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What is PBPK used for in MAAs?

• Quantifying the extent of potential drug-drug interactions

• Metabolic enzymes, drug transporters, proton pump inhibitors

• Understanding differences in pharmacokinetics between different populations

• Paediatrics, obesity, disease states

• Demonstrating mechanistic understanding to support formulation

• Mechanistic absorption models, dissolution, food effects

• Dose selection

• First-in-human, paediatrics
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What is PBPK used for in MAAs?

• Quantifying the extent of potential drug-drug interactions

• Metabolic enzymes, drug transporters, proton pump inhibitors

• Understanding differences in pharmacokinetics between different populations

• Paediatrics, obesity, disease states

• Demonstrating mechanistic understanding of drug pharmacokinetics

• Mechanistic absorption models, dissolution, food effects

• Dose selection

• First-in-human, paediatrics

Reduce the clinical trial burden in order to facilitate 

the development of, and access to, new medicines
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Regulatory guidance

EMA guidelines

• On the reporting of physiologically based pharmacokinetic modelling and simulation

• On the investigation of drug interactions

• On the use of pharmacogenetic methodologies in the pharmacokinetic evaluation of medicinal products

ICH guidelines

• E11A: Paediatric extrapolation

• M12: Drug interaction studies

• M15: Model-Informed Drug Development General Principles Guideline 

Other perspectives

• PBPK Modeling to Support Pediatric Clinical Development: An IQ Working Group Perspective on the 

Current Status and Challenges

• PBPK Modeling in Renal and Hepatic Impairment Populations: A Pharmaceutical Industry Perspective

https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-reporting-physiologically-based-pharmacokinetic-pbpk-modelling-and-simulation_en.pdf#page=10.08
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-reporting-physiologically-based-pharmacokinetic-pbpk-modelling-and-simulation_en.pdf#page=10.08
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-investigation-drug-interactions-revision-1_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-investigation-drug-interactions-revision-1_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-use-pharmacogenetic-methodologies-pharmacokinetic-evaluation-medicinal-products_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-use-pharmacogenetic-methodologies-pharmacokinetic-evaluation-medicinal-products_en.pdf
https://database.ich.org/sites/default/files/ICH_E11A_Guideline_Step4_2024_0821.pdf
https://database.ich.org/sites/default/files/ICH_E11A_Guideline_Step4_2024_0821.pdf
https://database.ich.org/sites/default/files/ICH_M12_Step4_Guideline_2024_0521_0.pdf
https://database.ich.org/sites/default/files/ICH_M12_Step4_Guideline_2024_0521_0.pdf
https://www.ema.europa.eu/en/ich-m15-guideline-general-principles-model-informed-drug-development-step-2b-scientific-guideline
https://www.ema.europa.eu/en/ich-m15-guideline-general-principles-model-informed-drug-development-step-2b-scientific-guideline
https://www.ema.europa.eu/en/ich-m15-guideline-general-principles-model-informed-drug-development-step-2b-scientific-guideline
https://www.ema.europa.eu/en/ich-m15-guideline-general-principles-model-informed-drug-development-step-2b-scientific-guideline
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Model qualification

• If PBPK modelling is intended to support a regulatory decision, the model needs to be 

sufficiently qualified for the intended use.

• The extent of qualification required depends on the regulatory impact of the modelling.

• The regulatory impact is directly linked to the risk to the patient in case the modelling 

predictions or assumptions lead to erroneous regulatory decisions.

ICH M15 guideline on general 

principles for model-informed 

drug development

https://www.ema.europa.eu/en/ich-m15-guideline-general-principles-model-informed-drug-development-step-2b-scientific-guideline
https://www.ema.europa.eu/en/ich-m15-guideline-general-principles-model-informed-drug-development-step-2b-scientific-guideline
https://www.ema.europa.eu/en/ich-m15-guideline-general-principles-model-informed-drug-development-step-2b-scientific-guideline
https://www.ema.europa.eu/en/ich-m15-guideline-general-principles-model-informed-drug-development-step-2b-scientific-guideline
https://www.ema.europa.eu/en/ich-m15-guideline-general-principles-model-informed-drug-development-step-2b-scientific-guideline
https://www.ema.europa.eu/en/ich-m15-guideline-general-principles-model-informed-drug-development-step-2b-scientific-guideline
https://www.ema.europa.eu/en/ich-m15-guideline-general-principles-model-informed-drug-development-step-2b-scientific-guideline
https://www.ema.europa.eu/en/ich-m15-guideline-general-principles-model-informed-drug-development-step-2b-scientific-guideline
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Model qualification (2)

• If PBPK modelling is intended to support a regulatory decision, the model needs to be 

sufficiently qualified for the intended use.

• The extent of qualification required depends on the regulatory impact of the modelling.

• The regulatory impact is directly linked to the risk to the patient in case the modelling 

predictions or assumptions lead to erroneous regulatory decisions.

• Qualification can be assessed within a MAA or on a platform level

• A qualification issued within the context of a specific regulatory submission should be 

considered only valid for that particular submission

• It is considered that e.g. eight to ten compounds is indicative of a sufficient number and this 

should cover a range of pharmacokinetic characteristics that could influence the outcome 

EMA Guideline on the reporting of physiologically based pharmacokinetic modelling and simulation

https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-reporting-physiologically-based-pharmacokinetic-pbpk-modelling-and-simulation_en.pdf#page=10.08
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Interpolations versus extrapolation

Effect size: Weak Moderate Strong

OFFICIAL-SENSITIVE
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Case studies

• Drug-drug interactions

• Hepatic Impairment

• Paediatric

• Stomach pH sensitivity

• Nasal absorption
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Drug-drug interactions

Predicting the effect of co-administration with weak and moderate CYP3A4 inhibitors
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DDI: Model development
Morning dose Evening dose

Parent Metabolite
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DDI: Model verification

Parent Metabolite Parent Metabolite
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DDI: Prediction of liability

Itraconazole

Subsequently, adjusted dosing regimen were 

indicated within the SmPC for co-administration 

with moderate CYP3A4 inhibitors whilst strong 

inhibitors were contraindicated
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DDI: Model qualification



14

Disease models

Predicting the effect of moderate and/or severe hepatic impairment
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Hepatic impairment: Model qualification

Healthy volunteers

Child-Pugh A

Child-Pugh B

Child-Pugh C
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Mild hepatic impairment
Healthy volunteers Mild HI

Observed Mild HI

AUC0-inf
(fold change)

1.55

Cmax
(fold change)

1.21
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Moderate hepatic impairment

Based on these simulations, the applicant 

proposed alternative dosing regimen for 

patients with moderate hepatic impairment, 

however this was rejected in favour of the 

existing SmPC wording:

In the absence of clinical data, this drug is not 

recommended in patients with moderate or 

severe hepatic impairment.
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Drug model verification
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Hepatic impairment: Observed data

Observed Mild HI Moderate HI

AUC0-inf
(fold change)

1.16 1.99

Cmax
(fold change)

1.07 1.6



20

Hepatic impairment: Predicted data

Mild HI

Predicted Mild HI Moderate HI Severe HI

AUC0-inf
(fold change)

1.40 2.63 3.8

Cmax
(fold change)

1.35 1.34 1.36

Observed Mild HI Moderate HI

AUC0-inf
(fold change)

1.16 1.99

Cmax
(fold change)

1.07 1.6

Applicant wanted to include the predicted HI 

predictions within the SmPC, however this was 

rejected in favour of the clinically observed data
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Paediatrics

Predicting exposure in infants <2 years of age 



22

Modelling of paediatric exposure (2 – 18 years)

Acute patients Chronic patients
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Extrapolation of paediatric exposure (1 – 24 months)

Acute patients Chronic patients
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Proposed paediatric dosing (1 – 24 months)

PBPK modelling was considered supportive of 

the proposed posology for 2 – 12 years old, and 

this was accepted by the agency.

Extrapolation into patients <2 years of age was 

considered a high-risk application for which the 

model was not sufficiently qualified, and this 

indication was therefore rejected.
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Modelling adult exposure
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Functions for FcRn and extravasation
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Paediatric exposure

PBPK modelling was considered supportive of 

the proposed posology for 2 – 18 years old, and 

this was accepted by the agency.

Extrapolation into patients <2 years of age was 

considered a high-risk application for which the 

model was not sufficiently qualified, and this 

indication was therefore rejected.
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Absorption

Predicting the effect of changing stomach pH on drug exposure
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Mechanistic model to recapitulate the food effect
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Sensitivity analysis for stomach pH
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MHRA response

“Given the pH dependent solubility, an effect of drugs that modify gastric pH may be 

expected.  A PBPK model was included but no qualification was provided. This will need to be 

addressed further”
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Applicant responses

Additional data provided regarding the model robustness (food effect, interactions with 

quinidine).

Further arguments made regarding the clinical relevance of the anticipated changes in drug 

exposure.

Applicant provided further model qualification showing that the model was able to recapitulate (or 

over-estimate) the effect of changes in gastric pH for most medications in a dataset of 39 drugs.

Overall, the agency felt that the totality of 

evidence supported the applicant’s claim that 

there would be little clinical effect of changes in 

stomach acid pH.

As such, despite initial concerns, it was deemed 

that no clinical trial investigating DDIs with ARAs 

was required.
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Absorption

Utilising a mechanistic model for nasal absorption to predict paediatric exposure
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Mechanistic model of nasal absorption
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Similar exposure following intake of nasal and existing formulations 

Nasal formulation (1 mg)

Nasal formulation (2 mg)

Existing formulation A

Other formulation

PBPK model with nasal absorption 

supported the clinical data in showing 

that exposure to the 2 mg nasal 

formulation was similar to that of the 

existing formulation across a range of 

weight classes, supporting the paediatric 

indication that the applicant applied for.
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Future directions

• Transporter DDIs 

• Qualification of disease states

• Cancer, hepatic impairment, renal impairment, etc

• Predictions for pregnant or breastfeeding individuals

• PBPK mentioned in ICH E21

• Physiologically Based Biopharmaceutics Modelling (PBBM)

• More data needed for qualification! 



37

Conclusions

• The MHRA encourages the use of PBPK modelling to reduce the clinical trial burden during 

drug development

• PBPK models can be used for a range of applications throughout drug development

• Model evaluation by the MHRA is commensurate with model risk

• Qualification of model performance is critical for model acceptance

• Where limited model qualification is available, models may be accepted as supportive 

• We want to see your data!
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Copyright information

© Crown copyright 2025

Produced by the Medicines and Healthcare products Regulatory Agency

You may re-use this information (excluding logos) with the permission from the Medicines 

and Healthcare products Regulatory Agency, under a Delegation of Authority. To view the 

guideline, visit https://www.gov.uk/government/publications/reproduce-or-re-use-mhra-

information/reproduce-or-re-use-mhra-information or email: copyright@mhra.gov.uk.

Where we have identified any third-party copyright material you will need to obtain 

permission from the copyright holders concerned.

The names, images and logos identifying the Medicines and Healthcare products 

Regulatory Agency are proprietary marks. All the agency’s logos are registered Trademarks 

and cannot be used without the agency’s explicit permission.

https://www.gov.uk/government/publications/reproduce-or-re-use-mhra-information/reproduce-or-re-use-mhra-information
https://www.gov.uk/government/publications/reproduce-or-re-use-mhra-information/reproduce-or-re-use-mhra-information
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https://www.gov.uk/government/publications/reproduce-or-re-use-mhra-information/reproduce-or-re-use-mhra-information
https://www.gov.uk/government/publications/reproduce-or-re-use-mhra-information/reproduce-or-re-use-mhra-information
https://www.gov.uk/government/publications/reproduce-or-re-use-mhra-information/reproduce-or-re-use-mhra-information
https://www.gov.uk/government/publications/reproduce-or-re-use-mhra-information/reproduce-or-re-use-mhra-information
https://www.gov.uk/government/publications/reproduce-or-re-use-mhra-information/reproduce-or-re-use-mhra-information
https://www.gov.uk/government/publications/reproduce-or-re-use-mhra-information/reproduce-or-re-use-mhra-information
mailto:copyright@mhra.gov.uk

	Introduction
	Slide 1: PBPK Modelling in Regulatory Submissions to the MHRA
	Slide 2: What is PBPK used for in MAAs?
	Slide 3: What is PBPK used for in MAAs?
	Slide 4: Regulatory guidance

	Regulatory aspects
	Slide 5: Model qualification
	Slide 6: Model qualification (2)
	Slide 7: Interpolations versus extrapolation
	Slide 8: Case studies

	DDI
	Slide 9:   Drug-drug interactions  Predicting the effect of co-administration with weak and moderate CYP3A4 inhibitors
	Slide 10: DDI: Model development
	Slide 11: DDI: Model verification
	Slide 12: DDI: Prediction of liability
	Slide 13: DDI: Model qualification

	Hepatic impairment
	Slide 14:   Disease models  Predicting the effect of moderate and/or severe hepatic impairment
	Slide 15: Hepatic impairment: Model qualification
	Slide 16: Mild hepatic impairment
	Slide 17: Moderate hepatic impairment
	Slide 18: Drug model verification
	Slide 19: Hepatic impairment: Observed data
	Slide 20: Hepatic impairment: Predicted data

	Paediatrics
	Slide 21:   Paediatrics  Predicting exposure in infants <2 years of age 
	Slide 22: Modelling of paediatric exposure (2 – 18 years)
	Slide 23: Extrapolation of paediatric exposure (1 – 24 months)
	Slide 24: Proposed paediatric dosing (1 – 24 months)
	Slide 25: Modelling adult exposure
	Slide 26: Functions for FcRn and extravasation
	Slide 27: Paediatric exposure

	Food effect/stomach pH
	Slide 28:   Absorption  Predicting the effect of changing stomach pH on drug exposure
	Slide 29: Mechanistic model to recapitulate the food effect
	Slide 30: Sensitivity analysis for stomach pH
	Slide 31: MHRA response
	Slide 32: Applicant responses

	Nasal absorption
	Slide 33:   Absorption  Utilising a mechanistic model for nasal absorption to predict paediatric exposure
	Slide 34: Mechanistic model of nasal absorption
	Slide 35: Similar exposure following intake of nasal and existing formulations 

	Conclusions
	Slide 36: Future directions
	Slide 37: Conclusions
	Slide 38: With thanks to
	Slide 39: Copyright information


