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o Cardiotoxicity (arrhythmias + structural cardiomyocyte damage, i.e., 
myopathy) is a leading cause of drug failures clinically and post-FDA 
approval, and of adverse drug reactions (ADRs).

o Animal studies are laborious, expensive, and poorly predictive of 
clinical outcomes (arrhythmia 55.4%1–85.4%2,3; myopathy 50%4–78.5%5).

o Single-cell Kinetic Image Cytometry® (KIC®) of hiPSC models 
captures cellular heterogeneity (“averaged out” by whole-well/-field 
platforms) for higher sensitivity & clinical predictivity (arrhythmia: 
90–95%6-10; myopathy: 95.6%11).

o KIC® of patient-derived hiPSCs scales to “clinical trials in a 
dish”(CTiD) of 100s of candidate drugs for high efficacy and safety 
across gene mutations for a fraction that of animals.

o By multiplexing Ca2+, voltage, mitochondrial membrane potential, 
and contraction in metabolically-matured hiPSC- CMs12, our multiplexed 
assay correctly predicted clinical outcomes of 30/31 drugs (classes: 
6 Ca2+/SR, 10 plasma membrane/ion channel, 8 mitochondrial/myosin, 7 
negative).

o hiPSC models enable highly scalable, less costly, physiologically 
relevant screens that are more clinically predictive than animals.
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Automated KIC® Measurements: Examples from Assay Development

Drug
# Drug Name

Clinical
Cardiac
Effect*

Mechanism of 
Action/Cardiac 

Target Class

Cardiac
Target(s)

Target
(AG)onist or 
(ANT)agonist

Measurement(s) of Cardiac Effect† [Dose (µM)] Predicted
Human

Outcome?AP SR CON MT

1 Milrinone
HF− (HF+, 

Arr+)
SR PDE3 ANT

[50] ▲APD75, ▲Ampl, 
▲BPM, ▲U.Vel, ▲D.Vel

[50] ▲D.Vel [50] ▲D.Vel ns Yes

2 Flecainide Arr− SR
NaV1.5 (INa), 

RyR2
ANT, ANT [9.49] Q [30] ▼Ampl, ▼U.Vel, ▼D.Vel

[0.095] ▼MTD75; [9.49] 
▼Ampl, Q

ns Yes

3 Istaroxime HF− SR
SERCA2, Na+/K+ 

ATPase
AG, ANT

[0.0125] ▼APD75; [0.025] 
▲Tri

[0.0125] ▼CTD75
[0.025] ▼MTD75; [0.05] 

▲U.Vel, ▲D.Vel; [0.1] ▲Ampl
ns Yes

4 Cisapride Arr+ AP hERG (IKr) ANT [0.125] ▲APD75 [0.125] ▼D.Vel [0.25] ▲MTD75 ns Yes

5 Diltiazem Arr− AP CaV1.2 (ICa,L/ICa,N) ANT [0.625], ▼BPM, ▼APD75 [1.25] ▼Ampl, ▼CTD75 [1.25] ▼MTD75 [2.5] ▼MtMP Yes

6
Propranolol

(racemic mixture)
Arr− AP

S(−): β-AR, R(+): 
NaV1.5 (INa)

ANT, ANT [3.125] ▼BPM [3.125] ▼U.Vel, ▼D.Vel [12.5] ▼D.Vel [25] ▼MtMP Yes

7 Mexiletine Arr− AP
NaV1.5 (INa,L), 

hERG (IKr)
ANT [0.32] ▼U.Vel [3.125] ▼D.Vel [6.25] ▲MTD75 [100] ▼MtMP Yes

8 Sotalol Arr+ AP hERG (IKr) ANT [3.25] ▼BPM [6.25] ▼D.Vel [3.16] ▼MTD75 ns Yes

9 Ivabradine HF- AP
HCN (If), hERG 

(IKr)
ANT, ANT [1.25] ▲Tri [0.625] ▼D.Vel [1.25] ▼Peak# [10] ▼MtMP Yes

10 Ibutilide Arr− / Arr+ AP hERG (IKr) ANT [0.0156] ▲APD75 [0.0156] ▲CTD75 [0.0156] ▼Peak# ns Yes

11 Quinidine Arr− AP hERG (IKr) ANT [0.156] ▼D.Vel [0.312] ▼D.Vel, ▼BPM [0.312] ▼D.Vel ns Yes

12 Dofetilide Arr+ / Arr− AP hERG (IKr) ANT [0.0156] ▲Tri [0.0156] ▲CTD75 [0.0156]  ▲MTD75 [0.5] ▼MtMP Yes

13 Isoproterenol Arr− AP β-AR, KV7.1 (IKs) AG, AG [0.01] ▼Tri, ▲D.Vel [0.01] ▲Ampl, ▲D.Vel [0.03] ▲D.Vel [10] ▼MtMP Yes

14 Trimetazidine HF− CON / MT Mt LC 3-KAT ANT [50] ▲Tri [50] ▼D.Vel ns ns No

15 Levosimendan HF− CON Ca2+TnC AG [50] ▲APD75 [25] ▲Ampl, ▲CTD75 [100] ▲Ampl [100] ▲MtMP Yes

16 Omecamtiv
HF− (failed 

trial)
CON Myosin AG [2.5] ▼Tri, ▲APD75 ns

[0.625] ▼U.Vel, ▼D.Vel;  [10] 
Q

ns Yes

17 Mavacamten HF− CON Myosin ANT [0.095] ▲APD75 [5] ▼CTD75 [0.095] ▼Peak# ns Yes

18 Vandetanib Arr+, HF+ All hERG (IKr) ANT [1.25] ▲APD75 [1.25] ▼BPM [0.625] ▲MTD75 ns Yes

19 Sorafenib HF+ All
SERCA2 / 
cytotoxic

ANT [0.00032] ▼U.Vel [0.0316] ▼Ampl [0.00316] ▼Ampl ns Yes

20 Regorafenib HF+ All INa,L AG [31.6] ▼BPM [31.6] ▼U.Vel [50] ▼Peak# ns Yes

21 Carboplatin HF+ All ICa,L AG [12.5] ▲APD75 [12.5] ▲CTD75 [6.25] ▲MTD75 ns Yes

22 Ranolazine Arr− SR / AP RyR2 /  INa ANT [25] ▲APD75, ▲Tri [6.25] ▼U.Vel [25] ▲MTD75 ns Yes

23 Veratridine Arr+ / Q? AP
NaV1.5, NaV1.8 

(INa)
ANT [0.312] ▲APD75 [0.312] ▲CTD75 [0.156] ▼Peak# ns Yes

24 Thapsigargin Q SR SERCA ANT [0.625] ▼APD75 [0.312] ▼Ampl [0.625] ▼Ampl, ▼MTD75 ns Yes

25 Caffeine Neg Neg − − ns ns ns ns Yes 

26 Loratadine Neg Neg − − [0.2] ▲APD75 [0.2] ▲CTD75 ns ns Yes

27 Acetaminophen Neg Neg − − ns ns ns ns Yes 

28 Doxycycline Neg Neg − − ns ns ns ns Yes 

29 Ciprofloxacin Neg Neg − − ns ns ns ns Yes 

30 Oseltamivir Neg Neg − − ns ns ns ns Yes 

31 Aspirin Neg Neg − − ns ns ns ns Yes 

* Clinical Cardiac Effect: Arr=arrhythmia (+, causes; −, treats); HF=heart failure (+, causes; −, treats); Q=arrest (quiescence); Neg=negative control/no clinical cardiac effect
† Measurement(s) of Cardiac Effect: [X]=lowest dose at which significant changes were observed, in μM; ▲=increase/▼=decrease; AP=action potential/membrane 
voltage; SR=sarcoplasmic reticulum/Ca2+ transient; CON=contraction (APD/CTD/MTD75=Action Potential/Ca2+ Transient/Motion [contractile] Transient Duration, 75% 
down from peak; U.Vel/D.Vel=max rate of peak upstroke/downstroke; Ampl=peak amplitude; Tri=triangulation; BPM=beats/min; Peak#=number of contractile peaks); 
MT=mitochondria (MtMP = mitochondrial membrane potential); ns=no significant changes observed

o KIC® of hiPSC-CMs provides sensitive, data-rich readouts of multiplexed 
voltage, calcium, contraction, and mitochondrial membrane potential.

o In vitro KIC® measurements correspond to in vivo clinical readouts (e.g., ECG); 
large KIC® data sets can be used to predict compound effects in humans, thus 
accelerating early-stage drug discovery.

o In the next year, we will screen 300+ drugs with known cardiotoxicity risk 
profiles (e.g., from databases like DICTrank13,14), as well as re-analyze existing KIC® 
data (e.g., from Pfeiffer et al.7) with these newer methods.

o We continue to develop and refine computational strategies (including classical 
AI/ML) to provide further insight into the complex interplay among all the different 
KIC® measurements in these data for improved, explainable predictivity and 
more clinically-relevant (and potentially novel) classifications.
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Results Summary: 31-Compound Pilot Study proph𝔼𝔼CG: “Predicting” the Safety of Vandetanib

Now seeking pharma 
partners for validating 

our approach!
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