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Outline

 Cardiotoxicity: a growing issue in oncology

 Examples with doxorubicin and tyrosine 
kinase inhibitors using contractility

 Conclusion and Future perspectives



Circ Res 2016;118: 1008-1020.

Various Cardiotoxicity

CiPA/JiCSA studies etc



Attention to reducing the risk of cardiovascular disease should be 

a priority for the long-term care of women following the diagnosis 

and treatment of breast cancer.

Patnaik et al. Breast Cancer Research 2011, 13:R64

Cardio-oncology



Cardio-oncology clinical guideline

European Heart Journal (2016) 37:2768–2801



Cancer therapy associated with Heart 
failure/Left Ventricular Dysfunction 

MD Anderson Practices In Onco-Cardiology



• Development of better in vitro models may improve screening 

of drug candidates for potential CV toxicity and mechanistic 

characterization 

• Are there any additional studies to predict potential CV risk? 

• How can we mitigate CV toxicity in patients?

Our regulatory challenge is to minimize and 
predict potential cardiotoxicity by oncology drugs

at the early non-clinical testing process.

CV safety issue of oncology drugs 



Is it possible to predict the effect of drugs 

on left ventricular function?

Various methods for functional analyses

in iPSC-CMs 

BBA 1863:1864–72 (2016)



Movie= a series of pictures (frames)

(Hayakawa, Kanda et al. JMCC, 2014)

iPSC-based cardiac contractility 

using motion vector system  

Video microscopy provides a non-invasive method for cardiomyocyte beating 

analysis and can be scaled up toward high throughput. 
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Effect of isoproterenol on motion vector 

in hiPS-CMs 

Isobe et al. JTS 43:493 (2018)



Before Dox 72h after Dox (3µM)

Effect of Doxorubicin on MV system



NIHS Nippon Shinyaku
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We are planning to perform multi-site validation study 
using this assay system.



Force-frequency relationship in iPS-CMs

Slide from Dr. Naito (Toho Univ)
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Effect of line-patterned plate on contraction 
in 2D monolayer

iPS-CMs with alignment improve the drug response?
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Sensor

Direct Contraction Force Measurement 

using Human iPS Cardiac Cell Sheet

iPSC-derived cardiac cell sheet

Sasaki D et al. PLoS One. 13(5):e0198026. 2018



Ultrasoft electronics devise to monitor cardiomyocytes

Electric wiring 

substrate

PUpolyurethane

Pu

polyurethane

Parylene 

resin

Nanomesh probe

Nanomesh

wiring

Lee et al. Nat Nanotechnol. 14:156-160, 2019

Simultenaous measuerment of contractility and MEA

2 seconds



Translational research

Non-clinical data clinical data

LVEF

Strain rate

PKPB etc

Mechanism study



Translational research

European Heart Journal (2016) 37:2768–2801

Translational research

How can we compare in vitro data with in vivo/human data?



Biomarkers and Omics

 Biomarkers 
• BNP/ Nt-proBNP 

• Troponin (T and I) 

• miRNAs ( miR-1, -499, -208 …) 

• Fatty acid binding protein (FABP-3) 

etc

 Omics 
• SNPs

• Epigenetic modifications.

We are currently trying to find suitable biomarkers to 

bridge non-clinical and clinical settings. 

Circulation. 2005;112:3754–3762.

Oncologist. 2013;18:446–453. 

Rev Esp Cardiol. 2017;70(7):576–582



Cardiac toxicity of immune checkpoint inhibitors

Joe-Elie Salem et al. Lancet Oncology, 2018



Modernize non-clinical toxicity 

to enhance patient safety

Human iPS cells Safety assessment

• CV toxicity evaluation and mitigation is importance particularly in longer 

term survivors.

• LV dysfunction can be obtained by imaging methods, such as Echo and 

GLS. 

• A bridge between non-clinical and clinical efforts are needed for patients’ 

safety. Emerging modalities include use of iPS-CMs/motion vector system, 

biomarkers and omics technologies in the clinic.


