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8:45 - 9:15 - The Big Picture of Integrating Simulation Methods within Drug Development
9:15 - 10:30 - Mechanistic PBPK Modeling — Special Populations
10:30 - 10:45 - Break

10:45 - Noon — Quantitative Systems Toxicology (QST)

Noon - 1:00 - Lunch

1:00 - 2:15 - Quantitative Systems Pharmacology (QSP)

2:15 - 2:30 - Break

2:30 - 3:45 - Pharmacometrics to Support Regulatory Approval
3:45 - 4:00 - Q&A, Wrap-up
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The Big Picture

Structure —» In vitro
ADMET Pred. Experiments
Formulation - Dose, / \
dosage form, particle System/Physiology:

API: size,
. logP/logD release profile * Body height, weight, BMI

e Tissue sizes & blood flows
o pKa(s) . "
. Solubility e Tissue compositions (water,

lipid, protein, acidic

* Permeability phospholipids, etc.)

* Fup

. e Intestinal fluid volume and
» B/Pratio PBPK Model composition (pH, bile salts, etc.)
e CLint or Km & Vmax, renal e Intestinal transit times

CL

* Enzyme & transporter
expression levels

< )

e DDI interaction constants
(Ki & kinact, EC50 & Emax)

Fa%
Cp-time profile (and F% with PBPK)
Nonlinear kinetics (and DDI)

PK in special populations
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Advanced Compartmental Absorption and Transit Model (ACAT™)
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Advanced Compartmental Absorption and Transit Model (ACAT™)

’ Each compartment represents a region/section of the intestine:
mm 1 _ pH

Stomach Duodenu

Unieleased _H, ' _’_E - Fluid volume
) i |- Bile salt concentration
undissobved | |1 .i‘. ! ! -E - Absorptive surface area
I - Expression levels of enzymes and transporters
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Passive and

Lumenal . Blood — carrier mediated

Degradation transport
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Gut Wall ¥

Metabolism
Gut wall
Lumen .
metabolism
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Advanced Compartmental Absorption and Transit Model (ACAT™)
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Discovery PK

Combine in silico technologies to screen compound libraries

in animals or humans

Incorporate preclinical/in vitro data to extend FIH
simulations to full in vivo outcomes (IVIVE)

Identify toxic dose levels in preclinical species

Clinical PK/Pharmacology

Simulate population behaviors (e.g.,
pediatrics, disease)

Build PBPK-PD models
Predict DDIs

Pharmaceutical Development

Assess various strategies during formulation development
Assist with Quality by Design (QbD) implementation
Develop mechanistic in vitro-in vivo correlations (IVIVCs)

Understand food effects
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Summary of IV profile prediction accuracy

Application of PBPK modeling to predict human intestinal metabolism of CYP3A

PROFILE Vss cL Predicting Pharmacokinetic Profiles Using in Silico Derived substrates - An evaluation and case study using GastroPlus™
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Recent Services Activities

e Recent approved products supported by
GastroPlus modeling include:

e Our consulting team is working on 17

projects to support internal review and
submissions to regulatory agencies for the
following applications:

— Insilico safety/exposure screening for new
compounds and analogs

— Preclinical development and First-in-Human
predictions

— Formulation optimization

— Virtual bioequivalence trial simulations
— Food effect modeling

— DDl predictions

— Special population simulations and dose
projections

— Mechanistic IVIVCs to define product specifications
— Non-oral delivery product assessment
— Parent-metabolite and prodrug PBPK modeling

ALECENSA® (absorption/PPI DDI informing drug labeling)
BRAFTOVI® (metabolism DDI accepted by regulatory agencies)

CALQUENCE® (particle size distributions specifications
accepted by regulatory agencies)

FARYDAK® (food effect modeling predictions informing drug
labeling)

INLYTA® (transporter DDI accepted by regulatory agencies)

INVOKANA® (product manufacturing changes resulting in
waiver of BA/BE study)

MEKINIST® (transporter DDI accepted by regulatory agencies)
MEKTOVI® (metabolism DDI accepted by regulatory agencies)
OPSUMIT® (particle size distributions specifications accepted
by regulatory agencies)

TAMIFLU® (pediatric PBPK predictions informing dose
selection)

ZURAMPIC® (wider product specifications accepted by
regulatory agencies)

... and more! SimulationsPlus
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Discovery PK

Combine in silico technologies to screen compound libraries

in animals or humans

Incorporate preclinical/in vitro data to extend FIH
simulations to full in vivo outcomes (IVIVE)

Identify toxic dose levels in preclinical species

Clinical PK/Pharmacology

Simulate population behaviors (e.g.,
pediatrics, disease)

Build PBPK-PD models
Predict DDIs

Pharmaceutical Development

Assess various strategies during formulation development
Assist with Quality by Design (QbD) implementation
Develop mechanistic in vitro-in vivo correlations (IVIVCs)

Understand food effects

SimulationsPlus
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Importance of PBPK Modeling in Special Populations

Unwarranted studies, due to the general nature of regulatory guidelines, may be avoided.

Alleviation of the ethical problems and recruitment issues associated with clinical studies in
children or subjects with more severe impairment of organs.

Modeling helps to plan and optimize study design.
Model simulations help to predict likely outcome in the disease population.

Current built-in physiologies for special populations include: Pediatric, Liver Cirrhosis, Renal
Impairment, Obesity, Pregnancy

The flexibility of GastroPlus, and access to all physiological parameters, allows the user to create
custom physiologies representing many conditions with an understanding of the appropriate
changes.

We're pleased to help users create custom gut (.cat) and the whole body physiology (.pbk) files
that incorporate physiological changes relevant for specific population

SimulationsPlus
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Pediatric

SimulationsPlus
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Adipose Tissue (g)

Compare 1975 to 1962 liver weight

Virtual Liver
¢ICRP 1975 Male
mAltman 1962 Male

-

100001
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Age (yr) Haddad S. - J. Tox. Envir. Health 64:453 (2001)

for ages <= 12

o NHANES DXA Data & Virtual Adipose

90001 -
80001 -
70001
60001
50001
40001
30001 -
20001
10001

NHANES 2003-2004

Table 13. Organ Specific Perfusion Rates (I/mini)

Qrgan Cowles et al, 1871 | Fiserova-Bergerova | KAPKR (Williams and | Values Usgd in This
and Hughes (1983) Legett, 1383) Project
Male and Female Male Male Female Male Female
Thyroid 5.00 3.57 - - 5.00 £.00
Kidneys 3.98 3.96 388 322 3.68 3.22
Heart 0.808 0.81 0.73 086 0.73 0.96
Brain 0.529 0.53 0.51 0.52 0.51 0.52
Splanchnic Tissues 0.038 - - - - -
Liver - 0.58 0.84 1 0.84 1.C0
Pancreas - - 0.6 0.81 0.60 0.61
Spleen - 1 1.04 1.00 1.04
Gl Organs - Q.37 0.75 0.78 0.75 078
Skin 0.057 0.09 g2 .15 c.12 615
Muscle 0.0212 0.05 0.C3 0.03 0.03 0.03
Skeleton - - 08.03 0.03
Red Marrow 0.398 - - - 0.30 0.30
Yellow Marrow 0.028 0.03 - - 0.03 0.03
Bone tissue - 0.01 - - - -
Adipose Tissue 0.0241 0.03 .02 0.03 0.02 0.03
Price, P.S. Crit. Rev. Toxicol. 33(5):469 (2003), Table 16
SimulationsPlus

Houtkooper, LB, J. Appl. Physiol. 72:366 (1992)
Segal, KR, Am. J. Clin. Nutrition 47(1):7 (1988)

Price, P.S. Crit. Rev. Toxicol. 33(5):469 (2003)
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age) is the determining factor. Total body weight, height and
tissue sizes for most of the tissues (except adipose) belong to
this category. Example plots for two of the tissues, Liver and
Kidneys, are shown below:

400

g

Liver Weight [g]
]
8

il

24 34 44 54 64
PMA [weeks]

T4

84

Kidneys Weight [g]

54 64
PMA [weeks]

74 84

Gestational age is more important factor for % fat
mass in infants

54 64
PMA [weeks]

74 B4

blue — males; red — females; green line shows term birth at 40 weeks gestation
PMA — postmenstrual age (gestational + postnatal age)

17

blue — males; red — females; yellow — gender not defined
PMA — postmenstrual age (gestational + postnatal age)

Black lines — representative of term-
born infants

SimulationsPlus
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Adipose
100 100
_ 80 80
e
= 60 - 60
=
S 40 - 40
a
20 20
u L] ] ] L] ] n
24 224 424 624 824
PMA (wks)

Percent Lipid

Percent Water

Brain

100 L\.\ 20
801 - M 15
60 - o

- 10 =
40 - 8
o
20 - -9
ﬂ 1 | | ] 1 D
24 224 424 624 824
PMA (wks)

PMA — postmenstrual age (gestational + postnatal age)
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udaes automati aling o up and Rbp to 3 ou or difrere nemato ﬂGasthlus{TM}: GastDemo0.mdb (C:\Doc..\Viera1\Des..\GPv..\GP&.
File Edit Database Simulation Setup Controlled Release Tools  Modules (Optional)

and plasma protein levels in children than in adults (scaling assumes that

LCompound T Gut Phyziology-Hum T Pharmacc
entered experimental values represent adult blood and plasma) “PK Parameters
IR PK Hudel:|Hummemal2wks3wksPrem_2.92kg |
e Details of scaling can be reviewed on separate forms Edit FBPK__ | Body Weight (kg) 7%
FPE [if fixed] [%*]
’7 Oral: 1] Intestinal: i Li\rer:I B1.84
120 120
= 100 @' 100 w Scale Pediatric Blood/plazma Conc Hatio: 0.75
= J J
H i ° Fup & Rbp " Use Exp Plasma Fup [Z]: I g
« 80 4 = . = = = E
E ® 4 pBPK: Pediatric Fup and Rbp Scaling & Use Adj Plasma Fup [} | 13178
& 60 © . ~PBPK Summa
[=] =
: s Blood/Flasma Concentration Ratio [Rbp] and Plazma Fup ry
2 40 .:_: values adjusted for hematacrit and amaunt of plasma protein Tizsue Kp CL CLint  |Fut “
o E E‘uhcurregtEphysplogy. The conversion assumes that entered Hepatic Attery oo 0O00 0000 | oooo
=3 s p and Experimental Fup walues represent adult blood and
< 201 o plasmia, @] Lung 421 (0000 (0000|0100
0 < 0 Arterial Supply (0,00 (0000 {0000 (0.000
24 34 44 54 64 74 84 24 34 44 54 64 74 84 SUULI el 5 Eﬁ;ﬁemm 8:21” g:ggg g:ggg g:?gg
PMA [weeks] PMA [weeks] Hematocrit: |u.45 |l1432?3 o | Muscle 1.87  |0.000 |0.000 |0.21E
i e Liver 493 (0000 (0000|0087
Blood/Plasma Conc Ratio: |n_?5 |n_?5959 ACAT Gl non oooo (oooo loooo
Spleen 249 (0000 (0000 020 LI
Plasma Protein [% of adult): I'IIJD |53-DEB I:Lﬂl unl::'h e LT a0 fnnna tnann fnaes .
sys [L7h): 0. Calz k.pz: Pert: Rodgers-Sing: Perm:
Plasma Fup (2): |2 |13556 Vss [L]: 4.631 Pauiin-est
Thalf [h] 0.000 S+ Fut;
Adjuzted Plazma Fup (%] |B'8323 |13'1 i
Close | Biorelevant zolubilities from ADMET Predictor +6.1
PMA [weeks] pKaTable |logD: StuctB1 | Dist Modek Johnson  PantSize-Sok ON | BileS alt-S ol

SimulationsPlus
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MicNamara, AAPS PharmSci, 2002, EZ

1.0
fu =
ped ~ 0.8
1+ Pped (1_ 1:uadult) g
2 0.6
I:)adult fu adult :
=
P,eqand P, is binding protein concentration in G 04
pediatric and adult subject, respectively; fu,., and I
fu,g, is fraction unbound in plasma in pediatric and 0.2
adult subject, respectively.
0.0
0 0.2 0.4 0.6 0.8 1

Fu child - obs

Pediatric fup observed and predicted from published equation using
pediatric plasma protein level as implemented in GastroPlus.
Reported values were for ages 1 day to ~ 4 months.
SimulationsPlus
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7

S

Advanced

Tranzporters

Advanced

Tranzporters

Expresszion Expreszion OV
Siaius [mgp-enzfg-tissue] [i’é]l:| [1/mnin]
2019 B.99E-03 106 0.0005
206 1.49€-03 G1 0.0005
ZE] 1.70E-02 G1 0.0005
3o 2B1E-03 119 0.0005
05 1.03E-03 119 0.0005
347 3.35E-01 JE7 0.0005

Set Defaultz

Add Enzume

Delete Enzume

Enzgyme E wpreszzion _ Ewprezsion O [T urnover rate E wpreszszion
[mg-enz/g-tizzue] | [%] [1/min] Source/Type
2019 1.650E-02 106 0.0005 Default Pediatric
2B 1.50E-02 1 0.0005 Default Pediatric
ZE1 5.40E-02 E1 0.0005 Default Pediatric
aad 1.51E-01 119 0.0005 Default Pediatric
385 B.O0E-02 119
87 1.27E-01 JE7

Set Defaultz

Add Enzpme ]

Advanced

Tranzporters

Eneyme E =pression _ E wpreszsion CW Turnpver rate  |Expression
[mg-enz/g-tizsue] | (%] [1/rnir] Source!Type
2C119 200E-02 106 0.0005 Default Pediatric
206 1.60E-02 1 0.0005 Default Pediatric
2E1 G 40E-02 1 0.0005 Default Pediatric
a4 1.92E-01 19 0.0005 Default Pediatric
3ah 7 BOE-O2 14 0.0005 Default Pediatric
7.00E-O2 3 0.0005 Default Pediatric

Set Defaultz

Add Enzyme

Delete Enzyme

Cancel

SimulationsPlus
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Tissue Parameters for: Liy Tissue Parameters for: L
i Basic T Advanced Transporters 1 [ Bazic T Advanced Transporters
Erzume E wprezsion Expression OV | Turmover rate  |Expression Erzume E wpression Ewpression O | Turnover rate | Expression
¥ [mg-enz/g-tizsue] | (7] [1¢mnin] Source/Type ¥ [ma-enz/g-tizsue] | (%] [1#rnin] SourceType
2C19 2.80E-02 106 0.0005 Default Pediatric 2014 2.00E-02 106 0.0005 D efault Adult
206 1.70E-02 1 0.0005 Default Pediatric 2DE 1.70E-02 1 0.0005 D efault Adult
2E1 9.30E-02 1 0.0005 Default Pediatric 2E1 1.32E-01 1 0.0005 D efault Adult
LY 239E-M 119 0.0005 Default Pediatric a4 242E-01 119 0.0005 D efault Adult
a8k 9 40E-02 119 0.0005 Default Pediatric sl 9.hOE-02 119 0.0005 D efault Adult
a7 4 11E-03 G7 0.0005 Default Pediatric a8d4/5 337E-0 67 0.0005 D efault Adult
Set Defaultz Add Enzyme Delete Engyme Set Defaultz | Add Enzyme I Delete Engyme |
a .
Intestinal 3A4
Save — Save Cancel
T 25 |
9
: (20)
& 20 (25)
|
2 6 17
E 15 e  (17)
(@]
E 10} (6)
el
v
< b¢
o (1)
6 0L ==
Fetus Neonate >3months >2-5 >5-12  >12
—2years years years years
b Age SimulationsPlus
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GastroPlus PEAR Physiology module ...
very easy to create the new pediatric
physiologies!

For infants specify born at term or
premature infant (up to 16 weeks
premature)

(this option appears only when age is set
to less than 1 year old)

PEAR Physiclogy

Some physiological parameters are
dependent on both gestational age and
postnatal age (i.e., % body fat,
hematocrit, GFR).

File Legacy Options
-New PEAR Physiology
Balance Model | [~ Expand View
~PEAR Inputs ~PEAR Outputs
S Mame Wolume [ml] Perfuzion [mL/z]
5 2 - -
pecies | Human | Hepatic Artery | 0.0000 13186
Population: - - Lung 51.9206 149422
|mesican £ Aterial Supply 87.0817 14,3422
Gender: Mal - Yenous Return 1741633 14,9422
[Male E Edipose 1410.3633 0.7743
Health Status: IHeaIth_l,l ;I Muzcle 6123403 0.5040
Liver 1193324 30077
. . ACAT Gut 0.0000 1.3764
Age: -
9¢: [esks  ~] [ Spleen 11,2943 03126
i Heart 208826 04183
)Bum: f*  at term [40-week gestation) Brain 436 1655 E10%3
" premature |2 weeks K.idrey 283,231 2.8505
Skin 1494319 0,491
Repralrng 1.9426 00z
Height [cm]: IE'I.EIE Redt arrow 41.4758 03414
] “rellowvibd arrow 09064 0.0007
Weight [kqg]: |3-94 FiestOfBady 533.1361 04388
BMI [ko/m™2]: |14 752
% Body Fat: 1304
CO [mL/s): 149477 Hon-perfuzed bone [g]: 216.525 [ BWw: 5639 ]
Reminder; Adipogse tizsue ininfantz and voung children still haz significant water content
[55.68% in thiz physiology] 20, unlike in adults, the size of the Adipose tiszue does not
reprezent wel the & body fat OK Cancel
SimulationsPlus
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Pediatric - Virtual Trial - 2.2mg

0.134
0.12+
= 0.114

0
E' 009-
c 0.08
S 0074
T 0.064
E 0.051
8 0.044
S 0.034
© 0024 /i 4
0.011"~

Pediatric - Virtual Trial - 2.2mg

=i
(=]
Y
i

~
'

Concentration [ug/mL]
=
(=]

Time (h)

This is a prediction of pediatric population using in vitro, in silico and adult in vivo
data and known differences in adult and pediatric physiology. The model was not

fitted to pediatric data.

—

Lukacova — Workshop on Modeling in Pediatric Medicines, 2008

SimulationsPlus
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Specific substrates for five major phase | caffeine and theophylline: CYP1A2;

«~—— midazolam: CYP3Ad, warfarin: CYP2C9, omeprazole: CYP2C19; desipramine
for CYP2D6) and acetaminophen for phase |l pathways (UGT and SULT) )
(rin witro K, and g&%values obtained from literature were scaled to adult human\
Method
Ken and Vs (IVIVE)
Development < Drug specific properties: pKa, log P, solubility
System specific parameters: Anatomy, physiology, Gut ACAT™ model
E Trial design parameters: Formulation, dose, demographics
= h. S
5 |
8
°_ Pharmacokinetic IV data obtained from literature for adulis (Objective i) and
& \ J pediatrics (Objective ii). Model simulations overlaid with observed data.
=
3 | Model refinement l
|
' External independent |V PK datasets. Model simulations (black line in Figures 1-
T) overlaid with observed data (solid pink dots).
| Model |
Qualification
) Population simulations (50 subjects) for each enzyme-subsirate. Goodness of
madel overlay with observed data evaluated with 95 % prediction interval
= Model refinement
é& 1 7 N Ontogeny of enzymes, blood flow, body composition, organ maturation scaled to
pediatrics.
Pediatric l
1 model
Qualification based on clinically observed clearance for individual Phase | drugs
\_ J and metabolite formation for acetaminophen for phase | and phase Il enzymes.

Samant et al. — Poster Presentation (Poster # 111) - ASCPT 2015

UF

College of Pharmacy
UNIVERSITY of FLORIDA

b
E

CL{mL b/ kg)

i

im

&0

§

Clearance (mL h/kg)
E

=)

-So0

-L00n

Caffeine (CYP1A2)

CL [ml/h/kg)

Theophylline (CYP1A2)

&%

g 020
PRI

182
120
fio
& omo
Z oso
5 040

g 15 el s
Age [years)

Desipramine (CYP2D6)

i

Age [years]

25 also Quantitative Systems Pharmacology pre-conference Poster # QP-16

]

€L [mLfh/kg)

Age [yrs)

Warfarin (CYP2C9)

i

L

B

[1i1]

Clearance {mL/h/kg)

Ll

i

1600

iaii

120

Clearance (mL/k/kg)
g B E

"
B

il

Midazolam (CYP3Ad)

i aas IAYE (liver)

100
% s
z
ERCE
T 040

%w.

)

Age [y=arz)

Omeprazole (CYP2C19)

2C18M13

i 120

[1] 5 in 15 il I8

Age [yzars)
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Acetaminophen

|Adolescents (15 mg/kg) | Infants (12.5 mg/kg)
Time (h)
(B) <)

Table 1: Metabolite Ratio for Acetaminophen Pediatric Model
Development and Validation

Plasma Concentration (pg/mL)

APAP-G/APAP-S APAP-N/APAP-5
Ratio
Observation?| Prediction | Observation? | Prediction
Neonates (20mg/kg) Adolescent 1.24 133 0.24 0.37
We———r 31 %
Infant 0.9y 1.08 017 024
)
Neonate 0.60 0.71 0.12 0.08
'UF College of Pharmacy ) _
Samant et al. — Poster Presentation (Poster # 111) - ASCPT 2015 UNIVERSITY of FLORIDA SimulationsPlus
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Clin Pharmocokinet 201 1; 5009 1-11
0312-6963/11,/0009-0001/349.95/0

Virtual Trial O PO 31.5 mg Ped 5 yo

“oseltamivir

Development of a Physiologically Based Model for
Oseltamivir and Simulation of Pharmacokinetics in
Neonates and Infants

Neil Parrott,! Brian Duvies,® Gerhard Hoffmanm,! Amnette Koerner,! Thierry Lave,’ Eric Prinssen,” Elizabeth Theogaraf*

and Thomas Singer'

Plasma Concentration (ng/mL)
E

b
1000

Plasma conc
3

30
ae Time (h)

Virtual Trial O PO 31.5 mg Ped 5 yo

Oseltamivir o

carboxylate _w T
E B
3 {[_renis
Adult PO S
1IB 2I4 E
oseltamivir Time ()
SimulationsPlus
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Acquisition of Renal Function

00N
- I'E Glomerular w
": Fu 6007 filtration 120 B _
. =
5 £t
& E 400 fa0 B R
= =
:E ;_. Para- = E
E Y 2pod aminohippuric a0 ‘E hE_
g5 acid 5 E
] Ty
oo
U G T T T T T T T
1-2 24 2 & 1 2 & 12
days wk moe mo yro oy yr ¥r
Age

Kearns — New Engl J Med 2003, 349:1157

Prediction of gabapentin PK in pediatric population
based on fitted adult model and known differences
in adult and pediatric physiology

400mg po Children

A
47N

=)
=S

104
\
084 ) y
06+ _' \\\ .
044 ey §§k - -

Plasma Concentration [ug/mL]

3
¢

o
=]

5 10 15 20
Time (h)

400 mg tablet, 7 yo children

Lukacova — Workshop on Modeling in Pediatric
Medicines, 2008

28

-
en)

GFR [mL/min]
- - -
[T % R S I - - = R I A 1]

- -
= oh
1 1

Calc GFR [mL/min]
th

PMA [weeks]

10

Obs GFR [mL/min]

15

Figure 4-28: Plot of GFR vs post-menstrual age (PMA) for neonates up to 12 weeks old (left)
and born after 27-33 (dark blue), 34 (light blue), 35(magenta), 36 (green), 38 (orange) and
40 (red) weeks of gestation (left) and plot of calculated vs observed GFR for the same data
(right). Ponts represent experimental data (Arant 1978, Coulthard 1985, DeWoskin 2008, Fawer
1979) lines show GFR calculated in GastroPlus.

Prediction of vancomycin PK and clearance in infants population based on fitted adult model and known
differences in adult and pediatric physiology

Premature Infants - First Dose

701 14
:IE_ 604 “he
g 504 F10
é 404 5:]
% olft, N0 Lo
o 204 e 4
§ 104 ;]{; ' b2
s
0 £ 0

01 2 3 45 6 7 8 9 10 11 12
Simulation Time (h)

Mass (mg)

Concentration (pg/mL)
-
o

= N W B @
2

2

0
1

2 2

2

?

Premature Infants - Steady-State

J

10 112 114 116 118 120 122 124 126 128 130
Simulation Time (h)

20 days old, born 12 weeks premature

Lukacova — Poster presentation, AAPS 2015
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and biliary secretion
» Substrate for:
« OATP1B1/1B3in liver

« MRP2 - efflux transporter
expressed on apical kidney
membrane and basolateral
membranes in liver, gut and
brain

* in vivo data available in rat and
human (adult and pediatric 1-16
years old)

29

» Transporter-mediated hepatic uptake

b Hopatocytas
ocn TOATP1B1/1B3 ep

Intestine
OATP

oCT PEPTI MRP3
ASBT MRP4
O5Ta MEP&
_oRTE MCTI
MRP2
MRP3 BCRP
P-gp
€ Kidney proximal tubules
Blood Urine
OAaT4
CATP4C] LIRATI
QT2 PEFTI, PEPT2
OATI MRP2 P4
MATEL MATEZ-K
QaT2
P-gp
OAaT3
OCTHI, OCTN2
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. Predicted rat IV using in vitro data measured

IV 0.25 mg rat

In rat hepatocytes

. Predicted human IV using
In vitro data measured in human hepatocytes

3. Refined adult PBPK model

Concentration (pg/mL)

4. Used refined adult PBPK model to predict the

Simulation Time (h)

PK in children

Hepatocytes transport data® Wistar rafs (n = 3) Cryopreserved human
Mean + 5D hepatocytes lot 77

(Poirier —J Pharmacokinet Pharmacodyn 2009, 36:585Mean £ 5D

Uptake from plasma (in vitro data)

Lo
(M) 284 + 37 444 4+ 1446
(mg/1 eq. pa/ml) 124+ 16
Viaxt (pmol/mg/min) 131% + 176
Ty (M) 0.0126 £+ 0.0017 0241 + 0.067
Py (ul/mg/min) 1.21 + 042 0.724 + 0.271
PSpc (milfs) 0.0266 + 0.0092 1.32 + 0.49
Jo (%) 0394 + 0.171 0417 £ 0.226
Excretion from liver to bile
Kning (pglg eq. mgl) 124 19.3
J (M12/5) 0.0126 0.241
PStcap (mlfs) 0 ]

Lukacova — 17t North American ISSX meeting 2011, Atlanta, GA

30

Refine adult model:
- fitted passive diffusion through tissue
membranes and intestinal permeability

o~

Concentration (pg/mL)

0 5 10 15 20
Simulation Time (h)

Concentration (pg/mL)

IV 20mg muasch-ﬁﬁed PStc

0 5 10 15 20
Simulation Time (h)

PO sol 80mg adult Flesch

jr
%’ 10"
2 h b b
5 g 3 B
s, }
£ 10
[
[£]
=
[=]
o
102 , . . .
5 10 15 20

Simulation Time (h)

PO sol 80mg adult Flesch-fitted PStc

10" ;

g Rr

% 107 %

2

3

Lh 5 10 15 20

Simulation Time (h)
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PO susp 12-16YO blumer

PO susp 6-12YO blumer

Simulation Time (h)

Simulation Time (h)
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@ 2000 © 2000 @ 2000
g g g
& 1000 & 1000 S 1000
0- - 0- —0 0- o
0 5 10 15 20 5 10 15 20 5 10 15 20

Simulation Time (h)

ElJ Simuiationsrlus

SCIENCE +SOFTWARE =SUCCESS



y S |
(glomerular filtration and active

secretion)
e Substrate for:

 PepT1l/PepT2 — expressed in
kidney, liver, brain, gut

« MRP4 — efflux transporter
expressed on apical kidney
membrane and basolateral
membranes in liver, gut and
brain

 in vivo data available in human
(adult and pediatric for infants up to
3 years)

Akanuma et al. DMD 2011

32

a Intestinal epithelia
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Brain capillary endothelial cells e PepT1/2

BCRP
p

CATP1AZ

MRNM

Apical/luminal

OATPIR1 MRP4

SimulationsPlus

SCIENCE +SOFTWARE =SUCCESS



Plasma Concentration [ug/mL]

Time [hrs]
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Adult PBPK model was validated by predicting PK in adults with different degrees of renal impairment

(manual modifications of GFR and transporter activities based on each groups CrCL)

Concentration (pg/mL)

group A

CrCL > 85 mL/min/70kg

0

5 10 15 20
Simulation Time (h)

Concentration (ug/mL)

group B

CrCL 35-85 mL/min/70kg

5 10 15 20
Simulation Time (h)

Concentration (ug/mL)

group C

CrCL 10-35 mL/min/70kg

5 10 15 20
Simulation Time (h)

Concentration (pg/mL)

group D
CrCL <10 mL/min/70kg
0 5 10 15 20

Simulation Time (h)
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Lukacova — AAPS Annual Meeting 2012, Chicago, IL
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Fic. 3A. Maxmmar TueuLar Exceerory Capacrry ror PAH 1w Inrants

Rubin et al. J Clin Invest 1949

Estimating kidney transporter expression from PAH data

z
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Fi1c. 3B. Maximmar Tusurar Excrerory Caracity For PAH 1w Ouper CHILDREN

Concentration (pg/mL)

1
10 LR T TV v
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IV-inf 26.4mpk 10months

Simulation Time (h)

Concentration (Mg/mL)
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Simulation Time (h)
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10 A A s s s Aes M Ams mems A
18 19 20 21 22 23 24 26 26 27 28 29 30

i

Tm (PAHY, ng fmint 173 sq.m.
1

"
in months
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Rubin et al. J Clin Invest 1949

3 days, 29 wks GA,

25 mg/kg
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The AAFS Joumal, Vol. 18, No. 6, November 2016 (0 2016)
DOL: 10.1208/s12248-016-9956-4

Research Article

A Physiologically Based Pharmacokinetic Model for Ganciclovir and Its Prodrug
Valganciclovir in Adults and Children

CLIMICAL

Y & THERAFELUTICS |VOLUME 100MUM BER & | DECEMBER 20018

V- Lukacova.! P. Goclrer? M. Reddy.” G. Greig. B. Reigner* nd N. Parrort®— Bottom-up Meets Top-down: Complementary
Physiologically Based Pharmacokinetic and
Population Pharmacokinetic Modeling for
Regulatory Approval of a Dosing Algorithm of
Valganciclovir in Very Young Children

K]orsa‘, C Chavanne’, N Freyl, T Lave?, V Lukacova®, N Parort®, R Peck® and B ll;eigm\:l'1

PK data after IV administration in animals was used to
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Disease States
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Chronic injury ® Genetic polymorphisms
* Viral infection ® Epigenetic marks

* Alcohol * Cofactors (such as

= NASH obesity and alcohol)

® Cholestatic disorders
* Metabolic diseases

Liver
transplant

e Liver failure "
5-50 years s Portal !
hypertension

* Autoimmune disorders l

* Inflammatory damage * Disrupted architecture
* Matrix deposition * Loss of function

* Parenchymal cell death Early * Aberrant hepatocyte !
* Angiogenesis fibrosis regeneration Cirrhosis '

N7

Resolution Regression

Hepatocellular

moval of underlying cause carcinoma

ti-fibrotic drug or cell therapy

Figure 1: Natural history of chronic liver disease.

From

Liver fibrosis and repair: immune regulation of wound healing in a solid organ
Antonella Pellicoro, Prakash Ramachandran, John P. Iredale & Jonathan A. Fallowfield
Nature Reviews Immunology 14, 181-194 (2014) | doi:10.1038/nri3623

e Child-Pugh (CP) score is used to classify the degree of disease severity: CP-A (well
compensated disease), CP-B (significant functional compromise) & CP-C

(decompensated disease)
SimulationsPlus

38 SCIENCE + SOFTWARE=SUCCESS



Table Ill. Physiclogical and biochemical parameter changes associated
Table 3 Physiological changes associated with liver cirrhosis (fractions of healthy control values + standard deviation)®
with liver cirrhosis Child—Pugh Grade
Parameter Control  Child-Pugh score Parameter A B c

Albumin concentration 0.84x0.15 069+£0.15 0.53+£0.15
A B C Hematocrit (%)° 38=5.0 34:57 34+55
Liver valume fraction 1.0 081 0.65 053 Cardiac output 1.1£0.39 1.2+:0.34 1.3+:0.30
Portal vein blood flow 0.72=057 0.60+0.61 0.13+0.57
CYP {P n'n:ul.fmg] Splenic vein blood flow 1.2+:029 1.5+052 1.5+0.54
1A2 52 309 13.6 6.10 Liver arterial blood flow 1.5=141 1.7=15 21+1.9
Functional liver size 0.912026 081+026 0.64+0.22
2A8 20 17.7 123 6.40 Liver transporter mANA level® OATP1B1 0.65-0.49 (0.65+0.49) (0.65+0.49)
86 17 17.0 15.3 13.6 OATP1B3 0.73=0.59 (0.73+0.59) (0.73=0.59)
OATP2B1 0.772047 (0.77+0.47) (0.77£0.47)
2C8 24 16.6 125 7.0 MRP2 0.54+0.48 (0.54+0.48) (0.54+0.48)
209 73 50.4 48.0 241 BCRP 0.58:045 (0.58£0.45) (0.58+£0.45)
BSEP 112051 (11=051) (11+0.51)
2C18 1.0 0.32 0.26 012 MDR1 1.1-0.49 (1.1+0.49) (1.1+0.49)
5C19 14 450 3.60 170 MDR3 23-045 (2.3+0.45) (2.3+0.45)
’ : MATET 0.65-0.52 (0.65:052) (0.65+0.52)
2D6 B.O 6.10 2560 0.84 Uptake transporter activity® 0.78=0.070 0.31-0.033 (0.31+0.033)
oE1 61 45.1 20.3 671 Efflux transporter activity? 0.6920.12 26+17 (2.6+17)
3A4 137 80.8 53.2 34.2 Table |. Physiological changes associated with liver cifrhosis
Gut CYP3A4 (nmal per total gut) 70 59 40 25 Parameter Child-Pugh class
Albumin (g'L) 47 411 339 263 A B c
=,-acid glycoprotein (g/L) 080 057 052 046 Blood flow
portal® 0.40 0.38 0.04
Haematoerit (%) 40.9 36.6 32.9 31.9 -
hepatic arterial® 1.3 23 34
Cardiac output (L'h) 306 355 403 43 ronak 0.88 0.65 0.48
Paortal blood flow {Lﬂ'l] other Organsﬂ 1.75 225 275
males 58.2 529 36.9 322 Cardiac index® 1.41 1.27 1.36
females 65.8 509 1.7 36.4 Albumin' 0.81 0.68 0.50
Hepatic arterial blood flow (L'h) 199 28 323 381 at-Acid glycoprotsin® 0g0 056 030
i .39 0.37 0.35
Qs (L) 184 237 280 366 Hasmatocrit valus" 0
Functional liver mass' 0.69 055 0.28
GFR {mL/min) 120 83.7 69.9 66.5
Hepatic enzymes'
CYP =cytochrome P450; GFR = glomerular filtration rate; Q,,,, =villous blood CYPaA4 1 04 0.4
flow. CYP1A2 1 0.1 0.1
. . CYP2E1 1 0.83 0.83
Johnson — Clin Pharmacokinet 2010, 49:189-206 GFR* 1 070 036
Edginton — Clin Pharmacokinet 2008, 47:743-752 SimulationsPlus
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characterized by a gradual loss of kidney
function over time

CKD Classification:

Stage

3a
3b

Description

Kidney damage with
normal or * GFR

Kidney damage with
mild {, GFR

Moderate |, GFR

Severe {, GFR

Kidney failure

GFR

[ml/min/1.73m?]
> 90

60-89

45-59
30-44
15-29
<15

Physiological changes apart from a decrease in GFR:

Table 1. Key physiological and biochemical parameter changes
associated with differing degrees of renal impairment.

Parameter

CYP1A2 (pmol/mg)
CYP2CS8 (pmol/mg)
CYP2C9 (pmol/mg)
CYP2C19 (pmol/mg)
CYP2D6 (pmol/mg)
CYP3A4 (pmol/mg)

Albumin (g.I'") M
F

Hematocrit (%) M
F

Gastric emptying time (h)

Control

52 [58] 33 [63.129-131]
24 [58] 20 [64]

73 [58] 63 [65]

14 [58] 5.5 [66]

8.0 [58] 4.6 [67,132,133]
137 [58] 73 [68,134,135)
44 9 [205] 41.6 [136,137,205]
41.8 [205] 38.8 [136,137,205]
43.0 [43) 39.7 [43]

38.0 [43] 33.2 [43]

0.40 [35] 0.55 19

F: Female; GFR: Glomerular filtration rate; M: Male.

Yeo et al., Expert Rev. Clin. Pharmacol. 2010, 4(2):261-274

GFR (mI/min/1.73 m?)

24 [129-131]
13 [64]

29 [65]

2.3 [66]

2.1 [132,133]
62 [68,135]

37.6 [136,137,205]
35.0 [136.137,205]

36.5 [43]
31.3 [43]

0.65 [19]

Decrease in hepatic and renal uptake transporter activity (e.g. OATP, OAT)
Zhao et al., J Clin Pharmacol 2012, 52:915-108S; Hsu et al., Clin Pharmacokinet 2014, 53:283-293
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Table 4.3: Classification of overweight and obesity for adults by the body mass index (BMI):
BMI (kg/m®) Description Risk of co-morbidities
<18.5 Underweight Low
18.5-24.99 Healthy Average
25-29.99 Overweight Mildly increased
30-39.99 Obese(combined Obese class I and IT) Moderate-Severe
=40 Morbidly obese(Obese class IIT) Very severe
Table 4.4: Classification of overweight and obesity for children by the body mass index (BMI):
Description Percentile Range
Underweight < 5™ percentile
Healthy 5% _ 85™ percentile
Overweight 85™ _ 95™ percentile
Obese >95™ percentile

41

Body and tissue composition

Cardiac output and tissue blood
flows

GFR
Hepatic CYP450 expressions
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’ ) Vi

option to select a group of patients depending algorithms account for normal, overweight and
on severity of the disease obese subjects when creating physiologies
File Legacy Options File Legacy Options
-New PEAR Physiology New PEAR Physiology
Balance Model | [ E=pand View || Balance Model | v Expand‘iegw
~PEAR Inputs ——————— ~PEAR Outputs . . . . . AR Outputs
. N % Weight %O
e IS 7 All information is already included in e Tewe [0
e _ L T4 . Lurg 1.1445 100.0000
Population:  [ameican -] measey 122 @astroPlus PEAR Physiology module ... very sy |23 10,0000
Gender: Wenous Feturn 4451 l Wenous Feturn 46927 100.0000
Edipose 30 H : : Adipase 36.0812 11,7541
I e = oo o easy to create the new disease physiologies! & PR T
Liver 170¢.urar 20,1540 Liver 1.9634 239173
) G ACAT Gut 0.0000 13,9660 Age: [eas -] [30 = ACAT Gut 00000 139m8
Age: [yeas Chhoss Cpot Spleen 170.0108 283% 95 Jyears I_:I Spleen 0.1603 21531
Cirrhazis CP=C Heart 3675291 44717 He.?rt 04143 4 1EE5
Renal Impair Mild Brain 1452 6458 126875 B_raln 1.5241 11.3702
Renal Impair Moderate Kidney 224 0354 236540 Kidrey 0.4324 21.5051
Fienal Impair Severe Skin 3136 9366 B.07a4 Skin 2.3433 56710
fienal Impair EndStage, Fieprai 576472 02018 Repralirg 0.0574 0.2008
Height [cm]: |1?5.43 Red arrow 1184.6949 59235 Height [cm]: |159.EESS ) Fiedtamow 1.3447 5.5654
Yellowhd 32530415 1.6465 ] YelonMarom 2.9089 15478
Weight [kg]: W stotgrazgiw 3053.4210 15267 Weight [ka]: |95— FestOiBody 32453 1.3515
EMI [kg/m~2): |27.4773  Dverwt BMI [kg/m™2]: |33. Obese
% Body Fat: W % Body Fat: W
CO [mL/s]: IM Non-perfused bone [g]: 5718.263 [% BW: 6.686 ) CO [mL/s]: IW Non-perfused bone [g]: 5998.302 [ Bw: 6.314 ]
0K Cancel OK | Cancel
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HITY IS approximately 47, -
X . Bu N-oxide (M8)
ranging from 1.5-13%. F-OlBu (W) wa my‘
0
e C., of 1-6ng/mLand T, of 0.13-1.5 QQMD 5
0
. . . CYPIA Buspirone L
Distribution: - //
e Mean volume of distribution of 5.3 L/kg OQM@.{? l“"“ WD)
o O
e 95% bound to plasma proteins Fo. DC:EMC"{}% N
S-OH-Bu (M7) l
Metabolism: 1 e ol .
PN\_IN—Q
e Extensive first pass metabolism Eﬁf v, j
P A LW DQ‘Mu’:u-q:}—m SOH-1PP (M1)
e Mainly metabolized by CYP3A4 Oxa-Bu (M4) e
5,6'-di-OH-Bu (M5)
. . . Fic. 1. Proposed metabolic pathways of buspirone in human liver microsomes. The
Elimination: "*C-label is designated by #. The numbering system is adopted from a previously
.. reported system (Jajoo et al., 1989a). The primary P450 enzyme responsible for
* Lessthan 1% of an administered dose major metabolic pathways in HLMs is also listed.

was recovered as unchanged drug in urine

e Mean elimination half-life = 2-3 hrs Ref: zhu etal, DMD 33; 500-507, 2005

Ref: Mahmood et al., Clin Pharmacokinet 1999 Apr; 36 (4): 277-287 SimulationsPlus
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Figure 1. Mean plasma concentration versus time profiles of buspirone, 1-(2-pyrimidinyl)-piperazine (1-PP), and 6-hydroxybuspirone
(60HB) after a 5-day oral administration of 5, 7.5, 15, 20, and 30 mg buspirone HCI on a twice-dailv dosing reimen.

Dockens et al., J Clin Pharm 46; 1308-1312, 2006
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e
PO tablet 7.5 mg Dockens PO tablet 20 mg Dockens
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Total simulation time (h): 108 55 Total simulation time (h): 108 =150
Result Observ  Simul 24+ Result Observ  Simul =140
- 94 Fa (%): ] 99, 95 L50 - Fa (%): o 99. 95
- e Rys o oo = 22; Else o ioo| 130
E 8+ cmax .(ng,’mL): 0.56 0:536 L45 E cmax E[ngij]: 1.4 1:52? 120
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Predicted (lines) and observed (points) Cp-time profiles of buspirone (red), 1-pyrimidinylpiperazine
metabolite (blue) and 6-hydroxybuspirone metabolite (pink) in healthy adult volunteers after 9 doses
of 7.5 mg and 20 mg buspirone hydrochloride administered once a day.
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PO tablet 10 mg healthy
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PO tablet 10 mg decompensated
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Prediction is not perfect, but
gives a good insight into how the
exposure may change in patients
with severe hepatic impairment

Observed data from Barbhaiya et al., Eur J Clin Pharmacol (1994) 46-41-47
46
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Pregnancy
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Relevant mechanisms:

1.

2.
3.
4

Intramembranous pathway (between amniotic fluid and fetal blood within the placenta and membranes)
Transmembranous pathway (between amniotic fluid and uterus)
Fetal pathway (swallowing, secretion, urination etc.)

Trans-placenta pathway SimulationsPlus
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e Poorly understood:

— Complex mechanisms: multiple pathways
and exchange occurs simultaneously

— Mechanisms for volume regulatory vary
with gestational age

— Most data are derived from sheep
experiment

e 3 principals mechanisms:
— Intramembranous pathway
— Transmembranous pathway
— Fetal pathway

50

1. Fetal lowi d
mm:;.u:: LT o y Transmembranous
intestine Pathway

2. Secretion from
respiratory tract

PLACENTA

Net water maovement
between mother and
fetus across placenta

Exchange across fetal
skin possible only for
small lipid soluble gases

Intramembranous AMNIOTIC FLUID
Pathway =3 +4 +5 Amnion
Chorion

laeve

Fetal
pathway=1+2+6+7

Fetus

Lung fluid Urine flow
Swallowing 340  800-1200
500-1000 170

Intramembranous
_ 200-500

Transmembranous
10

Adapted from R. Brace - 1995
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— rapid movement of water and solute that occurs between
amniotic fluid and fetal blood within the placenta and
membranes.

— Transcutaneous exchange between fetal blood and
amniotic fluid disappears after skin keratinization
» Keratinization begins between 19 to 20 weeks of gestation
e Usually, keratinization is completed at 25 weeks of gestation
— Intramembranous pathway could be split into 2
components(Brace et al —2014):
* Passive pathway where rate depends on the osmolality

* Active pathway(presumed to be a vesicular transcytotic
pathway) that moves amniotic fluid in bulk together with
dissolved solutes from the amniotic fluid outward across the
amnion into fetal blood

PLACENTA

MNet water movement
between mother and
fetus across placenta

Exchange across fatal
skin possible only for
smaill lipid soluble gases

Intramembranous AMNIOTIC FLUID
Pathway =3 +4+5 Amnicn
Chorion

laave

Adapted from R. Brace - 1995
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Transmembranous pathway

— Movement of water and solute between amniotic
fluid and maternal blood within the wall of the uterus

— Appears to make little if any contribution to net
amniotic fluid volume or the concentration of the

major solutes during the second half of gestation g
Adapted from R. Brace - 1995

AMMIOTIC FLLID
Amnion "

— In early gestation, this pathway should be important
(as other main pathway are not mature)

SimulationsPlus
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— Movement of water and solute between amniotic
fluid and fetal organs

— Represents the major flux of amniotic fluid during

the second half of pregnancy

— The formation of urine by the fetal kidney begins
with the appearance of the definitive kidney,
between 9th and 12th week of gestation.

— The human fetus begins to swallow at the same
time that fetal urine begins to enter the amniotic

cavity.

— Around the 25th weeks of gestation, a substantial
portion of the amniotic fluid is produced by the

pulmonary epithelium.

1. Fetal swallowing ang
reabsorption by
intesting

2. Secretion from
réspiratory tract

7. Oral and nasal
secretion

Fatal urine
AMNIOTIC FLLID
Amnion

Chorion
faave

Fetal
pathway=1+2+6+7

Adapted from R. Brace - 1995
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Pre-Term Height vs Age - M & F
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Plot of hematocrit vs post-menstrual age (PMA) for
infants up to 1 year old or gestational age for fetus.
The yellow triangles were calculated by the equation
provided in Dallmann (Dallmann 2017). The final
hematocrit equation for fetus was fitted with the
Dallmann equation and rest of the observed data (black

14 19 24 29 34 39 44
PMA (weeks)

PMA (weeks) 4 9

Fetal weight and height prediction in GastroPlus vs. observed data. Solid line
represents the current GP predicted value for fetal weights and the green circles are
the observed values from multiple publications (refer to the Infant PBPK section).
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50th Percentile

ig i < Obese
¢ Overweight
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'g 12 1 ——GP Predicted Weight Gain ooooo
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UV 6
s,

2 ) - >

0 leeefOo l . l l

0 10 20 30 40 50
GA (week)

Weight gain during pregnancy. Red solid line represents
the calculation in GastroPlus, the color coded diamonds
are the observed weight gain for obese, overweight,
normal weight and underweight subjects (Carmichael
1997)
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for calculation of all the tissue weights.
Gestation age (in weeks) and pregnant weight
will be used for calculating certain tissues’
change during pregnancy such as uterus, kidney,
fetal, adipose etc.
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m PEAR. Physiclogy

File Legacy Options

New PEAR Physiology

Balance Model | [~ Esxpand View

CO [mL/s]:

|1U4.4137

~PEAR Inputs ~PEAR Outputs
s Name Wolume [mL] Perfusion [mL/s
Species:  [Human ~ Hepatio Atery | 0.0000 35361
wation:  [imeican < Lung 863.0109 104.4137
Pop Amarican hd Arterial Supply 1614.2065 104.4137
Gender: Female - Yenous Return 32284128 1044137
Adipose 377715342 |18.3858
Health Status: [Fregnant <] Muscle 172608337 |8.6304
Liver 1474.0076 24 5673
Age: — - ACAT Gut 0.0000 128010
&S IP“" :I |30 :I Spleen 1256665 2.2302
Weight Gain [kg]: Heart 293.0641 4.6890
- j.69 Erain 1355.9673 12,0274
Fetal Weight [kal: |0 0005 idney 355.1918 20.2983
kin 22324382 55311
EoEelor g epro0rg 96,2603 03369
Gestation Age IB = edarow 1131.9725 5.6539
Iweekl: :I FellowMarrow 29834221 14317
Fetus Gender:  |M3E - estDfBody 2754.8561 1.3774
terus 105.6562 0.8679
Height [cm]: |132.2
Weight [ka] oo OVeTWT » | Defines the weight befgre pregnhancy and
BMI [kg/m~2}  [28.9903 used for tissue calculation
% Body Fat: |35. 89

OK | Cancel |

m PEAR Physiology

File Legacy Options
- New PEAR Physiology

Balance Model | [~ Expand View
~PEAR Inputs -~ PEAR Outputs
. Name “Wolume [ml] Perfusion [mL/s
S ; L=
et [Human = Hepatic Artery | 0.0000 5361
o ErTe I—_] Lung 863.0M103 1281165
Pop American hd Arterial Supply 2157.5381 128.1165
Gender: r— = Venous Retun | 4315.0762 128.1165
Adipose 43366.8134  |21.6834
Health Status: Ip,&gmﬂ ,I Muscle 16424.9434 8.2125
Liver 1474.0076 245673
) - ACAT Gut 0.0000 12.8010
A
9 [reas <] [@ = Spiean 128,666 22302
Weight Gain [kal: [1127 Heart 293.0641 4.6830
— n.ar Brain 1355.9673 13.6831
Fetal Weight [kal: |1 4063 Kidney 4301358 28.3544
Skin 2391.0108 59775
Fetal CO [mL? [11.750554
[mL/sk 11750554 Reprolra 9.2603 0.3369
Gestation Age 30 :‘j RedMarrow 1131.9725 5.6539
[weekl: z YellowMarrow 2933.4221 1.4317
Fetus Gender: Male hd Rest0fBody 33501413 1.6751
Uterus B04.6208 1.9327
Height [cm]: |152_2 PlacentaMaternal | 231.9629 9.8531
) Obete Fetal 1406.3000 £.4268
Weight [kg]: |as,55 PlacentaFetal 266.8821 5.3238
Fetal Arterial Supply | 24.7590 11.7506
|3rz.935?
BMI [kgfll“Z]: Fetal VYenous Return| 103.4533 11.7506
% Body Fat: |35. 27 AmnioticF luid 723.2456 0.0000
CO [mL/s]: |123_1135
Consistent with infant
physiology - | e |
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File Legacy Options
PEAR Population Simulator Settings

~Human Sample Statistics

'ﬁ'ﬂ Population Simulator PEAR Settings

seecies: [hunan | \/g@riability in both maternal and fetal physiologies will be included

[~ Perform simple Monte-Carlo simulation (for uncertainty analysis)

Maternal: Fetal:
oiatle [rmn =] e ] EMee [T | M 5
Age between |2ﬂ |years ;] And |4IJ | years LI Gest Age between |1'5 And |2'5 weeks

Weight Gain between |3 And Ig kg

Weight between |se.1a And |95.1a |kg |
BMI between |25_155 And |35_553 kg/m”2

Height between |134_55 And [19554 cm

Weight between IBﬂ And |12|3
Height between Izu

|% Typical Weight |
And |40 fem =l

one of the two groups: less than

Gestational age needs to fall within

6

A4

Typical Subject Charactenstics:
Female 20 years old: 69.92kg; 162.71cm; BMI=26.41
Female 40 years old: 78.7kg; 161.17cm; BMI=30.3 OK

weeks or more than 6 weeks.

| Cancel |
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'ﬁ'ﬂ Population Simulator PEAR Settings

File Legacy Options

PEAR Population Simulator Settings

seecies: [hunan | \/g@riability in both maternal and fetal physiologies will be included

j % Male: |07 % Male: Iaji

| years LI Gest Age between |1'5 And |2'5 weeks

Fetal:

Weight between IBﬂ

And |120

|% Typical Weight |

Height between Igu

~Human Sample Statistics
[~ Perform simple Monte-Carlo simulation (for uncertainty analysis)
Maternal:
Sample ; Health

Population: |‘&""3”'33" d Status: IF'"E"J”‘E"l
Age between |2ﬂ |years ;] And |4IJ
Weight Gain between |3 And Ig kg
Weight between |se.1a And |95.1a |kg |

BMI between |25_155 And |35_553 kg/m"2

Height between |134_55 And |95 54 cm

And |40

Jem =

ody weight is calculated from body weight and weight gain, the final BMI and

weight range are posted here

Typical Subject Charactenstics:

Female 20 years old: 69.92kg; 162.71cm; BMI=26.41
Female 40 years old: 78 7ka; 161.17cm; BMI=30.3

0OK | Cancel |
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surgical procedures in pregnant women N—n HO. _O
Urinary recovery of unchanged cefazolin constitutes ’_QS/\ks _ /;0
. N—
100% of the administered dose | o\
o . s = \N/[/\/ i
Renal elimination of cefazolin involves glomerular H N N

filtration and tubular secretion mediated by influx OATs
1/3 and efflux transporter MRP 4 (Km and Vmax values
were fitted for healthy subjects). For Kidney filtration,
the default fup*GFR is used.
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Baseline model was calibrated/validated against in vivo data from literature (healthy males)

2 8 8 8 8

[

Concentration (pg/mL)
S

2

Cefazolin_IV_500mg_Kldney-trans
500

Gefazolin_IV_500mg_Kidney-trans
"

-
o 1 2 3 4 § L] T H]
Simulation Time (h)

[ 10
Simulation Time (h)

Cefazolin_IV_1000mg_Kldney-transporters

500

450

Concentration (Hg/mL)
g & B & £ g &

g

Co}‘:{olln_w_lomnu_mnoy-mnlpomrs

2 H [] ]
Simulation Time [h)

H 6 8 10

Simulation Time (h)

Cefazolin_inf_2g_Kldney-transporters
500

Cafazoiin_inf_2g_Kidney-transporters
450

P

X

400

©
2

Cancentration (upimL)

g

Concentration (ug/mL)
2 8 8 B
o

3

2 4 6 8 10
Simulation Time (h)

Concentration (ug/mL)

] ] (%] ©

g & 8 &
Concentration (pgimL)

g

Cefazolin_inf_3g_Kldney-transporters
500

Cgfazalin_inf_3g_xlaney-transporters
0

0 2 4 6 8 10
Simulation Time (h)

Cefazolin_inf_4g_Kldney-transporters
500

Cfazoln_int_4g_Kidney-transporters

4504

g

g

w
H
Cancentration (pg/mL)

[ ]
Simulation Time [h)

n 2

Concentration (ug/mL)
g § 8

g

g

2 H 6 8 10
Simulation Time (h)

Observed Data: Philipson 1987 - 0.5 g IV; Rattie 1974-> 1 g IV; Smyth 1979> 2; 3; 4 g IV
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Cefazolin was administered to pregnant women before undergoing cesarean delivery

Maternal plasma

150

Cefazolin - 2000 mg IV

Young 2015 - mean concentration - 39 GA

Concentration (pg/m

0

140/

1304
- 1204
= 1104
S 1004
904
804
704
604
501
404 L
304
20/
10

()

Coneentration (ug/mL)
3

)

3

o 1 2 3 4 & 6 T 8
Simulation Time (h)

Simulation Time (h)

Cefazolin - 3000 mg IV

Young 2015 - mean concentration - 39 GA
400

3504 | T =
EE. 10°
2
300 g
.E:
&
2501 P
3
10"

m ¢ 1 i 3 & § & 7 @
Simulation Time (h)

2

Concentration (pg/mL)
- [N ]
8 8

8

e

T T T T T T

o 1 2 3 4 5 6 7
Simulation Time (h)

w4

Maternal (left) and neonatal (right) plasma
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Observed Data: Young 2015; Elkomy 2014

Elkomy 2014 5th, 50th, 95th centile of concentration

Concentration (pg/mL)

=

888883888

Cefazolin - 1000 mg IV

39 GA

-
2

Concentration (ug/mL)

2 3 4 L] L
[m] Simulation Time (h)

2 3 4 5 6

Simulation Time (h)

Cefazolin - 1000 mg IV
Elkomy 2014 - 39 GA

Concentration (ug/mL)

1 4

2 3 H
Simulation Time (h)

1 2 3 4 5 6

Simulation Time (h)
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then used to predict
maternal and fetal PK

Cefazolin was

administered to pregnant
women (IV or IM) before

undergoing elective
cesarean delivery or
hysterectomy

Cefazolin - 1000 mg IV
FioreM 2001 - 39 GA

Cefazolin - 1000 mg IV
FioreM 2001 - 39 GA

Cefazolin - 1000 mg IV
FioreM 2001 - 39 GA

Observed Data: Fiore Mitchell 2001; Bernard 1977
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T T T v T T T T T T 04 04 =
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MOAaels are nere to stay

e PBPK modeling is already being used routinely for first-in-human predictions,
pharmaceutical development and drug-drug interaction evaluations

e PBPK models also provide a platform for predictions of exposure in special
populations and have a potential to go beyond the major groups in focus today
(pediatric, hepatic and renal impairment)

PBPK models play well with others

e PBPK can be used as complimentary approach to PopPK modeling, especially for
groups where it is difficult to obtain PK data in large cohort

e With predictions of individual tissue concentrations, the simulated profiles can be
linked with QSP/QST models to simulate the local effects of administered drug.
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>1000 members on the LinkedIn group page — membership is free!
http://www.linkedin.com/groups/GastroPlus-User-Group-5025927/about

Mission & Goals:

Discuss best practices, Q&A and FAQs
Share knowledge of software functionality and applications

Publish journal articles to show validation for different applications
Present and advance M&S science via social media, webinars and face-to-face meetings
Feedback on improvements and software functionality requests to Simulations Plus
Understand and influence regulatory expectations for M&S submissions

SimulationsPlus
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