
1 

14C Enabled Drug Development 

 
Bioanalytical considerations 

 
Iain Shaw,  

Quotient Bioresearch 

 
European Bioanalysis Forum 

Thursday 2 December 2010 



2 

Scope of the presentation 

• Drivers for change in early development 
 

• How do we enhance scientific decision making in early 

development ? 

• Utility of a 14C radiolabeled molecule 

• Integrated manufacturing and clinical testing to accelerate the 

timeline for provision of a drug product 
 

• What are the bioanalytical challenges impacting the 

applications of 14C enabled drug development ? 
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Drivers of change..... 
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Absolute number of compounds in Development 
Jan 2007 – Nov 2009, monthly data 

 



6 

Why is a 14C radiolabeled compound valuable 

in clinical research ? 

• It allows precise quantification of drug related systemic 

exposure 

 

• It allows the parent molecule and its molecules to be 

detected, distinguished, and quantified 

 

• It allows the drug product from one route of 

administration to be distinguished from a second route 

of administration in the same clinical study 
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14C enabled drug development  

Study Type Application Position 

Phase 0 Microdose 

•(Back-up) Candidate 

selection 

•Early human 

pharmacokinetics 

Discovery – Development 

Interface 

ivMicrotracerTM 

•Understanding drug 

bioavailability 

•Intravenous 

pharmacokinetics 

Pre Proof of Concept 

MicrotracerLL •Early insights into 

drug metabolism 

Pre/ During 

Proof of Concept 

Human ADME 
•Regulatory 

metabolism studies 
Pre Phase III  
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Phase 0 Microdosing 
 

Generation of human pharmacokinetic and ADME 

data to support candidate selection 
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Why ? 

• It enables candidate or back-up candidate selection to 

be based on human pharmacokinetics 
 

• It provides an early insight into human bioavailability, 

half-life and metabolite burden 
 

• Used to drive investor confidence and decision 

making 
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Experience/perspectives.... 

• 10 studies/programs undertaken to date 
• First study undertaken in 2004/5 

 

• Significant customer scepticism 
• Linearity 

• Additive cost (time and money) 
 

• “Reactive” position adopted by ourselves whilst the 

“science figured itself out” 
 

• Now starting to sense changes in the marketplace 
• You have to be very specific on the question you‟re asking 

• Back-up programs may be the most useful application for Phase 0 
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„Phase 0‟ Microdose case study 
Selection of lead candidate 

Poster: AAPS Conference 2009, Los Angeles, CA 
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Do/ Will we always need AMS? 

• 2 recent Phase 0 studies achieved decisions on cold data 
• Studies dosed with 14C compound so AMS sensitivity was available 

• LCMSMS assays provided decision making data 

• AMS data runs cancelled 

 

• Is sequential analysis strategy the way forward for 

microdosing? 
• Dose with 14C compound 

• Initial sample analysis by cold LCMSMS assay 

• Progress to AMS analysis only if required 

• Currently implementing this approach through a number of client discussions 

 
• NB: this is only relevant for Phase 0, not ivMicrotracer 
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ivMicrotracer 

 
Generating iv pharmacokinetic data for oral drugs in 

early development 
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Why ? 

• It allows absolute bioavailability to be determined 

• How much of the oral dose is absorbed (%F) ? 

 

• It provides insights into the drivers of poor 

pharmacokinetics 

• Non-linear and variable PK 

 

• Decision making 

• It empowers the clinical development team with equivalent 

data sets to the preclinical team 
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ivMicrotracer study design 
A rapid and cost effective approach to generate iv PK data 
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• Oral therapeutic dose 

• Measured by LC/MS:MS 
 

• ivMicrotracer dose administered 

when oral dose is at Cmax 

• Measured by AMS 
 

• ivMicrotracer can be “piggy-

backed” onto any standard 

development study 

• SAD, MAD, Food effect 
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Rapid development and manufacture 

of iv drug products 

Formulation 
Development 

Cold Trial 
Manufacture 

Hot Trial 
Manufacture 

Clinical Trial 
Manufacture 

“Cold” 

API 

“Hot” 

API 

IMPD 
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Our experience to date.... 

• >15 studies to date 

• Majority driven by customer drive for “early development insight” 

• Two studies in response to Regulatory Agency demands (FDA, Australia) 

• Approximately equal mix of big and small pharma 

 

• ivMicrotracer incorporated into a selection of study designs 

• Single period bespoke study 

• Single ascending dose  

• Multiple ascending dose 

• EnterionTM (IR control leg) 

• RapidFACTTM (IR control leg) 
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ivMicrotracerTM case study 

Poster: ASCPT Conference 2010, Atlanta, GA 
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Human Metabolism 

 
Are the traditional paradigms changing? 
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Regulatory guidelines and perspectives 
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Consistency in the guidance documents? 

MIST  

(FDA) 

ICH Topic M3 
(EMEA) 

Direction 
Metabolites at exposure levels 

>10% parent compound 

Metabolites at exposure levels 

>10% total drug related 

exposure 

Timing 

“We encourage identification 

of differences in drug 

metabolism [.......] as early as 

possible during the drug 

development process” 

“Such studies should be 

conducted to support Phase 

III clinical trials” 
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Placing metabolism in the Development plan 
Sponsor perspectives 

? Early 
(pre-POC) 

Late 
(post-POC) 

•Avoids surprises 

•Identifies risks 

•Increases costs 

•Delays expenditure 

•Increases metabolism  

  risk? 

Sponsor perspectives seem to be heavily influenced by past 

experiences which have been translated into current R&D strategy 
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An example study design for metabolism 

investigations in the FIH study 

Dose 1 

Dose 2 

Dose...(n) 

MTD 

14C oral microtracer 
•<250nCi 

•Blood, urine, and faeces 

•AMS analysis for 14C fractions 

•Orbitrap for Met ID 

Primary objectives 
To assess safety and tolerability and 

pharmacokinetics of Compound X after a 

single ascending dose 
 

Secondary objectives 
To investigate the metabolic profiling of 

Compound X following a single dose 
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Quotient has experience of 

working with all three commercial 

AMS providers 

Tracer applications have 

traditionally relied upon AMS 

analysis 

What about the bioanalysis? 
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• Critical factor for studies where AMS 

data is pivotal to study outcome 

 

• Specifically to studies generating 

absolute bioavailability data for 

regulatory submission 

 

• Topic at  CPSA, Oct 2010 

 

• Standardization of Validation for AMS 

Microtracer Studies: Absolute 

Quantitation without Reference 

Standards 

 

• Future progress through subgroup for 

AMS validation within the Global 

Bioanalysis Consortium  

How do you validate an AMS assay ? 

Ref: Thoughts on using AMS for Absolute 

BA Studies, Mark E Arnold, BMS (CPSA 

2010) 
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Closing comments 

• The medical science being applied in Early Development is 

continually evolving 

 

• Seeing an increased utility of 14C radiolabeled molecules in drug 

development 

 

• Driving new and more complex early development protocols 

 

• Makes efficient and robust testing of 14C compounds in the 

associated bioanalysis pivotal to the outcome of these 

applications 
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Horizontal 

Platform 
Synthesis-to-Clinic 

How do we differentiate ourselves? 

“MAKE” “TEST” 

Industry vertical 

integration 

Industry vertical 

integration 
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AAPS 2010 poster publication 
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Synthesis-to-Clinic  

14C API synthesis 

Preclinical Data 

Regulatory affairs 

IMP production 

Clinical conduct 

Sample analysis 

Reporting 

•Tightly integrated supply chain 
 

Single vendor 
 

Single project manager 
 

Integrated Quality process 
 

Continuity of the science 
 

Removal of management burden 

 

•Relevant to all 14C containing study types 
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Thank You 
 
iain.shaw@quotientbioresearch.com 
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