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Concepts and Modelling 



What is pharmacokinetics? 

“What the body does to drugs” 
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Pharmacokinetics 

Pharmacodynamics 

“What the drug does 

to the body” 

Utility 

Efficacy Toxicity 

Tissue 

unbound bound 

Blood 

unbound bound 

Extra-

vascular 

dose 

Absorption 

Metabolism Excretion 

Distribution 

IN 

OUT 



0

2

4

6

8

10

12

14

16

18

20

22

24

0 24 48 72 96 120 144

Time (h)

Minimum effective concentration 

Toxic concentrations 

Therapeutic 
window 

Pharmacokinetics: Toxicity vs Efficacy 

• Provides a link between the dose of a compound and effects both 

therapeutic and toxic 
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Pharmacokinetics Pharmacodynamics 

From: Jusko, Ko, Ebling, J. Pharmacokin. Biopharm. 23: 5-8 (1995) 

Pharmacokinetic & Pharmacodynamics 

Focus on today is just the Dose-PK 

•  Pre-clinical to clinical translation 

Temporal relationships throughout cascade 
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• Trying to achieve a minimum effective concentration 

• Usually limited by a maximum ‘tolerated’ concentration 

Why are pharmacokinetics important? 
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• ‘Good’:  Good consistent exposure at a low dose with a sufficient 

T1/2 to provide cover over dosing regimen 

• e.g. 24 hrs for once daily oral dosing 

Why are pharmacokinetics important? 
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• For a different drug with similar properties but higher clearance 

then for same unit dose, exposure is lower 

Why are pharmacokinetics important? 
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• To achieve same cover dose must be increased 

• But tablets can only be made to finite size 

• T1/2 shorter, therefore Cmax higher – toxicity?  

Why are pharmacokinetics important? 
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• To achieve same cover dose must be increased 

• But tablets can only be made to finite size 

• Alternatively, dose given more frequently – not ideal 

• Pharmacokinetics: Dose size and frequency!!! 

Why are pharmacokinetics important? 



Why be interested in Pharmacokinetics? 

Scheduling and Sequencing different drugs 
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Dosing an EGFR inhibitor that 

causes G1 cell cycle arrest 

then a microtubule poison (M-

phase specific) is not as 

efficacious as the reverse 

schedule... 

 

.... A drug with a short half-life 

can be a good thing..... 

 

...”good pharmacokinetics” is 

context dependent! 



ADME 

Absorption: Process by which unchanged 

drug proceeds from a site of administration 

to a site of measurement within the body 

Distribution: Reversible movement of drug 

from one location to another within the 

body 

Metabolism: Chemical alteration of a 

molecule by a living system 

Elimination: Irreversible movement of drug 

from the site of measurement 

Movement of drug through the body 

Processes to 

Quantify and Model 



Oral drug delivery 
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To reach the systemic circulation an 

orally administered drug must pass 

through the liver 



Predictive models 

Linear Compartmental Models 
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We want to be able to integrate data together from multiple datasets and 

answer “What does it all mean? Why did this happen? What will happen 

next?” 

Different 
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dosing Food 
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Accumulation 

Routes of 
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Predictive models 

Linear Compartmental Models 
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Solution is to model and interrogate the model 
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Modelling 

Consider the most general two-compartment ‘open’ model 

for intravenous (IV) input into compartment 1 with 

instantaneous (bolus) dosing.  Using LT, the transfer 

function for this system will be derived and then, by 

convolution, the solution for other forms of input will be 

simply produced [e.g. infusion dosing for a limited period].  

1x 2x
outk

ink

elk

           This system has a 

compartment ‘like’ the 

blood into which a drug is 

added and from which it 

is removed, and a 

compartment ‘like’ the 

rest of the body with 

which it can exchange. 

   

INPUT 



Differential equations 

We can write differential equations for the two 

compartments, and solve for  x1 the mass in 

compartment 1. 

  We shall assume that a ‘dose’ of  x0  is added 

instantaneously to compartment 1 and apply the 

Laplace Transform (LT).  Upper case letters denote 

transforms. 
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These can be solved for the mass in Compartment 

1 to give a 2-exponential equation 



The ‘Mass’ v ‘Time’ curve 
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In this example x0 = 2500, A = 0.94 and B = 

0.06  



Dosing to “Steady State” 

AUC 

AUC 

0 T 2T 3T 4T 

1 

1.8 

     The drug is said to accumulate in the body.  

The shaded area in GREEN eventually 

becomes equal in one interval to the whole 

BLUE area, out to infinity. 



Accumulation 
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Amount 
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Accumulation 
Two PK profiles. Same Clearance, Same Vdss, different distribution kientics 
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T1/2=24 hrs T1/2=24 hrs 



Accumulation 
Two PK profiles. Same Clearance, different distribution kinetics 
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T1/2=24 hrs 

50% accumulation on QD dosing 

T1/2=24 hrs 

100% accumulation on QD 

dosing 



Why? 
Two PK profiles. Same Clearance, Same Vdss, different distribution kientics 
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T1/2=24 hrs T1/2=24 hrs 

70% 

drop in 

24hrs 

45% drop 

in 24hrs 

This is sometimes referred to as the “effective” half-life – the half life to 

explain the accumulation.  



PK might not be the rate limiting process 

Consequences of “turnover”  

•PK profile is same day 1 and day n (no accumulation) 

•PD profile is different day 1 and day n 

•Efficacy results (ultimately) from steady state PD response so should match this in man 

not PK because same AUC/ Cmin/Cmax in man may not generate same temporal PD 
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Imagine a compound with PK t1/2 <12 hrs but turnover of target is +24hrs 

Day 1 Day n 

PD 

PK 

t 

PD 

PK 

t 



Volume of distribution, what is its significance on 

the plasma concentration profile? 

 

• Having infused a drug to steady state (Css), this 

level is independent of the Volume of 

distribution.  How then does Volume influence 

the profile? 
- It affects how quickly steady state is reached 

- It affects the Cmax/Cmin ratio for a given plasma 

clearance (CL) 

• Kel=CL/V 



Vdss small (e.g. 

furosemide) 

Vdss large (e.g. 

digoxin) 

Infusion to steady state, CL = 5L/hr 

Css 

tim

e 
Css = k0 / CL,     independent of Vss 

C 



Small volume, large dose, large 

AUC 

Large volume, small dose, small 

AUC 

Multiple oral dosing, effect of Vss, for fixed Clearance  

EC50 

time 

A small volume of distribution will increase Cmax/Cmin, thus if 

we require cover above the EC50, the dose will have to 

increase.  The risk now is that Cmax will move into the region 

of toxicity.  



Kola & Landis; Nature Reviews Drug Dx Aug 2004 

• Become very effective at frontloading DMPK 

• Fewer compounds fail because of very poor PK 

(e.g. zero bioavailability) 

Why do we predict the pharmacokinetics of  

drug candidates? 
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Physiologically Based Pharmacokinetics Modelling (PBPK) 

 Mammalian body mathematically 
portrayed as a series of 
compartments that represent 
tissues and organs 

• Arranged to reflect anatomical 
layout 

• Connected by the arterial and 
venous pathways 

• Defined using tissue volumes 
and blood flow rates (obtained 
from literature) 

• Progress of drug through the 
body can be followed by defining 
the discrete ADME properties  



Physiological:   

Tissue defined according to their 

•   Volume (Vi) 

•   Blood flow (Qi) 

Source:  literature 

 

Chemical Specific 

•  Rates of absorption (Abs) 

•  Partition coefficients (kpi) 

•  Rates of metabolism (CLHE) 

•  Rates of excretion (CLR) 

Source:  in vitro and/or in vivo 

Physiologically Based Pharmacokinetics Modelling (PBPK) 



• First human trials are designed to look at PK and tolerance 

• Simulations compared against the human data 

• Comparisons against secondary PK parameters – t1/2, Cmax 

• Excellent agreement between model simulations and data 

PBPK model simulations - all simualtions run at a dose of 270 mg

0.00001

0.0001

0.001

0.01

0.1

1

10

0 10 20 30 40 50 60

Time (h)

(T
o

ta
l)

 P
la

s
m

a
 c

o
n

c
e

n
tr

a
ti

o
n

 (
u

M
)

Vss=2 l/kg; CL=4.6 ml/min/kg Vss=2 l/kg; CL=9.9 ml/min/kg Vss=2 l/kg; CL=7.3 ml/min/kg

Target Conc (0.5*EC50=0.15 uM total) Human Data 270 mg

Human PK prediction compared against FTIM data 



Nonlinear PK: When it all goes wrong 

Saturable clearance 

Change in bioavailabilty 

Changing absorption rates: solubility limited and transporter limited 

Windows of absorption 

Nonlinear distribution (Target mediated distribution common with antibodies) 

DDI and autoinduction 

32 Author | 00 Month Year Set area descriptor | Sub level 1 



What happens when it goes wrong… 

saturation of clearance 

• Most drugs are cleared metabolically 

• Metabolic clearance is governed by Michaelis-Menten kinetics 

 

When C<<Km then  

and CL = Vmax/Km 

 

• But when C>> Km, rateVmax 
CK

CV
rate

m 


 max

mK

CV
rate


 max

C

CV
rate


 max



What happens when it goes wrong… 

saturation of clearance. Km=0.1 mg/L 

2mg dose 
4mg dose 

Remember: Toxic vs efficacious dose 



What happens when it goes wrong… 

autoinduction 

• Some drugs will induce the production of the enzyme(s) 
responsible for their own metabolism 

• If autoinduction occurs the AUC at the end of the study is 
less than that seen on the first day of the study 

• Beware! A change in absorption may also cause a reduction 
in AUC over the study period 

• If autoinduction is present then the half-life should reduce 
(assuming volume is unchanged).  This is difficult to assess 
for most sets of data and the only way you can be sure of 
autoinduction is to compare CYP450 levels from control and 
dosed animals. 



What does this look like…  

 autoinduction 

• Assuming absorption 

and volume of 

distribution remain 

unchanged a plot of 

concentration vs time 

on day 1 and the end of 

the study looks like 



What does this look like…  

autoinduction – caution change in 

absorption 

• Assuming volume of 

distribution remain 

unchanged a plot of 

concentration vs time 

on day 1 and the end of 

the study with 

autoinduction or 

change in absortion 

looks alike 



PK modelling, the original systems biology  

• Understanding and predicting PK is the interface of mathematics, biochemistry 

and physiology 

 

• Many processes can be modelled simply using empirical models 

 

• Predictive power comes from more mechanistic models that separate system 

(species) from drug (tissue and enzyme affinity, solubility etc) 

 

• Understanding PK (coupled with an understanding of PD) allows rationale drug 

discovery where the ultimate questions are: 

- How much? 

- How often? 

- Will it be toxic? 
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