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Modeling drug dynamics in clinical settings

O Modeling, simulation and control

® Estimation, modeling in PKs, population studies

© Dosage adjustment in current PKs : Gentamycin, Methotrexate, Amikacin
O Tracking a reference signal : Isosorbite dinitrate and metabolite kinetics

© Optimal control in clinical PKs : Minimal transient time
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O Optimal control in clinical PKs : Minimal transient time
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o Models are defined by :

- their structure ( number and connectivity of compartments, etc ) expressed by
mathematical operations involving adjustable parameters :

D CL
*Ex: 1-cpt, Y(t) = \7 ° exp{_v : t}

exponential structure, parameters : X= [V ,CL]

- the numerical value of parameters used : [V ,CL] — [16 L, 16L- h-1]

|::> @ <::| ESTIMATION
Parameters

MODELING
System Identification

CHARACTERIZATION
Structure

CIRM 2009 5 A. ILIADIS
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Rule 1 : The model should be a necessary and sufficient description of the real process :
* necessary . good fitting on observed data.

* sufficient . without redundancy of parameters in the structure.

Rule 2 : The model structure should be parsimonious
* to adequately represent the real process.
* by containing the smallest number of parameters.
LEX :
y A

* 1-cpt model is misspecified.

* 3-cpt model is redundant. \

* 2-cpt is the model. Ny =

v
(o
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o Data processing :

[J1In batch or off-line

* { M observations } - 1 data processing
. Perform modeling while observations are available.

. Wait until the last observation for all data processing.

[1Sequentially or in real-time
* {1 observation - 1 datum processing } x { M times }

In the first stages, the lack of individual information should be

Warning : ©
offset by the a priori information (population studies).

(2 As the number of individual samples increases, the prior
information can be forget.

Bayesian estimation

CIRM 2009 7 A. ILIADIS



( , Aiﬂ.’/\o’
B | FACULTE DE PHARMACIE _

Equivalence criterion, real-time

AY
=
- & §
LIGET | px-vaRSEILLE | ) AN
s

o Indexing : M observation times |; individual j associated with P parameters prm;.

o Equivalence criterion : Intra-kinetic weighting
SE =" w, -| obs, —pred, (prm ) |°

o Bayesian attractor : inter-kinetic weighting

OIn real-time when M < P, SE leads to infinite solutions.

Select the most appealing solution by using an attractor with :
center of attraction aVe€ and force of attraction D

prior = D-(ave—prm, )?

o Combine criteria to obtain prm; : =  In(prior)+In(SE)

CIRM 2009 8 A. ILIADIS
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o It analyzes only a few samples per patient :
* Respect of the ethical constraints,

* Reduction of the cost of the PK analysis.

o It requires :
* Obtaining the prior (X) .
* Balancing the population and the individual information :
|::> balance the prior and likelihood terms

* Operating with : staffs having a good experience and

high specialized health professionals.

o It may be used in a feedback loop :

* Efficient data analyses.

CIRM 2009 9

A. ILIADIS



B s Building and using models

79755 | UNIVERSITE DE LA MEDITERRANEE

VA | cvarseie

=

-
u--

Time schedule
+

Drug amounts

Dosage
adjustment

CIRM 2009

Real Process

v

Functional
properties

10

Observations, or
Predictions, or
Clinical Constraints

2 Sion =

A. ILIADIS



5 A{\,QAH/\O’?/Z
i FACULTE DE PHARMACIE of ! [ DA? ;_? p\
Ll Devil's Triangle T 7
w| AlX-MARSEILLE Il O) lﬁ“ §
L g

Process :

Modeling
. . [ .

Simulation ~ : _ = Dose Adjust.
_y -
-y -
y ~ I - -
- — -~
- | ~y
- - =~ ~
L I ~ 3
Input : —>» Identification —<€&— Output
Adm. Protocol Concentrations

CIRM 2009 11 A. ILIADIS



T9T 55 | UNIVERSITE DE LA MEDITERRANEE
REFH | AIX-MARSEILLE Il

FACULTE DE PHARMACIE . i
B Modeling advantages I

o Advantages :

O Discover the fundamental properties of PK process by drug assay in blood or urinary
samples.

® Data standardization : series of observations made for different administration and
sampling protocols can be expressed in a standard base, the PK parameters.

© Data reduction : a large number of data can be reduced to a few PK parameters.

O Ethical individual recognition : combine in a Bayesian estimator the population and
individual information supplied by few samples.

o Modeling allows :
* Prediction and control of the real process state.
* Optimization of the sampling protocol and population studies.

* Description, comparison, discrimination and classification of individuals.

CIRM 2009 12 A. ILIADIS
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OModeling, simulation and control

@ Estimation, modeling in PKs, population studies

©Dosage adjustment in current PKs : Gentamycin, Methotrexate, Amikacin
O Tracking a reference signal : Isosorbite dinitrate and metabolite kinetics

© Optimal control in clinical PKs : Minimal transient time
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Estimation is the operation of assigning a numerical values to unknown parameters,
based on noise-corrupted observations.

o Organization of the variables :
[1The observed drug concentrations over time, Y (M — dimensional vector).
[ The random parameters to be estimated, X ( P —dimensional vector).
O Consider the joint pdf  f(X,y) and then :
* the marginal f (x) is called prior pdf [ the marginal f (y) IS not of interest ].
* the conditional f (X/X) Is called posterior pdf :

%g =argmax{ f(x/y)l <@ ~ mar

* the conditional f (X/x) leads to the likelihood function :
% =argmax{f(y/x)} <{m ~ MLE

CIRM 2009 14 A. ILIADIS
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o Biological Space . may be well-stirred ( homogeneous, ex. blood stream ) or under-
stirred ( heterogeneous, ex. intracellular space ).

o Compartment : s a biological space that acts kinetically like a distinct,
homogeneous, well-stirred amount of material.

o Compartmental models : is a model which is made up of a finite number of
compartments, and the compartments interact by exchanging material.

_> k
_> k }
.
u(t) Is the administration rate or input function.

CIRM 2009 16 A. ILIADIS
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o Draw and connect compartments :

[JVolumes of distribution Vi characterizes the size of the compartment (units : volume).

[ Transfer rate constants kij connect compartments among them (units : time-1).

o Mathematic description :

[1Modeling each connection pathway by first-order unit processes

( dg Lk The elimination rate from a given compartment is
a — N g proportional to the amount of material in this compartment
[dCI/CI] — _k The relative decrease of material from a given compartment
L odt Y per unit time is constant

* Transfer rate constants kij are involved in a first-order (linear) unit process.

* For the sampled compartments introduce the volumes of distribution Vi :

CIRM 2009 17 A. ILIADIS
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o The commonly used structure : open mammillary models
O The material is distributed and eliminated from the central cpt.

® No exchanges among peripheral cpts.

©® Observations are made in the central cpt.

O The nbr of parameters in DE is twice L :
*x V,, k,and K —K; pairs.

O Note : If peripheral cpts are not sampled, the corresponding Vi cannot be evaluated.
To assess a fictitious volume, assume flux equality, then :

L
V. = (kli/kil)-V1 | =2,L and the total V; =V, -{14— Z( 1|/k|1)}

I
N

CIRM 2009 18 A. ILIADIS
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o Clearance definitions :
* [nternal . The capacity of a live organism (e.qg. liters of drug distribution

volume) to eliminate the drug per time unit: CL =V, - ke

* External : The proportionality constant between D and its image at output,
the area under the time-concentration curve : CL = (D/AUC)

o Administration protocols :

* [ntra- (bolus IV or infusion) and extravascular (oral or intramuscular) routes have
been considered in single or repeated dose protocols.

* Factors defining an administration protocol :

[ ] % @ |::> [Administration protocol
[ Drug amounts ] &

CIRM 2009 19 A. ILIADIS
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o PK information is obtained from :
* healthy volunteers (experimental PKs, drug development, phases | and Il), or

* patients (clinical PKs, drug treatment, phases Ill and V).

o The problem : Individual PKs characterize both :
* the subject, and
* the drug.

o The solution :
Compile individual PKs to obtain :

* patient characteristics and pull-out only the drug properties (ex : high CL, etc)

* drug characteristics and recognize patient's status (ex : renal insufficiency, etc)

CIRM 2009 20 A. ILIADIS
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o PK data bases during drug development
[1Phases I, Il : Experimental PKs
. X Individual kinetics well
documented, ST [ Samples/subject] T 220
* data rich situation, 2 20 + / - 200
-] =
vk two-stage (TS) methods. ﬁ 15 4+ - 150 g
Q. n
COPh I, IV : Clinical PKs = S
ases llil, Nl § 10 - [ Subjects] L 100 g
* few samples per patient, © Z
L S 5 - - 50
* sparse data situation,
0 0

* single-stage (SS) methods. @2
Drug development phase

CIRM 2009 21 A. ILIADIS
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o Density estimation » the construction of an estimate f ()_() of the density
function go(x) from the available data.

o Approaches to density estimation

[1Parametric : given structure with
parameters to be computed
from the available data.

EXx : the normal density :

~ N(m,d?)

ﬂ% =\ f(x)
/&

[INonparametric : distribution free of structure and parameters.

CIRM 2009

22 A. ILIADIS



D %MO,TQ
4 e B e}
é FACULTE DE PHARMACIE ?

op - Density estimation in PKs S

) AlX-MARSEILLE I
=

o Classification : Cross approaches for density estimation and, TS and SS methods.

TS SS
parametric Normal, Log-normal NONMEM
nonparametric Kernel approach NPML
available data training data observed data

o Training data in TS methods :

y,={¢; z;}mE)» [Pc/PDmodel] EED»> X;={0; &;}
M
o Covariates u, EE)> f

— demographic, physiological and biological variables
commonly available in a well established data base.
Covariates can influence PK and PD processes.

CIRM 2009 23 A. ILIADIS
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o Non Parametric Maximum Likelihood (NPML)

[1Main features :

2
* assumes exact knowledge for the measurement error model o .

* estimates the interindividual variability in a discrete form (even for continuous
random variables), by supplying a set of geometrical characteristics. They are
defined by :

Olocations in the parameter space, and
®associated weights.

[1Practical use :

* accepts missing data,
* considers covariates as corrupted by a random error with small variance,

* automatically derives marginal and conditional densities.

CIRM 2009 24 A. ILIADIS
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O Discrete form : $ prob

* P=2: X, X
O Locations :

*(Xl, Xz)coordinates ,

of spikes.

O Weights :

* Heights of spikes.
O Univariate prob :

* Marginal distributions. '
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®Estimation, modeling in PKs, population studies

©Dosage adjustment in current PKs : Gentamycin, Methotrexate, Amikacin
O Tracking a reference signal : Isosorbite dinitrate and metabolite kinetics

© Optimal control in clinical PKs : Minimal transient time
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o Data:

* N =113 new-borns, * PC:[0.76,4.26 kg], * AG:[26, 41 weeks ],
* infusion of 2 to 3 mg, * every 12 h, * for 1to 3 d,

* M=10r 2 samples/ child.

o PK results :

=

CIRM 2009

)_( S %
CL (L/h) 0.116 0.063 55
vV (L) 1.1 051 46

High inter-individual variability,
individualize PK parameters |

28

A. ILIADIS
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. Conditional density ( CL ) fE
o The density of CL is influenced by PC & AG covariates

f(CL)
PC=2.5 kg & AG=34 weeks 28%

PC=25kg 35%

-
"""'\/ .
B N Marginal  55%

CL (L/h)

CIRM 2009 29 A. ILIADIS
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Individual dosage adjustment

T

Identify individual PK parameters

T

Bayesian estimation

T

Individual observation

T

Population study

Ethical
constraints

Compiling
knowledge
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o Goal : Safely administer drugs having :
* narrow therapeutic window + wide inter-individual dispersion.
:I|> PK process ‘
7.5mg/k
" oMK a CL #46.17% = min, max violated
m dose # 29.39 % s\ #4875 % . # 89 28 U
m [=30min/12h T 7 Y imoy =

The observed variability is an image of the inter-individual dispersion

CIRM 2009 31 A. ILIADIS
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B s ... after the dosage adjustment T E

Obtain individual PK parameters and, then
use highly variable inputs to offset the dispersion of the process parameters

2 )
\ 4

PK process

m load dose # 49.39 %
m maint. - #46.19%
m [=[1-8] h/[8-48] h

s CL #46.17%
m V. #48.75%

=)

CIRM 2009

32

m Min, max respected
u ymoy <5%
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é s Why and how dosage adjustment £y
Narrow ) ( Wide Therapeutic context
therapeutic window | | inter individual variability P
| Individualized drug dosage | %
[PK - PD identification} Modeling

T

Individual sampling,
observed drug levels

Ethical constraints

CIRM 2009 33 A. ILIADIS



& Léfn/\dbg
S
: Ao o 8
FACULTE DE PHARMACIE LS =
\
o

Naive dosage adjustment
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o Hypotheses :

] linear PK systems,

[J concentrations are directly related to the individual pharmacological response.

0 Goal : concentration profile inside the therapeutic window (assumed known !).

o Possible solutions :

Time schedule Drug amounts
1st problem Set Compute
2nd  # Compute Set

* the 1st problem has a simple solution using the PK linearity property ;

* the 2nd problem is more complex and requires tools from control theory.

CIRM 2009 34 A. ILIADIS
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o Optimality (1) :  For a given route and schedule of drug administrations, the

adjustment will be said optimal if ;

* minimum levels Y., > Ceff
* mean levels = Cave

Yoy
* maximum levels Yy <C, for each administration.
o Steps :
0 Set Ceff Cave Ctox )

® |dentify individual PK parameters X ;
© Propose a time-schedule for drug administration ;

® Specify the T .. and 1., for each administration :

© Compute : ymin = yMi(tmin’X) ymoy = yM|(X) ymax = yMi(tmax’X) '

CIRM 2009 35 A. ILIADIS
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o Computation :
OUsing linearity, factorize  Ymin©~ Ymoy Ymax expressions as :
* Yoo = Dpin - 9(tin, X) > Coq
* Yoy = Doy 19(X) =C,
* Yiax = Dinax - g(tmax’)—() < Cox

[1Solve these inequalities to obtain the optimal amounts Dmin, DmOy and Dmax :

[JActual choice :

D in < DOPT ~ Dmoy < Dmax

min

Warning :

If no reliable solution can be found (ex: D _.. > D__ ) anew time-schedule is
proposed and the procedure is repeated.

CIRM 2009 36 A. ILIADIS
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o Options :

[ Possible association of constraints with a peripheral compartment, as for the central.

k13

A

{23

v

[1 The basic approach is adapted to :
* long-term treatment (static) : optimize at the stationary state, and

* emergency treatment (dynamic) : adapt as soon as possible, (ex : loading and
maintenance amounts).
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Intravasculaire

y(t) [ng/mL]

[EE
o

o
T

10"

t[h]

SR

1:min‘/ 1:max v 1:min v

O t .. before a new administration,
L]

Lax at the end of infusion,

CIRM 2009
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10 ¢

Extravasculaire

y(t) [ng/mL]

15 T 2‘0 T 2‘5 3‘0 3‘5
1:min 4 1:min 4
O t., beforeanew administration,

[J compute tmax as solution of a transcendental
equation (using iterative algorithms).
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o Let:

2000
1750+
1500 -

1250 -

y(t) [ng/mL]

Static dosage £
'%XQ,;\XQ&\/
1%) Cmin =730 ng - mL-l Cmax =2 ng - mL-l '
2)V, =406 L k, =0.067h™ k,=485h"
3°) 12-h regular dosage schedule.
2000~ A | N T w\f 1 T T
\ “ - . Lo

1750+ \ A

R I
1500 - \ \ \ | \ g\ \\ | \H | \ ‘\
1250} | I \ \

‘L \\\\ \ Vo

y(t) [ng/mL]

75ON — — - 750 -
500 - 500 - D = 470 mg
. max
250 Dmln _ 370 mg 250 -
0 | ‘ ‘ 0 | ‘ ‘
0 50 100 150 0 50 100 150
t [h] t [h]
CIRM 2009 39 A. ILIADIS
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olet: 1) C... =1pg- mL™ in the peripheral compartment,

2°)V, =400L k, =0.509d* k,=2.17d* k,=0.165d",

3°) 15-min infusions every 2 days.

Administer in the central cpt :
- a loading dose of 7.192 g at dO,
- a transition dose of 390 mg at d2,
- maintenance doses of 415 mg / 2 d.

CIRM 2009
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0 2 4 6 8 10
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o Goal : For an individual (i), reach P =15 pM - L™ at the steady state by infusion.
© Compute an infusion rate using the mean population :

Cly,, =7167L-h* R, =CL,, -P=01075mM-h*
® Begqin the infusion for the I -th
individual with R : Discrepancy | v
{ P target / actual levels }. 1o | /
Sample at 6 h, assay, estimate I
usingMAP CL, =8675 L-h™* 7]
Compute R =0134 mM-h™ s
@ Stop the infusion with R, at 12 h 0 | | | | t(h).
and begin a new one with R . 0 5 10 15 20 25

CIRM 2009 41 A. ILIADIS
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O Intravenous infusion. Std protocol ;: Dose = 7.5 mg/kg, T = 30 min.
: _ _ - _ -1
o Goals : Ypi, < CtoxA =3 Ymoy = Cave ~8 Ymax < CtoxR =25 19-mL

O MAP identification : 525 mg, 3 samples :
V,=839L k, =1145h"

30
-1 -1 —|
k,=138h" k,=0833h™ | | .l
® Observation interval : 20 -
O[T =05h/12h]*6 %2
Adjusted dosage at 72 h : " 10
O0Schedule : [ T =2h/8h]
[JLoad and maintenance 0 : . : .
0 20 40 60 80 100
doses = 658 and 615 mg. t (h)

CIRM 2009 42 A. ILIADIS



; FACULTE DE PHARMACIE
DE MARSE

unwensrrﬁneuuénrrsnmée
mx -MARSEILLE Il

OModeling, simulation and control

®Estimation, modeling in PKs, population studies

©Dosage adjustment in current PKs : Gentamycin, Methotrexate, Amikacin
O Tracking a reference signal : Isosorbite dinitrate and metabolite kinetics

© Optimal control in clinical PKs : Minimal transient time
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Tracking a reference signal TE
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o Administration protocol :

xschedule: 0 < t1 < ... < tk < ... < tN =T E)> set

* amounts : D, .. D, .. Dy B>  unknown

* T is the treatment duration and N the number of administrations.
o Optimality (2) :
Ocompute D,k =1,...,N such that y,(t) follows the reference signal Sg(t).

)
* solve the NLP problem : D = arg min _[[y (t,D)—s.(t)] - dt
0

* associated with possible constraints on drug levels.
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o Analysis of time-concentration curves of ISDN :
[1 administration : 2.5 mg infused during 1.75 h,
[dsampling : 15 blood samples over 8 h,
[Janalytical assay : ISDN and 2-ISMN levels obtained by capillary GC,

O structural cpt model : - 2 cpt for ISDN (Y, for the central, Y, for the peripheral cpt),
- 1 cptfor 2-ISMN ( Y, ).

‘ y \ d u(t
3 A:_(ke+k12)'y1_k13'(y1_Y3)+VL)

k31 A k13 dt 1

\4 dy V
u t —2 j— k . —l . —_— k .
—71 dy, _

l k2 dt k31'(y1_Y3)
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p oot Estimation of parameters and fitting

O Obtain predicted levels by numerical integration (Runge-Kutta).

O Estimate unknown model parameters by using the multi - output MLE criterion.

1 00134 L

Vl
k, +k, =1914 h™*
K, -1 0692 h £ e

2 >
k, =04 h
k,, =1151 h™
k,, =0.473 h™ o 2 s 6 ;
t (h)
RMSE(y,) = 7%, RMSE(y,) =135%
CIRM 2009
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o Control metabolite levels : Y. =Y,
o Schedule characteristics : T =24 h, t, —t_, =2 h,k=1..12
o Reference signal : (M, M, |= [20, 50 ng - mL‘l] t.=T/2
Case A  CaseB
_ te ;
SR ‘ My, ——— il — M}
T
M, 3 T Mo

OConstrainton Y, levels: Y,(t) <30 ng-mL"
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(o) yl(t) levels are constrained at 2 h and, from 14 to 18 h.

V(0

1E-02 +

y (ng/mL)

1E-03

t(h)
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o VY ('[) levels are constrained from 2 up to 8 h.

1E-01 ~

1E-02 +

y (ng/mL)

1E-03

t(h)
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o Total amount : .
2] T
g
O CaseA:82.37mg 8 °]
; M, — M, E T
A () -dt=1.084 |, | o
0 12-0 6 1'2 18 24
E\9 |—\_
® CaseB:63.04 mg -
] M, — M, £ L
[Ty.( S()F -dt=1.890 |, | . ww
0 0 6 12 18 24
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OModeling, simulation and control

®Estimation, modeling in PKs, population studies

©Dosage adjustment in current PKs : Gentamycin, Methotrexate, Amikacin
O Tracking a reference signal : Isosorbite dinitrate and metabolite kinetics

O Optimal control in clinical PKs : Minimal transient time
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B it The mathematical model
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o PKs described by ordinary differential equations :
y(t)= A(x)- y(t)+c(x)-u(t)

L : nbr. of compartments,

X(t) : the state vector,

u(t) : scalar control (dosage regimen),
X

. the PK parameters, assumed known from identification.

o Constraints : osae: Y(t)=0, j=1,..L
® Control : Cis SU(t) <Cy,

o Controls in PKs:

© intra-vascular : 0 < u(t) <R, @ extra-vascular: 0< u(t) <D

CIRM 2009 52
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[ Pairs of states define graphically . state space.
[] y(t) are coordinates in the state space . describing point.
[1 Motion of X(t) . state trajectory.
u(t) =0 @ : the origin u(t) =R_ . @ :the steady-state
0.5 0.5
0.4 0.4
~ 0.3 1 ~ 0.3 1
2 3 /
202 >02- {
011 - | 01 |
0 ‘ ~ ‘ ‘ 0 ‘ ‘ ‘ ‘
0 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5
y1 (9/L) y1 (9/L)
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o Controllability and optimality :
[ PK systems are stable and controllable.
[ Controllability :
* define first the reachable area and then, by means of an appropriate U(t) ,

* drive the system from Y; to Y inafinitetime: t, =t —t. .

o Optimality (3) : From Y, reach Y, in minimal time, i.e.

Optimize the functional U(t) : U(t)= fcnmin{t,}

o Optimal control :

* |t is a bang-bang process : l]('[) lies either on Cinf , Or on Csup :

* The number of switches between C; . and C_ is equal to L-1.
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O The trajectories are parametric forms which depends on the time : the elapsed time
between two points of the trajectory is known.

O Read the transient time in order to reach prescribed levels in a minimal time.

0.5

[0 Combination of : 0.4 1

.03 -

ut)y=0 ¢
> 0.2
U(t) - Rmax 0.1 -
0 :
0 0.1 0.2 0.3 0.4 0.5
y1 (9/L)
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e Performing the fastest transition S

o Reach A from the origin :

[0 Mark the trajectories : @ from the origin to @ adOflom A 10 @.
O Find intersection S and read the L.

O Infuseat R , until tS, 0.4
m

ax

o Reach C from B : 0.3
ctories - B ‘v
I

® from C to ‘ A

A = S
O Find T and read t;.

O Infuseat R, from t; °
MmaX

y2 (9/L)
o
N

0 0.1 0.2
until C is reached.

y1 (9/L)

0.3
CIRM 2009
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The reachable area
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o Definition : The largest closed domain in the state plane bounded by the trajectories
going through :

1°) Xi , and obtained by the minimal and maximal infusion rates ;
2°) the origin, and obtained by the maximal infusion rate ;

3°) the steady state, and obtained by the minimal infusion rate.

C is reachable from B

B is not reachable from C
05 T : — —
04 - ¥ _ A, e
B P -
~0.3 ; ..... PP
Sop b ik — =
A v T D I
O T T T
0 0.1 0.2 0.3 0.4 0.5
Y1 (g/L) Y1 (g/L)
CIRM 2009 57

A. ILIADIS



‘é FACULTE DE PHARMACIE
DE MARSEILLE

O Two compartment linear model :

mp switching time t¢

Rmax =2 g- h-l
O Estimated PK parameters : 0.95
V =1151L
1 0.20
ke =0.695 h™
k_=0175h" 3"
k, =0.230 h* ~ol0
O Goal: 0.05
From the origin reach :

(010,015) g-L*  oc

Optimal control - example

d u(t
C?,l[lz_(ke+k12)'3’1+k12’3’2+\51)
d
%: k21'(Y1_Y2)

y,(t)>0.07¢g-L"

CIRM 2009
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o The optimal control :

[ Intravenous infusion at Rmax =2 g- h'1 with : ts = t+ =6.52 h t_ =118 h
Ot =t +t =7.70 h s the fastest transition from (0,0) — (010,015) g- L*

0.30

0.25 +

o
N
o

y11 y2 (g/L)
©
o

o
=
o

0.05 +

0.00

Y1

Y2 L

CIRM 2009
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0.25
0.20 |
=015
2
g 0.10
0.05 -

0.00
0.00 0.05 0.10 0.15 0.20 0.25
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O Intravenous infusion : 0.25 -
— .h?1 0.20 - W1
Rmax _ 2 g h -
t,=669h t,=7.77h = 0.15 oo N N B A P
. . o >0.10 g\ A i S SR s & SRS oo
O After the first period, administer & s VL S N SV R N M
. . . 0.05 i // : : : :
R .. every 4 h, with infusions y 5 5 | | :
. 0.00 ‘ | = T - 1 -
of 2.5 h of duration. ) - " s . ’ “
t (h)

o Optimal control of drug combination : when one drug is the principal agent

having the pharmacological action and the other is a controller, use a model involving
independent additive and multiplicative control terms to design optimal bilinear inputs.
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« Bottom-up » approach:

Details of the component parts and connectivity of them.

Incorporate in a complex model all the available biologic information.
Observations from non in-vivo experiments.

DRAWBACK : Difficulties to apply in clinical practice.

« Top-down » approach:
Functional representation of the entire process.
Start with a simple model. If it lacks to fit with in-vivo observations,

integrate progressively available biological information.
AVANTAGE : Direct clinical applications.
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