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Summary


Popula'on	
  pharmacokine'cs	
  (Pop-­‐PK),	
  modelling	
  and	
  simula'on	
  were	
  
conducted	
  to	
  evaluate	
  the	
  pharmacokine'cs	
  and	
  variability	
  of	
  currently	
  used	
  
drugs	
  in	
  paediatric	
  pa'ents	
  of	
  different	
  age	
  groups	
  (from	
  neonates	
  to	
  
adolescents)	
  with	
  different	
  diseases.	
  	
  
	
  
o  Ciprofloxacin	
  in	
  neonates	
  and	
  pa'ents	
  with	
  sickle	
  cell	
  disease	
  

	
  the	
  corresponding	
  studies	
  are	
  	
  presented	
  as	
  an	
  example	
  in	
  the	
  following	
  slides	
  	
  
o  Vancomycin	
  in	
  neonates	
  (including	
  a	
  large	
  meta-­‐analysis	
  within	
  NeoVanc)	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  and	
  pa'ents	
  with	
  hemato-­‐oncologic	
  diseases	
  	
  
o  Metronidazole	
  in	
  neonates	
  
o  CeGazidime	
  in	
  pa'ents	
  with	
  cys'c	
  fibrosis	
  	
  
o  Ganciclovir	
  
o  Fluconazole	
  
o  Cyclosporine	
  …	
  
	
  
To	
  recommand	
  adapted	
  drug	
  dosage	
  in	
  children,	
  based	
  on	
  innova've	
  methods	
  



Context


EPTRI Open Meeting – April 2020 

Complex modelling methods of population 
pharmacokinetics (Pop-PK), pharmacokinetic-
pharmacodynamic (PKPD) or physiologically-based 
pharmacokinetic (PBPK) modelling are currently used, 
requiring analysis of covariates, that may participate to 
variability in drug disposition and responses. 

In	
  silico	
  modelling	
  and	
  simula'on	
  
for	
  dosage	
  selec'on	
  in	
  pediatric	
  
pa'ents	
  including	
  neonates	
  



Objectives  

To develop PK modelling and 
simulation methods to investigate the 
impact of key potential covariates on 
drug disposition of currently used 
drugs in pediatric patients  
 
Age and age groups  

 from neonates to children 

Different pediatric disease:   
 neonatal infection, sickle cell disease, 
 cystic fibrosis, hemato-oncologic 
 disease 

Ethnicity   

In	
  silico	
  modelling	
  and	
  simula'on	
  
for	
  dosage	
  selec'on	
  in	
  pediatric	
  
pa'ents	
  including	
  neonates	
  



60	
  pa'ents	
  (0.3	
  -­‐	
  18.9	
  years)	
  
Ciprofloxacin	
  clearance	
  (0.8	
  +	
  0.3	
  L/h/kg)	
  
depends	
  on	
  :	
  	
  
-­‐	
  WT	
  and	
  AGE	
  
-­‐	
  Serum	
  crea'nine	
  concentra'on	
  

Ciprofloxacin in 
sickle cell disease  

In	
  silico	
  modelling	
  and	
  simula'on	
  for	
  
dosage	
  selec'on	
  in	
  pediatric	
  
pa'ents	
  including	
  neonates	
  

60	
  pa'ents	
  (4	
  months	
  to	
  18.9	
  years)	
  with	
  SCD	
  or	
  other	
  
various	
  diseases	
  	
  
Ciprofloxacin	
  clearance	
  :	
  0.77	
  +	
  0.18	
  L/h/kg,	
  	
  
depends	
  on	
  :	
  weight,	
  crea'nine	
   	
  concentra'on	
  	
  
Is	
  52%	
  higher	
  in	
  SCD	
  compared	
  to	
  non-­‐SCD	
  	
  

	
  paEents.	
  	
  
Monte-­‐Carlo	
  simula'ons	
  show	
  that	
  	
  the	
  dose	
  required	
  to	
  
target	
  the	
  AUC/MIC	
  over	
  125	
  required	
  for	
  an'bacterial	
  
efficacy	
  is	
  higher	
  in	
  SCD	
  	
  
	
  
ModificaEon	
  of	
  dosing	
  regimens	
  is	
  recommended.	
  	
  



10	
  pa'ents	
  :	
  3	
  months	
  to	
  1year	
  -­‐	
  10	
  mg/kg	
  BID	
  
Lipman	
  et	
  al.	
  	
  

	
  

The	
  exemple	
  of	
  ciprofloxacin	
  :	
  	
  
	
  	
   	
   	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  1)	
  PharmacokineEcs	
  in	
  neonates	
  	
  

!

!

60	
  neonates	
  and	
  infants	
  	
  
10mg/kg	
  BID	
  or	
  TID	
  	
  
Wei	
  Z	
  et	
  al	
  	
  

1)	
  90%	
  of	
  NN	
  
with	
  PMA<	
  34	
  
weeks	
  7.5	
  mg/kg	
  
BID	
  	
  
and	
  
2)	
  84%	
  of	
  NN	
  
with	
  PMA≥34	
  
weeks	
  receiving	
  
12.5	
  mg/kg	
  TID	
  	
  
would	
  reach	
  the	
  
AUC/MIC	
  target	
  
of	
  125	
  
	
  

1.	
   2.	
  

3.	
  

4.	
  

10 patients : 3 months to 1year - 10 mg/kg BID
Lipman et al. 

The exemple of ciprofloxacin : 
1) Pharmacokinetics in neonates

!

!

60 neonates and infants 
10mg/kg BID or TID 
Wei Z et al 

1) 90% of NN 
with PMA< 34 
weeks 7.5 mg/kg 
BID 
and
2) 84% of NN 
with PMA≥34 
weeks receiving 
12.5 mg/kg TID 
would reach the 
AUC/MIC target 
of 125

6

1. 2.

3.

4.
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An	
  appropriately	
  constructed	
  
popula'on	
  PK	
  model	
  using	
  
opportunis'c	
  samples	
  can	
  
reliably	
  es'mate	
  important	
  PK	
  
parameters	
  needed	
  to	
  support	
  
individualiza'on	
  of	
  therapy	
  in	
  
neonates	
  

7	
  



Demographic characteristics  
of the 1631 neonates and infants 

included 

Median	
  values	
  
Weight	
  (CW)	
   	
  	
  1370	
  g	
  
GA	
   	
   	
  	
  30	
  weeks	
  
PMA 	
   	
  	
  32	
  weeks	
  
PNA 	
   	
  	
  11	
  days	
  
Birth	
  weight 	
  	
  1238	
  g	
  
Crea'nine	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  54	
  μmol/L	
  

Weight	
  (CW)	
  	
  	
  415	
  g	
  
GA	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  22.3	
  weeks	
  
PMA	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  23.3	
  weeks	
  
PNA	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  1	
  day	
  
Birth	
  weight	
  	
  	
  	
  385	
  g	
  

Weight	
  (CW)	
  	
  	
  11.4	
  kg	
  
GA 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  42.1	
  weeks	
  
PMA	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  52.4	
  weeks	
  
PNA	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  90	
  days	
  
Birth	
  weight	
  	
  	
  	
  4.8	
  kg	
  

Vancomycin	
  pharmacokine'c	
  	
  
meta-­‐analysis	
  	
  



 Vancomycine dosage recommendation 

PMA (weeks)	
   <29	
   29-35	
   >35	
  

Reference dose 
(mg/kg)  

15 OD	
   15 BID	
   15 TID	
  

Simulated dose  
Loading	
  dose	
  	
  

Maintenance	
  dose	
  	
  

	
  
25	
  

15	
  BID	
  

	
  
25	
  

15	
  BID	
  

	
  
25	
  

15	
  TID	
  

target	
  :	
  daily	
  AUC	
  of	
  400	
  mg*h/L	
  	
  



Conclusion 

Pop-­‐PK	
  and	
  PBPK	
  modelling	
  are	
  of	
  par'cular	
  interest	
  to	
  explore	
  drug	
  
disposi'on	
  children,	
  when	
  data	
  are	
  limited	
  and/or	
  the	
  impact	
  of	
  the	
  
disease	
  usually	
  unknown.	
  
Informa'on	
  on	
  drug	
  /	
  administra'on/	
  concentra'ons	
  
 
In paediatrics, key covariates may include :  
o  Age (GA, PNA, PMA in neonates) 

o  Weight (birth weight, current weight) and BMI 

o  Biomarkers ( renal / hepatic functions, pharmacogenetics…) 

o  Disease : hemato-oncology, cystic fibrosis, sickle cell disease 

o  Care and treatments : Co-administered drugs, ventilation, hydratation  
 

 

In	
  silico	
  modelling	
  and	
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for	
  dosage	
  selec'on	
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