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GaStr'OPIUS 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 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
project decisions!

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!

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 (Zfactor] 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
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What’s new in Version 9.77?

* NEW ability to add lysosomal trapping effect to PBPK tissues
* NEW mechanistic pregnancy PBPK model (with fetus
compartment)

* ADDITIONAL solubility inputs for different drug forms (crystalline,

amorphous)

* NEW models of standard compounds (substrates/ inhibitors,/
inducers) in DDl Module

* EXPANDED fed state conditions based on meal type

* NEW ability to allow different tissue model types (perfusion- or
permeability-limited) between parent and metabalites or victim
perpetrator in metabalite tracking/ DDl simulations

* PK-PD model ADDITIONS to PDPlus™ Maodule

* UPDATES to the dermal absorption (TCAT™] model through
Cosmetics Europe project

* NEW effect of immune response with intramuscular injection
models

* UPDATED default populations for extensive, intermediate, and
poor metabaolizers based on specific genotypes

New PEAR Physiology
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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.

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 madels (classification] ¢ pKa(s]

* Aqueous solubility vs. pH profile

* Biorelevant solubility (FaSSIF, FeSSIF, and FaSSGF)
* logD vs. pH praofile

* Rabbit corneal permeability

* Human volume of distribution

The ADMET Predictor Module has several critical bengfits:

* Tendency to supersaturate in water

* Diffusion coefficient in water

* Human effective permeability

* Human plasma pratein binding

* Human blood:plasma concentration ratio

(M by loading a library of chemical structures, you can 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 +1-661-723-7723 | sales@simulations-plus.com




PBPKPIlus™ Module

Ranked #1 in in vitro-in vivo Extrapolation (IVIVE) by Pfizer!
(Cole et al., 2nd Asian Pacific Regional ISSX Meeting, May 2008, Shanghai, China)

Only in GastroPlus! Transporter-based IVIVE: automated
scaling of permeability across tissues in the PBPK model

The PBPKPIlus Module extends GastroPlus to define a “whole body”
PK model, consisting of various tissues. You can easily simulate the
distribution & elimination of compound throughout the body and
track concentrations in any tissue. Tissues can be defined as needed,
or default models can be used with a standard set of compartments:

* Adipose * Arterial blood * Brain * Yellow marrow
* Gut * Heart *Lungs * Kidney
e Liver * Muscle * Skin * Red marrow
*Spleen * Reproductive *Venous blood

organs

NEW ability to add lysosomal trapping effect to PBPK tissues

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 PBPKPlus 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).

Current physiologies are:

* NEW mechanistic pregnancy PBPK *Rat
model (with fetus compartment) * Dog

* Human [American, Japanese, and * Mouse
Chinese, Male or Female, * Monkey
based on age) * Rabbit

¢ Infant/ pediatric groups * Minipig

* Hepatic impairment
* Renal impairment
* Obesity

terbinafine.rat-perf

T — =T

]
=
=
]

A,
8 % 4 8 § W 12 W W M o® R M
Simulstion Tima (h]

* 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 praotein 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 (DDIs) among drugs and metaboalites.

The ability to accurately estimate potential 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 DDIs 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 na equation or code writing required.

What are some of the advantages to using the DDI Module?
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* NEW models of standard compounds (substrates/inhibitors
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Additional Dosage Routes Module O

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,
pulmanary (intranasal and respiratory), and intramuscular. These maodels 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 therapedutic 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! po ? | -
* Two-site melanin binding options! = ||| e )
* Convective flow incorporated into the ocular disposition model e = | |, )
* Physiology models (human, rabbit, and monkey) - ST B2

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

N
Some of the processes which can be modeled include:
* Nonlinear metabolism or transport in any eye tissue * Two-site melanin binding options
* Convective flow incorporated into the ocular * Predefined physiology models (human, rabbit, and monkey)

disposition model

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, mouse, and dog) e e
e (=)
. . . . . = "
The pulmonary model provides dosing via the intranasal or respiratory route as an: = -
* Immediate release solution = I
* Immediate release powder L A= L
e =T
The pulmonary model includes the advanced ICRP 66 deposition model (Smith et al,, 1998, ey BT :
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: i g
* Mucaociliary transit * Lymphatic transport & systemic absorption
* Nonlinear metabolism or transport in any lung tissue * Age-dependent scaling of the human physiology

& SimulationsPlus simulations-plus.com/gastroplus v YinJo)o]
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O 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.

UPDATES to the dermal absorption ([TCAT™) model through
Cosmetics Europe project

The model can simulate a variety of transdermal & subcutaneous
dosage forms, specified at different places on the body, including:
¢ liquid formulations [solutions, lotions, suspensions) TP
* semi-solid formations (gels, creams, lotions, pastes) 1 Whcie S PEAF)

* subcutaneous injections (bolus or controlled release) P _
Some of the processes modeled include: A g.:: :
* vehicle evaporation
* absaorption from the vehicle into the various tissue regions
¢ nonlinear metabolism in any tissue region
* systemic circulation and lymphatic absorption SRS el o
o anveweinky b obisin rore mkorsgion -
Measured in vivo data for any dermal tissue can be used to compare i | o=t | F" =
with simulation results. All standard GastroPlus features, including
the Population Simulator and Parameter Sensitivity Analysis, can be
used with the dermal model. e
sl Cavity Proumiogs
- I
Oral Cavity Delivery Model ]
The Oral Cavity Compartmental Absorption & Transit (OCCAT™] #:'I
model represents the oral cavity (mouth) as a collection of the suea [ =]
following compartments: buccal, gingival, palate, top of the tongue, ::ihmr
bottom of the tongue, and mouth floor. The diagram is shown in the ELT;:W
figure at right. et s [TTET
Fawsteged Epihel [TIETET
The model can simulate a variety of dosage forms including: ;ﬁ
* sublingual solutions & tablets — P
* lingual sprays & supralingual tablets Skl E:
* controlled release buccal patches Tooussonr
i ri:— 00 Y DODR L O 3 WL A RSN Wi PR
kel et ’m

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.

Please call for more information +1-661-723-7723 | sales@simulations-plus.com



Metabolism and Transporter Module

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!

* Enzyme and transporter expression levels across species - including UGTs and SULTSs!

* 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.
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The Units Converter window provides a convenient way of
converting in vitro measurements to in vivo inputs for
the GastroPlus model.
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Define multiple metabolic / transport pathways, with enzymes and
transporters placed into the tissues or organs of your choice!

Also link formation of different metabalics in a single simulation!

SimulationsPlus simulations-plus.com/gastroplus v YinYoXo]



IVIVCPlus™ Module

New article from FDA scientists compares 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
convenient way to develop a correlation between either

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
using the mechanistic deconvolution method is that it can

be linked to a PBPK model. We are pleased to validate the
mechanistic deconvolution method through a 5-year
Research Collaboration Agreement with the U.S. FDA.

IVIVCPlus offers five methods for deconvolution:

1) Mechanistic Absorption Model (GastroPlus)
2) Numerical Deconvolution

3] Loo-Riegelman [2-compartment model)

4] Loo-Riegelman (3-compartment model)

5) Wagner-Nelson (1-compartment model)

The Mechanistic Absorption Model (GastroPlus)
deconvolution method directly deconvolutes the in vivo
release rate. The other four methods are traditional
deconvolution methods that calculate the rate of
appearance of compound into the systemic circulation. For

 Numsical Decorvoliton
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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 Vitro/In Vivo Correlations”.

Please call for more information +1-661-723-7723 | sales@simulations-plus.com



https://www.fda.gov/downloads/drugs/guidances/ucm070239.pdf
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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.

H prpius Files

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

Data File Doze Tyupe Doze [ma] Inf time [hrs] Body Wt [ka]
Exp-PEPE-IW ipd Iy h 0 a2
Fun-PREK-7 Bimg npd Mral 75 il 7N
Ewp-PEFFK-15mg.0pd Oral 15 1] 75
CxpT'DNE-00mg. opd Oral 20 ] 77

Individual budy weighls will be used with each datasel fur liting ol CL and Yo per Ky.
YWhere not specihed, an average of /b kg will be used.

¥ Use Individual Body Wweights
IV FitE%forDialDoses W it Lag Time for Oral Dases

Cancel

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

2-compartment model for midazolam fitted across

IV and three oral doses
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N PDPlus™ Module

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

PDPIus 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 model, 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.

* PK-PD model ADDITIONS to PDPlus™ Module
* 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.
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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): T——— e
* PBPK model parameters to plasma and/ or tissue concentration il g e S OB
vs. time data (]
* Peff and absorption scale factors to determine regional dependencies e
* A wide variety of physiological parameters (when necessary) o e D
* Parameters to match profiles of parent drugs or any of their metabolites F o

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 I
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, e Wiatd
; ; : - w1 ol Ot |
and includes the most common weighting schemes. v o -
F 3 s

]
[P0 OIS W MG 157 5 R0 CNed Compaend
FaOliWeiga §
B O walg B
Lidaes (HLE Wik ©
Gl OB Wiyt
AL DB Yo B
Core Bowe ERI Weight |

Mot Enck Enisnod

e SimulationsPlus simulations-plus.com/gastroplus v YinYoXo]

SCENCE+SOFTWARE = SUICCESS



Biologics Module

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.
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Some of the key processes accounted far 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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A PBPK model of the negative effect of chitosan on acyclovir
absorption: The mucus-chitosan interaction

Michael B. Bolger', Mauricio A. Garcia?, Peter Langguth?

1Simulations Plus Inc., 42505 10th St West Lancaster CA 93534

?|nstitute of Pharmacy and Biochemistry, Johannes Gutenberg University, Mainz, Gerl

CONTACT INFORMATION: bolger@simulations-plus.com.

PURPOSE METHOD(S) CONT. RESULT(S) CONT.

A recent bioavailability study raises questions Table 2. Mechanistic absorption at different Peff and D conc.

about the universality of the permeability Peft (cm/s, 10%) 195
enhancing effect of chitosan on poorly permeable 0 D (cm?/s, 10°) 97 045
drugs1. Unexpectedly, chitosan reduced the B2-04 DR wi Enterocyte Uptake (%) 315 455 931 281
bioavailability of acyclovir. The purpose of this PR st s et 234 307 840 216
study was to establish a hypothesis that could be 1:1’:3'[‘;:3::_‘:;3::;‘3}4 a1 T8T09TeS
tested using a mechanistic oral absorption model . Paracellular absorption (%) 105 47 116 52

to help establish a possible mechanism for this

result. Acyclovir enterocyte uptake followed the ranking: jejunum >

duodenum > ileum. However, both the regional ADH1

and yte conc fons of acyclovir lead to
the transcellular absorption ranking: ileum > jejunum >
duodenum. In presence of chitosan, both the enterocyte
uptake and metabolism remained roughly the same. Peff and D
-3 reductions lead to a decrease in paracellular absorption.

METHOD(S)

Experiments were conducted in vitro to measure
permeability through rat intestinal tissue and

changes in pig mucus viscosity and rheology in the
presence of chitosan. Effective permeability (Peff)

e e e e K{hacsl Mo CONCLUSION(S)

the aqueous diffusion coefficient (D) of acyclovir The absorption and pharmacokinetics of acyclovir in healthy
was varied according to viscosity observations. A T i " Tl
h 8 o vl RESU LT(S) A G D subjects were modeled using in vitro and in silico data. The

mechanistic PBPK model for acyclovir was T e e e el 7 model was successfully applied to capture the gut and liver
developed using GastroPlus™ 9.6 (Simulations Plus, The control acyclovir Peff was 3.07x10°5 cm/s ; ; viscosity experiments in this graph were metabolism of acyclovir by ADH1, and renal elimination
Inc.) Advanced Compartmental Absorption and i 5 11| conducted using o mucus concentration i i
v ) ey nd e e pm N chitosan decreased acyclovir permeability to i . H || e o e med}ate‘d by secretorylr“llgxand efflux transporters. The

ransit™ (A model and PBPKPlus™ module to 1.95x10° and 2.38x10° cm/s at 1.6 and 4.0 g/L, | : b= 3 | Permeabity s shown as a black ine wih application of a mechanistic oral absorption/PBPK model
mechanistically explain absorption, distribution, respectively. Mucus viscosity increased in the | (x) symbols according to the eft axis. helped to identify the critical parameters that can explain the
and clearance mechanisms. The kinetic parameters presence of those chitosan concentrations by L] P 'Vrstasr;yr]ssha;m/as anrange e i anomalous decrease in AUC induced by chitosan which is

. triangles) symbols according to the right N o
g:g ;:?e\d/m':e; (f:t: :Iléo"t‘:llerirzr:)vsl:ﬁzzafsrz ::DHI) approximately 4 and 64 times, respectively t & & i | b g nsrma\[ly confsldereld to be anbelxczplent that enhances the
(Fig.1). Rat jejunum Peff was incorporated in the i - - . . absorption of poorly permeable drugs.
literature (Ky,) or fitted (Vyy,,) to intravenous (IV) absorption model to predict the chitosan effect ]
and oral (PO) formulations. The model utilized an i i el
WEReE : previously observed in clinical studies in healthy ———
all tissue permeability-limited model with active subjects? (Fig, 2), The results from a mechanistic i Figure 2. Observed and predicted plasma FUNDING/REFERENCE
renal secretion mediated by two transporters: 1) oral absorption modeling support a hypothesis | LN ' :;"':L:'::fat;D:’IVZ/'Z:;EJD’”{,”;D‘Z";'Q 50 MAG is granted by the CONICYT’s program: Becas de doctorado
organic anion transporter 2 (OAT2) on the ) that a chitosan-mucus interaction might be - Observed plasma concentration profiles en el extranjero, Becas Chile, no 72180466. This work is
basolateral membrane and 2) multidrug and toxin 1 responsible for a reduction in acyclovir were extracted from Kubbinga et al. at O contributed as sideground to the OrBiTo Initiative Joint
(MATE1) on the apical membrane. The model was paracellular permeability by decreasing the ("’D"g’ﬂfr/“gﬂ (circles) and 4.0 Undertaking (HTTP://WWW.IMI.EUROPA.EU).
developed using IV and PO data from oral ive diffusi i o (squares) g/L of chitosan. Predicted
sl effective diffusion coefficient of acyclovir in vivo. ovofies ane shawn as smulotion outputs Reference:
administration in the absence of chitosan. The i it d
: The model accurately predicted acyclovir’s at 0 (green line), 1.6 g/L (orange line) 1Kubbinga M, Nguyen MA, Staubach P, Teerenstra S, Langguth

model was further validated by comparing bioavailability and the chitosan effect by by and 4.0 g/L (blue line) of chitosan. ! g pliLY g IEEE Y,
simulated and observed plasma ion-time idering both Peff and D (see Figure 2). B P. The influence of chitosan on the oral bioavailability of

acyclovir—a comparative bioavailability study in humans.

profiles for acyclovir obtained from clinical studies
Pharm Res. 2015;32(7):2241-2249.

in the presence of two concentrations of chitosan.

wizsoos  HTPK: Conducting PK modeling and simulations at high speed aaps )
Robert Fraczkiewicz, David Miller, Marvin Waldman, and Robert D. Clark A' PharmSC| {
Simulations Plus, Inc. 42505 10th Street West, Lancaster, CA 93534, USA ! N ————

CONTACT INFORMATION: robert@simulations-plus.com

PURPOSE RESULTS CONCLUSION
In silico pharmacokinetic (PK) simulations are
now routinely incorporated into drug HTPK calculation of fraction absorbed and fraction bioavailable in human after 24 h, at three Comparison of HTPK simulation results (%Fa, left chart, and %Fb, right chart, all at 10 mg HTPK Simulation Module simulations can be
dovelopment workllows, espedially in the later different IR doses (1 mg, 10 mg, 100 mg) for each of the 2284 drugs extracted from the World  dose) vs. compartmental ACAT results obtained in GastroPlus [5] for a subset of 300 DI GO b S
pi A ol GEE y 4 Drug Index. representative drugs extracted from the World Drug Index.
stages. Such simulations can provide insight well as ACAT plus central compartmental
into the results of Phase I/l clinical trials, analysis in GastroPlus does. The new HTPK
which is crucial to deciding when or if to Process| ng me for ARl m— Simulation Module in ADMET Predictor
progress a drug candidate. For example, the provides a high-throughput pharmacokinetic
best way to identlfy reasons for the lack of in Platform 2284 drugs tool for addressing likely absorption and
vivo drug efficacy is through full-scale X bioavailability problems early in drug
physiologically-based PK (PBPK) studies. Laptop A[3] 3.9 min (~0.1 s/drug) discovery. It can quickly estimate
There is no fundamental reason, however, not bioavailability potential of thousands of
to use PK simulations in drug discovery. La ptop B [4] 2.5 min (~0 06 S/d rug) P 2 analogs generated in silico, e.g., via
Practical arguments against doing so were - - combinatorial explosion, thereby saving both
computational cost and availability of Table of results for the first 8 drugs of the 2284 set mentioned above. %Fa_hum = fraction t 7 time and effort.
appropriate input parameters. We present and absorbed in human, %Fb_hum = fraction bioavailable, Cmax_hum = maximal attained plasma o 7 In summary, it is simple enough to be fast,
test a new method that addresses these concentration in ng/mL, Tmax_hum = time to reach Cmax in h, AUC_hum = area under the ” yet complicated enough to get the job done.
problems. C,(t) curve in ng*h/mL. Numerical suffixes indicate dose in mg. -
OBIJECTIVE
. . X . § REFERENCES
This study is a comparison of predicted HTPK vs. experiment: predicted and HTPK vs. experiment: predicted and
percent absorbed and percent bioavailable observed human fraction absorbed for 115 observed human fraction bioavailable for 62 -
between the high throughput PK (HTPK) e etedony e e e o e R
i i ™ 1ao et al % predicted were within 2- ’s. % predicted were within 2-fold of d g .
;Lm';‘g":.lf',;“ /°d“|e °;ADM|ET:|2“'°§"' i 5 fold of the reported value, while 83% the reported value, while 68% predicted were plus.com).
© w':Lpa mental (EHEED predicted were within 1.5-fold. There is some  within 1.5-fold. Some outliers are determined [2) Agoram, B.; Woltosz, W. S.; Bolger, M. B.
from GastroPlus™ and tests its performance. indirect evidence that pefloxacin and 0 be Py, and/or UGT substrates. “Predicting the impact of physiological and
terbutaline are influx transporter substrates. biochemical processes on oral drug
* Adv. Drug. Deliv. Rev. 2001, 50
¥ oy Suppl 1, S41-67.
METHODS - - 3] DELL XPS with Intel® Core™ i7-3537U CPU
" . Required inputs and corresponding Outputs generated by fraction absorbed / 25 GHz, 8 GB RAM, 64-bit, running Windows 7.
jlelbavelimolcmentediEKS ipuiation ADMET Predictor models bioavailable and optimal dose models - - [4] ASUS R.0.G. with Intel® Core™ i7-7700HQ
capability (termed the HTPK Simulation . . CPU 2.8 Gy, 16 GB RAN. 640, rumin
Module) within ADMET Predictor [1] that runs |_Outputs generated by the %Fa/%fo model _| "V'“ "‘/""’ model T o P 5 Tt » 040l &l
- e ox e b - Te X
comparimental PK simulalions based on the ST e T 5. ie [5] GastroPlus™ 9.6 is istrbuted by
Advanced Ct and hiacth H g
n ption & Sotubi Serassie = = H ) Plus, Inc. (http:
Transit (ACAT™) model [2] while omitting SiressiF Cp(t)= plasma Hmeprofie *e E plus.com).
some advanced ilities (e.g., —r—— Lpke Cmax - - [6] Zhao et al. J. Pharm. Sci., 2001, 90: 749.
for active transport). Special attention was T T —TT t_max = time of peak plasma . - [7] Toshimoto et al. Drug Metab. Dispos. 2014,
pald to high Volums of distribution va 'AUC = area under the Cplt) curve e 42:1811.
Inputs to the simulation are i [ppercent urbound Inplesms___hum.fur | Sensitvity to permeability and solubility . oYY - . i
generated from predictive ADMET or provided vp_HLm_clint| | Mechanistic estimation of the volume of distribution, . .
as experimental values, should those be e o] 5 predicted) b predcted)
available. In principle, only molecular T ———rre Outputs generated by the OptDose model - . z )
SiciResarineeded I Sieeinpu> | (Opimal doset reach dsired plasma conceniration SimulationsPlus
ody weight <user input>. at steady state 2 =3 =
S ” = SCIENCE +SOFTWARE = SUCCESS
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In Vitro to In Vivo Extrapolation (IVIVE) of Itraconazole Precipitation
using a Biphasic Dissolution Test and Mechanistic Absorption Model
n', Ke X. Szeto?, Viera Lukacova’, Michael B. Bolger"

1Simulations Plus, Inc., 42505 10th ST W, Lancaster, CA

CONTACT INFORMATIOI Aullin - jim@simulations-pl

PURPOSE

Regulatory agencies have encouraged the use of mechanistic absorption
(MAM) and physiologically-based pharmacokinetic (PBPK) modeling to
reduce cost and time to market for new and generic drug products. Models
require parameterization, and many physicochemical parameters must be
determined s a part of the development process. For low solubility weak
bases with high solubility in gastric and low solubility in intestinal fluids,
precipitation requires evaluation. Simple in vitro transfer experiments have
been shown to overestimate precipitation in vivo. The biphasic test
incorporates an absorptive phase to lower supersaturation similar to in vivo
and to provide more accurate precipitation estimates. In this work, we:
present an in silico model to extract precipitation parameters from a
biphasic in vitro dissolution test coupled with a MAM/PBPK model to
predict precipitation in vivo. The goal was to test whether the biphasic in
vitro assay provides more relevant parameters for in vivo extrapolation.

OBJECTIVES

+ Utlize in vitro dissolution data to predict precipitation kinetics
Identify the importance of mechanistic absorption modeling in drug
development

Understand mass transfer in the biphasic dissolution test

Nucleation Rate:

a e (BTV e 6) R S
G = Drenatc® (S21)" i (§) e  ~smcorr 57 (2
Growth Rate:

AXne

e @

METHODS CONT.

The PBPKPIus™ module in GastroPlus (Simulations Plus,
Inc.) was used to model the PK of ITZ and its three
metabolites’. The Advanced Compartmental Absorption
and Transit (ACAT™) model was used to describe the
intestinal dissolution, precipitation, and absorption of ITZ
after p.o. Human were

Deyy
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ank}

(Co—5) where Rv:(l);';)K
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ExpCorr - exponentia correcion factor

o ayer thickness

generated by the program’s internal Population Estimates T=30x '~ " nc e e
for Age-Related (PEAR™) Physiology™ module, The "= ersen ewors B densiy e and e drug concentatons
biopharmaceutical parameters for both ITZ and its Figure 2: and Growth P Model

metabolites were _either obtained from literature or
predicted by ADMET Predictor™ 6.5 (Simulations Plus,
Inc). Tissue/plasma partition coefficients for all the
compounds were calculated using the Lukacova method
from in vitro and in silico property estimates. The
metabolism series from ITZ to hydroxy-ITZ to keto-ITZ to
N-desalky-ITZ (CYP3A4 enzyme) was modelled by
Michaelis-Menten kinetics with in vitro inetic parameters
and built-in expression levels of CYP3A4 in gut

and liver. N-desalkyl-ITZ (CYP3A4 enzyme) was modelled by Michaelis-Menten kinetics
with in vitro kinetic parameters and built-in expression levels of CYP3A4 in gut and liver.
The Johnson dissolution model was used for both solution and capsule dosage forms.
Particle size for the capsule dosage form was adjusted to 3 pm to account for the
formulation effect. The permeability of ITZ was predicted in MembranePlus™ 1.0
(Simulations Plus, Inc). The mechanistic nucleation and growth (MNG) model in
GastroPlus was used to account for possible precipitation as ITZ solubility changes in
different intestinal regions.

RESULTS CONT.

nu.v Vahe

‘ xp Comection 0.1
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METHODS

The mechanistic nucleation and growth model parameters were
determined by fit to in vitro data using a new biphasic dissolution model in.
DDDPIus™ v6.0 (Simulations Plus, Inc.) and were compared to parameters
fit to PK data in Gastroplus™ (Simulations Plus, Inc.). The biphasic model is

RESULTS

The exponential correction factor of 0.1707 (unitless) and Lindfor’s parameter of 0.1984 um were fit to the in vitro data utilizing the DDDPlus biphasic
dissolution model. The simulation is shown in Figure 3. The red curve represents the % released of total ITZ 5mg solution dose

phase (green) and pre
The grey curve is the radius of precipitate in microns.

Figure 3: Biphasic Dissolution of ITZ appearance in organic
ion in the aqueous phase (red).

its estimated crystalline solubility of 0.000189 mg/mL*. The green curve represents the % dissolved of ITZ in the organic layer. Initially, the
appearance rate is very fast, but reduces dramatically as precipitation occurs. The grey curve represents the precipitate radius in micron.

parameters in Figure 3 were then utilized to predict the in vivo PK of ITZ using the GastroPlus PBPK model built by Szeto'.(See graphs labeled
“DDDPlus ppt." The in vivo formulations were 200 mg capsule and 100/200 mg solution administered in fasted and fed state%. The predictions were
compared to the simulation results where the mechanistic nucleation and growth model parameters (0.23 and 0.5 um for the exponential correction

CONCLUSION(S)

Utiizing in vitro precipitation parameters gave reasonable prediction of

ITZ PK across all datasets except the 200 mg solution dose in fasted

shown in Figure 1. The experimental data for ITZ in vitro precipitation was.
state. For all other doses, the precipitation IVIVE gave results similar to

obtained from the literature?. The drug was introduced as a solution to the

factor and Lindfor's parameter, respectively) were fitted to match the observed PK data in GastroPlus (Figure 4, graphs labeled “G+ Fit ppt.”).

aqueous phase of 40 mL phosphate buffer @ pH 6.5. The drug transport Capsule (200 mg fed) Capsule (200 mg Fasted) LegE_nd: fitting m' vivo parameters against observed PK profiles. This shows lhe{
into 30 mL of decanol was modeled simultaneously to precipitation using 5 —_— Amount Dissolved utility of more advanced absorptive dissolution tests in extraction of
the mechanistic nucleation and growth model (Figure 2). A boundary layer G+ Fit PPT DDDPlus PPT G+ Fit PPT precipitation parameters.

DDDPlus PPT

thickness of 17.78 mm was the average of the boundary layer determined

from 12 other compounds in the dataset? - : 3|
I : =
2 - =
Aqueous| |c} i | 3
“ H & | 3 1 —  cpVenous Return predicted REFERENCES
Ca = = 2 Ll — o Cp Venous Return Observed 1. Szeto, etal,, AAPS Annual Meeting, 2015, Poster W5237
= 3 2. Box, et. al,, AAPS Annual Meeting 2016, Poster 24W0130
i1 | organic Solution {200 mg fed) Solution (200 mg Fasted) Solution (100 mg Fasted) 3. Schmelzer, J. Non-Crystalline Solids (2010) 356, 2901.
] A -~ . 4. Sanghvi, et. Al,, QSAR & Comb. Sci. (2003) 22(2).
kKo (o Gy DDDPlus PPT G+FitPPT DDDPlus PPT G+ Fit PPT DDDPlus PPT GrFILPPT S Barone A, Pharmacotherapy 1998; 18(2):295-301
dt Kyt koKow '\ * Kou, - =i - E i 6. Van de Velde V, Pharmacotherapy 1996; 16( 3):424-428.
M4 Mass drug in aqueous Kauw Organic/water partition coefficient E l
kako Mass transfer coefficient  C3,C} Conc. drug in aqueous and interface 3 3 B - -
Ay tetcalres P e ———— e tY SimulationsPlus

Figure 4: ipitation parameters. SCIENCE + SOFTWARE =5SUCCESS

Figure 1: DDDPlus™ Biphasic Dissolution Model
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A Physiologically Based Pharmacokinetic Model of Rivaroxaban:
Role of OAT3 and P-gp Transporters in Renal Clearance

Abdul Naveed Shaik, Viera Lukacova, Grazyna Fraczkiewicz
Simulations Plus, Inc., 42505 10th St West, Lancaster, CA 93534
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Email: naveed@simulations-plus.com

Figure 2: : Simulated vs observed concentration profiles of Rivaroxaban in Chinese subjects after administration of
RESULTS The in vitro Km of CYP3A4 (5.78 uM) and OAT3 (1.1 uM) were used | 10 mg (a) and 20 mg (B) dose in fasted state. The colors of ines and symbols are the same as described in Figure 1.
as reported in literature [1], Km for Pgp was fixed as 10 mg/L, and all Vmax values
were fitted: CYP3A4 (2.96 E-5 mg/s for gut, 4.13 E-6 mg/s/mg enz for Liver); OAT3
(1.86-6 mg/s/mg trans), P-gp (SE-4 mg/s for gut and 1.52E-4 mg/s/mg trans for
Kidney). Simulated plasma ion-time profiles of ri with fitted
Vmax values were in close agreement with observed data across different dose
levels as summarized in Table 2. Similarly the model captured rivaroxaban PK after
administration of 10 mg and 20 mg doses in fasted and fed state (Figure 1 and
Table 2). The validated final model was able to match the fraction of compound
cleared via urinary excretion (light blue lines), ~30% of dose cleared for a 10 mg
dose up to 24 hours reported in literature [4] and confirm the role of OAT3 and P-
gp in urinary excretion of rivaroxaban. Our model simulated renal excretion of 24 %
in fasted and 33 % in fed conditions after 24h of 10 mg PO dose of rivaroxaban.

PURPOSE Rivaroxaban is an oral anticoagulant which acts by inhibiting
factor Xa of the coagulation network. It is used in the prevention and
treatment of t! ism in patients ing knee or hip
replacement surgery and in stroke prevention in patients with atrial fibrillation.
Rivaroxaban undergoes CYP-mediated oxidative metabolism mainly via CYP3A4
with a minor contribution of CYP2J2. It is also a substrate for efflux transporter
P-gp and uptake transporter OAT3 in kidney. These enzymes and transporters
were incorporated in the model presented.

rene Faniedt

Porcasd (%)
Porcasd (%)

OBJECTIVES The aim of this work was to develop a physiologically based
pharmacokinetic (PBPK) model of rivaroxaban and explore the role of OAT3 and
P-gp transporters in its renal excretion and CYP mediated metabolism. The
model was applied to different populations to account for genetic changes for
these populations

'

Figure 1: Simulated vs observed concentration profiles of Rivaroxaban in Caucasian subjects in fasted (A) '
and fed (B) state; dark blue line -simulated plasma profile, blue squares - observed data, light blue line-
percent of dose secreted in urine, pink line — percent of dose metabolized.
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observed Cp-time profiles of Table 2: PK parameters of Rivaroxaban in different Chinese and Caucasian population

METHODS A mechanistic PBPK

model for rivaroxaian e develoned Varoxaban obtained from clinical Ghserved cdiced ato Obs/Pred]|
v Ped " tudies reported in literature for 1.25, A - - Population T inf (ng-h/mi) | Cmax_| AUC
using GastroPlus™ 9.6 (Simulations 0188 FCBOT AT e OIS B ] L s ™ 120 w i 050 |09
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PURPOSE

The concept of in vitro-in vivo correlations (IVIVCs) for long-acting injectable (LAI)

as gained more in the past decade. However,
this problem is challenging due to the multiphase release characteristics of
compositionally equivalent formulations, the lack of a

RESULT(S)

Alevel A IVIVC was established for each of the test compounds and formulations and several
important aspects were discovered in the process.

(1) Complex in vivo Profile: The in vivo release profiles for these long-acting injectable

method, and the lack of compendial in vitro release testing methods. This study aims to
(1) determine whether an IVIVC can be established for long-acting injectable
microsphere formulations with different release profiles; (2) assess the role of
mechanistic deconvolutions in determining the in vivo release profiles; and (3) explore
the potential for using a triphasic Weibull function on improving results of the
deconvolution process

OBJECTIVE(S)

The Objectives of this study are to investigate the feasibility of establishing IVIVC for long
acting injectable microsphere formulations and to discover important aspects of this process.

METHOD(S)

We attempted to establish validated Level A IVIVCs using GastroPlus™ 9.6 (Simulations Plus,
inc.) for several drugs formulated as long-acting injectable microspheres. Literature data for
several poly (d,|- lactide-co-glycolide) (PLGA) or poly(d,-lactide) (PLA) formulations
administered subcutaneously in Sprague-Dawley rats for olanzapine [1], intramuscularly in
beagle dogs for huperzine A [2], and subcutanously in rats for orntide [3] were used in this
study. For each case study, the PK was established based on plasma (cp-

may be complex and cannot be always accurately described by a single- or
double-Weibull function. A triple-Weibull function was required to accurately describe the in
vivo release profiles for orntide formulations.
(a) (b)
Simulated Gp-time profles after SC njection of one
orntide LAl formulation in rat. The in vivo release

profile was fitted as (a) double-Weibull and (b)
triple-Weibull function.

(2) Optimization Target Criteria: When fitting the in vivo release profile against the entire
observed Cp-time profile, the error on Cmax is often higher than allowed by the IVIVC criteria
due to the number of other ion points ing the ion of the single
Cmax value. This issue can be addressed by including additional weight on Cmax during the
deconvolution/optimization process.

(a)

S e A G
microsphere formulation considering (a) tar

Stsered o e rofte ond 5) aations weght
‘added to Cmax in the optimization function.

time) profiles after intravenous (IV) (huperzine A), intraperitoneal (IP) (olanzapine), or
subcutaneous (SC) (orntide) injection. The PK model was subsequently linked to the
intramuscular or subcutaneous controlled release model in the Additional Dosage Routes
Module (ADRM) in GastroPlus, and the complete model was used to deconvolute the in vivo
release profile for each formulation. Finally, level A IVIVCs between the deconvoluted in vivo
release and in vitro dissolution profiles were established and evaluated across different
formulations for each test compound

T8080
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3) ient in vitro : The density of in vitro sampling points is also important for
prediction of the correct shape of the Cp-time profile. In the case of huperzine A, the IVIVC was
able to predict the Cmax and AUC for new formulations, but a smaller initial peak was not
captured due to the lack of in vitro data points representing the initial release of the drug. This
limitation was addressed by using interpolated data points in the in vitro dissolution profile.

T

Predicted Cp-time profiles for o huperzine A LAY microsphere formulation based on IVIVC built (a) with and (b) without
using the interpolated i vitro data
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PURPOSE

The purpose of this study was to evaluate the ability of PBPK models to predict the
pharmacokinetics (PK) of different compounds in two ethnic groups, Caucasian and
Chinese. The test set included compounds that have different clearance mechanisms.
The population difference was captured by the built-in physiologies provided in
GastroPlus™ (Simulations Plus, Inc.), which accounted for the differences in tissue sizes,
blood flow rates, enzyme expression levels, glomerular filtration rates, plasma protein
binding, and other factors in the two population groups.

METHOD(S)

The PBPKPIus™ module in GastroPlus was used to model the PK for multiple drug
compounds, which have different enzymatic clearance (Table 1) and varying fractions of
renal secretion. The Advanced Compartmental Absorption and Transit (ACAT™) model
was used to describe the intestinal dissolution, precipitation, absorption, and intestinal
metabolism (where applicable) after oral (p.o.) administration. The default dissolution
model was used for most of the compounds. Human physiologies were generated by the
program’s internal Population Estimates for Age-Related (PEAR™) Physiology™ module.
The Chinese physiology model is based on multiple publications and the weight and
height data is based on the China Health and Nutrition survey data (CHNS). The organ

cal Pharmacology, CFDA, China

RESULT(S)

The model accurately described the mean Cp-time profiles for the listed compounds and their
metabolites (where applicable) for different doses and formulations in both populations and
explained inter-ethnic differences in the PK of specific compounds. The detailed information of
each compound is given in Table 1. The overall prediction errors for Cmax and AUC averaged
across all compounds/studies are both less than 20%: 15.9% for Cmax and 17.1% for AUC. Some
compounds exhibit more pronounced population differences, such as midazolam (AUC difference
> 70%), and some compounds have only minimal effects, such as rifampicin (AUC difference <
20%). Predictions of representative studies for 5 of the 8 test compounds are shown in Figures
1-5, where we presented those with most distinct clearance pathways. Studies with similar dose
amounts and formulations in Chinese and Caucasian subjects were selected to show for an easy
comparison of inter-ethnic differences.

sizes are calculated as functions of age, weight and height (and/or other
such as bioimpedance, BSA).

partition for most were calculated by the default
Lukacova algorithm (some used measured Kp values for a few fissues) based on tissue
composition and in vitro and in silico properties. and
biopharmaceutical properties for all compounds (and metabolites, where applicable)
were either obtained from literature or predicted by ADMET Predictor™ (Simulations
Plus, Inc.). Metabolic reactions were modelled by Michaelis-Menten kinetics with built-in
expression levels of each particular enzyme in gut and liver for the corresponding
populations. Enzyme kinetic parameters (Km and Vmax) were used as reported in

literature from in vitro experiments or fitted against in vivo plasma -time

(Cp-time) profiles in Caucasian populations only.
Table 1. Modeling details for the list of compounds
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CONCLUSION(S)

The possibility of establishing IVIVCs for long-acting injectable microsphere formulations
was investigated. The results show promise, but the desired success is yet to be
achieved. Several important aspects have been discovered, including:

The significance of using a triple-Weibull function in the mechanistic deconvolution
and describing the more complex in vivo release of some long-acting injectable
microspheres

The role of the selected optimization objective function in the mechanistic
deconvolution, specifically in the case of lacking sufficient in vivo sampling points

The effect of using interpolated in vitro data in establishing an IVIVC and predicting
the correct shape of the Cp-time profile

We aim to continue our study on the pharmacokinetics of LA microspheres with the
goal of better the in vivo that affect polymer
i dispersion, and API p after in vivo injection of

these formulations.
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CONCLUSION(S)

The work described the use the mechanistic absorption model/ physiologically based
pharmacokinetic MAM/PBPK approach for drug development and demonstrates the
ability to predict inter-ethnic differences in PK over a range of compounds. The current
approach helps to quantify dose regimens for different ethnic groups; hence, it will be
very useful in a number of areas |nc|udmg drug safety, pharmacodynamics, and drug-
drug i The appro: all of the relevant processes in
drug absorpti and limination, and facilitates prediction of
PK for different dosage forms and study designs.
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