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Current paradigm for assessing QT
liability: evolution of a dilemma

Since its implementation in 2005, the E14 guidance ‘Clini-
cal Evaluation of QT/QTc Interval Prolongation and
Proarrhythmic Potential for Non-Antiarrhythmic Drugs’ [1]
promulgated by the International Conference on Harmo-
nization (ICH) has elicited considerable dissatisfaction
from many stakeholders at all levels.

The ICH E14 guideline sets out our current paradigm
for regulatory assessment of potential pro-arrhythmic risk
of drugs during their clinical development. It evolved
from two earlier regulatory strategies, one from the Euro-
pean Medicines Agency (EMA) in 1997 [2] and the other
(in a draft form) from Health Canada in 2001 [3], neither
of which mandated a specific clinical trial dedicated to
evaluating a drug effect on QT interval. The E14 guidance
went much further and described a new type of clinical
trial, which has come to be known as the ‘Thorough QT
Trial’ (TQT), but more accurately described as the ‘Thor-
ough ECG Trial’ (TET) since the trial evaluates parameters
other than just the QT interval on the surface electrocar-
diogram (ECG). The TET is an unusual trial. It fits very awk-
wardly into our usual schema of drug development as it
is in effect a phase I type trial that is usually performed
well after other phase I trials have been completed, and
sometimes as late as phase III or not infrequently, as part
of a post-marketing commitment.

Before considering whether TET has proved to be an
effective tool for early detection of an important safety
signal during drug development, it is helpful to retrace
the events that led to the ICH E14 guidance, and the birth
of the TET. There are a number of reviews which already
address this issue [4–6], but a brief summary is still in
order. In essence, the TET was the ultimate outcome of

proliferation during the 1980s and 1990s of drugs which
were unexpectedly associated with sudden deaths during
their post-marketing use. Most of these drugs were medi-
cations intended for relatively benign non-cardiac indica-
tions and were therefore removed from the market.
Research quickly established that these episodes of
sudden death were precipitated by an unusual form of
ventricular tachycardia known as torsade de pointes
(TdP), an arrhythmia that is typically preceded by prolon-
gation of the QT interval as measured on the ECG. It was
also soon determined that QT interval prolongation and
TdP resulted from the ability of these drugs to block or
inhibit the IKr channel, which is primarily responsible for
conducting the major fraction of ventricular repolarizing
outward current. Drug-induced QT prolongation is a phar-
macological effect which one can readily measure by
carefully recording and assessing ECGs. Not surprisingly,
evidence of drug-induced QT prolongation came to be
recognized as a valuable biomarker by which to identify
new drugs that might be torsadogenic, leading to the use
of QT interval in the TET as the key surrogate marker for
identifying drugs with heightened clinical risk for TdP.

An appraisal of the
current paradigm

Since its adoption in 2005 by the US Food and Drug
Administration (FDA), EMA and Health Canada (Japan fol-
lowed much later), the TET-based strategy outlined in ICH
E14 (as well as the corresponding preclinical strategy rec-
ommended in the ICH S7B guideline [7]) has become the
standard for investigating new chemical entities for their
propensity to induce QT interval prolongation, and by
inference TdP. Well over 250 such studies have been con-
ducted to date [6]. The ICH E14 strategy, as it has devel-
oped over the past 8 years, has identified a number of
drugs with clinically relevant QT-prolonging effect before
their approval. A review of 163 TET studies, conducted in
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compliance with ICH E14 during 2005–2012, revealed 33
(20%) of them to be positive [8]. Many of these drugs have
been approved, albeit some with very restricted labelling
and even black box warnings, with instructions for pre-
scribing physicians concerning appropriate patient selec-
tion and appropriate patient monitoring when utilizing
these medications [1, 8–11].

It is perhaps too early to determine whether the
E14 strategy constitutes a success in terms of reduc-
ing the clinical risk that really matters, the induction of
TdP. This uncertainty is a natural corollary of the limita-
tion of QT prolongation as an effective surrogate of
the clinical risk of TdP. QT prolongation in and of itself
has no adverse clinical consequences. Indeed, when
adequately controlled, it may even be anti-arrhythmic
and, therefore, beneficial. It is simply a surface manifesta-
tion of the underlying complex mechanisms which may
ultimately lead to TdP. However, the relationship
between prolongation of QT and induction of TdP is
modulated by a wide variety of factors, both intrinsic
(related to the drug itself) [12] and extrinsic (related to
the patient) [13]. Not surprisingly, there are drugs which
significantly lengthen the QT interval, but which do not
induce TdP [14]. An example is ranolazine which blocks
the IKr channel and therefore lengthens the QT interval
[15], but which has not been reported to induce TdP.
Ranolazine also blocks the late sodium current [16], and it
is believed that this mitigates the proarrhythmic conse-
quences of a prolonged QT interval that results from IKr
channel blockade. Thus, while all drugs which induce TdP
lengthen the QT interval, not all drugs which lengthen
the QT interval induce TdP [17].

Criticisms of the current paradigm

In view of the foregoing, it is not surprising that since the
release of the ICH E14 guidance, the TET has been the
target of criticism.

First and the foremost is the concern that the ICH E14
guidance and the TET have made pharmaceutical compa-
nies and regulators too fixated on QT prolongation, a fixa-
tion which has led pharmaceutical companies to abandon
the development of many drugs which block IKr only mod-
estly during preclinical studies or which have demon-
strated only a small increase in QT interval in early clinical
trials [9, 18]. Medicinal chemists have also been busy
designing candidate molecules which lack the off-target
drug interaction with the hERG (human ether-a-go-go
gene) channel, which is the alpha subunit of the IKr
channel [18, 19] while, at the same time, attempting to find
molecules with increasing efficacy through improved
target specificity and selectivity. These two aims may often
be mutually exclusive. Thus many new drugs are aban-
doned early in preclinical or phase I testing and do not
reach phase III clinical trials. These drugs have never had

the opportunity to demonstrate what might have been
their clinically desirable effectiveness. Some of the drugs
whose development has been halted early on due to QT
concerns may have been breakthrough medications that
are truly needed. Simply put, not enough right drugs, or
perhaps some wrong drugs, are reaching the end of phase
II and are undergoing a TET.

Furthermore, in view of binary outcome from the
Intersection Union Test as recommended in ICH E14, the
TET has come to be viewed as having ‘pass or fail’ cat-
egorization. It is common to hear of the fears generated
by a drug’s ‘positive TET’ and of serious questions being
raised by the sponsor as to the viability or wisdom of con-
tinuing the development of the compound. However, we
have only limited understanding of the relationship
between the magnitude of a drug’s QTc effect and the
actual clinical risk of TdP, and hardly any data on the
reproducibility of the results of a TET. At the very outset,
it was recognized by the E14 drafting group that a QT
effect of 5–10 ms, as detected by a TET, was generally not
a sign of the drug being potentially proarrhythmic.
Instead, a breach of this threshold was intended to
trigger further detailed scrutiny of its ECG effects during
phase III trials, when the drug would be administered to
larger group of patients with a range of co-morbidities
and in receipt of co-medications [1]. Thus, the TET was
presumed to provide a precise assessment of a drug’s
effect on the QT interval, which would then guide the
ECG monitoring strategy during phase III clinical trials
and after approval for marketing.

Another concern, which is not a trivial one for many
small to medium sized companies, is the cost of running a
TET, which typically is in the neighbourhood of 2–3 million
dollars. Thus, this expensive trial is performed when all
other healthy volunteer trials have been completed, and it
yields only ECG safety data (in healthy volunteers). A TET
may cost more than many of the other phase I trials com-
bined and is typically conducted towards the end of phase
II, when the tolerability, pharmacokinetics and the thera-
peutic dose for clinical use have been defined, a point at
which the total expenditure on a new drug is still relatively
modest compared with that of phase III trials. There are
pharmacoeconomic simulations which suggest that a TET
is not cost-effective in terms of the (clinical) return it pro-
duces [20]. Thus, from the point of view of a pharmaceuti-
cal company, a TET is expensive and a very inefficient use
of scarce resources.

Proposals to replace the TET study

In response to the above well-argued concerns and dis-
satisfaction with TET, two broad strategies have recently
been proposed for replacing it. The first proposal is to
replace the TET by incorporating robust ECG monitoring
during phase I single and multiple ascending dose (SAD/
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MAD) studies whereas the second proposal is to replace
the TET with a series of more extensive preclinical in vitro
studies and computer modelling of the results from these
studies.

Replacing a TET with an ECG-oriented SAD/MAD study
would simply ‘bolt on’ additional intense ECG collection to
the already pre-planned studies [21, 22]. Intuitively, this
strategy ought to be much less expensive than performing
a TET. These SAD/MAD studies offer an otherwise unparal-
leled opportunity to study the concentration–effect rela-
tionship for QT changes at a wide range of dosages. It is
now widely acknowledged that understanding of the
concentration–QT effect relationship provides a more
effective approach to managing the risk (and risk/benefit)
than the Intersection Union Test recommended by ICH E14
[22, 23].

Currently, most drug development programmes
include hERG channel assays performed in heterologous
expression systems or human derived myocytes and an in
vivo study, typically in dogs. Purkinje fibre studies or pap-
illary muscle assays and perfused wedge preparation
studies are also performed [24]. The second proposal for
replacing the TET, initiated by the FDA among others and
referred to as the Comprehensive In vitro Pro-arrhythmia
Assay (CIPA), calls for the use of in vitro ion channel
studies followed by computer modelling of their results
to predict a new drug’s pro-arrhythmic potential. This
proposal is based on mechanistic understanding of ven-
tricular arrhythmias gained through investigations on
over-expressed human cardiac ion channels, computer
models of ventricular myocyte electrophysiology and iso-
lated induced pluripotent stem cell-derived cardio-
myocytes. The multiple ionic currents that influence the
human ECG potentially include ICaL, IKr, IKs, IK1, INa(fast),
and INa(late). In silico modelling, focusing on the propen-
sity to manifest early after-depolarizations and increased
proclivity of depolarization during phase 3 of repolariza-
tion, along with a complementary cell-based arm of CIPA,
was proposed as a means to integrate the in vitro data
into a prediction relevant to drug effects on human ven-
tricular myocytes. There is a large literature-based dataset
on the sensitivity and specificity of preclinical testing [25].
It is evident that depending on test conditions, the pre-
dictability of these tests can vary substantially. We have
computed that in broad terms, sensitivity and specificity,
respectively, average 50% and 85% for hERG studies, 30%
and 93% for action potential duration (APD) studies and
68% and 85% for in vivo studies evaluating QT interval
prolongation as the endpoint. For torsadogenesis as the
endpoint, sensitivity and specificity, respectively, average
95% and 84% for hERG studies, 65% and 91% for APD
studies and 100% and 100% for in vivo studies. In view of
this, the bold CIPA proposal is somewhat surprising since
hitherto, the ICH S7B guidance advocating essentially the
same preclinical investigations of QT liability as CIPA has
not received the recognition it should have.

Concerns with replacing the
TET with an ECG-oriented
SAD/MAD study

Concerns have been expressed that typical phase I studies
have too few subjects receiving placebo, and that phase I
studies generally do not employ a positive control with
a known effect on QT interval in order to establish assay
sensitivity. These concerns, however, can be readily over-
come by relatively minor enhancement of the protocols
[21]. The International Consortium for Innovation
and Quality in Pharmaceutical Development (IQ) is a
technically-focused organization of pharmaceutical and
biotechnology companies with a mission of advancing
science-based and scientifically-driven standards and
regulations for pharmaceutical and biotechnology prod-
ucts worldwide. The IQ QTc Working Group aims to
explore innovative approaches to evaluating QTc liability
and risk assessment in early clinical drug development
[26]. In collaboration with the Interdisciplinary QT Review
Team of the FDA and the Cardiac Safety Research Consor-
tium (CSRC), the IQ QTc Working Group is developing a
protocol for a phase I clinical research study designed to
mimic the standard SAD/MAD studies in early clinical
development that would test the positive and negative
predictability of the concentration–QTc response model-
ling in phase I for the outcome of the TET study. The study
will include multiple currently marketed drugs from the
FDA database of agents that have had a positive TET
study. A protocol synopsis and approach to statistical
analysis are reported to be nearly final. The protocol syn-
opsis and statistical analysis approach will be agreed with
the FDA and the study is expected to begin in the first half
of 2014 [26]. However, since there is no information on
how accurate and reproducible is the result of a TET
study, there will inevitably be a question as to which
result should be considered more reliable and accurate in
the event that the estimates from the TET and the SAD/
MAD studies differ. Reproducibility of a drug effect in a
TET can be inferred from the reproducibility of the mean
effect of a single oral dose of 400 mg moxifloxacin, so
widely included as a positive control in TET studies. It has
ranged from 7.7 ms to 15.8 ms across 13 crossover studies
and from 9.7 ms to 16.7 ms across six parallel design
studies, most conducted during 2004–2007 [27].

Concerns with replacing the TET
with in vitro ion channel studies

The CIPA proposal and some of the specific details were
discussed in July 2013 at a meeting sponsored by the FDA,
CSRC and the Health and Environmental Sciences Institute
(HESI) [28]. It did not attract unanimity and its acceptance
was conditional, subject to the data package recom-
mended and the novelty of the technologies involved [28].
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Tentatively, July 2015 has been proposed by the FDA as a
deadline for having a working preclinical assay in place
[28]. Although this proposal has clear support from
within the FDA, the position of other ICH member autho-
rities is at present unclear. Unless all the regulatory
authorities and the sponsors are in agreement, any lack of
unanimity is likely to present a major dilemma, especially
to the sponsors, since it undermines the fundamental spirit
of the harmonization that underpins the ICH process.
Sponsors may well find themselves having to meet diver-
gent regulatory requirements, ICH E14-compliant TET
studies for one region and the new preclinical package for
another!

Philosophical and scientific bases of
the two proposals

The philosophical and the scientific bases that underpin
these two proposals for replacing the TET are quite
different.

The strategy for replacing the TET with more intense
phase I ECG testing would, admittedly, continue to rely
on what is recognized as an imperfect biomarker (QT
prolongation) as a surrogate for increased risk of ven-
tricular pro-arrhythmia, albeit using a more effective
approach of concentration–effect analysis rather than the
Intersection Union Test as recommended for TET studies.
It would use clinical methods similar to those used in a
TET, but would do so as an addition to currently required
phase I studies rather than in the context of an additional
specific dedicated TET. Questions remain at present as to
whether this strategy can accurately and cost-effectively
replace the cost-ineffective TET for detecting drug-
induced QT prolongation, but the test of such a hypoth-
esis should be relatively straightforward.

In contrast, the proposal to replace the TET with a
series of ion channel studies represents a far greater shift
from the current paradigm, and would replace the use of
QT interval as a biomarker with a completely different set
of surrogate markers. It is unclear whether clinical evalu-
ations, based on careful ECG assessment in phase I
studies, would remain part of the new CIPA paradigm. It
is true that computer modelling of in vitro data has
enjoyed success recently [29–32]. However, the technolo-
gies involved are still evolving, and would need to be
standardized, regulated and widely available before they
are adopted to support sponsor and regulatory decisions.
One challenge will be to reach a consensus on which spe-
cific elements should be included in the final assay suite.
Not surprisingly, therefore, there is an ongoing discussion
about exactly which ionic currents should be studied and
in which cell type(s). A second challenge will be to vali-
date the new suite and support its use instead of TET
studies. It took years to standardize the ECG collection
strategies, QT measurement methodologies and QT cor-

rections, as well as the statistical analyses which consti-
tute the current TET. It is not unreasonable to expect that
it will likewise take time to standardize these novel tech-
nologies and the choice of which cell types should be
used.

Arguments for replacing the TET
with an ECG-oriented SAD/
MAD study

The debate on whether, or how, to replace a TET will con-
tinue to rage in the immediate future but the protago-
nists of robust phase I ECG testing have advanced
compelling arguments against replacing a TET exclusively
with a series of preclinical tests. ECG trials performed in
vivo in man are particularly useful because they allow us
to evaluate drug effects in the very complex system of a
human organism. The biomarker may be imperfect, but
the system in which it is used, the clinical trial, allows for
the interplay of many factors, including some which are,
as yet, unknown to us. Clinical trials have surprised us
when a metabolite that we did not anticipate or a previ-
ously unknown mechanism of action (often off-target)
produces an unexpected result. Clinical trials let us test
for effects that we do not understand or even anticipate.
In contrast, relying on a small set of preclinical in vitro
assays excludes many of the variables which are at play in
living systems. Furthermore, early in drug development,
when these preclinical assays would be performed, the
clinical dose range of a new drug is unknown, and the
human metabolites are not well characterized. In preclini-
cal in vitro assays, there is a risk of completely overlook-
ing other mechanisms of pro-arrhythmia. Although it is
generally believed that direct hERG inhibition is the
primary mechanism by which drugs give rise to ventricu-
lar pro-arrhythmia, there is now increasing recognition
that indirect effects on ion channel trafficking may also
produce TdP. Ion channels are macromolecules which are
synthesized within the endoplasmic reticulum, undergo
processing, migrate to the cell membrane, and undergo
a life cycle ultimately leading to their degradation.
Other components of the cell membrane, cytosol or
extracellular matrix may interact with them and modulate
their function. Patch clamp assays under very controlled
conditions will not test these indirect modulators of
ion channel behaviour. Furthermore, a single cell assay
will not evaluate the effects of a drug on cell to cell cou-
pling and other interactions which take place at the
multicellular or systemic level. This paradigm shift to
replacing a TET with a series of preclinical studies is par-
ticularly interesting since ICH E14 refers vaguely to how
preclinical data may mitigate the need for conducting a
TET but in practice, such a waiver has rarely, if ever, been
granted. In contrast, waivers for a TET study have been
granted for some drugs, based on the exclusion of a sig-
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nificant QT effect in early phase clinical studies. The ICH
E14 drafting group could have categorized drugs that
need a TET on the basis of their hERG or IKr blocking
properties (tests recommended in ICH S7B). Their deci-
sion, however, not to do so reflected their concern about
reliance upon a preclinical assay for clinical decision
making. This uncertainty led to the requirement to use
drug-induced prolongation of the QT interval as the in
vivo clinical biomarker to guide further drug develop-
ment, regulatory decisions and when appropriate, label-
ling restrictions to mitigate the clinical risk of drug-
induced pro-arrhythmia. It is true that ICH E14 guidance
was a response to the events of the 1980s and 1990s, and
made use of the scientific knowledge and technologies
which were available or coming on line 10 to 15 years
ago. We certainly now know more about drug-induced
pro-arrhythmia than was known at that time, and the
technologies for assessing the electrophysiologic effects
of new drugs on a cellular and sub-cellular level have
made tremendous strides. Nevertheless, it seems rather
premature to assert that we fully understand all the
factors which lead to drug-induced pro-arrhythmia and
that we can fully predict the safety of new medications
with a series of patch clamp studies and a novel software
programme. It is also critical to make sure that we do not
increase the rate of false positives, leading to the unnec-
essary termination of even more new drugs.

Building on the legacy of
TET standards

Whichever of the above two strategies is adopted in an
effort to replace a TET, a greater concern is the fear of
risking all of one’s eggs in a single basket – either robust
ECG testing in phase I clinical studies or a series of preclini-
cal ion channel studies. There is a risk of losing sight of the
real concern during drug development which is whether a
drug will induce a pro-arrhythmia, and not whether it will
prolong QT or whether the IC50 for IKr block is above or
below a certain threshold. A more desirable strategy for
the next 5 to 10 years seems to be to investigate whether
more extensive phase I electrocardiographic testing can
differentiate drugs which produce slight QT prolongation
and are likely pro-arrhythmic from those which produce
slight QT prolongation without being pro-arrhythmic. We
believe this goal is attainable by a combination of modi-
fied SAD/MAD studies, incorporating robust ECG monitor-
ing and concentration–response modelling, as has often
been reported [21, 33–36], and the use of novel preclini-
cal biomarkers and already available models of pro-
arrhythmia [14, 37–39]. Such a strategy would also allow
the continued investigation of other biomarkers for the
risk of TdP, such as evaluation of changes in T-wave mor-
phology or other ECG markers.

Currently, only a properly designed TET or a positive
early phase clinical study at therapeutic doses is accept-
able to regulatory authorities as adequate evidence of
characterization of a drug’s effect on the QT prolongation,
and by inference, of the risk of TdP. However, comparison
of the results of population prediction of QTc prolonga-
tion with the available TET results and evaluation of
concentration–response models suggest that phase I/II
studies are eminently capable of assessing a new drug’s QT
liability [22, 36, 40]. It is not our intention to pre-empt more
scholarly deliberations on which strategy is the most
appropriate to identify the clinical risk of torsadogenesis.
However, given that the clinical use of a drug that affects
cardiac repolarization typically relies on baseline and serial
post-therapy monitoring of a patient’s QT interval, it seems
that a careful assessment of its potential to change the QT
interval will still be required during its development. A
strategy that merits further consideration is a step-wise
approach, consisting of utilizing the findings from preclini-
cal studies and QT interval evaluation and concentration–
effect (QT) assessment in early phase clinical studies to
exclude those molecules for which TET studies may not be
required. In contrast to the current practice of accepting
evidence from early phase clinical pharmacology studies
only if the drug is documented to prolong the QT interval,
evidence from these studies should also be equally accept-
able when the drug is found to lack an effect on QT inter-
val, thereby mitigating the need for a TET study. A TET
should only be required when the preclinical and early
phase clinical trials data collectively are inconclusive or
ambiguous. This approach can be used until we have
either a well characterized and reliable preclinical package
or a robust, well characterized methodology for QT evalu-
ation in early phase studies that can be used for com-
pletely replacing the TET.

When considering a wholesale replacement of TET
with other strategies which exclude robust clinical evalu-
ation of ECGs, the old expression, ‘let’s not throw out the
baby with the bath water’ springs to mind. There is a wide
consensus that a vast majority of TdP events are pre-
ceded by ECG evidence of QT prolongation, any disagree-
ment being related only to a mean effect that may be a
forerunner of a torsadogenic potential. The TET and the
entire strategy of ECG assessment of new drugs for QT
prolongation has set standards which could be applied to
other, more cost-effective approaches to assessing the
QT liability of a new drug and to determining its clinical
risk of inducing TdP. We should seek to build upon the
successes of ICH E14 and reduce its negative effects,
rather than scrap the whole strategy altogether in favour
of hitherto unproven in vitro assays. Perhaps more inter-
esting is the observation that if robust ECG testing during
phase I studies becomes the option of choice for replac-
ing the TET, we will have gone full circle and come back
to the draft strategy originally proposed by Health
Canada way back in 2001!

Viewpoint

Br J Clin Pharmacol / 78:2 / 199



Competing Interests

All authors have completed the Unified Competing
Interest Form at http://www.icmje.org/coi_disclosure.pdf
which is available on request from the corresponding
author and declare no support from any organization for
the submitted work. All the three authors have financial
relationships with organizations that might have an inter-
est in the submitted work. RRS was formerly the EU Topic
Leader, representing the EU at ICH E14 Working Group and
is now the Director of his own consultancy firm which pro-
vides services related to the conduct, analysis and inter-
pretation of thorough QT studies and early phase clinical
pharmacology studies to pharmaceutical companies.
JM and RBK are currently Chief Cardiac Consultant to and
paid employee as Chief Medical Officer of, respectively,
eResearch Technology, Philadelphia, USA, a company
which also provides services related to the conduct, analy-
sis and interpretation of thorough QT studies and early
phase clinical pharmacology studies to pharmaceutical
companies. Apart from the above, the three authors
declare no other relationships or activities that could
appear to have influenced the submitted work.

REFERENCES

1 Committee for Medicinal Products for Human Use (CHMP).
ICH Note for Guidance on The Clinical Evaluation of QT/Qtc
Interval Prolongation and Proarrhythmic Potential for
Nonantiarrhythmic Drugs (ICH E14) (CHMP/ICH/2/04).
London: European Medicines Agency, 2005; Available at:
November http://www.ema.europa.eu/docs/en_GB/
document_library/Scientific_guideline/2009/09/
WC500002879.pdf (Accessed on 15 October 2013).

2 Committee for Proprietary Medicinal Products (CPMP) Points
to Consider. The Assessment of the Potential for QT Interval
Prolongation by Non-Cardiovascular Medicinal Products
(CPMP/986/96). London: European Medicines Agency, 1997;
Available at: 17 December http://www.fda.gov/ohrms/
dockets/ac/03/briefing/pubs/cpmp.pdf (Accessed on 15
October 2013).

3 Health Canada Draft guidance. ‘Assessment of the QT
prolongation potential of non-antiarrhythmic drugs.’ 2001
Released for Consultation on 15 March 2001 [No longer
available online].

4 Shah RR. Cardiac repolarisation and drug regulation:
assessing cardiac safety 10 years after the CPMP guidance.
Drug Saf 2007; 30: 1093–110.

5 Wheeler W. Evolution of the thorough QT study. Regul
Rapporteur 2010; 7: 21–3.

6 Stockbridge N, Morganroth J, Shah RR, Garnett C. Dealing
with global safety issues: Was the response to QT-liability of
non-cardiac drugs well coordinated. Drug Saf 2013; 36:
167–82.

7 Committee for Medicinal Products for Human Use (CHMP).
ICH Note for Guidance on The Nonclinical Evaluation of the
Potential for Delayed Ventricular Repolarization (QT Interval
Prolongation) by Human Pharmaceuticals (ICH S7B)
(CHMP/ICH/423/02). London: European Medicines Agency,
2005; Available at: November http://www.ema.europa.eu/
docs/en_GB/document_library/Scientific_guideline/2009/
09/WC500002841.pdf (Accessed on 15 October 2013).

8 Park E, Willard J, Bi D, Fiszman M, Kozeli D, Koerner J. The
impact of drug-related QT prolongation on FDA regulatory
decisions. Int J Cardiol 2013; 168: 4975–6.

9 Shah RR. Drug-induced prolongation of the QT interval:
regulatory dilemmas and implications for approval and
labelling of a new chemical entity. Fund Clin Pharmacol
2002; 16: 147–56.

10 Shah RR, Morganroth J, Shah DR. Cardiovascular safety of
tyrosine kinase inhibitors: with a special focus on cardiac
repolarisation (QT interval). Drug Saf 2013; 36: 295–316.

11 Gevorkian N, Sharma P, Pinnow E, Parekh A. QT
prolongation potential for new molecular entity drugs
approved by FDA, 2003–2006: Labelling review. Clin
Pharmacol Ther 2008; 83: (Supp 1): S44. (abstract).

12 Shah RR. Interpretation of clinical ECG data: understanding
the risk from non-antiarrhythmic drugs. In: Cardiac Toxicity
from Non-Cardiac Drugs: Practical Guidelines for Clinical
Research and Drug Development, eds Morganroth J, Gussak
I. Totowa (NJ): Humana Press Inc, 2004; 259–98.

13 Haverkamp W, Breithardt G, Camm AJ, Janse MJ, Rosen MR,
Antzelevitch C, Escande D, Franz M, Malik M, Moss A, Shah R.
The potential for QT prolongation and proarrhythmia by
non-antiarrhythmic drugs: clinical and regulatory
implications. Report on a Policy Conference of the European
Society of Cardiology. Eur Heart J 2000; 21: 1216–31.

14 Antzelevitch C. Ionic, molecular, and cellular bases of
QT-interval prolongation and torsade de pointes. Europace
2007; 9: (Suppl 4): iv4–15.

15 Schram G, Zhang L, Derakhchan K, Ehrlich JR, Belardinelli L,
Nattel S. Ranolazine: ion-channel-blocking actions and in
vivo electrophysiological effects. Br J Pharmacol 2004; 142:
1300–8.

16 Jia S, Lian J, Guo D, Xue X, Patel C, Yang L, Yuan Z, Ma A, Yan
GX. Modulation of the late sodium current by ATX-II and
ranolazine affects the reverse use-dependence and
proarrhythmic liability of IKr blockade. Br J Pharmacol 2011;
164: 308–16.

17 Di Veroli GY, Davies MR, Zhang H, Abi-Gerges N, Boyett MR.
hERG inhibitors with similar potency but different binding
kinetics do not pose the same proarrhythmic risk:
implications for drug safety assessment. J Cardiovasc
Electrophysiol 2013; in press.

18 Fermini B, Fossa AA. The impact of drug-induced QT interval
prolongation on drug discovery and development. Nat Rev
Drug Discov 2003; 2: 439–47.

19 Du-Cuny L, Chen L, Zhang S. A critical assessment of
combined ligand- and structure-based approaches to HERG
channel blocker modeling. J Chem Inf Model 2011; 51:
2948–60.

Viewpoint

200 / 78:2 / Br J Clin Pharmacol

http://www.icmje.org/coi_disclosure.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2009/09/WC500002879.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2009/09/WC500002879.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2009/09/WC500002879.pdf
http://www.fda.gov/ohrms/dockets/ac/03/briefing/pubs/cpmp.pdf
http://www.fda.gov/ohrms/dockets/ac/03/briefing/pubs/cpmp.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2009/09/WC500002841.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2009/09/WC500002841.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2009/09/WC500002841.pdf


20 Bouvy JC, Koopmanschap MA, Shah RR, Schellekens H. The
cost-effectiveness of drug regulation: the example of
thorough QT/QTc studies. Clin Pharmacol Ther 2012; 91:
281–8.

21 Shah RR, Morganroth J. Early investigation of QTc liability:
the role of multiple ascending dose (MAD) study. Drug Saf
2012; 35: 695–709.

22 Darpo B, Garnett C. Early QT assessment – how can our
confidence in the data be improved. Br J Clin Pharmacol
2013; 76: 642–8.

23 Garnett CE, Beasley N, Bhattaram VA, Jadhav PR, Madabushi
R, Stockbridge N, Tornøe CW, Wang Y, Zhu H, Concentration
GJV. QT relationships play a key role in the evaluation of
proarrhythmic risk during regulatory review. J Clin
Pharmacol 2008; 48: 13–8.

24 Fenichel RR, Malik M, Antzelevitch C, Sanguinetti M, Roden
DM, Priori SG, Ruskin JN, Lipicky RJ, Cantilena LR,
Independent Academic Task Force. Drug-induced torsades
de pointes and implications for drug development.
J Cardiovasc Electrophysiol 2004; 15: 75–95.

25 Valentin J-P. Translational cardiovascular toxicity: from
animal to man and back. Presentation at EUROTOX Meeting
(Symposium number 14) Interlaken, Switzerland, 3
September 2013.

26 International Consortium for Innovation and Quality in
Pharmaceutical Development. QTc Working Group.
Available at: http://iqconsortium.org/initiatives/
working-groups/qtc/ (Accessed on 16 November 2013).

27 Yan LK, Zhang J, Ng MJ, Dang Q. Statistical characteristics of
moxifloxacin-induced QTc effect. J Biopharm Stat 2010; 20:
497–507.

28 Cardiac Safety Research Consortium. CSRC/ HESI Thinktank
Meeting: rechanneling the current cardiac risk paradigm:
arrhythmia risk assessment during drug development
without the thorough QT study ‘Summary and Next Steps’.
2013; Available at: https://www.cardiac-safety.org/think
-tanks/july-2013/july-23-2013-csrc-hesi-thinktank-meeting
-rechanneling-the-current-cardiac-risk-paradigm-arrhythmia
-risk-assessment-during-drug-development-without-the
-thorough-qt-study/hesi-slides/Summary_%20Next%20
steps%20after%20talks.pdf (Accessed on 15 October 2013).

29 Mirams GR, Cui Y, Sher A, Fink M, Cooper J, Heath BM,
McMahon NC, Gavaghan DJ, Noble D. Simulation of multiple
ion channel block provides improved early prediction of
compounds’ clinical torsadogenic risk. Cardiovasc Res 2011;
91: 53–61.

30 Mirams GR, Davies MR, Cui Y, Kohl P, Noble D. Application of
cardiac electrophysiology simulations to pro-arrhythmic
safety testing. Br J Pharmacol 2012; 167: 932–45.

31 Zemzemi N, Bernabeu MO, Saiz J, Cooper J, Pathmanathan
P, Mirams GR, Pitt-Francis J, Rodriguez B. Computational
assessment of drug-induced effects on the
electrocardiogram: from ion channel to body surface
potentials. Br J Pharmacol 2013; 168: 718–33.

32 Beattie KA, Luscombe C, Williams G, Munoz-Muriedas J,
Gavaghan DJ, Cui Y, Mirams GR. Evaluation of an in silico

cardiac safety assay: using ion channel screening data to
predict QT interval changes in the rabbit ventricular wedge.
J Pharmacol Toxicol Methods 2013; 68: 88–96.

33 Morganroth J, Talbot GH, Dorr MB, Johnson RD, Geary W,
Magner D. Effect of single ascending, supratherapeutic
doses of sparfloxacin on cardiac repolarization (QTc
interval). Clin Ther 1999; 21: 818–28.

34 Food and Drug Administration. Celexa (citalopram
hydrobromide): Review of Applications No:
020822Orig1s038, s040 and 021046Orig1s016, s017. FDA,
Silver Spring, MD 20993, 12 August 2011
http://www.accessdata.fda.gov/drugsatfda_docs/
nda/2011/020822Orig1s038s040_021046Orig1s016s017Rev.pdf
(Accessed 15 October 2013).

35 He YL, Zhang Y, Yan JH, Zhou W, Komjathy S, Taylor A.
High-quality triplicate electrocardiogram monitoring in a
first-in-man study: potential for early detection of
drug-induced QT prolongation. Int J Clin Pharmacol Ther
2013; 51: 948–57.

36 Malik M, Hnatkova K, Ford J, Madge D. Near-thorough QT
study as part of a first-in-man study. J Clin Pharmacol 2008;
48: 1146–57.

37 Said TH, Wilson LD, Jeyaraj D, Fossa AA, Rosenbaum DS.
Transmural dispersion of repolarization as a preclinical
marker of drug-induced proarrhythmia. J Cardiovasc
Pharmacol 2012; 60: 165–71.

38 Roden DM. Early after-depolarizations and torsade de
pointes: implications for the control of cardiac arrhythmias
by prolonging repolarization. Eur Heart J 1993; 14: (Suppl H):
56–61.

39 Weiss JN, Garfinkel A, Karagueuzian HS, Chen PS, Qu Z. Early
afterdepolarizations and cardiac arrhythmias. Heart Rhythm
2010; 7: 1891–9.

40 Rohatagi S, Carrothers TJ, Kuwabara-Wagg J, Khariton T. Is a
thorough QTc study necessary? The role of modeling and
simulation in evaluating the QTc prolongation potential of
drugs. J Clin Pharmacol 2009; 49: 1284–96.

CORRESPONDENCE
Dr Rashmi R. Shah BSc, MBBS, MD, FRCP, FFPM, Rashmi Shah
Consultancy Ltd, 8 Birchdale, Gerrards Cross, UK.
Tel.: +(44) - 1753 - 886 348
E-mail: clinical.safety@hotmail.co.uk

RECEIVED
28 October 2013

ACCEPTED
21 November 2013

ACCEPTED ARTICLE PUBLISHED ONLINE
29 November 2013

Viewpoint

Br J Clin Pharmacol / 78:2 / 201

http://iqconsortium.org/initiatives/working-groups/qtc/
http://iqconsortium.org/initiatives/working-groups/qtc/
https://www.cardiac-safety.org/think-tanks/july-2013/july-23-2013-csrc-hesi-thinktank-meeting-rechanneling-the-current-cardiac-risk-paradigm-arrhythmia-risk-assessment-during-drug-development-without-the-thorough-qt-study/hesi-slides/Summary_%20Next%20steps%20after%20talks.pdf
https://www.cardiac-safety.org/think-tanks/july-2013/july-23-2013-csrc-hesi-thinktank-meeting-rechanneling-the-current-cardiac-risk-paradigm-arrhythmia-risk-assessment-during-drug-development-without-the-thorough-qt-study/hesi-slides/Summary_%20Next%20steps%20after%20talks.pdf
https://www.cardiac-safety.org/think-tanks/july-2013/july-23-2013-csrc-hesi-thinktank-meeting-rechanneling-the-current-cardiac-risk-paradigm-arrhythmia-risk-assessment-during-drug-development-without-the-thorough-qt-study/hesi-slides/Summary_%20Next%20steps%20after%20talks.pdf
https://www.cardiac-safety.org/think-tanks/july-2013/july-23-2013-csrc-hesi-thinktank-meeting-rechanneling-the-current-cardiac-risk-paradigm-arrhythmia-risk-assessment-during-drug-development-without-the-thorough-qt-study/hesi-slides/Summary_%20Next%20steps%20after%20talks.pdf
https://www.cardiac-safety.org/think-tanks/july-2013/july-23-2013-csrc-hesi-thinktank-meeting-rechanneling-the-current-cardiac-risk-paradigm-arrhythmia-risk-assessment-during-drug-development-without-the-thorough-qt-study/hesi-slides/Summary_%20Next%20steps%20after%20talks.pdf
https://www.cardiac-safety.org/think-tanks/july-2013/july-23-2013-csrc-hesi-thinktank-meeting-rechanneling-the-current-cardiac-risk-paradigm-arrhythmia-risk-assessment-during-drug-development-without-the-thorough-qt-study/hesi-slides/Summary_%20Next%20steps%20after%20talks.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/nda/2011/020822Orig1s038s040_021046Orig1s016s017Rev.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/nda/2011/020822Orig1s038s040_021046Orig1s016s017Rev.pdf
mailto:clinical.safety@hotmail.co.uk

