neonates need more finesse in dosing of antibiotics
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reconsidering history

gray baby syndrome

Life-threatening condition produced by the
administration of chloramphenicol to neonates
and young children

Many neonatal deaths associated with this
syndrome: ontogeny or genetic predisposition?

Can we integrate current knowledge regarding
primary paths of drug biotransformation and
ontogeny to guide therapy?
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when, what (product development) and how ?

antibiotics are very commonly used, practices vary extensively
infections occur, are rather rare, but have impact on outcome
target for antibiotics depend on its mechanism (concepts, no doses)

Penicillins: time about MIC (minimal inhitory concentration)
Vancomycin: both ?
Aminoglycosides: peak > 8 MIC, and trough relates to toxicity

how to apply to neonates
maturational toxicity to be considered
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Modal-based
new dosing regimen

Amikacin Concentration (mg/L)
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Patient 1:

Birthweight 4800

Gestational age: 24 weeks
Co-administration of ibuprofen

Patient 2:

Birthweight 1730g

Gestational age: 32 weeks
Co-administration of ibuprofen

Patient 3:
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Gestational age: 40 weeks

Mo co-administration of ibuprofen
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Figure 2 Modelbased predicted concentration-time profiles of amikacin for three typical neonates, using five different currently used dosing

guidelines' *** and according to the new model-based dosing regimen. Open dots: concentrations within target range, black filled dots: C,p.a, over target
Crnae, grey filled dots: Cry, under target Crin. Crax=maximum concentration; Cp=minimum concentration. Long dash line, Limit of target Cay range; Short
dash line, limit of @arget C,,,,,., r@nge. Adapted flom De Cock RFW et al. Maturation of the glomerular filiration rate in neonates, as reflecied by amikacin
clearance. Reproduced from Cock R. F. W. De ef al. Maturation of the glomemnlar filtration rate in neonates, as reflected by amikacin clearance. Clinical
pharmacokinetics 2012;51:105-17 with permission from Adis (© Springer International Publishing AG 2012. All rights reserved.)

De Cock et al. Clin Pharmacokinet 2012




Concentration-response relationships and how they relate
to common antimicrobial PK/PD indices

Percent of maximum 100 = CEfaZOlin
possible effect

vancomycin

aminoglycosides

Increasing antibiotic concentration

Barker et al. Curr Opin Infect Dis 2012



topics to be discussed

* Antibiotics are very commonly used and practices vary
* Infections occur, are rather rare, but have impact on outcome

* Target for antibiotics depend on its mechanism

 Penicillins: time about MIC (minimal inhitory concentration)
* Vancomycin: both ?
* Aminoglycosides: peak > 8 MIC, and trough relates to toxicity

 How to apply to neonates (blood compartment only ? )
* Specific toxicity to be considered






distribution volume and clearance are sometimes ‘contradicting’ in early life



body water content changes with age
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vancomycin, intermittent,
target AUC,,,= 10-15 mg/I through
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Pauwels et al. Arch Dis Childh 2016



vancomycin, continuous
target AUC,,,= 15-20 mg/| median
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Pauwels et al. Arch Dis Childh 2016



The free (unbound) concentration of the drug at the target site
should be used in PK/PD correlations to make prediction for
pharmacological activity
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Oyaert et al. Antimicrob Agents Chemother 2015; Smits et al. Eur J Clin Microbiol Inf Dis 2018



effect of drug binding on volume of distribution
bilirubin
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drug clearance: relation to weight/age ?




renal elimination changes with age: not just GFR
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GFR according to GA in the first month of life (n = 275). Data are means = SEM.

Vieux et al. Pediatrics 2014




One dose per day compared to multiple doses per day of
gentamicin for treatment of suspected or proven sepsis in
neonates (Review)

Rao SC, Srinivasjois R, Hagan R, Ahmed M

THE COCHRANE
COLLABORATION®




amikacin clearance in neonates: age and weight
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amikacin clearance in neonates: age and weight and ibuprofen
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amikacin clearance in neonates: whole body cooling +/-

BW vs. TVCL for PNAs = {1,2,3,4}: uncooled-dots, cooled-lines&dots
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Cristea et al. Antimicrob Agents Chemother 2017 and Huang et al, J Food Science 2011






PK/PD model
in animals

PK/PD model
in adults

PB/PK model

PK data in
phase I/l
study

N

Extrapolation

approaches First dose in
— neonates —

PK study
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PK data in clinical practice
(various disease conditions,
treatment, dosing, biological

parameters, etc.)

Dosing Dosing
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neonates

Figure 1. Dosing optimisation of antimicrobial agents in the neonate. PK, pharmacodynamics; PD, pharmacodynamics.

Jacqz-Aigrain E et al. Semin Fetal Neonatal Med 2013



models: let’s make things better...
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A Neonatal Amikacin Covariate Model Can Be Used to Predict
Ontogeny of Other Drugs Eliminated Through Glomerular
Filtration in Neonates
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“TOP DOWN”
Clinic to mechanistic
(population-based)

“BOTTOM UP”
In vitro to In vivo
(IVIVE)
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BACK-UP SLIDES



repeated administration, the impact of the frequency of administration
despite the same 24 h dose

Penicillines
(vancomycin)

MIC

Time



the impact of the continous administration
despite the same 24 h dose
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Time



aminoglycosides: aim for a high peak and wait for a low trough level

ratio of the peak

concentration to
MIC

(aminoglycosides)

(bacterial killing)
PEAK (effect)

TROUGH (side effect)

(toxicity)

Time



A Neonatal Amikacin Covariate Model Can Be Used to Predict
Ontogeny of Other Drugs Eliminated Through Glomerular
Filtration in Neonates
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Meropenem
20 mg/kg.q8h

Randomisation
30 minutes, or 4 h infusion

TABLE 3. Impact of Meropenem Therapy on Clinical

Outcomes
Conventional Infusion
Group Group

Characteristics (n=>51) (n=51) P
Neonatal mortality 16 (31) 7(14) 0.03
Clinical improvement 17 (33) 31(61) 0.009
Necrotizing enterocolitis 7(14) 6 (12) 1.0
LOS#* 23 (14-33) 27(13-43) 0.31
Meropenem-related LOS (d)* 25 (15-36) 27(15-39) 0.2
Duration of respiratory 12.5(5.7-17.2) 4(0-18) 0.03

support (d)*
Duration of mechanical 3 (0-8) 1(0-10) 0.6

ventilation (d)*
Meropenem-related duration of 2(0-5) 0 (0-7) 0.8

mechanical ventilation (d)*

Meropenem-related duration of 0 (0-3.5) 0(0-4) 0.8
1inotropes therapy (d)*

CRP after intervention (mg/L) 72(6-100) 12(6-96) 0.01

Data expressed as median (interquartile range) or number (%).
*After exclusion of deceased cases and cases who developed hypersensitivity reaction.
LOS indicates length of hospital stay.

Shabaan et al. Pediatr Infect Dis J 2017



Research sequence: Towards improved drug exposure predictability

Individualised

pharmaco-
therapy

Prospective Internal
validation validation

dosing regimen PK/PD model

External
validation

PK/PD model




