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GastroPlus-

PBPK modeling software...
from discovery through development




GaStl‘Opll,IS"’ Leading the modeling and simulation revolution...

GastroPlus is a mechanistically based simulation software package
that simulates intravenous, oral, oral cavity, ocular, inhalation,
dermal/subcutaneous, and NEW! intramuscular absorption,
pharmacokinetics, and pharmacodynamics in humans and animals.
This smoothly integrated platform combines a user-friendly interface

with powerful science to help you make faster and more informed e et [ O it v
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GastroPlus is by far the most commonly used software of its kind. ===

It has been identified as the #1-ranked program for in vitro - in
vivo extrapolation (IVIVE) and has been the focus of several
publications from the FDA!
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The GastroPlus simulations include:

FOR DISSOLUTION & ABSORPTION -

* The Advanced Compartmental Absorption and Transit (ACAT™) model - only in GastroPlus!

* Physiological gut models for human, dog, rat, mouse, rhesus maonkey, cynomolgus monkey, minipig, rabbit and
cat - fasted or fed conditions defined

* Vast selection of dosage forms: immediate release, delayed release, controlled release (including dispersed
systems, gastric-retention, and more)

* pH-dependent solubility and logD models - ionization effects on dissolution & absorption considered

* Paracellular absorption - estimate paracellular permeability

* Mechanistic effect of bile salts on drug solubility and dissolution

* Enhanced treatment of nanoparticle effects on solubility and dissolution

* Mechanistic models to predict in vivo precipitation

* Options for defining pH-dependent dissolution (Z-factor]) and precipitation rates

* Saturable metabolism and/ or influx/ efflux transport along the Gl tract

* Mechanistic deconvolutions and In Vitro - In Vivo correlations (IVIVCs] for various formulations

FOR PHARMACOKINETICS -
*\Whole body, physiologically-based pharmacokinetic (PBPK]) models defined - including pediatrics
* One-, two-, or three-compartment conventional pharmacokinetic model options available
* Transporter-based IVIVE: automated scaling of permeability across all tissues with PBPK
» Saturable metabolism and transport in liver or any PBPK tissues
* Metabolite tracking - easily link the formation of metabolites with the metabolism of the parent(s) in a single simulation
* Mechanistic treatment of biliary secretion and enterchepatic circulation
* Mechanistic static and dynamic DDI predictions
* Automated PBPK/PD model selection with industry standard pharmacodynamic models

Simulation Modes Available -
* Population Simulator™ - predict likely distributions of PBPK/PD results over different populations
* Parameter Sensitivity Analysis - quickly test sensitivity of results to changes in model parameters
* Batch Simulations - screen compound libraries for bioavailability & PK exposure in different species

E G0 SimulationsPlus Please call for more information +1-661-723-5523 | Fax +1-661-723-5524

SCIENCE + SOFTWARE = SUCCESS



0 What’s New in Version 9.5?

* NEW! PBPK models for antibody-drug conjugates (ADCs)
* NEW! PBPK physiology models for Chinese (pediatric and adults) and hepatic impairment populations

* NEW! Bolus & controlled release models for subcutaneous and intramuscular injections
* Updated! Animal physiology models for non-oral delivery pathways

* Improved! Reporting functions - easy export into Excel spreadsheets

* Upgraded! Automated mechanistic deconvolutions and easier virtual BE simulation setup
* Enhanced! More covariate relationships in the Population Simulator

e..and more!

O ADMET Predictor™ Module

CYP metabolism predictions from chemical structure - quickly create full PBPK models in seconds.

The ADMET Predictor™ Module extends the capability of GastroPlus by enabling you to obtain predictions from structure of all physico-
chemical, pharmacokinetic, and CYP metabolism kinetic parameters required for GastroPlus PBPK simulations. The module uses the
same models as our best-in-class ADMET Predictor software.

QSAR:

Physicochemical/Metabolism Endpoints PBPK Modeling

Updated! Enhanced pKa model developed in collaboration with Bayer HealthCare - ALL models retrained with greater accuracy!

This module automatically generates predictions for the following properties:

* CYP metabolism kinetics - Vmax, Km, and CLint * Blood:brain barrier permeation (classification)

* P-gp and OATP transporter inhibition models (classification] ¢ pKa(s)

* Aqueous solubility vs. pH praofile * Tendency to supersaturate in water

* Biorelevant solubility (FaSSIF, FeSSIF, and FaSSGF) * Diffusion coefficient in water

* logD vs. pH prafile * Human effective permeability

* Rabbit corneal permeability * Human plasma pratein binding

* Human volume of distribution * Human blood:plasma concentration ratio

The ADMET Predictor Module has several critical benefits:

(1 by loading a library of chemical structures, quickly set up a database for screening fraction absorbed &
bioavailability - decide which compounds to carry forward into in vivo studies

(2) use the in silico predictions and Parameter Sensitivity Analysis to guide your in vitro studies

(3) begin evaluating different formulation strategies to assess the importance of factors like particle size, solubility

and dose on absorption

Please call for more information +1-661-723-5523 | Fax +1-661-723-5524 [ SimulationsPlus

SCIENCE + SOFTWARE = SUCCESS



PBPKPIlus™ Module

Ranked #1 in In Vitro-In Vivo Extrapolation (IVIVE]) by Pfizer! ==
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scaling of permeability across tissues in the PBPK model -
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The PBPKPIus Module extends GastroPlus to define a “whole body” Tl

PK model, consisting of various tissues. You can easily simulate the o

distribution & elimination of compound throughout the body and e
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track concentrations in any tissue. Tissues can be defined as needed, ‘ﬁﬁ St =
or default models can be used with a standard set of compartments: # s i E;;.’:ﬁ;i-
. _ _ = .

Adipose Arterial blood  Brain Yellow marrow goso |

Gut Heart Lungs Kidney

Liver Muscle Skin Red marrow

Spleen Reproductive Venous blood

organs

Customize your PBPK model by treating any tissue as either a perfusion-limited or permeability-limited model, and
quickly add/ delete tissues as needed - all without writing any equations!

The PBPKPIlus Module also provides:
* Generation of physiological model parameters (tissue weights and volumes, composition, perfusion rates, etc...)
with our built-in PEAR Physiology™ (Population Estimates for Age-Related Physiology).
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* Population simulations based on parameter variances in a sample population - define your own age range,
% male vs. female, and the number of “virtual” subjects you wish to create

* Novel methaods for estimating tissue partition coefficients from logD, pKa, plasma protein binding and Rbp - only
in GastroPlus!

* Physiological maodel for kidney including glomerular filtration and reabsorption

* Fitting models to in vivo data [plasma/tissue concentrations, amount excreted in urine, etc...]

* Linking of pharmacodynamic effect directly to concentrations in specific tissues

* Mechanistic transport of drug from hepatocytes to bile in liver, modeled either as a linear process or through
carrier-mediated transport

* Report-quality plotted output of all time-dependent results in all tissues

e .. and more!
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n Drug-Drug Interaction (DDI) Module

The DDI Module in GastroPlus allows you to predict drug-drug interactions [DDls) among drugs and metabalites.
The ability to accurately estimate patential DDls in silico has several benefits for companies:

* Explore possible effects on the pharmacology and toxicology of drugs

* |dentify species-specific changes to estimate how a drug behaves in animals vs. humans

* Investigate the safety profile of drugs that are co-administered prior to filing regulatory submissions with
agencies around the world

With the DDI Module, calculating either steady-state and/ or dynamic DDls is managed through our easy-to-use interface.
We provide a database of standard compounds for which all relevant parameters (including reported inhibition/induction
constants and full compartmental PK/PBPK models) are defined. Of course, you may predict DDIs among any compounds
by simply entering the required inputs. As with other GastroPlus modules, there is no equation or code writing required.
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Additional Dosage Routes Module

The Additional Dosage Routes Module in GastroPlus extends the program beyond the traditional oral and intravenous administration
routes. With this module, you can simulate drug dispaosition through additional dosing sites - dermal, intraoral (oral cavity), ocular,
pulmaonary (intranasal and respiratory), and NEW! intramuscular. These models were all developed in collaboration with top 5
pharmaceutical companies. The ability to predict concentration profiles in different regions of the skin, mouth, eye, lungs, nose, and

muscle can help you:

* Explore various formulation/drug delivery options to achieve desired therapeutic effects
* |dentify species-specific changes to estimate how a drug is handled in animals vs. humans

With the Additional Dosage Routes Module, simulating concentrations through these sites is managed through our
easy-to-use interface. Mechanistic, physiologically-based models are pravided for each tissue, for different species.
You can also customize your own physiology by entering available information into the program. These models are

linked with either compartmental or physiologically-based pharmacokinetics (PBPK] in GastroPlus, so you may predict

your drug’s distribution and elimination once it enters into the systemic circulation. As with other GastroPlus modules, there is no

equation or code writing required.

Ocular Model (Ocular Compartmental Absorption & Transit (OCAT™) Model
* Nonlinear metabolism or transport in any eye tissue!
* Two-site melanin binding options!
* Convective flow incorporated into the ocular disposition model
* Physiology madels (human, rabbit, and NEW! monkey)

The ocular model of the Additional Dosage Routes Module provides dosing as:
* Eye drop (topical solution or suspension)
* Intravitreal or subconjunctival implants

* VT (intravitreal injection)

Some of the processes which can be modeled include:
* Nonlinear metabolism or transport in any eye tissue
* Convective flow incorporated into the ocular
disposition model

* Two-site melanin binding options
* Predefined physiology models (human, rabbit, and NEW'! maonkey)
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Pulmonary (Intranasal/Respiratory) Model (Pulmonary Compartmental Absorption & Transit ([PCAT™) Model

* Nonlinear metabolism or transport in any lung tissue!
* Age-dependent scaling of the pulmonary physiology!
* Physiology models (human, rat, NEW! mouse, and NEW! dog)

The pulmonary model provides dosing via the intranasal or respiratory route as an:
* Immediate release solution

* Immediate release powder

The pulmonary model includes the advanced ICRP 66 deposition model (Smith et al,, 1998,
LUDEP) for calculating deposition fractions in each compartment of bath APl and carrier
particles. Additionally, you may account for the following processes in your simulations:

* Mucaociliary transit
* Nonlinear metabolism or transport in any lung tissue
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* Lymphatic transport & systemic absorption
* Age-dependent scaling of the human physiology
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Additional Dosage Routes Module cont.

Dermal/Subcutaneous Model

The Transdermal Compartmental Absorption & Transit [TCAT™) model represents the skin as a collection of the following
compartments: stratum corneum, viable epidermis, dermis, subcutaneous tissue, sebum, hair lipid, and hair core. The
subcutaneous tissue is also considered. The diagram is shown in the figure below.

The model can simulate a variety of transdermal & subcutaneous
dosage forms, specified at different places on the body, including:
¢ liquid formulations (solutions, lotions, suspensions)
* semi-solid formations (gels, creams, lations, pastes)
* subcutaneous injections (bolus or controlled release)

Some of the processes modeled include:;
* vehicle evaporation
* absorption from the vehicle into the various tissue regions
* nonlinear metabolism in any tissue region
* systemic circulation and lymphatic absorption

Measured in vivo data for any dermal tissue can be used to compare
with simulation results. All standard GastroPlus features, including
the Population Simulator and Parameter Sensitivity Analysis, can be
used with the dermal model.

Oral Cavity Delivery Model

The Oral Cavity Compartmental Absorption & Transit (OCCAT™]
model represents the oral cavity (mouth] as a collection of the
following compartments: buccal, gingival, palate, top of the tongue,
bottom of the tongue, and mouth floor. The diagram is shown in the
figure at right.

The model can simulate a variety of dosage forms including:
* sublingual solutions & tablets
¢ lingual sprays & supralingual tablets
* controlled release buccal patches

Some of the processes modeled include:;
* dissolution & precipitation in the saliva
« diffusion through the oral mucosa
* uptake into systemic circulation
* swallowing of unabsorbed drug

Measured in vivo data for any oral cavity tissue can be used to compare with simulation results. All standard GastroPlus
features, including the Population Simulator and Parameter Sensitivity Analysis, can be used with the oral cavity model.

Database
~Dermal Physiology
r Dasing Region

Human-fim -

Skinpht: [173

Hair Hair
Lipid |=e{ Care
Ext Ext

Sampling Region

Skin pH:
TEWL [g/m™2/h) |_

Hair
|+
[Core int|

Set All Drug-Related Defaults

n=12 n=12
——————

Systemic >

|m:m

Physialogy -
Oral Cavity Physiology

|

Gender
Male -]
Age [years]
=
Staus [Ameke ]
ResdualSabvaul] o3
- Compound —————————————
Dcfouls | Ticsws Fut [G2108
[~ Trvsue Bilf. (em™2/5] |
Solt Tissuss [70BIE7
Kewatiized Eptnel [7.061E7

Experimental Selting

% of Dosa Deposited in:
Buccal

Gingiva

Paate
Tenguetop
Tongue-baliom
Floon

Save Cancel

T

!

Click on indvidual i L -

Please call for more information +1-661-723-5523 | Fax +1-661-723-5524 [ SimulationsPlus

SCIENCE + SOFTWARE = SUCCESS

7




Metabolism and Transporter Module n

When linked with the upgraded ADMET Predictor™ Module, predict CYP metabolism pathways & kinetics, and
have the Enzyme Table automatically populated with the correct locations and units!

Updated! Enzyme and transporter expression levels across species - including UGTs and SULTSs!
Enhanced! Metabolite tracking options!

The Metabolism and Transporter Module is an optional module that extends the capabilities of GastroPlus to include
saturable metabolism and carrier-mediated transport into any compartment [gut, liver, and/or any PBPK tissue),
along with metabolite tracking. This module calculates Michaelis-Menten rates for gut and liver [or any PBPK tissue)
metabolism and for carrier-mediated transport (influx or efflux) based on input values for Vmax and Km. You can
provide Vmax and Km values for each enzyme/transporter independently, or you can lump them into a single effective
Vmax and Km, depending on your data. The distribution factors on the Physiology tab are automatically loaded for
recognized gut enzymes and transporters, and provide the relative amounts of enzymes or transporters in the various
ACAT™ gut model compartments. The Vmax and Km scale factors on the Pharmacokinetics tab are provided to
allow fitting nonlinear kinetic models to your data.

The Metabolism and Transporter Module includes a Units Converter for easy transformation of a variety of your in
vitro metabolism or transporter kinetic parameters into parameters and units that can be utilized by the GastroPlus
model.

Enzyme Table
Vo ol Generic Eneyme Locaion IE!aSwlao Vmex(ma/sler | g (most) |Me!obﬂﬁ= Met_Parer
& Mictosomes € Fuplasma Tl =
E ! n 1AZ P?PK !: . 000356 321 NUNE
imihtes CARLSR iy £kt 57 [ Atamosctine L '-!!':‘.'._.‘?".'E_'E!F.'!!“’ [0.0615 ER] HOHE
 CYP € Fucalc (Halfax) || Atomoxetine 2C19 PBPK Microsomes |0.00933 %g; ng:g
Cytosolc i 9 A Mi .42 P
2 =l ::mmuﬁm/" e R0 TN s QR EiCabe [[Atomasatins FEva (e [Micraomes —[0147 2137 [WONT
| invivo kmu [T2053 mglL | Atomoxetine 206 PBPK {Mmmsmuex |0.0010% 0.25 NUNE 1
Al i 2D6 Mi |0.0267 0.25 NONE 1
Eﬂ%ﬁﬂmﬁmmmﬁm O |206 Mictosomes |0.0267 025 |NONE 1
i 3A4 PBPK |0.000467 32.23 NONE 1
) Transfer 344 Km and Vmax values to Enzyme table ‘ [_|Atamoxetine 3A4 Miciosomes |07 3223 NONE 1
[ S e Do Enzvme ) Liver loaz 3223 |NONE 1
Body Weight [73 Tissus Weight [1900 44 ~] pmol/mgmicrosomal protein [111 Myt [57293 E3 I L
g MP/g Tiss [3 dugMwt[3577 Tissue [ =] Physiology =]
Mictos Conc in vivo Img/mi] [05— ] ] InvivoCLint.u [M285  Lm
Save Cunent Settings az Defouls
r | K — i
_ Pt GastoPha Stire_| e | T
Close [ 4]Reced 7 M
The Units Converter window that provides a convenient way Define multiple metabolic / transport pathways, with enzymes and
of converting in vitro measurements to in vivo inputs for transporters placed into the tissues or organs of your choice!
the GastroPlus model. Also link formation of different metabolics in a single simulation!
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IVIVCPlus™ Module

New article from FDA scientists compare the Mechanistic Absorption deconvolution in GastroPlus
vs. traditional methods - conclusion is that GastroPlus provides “greater predictive

accuracy”

- Mirza et al.,

Pharm. Res. 2012

IVIVCPIus is an optional add-on module that provides a

5

convenient way to develop a correlation between either

Fie Objective Function Weighting

in vitro release and in vivo release or in vitro release and
absolute bioavailability. The formed correlation can then

be used to predict PK profiles for formulations with different
in vitro release rates.

GastroPlus was the first software program to offer “mechanistic
deconvolutions”, which deconvolute, or fit, the in vivo
dissolution vs. time along the gut lumen. An advantage to
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appearance of compound into the systemic circulation. For

formulation scientists, the correlation between in vitro release and in vivo release is much more intuitive and valuable.

Depending on the deconvolution method selected, a correlation can be made between in vitro release and in vivo release
or in vitro release and absolute bioavailability. Currently, linear, power, and polynomial (second or third order) functions

may be selected for the functional form of the correlation.

Run Convolutions: The correlation function can be used to calculate an in vivo release-time profile or absolute
bioavailability-time profile for a new formulation of the compound exhibiting a different in vitro release-time profile. A
plasma concentration-time profile for the new formulation can be constructed with the calculated in vivo release-time

or absolute bioavailability-time profile.

Evaluate Validation Statistics: After running a convolution, IVIVCPlus outputs the observed values, predicted values,
prediction errors, and mean absolute percent prediction error for both Cmax and AUC. These statistics can be used
to evaluate the internal or external predictability of the correlation as described in the FDA'’s “Guidance for Industry
Extended Release Oral Dosage Forms: Development, Evaluation, and Application of In Vitrg/In Vivo Correlations”.

Please call for more information +1-661-723-5523 | Fax +1-661-723-5524 @ SimulationsPlus
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PKPlus™ Module B

PKPIlus extends GastroPlus to rapidly estimate pharmacokinetic [PK]) parameters for non-compartmental analysis (NCA]), along
with 1-, 2-, & 3-compartment models from IV and oral plasma concentration-time (Cp-time) data, without the need to run full
simulations. The fitted parameters include PK parameters, first order absorption rate, bioavailability and absaorption lag time

(if both IV and oral data are included in fitting). Required inputs are Cp-time profiles, dose, body weight and infusion time (if
applicable). Compartmental PK can be fitted to single IV or oral data as well as across multiple Cp-time profiles - IV, oral, or
combination of IV and oral as well as different dose levels. Linear or saturable clearance models can be selected easily.

Full statistics, including Akaike Information Criterion and R"2, are provided for all models. Residual information is also captured
and can be plotted. Once finished in PKPlus, the parameter values of the selected model can be easily transferred back to the
main GastroPlus maodel, and all model results can be saved into report-quality outputs.

¥4 pKPIus Files

Check and update the dosing information. Data with zero dose will not be used in
optimization.

Data File [ioze Type Dioze [mg] Inf time [hrz] Body wt [ka]
Exp-PEPE-N.ipd I 5 i 82
Exp-PEPE-7.5mg.opd Oral 7h 0 70
Exp-PEPK-15mg.opd Oral 15 i] 75
Exp-PEPK.-30mg.opd Oral a0 0 I

Individual body weights will be used with each dataset for fitting of CL and ¥c per Kg.
Where not specified, an average of 76 kg will be used.

¥ Use Individual Body Weights

IV FitE%for OrslDoses @ FitLag Time for Oral Doses Cancel 0K

Plotting of absolute, log, and residuals for each model is selected with a mouse click, allowing rapid comparison of maodels.

1% PKPlus(tm) Compartmental Pharmacokinetics - =& X ] 1 PKPlus{tm) Compartmental Phar
File Model Options Search Method  Objective Function Weighting  Options File Model Options Search Method  Objective Function Weighting  Options
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- cnQA0»KS@A - AU » KSme
TwWO-COMPARTMENT SIMULATION LINEAR MODEL: TWO-COMPARTMENT SIMULATION LIMEAR MODEL:
130{0 10 =} a
CL- 21583 Lm  Cv=5260% CL= 2158 Lh  Cv=5268% 5] @.0
Ve = 5787 L Cv=5846% Ve = 57.87 L Cv=58.46%
CLl2= 9269 Lh  Cv=11584% b Cl2- 92889 Lk Cv=11584% = B@_&_;Q_BQ_E_Q_QLE_E
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K10= 0373 1/ CV=7869% 8 K10= 0373 1/h Cv=T7883% E 1540
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K21= 0167 1/ Cv=271.88% o K21= 0167 1/h Cv=271.88% O 20
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F= 2394 % Cv=4472% F= 2994 % CV=44.72% 301@
& B = 0 5 10 15
Ll n ] ¢ Time (hrs) 4| m I Time (hrs)
Solve for compartment Plot Type Solve for compartment Plot Type
®1 B 2 "3 Solve | @ Absolute O Log C Residuals "1 X2 K3 Solve © Absolute O Log ® Residuals]
2-compartment model for midazolam fitted across Residuals plot for 2-compartment maodel for midazolam
IV and three oral doses fitted across |V and three oral doses
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N PDPlus™ Module

Enhanced! Automated model selection - fit across all direct and indirect models, along with phase-nonspecific cell
killing options, with a single mouse click!

PDPlus allows you to fit standard pharmacodynamic (PD) models to observed data and use the fitted models to
predict PD effect changes due to changes in dose, dosage form, and dosing regimens. The PDPlus module adds the
Pharmacodynamics Table, which contains the PD maodel, the site of PD action, and the parameters that determine
the kinetics of the action. Multiple PD models (therapeutic and adverse] can be accommaodated for each drug record.

Updated! Easily fit PD models across multiple data sets (e.g, doses)

With PDPlus, fitting pharmacodynamic models to observed effect data is quick and easy. You may fit any of the
standard PD models:

Direct Link: Linear, Log Linear, Emax and Sigmoid Emax
Indirect Link: Class 1, Class 2, Class 3, Class 4
Other: Phase-nonspecific cell killing (for tumor PBPK/PD modeling)

Convenient plotting of both plasma concentration-time and effect vs. time or concentration is provided with absolute
and log plots available for each. Plus, all model results can be saved into report-quality outputs.

= = —
o —— BEx
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) LoftAss Humbrer of modwls finishid optimicntion. 4
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5 | 00 121296 10022 2078
& Digcl Mudels  © Indirect Models 2 000 095 = E—— 19 o552 92516 2087
o ¥ m nor are. 033 84237 8197 0268 =
" = g 060 s = 067 83115 7049 16,067
085 9 10 85.455 77.908 7548
Stope: [1 EZew 10503 max [52725 300 o 147 88455 87419 1048
T T Plot PD/Canc vs 90.375 9149 0774
EC50 [031803 Hil Ke 3 5 Time 253 91523 99215 5582
Kin [1 Kout [1 Fu [+ & 020 e 353 83385 102121 4738
o © e 8, 00 493 96565 105.09 a3l
Plut PD ws Com: 7.0 97929 106138 -7.208
Find Best Initial . 2 2 10 el e ) = |nkaiko Intormetion Cri ) =078
|| essn| | [ses]] o o i BT piaks emeion o )
Weightad sum of squared emars = 1 0S1E-1
~Chaose PL Models R2e0819
Dplimize Flot Optimize  Plot &
> € Diecl Lineas ¥ © Indivect, Class | Unselact All Diract P
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The effect can be linked directly to drug concentration in a specific tissue to easily perform PBPK/PD modeling.
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B Optimization Module

The Optimization Module for GastroPlus extends and enhances the program'’s basic capabilities in several
important ways:

* To automatically fit model parameters to data
* To optimize study designs (e.g., dosing regimens) and dose

Fitting models to data

One of the most important uses of GastroPlus is to fit absorption, pharmacokinetic, and pharmacodynamic models
to observations. In doing so, researchers gain tremendous insight into how their compound is behaving in vivo.
When a single set of model parameters can be found that properly describes the observed plasma concentration-
time for all dose levels, a useful model has been obtained. In general, if the model parameters must be changed
for each dose level, then something is not being accounted for correctly. The Optimization Module performs the
multidimensional search needed to fit model parameters to one or more data sets automatically.

Model fitting can include (but is not limited to): e e ——
. . Compourd, [Proeoecol 0l %] | = Selecied ¥ ’
* PBPK model parameters to plasma and/or tissue concentration E
vs. time data
. . . . ACAT | amaTCompond | Compoans i Foumeivion,
* Peff and absorption scale factors to determine regional dependencies oacens vtre T Tos
* A wide variety of physiological parameters (when necessary) v e e
* Parameters to match profiles of parent drugs or any of their metabolites I ot
Model parameters can be fitted to data for a single record, or across multiple
records simultaneously. The program will run one simulation for each record j
. . . Newt Furished
each time it changes the valug(s] of one or more model parameters. Typically,
hundreds of iterations will be performed, each with N simulations, where N
is the number of records whose observations are being used to compare
predicted and observed values. Objective function weighting is user-defined, o =]
. . . l"":' Fancion isigtes! R Advanced Options
and includes the most common weighting schemes. e  Vovormen ’
- i  ivoaren
Compourd. [Foporcii G ]
FaOBJWeight I
IMax 0B Weight: [0
CMox OBIWeight: 0
AUC OBJWeight: [0
Conclime OB Weight: [1|
Therap Window Weight: [T
| . e
Noxt | Back | Finished |
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Biologics Module

NEW! PBPK models for antibody-drug conjugates [ADCs)

Starting in GastroPlus 9.0, we are pleased to offer PBPK models
for large molecules [biologics). The Biologics Module simulates the
absorption, distribution, and clearance of biological drugs. In the
current implementation, both monoclonal antibodies [mAb]) and
antibody-drug conjugates [ADCs) administered as an intravenous
bolus dose, intravenous infusion, or subcutaneous [SQ] injection can
be modeled. As with other GastroPlus modules, there is no equation
or code writing required. A schematic diagram of how the different
organs are connected to one another is shown at left.

All major organs are connected in an anatomical fashion with
plasma flow represented by blue solid arrows and lymph flow by red
dashed arrows. The lymph node collects the lymphatic drainage from
organs and lymph fluid is returned to the systemic circulation. Each
organ in the PBPK model is divided into three major compartments
representing the vascular, endosomal, and interstitial spaces, as
shown below.

Each organ in the PBPK model is divided into three
major compartments representing the vascular,
endosomal, and interstitial spaces, as shown in
the image at right.

/ . v
stn.an(-un Kdeg‘ant-un Kml,TMD

Some of the key processes accounted for in the GastroPlus maodels include:

* Convective transport and fluid phase endocytosis describing uptake of antibody into the tissue
* mAb-FcRn [neonatal FC receptor) binding & recycling
* Target mediated elimination in the interstitial space to include the influence of specific antigen-mAb interactions on mAb
disposition
* Within the endosomal space, the competition for binding to FcRn between endogenous IgG and the therapeutic mAb
* mAb administration by either intravenous (IV] or subcutaneous (SQ) injection
* Complete default physiology parameters for humans - flexibility to create custom species models
* With ADCs, distribution and elimination processes of multiple ADC species with different DAR [drug-to-antibody ratio):
o Distribute to peripheral compartments
o Cleared by nonspecific clearance
o0 Bind to target receptor, internalize, and be cleared in the cell lysosome
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Results

Janssen Pharmaceutica, Titusville, NJ). It is a substrate and potent
inhibitor of CYP3A4. The primary metabolite hydroxy-itraconazole
(OH-ITZ) and the two other downstream metabolites, keto-
(keto-ITZ) and N-d (ND-IT2), are also

substrates and inhibitors of CVPZM The purpose was to develop a
mechanistic absorption model (MAM)/PBPK model for ITZ and its
metabolites which accounts for all the relevant mechanisms
(dissoluti ion, absorption, distributi ism, and

Table 2 summarizes the literature data on drug-drug interaction
between ITZ and MID [5-9]. The first three studies used solution dosage
forms while the rest used capsule dosage forms of ITZ. The e s e
demographic information and study protocol are also provided in the il Numbar

- i o same table. On the day of MID administration, we assumed the  Fisure S: Pedicted (bue) and observed (green) fod changes in AUC ratis for midazolam
auto-inhibition) after i. and p.o. T2 administration.. This model . p "’ under T2 inibiion effect. Note that study 9 has been corrected for gender effct on
o s b kg s o T vy Sl 0 el e o ottty S
midazolam (MID) pharmacokinetics (PK). it The ! - ! natie prar b Part II: DDI Contribution from ITZ and its metabolites
Temain s resran s amet f T G.ohet, | ot ' {mportant to specify the physiological changes according to the meal (actlyin this section, we discuss the individual contribution of ITZ and
son e ) schedule in the DD simulations. its metabolites to the overall DDI effect. Here we simulated the
inhibition effect of 100mg ITZ on oral MID tablets (7.5 mg) 4 days after
The PBPKPlus™ module in GastroPlus™ (Simulations Plus, Inc.) was - . . " the treatment. Table 3 summarizes the dicted AUC ratios under
Table 2. DDI study design details. CEUCE, (20 WD IGHES 8
used to model the PK of ITZ and the three metabolites. The Lipdts different model settings: 4 competitive substrates (ITZ, hydroxyl-ITZ,
Advanced Compartmental Absorption and Transit (ACAT™) model s i 5 B B keto-TZ, ND-TZ), 3 substrates (ITZ, hydroxyHTZ, keto-ITZ), 2
was used to describe the intestinal dissolution, precipitati = ELE) 20mgs>  [w00mgs0 [zo0meso substrates (ITZ, hydroxyHTZ) and 1 substrate (IT2). The metabolites
absorption of ITZ after p.o. ad . H

Midazolam |2 mg taken 4 2 mg taken 4 2 mg taken 4 75mgpotaken2 | contributed about 45% of the total change of AUC and ND-ITZ was the
main contributor among all the metabolites. This result is consistent
with data published in literature suggesting that ND-ITZ was the most
potent inhibitor among ITZ and its metabolites [10], and that 50% of

were generated by the program’s internal Popu\allon Estimates for
Age-Related (PEAR™) Physiology™ module. Tissue/plasma partition
coefficients for all the compounds were calculated using the

inhibitor dose  [inhibitordose |infibitor dose [inhibitor dose on

Lukacova algorithm based on tissue composition and in vitro and in Demographics [n=6 (5:: =85k |elEs [ inhibition is associated with the metabolites of ITZ [5].

silico  physicochemical  properties.  The  biopharmaceutical ofWs(MF) (agezzazys |agezzazws  |ape2zdzys |age1925yrs; Table 3. DDI contribution from [TZ and its

parameters for both ITZ and ts metabolites were either obtained Tyure 2 ean i) snd oborved (i) phoraeoieics i o T2 ot s -

from literature or predicted by ADMET Predictor™ 6.5 condition Il . o T2 model . ) . " Obs
Plus, Inc.). The metabolism series from ITZ to OH-ITZ to keto-ITZ to [ g s 61
ND-ITZ 1a)|\ mediated by the CYP3A4 enzyme) was modelled by L—;k* R il e e nupberciss) =
Michaelis-Menten kinetics with in vitro enzyme kinetic parameters S X 43310 | 303.60 | 269.30 | 244.50 | 586

U ¢
(ng-h/mL)

and the GastroPlus built-in expression levels of CYP3A4 in gut and i
liver. The default dissolution model was used for both solution and AUC_baseline
i s s 7 5 5 !
capsule dosage forms. Particle size for the capsule dosage form was 1 1 = 5 e 5 e 5 (ng-h/mt) 6610 | 6610 | 6610 | 6610 | 102
adjusted to 3 um to account for the formulation effect. The s 0avs 0w 6 0ars 2 0ays s 0aps Ratioof AUCs | 655 | 453 | 407 | 370 | 575

program's mechanistic nucleation and growth (MNG) model was
used to account for possible precipitation as ITZ solubility changes in
different intestinal regions. The permeability of ITZ was predicted in

Midazolam 005 me/kglV [75mgpo  |7.5mgpo |15mgtaken [7.5 mepo
over 2min, 2. |taken 2 hours |taken 2 hours hours after | taken 1 hour
hoursafter [afterthe |afterthe [theinhibitor |after the

MembranePlus™ 1.0 (Simulations Plus, Ind). The DDI module in o o, thentiitor [iniitor dose [iniitordose |doscon day 4 [imisitordose | The work demonstrates the use of the GastroPlus MAM/PBPK
Gastroblus was used to predict the effect of 112 on MID B for a doseondaya [ondaya  [onday6 on day approach to predict DDI interactions involving not only perpetrator,
variety of study designs (varying ITZ and MID doses and = Demographics [=12 (755 |wi2(@8) 12085 [mes@sh 97k but its multiple metabolites (and metabol The
administration times). = ) a5 19.25ys; [age 19-30yrs; [age 19.25ys; [age 22.34yrs; [age 19.26yrs; | MAM/PBPK approach incorporates all relevant processes in drug

= ! i e & e absorption, distribution, metabolism, and elimination and helps with

Table 1. Ki and Km values!®! EE sosks  |seseks  |srsske  |ss7aks  |sessks prediction of PK for different dosage forms and study designs.

=l P [yl [ s Ivobtees voantears|votnteers Including all the major downstream metabolites of ITZ was important

Kiu (M) Km,u (nM) El i] fatedfor 3 [fatedfor3 [fatedfor3 [fatedfor2 [fastedfor3 for accurate prediction of the DDI effect. The overall results

fiv] 13 39 = hours. hours. hours. hours. hours. presented in Figure 5 show that the model predicts accurately across

onatz 14a p E ceforence Okl atal. |Ahonen etal. |Okiols etalBackmanatal [Okdiseral | different studies for both solution and capsule doses using the MNG

. 1995 199 1998 1994 precipitation model. To conclude, we have shown that the

hetodTz] LS a0 z GastroPlus  MAM/PBPK  approach,  integrating  relevant

No-IT2 0.38# 038 physicochemical processes and physiological details, is a highly
P —— ’ et valuable and reliable predictive utility.
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Results
Premature Infants - First Dosa Premature Infants - Steady-State
Ethical considerations prevent extensive clinical trials in pediatric populations; The PBPK model was calibrated by fitting Specific PStc (ftted value 2.5e-5 mL/s/mL cell ™ Ahe o B
in vivo data from adults can be used to volume) against the observed Cp-time profile after 5mg/kg i.v. administration of VCN in rats, F Tw
ition and pharmacokinetics (PK) in children  and verified by predicting VCN plasma and kidney concentrations in rats after 100 mg/kg i.v. 5 &
following a variety of administration routes. Simulation tools allow exploring the administration (Figure 1). The model developed using PK data in rats resulted in excellent H
sensitivity of exposure to individual processes involved in drug absorption, prediction of VCN PK in adult humans (Figure 2). Finally, the model was successfully scaled to 3"
distribution, and elimination, and so can help in design of the trials to maximize their predict PK in children, including neonates and infants. By accounting for the effects of both GA E bl €
efficiency. Several studies were published in the past demonstrating the accuracy of and PNA on the ontogeny of GFR, and changes in body water, the model using built-in § |
PBPK models in predicting pediatric PK for with simple (perf neonatal physiologies was also able to predict the variability in VCN PK in this age group. § 1l
limited) tissue distribution and elimination mainly by CYP metabolism. For this study, £
vancomycin (VCN) was selected for its very low membrane permeation that is not RN EE] R e e
captured well by perfusion-limited tissue models, and for its elimination by renal ¥ bolus Smpk ral IV bolus 100mpk rat ‘Simulation Time (b} Simulation Time (h]
secretion. Rapid changes in glomerular fitration rate (GFR) in the first few weeks oo A i qure 3: (ponts) VCN « uin
after birth and the effect of both gestational age (GA) and postnatal age (PNA) add ! E [ . bom Cis Nl co i
to the variability in clearance in neonates. Changes in body water content and § 2. RGeS e G A, and aight
distribution also affect drug distribution throughout the body and need to be H H ported study. n
accolintedifogshentiyingltolprediciRKironthislage/orotp: E "' T E " using rat data (Figure 1), and validated by simulation of adult human PK (Figure 2). o Specte
H § !l Sensitivity analysis was performed to explore the effect of rapid physiological changes in the
m 3 8 first few weeks after birth as well as the effect of GA and PNA on the PK of VCN in neonates
. ) ) ) " " and infants. Default physiologies for infants with GA 25 to 40 weeks and PNA 2 days to 20
VCN pharmacokinetics was simulated using the PBPKPIus™ module in ¥ L I ] o T weeks were generated using built-in algorithms in GastroPlus 9.0. VCN PK after 15 mg/kg i.v.
GastroPlus1 0 (Smulations Plus, Inc, Lancaster, CA).To account fo the ow Smithn Fm e Sermesern Tene 14 dose was simulated for each virtual infant and clearance was calculated from dose and
diffusion of VCN through cell membranes, all tissues were treated a (points) VCN plasma rat  simulated AUC. The simulated CL was compared to the variability in CL from a Population PK
limited tissues. Organ weights, volumes, and blood perfusion Fotes wire generated altenv amraton s nohg A and 100 e ocabrate e (00 5 model fitted to data from an infant cinical study [8]. The PEPK model resulted in
by the program’s internal Population Estimates for Age-Related (PEAR™) Both plasma and kidney profiles after using

B o Rt slearanca wae cetotes o GEF ared racton pex p gikg dose, Experimental [t excellent a priori prediction of VCN CL in this age group (Figure 4) by considering the

) te - [ . oxporimental Fup influence of both GA and PNA on ontogeny of GFR (Figure 5).
unbound in plasma (Fup*GFR). Tissue/plasma partition coefficients (Kp's) were Stucy,and an n sifco (ADMET Predictor v7.2)value for bood/pasma concentraton rao (Rbp = 0.66)
calculated using Poulin’s equation for drug parttioning into extracellular space I
(Poulin 2002) from in vitro and in silico physicochemical properties (ADMET T e R T T
Predictor™ 7.2, Simulations Plus, Lancaster, CA). The permeability-surface area N o pRcTnT gy . i o
products (PStcs) for individual tissues were calculated as the product of the Specific A = 8 SN
PStc (PStc per mL of tissue cell volume) and total cel volume of each tissue. The H 2
single value of Specific PStc used for all tissues was fitted against in vivo plasma 1 R
concentration-time (Cp-time) data after i.v administration of VCN in rats. The model & & :
was subsequently used to predict the VCN PK in human adults. After validating 3 — :
against adult data, the model was used to predict VCN PK in different pedatric H ! :
groups, including neonates and infants. The importance of GA vs PNA on VCN PK Ewlc H
was explored. 3 8 = q PCA [woeks] PCA ookl
T v 193 163 4 182 W91 170 112 174 17 178 130 4 v 105 132 84 108 38 18 1TE AT A 0 Figure 4: PBPK predicted (red dofs) and PopPK _ Figure 5 GFR vs. PCA for neonates with PNA up 12 weeks
Simlation Time (h) Simulation Time (h) e (bl dte) VON ronlceranco as  fncon of and GA = 27-33 ks (o). 34 wosks (yan). 55 wosks
Figure 2: (points) i tic in VCN CLI GA = 30 we ‘weeks (red). GFR is increasing very slowly with GA during
This study demonstrates the utilty of PBPK modeling throughout the drug y oniinear sale () [ Smiters a0 vaning A B o hows canges VCN sment Freirs b afr i
development continuum, starting with modeling in preclinical species, followed by fromtne roporid sty (2éyoars-oic, 8 3ka), expermenta Fup 4], in sico (ADMET Predicor v7.2)vlue for Rop, and PPk model Simaete y For weoks of
frsi-numan predicion,and inall preicting PK n pediaricgroups. PBPIK o s, oy nd .;;'."A s gestaton, e o GrR fom erne
rodolo s the opp o Isolate contributions of individual el fom adul valuos Using tho ulin scamy.  onsetof he onase, &
hysiologica processes, 1o oxplors he scurces of varabity m PK. and to hghight function based on models Y "
the physiological parameters to consider when deciding the starting dose for References changes in plasma alo data [7 and ref )
individual patiens. The presented oxample also shows the application of predicting ' " ER EREEERI0
pediatric PK for a compound where the distribution is not well-predicted by 1) Simada - Antcancar Res 2012 32 620-82 st s 120020 a =
standard methods for tissuelplasma partion coeficients and requires B e Entmo o, s 5075511 ) Gy Ao [p—— ) SimulationsPlus
characterization of the kinetics of diffusion through the cell membranes. Bt~ Ariicios Ages et 251155 43774282 7] GesvoPus manul, vtson S0 (Smaaions Pus. ) SCIENCE + SOFTWARE = SUCCESS
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drug class for the treatment of primary hyperlipidemia and hypertriglyceridemia. It may
be coprescribed with another lipid-lowering drug such as gemfibrozil due to their
complementary effect. Rosuvastatin is a substrate of multiple transporters including
organic.anion n-anspomng polypeptides 1B1 (OATP1B1), 1B3 (OATP1B3), 281
(OATP2B1), as well a ide (NTCP) and
Tt e (e st (B, ol Gt or metabolic clearance.
Gemfibrozil is an inhibitor of the OATP1B1 transporter, which accounts for ~50% of the
active liver uptake clearance of rosuvastatin. Studies have reported that concomitant
administration of statins and gemfibrozil is associated with an increased risk of
myopathy and rare but life-threatening rhabdomyolysis, possibly caused by increased
systemic exposure of statins. Patients with genetic polymorphisms may be at a higher
tisk of severe drug interactions when rosuvastatin and gemfibrozil are coprescribed.
The objective of this study was to develop a physiologically based pharmacokinetic
(PBPK) model of rosuvastatin following oral administration, and to apply this model to
predict the transporter-mediated drug-drug interactions with gemfibrozil.

PURPOSE

m—
METHODS

» The GastroPlus™ 9.0 (Simulations Plus, Inc.) Advanced Ct

Physiologically Based Pharmacokinetic Modeling of Rosuvastatin
and Prediction of Transporter-Mediated Drug-Drug Interactions Involving Gemfibrozil

of gemfibrozil was approximately 2-fold, which was in close agreement

observed values [5] as shown in Table 1 and Figure 3A.

> The inhibitory effect of gemfibrozil on activity of uptake transporters resulted in
identical fold change in AUCq.; and C,,,, of muscle and plasma (Figure 3B).

Ratio
Observed Predicled Observed Predicted
Plasma  Plasma  Musdle  Plasma  Plasma  Muscle
221 213 212 188 195 195

Table 1. Summary of observed and predicted DDI of rosuvastatin with gemfibrozil.

Figure 1. Overview of the major processes govering the disposition of
in gut and liver.
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RESULTS

> The model adequately described hepatobiliary disposition and dose proportional
of

Absorption

and Transit™ (ACAT™) model was used in conjunction with the PBPKPIus™ and
Metabolism and Transporter modules to build a mechanistic absorption/PBPK
model for rosuvastatin.

> Physicochemical and biochemical parameters that predict absorption and
gistribution were obtained from literature [1] or were predicted from structure with
ADMET Predictor™ 7.2 (Simulations Plus, Inc.).

> Human organ weights, volumes, and blood perfusion rates were generated by the

Population Estimates for Age-Related (PEAR™) Physiology™ module.

Al tissues except the liver were modeled as perfusion-imited tissues.

Tissuelplasma _partition coefficients (Kps) of perfusion-imited _tissues were
calculated using the Berezhkovskiy method [2] based on tissue composition and in

vitro and in silico physicochemical properties.

> Intestinal passive absorption, BCRP-mediated active efflux, and

v

the dose range of 10 to 80 mg in different
populations of subjects following an oral administration (Figure 2A, B, C and D)
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Figure 3. Observed (points) and simulated (iines) plasma (A) and muscle (B)
concentration-time profiles of rosuvastatin after an oral dose of 80 mg with oral
gemfibrozil pretreatment (600 mg twice daily for 7 days) or placebo. Experimental
data were obtained from the literature [10].
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CONCLUSIONS

circulation of rosuvastatin were incorporated in the PBPK model. The permeability-
limited liver model included active sinusoidal uptake, passive diffusion, metabolism,
and billary secretion mediated by active canalicular efflux (Figure 1),

In vitro Km values for OATP1B1, OATP1B3, NTCP and BCRP transporters were
obtained from literature [3-5]. V,,,, values for the liver uptake transporters were
fitted against in vivo data to match estimated contribution of each transporter (~50%
for OATP1B1, ~35% for NTCP and ~16% for OATP1B3) to the total active hepatic
uptake of rosuvastatin [5-6].

v

> The model was validated by comparing simulated and observed plasma
concentration-time profiles for parent drug across several different dose levels
following single and multiple oral administrations obtained from lterature [7-12].

> Intestinal passive absorption and metabolic clearance both in gut (CYP3A4) as well
in permeability-limited liver (CYP3A4 and UGT2B7) were included in gemifibrozi

model. MRP transporter-mediated biliary secretion, renal clearance, enterohepatic

circulation and parent to metabolite interconversion were incorporated in disposition

of gemfibrozil glucuronide metabolite.

OATP1B1 and NTCP transporter-mediated drug-drug interactions were predioted

with the GastroPlus DDI module through dynamic simulations using the validated

rosuvastatin and gemfibrozil PBPK models

> G, for gemfibrozil inhibition of rosuvastatin OATP1B1- and NTCP-mediated liver
uptake was from the literature [5,10]

v

s
PURPOSE

‘The aim of this work s to develop a physiclogically based pharmacokinetic
(PBPK) model of buspirona following oral in heatthy
mmmmmmu»mumetmdpwm
associated with liver cirrhosis in compensaled and decompensaled hepatic
impairment patients.

METHODS

O The GastroPlus™ 85 (Simulations Plus, Inc) Advanced Compartmental
Apsorption and Transit™ (AGA'I") model and PBPKPius™ module were
used 1o build the buspirona model for absomtion, distnbution, and clearance
mechanisms.

Q i ical and bi £ that predict and
re oblained from Iferaiure or were predicled from struciure
with ADMET Predictor™ 6.5 (Simulations Plus, Inc.).
2 Human organ weights, volumes, and blood perfusion rates were generated
by the Papulation Estimates for Age-Related (PEAR™) Physiology module
O Individual tissues were repre
models.

mnd as pem:s-ommlto {Blood-flow-Emiled)
{Kps) w using the
Lukacova method [1] from is vm: and in siica pnwoomem;oa\ properbes.

OThe metabolic clearances of buspirone and its 1-pyrimidinyipiperazine
metabolile in gut and liver were estimated from in wiro enzyme kinetic
canstants for CYP3A4 [2] and CYP2D6 [3), respectively, along with
GastroPlus’ buill-in expression levels for both enzymes in gut and liver.

0 The model was vabdated by comparing simulated and observed plasma
aorwemrahomme prol’les !or he parent dmg and its twe major metabolites

. obtained afler multiple oral
administrations of nuspm«a acr0ss saveral different dosa levals (5, 7.5, 15,
20 and 30 mg) in healthy volunteers [4]

0 Physiological changes including cardiac oulpul, cylochrome P450 (CYP)
enzyme expressions, liver size, hepatic blood flow, renal function, and levels
of plasma proteins, all associated with diflerent degrees of severiy of lver
cirthesis [5], were incarporated into the PBPK model, Moreover, es in
small intestinal transit time (5] and stomach pH retated to liver cirhosis [7]
were incluged in physiology

U The final validated model was used to predict concentration-time profiles of
buspirone and 1-pyrimidinylpiperazine melabelite in patients with Bath

and hepati 181,

RESULTS

0 Simulated plasma concentration-time profiles for buspirone and two major
metabolites were in close agreement with abserved data across multiple dose
levels frem heallhy subjects (Figure 1)

I The validated final model, which was extended to predil the elht.ls of liver
by changes h diflere

nt
degrees of seventy of iver cimhosis (Figure 2), agread raasunauly well with
observed data from patients with compensated and decompensated hepatic
impaimment (Figure 3).

Porcont (51

> The absorption and pharmacokinetics of rosuvastatin were accurately modeled
using only in vitro data. The model successfully predicted the drug-drug interaction
related to inhibition of OATP1B1- and NTCP-mediated rosuvastatin hepatic uptake
by gemfibrozil.

> Increased muscle levels of i of
gemfibrozil may explain high risk of muscle- rolatod side effects

> This model can be extended for quantitative prediction of the impact of genetic
polymorphisms and drug-drug interactions mediated by OATP, NTCP, and BCRP
inhibitors.

> The model can help to identify populations at increased risk for side effects and to
optimize their dosing regimens for the safe and effective use of rosuvastatin.

REFERENCES
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Figure 2. Observed (points) and simulated (lines) plasma concentration-time profiles
of rosuvastatin after multiple doses of 10 mg (A), single dose of 20 mg (B), single
dose of 40 mg (C), and single dose of 80 mg (D) in healthy volunteers. Experimental
data were obtained from literature [7-10]. Amount dissolved (red), amount absorbed
(cyan) cumulative amount that entered portal vein (blue) and cumulative amount that
entered systemic circulation (green)
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Figure 3. Predicled (lines) and observed (poins) Cp-time profies of buspirone

{red). 1 iblue) and (red) and 1 {blue) in {A) healthy volunteers (B)
{pink] in healthy adult volunteers after § doses of (A) 5 mg (B} 7.5 mg (C) 15 mg =] patients. after a singe
(D) 30 mg buspirone hydrochloride administered ance a day, oral af 10 mg dose of buspi

Flgum 2. A default human physiclogy. crealed using the PEAR inuony module,
ed by with liver cirthosis

+ Changes in perfusion to organs - Desrease in hematocrit
increase Cardiac + Decrease in plasma proteins amount
~increase hepatic anerial blood flow « Decreage functional liver mass
#Decrease portal biood fow

Decrease GFR

Fincrease blood flows in other organs + Decrease hepalic enzymatic aclivity

CONCLUSIONS

U The absorption and pharmacckinetics of buspirone and its metabolites. in
healthy subjects were accurately smulated using in siico and in viire data
describng  the  drug’s and

alang with in i

U Accaunting for physiclogical changes caused by the disease enabled
successful prediction of systemic exposure in patients with different degrees.
of liver cirrhosis.

U The medel indicated that buspirone pharmacokinetics was most sensitive o
changes in CYP axpression in patients with fiver cirhasis.
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Introduction
Wagner-Nelson, Loo-Ricgelman, mumerical and lution-based methods are
conventional ways 1o fomm an i vitra-is viva comelation (IVIVC). The ullimate goal for foming an
IVIVE is to develop o correlion or relationship between the n viro release and in vivo release of a
formulusion so that an in vivo release profile can be predicted from 1 given fn wtro relense profile.
The Wagner Nelson and Lo Riegelman methis fomn a correlation between in viro release and
binavailability, which is not truly eepreseatafive of a comelation between i vifre telease sl ir v
release, because bioavaiability is affected by a combination of factors such as in vt release,
precipitation, permeability (carrier-mediated and passive transport), and first pass metabolism.
Numerical dbconwhnmn and convolution-based methads can be used w develop a comelation
between i viro rekease and i wivo rekases hawever. these methods. requise the assimption of
linear kinetics, which may

Physiologically based pharmacokinetic (PBPK) models offer in altemtive approach in which a
direet correlation between in vitro relense und in vivo relemse can be made without requiring a linear
system. Such a comelation provides more useful information for fomulation scientisis than a
conelation between bioavailability and un vitrw dissolution. PBPK models provide a framework for
the integration of physiological and in viiro data 1o construct mechanistic models that better
represent the absorption., distribution, metsbolism and excretion processes occurring is 1w thin an
empirical model that lamps these processes into one, two, or thite companments. Futhemnore,
PBPK models do not require intravenons data 1o caleulate pharmacokineric (PK) parameters. These
advantages render PBPK modeling an appesling method to form an IVIVC,

Metoprolol s a widely used beta, selective blocking agent indicated for treatment of hypertesion.
angina pestoris and suble, sympomatic hean failure (1] Under the Biophamnaceutics
Classification System (BCS), it is classified a5 a Class | compound. Metoprolol s a weak base with
a pKa of 9.7 |2] and is metabolized predominantly by CYP2D61].

[——

Objective

Fom a Level A IVIVC using a comprehensive absontion PBPK model for metopolol,

el Appame L 68

Results

PEPK Model

Metoprolol Exhibits Nonlinear Pharmacokinetics
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Methods =
® Constct & comprehensive metoprolol absomtion/PBPK miode] for a typical 30-year-old mak 3]
wsing the PBPKPlus™ module in GastroPlus™ (Simulations Plus, Inc.). Estimate tissue:plasma
panition coeflcients (Kp) using a modification of a method escribed by Hndpnand Rovwland [4].
Use tn viwo in human liver and
metabolic clearnce p-mrmm (Km, Vmsx) |s\ along with enzyme expression levels in the liver
et [5). Calibrai ing plasma data obtained by
jecting /\mlupmk!mmnmdnnl_\ mwlhemun\m and colon (6],

 Obtain in vitres dissolution-time and plasma concentation-time profiles for thiee hydrophilic 100
g metopralol tateate extennded release (ER) tablet fommlations (fast, moderate, skow) from the
literature [7. 8],

* Use the IVIVCPIus™ module in GastroPlus 1oz 8 A 1. A S s i s et
+ Deconvolute i viva release-fime profiles for the moderatc and fust formulations using Conclusions References
o the o esulling i i v, A COMEIStion between i viro rekease and in vive reease formetopolol ER 1. Topro-XL Package Insert
o sk sl " formulations was developed mmgamadwmm PBPK model. The model 2. Regardh C., J Pharmacokinet Biopharm 1974,
¥ Coavolute all theee formubations (show, moderate, & fast) using the fitted polypomial 8 cairpon profikt a ﬁf;;ff‘

Use the sane two hydrophilic 100 g metoprolol artrste ER 1ablet fomu ations o fonn s
IVIVC with the Loo
model caleulated from mmvcnalls data |2|J

parameters for a

P 11, [hing ook byl VIVC
Top: PAFK. Boscex Lo Ricgeiman

of meoproll i not require 3 nﬂrsysmn and did
pammeters 1o be calculated from intravenous data.
® The comprehensive absorption PBPK model met the criteria for internal and

il
and fast) and External (slow) Predictability
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¥ Evaluate the imemal extemal

prcictabiliy for the sk fonmulaion using beth o md Loo -Ricgelman methods

PURPOSE

# The Loo-Riepelman method met the criteria for intemal predictability, but not
external predictability.

e same endosomal

Therapeutic monoclonal antibodies (mADs) represent a growing segmem
of the developmem pipeline in the industry.
ic (PBPK) modeling i
extensively applled in small molecule drug development and has a great
potential of helping in the development of mAbs and functional
derivatives. In this study, a comprehensive PBPK model for mAbs was
developed to slmulate plasma as well as individual tissue concentrations
after 1V) or sC) in preciinical
animals and humans.

METHODS

The whole-body PBPK model previously developed in GastroPlus™
(Simulations Plus, Inc.) was expanded to include mechanisms related to
the absorption and disposition of mAbs. Each organ in the PBPK model is
divided into three major compartments representing the vascular,
endosomal, and interstitial spaces, as shown in Figure 1.

a-

SV - Kane

Figure 1: Schematic representation of individual tissue compartments

The following mechanisms are included in the PBPK model:

+ Transport of mAb into the tissue interstitial space via convective flow
through the paracellular pores in the vascular endothelium

+ Uptake of mAb from the vascular and interstitial spaces into the

space via fluid-p!

« pH-dependent binding of mAb to FcRn in the endosomal space

+ FcRn binding between mAb and
19G

* Recycling of mAb to the vascular and interstitial spaces

+ Endosomal degradation of the unbound mAb

+ Return of mAb from the tissue to the bloodstream through convective
transport with lymph flow

+ Specific mAb binding to antigen (TMDD)

SimulationsPlus Please call for more information +1-861-723-5523 | Fax +1-6861-723-5524
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were applied to both the systemic
clearance and local first-pass clearance after SC administration.
Convective transport through the lymphatic endothelium and fluid-phase
endocytosis are the main mechanisms of absorption into the systemic
circulation following SC administration of mAb.

The vascular (0,) and lymph (a,) reflection coefficients, and the fraction of
mADb recycled (FR) were obtained from literature (Garg & Balthasar, J
Pharmacokinet Pharmacodyn, 34 (2007), 687-709). Other model
parameters (pH-dependent mAb-FcRn binding constants, mAb degradation
in endosomal space, endosomal uptake, and recycle rates) were fitted
using datasets from studies of 14 different antibodies and the reported
synthesis rate of endogenous I9G (Junghans, Blood, 90 (1997), 3815-
3818; Cure & Cremer, J Immunol, 102 (1969), 1345-1353) for different
species. The fitted mAb-FcRn binding constants were within the range of
reported in vitro values (Datta-Mannan et al., J Biol Chem, 282 (2007),
1709-1717; Andersen et al., J Biol Chem, 285 (2010) 4826-4836).

RESULTS

The PBPK model for mAbs was used to simulate plasma concentration-
time profiles of MEDI-528 in human and Rituximab in rats across different
dose levels after IV and SC administration. The simulated profiles were in
close agreement with published clinical results (White et al., Clin Ther, 31
(2009), 728-740; Kagan et al., Pharm Res, 29 (2012), 490-499).

(NHANES, hiip:www o gavinchs/nay
Rodgers T.,J Pharm Sci 2007, 06:3153-3184

¥ 9. Sandberg A, Eur J Cin Pharmacol 1988, 3(Supp| S3-87
nes.him)

simulationsplus, inc.

(b)

Figure 3: Comparison of simulated (lines) and measured (points) Rituximab for
1.and 10 mg/kg doses in Wistar rats after IV (a) and SC (b) doses

The association coefficient between Rituximab and rat FcRn was estimated
using the data from the 1 mg/kg IV dose. For the simulation of Rituximab in
rats after SC administration, an additional linear clearance was included in
the local first-pass clearance in addition to the endosomal nonspecific
clearance processes and was estimated using the data from the 1 mg/kg
SC dose. Other parameters used the default GastroPlus values for rat.

e

SC bi ility is sensitive to dose,

subculaneous lymph flow, and effective

depot volum

. Eioavailabilily decreases
increases

+ Bioavailability increases as the lymph

as dose

Figure 2: Comparison of simulated (lines) and measured (points) MEDI-528 for
9,3, and 1 mg/kg doses in healthy subjects after IV (a) and SC (b) doses.

Default model parameters for human were used for MEDI-528 simulations.

flow or effective depot volume increases

Figure 4: Parameter sensitivity of bioavailability

CONCLUSIONS

+ PBPK modeling of mAbs in GastroPlus accurately simulates PK profiles
after IV and SC administration.

This model can help to investigate the factors responsible for the
systemic disposition of mAbs in preclinical animals and human.

This model could also be applied to assess dose-dependent nonlinear
clearance related to TMDD
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