodinated Phospholipid Ether Analogs for
Imaging and Treatment of Cancer and Cancer Stem Cells
J. Weichert
University of Wisconsin Radiology and Novelos Therapeutics
Discussion

14:15

Invited Talk (IS5)
Development of Radioimmunotherapy-Based Conditioning
Regimens for Hematopoietic Cell Transplantation (HCT) Using
Alpha-Emitter
B. Sandmaier1,2, B.T. Kornblit1, D.K. Hamlin3, E.B. Santos1,
M-K Chyan3, and D. S. Wilbur3,
1
Clinica Research, Fred Hutchinson Cancer Research Center, Seattle,
WA; 2Dept. of Medicine, University of Washington, Seattle, WA;
3
Dept. of Radiation Oncology, University of Washington, Seattle,
WA.
Discussion

15:15

Mid- Afternoon Break

SESSION III: ISOTOPE PRODUCTION
Chairperson: H. Coenen
15:30

Invited Talk (IS6)
New Developments in the Production of Radiohalogens.
I. Spahn
Institut für Neurowissenschaften und Medizin, INM-5:
Nuklearchemie, Forschungszentrum Jülich, D-52425 Jülich, Germany

16:15

Discussion

16:30

CS1 Production of Radioactive Bromine Isotopes by Deuteron
induced Reactions
K. Breunig, I. Spahn, D. Bier, M. Holschbach, S. Spellerberg,
B. Scholten, H.H. Coenen
Institut für Neurowissenschaften und Medizin, INM-5:
Nuklearchemie, Forschungszentrum Jülich, Germany

16:45

CS2 Production of Electrophilic 34mCl For Use In PET
Imaging
J.W. Engle1, P.A. Ellison, T.E. Barnhart, D. Murali,
O.T. DeJesus, R.J. Nickles
University of Wisconsin, Madison, USA. 1Current address: Los
Alamos National Laboratory, Chemistry Division-Isotopes,
Inorganic and Actinides. Los Alamos, NM, USA.

17:00

CS3 New Initiatives at TRIUMF For The Development of 211AtBased Targeted Alpha Therapy
J. Crawford1 and T. Ruth2
1
Department of Physics and Astronomy, University of Victoria,
BC, Canada; 2Nuclear Medicine Division, TRIUMF,
Vancouver, BC, Canada

17:15

Session Ends

Monday, September 17, 2012
07:30-8:30 Breakfast, Valley Foyer
Session IV: FLUORINE/BASIC CHEMISTRY
Chair: H. Coenen
08:30

Invited Talk (IS7)
Fluorine-18 Radiochemistry: The Future is Now
M.R. Kilbourn
Division of Nuclear Medicine, Department of Radiology, University
of Michigan Medical School, Ann Arbor, MI, 48109
Discussion

09:30

CS4 One Step and One-Pot-Two-Step 18FLabeling of Peptides and Other Large Molecules
Y. Li1 , Z. Liu1, K.S. Lin2, F. Benard2, D. Yapp2, P. Schaffer3,
M. Adam3, T. Ruth3, D. M. Perrin1
1
UBC, Chemistry Department, 2British Columbia Cancer
Agency, 3TRIUMF, Vancouver BC, Canada

09:45

CS5 Development of 18F-labelled Aminosuberic Acid Derivatives
For in vivo Analysis of Cystine Transporter Expression
H. Yang1, B.F. Johnson2, M. Rishel2, B.D. Lee2, K. Kent2,
Q. Miao1, F. Bénard3, D. Yapp3, J.M. Webster2, P. Schaffer1
1
TRIUMF, 2General Electric, Global Research, Niskayuna, NY,
USA, 3The British Columbia Cancer Agency, Vancouver

10:00

CS6 Palladium Catalyst Improves the Yield of Aromatic
Nucleophilic Radiofluorination.
F. Combe, T. Betzel, R. Schibli, P.A. Schubiger,
S.M. Ametamey, S.V. Selivanova
Center for Radiopharmaceutical Sciences, ETH Zurich, Zurich,
Switzerland.

10:15

CS7 [18F]Fluorophenyl-L-Amino Acids by Isotopic Exchange
on Carbonyl-activated Precursors
J. Castillo Meleán, J. Ermert, H. H. Coenen
Institut für Neurowissenschaften und Medizin, INM-5:
Nuklearchemie, Forschungszentrum Jülich, Germany

10:30

Mid-Morning Break

SESSION V:
10:45

FLUORINE/AUTOMATION CHEMISTRY

Invited Talk (IS8)
Radiofluorination Devices-Such As Synthesizers
M. Müller, ABX advanced biochemical compounds,
Radeberg GERMANY
Discussion

11:45

Lunch Break Fitzsimmons Room

SESSION VI:
13:00

FLUORINE/APPLICATIONS

Invited Talk (IS9)
18
F-Labeled Peptides: The Future is Bright
F. Wuest
Department of Oncology, University of Alberta, Edmonton, Canada
Discussion

14:00

CS8 [18F]FPyKYNE-Losartan: a New PET Tracer for Imaging
AT1 Receptors
N. Arksey, T. Hadizad1, R.S. Beanlands and J.N. DaSilva*,
1
National Cardiac PET Centre, University of Ottawa Heart
Institute, 40 Ruskin St., Ottawa, ON, Canada, K1Y 4W7;
2
Division of Cardiology (Department of Medicine) and
Department of Cellular and Molecular Medicine, University of
Ottawa, Ottawa, ON, Canada

14:15

CS9 Radiosynthesis of Three Classes of GABAA Radioligand,
Transfer to GE FASTlab™ and in vivo Evaluation in Rats
A. Jackson, M. Battle, P.A. Jones, W-F Chau, A. Gaeta,
D. O’ Shea, P. Zheng, W. Trigg,
GE Healthcare, Medical Diagnostics, The Grove Centre, Little
Chalfont, UK.

14:30

CS10 Synthesis and Evaluation of a (D4) Deuterium Analog of a
Potential 18F PET Radioligand For Imaging PDE10A
D. Donnelly, P. Chow, K. Cao, T. Tran, J. Kim, A. Pena,
L.Barreto, D. Kukral, S. Bonacorsi, D. Dischino, J. Bronson,
S. Mercer
Radiochemical synthesis, Bristol-Myers Squibb, P.O. Box
4000, Princeton, NJ 08543, USA

14:45

CS11 Development of [18F]Flubatine, a Promising Radiotracer
for the Imaging of α4β2 Nicotinic Acetylcholine Receptors
(nAChRs)
A. Hoepping1, R. Smits1, S. Fischer2, A. Hiller2, U. Funke2,
W. Deuther-Conrad2, B. Sattler3, J. Steinbach4, O. Sabri3,
P. Brust2
1
ABX Advanced Biochemical Compounds, Radeberg, Germany
2
Neuroradiopharmaceuticals, Helmholtz-Zentrum Dresden3
Rossendorf, Research Site Leipzig, Leipzig, Germany,
Department of Nuclear Medicine, University Hospital Leipzig,
Germany4, Institute of Radiopharmacy, Helmholtz-Zentrum
Dresden-Rossendorf, Dresden, Germany

15:00

Mid-Afternoon Break

15:15

Invited Talk (IS10)
Glutamine for Imaging Tumor Metabolism
H.F. Kung
Departments of Radiology and Pharmacology, University of
Pennsylvania, 3700 Market St., Philadelphia, PA 1910

16:00

CS12 Biological Evaluation of 3-[18F]Fluoro-α-Methyl-DTyrosine (D-[18F]FAMT) as a Novel Amino Acid Tracer for
Positron Emission Tomography
Y. Ohshima1, H. Hanaoka2, H. Tominaga3, Y. Kanai4,
K. Kaira3, A. Yamaguchi3, S. Nagamori4, N. Oriuchi3,
Y. Tsushima3, K. Endo3, N.S. Ishioka1
1
Development Quantum Beam Science Directorate, Japan
Atomic Energy Agency, Watanuki, Takasaki, Gunma 3701292, Japan, 2Graduate School of Pharmaceutical Sciences,
Chiba University, Inohana, Chuo-ku, Chiba 260-8675, Japan,
3
Graduate School of Medicine, Gunma University, Showamachi, Maebashi, Gunma 371-8511, Japan, 4Graduate School
of Medicine, Osaka University, Suita, Osaka 565-0871, Japan

16:15

CS13 Further Development of PET-[18F]FPyKYNE, a PEG2
Derivative of [18F]FPyKYNE and [18F]FPy5yne
J. Inkster1,2, S. Gosslein3, K-S Lin4, M. Pourghiasian4,
P. Schaffer1, F. Benard4, B. Guerin3, T. Ruth1,4, and T. Storr2
1
TRIUMF, Nuclear Medicine, Vancouver, BC, 2SFU, Dept. of
Chemistry, 8888 University, Burnaby, BC., 3Department of
Nuclear Medicine and Radiobiology, CIMS, Universite de
Sherbrooke, Sherbrooke, QB, 4BC Cancer Agency, Vancouver,
BC.

16:30

CS14 Iodine(III)-Precursors for N.C.A. Radiofluorination
of Electron Rich Arenes
H.H. Coenen, J. Cardinale, F. Kügler, A. Helfer, J. Ermert
Institut für Neurowissenschaften und Medizin, INM-5:
Nuklearchemie, Forschungszentrum Jülich, Germany.

Tuesday, September 18, 2012
07:30-08:30

Breakfast, Valley Foyer

SESSION VII
Chairperson:

BROMINE CHEMISTRY/APPLICATIONS
S. Wilbur

08:30

Invited Talk (IS11)
Synthesis and Biological Evaluation of Radiobrominated
Compounds for Tumor Imaging.
S. Watanabe
Quantum Beam Science Directorate, Japan Atomic Energy Agency
(JAEA), Gunma, Takasaki 370-1292, Japan

09:15

CS15 Synthesis of a Biologically Active Peptide Containing
Radiohalogenated Phenylalanine by Electrophilic
Destannylation Reaction
Sh. Watanabe1, I. Nishinaka2, I. Sasaki1, K. Yamada3,
Sa. Watanabe1, Y. Sugo1, H. Hanaoka4, K. Hashimoto1, and
N.S. Ishioka1
1
Quantum Beam Science Directorate, and 2Advanced Science
Research Center, Japan Atomic Energy Agency, 3Department
of Chemistry and Chemical Biology, Gunma University
Graduate School of Engineering, 4Department of Molecular
Imaging and Radiotherapy, Chiba University Graduate School
of Pharmaceutical Science

09:30

Invited Talk (IS12)
Syntheses, Structures, and Radiolabeling of Commercially
Significant Iodinated Species
Dennis Wester, Nordion Inc.

10:15

Discussion

10:30

Break

SESSION VIII

IODINE-BORON

10:45

Invited Talk (IS13)
Boron-Based and Microfluidics Radiohalogenation
Reactions
G.W. Kabalka
Department of Chemistry and Radiology, University of Tennessee,
Knoxville, TN 37996-1600, USA

11:30

Discussion

11:45

CS16 Isotope Exchange Yield Optimization of 124I-NM404 for
Clinical Trials
M. Dawson, M. Longino, A. Pinchuk, N. Stehle, and
J. Weichert
Novelos Therapeutics and the University of Wisconsin
Radiology Department, Madison Wisconsin

12:00

CS17

12:15

CS18 Radiolabeling Short Peptides That Have a Potencial as
Imaging Radiotracers.
M. Al-Qahtani and Y. Al-Malki
Cyclotron and Radiopharmaceuticals Department, King Faisal
Specialist Hospital and Research Center-Riyadh, Saudi Arabia

12:45

MEET AT GONDOLA FOR PICTURES

13:15

BBQ LUNCH ON MOUNTAIN

123

I An Ideal Radionuclide for Pharmacokinetic Studies of
Coral Snake Neurotoxin by SPECT/CT
I. Vergara1, L.A. Medina2,3, A. Alagon1
1
Department of Molecular Medicine and Bioprocess, Instituto
de Biotecnologia UNAM, Cuernavaca, Mor. Mexico,
2
Dosimetry and Medical Physics Group, Instituto de Fisica,
UNAM, Mexico D.F., Mexico, 3Medical Physics Laboratory,
Unidad, de Investigacion Biomedica en Cancer INCan-UNAM,
Insituto Nacional de Cancerologia, Mexico, DF, Mexico

Wednesday, September 19, 2012
07:30-08:30

Breakfast, Valley Foyer

SESSION IX:
Chairperson:

ASTATINE CHEMISTRY
S. Wilbur

08:30

Invited Talk (IS14)
Aspects of Astatine Chemistry: New Methods to Solve Old
Problems
G-J. Meyer
Clinic F. Nuclear Medicine, Hannover Medical School, Germany

09:15

Discussion

09:30

Invited Talk (IS15)
Wet Chemistry Isolation of Na[211At]At: An Overview of the
Isolation Process and Subsequent Labelling Reactions
D.S. Wilbur, D.K. Hamlin, M-K Chyan, and E.R. Balkin,
Department of Radiation Oncology, University of Washington,
Seattle, WA

10:15

Discussion

10:30

Mid-Morning Break

10:45

CS19 Perils and Pitfalls of Developing a Semi-Automated System
for the Isolation and Purification of Na[211At]At
E.R. Balkin, D. Dadochov, D.K. Hamlin, S. Pal and
D.S. Wilbur
Department of Radiation Oncology, University of Washington,
Seattle, WA

11:00

CS20 Synthesis and RadioIodination of Branched-Chain
Polyethylene Glycol Derivatives of Biotin
M-K Chyan1, D.K. Hamlin1, P.D. Davis4, J.M. Pagel2,3,
O.W. Press2,3, and D.S. Wilbur1.
1
Department of Radiation Oncology and 2Medicine, University
of Washington, Seattle, WA, 3Fred Hutchinson Cancer
Research Center, Seattle, WA, 4Quanta BioDesign, Powell,
Ohio, 43065.

11:15

CS21 Direct Labeling of Antibodies with 211At: Scale-up in
Preparation of Future Clinical Studies
D.K. Hamlin1, M-K Chyan1, E.R. Balkin1, B.M. Sandmaier2,3,
O.W. Press2.3, J.M. Pagel2,3, and D.S. Wilbur1
1
Department of Radiation Oncology and 2Medicine, University
of Washington, Seattle, WA; 3Fred Hutchinson Cancer
Research Center, Seattle, WA.

11:30

Closing Remarks

Radiohalogens Then and Now: Seven International Symposia on Radiohalogens
Leonard I Wiebe, DSc, PhD
Radioiodines (128I, 130I) were used in the late 1930’s for pre-clinical thyroid investigations1, but
limited availability delayed their routine application in the clinic. Radiohalogens, especially
‘fission’ 131I, became available for medical use shortly after World War II2. Hyperthyroid
ablation therapy3 and thyroid cancer radiotherapy4 with 131I-iodide were the first routine clinical
nuclear medicine protocols4, whereas radioiodinated compounds were curiosities in drug
development research, particularly as tracers and experimental molecular radiotherapies (MRT)
for cancer. Within two decades, however, ‘medical’ cyclotrons provided a range of
radioisotopes5, leading to 18FDG and a numerous therapeutic radionuclides.
The first symposium in the current series, the International Symposium on Radioiodine (1980),
focused on radioiodines, while all subsequent Symposia have included all radiohalogens.
Symposia topics have ranged from the production of 123I in commercial quantities, to basic
chemistry of the halogens, to applications of short-lived radiohalogens and radioastatine.
Selected highlights of these symposia will be presented.
References
1.
2.
3.

4.
5.
6.

Hertz S, Roberts A, Evans, RD. Radioactive iodine as an indicator in the study of thyroid physiology. Proc
Soc Exper Biol Med 38, 510, 1938.
The Atomic Energy Act (AEA, effective August 1, 1946) made radioisotopes available for medical use in the
USA, marking the beginning of nuclear medicine.
Hertz S, Roberts A. Radioactive iodine in the study of thyroid physiology: VII. The use of radioactive iodine
therapy in hyperthyroidism. JAMA 131, 81-86, 1946.
Chapman EM, Evans RD. The treatment of hyperthyroidism with radioactive iodine. JAMA 131, 86-91, 1946.
Seidlin SM, Marinelli LD, Oshry E. Radioactive iodine therapy; effect on functioning metastases of
adenocarcinoma of the thyroid. JAMA 132, 838-847, 1946.
Clark JC., Mathews CME, Silvester DJ, Vanberg DD. Using cyclotron produced isotopes at Hammersmith
Hospital. Nucleonics 25, 54-62, 1967.
Ido T, Wan CN, Fowler JS, Wolf AP. Fluorination with F2. A convenient synthesis of 2-deoxy-2-fluoro-Dglucose. J Org Chem 42, 2341-2342, 1977.
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International Symposium on Radioiodines (Banff, September, 1980):
Proceedings of the International Symposium. LI Wiebe, AA Noujaim, Eds. J Radioanalytical Chem 65 (1-2),
1981.
International Symposium on Radiohalogens (Banff, September, 1985):
Proceedings of the International Symposium on Radiohalogens. AJ Palmer, DM Taylor, Eds. Int J Appl Radiat
Isotopes 37(8), 1986.
Third International Symposium on Radiohalogens (Banff, September, 20–23, 1992).
Fourth International Symposium on Radiohalogens (Whistler, September 9-13, 2000):
LI Wiebe, 4th Int Symp Radiohalogens, Idrugs Week 42, 63-66, 2000.
Fifth International Symposium on Radiohalogens (Whistler, September 11-15, 2004):
Adam M. Report on the Fifth International Symposium on Radiohalogens. Q J Nucl Med Mol Imaging 52,
203-206, 2008.
Sixth International Symposium on Radiohalogens (Whistler, September 6-10, 2008).
Seventh International Symposium on Radiohalogens (Whistler, September, 2012).

Use of exploratory IND for Early phase clinical trials using PET or SPECT
imaging
Gilles Tamagnan,
Institute for Neurdegenerative Disorders, New Haven, CT

This review considers how a new radiotracer for positron emission tomography (PET) or
single photon emission computed tomography (SPECT) is developed from the eyes of a
chemist to its fruition at the bed of a subject.
The different phases of the development of radiopharmaceuticals are similar to those of
classical pharmaceuticals, including the observation that most of the molecules
synthesized by medicinal chemists fail to become useful tools at one of the steps. Two
major advantages of radiopharmaceuticals are a lower cost of development and the low
mass dose of material delivered to the subject (nano- to micrograms), which results in
lack of pharmacological effects and a lower risk of undesired side effects.
When a compound is synthesized, in-vitro binding assays are performed to determine its
affinity for the target chosen as well its affinity for competing targets. Labeling and initial
in-vivo study allows to determine the distribution of the new radiotracer, and to
determine if further studies are warranted. After identification of potential candidates, the
right animal model needs to be chosen. A rodent model with appropriate tumor could be
of choice for the development of radioligands for oncology, while for the development of
radiotracer for neuroimaging, a non-human primate could be more appropriate. For
specific diseases, genetically altered rodent models give the most unequivocal assurance
of disease etiology.
In January 2006 the FDA has published Guidance for Industry, Investigators, and
Reviewers Exploratory IND Studies. During this presentation we will present how we
have been able to validate efficiently 40 new chemical radiotracers for PET and SPECT
for brain imaging but also what are still some challenges faced in those developments.

Halogen Containing Small Molecule inhibitors of Prostate Specific Membrane Antigen (PSMA) for
Imaging and Targeted Radiotherapy of Prostate Cancer (PCa)
	
  
	
  
John Babich, Shawn Hillier, Genliang Lu, Kevin Maresca, Craig Zimmerman, John Joyal. Molecular Insight
Pharmaceuticals, Cambridge, MA, USA, 02142
Globally, more than 900,000 new cases of prostate cancer were diagnosed in 2010 and more than 260,000
men, unfortunately, died from the disease. According to the World Cancer Research Fund International it
is predicted the number of prostate cancer cases will almost double (1.7 million) by 2030. Definitive
therapy (surgery or radiation) is highly effective, but if the tumor escapes the gland, treatment options are
limited.
PSMA represents a robust molecular target for imaging and targeted radiotherapy of prostate cancer as
PSMA is expressed on nearly all PCa and expression increases with Gleason score and metastases. Of
particular note, PSMA also functions as a glutamate carboxypeptidase and inhibitors of this enzymatic
activity have been described. We have developed a series of halogenated glutamate-urea-Lysine
heterodimers where haloaromatic substituents have been introduced at the epsilon amine of lysine.
Interaction of these ligands with PSMA has been confirmed to occur through binding to the glutamate
carboxy peptidase element of the external domain of PSMA. The radioligands are internalized and
retained in PSMA positive PCa cells and tumors (e.g., LNCaP) for extended periods of time. PSMA
negative cells and tumors (e.g., PC3) do not accumulate these radioligands. High affinity binding has
been demonstrated (range from 0.3 to 10 nMol) and is dependent on the aromatic group, and the nature
and position of the halogen in the ring. Two of these compounds have entered clinical trials (MIP-1072
and MIP-1095) and one of these (MIP-1466) is under investigation as a targeted radio therapeutic. The
preclinical and clinical findings with these promising novel halogenated radiopharmaceuticals will be
presented.
	
  
	
  
	
  
	
  

	
  

	
  
	
  
	
  

	
  

	
  

Diapeutic Radioiodinated Phospholipid Ether Analogs for Imaging and Treatment of Cancer and Cancer
Stem Cells.
Jamey Weichert,
University of Wisconsin Radiology and Novelos Therapeutics
It was reported by Snyder and colleagues in 1969 that tumor cells contained an over abundance of phospholipid
ethers relative to normal cells. This was thought to be due to under expression of an alkyl cleavage enzyme. In
an attempt to exploit this difference we designed and synthesized a series of radioiodinated phospholipid ether
analogs as tumor imaging agents in the early 1990’s. Some of these showed tumor avidity in vivo and
eventually over 30 analogs were synthesized, radioiodinated and evaluated for their tumor selectivity. One of
these analogs, 124I-NM404 (18-(4-iodophenyl)-octadecylphosphocholine), has displayed remarkable in vivo
tumor avidity in 52/54 human xenograft and spontaneous primary and metastatic rodent tumor models. Unlike
the current gold standard tumor imaging agent FDG, NM404 is not taken up by inflammatory or premalignant
(mammary and colon adenomas) lesions. Tumor uptake was not observed in 2 different hepatoma cells lines.
124I-NM404 is currently being evaluated in multiple clinical PET/CT imaging trials in a variety of cancer types.
Recent cellular confocal microscopy studies with a fluorescent analog of NM404 have shown that the agent is
taken up preferentially into tumor cells over normal cells in co-cultured skin fibroblasts and melanoma cells.
Tumor cell uptake occurs via surface membrane lipid rafts and once inside the cell enters the PIP3 kinase/AKT
pathway. Lipid rafts are known to be significantly more prevalent in malignant cells versus normal cells. A
unique feature of this agent for radiotherapy applications is that it undergoes prolonged tumor cell retention in
malignant cells. Preclinical single dose survival studies conducted with 131I-NM404 in eight mouse xenograft
models (renal cell, melanoma, lung, prostate, breast, glioma, pancreatic, and ovarian) showed significant
prolongation of life ranging from 40-400 percent relative to saline treated control cohorts. Moreover, the
therapy version (131I) of this agent has completed a Phase 1a dosimetry study in 8 human cancer (lung,
esophageal, prostate breast, ovarian) patients and is currently being evaluated in a phase 1b dose escalation
safety study in human cancer patients. This presentation will initially discuss the preclinical and clinical
development of NM404 a unique phospholipid ether analog for broad spectrum cancer imaging and therapy
which has shown promise in a wide variety of solid tumors and then focus on the potential of these analogs to
image and treat cancer stem cells which are known to resist both traditional chemo and radiotherapeutic
treatment paradigms.

Development of Radioimmunotherapy-Based Conditioning Regimens for
Hematopoietic Cell Transplantation (HCT) Using Alpha-Emitters
Brenda M Sandmaier, MD1,2, Brian T Kornblit, MD, PhD1, Donald K Hamlin3, Erlinda B Santos1,
Ming-Kuan Chyan, PhD3, and D Scott Wilbur, PhD3
1

Clinical Research, Fred Hutchinson Cancer Research Center, Seattle, WA; 2Dept. of Medicine,
University of Washington, Seattle, WA; 3Department of Radiation Oncology, University of
Washington, Seattle, WA
Allogeneic HCT is increasingly used to treat patients with advanced hematologic malignancies and
life-threatening nonmalignant diseases. However, treatment related toxicities and relapse are still
major causes of morbidity and mortality. We are developing monoclonal antibody (MAb)-based
targeted radiation therapy using a powerful α-emitting radionuclide, astatine-211 (211At), by means
of pre-clinical investigations in canine HCT models. Our goal to increase the efficacy and decrease
toxicity of allogeneic HCT by using radioimmunotherapy with α-emitters to reduce or completely
replace total body irradiation (TBI) in the conditioning regimen. Previously we demonstrated that
panhematopoietic anti-CD45 or T-cell specific anti-TCRαβ MAbs labeled with bismuth-213 (213Bi),
could replace 2 Gy TBI in nonmyeloablative conditioning of dogs transplanted with marrow from
DLA-identical littermates. However, due to lack of availability and cost of 213Bi for the amounts
needed for the translation of the 213Bi-labeled MAb into clinical trials, we investigated the use of
211
At as an alternative α-particle-emitting isotope. The longer half-life (211At, 7.2 hrs; 213Bi, 46 min)
allows longer exposure of target organs and delivery of sufficient radiation in a single infusion.
Results: Initially the two isotopes were compared in a murine model using an anti-CD45 MAb,
which showed that the myelosuppressive effects and toxicity profile of 211At-labeled anti-CD45 MAb
was comparable and possibly superior to 213Bi. In the current canine studies, a new labeling
approach is used which involves conjugation of a boron cage-containing molecule, a closodecaborate(2-), to the MAb prior to astatination. Our dose-finding studies in dogs, not given stem
cell rescue, established that 100-618 µCi/kg 211At-labeled anti-CD45 MAb provided neutrophil and
lymphocyte nadirs consistent with those found previously to allow engraftment in DLA-identical
littermates. We next conducted HCT studies. Eight dogs received doses ranging from 155-625
µCi/kg 211At-labeled anti-CD45 MAb as conditioning at day -3 followed by BM infusions from DLAidentical dogs on day 0 and MMF and CSP for 28 and 37 days, respectively. All dogs engrafted.
There was no clinical or histopathological evidence of GVHD. At a median time of follow-up of 52
(range 40-53) weeks, all seven dogs treated with 211At doses between 203 and 625 µCi/kg achieved
long-term mixed chimerism ranging between 19% to 58%, 41% to 79%, and 13% to 46% in MNC,
granulocytes, and CD3+cells, respectively. There was no renal toxicity, with BUN and creatinine
levels within the normal range and no appreciable liver toxicity. Immune reconstitution was prompt
with normal T and NK function by day 60 as measured by mixed leukocyte culture and NK assays,
respectively. Upon necropsy no macroscopic or histologic evidence of organ toxicity was observed.
We are also evaluating the use of 211At-labeled anti-CD45 MAb in the DLA-haploidentical model.
Currently we are investigating the use of a MAb selectively targeting T cells, 211At-labeled antiTCRαβ MAb. As expected, selective ablation of lymphocytes was observed with similar lymphocyte
nadirs attained with 211At-labeled anti-TCR MAb as obtained with 211At-labeled anti-CD45 MAb,
without the profound neutrophil nadirs.
Summary: The results obtained in the dog model are very encouraging and suggest that 211Atlabeled anti-CD45 MAb conditioning will be successful in patients. We have completed toxicity
studies with the anti-CD45 MAb in DLA-identical HCT and successfully established grafts.
Therefore, we currently are evaluating both the upper dose that can be safely given and the
minimal dose that consistently allows engraftment. Additionally, we have pilot data suggesting that
we can selectively target T cells with the anti-TCR MAb without causing neutropenia or
thrombocytopenia.
Acknowledgment: We would like to thank the NIH (CA118940; CA113431, HL036444) for funding
these studies.

New Developments in Production of Radiohalogens
I. Spahn* and S. M. Qaim
Institut für Neurowissenschaften und Medizin, INM-5: Nuklearchemie,
Forschungszentrum Jülich, D-52425 Jülich, Germany
Among all the radionuclides utilized in the fields of medicine, technology and
environmental sciences, radioisotopes of halogens take a special place due to their ability to
form covalent bonds with organic molecules. Today 18F is a pillar in the field of functional
diagnosis by Positron Emission Tomography (PET). Such routine medical applications
demand a constant provision of suitable short-lived radionuclides. In research oriented
studies, on the other hand, use of longer-lived radiohalogens is very favorable. This review
deals with some recent developments in their production.
In the case of the radionuclide 18F, where the development of nucleophilic 18F– can be
considered complete, the routine production of an electrophilic form, like [18F]F2, is still being
optimized. Attempts have also been made to produce 18F by intermediate energy reactions.
Concerning radioisotopes of chlorine, 38Cl (T½ = 37 min) and 34mCl (T½ = 32 min) are very
interesting, the latter being a suitable PET radionuclide [1]. The current status of nuclear data
on radiochlorine, however, is rather poor and further work has to be done in order to establish
these radionuclides. Although not widely-used, the application of radiobromine for synthesis
of radiopharmaceuticals bears some advantages due to the high chemical versatility, including
high nucleophilicity and the possibility of in situ oxidation. The production possibilities via
intermediate energy reactions of the lighter isotopes 75Br (T½ = 1.6 h) and 76Br (T½ = 16.2 h)
for PET imaging have been discussed with special focus on the competitive formation of
different radioisotopes [2, 3]. Furthermore, evaluation of all the production routes of 76Br and
77
Br has been performed [4, 5]. For the chemical separation of radiobromine from irradiated
ZnSe, a simple ion-exchange method has been developed. Regarding the radioisotopes of
iodine, the use of the therapeutic 131I or of the SPECT isotope 123I is well established. A small
discrepancy in the data relevant to the production of 123I via the 124Xe(p,x)-process has
recently been solved [6]. The isotope 120I (T½ = 81.0 min) is a suitable radionuclide for PET.
Its production at a small cyclotron has been further optimized. The radionuclide 124I (T½ = 4.2
d) is very useful for quantitative dosimetry in internal radiotherapy. In recent years, the
nat
Sb(3He, xn)- and natSb(α,xn)-reactions for its production have been investigated in detail [7,
8] and an evaluation of all production routes has been carried out [cf. 9]. A wet chemical
separation method from an natSb target, employing ion-exchange tomography, has also been
developed. The method of choice, however, remains the 124Te(p,n)124I reaction which leads to
the product of highest purity, though the yield is rather low. Since the iodine bond is more
stable than most metal-chelate systems radioiodine is an interesting alternative for labelling of
proteins and nano-particles. The radionuclide 211At is of interest for α-therapy. Its most
efficient production route via the 209Bi(α,2n)211At reaction demands the availability of a
medium energy α-particle beam. Alternative production routes have been considered but are
not of much use.
[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]
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H. E. Hassan and S. M. Qaim (2011). Nucl. Instrum. Methods B 269, 1121-1129.
A. Hermanne et al., (2011). Appl. Radiat. Isot. 69, 358-368.
F. Tárkányi et al., (2009). Appl- Radiat. Isot. 67, 1001-1006.
M. S. Uddin et al., (2011). Appl. Radiat. Isot. 69, 699-704.
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Production of Radioactive Bromine Isotopes by Deuteron-induced Reactions
K. Breunig*, I. Spahn, D. Bier, M. Holschbach, S. Spellerberg, B. Scholten, H.H. Coenen
Institut für Neurowissenschaften und Medizin, INM-5: Nuklearchemie, Forschungszentrum
Jülich, Germany.
The longstanding interest in radioactive bromine for nuclear medical applications
results from the various decay properties of the radioisotopes of bromine as well as from the
versatile and advantageous bromine chemistry. The positron emitting radionuclides 75Br
(T1/2 = 1.6 h; β+ = 75.5%) and 76Br (T1/2 = 16.2 h; β+ = 57%) for example are useful for in vivo
molecular imaging by use of positron emission tomography (PET) [1], whereas the Auger
electron emitters 77Br (T1/2 = 57.036 h) and 80mBr (T1/2 = 4.4 h) are rather attractive for
internal radiotherapy (endotherapy).
Reaction cross section data are of fundamental importance in cyclotron production of
radionuclides, as they are mandatory for selecting a suitable energy range with respect to
undesired side-products as well as for calculating the expected production yields and are
therefore indispensable for the optimization of production routes [2]. The production of
radiobromine isotopes via deuteron-induced processes on selenium represents a good
alternative to proton-induced reactions. As there are currently no data available in the
literature, the corresponding cross sections for the nuclear reactions natSe(d,xn)75,76,77,82Br
were measured in the energy range 41 → 17 MeV . Here, the formation of 77Br is favoured
with cross sections up to 150 mb, whereas 82Br is hardly formed. Cross sections for
nat
Se(d,xn)78Br reactions were determined by decay curve analysis, as 78Br shares its only high
abundant γ-ray with the co-produced radionuclide 78As (T1/2 = 1.5 h; β- = 100%).
For the isolation of no-carrier-added (n.c.a.) radiobromine from an irradiated selenium
target a thermochromatographic separation system is currently set up. This way radiobromine
shall be evaporated from the target material and ultimately obtained as Na*Br for subsequent
labelling procedures. Although bromine can act as both, strong nucleophile and electrophile,
the focus of planned studies is on the n.c.a. electrophilic application by in situ oxidation of
radiobromide, why preparations have to be free of reductants.

[1] D.J. Rowland, T.J. McCarthy, M.J. Welch (2003). Radiobromine for imaging and
therapy, in: Handbook of Radiopharmaceuticals. Welch, M.J. and Redvanly, C.S. (eds.),
John Wiley & Sons, New York, 441-456.
[2] S.M. Qaim (2002). Nuclear data for medical applications: an overview. Radiochim. Acta,
89, 189–196.

Production of electrophilic 34mCl for use in PET imaging
J. W. Engle1, P. A. Ellison*, T. E. Barnhart, D. Murali, O. T. DeJesus, R. J. Nickles
The University of Wisconsin, Madison, USA. Current address: 1Los Alamos National Laboratory, Chemistry
Division - Isotopes, Inorganics and Actinides. Los Alamos, NM, USA. *Corresponding Author:
paellison@wisc.edu.
Introduction
[34m/38Cl]ClF and [34m/38Cl]ClOAc were synthesized by reaction with F2 in two ways. The first uses heat to
initiate direct formation of [34m/38Cl]ClF from chloride trapped on a cyclotron target lining in a tube furnace.
The second uses high voltage discharge to stimulate the exchange reaction in a quartz vessel.
Methods
Argon gas targets containing a rolled stainless steel foil (200 x 80 x 0.1 mm) were irradiated with 30 μA
deuterons at pressures between 70 and 120 psig. Immediately following bombardment, target gas was vented
to containment volumes (in the case of the natural target) or cryotrapped at -196°C to recover enriched 36Ar.
1st method: The stainless steel target liner was inserted into a 1.90 cm ID quartz tube and connected with
custom PEEK fittings to 5% F2 in 99.9% pure argon gas. The quartz tube was inserted into a tube furnace
and its outlet connected either to a packed NaOAc trap or directly to a PEEK tube for bubbling into a 1 ml
solution of 1% trifluoroacetic acid (TFA) in glacial acetic acid (HOAc). The vial was vented to fume hood
air handling through a Soda Lime trap. Radioactivity in both the stainless foil and in the trapping solution
was monitored and logged. After loading, flow of 5% F2 in argon was established at 30-50 ml/min and the
tube furnace warmed slowly from room temperature to 300°C. Gas flow flushed [34m/38Cl]ClF to optional
NaOAc for flow-through conversion to [34m/38Cl]ClOAc before bubbling into the final solution of HOAc and
precursor. The reaction was complete 45 minutes after the end of bombardment (EoB). Approximately 5% of
the original activity was trapped in HOAc, with the balance of activity distributed through the chemistry
system. Radioisotopic purity was > 99%.
2nd method: After irradiation, a SS foil with trapped [34m/38Cl]chloride (~2 GBq at EoB) was removed from
the custom target and washed with 5 ml 80°C 18MΩ water. Aqueous [34m/38Cl]chloride was loaded onto a
QMA cartridge. The QMA was eluted with 0.1 ml 25% aqueous TMeOH and 0.9 ml acetonitrile (MeCN).
The eluent was azeotropically dried in MeCN before AgO2-catalyzed (30 mg) formation of n.c.a.
[34m/38Cl]MeCl using MeI as the alkylating agent at 80°C. Helium flow flushed [34m/38Cl]MeCl from the
reaction vial to a preparative GC column (Hayesep D, 100-200 mesh) for purification from organic solvents.
The peak was trapped in 500 mg 200-mesh stainless steel spherical GC packing at -196°C. As the trap
warmed, a 35-65 ml/min flow of 0.5% 19F2 in neon at 60 psig swept activity through an electric discharge (25
kV, 400 uA RMS) to produce [34m/38Cl]ClF. Consecutive sodium acetate and soda lime traps then determined
relative amounts of [34m/38Cl]HCl and [34m/38Cl]ClF. In separate experiments the product was bubbled into a 1
ml solution of 1% TFA in HOAc. Unconverted methyl halides were trapped in a syringe for activity balance.
Production of [34m,38Cl]MeCl was complete 30 minutes after EoB. Yields of MeCl were 75 ± 14%
determined by measuring the reaction vial immediately before and after addition of MeI. Radiochemical
purity of trapped [34m,38Cl]MeCl exceeded 99.9%, checked by analytical GC. The final product consisted of
25 ± 12% and 22 ± 14% [34m,38Cl]ClF and [34m,38Cl]HCl, respectively, with a balance of several methyl
halides. Radionuclidic purity when irradiating separated 36Ar exceeded 99.9%.
Conclusions
[34m,38Cl]ClF is produced in reasonable radiochemical yields less than 1 hour after the end of irradiation. The
former, using a tube furnace and direct reaction with F2, resulted in lower yields, faster chemistry, and
significantly decreased radiochemical purity.

New initiatives at TRIUMF for the development of 211At-based targeted alpha therapy
Jason Crawford1 and Thomas Ruth2
(1) Dept. of Physics and Astronomy, University of Victoria, Victoria, BC, Canada
(2) Nuclear Medicine Division, TRIUMF, Vancouver, BC, Canada
The short-range, high LET alpha-particle radiation emitted by astatine-211 (7.2 hour half-life) is highly cytotoxic
and capable of inactivating single, isolated cancer cells which may otherwise cause recurrence. The development of
211
At-based therapies is primarily limited by 211At availability and only a handful of institutions have the alphaparticle cyclotron currently necessary to produce this isotope.
At TRIUMF, a novel generator system is currently being evaluated as an alternative production method for 211At.
211
At is produced in 74% of 211Rn decays (14.6 hour half-life), and maximum yields of 211At are collected 9-22
hours after 211Rn isolation. This would allow 211Rn to be shipped large distances while 211At is generated in transit.
Using existing infrastructure at TRIUMF, 211Rn will be produced in the spallation of an actinide target with
cyclotron-accelerated 500 MeV protons and isolated from all other isotopes using a high resolution mass separator.
The 211Rn ions will be implanted into a salt foil and subsequently captured to produce 211At in isolation. Critical
considerations for optimizing collection will be presented along with the possible analogous production of other
astatine isotopes more suitable for in vivo internal dosimetry (e.g. 209At).
The heterogeneous activity distributions of 211At in vivo combined with the short range of alpha-particles limits the
utility of macroscopic dose measurements for predicting biological effect. In collaboration with the University of
Washington and the Fred Hutchinson Cancer Research Center, a supplementary study has been designed to measure
ex vivo 211At activity distributions with cell-level resolution in normal tissues (lung, liver, and kidney) for a murine
model of leukemia using alpha-camera autoradiography. These measurements will be useful for interpreting wholeorgan activity measurements and estimating the extent and biological significance of the radiation damage.
These ongoing projects demonstrate a new investment from TRIUMF in the development of
and are expected to provide future opportunities for collaboration.
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Fluorine-18 Radiochemistry: The Future is Now

Michael. R. Kilbourn, Ph.D.
Division of Nuclear Medicine, Department of Radiology, University of Michigan
Medical School, Ann Arbor, MI, 48109
The widespread availability of small animal PET imaging instruments has spurred a
growing interest in applications of fluorine-18 radiopharmaceuticals as part of the
overall “molecular imaging” approach to studying biology in intact animal models of
disease. The increasing importance of PET imaging in human medicine, exemplified
by recent approvals of fluorine-18 radiopharmaceuticals, has emphasized the
potential for even more applications of PET in both clinical research and clinical
care. These factors have spurred a renewed interest in the development of new and
unique methods for the introduction of fluorine-18 into small organic molecules as
well as into larger biologically active molecules (e.g., peptide hormone analogs and
integrins). Synthesis of fluorine-18 labeled organic molecules has been now done
for decades, mostly through the applications of simple nucleophilic substitution
reactions using [18F]fluoride ion, or the electrophilic addition of fluorine using
[18F]fluorine gas or a reagent derived from it (e.g., acetyl hypo[18F]fluorite). In
recent years, exciting new progress in fluorine-18 labeling has been made.
Applications of diaryliodonium salts have yielded approaches to fluorine-18 labeling
of non-activated aryl rings, long a challenging procedure that in the past was met by
multi-step procedures.
Transition-metal catalyzed fluorination reactions offer
new routes to fluorinated molecules. “Click” chemistry methods provide rapid
assembly of fluorine-18 molecules, and the labeling of an almost unlimited variety of
larger molecules.
Binding of [18F]fluoride ion to aluminum and subsequent
coordination offers rapid routes to fluorine-18 labeling in aqueous media. These
and other new fluorination techniques that have challenged the simple concepts of
[18F]fluorination will be reviewed, demonstrating that the field of fluorine-18
chemistry is alive and well and positioned to provide routes to an ever-increasing
number of valuable radiopharmaceuticals for PET research and clinical care in the
future.

Title: Development of 18F-labelled aminosuberic acid derivatives for in vivo analysis of cystine
transporter expression
Authors: H Yang1, BF Johnson2, M Rishel2, BD Lee2, K Kent2, Q. Miao1, F. Bénard3, D. Yapp3, JM Webster*2,
P Schaffer*1
1-TRIUMF, Vancouver, CA 2-General Electric, Global Research, Niskayuna, NY, USA, 3-The British
Columbia Cancer Agency, Vancouver, CA.
Novel metabolic pathways beyond enhanced glycolysis have been the focus of an intense global
research effort as a means to understand the initiation and progression of cancer at the molecular level
using molecular imaging. One subset of cellular targets that have recently gathered much attention are
amino acid transporters that specifically bind to substrates of a common molecular class (i.e. structure,
relative charge, pKa). With an established binding, uptake and retention profile, amino acid-based
tracers are offering significant insight into tumor metabolism and detoxification adaptations without the
traditional interfering contributions brought about by visualizing glucose metabolism.
We are interested in pursuing a novel class of substrate designed to specifically enable functional
imaging of cellular oxidative stress by targeting and imaging the cystine/glutamate transporter (Xc-); a
novel cellular target that has low expression in most tissues, becoming upregulated as cells encounter
aberrant, oxidative conditions. To date, the Xc- transporter appears to have a relatively narrow
substrate-binding/transport profile, potentially making for an imaging target with specific binding
toward ligands that do not utilize other amino acid transporters.
Studies in our groups have established uptake of 3H-labelled aminosuberic acid (ASu) in cells induced
with oxidative stress. Not surprisingly, data obtained using 18F-labelled derivatives that utilized popular
but large prostheses showed that uptake was affected adversely. This prompted us to explore the
feasibility of using radiolabelled derivatives of ASu in which the radiolabelling modification was minimal
in size and/or involved modification of the core structure of the substrate. For proof of feasibility, an
18
F-labelled ASu ([18F]-FASu) analogue was prepared and analyzed. [18F]-FASu was prepared via
nucleophilic displacement of the tosylate precursor, producing a tracer in which the 18F is appended
directly onto the core structure; closely mimicking the parent compound (ASu). A preliminary
biodistribution study has demonstrated [18F]-FASu uptake and tumour retention with tumour:blood
ratios exceeding 10:1 at 120 min. PI and tumour:muscle ratios exceeding 20:1 at the same timepoint.
This presentation will focus on the preparation, formulation and in vivo analysis of [18F]-FASu.

Palladium catalyst improves the yield of aromatic nucleophilic radiofluorination
F. Combe, T. Betzel, R. Schibli, P.A. Schubiger, S.M. Ametamey, S.V. Selivanova*
Center for Radiopharmaceutical Sciences, ETH Zurich, Zurich, Switzerland
Introduction of nucleophilic 18F-fluoride into an aromatic ring during last steps
of synthesis, as required for short-lived PET tracers, is not always easy. Usually, a
very good leaving group, such as nitro or trimethylammonium, is needed, as well as
an activating electron-withdrawing group in the ortho- or para-position to the leaving
group. In addition, the reaction requires high temperatures, which is problematic for
heat-labile precursors. Catalysts are often employed in organic synthesis to increase
reaction rates. We explored the possibility of introducing 18F-fluoride into an aromatic
ring in the presence of a palladium catalyst.
Several small aromatic structures, containing various leaving groups and
substituents, were used as model substrates. Different solvents and reaction conditions
were investigated. Finally, application of the catalyst system was tested on a
biologically relevant precursor molecule, a folic acid derivative.
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The use of palladium catalyst significantly improved the radiochemical yield
of nucleophilic radiofluorination when precursor contained an activated aromatic ring.
Moreover, the fluorination reaction proceeded at lower temperature and/or faster
compared to conventional radiofluorination conditions. Use of catalyst system for the
labeling of a folic acid derivative led to a 4 fold increase in the radiofluorination yield.

[18F]Fluorophenyl-L-Amino Acids by Isotopic Exchange on Carbonyl-activated
Precursors
J. Castillo Meleán, J. Ermert, H. H. Coenen
Institut für Neurowissenschaften und Medizin, INM-5: Nuklearchemie, Forschungszentrum
Jülich, Germany.
[18F]Fluorophenyl amino acid analogues have been under development for almost 40
years as promising probes for diagnostics using PET. However, a wider use of these
radiofluorinated compounds has been limited due to radiosynthetic constraints. The work here
presents a comparison of the application of an amenable three-step radiosynthesis pathway for
the preparation of 2-[18F]fluoro-L-phenylalanine (2-[18F]Fphe), 2-[18F]fluoro-L-tyrosine (2[18F]Ftyr), 6-[18F]fluoro-L-m-tyrosine (6-[18F]Fmtyr) and 6-[18F]fluoro-L-DOPA (6[18F]FDOPA), founded on an earlier concept [1, 2]. Corresponding precursors were 18Ffluorinated by nucleophilic isotopic exchange, followed by either removal of an activating
formyl group with Rh(PPh3)3Cl or its conversion by Baeyer-Villiger oxidation, and
subsequent hydrolysis of protecting groups in acidic medium.
An optimized synthesis of the fluorobenzyloxoimidazolidinone derivatives was used here for
labelling precursors [3]. The radiosyntheses of 2-[18F]Fphe and 2-[18F]Ftyr were performed
either under conventional or microwave heating. The conventional heated reactions led to the
desired products 2-[18F]Fphe and 2-[18F]Ftyr in 43% and 49% yields as compared to 34% and
43% RCY, respectively, when microwave heating was applied. However, ca. 40 min of total
preparation time were saved with the latter method, thus providing similar amounts of product
activity [4]. 6-[18F]Fmtyr was achieved in only 13% overall RCY with an enantiomeric purity
of > 93% even with microwave heating.
Based on earlier attempts2 also the nucleophilic radiosynthesis of 6-[18F]FDOPA by isotopic
exchange could be optimized by changing many parameters from the previous work providing
the tracer with ca. 40% RCY and a high enantiomeric purity of > 96%. The specific activity
of the tracers prepared here under developmental conditions was at least as high as that
achieved by electrophilic methods and it will increase further with higher starting activity.

[1] Tierling, T., Hamacher, K., Coenen, H. H. (2001). J. Label. Compds. Radiopharm. 44,
S146-S147.
[2] Wagner, F. M., Ermert, J., Coenen, H. H. (2009). J. Nucl. Med. 50, 1724-1729.
[3] Castillo Meleán, J., Ermert, J., Coenen, H. H. (2010). Tetrahedron 66, 9996-10001.
[4] Castillo Meleán, J., Ermert, J., Coenen, H. H. (2011). Org. Biomol. Chem. 9, 765-769.

Radiofluorination Devices-such as synthesizers
M. Müller, ABX advanced biochemical compounds, Radeberg GERMANY

The task of the first automated systems was to protect the radiochemist against
gamma radiation because of the growing clinical demand of radiotracers as18F-FDG.
It was the beginning of a big exploration of different technologies starting from a robot
system which imitated the hand of a radiochemist up to microfluidic devices for
chasing the dream of nuclear medicine to have “doses on demand“ of many
radiotracers at any time available.
Various promising and less promising technologies of the last two decades will be
presented for example new phase transfer reagents, electrochemical cells or
microfluidic devices wherein some resulted in commercial available synthersizers. A
short overview of these synthesizers from different companys will be given with the
main focus on there practical usefulness in routine production. Also some interesting
developments of flexible synthesizers for multi tracer productions and the strategies
to avoid cross contamination will be shown. This ends up in the question: do we have
systems which cover the whole F-18 chemistry in contemplation of more complex
processes with multi step- or catalytic synthesis.
At the end some new concepts will be discussed starting from small to big cyclotrons
and ending up in the supply of multi doses or doses on demand. The concepts will be
revised on the ability to satisfy the growing market of F-18 tracers and on the
suitability in a GMP environment.
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F-labeled peptides: The future is bright

Frank Wuest
Department of Oncology, University of Alberta, Edmonton, Canada

Radiolabeled peptides have been the subject of intense research efforts for targeted diagnostic imaging
and radiotherapy over the last 20 years. The high interest in radiolabeled peptides mainly stems from the
overexpression of specific peptide-binding receptors in numerous cancers and inflammatory tissues.
Small peptides for receptor imaging and targeted radiotherapy have several advantages over larger
specific targeting vectors like proteins, antibodies, and antibody fragments. The low molecular weight of
peptides allows for rapid clearance from the blood and non-target tissue, which results in favourable
target-to-non-target ratios. Moreover, peptides usually display good tissue penetration and they are
generally non-immunogenic. A major drawback is their potential low metabolic stability.
The majority of currently used radiolabeled peptides for targeted molecular imaging and therapy of cancer
99m
111
68
64
177
90
Tc, In, Ga, Cu, Lu, and Y.
is labeled with various radiometals like
However, over the last decade there is an increasing tendency to label peptides with the short-lived
18
18
positron emitter F. Despite the obvious advantages of F like its ease of production in large quantities
+
18
at high specific activity, the low β energy (0.64 MeV) and the favourable half-life (109.8 min), F-labeling
of peptides is a special challenge.
18
This review will provide an overview on various chemical strategies for peptide labeling with F. The
18
review will also include recent technological advancements for F labeling of peptides as well as special
18
aspects of radiopharmacology with F-labeled peptides.

[18F]FPyKYNE-Losartan: a New PET Tracer for Imaging AT1 Receptors
N. Arksey, T. Hadizad1, R.S. Beanlands and J.N. DaSilva*
1

National Cardiac PET Centre, University of Ottawa Heart Institute, 40 Ruskin St., Ottawa, ON,
Canada, K1Y 4W7; 2 Division of Cardiology (Department of Medicine) and Department of
Cellular and Molecular Medicine, University of Ottawa, Ottawa, ON, Canada
Most physiological effects of Angiotensin II are mediated via the AT1 receptors, which
are upregulated in various pathological disease states, including diabetes, cardiac hypertrophy,
ischemic and idiopathic cardiomyopathy and post-infarction. Prior structure-activity relationship
(SAR) studies suggested the addition of large substituents at the hydroxyl position of losartan
would minimally affect AT1 receptor binding affinity.
We synthesized the 18F-labeled derivative of the clinically used AT1 receptor blocker
(ARB) Losartan with the automated dual reactor TRACERLab FX N Pro module (GE
Healthcare) through conjugation of [18F]fluoro-3-pent-4-yn-1-yloxypyridine ([18F]FPyKYNE) to
azide-modified losartan via the Cu(I)-catalysed azide-alkyne 1,3-dipolar cycloaddition
(CuAAC). The trityl group was then cleaved to produce the [18F]fluoropyridine analog of
losartan. [18F]FPyKYNE-Losartan was synthesized in 5-10% yield (decay-corrected) in > 97.5%
purity and with specific activities upwards of 3,000 mCi/µmol. MicroPET (Siemens Inveon)
images of normal Sprague Dawley rats displayed high uptake in the kidneys with good contrast
to surrounding tissue. Blocking AT1 receptors with saturating dose of ARB candesartan reduced
renal uptake indicating specific binding to AT1 receptors. This research was supported by the
Ontario Preclinical Imaging Consortium and the Heart and Stroke Foundation of Ontario.
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[18F]FPyKYNE-Losartan radiosynthesis via click chemistry

Synthesis and evaluation of a (D4) deuterium analog of a potential
for imaging PDE10A

18

F PET radioligand

D. Donnelly*, P. Chow, K. Cao, T. Tran, J. Kim, A. Pena, L.Barreto, D. Kukral, S. Bonacorsi, D.
Dischino, J. Bronson, S. Mercer
Radiochemical synthesis, Bristol-Myers Squibb, P.O. Box 4000, Princeton, NJ 08543, USA
Phosphodiesterases are a family of enzymes involved in the inactivation of the secondary
messengers: cyclic adenosine 3’-5’-monophosphate (cAMP) and cyclic guanosine 3’-5’-monophosphate
(cGMP). Unlike other members of the phosphodiesterase family, phosphodiesterase 10A (PDE10A) is
unique since it is almost exclusively expressed in the medium spiny neurons of the striatum (caudate and
putamen) of mice, non-human primates, and humans. Abnormal striatal levels of PDE10A impair striatal
output, which may contribute to the pathophysiology of such conditions as: Schizophrenia, Alzheimer's,
Parkinson's, and Huntington's diseases.1
A PDE10A specific PET radioligand having high affinity may provide a unique tool to study
changes in PDE10A levels of living subjects and investigate the physiological function of PDE10A in
the central nervous system (CNS). The aim of this work was to evaluate a deuterium containing analog
of 18F-JNJ41510417 (B). [18F]-JNJ41510417 is a structure derived from the chemical series that includes
PF-2545920 (also known as MP-10), a compound developed by Pfizer scientists.(2-4) Our goal for
synthesizing this D-4 analog was to increase the isolated yield of a one-pot fluorination reaction to
generate useable quantities of this PET radioligand for imaging studies and to potentially slow down the
in-vivo metabolism of this compound as originally described in the literature.
We report the radiosynthesis of 2-((4-(1-[18F]-1,1,2,2-d4-ethyl-4-(pyridin-4-yl)-1H-pyrazol-3yl)phenoxy)-methyl)quinoline (B) and the in vitro and in vivo evaluation of this compound as a PET
radiotracer for imaging PDE10A in the CNS. The radiosynthesis of (B) was achieved by a one pot,
nucleophilic displacement of the corresponding D-4 meslyate precursor with Kryptofix 2.2.2, [18F]KF,
and potassium carbonate. The D-4 compound was obtained in approximately 20% radiochemical yield
and a specific activity >3000 Ci/mmol. This was compared to the relatively low radiochemical yield
(0.5%) and specific activity (300 Ci/mmol) associated with the H-4 analog (B) when conducted within
our remote controlled synthesis unit. Ex-vivo autoradiography studies of rat brain sections revealed
selective binding of the D4 analog to PDE10A enriched regions. Micro PET imaging studies of rodent
and non-human primate displayed specific uptake of the D4 ligand in PDE10A rich regions. Analysis of
radiometabolites in both non-human primate and rodent plasma indicated there was no significant
difference in the metabolism of either the H4 (A) or the D4 (B) 18F ligands. Our initial evaluation
suggests that deuterium incorporation at the fluoroethyl portion of tracer gave a significantly higher
radiochemical yield and higher specific activities than the corresponding H4 analog. The D4 analog
gave identical imaging and metabolite profile results as the corresponding H4 compound.

References: 1) Winterer, G., Wienberger, D.; Trends neurosci 2004 683. 2) Celen,J.; et al. JNM 2010 1584. 3)Verhoest, P.R.;
et al. J.Med.Chem 2009 5188 4)Walker, M.A.; et al. Drug discovery today 2010 79

Development of [18F]Flubatine, a promising radiotracer for the imaging of α4β2
nicotinic acetylcholine receptors (nAChRs)
Hoepping, A.1; Smits, R.1; Fischer, S.2; Hiller, A.2; Funke U.2; Deuther-Conrad, W.2;
Sattler, B. 3; Steinbach, J.4; Sabri, O.3; Brust P.2
1. ABX Advanced Biochemical Compounds, Radeberg, Germany
2. Neuroradiopharmaceuticals, Helmholtz-Zentrum Dresden-Rossendorf,
Research Site Leipzig, Leipzig, Germany.
3. Department of Nuclear Medicine, University Hospital Leipzig, Germany.
4. Institute of Radiopharmacy, Helmholtz-Zentrum Dresden-Rossendorf,
Dresden, Germany.
The density of nicotinic acetylcholine receptor (nAChR) subtypes is reduced in brain
of Alzheimer’s disease (AD) patients. Imaging of α4β2 receptors, the predominant
subtype, could thus contribute to early diagnosis of AD. .Existing radiotracers for
α4β2 nAChRs have suffered from inadequate affinity, or very slow binding kinetics,
but the novel compound [18F]Flubatine presents several advantages. Both
enantiomers display high affinity in vitro and fast cerebral binding kinetics in living
mice and pigs. Initial human PET imaging studies have confirmed high uptake in the
thalamus, low non-specific binding, and attainment of equilibrium binding in less than
two hours. Dosimetry studies in healthy human volunteers indicate that effective
doses for (-)-[18F]Flubatine (< 10 mSv/300 MBq) are compatible with application in
routine clinical studies.
We have described the organic synthesis of enantiomerically pure (–)-Flubatine and
(+)-Flubatine. Moreover, several precursors with different protecting groups and
leaving groups have been synthesized for optimised radiosynthesis. The best
radiochemical results were obtained with a trimethylammonium precursor carrying a
Boc-protecting group, employing a two-step radiosynthesis. Radiolabelling under
phase transfer conditions afforded the protected 18F-intermediate in yields of 90%.
Subsequent deprotection under mild conditions gave the final products with a
radiochemical yield of 70±5%, and specific activity >350 GBq/µmol. [18F]Flubatine
was stable in dilute HCl, NaOH and K2CO3 solutions, as well as under physiological
conditions.
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Glutamine for Imaging Tumor Metabolism
Hank F. Kung, 1)
1)
Departments of Radiology and Pharmacology, University of Pennsylvania
3700 Market St., Philadelphia, PA 19104
In the past two decades tumor imaging using 18F-2-fluoro-2-deoxyglucose (FDG-PET)
has achieved a widespread acceptance in the practice of oncology for initial diagnosis,
monitoring progression and evaluating efficacy of cancer therapy. The uptake of FDG in
tumors with higher rates of glycolysis leads to high levels of signal to noise ratio and
anatomical identification in conjunction with PET/CT. Despite the tremendous promise of
using FDG-PET to detect and monitor tumor metabolism, a significant portion of malignant
tumors in cancer patients (~30%) are not FDG positive. Many rapidly dividing cells of
FDG-negative tumors may have switched their energy source from glucose to glutamine, thus
escaping detection. Reprogramming of genetic expression, up-regulation of the oncogene,
such as c-Myc, and shifting of the energy source from glycolysis to glutaminolysis may be a
critical strategy in maintaining growth in some of the FDG negative tumors. Recent report
suggests that [11C]-glutamine and [18F](2S,4R)4-fluoroglutamine are selectively taken up and
trapped by tumor cells and displayed selective uptake in rodent tumor models. The
glutamine-based new metabolic tracers may improve tumor imaging identifying a key factor
fueling the tumor growth. New cancer therapeutic agents are now being developed
specifically targeting cancer glutamine metabolism, which provide incentives for developing
PET imaging agents that provide information on tumor glutaminolysis. These new tracers
may deliver a higher sensitivity and specificity for tumor diagnosis and monitoring patients
under therapy.

Biological evaluation of 3-[18F]fluoro--methyl-D-tyrosine (D-[18F]FAMT)
as a novel amino acid tracer for positron emission tomography
Y. Ohshima1†, H. Hanaoka2, H. Tominaga3, Y. Kanai4, K. Kaira3, A. Yamaguchi3, S. Nagamori4,
N. Oriuchi3, Y. Tsushima3, K. Endo3, N. S. Ishioka1
1

Quantum Beam Science Directorate, Japan Atomic Energy Agency, Watanuki, Takasaki,
Gunma 370-1292, Japan. 2Graduate School of Pharmaceutical Sciences, Chiba University,
Inohana, Chuo-ku, Chiba 260-8675, Japan. 3Graduate School of Medicine, Gunma University,
Showa-machi, Maebashi, Gunma 371-8511, Japan. 4Graduate School of Medicine, Osaka
University, Suita, Osaka 565-0871, Japan.
3-[18F]Fluoro--methyl-L-tyrosine (L-[18F]FAMT) is a useful amino acid tracer, and it
is selectively accumulated in the tumor without an incorporation in the protein synthesis.
Clinical studies have shown that L-[18F]FAMT could be used to differentiate between benign
lesions and malignant tumors. Moreover, L-[18F]FAMT has higher specificity than
2-[18F]fluoro-2-deoxy-D-glucose with regard to the detection of lymph node metastases of
non–small cell lung cancer. However, L-[18F]FAMT is highly retained in the kidney, which
causes the reduction of sensitivity for tumor detection by positron emission tomography (PET).
L-amino acids have corresponding D-isomers which have some favorable properties
for development of PET tracers. Since mammals rarely use D-amino acids for their biological
activity, D-amino acids would not be taken up by the normal tissues. In addition, D-amino acids
are highly excreted in the urine compared with L-isomers, and rapidly cleared from the
circulation. Thus, D-isomer of FAMT would lower the high retention of L-isomer in the kidney
and allow clear imaging of the tumor by PET. In this study, we synthesized
3-[18F]fluoro--methyl-D-tyrosine (D-[18F]FAMT, Fig.1) and evaluated its potential.
18
D-[ F]FAMT was highly stable after administration into mice. In biodistribution studies,
18
D-[ F]FAMT showed rapid clearance from blood, marked accumulation and retention in the
tumor and low retention in non-target organs, especially kidney. Furthermore, PET imaging
using D-[18F]FAMT enabled clear visualization of implanted tumor, compared with
18
18
L-[ F[FAMT (Fig.2). In conclusion, D-[ F]FAMT could potentially serve as a useful tracer for
imaging malignant tumors.

Fig.1 3-[18F]fluoro--methyl-D-tyrosine

Fig.2 PET images of tumor-bearing mice with
18
18
D-[ F]FAMT and L-[ F]FAMT

This work was supported by Funding Program for Next Generation World-Leading
Researchers (NEXT program) from Cabinet Office, Government of Japan.

Further development of PEG-[18F]FPyKYNE, a PEG2 derivative of [18F]FPyKYNE and [18F]FPy5yne.
James A.H. Inkster,1,2 Simon Gosslein,3 Kuo-Shyan Lin,4 Maral Pourghiasian,4 Paul Schaffer,1 François
Bénard,4 Brigitte Guérin,3 Thomas J. Ruth,1,4 and Tim Storr.2
1

TRIUMF, Dept. of Nuclear Medicine, Vancouver, BC. 2SFU, Dept. of Chemistry, 8888 University, Burnaby, BC. 3 Dept. of Nuclear Medicine and
Radiobiology, CIMS, Université de Sherbrooke, Sherbrooke, QB. 4BC Cancer Agency, Vancouver, BC.

[18F]FPyKYNE[1] and [18F]FPy5yne[2] are 18F- labelled bifunctional molecules which can be prepared by way
of efficient radiofluorination of a 2-substituted pyridine under standard K[18F]/K2CO3/K2.2.2. conditions,
then ligated to azide-bearing biomolecules via a copper-catalyzed azide-alkyne cycloaddition (CuAAC)
reaction. Two disadvantages of [18F]FPy5yne (and presumably [18F]FPyKYNE) are its lipophilicity and
volatility, the latter of which complicates preparation and formulation of the 18F prosthetic. The
inventors of [18F]FPyKYNE reported the radiosynthesis of a mini-PEGylated analogue of [18F]FPyKYNE
(PEG-[18F]FPyKYNE, [18F]-1) in a conference abstract in 2009.[3] [18F]Fluoride incorporation from 2-bromo
and 2-nitro precursors was ≤50% by radio-TLC (165°C, 5 min.).
We sought improved radiochemical yields of [18F]-1 via [18F]fluorination (DMSO, 110°C, 15 min.) of a 2trimethylammonium triflate precursor (2). Average radiochemical yields by TLC were 69±1%- 91±1% (n
= 3 traces) in four separate experiments. Decay- corrected (DC) yields immediately after HPLC
purification were 45%-66% (n = 4). Initially, [18F]-1 was removed from HPLC eluent by way of dilution and
adsorption onto a tC18 cartridge. However, the 18F prosthetic was not well retained by this sorbent
(29%-42% DC efficiency). Thus DC, isolated yields after tC18 SPE trapping was 16-18% from EOB. Total
synthesis time was 85-124 min (including 16-49 min. [18F]F- transfer time). Alternatively, HPLC eluent
could be removed by heating (90°C) over a stream of He in the presence of excess MeCN. Isolation of
[18F]-1 by heating resulted in longer total protocols (189 & 201 min.), but higher collected yields (34%
and 29% DC) versus tC18 SPE extraction. [18F]-1 was conjugated to an azide- and PEG4- modified
bombesin(6-14) analogue to yield di-mini-PEGylated GRPr ligand [18F]F-PEG-BBN-PEG [(Cu(CH3CN)4PF6,
TBTA, DMSO, RT, 30 min.]. DC, collected yields from start of bioconjugate synthesis were 23% and 10%
after HPLC, tC18 SPE extraction, and final formulation in 10% EtOH in saline. Full preparative RCYs of
[18F]F-PEG-BBN-PEG from EOB were 8% and 3% DC over 283 and 287 min respectively.

[1] B. Kuhnast et al., Journal J Labelled Comp Rad 2008, 51, 336-342. [2] J. A. H. Inkster et al., Journal J Labelled Comp Rad 2008, 51, 444-452; J.
A. H. Inkster et al., Nucleosides Nucleotides Nucleic Acids 2009, 28, 1131-1143. [3] B. Kuhnast et al., Journal J Labelled Comp Rad 2009, 52, S184S184.

Iodine(III)-precursors for n.c.a. Radiofluorination of Electron Rich Arenes
H.H. Coenen*, J. Cardinale, F. Kügler, A. Helfer, J. Ermert
Institut für Neurowissenschaften und Medizin, INM-5: Nuklearchemie, Forschungszentrum
Jülich, Germany.
Since the first application of aryliodonium salts for radiofluorination [1] it appeared as
an interesting method for direct nucleophilic labelling of electron rich arenes, given that
[18F]fluoride is the only no-carrier-added (n.c.a.) reagent available so far. First examinations
focused mainly on mechanistic aspects studying parameters as substituent nature and pattern
on the aromatic ring, counter anions, reaction solvents etc with simple phenyl-derivatives [2].
Problems to prepare iodonium salts of more complex compounds or employing those for
effective n.c.a. labelling oriented their use to the effective radiosyntheses of versatile 18Flabelled intermediates for further use in built-up syntheses of more complex compounds.
Such radiosynthons like [18F]fluoro-halobenzene, -phenol and -aniline, earlier
prepared in multi-step reactions, e.g. via diazo-derivatives, became now available in one or
two reaction steps [2]. Using preferentially symmetrical but also unsymmetrical diaryliodonium precursors much work was devoted, e.g. to the preparation of the [18F]fluoroiodobenzene which is very suitable for transition metal catalysed cross coupling, amination,
and other metal organic fluoroarylation reactions. The availability of corresponding
precursors for the latter was recently improved performing the synthesis via 4-iodo-1[hydroxyl(tosyloxy)iodo]-benzene, a derivative of Koser’s reagent [3]. Similarly a two-step
preparation of n.c.a. 4-[18F]fluorophenol was achieved starting from 4-benzyoxyphenyl(2thienyl)iodonium bromide, delivering the product in an anhydrous solvent what is very
beneficial for subsequent condensation reactions with moisture sensitive molecules [4]. New
comparative labelling studies with symmetrical bis-benzoxyphenyliodonium-precursors
demonstrate even higher yields.
Similar direct approaches to [18F]fluoroanilines or [18F]fluoroarylalkylamines via
corresponding iodonium precursors are hampered or fail during precursor- or radiosynthesis.
Here considerable improvements were achieved using (non-ionic) iodoniumylides as earlier
suggested [5]. Iodonium ylides based on meta-cyano and para-acetamide derivatives of
benzene led to good radiofluorination yields and to meta-[18F]fluorobenzylamine and para[18F]fluoroaniline in a second reduction or hydrolysis step, respectively, while thienyl(alkylphenyl)iodonium salts easily provided [18F]fluorophenylalkane compounds [6]. Besides
higher yields with ylides, further advantages are their complementary synthesis in basic media
instead of strongly acidic media necessary for iodonium salts as well as a broader variety of
solvents applicable for the nucleophilic 18F-exchange reaction.
So far very variant results were reported when iodonium precursors of more complex
compounds were used for direct radiofluorination, although many attempts have been made
[2]. Here again only ylides on the basis of Meldrum’s acid allowed the n.c.a. radiosynthsis of
4-{(3- and 4- phenoxy)phenylmethyl}piperidine, ligands of monoamine reuptake transporters,
by 18F-exchange and subsequent deprotection. In this context also the synthesis of ylides
could be improved, but their broader utility with complex compounds still needs to be shown.
[1]
[2]
[3]
[4]
[5]
[6]

V. W. Pike, F. I. Aigbirhio (1995). J. Chem. Soc., Chem. Comm. 2215-2216.
H. H. Coenen, J. Ermert (2010). Current Radiopharmaceuticals, 3, 163-173.
J. Cardinale, J. Ermert, H. H. Coenen (2012).Tetrahedron, 68, 4412-4416.
T. L. Ross, J. Ermert, H. H. Coenen (2011). Molecules 16, 7621-7626.
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Synthesis and Biological Evaluation of Radiobrominated Compounds for Tumor
Imaging
Shigeki Watanabe
Quantum Beam Science Directorate, Japan Atomic Energy Agency (JAEA), Gunma,
Takasaki 370-1292, Japan
76

Br (t1/2 = 16.1 h, β+ = 57%, E.C. = 43%) is an attractive radionuclide for PET imaging,

because its half-life is long enough to trace in vivo behavior of biologically active
molecule. We have produced 76Br by using an AVF cyclotron at JAEA, and synthesized
some radiobrominated compounds for tumor imaging.
76
Br-MBBG ([76Br]-meta-bromobenzylguanidine)1, a MIBG analog, was prepared
from MIBG precursor by halogen exchange reaction in the presence of in situ generated
Cu+ ion. 76Br-MBBG was Small-animal PET studies using pheochromocytoma bearing
mice showed that 76Br-MBBG depicted small tumors clearly at 3 h after administration,
which was different from the lesion shown by 18F-FDG. These results strongly indicated
that 76Br-MBBG is a potential PET tracer for imaging norepinephrine transporter
expressing tumors.
76

Br-BAMT (3-[76Br]-α-methyl-L-tyrosine)2, an unusual amino acid tracer, was
synthesized from α-methyl-L-tyrosine by electrophilic substitution. Biodistribution
studies in colon adenocarcinoma bearing mice revealed that 76Br-BAMT showed high
accumulation in tumor and imaged the lesion clearly at 6 h after administration. Since
18
F-FAMT (3-[18F]-α-methyl-L-tyrosine), a clinically available amino acid tracer, has
been used for imaging malignant tumors such as brain tumors, ling cancers, and
lymphomas, 76Br-BAMT is also a promising PET tracer for the various malignant tumors.
Preparation of radiobrominated biologically active peptides which target
overexpressed receptor molecule is now under investigation. Synthesis of stannylated and
boronated amino acid derivatives for preparation of biologically active peptides will be
described in this presentation.
References
1. S. Watanabe, H. Hanaoka, L. Jixin, Y. Iida, K. Endo, N. S. Ishioka, J. Nucl. Med., 2010,
51, 1472-1479.
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Syntheses, Structures, and Radiolabeling of Commercially Significant Iodinated Species

Dennis W. Wester

Nordion Inc., Vancouver Operations, 4004 Wesbrook Mall, Vancouver, Canada V6T 2A3

Radioiodine isotopes (e.g., I-123, I-124, I-125, I-131) have been broadly applied during
the last few decades in a variety of molecular species of interest to nuclear medicine and other
scientific areas. Many of these species advanced through clinical trials to become commercial
products whereas others proceeded to one phase or another and then stalled. Methods for
synthesizing several of these species will be reviewed. Structures of closely related compounds
will be compared to indicate differences that affect function. Mechanisms of various
radiolabeling techniques will be examined in detail with a view toward commercially viable
choices.

Boron-Based and Microfluidic Radiohalogenation Reactions
G. W. Kabalka
Departments of Chemistry and Radiology, University of Tennessee, Knoxville, TN
37996-1600 USA
The use of organoboranes as precursors to isotopically labeled materials has been of
continuous interest in our laboratory for over 30 years. Boronic acids and related
derivatives can be prepared containing a wide variety of functional groups and are
generally easy to separate from the radioiodinated products. New reactions such as the
Suzuki/Miyaura chemistry has made boronic esters, acids, and salts readily available in
the laboratory (and commercially). We have developed a number of organoborane-based
reactions that are valuable for the preparation of molecules of use in medicine and
agriculture, including tomographic imaging applications.
Our research has focused on developing simple conditions for insertion of isotopes into
organic substrates of value to society [Pure Appl. Chem, ASAP article:
http://pac.iupac.org/publications/pac/pdf/asap/pdf/PAC-CON-12-01-13.pdf]. The overall
concept is illustrated for biologically important short-lived radioisotopes, but the
corresponding stable isotopes have also been investigated (nitrogen-15, carbon-13,
oxygen-17, etc.). The discussion will include historical anecdotes and will provide an
overview of transformations involving the incorporation of radiohalogens into molecules
of utility in pharmaceutical and medicinal applications. Recently developed methods
using triolborates and organotrifluoroborates will be highlighted.

An overview of our use of commercially available microfluidic systems will also be
provided as they relate to more traditional fluorine-18 incorporation sequences.

Isotope Exchange Yield Optimization of 124I-NM404 for Clinical Trials
Maria Dawson, Marc Longino, Anatoly Pinchuk, Nathan Stehle, and Jamey Weichert
Novelos Therapeutics and the University of Wisconsin Radiology Department
Madison, Wisconsin
Our lab is developing radioiodinated NM404 as a diapeutic agent for the detection and
treatment of a wide variety of solid tumors, including brain tumors. NM404 is a refined,
second-generation, phospholipid ether analog that is characterized by preferential tumor
uptake and prolonged tumor retention in 50/52 human xenograft, spontaneous and
transgenic preclinical tumor models. 124I-NM404 is currently undergoing phase 1-2
human PET/CT imaging trials in a variety of human tumor types. In response to more
stringent human trial PET regulatory manufacturing requirements an aim of this study
was to compare the product yields and purity of 124I-NM404 made via a solid phase
isotope exchange reaction utilizing 124I from 3 different commercial vendors. Reaction
yields were compared, and the impurity profiles of the formulated compounds were
evaluated using HPLC analysis.
The radiolabelling process consists of a solid-phase exchange reaction in the presence
of ammonium sulfate and heat. The radioiodinated molecule is extracted from the
reaction vial and purified by isocratic reverse phase HPLC using an ethanol/water
mobile phase and a C18 column, thus eliminating the need for GC head space analysis
of the final formulated product.
In all three cases, the 124I was supplied as a basic aqueous solution. The differences
that were found to significantly impact reaction efficiency include specific concentration
(5.5 to 23.0 mCi/mL) and diluent composition (concentration of base and presence or
absence of sodium thiosulfate). Process yields ranged from 32% to 64%, with the
lowest yield observed when 124I in a solution containing sodium thiosulfate was used. A
yield of 64% was achieved when the activity concentration was high.
Details of these findings, further evaluation of 124I supplied in alternate diluents, and
reaction optimization intended to minimize the impact of 124 I solution volume and diluent
components will be reported.
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I AN IDEAL RADIONUCLIDE FOR PHARMACOKINETIC STUDIES OF CORAL SNAKE
NEUROTOXIN BY SPECT/CT.
I.VERGARA1*, L.A MEDINA 2,3, A. ALAGON 1
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The gamma emitting radionuclides have been widely used in research for
radiolabeling biomolecules due to their suitable physical properties, including half-life, gamma
energy, suitable chemistry, etc. Iodine is an halogen that is naturally found in biological
molecules, and the other hand, several radioisotopes of iodine (125I, 131I, 124I, 123I) have been
used routinely for therapy and radiolabeled. Radioactive iodine isotopes have proved
suitability for the radiolabeling of biomolecules; the chemistry involved in the radioiodination
of proteins is well established and has been used for decades.
The 123I is a radiohalogen with half-life of 13.22 hours, the gamma energies are 159
keV (83%); 27 keV (70%); and 31 keV (16%). Due to the physical properties this radionuclide is
used in molecular imaging techniques, such as the single photon emission computed
tomography (SPECT); to follow the biodistribution and pharmacokinetic of biomolecules.
There are several papers reporting the toxic proteins of animal poisonous
radiolabeled sucessfully with 125I, to study its pharmacokinetic, the data show that the toxins
do not lose toxicological effect after radioiodination (Pepin et al., 1995; Riviere et al., 1996).
We propose the radioiodination, with 123I, of a neurotoxin of coral snake venom to determine
the pharmacokinetics, due to it is unknown. The determination of neurotoxin
pharmacokinetics is very important for the optimization of antivenom theraphy. Monitoring
the biodistribution in organs and tissues using SPECT/CT technique could provide important
findings about the envenomation development. The Radioiodination of neurotoxin is made by
the Chloramine-T method, as this has been widely used for radiolabelling antibodies and
different proteins.
REFERENCES:
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Radiolabeling short peptides that have a potential as imaging radiotracers
Mohammed Al-Qahtani* and Yousif Al-Malki
Cyclotron and Radiopharmaceuticals Department, King Faisal Specialist Hospital and Research
Center-Riyadh 11211, P.O. Box 3354 (MBC # 03), Saudi Arabia.

Radiosynthesis an imaging radiotracer for a carefully selected biological process and choosing
the right imaging modality become the top aims for all biomedical researchers. Positron
Emission Tomography (PET) is the top on the list used for such investigations as it fulfils all
information required from the imaging of biological process.
Radioiodination and radiofluorination are two important radiolabeling ways for tagging a
biological compound with radioactive isotope. In this study we have labeled a monomeric C8
peptide and a number of its derivatives with

123/125/131

I and

18

F. The targeted peptide was

radioiodinated applying the direct electrophilic method using either chloramine-T or Iodogen as
an oxidant reagent. For fluorination the 2,5-dioxoazolidinyl-4-fluorobenzoate (SFB) was used as
labeling agent in a direct conjugation process. The radiosynthesis and characterization results as
well as initial biological evaluation will be presented.

Research Support: This work was supported by King Abdualaziz City for Science & Technology
(AT-29-15).

Labeled Peptide

Labeled Agent SFB

Radio-HPLC of the radiofluorination reaction for a short C8 peptide and Radio-TLC for the
collected peak; showing quantitative labeling.

Aspects of Astatine Chemistry: New Methods to Solve Old Problems
Geerd-J. Meyer

Introduction

Clinic f. Nuclear Medicine, Hannover Medical School

Astatine chemistry continues to offer its challenges to radiochemists due to its unique properties in terms
of its position in the periodic system , combined with the radioactive characteristics of all its isotopes.

The heaviest of the known halogens has a very ambient chemical character which does not allow to
characterize it as either a halogen or as a metal unambiguously. The short halflife of all of its isotopes has
not allowed to ever analyse its elemental properties on weighable samples. Any chemical properties can
be delineated only by radioactivity detection of the distribution of astatine samples by such methods as
chromatography, electrophoresis, adsorption and coprecipitation and the comparison of this distribution
behaviour with that of other halogens, especially iodine.
Inorganic challenges

It must be stated that even the oxidation states of astatine are not well understood. The only well
characterized forms are the monovalent anion astatide and the oxidized state 5+ astatate. The often
claimed cationic species have only been observed in complex formations, which are difficult to identify
unambiguously. A recently established Pour Baix diagram could not verify the existence or the nature of
these species either. The characterization or identification of intermediate electrophilic species used in
the labelling of organic materials remains a main challenge.
Complex forms of astatine

Astatine reacts with various compounds and absorbs on many surfaces. Many of these reactions do not
result in covalent bonds but seem to have a coordinative character. Most often the coordination is not well
understood, due to the fact that the identity of the involved astatine species is not known. Some new
complexes seem to be stable even under physiologic conditions. They may lead to application forms,
provided the complexes can be bound to vectors in a stable form which then retain their target specificity.
Organic astatine compounds

While aliphatic carbon-astatine bonds are too weak to survive in vivo environments, aromatic carbonastatine bonds are relatively stable, at least in serum and blood environments. The most common
chemical pathway to aromatic astatine compounds proceeds via destannylation. To further increase the
in-vivo stability of aromatic astatine compounds, oxidation to trivalent astatine has been proposed.
Because destannylation reactions often lack reproducibility at high activity concentrations, and impose problems
in purification procedures, defluoroboronation has been proposed as a new method to label aromatic linkers.
Defluoroboronation is favourable since aromatic tetrafluoroboronates (TFBs) are stable salts, with a good
solubility in water and methanol, which are preferred solvents for astatine recovery by dry distillation.
Astatination by defluoroboronation on a series of aromatic compounds was highly reproducible with yields >
90% at 30 min reaction time. Purification did not require HPLC but could be performed on cartridges without
significant remains of residual precursor in the product.
Synapse
The unambiguous identification of astatine compounds requires a combination of reaction condition controls
and continuous comparison with the behaviour of its homologous halogen neighbours. Surprising
chromatographic distribution patterns need to be explained and have to be corroborated by different reaction
pathways, which then may help to avoid misinterpretations of the identity of astatine compounds.

Wet Chemistry Isolation of Na[211At]At: An Overview of the Isolation Process and
Subsequent Labeling Reactions
D. Scott Wilbur, Donald K. Hamlin, Ming-Kuan Chyan, and Ethan R. Balkin
Department of Radiation Oncology, University of Washington, Seattle, WA
A majority of investigators have used dry distillation for isolation of 211At from bismuth targets.
In fact, we used that approach for nearly 20 years in our investigations. However, with the
prospect of taking the 211At labeled radiopharmaceutical into clinical studies, the
inconsistency in the dry distillation yields of 211At made that approach questionable. This
uncertainty led us to evaluate an alternative approach to 211At isolation referred to as the “wet
chemistry” isolation approach. Our primary goal in the studies was to determine if consistent
and high recovery yields of 211At could be obtained using a wet chemistry approach. A
secondary goal was to evaluate the labeling efficiency of protein conjugates and small
molecules when 211At was obtained from the wet chemistry isolation process.
Wet Chemistry Isolation: The wet chemistry process for isolation of 211At from an irradiated
bismuth target is as follows (transfer and rinse steps are not described):
(a) Dissolution of the bismuth target containing 211At in 10 mL conc. HNO3 (10-15 min)
(b) Distillation of HNO3 (300°C hot plate, 20-30 min) to leave solid Bi/211At residue
(c) Dissolution of residue in 8M HCl (8 mL, 10 min) to provide clear liquid
(d) Extraction of 211At from 8M HCl with DIPE (4 mL) & rinse 4x with 8M HCl (30 min)
(e) Extraction of 211At from DIPE with 4N NaOH (10 min) [211At Soln 1]
Two additional isolation steps were conducted in several experiments for purification of 211At:
(f) Acidification with excess of 1M H2SO4 containing 0.1 M FeSO4 as reductant
(g) Distillation of 211At from FeSO4/H3O+ solution into a solution of 1M NaOH [211At Soln 2]
An average radiochemical yield of 82 ± 18% (decay corrected) was obtained for isolation of
211
At Soln 1 (through step e) from over 50 isolation procedures. 211At Soln 1 contains NaCl
along with traces of Bi and other metals, so a distillation step was conducted to provide
higher purity, i.e. 211At Soln 2. To facilitate labeling reactions, investigations were conducted
to minimize the volume of 211At solutions, and to change the solvent from aqueous to organic.
In those studies, the aqueous solvent was removed with heat (e.g. 85°C) under a stream of
argon. Removal of solvent from the lower purity 211At Soln 1 resulted in substantial residue,
which made it difficult to obtain a conc. solution or to extract the activity into another solvent.
However, removal of solvent from the higher purity 211At Soln 2 resulted in minimal residue,
and the activity could be taken up in small volumes of H2O or MeOH. The activity
(Na[211At]At) was not readily extracted into organics such as CHCl3.
Labeling Chemistry: A majority of our 211At labeling studies were conducted with proteins
using the lower purity 211At solution [211At Soln 1]. Prior to the reactions, the protein was
conjugated with a closo-decaborate(2-) derivative. The labeling reactions were conducted for
30 sec-1 min using chloramine-T as the oxidant to provide an average 211At-labeling yield of
79 ± 7% (N = 16). Essentially the same protein labeling yields were obtained with 211At Soln
2 as 211At Soln 1. Labeling yields for small molecules were similar, but isolation from HPLC
followed by solvent removal/dissolution in water or PBS gave lower isolated yields.
Conclusions: We have found that the wet chemistry isolation approach provides consistently
high isolation yields of Na[211At]At, which can be of high purity if a final distillation step is
used. Labeling of protein conjugates and small molecules is facile with the isolated 211At, but
in most labeling reactions there is no advantage to having a higher purity 211At solution.
Acknowledgments: We would like to thank the DOE (DE-FG02-10ER41645) for financial
assistance in optimizing the reagents/conditions used in wet chemistry isolation of 211At, and
NIH (CA113431) for funding studies involving investigation of 211At labeling chemistry.

Perils and Pitfalls of Developing a Semi-Automated System for the Isolation and
Purification of Na[211At]At.
Ethan R. Balkin, Damir Dadachov, Donald K. Hamlin, Sujit Pal, and D. Scott Wilbur
Department of Radiation Oncology, University of Washington, Seattle, WA
Introduction:
Over the past two years our research group has been developing and implementing a wet
chemistry approach for routine isolation of 211At from irradiated bismuth targets. The rationale
for using a wet chemistry isolation approach, rather than a dry distillation approach, was to
circumvent the inconsistencies we had in isolated yields, and to allow us to automate the
process. When conducting the wet chemistry isolation of Na[211At]At manually, the total target
processing time (removal of the target from the cyclotron to isolated radionuclide) historically
has taken between two and three hours. This large variance in time directly relates to the
technician’s skill in the wet chemistry processing. Therefore, automation was seen as a method
for standardizing production efficiency and (importantly) limiting technician radiation exposure.
As such, this presentation will report on our recent efforts towards semi-automation of our wet
chemistry approach to the isolation and purification of Na[211At]At.
Materials and Methods:
Simplified to its most basic function, the semi-automated 211At separation and isolation
technique, hereafter referred to as “the semi-automated system” is primarily a series of liquid
handling steps designed to replicate our current manual wet chemistry isolation approach. The
semi-automated system uses a Microsoft Windows platform with Hamilton’s Microlab 500 Series
software to control a Hamilton ML-560 dual syringe pump and 4 Modular Valve Positioners
(MVPs) each fitted with an 8-way Teflon head giving us a total of 32 different liquid handling
pathways. Control of the syringe pumps and valve system is accomplished using two different
sets of computer commands, one set programs reagents to be delivered to the various reaction
vessels while the other programs the removal of a reaction mixture from a vessel. Combinations
of these two types of commands were designed to conduct each step of the manual isolation
technique. In the final computer-driven process, programs were written to; (1) isolate the 211At,
(2) basify the final solution, and (3) rinse the setup after running. All of the programs have
multiple sub-routines and the combined programs have more than 200 individual (computer)
steps.
Results and Conclusions:
While the semi-automated system was programmed to replicate the manual 211At isolation
process, there were several challenges to duplicating the steps involved. Unfortunately, the
strategies used to overcome the challenges with the semi-automated system were only partially
successful due to some inherent system limitations. The successful modifications were
insufficient to provide the accuracy of liquid handling that is required in a semi-automated
system. Specifically, problems with accurately transferring the requisite quantities of reagents
resulted in a lack of ability to calibrate the system. Most of the system problems came from a
lack of ability to control the volumes removed from a separation vessel containing 211At in
mixtures of diisopropyl ether and either 8M HCl or 4N NaOH during extraction and backextraction steps. This was later attributed in part to liquid handling lines and the lack of system
compatibility with pumping organic solvents. Unfortunately the system investigated did not meet
the needs of the project, however, we are redesigning equipment (pumps, valves, lines, and
custom glassware) which we feel will allow us to adapt the proven manual wet chemistry
approach to an operational semi-automated system.
Acknowledgment:
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SYNTHESIS AND RADIOOIDINATION OF BRANCHED-CHAIN POLYETHYLENE GLYCOL
DERIVATIVES OF BIOTIN
Ming-Kuan Chyan1, Donald K. Hamlin1, Paul D. Davis4 John M. Pagel2,3, Oliver W. Press2,3
and D. Scott Wilbur1
Departments of Radiation Oncology1 and Medicine2, University of Washington, Seattle, WA
3
Fred Hutchinson Cancer Research Center, Seattle, WA
4
Quanta BioDesign, Powell, Ohio, 43065
We are investigating the use of discrete-sized branched-chain polyethylene glycol (dPEG) derivatives
of biotin for targeting 211At in cancer pretargeting protocols. The dPEG moieties were conjugated with
biotin to obtain a derivative with increased molecular weight, such that the blood clearance might be
slowed. The biotin derivatives also contained a closo-decaborate(2-) radiohalogenation moiety. In this
study three biotin-dPEG molecules (6,7,8) were synthesized containing a closo-decaborate(2-) cage, a
branched-chain dPEG, and a biotin moiety. The syntheses began with [B10H9-NCO]2- 1, which was
readily prepared from B10H102- and oxalyl chloride in anhydrous acetonitrile at 4°C for 30 min, followed
by reaction with sodium azide at room temperature for 16 h. Reaction of N-BOC-2,2’-(ethylenedioxy)diethylamine with [B10H9-NCO]2- 1 under microwave heating at 150 °C for 20 min provided the adduct 2.
Deprotection of the BOC group in 2 gave the borate compound 3 containing a free amine for further
modification. Biotin-bis-TFP ester 5 was prepared in five reaction steps, using a biotinidase resistant
biotin derivative 4, diamino-dPEG11, aminoisophthalic acid, 1,1’-thiocarbonyldiimidazole and
tetrafluorophenol. Compounds 6, 7 and 8 were prepared by mono-nucleophilic substitution of the borate
cage adduct 3 with the biotin derivative 5, followed by another nucleophilic substitution with an amino
branched-chain dPEG amine reactant.
Radioiodinations of 6, 7, and 8 (di-Et3NH+ salts) were conducted at room temp. in 5% HOAc/MeOH
using Na[125I]I and N-chlorosuccinimide (NCS) provided 61-96% radiochemical yields (by HPLC). The
radiolabeling time (5 min) was longer than usual for closo-decaborate(2-) molecules, presumably due to
a slowdown the bulky branched-chain dPEG moiety on the iodination. In vitro and in vivo evaluations of
the radioiodinated 6, 7 and 8 will determine if these compounds are useful in pretargeting protocols.
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Direct labeling of antibodies with 211At: Scale-up in preparation of future clinical studies
Donald K. Hamlin1, Ming-Kuan Chyan1, Ethan R. Balkin1, Brenda M. Sandmaier2,3, Oliver W.
Press2,3, John M. Pagel2,3, and D. Scott Wilbur1
Departments of Radiation Oncology1 and Medicine2, University of Washington, Seattle, WA
3
Fred Hutchinson Cancer Research Center, Seattle, WA
Direct radiolabeling of monoclonal antibodies (MAb) with the α-emitting radionuclide 211At results
in very low labeling yields (<5%) and an unstable attachment to the protein. To circumvent this
problem, we have investigated a number of boron cage reagents that when conjugated with MAbs
allows direct labeling and results in a coupling that is stable to in vivo deastatination. Those
studies led to the development of an isothiocyanate-closo-decaborate(2-) reagent, 1, which can be
conjugated with lysine amines on MAbs to give the adduct, 2a, then subsequently radiolabeled
with 211At (or other heavy radiohalogen). We have conjugated 1 with a number of MAbs (see
table) and have conducted radiolabeling experiments with 211At for preclinical studies investigating
use of 211At-labeled MAbs for conditioning in transplantation and in treatment of lymphoma and
leukemia. Two large-scale reactions (9.0 and 46 mCi) were conducted to demonstrate labeling at
clinically useful levels.
Methods: The closo-decaborate(2-) reagent, 1, was prepared as described in Bioconjugate
Chem. 23,409-420,2012. Conjugation reactions were conducted by reaction of 10 equiv. of 1 with
2-40 mg of MAb. The adduct 2a was purified by SE chromatography (PD-10). Cell binding of MAbB10, 2a, was performed
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Results: Conjugation of 10 equiv. of 1 provided >1 B10 per MAb by IEF analyses. The FACS cellbinding assay demonstrated that conjugation had little effect on binding. 211At-labeling results are
shown in the table below. Radiolabeled cell binding assays indicated that the labeling process had
little effect on binding. The higher level 211At-labeling reactions with BC8-B10 demonstrated that
clinically relevant quantities (e.g. 40 mCi) could be obtained using direct labeling.

Antibody	
   Isotype	
  
ca12.10-‐B10	
  
IgG1	
  
15.9D5-‐B10	
  
IgG1	
  
30F11-‐B10	
  
IgG2b	
  
1F5-‐B10	
  
IgG2a	
  
BC8-‐B10	
  
IgG1	
  

Antigen	
  
CD45	
  
TCRαβ	
  
CD45	
  
CD20	
  
CD45	
  

Number	
  
of	
  
labelings	
  
9	
  
8	
  
4	
  
3	
  
2	
  

Purified	
  
At-‐MAb	
  
(mCi)	
  
0.74-‐11	
  
3.1-‐9.6	
  
0.82-‐2.7	
  
1.2-‐2.4	
  
7.8-‐40	
  

211

Radiochemical	
  
Yield	
  (%)	
  
64-‐87	
  
60-‐92	
  
66-‐79	
  
71-‐75	
  
85-‐86	
  

Specific	
  
Activity	
  
(mCi/mg)	
  
0.8-‐13	
  
3.3-‐10	
  
1.5-‐3.4	
  
2.7-‐4.2	
  
1.8-‐4.9	
  

Conclusions: Our studies have shown that conjugation of 1 to MAbs provides a method for direct
labeling of 211At, which results in a stable attachment in vivo, high radiolabeling yields, retention of
antigen binding, and is scalable to clinical levels of 211At-labeled MAbs.
Acknowledgement: We would like to thank the NIH (CA113431; CA118940; CA076287;
CA109663; CA138720; HL036444) for funding the studies in which the MAb labeling experiments
were conducted.

