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recent FDA black box warnings 
specific to neonates 



neonatologists are working at the fast lane of (developmental) life, 

age or size/weight are the most significant covariates. 

 

in general, drug clearance is low. This – however – does not 

exclude extensive interinidividual variability within the neonatal 

population (size log value). 

 

this extensive interindividual variability in drug disposition 

necessitates the search for covariates within the neonatal 

population. 

 

there is no such thing as ‘an isolated neonatal liver/kidney’ 

main route of clearance should not be similar in neonates 

compared to adults. 

 

pattern recognition matters, and may be used to predict PK for yet 

unknown drugs. 

 

 

Conclusions 



developmental (dis)continuum 

fetus 

newborn 

infant 

toddler 

child 

adolescent 

adult 

weight  x 2 5 m 

  x 3 1 y 

caloric needs x 3-4 1 y 





Rakhade et al, Nat Rev Neurol 2009 





 





skin permeability 

GA: 26 wk 

PNA: 1 day 

GA: 26 wk 

PNA: 16 days 

GA: 40 wk 

PNA: 1 day 

         Rutter.  Clin Perinatol 1987;14:911 



Bonner et al, Biopharm Drug Disp 2015 



Rakhmanina et al, Adv Drug Deliver 2006 

        body water content 



Langhendries et al, Biol Neonate 1998  

distribution volume: hydrophylic drugs 



effect of drug binding on volume of distribution 
bilirubin 

Here 





Hepatic enzymes 

Extrahepatic enzymes 

        clearance: renal/hepatic 

Slide provided by J van den Anker 



Phase I and Phase II of drug metabolism 

Evans et al, Science 1999 



 

Wang et al, Clin Pharm Ther 2015 



ifosfamide (IF) causes serious renal damage substantially 
more in younger children (less than 3 years of age) than 
among older children. 
 
Relates to differences in enzyme activity 
 

developmental toxicology, metabolism driven ?  



covariates of drug metabolism 

disease 

age genetics 

drugs 

nutrition 

herbal medicine 

Slide provided by J van den Anker 



glucuronidation: postnatal age-dependent 

 Bouwmeester et al, Br J Anaesth 2004 



CYP2B6/3A4 

34 % 

 
UGT 

77 % 

 

 propofol clearance is metabolic clearance 

High capacity, low specificity : glucuronidation 

Low capacity, high specificity: CYP2B6 



Allegaert et al, Br J Anaesth 2007 



polymorphisms are not limited to metabolic enzymes  

Wachman et al, JAMA 2015 



Zhu et al, J Clin Pharmacol 2012 

NAT-2, isoniazid ontogeny 



Kearns et al, NEJM 2003 



amikacin clearance in neonates: age/weight/NSAIDS/asphyxia 

De Cock et al, Clin Pharmacok 2013; Cristea et al, Antimicrob Agents Chemother 2017 





models: let’s make things better... 

1887 

Essentially, all models are wrong, but some are useful. 

 

(George E.P. Box, 1919 - 2013) 

2014 
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drug evaluation studies in neonates: how to overcome the current limitations 

integrate neonatal (patho)physiology into neonatal drug development 



“TOP DOWN” 

Clinic to mechanistic 

(population-based) 

“BOTTOM UP” 

In vitro to In vivo 

(IVIVE) 

Plasma Data 

Demography 

Physiology 

Genetics 

In vitro data 

PBPK/IVIVE 

Population-based 

PK 

(Covariates?) 

Confirming 

Learning 

Data gathering Modelling Clinical implications 
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