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The HEART is one of the most studied body organs

Leonardo da Vinci, 1510
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How are we creating Cardiovascular In-Silico Clinical Trials?

Models based on ex-vivo, in vitro,
bibliographical and statistical clinical data

Medical

Yang and Clancy
sex-specific cell

conductances.

Baseline Population
ION CHANNEL VARIABILITY

Female
Population

Male
Population

Experimentally-calibrated approach proposed by Muszkiewicz et al
produces the spectrum of phenotypes. Five ion channels that have the
highest influence on action potential durations were selected to be
modified in a combinatorial manner.

Extra Characterization

MENSTRUAL ELECTROLYTE CIRCADIAN

AGE CYCLE IMBALANCE RYTHM

Age, menstrual cycle and circadian rythm phases are
introduced by reproducing related hormonal changes.
Electrolyte imbalance is associated to changes in ionic

concentrations.

Pathologies

HF M Isc

Drugs

Drug effects using ion channel
blocking profile

A group of models created from
personalised patient data

IN-VIVO-BASED LBBB VIRTUAL POPULATION

Clinical data LBBB cohort reconstruction

In-vivo LBBB data

Model reconstruction

Model personalization

& Electromechanical properties
personalization
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What are the main inputs to create Cardiac In-Silico Clinical Trials?

Virtual Populations Personalised models

Human anatomies (cMRI, cCT) . Patient anatomy (cMRI, cCT)
Sex ECG markers, Electrocardiogram

ECG markers within clinical ranges . Sex
Functional information within clinical ranges . Functional information (echo, perfusion, ECV, etc)

. Therapy information . Therapy information
Other clinical relevant data (hypertension, etc) . Other clinical relevant data (hypertension, etc)

within clinical ranges

Context of Use (CoU)
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What are the main outputs for In-Silico Clinical Trials?

Virtual Populations

Approximate characterisation of the population
variability

Computational clinical trial markers that can be
compared to clinical trial outcomes

. Translation of therapeutical inputs to cohort-
specific clinical behaviour

Personalised Models

Patient-Specific characterization of the human
trial subjects

Clinical input markers used for personalisation
Additional computational markers can be
employed for therapy characterisation

Selection of validation markers according to CoU

Validation as comparison to clinical data (CoU)
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Virtual Human In-Silico Study

- - - - -
Medical Baseline Population Extra Characterization
SEX ION CHANNEL VARIABILITY
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Population Age, menstrual cycle and circadian rythm phases are
IKr introduced by reproducing related hormonal changes.
i Electrolyte imbalance is associated to changes in ionic
S 5 concentrations.
IKs Virtual
Population
-
Pathologies
S Male DCM HCM HF Mi Isc
Population ’ .
‘P <2 4
4 4
E i tally-calibrat; h Muszkiewicz et al.
Yah asd Claics xperimentally-calibrated approac prc?po.sed by Muszkiewicz et a Drugs
i I produces the spectrum of phenotypes. Five ion channels that have the
sex-specific ce —
dp ’ highest influence on action potential durations were selected to be Drug effects using ion channel
conductances. ; .
modified in a combinatorial manner. blocking profile

. . . THE VIRTUAL
ELEM Biotech S.L. — Copyright 2025 — All Rights Reserved HUMANS FACTORY



Translation from in-vitro data to human clinical marker prediction

Exposure-Response QT-interval prolongation using virtual cardiac populations
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V. HEART

Cardiac Trials, Virtual Population,
High Performance Computing

ELEM s Wirtwal Human Twin technology
for the human heart

V.HEART-SAFETY

Your own Virtual CRO - Available Now (Cloud-Deployed)

ELEM Biotech S.L. — C&

V.HEART-Safety is ELEM’s solution for Pharmaceutical companies to
compute the pro-arrhythmic effect of drugs on the human heart and to
analyse, quantify and characterised drug induced risks in human
populations by performing clinical trials virtually, in silico.
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V.HEART-SAFETY DISCOVERY: Al-Based Platform
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Recent studies demonstrate that Virtual Populations provide better translation of in-vitro

data to predict drug-induced QT-interval prolongation than cell populations

Two electrophysiology models were

compared:

* Optimized Ohara-Rudy from
Passini 2017 methodology (89%
accuracy)

« Tomek-Rodriguez (87% accuracy)

Context of use: Exposure-Response

Concentration-QT prolongation

Miss-classified Drugs by Single Cell methodology
(Optimized O'Hara and Tomek cell models)

Drug

Mexiletine

Paroxetine

Voriconazole

Metronidazole

Clozapine

Dasatinib

Saquinavir

Procainamide

Lidocaine

Ranolazine

Sertindole

Nilotinib

Passini 2017

Tomek 2019

TdP level

TdP Risk

Conditional

Total drugs

N=62



Input drug data has a greater impact on predictions than different cell models employed to
solve Virtual Populations

Nilotinib at Clinical Concentrations
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Placebo Effects in Drug Computational Trials

Early Follicular Morning
Female Progesterone
Late Follicular - Estradiol Afternoon ”
phenotype N
| i . . Evenin
Luteal A Circadian rythm .
Follicular phase Ovulation Luteal phase = ICal Female
population
Virtual C-QT study
Female
anatomy EP model
Moxifloxacin ﬂ)
Dofetilide AAQT
Placebo -
placebo-
Male corrected
anatomy AQT . . Clinical trial CONC (ng/mL)
g k-i @ Computational trial
’ G \‘\‘\- @ Computational trial + placebo statistical model
\..\.‘ ~!l
Adolescence Morning Ig
Male Testosterone "¢ Male
Adulthood Afternoon 10 .
phenotype s population
Senescence . . Evenin
Circadian rythm & — I — M
Age = Cal E — E

. . . = THE VIRTUAL
ELEM Biotech S.L. — Copyright 2025 — All Rights Reserved HUMANS FACTORY



Comorbidities Representation in Drug Computational Trials
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QT-Drug Exposure Effect with Pathophysiology ‘

Moxifloxacin
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(A) Average regression models. (B) Sex-specific regression models.

Figure 7: Concentration-QTc effect relationship models estimated for moxifloxacin from computational
(healthy, HF, DCM, HCM, ISC and MI - AQT) and clinical data (healthy - placebo-adjusted AQT).
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How do you validate conditions of high risk for human trials?

What to do when no human clinical data can become available due to
Fthical concerns??

These conditions may include:
PREGNANT WOMEN
CHILDREN
ELDERLY SUBJECTS
FRAILTY DUE TO COMORBIDITIES
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Personalised models of an Elderly cohort
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Digital Twin Generation and Personalization Pipeline

MERIT: Multimodal data basEd caRdiac dlgital Twin pipeline
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The objective
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Personalised trial enhancement with Virtual Humans

DEVELOPMENT OF SYNTHETIC LBBB VIRTUAL POPULATION

IN-VIVO-BASED LBBB VIRTUAL
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Conclusions

Cardiac in-silico trials are already a REALITY, but we
require a stronger push for acceptance to provide
quantitative evidence when there is none, or only
anecdotical case reports. Those areas are exactly where
these methodologies will provide the biggest impacts.

These frameworks are moving us towards precision
medicine applications, but the pipelines and platforms
require to be robust enough for scaling them to a clinical
every day use.
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Medical trials working for
EVERYONE e alh |

THE FUTURE IS NOW
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