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What’s Phase 0?

Microdosing of IMP in humans
• before Phase 1 has started
• before any pharmacologically active doses 

have been given to humans



Why Phase 0?

Microdosing of IMP in Phase 0
• may help you choose the drug with the best 

pharmacokinetics, if you have several 
candidate drugs to choose from, on the 
basis of
–highest bioavailability

–Tmax appropriate for indication

–elimination half life appropriate for indication



What’s a microdose?

• 100 µg  or less – usually 1 dose 
– rarely, up to 5 doses

or
• 100th of the lowest dose (mg/kg IV or mg/m2 oral)

that’s pharmacologically active 
in most sensitive animal

whichever is smaller



What toxicology does EMA require for a microdose?
• extended single-dose* toxicology study in 

1 species (always rat) allows single dose in 
human
–1,000-fold the proposed human dose, 

on a mg/kg  basis for IV (mg/m2 for oral)

• you don’t need:
–genotoxicity

–safety pharmacology

• Phase 0 may save animals & money, if 1 or more 
candidates don’t need tox package for Phase 1

* 7-day toxicology allows up to 5 doses per subject (rarely done)

ICH M3 (R2) guideline 2009



A typical Phase 0, microdose study

• 6 healthy men

• single oral dose of IMP:
100 µg, or 1/100 lowest pharmacologically active 

dose in animal
14C ‘light label’ – typically 10 kBq (about 200 nCi)

• plasma samples at (eg) 
0, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, 16, 24, 36, 48 h

• analysis by Accelerator Mass Spectrometry (AMS) 
– sometimes LC/MS-MS is sensitive enough, 

& 14C label unnecessary



Microdosing in Phase 0 – conclusions

• can identify candidate with best 
pharmacokinetics for progression to Phase 1, 
but…

–results sometimes show spuriously low 
bioavailability 
(because the microdose is so tiny)



Microdose in Phase 1– 3: 
allows determination of

Absolute bioavailability (F) of an oral dose

• to determine absolute bioavailability, you will need:

– data to support a therapeutic oral dose

– data to support an IV microdose 
(extended single-dose toxicology in rat)

– funds (not a lot!)

– project leader who understands why it’s useful to 
know the absolute oral bioavailability of an IMP



Absolute bioavailability: study design

• 6 healthy men

• 2 doses of IMP on 1 day:
– therapeutic dose first (usually oral)

– 100 µg IV, 1–2 h later
usually with 14C ‘light label’ (10 kBq)

• aim is to give IV microdose at Tmax 
(time of peak concentrations) after oral dose

• frequent plasma samples for assay of 
unlabelled (oral) and 14C-labelled (IV) drug

• NB oral dose must be much bigger than IV dose



Bioavailability of ZK253 – simultaneous IV & oral doses 

CREAM study:  Lappin et al   

100 µg IV dose, 14C-labelled

50,000 µg oral dose, ‘cold’



Microdosing – conclusions

• in Phase 0 – can identify candidate with best 
pharmacokinetics for progression to Phase 1, 
but…

–results sometimes show spuriously low 
bioavailability 
(because the microdose is so tiny)

• in Phase 1 – can yield cheap & reliable 
estimate of absolute bioavailability
provided that IV microdose is 1–2 h after a 
‘therapeutic’ oral dose



Supplementary slides



ADME = 
Absorption, (Distribution), Metabolism, Elimination

Design
• radiolabelled drug – typically 1–2 MBq 14C
• total urine & faecal collection for 7 days
• PK profile Days 1–2 then daily blood samples
• total 14C analysis by liquid scintillation counting
• acceptable radiation exposure

• use of ‘light label’ – eg 8–10 kBq – requires Accelerator Mass 
Spectrometry: feasible, but too complex for routine use



Utility of Phase 0

• ‘good’ PK in Phase 0 helps to justify further 
development (& investment)

• ‘poor’ bioavailability in Phase 0 doesn’t 
always predict of a clinical dose – so, if you 
have only 1 candidate drug, you may decide 
to continue development anyway

• if you have 2 or more candidate drugs, 
Phase 0 can identify the one with most 
favourable pharmacokinetics for progression 
to Phase 1



Limitations of microdosing in Phase 0

Dose is too small to assess:

• tolerability
• safety
• a pharmacological effect
• a therapeutic effect

or
• drug interactions



What do regulatory authorities think of Phase 0?

• EMA & FDA explicitly encourage the conduct 
of Phase 0 studies

What do Pharma companies think of Phase 0?
• it’s a mixed picture

–most likely to appeal to Big Pharma, if company 
has several candidate drugs to choose from

–Small Pharma often has only 1 candidate drug, 
but a successful Phase 0 study may help to 
procure further investment



Does microdose have same PK as 
therapeutic dose?



Yes, for oral midazolam –
PK of microdose matches therapeutic dose

CREAM study:  Lappin et al   

Midazolam concentrations, normalized to 1 mg dose.
Black squares: 7.5 mg oral dose (no radiolabel). 
Open squares: 100 µg 14C-labelled oral dose (on separate occasions) 

100 µg &
7,500 µg oral



Yes, for IV diazepam –
100 µg microdose yields same PK as 

7,500 µg clinical dose

CREAM study:  Lappin et al   

Diazepam concentrations (normalised to 1 mg dose) 
after 100 µg 14C-labelled IV dose (open circles) and 
10 mg IV dose (on separate occasions)

Remember: you can’t give the big IV dose 
until Phase 1 data are available for IV route

100 µg &
7,500 µg IV



No, for oral warfarin –
bioavailability much lower after microdose

CREAM study:  Lappin et al   

Plasma warfarin concentrations (normalised to 1 mg dose) 
after 100 µg 14C labelled oral dose (open squares) and 
5 mg oral dose (black squares), on separate occasions.
NB oral erythromycin yields a similar result

5,000 µg oral

100 µg oral



Absorption, (Distribution), Metabolism, Elimination

Purpose
• get data on metabolites & biotransformation pathways
• show excretory pathways – renal, hepatic
• confirm PK parameters 

(can’t show absolute bioavailability, unless 100% dose →urine)

When needed
As early as possible
• requires extra animal studies:  

– 14C-labelled mass balance
– whole body autoradiography

• may (rarely) kill off drug



Drug development – ‘classical’ plus Phase 0

Who takes the 
medicine? What might we learn?

Phase
0

6–20
healthy people

 which of the candidate drugs 
has best PK?

Phase
1

100–200 
healthy people

 is it safe?
 is PK acceptable?
 does it have desired PD effect?
 might it work in patients?

Phase
2

200–300 
patients

 is it harmful to patients?
 is it likely to work in patients?

Phase
3

1,000–3,000 
patients

 is it very likely to be safe in patients?
 does it really work?
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