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MIDD – Model Informed Drug Development
Why MIDD useful in analgesic development for pediatric especially between birth to Less than 2yrs?

• Key Questions (KQ) -focus on why certain modeling is needed to answer clinical questions
• Data (utilize data from nonclinical to all phases in clinic from adult and older children)
• Data quality due to efficacy endpoints variations (pain perception and analgesic response) 
• Assumptions setting, testing/evaluation to increase confident, especially on extrapolation and simulation study 

using existing PK, PD data based on assumption 
• Modeling approach (tailor based on the KQ, data and assumptions)
• Accumulation of knowledge to ↑ prob. of success of new trial design to collect data or replace study
• Accelerate development with real-time quantitative assessment of emerging data
• Utilize data from similar class of MoA in various pediatric population
• Impact: Support dose finding and selection based on TI
• Support communication for sponsors and regulators decision making

Making use of data from existing PK/PD studies

Optimize future PK/PD studies (collect useful data)

Robust model based on data PK/PD studies

Extrapolate to efficacy
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Empirical Approach vs. Mechanistic Approach for Simulation and Extrapolation? 

Consideration:
• Objective/ Key questions?
• Robustness of prior knowledge e.g. 

animal models, adult models etc.
• Assumption setting and   

evaluation!
• Amount and quality of data (sample 

and size)
• Describe? Extrapolation? Extend?
• Clinical trial simulation?

Usage: FTIH, pediatric, DDI and Renal 
and Hepatic impairment (where 
appropriate), formulation developmentQSP

MBMA
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PK-PD data, modeling in acute and chronic pain
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Challenge of mathematic model development
• Even we have data, there are challenges of the complexity of the mathematical model e.g. diclofenac, if we don’t 

consider the use of PBPK but with simpler compartmental model/s

Venot, A. et al, J. Pharmacokinet. Biopharm. Vol. 15, No. 2, 179-189, 1987
Standing, J. F. et al, BJCP 2008
Cheung, Standing, Aarons, presentation 2008 PAGE

• A non-steroidal anti-inflammatory drug (NSAID)
• Reduce pain and inflammatory
• Sodium salt
• Linear PK in adult (25mg - 100mg)
• Commonly used “off label” for acute pain in children 

(0.5-2.5mg/kg)
• License for pediatric oral formulation is not available
• PK model: new oral dose, 1mg/kg in pediatric patient
• (aged 1-12)
• Adult rich data (30 healthy volunteers) - 50mg
• 70 pediatric patients – minor surgery – pre-op dose
• Similar AUC
• Pediatric patient won’t higher dose
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Diclofenac dual absorption first pass model
Mathematical structural identifiability

Cheung, Standing, Aarons, presentation 2008 PAGE

• A major metabolite 4’-hydroxydiclofenac
• (CYP2C9)
• CLto4OH, a useful in vivo marker of CYP2C9
• expression
• Previous in vitro: CYP2C9 expression to be adult
• equivalent by age five months
• CYP2C9 ontogeny using the base model

• Proven that the delay mechanism occurring 
prior to the introduction of the absorption in 
the 2nd depot compartment in the model 
enhances the identifiability status of the model

• From an unidentifiable model to a globally 
identifiable model = which essential to predict 
unique and stable PK parameter and model to 
link with PD/efficacy
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PBPK model applications in drug development Increased regulatory 
acceptance over the years

Grimstein et al. J Pharm Sci 2019

The focus should be to 
PD, but PK and 
exposure still essential 
for extrapolation and 
linking to PD 
especially < 2yr
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Maturation impact to PK

Rohou and Cheung 2021
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Predictive Performance of PBPK Modeling of Drugs 

• PBPK modeling is a useful tool for extrapolation of 
PK profiles in children with only adult clinical trial 
results and is exceptionally valuable to guide 
selection of doses in first-in-pediatric studies

• A total of 67 clinical studies from 10 CYP 
metabolized drugs were available across all 
pediatric age groups (1 month to <18 years)

• Predictive performance of PBPK modeling approach 
was evaluated using 10 drugs extensively 
metabolized by major CYP enzymes, desloratadine, 
diclofenac, itraconazole,, lansoprazole, 
montelukast, ondansetron, sufentanil, theophylline 
and tramadol

PBPK models can reasonably predict exposure in children 1
month and older for an array of predominantly CYP
metabolized drugs. The default ontogeny functions within
Simcyp should be applied for all CYP enzymes except for
CYP2C8, where the function proposed by Upreti and
Wahlstrom should be used

OVERALL PREDICTIVITY of PBPK MODELS: Filled circles represent mean ratios of 
PBPK predicted clearance over observed clearance of all drugs (except 
esomeprazole, presented as filled triangles) in children 1 month to 18 years old. 
Blue dashed lines and red dotted lines represent the 1.5-fold and 2-fold error. 

Opioid
NSAID
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Example Morphine neonatal PKPD model (prior and meta-model)
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Example Acetaminophen (Paracetamol) Model in preterm, neonates and infants
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Quantitative System Pharmacology 

• Systems view of the complexity and connectivity of clinical pain. A systems 
understanding of pain relies on a mechanistic understand of its underlying 
processes. Data types which can provide information on this understanding 
include patient-reported outcomes, psychological assessments, neuroimaging and 
molecular markers, of which examples are shown.

• Integration of data from different populations within a translational quantitative systems 
pharmacology (QSP) model to support personalized treatment and drug development.

CNS, central nervous system.


