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Evolving relationship between
in silico tools and R&D

® Model “supported” (first questions 20 years ago): Do
you think modeling and simulation might help?

® Model “based” (current questions today): How can |
maximize the value of modeling and simulation in my
development program?

® Model “driven” (current & future questions): How do |
change the R&D process to reflect the availability of in
silico tools and techniques?
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What

Job title, keywords, or company

indeed

Pbpk Modeling

Q

Pbpk Modeling jobs

Director, Pharmacokinetics H
Merck 4.1 %
West Point, PA

o The candidate should be familiar with PK, PK/PD and PBPK madeling as tools to
enable decision making.
o Experience in integrating preclinical ADME, PK, and...

20 days ago - Savejob - More...

Director, Clinical Pharmacology and Pharmacometrics H
Exelixis Inc. 3.6 *
Alameda, CA

o Expertise in pre- and clinical pharmacology, hands-on modeling and simulation
skills using NONMEM, R and/or other modeling and simulation software.

30+ days ago - Savejob - More...

Scientist/Sr. Scientist PK/PD :
Fusion Pharmaceuticals
Boston, MA

> Easily apply

o Experience with PBPK modeling and/or disease and systems biology modeling
a plus.

o Experience with PBPK modeling, population PK, and mechanistic PK/PD
maodeling...

25 days ago - Savejob - More...

Upload your resume - Let employers find you * Page 1fE7jobs @

Scientist IT | Sr. Scientist - Simulation Studies H
Simulations Plus, Inc.
Lancaster, CA 93534

o Experience should include performing PEPK modeling of distribution of
compounds in animals and humans.
o Use mechanistic, physiologically-based pharmacokinetic ...

30+ daysago - Savejob - More..

@ m Advanced Job Search

November 15, 2020

Scientist, Director PKPD Modeling H
Gossamer Bio
San Diego, CA 92121 (Torrey Pines area)

o Publication record highlighting application of original PK-PD modeling
strategies to guide advancement of drug candidates from discovery through
early dlinical...

30+ daysago - Savejob - More..

Senior Research Scientist - Metabolism and Toxicokinetics  }
Corteva Agriscience 3.8 *
Newark, DE 19711

o Experience using commercial pharmacokinetic and PBPK modeling software
(e.g. Phoenix® WinNonlin®, GastroPlus®).

13 days ago - Savejob - More...

FELLOW - POST DOC - RESEARCH :
Children's Hospital Los Angeles 4.1 %
Los Angeles, CA 90029 (Hollywood area)

o Prior experience with PBPK and/or population modeling.
o Working with physicians, clinical pharmacists, and other engineers to learn and
use laboratory software...

20+ days ago - Savejob - More..

Postdoctoral Associate H
Rutgers University 4.2 %
New Brunswick, NJ

o Strong background in pharmacokinetics and modeling is required.
o Department of Pharmaceutics (Dr. Leonid Kagan Laboratory) invites
applications for a...

19 days ago - Savejob - More..

system|one :

Clinical Pharmacology Scientist (Associate Director)
System One 3.6 %
Florham Park, NJ

o Working knowledge of PBPK and PK/PD modeling and simulation software
packages such as GastroPlus, SimCYP, NONMEM, PDxPop, R.

18 days ago - Savejob
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GastroPlus applications
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https://www.simulations-plus.com/resource-center/

Physiologically Based
Pharmacokinetic
Analyses — Format and

Content
Guidance for Industry

https://www.fda.gov/media/101469/download

ALECENSA® (absorption/PPI DDI)
BRAFTOVI® (metabolism DDI)
CALQUENCE® (particle size specs)
FARYDAK® (food effect/PPI predictions)
INLYTA® (transporter DDI)
MEKINIST® (transporter DDI)
MEKTOVI® (metabolism DDI)
OPSUMIT® (particle size specs)
TAMIFLU® (pediatric dose selection)
ZURAMPIC® (wider product specs)
... and more!
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https://www.fda.gov/media/101469/download

2020 generic drug company survey

Surveyed >30 generic drug companies
licensing GastroPlus and/or working
with our consulting teams

Invited responses to:

— Guide GastroPlus R&D activities heading
into 2021

— Describe use cases and regulatory
interactions with GastroPlus

Several questions included:

— Which new formulation type would you
find most useful in GastroPlus?

— Which new population group would you
find most useful to assist with virtual BE
trials in GastroPlus?

Approved to support
regulatory claim(s)

Alternative approach for demonstration of BE to fulfill the 5055
requirements

Support major CMC changes (e.g. manufacturing site changes
or process changes)

Widen drug product specifications (e.g. PSD or hardness)

All of the above

8 SimulationsPlus
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The Use of Physiologically Based
Pharmacokinetic Analyses —
Biopharmaceutics Applications for Oral
Drug Product Development,

Manufacturing Changes, and Controls
Guidance for Industry

DRAFT GUIDANCE

This guidance document is being distributed for comment purposes only.

Comments and suggestions regarding this draft document should be submitted within 60 days of
publlcauon in the Federal Register of the notice announcing the availability of the draft

bmit electronic cc to https://www.regulations.gov. Submit written
commems to the Dockets Management Staff (HFA-305), Food and Drug Administration, 5630
Fishers Lane, Rm. 1061, Rockville, MD 20852. All comments should be identified with the
docket number listed in the notice of availability that publishes in the Federal Register.

For questions regarding this draft document, contact Paul Seo at 301-796-4874.

https://www.fda.gov/media/142500/download

Evaluation of Gastric pH-
Dependent Drug Interactions
With Acid-Reducing Agents:
Study Design, Data Analysis,

and Clinical Implications

¢ Physiologically based PK simulations: In conjunction with the assessment framework
outlmed m Figure 1, physiologically based PK (PBPK) simulations can sometimes be
used to further assess the potential for pH-dependent DDIs. PBPK approaches can also

be useful to inform clinical study designs. The application of PBPK is still evolving, and
new applications of PBPK simulation are continuously being evaluated by the FDA.
Therefore, sponsors are encouraged to consult the appropriate review division.

DRAFT GUIDANCE

This onidance document is heine distribnted for comment nurmoses only

https://www.fda.gov/media/144026/download
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https://www.fda.gov/media/142500/download
https://www.fda.gov/media/144026/download

e How is GastroPlus® structured?

e How is GastroPlus® applied to support oral
oroduct development?

e Conclusions
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Advanced Compartmental Absorption and Transit Model (ACAT™)

Physiologically Based

Biopharmaceutics (PBBM) - Enterohepatic circulation N
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Select Species:

. Human
. Rat
. Dog
° Monkey e (= (=] X
. Mouse
. Minipig
. Balance Model [ Expand View
«  Rabbit L O
~PEAR Outputs
Spacios: MName [Volume [mL] Perfusion [mL/s]
P : Human :l‘ » [Hepatic Artery 0.0000 52791
. Lung 1126.9505 98.2697
Population:  [American =] Arterial Supply 2230.4526 98.2897
Wenous Return 4460,9051 98.2697
Gender:
encer Male = Adipose 23285 6786 97522
Health Status: [zt v Muscle 209845346 10,4923
us:  |Haalthy Liver 16515653 25.2655
ACAT Gul 0.0000 14.0863
Age: |yoars ~| |30 j Spleen 1751671 29195
Heart 326.9015 34774
Brain 1492.6488 12,6675
Kidney 285.7143 17,5237
@ Skin 1981.8784 39638

Height [cm]: |1?E 14
‘Weight [kg]: IBS.Z?

BMI [kg/m"2]: |2? 3063 °

% Body Fat: 246

|93.289?

CO [mLfs]:

Specify Population, Gender, Health Status
and Age

Population Types:

American
Japanese
Chinese

Health Status:

Age:

Healthy

Hepatic Impairment
Renal Impairment
Obesity

Pregnancy

Day 1 of birth (16 weeks
premature) -> 85 years old

Pulmonary

Note: all developed through
funded collaborations with
industry and/or the U.S. FDA
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SCIENCE + SOFTWARE = SLIOCESS



The Big Picture — small molecule inputs

Structure > in vitro IV/Oral PK in vitro Structure >
in silico experiments data metabolism in silico

Formulation:
dose, dosage form,
particle size,
release profile

Physicochemical:
Peff, Sw, pKa, logP,
fup, Rbp

Systemic PK:
PKPlus™- vd, CL, K12,

Not asking you to generate more data: |
Vontoh Let’s just make better use of it!
GastroPlus Fharmacology:

Therapeutic/Adverse
Effect Data

Scale to
in vivo processes

Dissolution and absorption
Plasma/tissue concentration profiles
Nonlinear kinetics (and DDI)
PBPK/PD modeling

12 8 SimulationsPlus
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Discovery PK

in animals or humans

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

Clinical PK/Pharmacology

Combine in silico technologies to screen compound libraries Simulate population behaviors (e.g., pediatrics, disease)

Build PBPK-PD models
Predict DDIs

Identify toxic dose levels in preclinical species

Pharmaceutical Development

Understand food effects

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

13

&8 SimulationsPlus

SCIENCE + SOFTWARE = SLIOCESS




14

Biopharmaceutical risk
assessment program
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Activities

4|5|6(7 |8

11

12

Lead optimisation and pharmaceutical profiling

Early pharmacokinetic studies. Modeling and
simulation of the animal data

Cilinical candidate selection

Formulation development for GLP studies

Mew additional assessment program for BCS class ILII
or IV compounds

Decision point for clinical formulation concepts

Clinical formulation development
(standard and/or specialised formulations)

|
ol
=

//

°

Two step assessment program:
(1) In silico model (in view of human situation)

{2) In vive studies (animal model) where experimental formulations (maximal
biopharm. difference targeted) are tested in a statistical design

Clinical manufacture, packaging and release |
First human dosed following regulatory time slot /

Critical parameters for a formulation can be identified before starting

any in vivo work

— Sensitivity analysis helps guide resource placement
Assist with Quality by Design (QbD) implementation

Kuentz et al. Eur. J. Pharm. Sci. 2006. 27:91-99.
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e 12 total simulations were run to assess the sensitivity of
bioavailability to changes to particle size and solubility
— 0.5 um < particle size £ 50 um
— 0.002 mg/ml < solubility £ 0.2 mg/ml
e Results indicate that particle size reduction or solubility enhancement

by technological means may not lead to improved absorption or
higher bioavailability

16 &8 SimulationsPlus
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0% ' ' 0 5 10 15 20 25

0 5 10 15 20 25 .
Time (h) Time (h)
Fig. 8 — Plasma levels of individual dogs that received a
capsule. Diamonds hold for profiles of 2 mg/kg dose,
whereas those of the 4mg/kg dose are represented by
squares. The light symbols hold for the fasted condition

and the bold symbols for fed dogs.

Fig. 7 — Plasma levels of individual dogs that received a
solution. Diamonds hold for profiles of 2mg/kg dose,
whereas those of the 4mg/kg dose are represented by
squares. The light symbols hold for the fasted condition
and the bold symbols for fed dogs.

e Based upon the predictions from GastroPlus™, in vivo dog studies
were performed using two different formulations

“Best” formulation: Cremophor vehicle solution
— “Worst” formulation: Pure drug substance in capsule

e While the variability is high, there is no significant difference in AUC
between the two formulations

&8 SimulationsPlus
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Biorelevant dissolution to guide
formulation switch

18 SimulationsPlus
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e BCS Class Il compound from Sun Pharmaceuticals:
— Practically insoluble in water
— pKa: Base = 2.66, Acidl =9.02, Acid2 =9.73
— Log D:3.27 @ pH 7.45
— Permeability (Caco-2): 3.5 x 10® cm/sec

e Product design: Enabling formulation for improved
solubility and oral bioavailability

e Study objective: Identify a biorelevant dissolution
condition for screening formulations for formulation
switch

19 & SimulationsPlus
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e Does the capsule release completely in vivo?
e |s there any possibility of in vivo precipitation?
e |s the QC method under/over discriminatory?

Plasma conc. Vs Time profile for Capsule under Dissolution profile of early prototype of Tablet Vs

Fasted State (healthy human volunteers) Capsule in QC method
800
g% = h h —e—Capsule
E T ..=275h(1to4h)

—s—Tablet (early
prototype)

% Dissolved

Concentration {n
=W B
o 8888 8

0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48
Time (h)

T T T T T T T T
0 025 05 095 1 125 15 175 2
Time (h)

&8 SimulationsPlus
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e Mechanistic deconvolution based
on GastroPlus ACAT™ model
coupled with systemic PBPK
model:

— in vivo precipitation followed by
slow and sustained dissolution

— C,,. results from dissolution of
only 20-40% of drug

e Biorelevant dissolution method:
— Non-sink conditions

— Optimization of tablet
formulation for bridging study
based on target deconvoluted
profile from GastroPlus

Ketkar A. SPDS 6% International Annual Symposium on Dissolution Science and Applications (2018)

% in-vivo release

% in-vivo release

100

100

90
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10

Deconvoluted in-vivo release profile of Capsules

In-vitro Vs in-vivo release profile of Capsules

A
16 18 20 22 24

Time (h)

~—In-vivo release (Capsule)
—e—In-vitro release (Capsule)
—=—|n-vitro: Prototype Tablet

——In-vitro: Final Tablet



e Bridging PK study results:

— Tablet was bioequivalent to capsule

Dissolution profile of final Tablet Vs Capsule Plasma conc. Vs Time profile for Tablet and
in QC method 200 Capsule under Fasted State (bridging PK study)
— 700
“':.Eh 600
ks —o—Capsule < 500 —e—Tablet
ﬁ 2 100
A —=-Tablet (Final) £ 300 ~+Capsule
= % 200
“ 100
0
0 O.‘25 015 O.‘?'S ‘l l.I25 115 l.l75 I2 0 3 6

Time (h)

Ketkar A. SPDS 6t International Annual Symposium on Dissolution Science and Applications (2018)
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Understanding food effects to
guide formulation development
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>
E GastroPlus(TM): AZD0865-YL.mdb (C:\Doc..\Viera1\Des.. \GPv. \GP8.0\GP8..\...\)
File Edit Database Simulation Setup Controlled Release Tools Modules (Optional) Help

LCompound T Gut Physiology-Hum T Pharmacokinetics T Simulation T Graph
~ Compartmental Parameters
[ Hum PO 1 mpk sain, Fleset All Values | [ Excrete all un-al?snlbed !:hug at the end of gut transit time
[ Zero-order gastric emptying
Compartment Data Enzyme and Transporter Regional Distributions
Compartment | Peff | ASF e [;] "[“:‘““" Lfgﬂﬂ;h “["":'jli]‘l‘s SEF %ﬁl"‘" P"[flﬂ '[33;]9.3_‘% '%';';g E:; i
0 0o / 490 1.00 1000.0 ND 10,00 |1.000 / .0 \ 2200|2580 Stomach  [0.0 S0E-4
Duodenum 1] 2.53\ 540 0.26 4825 1500  |1.60 4.235, 14.44 10.41 4864 Intestinal  J2.09E-3 [5.0E-4
Jejunum 1 1] 2616 n .35 1 200 |1.50 3949) [1z202 9640|3890 Intestinal | 3.26E-3 [5.0E-4
Jejunum 2 1] 2615 |B.00 076 1399 |B200  |1.34 3489 (1046 3400  |26.09 Intestinal | 3.26E-3 [5.0E-4
lleum 1 a 25894 |60 0.5 1085 |6200 |1.18 029 (7280 160 [16.46 Intestinal  J1.03E-3 [5.0E-4
lleum 2 a 2574|640 0.43 7948 |B200 1.1 2569) (5990 5920 |9.540 Intestinal  J1.03E-3 [5.0E-4
lleum 3 a 2513 |7.40 0.3 5629 |B200 |0.85 2109Y (0730 4680 |4.89 Intestinal  J1.03E-3 [5.0E-4
Caecum a 1.416 |6.40 450 5292 |1375  |380 1.740 \ 0.0 15820 |2918 Colon 31E-4  |50E-4
Aszc Colon a 2044 |B.EO 13.50 BE95 2902 |280 2.480 \(:I.D / 3800|3220 Colon 31E-4  |50E-4
N
C1-Ca: [0.08344 [0.43028 [012147 [0.46832 Qh (L/min): [ 4
(T e S s - Physiologic LI Percent Fluid in 51: |40 Colon: I‘IIJ—
Main changes between Fasted and Fed state (default = moderate-fat meal):

- Higher stomach volume

- Changes in pH (stomach and upper Sl)
- Longer gastric emptying £
- Higher bile salt concentrations
- Higher liver blood flow

[

%

2 & SimulationsPlus

SCIEMNCE + SOFTWARE = SLIOCESS



* Link gastric emptying time to meal
calories

e Account for effect of fat content
on bile salt concentration

B2 Fed State Model

Fed State Model IDEfaUN

Meal Calories |233_53 % Fat in Meal Igg_nn

Current gastric transit time of 1.00 hr.

Current duodenum bile salt concentration is 14. 44 mM._

Cancel | oK |

2 O
File Edit Database Simulation Setup Controlled Release  Tools Modules (Optional) Help
LCompound T Gut Physiclogy-Hum T Pharmacokinetics T Simulation T Graph
- Compartmental Parameters —
I e _H\?‘:E:;‘" | vV Zero-order ga-stric emptying oot aut e e
™ rtment Data Zyme and | 1ar: egional Distributions
Peff ASF pH I T'I;'l::s;lt rl|:‘I:ne Le(:lnt_::th Hact:lllus SEF Bll;aalt
a oo 4.90 I 245 ) 2913 (987 1.000 goO.0
a 2721 (540 Meeesee——— r7 (14 156 4235 I22. 28
i 2668|540 094 1666 [BO2E |1, 3943 Q1809
a 2EE5  |E.00 074 131.0 |BD26 |1.32 ) 14,93
a 2640 |BEOD It 1020 |BD26 [1.16 3.029 I1D.14
a 2621|690 04z 7535 |BD26  |1.00 2569 I?.DSS
a 2589 |7.40 029 5357 |ED26  |0.84 2109 I1.D49
a 0352 |B40 436 5043 (1350|345 1.790 ID.D
a 0823 |B80 13.07 5355 (2835 |245 2480 ID.D
Kl j— '
C1-C4: [00B34  [0.43028 [092147 WI_ el
Physiology: IHuman - Physiological - Fed ! _; I Percent Fluid in 51: |4D Colon: |1D
ASF Model: |Dpt logD Madel 5444 B.1 LI

Biorelevant solubilities from ADMET Predictor +6.1

pk.a Table | logD: Stuct-6.1

Diss Model: Johnson

PartSize-Sol: OW | BileSalt-Sol: OM | Diff: OW

ConstFiad: ON | Precip: Time |Fpara: OFF | EHC: OFF | ACAT: Cc

¥

25

& Fed state Model

Fed State Model

ger-Defined Fat and Calo
FDu& Breakfast Meal

Lows Fat - Low Calorie Meal

Lows Fat - Moderate Calorie Meal

Low Fat - High Calorie bMeal

taderate Fat - Low Calorie Meal

Moderate Fat - Moderate Calorie Meal A

(0] 4

Meal Calories |27

Current gastric tran

Current duodenum L

Cancel
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Parameters Value(s) 800 o Obs. 200 mg fasted
Compound parameters E N 3‘.‘,"5'_ i%%m"?;?:dm
M,,: g/mol =475 2 g00 ——= Sim. 200mg fed
cLogP: =4 = E
pK, (base): 32,62 £
Dosage: IR capsule £
Solubility (mg/mL ): 1.8 (pH 1),03 (pH 2), g
0.001 (pH 6.8) S
Biorelevant solubility (mg/mL):  0.023 (fasted); 0.190 (fed) £
Mean precipitation time (s) : 450 s (fasted); 2,000 s (fed) ]
Effective permeability (cm/s): 1.48=107* o

Particle radius of API (pm):
Physiological parameters

Stomach pH 1.2 (Fasted); 1.2-4.9 (Fed)
Ducdenum/jejunum pH 6.0-6.4 (Fasted); 5.4-6.0 (Fed)
Tleum pH 6.6-7.4 (Fasted); 6.6-7.4 (Fed) b 120
Cecum—colon pH 6.4-6.8 . . csms. fgg nn:gg Ii:;j
Stomach transit time (h) 2.0 (Fasted); 5.4 (Fed) - === Sim
Small intestine transit ime (h) 3.3 £ 100 o toome e
Cecum transit time (h) 4.2 ‘E’ 800 i
Ascending colon transit time (h) 126 -% }I' i
Pharmacokinetics £
First pass extraction (% ): 9.0 8
Blood/plasma ratio: 0.68 §
Plasma unbound (%): 1.6 g
Clearance (L'h/kg) 0.070 a
V. (L/kg) 0.4 o
ko (1) 0.64
ko (1/h) 0.17
V. (Likg) 1.5

19

Time (h)

e Baseline models in GastroPlus were developed to predict the food
effect for a weak base compound across different doses

e |sthere an optimal combination of formulation parameters that allow

us to reach our target endpoint (e.g., Fa%, Cmax, AUC)?
2 &8 SimulationsPlus
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28248

Fraction absorbed (%)

Fraction absorbed (%)

zgaane

Fasted

Parameter sensitivity analysis was run across dose and particle size
together

API particle size reduction may be useful to mitigate the food effect

Zhang et al. AAPS PharmSciTech 2014 January 17
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SCIEMCE + BOFTWARE = SUDCESS




Build First Human PBPK Model

Develop & Validate PBPK Model

1. Physicochemical properties (i.e.
bio-relevant solubility and
dissolution data)

2. Clinical PK after oral IR (&i.v.
administration if available3)

3. Simulate with default
physiological absorption model
(fasted or fed) & verify vs.
observed data

4. Optimize model*

2. Simulate PK for non-tested
prandial state
3. Predict food effect & verify vs.

===

B

[}

I

1

1

-
N, s

4

7

1
I+ Parameter sensitivity analyses
: * Scenario-based simulations
e Virtual simulations

28
Tistaert et al. J. Pharm. Sci. (2018) Jun 12

Criteria Supporting the Reliability of PBPK Simulation of Food Effect (FE)
*« BCS/BDDCS —Classland Il
* Major mechanism for food effect is related to bile solubilization or supersaturation®
* Linear pharmacokinetics with no significant gut transporter involvement?
* Clinical data in one prandial state available for model verification

Predict & Verify FE for Early Stage

Apply FE Model for Late Stage

Predict and Verify Food Effect Model

1. Apply validated human model
using default fasted & fed
physiologies

clinical food effect data
4, Optimize model*

Refine Model, Build Confidence and Robustness

Apply Food Effect Model

1. Incorporate formulation related
changes in model

2. Simulate & verify model with PK
data for late stage formulations®

3. When confidence is high, predict
food effect for market
formulations or re-verify vs
clinical PK

4. Leverage PBPK Model to inform
label

&8 SimulationsPlus
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Virtual crossover trials to show BE and
establish particle size specification after
manufacturing changes

2 &0 SimulationsPlus
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e Post approval, sponsor’s manufacturing process change

resulted in different particle size distributions for new lots
— Inline milling step added to crystallization process (PE)

e With GastroPlus, could they apply for a biowaiver by:
— assessing the effects of changes in particle size distribution of the
active pharmaceutical ingredient (API) on its oral bioavailability?
— predicting the virtual bioequivalence between the “new” and “old”
API lots?

30 &8 SimulationsPlus
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e Part I: determine the most appropriate absorption/PBPK
model for the APl across several doses for the non-engineered
lots

e Part ll: assess the effect of particle size on APl exposure for
the immediate release formulation

e Part lll: evaluate predicted bioequivalence of the tablets
manufactured with particle-engineered (PE) APl (narrower
particle size distribution) versus the tablets manufactured
with non particle-engineered (NPE) API (broader particle size
distribution)

31 & SimulationsPlus
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Key modeling parameters

e BCSClass IV drug
e Neutral compound Parameter Value
e Aqueous solubility = 10 pg/mL 0.115 L/h/kg

e Significant solubilization by bile salts

0.324 L/kg
e Intermediate lipophilicity 0.26 b

e No food effect o1 b

Various Particle Size Used in Clinical Studies

Compound | iGut PhysiclogrHium | Phamacgkinstics I Simulation I Graph
G rimental Par
NPE API Lot | " PE API Lot e Tl || W Essrdudatsdmateatdemits
Number 10 (um) 90 (um) W er d10 (um) | d50 (um) £ Values ™ Zero-order gastic emplying
| Compartment Data Enzyme and Transporter Regional Distributions
NPE Lot 1 20 63 173 PE Lot 1 16 40 88 - B -
Compartment | Peif | ASF | pH | Tansl Volume| Lonoth | Radius | gpp | Bife Salt

NPE Lot 2 8 179 512 PE Lot 2 20 49 102 g W0 [130 025 |52 (213 (867 [1000 |00

PE Lot 3 22 53 108 Duodenum |0 2727 |BO0 |02 (4457 1458 156 4235|2800
L - < - Jejunum 1|0 2676 (B2 084 |1BRE RZ6 (148 (3383 2330
NPE Lot 4 31 86 348 PELot4 19 39 71 Jejurum 2|0 2675 (640 (074 [1@0 (G026 132 3483|2000

PELot5 17 35 67 Tleum 1 0 2840 |BED (058 |1020 (B0ZE (116 (2023|1410
NPE Lot 5 26 78 276 Tleum 2 0 2621 |6a0 042 7535 (6026 (100 (2663 |1.160
NPE Lot 6 9 29 101 PE Lot 6 23 48 93 Tloum 3 0 ZEG |7A0 (023 (5a57 (G026 (064 (2703|0740

PE Lot 7 21 44 87 Caecum 0 0382 (540 (43 (5043 1350 (345 1730 |00
NPE Lot 7 11 35 114 Asc Colon |0 0823 (680 (1307 (5355 (2835 245  |2480 |00

PE Lot 8 21 45 90
NPE Lot 8 12 37 124 PE Lot 9 24 50 9 y -
NPE Lot 9 10 36 119 PE Lot 10 21 45 89 C1-C4: [005344 [o4z028 [orzrar 046632 h (L/min) 15
NPE Lot 10 13 25 138 Er— . 5 - Physiolooy [Human - Prysiologica - Fasied = Percent Fluid in S1: [40 Colon: [10

ASF Modet: [Dpt lagD Model 5277 6.1 -

NPE Lot 11 11 35 99 PE Lot 12 29 47 95 odel: [Opilogh Mo =

API: active pharmaceutical ingredient; d10, d50, and d90: diameter for which 10%, 50%, and 90% (respectively) by volume of the particles are less than this value;

3 NPE: non-particle-engineered; PE: particle-engineered @ S"mu fa t'-nns P fus
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Concentration (n
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0400 |

0200 |

0000

T
10

Time (h)

Total simulation time (h): 24

Result Observ Simul

Fa (%) 0 85.907

FDp (%) 0 85.907
F(%)o 0 71.303
Cmax (ng/mL):_  391.2 399.12
Tmax (h): 1.5 2.56

AUC o-inf (ng-h/mL) 3563.7 3739.6
AUC o-t (ng-h/mL):_  3139.1 3702
Cmax Liver (ngfmL): 531.85

Total simulation time (h): 24

Result Observ Simul

Fa (%), o 85.907

FDp (%) 0 85.907
F(%)o___ o 71303
Cmax (ng/mL):__  926.3 399.12
Tmax (h): 15 2.56

AUC o-inf (ng-h/mL) 7545.6 8462.2
AUC o-t (ng-h/mL):_  6358.8 7M17.3
Cmax Liver (ng/mL): 1385.9

Tistaert, C. AAPS Annual Meeting 2015, Orlando, FL

Concentration {(n

Total simulation time (h): 24

Result Observ Simul

0 Fa (%)__ 0 96422

FDp (%) 0 96.422
2500 -

F &)0 0o 80.03
2000 - Cmax (ng/mL):__ 2768 3245.8
1500 Tmax (h): 1.5 2.08
= AUC o-inf (ng-h/mL) 26290 24970
1000 - AUC o-t (ng-h/mL):_ 22590 20990

Cmax Liver (ng/mL): 079.
— (ng/mL): 4079.7
0000 Ly T T T T

0 5 10 15 20
Time (h)

Same baseline absorption model
does a good job of predicting the
observed plasma concentration-
time data across the three different
doses of the NPE (“old”) API lots.
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Fraction Absorbed (%)
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100

+ 10 mg
2 20 mg

* 50 mg

© 100 mg
© 200 mg
* 500 Mg
e 1000 Mg

PSA was used to establish
particle size specifications.

Results indicated that there
would be small changes in
Fa% until the largest particle
sizes of the NPE API lots (> 30
- 40 um) were reached and
the dose exceeded 100 mg.

&8 SimulationsPlus
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PSA was also run to evaluate changes
in particle size standard deviation
(assuming mean remained
constant) and particle shape factor

Results indicated that there would be
insignificant/moderate changes in
Fa% across the range of values
evaluated

Tistaert, C. AAPS Annual Meeting 2015, Orlando, FL

Fraction Absorbed [%]

Fraction Absorbed [%]

-
(5
=

-
=1
o

[
o

@
=

£
=1

[
(=]

o

120

20

40 60

Particle $D [um]

Standard
Deviation

—+-10 mg
~- 20 mg
-+ 50 mg
-+=--100 mg
—a&— 200 mg
- #-- 500 mg

—+--1000 mg

Shape

100 4

s

$

20

Factor

—+= 10 mg
—x- 20 mg
~+ 50 mg

--#-- 500 mg

0.5

1.5

2
Particle Shape

25

—

35

—-+--1000 mg

lus

SCIENCE + SOFTWARE = SLIOCESS



Incorporate measured variability for
physicochemical, formulation, physiology and Capture observed variability from
PK parameters into Population Simulator existing clinical PK studies

1= Population Simulator | o | @) X
File H
—Parameters - | |Parameter Lower Limit Mean Valus Upper LiLrl Ly Iistribution -
Clear Al | Dose of Valzartan [mg) 31514 100 109.27 3 bg-Normal J
- Frimary Permeability of alzartan [c | 0.2048 0.92 41328 [ bg-Momal
Farticle Shape Factor of Yalzartan [0.7513 1 1.3 10 bg-Naomal
Add Al | Meaan Drug Particls Fadius of Vals: 19783 3 3275 10 o Nomal — Mean Cp
Precipitation Particle B adius of Yal:| 0.7513 1 1.331 10 bg-Nomal o, i
Add Select | Preciptation Time of Yalsartan [sec| 676.18 900 1197.9 10 bg-Normal 90% Pe rceml!e‘
Refererice Soiubilty of Walsatan (1 0.0738 0.0352 01307 10 b Hormal B Observed Individual Data
Set Defaults | Fraction Unbound in Enterocytes o| 07513 1 1.2 10 bg-Normnal
Oral Tranzit Time of Yalsartan (h] | 0.1878 0.25 0.3328 10 bg-Nomal sl
Oral Cavity A5F ¥ alzartan 0.7513 1 1.3 10 bg-Momnal E
~Population — Diuodenum ASF Valzartan 21011 27965 37224 10 bg-Normal ~
Jejurum 1 ASF Yalzartan 20672 27514 3EE21 10 bg-Nomal oo
Set FEAR | Jejurum 2 A5F Valsartan 2 0506 27254 36320 10 ba-Nomnal =
lleurn 1 ASF Valzartan 20273 26383 35914 10 bg-Momnal c
Load Previous | lleum 2 &5F alzartan 1.988 2 B4E1 3522 10 bio-Momal o)
lleumn 3 ASF Valsartan 19416 25843 3 4396 10 hg-Namal -
Create New | Caecum A5F Valsartan 0.0797 0.1061 01412 10 bg-Nomal E
Azc Colon ASF Valsartan 0.1551 0.2064 0.2747 10 bg-Momnal frar)
Oraltucosat'olume [ml] 26296 38 46585 10 bg-Momal =
SalivaPraductionR ate [ral /rin] 07513 1 1331 10 hg-Namal 8
Fraction of caolon fuid volume in fas| 7.5131 10 13.31 10 bg-Nomal =
Fraction of 5 fluid volume in fasted| 30,053 40 53.24 10 bg-Momnal (=]
Small Intestine Length [cm) 23001 30614 40747 10 bg-Momal o
Caecum Lenath [cm) 99118 13193 17559 10 bg-Naomal 500 -
Calan Length [cm) 20,772 27648 36.799 10 bg-Nomal
Stomach Yolume [mL] 34931 46.56 E1.972 10 bg-Nomal i
Small Intestine Fiadius [om] 07513 7 1331 10 bo-Nomal 0000 = T T : .
Caecum R adiuz [cm) 25433 33851 4 5056 10 bg-Naomal Q 5 10 15 20
Calon R adius [cm) 1.8036 24073 32041 10 bg-Nomal -
Stomach Transit Time [h] 0.1447 0.25 0.432 20 bg-Nomal TI me (h)
Small Intestineg Tranzit Time (k) 1.857 3.2083 5.5443 20 bg-Momnal =
Number of Output Data Points lﬁ H | Cancel
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Virtual Bioequivalence Study Simulations

AUC,_ (ng.h/mL)

Crnax (ng/mL)

APl Lot | PE/NPE ?r:: (N=250) (N=250)

GM GMR (90% Cl) GM GMR (90% CI)
Lot 1 NPE 50 3688 [110.?, 116.1} 395 {135.[], 142.?]
Lot 5 PE 100 8242 s 551 e
Lot 3 NPE 100 8001 (100.9, 105.1) 395 (104.3, 108.6)
Lot 5 PE 300 24998 e 3118 e
Lot 2 NPE 300 24460 (99.8, 104.6) 3117 (97.7,102.4)
Lot 5 PE 100 8242 s 1068 =
Lot 4 NPE 100 8395 (96.2, 100.2) 1123 (93.2,97.0)
Lot 5 PE 300 24998 P 3118 s
Lot 4 NPE 300 24525  (99.8,104.1) 3171 (96.3, 100.4)

API: active pharmaceutical ingredient; AUC_: area under the plasma concentration-time curve from time 0 to infinite time; CI: confidence interval; C__.: maximum
observed plasma concentration; GM: geometric mean; GMR: geometric mean ration; NPE: non-particle-engineered; PE: particle-engineered
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A mechanistic, physiologically-based absorption/PK model was constructed in
GastroPlus and validated across three dose levels (50, 100, and 300 mg) using in
vivo data collected from tablets manufactured with non particle-engineered API.

Parameter sensitivity analysis showed that mean particle size would be the main
property that determines whether formulations are likely to be bioequivalent,
regardless of dose.

Virtual bioequivalence trial simulations showed that, for a sufficiently powered
study, the population-derived C__, and AUC values would be bioequivalent
between the tablets manufactured with non particle-engineered (NPE) vs. new
particle-engineered (PE) API, up to 40 um particle size, regardless of the dose.

Regulatory agencies approved the sponsor’s biowaiver application
Sponsor got to market ~12 months before it would have running the full trials

&8 SimulationsPlus

SCIENCE + SOFTWARE = SLIOCESS



39

Conclusions

SimulationsPlus

SCIENCE + SOFTWARE = SLIOCESS



simulation can save resources in R&D

e Prioritize experiments to be done — better invest resources

e |ntegrate the wide variety of data obtained from in silico, in
vitro and in vivo experiments to tell a compelling story

e Reduce regulatory burden

e Productivity tools — be the first to market

0 &8 SimulationsPlus
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Cognigen DILIsym Services Lixoft
www.simulations-plus.com

| Products & Services Corporate Information Customers and Market

* Company founded in 1996 and now has >130
employees worldwide.

* Primary offices located in Los Angeles, CA;
Buffalo, NY; Raleigh, NC; and Paris, France

* >250 pharmaceutical,
biotechnology, chemicals,
and consumer goods
companies in the U.S.,

Software Portfolio

* PBBM/PBPK modeling &
simulation platform for R&D

* Machine learning technology
for ADMET endpoints

» QSP/QST software for certain
biological or disease states

* Population PK/PD
functionality for
pharmacometricians

Consulting Services

* Provide multi-disciplinary
modeling and simulation
support from discovery
through post approval

Operating Divisions

* Simulations Plus, Inc.
* Cognigen Corporation
* DILIsym Services

* Lixoft

Europe, Asia, and South
America

Most major regulatory
agencies (U.S. FDA, EMA,
PMDA, NMPA, Health
Canada) have reviewers
trained on our technology

>1000 peer-reviewed journal
articles and conference
presentations citing software



http://www.simulations-plus.com/

>1100 members on the LinkedIn group page —
membership is free!

GastroPlus® User Group on Linkedln

Mission & Goals:

Discuss best practices, Q&A and FAQs
Share knowledge of software functionality and applications
Publish journal articles to show validation for different applications
Present and advance M&S science via social media, webinars and face-to-face meetings
Feedback on improvements and software functionality requests to Simulations Plus
Understand and influence regulatory expectations for M&S submissions
2 & SimulationsPlus
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https://www.linkedin.com/groups/5025927/
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