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SAFETY ASSESSMENT PRINCIPLES

Exposure
Toxicity

First: Parent drug toxicological assessment in animals

But what about metabolites? FDA guidance on Safety testing of drug metabolites:
‘The safety of drug metabolites may need to be determined in nonclinical studies because these 
metabolites are either identified only in humans or are present at disproportionately higher levels in 
humans than in any of the animal species used during standard nonclinical toxicology testing.’
‘Generally, metabolites identified only in human plasma or metabolites present at 
disproportionately higher levels in humans than in any of the animal test species should be 
considered for safety assessment. Human metabolites that can raise a safety concern are those 
formed at greater than 10 percent of total drug-related exposure at steady state.’

Risk



DRUG DEVELOPMENT PIPELINE
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HUMAN METABOLISM DATA

Generally generated late Phase 2, or Phase 3
High 14C dose administration not ethical in early phase 

Lower the 14C dose significantly (e.g. 1000 fold)
No ethical concern even if compound is killed
No QWBA 



FASTER HUMAN DATA
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AMS@TNO: HIGH VOLTAGE ENGINEERING EUROPE 1MV 
TANDETRON WITH GAS SOURCE

Elemental analyzer (EA) combusts sample. Gaseous CO2 is used instead of graphite

Duijn E, Sandman H, Grossouw D, Mocking JAJ, Coulier L, Vaes WHJ. Anal.Chem. 2014, 86, 7635-7641.



MIST STUDY SAMPLE ANALYSIS
Combine UPLC, fraction collection, and AMS with high resolution MS/MS-identification
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TYPICAL EARLY MIST STUDY DESIGN

No dosimetry data needed
No separate clinical trial needed (ICRP class 1 study)
Include in early clinical trials
Close to intended therapeutic dose
Include 100 nanoCi to 1 microCi of 14C labelled drug
Sampling blood, urine, faeces
Profile samples with chromatography
Count fractions (AMS) and identify with LC-hrMS/MS

Often combined with mass balance study (discharge from clinic based on AMS data)



WHAT ABOUT CHILDREN?

Back to the FDA guidance?
‘The safety of drug metabolites may need to be determined in nonclinical studies because these 
metabolites are either identified only in children or are present at disproportionately higher levels in 
children than in any of the animal species used during standard nonclinical toxicology testing.’
‘Generally, metabolites identified only in children's plasma or metabolites present at 
disproportionately higher levels in children than in any of the animal test species should be 
considered for safety assessment. Children's metabolites that can raise a safety concern are those 
formed at greater than 10 percent of total drug-related exposure at steady state.’

High radioactive dose (100 microCi) studies?

Microtracer studies?

10 | Impact of AMS on clinical development: the availability of early human ADME data 



CLASSICAL PAEDIATRIC DEVELOPMENT
Asses PK differences with adult PK as starting point; single dose if dose-linear in adults (ICH E11)
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MICRODOSING-BASED PAEDIATRIC DEVELOPMENT
Asses PK differences with adult PK as starting point; 
single dose if dose-linear in adults ICH E11):

With rapid PK: Individual child could benefits from 
knowing its’ individual PK to personalize dosing for 
the specific child

Investigate potential ontogenic differences

Dose linear PK  adults from 
microdose to therapeutic dose
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Time



PROOF OF CONCEPT – STUDY DESIGN I
First pediatric [14C]microtracer study to generate metabolite profiles

Midazolam is a widely used marker for CYP3A4/5 activity, with lower activity in neonates than in adults

12 critically ill children included in this substudy (96 patients were eligible, 46 consented)
Inclusion criteria:

Postmenstrual age >36 weeks
Bodyweight > 2.5 kg
Clinical need for iv midazolam
Indwelling arterial line in place for blood sampling

Exclusion criteria
Anticipated death in 28 hrs
Circular/kidney/liver failure
Comedication known to interact with midazolam
Gastrointestinal disorders



PROOF OF CONCEPT –STUDY DESIGN II

First pediatric [14C]microtracer study to generate metabolite profiles

Oral 14C-midazolam microtrace 60 Bq/kg, intravenous therapeutic dose of midazolam (0.05-0.3 
mg/kg/hr continuous infusion)

Blood sampling up to 24hr after dosing
Hamilton plasma pool 0-24h per age group

0-1 month (4 patients)
1-6 months (5 patients)
0.5-2 years (1 patient)
2-6 years (2 patients)

Urine and fecal collection up to 72 hrs after dosing



METABOLITE PROFILES 1OH-MDZ-GLU most abundant, 
followed by unchanged MDZ and
1OH-MDZ

Unspecified metabolites < 10% of 
total drug related material

MDZ-GLU and 4-OH-MDZ



METABOLITE PROFILES

Longer sampling time for subject 1 may have resulted in a higher recovery 
Adults: 90% urinary recovery after oral dosing



TAKE HOME MESSAGE

The sample size of this pilot is too small however: 
Microtracers and detection with AMS enable safe dosing to children of 14C labelled drugs
Avoid delay in drug registration for this vulnerable population

Radioactivity studies that are being conducted in adults may also be conducted in children:
Microdosing can aid in establishing better first therapeutic dosing in children
Microtracers combined with cold therapeutic dosing enable

Derive absolute bioavailability in children 
Derive routes of excretion and mass balance
Derive metabolite profiles
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