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How to achieve the goal for children

New drug / 
regimen

Efficacy data 
in adults

PK and safety 
data in kids

PK and safety 
data in very 
young kids

Paediatric 
formulation 

development



Pharmacokinetic studies
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(L) ADME - PK
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Generally

Generally

https://learning.eupati.eu/mod/book/view.php?id=357&chapterid=351, and figure courtesy of Paolo Denti

https://learning.eupati.eu/mod/book/view.php?id=357&chapterid=351


Bedaquiline PK key features

• Bioavailability increased two-fold with food 

• Extremely long terminal half-life, >5 months

• Metabolized by CYP3A4 to M2, same path for M2

• Bedaquiline and M2 >99.9% and >99.7% protein bound

• PK-PD:

– Average bedaquiline concentrations linked to rate of bacterial clearance

– M2 linked to QT prolongation

Report of a WHO expert consultation on dosing to enable implementation of treatment recommendations in the WHO consolidated guidelines on the management of TB in children and adolescents. 
Geneva: World Health Organization; 2022. Licence: CC BY-NC-SA 3.0 IGO. 
Heeswijk et al. J Antimicrob Chemother. 2014;69(9):2310-8.
Liu et al. Drug Metab Dispos. 2014;42(5):863-6.

Tanneau et al. CPT Pharmacometrics Syst Pharmacol. 2021.
Svensson et al. J Antimicrob Chemother. 2017;72(12):3398-405.



Steady state
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https://pharmaceutical-journal.com/article/ld/back-to-basics-pharmacokinetics



Half life, steady state, AUC
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Steady state and washout (~4-5 half-lives)
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Loading doses



BDQ dosing remains complex
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BDQ dosing remains complex – different reloading
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BDQ reloading based on dosing 
schedule

14

Also, no guidance yet if 2 Months loading interrupted! 



BDQ daily dosing
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BDQ daily dosing
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Paediatric ratios:
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Group Loading/maintenance Ratio

0–<3 months 30/5 mg 6:1

3–<6 months 60/10 mg 6:1

≥6 months, 3–<7 kg 60/10 mg 6:1

≥6 months, 7–<10 kg 80/20 mg 4:1

≥6 months, 10–<16 kg 120/30 mg 4:1

≥6 months, 16–<30 kg 200/50 mg 4:1

≥30 kg 400/100 mg 4:1
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DR-TB = in progress
• Harmonzed weight and age approach

• Possibly also daily BDQ and harmonized loading and reloading strategies

• Possibly also daily DLM

Upcoming new WHO dosing tables 





WHO 
guidelines in 
children and 
adolescents

The value of pharmacometrics 
Example of BDQ



2021 
• New drugs for TB (Injectable sparing 

regimens) 

But the reality: 
• No or limited PK data on

• bedaquiline in children < 6 years 
of age

• Important safety considerations



Adult data

+
limited Paeds data (well-designed studies)

+
Pharmacometrics



PK modeling to bridge paediatric dosing  –formulation access
BDQ CRUSH Impact of dissolving on a typical BDQ PK profile

• Mean absorption time slightly longer 

for dissolved tablets: +23% 

(p=0.03, CI95% 2.1-48%)

• Tmax: 4.3 to 5.2h

• Cmax:  5%

Difference in bioavailability dissolved vs whole tablets 
not statistically significant (p=0.92, CI95% 94-108%)

→ Bioequivalence criteria fulfilled

Svensson, BJ Pharm 2018



Methods (bedaquiline as example)

Bedaquiline PK key features

• Bioavailability increased two-fold with food 

• Extremely long terminal half-life, >5 months

• Metabolized by CYP3A4 to M2, same path for M2

• Bedaquiline and M2 >99.9% and >99.7% protein bound

• PK-PD:

– Average bedaquiline concentrations linked to rate of bacterial clearance

– M2 linked to QT prolongation
Report of a WHO expert consultation on dosing to enable implementation of treatment recommendations in the WHO consolidated guidelines on the management of TB in children and adolescents. 
Geneva: World Health Organization; 2022. Licence: CC BY-NC-SA 3.0 IGO. 
Heeswijk et al. J Antimicrob Chemother. 2014;69(9):2310-8.
Liu et al. Drug Metab Dispos. 2014;42(5):863-6.

Tanneau et al. CPT Pharmacometrics Syst Pharmacol. 2021.
Svensson et al. J Antimicrob Chemother. 2017;72(12):3398-405.

Elin Svensson
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Maturation matters in 
infants <2 years

?

Allometry predicts higher maintenance dose/kg in children  

When dosing constant mg/kg, 
children achieve lower exposure



A maturation model for midazolam clearance
Brian J. Anderson1 & Peter Larsson2

A Re-evaluation and Validation of Ontogeny Functions
for Cytochrome P450 1A2 and 3A4 Based on In Vivo Data
Farzaneh Salem • Trevor N. Johnson • Khaled Abduljalil • Geoffrey T. Tucker • Amin Rostami-Hodjegan

Prediction of the Clearance of 
Eleven
Drugs and Associated Variability in
Neonates, Infants and Children
Trevor N. Johnson,1 Amin Rostami-Hodjegan1,2 and Geoffrey T. Tucker1,2

Johnson et al. based on measurements of enzyme expression and activity in 
post-mortem livers 
Salem et al. based on a meta-analysis of reported clinically derived midazolam 
clearance, a compound often used as a marker of CYP3A4 activity





Adults 



Daily dosing (adults)
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Full concentration-time profiles of (a) bedaquiline, (b) M2, (c) delamanid and (d)

DM-6705 over time for a reference individual (32-year-old, non-black race, 56.6 kg and 3.65
g/dL of albumin level at baseline). BID, twice daily; QD, once daily; TIW, thrice weekly.



BDQ reloading (adults)
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