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. Evidence generation: from data to models to paediatric patients

. Drug-disease modelling, trial models, population models

Modelling and simulation services

Examples: experimental protocol optimisation, translation and extrapolation
. Clinical trial designs: RCT, RWE, digital twins, virtual cohorts

. Q&A




Evolution is happening all the time

Different functionalitv has been enabled during the evolutionary process

1876 1880s 1960s 1988
Patent for Alexander Craddle phone Touch tone pad Car phone
Graham Bell's phone phone

2000 2007 2010
Cellphones meets iPhone Samsung Galaxy A
the internet (First generation) (its first Android phone)

https://gulfnews.com/world/a-brief-history-of-the-telephone-1.1603713110135
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Evolution is happening all the time

Different research techniques and methodologies have evolved over the last 3 decades




Evolution is happening all the time

Different research techniques and methodologies have evolved over the last 3 decades
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Experimental protocols vs. data analytics

Model-based approaches
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Evidence pyramid

Meta-
analysis

Systematic Reviewl

ALTERNATIVE METHODS
RWE, PCT, NIS
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Long term scientific vision

Uptake into (paediatric) drug development,

----------- < regulatory processes and clinical practice

Optimal and targeted drug development
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Improved health care

Shepard T, PAGE meeting (Alicante), 2014



Drug-disease modelling and simulation framework
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Drug model
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M&S SERVICES

Protocol optimisation — Informative protocol designs
Translation and extrapolation

Diagnostics — Simulations, dosing algorithms and decision support

-> Dose selection, sampling scheme, sample size, study design
- Predict exposure (PK), response (pharmacodynamics, safety, efficacy)
- Predict disease progression, patient inclusion/exclusion criteria, select formulation, dosing regimen,

- Support assessment of treatment response relative to control groups using virtual patient cohorts and/or digital twins




Multidrug-resistant tuberculosis (MDR-TB) is a leading cause of
death globally, manifesting severely in children.

Preclinical animal models are required to explore new
treatments for tuberculosis (TB)

Experimental models should mimic or reflect the underlying
pathology in humans. To that purpose, standard of care (SoC)
drugs can be used to calibrate the model assess its potential
relevance as translational tool

Marmosets offer such a possibility —i.e., comparable pathology.

However, the pharmacokinetics (PK) of SoC drugs and relevant
biomarkers have not been fully characterised in marmosets

This investigation aimed to:

1. establish the dose of SoC drugs that yields systemic exposure in marmosets comparable to that observed in humans
2. assess the feasibility of an optimized sampling schedule to minimise the number of samples required per animal and reduce
number of animals required in a prospective efficacy study

PAGE 31 (2023) Abstr 10684 [www.page-meeting.org/?abstract=10684]

Yang HJ et. al. One size fits all? Not in in vivo modeling of tuberculosis chemotherapeutics. Front Cell Infect Microbiol. 2021

Via LE al. Differential virulence and disease progression following mycobacterium tuberculosis complex infection of the common marmoset (Callithrix Jacchus). Infect Immun. 2013
't Hart BA et. al. The marmoset monkey: A multi-purpose preclinical and translational model of human biology and disease. Drug Discov Today 2012




Protocol optimisation

Dose Selection

* Simulations were implemented to generate concentration vs. time profiles at steady-state (SS) according to a q.d.
dosing regimen.

* Predicted exposure at SS, expressed as AUCss, was compared with that in TB patients (RIF 600 mg, EMB 750 mg,
PZA 1500 mg).

Comparison with yes
PK Simulation human AUC target Dose

models (target exposure)  achievement??  selection

no

dose adjustment

ETHAMBUTOL 15.3(10.5-48.9) 14-25
RIFAMPICIN 29.8 (12.1-56.9) 20-860
PYRAZINAMIDE 414 (255-686) 381-561 125 75




Css avg 24h ratio

Css avg,2dh ratio

Protocol optimisation
Impact of different sampling times and animal number on Css, driver of efficacy in the PKPD model
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Protocol optimisation

Drug Discovery Today « bolumie 22, Numéer 3 «March 2017
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Preclinical experiments

PKPD modelling

Clinical trial simulations

The implications of model-informed
drug discovery and development for

tuberculosis

Morrs Mulladitan’, Geraint R. Davies”, Ulrika S.H. Simonsson’, Stephen H. Gillespie’ and

Oscar Della Pasqua™, odeilapasquadud acuk

Despite promising advances in the field and highly efficacious first-line trea

million people are still infected with tuberculosis (TB). Innovative methods

transition the growing number of compounds into novel combination regim.
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Translation and extrapolation
Chloroquine — In vitro antiviral activity

Which levels of antiviral activity is required to translate viral
suppression into a clinically relevant response?

Treatment
23.90uM x 319.872 ug =7.6 mg/L
5.47uM x 319.872 ug = 1.75 mg/L

Treatment
1C90 = 68 mg/L
1C90 = 15.75 mg/L

Prophylactic dose
100uM x 319.872 pg =31.99 mg/L
18.01uM x 319.872 pug = 5.76 mg/L

Prophylaxis
1C90 =51.84 mg/L

Chloroquine and hydroxychloroquine were found to decrease the

viral replication in a concentration-dependent manner.

Yao et al. Clin Infect Dis 2020;71(15):732-739.




Translation and extrapolation
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Model-Informed Repurposing of Medicines for SARS-CoV-2:
Extrapolation of Antiviral Activity and Dose Rationale for

Paediatric Patients
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Treatment optimisation / personalised interventions
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Prediction of treatment response
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A method to estimate probability of disease and vaccine

efficacy from clinical trial immunogenicity data

#6, Matthew C. Wiener*®, Ferdous Gheyas®, Pavel Fier (5,

Julie Dudésova(®'?, Regina Laube®, Chandni Valiathan (55,
=

Justina vanauskaite®, Frank Liu (3 and Jeffrey R. Sachs (07

Vaccine efficacy is often assessed by counting disease cases in a clinical trial. A new quantitative framewaork prope
("PoDBAY,” Probability of Disease Bayesian Analysis), estimates vaccne efficacy (and confidence interval) using imn
biomarker data collected shortly after vaccination. Given a biomarker associated with protection, PaDBAY describes tl
between biomarker and probability of disease as a sigmoid probability of disease (“PoD") curve. The PaDBAY fram
fllustrated using clinical trial simulations and with data for influenza, zoster, and dengue virus vaccines. The simula
demonstrate that PoDBAY efficacy estimation (which integrates the PoD and biomarker data), can be accurate and
than the standard (case-count) estimation, contributing to more sensitive and specific decisions than threshold-bast
protection or case-count-based methods. For all three vaceine examples, the PoD fit Indicates a substantial associatiol
blomarkers and protection, and efficacy estimated by PoDBAY from relatively littke immunogenicity data |s predict
standard estimate of efficacy, demonstrating how PoDBAY can provide early assessments of vaccine efficacy. Methoe
<an help accelerate and economlze vaccine development Using an Immunolegical predictor of protection. For exal
current effort against the COVID-12 pandemic it might provide information to help pricritize (rank) candidates both
and earlier in development.

npj Vaccines (2021)6:133; https://doi.org/10.1038/541541-021-00377-6
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Generating Virtual Patients & Digital twins
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What is the difference?
Resampling, multivariate distribution, historical control, patient matching, digital twins

So, a participant’s digital twin is not data from a matched
patient in the historical dataset. In fact, it is not like a new
patient at all; rather it is a model based forecast for the

future clinical outcomes of a specific trial participant.

« To date most models are primarily based on deep neural networks, machine learning and Al, and
describe empirical associations.

« There has been limited effort to identify mechanism-based models that ensure a biological plausibility




Tackling practical limitations: Digital twins
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Generating Digital Twins

Increasing the efficiency of randomized trial
estimates via linear adjustment for a
prognostic score

“Super-covariates”: Using predicted control group outcome
as a covariate in randomized clinical trials

Bjoérn Holzhauer' | Emmanuel Taiwo Adewuyi’

Holtzhauer et al., Pharm Stat. 2023;22:1062-1075
Schuler et al. Int J Biostat 2022; 18(2):329-356



Summary

1

2. Drug-disease modelling, trial models, population models

. Evidence generation: from data to models to paediatric patients

3. Modelling and simulation services
4. Examples: experimental protocol optimisation, translation and extrapolation
5. Clinical trial designs: RCT, RWE, digital twins, virtual cohorts

6. Q&A
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