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Ex-Vivo and In-Vitro assays

1948



Amersham Catalogue-1964

Tritium Labelling Service:
“Over 200 tritium compounds appear in the
list of compounds and others may be
prepared to special order”

Carbon-14 labelling Service:
290 carbon-14 labelled compounds are listed 



Radiochemistry for in-vivo measurements 
of regional tissue function for clinical 
research and healthcare

• Past achievements

• Present innovation

• Future challenges 



Technetium-99m Generator from the early 
1960’s

99Mo

140Kev



99mTcO4

99mTc Sulphur Colloid

1964

Brain tumour Liver tumours



1966 Nuclear Medicine



Nuclear Medicine Scanning at
The Royal Marsden Circ. mid 1960’s

Curtesy of Dr Ralph McCready

Bone Scan
(18F-Fluoride)

Brain tumour Scan 

Pancreas Scan
(75Se-Methionine)

Placenta Scan
(131I Albumin)

Spleen Scan
(51Cr denatured red Cells)

(99mTc-Pertechnetate) 



Past Achievements 
1966-2016

As assessed by the applications
of the radiochemistry in humans 



Single Photon Nuclear Medicine

The Chemistry of Molecular Imaging
Ed: Nicholas Long & Wing-Tak Wong



Oxygen-15       2.1 min T½

Nitrogen-13 10 min T ½

Carbon-11 20.1 min T ½

Fluorine-18 1.7 hr T ½

Translating
to
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CYCLOTRON PRODUCED POSITRON 

EMITTING ISOTOPES
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The first, & in 1966, 
the only operational 

hospital based 
cyclotron

Hammersmith Hospital London

Medical Research Council
Cyclotron Unit

1955



1958 Lung blood flow





Labelling organic compounds with 15O, 13N, 11C & 
18F for in-vivo functional biochemistry, physiology 
and pharmacology- the position:

• 11C - easiest but too short lived

• 18F - better half life, but not so accommodating with 
respect to organic chemistry 

Circ. 1970



[11C]-Glucose in-vivo
uptake  very complex to 
analyse and interpret 

1971



1973

The first reported image of regional human brain metabolism

MGH Boston



Al Wolf

Tatsuo Ido

1976

The first whole body 18FDG image

with a rectilinear scanner

Philadelphia

August 1976

Brookhaven



1973 Carbon-11 labelling by methylation

Dominique Comar
Orsay France



Dominique Comar
Orsay France

Carbon-11 labelling by methylation

11C-Chlorpromazine, 11C-Impipramine, 11C-Diazepam

PROCEEDINGS OF A SYMPOSIUM ON DYNAMIC STUDIES WITH 
RADIOISOTOPES IN CLINICAL MEDICINE AND RESEARCH HELD BY THE 
INTERNATIONAL ATOMIC ENERGY AGENCY IN KNOXVILLE 15-19 JULY 1974

1974

1977



1973-76 St Louis

[11C] Palmitate-Myocardium

Positron Emission Tomography



WELLCOUNTER
Counts/ml/sec.

PET SCANNER
Voxel element counts/sec.

aliquot

phantom

Quantification of tissue tracer concentration

Translating 
to in-vivo



WELLCOUNTER
Counts/ml/sec.

PET SCANNER
Voxel element counts/sec.

aliquot

phantom

Quantification of tissue tracer concentration

Translating 
to in-vivo

Application of classical 
compartmental modelling



Amino Acid Metabolism
[11C]-Methionine-Brain Tumours 

Bengt Langstrom
Uppsala, Sweden

Lars Eriksson & Mats Bergstrom
Karolinska, Sweden

Late 1970’s

40 Kilometres



Imaging Glucose Utilisation in Tumours-18FDG 

Brain-1982    
Lung-1984

Breast-1984Hammersmith



Use of 18FDG and PET in Oncology

At least 95% of PET scans world wide currently rest 
on the use of 18FDG combined with X-Ray CT to:

➢Detect focal cancers

➢Stage patients-re the extent of the cancer

➢Assess tumour response to therapy

Whole Body 18FDG



1982

The First Labelled Drug PET Study



Imaging post and pre synaptic 
neuro-transmission 

Challenges in the early 1980s to produce radiolabelled 
tracers and ligands with:

• A sufficient specific to non-specific ratio in tissue

• Sufficient specific activity 

(very potent molecules) 

• Sufficient yields



Henry Wagner Jnr
Bengt Langstrom

I983-Sept

3-N-[11C]methylspiperone-D2

40-60 mins 70-130 mins

Science 221, 1264 (1983)



[18F]F-DOPA

1983 Sept



1984



Explosion of radiolabelled compounds
with positron emitting radionuclides

1983-1993

1993



Carbon-11 Labelling

The Chemistry of Molecular Imaging
Ed: Nicholas Long & Wing-Tak Wong

Philip W. Miller
Koichi Kato

Bengt Långström



The PET Procedure using a Carbon-11 labelled compound 
– A complex process done in 1 hour!

Radio-

Labelling

Injection

Ready

-Transfer to

clinical

PET 

Scanning

Blood

Analysis

Kinetic

Modelling

Cyclotron

GMP 

radio-

chemistry

QC



The Chemistry of Molecular Imaging
Ed: Nicholas Long & Wing-Tak Wong



Click labelling of RGD peptide with [18F]fluoroethyl azide

Filing date: 22 December 2004

Arstad E and Glaser M, patent WO2006067376 (A2) 

                                isolated r.c.y.

CuSO4/ascorbate:*   

Cu powder:

One-Pot:*            
Synthesis time:

70 ± 5 % (n = 3)
42 ± 14 % (n = 5)

46 ± 7 % (n = 4)
105 min



Radiochemists addressed the challenges to 
discovering and developing imaging biomarkers

Factors influencing the behaviour of brain ligands Factors influencing the behaviour of brain ligands 

NonNon--selectiveselective

bindingbinding

NonNon--specificspecific

bindingbinding

AffinityAffinity

SelectivitySelectivity

BBBBBB

MetabolitesMetabolites



Radiotracer Targets Reference

[11C]psychotropic drugs Drug Pharmacokinetics Raynaud et al (1974)

[18F]FDG Glucose Utilisation Kuhl et al (1976)

[11C ]methionine Amino Acid Transport Comar et al (1976)  

[11C ]unnatural amino acids Amino Acid Transport Hubner et al (1979) 

[15O]Oxygen Oxygen Utilisation Frackowiak et al (1980)

[15O]Water Blood Flow Frackowiak et al (1980)

[11C]leucine Protein Synthesis Barrio et al (1983)

[18F]F-DOPA Dopamine Synthesis Garnett et al (1983)

[11C]methyl-spiperone Dopamine and Serotonin Receptors Wagner et al (1983)

[11C]PK-11195 Peripheral Benzodiazepine Receptors Camsonne et al (1984 ) 

[11C ]BCNU/carmustine Drug Pharmacokinetics Diksic et al (1984)

[11C]diprenophine Non-Selective Opiate Receptors Jones et al (1985) 

[11C]carfentanil µ-Opioid Receptor Frost et al (1985) 

[11C]flumazenil (FMZ) Central Benzodiazepine Receptors Samson et al (1985) 

[11C]raclopride Dopamine type 2 (D2) Receptor Ehrin et al (1985) 

[11C]Schering-23390 Dopamine type 1 (D1) Receptor Halldin et al (1986) 

[11C]nomifensine Dopamine Transporter (DAT) Aquilonius et al (1987) 

[11C]deprenyl Monoamine Oxidase type B (MOAB) Fowler et al (1987) 

[11C]McNeil 5652 Serotonin Transporter (SERT/5-HTT) Suchiro et al (1993) 

[11C]WAY 100635 Serotonin 5-HT1A Receptor Pike et al (1994) 

[11C]FBL 457 Dopamine (D2/3 ) Receptors Halldin et al (1995) 

[11C]MTBZ Vesicular Monoamine Transporter (VMAT2) Kilbourn et al (1995) 

L-1-[11C]tyrosine Brain Tumor Protein Synthesis Willemsen et al (1995)

[11C]MDL 100907 Serotonin 5-HT2A Receptor Lundkvist et al (1996) 

[11C]β-CIT-FE Dopamine Transporter Halldin et al (1996) 

[11C]PMP Acetylcholinesterase (ACE) Kilbourn et al (1996) 

[11C]verapamil P-glycoprotein (P-gp) substrate Elsinga et al (1996) 

Principal radiotracers used for human brain PET studies 1974 - 1996 

Adapted from Jones and Rabiner J Cereb Blood Flow and Metab 2012 



Radiotracer Targets Reference

[11C]MP4A Acetylcholinesterase (ACE) Iyo et al (1997) 

[11C]NNC112 Dopamine (D1) Receptor Halldin et al (1998) 

[18F]A-85380 Nicotinic Acetylcholine Receptors Horti et al (1998) 

[18F]fallypride Dopamine (D2) Receptor Mukherjee et al (1999) 

[11C]α-methyl-l-tryptophan Tryptophan Activity Shoaf et al (2000) 

[11C]DASB Serotonin transporter (SERT/5-HTT) Ginovart et al (2001) 

[11C]Ro15 -4513 GABA-Benzodiazepine Receptors Lingford-Hughes et al (2002) 

[11C]temazolomide Temazolomide Pharmacokinetics Saleem et al (2003)

[18F]SPA-RQ Neurokinin-1 Receptor Solin et al (2004) 

[11C]PIB β-Amyloid Klunk et al (2004)

[18 F]fluoroethyl-L-tyrosine Brain Tumor Protein Synthesis Pauleit et al (2005)

[18F]fluorothymidine Brain Tumor Proliferation Chen et al (2005)

[11C]harmine Monoamine Oxidase Type-A (MAO-A) Ginovart et al (2006)

[18F]MK-9470 Cannabinoid Receptor Type 1 (CBR-1) Burns et al (2007) 

[11C]ABP688 Glutamate Receptor 5 (mGluR5) Ametamey et al (2007) 

[11C]methylreboxetine (MRB) Norepinephrine transporter (NET) Logan et al (2007) 

[11C]PBR28* Translocator Protein (TSPO) Imaizumi et al (2008 ) 

[18F]fluoromisonidazole Brain Tumor Hypoxia Spence et al (2008)

[11C]AZ10419369* Serotonin 5HT1B Receptor Pierson et al (2008) 

[18F]SP-203* Glutamate Receptor 5 (mGluR5) Brown et al (2008) 

[18F]galacto-RGD Brain Tumor Angiogenesis Schnell et al (2009)

[11C]SB-207145 Serotonin 5HT4 Receptor Marner et al (2009) 

[11C]GSK189254* Histamine-3 Receptor Ashworth et al (2010)

[11C]P943* Serotonin 5HT1B Receptor Gallezot et al (2010) 

[11C]GSK931145* Glycine Transporter 1 (GlyT1) Passchier et al (2010) 

[11C]GSK215083* Serotonin 5HT6 Receptor Parker et al (2012) 

Principal radiotracers used for human brain PET studies 1997 - 2014 

Adapted from Jones and Rabiner J Cereb Blood Flow and Metab 2012 



Imaging Enzymes in the brain: Three Types

1. Platonic (reversible binding)

2. Metabolic trapping

3. Suicide/mechanistic inhibitors

Curtesy of Alan Wilson
Toronto



Radiotracer (T) + Enzyme (E) T:E

T:E P  +  E

enzyme in action
❖ New product
❖ Enzyme unchanged
❖ Product “trapped”

where produce

Examples: Many 
[18F]-FDG, [18F]-FDOPA, 

[18F]-FMT, 
[11C]-MP4A,[11C]-PMP
[18F]-FMISO, [18F]-FAZA

Enzyme Imaging:
Type 2: Metabolic trapping of the label

Curtesy of Alan Wilson
Toronto



Using PET to study the uptake and 
distribution of new anti-cancer Drugs 



Micro dose PET 6 months before the Phase 1     
of an anti-cancer drug started

Pharmacinoketics of [11C]DACA



Two text books on radiochemistry 

2003 2015



Indium-111 chelated with 8-hydroxyquinoline (oxine) 

Labelled Cells for Single Photon Imaging 



Present Innovations



Synapse Imaging 

Synaptic Vesicle Glycoprotein 2A (SV2A) radioligand-[11C] UCB-J



Fig. 1. Mean tau and Aβ topographies.

Matthew R. Brier et al., Sci Transl Med 2016;8:338ra66

Dementia

36 Controls

10 MCI

Clinical Dementia Rating-CRO

18F-AV-1451 (T801) 18F florbetapir



Zirconium-89 [ 78.5 hours t1/2] labelling

Eric W. Price and Chris Orvig

The Chemistry of Molecular Imaging
Ed: Nicholas Long & Wing-Tak Wong



89Zr-trastuzumab uptake 5 days after the injection. 
(a) A patient with liver and bone metastases, 
and (b and c) two patients with multiple bone metastases. 

Antibody Labelling with 89Zr (78.4 hour half life) 



Gallium-68 [ 68 mins T1/2] labelling 

Eric W. Price and Chris Orvig

68Ge (271 days T1/2)/68Ga (68 mins T1/2) Generator

The Chemistry of Molecular Imaging
Ed: Nicholas Long & Wing-Tak Wong



“The Chelator makes the difference”
Helmut Maecke



HER2 imaging in
breast cancer

Ga-68 label





Theranostics:
Combination of a diagnostic tool to 
define the right therapeutic tool*

*Radioiodine treatment of thyroid cancer 1947

The reporting unit
positron emitter- 68 min t1/2

The toxic unit
Beta energy 490 Kev

Seidlin SM, Marinelli LD, Oshry E. Radioactive iodine therapy; effect on functioning metastases of 

adenocarcinoma of the thyroid. Journal of the American Medical Association. Dec 7 1946;132(14):838‐847.



Metastatic Prostate Cancer

Schematic of prostate-specific membrane antigen.





Image guided treatment of metastatic prostate cancer with 177Lu PSMA

Curtesy of Richard Baum Bad Berka Germany 



Future Challenges



Logistics



PET Radiochemistry GMP:
Amsterdam Free University 
Radiochemical Centre

Manufacturing Radio Labelled Molecules for Human Administration 



REGULATIONS

UK Home Office

(Pre-clinical 

animal suite)

Environmental Agency 

(Radiation)

Good Clinical 

Laboratory  Practice 

(GLP)
Good Manufacturing 

Practice (GMP)

Clinical Reserarch 

Governance (Experimental 

Medicine )

Regulations Governing WMIC

Administration of 

Radioactive Substance 

Committee

Regulations



Cyclotrons PET Cameras

Asia 404 1123

Europe 231 806

Latin America 37 121

MEA 30 142

North America 257 1625

Oceania 13 54

969 3871

World Wide PET Scanners & Cyclotrons 2014*

* Data by curtsey of Medical Options 



Asia:                  64%
Europe:             72%
Latin America: 70%
MEA:                  79%
USA:                   84%
OCEANIA:          76%

PET scanners without direct cyclotron access 

Oxygen-15       2.1 min T ½

Nitrogen-13 10 min T ½

Carbon-11 20.1 min T ½

Fluorine-18 1.7 hr T ½

2014



Cryocooler connection

Cryocooler

Wall 

plug

Cryostat Vacuum

Magnet

Fm. Timothy Antaya, MIT

Five Tesla Superconducting Cyclotron



12 MeV 1800 kg cyclotron

Timothy Antaya

Five Tesla Superconducting Cyclotron



Future Scientific Opportunities 



The Human Brain

The Most Complex Biological  Structure Known to Man

The Most Investigated The Least Understood

A Major Frontier of Human Understanding



Brain Disorders 
Cost Europe 

800 Billion Euros per Year*

*Gustavsson et al. Oct 2011    The Greek Debt: 317Bn Euros



Dementia
(105Bn€)

Schizophrenia
(94Bn€)

Cerebral Vascular 
Disease 

(64Bn€)

Movement 
Disorders 
(14Bn€)

Depression
(113Bn€)

Addiction 
(65Bn€) 

Epilepsy 
(14Bn€)

Anxiety
(74Bn€)

Brain Tumours
(5Bn€)

The Breakdown of the Costs of 
Brain Disorders (1)

Animal Models?



Somatoform 
(21Bn€)

Headache
(44Bn€)

Multiple Sclerosis 
(15Bn€)

Traumatic Brain
Injury 
(33Bn€)

Child/Adolescent Disorders
(21Bn€) 

Neuromuscular
(8Bn€) 

Sleep Disorders 
(35Bn€)

Mental 
Retardation
(43Bn€)

The Breakdown of the Costs of 
Brain Disorders (2) 

Eating Disorders
(1Bn€)



The World Wide Challenges

Understanding the Normal Brain: 7.06 Billion People

Drug Development Costs 
for Brain Disorders: Y Bn$ 

Brain Disorders 
Costs approx:4.2 Trilion$



More development of neuro-enzyme
imaging biomarkers?                          



Report on a Review of the PET Molecular Imaging 
Strategy for the Imperial College London AHSC

July 2008

Inflammation

ImmunologyInfection

Stem Cells/Progenitors 

Peptides

Translation to Diagnostic PET

  Neuropharmacology-
Psychiatry of Addiction

The Experimental & Diagnostic Medicine "Pull"



Challenges to Discovering and Developing 
Imaging Biomarkers

• Specificity/Affinity

• Metabolites

• Non-Specific Binding                 “Relative Kinetics”

• Blood Circulating Levels

• Endothelial Penetration

• Low Density Targets “CHEMISTRY”
&

“BIOLOGY”

Factors influencing the behaviour of brain ligands Factors influencing the behaviour of brain ligands 

NonNon--selectiveselective

bindingbinding

NonNon--specificspecific

bindingbinding

AffinityAffinity

SelectivitySelectivity

BBBBBB

MetabolitesMetabolites



Challenges to Discovering and Developing 
Imaging Biomarkers

In-vitro testing of the tissue kinetics 

of candidate molecules

In-Vitro PET





Total Body PET Initiative      

Conventional 
PET Scanner

(2016)

EXPLORER 
Total Body PET Scanner

(2017)



Current scanners do not maximize the 

sensitivity for whole-body imaging
(<1% of the available signal collected)

All PET studies are limited by statistics, radiation dose, or both



<1% of the potential return on the investment in:

➢ Cyclotron operation

➢ Labelled tracer production

➢ PET scanning facilities and resources

➢ The radiation dose to the patient



Total-Body PET: 
Maximizing sensitivity and simultaneously 
imaging the whole body

Needed to realise the potential of PET 
In biomedical research and healthcare



Industry Advisory Panel:

Chuck Stearns (GE Healthcare)

Michael Casey (Siemens)

Matthias Schmand (Siemens)

Ling Shao (Philips Healthcare)

Medical Advisory Board:

Richard Wahl (Johns Hopkins)

David Mankoff (Univ. of Pennsylvania)

Michael Graham (Univ. of Iowa)

William Jagust (LBNL)

Pat Price (Imperial College)

Senior Advisors:

Thomas Budinger

Michael Phelps

Ramsey Badawi

Simon Cherry

Jinyi Qi

Terry Jones

Julien Bec

Eric Berg

Martin Judenhofer

Emilie Roncali

Jonathan Poon

Xuezhu Zhang

William Moses

Qiyu Peng

Woon-Seng Choong

Joel Karp

Suleman Surti

Srilalan Krishnamoorthy

EXPLORER Team



Total-Body PET: 
Maximizing Sensitivity

• 40x gain in effective 
sensitivity for total-body 
imaging!

• 4-5x gain in sensitivity for 
single organ imaging



Regional tissue kinetics & arterial blood input functions
with high statistical quality

Image Kinetics



Regional tissue kinetics & arterial blood input functions
with high statistical quality

Image Kinetics

“Effecting the tracer principle for the whole body”

1948



Image Longer

time

EXPLORER

Conventional PET

• 40-fold greater 
dynamic range

can image for 5 
more half lives

• 11C
> 3 hours

• 18F
> 18 hours

• 89Zr
> 30 days



Image Gently (Low Dose)

EXPLORER

Conventional PET

• 40-fold reduction in dose

• Whole-body PET at       ~0.15 
mSv

• Annual natural background is 
~2.4 mSv

• Return flight (SFO-LHR) is ~0.11 
mSv

• PET can be used with minimal 
risk – new populations



Image More Often

EXPLORER

Conventional PET



Total-Body PET 

APPLICATIONS



Image Better

EXPLORERConventional PET

• > 6-fold improvement in 
SNR-simulations

• Reconstruct at higher spatial 
resolution

• Detect smaller lesions

• Detect low-grade disease

• Better statistics for kinetic 
modeling

• > Whole body kinetic data



October 2016



Practical/economical advantages of Total Body PET Scanning
40 times more sensitive for whole body imaging 

Scan times of minutes: 
More patient throughput per unit of time

Could do the clinical load of 
3-4 conventional scanners:
Space and staff saving

Extends the distance from a distribution centre 
of radio labelled tracers by a further 5 half lives
Avoids the cost of in house production

Provides time for extensive 
clinical & research activities
on the one scanner

Easily prescribe scan 
quality e.g. from 2-3 to 
10’s of mins duration Prescribe scans with 

up to a factor of 40
lower radiation
absorbed dose

Extend the working day



The 21st Century “Amersham Catalogue”

Zirconium -89 Custom Labelling Service of 
cells and antibodies

Fluorine-18 & Gallium-68 Custom labelling Service
of macromolecules peptides, nanobodies

Centralized Radioisotope Production:
Radiochemistry for patient doses 

GMP production
Regulatory Control

Fluorine-18 Custom labelling Service of small 
organic molecules

11C labelled metabolic precursors-non specific 
activity dependant



Transformative Areas
of Investigation

➢Detecting occult low density multi-
system disease

– Ultra-staging of micro-metastases

– Plaques in atherosclerosis 

– Inflammation

– Infection

➢Providing total body kinetics

– Drug delivery / extended time courses 
/ physiologically based pharmaco-
kinetic models

– Translational pipe line for new 
radio-labelled imaging biomarkers

– Toxicology

➢Studying the  interactions between 
the body’s organs

– Distribution of tissue blood flow

➢Enabling low radiation dose studies

– Repeat studies

– Normal subjects

– Young patients

– Maternal-Fetal

➢Studying interactive regional 
pathologies brain: body

– Anxiety / Depression

– Alzheimer’s Disease

– Metabolic syndrome / obesity

➢Expanding the commercial future

– Higher clinical throughput

– New applications



Phase 0/1 First in to man testing without  

    the need for prior toxicology testing

Huge Libraries of potential drugs synthesised

                    but in very small amounts

Lead Compounds from the Library 

   can be studies directly in man

Extremely low levels of Drug needed for Total Body PETStudy of the total body functional effects of drugs

Single Subject repeat PK Studies

Projected Applications

 of

 Total Body PET

 Drug Development

Accelerated Drug Testing/Development 

Pharmacokinetics 

Biodistributions

Enough for Total Body PET
Using low doses of radiation

Drug Escalation

Challenge studies

Avoid inter subject variability

1

2

3

4

5

6

:

Drug Development



Translation of micro PET animal studies of       
      new imaging biomarkers to humans

Testing Candidate Imaging Biomarkers

Projected Applications
 of 

Total Body PET
Development of Imaging Biomarkers 

Minimal amount of compound

Single human subject serial 
PK and challenge studies

Of the potential of high and 
   low affinity compounds

1

:

2

Development of Imaging Biomarkers



Total-Body PET: 
Studying the interactive complexity of 

the Human Body

• Brain-Body

• Heart-blood circulation

• Hormone & Peptide producing organ: 
Pancreas/Adrenals/Thyroid/Gut/Gonads

• Cell trafficking 

• Systems Biology



Synapse Imaging 

“The synaptic basis of neuroimmune communication is also 
coming into focus, and this area is particularly exciting due 
to the potential to execute rapid changes immune status.” 
M L Dustin J Cli. Inv. vol 122.4. April 2012



Anxiety Disorder

Bipolar Disorder

Insomnia

Posttraumatic Stress Disorder, 

Borderline Personality Disorder, 

ADHD

Major Depressive Disorder, 

Burnout, Chronic Fatigue Syndrome

Fibromyalgia

Irritable Bowel Syndrome, 

Alcoholism

Stress and disease

11C labelled precursor –for cortisol synthesis in the adrenals?

//patprice-my.sharepoint.com/wikipedia/commons/5/55/HPA_Axis_Diagram_(Brian_M_Sweis_2012).png
http://en.wikipedia.org/wiki/Anxiety_disorder
http://en.wikipedia.org/wiki/Bipolar_disorder
http://en.wikipedia.org/wiki/Insomnia
http://en.wikipedia.org/wiki/Posttraumatic_stress_disorder
http://en.wikipedia.org/wiki/Borderline_personality_disorder
http://en.wikipedia.org/wiki/Attention_deficit_hyperactivity_disorder
http://en.wikipedia.org/wiki/Major_depressive_disorder
http://en.wikipedia.org/wiki/Burnout_(psychology)
http://en.wikipedia.org/wiki/Chronic_fatigue_syndrome
http://en.wikipedia.org/wiki/Fibromyalgia
http://en.wikipedia.org/wiki/Irritable_bowel_syndrome
http://en.wikipedia.org/wiki/Alcoholism


Bio-distribution of cells over days/weeks

Total Body PET 89Zr (78.5 hrs T1/2)

Synthesis and characterisation of zirconium complexes for cell tracking
with Zr-89 by positron emission tomography 
Trevor J. Ferris,a Putthiporn Charoenphun,b Levente K. Meszaros,b

Gregory E. D. Mullen,b Philip J. Blowerbc and Michael J. Went*a

Dalton Trans., 2014,43, 14851-14857

http://pubs.rsc.org/en/results?searchtext=Author:Trevor J. Ferris
http://pubs.rsc.org/en/results?searchtext=Author:Putthiporn Charoenphun
http://pubs.rsc.org/en/results?searchtext=Author:Levente K. Meszaros
http://pubs.rsc.org/en/results?searchtext=Author:Gregory E. D. Mullen
http://pubs.rsc.org/en/results?searchtext=Author:Philip J. Blower
http://pubs.rsc.org/en/results?searchtext=Author:Michael J. Went


Total-Body PET: 
Opportunities for Radiochemistry 

• In house non GMP radiochemistry labelling and pre-clinical testing

• Commercial customised GMP syntheses for human studies 

• 11C labelling of metabolic precursors body-brain interactions:
➢ Leptin-obesity
➢ Cytokines-dementia
➢ Cortisol-depression, anxiety, etc. 

• Low dose biomarker development in single human subjects

• Low dose first into human labelled drugs

• Labelling cells for long term trafficking 

• Radiochemistry using significantly lower levels of activity-

shielded fume cupboard



To the next 50 years

Thank you


