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Chapter 1

Pharmacokinetic models

The equations in the ensuing chapter describe the pharmacokinetic models implemented in the
PFIM software (www.pfim.biostat.fr). The presentation of the models is organised as follows:

e First level: elimination process

— Linear

— Michaelis-Menten
e Second level: number of compartments

— One compartment
— Two compartments

— Three compartments
e Third level: route of administration

— Intravenous bolus
— Infusion

— Oral (first order absorption)
e Last level: administration profile

The equations express the concentration C' (¢) in the central compartment at a time ¢ after the
last drug administration.

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

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



1.1. COMPARTMENTAL MODELS AND PARAMETERS

NB: For infusion, the duration of infusion is Tinf for single dose and Tinf; (i = 1,...n) for
multiple doses. D is the total administered dose for single dose; D; is the total ¥ administered
dose for multiple doses.
For multiple doses, the delay between successive doses is supposed to be constant and to
be greater than infusion duration (t¢p, , —tp, = constant and tp,, , —tp, > Tinf; for infusion).
For steady state, the interval 7 is supposed to be greater than infusion duration (7 >
Tinf).

1.1 Compartmental models and parameters

In the ensuing section, the mammillary models with one, two or three compartments are
presented with the associated parameters and the different parameterisations. Six parameters
are common to one, two or three compartment models:

V or Vi, the volume of distribution in the central compartment

k, the elimination rate constant

CL, the clearance of elimination

- Vi, the maximum elimination rate for Michaelis-Menten elimination
- K,,, the Michaelis-Menten constant
- k4, the absorption rate constant for oral administration

NB: V,, is in amount per time unit and K, is in concentration unit.

1.1.1 One-compartment models

The one-compartment model implemented in PFIM is described in Figure 1.1.

(a) (b)

Figure 1.1: A mammillary model with one compartment, parameterized in micro-constant

Vand k (a) or with CL and V' (b).

There are two parameterisations implemented in PFIM for one-compartment models, (V' and k)
or (V and CL). The equations are given for the first parameterisation (V, k). For extra-vascular
administration, V' and C'L are apparent volume and clearance.

CL

The equations for the second parameterisation (V,CL) are derived using k = v



1.1. COMPARTMENTAL MODELS AND PARAMETERS

1.1.2 Two-compartment models

The two-compartment model implemented in PFIM is described in Figure 1.2. For
two-compartment model equations, C(t) = C}(t) represent the drug concentration in the first
compartment and Cy(t) represents the drug concentration in the second compartment.

(a) (b)

k’lg Q
V(=W) — (V2) Vi — Va
k21
k CL

Figure 1.2: A mammillary model with two compartments, parameterized in micro-constants

V', k, k1o and ko9 (a) or with C'L, V;, @ and V3 (b)

As well as the previously described PK parameters, the following PK parameters are used for
the two-compartment models:

- V5, the volume of distribution of second compartment

k12, the distribution rate constant from compartment 1 to compartment 2

ko1, the distribution rate constant from compartment 2 to compartment 1

- @, the inter-compartmental clearance

There are two parameterisations implemented in PFIM for two-compartment models:
(V, k, k12 and ko), or (CL, Vi, @ and V3). For extra-vascular administration, V; (V), V4, C'L,
and () are apparent volumes and clearances.

The second parameterisation terms are derived using;:

-Wn=V
-CL=kxW
- Q=ki2x WV
_k’m
-V2—k—m><vl

1.1.3 Three-compartment models

The three-compartment model implemented in PFIM is described in Figure 1.3. For three-
compartment model equations, C(t) = C4(t) represent the drug concentration in the first
compartment, Cy(t) represents the drug concentration in the second compartment, and Cjs(t)
represents the drug concentration in the third compartment.

7



1.1. COMPARTMENTAL MODELS AND PARAMETERS

(V2) (Va) Va

(b)

Vs

N w e N

Vi

oz

Figure 1.3: A mammillary model with three compartments parameterized in micro-constants

V., k, k12, ko1, k13 and kg (a) or with CL, Vi, Qa, Va2, Q3 and V3 (D)

As well as the previously described PK parameters, the following PK parameters are used for

the three-compartment models:

- V3, the volume of distribution of third compartment

- ki3, the distribution rate constant from compartment 1 to compartment 3

k31, the distribution rate constant from compartment 3 to compartment 1

- Q2 (=Q), the inter-compartmental clearance from compartment 1 to compartment 2

- ()3, the inter-compartmental clearance from compartment 1 to compartment 3

There are two parameterisations implemented in PFIM for three-compartment models: (V, k,
k1o, ko1, k13 and ksy), or (C'L, Vi, Q2, Vo, @3 and V3). For extra-vascular administration, V;

(V), Vo, Vs, CL, )9, and Q3 are apparent volumes and clearances.

The second parameterisation terms are derived using:

V=V

-CL=kxVWV

- Qo =k xV;
k12

- Vo= —xV

2 k21>< 1

- Qs =k x WV
ki3

- Vo= —xV,

3 k31>< 1



1.2. MODELS WITH LINEAR ELIMINATION

NB: For models with Michaelis-Menten elimination the elimination parameter is not k& (or
CL) but V,,, and K, for both parameterisations of one, two or three-compartment models.

1.2 Models with linear elimination

The list of PK models with linear elimination implemented in PFIM are summarised in
Appendix I.1.

1.2.1 One-compartment models
1.2.1.1 Intravenous bolus

e single dose
C(t) = — e klt=tp) (1.1)

e multiple doses

D k t— tD
— 1.2
g - (12)
e steady state
D e k(t=tn)
T I 1.

1.2.1.2 Infusion

e single dose

D 1
Tinf iV (1 — eki=tn)) ift —tp < Tinf,
C(t) = (1.4)
D 1 , ,
Tmf_V (1 — e_kTmf) e Flt=to=Tinf) if not,
e multiple doses
( n—1

7 1 (1

o e—kTinfi) efk(tfthTmfi)

Y
-]

if t — tDn < Tann,

D, 1 (i
¢ = T Tinf iV (1 —e7heten)) (1.5)
- D'L ]' —kTinf; —k(t—tp,—Tinf; :
E . Tinf, k PG (1 — e kT fl) ¢k (t=tp, ) if not.



1.2. MODELS WITH LINEAR ELIMINATION

e steady state

—kTi —k(t—tp—Ti
D L (1 _ e—k(t_tD)) L ek (1 —e mf) e~ k(t—tp=Tinf)
Tinf kEV e
C(t) =
D 1 (1—e*inf) e kli=to=TinJ)
Tinf kV [

1.2.1.3 First order absorption

e single dose

e multiple doses

e steady state

if (Zf — tD> S Tan,

if not.

(1.6)

(1.7)

(1.8)

(1.9)

NB: Equations 1.1 to 1.9 correspond to models n°1 to n°6 in Appendix I.1.

1.2.2 Two-compartment models

For readability, the equations for two-compartment models with linear elimination are given

using the variables «, 8, A and B defined by the following expressions:

QcL
. a:kmk: Vo Vi
B B
(1 5
B k’12+/€21+/f—\/(/€12+k’21+k:) — 4k k

e 2
1lQ, @ cL \/(Q Q CL) _,QcL

\

2

Vs

Vi

Vi

+ 2=

Vo W Va i

The link between A and B, and the PK parameters of the first and second parameterisations
depends on the input and are given in each subsection.

10



1.2. MODELS WITH LINEAR ELIMINATION

1.2.2.1 Intravenous bolus
For intravenous bolus, the link between A and B, and the parameters (V, k, ki5 and ks;), or
(CL, Vi, Q and V3) is defined as follows:

A_la—]fgl 1 ‘/2
Va-p Via-§

_lﬁ—km 1ﬁ_72

_ B= —
V -« Vi B—a«

single dose

C(t)=D (Ae*a(t*tD) + Be*ﬁ(t*tD)) (1.10)

multiple doses

c)=Y D, (Ae*“(t*tDi) + Be*ﬁ(t*tm)> (1.11)

steady state

c-n(

A —at B —[t
‘ ¢ ) (1.12)

1—eo7 + 1—e b7
1.2.2.2 Infusion

For infusion, the link between A and B, and the parameters (V, k, k12 and ko), or (CL, Vi, @
and V3) is defined as follows:

_lOz—k’Ql 1 Vs
Va- Via-p

e 1k 177y
V -« Vi B—«

e single dose

D é (1 e—a(t—tp))
- g ift—tp <Tinf,

Tinf +E (1 _ e—ﬁ(t—tD))

¢ = : (1.13)
é (1 _ e—aTmf) e—a(t—tD—Tinf)

D o
. B if not.

Tinf +E (1 — e—BTinf) e~ Bt—tp—Tinf)

\ i

11



1.2. MODELS WITH LINEAR ELIMINATION

e multiple doses

(
A —aTinf;\ —alt—tp. —Tinf;
S D o (e emelin)
—Tinf; +% (1- e—BTinfi) o~ B(t=tp,~Tinf;)
é (1 - e—a(t—tpn))
C (t) T ° (1.14)
- Tinf, | B ) :
"1+ (1—e D
S )
n é (1 _ efaTinfi) e—a(t—tpi—Tinfi)
S| i ot
— Tinf; +§ (1- e—ngfi) o~ B(t—tp,~Tinf;)
\
e steady state
( r (i
A (1 — emttn))
- (1 — e—aTinf) o—alt—tp=Tinf)
« _"_ efon'
D 1—e o7 . .
Tmf B (1 _ ef,B(tftD)) ift—tp < Tznf,
¢ = - L—e | (1.15)
[ A (1 — e—aTinf) e—o(t—tp—Tinf)
D E 1 — e*Cl{T
~ if not.
Tinf B (1 — 6—5Tmf) e—Bi—tp=Tinf)
B 1—epr
N - -

1.2.2.3 First order absorption

For first order absorption, the link between A and B, and the parameters (k,, V, k, k12 and
ka1), or (kq, CL, V1, Q and V3) is defined as follows:

Q
A Fa kn—a _ka v,
Vike—a)(B-a) Vi(ka—a)(B—a)
Q
Y T B R Vi
V<ka_ﬂ)(a_ﬁ) Vl(ka_ﬁ)(&_ﬁ)

12



1.2. MODELS WITH LINEAR ELIMINATION

e single dose

C(t) - D (Ae—a(t—tp) + Be—,@(t—tp) _ (A + B)e_ka(t_tD)) (116)

e multiple doses

C (1) =Y Di (Al 4 pe?l=n) — (A4 B)e e (=tm)) (1.17)

(1.18)

NB: Equations 1.10 to 1.18 correspond to models n°7 to n°12 in Appendix I.1.

1.2.3 Three-compartment models

For readability, the equations for three-compartment models with linear elimination are given
using the variables «, 3, v, A, B and C defined by the following expressions:

CLQ:Qs

_a():kk21k31:77‘/
1 V2 V3

(kk?31 + korksy + ko1kis + kkoy + ksikio

TTOLGs | Qs 2@y CLQy Q@
O O O O SO R 1

(k?—i-k?lg +k13 + koy +k31

"T@=3CL @y Q3 @ Qs
SRR AT

- p=a; —a;/3
q = 2a3/27 — ayas/3 + ag
= T

1/3
- 7“2:27“1/

¢ = arccos (—2%) /3
- a = —(cos (¢) 15 — az/3)

- B=— (cos (¢+2§) 7“2—@2/3)

13



1.2. MODELS WITH LINEAR ELIMINATION

Sy = (cos (¢+4§) Tz—a2/3>

The link between A, B, C and the PK parameters of the first and second parameterisations
depends on the input and are given in each subsection.

1.2.3.1 Intravenous bolus

For intravenous bolus, the link between A B, and C, and the parameters (V, k, k12, ko1, k13
and k31 ), or (CL, V1, Q2, Va, Q3 and V3) is defined as follows:

e Q.
Ailkgl—ak‘g,l—aii‘@ Vs

_Voz—ﬁ a—vy Via—-pB a—vy

Q2 Q3
B 1k21—5k31—ﬁ_i72_BV3_6

I —
ViE-a -y VifB-a B—v
@ Qs
_C,_ik21_’7k331_7_i‘/2 7V3

V-8 9-a Viy-f 7-a

single dose

C(t) = D (Ae~el=p) 4 BeAli=tn) | Ce(t=tn)) (1.19)

multiple doses

C(t) = D;(Ae 7P 4 Be= A=t 4 Cem(71D)) (1.20)
=1

steady state

(1.21)

Ae_a(t_tD) Be_ﬁ(t_tD) Ce_'Y(t_tD)
1—e o7 * 1—e b7 1—em )

C(t):D(

1.2.3.2 Infusion

For infusion, the link between A B, and C, and the parameters (V, k, ko, ka1, k13 and k31), or
(CL, Vi, Qa, Vo, Q3 and Vj) is defined as follows:

1]€21-Oél{331—04_i‘/2 ‘/E,)

" Va-8 a-y Via-8 a—n

Q2 Q3
lk21—5k31—5:l72_ﬁ73_5
Vi-a =y Vi fB-—a B-7v

14

- B=—



1.2. MODELS WITH LINEAR ELIMINATION

_lk21—7/€31—’7_i

@ Qs _
v, v,

e single dose

( - A
a

D B
+_

Tinf B
C

+_

Ly

- A

@

B
L
Tinf B
C

_|__

3 L

e multiple doses

(

i é (1 . e—aTinfi) efa<t7tDi7Tinfi)-
«
n—1
Z D; _|_§ (1 _ e_BTinfi) 6*ﬁ(t*tDi*Tiﬂfi)
i—1 Tmfl B
+€ (1 _ 6—7Tinfi) 677<t7tpi7Tinf¢)
L
— A -
(1 — e—olt=tpy,)
2 (1o
D B Bt
Z (1 — ¢ Blt=tpy,)
g, | 7B (1-e )
o8 (1 gt
LY J
~ é (1 . e_aTmfi) e_a(t_tDi_Tinfi)_
(0%
" D B e e Al s e
7 ~—(1-— BTinf; 5(7& tp, Tmfl)
; TinT, +ﬁ (1—e )e
+€ (1 — e Tindy) o~ (t=tp,~Tinf;)
\ L 7 i

V-8 y-a Viy-8 y-a

(1 _ e_a(t_tD))-

(1 — e Pli=to)) ift —tp < Tinf,
(1 — e—w(t—tp))

(1 _ e—aTmf) e—oe(t—tD—Tinf)_

(1 o e—ﬁTinf) e—B(t—tD—Tinf) if not.

(1 o e—wTinf) e—v(t—tD—Tinf)

15
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1.2. MODELS WITH LINEAR ELIMINATION

e steady state

( r a(t— tD))

A

j— 704Tinf) efa(tftprinf)

o e—aT

1 —e—ar
. B(t—tp)
b 1,B (- )BT‘f Stp-Ting) | it — tp < Tinf
- —BTin —B(t—tp—Tin, ift — m
Ty I W Gl Pe
1—ehr
—~(t—t

o (1 — e D))

+ — (1 _ e—'yTinf) 6—7(t—tD—Tinf)

— -7
C(t) = I TN\ te rpp— | (1.24)
r A (1 o e—aTinf) e—a(t—tD—Tinf) T
@ 1 —eo7
D B (1 _ e*ﬁTiﬂ,f) efﬁ(tfthTinf)
- if not.
Tinf + 16 1—ehr Hno

C (1 _ ef'yTinf) ef'y(tftprinf)

+ =

\ Y 1—e7 ]

1.2.3.3 First order absorption

For first order absorption, the link between A B, and C, and the parameters (k,, V, k, kia,
ko1, k13 and ksy), or (kq, CL, Vi, Qo, V3, Q3 and V3) is defined as follows:

Q_ &,
A_]_ k, k’Ql—Oék’gl—Oé_l k, V5 Vs
 Vki—aa—-p a—y Viki—a a—p a—vy
(2 oF
1 ke k- BRka-B_1 ke v, PV 0
Vke—=p B—a B—v Viks—B8 B—-—a B—v
QQ Qs
_ :l ka k21_’7k31_7:i ka ‘/'2 ‘/3
Vki=v =8 v—a Vike—y v=f 77—«
e single dose

C(t)=D (Ae_o‘(t_tD) + Be Blt=tp) 4 ce=(t=tp)

multiple doses

— (A+ B+ Q)¢ kali=tn)) (1.25)

= 37D, (e 0) 4 BeHn) 4 0o () — (44 B+ ) ()Y (126

16



1.3. MODELS WITH MICHAELIS-MENTEN ELIMINATION

e steady state

Ae—alt—tp) Be—B(t—tp) Cle—(t—tD) A+ B4+ e Fkalt—tn)
c)=D (25 M 4 =C _ A+ B+ e (1.27)
1—e o7 1—epr 1—em 1 — e har

NB: Equations 1.19 to 1.27 correspond to models n°13 to n°18 in Appendix I.1.

1.3 Models with Michaelis-Menten elimination

The list of PK models with Michaelis-Menten elimination implemented in PFIM are summarised
in Appendix 1.2. Presently, there is no implementation for multiple dosing with IV bolus
administration in the PFIM software. For infusion and oral administration, the implementation
in PFIM does not allow designs with different groups of doses as the dose is included in the
model.

1.3.1 One-compartment models
1.3.1.1 Intravenous bolus

e single dose

C(t) =0fort<tp
Initial conditions: D
Vin (1.28)
Q - 7 X C
dt  Kn,+C

1.3.1.2 Infusion

e single dose

Initial conditions: C (t) = 0 for t < tp

Vin
d  K,+C b (1.29)
D 1
— fo<t—tp <TIn
input (t) = < TinfV HY= p < Tinf

0 if not.

17



1.3. MODELS WITH MICHAELIS-MENTEN ELIMINATION

e multiple doses

Initial conditions: C (t) = 0 for t < tp,

Vin
© T
it~ Kp+c "7 (1.30)
D; 1
— if0<t—tp, <Tinfi,
input (t) = < Tinf; V i p; < Tinf

0 if not.

1.3.1.3 First order absorption

e single dose

Initial conditions: C (t) =0 for t < tp

Vin
E——7><C+mut 1.31
it~ Knp+c 7 (1.31)
D
input (t) = ke Fat=tp)

%

e multiple doses

Initial conditions: C (t) = 0 for ¢t < tp,

Vin
d — X C
dc =-X + input
dt K+ C (1.32)
n D
input (t) =y Vzkae*’““(““’i)

=1

NB: Equations 1.28 to 1.32 correspond to model n°1 to n°3 in Appendix I.2.

18



1.3. MODELS WITH MICHAELIS-MENTEN ELIMINATION

1.3.2 Two-compartment models
1.3.2.1 Intravenous bolus

e single dose

Ci(t)= Ofort<tp
Initial conditions: Ca (t> = 0fort <tp
D
Vi o (1.33)
dCy v e ko1 Va
= — —k
I K. +C 1201 + % Cy
dC ko V
— = 1;2 Ci — ki Cy

1.3.2.2 Infusion

e single dose

Ci(t)= Ofort<t
Initial conditions: { ! ( ) P

CQ(t): OfOI'tStD
Vin
o, 7O Vo,
= — — k12C C. t
at R (1.34)
dCy  k12V
— = Cy — kg C
7 v 1 2102
D 1
— f0<t—tp<Ti
input (t) = ¢ TinfV U= p < Tinf
0 if not.
e multiple doses
Ci(t)= Ofort<t
Initial conditions: ! ( ) =
Cy(t)= 0fort<tp,
Vin
dc - xG ko Vi
L__V — k12Cy + —=2Cy + input
dt K, +C; (1.35)
dC kioV
— = 1V22 Ci — kanCh
D; 1
L if0<t—tp <Tinf;,
input (t) = < Tinf; V U= o, < Tinf
0 if not.

19



1.3. MODELS WITH MICHAELIS-MENTEN ELIMINATION

1.3.2.3 First order absorption

e single dose

L. L. Cl(t): 0f01‘t<tD
Initial conditions:
Cy(t)= Ofort<tp

Vin x C

dC' e 1 ka1 V-

dtl :—};/ +C —]{71201+ 2 202+anut
m 1

dC k1o V'

= O kG
2

D
input (t) = v kg kalt=tp)

e multiple doses

Ci(t)= 0fort<tp,

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

Vin x C'

dC V2 1 koq V-

dtl :—}g —I—C —k1201+ 21 202+anut
m 1

dC! kisV

d_t2: 1V2 Ci — knCy
2

n

D (-
input (t) = Z Vk’ae ka(t—tp, )

i=1

NB: Equations 1.33 to 1.37 correspond to models n°4 to n°9 in Appendix 1.2.

20
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1.3. MODELS WITH MICHAELIS-MENTEN ELIMINATION

1.3.3 Three-compartment models

1.3.3.1 Intravenous bolus

e single dose

(

Initial conditions: (
nitial conditions: Oy (
(

V

dCl - X Cl

%

at K, +0

dCy  kV
FrA

dCs  kisV
R

1.3.3.2 Infusion
e single dose
C1(t)
Initial conditions: ¢ Cs (1)
Cs (t)

Vin
ac__y

=———— —kCi +

dt K, +C
aCy _ haV

= Cy — ka1 Oy

dt Va
dCs ki3V

= C1 — k103

dt Va
D 1

input (t) =< TinfV

)= Ofort<tp
t)y= Ofort<tp
t)y= Ofort<tp

kay V5 k31 V-
2200 s Cy 4 3L

— ko C
121+V v

Cs

k21 C2

k31 CS

0 fort <tp
0fort <tp
0fort<tip

ka1 V- ks, V-
2V2 00 s Cl 4 3L

— f0<t—tp <Tinf

0 if not.
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1.3. MODELS WITH MICHAELIS-MENTEN ELIMINATION

e multiple doses

Ci(t)= 0fort<tp,
Initial conditions: § Cy (t) = 0 for ¢t < tp,
Cs(t)= 0fort<tp,
Vin x C'
dcC v 1 ka1 V- k31 V- .
d_tl = —h — kG + 20y — k13C1 + 2 303 + input
dCy  kiV (1.40)
o= v Gk
dcC! ki3V
— = 1;3 Cy — k31Cy
D; 1
L if0<t—tp, < Tinfi,

input (t) = < Tinf; V Hus o, < Tinf

0 if not.

1.3.3.3 First order absorption
e single dose
Ci(t)= 0Ofort<tp
Initial conditions: § Cy (t) = 0 fort <tp
Cg(t): OfOI‘tStD
Vin x C
dC, v o ka1 Vo k31 V3 :
L S—— N Cy — k13C C t
T e A U AL (1.41)

dCy  kpV
i Cr — ka1 Cy
dcC k13V
o = O kG

D
input (t) = v ke Fa(t=tp)
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1.3. MODELS WITH MICHAELIS-MENTEN ELIMINATION

e multiple doses

Ci(t)= Ofort<tp,
Initial conditions: § Cy (t) = 0 for ¢t < tp,
Cs(t)= 0fort<tp,
Von x C
ac v 1 ka1 V- kg1 V- :
d_tl = —h — kG + 20y — k13C1 + 2 303 + input
1.42
9 _ bV e -
a -y, v G
dC: kisV
o = v O kG
input (t) = Z Vkae_k“(t_tf’i)

i=1

NB: Equations 1.38 to 1.42 correspond to models n°10 to n°15 in Appendix 1.2.
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Chapter 2

Pharmacodynamic models

This chapter describes the pharmacodynamic models implemented in the PFIM software. Some
of these pharmacodynamic models can be used alone or linked to a pharmacokinetic model.
Some can only be used linked to any pharmacokinetic model. Two different types 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)

The list of the immediate response models implemented in PFIM is summarised in Appendix
I1.1 and II1.2. The list of the turnover models is summarised in Appendix I1.3.

2.1 Immediate response models

For these response models, the effect E (t) is expressed as:
E{t)=A@t)+S5(t) (2.1)

where A (t) represents the model of drug action and S (f) corresponds to the baseline/disease
model. A () is a function of the concentration C (¢) in the central compartment.

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 PFIM
library.

Parameters
e Ay, constant associated to C (t)
o A,qq: constant associated to the square of C ()
o A, constant associated to the logarithm of C' ()
e F...: maximal agonistic response

® [,...: maximal antagonistic response
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2.1. IMMEDIATE RESPONSE MODELS

C50: concentration to get half of the maximal response (i.e. drug potency)

~: sigmoidicity factor

So: baseline value of the studied effect

kprog: Tate constant of disease progression

2.1.1 Drug action models

e linear model

A(t) = AunC (1) (2.2)
e quadratic model
A(t) = ApnC (t) + AguaaC (1) (2.3)
e Jogarithmic model
A(t) = Ajpglog(C (1)) (2.4)
o F,, .. model
ErnazC (t)
Alt) = ——-+ 2.5
() C(t) + Cso (2:5)
e sigmoid F,,,, model
EraeC (1)
Alt) = ———— 2.
o .. model
InazC (1)
At)=1— ————— 2.7
(®) C (t) + Cso (2.7)
e sigmoid /,,,, model
Loz C ()
At)=1— ———2— 2.8
(¥ C(t) +C3, (2.8)
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2.1. IMMEDIATE RESPONSE MODELS

2.1.2 Baseline/disease models

e null baseline

S(t) =0 (2.9)

constant baseline with no disease progression

S(t) =S (2.10)

linear disease progression

S (t) = So + Kprogt (2.11)

exponential disease increase

S (t) = Spe Ferost (2.12)

exponential disease decrease

S (t) = Sp (1 — e Frrest) (2.13)

NB: Only, for the I,,,, models (equation (2.7) and (2.8)) A (¢) is not added to S (t) but Sy
is multiplied by A (¢) in the expression of S(t).

2.1.3 PFIM model function examples

Any combination of the 9 drug action models and 5 baseline/disease models is available in
PFIM. For instance, the combination of an E,,,, 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)

E(t) =Sy + IO

(2.14)

which corresponds to the model n°11: immed_Emax_const in Appendix II.1.

As a second example, the combination of an I,,,, model for the drug action (2.7) with a
exponential progression as baseline/disease model (2.12) will give:

_ g [ gtorogt _ AmaaC (1)
E(t) = So (e o 050) (2.15)

which corresponds to the model n°13: immed_Imax_exp in Appendix II.2.
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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.

Rm kout

— E —

Figure 2.1: Turnover model of the effect £

dE
Thus the system is described with differential equations, given ’r as a function of R;,, kou

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

Rin
The initial condition is: while C'(t) =0, E (t) =

kout

Parameters
e F...: maximal agonistic response

® [,...: maximal antagonistic response

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

~: sigmoidicity factor

R;,: input (synthesis) rate

kouwt: output (elimination) rate constant

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

o F,, .. model

dE EurC

—— =R [ 1+ =) — ko E 2.16

dt < T 050) ! (2.16)
e sigmoid F,,,, model

dE Ea CY

=R, |1+ =22 ) —k,E 2.17

dt < o s Cg0> ! (2.17)
o [, model

dE J—e

— =Ry, (1—-2" ) —k,uF 2.18

dt ( C+ 050) ! (2.18)
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2.2. TURNOVER RESPONSE MODELS

e sigmoid /,,,, model

dE Lz CY

— =Ry, 1 merr — ko F
dt ( Cv + Cgo) ‘

o full 7,,,, model

dE C
=R, [1- — k.
dt Fin < C + 050) out

e sigmoid full /,,,, model

dE Y
Y, — Rzn l— ——= - kou E
dt < Cv + Cgo) !

(2.19)

(2.20)

(2.21)

NB: Equation 2.16 to 2.21 correspond to models n°1 to n°6 in Appendix I1.3

2.2.2 Models with impact on the output (k)

o F,, .. model

dE E’maxC
-, = Rzn - kou 1 E
dt ! ( * C+ 050)
e sigmoid F,,,, model
dE E 0 C7
-, = Rm - kou 1 e
dt ‘ ( oy Cgo)
o [, model
dFE Lz C
5, — Rm - kou 1-— e
dt ! ( C+ Cso)
e sigmoid /,,,, model
dFE Laz CY
_:Rin_kou l—— | E
dt ! ( v+ Cgo)
o full 7,,,, model
dFE C
5, — Rzn - kou 1-— E
dt ! ( C+ C50>

sigmoid full 71,,,, model

dE

_:Rin_kou 1
dt t(

C”/
B —
CV+C§O)

(2.22)

(2.23)

(2.24)

(2.25)

(2.26)

(2.27)

NB: Equation 2.22 to 2.27 correspond to models n°7 to n°12 in Appendix II1.3
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Appendix

List and names of the PK and PD models available in PFIM (PFIM since version
3.2.1 and PFIM Interface since version 3.1)

Appendix I: list of models in PK library

For the use in the PFIM software, some variables are required (or not) for each PK model.
They are specified in the column named Needed variables: N: the number of doses, tau: the
interval between two doses, TInf: the duration of the infusion, doseMM: dose for models with
Michaelis-Menten elimination (for models with linear elimination, dose is specified in the file
stdin.r).
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2.2. TURNOVER RESPONSE MODELS

ion

iminat

inear el

: PK models with 1

Appendix 1.1

nel ‘Jull sg
nel ‘N ‘JUIL pur Za "B ‘TA ‘D Z UOTSNIUT-AI ZABTATD 3dog uoTSNIuT QT
JurL ps
nel ‘Jull sg
nel ‘N ‘Jull pur TZd ‘ZTH ‘A ‘A Z UOTSNIUT-AT TZIZTIIA 3doz uoTsnyur 6
JurL ps
neq sg
ney ‘N pur Zh D 'TA 'TD z snToq-Al TABTATD 3doz snroq g
_ ps
neq sg
ne3 ‘N pur TZd ‘ZTH ‘A ‘A z snrog-Al TZHZTEIA 3deg snTeq L
_ ps
neq sg
ney ‘N pur D ‘A ey T I3pI0 18T ToAEY 3doT TTRIO 9
_ ps
neq sg
ney ‘N pur A ‘A ey T I3pI0 18T gaey 3doT TTRI0 g
_ ps
nel ‘Jull sg
nel ‘N ‘JUIL pur ™ ‘A T UOTSNIUT-AT ToA 3doT uoTsSnyur  §
JurL ps
nel ‘Jull sg
nel ‘N ‘Jull pur i ‘A T UOTSNIUT-AT A 3dOT UCTSNIUT €
JurL ps
neq sg
ney ‘N pur ™ ‘A T snToq-Al ToA 3doT snioq g
_ ps
neq sg
ney ‘N pur d ‘A T snToq-Al IA 3doT snToq T
_ ps
(s) sTqeTIEA
S UOT3eI}STUTWPY uoTjesSTI}IURIR 3dn andur sureN
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2.2. TURNOVER RESPONSE MODELS

nel ==
nel ‘N pu €A ‘2D ‘A ‘TO ‘TA TD ey € IspIo 3ST EAZOZATOTATORY 3ddg TTeI0 8T
_ ps
nel ==
nel ‘N pu TEX ‘€T ‘Ted ‘2T ‘X ‘A ey £ I3pI0 1ST  TEACTATZAZTIIARY 3dog TTRIO LI
_ ps
nel ‘JUulrL ==
nel ‘N ‘JUIL pu €A ‘2D ‘za ‘TO ‘TA 'TD £ UOTSNIUT-AI EAZOZATOTATD 3dog uoTsnyur 9T
JuilL ps
nej .AM.CH_H_ E=$54
ney ‘N ‘JUIL puL TEX ‘€T ‘Tgd ‘2T ‘X ‘A € UOTSNIUT-AT TEICTHTZIAZTIIA 3dog uCTSNIUT gI
JuilL ps
nel ==
nel ‘N pu €A ‘2D ‘za ‘TO ‘TA 'TD € sSnToq-AT EAZOZATOTATD adog snfoqd  #T
_ ps
nel ==
nel ‘N puL TEX ‘€T ‘T2A ‘TTA ‘A ‘A £ SNTOq-AT TEICTATZIZTIIA 3dog snfoq €1
_ ps
nel ==
ney ‘N pur Zh ‘D 'TA 'TD ey z I3pI0 18T ZTABTATO®RY 3doz TTRIO 2T
_ ps
nel ==
nel ‘N puL Ted ‘TTH ‘¥ ‘A ‘e z ISpIo 3ST TZEZTIIARY 3doZ TTRIC  TI
_ ps
(s) eTq=TIEA UOTFIEIFSTUTWPY UOT3ESTIDIUEIE 3do gndur sureN

pepeosN
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2.2. TURNOVER RESPONSE MODELS

ion

iminat

Menten el

1S-

PK models with Michaeli

Appendix 1.2

nel ‘WHN2s0p

P

uy ‘wa ‘en ‘20

e T adog
HHSS0P s fzp TR 'Ta ey E ISpIo 3sT ugUAEAZOZATETARY 3dRE TT®I0 ST
E3 RIS Op pu W wp ‘TEX T _ . _
I2pIC 1S UK e do BIO
HHSOD DS 7y izTy ‘ey  E pIo 3ST JUATEAETATZIZTNEY 3ddog TT FT
nei ‘JUIL‘WW2S0P pu o ‘mp ‘EA - —
UOTSNIUT- UK dog uoTsngut
TUTL “HHSSOP ps 1% iga T8 ‘T E TSNIUT-ATL UAEAZEZATETA 3dPE UOTSNIUT €1
nej ‘IUIl’WW=SOp pu us{ ‘wa ‘TEX ‘ETH - - -
UOTSNIJUT-AT W dog uoTrsngut
TUTL “HHSSOP ps 7Y ZTH A € ISTIJUT JWATEIETITTIZTIA 3doE I ZT
s ‘wp ‘gA - -
- = e do
ps 78 iza T8 ‘Ta € sSnToq-AT WIWACAZOZATOTA 3dPg snioq TIT
us{ ‘wa ‘TEX ‘ETH - -
- s snToq—- UK dog snTo
P 7y ‘zTH ‘. © TOg-AT JWACTITEITZAZTIA 3ddE snToq 0T
nel ‘WWascop pu o fwpa — —
e do
I s izp B TA ey © I9pio 3ST WHUAZADTARY 3doz TT®I0 6
nel ‘WWascop pu o fwpa — —
I2pIC 1S UK ' do BIO
e DS 7y ‘zTH ‘A ‘e © pIo 3ST JUATZIZTIARY 3doz T 8
nej ‘IUIl’WW=SOp pu un{ - —
_ AU do
e ——— s up iz B fTa  © UOTSTIUT-AI WHWAZADTA 3ddz uoTsSnur L
nej ‘IUIl’WW=SOp pu un{ - —
UOTSNIUT- UK doz uoTsniut
T —— DS iy Tz ‘7T ‘a © [SNIUT-AT JWATZIZTIA 3d0Z ISNFUT 9
- ps  za B W z SNTOG-AT uRuAZABTA 3d0Z snToq g
- ps P . g snToq-Al WHWATZIZTIA 3doz snToq  §
WA ‘TEHO‘ZTA A
fEY THREOp o un{ ‘wpfa ey T IspIo 3sT wquasey 3doT [TeI0 €
WH=250p ps
ne3 ‘JULLWASSOP pu o ‘a UOTSNIUT-AT wuguas 3doT uoTSnIuT
JUIL ‘HW=2SCD ps e T ISnIUT qWAA 3dOT UOTSNIUT 2
- ps un{ ‘wp ‘A T snTog-ATl wquAA 3dOT snToq T
(s) sTqeTIEA
UOSTIEBIJSTU UCSTIESTISYIURIE ndu SUeE
— T3eI3STUTWPY T3esTIaq 4 3do 3ndur N
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2.2. TURNOVER RESPONSE MODELS

Appendix II: list of models in PD library

The implementation of the PD models in the PFIM software differs if the PD model is used
alone or linked to a pharmacokinetic model. The immediate response models used alone are
described in Appendix II.1. The list of the immediate response PD models for PK/PD is thus
given in Appendix II.1 plus those of Appendix II.2. Lastly, the list of turnover PD models for
PK/PD is given in Appendix II.3.

For the case where a PK model with linear elimination is associated to a turnover PD response
model, the PK model is written with a differential equations system. Consequently, only some
PK models from Appendix 1.1 are implemented:

- for IV bolus, only single dose models

- for infusion and oral absorption, single dose and multiple doses
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2.2. TURNOVER RESPONSE MODELS

Immediate response PD models for PD only

Appendix II.1

0s ‘eumed ‘gD ‘XPWl  JSuod XewIvuwed psuwt FT  euwed ‘gc) ‘Xewl  TTNU XewIvuwed psuwt L
05 ‘05D ‘xewl 35U0D XEWI PouUMT €7 05D ‘xewl TINU XEWI PSUMT 9
05 ‘eumreb QgD ‘Xewd  3SUCH Xewgeuneb poumt gl emreb ‘gg) ‘Xewd TTNU Xewgeumnrel psumt g
0S ‘0g) ‘xeus 3suoD Xews psumT 1T 0SD ‘xemy TINU Xewsm psumT ¥
05 ‘bBoTy¥ 35uU0D BOT PSWMWT QT boT¥ TINU 6OT PaumT ¢
0s ‘penby ‘UrT¥ 3suco penb paumt 6 penby ‘uTTyY TINU penb psumTt g
05 ‘UTTY 3SUCD UTT PoWMT g UTTy TINU UTT PSuUMT T
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2.2. TURNOVER RESPONSE MODELS

Immediate response PD models for PK/PD

Appendix 11.2
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2.2. TURNOVER RESPONSE MODELS

Turnover PD models for PK/PD

Appendix I1.3
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