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1. Introduction
In drug discovery and
development, pediatric research is
hampered by ethical and
economical considerations.
If pharmacokinetic (PK) data in
pediatrics are required, the first
dosage is often assessed
empirically. However, in the first
two years of life important
physiological changes cause major
differences and a high variability
in PK parameters when compared
to adults (Figure 1). Specific
argumentation concerning dosage
adjustment for children is
frequently missing because
pharmacokinetic-mechanistic
knowledge is inadequate1,2.

Normally, when a parameter (Vd, CL) is estimated within the 2-fold value of
the observed parameter, this is considered a good prediction. We conclude
that volume of distribution (2.53 L/kg) is well predicted (using in part
experimental values), but the prediction of clearance (14.16 L/kg), although
situated in the 2-fold interval, still needs optimization.

In the future we wish to optimize the prediction of PK parameters and their
variability toward children by identifying the mechanistic gaps in the PBPK
model in order to improve the prediction of drug exposure in pediatric drug
development.
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1. Initial validation of the Simcyp® PBPK model in adults

from in vivo and in vitro literature data prediction of adult PK

2. Validation of the Simcyp® pediatric PBPK model

(top-down) from in vivo adult PK data prediction of pediatric PK

(bottom-up) from in vitro data prediction of pediatric PK

3. Identifying the differences between observed and predicted values and
their variability

in consultation with the Simcyp® PBPK model developers

by conducting in vitro experiments

integration of missing mechanistic information into the model

1. Johnson, T.N. (2008) The problems in scaling adult drug doses to children. Archives of disease in
childhood 93:207
2. Kearns, G.L., bdel-Rahman, S.M., Alander, S.W., Blowey, D.L., Leeder, J.S., and Kauffman, R.E. (2003)
Developmental pharmacology - Drug disposition, action, and therapy in infants and children. New
England Journal of Medicine 349:1157-1167.
3. Johnson, T.N. and Rostami-Hodjegan, A. (2011) Resurgence in the use of physiologically based
pharmacokinetic models in pediatric clinical pharmacology: parallel shift in incorporating the
knowledge of biological elements and increased applicability to drug development and clinical
practice. Pediatric Anesthesia 21:291-301.
4. Jamei, M., Dickinson, G.L., and Rostami-Hodjegan, A. (2009) A Framework for Assessing Inter-
individual Variability in Pharmacokinetics Using Virtual Human Populations and Integrating General
Knowledge of Physical Chemistry, Biology, Anatomy, Physiology and Genetics: A Tale of 'Bottom-Up' vs
'Top-Down' Recognition of Covariates. Drug Metabolism and Pharmacokinetics 24:53-75.

5. Conclusion and Future plans 6. References

Physiologically Based PharmacoKinetic (PBPK) models are currently the
ultimate tools to describe drug exposure in a physiologically realistic
compartmental way. In this manner, the physiological changes occurring in
childhood can be integrated to predict absorption, distribution, metabolism
and excretion over the pediatric age range. Figure 2 represents the simplified
algorithm structure of the Simcyp® PBPK model to predict drug elimination
and distribution in pediatrics.

Figure 1: Developmental changes in physiologic factors
that influence drug disposition in infants, children, and
adolescents2.

Drug exposure in children can be predicted using extrapolation techniques
based on bodyweight and body surface area. However, much more complex
models are needed that take into account all known biological factors and
their variability to make reliable predictions, especially toward neonates and
infants3.

2. Simcyp®: a Physiologically Based PharmacoKinetic model

Figure 2: schematic representing the basic Simcyp®
algorithms for the prediction of drug elimination and
distribution in pediatrics3.

Figure 3: Schematic showing the 
principial elements of a population-
based simulation platform4.

3. Objectives 4. Current Progress

With an available in vivo pediatric PK data set of iv tramadol and propofol as a
reference, this project consists of 3 sections: A. Volume of distribution (Vd)

• reference= 210 L (3 L/kg)

• predicted Vd:

i. RR-model= 0.72 L/kg

ii. RR+ Grunexp= 2.53 L/kg

The initial validation: TRAMADOL in adults 

B. Clearance (CL)

• reference= 28 L/h

• predicted CL= 14.16 L/h 
(accounts for CYP2D6, 3A4)

Figure 4: the observed vs predicted
plasmaconcentration-time profiles for
tramadol in the assesment of the Vd

Figure 5: the observed vs predicted
plasmaconcentration-time profiles for
tramadol in the assesment of the CL
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CL= CYP2D6 & 3A4 + 
UGT2B7

Simcyp® is a population-based ADME simulator which means that it predicts
ADME parameters based on a population approach. Three requirements for
such models are needed (Figure 3). Systems data include physiology, biology,
biochemistry; drug data include molecular weight, logP, pKa, CLint; trial design
includes population size, administration route, dosage interval, etc.


