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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



What is PBPK used for in MAASs?

Reduce the clinical trial burden in order to facilitate

the development of, and access to, new medicines




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

Model qualification

« |[f 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.

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| Evaluation Regulatory Interactions
to Inform Decision-Making and Submissions
* Question of Interest ||  Appropriateness of Proposed | ® Verification | Model Analysis Report(s) * Regulatory documents,
e Context of Use MIDD e Validation (MAR) including
¢ Model Influence o Technical Criteria for model | e Applicability + Outcome of MIDD
e Consequence of evaluation and model assessment Evidence Assessment Inform
Wrong Decision outcomes* * References to all r Decision-Making
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 | 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 Inferest. |



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

Model qualification (2)

« |If PBPK modelling is intended to support a regulatory decision, the model needs to be
sufficiently gualified for the intended use.

« The extent of qualification required depends on the requlatory 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

« ltis 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


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

Interpolations versus extrapolation

Effect size: Weak Strong

OFFICIAL-SENSITIVE 7



Case studies

* Drug-drug interactions
« Hepatic Impairment

« Paediatric

« Stomach pH sensitivity
« Nasal absorption




Drug-drug interactions

Predicting the effect of co-administration with weak and moderate CYP3A4 inhibitors



DDI: Model development
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DDI: Model verification
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DDI: Prediction of liability
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: Model qualification

Predicted AUC Ratio
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Disease models

Predicting the effect of moderate and/or severe hepatic impairment

14



Hepatic impairment: Model qualification
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Figure A.1. Observed (points) and predicted (lines) PK profiles after 1 mg intravenous
administration of midazolam in healthy subjects (orange), and subjects with
different degrees of hepatic impairment: Child-Pugh A (green), Child-Pugh B
(blue), Child-Pugh C (red) [6].




Mild hepatic impairment

Healthy volunteers Mild HI
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Moderate hepatic impairment

Patignts with moderate HI - 300 mg QD
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Drug model verification
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Hepatic impairment: Observed data
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Hepatic impairment: Predicted data
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Paediatrics

Predicting exposure in infants <2 years of age
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Modelling of paediatric exposure (2 — 18 years)
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Extrapolation of paediatric exposure (1 — 24 months)
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1200 Hl Allometry - 1200 Hl Allometry
= mm PBPK (Upreti) £ 1000 mm PBPK (Upreti)
£ =
£ *
2 800 2 80
o Q
O
2 -
< 600 < 600
K g
N N
£ 400 g 400
5 z
& 200 o 200
£ 8
o




Proposed paediatric dosing (1 — 24 months)

Table 7-8 Recommended dose normalized to BSA values of Il based upon PBPK simulations in [N
pediatric patients aged from 28 days to <2 years old applying Strategy 1,2 or 3
Final volume of Recommended round Recommended round
Ag(" fa':}“p Final round dose | | using Fi::';;':‘::g?mﬂrd dose normalized to dose normalized to
y o of I (mg)? | liquid formulation mg/n? BIDY* 9 BSA of I BW of NN
[month] (mL)® mg/m (mg/m? BID)® (mglkg BID)®
Strategy' 1. 12 @ 3 112 ! 3 1 : 2 : 3 1 . 2 ! 3 1 1 2 | 3
0.084 to <1.67 ' : : ' 385 | 38 | 192 ! ' : !
[110<2) 10 0101 05 | 02020 04 | ot soas00) | (1sa2s0) | 40 | 40 i 20 | 024 024 012
1.67 to <0.25 ! : : ! 517 | 345 : 345 : ' ! '
210 < 15 0101 10 | 0310202 | o | (278435 | (2784.35) 5.0 i 35 | 35 | 030 | 020 | 020
0.25t0 <0.5 ' : : ' 455 | 303 : 303 : ' : '
5 110 1 31020 - : 5 1 30 ! 3 24 | 016 ! 0.
3 to <6] 15 110 10 103102502 549600 | (233400) | (233400 | 45 1 30 1 30 | 0241016 016
0.5to0 <1 ] : : ; 476 357 : 357 : ' : '
[6 to <12] 20+ 151 15 1 04103 03 | 305645 | (2464.84) | (246484) | 45 1 35 1 35 | 0231018 018
1to <2 : : : ) 392 . 392 . 2094 : : E :
1210 <24) 20 1200 15 | 0410403 | o rl s | oassy | 40 | 40 1 30 | 018 1018 014

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.




Modelling adult exposure

‘g 1000 +» 25 IU/kg 65 IU/kg
o5 ﬂ i . Parameters Cmax AUC 2 Cmax AUC @
< i (ng/mL) (ng.h/mL) (ng/mL) (ng.h/mL)
b
'% S i Mean 282 14 950 135 43 300
g 100 3 Observed ?
§ ! CV (%) 220 290 170 150
c -
S f Mean 288 13726 749 35687
g8 10 ' t . Predicted © :
S - CV (%) 139 6.32 139 6.32
% Predicted to Observed Ratio 1.02 0.92 1.02 0.82
E
§ 1 + " } " " " " @ Predicted AUC0-360n values were used to approximate the predicted AUC values.
a 0 48 96 144 192 240 288 336 b N = 6 for 25 1U/kg and N = 8 for 65 IUKg
Time (h) C N=100
CSys 95th percentile CSys 5th percentile CSys




Functions for FcRn and extravasation

Figure 3 - Modulation factor (MK) of extravasation rate of the median participants.

53
51 ° V= 'IS.LHH{![' 96.291 ° Pedl.Zy 3
o W0 gt g y = 0.0032x2 - 0.144x + 2.6502
g 49 e Ped6y 3 25 * R?=0.9951
3 47 e Ped 8y (Projected) > .
.E- ® Ped 10y : 2 s
] o) ..
ﬁ 45 g
g. 43 c 15 s
& 2
g 4 D
3 1 °

S y = -14.63In(x) + 85.318 o

39 R? =0.9979 Eo

37 0.5

35 0

0 10 20 30 40 50 60 70 0 5 10 15 20 25

Body Weight (Kg) Age (years)




Paediatri
a e I a rl C eX p O S u re Table 12 - PBPK model simulated geometric mean [90% confidence intervals] PK parameters of

B ot steady state after once weekly dosing in the pediatric population

Age cohort Dose Cmax Ctrough Cavg
(years) (IU/kg) (urdL) (lU/dL) (lu/dL)

50 110 [109,111] 264 [250,2.79] 134[13.1,13.6]
0to<2 85 143 [141,145] 343[3.25,362] 174 [17.117.7]
80 175 [173,177] 358[342,374] 204[20.1,20.7]
50 110 [109,111] 297[2.883.07] 16.1[159,16.2]
>2t0 <6 85 143 [141,144] 386 [3.74,3.99) 209[20721.1)
o 80 176 [174,177) 476 [4.60,491] 257[255.26.0]
'g' Ak 50 109 [107,110) 563 [5.40,5.87) 229[225232)
gz-: - 2:22:’::: >6 o <12 85 141 [140,143] 7.32[7.02,7.63] 29.71[292,30.2]
£ — 610 12 years 80 174 [172,176) 9.01[8.65,9.38) 366(360372)

g s Abbrewatiqns: Crmax — maximum concenration at steady state, Cwougn - predose concenfration during repeated dosing, Cavg — average

concentration at steady state.

PBPK modelling was considered supportive of

— the proposed posology for 2 — 18 years old, and
Time (hr) 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.




Absorption

Predicting the effect of changing stomach pH on drug exposure
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Mechanistic model to recapitulate the food effect

Concentration (ng/mL)
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Sensitivity analysis for stomach pH

Fasted state Fed state
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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”




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.




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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Particle size: determines the initial deposition within nasal cavity
Absorption: occurs only from the middle area

Injection volume: key parameter for the gradient of concentrations
and thus absorption
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Similar exposure following intake of nasal and existing formulations

DNasaI formulation (1 mQ)

D Nasal formulation (2 mQ)

g‘}”n""—' B Existing formulation A
E D Other formulation
2
3
§ 10000 . PBPK model with nasal absorption
< : . supported the clinical data in showing
. I that exposure to the 2 mg nasal
il - - . 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
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Qualification of disease states
« Cancer, hepatic impairment, renal impairment, etc

Guideline on the evaluation of the pharmacokinetics of
medicinal products in patients with decreased renal
function

Predictions for pregnant or breastfeeding individuals
PBPK mentioned in ICH E21

At time of revision of this guideline, the experience of
using PBPK to predict the effect of decreased renal
function on drug elimination is limited and

« Physiologically Based Biopharmaceutics Modelling (PBBM) recommendations for the use of PBPK cannot be
given in this guideline. It is foreseen that before the
next revision of the guideline, PBPK modelling may
become useful for predicting effects of decreased

o renal elimination capacity on drug disposition.

More data needed for qualification!




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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