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Introduction
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Motivation

« At Novartis, early-stage PBPK modeling on low molecular weight compounds is rarely
done due to lack of experimental data, lack of a streamlined process, and challenge to get
and process all required data

« Our overall goal is to enable a better understanding of distribution on a project basis, and
to couple multi-scale modeling to pharmacodynamic models

« We developed an integrated, high-throughput PBPK platform connected to our corporate
database and in-house machine learning models to execute and visualize simulations at
scale, leveraging the OSP suite

« The workflow can be applied at all stages of drug development, including to
yet-to-be-synthesized virtual compounds, and supports portfolio-wide screening for
complex mechanisms underlying disposition

U, NOVARTIS



Strengthening the Discovery PBPK
strategy by developing a HT platform

-

List of
compounds
["NOVARTIS-111",

"NOVARTIS-222",
"NOVARTIS-333",
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(Automated NVP)

(High-throughput\

Tissue-specific
PK predictions

-

specific data PBPK simulator
collection :
—»{ @PK-
O00EeSQLABS
(

Comparison of predicted
vs. observed C-t profiles

NCA of predicted (and
observed) C-t profiles
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High-throughput generation of
PK-Sim simulations

« We developed a set of Python packages to collect data, run simulations, process and
visualize results, and run non-compartmental analysis on simulations to compare with

observed data

« To run simulations, we leverage PK-Sim through 0SPSuite-R functions, developed in
collaboration with ESQLabs. The pksimHT Python package is wrapping these R functions

Motivate new
experiments in PKS

Investigate PBPK in
higher species

PK-Sim = _ Sa PK-Sim’ PBPK result <

snapshot

Transporters, CL mechanisms,
distribution methods, parameter
identification...

PURFERS ——»M—» HT-PBPK result
snapshot(s)

Assess predictability from
bottom-up PBPK

Large-scale comparisons
between tissues

PBPK predictions with in
silico inputs

U, NOVARTIS

Precision
mode

Across many compounds/species...
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- throughput
mode




Leveraging
PKSIim’s
Snapshots
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5?7 Open Systems
Pharmacology - Snapshot

“A project snapshot contains the minimal amount of
information required to recreate the project from
scratch. This includes the information on primary
substance specific input parameters (e.g. molecular
properties like molecular weight, lipophilicity, etc.) and
required inputs (e.g. demographic characteristics) for
defining the system parameters.

Project snapshots are human-readable text files in
JSON format.”

Source: https://docs.open-systems-pharmacology.org/working-with-pk-sim/pk-
sim-documentation/importing-exporting-project-data-models

U, NOVARTIS

Version: 74,

» Individuals: [..],
v Populations: |

v {
Name: "Healthy adults",
Seed: 128991875,

v Settings: |
NumberOfIndividuals: 100,
ProportionOfFemales: 50,

v Age:
Min: 20.0,
Max: 40.0,
Unit: "year(s)"

be
» Individual: {.}
}
}
]

v Compounds: |

v {
Name: "SuperDrug"”

PlasmaProteinBindingPartner: "Albumin",

» Lipophilicity: [..],

» FractionUnbound: [ . ],
* Solubility: [.],

v CalculationMethods: |

"Cellular partition coefficient method

"Cellular permeability
1.
» Parameters: [..]
}

1,
v Protocols: |
v 4
Name: "Bolus™,
ApplicationType: "IntravenousBolus",
DosingInterval: "Single",

» Parameters: [..]

]

v Simulations: |
¢

Name: "31",

Model: "4Conp",

Solver: {( },
» QutputSchema: [..],

Population: "Healthy adults",
v Compounds: [

v {
Name: "SuperDrug",
v CalculationMethods: |

ar permeability - PK-Sim Standard”

1,
v Protocol: |
Name: "Bolus"
}

)
]

HasResults: false



What do our snapshots contain?

%= Buiding Blocks

4 i Individuals

|.i Populations
Pl .51“. Compounds
EE;T propranalol
4 :I Formulations
:’ Default partide dissolution
:’ Default Weibull
:’ Selution

4 j-jﬂ Administration Protocols

@ IV 1 mgjkg
@ IV 1 mg/kg QD
@ IV 1.8 mg/ka QD
@ PO 1 mafkg
@ PO 10 mg/kg
@ PO 3 mgjka QD

"" Events

(3) Observers

47d) Observed Data

] propranolol

4 Mouse

X

I =
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i1

propranolol hydrochloride-2 - MAP-USCA-14-0261 - Mouse (Male) - Blood IV 1 mgjkg Solution: 100% Saline (Arm Group 1, n=3)
propranclal hydrochloride-2 - MAP-USCA-14-0262 - Mouse (Male) - Blood IV 1 mgjka Solution: 100% Saline (Arm Group 1, n=2)

propranalal hydrochloride-2 - MAP-USCA-14-0263 - Mouse (Male) - Blood IV 1 mgjka Solution: 100% Saline (Arm Group 1, n=2)

EJ, propranolol hydrochloride-2 - MAP-CHBS-13-G001 - Rat (Male) - Blood IV 1 mgjkg Single (Other) Solution: NaCl [0.9%%] (Arm Group 0, n=4) X

\Spedes

Gender

Study Id

Route

Dose
Dose-normalized
Qrgan
Compartment
Dosage Form
Administration Frequency
Sampling

Study Type

Arm Group

A Simulations
Pl : Simulations
a propranolal

4 Mouse

4 v

Male

MAP-CHBS-13-G001
v
1mg/kg

False

Venous Blood

Whole Blood

Solution

Single
Other

In Vivo PK one-in-one

i}

4 h‘ propranolol - Mouse - IV 1 mg/kg

X ropranolol
&t prop

Q@\IV 1mgfkg

T‘O propranalol hydrochloride-2 -

X

X

X

propranclol hydrochloride-2 -

E}
LO
_|0 propranclol hydrochloride-2 -
“0 propranclol hydrochloride-2 -

MAP-USCA-14-0261
MAP-USCA-14-0262
MAP-USCA-14-0263

MAP-USCA-14-0294

Std Dev [n M]

Time [h] Concentration [n M]
0.08 777.00
0.25 309.00
0.50 119.00
1.00 44.20
2.00 12.50
3.00 4.35
4,00 2.41
x 6.00 1.03
x 8.00 0.54
x
~
= 1000 °
* _ L ]
— Z o °
= L
x =
i % 10 * .
o
§ ¢
0.1
0 1 2 3 4 5
Tirne [h]

— Logarithmic Scale

82.40
37.30
20,20
7.97
0.11
0.56
0.29
0.35
0.35




Getting in vivo, in vitro and in silico
data from our corporate database

 In vivo concentration-time PK data are collected from 8 individual assays
(various species in current and legacy systems)

« Physchem (pKa, solubility, lipophilicity) and ADME (plasma protein binding,
intrinsic clearance, blood:plasma ratio, fu,,.) in vitro and in silico data are
collected from 48 individual assays

« For each physchem and ADME property, a decision tree is implemented to
return the “best” possible value

« The script can generate two flavors of the snapshot:
— A compact version which only returns the “best” values
— A complete version which return all available values, but the “best” value will be

tagged accordingly
Experiment Lipophilicity Value Origin \fﬂult
3.21Log Units | | = Databasze-In Vitro-Potentiometric titration, average of 3 experiments W

Lipophilicity determination in 1-octanol fwater

Direct logP/D in 1-octanolbuffer 2.80 Log Units | || Database-In Vitro-Direct, from one experiment |_|1|
High-Throughput Octanol\Water Partition Coefficent 3.40 Log Units | | =] Database-In Vitro-High-throughput, from one experiment |_|1|
MIBR. logP and logD model (multi-task) 3.06 Log Units | | = Database-Other-In silico |_|1|

U, NOVARTIS

PPB decision tree

Liquid scintillation
counting

High-throughput
dialysis

Ultracentrifugation

Rapid equilibrium
dialysis

Non-standard
assays

In silico predictions
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Generate PKSim Snapshot files

& Load project from snapshot E3
A rgumen ts Selectsnapshat fie: | roprandlolPKSm snapshot. son [~
[¥]
Preferred Assays Informaton: Loading Project Fom anapshot i reprandlol PRam anapshot sl
Information: Loading simulation ‘propranclol - Rat - PO 10 ma/kg Suspension' (1/9)...

Information: Loading simuiation ‘ropranolol - Rat - v L mafkg (2/9)...

You can select the preferred assays for the PKSim snapshot. If you leave it blank (None), all assays will be included, and best selected. Information: Leading smulation ‘propranolol -Rat - PO 1 mg/kg Suspension’ (3/5)...
Information: Loading simuiation ‘ropranolol - Mouse -1V 1 ma/kg (4/9)...
Information: Loading simdation ‘ropranclol - Mouse - PO 10 mg/kg Solution! (5/3)...
Information: Loading simiation propranolol - Mouse -1V 1 mg/kg QD' (5/9)...

) . Information: Loading simuiation ‘ropranolol - Mouse - FO 3 mg/kg Suspension QD' (7/3)...

Cellular Partition Coefficient Method Information: Loadng smdation oroprandl Mouse -1V 18 nafig 03 (1.
Information: Loading simuiation ropranolol - Mouse - FO 3 mg/kg Solution QO (3/3)...
Informaton: Praject loaded from snapshot

CPC Method

Rodgers and Rowland v

Species, for observered values

Species

Yes/No Options

Add Human? Adds human ADME data to the snapshot. Note that you still have to add human simulations under 'Default simulations' if desired.

Normalize Dose? Pulls dose-normalized experimental C-t data and sets all simulations to 1mg/kg (other than simulations specified in Add simulations below)
Use Legacy data? Pulls data from three 'Legacy Assessment’ assays and the Aragen Ct assay

Use Insilico data only? Uses in silico options for all compound properties and doesn't pull observed data

Run NCA? Calculates NCA clearance and other PK parameters from observed data (when available) and uses the observed NCA clearance to calculate hepatic clearance (other clearance option(s) will still be included in the snapshot)

Start Import

‘ oK QH Cancel Q|

Substitute BQL? Replaces BQL values with LLOQ/sqrt(2).

Simulation options

Human (1mpk IV 3mpk PO single dose)
Mouse (1mpk IV 3mpk PO single dose)
Rat (Impk IV 3mpk PO single dose)
Dog (0.1mpk IV 0.3mpk PO single dose)

Monkey (0.1mpk IV 0.3mpk IV single dose)

NVP codes

NVP Codes

propranolol

You can enter multiple NVP codes, separated by commas,

Example: NVP-XYZ123, NVP-XYZ

Submit NVP Codes

PKSim snapshot generated successfully!

PKSim Snapshot

{"Version":79,"Description":"PKSim snapshot created for propranolol from CDF on 2025-09-23 10:49:48\r\nScript version 1.5.0","Individuals":[{"Name":"Rat","OriginData":{"CalculationMethods":["SurfaceAreaPlsInt_VAR1"])"Species":"Rat","Weight":
{"Value":0.312,"Unit":"kg"},"ValueOrigin":{"Source":"Database","Method":"InVivo"," Description":"Average of 2 animals from 1 study"}},"ExpressionProfiles":(]},{"Name":"Mouse""OriginData":{"CalculationMethods":
["SurfaceAreaPlsint_VARL"],"Species":"Mouse"}," ExpressionProfiles":[]},{"Name":"Human","OriginData":{"CalculationMethods":[ "SurfaceAreaPlsInt_VARL","Body surface area -
Mosteller"],"Species":"Human","Population":"European_ICRP_2002","Gender":"MALE","Age":{"Value":30.0,"Unit":"year(s)"},"Weight":{"Value":70.0,"Unit":"kg"}},"ExpressionProfiles":[]}],"Compounds":
[{"Name":"propranolol”,"IsSmallMolecule":true,"PlasmaProteinBindingPartner":"Albumin","Lipophilicity":[{"Name":"Lipophilicity determination in 1-octanol/water","Parameters":[{"Name":"Lipophilicity","Value":3.21,"Unit":"Log Units","ValueOrigin":
["Source":"Database""Method™:"InVitro"," Description":"Potentiometric titration, average of 3 experiments"}}]},{"Name":"Direct logP/D in 1-octanol/buffer","Parameters":[{"Name":"Lipophilicity","Value":2.8,"Unit":"Log Units","ValueOrigin":
["Source":"Database","Method™":"InVitro"," Description":"Direct, from one experiment"}}],"IsDefault":false},{"Name":"High-Throughput Octanol/Water Partition Coefficient","Parameters”:[{"Name":"Lipophilicity","Value":3.4,"Unit":"Log
Units","ValueOrigin":{"Source":"Database","Method":"InVitro"," Description":"High-throughput, from one experiment"}}],"IsDefault":false},{"Name":"NIBR logP and logD model (multi-task)""Parameters":
[{"Name":"Lipophilicity","Value":3.06,"Unit":"Log Units","ValueOrigin":{" Source ":"Database"," Method":"Other","Description":"In silico"}}],"IsDefault™:false}]," FractionUnbound":[{"Name":"Mouse Plasma Protein Binding (UC)
(PPBUC)""Species":"Mouse","Parameters":[{"Name":"Fraction unbound (plasma, reference value)","Value":0.1989,"ValueOrigin":{"Source":"Database","Method":"InVitro","Description":"Mouse, ultracentrifugation, average of 85 experiments"H|},
{"Name":"Mouse NIBR-PPB","Species":"Mouse",'Parameters":[{"Name":"Fraction unbound (plasma, reference value)","Value":0.1735,"ValueOrigin":{"Source":"Database","Method ":"Other"," Description":"Mouse, in silico"}}],"IsDefault":false},
{"Name":"Rat HT-Dialysis Plasma Protein Binding","Species":"Rat","Parameters":[{"Name":"Fraction unbound (plasma, reference value)","Value":0.153,"ValueOrigin":{"Source":"Database","Method":"InVitro","Description":"Rat, HT-Dialysis, from one
experiment"}}]}{"Name":"Rat Plasma Protein Binding (UC) (PPBUC)""Species":"Rat","Parameters":[{"Name":"Fraction unbound (plasma, reference value)","Value":0.2201,"ValueOrigin":{"Source":"Database","Method":"InVitro"," Description":"Rat,

Download PKSim Snapshot
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Compound: ‘propranolal’ - PK-5im®& 12

- x
P [T P [ [ s OX
=g [ u ‘ ‘ - , , -
= | "
Expression  Indi L L
Profile ~ |
Create Compare Results
:-.Building Blocks O or x v Compound: ‘propranolol’ X ]
o
= . . . [ ] -— S
I Basic Physico-chemistry | fc7, ADME | :—— Advanced Parameters Ei
p— o
Fl
/| Iz small molecule
Lipophilicity:
Experiment Lipophilicity Value Origin
Lipophilicity determination in 1-octanol/water 3.21 Log Units || =|| 4| Database-In Vitro-Potentiometric titration, average of 3 experiments (+]
4
Fraction unbound (plasma, reference value):
3 :, Formulations Binds to: | (@) Albumin al-acd glycoprotein Unknown
3 :-'(5, Administration Protocols Experiment Fraction Unbound Spedes Value Crigin Default
ns Foonts Mouse Plasma Protein Binding (UC) (PPBUC) 0,20 B Mouse w | |=| L | Database-In Vitro-Mouse, ultracentrifugation, a... W (+]
o ob Rat HT-Dialysis Plasma Protein Binding 0.15 a Rat & | Database-In Vitro-Rat, HT-Dialysis, from one ex... W (+]
SErVErs —
i *_{l, Observed Data
4 propranolal Molweight:
P Mouse Molecular weight 259,35 g/mol
Has halogens No|w
v
“ Effective molecular weight 259,35 g/mol
EL ) )
Lo propranolol hydrochloride-2 - MAP-USCA-14-0261 - Mouse (Male) - Blood IV 1 mg/kg Solution Value origin ][~ Database-Other SMR
X_|O propranolol hydrochloride-2 - MAP-USCA-14-0262 - Mouse (Male) - Blood IV 1 mg kg Solution ,
< >
; ) Compound type / pKa:
& Simulations = pound type /P
Base w 9.20
b v " Adid v 10.37
ra MNeutral <MNone >
]
Value origin = ||| Database-Other-In silico (NIBR. pKa Prediction
4 b‘ propranolol - Rat - PO 1 mg/kg Suspension g — = o P )
. 4Comp
a Rat Solubility:
Ef« .+ propranolol Experiment Solubility at Ref-pH Ref-pH Solubility gain per charge pH-dependent Solubility | Value Origin
; High Throughput Equilibrium Solu... ==+ Edit Table Show Graph W 4| Database-In VitroEquilibrium so... | £
(—8 PO 1mag/ka =
g’ Default partide dissolution
X_|O propranolol hydrochloride-2 - MAP-CHBS-14-G&611 - Rat (Male) - Blood PO 1 mg/fkg Single
3 ): propranclol - Rat - PO 10 mg/kg Suspension W
L4 >

B tistory FigComparison  §2] Journal Diagram




3 - Compound: ‘propranclol’ - PK-Sim@ 12 = x
Modeli-~ S S S A S Y, S e o - 0
- = 1 PSF 73 :
| (]
Expression  Indi L
Profile ~ |
Create Compare Results
:_: Building Blocks o x Compound: 'propranclal’ X [;'
— . . ) [} — 2
:_; Expression Profiles " 21", Basic Physico-chemistry | W7, ADME = Advanced Parameters i
(] - ~
Individual
4 W nhviouss /| Is small molecule
B Mouse Lipophilicity:
B Rat Experiment Lipophilicity Value Crigin Default
I-i Papulations Lipophilicity determination in 1-octanol fwater 3.21Log Units | |£]| 4| Database-In Vitro-Potentiometric titration, average of 3 experiments v O
Direct logPyD in 1-octanol/buffer 2,80 Log Units | |=|| 4| Database-In Vitro-Direct, from one experiment (+] m]
Compounds =
“ N " High-Throughput OctanolfWater Fartition Coefficent 3.40 Log Units | |=|| 4| Database-In Vitro-High-throughput, from one experiment (+] [ﬂ]
l:(" y propranalal MIBR. logP and logD model (multi-task) 3.06 Log Units | |=]|-| Database-Other-In siico (+] [ﬂ]
b :; Formulations
- Fraction unbound (plasma, reference value):
v |5 Administration Protocols
Moy Binds to: | (@) Albumin al-add glycoprotein Unknown
™8 Events
. Experiment Fraction Unbound Spedies Value Origin Default
G) Observers Mouse Plasma Protein Binding (UC) (PPBUC) 0.20 E Mouse w Database-In VitroMouse, ultracentrifugation, average of 85 experiments v O
4 iLIB Observed Data Mouse NIBR-PPB 0.18 B Mouse v Database-Other-Mouse, in silico (+] m]
Y propranolol Rat HT-Dialysis Plasma Protein Binding 0.15 u Rat w Database-In Vitro-Rat, HT-Dialysis, from one experiment W (+]
. Rat Plasma Protein Binding (UC) (PPBUC) 0,22 u Rat vIIE Database-In Vitro-Rat, ultracentrifugation, average of 19 experiments (+] [ﬂ]
4 ouse —
Rat MAP RED Plasma Protein Binding 0.16 u Rat v | | =|| 4| Database-In Vitro-Rat, rapid equilibrium dialysis, average of & experiments O [m
4 v Rat MAP RED Protein Binding: Mon-standard Assay |-« 0.24 B Rat v | | =| 4| Database-In Vitro-Rat, non-standard assay, average of 2 experiments (+] m]
T‘Q propranolol hydrochloride-2 - MAP-USCA-14-0261 - Mouse (Male) - Blood IV 1 mg/kg Solution Rat NIBR.-FPE 0.19 u Rat ¥ | | Z|| | Database-Other-Rat, in siico (+] [ﬂ]
x_lo propranolol hydrochloride-2 - MAP-USCA-14-0262 - Mouse (Male) - Blood IV 1 mg kg Solution ,
Lo Molweight:
£ >
Molecular weight 259,35 g/mol
.: Simulations = Has halogens No|w
Effective molecular weight 259,35 g/mol
~
' W Value origin Database-Other-SMR.
4 PO
] 9‘ propranolol - Rat - PO 1 mg/kg Suspension Compound type / pka:
Base W 9.20
N 4Comp .
Acid w 10,37
a Rat Neutral v <Mone>
%« ++ propranolol Value origin Database-Other-In silico (MIER pKa Prediction)
(—B PO 1mg/kg
i Solubility:
' Default partide dissolution
2| Experiment Solubility at Ref-pH RefpH Solubility gain per charge pH-dependent Solubility | Value Origin Default
X ) )
LO propranolol hydrochloride-2 - MAP-CHBS-14-G811 - Rat (Male) - Blood PO 1 mg/kg Single High Throughput Equilibrium Solubility —|== Edit Table Show Graph v | [Z]| 4] Database-In VitroEquilibrium solubiity v (+]
3 .,: propranolol - Rat - PO 10 mag/kg Suspension W MELLODDY solubility models Edit Table Shaow Graph w - | Database-Other-n silico (High Throughput Equilibriu... (+] [ﬂ]
’ — v
L4 >

E History r. Comparison E:| Journal Diagram
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Small/medium-scale use cases

On a project basis, our workflow allows to perform quick
checks of whether compounds are “well-behaved”

Simulated vs observed for CL [mL/min/kg]

ECCS class
5 ® Class 1A (metabolism)

1071 ® Class 1B (hepatic uptake)
= ® Class 2 (metabolism)
= ® Class 3A (renal)
= ® Class 3B (hepatic uptake or renal)
é ® Class4 (renal)
J -
é 101 p - -
— s .
U ’/// /’d’
=] /r/ dz’
= - -7 _- -
g 1004 ’,” o -
9)] - /,—’ .

10° 10!

Observed CL [mL/min/kg]

U, NOVARTIS

Concentration (uUM)

Concentration (uM)

=
o
©

=
o
A

1072 ]

100 4

10—1 ]

Rat - IV 1.00 mg/kg

Study ID: PAS-2024-0558
Formulation: Solution

—— Simulated (whole bloaod)
% Observed (whole blood)

5 10 15 20
Time (hr)

Rat - IV 1.00 mg/kg

25

Study ID: PAS-2025-0017
Formulation: Solution

Simulated (whole blood)
¢ Observed (whole blood)

5 10 15 20
Time (hr)

25

Can be predicted

well by bottom-

up Vss & scaled
LM CLint

Requires further
investigation in
PK-Sim GUI
(alternative CL &
Vss mechanisms,
transporters)

15



Large-scale use case

For rat IV studies: we surveyed ~575 compounds

* Bottom-up PBPK simulations during early = 100] o o
discovery (pre-synthesis) can be done e R T g ]t
using in silico predicted PhysChem and éloz, o Comiton 210 e
ADME properties 5 >
9 104 __“é;;j 1004
» We performed a large-scale assessments S & L
across our portfolio: R
how well can we assess Vss across S o o o T T o o
. Observed CL [mL/min/kg] Observed Vss [L/kg]
compounds and species when we have |V
data? For monkey IV studies: we surveyed ~150 compounds
* Vss was well predicted for ECCS class 2 3| i | el
compounds, but class 3A/B were under- R Z 1] ¢ S b
predicted E 10 g
é 10°4 % 10°
'c;) 1o " w01]
1072 . . . . . . . . . .
107t 10° 10t 10? 108 107t 10° 10t 102 103
Observed CL [mL/min/kg] Observed Vss [L/kg]

U, NOVARTIS 16



PhysChem and ADME in silico models
as input parameters for PK-Sim

The simulations require these input parameters:

Lipophilicity = multi-task (LogP / LogD) LASSO, RDKIit 2D descriptors + Morgan FP
(r=2, 4k bits)

fu,p =2 multi-task (5 species + 7 auxiliary tasks) GNN (chemprop)
Solubility > MELLODDY multi-task FF-NN (SparseChem), ECFP6, 32k bits

Passive permeability - multi-task (5 end-points: MDCK-LE, PAMPA, Caco-2, MDR1)
GNN (chemprop)

lonization - Molecular Discovery’s MoKa, trained on in-house data

Blood/plasma ratio - no models (yet!), using instead a default value per
ionization class, based on an analysis of our in-house data

Intrinsic clearance - multi-task (6 species) GNN (chemprop)

U, NOVARTIS

Log10{MeanBPratio)

b = R M
P =R~ T 1
| | ]

0.8

0.6 -

0.4

0.04

-0.4-

-0.64

-0.8 4

Acid Base Neutral Zwitterion

lonization class

17



Machine learning models to predict
PhysChem/ADME/PK properties

= Machine learning (ML) models can relate molecular structures to properties
- Quantitative or qualitative structure-property relationship (Q)SPR

1. Molecular features to represent them numerically, e.g. 2. ML algorithm that finds structural patterns that correlate
descriptors, fingerprints, graph neural networks with ADME properties

Molecular fingerprints

)c’iH )OLH\>_OH'

we Ty LTIl
oL \ -1|1|1|o|-
;Y OH mw—’

Data-driven representation

T
BI [T T 11

U, NOVARTIS
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Predicting metabolic clearance

Example: Multi-species metabolic clearance model

= Multi-task learning strategy where each (Multi-task graph neural network, MT-GNN)

species was considered as a separate task(!l

= A graph neural network (GNN) was utilized
for representation learning!?l

= A multi-species GNN model was generated
to predict metabolic clearancel! O, —

~# Compounds

Rat Human Mouse Dog Monkey | Minipig
180,000 | 112,000 | 85,000 | 10,000 [ 8,000 700

[1] Rodriguez-Perez et al. 2022 Mol Pharm, 20, 1, 383-394
[2] Yang et al. 2019 JCIM, 59, 3370-3388

U, NOVARTIS



Predicting metabolic clearance

Example: Multi-species metabolic clearance model

= Multi-task learning strategy where each (Multi-task graph neural network, MT-GNN)

. . Species = Rat Species = Human Species = Mouse
species was considered as a separate task(!l
2.5
= A graph neural network (GNN) was utilized N | | | T e
for representation learning(?] 5 | T
1.5 T T
= A multi-species GNN model was generated o ] |
tO prediCt metabO"C CIearance[1] Species = Dog Species = Monkey Species = Minipig
2:5 I l
1
i ! L I
~ # Compounds Z =0 T I T o I I
Rat Human Mouse Dog Monkey | Minipig el ‘ ' B ' Wim
00 1.0
180,000 112,000 85,000 | 10,000 8,000 7 & (§/\O§ éé"’ +(§) @%/\@e éé‘(’ +®Q> (,\*e (§ é,é‘"
& & & & & &
[1] Rodriguez-Perez et al. 2022 Mol Pharm, 20, 1, 383-394 ﬁé \é \“/\
[2] Yang et al. 2019 JCIM, 59, 3370-3388 Kiodels

Especially for species with less data points, e.g. dog

and monkey, results were superior with MT-GNN
', NOVARTIS



Metabolic clearance:

Model precision vs. Experimental reproducibility

 Model precision: From the
compounds predicted “Low”, how
many are measured “Low”?

« Experimental reproducibility: From

the ones measured “Low”, how many

were always measured "Low”?

* With the limitation of having some
‘inconclusive’ predictions (25-32%),
model’s precision is comparable to
experimental reproducibility

Rodriguez-Perez et al. 2022 Mol Pharm, 20, 1, 383-394

U, NOVARTIS

Low CL,, High CL,,
(S 100pL/min/mg) (2 300uL/min/mg)
. Model Experim. Model Experim.
Species . . . .
precision | reproduc. | precision | reproduc.
Rat 84 83 75 69
Human 85 88 75 64
Mouse 80 84 78 72
Dog 92 89 97 58
Monkey 94 87 86 71
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Outlook
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What is coming next?

!

Still some plumbing to do:
— Storing of simulations

— Centralizing the decision trees into a snowflake-based process,
which will improve the performance (currently: ~3.8s/compound
for data pre-processing and ~2.5s/compound to run a single
species, single dose, single arm simulation)

Automating parameter identification

Learning from the data! E.g.

— Which method works best for which type of compounds
(depending on ECCS class, ionization, permeability,
modality, ...)

— Investigating protein binding, transporters, clearance...
— Assessing performance of unbound parameters

Democratizing the process
— Onboarding more projects
— Enabling simulations in our design & analytics tools

NOVARTIS

(IR
pharmaceutics .-

Article

pubs.acs.org/molecularpharmaceutic

DeepCt: Predicting Pharmacokinetic Concentration—Time Curves
and Compartmental Models from Chemical Structure Using Deep
Learning

Maximilian Beckers, Dimitar Yonchev, Sandrine Desrayaud, Grégori Gerebtzoff,
and Raquel Rodriguez-Pérez*

Cite This: Mol. Pharmareutics 2024, 21, 6220-6233 I: I Read Online

ACC ESS | [l Metrics & More | [E8 Article Recommendations | Q- Supporting Information
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B Intuence Discovery - Common Drugs - 0 x

< O Mm@ hitpsy/intuence-discovery/analysis/4e45531a-3726-4a02-aef4-b6da763f5004/ l.)

Intuence Discovery CommonDrugs ~ Analysislast saved 19hoursago  Datalast refreshed 20 hours ago

B Filters Common Name?! Structure HT-PBPK Species  Matrix Route  Vehicle Dose Invivo CL  Vss Cmax AUCinf AUClast %F
B 313.24
Compound Id = L‘
= 1 clonazepam \, . Rat Legacy Plasma iv. 20%PG, 50(20%)Solutol, WFI 1.00 71.00 3.10 766.00 759.00
™+ | |clonazepam A
etoposide 0.28 ﬁ-_"'“'-—z..‘
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11
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. o 0.254 \——

=]
=]
'y

Route - 1880
xN\--(:IN -0
O i.p. 4 tofacitinib /IL t‘ Rat Blood iv. NMP:PEG200 (30:70) 1.00 53.00 1.70 1004.00 987.00
=N ]
it 5 U N 00— =
0

v
O it
N 24
i.v. ., 1410 o
O i.v.infusion \N\-'Q A
0O op 5 tofacitinib (\I:L Mouse Plasma p.o. 0.5% MCJ0.1% Tween 10.00 1409.00 1985.00 19.00
|

[ other J T
p.o. o
O sec.

6 trametinib Mouse Plasma p.o. 0.5% MCJ0.5% Tween; suspension 10.00 635.00 13173.00 18.00
["1 topical

MultiCurveViewer
1000 7 trametinib Mouse Plasma v PEG300/D5W, 3:1; solution 2.00 363 1.19 3085.00 145938.00 18.00
= (]
[=
5
B
£100 N
g .
oy 0
° 8 vismodegib Rat Legacy Plasma p.o. ;2;\1}12}9 15% PEG300, 5 Solutol 3.00 7399.23 39911.27 32466.09 100.00
0 10 20
Time (h)

Model Applicabili... PK (Mouse,Rat,D... IVIVC (Mouse,Ra... NIBR-DeepPK HT-PBPK < = PKINVVO 154cols Showing10of836rows




Reimagining
medicine,
together.

Novartis: ESQLabs:
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« Sarah McFann « Pavel Balazki
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