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Are simple PBPK models always enough to achieve/support biowaivers?

For generic drug products, the answer often costs companies a clinical BE study they did not need to run.

Common belief/practice in Industry

• Compartmental absorption, direct in vitro dissolution 
input is sufficient.

• If predicted Cmax / AUC sit inside 0.8–1.25, the model is 
‘good enough’.

• Mechanistic PBPK is academic - too complex, too slow, 
too expensive.

• A clinical BE study is the only credible path for bio-
waivers.

What complex products may need

• More mechanistic models sensitive to in vivo physiology 
and its variability 

• Surface pH, buffer capacity, particle size, regional 
permeability - explicit, not assumed.

• Virtual BE captures BSV, WSV and inter-trial variability - 
not just point estimates.

• Permits extrapolation across formulations, populations, 
and prandial state.
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Scenarios where a Simpler model can Mislead

In every one of these cases, a simple model can land Cmax / AUC in the correct range — but perhaps for 
the wrong mechanistic reason.
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Modified-release & 
complex formulations

• MR, lipid-based, nanosuspensions, ASDs - release is geometry- and 
microenvironment-driven, not first-order.

Complex food effects Buffer capacity, gastric emptying, bile salt micellization, Magenstrasse 
effect - only mechanistic models reproduce the impacts.

Special population 
prediction

Paediatric, geriatric, achlorhydric, ethnic GI physiology - a single empirical 
absorptive Ka cannot extrapolate.



C A S E  S T U D Y  —  B E M P E D O I C  A C I D

BCS Class II weak diprotic acid :- where the conventional model may fail

Background

• Weak diprotic acid - pKa 4.88 / 5.60

• Very low solubility at pH < 6; rises sharply 
above pH 6

• High passive permeability & absorption is 
dissolution-rate limited

• 180 mg IR tablet (adult); pediatric oral 
suspension under development

• This modeling was done using Simcyp v24 

Without mechanistic surface pH model - 180 
mg IR, fasted

Parameter Observed Simple 
Model P/O

Tmax (h) 3.0 1.6 0.54

Cmax (mg/L) 13.5 19.5 1.44

AUCinf (mg·h/L) 225 260 1.15

Cmax over-predicted by ~44%, Tmax reduced by 
half  - AUC alone doesn’t tell the full story.

© Copyright 2026 Certara, Inc. All rights reserved. 4



Application of Surface (Microenvironment) pH Model

Particle
surface

With mechanistic surface pH model - 180 mg IR, fasted

Parameter Observed Simulated P/O

Tmax (h) 3.0 2.7 0.90

Cmax (mg/L) 13.5 16.3 1.21

AUCinf (mg·h/L) 225 260 1.15

All P/O ratios now inside the 0.80–1.25 
acceptance window.

Same compound and same clinical data! Mechanistic 
modelling provides better insight.
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F R O M  M E C H A N I S T I C  M O D E L I N G  T O  B I O - W A I V E R

Virtual BE: oral pediatric suspension vs IR tablet 

1 Verified PBPK Model

Surface-pH-enabled, validated 
against single & multiple dose, 
fed, fasted, ethnic populations

2 VBE Trial Design

Crossover; 59 virtual subjects 
× 10 trials matching the 

pivotal study sample size

3 BE Assessment

Geometric Mean Ratio with 
90% CI for Cmax & AUC, all 

replicates

4 Biowaiver evidence

Reduces clinical burden — 
especially for paediatrics 

where recruitment is hard

V I R T U A L  B E  O U T C O M E  —  1 0  /  1 0  R E P L I C A T E S

84 – 92%
Cmax 90% CI (T/R)

all trials inside BE limits

98 – 99%
AUC 90% CI (T/R)

all trials inside BE limits

100%
TOST power

across all 10 replicates

What this enables: credible biowaiver evidence for the pediatric suspension vs reference IR tablet - avoiding clinical BE 
in a population that is hard to recruit, costly to study, and ethically sensitive.
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Mechanistic PBPK Modelling and Virtual BE Can Reduce Regulatory and 
Clinical Burden!

F O R  S P O N S O R S

Don’t stop at compartmental 
&/ direct dissolution input. When 
mechanism matters -pH-dependent 
solubility, MR, pediatrics, food 
effect , compounds having high first 
pass metabolism and non liner PK— 
invest in mechanistic models early.

F O R  R E V I E W E R S

Recognize that AUC and Cmax 
inside 0.8-1.25 is necessary, not 
sufficient. Tmax shape and 
underlying physiology matter for 
extrapolation.

F O R  G D U F A
Provide explicit, predictable 
guidance on the acceptance of 
virtual BE supported by 
mechanistic PBPK (ex- mechanistic 
incorporation of WSV)  as bio-
waiver evidence for generic 
complex products.

Simple models can keep us inside acceptance limits.  Mechanistic models can provide valuable insights - and that is 
what can unlock biowaivers for certain drug products.

Thank you.   Maitri Sanghavi  •  Certara – MID3 Division  •  maitri.sanghavi@certara.com
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