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“Thorough QT/QTc in a

Dish”: Can Human Induced
Pluripotent Stem Cell-Derived
Cardiomyocytes Predict
Thorough QT Outcomes?

Hugo M. Vargasl’*

The emergence of human induced pluripotent stem cells—
derived cardiomyocyte (iPSC-CM) has sparked interest in this
tool for cardiovascular safety assessment during preclinical
safety testing. The use of multiple iPSC-CM cell lines in
parallel to identify drug-induced corrected QT (QTc)
prolongation risk resembles the execution of a clinical
thorough QT (TQT) (i.e., “TQT/QTc study in a dish”). This article
highlights the potential and challenges of using a human
iPSC-CM model for predicting the outcomes of a TQT study, as

proposed by Blanchette et alt
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BACKGROUND
The concept of “clinical trials in a dish”
(CTiD) is gaining attention as a new ap-
proach to assess the risk, and efficacy, of
candidate drugs during preclinical drug
development given the emergence of
human-derived induced pluripotent stem
cell (iPSC) models for experimental eval-
uation and drug testing.” The ability to
create multiple iPSC lines derived from
a range of healthy or diseased human do-
nors enables the notion of CTiD. The use
of multiple human cells lines mimics the
interindividual variability seen in clinical
trials and may enhance the detection of
drug-induced effects rather than using a
single organotypic cell line from one donor.
Inspecific regard to preclinical cardiovas-
cular safety assessment, a well-known bat-
tery of in vitro (e.g., human ether-a-go-go
(hERG) channel function, etc.) and iz vivo
(dog or primate telemetry, etc.) assays have
been used routinely to identify QTc pro-
longation risk, a known electrophysiologi-
cal biomarker for polymorphic ventricular

tachycardia (Torsades de pointes (TdP)).
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The standard battery of cardiovascular
safety pharmacology models has been ef-
fective in identifying clinical candidates
with low QTc/TdP risk, but new models
are becoming available. Human cardio-
myocytes derived from iPSC (iPSC-CM)
approaches have the potential to improve
the quality of early-stage risk assessment,
the clinical relevance of findings, and re-
duce animal use during preclinical testing.
Theoretically, iPSC-CM represents the op-
portunity to include a human-centric car-
diac functional evaluation of drug-induced
risk ahead of first-in-human clinical trials.
This idea is appealing, especially if the
sensitivity, specificity, and predictive per-
formance characteristics of the iPSC-CM
assay and end points can be established, as
has been done for the hERG function and
in vivo QTc assays used currently. For ex-
ample, we know that drug candidates with
high potency to block hERG function have
higher risk for QTc prolongation and Tdp*
and that the preclinical iz vivo QT assay
has high negative predictive value.

In thisjournal, Blanchette ez 4/. ! described
anovel iz vitro cardiovascular safety pharma-
cology evaluation in which they attempted
to recapitulate the clinical QTc findings of
13 (10 = increase; 3 = no effect) marketed
drugs using a population of iPSC-CM
lines from many human donors (N =27),
hence a “TQT/QTc study in a dish.” In the
iPSC-CM lines, drug-induced changes in
the calcium flux decay-rise ratio were used
as the 77 vitro surrogate for prolongation of
the QTc interval, based on prior experimen-
tation with a single QTc prolonging agent.
Most (9/10) of the positive control drugs
known to cause QTc prolongation increased
the decay-rise ratio (of the calcium signal) in
aconcentration-dependent manner, whereas
two of the three agents with no human QTc
effect (cabazitaxel and mifepristone) had
no impact on the calcium decay/rise ratio
at clinically relevant exposures. Notably,
a third of the QTc prolongers exhibited a
“notch” or plateau in the declining phase
of the calcium signal, which could reflect
a proarthythmic calcium trigger, but none
of the clean agents exhibited this phenom-
enon. Subsequent concentration-response
modeling of the i% vitro potency-response
(decay/rise) data, and correlation analysis
with the iz vivo (human) QTc interval find-
ings, demonstrated that the iPSC-CM-

derived calcium flux data could predict the
clinical concentration—-QT effect for 85%
(11/13) of the agents. One of the QT pro-
longers (moxifloxacin; false negative) and
one of the drugs with no QTc effect (lam-
otrigine; false positive) failed an accurate
prediction.

The use of multiple iPSC-CM lines to
reflect human population-based diversity
and susceptibility to drug response avoids
the bias and risk of using a single cell line,
which could exhibit high or low sensitivity
to repolarization changes and misinform
a cardiovascular (QTc prolongation risk)
safety decision, which is a concern of the
single cell line approach.3 An added advan-
tage of this approach is the ability to study
genotype-specific effects on drug-induced
cellular changes. As a proof of concept
study, Blanchette er al! clearly indicates
that using a single human iPSC-CM line
has limitations and reinforces the need to
use multiple cell lines to gain a more com-
prehensive understanding and interpreta-
tion of drug-induced effects on cardiac cell
repolarization. From the practical point
of view of laboratory resource utilization
and screening throughput needed (high
or low volume of compounds), testing
new drug candidates in 27 cells lines and
crunching calcium image analysis data is a
large and resource-intensive task and begs
the question: What is the minimum num-
ber of iPSC-CM cell lines that should be
included in a “TQT/QTc study in a dish”
to have confidence in the results? The au-
thors characterized and used 27 iPSC-CM
cell lines derived from healthy donors from
a broad demographic (15 men and 12
women; 24 white and 4 African American
ancestry), but the optimal number of cell
lines needed for hazard identification based
on the calcium flux decay-rise ratio vs. pre-
dicting the outcome of a TQT study could
be different. Another consideration would
be to use iPSC-CM that demonstrates ge-
netic susceptibility to detect QTc prolon-
gation. The range of drug concentrations
tested in the cell lines is another key factor,
as only 3 fixed concentrations of drug were
applied to all 13 agents evaluated. Three
concentrations may be inadequate for de-
scribing a concentration-response curve
in vitro, especially for novel compounds
with unknown or mixed pharmacological
properties.
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Regarding validation of the “TQT/
QTc study in a dish” approach, the authors
tested a small number of drugs (e.g., 10
QTc = positiveand 3 QTc = noeffect). The
number of compounds tested is too low to
reach a conclusion about the accuracy of
prediction, especially for understanding
the false-positive rate. Furthermore, no
information about the cardiac multi-ion
channel profile, especially hERG inhib-
itory potency, was provided for the 13
agents evaluated; this information may
have influenced the choice of test concen-
trations used in their study. To truly under-
stand the potential value of an iz vitro TQT
approach, a validation study (conducted in
a blinded fashion) that uses the same set
of 28 clinical reference compounds iden-
tified through the Comprehensive I Vitro
Proarrhythmia Assay (CiPA) initiative®
needs to be conducted to understand the
mechanistic link(s) between inhibition of
various cardiac ion channels and effects
on the calcium flux end points measured
in the iPSC-CM lines. One of the QTc
prolongers (moxifloxacin; false negative)
and one of drugs with no QTc effect (la-
motrigine; false positive) failed accurate
prediction, but the reasons for this are
unclear and highlight the need for addi-
tional studies. It is interesting to note that
a recent study of moxifloxacin in a panel of
10 human iPSC-CM lines demonstrated
consistent prolongation of the field po-
tential (an indicator of delayed repolar-
ization) that correlated well with QTc
interval prolongation in the clinic,” which
suggests that different iPSC-CM cell lines,
test concentrations, or the end point in-
fluence the ability to detect drug-induced
repolarization changes. Another compli-
cation of the Blanchette ez 4l.! analysis was
the inclusion of mifepristone as a negative
(no QTk) control, given conflicting clin-
ical evidence. For example, Darpo et al®
conducted a follow-up QTc study with
mifepristone and did not observe any ef-
fect upon ventricular repolarization at high
clinical exposures, a finding that conflicted
with a prior TQT study that demonstrated
an increase in the QTc interval at lower ex-
posure levels. Thus, more work needs to be
done with a broader set of compounds to
better understand the performance charac-
teristics of this particular iPSC-CM-based
approach.
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Lastly, Blanchette er al' utilized the
calcium flux decay-rise ratio as a surro-
gate for the in vivo QTc interval, with the
assumption that the drugs that prolong
cardiac myocyte action potential dura-
tion (e.g., inhibitors of hERG function)
will also prolong the downward (decay)
slope of the intracellular calcium signal
and increase the decay-rise ratio. Cyclic
elevations and reductions in calcium tran-
sients do reflect the orchestrated activity
of multiple cardiac myocyte ion channels,
but intracellular calcium signaling is regu-
lated by cytosolic proteins (e.g., sarcoplas-
mic reticulum calcium ATPase) and the
sodium-calcium exchanger. For example,
inhibition of sarcoplasmic reticulum cal-
cium AT Pase by thapsigargin prolongs the
duration to remove calcium from the cyto-
sol,” which would manifest as an increase
of the decay-rise ratio in the current study
protocol. However, thapsigargin decreased
action potential duration in the same myo-
cyte that showed an increased duration of
the calcium transient.” These findings sug-
gest some agents that increase the calcium
decay-rise ratio may not be associated with
delayed cardiac repolarization, so the ratio
may not be a specific indicator for QTc
interval prolongation. Use of a voltage-
sensitive dye would be a more useful and
direct measure of membrane potential
change and cardiomyocyte repolarization.

The ability to use human tissue to enable
better preclinical safety testing is coming
into practice, and the use of primary cardiac
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ventricular myocytes for proarrhythmia
risk evaluation for new drug candidates is
also possible.lo The ability of iPSC-derived
cardiomyocyte tissue platforms to perform
preclinical drugs trials that can predict
clinical outcomes (e.g., CTiD or “TQT/
QTc studies in a dish”) are innovative
ideas. Such i7 vitro human platforms, and
use of new safety end points (calcium-flux
decay ratio), are in their infancy and only
time and further testing will demonstrate
the value of these new approaches to car-
diovascular safety assessment and drug
development.
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