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e [ntroduction: PBPK modeling with PK-Sim & MoBiI
e Oral absorption and dissolution modeling

* Concept

* Examples

* Implementation
e Summary
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Physiology-based pharmacokinetic (PBPK) 2 )

BAYER

modelling with PK-Sim \ R

p—p

[
) L

\ £/ * extensive data collections of prior biological and

7 BN\ Portal Vein
! h .
|

Physiology-based pharmacokinetic (PBPK) models

| in OIMMPTIenensive representatlon Ol experimente
A PN — Bone
'\i ; ; B from different scales of biological organization
i/ | —> pleen

\u dl'/ Lung
|
_ Arterial Blood /
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Platform Concept:

Integration of PK-Sim, MoBi and Interfaces Provide

Flexibility and Transparency

E
R

e

Import & Export Software Tools

= ®
PK-5
. a>1l1]
SBML* PBPK modeling & simulation
v
SCAMP* Qo =-Q
<+ EiMoi +
O 0
other Biological modeling & simulation
A
v

O) 3
E‘ MATLAB® (technical computing)

| MoBi Toolboxes/

>

Common Core

Simulation Kernel

4 MODEL
Qo (XML-Formulation)
Interfaces for ﬁ R (statistical computing)
*import functions to be updated to latest version ! ‘ Eissing 2009

Page 5 www.systems-biology.com



Ij

What is PBPK Modeling good for? LB
Translational Modeling \

Am

Physiologically-based Extrapolation

Interspecies scaling in preclinical development

FEH R Y L

Clinical development

scaling from ,healthy volunteers* to extrapolation to new experimental conditions e.g.
special populations, e.g. - dosing schedule change

- children or elderly - formulation change

- obese individuals - co-administration of other drugs

- diseased individuals - surgical interventions (ventilation,

(renally/hepatically impaired, COPD, CF...) cardio-pulmonary bypass...)
- special genotypes - charcoal block, bile-duct blockage &
- and combinations of the former! cannulation
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Simulation of Intestinal Absorption

>

BAYER

Multi-compartment model for stomach, small and large intestine:
[ stomach_|

12 compartments representing the
lumen of the Gl tract from stomach to

7~

/

Small Intestine

rectum; varying properties
(dimensions, surface area, pH)

Each segment contains physiological
liquid volumes (Liquid) and drug in
solution (DIS)

Solid dosage form (SDF, e.g. Tablet) G|
Is transported along the Gl tract
independently

Once released from SDF and
dissolved according to the dissolution
function, the drug is transferred from
the SDF species to the DIS species

11 compartments representing the
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intestinal mucosa which is
(subdivided into enterocytes,
interstitial and vascular space)

Portal Vein

| Arterial Blood

Y
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... Similar structure for large intestine
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General Features & Dissolution Options  (a.ex

R

General features

= Separation of liberation, transit, and absorption

= Representation of food including caloric content to account for food effects
= Enterohepatic cycling and multiple applications can transit at any time

= Mucosal blood flow provides physiological absorption into the blood stream

= Active processes such as transporters (apical and basolateral) can be added

PK-Sim offers predefined options to model drug dissolution
= Weibull, Lint80, zero- and first order functions
= Table read-in and particle dissolution

= Customized solutions for dissolution and absorption can be implemented by a
modelling expert

Page 9 www.systems-biology.com
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Model for Passive Absorption R

Intestinal permeability is based on a modified semi-empirical equation:

P (MW, , MA) = 265.796 * MW_;***® « MA[cm/s]

100 - 7 Ampicillin L »

ngph_alexine Y i
(modified from D. Leahy et al. in Novel Drug Delivery o0l VA"””“'C"'”vCEfadm” ﬁ’ s7e 9 |
and Its Therapeutic Application (1989)) ’
80+ .
Model for the intestinal £ 7 ;
permeability coefficient was build | ™ 1
using a data set of 111 passively £ 50 VRaniidine 1
absorbed drugs with no solubility | ¢ 4 :
limitation at therapeutic doses. 2 30l -
An excellent fit was obtained 20¢ ]
(correlation coefficient: 0.970). 10} Sulfasalacine 7
. %7 Doxoruhicin
Seven outliers are known to be or | | | | 5
i 0 20 40 60 80 100
substrates to active transport prediceed human F,_

Thelen et al. (2011) J Pharm Sci. 100(12):5324-45.
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Integration of Dissolution Data R

* Eight model drugs with different physicochemical properties
e Established models for IV and PO (solution) administration

* Integration of the dissolution kinetics of various dosage forms of the eight drugs by fitting
the Weibull equation to in vitro dissolution data

» Extrapolation of plasma concentration time profiles from the in vitro data

2
4
Y

g

- MW B
g

!

Aelelovir [iM]

Furosemide [uM]

digsolved [%4]
o = M ow s

=
=]

g

dissolved [%]
3

100

dissolved [%]

Cimatidine [pM]

wop [ S [ 9 s

g - S 40
v v
“: v £330 vvv -
L ) Z2f e
s 10+ % 5
[1] " ) .
5 10 1 ) 5 5 i n i

time [0 time [h]
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Analysis of individual data R

Diclofenac: 2 2 — T
o _10 10 :bmysa[h]
e Poor prediction of mean plasma ze
concentration time profile of :.
Voltaren®50 enteric-coated (EC) B
tablets L
« Individual plasma concentration HE - FaEn R
time profiles of diclofenac EC e - e
tablets were simulated for GETs :.
varying between 0 and 200 min. i L

T g Of the Weibull function was
extended by the same factor

GET__-0[n] GET

b 045 e 275 1] twe 1ET ]

23[h] GET,,, 1 42[H]

* Deviations between mean .
predicted and mean observed y
plasma concentrations were ;! .
attributable to the large variability A et
in GET of the EC tablets Thelen 2011

Diclofenac [uM]
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Analysis of individual data

>
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Furosemide:

* Likewise, poor prediction of mean s ucomn 3
plasma concentration time profile of the {4 o o
acidic drug furosemide based on invitro Fz/ =

B Mo,

o
[t

o
w
o
w0

dissolution data obtained at pH 5.8

* Combination of dissolution profiles L
obtained at pH 2.6 (for t < GET of non- ’ :
disintegrated moiety) with those
obtained at pH 5.8 (for t > GET of non-

[:;]
T
|
=
g
é,:&
o &
g &
3 2
=
% digsolved
"
8

N

Furesemide [uM]
oy

disintegrated moiety ’ ’
e Meanwhile, dissolved furosemide A /f
leaves the stomach according to the B
emptying rate of the liquid RN
* Six scenarios were tested for lag times ’ T omem ’

of 0, 10, 40, 70, 130, and 190 min in
gastric emptying of the non-
disintegrated moiety

Furosemide [uM]

Furosemide [uM]

Furosemide [UM]

B
= _ 1o .
T OFTypg 10 Imin] 2
6 Loy et s0mn § 50
# g
4 o3 B
7|3__ )
2r o O e,
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o Vg R e i
0 3
time [h]
D
1m0 -
& GET apyge 70 ImINI %
t | (data): 120 [rin] g 50
* g
4 o308
Al 0.
\o. “‘I'
. [
o ST
. o F Eyrr
0 3 8
time [h]
r
1o
& BT gy’ 190 i) %
o Cdata) 240 froin] g 0
==
al
2l
4]
time [h]
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Cilostazol Kinetics in Dogs 2)

BAYER
Challenge to relate in vitro dissolution to in vivo absorption R

Comparison of dissolution and absorption rates (jet-milled, fed)

F

= 20 % A } =

0% ® in vivo absorption -

0 2 4 6 8 10
Time [h]
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Cilostazol Kinetics in Dogs 73
. . . . . E
Model can bridge in vitro to in vivo R
NanoCrystal - fasted NanoCrystal - fed
1. Fitin vitro measured particle- " "
size distribution with log- g, E ]
normal distribution § 4 i § g
100 % - 1" . . { : . 1" . ‘ . . .
5 80%: ’ ’ :’ime [hT ’ " ’ i fl'ime[h? : N
g . Jet-Milled - fasted Jet-Milled - fed
g 40%: 2. 2,
S o] O 2 A i
0,1 1 10 100 ° o ° o -
Particle Diameter [um] o 2 4 & B 10 o 2 4 & 8 10
Time [h] Time [h]
2. Input distribution into software | —— enmertiee e
and predict in vivo absorption = ] =] 3
N 2" X
Rate and extent of absorption § § } §
well predicted under fasted and 5 /H\L}L‘ 5 .| 5
fed conditions A A S T S SR SR A S S
Time [h] Time [h]
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[ug/L]

[mg/L]

>

Drug X — PO, IR tablet, fasted 5/

60 mg 80 mg
600
Fabs: 53.8 % Fabs: 41.1 % ~abs: 33.6 %
<
S
¥ S 3 - ]
30 40 20 30 40 0 40
time [h]
10° 103E 10
107Gk ! 102 1 10°
*e BN S : oz,
10" o r 10 b4 : Lot - — - S 3
b i
0 0 0
10 10 20 30 40 10 10 20 30 40 105 10 20 30 40
time [h] time [h] time [h]

Good description of the solution and IR tablet administered in the fasted
state at various dose levels !
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Drug X — PO, IR tablet, food effects

10 mq, fasted state

Fabs: 97.1 %

time [h]

0 10 20 30 40
time [h]

10 mqg, fed state
Fabs: 100 %

30 40
time [h]
3
10
2 P
10 T~
S LY
10 S
210 *
-1 \
10
10°
0 10 20 30 40
time [h]

20 mq, fasted state

Fabs: 78.8 %

._.
o
(=)
E
7+
L

0 10 20 30 40
time [h]
3
10
10° =
2101 k * +
(=]
=5 R 2
=0 8 1
10 ¢
10"
10 20 30 40
time [h]
20 mg, fed state
500
ol Fabs: 100 %
v +
= 300(7f
e N
100 \" XA v
/3 R -
0 10 20 30 40
time [h]
3
10
10° B~k
210, 4 X
2 0 \g\ /‘; X
10 ] q
1
10 10 20 30 40

time [h]

Good description
of the influence of
food on the
absorption of IR
tablets !
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Drug X — Absorption Site Study

>
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IR tablet orally

Fabs: 97.1 %
8 60 72
v
-1 \\__
10
-2
10
0 12 24 36 48 60 72
time [h]

10 mqg granules to distal S| (LI)

10 mg granules to proximal SI (UJ)

150
% Fabs! 94 %
2100 .
= 5o &
M
o
0 12 24 36 48 60 72
time [h]
3
10
: |
10
1
T 10 - E
o x
=10}«
1
10
2
10
0 12 24 36 48 60 72
time [h]

10 mqg granules to colon ascendens

Good description
of the regional
absorption along
the Gl tract !

100 25
Fabs: 62.3 % o Fabs: 76.1 %
o 20
+
Q f 15 x x ;Fg
2 50 $ =) —_
= ++ 101y
S W a8 ¥ %
- 90 Q 5 ¥ 3 2
0 3 ¥ ‘
0 12 24 36 48 60 72 0 12 24 36 48 60 72
time [h] time [h]
3 2
10 10
10° 10"
® ) %
i & T ! i q $
2 10 E—‘ﬁi\ Ed 10 S
10°p 4 10"
-1 -2
10 10
0 12 24 36 48 60 72 0 12 24 36 48 60 72
time [h] time [h]
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Drug X — GITS

controlled-release gastrointestinal therapeutic system formulation

Liquid

Lumen

Duodenum

Drug Solid)  Qparticd

Upper Jejunum

Page 20

A 4
So@

v
@rticl

Lower Jejunum

A

\ 4

@rticl <

Upper lleum

G G @

Tablet
particl

Solid

Lower lleum
) 4 \ 4
Liquid Drug Solid
| |

4

A 4

Q000 «—
Q00 +—

www.systems-biology.com

Q00 «——

000 «—

release [%)]

Palymeric push Expanded push
compartment compartment

Before operation During operation

GITS release profile

110
100
90
80
70 /
60 /’ X Data —
50 / — Simulation
40 /
30 /
/
2 /
10 /
0 2 4 6 8
time [h]
LagTime tablet:
» fasted 30 min
e fed 120 min

10

666T Bunyd



Drug X — GITS population predictions 5/

GITS fasted

GITS fed

[ug/L]

3
10

2
10

1
10

[ug/L]

0
10

[Mg/L]

-1
10

-2
10

-3 ]
10
0 12 24 36 48 60 72 0 12 24 36 48 60 72
time [h] time [h]

Good description of the GITS formulation !
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Utilizing In Vitro and PBPK Tools to Link ADME Characteristics

to Plasma Profiles: Case Example Nifedipine Immediate Release
Formulation BAYER

>

CHRISTIAN WAGNER," KIRSTIN THELEN,? STEFAN WILLMANN,? ARZU SELEN,* JENNIFER B. DRESSMAN'

- 'Institute of Pharmaceutical Technology, Goethe University, 60438 Frankfurt am Main, Germany
2Technol::;gy Package Computational Systems Biology, Bayer Technology Services GmbH, 51368 Leverkusen, Germany
*Office of New Drug Quality Assessment/OPS/CDER, United States Food and Drug Administration, Silver Spring, Maryland 20993

150 1 - |\/

s
o
o
=]
o

200 PO, IR

-
=
Q
S

=
o
o
-
Q
=]

10

100

o

Plasma concentration (ng/mL)

Plasma concentration (ng/mL)

T T T T
200 300 400 500 600

Plasma concentration (ng/mL)
Plasma concentration (ng/mL)

: ) 100 0 160 200 300 400 5;)0 600
Time (min) Time (min)
50
T ! 1 0 = = - 1
0 100 200 300 400 500 600 0 100 200 300 400 500 600
Time (min) Time (min)

Figure 4. Comparison between the in vivo (B: with grapefruit juice; [I: without grapefruit

Nifidepine dissolution and
- . . . juice) and the simulated (pale gray lines) nifedipine plasma profiles. (a) Administration of
I nfl u e n Ce Of g rapefru It J u I Ce 2.5 mg nifedipine intravenously. (b) Administration of one Adalat® 10 mg IR soft gelatine

capsule orally. The in vivo data'? is presented as mean + SD. The inserts display the same plot

we | | d escCr | b e d on a semilogarithmic scale,

Wagner 2013
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m Influence of PNA on Indomethacin Exposure
' after Oral Administration in Preterm Neonates

Maturation function from Anderson etal. is integrated with the Pop-PK model from Al Za'abi etal.

: In(2
Tap. (neonate) = T, (child) x (1 + Baps x gl PHAGEIndayz) o L)
Trormulation

Differences in time-concentration profiles with increasing PNA [days)

Somani 2015

Simulated time-concentration profiles for a pre-term necnate (At PCA 28.42 and PHAGE 0.3, 1 and 2} given 2 ml of 0.2
mgiml of indomethacin suspension. The oral absorption maturation function described in Anderson et al. was
integrated with the model structure (one compartment model) and CL, V parameter estimates from the pop ph study of
indomethacin to very premature necnates with patent ductus arteriosus from Al Za'abi, M. et al..

Anderson, B. et al. Acetaminophen developmental pharmacokinetics in premature necnates and infants.
Anesthesiclogy 96, 1336-45 (2002).

UF College of Pharmacy

UNIVERSITY of FLORIDA Amit & Somani = Center flor Fharmacometrics 2nd Systems Pharmacology = 12-15-2012

60




The New Frontier: Population PBPK

Method

>

BAYER

®) ® Population
% 9 = (u,0)?

Level 1
Individual \ l
Individual Compound
% 0 Level 2
6i = (67, ...,67)
E i tal dat

xperimental data ; S

Yy =01

| Pst(9,64,0° | y) = L(y | 6',6°) « Pr(6€) « Pr(87 | 9) + Pr(9) |

Hierarchical Bayesian statistical model

Prior knowledge from PK-Sim data base, literature and in vitro experiments

Sampling of posterior distribution using Markov Chain Monte Carlo (MCMC) based on the PK-Sim whole body model
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Population PBPK 3
BAEER
Absorption parameters from popPBPK R
Visual predictive check Selected parameter distributions
90& conf range for median 10 30
10 90%confrange for 5 and 95 %ile . -
< ¢ Observed data points e g 20
£ i S g ° g
EN R ¥ PSS S— s £ 10
c [ é &« ® T — & oo @ T
3]
b= 0 0
S 0.2 022 024 026 -5 0 5 10
5 IR tablet lag time IR tablet diss. shape
= M 6 6
S 1071 ¢
© ¢ e
€ N 2 2
7 ‘; - § 4 g 4
o | g g
¢ T 2 I 2
r* 1 1 1 1 1 :\N\‘\‘\\\\I O 0
0 2 4 6 8 10 12 14 5 10 15 20 14 16 18 2 22
IR tablet diss. time offset to lag time Drug spec. int. perm. x10°

time [h]

* popPBPK on clinical data of bioavailability study
* Access to variabilities and uncertainties of PBPK parameters given model structure, data and prior knowledge

« Combined IV and PO (crossover) data set is very informative for absorption parameters
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Platform Concept:

Integration of PK-Sim, MoBi and Interfaces Provide

Flexibility and Transparency

E
R

e

Import & Export Software Tools

= ®
PK-5
. a>1l1]
SBML* PBPK modeling & simulation
v
SCAMP* Qo =-Q
<+ EiMoi +
O 0
other Biological modeling & simulation
A
v

O) 3
E‘ MATLAB® (technical computing)

| MoBi Toolboxes/

>

Common Core

Simulation Kernel

4 MODEL
Qo (XML-Formulation)
Interfaces for ﬁ R (statistical computing)
*import functions to be updated to latest version ! ‘ Eissing 2009
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r.Comparisun a Journal Diagram

Project: PBPK model building
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Hide PK-Analysis

r.Cu:umparisu:un a Journal Diagram

Project: PBPK maodel building  C:\Users\ettei\Desktop\Oral absorption\PK-5im\PEPK model building.pksim3  Journal: Cipro_documentation 6.0.3 - Build 7009
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Summary & Conclusion

Summary

* Examples shown for how to model
different formulations and their oral
absorption in PK-Sim/MoBI to better
understand PK

Conclusion

* PK-Sim is a PBPK tool with a focus on
flexibility and transparency, together
with MoBI leaving a lot of room for
problem specific solutions ...

Kuepfer 2010
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Forward-Looking Statements R
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This presentation may contain forward-looking statements based on current
assumptions and forecasts made by Bayer Group or subgroup management.

Various known and unknown risks, uncertainties and other factors could lead to
material differences between the actual future results, financial situation,
development or performance of the company and the estimates given here.
These factors include those discussed in Bayer’s public reports which are
available on the Bayer website at www.bayer.com.

The company assumes no liability whatsoever to update these forward-looking
statements or to conform them to future events or developments.
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