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Simulations Plus (NASDAQ: SLP)

• Lancaster, California (Simulations Plus)
– Incorporated in 1996

– ~35 employees

– Focused on software development, PBPK modeling & simulation, 
and QSAR modeling

• Buffalo, New York (Cognigen)
– Incorporated in 1992

– ~35 employees

– Focused on software development and pharmacometric services

• Research Triangle Park, North Carolina (DILIsym Services)
– Incorporated in 2015

– ~10 employees

– Focused on system toxicology modeling
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Collaboration with

• Simulations Plus has partnered with Electrolab
• Will provide local sales & Tier 1 technical support

• Electrolab, established in 1984, is a leading provider 
of dissolution and allied equipment in India with a 
presence in most pharmaceutical companies

• Extensive technical sales and support network allows for 
prompt local support

For more information, visit www.electrolabgroup.com
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http://www.electrolabgroup.com/


Outline

• Overview of Generic Product Development Process

• Gastro Plus – The Big Picture

• Advanced Compartmental Absorption & Transit 
Model ACAT™.

• Dissolution Method Development using DDDPlus™.

• Developing a mechanistic in vitro-in vivo correlation 
(IVIVC) - A successful biowaiver case study for re-
engineered formulation

• Future Directions
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The Generic Product Development 
Process

Product 
Selection & 

Development

• 6 
Months

Pilot BE 
Studies

• 6 
Months

Batch Scale-up • 3 
Months

Pivotal BE 
Study

• 3 Months

ANDA Filing,  
Review & 
Approval

• 24 Months

Failing here multiple times can cause 

significant delays – Important to fix 

dissolution specifications

Missing “specifications” 

can be costly – Important 

to have a good IVIVC
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Post approval 
variations  ??
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ADMET Predictor™ GastroPlus™

MedChem Studio™
MedChem Designer™

DDDPlus™
MembranePlus™

Consulting Services and Collaborations

Discovery Preclinical Clinical

PKPlus™ KIWI™

Simulations Plus:
end-to-end M&S solutions provider

DILIsym™ NAFLDsym™
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GastroPlus

Regional Absorption

Load observed pilot study data for 

1st test product 

QbD: Generate 

early IVIVCs

Identify in vitro release for new test 

Biopharm properties 

- Peff, Sw, pKa, logP, 

fup, Rbp

Formulation -

Dose, dosage 

form, particle size,

release profile

Structure 

ADMET Pred.

In vitro 

Experiments

Plasma / tissue concentration profiles

IV/Oral PK 

data

Build the baseline 

absorption/PK 

model

Observed 

PK for RLD

The Big Picture

QbD: Virtual 

bioequivalence trials

PBPK/PD Modelling

7

Not asking you to generate 
more data:

Let’s just make better use of it!



Why is GastroPlus™ unique?
Absorption & Dissolution:
• #1-ranked commercial QSAR models 

integrated
• #1-ranked commercial model for 

absorption rate calculations
• Several dissolution models – including 

the popular Z-factor approach
• Mechanistic nucleation/growth 

precipitation model
• Paracellular permeability
• Animal physiology models – dog, rat, 

mouse, cyno & rhesus monkeys, 
minipig, rabbit

• It’s not just gut!

PBPK Modeling:
• #1-ranked Kp calculation method
• Adjustments of plasma lipid binding
• Animal physiology models – same as above
• Unlimited metabolite tracking
• Transporter-based IVIVE (extrapolation) 
• Customization of model without equation 

writing
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US FDA 
uses 70 
licenses
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Mechanistic Absorption Modeling 

(MAM)

Physiologically based 

Pharmacokinetics (PBPK)



ACAT Model

Fasted (SMV = 0.3 L/m, Qh = 1.3 L/m)

pH: 6.0      6.2         6.4                 6.6                    6.9        7.4        6.4          6.8

TT:  0.3     0.9          0.7                0.6                     0.4        0.3        4.1          13

pH: 5.4      5.4         6.0                 6.6                    6.9        7.4        6.4          6.8

TT:  0.3     0.9          0.7                0.6                     0.4        0.3        4.1          13

pH: 1.3

TT: 0.3

pH: 4.9

TT: 1.0 Fed (SMV = 1.1 L/m, Qh = 2.1 L/m)

SMV=superior mesenteric vein  Qh = Liver blood flow
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• dose or from 

previous 

compartment

• unreleased & 

undissolved & 

dissolved

Processes Involved in Oral Absorption

Drug in 

solution,

Clumen

Degradation

Lumen

Enterocytes

Gut wall 

metabolism 

Blood

Centerocytes

Cmesentery/portal vein

These phenomena:

• are happening simultaneously

• are repeated in each of the compartments of the gastrointestinal tract

Local pH, 

fluid volume, 

concentration of bile salts …

Passive and 

carrier mediated

transport

Clumen

Transit In Transit Out

Dissolution

Precipitation

• to next compartment 

or excretion

• unreleased & 

undissolved & 

dissolved

binding/lysosomal trapping
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Dissolution Method 
Development using DDDPlus™
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Utilize modeling and simulation to..

• Integrate with GastroPlus™ absorption/PBPK models to 

optimize formulations and generate mechanistic IVIVCs 

– better extrapolation of dissolution inputs for PBPK 

models

• Assist with dissolution method development

• Assess various formulation strategies to achieve a target 

in vitro dissolution profile

• Apply virtual ‘lot-to-lot’ variability effects to help establish 

dissolution specifications – remove the ‘guesswork’ 

associated with the identification of dissolution variability 

and its impact on PK exposure



DDDPlus (Dose Disintegration and 

Dissolution Plus)

• DDDPlus is an advanced computer program for 
formulation scientists to simulate the in vitro disintegration 
and dissolution of active pharmaceutical ingredients (API) 
and excipients under various experimental conditions. 

• For new API, a single calibration experiment is all that is 
needed, after which DDDPlus will predict how changes in 
formulation or experimental parameters will affect the 
dissolution rate

• With DDDPlus, you no longer have to rely on ‘cut and try’ 
methods to finalize a formulation design.
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DDDPlus models the 

following dosage forms:

• Powders

• Capsules

• Tablets

• Polymer Matrix (Swellable & 

Non-Swellable)

• NEW! Coated beads

• NEW! Bilayer tablets

• NEW! Delayed release 

coated tablets

4 USP experimental 

apparatus are defined, 

with estimates of fluid velocity 

and hydrodynamic effects for 

each:

• USP Paddle

• USP Basket

• USP Flow Thru Cell (App 4)
(closed and open loop options)

• Rotating Disk

• NEW! Pion uDiss Profiler™
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Simulation Modes
Single Simulation: based on compound properties (whether measured 

or predicted through the ADMET Predictor Module), formulation 

information, and in vitro dissolution setup, easily run a simulation to 

predict the time course changes in amount (or percent) dissolved for any 

ingredient in the product. Also track changes in microclimate and bulk pH 

levels vs. time.

Parameter Sensitivity Analysis (PSA): select any formulation or

experimental parameters to assess the impact of changes on the in vitro

dissolution vs. time profiles

NEW! 3D PSA – now analyze the impact 

of changes in a ‘design space’ by simulating 

all combinations of any two selected parameters. 

Quickly identify an optimal combination that 

achieves the desired dissolution result
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Dissolution Method Conditions and Multi-Phase Experiments

With DDDPlus, you can define your dissolution method conditions like apparatus, 

instrument speed, medium volume and medium type. 

DDDPlus calculates the fluid velocity automatically based on the instrument speed 

and apparatus type and utilizes this information to capture basic hydrodynamic 

effects on the dissolution rate.

You can add as many experimental phases as you want to better mimic the in vivo

environment. This can be helpful when trying to design an in vitro dissolution

method to achieve a meaningful in vitro-in vivo correlation (IVIVC).

Experimental Setup

Dissolution Media and Microclimate pH

DDDPlus has a sophisticated pH engine to calculate the dissolution media pH 

and solubility of each ingredient at the surface and bulk  pHs. 

You can select from more than 90 built-in buffers, including all USP and 

biorelevant recipes, or easily design your own. 

You can also vary the concentrations of the different ingredients to create custom 

buffers at various pH.
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Microclimate pH

DDDPlus dynamically calculates the microclimate pH (pH at the 

diffusion layer of the particle) for each ingredient in the formulation. You 

can select either “microclimate pH” to calculate the solubility of the 

ingredient at the diffusion layer or “bulk pH” for solubility in the 

dissolution media. The “bulk pH” is utilized to capture any potential 

precipitation effects once the dissolved material reaches the bulk 

environment.

Surfactants

DDDPlus allows you to add up to 2 surfactants per dissolution media. 

You have the option to choose from a list of several common surfactants 

or create your own.



Risk assessment of dissolution 
specifications
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Why In Vitro Dissolution?
• Common quality control tool

• Guides formulation development

• Dissolution has been recognized as surrogate for bioavailability

– Some manufacturing changes can be approved using M&S 
and/or in vitro dissolution only

• Takes into consideration clinical impact of variations in quality 
attributes and process parameters ensuring consistent safety 
and efficacy profile

Suarez Sharp, AAPS Annual Meeting 2012, Chicago, IL
20

QbD



Developing a mechanistic 

in vitro-in vivo correlation 

(IVIVC)
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Deconvolution
(with GastroPlus™ Mechanistic Absorption method)

• Inputs (in addition to the data required for the traditional methods):
– Physiological parameters

– Drug properties (solubility, Peff, logP, pKa, etc.)

• Outputs:
A model that combines all available in silico, in vitro and in vivo information and 

provides:

– in vivo dissolution, absorption and bioavailability vs. time profiles

– Description of site dependent absorption

– Description of tissue contributions to first pass extraction

Deconvolution

in vivo dissolution 

vs. time along the 

gut– NOT F%!
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Absorption

FFa

D PV

FDp
(not Fa!)

Metabolism Metabolism

A SC

Bioavailability

Difference between traditional and 
mechanistic deconvolution?

mechanistic

* Modified from van de Waterbeemd, H, and Gifford, E. ADMET In Silico 
Modelling: Towards Prediction Paradise? Nat. Rev. Drug Disc. 2003, 2:192-204
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traditional

?



Mirza et al., Pharm. Res. (2012)

Comparison of IVIVC Methods:
Predicting PK of new products
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“External” Validation:
Predicting PK of new products

• Internal validation of the IVIVC showed similar prediction accuracy
– Internal validation = applying the same products used to build the IVIVC to test it

• GastroPlus showed “greater prediction accuracy” for the new 
products
– External validation = predicting PK of new products with the IVIVC

Numerical 

Deconvolution
GastroPlus

Mirza et al., Pharm. Res. (2012)25



IVIVC for BCS Class II (F = 66%)
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IVIVC for Risperidone IR Tablet
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Re-engineered formulations and 

“virtual” bioequivalence:
A successful biowaiver case study
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M&S Objectives

• Post approval, sponsor’s manufacturing process 
change resulted in different particle size 
distributions for new lots
– Inline milling step added to crystallization process (PE)

• 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?

Tistaert, C. AAPS Annual Meeting 2015, Orlando, FL29



Tasks

• Part I: determine the most appropriate absorption/PBPK 
model for the API across several doses for the non-engineered 
lots

• Part II: assess the effect of particle size on API exposure for 
the immediate release formulation

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

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

Tistaert, C. AAPS 2015
31



Part I: Model Validation

Tistaert, C. AAPS 2015
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Part II: Parameter Sensitivity Analysis

Tistaert, C. AAPS 2015
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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 µm) were reached and
the dose exceeded 100 mg.



Part III: Virtual BE Simulations

Tistaert, C. AAPS 2015
34



Tistaert, C. AAPS Annual Meeting 2015, Orlando, FL
35

Part III: Virtual BE Simulations



Summary
• 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 Cmax and AUC values would be bioequivalent 
between the tablets manufactured with non particle-engineered (NPE) vs. new 
particle-engineered (PE) API, up to 40 μm particle size, regardless of the dose.

• Regulatory agencies approved the sponsor’s biowaiver application

• Similarly there are other case studies of Re-engineered formulations and a 
successful biowaiver
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Other recent examples: product changes & 
virtual BE

Mitra et al., AAPS PharmSciTech
2015, 16(1):76

Yanez et al., SOT Annual Meeting 
2015, San Diego, CA

Yang et al., Asian J. Pharm. Sci. 
2016; Mar 21

Babiskin et al., J. Pharm. Sci. 
2015, 104(9):317037



Innovation Model for Future ANDA

Lionberger, OrBiTo OPEN Science Day 201538

Future Directions



Advancing the Science – Together
• Open communication between regulatory agencies, 

pharmaceutical companies, universities, and software 
providers will help identify new M&S applications:

– Food effect modeling

– Disease state populations

– Oral/non-oral delivery of drug products – virtual BE

• FDA is increasing funding to scientists from across the 
world to ensure that the regulatory review of new 
chemical entities (NCEs) and generic drugs is based on 
the best available science

– Other regulatory agencies are also following suite
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PBPK Modeling:
Encouragement from Regulatory Agencies

• Both FDA and MHRA/EMA hosted 
PBPK workshops in 2014

• Discussed areas where PBPK 
modeling is helpful:

– Dose selection & First-in-Human 
(FIH) predictions

– Drug-drug interactions (DDIs)

– Pediatric & special populations

– Absorption/virtual bioequivalence

– Food effects (not yet applicable)

Shepard et al., (2015) CPT 4:221-225
Wagner et al., (2015) CPT 4:226-230

5 yr Research Collaboration 
Agreement with the FDA
(2014-19)
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But wait! It’s more than oral absorption…
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Cooperation Grant with the 
FDA

(2014-16)
• 3-year funded collaborative project 

with the FDA Office of Generic 
Drugs on further development & 
validation of GastroPlus 
mechanistic models for ocular 
delivery

• Consortium members: FDA, Alcon, 
Santen, GSK
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Cooperation Grant with 
the FDA

(2015-17)
• 3-year funded collaborative project 

with the FDA Office of Generic 
Drugs on the development & 
validation of GastroPlus 
mechanistic models for long-acting 
injectables

• Consortium members: FDA, 
Amgen, Teva, Dr. Reddy’s, GSK, 
Merck, and Novartis



FDA Office of Generic Drugs: Publications

Incorporating M&S to assist with 
Quality by Design (QbD)

(Zhang et al., 2011)

Role of M&S in drug 
development and 

regulatory evaluation

(Jiang et al., 2011)

Using M&S to predict 
virtual BE and assess 

dissolution specifications

(Babiskin et al., 2015)

Generating mechanistic IVIVCs 
to predict test formulations

(Mirza et al., 2012)
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• In 2013, scientists from 17 companies in North America 
and Europe formed the GastroPlus User Group

• To date, >950 members on the LinkedIn group page –
membership is free!
http://www.linkedin.com/groups/GastroPlus-User-Group-5025927/about

Mission
Discuss best practices, Q&A and FAQs 

Share knowledge of software functionality and applications 
Present and advance M&S science via social media, webinars and face-to-face meetings 

Establish pre-competitive areas of research and collaboration across industry and academia 
Feed back improvements and software functionality requests to Simulations Plus 
Advocate and promote enhanced adoption of M&S tools in drug discovery and 

development Understand and influence regulatory expectations for M&S submissions
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http://www.linkedin.com/groups/GastroPlus-User-Group-5025927/about


Thank you for your kind attention…

45


