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Current Regulatory Approach to Assessing PPI Effects

• Guideline on the Investigation of Bioequivalence

- Immediate release medicinal products: fasted bioequivalence study

• Q&A on the Need for Bioequivalence Studies with Acid Reducing Agents (ARA)

• Draft Guideline on the Investigation of Interactions in the Gastrointestinal Tract

• Product Specific Bioequivalence Guidances

- Dabigatran Etexilate (2025): fasted multiple day pre-treatment with a proton pump inhibitor (PPI)

> Waive if both products use the same manufacturing technology and have comparable pH-modifying excipients

- Palbociclib (2021): fasted multiple day pre-treatment with a PPI, such as pantoprazole (40 mg b.i.d. for 4 days)
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PBPK Modelling
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• Physiological processes and drug-related 
characteristics

• Body represented as compartments linked by blood 

flow

• Modeled by equations for drug absorption, 
distribution, metabolism, elimination

• Separate physiological from drug-specific parameters

• Physiological data available from literature and drug 

data from lab experiments
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Can PBPK modelling reliably simulate the impact of 
proton pump inhibitors on the pharmacokinetics of 

immediate-release generic medicines, reducing the need 
for clinical interaction studies?

10Confidential — unpublished data. Please do not distribute or reproduce without permission.
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Two-step approach 

PANTOPRAZOLE MODEL WITH 
GASTRIC PH INTERACTION

DABIGATRAN ETEXILATE AND 
DABIGATRAN COMBINED MODEL

Confidential — unpublished data. Please do not distribute or reproduce without permission.
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Implementation of the gastric pH interaction model (1)
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Gastric hydrogen-ion amount

• H+ = amount of hydrogen ions in the stomach (mmol)

• rsec = gastric secretion rate of hydrogen ions (mmol/h)

• rE = proton pump relative activity

• Kt = transit rate of H+ (1/h)

Relative proton-pump activity 

• rE = proton pump relative activity

• kdeg = degradation rate of proton pump (1/h)

• kr = rate of proton pump inactivation by PPI (1/h/μM)

• Ceff = effect concentration (μM)

𝑑𝐻+

𝑑𝑡
= 𝑅𝑠𝑒𝑐×𝑟𝐸 − 𝐾𝑡×𝐻

+
drE
dt

= kdeg − rE× kdeg + kr×Ceff

Confidential — unpublished data. Please do not distribute or reproduce without permission.
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Implementation of the gastric pH interaction model (2)

• Hartmann fitted values (blue line)

- Mean intragastric pH over 24 hrs: 2.8 

- Mean percent duration of time with intragastric pH>4: 18

• Review Kirchheiner et al. (2008) 

- Mean intragastric pH over 24 hrs: 3.5-3.6 

- Mean percent duration of time with intragastric pH>4: 43.3-53.6

• Improved fitted values (green line)

- Mean intragastric pH over 24 hrs: 3.6 

- Mean duration of time over 24 hrs with intragastric pH>4: 34%

15Confidential — unpublished data. Please do not distribute or reproduce without permission.
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Validation of the gastric pH interaction model
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Separate simulations of concomitant administration 
following 4 days of twice-daily pretreatment with 

pantoprazole 40 mg

• Ketoconazole (model from: Pathak et al.)

- Precipitation is rapid above pH 5.5, with only ~10% 
remaining dissolved after 60 min at pH 6

• Posaconazole (model from: Hens et al.)

- Prescribing information reports 46% and 32% 
reductions in mean Cmax and AUC₀–t when combined 
with once-daily 40 mg esomeprazole 

Confidential — unpublished data. Please do not distribute or reproduce without permission.
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Validation of the gastric pH interaction model

Simulations showed that following concomitant administration following 4 days of twice-daily pretreatment with 
pantoprazole 40 mg

• AUC values were reduced to 30-40% 

• Cmax values were reduced to approximately 40%

• Tmax showed an increase for ketoconazole and a decrease for posaconazole

Confidential — unpublished data. Please do not distribute or reproduce without permission. 18
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Summarizing
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Pantoprazole PBPK model: complements existing models and strengthens 
model-informed study design.

Model-informed approaches: require substantial time and investment; 
challenging to justify when evidence remains supportive rather than pivotal.

Next steps: continue with the dabigatran etexilate and dabigatran combined 
model and explore additional drugs.
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    d  H +  d t =  R  s e c ×  r E −  K t ×  H +


      dr E  dt =  k  deg −  r E ×  (   k  deg +  k r ×  C  eff )

