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Definition of PBPK Modelling 5

Wikipedia:

Physiologically based pharmacokinetic (PBPK) modeling is a mathematical modeling
technique for predicting the absorption, distribution, metabolism and excretion (ADME) of
synthetic or natural chemical substances in humans and other animal species

= 108 ———— Skin =———
o —
{ £ RN
Q*a c f Muscle
i % 1= 2
LT E ﬁﬁ' Plasma F
F‘. _w\‘w;\tq o
’ ‘ o ) § 041 \\é ,/
\

7 ﬁ
Brain [—— -

Qorg ) Corg Qrg i CBIut I f 1_\\ t

— 0 2 4 6 8 10

PA,q
Corg = Korg * Caiut

Page 2 Introduction to PK-Sim 5 Workshop Bayer TeChnO]OgY Services



Early PBPK modelling EER

The general idea was introduced as early as 1924 H. w. Haggard. The Absorption,
Distribution and Elimination of Ethyl Ether. The Journal of Biological Chemistry. 59. 753-770. 1924.
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The general idea was introduced as early as 1924: H. w. Haggard. The Absorption,
Distribution and Elimination of Ethyl Ether. The Journal of Biological Chemistry. 59. 753-770. 1924.
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Correlating In vitro data with in vivo PK BAYER

AM<pm

Physico-chemical-/ Pharmacokinetic-/ADME-
in vitro properties in vivo properties

« fraction dose absorbed
* bioavailability

e octanol/water PC
* membrane affinity

* HSA affinity  organ/plasma PC
* solubility * clearance
» Caco2-permeability * Crae Tmax

» Polar Surface Area « free serum concentration
* microsomal metabolic rate e respiratory uptake ratio

Page 4 Introduction to PK-Sim 5 Workshop BayEr Technology Services



Correlating In vitro data with in vivo PK BAYER

AM<pm

Physico-chemical-/ Pharmacokinetic-/ADME-
in vitro properties in vivo properties

« fraction dose absorbed

* bioavailability
 organ/plasma PC

* clearance

* Cmax1 Tmax

» free serum concentration
e respiratory uptake ratio

 octanol/water PC

* membrane affinity

» HSA affinity

* solubility

» Caco2-permeability
 Polar Surface Area

* microsomal metabolic rate

PHYSIOLOGY OF THE ORGANISM

organ volume and composition, blood flow rates, pH, effective accessible surface
area, gastric emptying and intestinal transit time, feeding status, gender, age, ...
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Parameters of a PBPK Model

BAYER
E
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e Organ volumes

* Blood flow rates

e Tissue composition
* Expression levels

e Turnover rates

N _/
v

available in literature
—=is contained in PK-Sim

Substance-Specific Parameters

Passive

» Partition
coefficients

» Permeability
coefficients

> ...

- /)

. h'd
Predicted from
physico -chem.
surrogate parameters
- done by PK-Sim

Active

» Rate constants

-

(Vmax’ Km) for
elimination and
active transport
processes

-
determined

in vitro or fitted
from in vivo data
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PBPK Challenge & Opportunity

How to predict pharmacokinetics in
humans and/or other species?

|
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PBPK Challenge & Opportunity (&

Set up whole-body physiological pharmacokinetic model
Integrating all available data as a quantitative
representation of biological processes driving
pharmacokinetics

= Pharmacokinetic-/ADME- in vivo properties
= Physicochemical-/ in vitro properties

= Physiological properties

Z>.

Ei—
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PBPK Challenge & Opportunity

Set up whole-body physiological pharmacokinetic model
Integrating all available data as a quantitative
representation of biological processes driving
pharmacokinetics

= Pharmacokinetic-/ADME- in vivo properties
= Physicochemical-/ in vitro properties

= Physiological properties

. |
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Position of Regulatory Agencies (FDA) 5

‘Physiologically based pharmacokinetic (PBPK) modeling and simulation is a tool
that can help predict the pharmacokinetics of drugs in humans and evaluate the
effects of intrinsic (e.g., organ dysfunction, age, genetics) and extrinsic (e.g.,
drug-drug interactions) factors, alone or in combinations, on drug exposure.

The use of this tool is increasing at all stages of the drug development
process.’

Zhao P et al., Clin Pharmacol Ther. 2011
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Regulatory Submissions with PBPK Data
(provided by FDA)

B Absorption

B Pharmacogenetics
¥ DDI+PG

M Hepatic Impairment
M Pediatrics

= DDI

Areas of application in the 33 PBPK submissions in
IND/NDA received by FDA’s Office of Clinical
Pharmacology from 2008 to 2012 _ _
Slide from A. Edginton,

Huang, Abernethy, Wang, Zhao, Zineh, J Pharm Sci (submitted) ACOP 2013
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Main Area of Application: -
Special Populations R

]
A\
b4

®
»

|

P 0 Introduction to PK-Sim 5 Workshop Bayer Technology Services



B

A
BAYER

E

R

The BTS Software Platform

/Import & Export\ 4 Software Tools N Common Core\
> Excel® S T .PK‘SIM® [ Simulation Kernels }
PBPK modeling & simulation
i SBML . *
seawe 1 @ MoOBF
h Biological modeling & simulation "

-+ other -
a i > o ]

SN N
MoBi Toolboxes / B Rt

Interfaces for E‘ MATLAB® (teChmcal Computlng) /‘.l:"/
E R (statistical computing) -
N\ " A\ /

(Excel® is a registered trademark of Microsoft Inc., Redmond, USA; MATLAB® is a registered trademark of The MathWorks, Inc., Natick,
~ USA; Ris a prodyct of the R Foundation for Statistical Computing, Vienna, Austria; PK-Sim® and MoBi® are registered trademarks of Bayer
Technology Services GmbH, Leverkusen, Germany)



BTS Systems Biology Software Suite: Multiscale BA
Mechanistic Modeling \

From Molecule to Organism

gy mm

‘ PK‘Sim® &:{ MOBi® Toolbox for MATLAB®
Mo @ EiMo | ToolboxforR
.n. et
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PK-Sim for academic Users 5

e |tis for free!

* The software will be used only for academic purposes without any
commercial background

e If PK-Sim is used in research or data analysis, it consequently has to
be cited in the resulting publications

* You will allow Bayer Technology Services GmbH (BTS) to mention
your Group/Department/University together with its logo on BTS
homepages and other marketing material

* Inquire at info@systems-biology.com

23./24.09.20
13
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New Software Platform with PK-Sim 5 and MoBi 3 BA\ZER

R

@ Bayer Technology Services @ Bayer Technology Services Shortlist new Features:

Cror
JHIL

From e sm Complete Redesign; new modular
@PK-Sim'5 EiMoii 3 Building Block Concept
© Modular concept — more flexibility o Advanced mechanistic modeling —
o New Gl model — precise prediction PD/DDI/ disease progression . . g
of drug absorption  Expert toobaiss — Indviduakzed Full integration and compatibility
o Integrated databases — workflows, MCMC, NLME _Cim® ®
DrugBank, UniGene, ArrayExpress o Automated processing — sensitivity between PK-Sim® and MoBi

analysis and parameter identification

Better target concentration accuracy:
PK-Sim Express®

New compartmental gastro-intestinal
transit model

Full transparency and improved user
convenience: History and Rollback
function

Improved layout of spatial model
structure view in MoBi®

Enhanced Flexibility, Accuracy, and
Data Sharing:
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New Software Platform with PK-Sim 5 and MoBI 3

BAYER

@ Bayer Technology Services

TO|

@PK-Sim'5
© Modular concept — more flexibility
o New G| model — precise prediction
of drug absorption
o Integrated databases —
DrugBank, UniGene, ArrayExpress

nn
Ul

;Ci-j Bayer Technology Services

From Molecule to Orgz

EiMoli 3
o Advanced mechanistic modeling —

PD/DDI/ disease progression

o Expert toolboxes — individualized
workflows, MCMC, NLME

o Automated processing — sensitivity
analysis and parameter identification

Shortlist new Features:

Complete Redesign; new modular
Building Block Concept

Full integration and compatibility
between PK-Sim® and MoBi®

Better target concentration accuracy:
PK-Sim Express®

New compartmental gastro-intestinal
transit model

Full transparency and improved user
convenience: History and Rollback
function

Improved layout of spatial model
structure view in MoBi®

Enhanced Flexibility, Accuracy, and
Data Sharing:
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o Integrated databases — workflows, MCMC, NLME
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convenience: History and Rollback
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New Software Platform with PK-Sim 5 and MoBI 3 BAYER
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PK-Sim Model structure ¢ER
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Model structure Organ substructure

4_ Co 0 Q"Jg—lf

PxSA Transp.in  Transp. out

o pisacer |
e |
|
—
‘ —
| \ {\ : N
"'r Bone =
/. = Brain =
| < = Spleen =
"*-) ‘
I
Cred’, _ Arterial Blood -

Basic PBPK model structure and organ substructure implemented in PK-Sim®
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New Fully Compartmental Gastro-Intestinal Model [(BAYER

¥ Stomach | [ stomach Small Intestine
| E— /|
i \/\ Lumen / ’ Mucosa Nonmucosa
Portal Vein W Ducden Ducdenum
I
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C\r L4 ‘\‘ _—L/__ | ——W“‘ ]
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b Brain . Liquid @ | Cell _‘\‘ BC ! - %
= Spleen = l l ¥ Iy =
A ]
. :
Colon (Luminal segments) ‘ Arterial Blood o
‘ Portal Vein ‘
Arterial Blood /

Basic PBPK model structure implemented in PK-Sim® and detailed model structure of the gastrointestinal
tract. For better visualization, the large intestine is not shown.
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A New Compartmental Gastro-Intestinal Transit A
BAYER
Model E
R
12 compartments representing the lumen of the Gl — /}"_" . s
tract from stomach to rectum o SR o
Varying properties: /%’w@t——- = L
 Dimensions / N N Ci === HINI ||
2 e INIH .
e pH values /% @L;*“# :__"" = il
e absorptive surface area /gE @.B,~ @ﬁ_ sl g
i bt Arterial Blood |
e transit times Porta Ven : g
11 compartments representing the intestinal Q% & G T
mucosa which is (subdivided into enterocytes, """"“"l —— R
interstitial and vascular space) - —
Explicit representation of intestinal mucosa allows %_i e ekl
to account for — == |
. . . (<) a5 |
e CYP distribution @n@ CL e
e transporter distribution ~ o =
Feces | Large Intestine

Thelen 2011/2
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Integration of Expression Data B

EST Array
(UniGene) (ArrayExpress)
Download,
automatic processing

and curation of data
Expression
Database

l

RT-PCR
(Literature)

1. PBPK model considering
simple hepatic and renal
clearance processes

FPBPK model extension by
literature known processes 1

PBPK mode! building .
additonally |
e integrating tissue
2. P BPK model_conmderlng expression profiles
acidic degradation in
Gl lumen and hepatic —

uptake by OATP1B1

3. PBPK models additonally
integrating experimental
expression data
PBPK models with tissue expression profiles

Classic PBPK models

Bayer Technology Services




History and Rollback function \&

We judge it a fundamental neccessity with regard to transparency that for PBPK models
visible and that all calculations can be independently reproduced.
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A
The PK-Sim Building Block Concept BAYER
R
Independent building blocks for: ny - Pk
o IndiViduaI File | Modeling & Simulation | Utilities =

 Population “j ‘ . . '.-1!

Undo AddLabel... Individual F'l::pulahon Compound Formulation Administration Ewvent

’ CO m p oun d History Create Mew Building Blocks =
 Formulation B g Blocks

e Administration Protocol %3 | individuals

e Event - fig Populations

- . Compounds

Active Processes such as renal
and hepatic clearance, protein
binding etc. are allocated when a
simulation is created from the - B Events
corresponding building blocks. - & Observed Data
Building blocks can be saved to

create an evolving repository.

__i Formulations

E‘C] Administration Protocols
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PK-Sim: Workflow — Quick Guide 1 YER

p
| s M‘“@ bt GE“““““* El_u
File Modeling ' Ll ~ @

“7& a ) BNR E g 7ZE B8

Undo  Add Label.. [mi\umd Population Formulation erislrahm Ewent | Create Fun Stop Resuliz Summary ObSE| v Create MoBl | History Building Simulations

Flot Data Report Blocks
History Create New Building Blodcs Simulation Impaort Export Panel View
Ch e [
a Individuals

fi Populations

- & Compounds /

a Formulations

- [ admnstrason Protoc 1. Define all components of your \
-l virtual trial in the respective
building blocks.

8 L Use the buttons in the ribbon :
group to enter the required |

properties for at least one

individual, one compound and '

one administration protocol. |

\Q > |

|?_.'Histor\r | I

Project: Undefined | 5.0.1-Buid 2487
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PK-Sim: Workflow — Quick Guide 2 YER

PK-5im® Mext Generation

~ @

SLIEIEEREL

> & S =l B rad

Run Stop Results Summary = Observed | Create  Mofi | History Building Simulations
[ ]

Flot Data Report Blocks
Simulation Impart Expart Panel View

File Modeling & Simulation | Utilities

9 & £ s A

Undo Add Label...  Individual Population Compound Formulation admlnlstraton Event § Create
Protocol

Histary Create Mew Building Blocks

G- @ Individuals

[ Human2 ~
L] umans / 2. Create a simulation by \

(S fi Populations

'l Fopuaton combining the defined

T ‘ff;“f:::jjmz building block components. |
i j;’;j:::::d“" | Note: properties of the individual
(e.g. Expression of CYP3A4) will be
matched with properties of the |

compound (e.g. is substrate of
CYP3A4).

N / I

| lzHistoryI |

[=]
E]
£ ] s
a

Project: Test2_RC1_Handbuct C:\TempYTests\Test2_RC1_Handbuch.pksims | 5.0.1-Build 2487 7
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PK-Sim: Workflow — Quick Guide 3

A
BAYER
E
R

(@ . @ PK-Sim® Next Generation =)
TM| Utilities -~ @
94 MM A0 EBE@EHEEE © OEZEBS

Undo AddLabel... Individual Population Compound Formulation Administration Event = Create | Fun Stop  Fesults Summary — Observed | Create  MoBi | History Building Simulations
Protocol Plot Data Report Blocks

Histary Create New Building Blocks Simulation Import Expart Panel View
F_—"L':E:uilding Blacks

]

- ﬂ Individuals

@ Human3 3

=3 fi Populations

I
E
El
o
=]
[x]
N

Run simulation.

Fi Fopulation
5 &, Compounds

.! =

| Z History |

Project: Test2_ RC1_Handbuct C:\Temp\Tests{Test2 RC1_Handbuch.pksim5 | 5.0.1-Build 2487
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PK-Sim: Workflow — Quick Guide 4

B \
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BAYER

E

R

i
s e o Smustion HumanlV'-PK-Sm® NedGeneraon L= [ o
File Modeling & Simulation | Utilities ~ @

Gj'l@ D o 4 BEE)BCEH|I®E|O8 7 E 5

Undo AddLabel... Individual Populahon Compound Formulation Administration Ewent @ Create  Run Stop Results Summary | Observed | Create  MoBi | History Building Simulations
Protocol Plot Data Report Blocks
Histary Create Mew Building Blocks Simulation Impaort Export Fanel View

o= [ ]| 5 simulation: *Human Iv: @-l
= E Individuals | [E]Parameters | 5" Results (3]

e

[ Human2 1 9—
] e e \
=8 fi Populations
PP — 4, Compare
o 5 Conponds |3 simulation results
----- Compound2 i
e 3 oo to your observed
----- E;\( Compound3 g )
B _’Formulahons E data In MS Exce|®
S o0.00t
g format.
(=]
© — = ||IM 4/
0.0001 \.
1E-05 T T T T T T T T T
u] 3 =] ] 12 15 15 21 24
Time [h]
R ‘ i
Show PK-Analysis
Project: Test? RC1 Handbud C:\{Temp'Tests\Test2 RC1_Handbuch.pksim5 | 5.0.1-Build 2487
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A
PK-Sim: Workflow — Quick Guide 5 BAEER

R

i
[ 4 ... smuation: HumanV -PKSm®NeGenertion oo 51

- Fle || Modeling &Smuation | Utilities
9 & B e A4 ES8)>»BCE X O& 75

Undo AddLabel... Individual Populaton Compound Formulation Administration Event | Create Run Stop Results Summary = Observed  Create  MoBi | History Buiding Simulations
Protocol Flot Data Report Blocks

History Create New Building Blocks Simulation Impart Export Panel View

(=3 @ Individuals

Body weight 73.000 kg
[ fi Populations
- Volume (kidney) 0.4331
r. Population Blood flow rate {kidney) 1.325 Ifmin
[Sh ?y“".[ Compounds : agatocrit 0.470

unbound (experiment) 0,200

Refine your [— _ TEmiming el ||
PBPK mOdeI dearance 3.635 1jmin | |l ||

5:\( Compound2
----- g\( Compound3

_’ Formulations

if desired.
|
U
Ul
CYP2CS-Test
) - Distribution |
b - Permeability
DDD ----- Favorites
or
|Sirnple 3 || |
|'gHismrwI |

Project: Test2_RC1_Handbud C:\Temp\TestsiTest2 RC1_Handbuch.pksims 5.0.1-Build 2487
— = — -—A
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PK-Sim: Workflow — Quick Guide 6 BAYER

-
BE =00 Smtion: Human V.- PKSim® Net Genertion =B e
- —
File Medeling & Simulation | Utilities - @

9 & £ ia & EE)>DBSE K O& ZE S

Undo AddLabel... Individual Populahon Compound Formulation ndmlnlstrahon Event Create Run Stop Results Summary = Observed  Create  MoBi | History Building Simulations
Protocol Flot Data Report Blocks
History Create New Building Blocks p —u il Export Panel View

= I | 8 s Homan

=8 @ Individuals =

@ Huma
@ Huma Origin Data

=N fi Populatio| Species: Human
P Population: European (ICRP, 2002)
r.- Gender: Male
Age = 30,000 years 0.01
[+ & Compoun Height = 176.000 cm
. Weight = 73.000 kg

Use mouse-over a
tooltips for more
information.

ma-Compound3-Conce
mpound3-C_pls [

1071p3 JELD

Calculation Methods ; o

Endothelial surface areas: Organ vascularization \

- g Pt 7 e H Edit and customize
| chart settings
~ o according to your

Use history function to needs.
display the complete —
Pl working history and roll || mmer
back to any step if 1 . |
desired. u

Project: —RC I_Hanaoa T TEmpT TTEETZ_RC LT DRSS | 5.0,1-Build 2487
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Demo: Insertion Of An Active Transport sk

Objectives:

Input and adjustment of clearance parameters
Simulation of organ concentrations
Hypotheses testing

Clone a species

a s~ e

Insert active transport mechanism

Background:

* Passive distribution rates into organs are determined by the permeability surface area
products (PxSA,, and PxSA,,.). These PxSA-values are rate limiting if the blood flow
rate to the organ is larger than PxSA, otherwise the model gives way to a blood flow

limited scenario

* However, in addition to the passive distribution into organs active transport processes
can play a significant role, in particular if the affected organ is involved in the elimination

of the compound

Bayer Technology Services




PK-Sim®: Sub-structure of the PBPK
Model

= Each organ is further divided into
sub- compartments representing the
cellular, interstitial, and vascular

space (plasma and blood cells) — Cp|
= The plasma and interstitial space IE- i
are represented as two distinct D i
compartments (four sub- m
compartments per organ) |

= For each organ:

®* metabolizing pathways

e different active transporter types
(influx, efflux, Pgp-like)

Bayer Technology Services



PK-Sim®: Sub-structure of the PBPK

Model

BAYER
E
R

Body-specific parameters:

= Volumes (Blood Cells, Intracellular,
Interstitial)

= Flow Rates (Q,,,)

Mixed parameters: Physiology &
Substance:

= Permeability Surface-Area products
(PXSA,) = passive diffusion

= Organ-Plasma Partition Coefficients >
concentration ratio at equilibrium (K,,,)

= Metabolic Rates (V| .., K;,)
= Transport Rates (V. K,,)

A_ Cpl ﬁ Q"Jg—l—

PxsA Transp.in  Transp. out

sistessntes] | PH
ull“illl s
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PK-Sim®: Distribution \

Am

1.: Blood Flow Limitation

Qorg

G B|00d FlOw

DI A Trans1l -+ Trans N

SEIEESELALL  ISueeasaediitd | SESSRRSANE | IRRARRLNE

Willmann et al., Biosilico 1(4), 121-124 (2003)
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PK-Sim®: Distribution \

Am

2.: Permeation Limitation

Blood Flow

\
SEEEELSLEINY SSSsessasditty | BESSERSASE || INASRARAS

Willmann et al., Biosilico 1(4), 121-124 (2003)
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Understanding PK — Need for a transporter

Example: Di-Carboxylic Acid: Substrate for Transporters ?
1 T | T 1 : | T T - T
: : 1000 E
Plasma concentration time : ¢ Experimental Data | i
curve assuming passive % —— Simulation: passive
distribution deviates from g ‘
experiment. = 1005 3
o ]
e
©
S 10- i :
c
Q L
Q L.
© 14 ;
£
wn
£
7 ]
0:1 | I | I | |
0 2 4 B 8 10
Time [h]
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Understanding PK — Need for a transporter

BAYER

omM<>o

Example: Di-Carboxylic Acid: Substrate for Transporters ?

Inclusion of an active transport
process in the liver yields an
almost exact match.

ST SR | JWesHi | WL

Plasma Concentration [mg/L]

1000

100

—_
o
T | M

-
P | P

o
—

¢ Experimental Data
— Simulation: passive
+ active Transport

Time [h]
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Science For A Better Life Questions?
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