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Quantitative Prediction of Drug–Drug Interactions
Involving Inhibitory Metabolites by Physiologically Based
Pharmacokinetic Models: Is it Worth It?

M Tod1,2*, S Goutelle1,3, L Bourguignon1,3 and N Bleyzac2,4

To the Editor:

We read with interest the article of Templeton et al.1 on the
quantitative prediction of drug-drug interactions involving
metabolites.

Physiologically based pharmacokinetic modeling of inter-
actions involving inhibitory metabolites is certainly valuable
to get a deep understanding of the interaction mechanisms,
to forecast time-dependent interaction kinetics, and to pre-
dict the substrate concentration profile in all compartments.

However, such a precise assessment is rarely needed
from a clinical perspective. Most often, the goal is simply to
predict the increase in the victim drug area under the curve
(AUC) at steady state caused by the exposure to the inhibi-
tory entity (the drug parent and its metabolites), because
this is sufficient to estimate the risks associated with drug-
drug interactions, guide clinical decisions, and establish
prescribing information. Due to its complexity, as acknowl-
edged by Templeton et al.,1 the physiologically based phar-
macokinetic procedure requires extensive validation and is
sensitive to many modeling and experimental assumptions.
As a result, it is time-consuming and costly.

We advocate the in vivo mechanistic static model (IMSM)
as a valuable alternative. IMSM is based on static (i.e.,
steady state) equations of physiologically based pharmaco-
kinetic models. This approach relies only on two kinds of
parameters: the fraction of oral drug clearance by each
cytochrome P450 involved in the elimination of the sub-
strate (analogous to fm), and the inhibition potency (analo-
gous to I/Ki) of the interactor toward each cytochrome
P450. With the IMSM method, both parameter values are
estimated solely from in vivo data using the AUC ratios
gained in clinical studies (one study per parameter to

estimate). These parameters have been calculated by our
group for a wide range of substrates and interactors (see
www.ddi-predictor.org). The IMSM approach has been
extensively validated (see ref. 2 and the references there-
in). Due to its principle, IMSM can readily accommodate
drug-drug interactions involving multiple species (enantiom-
ers, metabolites of the inhibitor), because the inhibition
potency reflects the action of all molecular species at the
site of interaction. A few examples are shown in Table 1.1,3,4

Of note, the interactions with bupropion were published in
2016, but were predicted using the parameters published by
our group in 2011.5

The main limitations of the IMSM approach in its current
form are: (i) interactions involving transporters are not
described; and (ii) linear kinetics of the substrate is
required. On the other hand, the IMSM approach is
(i) accurate, (ii) robust, provided the main cytochrome
P450s involved in the substrate metabolism are known, and
(iii) fast and easy to use.
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Table 1 Predictions of the in vivo mechanistic static model approach

Inhibitor Substrate Observed AUC ratio IMSM-predicted AUC ratioa Reference substrateb Reference

Sertraline Desipramine 1.54 1.55 Nortriptyline 1

Bupropion Nevibolol 7.2 7.4 Desipramine 3

Bupropion Atomoxetine 5.1 5.24 Desipramine 4

Amiodarone Warfarin 1.5 1.65 Phenytoin 1

AUC, area under the curve; IMSM, in vivo mechanistic static model.
aObtained from www.ddi-predictor.org.
bSubstrate used to calculate inhibitor potency.
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