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A CRO & Partnership based company
Pharma — Food Health — Dermato Cosmetic — Medical Device

Human reconstructed Intestine, a useful in vitro tool
to predict drug oral absorption of finished products

Eric Andres
Director of Scientific Operations



Who we are @ oroxcel

Highlight Innovation

A GLP Compliant Contract Research Organization
dedicated to innovative in-vitro methods

* 300m?technological platform Our Offer
* Nearby Paris

+ Since 2004

 Scientific + QA staff * Testing / Marketing

Grade A :

» Toxicology / ADME

GLP compliance

o * Efficacy
certification
Expertise in 5 main industries e LCMS/MS
* Pharma / Biotech * Spectrophotometry / UV /
 Nutrition / Health Fluorescence / Luminescence
e Dermato / Cosmetics * ELISA
e Medical Devices * qPCR

e Chemicals * Flux cytometry



BCS™ Based regulatory Biowaiver @oroxcel

Highlight Innovation

PURPOSE

Intended to reduce the
need for clinical
bioequivalence studies

Provide a surrogate for
in vivo bioequivalence

“In vivo bioequivalence studies may be exempted if
an assumption of equivalence in in vivo performance
can be justified by satisfactory in vitro data.”

ICH** HARMONISED GUIDELINE, Biopharmaceutics classification system-based biowaivers m9, Draft version,
Endorsed on 7 June 2018

* Biopharmaceutics Classification System
** International Council for Harmonisation of Technical Requirements for Pharmaceuticals for Human Use



BCS Based regulatory Biowaiver ()roxce"

Highlight Innovation

Supports from WHO, FDA, EMA... to Frame of work

mmmm) Lower costs of development Significant |m|?act on drug
regulatory policy

Increase the market access Exclusion when narrow
for generic drugs therapeutic index drugs

Avoid unnecessary exposure Oral drugs, but not absorbed by
of healthy volunteers: Ethic the Oral cavity

* Nonclinical Toxicological studies (GLP) as surrogate to clinical studies
for oral, immediate release pharmaceuticals

* Scientific approach based on the aqueous solubility and intestinal
permeability characteristics of the drug substance.

* Biopharmaceutics Classification System



BCS Based regulatory Biowaiver

@ oroxcel

Highlight Innovation

Adopted for waiver of clinical bioavailability
and bioequivalence studies

Drug Substance: Highly Soluble

Drug Product dissolution:
 Solid, immediate-release drug product only

* Similarity of dissolution profiles of the test
and reference formulations

In vitro Permeability :
*  Drug Substance
e C(Class | : with High Permeability
e Class Il : with Low Permeability
*  Drug product ?

* Biopharmaceutics Classification System

P

Fabs > 85%

Fabs < 850A)

Permeability

< 85% Dissolved in 30 min.

> 85% Dissolved in 30 min.

i) 0.1 N HCL i) 0.1 N HCI

ii) pH 4.5 ii) pH 4.5

lii) pH 6.8 | lii) pH 6.8
Diss:olution >

Class |
High permeability
High solubility

Class Il

Low permeability
High solubility

|
| Solubility

Highest dose

Non-Soluble in 250 mi

pH 1-6.8 at 37°C

Highest dose >

Soluble in 250 ml

pH 1-6.8at37°C



CACO-2 Cells (2D Model) (oroxcell

Highlight Innovation

Characteristics

* Caco-2 TC7 cell line (license from INSERM) ‘/‘ ‘

 Human Caucasian colon adenocarcinoma origin

2D-monolayer of cells, enterocytes features
(brush border)

* Expression of efflux transporters
* Expression of some uptake transporters
* Mid to Low metabolism expression

Some strategies have been published using Caco-2 cells (e.qg., The Effect of Excipients on
the Permeability of BCS Class Ill Compounds and Implications for Biowaivers;, August
2015; Pharmaceutical Research 33(1); 167-176 ; DOI: 10.1007/s11095-015-1773-4).



CACO-2 Cells @ oroxcel

Expected criteria for BCS

T igh permeability (F,> g5
Cell culture reproducibility and performance Fabs%=f{LogPapp) He S

110%
Antipyring —caffeing
Theophiline —

v Cell culture criteria (historical data) Verapam

v" TEER comparable to physiological small intestine e

v" Low LY passage (historical data)

v' Check efflux / uptake (with and without inhibitors)

v Establishment of a correlation curve to discriminate
High from Low permeable drugs

eeP 09 1002
=]

Propanolo a5

R?*=0,982

Fabs(%)

Drug Test Conditions (GLP)

v Against substances of the Correlation Curve carbos
v' Classification High (FA>85%) or Low FA>85%) o Y

6.00
Log (Papp)



CACO-2 Cells : Uses and limits @ oroxcell

Highlight Innovation

Appropriate to classify Drug
Substances, according to the
BCS-Biowaiver

Correlates P, , and Absorbed fraction _
in Human of Drug Substances l

Not an adequate tool to explore
the impact of formulations
upon absorbed fraction

* Sensitive to some excipients
e Hardly usable to test Drug Products




3D Intestinal model : Qroxcell

E x p e Cta t i O n S Highlight Innovation
The missing element in current bioequivalence studies in vitro ?

Presence of metabolic enzymes
profile similar to that of Human
intestine : 15t Intestinal Pass
Drug Permeation Inflammation (9 FA*FG access)
Innate immune

Response (PRR

»
\Q o B A 4 activation)
¢ oy

e i St

Demonstrate relationship

between P, and FA%,

throughout a correlation curve

Infection &
Microbial

Presence of functional Translocation " |
transporters
(efflux, uptake)

Test various
formulations of API

Fibrosis

Drug Toxicity Wound Healing

Caco-2 advantages

3D intestinal model advantages



3D Organotypic model of normal (oroxcell
Human small intestine

Highlight Innovation

Mucin (MUC2) production
Confocal image showing topical view of intestinal tissue

* Cell harvested from JEJUNUM biopsy from Human donors A Staed o i (005, 7 s 4
* Incorporates Enterocytes ; Paneth- ; Goblet- ; M- ; Cup-; Tuft-cells
* Mucin secretion

* Brush borders + Villi, Folding

— 20/30 fold in surface area when compared to Caco-2

e Cultivated at Air-liquid-interface

e Can be cultured over 4 weeks for long term experiments



3D Intestinal model : @ oroxcell

Formulations performance evaluation for a drug substance oo

Absorption promotion Absorption optimization
* Data extracted from a Sponsor study * Screen of formulations for predicting
* Comparison of APl A, Caco-2 vs 3D Model AP| A exposure, in vivo
 Comparison API A vs. Drug Product * 5 alternative formulations tested
Determination of the impact of a formulation Optimizing drug permeability
400808 upon drug permeability 40805 according to formulation composition

3,50E-05 3,5E-05

3,00E-05 3,0E-05

2,50E-05 2,5E-05

2,00E-05 2,0E-05

Papp cm.s-1
Papp cm.s-1

1,50E-05 1,5E-05

1,00E-05

1,0E-05
5,00E-06 5,0E-06
0,00E+00 — 0,0E+00 S—

Aat 10 uM Aat 10 uM Capsule of A P1 P2 P3 P4 P5 Metoprolol
on caco-2 on 3D model at 1.5 mM on

3D model




BCS Biowaiver type study to evaluate the (oroxcell

equivalence of 2 formulations with 3D Intestine

Highlight Innovation

Objectives Human Drug Fraction Absorbed % vs Papp in 3D Epilntestinal model
e Adult form vs. Propranolol [ Caffeine
Paediatric f 100 T
aediatric form Metoprolol —— Y aaenet
. . “—— Tolbutamid
Synopsis < 80 '\\ olbutamide
S Sulfadiazine
* 3 independent runs 3
* Correlation Curve : 12 cpds g 60
S Atenolol
] Amiloride —==
2
S 40 Paediatric P I—
g formulation \ -~ Famotidine
* Prediction of £  |Sachet QSP 175 mg

.G—_| Adult Formulation
Fabs% for the 2 forms 20 : capsule of 175 mg
. oo’ E—— Chlorothiazide
vs. the Correlation Curve
Amdinocillin ~ “ Xamoterol
0 \ —~— Ganciclovir
7 -6 -5 -4

Log Papp




3D Human intestine model (oroxcell

VS ca Co - 2 ce I I S Highlight Innovation

Objective : Prediction of Oral Bioavailability (F)

Drug substance Caco-2 | 3D intestinal
cells model

Solubility
oA Chemical stability
B Permeation v v
Metabolism +/- 4
[ Efflux transporter v v
= Uptake transporters +/- +/-7?

; et Drug Product Caco-2 | 3D intestinal
] cells model

Drug Product dissolution rate

~ Gut

Impact on dissolution upon
= FA




Wrap up @ oroxcel

3D reconstructed intestine : a model of interest ?

* For intestinal absorption :
— Can be used, but Caco-2 cells remains the reference model
* For intestinal metabolism / mechanistic evaluation :

— 3D intestine is more complete and adapted

* For absorption promotion
* For absorption equivalence

3D intestine becomes
evaluation on different formulations, a reference model

in particular adult / paediatric




Research & Innovation ()roxcell

at O roxc e I I Highlight Innovation

3D Skin models assay development and validation .
: In Chemico and

Samples to analyse

for toxicological assessment of cosmetics

 Skin irritation ECVAM validation of RHE® ['Oréal, COTY led to OECD TG 439
e Metabolism 3D models vs skin explants L’Oréal published by L'Oréal Cell cultures
* Irritation vs sensitization using 3D skin models, published by Unilever

e Skin sensitization on RHE® Model Pierre Fabre Dermo-Cosmetic Publication

released in 2016 Tissue explants

« Skin genotoxicity on Episkin model Galderma / Nestlé Skin health Publication
released in 2018, presented to Cosmetic Europe

3D Human
 Skin sensitization on EpiCs® Model Pierre Fabre Dermo-Cosmetic Publication ﬂ e EER] G
under review e
Skin, Intestinal
Interested in development /validation of In Vivo / In Vivo correlations Cornea PU|mon_arV
PHARMA - FOOD HEALTH -DERMATO COSMETIC - MEDICAL DEVICE Buccal Hepatic

Gingival  Vaginal



oroxcel

Highlight Innovation

Thank you for your attention

Any questions?

Eric Andres
Director of Scientific Operations



