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IN SILICO PREDICTION 

CONCLUSION 

A new paradigm to assess the proarrhythmic potential of drugs is proposed by the CiPA 

(Comprehensive in vitro Pro-arrhythmia Assay) initiative combining a suite of a priori in vitro 

assays     (7 most important ion channels for cardiac activity) coupled to in silico reconstructions of 

cellular cardiac action potential (AP). The eTOX consortium has developed a multiscale simulation 

in silico model based on O’Hara/Rudy incorporating the principles of this new paradigm. 

The core model simulates the effects of drugs on a virtual cardiac tissue composed by different 

types of cardiomyocytes. The input of this model, the blockade of a set of 3 ion channels 

(IKr/hERG, IKs, ICaL), can be obtained experimentally or predicted using advanced 3D-QSAR 

models. The system predicts the % change of the QT interval at different drug concentrations in 

order to facilitate risk assessment. 

This in silico model was validated using Purkinje fiber assay results (input: AP prolongation and 

arrhythmogenic risk assessed by early after-depolarisation occurrence) from 500 in-house drug 

candidates. The validation showed that predictivity is highly dependent on the model’s applicability 

domain (AD): for some chemical series the proarrhythmic potential could not be identified, for 

others, however, most of the positive drugs were correctly predicted with sensitivities up to 80-90% 

(average prediction accuracy was 70%). Retraining of this model with additional internal data 

should help to improve the model AD and predictivity. It is important to note that AP prolongation 

was correctly predicted for many proarrhythmic drugs with only low (IC50>30 µM) in vitro hERG 

inhibition. Furthermore, the model showed high additional benefit for read-across within a chemical 

series to predict the proarrhythmic potential of drugs with low solubility for which no reliable 

Purkinje fiber results could be obtained. 

These validation results showed that this cardiosafety in silico model can successfully be applied 

in R&D to predict the proarrhythmic potential of drug candidates within the model AD. 

METHODS 

Multiscale in silico prediction system  
 

 

               

      Purkinje Fiber assay (rabbit) 
=  in vitro model to record transmembrane action   

 potential duration (APD) from isolated rabbit  

 Purkinje fibers using conventional intracellular  

 glass microelectrode technique [2] 

  includes drug-induced effects on all     

  ion channels contributing to APD 

 Cisapride (example of the data extracted from reports)             
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Pacing 

(Hz) 

Result  

type 

Result (n=6 fibers) 

0 µM 0.01 µM 0.03 µM 0.1 µM 0.3 µM 

1  APD50 (ms) 206 217 246 317 324 

1  APD90 (ms) 286 307 355 484 557 

1  Vmax (V/s) 670 669 675 664 649 

0.25  APD50 (ms) 224 232 262 733 +EAD 521 

0.25  APD90 (ms) 359 384 451 1098 +EAD 1347 

3  Vmax (V/s) 645 644 635 609 493 

M
em

b
ra

n
e 

p
o

te
n
ti

al
 (

m
V

) 

Time (ms) 

 Validation results demonstrated the proof of concept of this in silico approach 

 Input of effects on key cardiac ion channels as in silico prediction or in vitro results 

 multiscale in silico simulation of the action potential (AP) based on O’Hara/Rudy 

 can successfully be applied in R&D to predict the proarrhythmic potential of drug 

candidates within the model’s applicability domain 

 Factors which have an impact on the results should to be taken into account 

a) in silico model was trained on public data, so predictions of proprietary/               

in-house compounds is a challenge 

b) model was developed to predict QT interval in ventricular tissue, so there is no 

exact one-to-one correspondence with experimental APD90 Purkinje fiber results 

 Further steps that could improve predictivity  

 Retraining of the in silico model with additional in-house data 

 Implementing of additional key cardiac ion channels (e.g. Nav1.5) 

ABSTRACT VALIDATION RESULTS 
Case study 

 

 

               

 Lead structure from internal drug candidate showed proarrhythmic liability 

Ion channel results 

hERG IC50 > 10µM 

Cav1.2 IC50 > 10µM 

KCNQ1 IC50 = 9.7µM
p
 

QT prediction 

QTD(5µM) 120%* 

 Optimized drug candidate without proarrhythmic liability  

Ion channel results 

hERG IC50 > 10µM
 

Cav1.2 IC50 > 10µM
p
 

KCNQ1 IC50 > 10µM
p
 

highly polar 

moiety 

QT Prediction 

High Medium Low  

APD90  

Purkinje 

fiber 

results  

Positive 71 16 21 108 

Equivocal 13 3 10 26 

Negative 64 42 77 183 

 148 61 108 317 

 From all in-house Purkinje fiber results, 434 drug candidates (small molecules) 

were selected for validation and classified based on APD90 results as follows 

Positive APD90 change max. at basal (1 Hz)  or  low pacing (0.25 Hz) > 1.2 

Negative APD90 change max. at basal (1 Hz)  or  low pacing (0.25 Hz) < 1.1 

Equivocal  APD90 change max. at basal (1 Hz) and low pacing (0.25 Hz) = 1.1 - 1.2 

 Parameters that were used to classify the predicted risk from in silico models 

High QT change at 5 µM > 1.1 

Medium QT change at 5 µM = 1.05 - 1.1 

Low  QT change at 5 µM < 1.05 

 Summary and discussion 

 Results from 69 drugs were not considered  

   for statistics because of low solubility,  

   but those in silico prediction showed high  

  additional benefit for read-across to assess  

  proarrhythmic potential within a chemical series 

 In silico prediction for 48 drugs were out of the  

  model’s applicability domain (ADAN>4 [7]),  

  chemical space of all validation compounds is  

  shown as PCA plot in the figure 

 Different validations were performed varying the input for the multiscale simulation 

models. The quality of the results improved (from lower to higher) when we used: 

 chemical structure without any other data used for prediction 

 alternative use of hERG prediction results from in-house QSAR model 

 alternative use of results from in vitro assays (hERG and Cav1.2) 

 Correlation between remaining Purkinje fiber results and in silico prediction                        

(use of in vitro hERG and Cav1.2 if available): 

Plotted are the first two principal 

components (PC1 & PC2) of the 

transformed MOE descriptor set. 

p = predicted by in silico model 

p = predicted by in silico model 

QT prediction 

QTD(5µM) 104%* 

Purkinje fiber result 

high proarrhythmic effect 

Purkinje fiber result 

No proarrhythmic effect up 

to 30 µM  

with AEDs 

at 0.25 Hz 
 Lead optimization 

 15 compounds were screened                      

for their proarrhythmic liability                      

(13/15 positive) 

 Retrospective QT in silico predictions 

were in good agreement with 

Purkinje fiber results for this series                  

(Accuracy =  79%) 

*QT duration compared to control 

*QT duration compared to control 
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INTRODUCTION 
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      Comprehensive in vitro Pro-arrhythmia Assay 
=  initiative to propose a novel safety in vitro / in silico screening paradigm for 

the  assessment of ventricular proarrhythmic liabilities [3] 

  led by Cardiac Safety Research Consortium, HESI, FDA 

  indented to revise the ICH S7B guideline and to 

 eliminate the clinical thorough QT (TQT) study 

 Schematic elements of CiPA [4] 

1)  in vitro assays determining functional   

effects on 7 key cardiac ion channels 

 IKr   (hERG) 

 IKs 

 Ito 

 IK1 

 ICaL (Cav1.2) 

 INa   (Nav1.5: peak and late) 

2) in silico models simulating the cellular  

    action potential (AP) based on  

    O’Hara/Rudy type [5]  

3) human stem cell-derived cardiomyo- 

    cytes confirming proarrhythmic potential               

        eTOX consortium  
 Objectives [1] 

A) Setup of a eTOX database and                       

    pre-competitive data sharing   

1) Extract internal EFPIA toxicity reports  

2) Combine with public toxicity data 

3) Create standardized ontologies and                    

    database schema 

B) Development of new prediction models 

4) Use of eTOX data as model training data  

5) Validation by authority accepted standards 

6) Access via eTOXsys platform as intranet version 

 Time chart 

 Participants 

(= Early After Depolarisation) 

CiPA schema 

Ion channels 

responsible for AP [6] 

Channel 

Organ 

The core of this approach is a computational framework 

simulating the effect of drugs on the action potential duration 

(APD) within a virtual cardiac tissue, composed by different types 

of cardiomyocytes based on the O'Hara-Rudy model [5] 

Direct alteration of many ionic currents can result in prolongation 

of the action potential duration (APD) of ventricular myocytes. 

The applied electrophysiological model uses the blockade of  

three ion channels (ICaL, IKr (hERG), IKs as pIC50 values),     

provided from experimental in vitro data or predicted in silico 

using built-in advanced 3D QSAR models 

Drug effects at cell level are translated at organ level 

running a simulation on an array of cells representing 

cardiomyocytes of the endocardium, midmyocardium 

and epicardium (with adequate ICaL, IKr (hERG) and 

Iks relative populations). 

The simulation model reproduces the effect on the 

electrocardiogram (ECG) at different drug 

concentrations [7]. The prolongation of the QT interval 

in the surface ECG is caused by AP prolongation at 

ventricular cardiomyocyte level. 

Cell 

Endocardium 
Midmyocardium 

Epicardium 
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Chemical space of the validation compounds                
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