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Presenter
Presentation Notes
Slides 3-7 provide a VERY topical overview of neonatal and infant ADME as compared to older children and adults 
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Opioid metabolism
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Presenter
Presentation Notes
Subsequent slides focus on the translation of those topical principles of ADME ontogeny to specific drugs of focus.  Since the 2009 workshop, study of individual drugs has done a tremendous amount to inform the ontogeny of metabolic processes in early life.
I think developmental pharmacology data is most comprehensive for morphine, so I’ll use it to describe the translation and pitfalls of basic ADME ontogeny.  This slide depicts morphine and fentanyl metabolism in adults.


Ontogeny of morphine elimination pathways
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Maturation of glucuronidation by UGT 2B7 by age.


Ontogeny of morphine elimination pathways
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However, data suggests that OCT1 uptake (and genetic variability) drives a significant portion of maturational and interindividual differences in morphine PK.


Serum opioid concentrations may not reflect CSF concentrations
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Presentation Notes
Left panel depicts structural immaturity of the neonatal blood brain barrier, although specific molecules have dramatically different interactions with this “immature” barrier.  Specifically, influx and efflux pumps play a major role.  The right panel depicts limited PGP expression in human neonates, resulting in lower efflux of opioids from the CSF.


Opioid receptor ontogeny
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Additionally, neonates have increased expression and responsiveness of mu opioid receptors.
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However, expression also varies by cell types, with adult mu opioid receptors predominantly in small and medium cells, while neonatal distribution is more diffuse.
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The result (in animal models) is increased morphine sensitivity in neonatal life when stimulated mechanically, but the opposite effect (although the difference is more subtle) when stimulated thermally.
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Presentation Notes
When considering PK ontogeny and receptor expression, I must highlight the rapidly evolving preterm neonatal brain, which highlights challenges in application of ontogeny data without very subtle breakpoints in age and consideration of long-term outcomes that drive most clinical work in critically ill/chronically ill neonates and infants.
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Morphine and developmental outcomes in preterm
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This work dovetails with PK and PD studies, as we know that pain negatively impacts brain growth and development, exposure to high doses of morphine and fentanyl appear to influence brain growth, and the relationship between opioid exposure and infant outcome is mediated by genetic variability in metabolism and CNS uptake. 


Morphine pharmacokinetics in therapeutic hypothermia
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Data in special populations has been a recent focus of PK studies, including neonates with encephalopathy receiving therapeutic hypothermia.  These findings highlight the dramatic impact of disease-state on PK.
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Presentation Notes
If time allows, I’ll make very brief comments on the other agents on our primary drug list.  Transition to fentanyl here.


Ontogeny of major hepatic CYP enzymes
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Fentanyl is certainly more straightforward than morphine from a PK perspective.  Knowledge of the ontogeny of phase I enzymes has increased dramatically over the past decade, but CYP 3A4 has been well described for quite some time.
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Fentanyl pharmacokinetics in preterm neonates
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Despite frequent use in the preterm population, PK data in preterm infants and regarding repeat doses and continuous infusions has occurred more recently and after widespread clinical use in these scenarios.  Unknowns regarding CSF concentrations, receptor ontogeny, and developmental impact remain.


Developmental formulations

* 1 mcg/kg x 1 kg + 50 mcg/mL =0.02 mL e 1 mcg/kgx1kg+5mcg/mL=0.2mL
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Additionally, as a practicing clinical pharmacist, I must highlight the importance of formulations in clinical practice.  Commercially available fentanyl is not useful in small neonates and most hospitals utilize compounded products to make this important agent readily available.


Acetaminophen metabolism
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Acetaminophen PK is complex and (as with morphine) a great deal of ontogeny knowledge is gained from studies of acetaminophen as a representative compound of several metabolic pathways.  This slide specifically describes acetaminophen metabolism in adults.


Ontogeny of acetaminophen elimination
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Neonatal metabolism of acetaminophen is dramatically different, specifically favoring sulphation over glucuronidation.


Neonatal (0 to 27 days) Infancy (28 to 364 days) Early childhood (1 to <6years )
Other CYPs Other CYPs Other CYPs
6% 2% 6% 5% 6% 8%

\

UGTs
31%

UGTs
27%

r Adulthood (>18 years)
Other CYPs
6% 9%

SULTs
31%

Ontogeny of acetaminophen
elimination pathways

{ K\.
0

Ladumor et al. Drug Metab Dispos 2019; 47: 818_-1>L

AN


Presenter
Presentation Notes
Similar data to previous slide with the addition of data in infancy and early childhood.


Acetaminophen PD
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Understanding acetaminophen PK allowed conduct of clinical trials that essential bridged unknowns regarding mechanism, CNS transport, and receptor ontogeny.  While ineffective for procedural pain, acetaminophen has clear opioid spairing effects for post-operative pain.


Local anesthetics in brief

* Metabolism mediated by CYP enzymes, highly protein bound
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Local anesthetics follow the metabolic lessons of fentanyl, but have the additional complexity of being highly protein bound.  


Are we there yet?
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Putting it all together, this busy slide characterizes the level of developmental data required to produce a PB (physiologically based)-PK/PD model for morphine.  Production and validation of such a model for exemplar drugs raises the possibility of extrapolation.  I think the current manifestation of this approach is characterized in the recent work on tapentadol, with thoughtful use of available data on ontogeny informing PK studies informing targeted clinical trials.  


My tentative conclusions

 We have made tremendous progress to understand the ontogeny of
various systems impacting drug pharmacokinetics

 Pharmacokinetic extrapolation across age groups is hindered by the
importance of all aspects of developmental pharmacokinetics

e Larger gaps exist in our knowledge of effective site concentrations
and receptor ontogeny.

e Different classes of drugs have different pitfalls.

e Both short-term and long-term safety studies are vital.
 Formulation may influence short-term safety.
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Utilized this slide in closing to mirror the emailed example presentation.  Happy to edit or exclude these based on feedback.  
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