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Introduction

PBBM currently mainly used for IR drug product applications

ER predictions more complex

• Need to account for regional/colon absorption differences

• Identified gap in the Biopharmaceutics M&S capability

Colon absorption is key for a successful ER product

• Limited colon absorption a main reason why ER development may fail

The colon environment – a formidable absorption barrier

• Dissolution - small water volume, poor agitation, ”No” bile acids

• Permeability – low surface area, narrower tighter junctions, transporter 
expression levels

• Degradation – bacteria-mediated

Development stage appropriate predictive ER PBBMs - Benefits

• Early assessment of probability of success for ER product development

• Reduce development cost & time – smart product design & fewer BA studies

• Regulatory applications - justify specs, IVIVC, biowaivers etc

Zhang and Lionberger, Clin Pharmacol Ther, 2014; Diakidou et al, Pharm Res, 2009; Schiller et al, Aliment Pharmacol Ther, 2005; Abuhelwa et al, AAPS J, 
2016, Helander and Fändriks, Scand J Gastroenterol, 2014; Tannergren et al, Mol Pharm, 2009
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Colon absorption & ER drug product assessment overview

Lead
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Nyberg et al, Eur J Pharm Sci, 2007; Tannergren et al, Mol Pharm, 2009; Dahlgren et al, Mol Pharm, 2016; Tannergren et al, Eur J Pharm Sci, 2013

PBBM Applications?

ER Prototype(s) 
BA studies

IVIVC/IVIVR study



No No

No

Yes

ER Formulation candidate with 
target release profile >3-5h

Is the passive permeability 
moderate? 

Yes Is the permeability
high?

Is the Dose:Solubility Ratio
≤30-50 mL?

Yes

No

Low passive permeability

High Risk for ER formulation 
failure due to poor colon 
absorption

Not recommended to initiate 
ER formulation development 
unless short release profiles 
(<3-5h) are feasible.

Is the Dose:Solubility Ratio 
>50 and ≤10000 mL?

Dose:Solubility Ratio
>10000 mL?

Yes

No

Risk for incomplete/slow colon absorption 
and that the plasma profile of an ER 
formulation will be affected to some 
extent.

Candidate may be suitable for ER. The 
overall risk level is likely increased if 
several risk factor are identified.

Low Risk for ER formulation failure due to 
poor colon absorption

Candidate suitable for ER development.

Is the drug stable in colon 
stability assay?

Yes

Is the drug rapidly degraded in colon 
stability assay?

In vivo predictive in vitro based colon absorption limitation risk assessment

Tannergren et al, Mol Pharm, 2009; Tannergren et al, Eur J Pharm Sci, 2013, Sjöberg et al, Eur J Pharm Sci, 2013, Tannergren et al, manuscript, 2023 



Evaluation of  PBBM colon absorption prediction performance

Modeling strategy

• a priori modeling approach

• Dataset allowed absorption focused
evaluation

• Biopredictive & AZ standard in vitro input 
parameters

• Prediction parameters: AUCcolon, Frelcolon, 
Fabscolon

Prediction performance criteria

Highly Accurate 

• AAFE < 1.25 & AFE between 0.8-1.25

• sufficient for commercial drug product 
applications

Accurate 

• AAFE 1.25-2 & AFE within [0.5-0.8]/[1.25-2] 

• sufficient for candidate drug selection 
and early drug product design and 
development applications

Tannergren et al Eur J Pharm Biopharm, 2023

Novel dataset established

• 19 compounds & 24 colon administrations 

• 17 solutions

• 7 non-solutions - suspension, powder or granules

• Peff range: 0.03-8 x10-4 cm/s 

• Solubility range: 0.0002-43 mg/ml

• Frelcolon range: 5-100%

• Fabscolon range: 3-100%



PBBM of  colon absorption - Prediction performance (solutions)

Colon model evaluation

• Highly Accurate prediction 
performance not achieved

• High permeability drugs - Accurate 
predictions (AAFE: 1.25-2)

• Low permeability drugs - Poor 
predictions (AAFE: >2) 

• GI-Sim: overprediction

• GastroPlus: underprediction
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PBBM of  colon absorption - Prediction performance
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Verinurad PBBM ER Case Study

Biopharmaceutics properties

• BCS Class I

• pH-dependent release expected

• Low colon absorption limitation risk

BUT…

Clinical performance vs in vitro learnings – initial Ph3 ER prototype
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Proposal to improve absorption with a faster profile
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in vitro dissolution/PBBM approach to increase verinurad absorption

Initial prototype vs New Ph3 

Is this approach generally applicable?
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Tannergren et al, manuscript

Model 
setup

Develop model to fit 
mean oral data

Ph1 oral solution

Top down extraction of oral 
PK systemic distribution and 
elimination parameters

Develop oral 
absorption model

in vitro chemical and 
biopharmaceutics 
parameters (e.g. pKa, 
pH-Solubility, Peff)

Develop oral ER 
absorption model

in vitro pH-shift dissolution 
profiles for initial Ph3 8h ER 
Prototype
Optimized colon ASFs to fit 
initial Ph3 8h ER Prototype
plasma profile

Model use

Use model to predict
in vivo  performance 

of ER prototypes 

in vitro pH-shift dissolution 
profiles for New Ph3 5-6h 
ER Prototype

Determine impact of 
release rate on the in 
vivo exposure (≤ 8h)

Model 
validation

Validated mechanistic 
absorption model

Model validation 
different release rates

in vitro pH-shift dissolution 
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Verinurad ER PBBM – Additional applications

Rubbens et al 2017, Tannergren et al, manuscript
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PBBM of  ER - Evaluation of  different approaches to account for 

colon absorption

Modeling Strategy PBBM Development

12 Jadhav, Augustijns, Tannergren, 2023
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Metoprolol – Low colon absorption limitation risk
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AZ2 – Medium colon absorption limitation risk (Dissolution/Solubility)
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AZ1 – High colon absorption limitation risk (Solubility)
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PBBM of  ER drug products - Prediction performance
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Prediction performance criteria

• Highly accurate: AAPE<20%

• Accurate: AAPE 20-50%

• Poor: AAPE>50%

Jadhav, Augustijns, Tannergren, 2023
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Concluding remarks

Prediction of colon absorption

• PBBM can be used to predict regional and colon absorption in humans for high permeability drugs

• For candidate risk assessment & early product design and development applications

• Low permeability drugs poorly predicted

Prediction of in vivo performance ER drug products

• a priori approach sufficient for use during candidate selection and early product design for Low-Medium colon absorption limitation 
risk drugs

• Slowest ER approach significantly improved prediction performance regardless of colon absorption limitation

• Opportunity to achieve highly accurate PBBM suitable for ER predictions for commercial/regulatory applications

• Exception: Permeability limited drugs

• Opportunity to streamline BA study design for ER drug products

• Limited value in performing human regional absorption studies where the drug is administered to the colon as a bolus to support 
PBBM development for ER drug products. 

Improved colon models still needed!
17
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Colon absorption & ER drug product assessment overview - updated
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Colon absorption & ER predictions 
within 2-fold (<50%) prediction error

ER Bioavailability Study -

Highly accurate ER predictions (?) 

(<20% prediction error)

Nyberg et al, Eur J Pharm Sci, 2007; Tannergren et al, Mol Pharm, 2009; Dahlgren et al, Mol Pharm, 2016; Tannergren et al, Eur J Pharm Sci, 2013, Sjöberg et al, Eur J Pharm Sci, 2013, 
Eckernäs & Tannergren, Mol Pharm, 2021; Tannergren et al Eur J Pharm Biopharm, 2023; Tannergren et al, manuscript, 2023, Jadhav, Augustijns, Tannergren, manuscript, 2023
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PBBM of  colon absorption – Predicted plasma profiles

GI-Sim GastroPlus
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Oxprenolol – Low colon absorption limitation risk
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