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Current Preclinical Cardiac Safety Approaches 
Have Significant Limitations
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Current preclinical

models

Low sensitivity 

(False negatives)
Termination of 

clinical trials

Low specificity

(False positives)

Delay progression /

Termination of 

discovery projects

Translation-related 

drug attrition



Human cardiac models are urgently needed

for detection of drug-induced cardiotoxicity
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Enabling Drug Discovery 
in Human Healthy and Diseased Tissues
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➢ Tissue harvesting methods and solutions are designed to avoid ischemic damage and reperfusion injury

➢ Complete chain of custody, processing methods and rigorous QC ensure excellent tissue quality

➢ Large U.S.A.-based network ensures the availability of samples

➢ Excellent heart quality permits integrated human cardiac drug discovery at the preclinical stages



Human Ex-Vivo
Cardiac Safety Assessment at AnaBios
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>1000 ex vivo

human hearts tested

2-4 hearts / week
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New Isolation Method Provides 
High Yield of Cardiomyocytes

6

1000 ex vivo

human hearts 

tested

2-4 hearts / week



Non-Invasive Measurement of Contraction
Full Retention of Cardiomyocyte Functionality
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IonOptix: Sarcomere shortening measured by digital cell geometry tracking; stimulation frequency 1Hz

• Bright-field imaging

• Low technical complexity

• No cytotoxic fluorescent reagents

• High information content



Strong Correlation Between Electrical and Mechanical 
Abnormalities in the Human Heart
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ECG

LQT 

Nador et al., (1991) Circulation 84:1530-1542 and other papers (De Ferrari et al., 1994;

Nakayama et al., 1998; Haugaa et al., 2009; Ferrari & Schwartz, 2009; Belardinelli et al., 2009)

LV Posterior 

Wall Thickness

Normal 

Abnormal contractions



Markers of Pro-arrhythmia and Contractility Risk
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Normal condition Drug treatment

EAD

After-contraction

(AC)

AP repolarization

Relaxation of 

contraction

AP depolarization

Sarcomere

shortening

• After-contraction represents the mechanical

manifestation of triggered EAD

• TdP arrhythmia arises from PVCs due to

triggered EADs (Kaumann et al. 1968; Noda

et al. 2014)

Inotropy



Validating Clinical Relevance
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• Validated 33 clinical well characterized controls (24 CiPA / 32

JiCSA):

1) 23 pro-arrhythmic drugs

2) 10 non-pro-arrhythmic drugs

3) Each drug was tested at multiples of the free Effective Therapeutic

Plasma Concentration (fETPC, mimic pharmacokinetic aspect)

4) Establish pharmacodynamic exposure response



AC for Predicting Pro-arrhythmic Risk
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Aftercontraction (AC)

Contraction Failure (CF)



Prediction of Pro-arrhythmic Risk of Drugs
with 96% sensitivity
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Prediction of Non-Pro-arrhythmic Drugs
with 100% Specificity
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ICH S7B IWG Recognizes the Value of Human Primary 
Cardiomyocytes for Pro-arrhythmia Assessment
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Validating Clinical Relevance of Negative Inotropes
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• Validated 33 clinical well characterized controls:

1) 27 multichannel blockers (mainly K+, Na+ and Ca2+ channels) as

positive controls

2) 6 selective hERG blockers as negative controls



Verapamil Induces Negative Inotropic Effect
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Identification of Negative Inotropic Effects 
and Determination of Exposure Responses
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Nguyen et al., 2017 FiP



Inhibition of Kinase Activity to Control Tumor Growth 
Can Lead to Cardiotoxicity
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Dysregulation of 

tyrosine kinases 

Progression to 

many cancers

Tyrosine Kinase 

inhibitors (TKIs) 
effective cancer 

treatment

TKIs induce cardiotoxicity 
heart failure 

reduced left ventricular ejection fraction

myocardial infarction

arrhythmias



Validating Clinical Relevance of Cancer Agents
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• Validated 9 clinical well characterized controls :

1) 4 toxic TKIs (Sorafenib, Vandetanib, AZD7762, Imatinib)

2) 4 non-toxic TKIs (Erlotinib, Dasatinib, Afatinib, Gefitinib)

3) One toxic anthracycline (Doxorubicin)

4) Each drug was tested at multiples of the Cmax

5) Each concentration was perfused for 5 mins



Sorafenib Induces Functional Cardiotoxicity
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Afatinib Induces No Functional or Structural 
Cardiotoxicity
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0.3M = 3-fold Cmax

1M = 10-fold Cmax

3M = 30-fold Cmax



Tyrosine Kinase Inhibitors Affect Human 
Cardiomyocyte Contractility
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Similar human cardiac tissue data recently published by Schneider C 

et al., 2018 Nature Scientific Reports

*: Limit of solubility



Low Inter- and Intra-Heart Variability
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Human cardiomyocyte Contractility Model Differentiates 
Pro-arrhythmic from Non-Pro-arrhythmic TKIs

24

*: Limit of solubility



Doxorubicin, Anthracycline Agent, Affects Human 
Cardiomyocyte Contractility and Induces Pro-arrhythmia

25

0

20

40

60

80

100

120

0.01 0.1 1 10 100 1000

S
a
rc

o
m

er
e 

sh
o
rt

en
in

g

(%
 c

o
n

tr
o
l)

[Doxorubicin] (µM)

Donor 1

Donor 2

Clinically relevant conc.



Adult Human Heart Kinome Profiling

26

Cancer-driving 

kinases 

Expression and role 

of kinases in cancer 

are well understood

Heart kinases 

• Expression & function of kinases in 

cardiac tissue are poorly characterized

• Mechanisms of KI-induced 

cardiotoxicity are not fully understood



Positive Inotropy Assessment - Validation Set 
Targets 12 Different Mechanisms of Action
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Mechanism of Action Drug

Na
+
/K

+
 pump inhibition Digoxin

Na
+
/K

+
 pump inhibition Ouabain

Na
+
/Ca

2+
 exchanger inhibition SEA-0400

Myosin activation Omecamtiv Mecarbil

Myosin activation EMD-57003

Ca
2+

 sensitization Levosimendan

Non-selective b-adrenoceptor activation Isoproterenol

Non-selective b-adrenoceptor activation Epinephrine

b1-adrenoceptor activation Dobutamine

PDE3 inhibition Milrinone

PDE inhibition IBMX

Ca
2+

 channel activation Bay-K 8644

Adenylyl cyclase activation Forskolin

Adenylyl cyclase activation NKH-477

SERCA activation N106

RyR activation Caffeine



Isoproterenol Induces Positive Inotropic Effect
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Baseline level

Iso level



Identification of Positive Inotropic Effects 
and Determination of Exposure Responses
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Differential Effects of Positive Inotropes
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Cluster Analysis is Used to Mechanistically Fingerprint 
Compounds with Inotropic Effects
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Heatmap data generated from 4th

concentration data. Red and green colors

iindicate decrease and increase of >25% and

10% change, respectively. Black colors

iindicate no effect (<-25% < % change <

10%). Numbers in boxes indicate means %

change relative to vehicle.



Segregation of Ca2+-Dependent Mechanisms

32

2D PCA generated from top test

concentration data. Blue and red colors

indicate increase and decrease in Ca2+,

respectively. Ellipses show confidence

intervals of 0.75.



Human Adult Cardiomyocyte Model 
Integrated Into the CiPA Paradigm
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Lead
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No risk
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In Silico Computer 

Modelling

Prediction

of Pro-arrhythmic 

Risk

Risk

Dial-out Undesired 

ion Channel Activity

Dial-out

Unanticipated Effect

Risk

This new potential approach was presented

to the ICH S7B & E14 Discussion Group

Meeting (Charlotte, NC, November 13, 2018).
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MyoBLAZER: Proprietary Technology Used to Measure the 
Biomarker Currently Undergoing Qualification with FDA

MyoBLAZER

Isolation of human 
cardiac cells

Proprietary cell 
contractility 

testing station 

Proprietary acquisition and analysis algorithms 
allow to establish drug effects with high level of 

predictivity of the human clinical response



Adult Human Cardiomyocyte Model 
Early Primary Screening Tool
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In Vivo Regulatory 
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based Cardiac 

Assessment

Adult Human Cardiomyocyte 
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of ALL Human Cardiac 

Targets

Risk

Dial-out Undesired 

Ion Channel and Unanticipated Effects



Adult Human Cardiomyocyte Model
Early Primary Cardiotoxicity Screening Tool
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• Permit rigorous and integrated human cardiac drug discovery

at the preclinical stages

• Differentiate safe from cardiotoxic drugs

• Can enable mechanistic assessment

• Predictive of clinical outcomes
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Thank You!


