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Introduction _  To First

Drug Metabolism and PharmacoKinetics In Human

Our missions

Preclinical

Phase 2 Market

Target identification Preclinical studies

@ @ O

Lead and candidate optimization and Phase 1

characterization I

- Dose of First Administration in Human

el . - Risk of Drug-Drug Interactions (DDI)
Chemical

Optimization

PK/PD & PK/Safety
» Human Active and Toxic doses

Interspecies Metabolism Study

Predict

- PK parameters and profiles in preclinical species and in Human
- DDI risk

Qa nofl > to select best candidates = ADME support




Introduction

Absorption Distribution Metabolism & Elimination (ADME)

Research Development

Our missions

Target identification Preclinical studies Phase 2 Market
(@) @)
Leads and candidates Phase 1 Phase 3
/optimization and characterization \
In silico models In vitro ADME Screens Absorption
= Good predictivity ‘ = Good predictivity ‘ Distribution
= Robustness = Appropriate throughput and Metabolism
turnaround times DDI

sanofi .



From Small Molecules to Biologics

One of our greater challenges

%
&
W
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Small Molecules Biotherapeutics

Historically established criteria Emerging knowledge
QVL< | | » 3*%*( ’Qﬁf ceece
o %\ 7 Evolving Portfolio’s € a p &

* Phys chem properties
 pKa
« Solubility
« Lipinski’s rule of 5

 ADME properties
Metabolic Stability
« Permeability
« Protein binding
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BioTherapeutics

Modalities « Phys Chem attributes
« pl, Hydrophilicity,...
« Nonspecific interaction
« Charge based interactions
» Self-association / Aggregation
« Specific interactions
 Fc:FcRn

5E

Early identification of the right Phys-Chem & ADME properties
> to predict optimal PK and Drugability
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Biologics PK

Physicochemical Properties & Biological Mechanisms Influencing PK

3 Categories identified in the literature with the strongest correlative potential to PK for biologics

Charge Based Interactions

DNA
Insulin
BVP
PSR
Heparin
HSP9S0

DSC thermal stability
Plasma Stability
SECRT

CS_BLI

Pl
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Self-
Association /
Aggregation

Charge Based
Interactions /
Non-specificity

Developability
/ Stability

In Silico /
Computational

Self-Association R Fv

AC-5INS
CIC
CSI-BLI

FcRn

Modifications

Charge Patches
Hydrophobicity
Predictive CIC
CDR Length

pl(F,) < pH(Formulation)

Electrostatic Complementarity

N

Network Formation

FC
Antibody Electrostatic Multipole

FcRn Binding, SPR
FcRn Binding, Column
FcRn Binding, BLI

Cell based recycling
Transcytosis

FcRn Interaction

Blood (physiological pH)

Serum NG

protein

Oxidation
Glycosylation
Isomerization
Sialylation

Recycling
endosome

Endocytic

vesicle
Sorting of
FcRn-IgG
complexes

Acidified
endosome

FcRn binds
1gGin
acidified
endosome

Non-receptor bound proteins
are degraded in the lysosome

Lysosome

Monocyte or
endothelial cell
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Biologics PK
In Vitro Assay Overviews

4 in vitro assays developed to evaluate the physicochemical properties of biotherapeutics that

have demonstrated to have an impact on pharmacokinetic properties

BVP ELISA Monoclonal J(\ < FCRn COIumn
(non-specific binding / antloodies ¢ L = (FcRn interaction)
= i i ’ A AN 2 pH 7.4

il el isat s, Ba;:,'ﬁ;';” DAy -: N « Affinity chromatography column
+ Undesirable binding plmeerey with immobilized human FcRn

interactions with a complex - = |

protein/lipid/virus particle W

mixture Lid{/ﬂ V‘M J‘“J

\ AN
4 N

CIC COI u m n Polyclonal NLO':;C;I:;:M 60 : ; o(} -

5 - antibody ncreasing association
(Self-association / >y Ay - - S I T =S 13
interaction) ) £ 30| = AB106

5 = —/__.; hh- 3 20| ®mAb107
. _‘4\'
* Propensity for self- and 2 b
cross-interactions = N I e e —
DA ﬁf 1N Retention time (min)
= 1)

- 5 .

~

/Cellular Recycling

(FcRn interaction / biological mechanism)

 Cellular uptake-recycling-transcytosis using huFcRn transfected

cell-line
¥ p¥ 4

3 % #Y‘,@
Y

o A/

BVP: Baculovirus particle binding assay
CIC: Cross interaction column chromatography
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Biologics PK

Validation Overview — Monoclonal AntiBody Dataset

Individual In Vitro Assays and Relation to In Vivo PK
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Tg32 CL (mL/h/kg)

Tg32 mouse: human-FcRn
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Biologics PK
Reduce the number of PK studies

Today
1,000’s

>1E06 antibodies ’ i
& AR BT
AT %%@éwﬁ ¥, mﬁ» »g%,@mg
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Lead Clinical
Antibody generation Antibody screenin
y g identification Jdevelopment
Sequencing & H_TP Antibody Milligram- In v_|tro \ Antibody Gram—s_cale
el antibody —— scale functional ) engineering production /
expression / production validation /  (optional) Developability

In vivo functional
evaluation

PK /PD
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Biologics PK
Reduce the number of PK studies

Tomorrow
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Lead Clinical
Antibody generation Antibody screenin
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el antibody —— scale functional ) engineering production /
expression / production validation /  (optional) Developability

In vivo functional
evaluation

PK /PD
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Biologics PK

Next steps

ﬁomplete data set for complexe modalities
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ﬂntroduce in silico models to enhance predictivity \

05

In Silico e

]
I (02 |
o

03 04

Density

00 01 02

Automatize assays
» From request to
data registration

6efine rules for assays and results \

Define & communicate
rules for data
interpretation

Develop the ‘

multiparametric

Multi-Parametric &
Computational

an Order - Predict

d
e Lymy L T

Model-Based /

ﬁ)nline optimization

New assays

» Litterature + benchmark

governing biologics PK

approach /
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Increase knowledge on phys-chem parameters

11



Small molecules, still some challenges

The blood-brain barrier (BBB) The tumor penetration

» Currently no in vitro BBB predictive model
= Internal in silico tool
= Phys chem properties + QSAR
= Screen on Caco?2 cells in dedicated conditions

* jin vivo determination

sanofi

As a key factor for antitumoral activity
Unbound fraction
Plasma concentration

in vivo determination
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Tissue penetration

Brain penetration in silico models

Example from one project

Experimental descriptors:
In vitro permeability on Caco?2 cells:

Flux & efflux with & without cyclosporine

Physycochemical descriptors:
Fraction ionized at pH7.4
Number of aliphatic rings
Fraction charged surface area
logP, PSA, pKa, ...

sanofi

Predicted logKpBrain

05+

15 4

Low brain

permeability

,l....o,s 3
Experimental logKpBrain

R oo
05

05

=15
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Tissue penetration
Brain penetration
VISIKOL >

A BICO COMPANY

»
.:. Pha rmaCoT(TIETIII

S Apical
— (blood) /
 endathelial cells /
A\Y 1/4
Blood —
g L
AstruCyLs

IPS derived Human
Brain Microvascular Endothelial Cells
Astrocytes and Pericytes

“Brain”

Primary Non-Human-Primate
Brain Microvascular Endothelial Cells
Astrocytes and Pericytes
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’
. ! °
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(CNS mimicking)
. ¢ e o
@
— i ¢ % ° ¢ ,
t — 60 m | n 1S ° o®e ., ® Control molecule (Dextran 70kDa)
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models under evaluation

MIM=TR=

the organ-on-a-chip company

Phase-
Guide™

FPhaseGuide™

(- g
o @% ““

Primary human brain microvascular endothelial cells
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TEER (Q x cm?

Tissue penetration

Brain penetration models under evaluation

»
.:r. PharmacCo-Cell
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Consistent and reproducible TEER
values across assays
Low permeability of Lucifer Yellow

in cell-containing inserts
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Barrier integrity assessment

TEER value (Q-cm?)

VISTKOL >

A BICD COMPANY

With Cells, 4 Hour Timepoint

l : 1500 ,
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“
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( 0
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> o
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100
W Day &
00 I
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iCell BMEC

Higher TEER values in accordance
with expected data
Low permeability of dextran in cell-

containing inserts

TEER (Ohm*cm?)

MIM=TRHR=S

the organ-on-a-chip company

40+

304

HBMECs

204

104

Cell-free

cl]ll]llll]ll]l[ll
QBN RDOA OB B DDNAD
2R RRRIRRR R RRR
ST ST EE® &

Lower TEER values
Low variation of TEER across chips
Functional barrier that limit paracellular

leakage of small molecules
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Tissue penetration

Brain penetration models under evaluation

In vitro permeability of small molecules: reference compounds

- Brain penetrant
Mild brain penetrant
Non-brain penetrant

1000
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Good in vitro/in vivo correlation
But efflux pump polarization issue?
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Caffeine (Positive control)
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Internal evaluation
will start soon

5 — -
MIM=TR=
4 the organ-on-a-chip company ‘ '
3
E 2 l '
s - wyY
5 4 I T
2 1.0 1
e
= 0.8
@
% 0.6

I
I

[}

[}

)

PGP S & @ D o e & e &
S & > & & O & 3O & >
S I E LS T S
& PN s 19@ é&o é\b ‘\b‘o A \,zo“ PV ,j&\
¢ &F & v \{‘b &
=}
O\Q

Lower in vitro/in vivo correlation
Efflux pump polarization issue?
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Tissue penetration
Brain penetration models under evaluation

Next steps

= Expend the validation for small molecules
= Characterize the model for antibody transcytosis evaluation and prediction of

CNS penetration for therapeutic proteins
= For Mimetas: Optimization of barrier tightness with co-culture of HBMEC with

astrocytes and/or pericytes

sanofi
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Tissue penetration

Tumor penetration model

Internal work + 2 collaborations on going

2D

Monoculture
Different tumor cell lines

Impact of efflux pumps

sanofi

3D
Spheroids

Mono-culture
Co-culture

Dy concentrabon

> Analysis by mass spectrometry

« Obtain a fully differentiated endothelium layer
» Build a vascular/liver interface . T gg ed invasive phenotypes

¢ Quantify functionality of the model ¢ Itiwel : B
* |na 24 multiwell with gradient generation R k * 4‘ 5 X
/,\\ . NDA’\BZBl spheroids maintained for 7day: e *.;M.,\
() Results s
.
.

* Endothelium monolayer
¢ Co culture HUVEC-HepG2 more functional
* Physiological liver gradient mimicking

CHERRY @ BIOTECH

3D MPS
Spheroids
Mfluidics

Mono-culture
Co-culture

VASCULARIZED 3D LIVER HIGH THROUGHPUT SPHEROQIDS IN A WELL — BREAST CANCER
' ‘o: C .l.
(\ Aims | #
@ Aims A
X -M\pl gh mber of spheroids p /\( t0281) 8

.
Tols)
.
. c rolling the mogen lvofspher
. nudgscw g) k& s

Quantify functionality of the model o
Ina 24 multiwell with gradient g /\Results

ph 1vp obta d ickly
of the d h ange
tep: a dd ibroblast crophages and endothelial mon




Tissue penetration

Tumor penetration model
Internal work + 2 collaborations on going

Where we are:

Definition of experimental conditions:
incubation medium (impact of protein binding)
kinetics timepoints

lysis method

Comparison of different cell lines

no clear difference yet, except the impact of efflux pumps

In vivo data collection - ivivc =2 new in vitro assay to better select candidates for pharmacology studies

sanofi
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