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PD4: Background

• Warfarin is often prescribed as an anticoagulant.

• Warfarin acts indirectly to prevent blood clotting, by inhibiting the 

production of reduced Vitamin K, that is involved in the formation of 

the Prothrombin Complex, as shown below:
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PD4: Protocol

• An IV bolus dose of Warfarin is administered

• Response is measured as % of Prothrombin Complex Activity 

(PCA) compared to normal (100%)

• % PCA vs Time:
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PD4: Warfarin PK parameters

• Warfarin PK is well characterized from previous studies.

• A 1-compartment bolus model with micro constants (V, Ke) 

will be used for the PK parameters in the following equation:

• Cw = Dose/V * exp(-Ke*t)

– Dose = 1.05

– V = 1

– Ke = 0.0228
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PD4: Objectives

• Use indirect response to model Warfarin-PCA interaction

• Elaborate on a model with and without lag time in the 

dynamics

• Compare the two models by AIC and parameter precision

• Optional: extend to a precursor pool model

5

Gabrielsson & Weiner, Pharmacokinetic and Pharmacodynamic Data Analysis - Concepts and Applications, 5th Edition, Swedish Pharmacology Press (2015)  



© Copyright 2015 Certara, L.P.  All rights reserved.

PD4: Derivation of Warfarin Inhibitory function

• The empirically found inhibitory function of warfarin on the 

synthesis rate of PCA (assuming Imax = 1) is:
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PD4: Base Turnover Model

• The turnover rate of PCA is adapted from the base inhibitory 

turnover model:

• dPCA/dt = kin * I(Cw) – kout * PCA

– Kin = rate of production

– Kout = rate of loss

• At baseline, R0 = kin/kout, therefore kin = R0 * kout

• Set R0 = P0 , and substitute P0 * kout for kin:

• dPCA/dt = P0 * kout * I(Cw) – kout * PCA

• Rearranges to:

• dPCA/dt = kout * (P0 * I(Cw) – PCA)
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PD4: kout Initial Estimate
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PD4: IC50 Initial Estimate

• IC50 estimate: solve Cw at time = 80:

• Cw = Dose/V * exp(-Ke*t)

• IC50 = 1.05/1 * exp(-0.0228*80) = 0.16 
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PD4: Summary of Initial Estimates

• P0 is baseline PCA activity = 124

• Kout = 0.03, derived from onset slope in exploratory plot

• IC50 = warfarin concentration when response recovers by 

50% = 0.16

• n = gamma exponent, can be found by fitting built-in 

inhibitory indirect response model = 4
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PD4: Built-in PK/indirect: inhibition of production
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PD4: Graphical Model
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PD4: Base Turnover Model 1: PML Code
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PD4: Base Turnover Model 2 with Lag Time: PML Code
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Demo
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PD4: Summary

• Fix PK parameters from previous study

• Develop an indirect response model

• Derive initial estimates

• Fit turnover models with and without lagtime to the data

• Review results
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PD4: Base Turnover Model Results

• Fit

• Final Parameter Estimates
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PD4: Base Turnover Model with Lag Time Results

• Fit

• Final Parameter Estimates
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PD4: Use Table function to view fitted lagtime

• In the model Run Options tab, set up a simulation table using the 

sequence statement.

• Use the result “Table01” to produce an overlay plot with more 

predicted points to view the lagtime
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PD4: Develop a mechanistic precursor pool model

• Warfarin is often prescribed as an anticoagulant.

• Warfarin acts indirectly to prevent blood clotting, by inhibiting the 

production of reduced Vitamin K, that is involved in the formation of 

the Prothrombin Complex, as shown below:
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PD4: Develop a mechanistic precursor pool model

• Models 1 & 2 are the basic turnover model both with and without a lag time.

• Warfarin acts one step upstream, inhibiting the formation of reduced Vitamin K, which 

mediates the formation of PCA from the precursor pool.

• Model 3 is a precursor pool model replacing the lag time with a transit compartment with its 

own exit rate constant k1.

• Model 4 is similar to 3, but k1 is set equal to kout.
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PD4: Precursor Pool Model 3: PML Code
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PD4: Precursor Pool Model 4: PML Code
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Questions?Questions?

24



© Copyright 2015 Certara, L.P.  All rights reserved.

PML School: Materials

• Each model will be made available in Certara Forum

– Link to live webinar and presentation slides

• https://support.certara.com/forums/forum/34-pml-school/

– Model text as file download

• Can be imported into Phoenix model object to be run on a new dataset

– Questions and comments can be exchanged in the Forum

• Or can be entered into the Certara Support portal at:

– https://support.certara.com/support

• Or can be sent as emails to support@certara.com

• PML School on Twitter: @PML_School

· Notifications on updates of materials, Q&A and discussions

· Announcements of new sessions

• PML School on Youtube:

– https://www.youtube.com/user/CertaraLP/videos
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Certara University

• A wide range of On Demand and Classroom courses are 

available through Certara University:

– Introductory, intermediate and advanced instruction in Phoenix 

WinNonlin, Population Modeling using NLME, IVIVC Toolkit

– Fundamentals of Pharmacokinetics and Pharmacodynamics

– Noncompartmental data analysis

– Programming Bootcamp

– Partner Lectures and Webinar series

• Please visit our Certara University web site for more 

information
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Coming up…

• Dr. Wendt will present PD7, which covers a turnover model, 

using stimulation of loss, at different dose levels.

• Register for future PML School webinars here:

• https://www.certara.com/software/pkpd-modeling-and-

simulation/pml-school/
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