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Pharmacometrics

Quantitative description of pharmacology

Nick Holford
Dept Pharmacology & Clinical Pharmacology
University of Auckland, New Zealand

Pharmacometrics

Science Pharmacology

Models ’Pharmacokinetics‘ ’Pharmacodynamics‘
Experiment ’ Dose ‘ ’Concentration ‘ ’Eﬁect‘
Model Uses

e Description
» Correlation
» Parameters
e Prediction
» Interpolation
» Extrapolation
e Explanation
» True science

ENHG Holford, 2009, al s reserved,
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Models for WT vs HT
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y=35.166x0784%
R*=0.9187

Ht=208*Wt/(Wt+16.2)

George Box

“All models are wrong
but some models are useful”

Modelling

e Simulation
» Visualising model predictions
» Exploring model properties

e Parameter Estimation
» Non-linear regression (often)
» Structural + Error models
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Model Parts

Y = slope * X + intercept

ENHG Holord, 2009, all ights reserved.

Model Parts
CL
C- dose o v
V
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Pharmacokinetics

e Drug Elimination
RateOut = CL*Conc

e Bolus Input
CL
codose, v
\Y,
e [nfusion Input

_rate

Ol
*(1-e Vv
CL ( )

C

(ENHG Holord, 2009, all rights reserved.
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Receptors/Enzymes

e Ligand Binding

_ BmaxxCu

Cb= + NS*Cu
Cu-+Kd

e Enzyme Velocity

_ Vmax*S$
S+ Km

Pharmacodynamics

e Emax

_ EmaxxC

- =T~ ko
C + EC50

e Sigmoid Emax

E maX*CHi”

CENT=a

ENHG Holord, 2009, all ights reserved.

PK Model Building

e One compartment model
» First order elimination
» Mixed order elimination

» Combined First order and Mixed order

e Two compartment model
» First order elimination
» etc
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PD Model Building

e Single Drug

» Linear

» Emax

» Sigmoid Emax
e Combinations

» Competitive

» Non-competitive
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PKPD Model Building

e PK Model
» One compartment, etc
e Link Model
» Immediate
» Slow receptor dissociation
» Distribution delay
» Turnover of mediator
e PD Model
» Linear, etc

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

Pharmacometric Tools

e Simulation
» Excel
» Berkeley Madonna
» Pharsight Trial Simulator

e Individual Non-Linear Regression
» WinNonLin

e Population Non-Linear Regression
» NONMEM
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STARTTIME =0
STOPTIME=150
DT=002
DTOUT=0.1
Glucose Praduction Rats 4
‘Radziuk, J., Pye, S. Quantitstion of basal endogenous ghicose
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distribution. Diabetolagia 2002 45.1053.1084
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"ﬁ Specification of the & Creation of Alternative Scenarios
Virtual Trial Population - Drug Properties
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- Protocal Design Properties
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Pharsight Trial Simulator
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[E] Fle Edt Vew Smulation Reports Tools Window Help

-loix|
JRETET

lozm(ez (@]

Shucy Diagram for Theophyline st Drug Mo

Print_EditE Vien Blocks Options

A
nll

(ash)

E
Ja

Form iamn
a

gnaw 27he\weenh

Formfistion
¥
Cpt.

eror

et Response

MIElEe| 8| o|ed

iy
v
2
5
Al

Eim. Cpt.

Ready [T 4
e
WIinNonLin
[~ = WinNonlin 9 [=]
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WinNonLin

WinNonlin - [ASCII Model 1 - [D:\WPADEPT\565~1.716ABINDLABAL1S1.LIB]] oI
32 Fle Edit Commands 0 i- Window Help & x|
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lremark  Model Date: 03-D1-1999

lremark  Model Version: 10

lbemazk  LLFL.LIB

lremark  One Ligend One Site binding using predicted bound

[remark - define model-specific commands
5

st

remark - define tewporary variables
RARY

-na* [27total+kd) -buax-kd-total

le=total® (nsreatalinsThatbuax)
~b-30RT(b*b-4*a%c) )/ [27a)

EID
lrenark - define model equation
[FUNCTION L

END
[rewszk - define any secondary parameters
SECD

END
lrenark - end of model
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WinNonLin

>3 WinNoniin
Fie Edi Data Moddes Window Help

: [ Final Parameters
1
| el[Brax
el ] el

Parameter | Estimate | StdError | C¥% | UnivarCl_Lower
BIMAX I 1019141 0282793 e7.75 0.350436
[ 3955745 1312147 3317 0852986
NS 0.008083 0005172 6395 -0.004142

Data A Histony

ENHG Holord, 2009, all ights reserved.

(ENHG Holord, 2009, all rights reserve

WinNonLin

& Observed
03 — Predicted
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NONMEM

THE NONMEM SYSTEM MAY BE DISTRIBUTED ONLY BY THE NONMEM
PROJECT GROUP. CONTACT: PROF. STUART BEAL, CLINICS 255,

UNIV. OF CALIFORNIA, SAN FRANCISCO, CA 94143

COPYRIGHT BY THE REGENTS OF THE UNIVERSITY OF CALIFORNIA
1979, 1984, 1985, 1989, 1992, 1998 ALL RIGHTS RESERVED

DO NOT MODIFY CODE
WITHOUT FIRST CONSULTING WITH THE NONMEM PROJECT GROUP

PROGRAM NONMEM

SNHG Hoford, 2009, al rights reserved




Slide
25

Slide
26

Slide
27

NONMEM

$PROB theophylline pharmacodynamics

$DATA theopd.dat IGNORE #

$INPUT ID TIME THEO AGE WT GEND RACE DIAG PEFR=DV
$ESTIM PRINT=1 POSTHOC MAXEVAL=9999
MSFO=THEOPD.msf

scov

STHETA (0,150.,) ; EO
$THETA (0,200.,) ; EMAX
$THETA (.001,10,) ; EC50

$SOMEGA 0.5 ; CVEO
$OMEGA ; CVEMAX
$SOMEGA 0 ; CVEC50

o
o

$SIGMA 100 ; SD 1
$PRED
(1) *EXP (ETA (

1))
EMAX=THETA (2) *EXP (ETA (2) )
EC50=THETA (3) *EXP (ETA (3))

Y = EO + EMAX*THEO/ (THEO+EC50) + ERR(1)
STABLE ID TIME THEO AGE WT GEND RACE DIAG
E0 EMAX EC50 Y
NOPRINT ONEHEADER FILE=THEOPD.fit

ENHG Holford, 2009, allighis reserved.

NONMEM

THETA: EO EMAX EC50

ETA: CVEO CVEMAX CVEC50

ERR: SD

theopd.lst 5802.086 eval=270 sig=3.3 sub=153 obs=574 CCIL=NNNN NV1.1
THETA = 146 165 6.57

ETASD = 0.0415933 0.487852 1.2083

ERRSD = 81.1788

THETA:se% = 7.5 12.5 30.0

OMEGA:se% = 4300.6 42.9 78.8

SIGMA:se% = 10.6

MINIMIZATION SUCCESSFUL

ENHG Holord, 2009, all ights reserved.
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The data and model
THE BT The structural model
Distribution ofthe individuial mhtemax_mld %
1
There is no covariate The covariance model The residual error mode
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The initialization

Fixed effects Stand. dev. of the randam
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Residual error parameters

Check initial fixed eff
Use the last estimates

The algorithms

New seed MNumbers of MNumberofchains  Simulated Monte-Carlo Display
K K Annealing WPC  NPDE L
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[V] e [V] e
The resuits
Results falder Random effects Individual Standard errars.
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ENHG Hollord, 2009, al rights reserved.
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VPC Emra}g WT vs HT
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Ernest Rutherford

“Science is either
stamp collecting or physics”

Stamp :
Collecting - e




