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} Summary of Discussion Topics
PBPK modeling for DDI Applications
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} Performance Metrics and Acceptance Criteria
Industry Approach — Catering to All Requlatory Guidelines
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PBPK Model Documentation, Communication and

Evidence should be aimed to cover:

Clear objectives and scope

Detailed description of model construction and assumptions
Detailed description of software qualification

YV VYV

contents
Validation and uncertainty analysis
Alignment with requlatory guidelines

Clear presentation of clinical impact and practical implications
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} Performance Metrics and Acceptance Criteria
Industry Approach — Using Regulatory Guidelines

ICH M15 Gudeline

O

EUROPEAN MEDICINES AGENCY

ICH

’ harmonisation for better health
20 November 2024

EMA/CHMP/ICH/496426/2024
Committee for Human Medicinal Products

ICH M15 Guideline on general principles for model-
informed drug development
Step 2b

Inform
Decision-Making

Table 1: Guideline Overview: Sequence of MIDD in Relation to the Relevant Guideline Sections
Stages Planning and Regulatory Interaction Implementation, Reporting, and Submission
Sequence of Key Assessment Additional Considerations for Model Model Analysis Reporting Documentation for
Activities Elements Interaction with Regulator and| FEvaluation Regulatory Interactions
to Inform Decision-Making and Submissions
e Question of Interest | @ Appropriateness of Proposed | e Verification |e Model Analysis Report(s) e Regulatory documents,
¢ Context of Use MIDD e Validation (MAR) including
e Model Influence e Technical Criteria for model | e Applicability + Outcome of MIDD
e Consequence of evaluation and model assessment Evidence Assessment
Wrong Decision outcomes! + References to all
e Model Risk relevant MAPs and
e Model Impact These should be documented MARs
(e.g., in a Model Analysis Plan
[MAP)).
Relevant Section 2.1 and Sections 2.2 and 4.1 and Section 3 Section 4.2 and Appendix 2 Sections 2 and 4.3 and
Guideline Section Appendix 1 Appendix 1 Appendix 1
[Note: Terms used in this table are defined in relevant guideline sections.
! Results derived from M&S (i.e., via model-based predictions or simulations) and associated conclusions that are typically aligned to a Question of Interest.
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} Performance Metrics and Acceptance Criteria in PBPK DDI Applications
Considerations

Precision Predictive Accuracy Bias Assessment

* » Consistency Across * * Comparison with Observed * ¢ Systematic Over- or Under-

Simulations: Precision refers to the
consistency in model predictions when the
same simulation is repeated (e.g., multiple runs
with similar parameter distributions or within
different software versions _ Industry practice
to repeat SD/MD simulation for confirmation).

* Statistical Variability: Forlarge
number of simulations (often via Monte Carlo
methods), precision can be evaluated in terms
of the variability (e.g., standard deviation or
coefficient of variation) of key outputs such as
Cmax, AUC, or AUC ratios between object and
precipitant drugs.

* Confidence or Prediction

Intervals: Narrow prediction intervals that
consistently capture observed data can
indicate a high level of precision in model
predictions- Depends on available clinical
sample size and extrapolation CoU.

6 14 October 2025

Data: Predictive accuracy assesses how
close the PBPK model’s outputs (e.q.,
concentration—time profiles, extent of DDI as
measured by changes in AUC or Cmax) are to
observed clinical outcomes.

* Quantitative Metrics:

— Metrics like root mean square error

(RMSE) or mean absolute error (MAE) can be
used to quantify the deviation between
predicted and actual values.

— Geometric mean ratios (GMRs) for key
exposure metrics comparing predicted versus
observed data—especially in scenarios where
the magnitude of the DDI effect is important—
are also commonly applied.

* Visual Predictive Checks :
Overlaying observed concentration data with
simulated percentiles (e.g., 5th, 95th) helps
assess how well the model approximates the
overall behavior of the system during a DDI
scenario.

Prediction: Bias quantifies whether the
model systematically overpredicts or
underpredicts drug exposures in the presence
(or absence) of an interacting drug.

* Mean Prediction Error (MPE):

Calculating the average difference between
observed and predicted parameters (expressed
either as an absolute difference or a
percentage) can highlight consistent trends.

¢ Grophicol method can be employed
to visualize the agreement between observed
and predicted values, providing insights into
any systematic bias over the range of data: e.q.
Bland-Altman Analysis data, Forest Plots etc.

* DDI-Specific Considerations: it
is crucial to check if the model accurately
predicts the magnitude of interaction (for
instance, changes in the metabolic clearance)

rather than just the parent drug concentrati
as even small biases here can considerably OG S K

affect conclusions regarding dose adjustments



} Uncertain Parameters for PBPK DDI Applications
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} Uncertainty Quantification for PBPK DDI Applications

Sources and Impact
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Safety Ris>

1) Under or overestimation
of DDI Magnitude

2) Inaccurate IVIVE
Scaling — enzyme
transporter abundance

3) Physiological and
Population Variability

4) Quality and Source of

Experimental data

\_

5) Time dependant na’b

of DDI effects

6) Combined Effects of
Multiple DDls — synergistic
or antagonistic effect to
maintain efficacy or avoid
tox.

7) Regulatory and
Translational Impact

8) Sensitivity Analysis —
Range definition overtly
conservative or done

Impact on
Drug and/or

Impact on
Drug and/or

Co-med
safety

co-med
Efficacy
DDI Outcome
Prediction
Uncertainties

without anv clinically
7 4

relevant basis
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‘Results of sensitivity analyses for uncertain parameters should be discussed in the context of the
simulation conditions and potential clinical relevance.” FDA PBPK Guidance

} Uncertainty Quantification

A ‘worst-case’ approach is recommended e.g. for CYP enzymes 10-fold, for transporters
30-fold. EMA PBPK Guidance

Sensitivity Analysis Range for PBPK Analysis of Enzyme/Transporter
Inhibition/Induction Mediated DDls

REALITY
FACT * Lack of Industry wide uniform approach to strategize
It is important to identify Sensitivity Analysis Range.

* Variability in in vitro assays systems/methods and
resultant measured IC50 or Ki values across labs
regarded as an arbitrary rationale for a wide range of a
Sensitivity Analysis selection; e.g. 100-, 30-, 10-fold more

uncertain/sensitive
parameters and strategize
and conduct a suitable

sensitivity analyses for that potent than actual measured values.
PBPK Model DDI * Lack of general guidance on sensitivity analysis range
application. selection rationale that can be used as a starting point.

* PBPK Models for drug transporter Inhibition mediated
DDI assessments not consistently evaluated or accepted
by Regulatory agencies.

—
9 14 October 2025 < S K



} Addressing Uncertainty —

Possible Approach for Reasonable Sensitivity Analysis

In vitro Assay Inhibition
or Induction values for

Establish

Manuscript Under Consideration

IC50/Ki/EC5H0 In vitro Values

Enzyme/ Substrate Inhibitor/Inducer X
Transporter Test Drug along with correlation
CYP3A4/5 Midazolam | ltraconazole and
ealte Substrate— Index vitro measured
ultiple dose o . .
Rifampicn Inhibitor/Inducer Pair Inhibition or
CYP1A2 Caffeine Fluvoxamine .
CYP2Cs Repaglinide = Gemfibrozil lndUCtlon VG | ue
CYP2C9 S-warfarin Fluconazole fo r P ro b e
CYP2C19 Omeprazole  Fluvoxamine
CYP2D6 Desipramine | Fluoxetine S u bStI’G te' | n d eX
o) e Inhibitor Pair and
BCRP Rosuvastatin | Cyclosporine
OATP1B1/1B3  Rosuvastatin | Single dose establish the
niempen Excursion Factor
OAT1 Furosemide & Probenecid
OAT3 Furosemide  Probenecid
0CT2, Metformin Dolutegravir
MATE1/2-K Metformin Pyrimethamine
Reference: ICH M12 Guideline.? +

10

Use excursion factor
to rationalize suitable
Sensitivity Analysis
range for Test Drug

Qualified PBPK Model for
Probe Substrate-Index
Inhibitor/Inducer Verified
using Clinical DDI Studies
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Using Clinical Data to Calibrate/Confirm Uncertainty Quantification
Use of Endogenous Biomarkers along with PBPK Modeling for DDI Applications
(A)

> (Lung) 1

[ Adipose, Brain, Bone, Heart, Muscle, Skin ] <&

|
(I) Phase-1 dose escalation study for a new chemical entity (NCE)

A

Herme bioeythests LA syriace to obtain in vivo K, ;, \p;g, using CP-I as an endogenous probe

Coproporphyrin | S-aminolevulinic Glycine + Succinyl CoA
(CP-1) -—%— acid (ALA) — % ET

[_Spleen ) +—
Venous [ pamd

» :
Biliary Clearance ‘-‘ W 4
‘ Hepatocyte ; [
Renal Clearance

Blood

(IT) Calculation of in vive K |, ,1pg, for probe substrate drugs (e.g.
statins) using in vivo K ; i \1p g, for CP-I obtained in (I), and in vitro

K, o srpig for CP-I and probe substrate drugs

OATP1B1

A
OATP1B3
I vitro KiOATPlBs(Drug)

mnvivo Ki()A’I‘PIBs(Dmg) =in vivo Kioxrpip,ccpr %

OATP1B inhibitors o o K
i vitro 10ATP1Bs(CPI)

(Rifampicin/Cyclosporine)

(B)
(i) CP-1 PBPK model evaluation (ii) Use of CP-1 PBPK model to support study design

i Virtual OATP1B inhibitors
Virtual inhibitors with short t;/, Virtual inhibitors with long t;/»
RIF/CsA/PROB model 87 strong  moderate i - & o . . .
- {-\f\f\f\ (IIT) Prediction of changes in concentration-time profiles, AUC and C,,

CP-1 PBPK model

1. Ethnicity Effect
2. Genotype Effect
3. Sex Effect

+

»

OATP1B probe:
RSV/PTV model

of probe substrate drugs caused by a NCE by PBPK modeling and

R simulation

* Time (h)

* Consideration of appropriate exposure metrics for
monitoring CP-I (C,.R, AUCR)

baseline

CP- interaction profile
=
g
H
s
2
H
p.

CP-l interaction profile
°

o
8
°
»
2

* - % %
Time (h)

¢ Predict CP-l baseline and OATP1B-mediated interactions ] [

« Estimate in vivo Ki of inhibitors based on CP-I interaction profiles
¢ Predict DDIs with prototypical OATP1B substrates

*  Yoshikado T, Toshimoto K, Maeda K, Kusuhara H, Kimoto E, Rodrigues AD, Chiba K, Sugiyama Y. PBPK Modeling of Coproporphyrin | as an Endogenous Biomarker for Drug Interactions Involving Inhibition of Hepatic OATP1B1 and OATP1B3. CPT G S K

N Pharmacometrics Syst Pharmacol. 2018 Nov;7(11):739-747. doi: 10.1002/psp4.12348. Epub 2018 Sep 30. PMID: 30175555; PMCID: PMC6263667.
Ujihira, Y., Tan, S.P.F., Scotcher, D. and Galetin, A. (2025), Genotype, Ethnicity, and Drug—Drug Interaction Modeling as Means of Verifying Transporter Biomarker PBPK Model: The Coproporphyrin-I Story. CPT Pharmacometrics Syst Pharmacol,

14:941-953. https://doi.org/10.1002/psp4.70008



https://doi.org/10.1002/psp4.70008

} PBPK Model Application for a Precipitant or Object
Confidence-building for DDI Application

12
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Overall high
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PBPK Model Application DDI Assessment

Matrix Based Approach Additional Example: Oral ' Statistical analysis for PBPK Model DDI
Contraceptives

Single and Multiple Dose Verification

(a) Dienogest (DNG)

(b) Drosperinone (DRSP)
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Lewis GJ, Ahire D, Taskar KS. Physiologically-based pharmacokinetic modeling of prominent oral contraceptive agents and applications in drug-drug interactions. CPT Pharmacometrics Syst Pharmacol. 2024

Contraceptive - Reference - CYP3A4 Inducer - Dose

EE_Back (1980)_RIF 600mg_Pred—]
EE_Back (1980)_RIF 600mg_Obs

EE_LeBel (1998)_RIF 300mg_Pred-
EE_LeBel (1998)_RIF 300mg_Obs

EE_Barditch-Crovo (1999)_RIF 600mg_Pred—]
EE_Barditch-Crovo (1999)_RIF 600mg_Obs |

EE_Wiesinger (2020) RIF 600mg_Pred—
EE_Wiesinger (2020) RIF 600mg_Obs -

EE_Wiesinger (2020) RIF 10mg_Pred-|
EE_Wiesinger (2020) RIF 10mg_Obs -

NET_Barditch-Crovo (1999) RIF 600mg_Pred-|
NET_Barditch-Crovo (1999) RIF 600mg_Obs -

NET_LeBel (1998) RIF 300mg_Pred—
NET_LeBel (1998) RIF 300mg_Obs ~

NET_Back (1980) RIF 600mg_Pred—
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NET_Wiesinger (2020) RIF 600mg_Pred—
NET_Wiesinger (2020) RIF 600mg_Obs

NET_Wiesinger (2020) RIF 10mg_Pred=|
NET_Wiesinger (2020) RIF 10mg_Obs =

DRSP_Wiesinger (2020) RIF 600mg_Pred=
DRSP_Wiesinger (2020) RIF 600mg_Obs =~

DRSP_Wiesinger (2020) RIF 10mg_Pred—
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DNG_CDER (A24058) RIF 600mg_Pred-
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LNG_Wiesinger (2020) RIF 10mg_Obs -

(a) AUC

Application

DDI Prediction Verification

(GMR +/- 90%Cl)

Apr;13(4):563-575. doi: 10.1002/psp4.13101. Epub 2024 Jan 15.-PMID: 38130003;PMCID: PMC11015076.
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PBPK Model Application — Case Study: Transporter Inhibitor

Matrix Based Approach for Performance Metrics and Acceptance Criteria

Diclofenac

Probenecid ‘

Raltegravir

Dapaglifozin

S44121

Methotrexate

Cefuroxime
OAT1

S44121
OAT1 / OAT3

Adefovir
OAT1

Baricitinib
OAT1

seltal
Ciprofloxacin
OAT3
Atazanavir
UGT1A1
Rifampicin
UGT1A1

af O ivir
Carboxylate
OAT3
Mefenamic Acid
UGT1A9

> Cidofovir
OAT1

Substrate

Simulator Qualification (with Clinical DDI)

Predictions with CAB as a Perpetrator
Predictions with CAB as a Victim

(@) Substrates o= Inhibitor
p R tatin Rifampicin
Lumped OATP OATP1B1 QATP1B1

(hepatic uptake) OATP1B3 OATP1B3
clearance models: OATP28B1 OATP2B1
Atorvastatin BCRP P-gp
Irbesartan Pravastatin BCRP
Fluvastatin ekl Cyclosporine
& OATP183 (& M17)
limepiride
Repaglinide OATP1B1
Glibenclamide OATP1B1 OQATP1B3
Montelukast P-gp
R BCRP
Inhibitor models: Pitavastatin,,”
Nateglinide OATP1B17~ Gemfibrozll
2 OATP1 G-glucuronide)
Ritonavir OATP1B1
Sulfasalazine OATP1B3
Valsartan ]
(b) Substrates i} Inhibitors
0AT4
{ \
Lumped OAT
clearance models: z“g;‘-;‘:m.
Adefovir \:wmw
il OAT1
Avibactam OATS —= OAT3
Cidofovir & :
profioxacin
Cefuroxime OAT3 ’
Entecavir Baricitinib Z
Famotidine
Ganciclovir
Oseltamivir carboxylate
Sitagliptin
Tenofovir (OAT1)

Matrix Based Approach:

» Involves testing and
gaining confidence in
the mechanism of DDI
for the NCE precipitant
or object drug model
with DDI models of
clinically relevant object
or precipitant drug

models, respectively.

» Effective for DDI

applications involving
single or multiple DDI

mechanisms

Tracey, H.; Bate, S.T.; Ford, S.; Patel, P.; Bloomer, J.; Patel, A.; Taskar, K.S. Matrix Approach Assessment of Cabotegravir Drug—Drug Interactions with OAT1/OAT3 Substrates and UGT1A1/UGT1A9 Inhibitors Using Physiologically-Based Pharmacokinetic
Modeling. Pharmaceutics 2025, 17, 531. https://doi.org/10.3390/pharmaceutics17040531.

Hariparsad N, Ramsden D, Taskar K, Badée J, Venkatakrishnan K, Reddy MB, Cabalu T, Mukherjee D, Rehmel J, Bolleddula J, Emami Riedmaier A, Prakash C, Chanteux H, Mao J, Umehara K, Shah K, De Zwart L, Dowty M, Kotsuma M, Li M, Pilla Reddy G S K
McGinnity DF, Parrott N. Current Practices, Gap Analysis, and Proposed Workflows for PBPK Modeling of Cytochrome P450 Induction: An Industry Perspective. Clin Pharmacol Ther. 2022 Oct;112(4):770-781. doi: 10.1002/cpt.2503. Epub 2021 Dec 24. PMID:

34862964.
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NCE DDI Assessment

* PBPK Modeling Workflow for Precipitant or Object
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L Confirming Impact of Disease on Drug PK and DDI for PBPK Model Applications

The following Hive plot, where each strand represents an individual, provides a visualization of different parameter differences

from a simulation of 1,000 individuals using the Northern European Caucasian (red) and Cancer (blue) populations.

Serum Creatinine.

Cancer and Northern European Caucasian Population Simulations

— Cancer
—— Northern European Caucasian

Haematocrit

BSA: Body surface area

HSA: Human serum albumin

AAG: a;-acid glycoprotein

SCr: Serum creatinine

O NEurC ® Cancer-Sim @ Cancer-Schwenger/AZ ® Cancer-Cheeti/GEN Project GSK-X®H A

GFR: Glomerular filtration rate

_IDisease results in changes in drug metabolizing enzymes and/or transporters which are important
determinant of drug clearance and disposition.
Disease results in altered physiological changes such as plasma protein levels, blood flow changes,
organ impairment etc. and such other physiological changes.
Confirming Disease Models is crucial for qualifying, extending, or applying PBPK
Population Models GSK
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* DDI Extent in Various Disease - AUC ratio
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PBPK Simulations using Simcyp v24; Using either platform default or developed Disease Populations. p— 5 K
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} Piecing together the Jigsaw
Qualification of all identified critical components of PBPK DDI Applications

DDI
Mechanism/s
ColU

Inhibitor
PBPK

model

Uncertain
Parameters

<>

Platform

CSK

Classified as public by the European Medicines Agency



} Expansion of ‘Qualification” — Following up on the Momentum
Expand and Extend Considerations for PBPK Model/Platform Qualification for

Enzyme Induction

> Transporter DDI Applications

Prediction

Uncertainties

. DD! Outcome > Complex DDI Mechanisms

Practical Next Discussions:

19

Specific Population: Pediatrics, Pregnancy-
Lactation, Organ Impairment etc.

Consensus on re-use of Qualified/Verified Platform for DDI CoU > Non-CYP Mediated Enzyme DDIs
Consensus on re-use of Qualified/Verified Substrate/Precipitant for

DDI CoU

Discussion on extension and expansion of previous specific CoU > Biopharmaceutics Application
qualified platform for other applications

14 October 2025 G S K



EMA Platform The PBPK Working Group commends the European

Qualification - Medicines Agency for the qualification of the Simcyp
Position Statement Simulator. The group asserts that the Bayesian
on Approach Used Framework approach employed is both suitable and

comprehensive, facilitating a matrix-based PBPK DDI
Model Qualification and Application.

/

Next Steps; ¢ This framework enhances clarity in the submission and communication

f similar DDI PBPK k k _
Scope of Industry PBPK of simiiar work packages
WG to collaborate with

/

¢ The Industry PBPK Working Group also highlights that several
consortia, individual industries, and vendors have published similar

EMA on the next set of 'Context of Use' approaches for DDI and additional PBPK
PBPK DDI and Specific applications.
Population Applications? < There is opportunity to leverage the gained momentum and EMA DDI

Workshop for discussions on the suitability of additional PBPK
applications beyond those covered in the current qualification
20 14 October 2025 document, thereby advancing Model-Informed Drug Development.
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