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Our Experience with MPS: : . T MANCHESTER
(Ayse Ufuk, Tom De Bruyn) LlVefChlp 1824

> Perfusion culture plate incorporates LiverChip scaffold
integrated scaffold permitting formation
of 3D liver microtissues that resembles
the architecture of a liver sinusoid

LiverChip plates

CNBioinnovations

e Liverchip (in house)
1000 ~CORelay method -y

B Hurel Al ’

+HepatoPac > % s ‘ CLinffﬂld
= CLiverChip (other) 5 |
x 100 r 7777777 . g *
c 1 A 5L ) ) )
E | P2 23 o;. LiverChip (in 6 296 4.36
E 10} | o o house)
£ | ¢V T8
T | o241 o o Relay method 11 129 2.00
o 1 Ve l. o y

III f, .
g [ e T, Hurel 13 379 4.60
> | SRS i
£ HepatoPac 17 392 2 a7
01 1 1 1 1 p
0.1 1 10100 1000 LiverChip (other) 16 568 10.7
P

In vivo CL;,; (ml/min/kg)
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MANCHESTER

Initial LiverChip Optimisation Studies 182¢

v' Albumin secretion in hepatocytes cultured in LiverChip™ is stable for up
to 9 days of culture time

v Urea medium concentrations are higher compared to static 2D cultures
v Urea synthesis decreases with time

v’ Effect of culture time on enzyme activity was evaluated
v CYP2C9 activity stable — no significant difference in tolbutamide
depletion and 40H-tolbutamide formation on day 3-4 and days 6-7

v" Inter-day variability based on tolbutamide depletion as a marker was

evaluated
v Approximately 40% variation in tolbutamide clearance was observed

Ufuk et al, manuscript in preparation

Other Team Members:

Tom De Bruyn, Michiharu Kageyama, Alex Galetin, Brian Houston, David Hallifax
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Research Article

Integrated Gut and Liver Microphysiological Systems for Quantitative In Vitro
Pharmacokinetic Studies

Nikolaos Tsamandou ras,l Wen Li Kelly CIIDII,I Collin D. Etliu;_,rtml,l Cynthia L. Stﬂkv.*;,z
Linda G. Griffith,! and Murat Cirit'*

1521-0103/360/1/95-105$25.00 httpy/dx.doi.org'10.1124/pet.116.237495
THE JOURNAL OF PHARMACOLOGY AND EXPERIMENTAL THERAPEUTICS J Pharmacol Exp Ther 360:95-105, January 2017
Copyvright @ 2016 by The Author(s)
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Quantitative Assessment of Population Variability in Hepatic Drug
Metabolism Using a Perfused Three-Dimensional Human Liver
Microphysiological System®!

N. Tsamandouras,' T. Kostrzewski, C. L. Stokes, L. G. Griffith, D. J. Hughes, and M. Cirit

Department of Biological Engineering, Massachusetts Institute of Technology, Cambridge, Massachusetts (N.T., L.G.G., M.C.);
CN Bio Innovations, Hertfordshire, United Kingdom (T.K., D.J.H.); and Stokes Consulting, Redwood City, California (C.L.S.)
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PhysioMimetics

Human Physiome on a Chip

Ask Better Questions

Translational Applications of Organ-on-a-Chip Technologies

Murat Cirit, PhD

Director of Translational Center of Tissue Chip Technologies
Massachusetts Institute of Technology

W B Massachusetts
l I Institute of
Technology

July 13, 2017

Quantitative assessment of donor-to-donor variability in the
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Mixed-effects modeling of drug depletion data
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IVIVE: Major Input for PBPK (and any other QSP) Models

In Vitro to In Vivo Extrapolation

" ,VP-( Liver
% In vitro data HHEP CLuUjy T CLUjy, T
e .ﬁ% * Jmax/Kmy O In vitro p.er per Liver
‘ @ CLuint T CLuint, T g Liver ,.
. SF 1 SF 2: SF3:
REF/RAFyep HPGL Liver Weight
STATE @ ART nature publishing group Kidne

Physiologically Based Pharmacokinetics
Joined With In Vitro—In Vivo Extrapolation of
ADME: A Marriage Under the Arch of Systems
Pharmacology

A Rostami-Hodjegan!-2
Input Data:
Systems . . Drug - Population Library
Trial Design - Compound File
- Project (Workspace)
PBPK-IVIVE

Integrated Models
- Simulation Tool
- Simulation Environment

Linked Models

Output
- Raw Output Data
- Output Environment
- Data Analysis

Assessment of Covariates & Study
Design using PK (/PD)
Simulated the Target Population

In vitro data PTC CLujy, 7 CLujn 1
JmaxKym o1 In vitro per per Kidney
Clujn r CLuj T g Kidney

=

SF 1: SF 2: SF 3:
REF/RAFerc  PTCPGK  Kidney Weight '
Brain
In vitro data H-BMv CLujy 7 CLlujy 1

Imax/Km OF In vitro per' per Brain
CLujy v CLuj, + g Brain @ BBB

H SF 1:

SF 2: SF 3:

REF/RAF e, H-BMVPGB  Brain Weight
Intestine
Caco-2, MDCK- II, CLu, . +

LLC-PK, efc.

Jmax/Km OF In Jejunum 1
CLun T

SF 1:
REF/RAF jgjunum 1




PBPK: Typical View = Nothing New!

] ) > Lung
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How it is done? Integrating system information

Permeability-limited Lung Model (Mech Lu)

4 Right lung Left lung ) Lower Upper
f Il Al Il airway airway I
Low Middle Top Low Top dose
lobe lobe lobe lobe
=
<
a
=3
o]
Z
v
Pulmonary Blood Reservoir (PBR) Gl

Tract

Arterial
Blood

I Lung compartment in the Full PBPK model I

Full PBPK model

7’-"@

Venous

Blood

IV Dose

| Muscle ]
s e

Permeability-Limited Liver Model

Outlet

Metabolism ® o

@ lonized drug

fupy

I Liver compartment in the Full PBPK model I

* Replacement and additional organ

Spleen |-1
Portal Vein
[, Gut |
Sic '

4-Compartment Brain Model

Qscink Spinal CSF
| Qesi { ¢ ranial cSF
ol & 2
[} o)
o d d
Qbrain
+———————Brain blood

Qbrain

I Brain compartment in the Full PBPK model I

Emptying

GUT compartment in
the Full PBPK model

The Advanced Dissolution, Absorption & Metabolism model

g
E
5

=

Segregated
Blood Flows

Permeability-limited Kidney Model (Mech KiM)

Urinal tubule Cell (renal mass) Renal blood

Qvem = qk!dney

Qkidney

C

artery

cb.f -vein

Kidney compartment in the Full PBPK model

Permeability-limited models are available for the intestine, liver,

e Transport across a membrane is often defined as Perfusion Limited

»  But we now define uptake/efflux into/out of selected organs as Permeability Limited

kidney, brain and lung.



Adoption in Industrial Scale

From Academic Nicety to Industrial Necessity

Physiologically Based Models in Regulatory
Submissions: Output From the ABPI/MHRA Forum
on Physiologically Based Modeling and Simulation

T Shepard'*, G Scott?, S Cole', A Nordmark® and F Bouzom® MHRA (PSP 2015)

Application of Physiologically Based Pharmacokinetic
(PBPK) Modeling to Support Dose Selection: Report of
an FDA Public Workshop on PBPK

C Wagner', P Zhao', Y Pan?, V Hsu', J Grillo', SM Huang' and V Sinha'* FDA (PSP 2015)

EDITORIAL

Physiologically Based Pharmacokinetics Is Impacting
Drug Development and Regulatory Decision Making

M Rowland"?, LJ Lesko® and A Rostami-Hodjegan'*



PBPK under the Umbrella of Systems Pharmacology

Multi-Level Hybrid
~ Models: The Framework
Direct Dose Response ~for Capturing, Retaining

PD-DDI, Finney, Loewe, Bliss, HewIett&PIackett Greco Vzlund...'...

Response surfaces & Re-USing the Available

Generalized Linear models (GLM)

PKPD... Systems Knowledge at a

Hill, Indirect Physiological Response, - :
Disease Progression, G |Ven T” | |e
Cell Growth/Death
GLM, Survival Analysis, PKPD-DDI

Receptor binding...in vitro...system response
Equilibrium binding, specific receptors, Operational Agonism
Receptor states, G-Proteins & ternary complexes ... signalling !

lon channel kinetic models ...

Specific Diseases, ......... safety ..QTc..or
-~ TN
Systems Biology X-fertilization .. " . = St
Network response motifs, "3",3 ”:“: & R
Combinatorial targets e
Hill in genetic regulatory netwq_[.ks 3~ W
’l\ =
\.")l »
.L [ i) £



Reduction in Traditional Use of Animal

One for Man, Two for Horse, G. Carson, Bramhall House, New York, 1961




Interspecies Differences in Metabolising Enzymes

A major component of PBPK is information on
metabolism.

Different P450 Mediated Activities in 4 Species
E human

Nt

Bl horse
[Jdog
O cat

o

Metabolite
nmol/(mg/min)
o U : N O W

1A1/2 2A6 2C8/9  2C19 2D6 2E1 3A4
Specific Probe Compound for Human P450 Enzyme

Chauret et al., 1997
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Catalyzing the Critical Path Initiative: FDA’s
Progress in Drug Development Activities

A Parekhl, S Buckman-(;arnerl, S I\f‘lc(:unel, R ONeill 1, M (;eanaci}pi}ult}ﬁl, S Amurl, C (:lingmanl,
R Barratt', M Rocca', I Hills’ and J Woodcock”

Modelling and Simulation

A related area in modernizing clinical trials has been the development and
application of quantitative pharmacometric predictive models to support regulatory
decision making. Modeling and simulation (M/S) tools for drug exposure and its
response have been useful in both pre- and postmarket settings when questions related
to safety and efficacy of therapeutic products arise. Some recent examples where M/S
has served as a useful predictive tool include dose selection for pivotal trials, dosing in
select populations such as pediatrics, optimization of dose and dosing regimen in a
subset patient population, prediction of efficacy and dosing in an unstudied patient
population in clinical trials, characterizing exposure and dose-related QT interval

prolongation, and using physiologically based pharmacokinetic




Path to Success
N
Using PBPK-IVIVE and Virtual Humans

Path () PDD

Refining In Vitro Tests for Quantitative IVIVE

Path () DPDD

. Providing & Integrating System Information

Transparent Methods and Case Examples

‘ Path (V) DD D

Showing Value & Re-Engineering Practices



The Debate at the Time: Which In Vitro System to Use?

Fough
endoplasniic
reticulurn

Muclear pore

Muclealus Nucleus
Ribosarne Muclear
riernbrane

Golgi apparatus

-|: Human Liver Microsomes (HLM)

Centriole

Recombinantly expressed system
(rhCYP)

i '}fl . J,; [
Hepatocytes \ ,,
j i) |
Smoath : I"'"r-'.* "
endoplazniic
reticulurn
itochondrion

Fractionation & Isolation Intact cells containing full
of Enriched Organelles complement of drug

metabolising enzymes

Lysosomne

s Cytoplazm

Cel mermnbrane



How Representative Is My HLM/Hepatocyte?

- High degree of lot-to-
lot consistency for
CYP and UGT
activity

- Representation of
the “average patient”
and known CYP

BD UltraPool HLM 150 < BD . polymorphisms
\V4 X
st XENOTECH
Uncommon Science | Uncommon Service m
XTreme 200
Lot No. 0810413 H2610 L at 20 mg/mL

L at 20 mg/mL
L at 20 mg/mL
L at 20 mg/mL

0.5
Human Liver Microsomes H2620 1.0
Pool of 200 (100 Male and 100 Female) H2630 5.0

i ium- H2640 50.0
Suspension medium: 250 mM sucrose

3333



Determination of Intrinsic Clearance: Right Units

In Vitro CLu, < CLy, = Cl
. : : fuinc
: bl / min/ per functional unit of system
In vitro
system
HLM [dA/dt] (pmol/min/mg microsomal protein)
[S] (anI/mI) < [S] = Free Substrate
Concentration
i 6
HHEP [dA/dt] (pmol/min/10° cells) o i (Craral
[S] (nmol/ml)
rhCYP [dA/dt] (pmol/min/pmol CYP isoform)

[S] (nmol/ml)



Applying Appropriate Scaling Factors in Human IVIVE

In vitro !| ! CLu,, per .
CLu,, g Liver /
® ® |
In vitro Scaling Scaling CLu,, per
system Factor 1 Factor 2 |jyer
- _
HLM HLmin__- MPPGL
mg mic protein
=
pL.min Liver
—X
AREP 106 cells AlFEL Weight
N
- |
‘hCYP uL.min pmol P450 isoform % MPPGLI-

pmol P450 isoform

mg mic protein




Literature Values: Human Microsomal Protein per Gram of Liver

Reports on Assessing
Human MPPGL

19|70 | 19|80 | 19?0 | 2090 | 29|10
I | | | >
Schoene et al. [36] Beaune 531 Baarnhielm et al.,[14] Knaak et al., [29] lwatsubo et al., (5 Lipscomb et al., 39
1972 ;35 1982 (19) 1986 ; 77 19937 1997a; 52.5 2003 ; 56
Pelkonen et al. [34 Lipscomb et al., [ Wilson et al., 142
1973 ;35 1998 ; 21 2003 ; 33

Pelkonen et al. 3%
1974; 36

Hakooz et al., [20
2006 ; 40

Barter et al.,
In preparation ; 29

Pelkonen, [78]
1999 ; 77

Kuperman et al., [2€]

1994 ; 45
-

Carlile et al., [28] Galetin et al., [19]
1999 ; 50 2004 ; 40
\ Luetal i1
2006 ; 45 Howgate et al., [
Boase & Miners [%] Houston, [11] 2006 ; 33
2002 ; 45 1994 ;45 Mohutsky et al.,[2]
2006 ; 45

Rat MPPGL
Uchaipichat et al., [0
Lietal., 28 F;006 ;45
" 1996 ; 45
Anderson et al., [
2001 ; 45

2003 ; 45
Soars et al., 39
2002 ; 45
y

(No Reference? )

Barter et al. (2007) Current Drug Metabolism

Scaling factors for the extrapolation of in vivo metabolic drug clearance from in vitro data: Reaching a
consensus on values of human microsomal protein and hepatocellularity per gram of liver

Some Reports
Predicting Human
Hepatic Clearance

Bayliss et al., [16]
1999 ; No Values
Le Goff et al., [27]
2002 ; 45

Obach et al., [32
1997 ; 45




Literature Values: Number of Human Hepatocytes per Gram of Liver

Reports on Assessing
Human HPGL (10° cells/qg)

19|90 2000 2010

I | |
Lipscomb et al., [29 Wilson et al., [42] Barter et al.,
1998; 116 2003; 107 In preparation; 86

Some Reports
Predicting Human
Hepatic Clearance

Bayliss et al., [16]

Avrias, 23] No Reference? Szakacs et al.,[0] McGinnity et al.,[31
1988; 120 2001; 135 2004; 120
Kuperman et al. [261 Soars et al., 9
1999; 120 1994 ; 120 2002 ; 120
A
n Zuegge et al.,["]

Bachman et al. (251 Iwatsubo et al. [ Ekins & Obach (8 Naritomi et al.,[77] 99

2003; 120 1997a; 120 ALY 22 2003; 120

2001; 120
Barter et al. (2007) Current Drug Metabolism
Scaling factors for the extrapolation of in vivo metabolic drug
clearance from in vitro data: Reaching a consensus on values of
human microsomal protein and hepatocellularity per gram of liver

Bayliss et al.,[17]
1990; 120

A




Scaling of rhCYP Data

4.3% 12.2% ECYP1A2

i o HCYP2A6
CYP isoform 33.0% . Cpans
abundance: e

ECYP2CS8

5.4% mcyp2cy
CYP2C18
ECYP2C19

ECYP2D6

o CYP2E1
0.3% 165%  mcyp2)o

,, 0.2% CYP3A4
1.9% 3.4% CYP3A5

pmols CYP isoform
per
mg of microsomal protein

14.0%

= Many groups use Shimada et al. (1994) values
Don’t differentiate between Japanese and Caucasian

= Literature review for papers reporting enzyme abundance values —
Caucasian population
30-40 papers reviewed; 19-27 used for meta-analysis

= Calculated weighted means, CVs and tested for homogeneity



HPGL Determination: Study by Simcyp Group (Sheffield)

” 10g = Number of cells
> 7> Ej @')w_) ? > é') Liver weight (g)

. . Perfusion of liver sample Centrifugation . .
Human leer% Weight | with digestion media to @ 50g to isolate 9Countlng of% Calculation
suspension of hepatocytes

i

Problem 1 Problem 2

K 4 .

Incomplete digestion leading to
incomplete release of hepatocytes
Into suspension

Incomplete recovery of cells
following centrifugation

v

Loss of Hepatocytes

I}

UNDERESTIMATION IN HPGL




Determination of HPGL: Study by Simcyp Group (Sheffield)

Hepatocyte Specific
Marker:

.ee.g. Cytochrome
P450

Liver tissue sample of Hepatocyte Suspension of
known mass (g) known cell concentration
(x 108 cells)

—

— - ]
HOMOGENISATION  [#%

CYP450 MEASUREMENT

nmols CYP450/ nmols CYP450
g 106 cells

HPGL
10° cells per g




Known Issues with rhCYP Systems

Differences in activity per unit enzyme (Crespi, 1995)

Optimisation of rhCYP systems to mimic conditions
observed in human liver (lwatsubo et al., 1997)

Variable K, (Nakajima et al., 1999)

» Differences in microsomal binding

Effect of levels of accessory proteins on activity
(Venkatakrishnan et al., 2000)

» NADPH cytochrome P450 reductase

» Cytochrome b5



Accounting for Differences: ISEF

= Background information on the use of ISEFs

& Taylor &Francis

XENOBIOTICA, FEBRUARY 2004, vor. 34, ~No. 2, 151-178 healthsciences

Predicting drug clearance from
recombinantly expressed CYPs:
lintersystem extrapolation factors |

N. J. PROCTOR, G. T. TUCKER and A. ROSTAMI-HODJEGAN

Molecular Pharmacology and Pharmacogenetics, Clinical Sciences Division (South),
University of Sheffield, The Royal Hallamshire Hospital, Sheffield S10 2JF, UK

= Application of approach

Current Drug Metabolism, 2005, 6, S03-517 503

Utility of Recombinant Cytochrome P450 Enzymes: A Drug Metabolism
Perspective

Wei Tang™*. Regina W. Wang' and Anthony Y.H. Lu’

IDeparmcenf of Drug Metabolism, Merck Research Laboratories, Rahway, New Jerseyv and jDepa}'fnieiir of Chemical
Biology, College of Pharmacy, Rutgers University, Piscataway, New Jersey, USA




IVIVE Using rhCYP Systems
pmo|7m|n7mg microsomal protein

A
7z N
CYP abundance in
Rate of Metabolism the Target Population

pmol/min/pmol rhCYP;  (pmol CYP/mg microsomal protein)

\ /-

X Vmax (rhCYP)); > X J)

Liver
[x MPPGL x weight
Kn(rhCYP)), ) | ‘
j CYP | metabolic amount of microsomal protein
Isoforms pathways per gram of liver

Application of CYP3A4 in
vitro data to predict clinical
drug—drug interactions;
predictions of compounds as
objects of interaction
e e oty ol i o Youdim et al Br J Clin
Susan Hurst,® Dawid . Plowchalk,® Jack Cook,* Feng Guo® & Pharmacol, 2008

R. Scott Obach®



Same Issues Different Tissue: /n Vitro Measurements

HEK-293, Proximal .
CHO etc Tubule CLu;p,, 7 PEr CLu;,, 1 per subject
| cells (PTC) > gKidney (both kidneys)
® ® '

7
= ®
‘lmax/Km CLu. . g > »
. int, . . 7 N
| Clujer Scaling Scaling Scaling A
. 3 Factor 1 Factor 2 Factor 3 W
|InputUnits \ ‘\I ;
REF or RAF PTCPGK Kidney Weight
i pmolTransporter; PTC |
. -] p 6
CLinr| — L. * REF 10" PTC « prePGK| 2P % kiprokidneyy
1 10° CellsOfSystem1 pmolTransporter; System1 gKidney
| 10° CellsOfSysteml

> | [uL/min] or [L/h]




The AAPS Journal, Vol. 18, No. 5, September 2016 (C 2016) @cmssmm
DOI: 10.1208/512248-016-9942-x

Review Article

Key to Opening Kidney for In Vitro-In Vivo Extrapolation Entrance in Health
and Disease: Part I: In Vitro Systems and Physiological Data

Daniel Scotcher,' Christopher Jones,” Maria Posada,” Amin Rostami-Hodjegan,"* and Aleksandra Galetin'"

The AAPS Journal, Vol 18, No. 5, September 2006 (0 2016) @m.m
DOE- 10 1208/512245-016,9959-1 '

Review Arricle

keyv to Opening Kidney for fn Virre-In Vive Extrapolation Entrance in Health
and Disease: Part 1L Mechanistic Models and fn Virro-In Vive Extrapolation

Daniel Scotcher,! Christopher Jones,® Maria Posada,” Aleksandra Galetin,! and Amin Rostami-H odjegan '

i 1AM,
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'Microsomal and Cytosolic Scaling Factors in Dog and Human Kidney |
Cortex and Application for In Vitro-In Vivo Extrapolation of Renal
Metabolic Clearance®™

Daniel Scotcher, Sarah Billington, Jay Brown, Christopher R. Jones, Colin D. A. Brown,
Amin Rostami-Hodjegan, and Aleksandra Galetin

Centre for Applied Pharmacokinetic Research, University of Manchester, Manchester (D.S., A.R.-H., A.G.); Newcastle University,

Newcastle (5.8., C.D.A.B.); Biobank, Central Manchester University Hospitals NHS Foundation Trust, Manchester (J.B.); DMPK,

Oncology iMed, AstraZeneca R&D, Alderley Park, Macclesfield (C.R.J.); and Simcyp Limited (a Certara Company), Blades Enterprise
Centre, Sheffield (A.R.-H.), United Kingdom

Input Scaling Desired output
In vitro HKM Scalar Source
OLIEE Tissue Species |
| Scaled CL,
Mixed/ whole ! !
: : m_a.—.J-m”“’.’-}% kid Human ! |
Mixed kidney - ianey | :
! Input for kidney models ;
2 e m=="s, | (Static or PBPK) |
Unspecified kidney H —— | ;
region R0  * Well-stirred or with ;
i ) regional differences? i
Unspecified } !
Unspecified kidney Rat 5 @
region | Clg e Prediction !
Sotex Liver Rat

CEfrrrm——



PBPK Modelling to Assess Patient Variability

Eur J Clin Pharmacol (1999) 55: 559-565 © Springer-Verlag 1999

SPECIAL ARTICLE

J. C. Krayenbiihl - S. Vozeh
M. Kondo-Oestreicher - P. Daver

Drug—-drug interactions of new active substances: mibefradil example

J.C. Krayenbiihl - S. Vozeh
Swiss Intercantonal Office for the Control of Medicines.
Berne. Switzerland

Interpretation of interaction studies should focus not
only on mean effect but also the observed and
theoretically conceivable extremes.



Stats from EMA

Increase in PBPK submission to EMA

Mumber of procedures including a PEPK model
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Triggers for submitted PBPK models (n=67)
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question from regulators

O Submitted as a post-
authorisation measure

Luzon et al 2016 CPT
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PERSPECTIVE

Quantitative Modeling and Simulation in PMDA:
A Japanese Regulatory Perspective

M Sato*, Y Ochiai, S Kijima, N Nagai, Y Ando, M Shikano and Y Nomura

In Japan in October 2016, the Pharmaceuticals and Medical Devices Agency (PMDA) began to receive electronic data in new
drug applications (NDAs). These electronic data are useful to conduct regulatory assessment of sponsors’ submissions and
contribute to the PMDA’s research. In this article, we summarize the number of submissions of quantitative modeling and
simulation (M&S) documents in NDAs in Japan, and we describe our current thinking and activities about quantitative M&S in
PMDA.

CPT Pharmacometrics Syst. Pharmacol. (2017) 6, 413-415; doi:10.1002/psp4.12203; published online 1 June 2017.
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Physioclogically based pharmacokinetic model analysis,
including simulations

= DDI

& Organ Impairment

» Files that contain information on the model structure used for the analysis,
the set values of drug and physiological parameters, analysis procedures,
and sensitivity analysis of the results. The file format is optional.

e Clinical study datasets, including blood concentration data. If the datasets
were created or modified to be analyzed using a specific software for PBPK
model analysis, the electronic files of the created or modified datasets
should be submitted in the format for the specific software (Simcyp PE
Data Files (xml format), etc.). If the datasets were not created or modified ® Others
for a specific software for PBPK model analysis, the datasets can be ) o o .

Figure 1 PBPK application in the 17 submissions in NDAs of

submitted in an optional file. NMEs received by the PMDA from 2014 to 2016. In some cases,
multiple PBPK M&S reports were included in one submission.

= Absorption

“ Pediatric

= DDI+Pharmacogenomics




Impact of Physiologically Based
Pharmacokinetic Models on Regulatory Reviews
and Product Labels: Frequent Utilization in the
Field of Oncology

K Yoshida', N Budha' and JY Jin'
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EUROPEAN MEDICINES AGENCY

SCIENCE MEDICINES HEAI

21 July 2016
EMA/CHMP/458101/2016
Committee for Medicinal Products for Human Use (CHMP)

Guideline on the qualification and reporting of
physiologically based pharmacokinetic (PBPK) modelling
and simulation
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Language Barrier

“Prediction” vs “Retrodiction” vs “Post-diction”

Predictive = Relating to or having the effect of predicting an event or result

Predict = Pronunciation: /pr1 dikt/

Say or estimate that (a specified thing) will happen in the future or will be a
consequence of something

Latin origin = 'made known beforehand, declared’, from the verb praedicere,
from prae- 'beforehand' + dicere 'say'.

Postdiction is an explanation after the fact. In skepticism, it is considered an
effect of hindsight bias that explains claimed predictions of significant events
https://en.wikipedia.org/wiki/Postdiction

Retrodiction : is the act of making a "prediction" about the past.
https://en.wikipedia.org/wiki/Retrodiction

Same when it comes to the use of:

Qualification vs Verification vs Validation


http://www.oxforddictionaries.com/definition/english/predict%23predict__2

Level of Evidence = Level of Confidence

Qualification

Verification

Validation



Framework for M&S in Regulatory Review

High impact Replace

Scientific Advice, Supporting Documentation, | . ., .
Regulatory Scrutiny

Medium impact Justify

Scientific Advice, Supporting Documentation, | , .
Regulatory Scrutiny

uoisioap Aloreinbai uo 10edw|

Low impact Describe ©5<

Scientific Advice, Supporting Documentation, |
Regulatory Scrutiny

From EMA-EFPIA Modelling and Simulation Workshop, December 2011



Translation from Animals to Humans

|
sl I

=

?’.__-& ‘\“f/é §\\Il.;'//
g Animal 2 \ Predicted Human
. Nephrotoxicity . \ Nephrotoxicity
. K 7 N
g Buy . N
Z FE N N NN ] L B B BN B BN BN BN BN BN BN AN ) *
% Scr Ze i .. o e
" Toxicodynamic o
Model
EE M EE \(\
s Conc. (log) Time o
PTC Exposure M et Estimated PTC Exposure
(Animal) (Human)
é ™ 9900 OO OOPIOPIOOPTOPIOOOPTOPOTPOS @ ° g é
;f;}'l Time .. PBPK w‘ith e Time

s

A

Mechanistic Kidney Model

)&“Systemic Exposure
(Animal)

‘e . Systemic Exposure

Z
2
7
7

Conc,
Conc.

i

:

7

:

:

) Time
&

Time

.'.oooooo....oo.oo..ooooo". §
: K (Human)

Scotcher et al 2016 AAPS J, in press
Key to Opening Kidney for In Vitro-In Vivo Extrapolation Entrance in Health and Disease: Part Il
Mechanistic Models and In Vitro-In Vivo Extrapolation




Integrating Organs within MPS: Proportionality?

Permeability-limited Lung Model (Mech Lu)

4 Right lung Left lung ) Lower Upper
f Il Al I airway airway I
Low Middle Top Low Top dose
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Pulmonary Blood Reservoir (PBR) Gl

Tract
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Blood

I Lung compartment in the Full PBPK model I

Full PBPK model
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Permeability-Limited Liver Model
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Metabolism ® o

@ lonized drug
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I Liver compartment in the Full PBPK model I
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4-Compartment Brain Model
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Cranial CSF
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I Brain compartment in the Full PBPK model I

Stomach
Emptying

GUT compartment in
the Full PBPK model

The Advanced Dissolution, Absorption & Metabolism model
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Segregated
Blood Flows

Permeability-limited Kidney Model (Mech KiM)
Urinal tubule Cell (renal mass) Renal blood

Qkidney
Cn'r:l‘ery
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Qvem = qk!dney

Kidney compartment in the Full PBPK model




Contents lists available at SciVerse ScienceDirect I"Ifux Iogy
I lni‘E‘?tru

Toxicology in Vitro

journal homepage: www.elsevier.com/locate/toxinvit

Evaluation of the novel in vitro systems for hepatic drug clearance and assessment
of their predictive utility

]. Brian Houston **, Karen Rowland-Yeo®, Ugo Zanelli©

* Centre for Applied Pharmacokinetic Research, School of Pharmacy and Pharmaceutical Sciences, University of Manchester, Oxford Road, Manchester M13 9PT, United Kingdom
bSimcyp Limited, Blades Enterprise Centre, John Street, Sheffield 52 4SU, United Kingdom
“Met Profiling Department of Screening and Technologies, Siena Biotech S.p.A., via del Petriccio e Belriguardo 35, 53100 Siena, Italy

Integrating Organs within MPS:

What is the INTENDED USE?
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