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Biomarker vs. Biodistribution 

Biomarker enabled early decision  
opportunity window 

Imaging Applications in Drug Development 
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Studies Initiated by Industry containing PET/SPECT in description 
(source www.clinicaltrials.gov)   
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Source: American Association of Cancer Research 2011 Cancer Progress Report 

Drug Discovery and Development Timeline 
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• It takes 12-15 years on average for an experimental drug to go from lab to patients 
• Only 5 of 5,000-10,000 compounds that enter preclinical testing reach human testing 
• 1 in 5 of investigational drugs in clinical trials reach approval 
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Hargreaves, et al.; CPT 2015 



Clinical Trials Using SPECT Imaging 
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Clinical Trials Using SPECT Imaging 
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Clinical Trials Using SPECT Imaging 

9 October 2015 DOE 99Mo Topical Meeting - Boston, MA 7 

• 120 CT using SPECT open to accrual and active 
• 1036 CT using PET open to accrual and active 



120 Clinical Trials Using SPECT 

• 67 Instrumentation 

• 47 Cancer 

• 47 Cardiac 

• 37 Others 

• 50/120 Safety 

 

• 1036 CT using PET 
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SPECT Trials in Cancer 
Seeking NDA 

• Diagnosis 

• Staging/Restaging 

• Monitoring response 

• Monitor safety 

As CT tools 

• Accrual 

• Multifocal disease 

• Monitoring response 

• Longitudinal assessment 
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Clinical Trials – Phase 0 (n=5) 
Phase 0 Studies n<15 
• Proof-of-Concept 
• Exploratory, Small doses 
• No benefit to patients 
• Aims: 

– Drug distribution/PK 
– Action of drug in human/PD 
– Tissue/Cell response to drug 

• Extra biopsies, scans, and blood 
samples 

• Lower risk than P1 
• 5 Novel radioligands 

• 2 Cancer 
• 1 Cardiac 
• 1 Nuero 
• 1 Metabolic 
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Inhaled Tc99m-labeled colloids of different particle sizes 

Mouse               Rat                  Ferret           Rabbit                    Canine           Human 

Rodent: Topographic Thinning  

or “Onion” Model of the lung  

“Onion” Deposition Plots for 

Varying Particle Sizes  
Translation to Clinic For  

Drug Delivery Evaluation 

Translational Imaging Drug Delivery 
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Clinical Trials – Phase 1 (n=19) 
Phase 1 Studies n=10-20 

• First-in-Man 

• Safety in humans 

• Dose escalation 
– Maximum Tolerated Dose (MTD) 

• Dose to toxicity 

• Establish safety parameters 

• PK/PD, Metabolism/Clearance 

• 10-20 subjects 

• 7 Novel radioligands 
• 2 Cancer 

• 1 Cardiac 

• 1 Nuero 

• 1 Metabolic 
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Clinical Trials – Phase 2 (n=23) 
Phase 2 Studies n=20-500 

• Head-to-Head, Pivotal Study 

• Establish effect on specific disease 
–e.g. Reduce tumor size 

• Must show likely to work and safe 

• Compared to standard treatment 

• >2 years 

• Sometimes randomized 

• Continue to assess safety 

• 8 New radioligands/indications 
• 5 Cancer 

• 3 Other 
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Clinical Trials – Phase 3 (n=12) 
Phase 3 Studies n=1000-5000 
• Establish efficacy in specific disease 
• Compare to standard-of-care 
• Larger number of patients 
• Usually randomized 
• Compare 2 or more treatments 
• Include patients of various ages, 

ethnicities, and both genders 
• Many years to complete 
• Favorable results submitted to FDA as 

new drug Application (NDA) 
• 6 New radioligands/indications 

• 3 Cancer 
• 2 Cardiac 
• 1 Neuro 
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Clinical Trials – Phase 4 (n=13) 
Phase 4 Studies n>10,000,000 
• Post marketing surveillance 
• Pharmacovigilance = Drug Safety 
• Ongoing technical support 
• Maybe required by FDA 
• Maker seeks new indications 
• Evaluate drug interactions 
• Test in new groups of patients 
• Assess rare & long-term effects 
• Many years…Ongoing… 
• 4 New radioligands/indications 

• 1 Cancer 
• 2 Cardiac 
• 1 Neuro 
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Thank you!!! 


