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• GastroPlus® DDI Module overview

• DDI Standard Model development process

• Standard Model Examples

• Case Studies/Examples

Outline
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GastroPlus DDI Module - Interaction Types

• Steady-state competitive inhibition 

• Steady-state time-dependent inhibition

• Steady-state induction 

(may include metabolites effect with simulated perpetrator concentrations)

• Dynamic competitive inhibition 

• Dynamic time-dependent inhibition

• Dynamic induction

(include effect of parent and/or metabolites; include enzymes and transporters)
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Steady-State Prediction - Equation

contribution of liver to DDI

contribution of gut to DDI

Wang Y-H., Drug Metab Dispos 2004, 32:259-266
Galetin A., Drug Metab Pharmacokinet 2010, 25:28-47

For clarity, effect of only one inhibitor/inducer is shown in the equation, but with the use of simulated concentrations, the 
effects of parent compound as well as its metabolites (if they have an effect and their constants are specified) can be included.
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Steady-State Prediction - Required Inputs
1. fm and Fg values for substrate (victim)

2. Ki (or IC50) for inhibitor

3. Kinact [min-1] for inhibitor for time-dependent inhibition

4. EC50 and Emax for inducer

5. Enzyme turnover rate (kdeg [min-1]) for time-dependent inhibition

6. Inhibitor/inducer (perpetrator) concentration:
a. Number of different calculated and simulated inhibitor/inducer concentration 

estimates are available

b. Full PK model is required for simulated inhibitor/inducer concentration

c. Additional inputs required for calculated inhibitor/inducer concentrations (Fa, FDp, F, 
ka, kel, etc.)

fm - fraction of total gut or total systemic clearance attributed to given enzyme 
Fg – fraction of the dose that escapes gut metabolism
Default kdeg values for CYPs are included in program
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Steady-State – Perpetrator Concentrations

Ito K. Br J Clin Pharmacol 2004, 57(4): 473-486

DDI Module within GastroPlus offers number of ways to obtain ‘effective’ perpetrator concentration for 
prediction under steady-state assumptions

Calculated perpetrator concentrations are obtained 
from standard equations:

D-dose, -dosing interval, CL-clearance, kel-elimination rate constant, ka-absorption rate constant, 
Fa-fraction absorbed, FDp-fraction of dose getting to portal vein, F-bioavailability, Qh-liver blood 
flow, Qe-enterocytic blood flow, Fup[%] – percent of drug unbound in plasma

Simulated perpetrator concentrations are obtained 
from simulated profile for perpetrator using full 
absorption and PK model saved in the database:
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Dynamic Simulation – Equations
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Dynamic DDI Simulations – Required Inputs
1. Ki (or IC50) for each inhibitor

2. Kinact [min-1] for each time-dependent inhibitor

3. EC50 and Emax for each inducer

4. kdeg [min-1] each enzyme’s/transporter’s turnover rate for time-dependent 
inhibition and induction (GastroPlus provides these for CYPs)

5. Full PK models for perpetrator and victim by themselves

6. (compartmental or PBPK, the same type of model required for both)

7. Only drug-dependent properties need to be adjusted for each compound in 
the system – physiological properties are the same

NOTE: The physiology for the current record will be used for both compounds
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Dynamic DDI Simulations 

• Need to build compartmental or PBPK model for victim and perpetrator.

• Accounts for interaction in any tissue

• Accounts for competition between multiple substrates of the same 
enzyme/transporter and for a possible effect of ‘substrate’ on ‘inhibitor’/’inducer’ 
– NOTE: if multiple compounds in the system have specified Km and Vmax values for the same 

enzyme/transporter, their competition for the binding sites of that enzyme/transporter will be accounted 
for using Ki = Km

• Accounts for competition between multiple irreversible inhibitors for the binding to 
enzyme 

• Accounts for possibility of perpetrator acting as inhibitor and inducer at the same time

• Default physiological parameters (expression levels, turnover rates) are available for CYP 
enzymes, but any enzyme/transporter may be included if user knows relevant 
parameter values

Dynamic simulation makes no assumptions or simplifications beyond those already 
included in the PK models of interacting compounds:
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DDI Module –PBPK Models in various stages of validation:
Probe Substrates, Inhibitors, and Inducers

Alfentanil Dolutegravir Metformin Rifampicin Warfarin

Atazanavir Efavirenz Midazolam Rivaroxaban

Atomoxetine Fexofenadine
Omeprazole & 

Metab.
Rosiglitazone

Bupropion Fluconazole Phenytoin Rosuvastatin

Caffeine Fluvoxamine Posaconazole Theophylline Atorvastatin

Cyclosporine
Gemfibrozil & 
glucuronide

Pravastatin Tolbutamide Simvastatin

Desipramine Imipramine Quinidine Triazolam

Digoxin Itraconazole &Metab. Raltegravir & Metab. Verapamil

Diltiazem & Metab. Ketoconazole Repaglinide Voriconazole
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• GastroPlus® DDI Module overview

• DDI Standard Model development process

• Standard Model Examples

• Case Studies/Examples

Outline
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Model building process for DDI Standards

• Literature collection complete and collated in spreadsheet

• Model building and validation of compound alone

• Validation for DDI mechanisms

• Reporting

The models are updated as new information becomes available in public domain

As we are prioritizing next batch of DDI standards to build and/or update, we welcome 
your feedback on compounds that would be most important for your projects.

DDI Module –PBPK Models in various stages of validation:
Probe Substrates, Inhibitors, and Inducers
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– Physicochemical, biopharmaceutical, and biochemical properties

– Initial evaluation via “Chemistry Classification” with all aspects of ADMET

– Extensive literature collection and spreadsheet documentation.

– First simulations for “Measured Properties” with parameter sensitivity analysis.

– Model building for individual substrate and/or perpetrator simulations 
compared to observed data for single escalating doses (for nonlinear dose 
dependence), multiple dosing (for autoinhibition / autoinduction).

– DDI simulations for all appropriate mechanisms on both substrate and 
perpetrator.

– Analysis of results using the “Guest”* criterion for different levels of accuracy 
cutoff for increasing AUC (inhibition) and decreasing AUC (induction).

– Preparation of slides and written reports suitable for regulatory submission.

Outline of Process for Model Development and Documentation

Bolger – MIDD+2021
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Initial in silico Evaluation

Bolger – MIDD+2021
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Build and Validate PK Model with All Relevant Mechanisms

Bolger – MIDD+2021

The model describes pharmacokinetics under different administration conditions (only two studies shown here)
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Validate Model for DDI Predictions

The model predicts DDI from different studies (only one study shown here)
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Eleanor J. Guest et al. DMD, 39(2):170 (2011)
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Written Report of Model Development and Validations
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• GastroPlus® DDI Module overview

• DDI Standard Model development process

• Standard Model Examples

• Case Studies/Examples

Outline
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Rifampicin - Pharmacokinetics
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Rifampicin (V1 & V2) – CYP3A4-mediated DDI
• DDI studies with alfentanil, midazolam, and triazolam

• The performance of the two model versions is similar

• Updated model includes additional mechanisms impacting rifampicin PK and is also being 
validated for rifampicin impact on other enzymes and transporters (CYP2C8, UGT1A1, 
OATP1B1, P-gp, etc.)

Keep in mind variability when using the models to validate other substrate models (for example, verifying correct 
contribution of CYP3A4 to metabolism of victim compound)
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Itraconazole – Midazolam DDI
(includes inhibitory effect of itraconazole and 3 metabolites)

Trial No. 1 2 3 4 5 6 7 8 9

ITZ 50 mg SD 200 mg SD 400 mg SD 200 mg SD
200 mg QD for 6 

days

100 mg  QD for 4 

days 

200 mg QD for 6 

days

200 mg  QD for 

4 days 

200 mg QD for 4 

days

MID

2 mg PO 

taken 4 hrs

after ITZ 

2 mg PO 

taken 4 hrs 

after ITZ 

2 mg PO 

taken 4 hrs 

after ITZ 

7.5 mg PO taken 

2 hrs after ITZ 

0.05 mg/kg IV 

over 2 min given 

2 hrs after ITZ on 

day 4

7.5 mg PO taken 

2 hrs after ITZ on 

day 4

7.5 mg PO taken 

2 hrs after ITZ 

on day 6

15 mg PO taken 

2 hrs after ITZ 

on day 4

7.5 mg PO taken 

1 hr after ITZ on 

day 4

Demog 

(M:F)

n=6 (5:1); 

22-42 yrs

n=6 (5:1); 

22-42 yrs

n=6 (5:1); 

22-42 yrs

n=12 (7:5); 19-

25 yrs; 57-95 kg

n=12 (7:5); 19-25 

yrs; 57-95 kg

n=12 (4:8); 19-30 

yrs; 54-98 kg

n=12 (7:5); 19-

25 yrs; 57-95 kg

n=9 (4:5); 22-34 

yrs; 55-78 kg

n=9 (2:7); 19-26 

yrs; 52-85 kg

Study 

Protocol

Not 

defined -

assumed 

fasted state

Not 

defined -

assumed 

fasted state

Not 

defined -

assumed 

fasted state

The volunteers 

fasted for 3 hrs 

before MID 

administration 

and had a 

standard meal 4 

hrs afterwards

The volunteers 

fasted for 3 hrs 

before MID 

administration 

and had a 

standard meal 4 

hrs afterwards

The volunteers 

fasted for 3 hrs 

before MID 

administration 

and had a light 

standard meal 4 

hrs afterwards

The volunteers 

fasted for 3 hrs 

before MID 

administration 

and had a 

standard meal 4 

hrs afterwards

The volunteers 

fasted for 2 hrs 

before MID 

administration 

and had light 

standard meals 

4 hrs and 7 hrs 

after MID

The volunteers 

fasted for 3 hrs

before MID 

administration 

and had a 

standard meal 4 

hrs afterwards

Ref
Templeton 

et al. 2010 

Templeton 

et al. 2010 

Templeton 

et al. 2010 

Olkkola et al. 

1996 

Olkkola et al. 

1996

Ahonen et al. 

1995

Olkkola et al. 

1996

Backman et al. 

1998

Olkkola et al. 

1994

Szeto K., et al. 
Poster W5237   
AAPS Annual Meeting, 2015



23 | NASDAQ: SLP

Diltiazem – CYP3A4 Inhibitor (Competitive and TDI)

Diltiazem and metabolite PK for different doses after 
single dose and in steady state (includes autoinhibition)

Observed data from Hoglund P. – Ther Drug Monit 1989

[observed data from: Backman JT-Br J Clin 
Pharmacol 1994, Varhe-Clin Pharmacol Ther
1996, Lagniere-Clin Pharmacol Ther 1996] 

• The model describes pharmacokinetics under different administration conditions

• The model correctly predicts clinical DDI (time-dependent inhibition of CYP3A4) with different substrates

red-diltiazem, magenta – N-demethyldiltiazem, blue-deacetyldiltiazem
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Dolutegravir – UGT1A1 Substrate

Dolutegravir suspension administration in fasted healthy subjects

Dolutegravir 50 mg dose in healthy subjects

fasted moderate fat

Observed data from Min S. – Antimicrob Agents Chemother 2010

Observed data from Song I. – Eur J Clin Pharmacol 2015

Reported contribution of 
CYP3A4 from in vitro 
and in vivo studies is ~25% 
[Reese MJ-Drug Metab Dispos 2013; 
Johnson M-Br J Clin Pharmacol
2014] 

CYP3A4

UGT1A1

Total Metab

• The model describes 
pharmacokinetics under different 
administration conditions (only some 
of the published studies shown here)

• Contribution of different enzymes to 
metabolism is captured correctly
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Metformin – OCT2/MATE2K Substrate

• The model describes 
pharmacokinetics under different 
administration conditions (only 
some of the published studies 
shown here)

• Model was validated as OCT2 
substrate by simulating DDI with 
dolutegravir

Ho et al. 2005

Metformin: 500 mg BID

Dolutegravir: 50mg QD on day 6 

Metformin: 500 mg BID

Dolutegravir: 50mg BID on day 6 
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Rosuvastatin – OATP1B1/1B3 Substrate
Rosuvastatin PK after different doses

Macwan – AAPS 2015

• The model describes pharmacokinetics under different 
administration conditions 

• DDI with the inhibitor of uptake transporters (gemfibrozil) is 
predicted correctly

10 mg 20 mg

40 mg 80 mg
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• GastroPlus® DDI Module overview

• DDI Standard Model development process

• Standard Model Examples

• Case Studies/Examples

Outline
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DDI for Oxycodone (and Metabolites)

Predicted DDIs with 
ketoconazole, itraconazole, 
quinidine, rifampicin

Rytkonen, Biopharm Drug Dispos 2020
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Transporter Mediated DDI in Regulatory Submissions 

Shebley Clin Pharm Ther 2018

Taskar Clin Pharm Ther 2019
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Case study: Ruxolitinib
• Ruxolitinib is metabolized by CYPs 3A4 (major), 2C9 and 1A2

• in vitro studies showed it is a weak inhibitor of Pgp

• PBPK model was developed to describe the essential ruxolitinib PK characteristics and validated by reproducing DDIs with three 
CYP3A4 perpetrators (competitive inhibitor, time-dependent inhibitor, and inducer)

• Validated PBPK model was used to predict DDI potential when coadministered with fluconazole (CYP 3A4 and 2C9 inhibitor) and 
digoxin (Pgp substrate).
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Simulations Plus Consulting Services

Breakdown of DDI projects 
conducted by our Consulting 
Services Team 
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• Our scientists, collaborators, and users continue developing GastroPlus
models to simulate complex mechanistic drug-drug interactions involving 
enzymes and transporters, for use in internal decision making as well as 
regulatory applications.

• We provide complete GastroPlus model files and written documentation for 
the standard models built by our scientists.

• Documentation is scientifically reviewed and formatted as a complete 
package for regulatory review of novel compound results. 

• All complete models will be available for download by registered GP license 
holders.

Conclusions
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