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Chapter 1

Pharmacokinetic models

The equations in the ensuing chapter describe the pharmacokinetic models implemented in
the Monolix software. The presentation of the models is organised as follows:

e First level: number of compartment

— One compartment
— Two compartments

— Three compartments
e Second level: route of administration

IV bolus

— Infusion

First order absorption

— Zero order absorption
e Third level: elimination process

— Linear

— Michaelis-Menten

e Fourth level: existence of a lag time for first and zero order absorption only



1.1. ONE COMPARTMENT MODELS

e Last level: administration profile

The equations express the concentration C'(¢) in the central compartment at a time t
after the last drug administration.

— Single dose: at time ¢ after dose D given at time tp (t > tp)
— Multiples doses: at time ¢ after n doses D; (i = 1,...n) given at time tp, (¢t > tp,)

— Steady state: at a time t after dose D given at time tp after repeated administration
of dose D given at interval 7 (t > tp) (only for linear elimination)

NB1: For infusion, the duration of infusion is Tinf for single dose and Tinf; (i = 1,...n) for
multiple doses; D and D; are the total doses administrated.

For multiple doses, the delay between successive doses is supposed to be greater than infusion
duration and absorption duration (tp,., —tp, > Tinf; and tp,,, —tp, > Tko).

For steady state, the interval 7 is supposed to be greater than infusion duration and
absorption duration (7 > Tinf and 7 > T'ky).

NB2: For models with 1 and 2 compartments, equations C'(t) express concentration in the
central compartment at a time ¢ after drug administration and are in the PK library (Appendix
I). PK/PD analysis, with intermediate response models, can use concentration C(t) in the
central compartment but alternatively concentration C.,(t) in the effect compartment. In that
case a model in library PKe0 (Appendix IT) should be used.

There is an additionnal parameter to estimate, k.o the equilibrium rate constant between
central and effect compartment.

For each model the equation for C,(t) is given after the corresponding one for C'(t).

1.1 One compartment models
Parameters

e |V = volume of distribution

e Lk = elimination rate constant

e ('l = clearance of elimination

e V,, = maximum elimination rate (in amount per time unit)
e K,, = Michaelis-Menten constant (in concentration unit)

e L, = absorption rate constant

e Tlag = lag time

e T'ky = absorption duration for zero order absorption

NB: V and Cl are apparent volume and oral clearance for extra-vascular administration.



1.1. ONE COMPARTMENT MODELS

Parameterisation

There are two parameterisations for one compartment models, (V' and k) or (V and CI).
The equations are given for the first parameterisation (V,k). The equations for the second

parameterisation (V, Cl) are derived using k = —.

v
1.1.1 IV bolus
1.1.1.1 Linear elimination
e single dose
D
C(t) = Ve*k(t*tf’) (1.1)
D keO —k _
Ce t . (t tD) keo(t tD)
( ) V (keo _ k) ( )

e multiple doses

_ Z % BE 5 <€7k(t7tDi> _ efkeo(tftpi)>

e steady state

D eik(tftD)
)= —— 1.
) = g (13)
D ke 7k(t7tD) 7keo(t7tD)
Cot)y==—2 _(Z -~
V (ko — k) \1 —e7km 1 — e hkeor
Equations 1.1 to 1.3 correspond to models n°1: bolus_1cpt_Vk and n°2: bolus_1cpt_VCI.
1.1.1.2 Michaelis Menten elimination
e single dose
C(t) =0fort<tp
Initial conditions: { Ce(t) = gfor t<tp
Vin o (1.4)
ac v~
dt K, +C
dC,
= keo (C — C,



1.1. ONE COMPARTMENT MODELS

e multiple doses

C™ (t) is the concentration after the n'* dose.

C(t)=0fort <tp,

C. (t) =0fort< tp,
D
C(tp,) =CW (tp,) = 71

D,
€ (tn,) = € (t5,) = O (1p,) + 22 o
dC . VmeC
and when t # tp,: dt Km~+c
S c— )
dt - e0 e
Equations 1.4 and 1.5 correspond to model n°3: bolus_1cpt_-VVmKm.
1.1.2 1V infusion
1.1.2.1 Linear elimination
e single dose
b 1 (1 — e k=tn)) ift —tp < Tinf
&)=<"p" " . A (1.6)
- (1 _ 6—sznf> e—k(t—tD—Tznf) if not.
Tinf kV
D 1 —k(t—t —keo(t—t : .
k:eo(l—e ( D)) —kz(l—e eo( D))} ift—tp <Tinf,

Tinf kV (ke — k)
C. (t) = D 1 Feo (1 _ efkTinf) o —k(t—tp=Tinf) .
1I Nnot.

Tinf kV (ko — k) | — k(1 - e*keDTinf) o—keo(t—tp—Tinf)

e multiple doses

( n—1
Z D; L (1 _ e—sz‘nfi) efk(tftDifTinfi)
=1 ift—tp, <Tinf,,
D 1
C(t)= n = (1 — ¢ Ft=tpy,) 1.7
) T Timp v e ) (17)
“. D, 1 . -
Z Tinf T (1 _ efkTmfi) e*k(tftDimefl) £ ot
\ =1 t



1.1. ONE COMPARTMENT MODELS
¢ nz_l D, 1 koo(1 — 6—sz‘nfi)€—k(t—tDi—Tz‘nfi)
— Tinfi kV (ke — k) | — k(1 — e—keOTinfi)e—keo(t—tpi—Tinfi)
- it —tp, < Tinf,,
L (t) = . D 1 keo (1 — e F(7tpa))
o Tinfu KV (ke — k) | —k (1 — e Feolt=ton)
n Dl 1 keo (1 o e*kTinfi) e_k(t_tDi_Tinfi
Z ' ) , if not.
=t TZTLfl kV(keo — k) —k (1 _ e—keoTznfi> e_keo(t_tDi_Tlnfi)

e steady state

D 1 1 _ e—kTinf e—k(t—tD—T’inf) ) '
Tinf bV (1 — e kt=tn)) 4 e=hr ( . _)e_kT if (t—tp) <Tinf,
C(t) = D 1 (1- e_kTmf) o—k(t—tp—Tinf) -
Tinf KV e o
(1.8)
. - 4 ,
1— efkTmf efk(tfthTznf)
keO (1 i e—k(t—tD)) + e—kT( ) —
D 1 l—e if t —tp
Tinf kV (ke — k _ —keoTinf\ ,—keo(t—tp—Tinf) < Ti
. (t) _ inf ( 0 ) iy [(1 o e*keo(t*tp)) + o~ keoT (1 e te0 ) e eo D < an,
1 — ekeor
D 1 -k (1 . 6—kTinf) e—k(t—tD—Tinf) N (1 o e—keoTz'nf) e—keo(t—tD—Tinf) _—
| Tinf kV(ko — k) | T 1 — ket ROt

Equations 1.6 to 1.8 correspond to models n°4: infusion_lcpt_Vk and n°5: infusion_1cpt_VCI.

1.1.2.2 Michaelis Menten elimination

e single dose
Initial condition: C' (t) =0 for t < tp

Ce(t)ZOfOI"t<tD

Vin
dC 7X0+. ,
— =— npu
dt K,+c " (1.9)
dC ’

=k (C—C,

dt o ( )

D 1

— HO0<t—tp<Ti
input (t) =< TinfV i p < Tinf
0 if not.



1.1. ONE COMPARTMENT MODELS

e multiple doses

Initial condition: C' (t) =0 for t < tp,
C.(t)=0fort <tp,
Vin

@ __V ¢ + input
it = Kp+c (1.10)
dcC, '
<= ke — Le
o 0 (C—C)
D; 1
—— if0<t—tp, <Tinf;
input (t) =< Tinf; V e p; < Tinf
0 if not.
Equations 1.9 and 1.10 correspond to model n°6: infusion_lcpt VVmKm.
1.1.3 First order absorption
1.1.3.1 Linear elimination
e in absence of a lag time
— single dose
Do -kt-tp) _ g—kalt-tp)
_Z — g ka 1.11
C (t) T (e e ) (1.11)
e_ka(t_tD) e_k(t_tD)
o i Dl | (6= (o — i) T =) (koo — 1)
e( ) o 1% e keo(t—tD)
+
(ka - keO) (k - keO)
— multiple doses
C(t) = i & Fa (e_k(t_tDi> — e_k“(t_tDi)> (1.12)
— Viks—k
e—ka(t—tDi) e—k(t—tpi>
" Dikiokuo | (5 — ko) Chuo — Fa) (ko — &) (huo — )
Ce (t> =
Vv o~ keo(t—tp, )
=1 +
(ka - keO) (k - keO)
— steady state
D k e~ k(t—tp)  c—ka(t—tD)
Ct)==—"= — 1.13
®) Vka—k(l—e—’” 1—e—kaT) ( )



1.1. ONE COMPARTMENT MODELS

e*ka(tftp)
(k —kq) (keo — ko) (1 — e ka7)
Dkake —k(t—tp)
Ce (t) = 3 -
1% (ko — k) (keo — k) (1 — e7F7)
e—keo(t—tp)
+

(ko — keo) (k — Eep) (1 — ekeoT)
Equations 1.11 to 1.13 correspond to models n°7: orall_lcpt_kaVk and n°S8:
orall_1cpt_kaVCI.
e in presence of a lag time

— single dose

0 ift—tp <Tlag,
C(t) = 2 ka (efk(tfthTlag) _ efka(tfthTlag)) if not. (1.14)
Vik,—k
(0 ift —tp <Tlag,
efka(tftprlag) efk(tfthTlag)
C.(t) = Dhakuo | = k) (heo — o) (b —F) (ho — ) | . f
1% e—kco(t—tD—Tlag) It not.
+
\ (ka - keO) (k - keO)

— multiple doses

ka < —k(t—tp,—Tlag) _ e—ka(t—tpi—Tlag)> if t —tp, < Tlag,

ka < k(t_tDi—Tzag)_e—ka(t—toi—ﬂag)> if not.

D,
ZV
C@t)=< D,
2V

(1.15)
( B efka(tftDileag) efk(tftpileag)
n—1 +
Dikakeo (k - ka) (keO - ka) (ka - k) (ke() - k) ift— tD,- S Tlag,
i—1 |4 e*keo (tftDi leag)
- +
_ L (ka_ke)<k_ke) .
Ce (t> - B e—ka(t—tDiO—Tlag) ’ e_k(t_tDi —Tlag) T
" Dikakuo | (= ko) (koo — Fa) | (ko — K) (kg — ) .
if not.
— V e—keo (t—tpi —Tlag)
+
\ - (ka - keO) (k - keO) .




1.1. ONE COMPARTMENT MODELS

— steady state

Equations 1.14 to 1.16 correspond to models n°10:

e—k(t—tD—l—T—Tlag) e—ka(t—tp—‘rT—Tlag)

L—e b L —eher

D

V

D ka e—k(t—tD—Tlag) e—ka(t—tD—Tlag)
Vk, —k < )

l—ebm 1 —ehar

e—ka (t—tp+7—Tlag)

(k - ka) (ke() - ka) (1 - eikaq—)

—k(t—tp+1—Tlag)

Dkakeo + (&
% (iw — 1) (kg —F) (L — e 1)
efkeo(tftD+7'7Tlag)
T e = Foog) (b — Focg) (1 — & Feor)
e—ka(t—tD—Tlag)
(k= Foa) (koo — a) (1 — e Fa7)
Dkakeo efk:(tfthTlag)
Vo | =8 (g —B) (L= *)

orall_lcpt_TlagkaVCl.

e~ keo(t—tp—Tlag)

T e = Foog) (b — Foug) (1 — e Feor)

10

ift—tp <Tlag
if not.

(1.16)

ift—tp <Tlag

if not.

orall_lcpt_TlagkaVk and n°11:



1.1. ONE COMPARTMENT MODELS

1.1.3.2 Michaelis Menten elimination

e in absence of a lag time

— single dose
Initial condition: C'(t) =0 for t < tp

C.(t)=0fort <tp

Vin
ac__yxe.
Gt K.+ C +npu (1.17)
dce:]{]e()(C—Ce)

dt

D
input (t) = Vk:ae_k“(t_t’?)

— multiple doses
Initial condition: C' (t) =0 for t < tp,

Ce(t) =0 for t < tp,

Vin
E =— V. © + input
it~ K,+c P (1.18)
dcC,
= ko (C — C.
dt o )
input (t) =y ﬁkae‘k“(t‘”’i)

=1

Equations 1.17 and 1.18 correspond to model n°9: orall_lcpt_kaVVmKm.

e in presence of a lag time

— single dose
Initial condition: C'(t) =0 for t < tp
C.(t)=0fort <tp
Vin

E—— ch—l—input
dféf Ko +C (1.19)
el keo (C' — Ce)

ift—tp <Tlag,

0
input (1) = Q ke Fka(t=tp=Tlag) if not.

%

11



1.1.

ONE COMPARTMENT MODELS

— multiple doses

Initial condition: C' (t) =0 for t < tp,
C.(t)=0fort <tp,

Vin
ic v x¢ Cinout
— =— mpu
it = Kn+c P
dcC,
o=k (C = Co) (1.20)
n—1
D; (i .
Z Vk’ae ha(t—tp,~Tlag) gy _ tp, < Tlag,
input (t) =< =1 D
Z Vikae_ka(t_mi ~Tlag)  if not.
i=1
Equations 1.19 and 1.20 correspond to model n°12: orall_1cpt_TlagkaVVmKm.
1.1.4 Zero order absorption
1.1.4.1 Linear elimination
e in absence of a lag time
— single dose
D 1 X
DL g ko) it — tp < Tho,
C(t) =4 Tkl (1.21)
T_]{jOW (1 — €_ka0) e_k(t_tD_TkO) if not.
D 1 —k(t—t —keo(t—t :
T Tl o (L= M) k(1= e )] ittty < T,
0 e0 —
C.(t) = D 1 Feo (1 _ e*kaO) o—k(t—tp—Tko)

Tho kV (koo — k)

— multiple doses

O (1)

n—1
D, 1

Z L (1 — KT o~k (t=tp,~Tho)

— Tko KV T
D, 1

et < n - _ _k(t_t n)

Tho KV (1 — 7o)

"D 1 B klt—tr Tk

3 DL (k) ) e

\ =1

12

—k (1 _ efkeoTko) ¢ keo(t—tp—Tko)

if not.

tp, < Tk,
(1.22)



1.1. ONE COMPARTMENT MODELS

;

"Z‘l D; 1 kuo(1 — = FTko)oh(t=tp;~Tko)
Tk() kV(keO — kj) _ k(l _ e_kEOTkO)e_keo(t_tDi_TkO)

D, 1 keo (1 — e Hi=ton))
e t) =
e " Tko kV (keo — k) [ — k(1 — e heolt=ton))

" D 1 ko (1 _ e’kT’“O) e_k(t_tDi—Tko)
K2 el f |
; TkO kV(keO - k) _ k (1 _ e—k‘e()Tko) @_ke()(t—tDi—Tko) 1 IlOt

=1

] if ¢ — tp, < Tho,

— steady state

D 1 1 — ¢~ kTko) g—k(t—tp—Tko)
ﬁﬁ (1 — efk(tftD)) + e*kﬂ-( - ) — T th < Tk‘o,
— 0 — e RT
O(t) - D 1 (1 o e—k;Tko) ¢—k(t—tp—Tko) (1'23)
FRYa if not.
Tky KV 1 — ek 1 no
( [ _ —kTko\ ,—k(t—tp—Tko)
keo | (1 — e k(=t0)) —|—e_k7(1 e i) e i v
b__ 1 L—et if ¢ — tp,
TkokV (ko — k _ o—keoTko) p—keo(t—tp—Tko) < Tk
Ce (t) - 0 ( 0 ) . k’ [(1 . e_keo(t_tD)) + e_keoT (1 e 0 0) e 0 D 0 ] < 0,
1 — e~ keor
D ) L (1 - e_kao) e~ k(t—tp—Tko) (1 _ e—keoTko) e—keo(t—tp—Tko)
ke —k if not.
| Tko kV (keo — k) 0 1 — o—kr T if no

Equations 1.21 to 1.23 correspond to models n°13: oral0_lcpt_ TkOVk and n°14:
oral0_lcpt_TkOVCI.

e in presence of a lag time

— single dose

0 itt—tp <Tlag,
D 1 —k(t—tp—Tla .
C (t) — T_]%W (1 —e (t—tp—T g)) if Tlag <t—tp < Tlag —+ Tko, (1'24>
D 1
T_koﬁ (1 — e—ka’o) e—k(t—tp=Tlag—Tko) if not.
(0 ift —tp <Tlag,
D 1 if Tlag<t—tp
ke 1— —k(t—tp—Tlag)) _ k(1 — —keo(t—tp—Tlag)
Cot) = { Tho Wk =1y 0 (1 Jh(1-e N < g + 7o
D 1 k.o (1 _ e—kao) e k(t—tp—Tlag—Tko)
‘ if not.
Tk’o k’V(k}eO — /{j) —k (]_ _ e—keOTko) e—keo(t—tD—Tlag—Tko)
\

13



1.1. ONE COMPARTMENT MODELS

— multiple doses

2531;2'2%7 (1 — e kTho) h(tmto,=Tlag=Th) ¢ 4 ¢, < Tlag,
0

D; 1
Z L (1- e—kao) ¢~k (t—tp,~Tlag—Tko)
Tko k

if T'1 t—t
O ' Y z Ti ” Tk (1.25)
&L (1 _ e—k(t—tpn—Tlag)) < 1lag + 1Ko,
Tko kV
3 DLt )
\ =1 Tkﬂ KV
(o] —kThko\ —k(t—tp, —Tlag—Tk
D; 1 keo (1 — 0 (t—tp, 9—Tko)
Z 0< ‘ )6 itt—tp, <Tlag,
 Tho kV (ko — k) | — (1 — e~heoTho) gkeo (=t ~Tlag—Tho)
n—1 D; 1 keo(l _ e—kao)e—k(t—tDi—Tlag—Tk;O)
0 Zz:; Tko kV (keo — k) | — k(1 — 6—keoTko)e—keo(t—tni—Tlag—TkO) Tlag < 1t
e (t )

D, 1 keo (1 — e*k(t*tanTlag)>
ThkokV(keo — k) | _ (1 _ e*keO(t*tanTzag)>

" D. 1 koo (1 . efmo) e—k(t—tpi—Tlag—Tk;O)
: e if not.
\; Tko kV (ko — k) if no

—k (1 _ e—keoTk‘o) e—keo(t—tpi—Tlag—TkO)

< Tlag + Tky,

— steady state

(D 1 (1— e *Tho) gmhli=tntr—Tlag=Tho)
Tko W i 1— eT—lk'r)
—k(t—tp—Tla
p o [ (L=ertirtertion)

EW N (1 _ e—k:Tko) e—k(t—tD—Tlag—Tko)
0 + e

t—tp <Tlag,

if Tlag <t —tp <Tlag+ Tk,
1 —ekr
D 1 (1 _ e—kao) e—k(t—tD—Tlag—TkO)

\ Tk’o W 1 — e k7

if not.

(1.26)

14



1.1.

ONE COMPARTMENT MODELS

D 1

Tho kV (koo — k)

D 1

Tho kV (koo — k)

D 1

Tho kV (keo — k)

\

e0

(1 . efkao) efk(tftDJrTleangko)

1 — e—kT
(1 _ e—ke()Tk()) e—keo(t—tD-f—T—Tlag—Tk())
k

e—keOT
1 — e—k(t—tD—Tlag)>

(1 o e—k’Tk'()) e—k‘(t—tD—Tlag—Tk‘o)

—kT
+e T
(1 . e—keo(t—tD—Tlag))
k’ (1 _ e—keoTko) e—keo(t—tD—Tla,g—Tko)
+ e—keo'r
1 — eTheo™
(1 _ e—ka‘()) e—k(t—tD—Tlag—Tk‘o)

1 — e—kT
(1 _ e*keOTkO) efkeo(tftprlangko)
k

1 — e~heoT

t—tp <Tlag,

if Tlag <t—tp
< TlCLg + Tko,

if not.

Equations 1.24 to 1.26 correspond to models n°16: oral0_lcpt_TlagTkOVk and n°17:
oral0_1cpt_TlagTkOVCI.

1.1.4.2 Michaelis Menten elimination

e in absence of a lag time

— single dose

Initial condition: C'(¢t) =0 for t < tp
C.(t)=0fort <tp

E —VXC—I—mut
dt K,+C P
dC,
6:ke e
o 0(C—Ce)
D 1
—— fO<t—tp <TEk
input (t) =< ThkoV U= p=an
0 if not.

15

(1.27)



1.1. ONE COMPARTMENT MODELS

— multiple doses
Initial condition: C'(t) =0 for t < tp,
C.(t)=0fort <tp,

Vin
ic 5 xC it
— == mpu
dc, '
C = ke (C - C,
o (N
D; 1
“— if0<t—tp, <Tk
input (t) =< ThkoV mY= Di =270
0 if not.
Equations 1.27 and 1.28 correspond to model n°15: oral0_lcpt_ TkOVVmKm.
e in presence of a lag time
— single dose
Initial condition: C'(¢) =0 for t < tp
C.(t)=0fort <tp
Vin
“©__ v ¢ + input
it~ K,+c
dC. (1.29)
= keo (C — C,
C (0
0 it0<t—tp <Tlag,
D 1
mput (t) =< ——— if Tlag <t —1tp < Tlag + Tk,
(t) TheV g D g 0
0 if not.
— multiple doses
Initial condition: C' (t) =0 for t < tp,
C.(t) =0 for t < tp,
Vin
ic 7 *¢ it
—_— =— inpu
it~ Kp+c P
dC, (1.30)
= keo (C — C
T k()
0 it 0 <t —tp, <Tlag,
D; 1
mput (t) = — ifTlag <t —tp, <Tlag+ Tk,
( ) Tko V D 0
0 if not.

Equations 1.29 and 1.30 correspond to model n°18: oral0_lcpt_TlagTkOVVmKm.
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1.2. TWO COMPARTMENTS MODELS

1.2 Two compartments models

The two compartments model implemented in Monolix is described in figure 1.1.

(a) (b)

ki, Q

kZl

l k lCI
Figure 1.1: A mammillary model with two compartments, parameterized in micro-constants

V', k, k15 and ko9 (a) or with Cl, Vi, @ and V5 (b)

Parameters
e V =1V] = volume of distribution of first compartment
e i = elimination rate constant
e ('l = clearance of elimination
e V,, = maximum elimination rate (amount per time unit)
e K, = Michaelis-Menten constant (concentration unit)
e k1o = distribution rate constant from compartment 1 to compartment 2
e ko9 = distribution rate constant from compartment 2 to compartment 1
e () = inter-compartmental clearance
e 1, = volume of distribution of second compartment
e L, = absorption rate constant
e Tlag = lag time
e Tky = absorption duration for zero order absorption

e (o = first rate constant

[ = second rate constant

17



1.2. TWO COMPARTMENTS MODELS

e A = first macro-constant

e B = second macro-constant
NB: Vi, V5, Cl and Q are apparent volumes and clearances for extra-vascular administration.
Parameterisation

There are three parameterisations for two compartment models: (V, k, ko and ko),
(Cl, Vi, Q and V) or (o, B, A and B) except for Michaelis-Menten elimination where the last
parameterisation is not used. The second parameterisation terms are derived using:

o V1=V
e Cl=kxV,
e Q=FkpxW
_k’12
.‘/Q—k—mxm
Vi ka
e — — ——
Voo ke

The equations are given for the third parameterisation with:

Qal
.a:_k?21k:_V2V1
B 5
1
5 k12+k21+/€—\/(k12+k21+k)2—4k21k}
e f= 2
1 Cl Cl Cl
— Q+Q+__ Q+Q+_ _42_
2 Va i Vo W Vo Vi

The link between A and B and the parameters of the first and second parameterisations
depends on the input and are given in each subsection.
In the following, C (t) = C} represent the drug concentration in the first compartment and
C5 represents the drug concentration in the second compartment

1.2.1 1V bolus
Q

. _1()4—]{321_1(1_%
Va-8 Via-p

18



1.2. TWO COMPARTMENTS MODELS

;@
. B:iﬁ_km:i_‘@
V -« Vi B—a«
keoA
A =
¢ keo—Oé
keoB
e B¢ =
keo_ﬁ

1.2.1.1 Linear elimination

e single dose
C (t) _ D (Aefa(t*tD) + Be*IB(t*tD)) (131)

C.(t) = D (A%e('0) 4 Bee=PU=tn) — (A° 4 p©)ekeoll=tp))

e multiple doses

C(t) = zn: D; <Ae_a<t_t’3i) + Be‘ﬁ(t_t’)i)> (1.32)

Ce (t) — zn:Dz (Aeefa(tftpi) + Beef,é’(tftpi) o (Ae + Be)efkeo(tftDi)>

e steady state

Ae~t Be Pt
C(t) =D(1_€_M + 1_6_5T> (1.33)
Aee—a(t—tp) Bee—ﬁ(t—tD) (Ae + Be>€_k€0(t_tD)
Ce (t> =D ( 1 — e—at + 1 — e B7 o 1 — e—keoT )

Equations 1.31 to 1.33 correspond to models n°19:  bolus_ 2cpt_Vkk12k21, n°20:
bolus_2cpt_CIV1QV2 and n°21: bolus_2cpt_alphabetaAB.

1.2.1.2 Michaelis Menten elimination

e single dose

Ci(t)= Ofort<tp
Cy(t)= Ofort<tp
Initial conditions: C.(t)= Ofort<tp
) =
Ci (tp) = Vv
Vin
. L o, (1.34)
7 = — Km n Cl — /{21201 + k1202
dCs
—= =ky1C — ko1 C:
i 21U1 21%2
dC,
== k)e C - Ce
— 0 (C1—Ce)



1.2. TWO COMPARTMENTS MODELS

e multiple doses

Cfn) (t) is the concentration in the first compartment after the n'* dose.

Ci(t)= 0fort<tp,
Initial conditions: ¢ Cy (t) = 0 for ¢t <tp,
C.(t)= O0fort<tp,
D
Gy (tp,) = O} (tn) = 77
n n— Dn
Gy (tp,) = C{" (tn,) = OV (tp,) + 57 (1.35)
( Vin
dc 7 G
dtl = _I‘{/m T o k12C1 + 1202

and when t # tp: ¢ dCy

&,

kdt:

= k21cl - k2102

keO (Cl - Ce)

Equations 1.34 and 1.35 correspond to models n°22: bolus_2cpt_Vk12k21VmKm and n°23:
bolus_2cpt_V1QV2VmKm.

1.2.2 1TV infusion
Q

o — —

sl loche 17
_Va—ﬁ _Vla—ﬁ

Q
18-k 1777

B = =
* VB—a Wh-a
koA
A€ =
¢ k'eO —
keoB
o B° =
keO - B

20



1.2. TWO COMPARTMENTS MODELS

1.2.2.1

e single dose

linear elimination

(1.36)

(1.37)

5 A (1= grotmo)
= 3 if t —tp < Tinf,
Tinf | 42 (1 = empl-=tn))
C(t) = = 4
D iy (1 . efaTinf) 67a(t7tD7Tinf)
T'—f % : if not.
m —BTinf\ —B(t—tp—Tinf
+—=(1—e e
\ |+ ( )
4 - Ae -
o 1 _ 704(t7tD)
X (1 erateown)
D B
+ o (1= e if t —tp < T
Tinf | = B ( ) ite —tp < Tinf,
_ATEBT ) et
C,(t) = L ke § )
il (1 . e—aTinf) e—a(t—tD—Tinf)
o
D B° . 4
4+ = 1 — efﬁTmf efﬁ(tftprmf) it t
Tinf 3 ( ) if no
B A + B¢ (1 _ efkeonf> o —keo(t—tp—Tinf)
\ L keo J
e multiple doses
( A ) )
—aTinf; —alt—tp,—Tinf;
5D o (1= emetindy eraltztotind)
—Tinf; +§ (1- e—ﬁTinfi) o~ B(t~tp,~Tinf;)
D
C(t) = + = 3
Tinfu | 42 (1 — e=8l=toa))
p
n D é (1 o efaTinf,‘) e—oa(t—tpi—Tinfi)
Z T - % ‘ ' if not.
— nf; +E (1 _ 6—6Tmfi) efﬂ(tftpimefi)
\
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1.2. TWO COMPARTMENTS MODELS

e steady state

_g (1 o e—aTinfi) 6fa(t7tpi7Tinfi) T
n—1
D; Be N —B(t—tr —Tinf,
v + = (1- —BTinf; ﬁ(t ip, Tznfl)
;Tmfi 56 ( ee )6
B A+ B (1 B ekﬁonfi) e—keo(t—tDi—Tinfi)
- keO -
_AE (1 — eolt=ton)) T
D B°
g, | T )
- AEI;L_OB@ (1 B e,keo(tftpn))_
_ % (1 B e_aTmfi) efa(tftpifTinfi)
"~ D B¢ nfN —B(t—tr —Tint:
7 + = 1 — —BTinf; B(t ip, Tznfl)
2 Tinf 5 ( - e
_ ﬂ (1 _ e—keonfi) o~ keo(t—tp,~Tinf:)
- keO

4 - p (1 . e—a(t—tp)) T
_— (1 o e—aTinf) e—a(t—tD—Tinf)
o —ar
D e 1 —e o7
- _ o~ Bli-t)
Tlnf B (1 ’ ’ ),BTznf —B({t—tp—Tinf)
" B + e PT (1 i ) ‘ .
L 1—ehr
B A (1 _ e—aTinf) e—oz(t—tD—Tinf)
D a 1—e o7
Tinf B (1 — e—BTinf) e—B(t—tp=Tinf)
B 1—e b
. L

22

if t — tDn < Tmf,

if t — tp < TZTLf,

(1.38)



1.2. TWO COMPARTMENTS MODELS

—a(t—t
( ge (A=) |
— (1 _ efaTznf) efa(tftprmf)
(e _"_ e—O[T
1 — e—atT
_ »—B(t—tp)
D +Be (1 ) )BT‘f B(t—tp—Tinf) if t —tp <Tinf
JE— _ ,—BTin —B(t—tp—Tin 1 —
1—efr
o 7keo(t7tD)
_ M (1 ’ (1 _ e)keoTinf) e—keo(t—tp—Tinf)
Ce (t) = keO + e_ke()'r
L 1 — e heom _
Ae (1 _ efaTinf) efa(tfthTinf)
a 1 —e o7
D Be (1 _ efBTinf) efﬁ(tfthTinf)
— if not.
Tinf + I6; 1—e b e
A° 4 Be ((1 _ efkeonf) ekeo(ttDTinf)>
o _ p—keoT
{ i keo 1 — e Feo |
Equations 1.36 to 1.38 correspond to models n°24: infusion 2cpt_Vkk12k21, n°25:
infusion_2cpt_CIVIQV2 and n°26: infusion_2cpt_alphabetaAB.
1.2.2.2 Michaelis Menten elimination
e single dose
Cl<t)= OfOI‘t<tD
Initial conditions: ¢ Cy (t) = 0 fort <tp
C.(t)= O0Ofort<tp
Vin
dcl 7 X Cl )
=— — k19C1 + k12C t
o K. 10, 1201 + K120 +1npu L)
dc: :
d_t2 =ko1C1 — k210
dc
€ =k (O — C,
a ~Feo(Cr=Co)
D 1
— if0<t—tp <Tin
input (t) =< TinfV - b= /

0 if not.
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1.2. TWO COMPARTMENTS MODELS

e multiple doses

Ci(t)= O0Ofort<tp,
Initial conditions: { Cy (t) = 0 for t <tp,
C.(t)= 0fort<tp,

dC — X Cl )
dtl = — [z,/m i Cl — k:1201 + k1202 + mput
(1.40)
dCy
:k2lcl - k2102

dt
dcC.
_e:ke - C,
g~ reolCr =€)
D, 1
L if0<t—tp <Tinf;,
input (t) =< Tinf; V B p; < Tinf
0 if not.

Equations 1.39 and 1.40 correspond to models n°27: infusion_2cpt_Vk12k21VmKm and n°28:
infusion_2cpt_V1QV2VmKm.

1.2.3 First order absorption

Q _
o ke kn-a ke W
Vike—a)(B—a) Vi(k,—a)(B—a)
Q
PR N ey R N
V(ka_ﬂ)(a_ﬁ) %(ka_ﬁ)(a_ﬁ)
. koA
R
e k'eOB
.B_ke[)_ﬁ
Voo Atk =)+ Bk = )

ka - keO
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1.2. TWO COMPARTMENTS MODELS

1.2.3.1 Linear elimination

e in absence of a lag time

— single dose
C(t) = D (AeU=t0) 4 Be PU=in) — (A 4 B)e Fe(i=in)) (1.41)

C. (t) = D (A% ('0) 4 Be=PUin) 4 Ceeheoli=tn) _ (A€ 4 BE 4 C°)ehali=In))
- multiple doses

Z D; (Ae=(t=t0) 4 pe=?(=tm) — (44 B)et(=10)) (1.42)

ZD ( e 70( t tp. ) + Beefﬁ(tft[)i) + Ceefkeo(tftDi) o (Ae + Be _|_ Ce)efka(tftpi))

— steady state

Ae—lt—tp)  Be—B(t—tp) (A+ B)e—ka(t—tD)
C(t)=D — 1.43
®) ( 1 —eor 1—e b 1 — e kar ) (1.43)
Aee—a(t—t[)) Bee—ﬁ(t—tp) Cee—keo(t—tp) A€+ B¢ 4+ (¢ —ka(t—tp)
C.(t)=D — + — + — ( )e
1—eor 1—efr 1—efr 1 — e har

Equations 1.41 to 1.43 correspond to models n°29: orall 2cpt_kaVkk12k21, n°30:
orall 2cpt_kaClIV1QV2 and n°31: orall_2cpt_kaalphabetaAB.

e in presence of a lag time

— single dose

(0 ift —tp <Tlag,

cw=1, [ Aemolt=tp=Tlag) 4 peAlt—tp—Tiag) .f (1.44)
_ (A + B>efka(t7tD7Tlag) 1t not

\ -

(0 ift—tp <Tlag,
C, (t) _ _Aee—a(t—tD—Tlag) + B —B(t—tp—Tlag) + C% —keo(t—tp—Tlag)

D (Ae + B¢ + Oe) —kq(t—tp—Tlag) if not.

\ L

— multiple doses

n—1 -Ae_a(t_tDi —Tlag) + Be—ﬁ(t—tDi—Tlag) -
ZDZ 7ka(t7tD.7Tlag) if ¢t — tDn S Tlag,
C(t) — =1 L - (A+B)6 : | (1'45>
n Ag—a(t—tpi—Tlag) + Be—ﬁ(t—tpi—Tlag)
ZDZ if not.
—~ | —(A+ B)efka(tftDileag)_
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1.2. TWO COMPARTMENTS MODELS

n—1
S,
=1

B Ae—a(t—tD +7—Tlag)

Be—B(t—tp+7—Tlag)

1 — e—aT

1—e B

(A + B)efka(tftDJrTleag)

1 — e=kat

i Aefa(tfthTlag) Be*,ﬁ(tfthTlag)

1 — e QT

(A 4 B)e—ka(t—tD—Tlag)

1—e b7

e ,—a(t—tp+7—Tlag)

1 —ehar

Beefﬁ(tftD +7—Tlag)

]_ — e~ QT

1—epr
Cvee—keo (t—tp+7—Tlag)

1 — eheor

(Ae + Be + Ce)efka(tftDJrTleag)

_Aee—a(t—tDi—Tlag) +Bee—6<t—tDi—Tlag) +Oe€—k80<t—tDi—Tlag)—

o (Ae + Be + Ce)efka(tftpileag)
-Aee_a(t_tDi —Tlag) + Bee—ﬁ(t—tpi—Tlag) + C’ee_k50<t_tDi —Tlag):

_ (Ae 4+ B¢+ Oe)efka(tftpileag)

itt—tp, <Tlag,

if not.

ift —tp < Tlag,
(1.46)

if not.

ift —tp < Tlag,

1 — e ket

eefa(tfthTlag) Beefﬁ(tfthTlag)

1 — e—atT

1 —e b7

Cee—keo (t—tp—Tlag)

Ce (t) = ’n r
2D
i=1 L
— steady state
(
D
C(t) =
D
\ L
([ A%
D
C.(t) = F A
D

+

(Ae + Be + Oe)efka(tftprlag)

1 — e~keoT

1 — ekar

if not.

Equations 1.44 to 1.46 correspond to models n°34: orall 2cpt_TlagkaVkk12k21, n°35:
orall 2cpt_TlagkaCIV1IQV2 and n°36: orall _2cpt_TlagkaalphabetaAB.
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1.2. TWO COMPARTMENTS MODELS

1.2.3.2 Michaelis Menten elimination

e in absence of a lag time

— single dose

(t)= Ofort<tp
Initial conditions: § Cy (t) = 0 fort <tp
C.(t)= Ofort<tp

i, T x4

Th_ V. k input
dt K, 4 ¢, M2t kit tinpu (1.47)

dCs
E —k2101 - k2102
dcC,
E _keD (Ol - Ce)

D
input (t) :Vkae_k“(t_tD)

— multiple doses

Ci(t)= Ofort<tp,
Initial conditions: ¢ Cy (t) = 0 for t <tp,
C.(t)= 0fort<tp,

dC' — X Cl
ket A VA k12Ch + k12C5 + input

dcy
% _kQICl - k2102
dC,
Y, :ke(] (Cl - Ce)

dt

input (t) = Z Vkae*ka(t*t%)

i=1

Equations 1.47 and 1.48 correspond to models n°32: orall 2cpt_kaVk12k21VmKm and
n°33: orall_2cpt_kaV1iQV2VmKm.
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1.2. TWO COMPARTMENTS MODELS

e in presence of a lag time

— single dose

Cl(t): 0f01‘t<tD
Initial conditions: § Cy (t) = 0 for ¢t <tp
(t)= Ofort<tp

dc — X Cl '

d_tl = — h — k1201 -+ k1202 + mput

ic, (1.49)
:k2101 - k2102

dt
dC,
=k (C, —C.
dt 0 (& )
0 ift —tp <Tlag,
input (t) =< D

Vkae_k“(t_tf’ —Tlag)  if not,.

— multiple doses

Ch (t) = Ofort< tDl
Initial conditions: ¢ Cy (t) = 0 for t <tp,
C.(t)= O0fort<tp,

Vi x C
dC v 1 .
dtl =— [‘(/m o k12C1 + k12Co + input
dC:
2 <y — ks (1.50)
dC,
=k (C — C,
i re(Ch )
n—1
Z %kae_k“(t_“’i_ﬂ“g) ift—tp, <Tlag,
input (t) =< 51 D
Z Vikae_k“(t_tDi_Tlag) if not.

=1

Equations 1.49 and 1.50 correspond to models n°37: orall 2cpt_TlagkaVk12k21VmKm
and n°38: orall 2cpt_TlagkaV1QV2VmKm.

1.2.4 Zero order absorption

Q
la—kgl_ 1 06—72

A= —
‘T Va-8 Via-8
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1.2. TWO COMPARTMENTS MODELS

Q

Vs

o Lf—ka 1 B
[ ] = — - — 2
V -« Vi B—a«
keoA
A =
¢ keo—Oé
keoB
e B¢ =
keo_ﬁ

1.2.4.1 Linear elimination

e in absence of a lagtime

— single dose

g (1= eolt=t0)
_J% (1= e -0
_+§ (1= e ko) o~ Plt-to-Tho)
AT (1 = o) T
j % (1= e Plt-to)
_ Ae; B (1 = gteti-to)
[ A (1 _eoeaTko) efa(tfthTko_)
“
LB (1 = e TR Bt Th)
_ Ae}j 5° (1 — eheaTho) g~heolt=toTho)
0

29

ift —tp < Tk,
(1.51)
if not.
ift —tp < Tk,
if not.




1.2. TWO COMPARTMENTS MODELS

— multiple doses

( - é (1 B e_aTko) efa(tftpikao)
i «
;Tko +§ (1 — efﬁTko) o~ B(t=tp,~Tko)
’ A if t —tp, < Tho,
p, [ S—ewee)
Cy=¢ +5-| B (1.52)
B
"D é (1 _ efoszo) e—a(t—tDi—Tko)
i o )
if not.
i=1 Tk +§ (1 — e—BTko) e*ﬁ(t*tpikao)
\ 5
( [ ﬁ (1 _ e—aTko) e—a(t—tDi—TkO) 7
«
n—1 e
Di —+ B_ (1 — e*ﬁTkO) e—ﬁ(t—tpi—Tk())
2em | T
A+ B | — e o —keo (t=tp, ~Tho)
- Aekeo i T ift—tp, < Tho,
—at—t
E (1 — € ( D"))
D B¢
Ce t) = n + = (1— e—ﬁ(t—tDn)
(t) + T ( )
A€ + B¢
_ ]:— (1 _ e—keo(t—tDn))
_ e e0 . )
A_ (1 _ e—aTko) e—a(t—tDi—TkO)
«
n ) Be
i BRI R
i=1 =0 . .
_ A I:'_ B 1 - e*keOTkO) e_ke()(t—tDi—Tko)
N - e i
— steady state
4 - ol
A (1 — emolt=tn))
—_ (]_ — e_aTkO) e—a(t—tD—Tk:())
D « +e 7 pp—
Tho a if t —tp < Tho,
Tky B (1 _ e—ﬁ(t—tn)) D = ko
+ = (1 _ e—BTko) o—Blt—tp—Tko)
C(t) = I B\ 4ebr = (1.53)
[ A (1 — e_aTkO) e—a(t—tD—Tko)
D E 1 —eoT '
Tko B (1 — e=PTh) ¢=Blt=to=Tho) if not.
- E 1—ef7
\ L
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1.2. TWO COMPARTMENTS MODELS

( B —a(t—t T
Ao (1 — e~ D))
- (1 o e*aTkO) efa(tfthTko)
1% + e—aT
]_ — e—aT
—B(t—t
5 Be (1 _ A D))
ﬁ + F 7ﬁ7- (1 — e_BTkO) e_ﬁ(t_tD_TkO) lf t — tD S Tko,
0
+e s
“keo(t—t
Ao+ B (1 —e o D))
27 _—keoTko\ ,—keo(t—tp—Tko)
C. (1) = Foo |y poheor (L 7m0 emtoltio TR
i 1 — e ke _ i
Ae (1 _ e*OéTko) efoz(tftprk‘o)
a 1—e o7
D Be (1 _ e*ﬂTko) efﬁ(t*tD*T’fo) "
T_ko —1—? e if not.
Ae + Be (1 o efkeoTk()) efkeo(tftprkO)
| B keO 1 — e keoT

Equations 1.51 to 1.53 correspond to models n°39:

oral0_2cpt_TkOVkk12k21, n°40:

oral0_2cpt_TkOCIV1IQV2 and n°41: oral0_2cpt_TkOalphabetaAB.

e in presence of a lag time

— single dose

(0
b [ g (1 — emolt=tp=Tlag))
- _+§ (1 e Petortion)
D [ é (1 _ efaTko) efa(tfthTlangko)
\T_ko +g (1 e—BTko) e—ﬂ(t—tD—Tlag—TkO)

31
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if Tlag <t—tp
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if not.



1.2. TWO COMPARTMENTS MODELS

(0 ift —tp <Tlag,
[ A_ (1 - e—oc(t—tD—Tlag)) ]
a .
2 + E (1 B e—ﬁ(t—tD—Tlag)) if Tlag <t—1itp
Tko s < Tlag + Tky,
C.(t) = - # (1 = e heoltmtomtion)
¢ - el .
[ i (1 _ e—aTko) e—a(t—tD—Tlag—TkO)
o
D Be —BTko —B({t—tp—Tlag—Tko) .
The +F(1_€ )6 if not.
0
_ M (1 _ e_kEOTkO) e—keo(t—tD—Tlag—Tko)
. - keﬂ .
— multiple doses
(1 n A (1 B —aTko)e o(t—tp,~Tlag—Tko) ]
P if t —tp, < Tlag,
— Tk iid (1 —,BTko) o B(t—tp,~Tlag—Tko)
L 6 J
nz—1 D. [ é (1 _ —aTko) e t tp,—Tlag— Tko)
i o
. Tko E *,BT]C t tDi—Tlag—Tk‘()
) = = _+5(1 0)6 ) if Tlag <t —tp,
D é (1 o efa(tftanTlag)) S Tlag -+ Tk}o,
+——| 3
Tk Wid (1 _ e—B(t—tDn—Tlag))
B
n D, é (1 - efaTk:o) e—a(t—tpi—Tlag—Tko)
- % if not.
— Tk +E (1 _ e_ngo) efﬁ(tftDileangko)
\
(1.55)
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1.2. TWO COMPARTMENTS MODELS

( B ﬁ (1 . e_aTko) efa(tftpi leangko>
o
n—1 e
Z & + B_ (1 . e—BTkO) e—ﬂ(t—tDi—Tlag—Tko)
— Tko B
= Ak%B (1 _ 6—keoTk0) o~ keo(t—tp,~Tlag—Tko )
ﬁ (1 — e—aTko) efa(tftpileangko)
. o
n— e
D; + B_ (1 o e—,BTko) 6—B<t—tDi—Tlag—Tko)
i=1 Tho p
_ %O_B% (1 _ e*keOTkO) e—keo<t—tpi—Tlag—Tk())
(t) = or Ae -
- (1 o e—a(t—tDn—Tlag))
o
D Be
n 4+ 1— efﬁ(tftpnleag)
g | T )
_ M (1 _ e—keo(t—tDn—Tlag))
_ L keO 4
A_ (1 — e—aTko) o—a(t—tp,~Tlag—Tko )
o
Z D; 4 B (1- 6—5Tk;0) o~B(t—tp;~Tlag—Tko)
i=1 Tko
_ # (1 B efkeoTko) e—keo(t—tpi—Tlag—Tkg)
\ L e0
— steady state
( A —OéTkO —a(t tp+7—Tlag—Tko)
D E 1 — e—aT
T_ko B —,BTko) —B(t—tp+1—Tlag—Tko)
E 1 —e b7
t tp— Tlag)) B
( _ —OéTko) e—a(t—tD—Tlag—Tko)
- ﬂ e 1—ea7
- Tk(] 1 — e B(t—tp— Tlag))
+ E N . (1 _ efBTko) e—B(t—tp—Tlag—Tko)
L € 1— 6—[37’
[ A (1 — e~oTko) g=alt—tp—Tlag—Tko)
D E 1 — e—at
T_k(] B (1 — e_/BTkO) e—ﬂ(t—tD—Tlag—Tko)
{ E 1 —e b7
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if t —tp, < Tlag,

it Tlag <t —1tp,
< Tlag + Tk,

if not.

if t — tD S Tl(lg,

it Tlag <t —tp
S Tlag + T]{f(b

if not.

(1.56)
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«

A ((1 —eneth)

]_ — e—at

e—a(t—tD +7—Tlag—Tko) )

Be (1 _ e—ﬁTk’o) e—ﬁ(t—tD-FT—Tlag—Tk:o)
+F pp— ift —tp <Tlag,
A¢ + B¢ (1 _ e—keoTko) e—keo(t—tp-l—’r—Tlag—Tko)
B keO 1 — e heor
B A (1 . e—a(t—tD—Tlag)) 7
E 4 g-or (1 _ efaTko) 6fa(t7tD7Tlag7Tk:0)
€ 1 — e—oT
—B(t—tp—Tla
B¢ (1_6 e g)) if Tlag <t —tp
+ — (1 _ e—ﬁTk‘o) e—ﬁ(t—tD—Tlag—Tk’o)
o] + e BT - <Tlag + Tk,
1—e "7
—keo(t—tp—Tla
Ao+ B (1 _ e keolt=tp 9))
- (1 _ e—keoTko) e—keo(t—tp—Tlag—Tko)
keO + e—keoT
L 1 — e~ ket _ J
Ae (1 o e—aTko) e—a(t—tD—Tlag—TkO)
a 1 —e o7
Be (1 o e—BTko) 6—B(t—tD—Tlag—Tk0)
+ = if not.
6] 1—e P
Ae + Be (1 _ 6*keoTk0) e*keo(tftprlangko)
B keo 1 — e~keor

Equations 1.54 to 1.56 correspond to models n°44: oral0_2cpt_TlagTk0Vkk12k21, n°45:
oral0_2cpt_TlagTkOCIV1QV2 and n°46: oral0_2cpt_TlagTkOalphabetaAB.
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1.2. TWO COMPARTMENTS MODELS

1.2.4.2 Michaelis Menten elimination

e in absence of a lagtime
— single dose

Ci(t)= Ofort<tp
Initial conditions: ¢ Cy (t) = 0 fort <tp
Ce(t)= Ofort<tp

ic, T xXO .
d_tl = — h — k1201 + k:126'2 + mput
(1.57)
9 Oy — ki
7 rat 2102
dC,
— :ke — Le
g e (=G
D 1
—— fO0<t—tp <TEk
input (t) =< ThkoV e =2
0 if not.
— multiple doses
Cy(t)= 0fort<tp,
Initial conditions: ¢ Cy (t) = 0 for t < tp,
C.(t)= Ofort<tp,
Vin
dC v <G |
d_tl = - —[‘(/m o k12C1 + k12Co + input
(1.58)
9 Oy — ke
7 rat 2102
dcC
aCe ;.
dt e0 (Cl Ce)
D; 1
“— if0<t—tp, <Tk
input (t) =< ThkoV U= b= 200

0 if not.

Equations 1.57 and 1.58 correspond to models n°42: oral0_2cpt_TkOVk12k21VmKm and
n°43: oral0_2cpt_TkOVIQV2VmKm.
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1.2. TWO COMPARTMENTS MODELS

e in presence of a lag time

— single dose

Cl<t>: OfOI‘t<tD
Initial conditions: { Cy (t) = 0 for ¢t <tp
(

C.(t)= O0Ofort<tp
Vin
dC' 5 <O .
d_tl =— —l‘(/m o k12C1 + k12Co + input
d
% =k91C1 — k21O (1.59)
t
dC,
=keo (C1 — C,
g e (C1=C)
0 if0<t—tp <Tlag,
D 1
input (t) = TV if Tlag <t —tp <Tlag + Tk,
0
0 if not.

— multiple doses

(t)= Ofort<tp,
Initial conditions: ¢ Cy (t) = 0 for t <tp,
C.(t)= 0fort<tp,

Vin x C'
dcC vV 1 .
d_tl = — [E_/m I Cl — k‘1201 + k’1202 + input
dC:
—= =knCy — knCy (1.60)
t
dC.
— :ke — Le
g (=G
0 it 0 <t—tp, <Tlag,
D; 1
input (t) = Tkz v if Tlag <t —tp, < Tlag+ Tko,
0
0 if not.

Equations 1.59 and 1.60 correspond to models n°47: oral0_2cpt_TlagTkOVk12k21VmKm
and n°48: oral0_2cpt_TlagTkOV1IQV2VmKm.
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1.3. THREE COMPARTMENT MODELS

1.3 Three compartment models

The three compartment model implemented in Monolix is described in figure 1.2.

(@) (b)

K Kia
Q‘Q /k31 é‘ {/'QS

ik iCI

Figure 1.2: The mammillary model with three compartments implemented in Monolix,
parameterized in micro-constants V', k, kia, ko1, k13 and ks3; (a) or with Cl, Vi, Qo, Vo Q3
and V3 (b)

Parameters
e V =1V] = volume of distribution of first compartment
e i = elimination rate constant
e ('l = clearance of elimination

e V,, = maximum elimination rate (amount per time unit)

e K, = Michaelis-Menten constant (concentration unit)

e k1o = distribution rate constant from compartment 1 to compartment 2

e ko = distribution rate constant from compartment 2 to compartment 1

e (), = inter-compartmental clearance from compartment 1 to compartment 2
e 15, = volume of distribution of second compartment

e ky3 = distribution rate constant from compartment 1 to compartment 3

e k3, = distribution rate constant from compartment 3 to compartment 1

e ()3 = inter-compartmental clearance from compartment 1 to compartment 3
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1.3. THREE COMPARTMENT MODELS

V3 = volume of distribution of third compartment

k, = absorption rate constant

Tlag = lag time

Tko = absorption duration for zero order absorption

e « = first rate constant

[ = second rate constant

~ = third rate constant
e A = first macro-constant
e B = second macro-constant

e C = third macro-constant

NB: Vi, Vo, V3, Cl, (2 and @3 are apparent volumes and clearances for extra-vascular
administration.

Parameterisation

There are three parameterisations for three compartment models: (V, k, ko, ko1, k13 and k3 ),
(Cl, Vi, Qq, Vo, Q3 and V3) or («, B, 7, A, B and C) except for Michaelis-Menten elimination
where the last parameterisation is not used. The second parameterisation terms are derived
using:

o V1=V
e Cl=kxV
o ()2 =Fki2x W
_k’12
.‘/Q—k—mxm
o 3 =kizxV
o%:@XVl
k31
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1.3. THREE COMPARTMENT MODELS

The equations are given for the third parameterisation with:

ClQy Qs

o ay = kkoiks = 7172 Vs

kks1 + korksy + korkis + kkay + ks1kqo
e a; =< (Cl [
=100 @0 @ 010, 0,0,
ives WiV WV ViV, V3V
k4 kg + ki3 + kor + k31

® ay =1 Cl Q2 Q3 Q2 Q3
AT AR VAR TA

® D= —CL%/?)
q = 2a3/27 — ayas2/3 + ay

ro=/= /27

1/3
Ty = 27’1/

é = arccos (—2%) /3
a = —(cos (@) r2 — az/3)

e (o042 ) )
oo (o (o ) )

The link between A, B, C and the parameters of the first and second parameterisations
depends on the input and are given in each subsection.
In the following, C' (t) = C; represents the drug concentration in the first compartment,
Cs represents the drug concentration in the second compartment and C3 represents the drug
concentration in the third compartment.

1.3.1 1V bolus

Q _ 9 _
.A:ikﬂ_akiﬂ_a:i% Vs
Va-pg a—vy Via—0p a—v
Q2 Qs
.lekm—ﬁk‘m—ﬁ_i% BV}) b

VB-a -y WVif-a B—n
Q Qs

:ik21—7k31—7:i72 'V
Viy=0 vy—a Viy-0 77—«
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1.3. THREE COMPARTMENT MODELS

1.3.1.1 Linear elimination

e single dose

C(t)=D (Ae’a(t’tD) + Be Alt-to) 4 Ce”(t*t’?)) (1.61)
e multiple doses
C(t) = i D; (Ae=(=tP) 4 BemAU=th) 4 e (t=tD) (1.62)
i=1
e steady state ) Bt—tp) (t=tp)
—a(t—tp —B(t—tp —(t—tp
C(t)=D (ﬁe_ ——+ Ble_ o+ Cie_ — ) (1.63)

Equations 1.61 to 1.63 correspond to models n°49: bolus_3cpt_Vkk12k21k13k31, n°50:
bolus_2cpt_CIV1Q2V2Q3V3 and n°51: bolus_3cpt_alphabetagammaABC.

1.3.1.2 Michaelis Menten elimination

e single dose

Ch(t) = 0fort<tp
N N Cy(t)= Ofort<tp
Initial conditions: Cs(t)= Ofort<tp
D
Ci(tp) = Vv
Vin
o i ) (1.64)
a Kn+C, k12C1 + k12Co — ki3Ch + ki3Cs
dCy
<k —k
o 21Ch 210
dCs
— =k —k
7 3101 31C3
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1.3. THREE COMPARTMENT MODELS

e multiple doses

Cfn) (t) is the concentration in the first compartment after the n'* dose.

Ci(t)= 0fort<tp,
Initial conditions: { Cy(t) = 0 for t < tp,

03 (t): OfOI‘tStDl
D

Ci(tn,) = 1 (tn)) = 7

n n— DTL
Cr(tp,) = O (tp,) = OV (tp,) + 7 (1.65)
( Vin

Vbl — b+ b
it Ko, bt Rety = kst sy

and when t # tp,;: ¢ dCy
dt

acs _
N dt

= k2lcl - k2102

kSlcl - k3103

Equations 1.64 and 1.65 correspond to models n°52
n°53: bolus_3cpt_-V1Q2V2Q3V3VmKm.

1.3.2 1V infusion
QQ Q?)

ca_lhakia_ 1370
Va-p a—vy Via—p a—vy
Q2 Qs

o B 1k21—5k31—5_i72_6‘/3_5

VB-a B-v Vif-a B—7
@ Qs
:ikm—’Yksl—’V:in 7‘/3 7
Vy=p vy—a WV~ =0 v—«a
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1.3. THREE COMPARTMENT MODELS

1.3.2.1 linear elimination

e single dose

[ A
Z (1 — g—lt—tp)
% (1 e b )
D Bt
Z (1 — ¢ Blt=tp) el .
Tin] +ﬁ( e ) ift —tp < Tinf,
_|_€ (1 _ e—’Y(t—tD))
C(t) = L e e (1.66)
- (1 _ e—aTznf) 6—o¢(t—tD—Tmf)
B
D e PV
Z (1 — ¢ BTinf B(t—tp—Tinf) .
TZTLf +ﬁ ( e ) € if not.
_|_€ (1 — e—vaf) e~ (t—tp=Tinf)
. L7 J
e multiple doses
" [ é (1 _ e_oéTmfi) e—a(t—tDi_Tinfi)'
— D B
4 (1 - fBTmfz (t ip, Tznfl)
I —
) -7 A - ift—tp, <Tinf,
E (1 —e at—tp,) )
D B
C) = S += Ale=ton) 1.67
) Tinf, | B (1- ) (1.67)
—I—% (1 — em(t=ton))
_ -é (1 B 6_OéTmfl) e a(t tDFTinfi)_
" B
D, _ _
[ (1 - BTinf; (t ip, Tmfl) .
; Tinf; + 3 ( ) if not.
-
\ e i
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1.3. THREE COMPARTMENT MODELS

e steady state

¢ —Oc(t tD))
A
_ ~ 1 . e—aTinf) e—a(t—tD—Tinf)
1 — e—at
( *5(15 tD))
D B BTinf B(t—tp—Tinf)
- _ —BTin —B(t—tp—Tin,
Tinf | "B\ 4o (= )e
1—eP
o { (L= et
= __—ATinf\ ,—(t—tp—Tinf)
(1) = +,y +€7W(1 e Tin) e (t=tn
L 1—e" _
A (1 _ e—aTinf) e—oz(t—tD—Tinf)
a 1 —e o7
D . E (1 . e—,BTinf) e—ﬁ(t—tD—Tinf)
Tinf g 1—e b
. g (1 o e—vTinf) e—w(t—tD—Tz’nf)
\ vy 1—e7

if t — tp < Tmf,

if not.

(1.68)

Equations 1.66 to 1.68 correspond to models n°54: infusion_3cpt_Vkk12k21k13k31, n°55:

infusion_3cpt_CIV1Q2V2Q3V3 and n°56: infusion_3cpt_alphabetagammaABC.

1.3.2.2 Michaelis Menten elimination
e single dose
Ci(t)= Ofort<tp

(
Initial conditions: ¢ Cy (t) = 0 fort <tp
Cs(t)= Ofort<tp

dC, % x C4
K.t o, k12C1 + k120 —
% = ko1 C) — ko1 Cy
% = k31Cy — k3103
input (t) = Tzlv)%fé 0 <t—tp<Tinf
0 if not.

43

k’lgcl + k?lgcg + mput
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1.3. THREE COMPARTMENT MODELS

e multiple doses

Ci(t)= Ofort<tp,
Initial conditions: { Cy (t) = 0 for t <tp,

Cs(t) = 0fort <tp,

Vin
dCl V Cl .
? = — m — ]ﬁgCl + k1202 — k1301 + k?lgog + mput
dC, O (1.70)
dt — h21%Y1 = h21V2
dCs
3 = ke Cy — k
dt 31C1 3103
D; 1
L if0<t—tp <Tinf;,
input (t) =< Tinf; V BY= p; < Tinf,

0 if not.

Equations 1.69 and 1.70 correspond to models n°57: infusion_3cpt_Vk12k21k13k31VmKm and
n°58: infusion_3cpt_V1Q2V2Q3V3VmKm.

1.3.3 First order absorption

Qo
.A:l ke, le—Oék'gl—Oé_l k., VVZ Vs

Vk,—a a—0 a—rv _vlka—a a—p0F a—vy

Q @
° —l Ka k21—ﬁk31—ﬁ_i ke Vj—ﬁ_g_ﬂ
Vki=BB-a -7 Vik—8 f-a B-7
Q2 @3

vo Ll ke ik 1 ke VTV
Vke—vy =8 v—a Vikg—vv-8 v—a

1.3.3.1 Linear elimination

e in absence of a lag time
— single dose

C(t)=D (Ae*a(tftp) + Be P=tn) 4 Cem1t0) _ (A 4 B 4 ()¢ kalt- tD)) (1.71)

— multiple doses

Z D ( o(t=tp)) 4 ge=A(t=to:) 4 ce=(t=t0:) — (A4 B + C)g’fa(“%))
(1.72)
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1.3. THREE COMPARTMENT MODELS

— steady state

Ae—a(t—tp) Be—Bt—tp) Cle—(t—tp) A+ B+ e kalt—tp)
( e e e (A+B+C)e ) (1.73)

1—eor * 1—e B + 1—em 1 — e har

C(t)=D

Equations 1.71 to 1.73 correspond to models n°59: orall_3cpt_kaVkk12k21k13k31, n°60:
orall_3cpt_kaCIV1Q2V2Q3V3 and n°61: orall_3cpt_kaalphabetagammaABC.

e in presence of a lag time
— single dose

0 ift —tp <Tlag,
cw=1, Aeelt=tp=Tlag) | pe=Blt=tp=Tiag) £ ot (1.74)
+ Cet=tp=Tlag) _ (A+ B+ C)efka(tfthTlag) 1 not-

— multiple doses

n—1 _Ae—a(t—tDi—Tlag) + Be_5<t_tDi_Tl“9)
bi if t —tp, <Tlag,
Z + e/ (t-tp;~Tlag) _ (A+ B+ C)efka(tftpi—ﬂag) i p, < Tlag

_ =1
C(t) — 271:1) _Ae—a(t—tDi—Tlag) + Be—ﬁ(t—tpi—Tlag) ] ’ .
i if not.
P I + C«ef'y(tftDileag) . (A + B + C«)efka(tftDileag)_
(1.75)
— steady state
( B Aefa(tftDJrTleag) Befﬁ(tftDJrTleag)
1—e o7 1—ehr :
b Ce1t-toi7-Tlag) (A4 B 4 ()e-bali-totr—Tiag | 11— 10 <Tlag,
_ I 1—em a 1 — e hat
C (t) - B Ae—a(t—tD—Tlag) Be—ﬁ(t—tp—%lag) €
1 _ e*CMT 1 _ 6767 .
D Cef'y(tfthTlag) (A + B+ C)efka(t*thTlag) if not.
+ —
¢ L 1—em 1 — e ket
(1.76)

Equations 1.74 to 1.76 correspond to models n°64: orall_3cpt_TlagkaVkk12k21k13K31,
n°65: orall _3cpt_TlagkaCIV1Q2V2Q3V3 and n°66: orall _3cpt_TlagkaalphabetagammaABC.
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1.3. THREE COMPARTMENT MODELS

1.3.3.2 Michaelis Menten elimination

e in absence of a lag time
— single dose

(t)= Ofort<tp
(t)= 0fort<tp
(

Ch
Initial conditions: < Cs

Cs(t)= O0fort<tp

V,

ic, 7 xG |
dtl = — ]‘{/m T Cl — ]{71201 -+ /{71202 — klgcl + k1303 + mput (177>

dCy

—= = k91 C1 — ko1 C

dt 2141 21V2

dCs

—= = k31C — k3, C

dt 3141 3143

— multiple doses

Ci(t)= Ofort<tp,
Initial conditions: < Cy (t) = 0 for t <tp,
Cs(t)= 0fort<tp,

Vin c
c, 7 9 |
= — — k1201 + k?lgog — ]’C1301 + k1303 + mput

dCy

— =k —k

7 2101 — k1 Cy
dCs

5 Oy — k

7 3101 — k3103

—~ D
input (t) = E —Vlka —ka(t=tp;)

Equations 1.77 and 1.78 correspond to models n°62: orall_3cpt_kaVk12k21k13k31VmKm
and n°63: orall_3cpt_kaV1Q2V2Q3V3VmKm.
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1.3. THREE COMPARTMENT MODELS

e in presence of a lag time

— single dose

Cl(t): 0f01‘t<tD
Initial conditions: § Cy (t) = 0 for ¢t <tp
Og(t): OfOI"tStD
Vin
i, v <G .
It = — Km T Cl - k1201 + k?1202 - k1301 + ]{31303 + ZnPUt
(1.79)
d—CZ = ko1 C1 — ko1 C
- 2102
dCy
—= = k31Cy — k3,C
7 3101 3103
0 ift —tp < Tlag,
input (t) =< D

kae_ka(t—tp —Tlag)  if not.

V
— multiple doses

(t)= Ofort<tp,
(t)= 0fort<tp,
(

Ch
Initial conditions: < (b

C3(t)= O0fort<tp,

V,

ic, v *G |

dtl =— }‘(/m o k12C1 + k120 — k1301 + k13C5 + input
dC
— = kG — kG (1.80)
dCy
— = k3:Cy — k31C

o 3101 — k3103

D;. (4 .
Z Vkae ka(t=tp;=Tlag) jf4 _ tp, < Tlag,

Z %kae_k“<t_tDi_Tlag) if not.

Equations 1.79 and 1.80 correspond to models n°67:
orall 3cpt_TlagkaVk12k21k13k31VmKm and n°68: orall_3cpt_TlagkaV1Q2V2Q3V3VmKm.

1.3.4 Zero order absorption

Q@

Va-0 a—vy Via—-p a—vy
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1.3. THREE COMPARTMENT MODELS

o o,
.B:ikm—ﬁk:ﬂ—ﬁ:i% Vs
Vi-a =y WVif-a -9
@ 0
.C:lkm—’Yksl—’Y_ng Va

1.3.4.1 Linear elimination

e in absence of a lagtime

— single dose

V-8 vy-—a Viy—08 v-—«a

é (1 _ 6—a(t—tp))
«
D B o
I —|—— 1_6 B(t tD) ft—t <Tk‘
Tk‘o ﬁ ( ) 1 D = 05
_|_€ (1 _ e*’Y(t*tD))
C(t) = L i _ (1.81)
= (1 — efaTko) e—c(t—tp—Tko)
B
D
| +2 (1 = e PTho) o=B(t—tp—Tko) £ ot
Tko B ( ) 1I No
+€ (1 _ e*WTkD) e (t=tp—=Tko)
\ Ly ]
— multiple doses
( [ é (1 N e_aTkO) e_a<t_tDz‘—Tk0)_
n—1 «
Z Dz +§ (1 o efﬁTko) 6_’3<t_tDi_TkO)
i=1 Tho B
_|_€ (1 — efkao) 6—w(t—tDi—Tko)
i 'VA - - ittt —tp, < Tk,
- (1 _ e—a(t—tpn))
«
D B o
C(t) = Zn 4" (1—e B(t—tp,) 1.89
(t) + Thy 3 ( ) ( )
—i—% (1 — e(=ton))
[ -é (1 _ e—aTko) efa(t:tpikao)_
«
"\ D; B _ e
C 42 (1 — e PTho) ¢ B(t—tp,~Tko) £ Hot.
1'21 Tk?g 5 ( ) 1I Nno
+% (1- e—kao) o~ (t=tp,~Tko)
\ - =
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1.3. THREE COMPARTMENT MODELS

— steady state

(

_ e—@(t—tD))

(1 _ e—aTko) e—a(t—tD—Tko)
—ar

1—e o7
(1 _ e*ﬁ(t*tD))

—+ (1 — e*ﬁTkO) e~ B(t—tp—Tko) ift —tp < Tk,
4 e FT
1—e b7
—y(t—t
c (1 _ e D))
+ — (1 _ e—“/Tko) e~ V(t—tp—Tko)
TN\ e 7
L 1—e7 J
—A (1 670{Tk0) efa(tfthTko) 7]
a 1 —e o7
B (1 _ e—ﬁTk()) 6—,B(t—tD—Tk:0) )
—i—E = if not.
C ((1 o e—kao) e—V(t—tD—Tk0)>
+= -
v 1—e7 ]
(1.83)

Equations 1.81 to 1.83 correspond to models n°69: oral0_3cpt_TkOVkk12k21k13K31,
n°70: oral0_3cpt_Tk0OCIV1IQ2V2Q3V3 and n°71: oral0_3cpt_TkOalphabetagammaABC.

e in presence of a lag time

— single dose

.

+

+

+

+

g (1 o e—a(t—tD—Tlag))

B

- (1 _ e—ﬁ(t—tD—Tlag))

B

C —y(t—tp—Tlag)

~ (1-e )

é (1 _ e—OéTko) e—oc(t—t;)—Tlag—TkO)-
Q

% (1 — e*ﬁTko) o~ B(t—tp—Tlag—Tko)
% (1 - e—’YTko) e~ 1(t—tp—Tlag—Tko)
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ift —tp <Tlag,

if Tlag <t—tp <Tlag+ Tk,

if not.

(1.84)
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— multiple doses

é (1 _ —OlTko)e t tp,—Tlag— Tk:o)
«
D; +§ (1 *BT’CO) e~ t tDi—Tlag—TkO)
Tky 6]
_|_€ (1 —’YTko) e ’y t tDi—Tlag—TkO)
.
I é (1 _ faTko)e t tp,—Tlag— Tko)
«
D; +§ (1 —ﬁTkO) o B(t—tp,—Tlag—Tko)
Tky | B
_|_€ (1 —’YTko) e ’y t tDileangkO)
L7 )
g (1 . efa(tftanTlag))
Dy E _ ,—B(t—tp, —Tlag)
7 | TF (1—e )
+€ (1 — ¢ /(t=tp, —Tlag))
L J
é (1 _ efaTko) e—a(t—tpi—Tlag—Tko)
«
D; +§ (1— e#Tho) o —B(t—tp,~Tlag—Tko)
Tk B
+g (1- e—kao) o~ (t=tp, ~Tlag=Tko)
.

20

itt—tp, <Tlag,

it Tlag <t —tp, <Tlag+ Tk,

if not.

(1.85)



1.3. THREE COMPARTMENT MODELS

— steady state

( [ A (1 _ 6—04Tk0) 6—a(t—tD+T—Tlag—Tk0)
E 1 — e—ar
D B (1 o efﬁTko) efﬁ(tftD+Tleag7Tko)
- + - —
Tl{g /6 1 — e B7
C ((1 _ 6ﬂTk0) e'y(ttDJrTTlango))
+ - —
v 1—e7
B 4 (1 _ e—a(t—tD—Tlag)) -
— —aTk —a(t—tp—Tlag—Tk
a —i—e*af(l_e 0) e~eli=tp=Tlag=Tko)
1 — e—oT
—B(t—tp—Tla
D B (1 — ¢ Blt=tp 9))
= —— — —BTk —B(t—tp—Tlag—Tk
CO=\Tig | 75 | oo (Lo e er2 oo i)
1—e B
o (1 _ ef'y(tfthTlag))
+ — (1 _ 677Tk0) ef’y(tfthTlangkD)
TN e
— 1 - 6_77-
A (1 _ e—OéTko) e—a(t—tp—Tlag—Tko)
E 1 — e—oaT
D B (1 _ e—ﬁTk’o) e—,B(t—tD—Tlag—Tko)
R + R
Tk(] 6 ]_ — 6_57'
C (1 _ e—’YTko) o—(t—tp—Tlag—Tko)
+ — ] p—-
\ | 7 —¢€ i
Equations 1.84 to 1.86 correspond to

oral0_3cpt_TlagTkOVkk12k21k13K31, n°75:
n°76: oral0_3cpt_TlagTkOalphabetagammaABC.

ol

ift—tp <Tlag,

if Tlag <t—tp

< Tlag + Tky,
if not.
(1.86)
models n°74:

oral0_3cpt_TlagTkOCIV1Q2V2Q3V3 and



1.3. THREE COMPARTMENT MODELS

1.3.4.2 Michaelis Menten elimination

e in absence of a lagtime

— single dose

Ci(t)= Ofort<tp

(
Initial conditions: < Cy (t) = 0 fort <tp
Cs(t)= Ofort<tp
Vin
o, 3 *G |
& T K O k12C1 + k12Co — k13Cy + k13C3 + input

2 _ ko1Cy — k1 Cy

dt

dCs

— =k —k

7 3101 — k3103
D 1
—— f0<t—tp<Tk

input (t) =< TkoV i b=2n

0 if not.

— multiple doses

Ci(t)= Ofort<tp,
Initial conditions: < Cy (t) = 0 for t < tp,
Cs(t)= Ofort<tp,
e, - X O |
dtl = — fz'/m I Cl — k‘lgcl + klgcg - leCl + leCS + /LnPUt

qc (1.88)
2 = ki Cy — kO

dt
dCs
— =k —k
7 31Ch 3103
D, 1
L ifo<t—tp <Tk
input (t) =< ThkoV mY= Di =270
0 if not.

Equations 1.87 and 1.88 correspond to models n°72:
oral0_3cpt_TkOVk12k21k13k31VmKm and n°73: oral0_3cpt_TkOV1Q2V2Q3V3VmKm.
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1.3. THREE COMPARTMENT MODELS

e in presence of a lag time

— single dose

Cl(t): 0f01‘t<tD
Initial conditions: § Cy (t) = 0 for ¢t <tp
Og(t): OfOI"tStD
Vin
i, v <G .
It = — Km T Cl - k1201 + k?1202 - k1301 + ]{31303 + ZnPUt
d
% = k1Cy — knCy (1.89)
t
dCs
—= = k3104 — k3,C
7 3101 3103
0 if 0 <t—1tp <Tlag,
D 1
mput (t) =< —— if Tlag <t —tp < Tlag + Tk,
put (t) The V7 g D g 0
0 if not.

— multiple doses

4 (t) = 0Ofort< tD1
Initial conditions: < Cy (t) = 0 for t < tp,
Cs(t)= Ofort<tp,

Vin
dCl 7 X Cl .
dt = — Km I Cl — ]{?1201 + k’1202 — k'1301 + k’1303 + mput
dC:
d_2 = kg1C1 — ka1Cs (1.90)
t
dCs
— =k —k
dt 3101 3103
0 it 0 <t —tp, <Tlag,
D; 1
input (t) = Tkj v if Tlag <t —tp, < Tlag + Tko,
0
0 if not.

Equations 1.89 and 1.90 correspond to models n°7T:
oral0_3cpt_TlagTkOVk12k21k13k31VmKm and n°78: oral0_3cpt_TlagTk0V1Q2V2Q3V3VmKm.
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Chapter 2

Pharmacodynamic models

This chapter describe the pharmacodynamic models implemented in the Monolix software.
Some of these pharmacodynamic models can be used alone or linked to any pharmacokinetic
model. Some can only be used linked to any pharmacokinetic model. Two different type of
models are presented here:

e The immediate response models (alone or linked to a pharmacokinetic model)

e The turnover models (only linked to a pharmacokinetic model)

2.1 Immediate response models

For these response models, the effect £ (t) is expressed as:
E)=A@t)+S(1t) (2.1)

where A (t) represents the model of drug action and S (t) corresponds to the baseline/disease
model. A (t) is a function of the concentration C (t) in the central compartment or of the
concentration C,(t) in the effect compartment (not available for three compartments models).

The drug action models are presented in section 2.1.1 for C'(¢). The baseline/disease models
are presented in section 2.1.2. Any combination of those two models is available in the Monolix
library and their name are given in section 2.1.3.

Parameters
e Ay, = constant associated to C (t)
o A,u.a = constant associated to the square of C ()

e A, = constant associated to the logarithm of C'(¢)

E,..: = maximal agonistic response

e [,... = maximal antagonistic response

C'50 = concentration to get half of the maximal response (=drug potency)

o4



2.1. IMMEDIATE RESPONSE MODELS

e ~ = sigmoidicity factor
e Sy = baseline value of the studied effect

® ko = rate constant of disease progression

2.1.1 Drug action models

e linear model

A(t) = AynC (1)

quadratic model
A(t) = AunC () + AguaaC (t)*

logarithmic model

A(t) = Apglog(C (1))

o F,, .. model )
EpnaC (t
Alt) = ———F++
®) C(t) + Cso
e sigmoid F,,,, model
EraeC (1)7
Alt) = ———%
() C (1) + G5
e ... model n
ImamC t
Aty =1— ———~
Q C (1) + Cro
e sigmoid /,,,, model
LnaeC (1)
Aty =1— ——— 2
®) C)y + o
2.1.2 Baseline/disease models
e null baseline
S(t)=0

constant baseline with no disease progression

S(t) = Sy

linear disease progression

S (t) — SO + kprogt

exponential disease increase

S (t) = SpeFrrost

exponential disease decrease

S (t) = Sp (1 — e~tomost)

25

(2.10)

(2.11)

(2.12)

(2.13)



2.1. IMMEDIATE RESPONSE MODELS

NB: Ouly, for the I,,,,, models (equation (2.7) and (2.8)) A (¢) is not added to S (¢) but Sy is
multiplied by A (¢) in the expression of S(¢). For instance, For I,,,, model with linear baseline

we have
E(t) = Sox A(t) + kprogt

2.1.3 Monolix model functions

Any combination of the 9 drug action models and 5 baseline/disease models is available in
Monolix.

For instance, the combination of an F,,,, model for the drug action (2.5) and a constant
baseline with no disease progression model (2.10) will result in the following equation:

ErnazC (1)

C(t) + Cso (2.14)

E(t) = S0+
which corresponds to the model n°17: immed_Emax_const in the PD library (Appendix III).

As a second example, the combination of an I,,,, model for the drug action (2.7) with a
linear progression as baseline/disease model (2.11) will give:

InazC (1)

) + Kprogt (2.15)

which corresponds to the model n°28: immed_lmax_lin.
The following table reports the name and numbers of the models.
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2.2. TURNOVER RESPONSE MODELS

2.2 Turnover response models

In these models, the drug is not acting on the effect E directly but rather on R;, or k.. as
represented in figure 2.1.

Figure 2.1: turnover model of the effect £
Thus the system is described with differential equations, given s as a function of R;,, kous

and C' (t) the drug concentration at time t.

Rin

The initial condition is: while C'(¢) =0, E (t) = T
out

NB: In the version 2.4 of Monolix, turnover models of the library can only be linked to single
dose PK models. An example using MLXTRAN for multiple doses is provided in the folder my
library.

Parameters
e F,.. = maximal agonistic response

e [,.. = maximal antagonistic response

C'50 = concentration to get half of the maximal response (=drug potency)

e v = sigmoidicity factor

R;, = input (synthesis) rate

kow = output (elimination) rate constant

2.2.1 Models with impact on the input (R;,)

dE EpaaC
— =R [ 1+ =2 ) — ko E 2.16
at ( Ty 050) t (2.16)

o F, .. model

o8



2.2. TURNOVER RESPONSE MODELS

Equation 2.16 corresponds to model n°36: turn_input_Emax.

dE EraCY
—, — {ln 1 e kou E
a ('+Cv+c%) t

sigmoid FE,,., model

Equation 2.17 corresponds to model n°37: turn_input_gammaEmax.

dE IaaC
— =Ry (1 - 22 ) — ko E
a o ( 0+@J ‘

10 model

Equation 2.18 corresponds to model n°38: turn_input_lmax.

dFE 10 C7
Y, = Rzn 11— e kou E
dt ( v +Cg0> !

sigmoid I,,,, model

Equation 2.19 corresponds to model n°39: turn_input_gammalmax.

dE C
— =R (1- — kot E
dt Rzn ( C + 050) out

full 1,4, model

Equation 2.20 corresponds to model n°40: turn_input_lmaxfull.

sigmoid full 7,,,,, model

dE Y
. = Rm l— ——= - kou E
dt < Cv + Cgo) !

Equation 2.21 corresponds to model n°41: turn_input_gammalmaxfull.

2.2.2 Models with impact on the output (k)

o I, .. model
dF
Y, Rin - kou 1
di t( +

Em(ll'C )
C + Cxo

Equation 2.22 corresponds to model n°42: turn_output_Emax.

e sigmoid F,,,, model
dE

E 0 C7
0 — 1Yyn — kou 1 o
Ly < " )

Cv+CY,

29

(2.17)

(2.18)

(2.19)

(2.20)

(2.21)

(2.22)

(2.23)



2.2. TURNOVER RESPONSE MODELS

Equation 2.23 corresponds to model n°43: turn_output_gammaEmax.

110 model
dE L0:C
= Rm - kou 11— E
dt ! ( C + C5O>
Equation 2.24 corresponds to model n°44: turn_output_lmax.
sigmoid [,,,, model

dE Lo C7
—, = in_kou 1_& E
i o t( CW+C§O)

Equation 2.25 corresponds to model n°45: turn_output_gammalmax.

dE C
5, — in_kou l———F+ | E
dt h t( O+C50>

full 1,,,,, model

Equation 2.26 corresponds to model n°46: turn_output_lmaxfull.

sigmoid full 7,,,,, model
dE Cc”
—=R;,, — k l1——— | E
dt Rm out ( C,y + Cgo)

Equation 2.27 corresponds to model n°47: turn_output_gammalmaxfull.
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(2.25)
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Appendix

List and names of the PK, PKe0 and PD models available in Monolix (version 2.4)
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