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Abstract Drug-induced torsade de pointes (TdP) is a

potentially fatal iatrogenic entity. Its reporting rate in

association with non-cardiac drugs increased exponentially

from the early 1990s and was associated with an increasing

number of new non-cardiac drugs whose proarrhythmic

liability was not appreciated pre-marketing. This epidemic

provoked a comprehensive global response from drug

regulators, drug developers and academia, which resulted

in stabilization of the reporting rate of TdP. This com-

mentary reviews the chronology and nature of, and the

reasons for, this response, examines its adequacy, and

proposes future strategies for dealing with such iatrogenic

epidemics more effectively. It is concluded that the

response was piecemeal and lacked direction. No one entity

was responsible, with the result that important contribu-

tions from regulators, industry and academia lacked coor-

dination. While the process of dealing with QT crisis

seemed to have worked reasonably well in this instance, it

does not seem wise to expect the next crisis in drug

development to be managed as well. Future crises will need

better management and the challenge is to implement a

system set up to respond globally and efficiently to a per-

ceived drug-related hazard. In this regard, we discuss the

roles of new tools the legislation has provided to the reg-

ulators and the value of an integrated expert assessment of

all pre-approval data that may signal a potential safety

issue in the postmarketing period. We also discuss the roles

of other bodies such as the WHO Collaborating Centre for

International Drug Monitoring, CIOMS and the Interna-

tional Conference on Harmonization of Technical

Requirements for Registration of Pharmaceuticals for

Human Use (ICH).

1 Introduction

Prolongation of QT interval of the surface ECG had long

been believed to be a marker of an antiarrhythmic mech-

anism. Excessive prolongation of the QT interval in the

right setting can, however, trigger a potentially fatal ven-

tricular tachyarrhythmia, typically of the torsade de pointes

(TdP) type. When sustained, TdP is associated with syn-

cope and other symptoms of impaired cerebral perfusion,

and may resolve leaving no trace or degenerate into fatal

ventricular fibrillation. Since sudden unexpected deaths

leave no pathological signature, the relationship to a drug

effect may not be suspected. Since TdP is, more often than

not, a transient arrhythmia, its incidence in association with

a drug is difficult to quantify.

This review traces the history of the unfolding of a drug

safety issue at a global level and on an epidemic scale,

resulting from unexpected QT prolongation by non-cardiac

drugs, often associated with a fatal proarrhythmia. It also

examines the extent to which the response to this crisis

serves as a model for future drug-related crises.
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2 Unfolding of the Epidemic

Until the introduction of thioridazine in 1958 for the

treatment of schizophrenia, the only drug known to induce

QT prolongation and syncope was quinidine. In one of the

earliest large series of 168 cases of QT prolongation

reported in 1951, the only drug to feature in the list of

causes was quinidine (in eight patients) [1]. Since 1958

through to the mid-1990s, the number of non-cardiac drugs

that were found to prolong QT and induce TdP had pro-

gressively but imperceptibly increased.

Until the late 1970s, most of these drugs were psycho-

active drugs such as neuroleptics and antidepressants,

indicated for disabling conditions. By the late 1970s, QT

prolongation and TdP were also reported in association

with non-antiarrhythmic cardiovascular drugs such as

prenylamine, bepridil and lidoflazine, all indicated for

angina. Once this was recognized, their use declined

markedly or was approached with caution. Gradually,

antiarrhythmic drugs such as sotalol and lorcainide also

disclosed their potential to prolong the QT and induce TdP.

Beginning in the late 1980s, concerns on the potential of

non-cardiovascular drugs to induce TdP, often with fatal

outcome, rose sharply when a number of these drugs,

indicated for relatively benign and self-limiting conditions,

came to be reported with this adverse reaction. These drugs

included terfenadine and astemizole, indicated for hay

fever, and terodiline, indicated for urinary incontinence.

Regulatory concerns on the potential of drugs to

increase the duration of the QT interval gathered momen-

tum during the period 1988–1991, when three drugs were

withdrawn from the UK and other European markets

because they caused QT prolongation and TdP. The drugs

concerned were prenylamine (withdrawn from the market

in 1988), lidoflazine (1989) and terodiline (1991). None of

these drugs were approved or marketed in the US. These

concerns intensified further with the addition of two new

drugs belonging to completely new therapeutic classes,

halofantrine (an antimalarial drug) and cisapride (a gastric

prokinetic drug), both also approved and marketed in the

US. The details have been reviewed previously [2].

In the aftermath of the QT-related proarrhythmic

potential of terfenadine that began to unfold in 1989, and

before the US approval of cisapride in 1993, there took

place what was probably the first meeting between aca-

demic investigators, physicians from the US FDA and

clinical scientists from the pharmaceutical industry who

gathered in Philadelphia to review and discuss the impli-

cations of a prolonged QT interval for patient safety and

drug development [3]. The main theme of the meeting (the

‘1993 meeting’) was whether QT prolongation was bene-

ficial or harmful. From a regulatory perspective, three

important points to emerge were that (i) there was a lack of

sufficient evidence to suggest that prolongation of the QT

interval was necessarily beneficial; (ii) drug-induced QT

prolongation must be considered to affect adversely the

benefit-risk profile of a drug [4]; and (iii) QT prolongation

was not a good indicator of whether or not a class III

antiarrhythmic will suppress a target arrhythmia; however,

exaggerated QT prolongation was a precursor of TdP [5].

Furthermore, during discussion, surprise was also expres-

sed that quinidine had not already been taken off the

market, although it was recognized that it is difficult to take

drugs off the market and that the benefit-risk profile of all

antiarrhythmic drugs was, in any case, slender. Lipicky [4]

and Botstein [6] from the FDA emphasized the importance

of proper pharmacologic study design and dose-QT

response relationship, with careful attention given to the

metabolic profile of such drugs to identify subpopulations

at risk of QT prolongation, especially those resulting from

drug interactions.

In November 1994, the SWORD study with d-sotalol,

the sotalol enantiomer that acts exclusively by prolonging

the QT, was also terminated prematurely because of

increased mortality associated with its use compared with

placebo [7]. This study not only highlighted the role of

chirality, but also resolved QT prolongation generally as an

adverse effect. The balance between the therapeutic anti-

arrhythmic versus the potentially fatal proarrhythmic pro-

longations of the QT was recognized by all accounts as

being a very delicate one.

Two summary statistics testify to the contention that

drug-induced QT prolongation with TdP was a new iatro-

genic epidemic. Fung et al. [8] searched the FDA safety

database from 1969 to 1998 for all adverse events mapped

to QT prolongation and TdP. Of the 2194 cases identified,

0.6 % occurred during 1969–1978, 6.6 % during

1979–1988 and 92.8 % during 1989–1998. Overall, 61.1 %

of these cases were associated with hospitalization. In

9.8 %, the outcome was fatal. Figure 1 illustrates the

number of reports of TdP received by the FDA since 1990.

It represents our current best estimate of the number of

distinct cases of TdP reported in the FDA’s adverse event

reporting system (AERS), after algorithmic removal of

cases likely to be duplicates. The process sometimes

removes some unique cases that may not be duplicates. The

steep increase from 1993 is self-evident. During the period

1993–1999 when cisapride was marketed in the US, the

FDA received 341 individual patients affected by QT

prolongation, TdP and other serious arrhythmias following

the use of cisapride [9]. These included 117 reports of QT

prolongation and 107 of TdP. The outcome was fatal in 80

(23 %) of these 341 patients. One hundred and twenty-six

(37 %) of the 341 patients had taken concomitant drugs

known to inhibit cytochrome P450 (CYP) 3A4, the enzyme

that metabolizes cisapride. In a list of the top 20 drugs to
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cause TdP (as a percentage of the total reports), cisapride

ranked fourth overall after ibutilide, sotalol and bepridil

(all class III drugs), and led all other non-cardiac drugs

[10].

It was soon apparent that this potentially lethal adverse

reaction was dose-related, or more precisely, concentration-

related, and that drugs could be investigated during their

preapproval period for this liability. The role of drug

interactions that gave rise to high plasma concentrations of

the culprit drugs such as cisapride, resulting from inhibition

of their metabolic elimination, was also much clearer fol-

lowing drug interaction studies with inhibitors of CYP3A4.

A large number of drugs were found to inhibit this enzyme,

which also metabolized terfenadine and a number of other

QT-prolonging drugs [11]. Certain other risk factors that

predisposed to TdP, such as electrolyte imbalance, pre-

existing QT prolongation or bradycardia, cardiac disease

and female sex, were also identified. In principle, therefore,

the risk could at least theoretically be managed by appro-

priate preapproval testing and labelling restrictions. Yet,

despite the earlier withdrawal of prenylamine and lidofla-

zine immediately prior to 1990, 10 (26.3 %) of the 38 drugs

withdrawn globally from the market between 1990 and

March 2006 were withdrawn because of their potential to

prolong QT interval and/or induce TdP (Table 1) [12]. This

toxicity ranked second only to drug-induced hepatotoxicity,

which accounted for the withdrawal of 14 (36.8 %) drugs

from the market during the same period [12].

Against this background of a gradually unfolding global

epidemic, it is worth examining whether the response of

the stakeholders to deal with the crisis was adequate,

timely and well coordinated, and whether it serves as a

good model for future drug-related crises.

3 Stakeholder Responses to the Unfolding Epidemic

In this section, we review how stakeholders responded to

the global epidemic as it unfolded. We emphasize that in a

brief review such as this, it has not proved feasible to detail

all the important contributions made by many individual

scientists and organizations, which we acknowledge at the

outset. Even at the risk of fragmenting the chronology of

responses (Fig. 2), we believe it is helpful to group the

responses by categories of stakeholders, beginning with

regulatory authorities who are mandated to protect public

safety. In doing so, we acknowledge that this categoriza-

tion is artificial and only for convenience since many

contributions are collaborative endeavors of these stake-

holders (i.e. between the industry and academia, regulators

and academia, or the industry and regulators).
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Fig. 1 Annual number of spontaneous reports of Torsade de Pointes

received by the US FDA Adverse Event Reporting System

Table 1 Drugs withdrawn from

the market as a result of their

potential for QT prolongation

and/or TdP (adapted from Shah

[12])

a Not commercialized
b Re-introduced later following

re-evaluation of benefit-risk
c In addition to QT-liability,

safety in overdose was also an

issue

TdP Torsade de pointes

Drug Year of

introduction

Therapeutic

class

Year of

withdrawal

Prenylamine 1960s Antianginal 1988

Lidoflazinea 1979 Antianginal 1989

Terodiline 1986 Antianginal/urinary incontinence 1991

Terfenadine 1982 Antihistamine 1998

Sertindoleb 1996 Antipsychotic 1998

Astemizole 1986 Antihistamine 1999

Grepafloxacin 1997 Antibiotic 1999

Cisapride 1988 Gastric prokinetic 2000

Droperidol 1960s Tranquilizer/analgesic 2001

Levacetylmethadol 1997 Methadone substitution 2001

Dofetilidea 1999 Class III drug for atrial fibrillation 2004

Thioridazine 1958 Antipsychotic 2005

Clobutinol 1960s Antitussive 2007

Dextropropoxyphene c 1960s Opioid analgesic 2009
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A vast majority of the decisions to withdraw a drug are

made on the basis of spontaneous reports received by the

authorities during the postmarketing period [13, 14]. Given

that the reporting rate is in the order of 10–20 %, post-

marketing spontaneous reports raise a serious concern.

Physicians often report retrospectively once they are sen-

sitized to the association. Both these points are best illus-

trated by terodiline and recently with ondansetron (where a

Thorough QT [TQT] study confirmed the signal raised by

the spontaneous reports). It is worth pointing out that

depending on the local culture, extent of hazard and

experience, prescribing practices (e.g. doses and co-medi-

cations) and availability of alternatives, differences in

regional approaches are common, not only regarding drug

approvals (terodiline, lidoflazine, sertindole) but also drug

withdrawals (levacetylmethadol). EU and US authorities

frequently differ in these respects [12]. Although there may

be a regulatory imperative to remove a hazardous drug

from the market, most decisions on drug withdrawals are

made jointly by the regulator and the sponsor when it

becomes clear that risk minimization strategies through

labelling have failed to contain the risk. On rare occasions,

regulatory decision to withdraw a drug from the market is

challenged, as, for example, with withdrawal of two

products containing dextropropoxyphene in Australia [15].

It seems that directly or indirectly, cisapride provided

the trigger to a long-perceived need for a globally harmo-

nized guidance to identify the potential of new drugs for

their torsadogenic risk well before submitting an applica-

tion to market the drug. Although cisapride was approved

in the EU about 5 years earlier in 1988, it was not as much

of a safety issue in Europe as it was in North America. A

vast majority of the reports of proarrhythmias came from

the US where the approved dose of cisapride was twice that

in the Europe (80 mg vs 40 mg maximum daily dose). The

reporting rate in the US was about 10-fold higher [16].

With regard to serious ventricular arrhythmias and sudden

death, doses greater than 40 mg daily were used more

frequently in the US compared with the EU (28.7 % vs

14.2 %) [16].

3.1 Regulatory Authorities

The three authorities that had been the most proactive were

the European Medicines Agency, Health Canada and the

FDA.

3.1.1 European Medicines Agency and the Committee

for Proprietary Medicinal Products

(December 1997)

In December 1997, the Committee for Proprietary Medic-

inal Products (CPMP) became the first regulatory authority

to issue points to consider during preapproval investigation

of new non-cardiovascular drugs with regard to their

potential to prolong the QT interval. This document was

entitled ‘The Assessment of the Potential for QT Interval

Prolongation by Non-Cardiovascular Medicinal Products’

[17]. It cautioned the sponsors that the potential of non-

cardiac medicinal products to prolong the QT and induce

Fig. 2 Timeline of responses by regulators, academia and industry to

the unfolding epidemic of drug-induced QT prolongation. CPMP
Committee for Proprietary Medicinal Products, CRADA Cooperative

Research and Development Agreements, DCRI Duke Clinical

Research Institute, HC Health Canada, HL7 Health Level Seven

International, ICH International Conference on Harmonization,

QT-IRT QT Interdisciplinary Review Team, TQT Thorough QT study
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TdP had significant implications for their future develop-

ment. It recommended a set of in vitro electrophysiological

studies prior to the first use of new drugs in humans. The

clinical strategy provided guidance on ECG documentation

and the number of subjects to be studied. This included

techniques of recording ECGs, evaluation of these ECGs

manually by cardiologists experienced in such evaluations,

appropriate correction of measured QT interval for changes

in heart rate and correlating ECG changes with plasma

concentrations of the parent drug and the most significant

metabolites as appropriate. In view of the normal vari-

ability in QTc interval during drug-free periods [18], the

document suggested a set of categorical responses as a

general guide, which should be considered as ‘signal’

values of QT changes from baseline that might represent a

drug-induced effect. The strategies described therein gen-

erated considerable acrimony from industry and clinical

investigators because of the increased ECG testing and

analysis requirements imposed in clinical research, but

were nevertheless the forerunners of internationally har-

monized guidelines, International Conference on Harmo-

nization of Technical Requirements for Registration of

Pharmaceuticals for Human Use (ICH) S7B and ICH E14

described later.

The stimulus to the above response from the CPMP was

not only the concern about the potential significance of

drug-induced QT interval but also to develop a pan-Euro-

pean approach to evaluation of QT-prolonging drugs.

During 1995–1996, the UK drug regulatory authority had

approved two new drugs (sertindole, an atypical neuro-

leptic agent, and mizolastine, another non-sedating anti-

histamine), which were both associated with QT

prolongation in a small number of patients in clinical trials

[2]. Whereas the QT prolongation with sertindole was quite

marked (over 20 ms) [19], the effect of mizolastine was

modest [20]. Although neither drug was reported to have

induced TdP in clinical trials, there was considerable dif-

ference in the benefit-risk evaluation of these drugs among

the various Member States of the EU [20]. The events that

followed the development of the ‘Points to Consider’

document have been summarized previously [2]. Given the

pivotal role of drug interactions with regard to drug-

induced QT prolongation, it should not come as a surprise

that during the same meeting of December 1997, the CPMP

also adopted the first regulatory guidance on investigation

of drug interaction potential of a drug, entitled ‘Note for

Guidance on the Investigation of Drug Interactions’. [21].

3.1.2 Health Canada (March 2001)

The Canadian regulatory authority, Health Canada (HC),

followed up the CPMP initiative, and in March 2001

released their guidance document entitled ‘Assessment of

the QT Prolongation Potential of Non-Antiarrhythmic

Drugs’ for consultation. This guidance also recommended

a strategy of preclinical in vitro studies and clinical studies

in order to characterize the risk.

The preclinical strategy proposed was more detailed

than, but broadly similar to, that advocated in the CPMP

document. It also acknowledged that drug effect on IKr

current (being the principal repolarizing current in ven-

tricular myocardial cells) could also be studied using a

suitable heterologous system expressing the cloned human

IKr channel. In terms of clinical strategy, it provided

detailed guidance on design and conduct of studies, mea-

surement of QT interval, more robust approaches to its

correction for heart rate, QT-related discontinuation of

subjects from studies, and subset analysis. It recognized the

limitations of analysis by central tendency using only the

time-averaged variable and retained outlier analysis very

much in line with the CPMP document.

The regulatory concerns and implications were stated in

uncompromising terms. It emphasized that ‘‘QT prolon-

gation, with or without documented arrhythmia may be the

basis for non-approval of a drug or discontinuation of its

clinical development’’ and that ‘‘failure to perform an

adequate non-clinical and clinical assessment … may

likewise be adequate justification to delay or deny mar-

keting authorization’’. The concept of benefit-risk was also

clearly detailed. Drugs that prolong the QT at recom-

mended therapeutic doses should not be candidates for

clinical development or license approval unless they pro-

vide benefits for serious diseases or diseases not amenable

to treatment with safer drugs or have demonstrated efficacy

in patients refractory or intolerant to the alternative drugs.

Finally, it is recommended that prior to the launch of

any QT-prolonging drug, a letter should be issued to

healthcare professionals advising them of the cardiotoxic

risks associated with the new agent and appropriate risk

management strategies.

The stimulus to developing this key guidance with such

uncompromising clarity and detail is unclear. Although HC

had reported on severe and fatal adverse reactions experi-

enced by patients taking cisapride, through the Canadian

Adverse Drug Reaction Newsletter in July 1996, January

1998 and January 2000, the authority was criticized for

apparent inaction beyond that [22].

3.1.3 FDA, USA (June 2001–2002)

Although the FDA had not released any official guidance,

the scientific staff at the FDA had composed a draft doc-

ument entitled ‘Development of drugs that alter ventricular

repolarization’. The detailed draft document dated 2 Sep-

tember 1999 outlined various methodological approaches

to evaluation of the QT liability of a drug, including a
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range of preclinical studies. The key elements of this were

published much later in 2002 [23].

In November 2001, the Cardio-Renal Division of the

FDA called for a formal meeting inviting industry, aca-

demia, and regulators to discuss what has become known

as the FDA Digital ECG Initiative. In that meeting the

FDA called for better quality ECG data in drug devel-

opment rather than obtaining site-generated ECG data.

Improved ECG analysis was promoted with the realiza-

tion that each site uses different ECG analysis method-

ology, there is a lack of training and consistency between

physician interpreters for determining QT duration [24],

and lack of attention to assess ECG changes at periods of

maximum drug exposure. The FDA requested that all

ECGs in clinical trials be obtained, processed, analysed

and reported digitally. The FDA also further declared that

it would require the submission of the raw ECG data in

digital form and that appropriate data standards would be

developed for submission to an FDA ECG warehouse (see

below).

With regard to the development of guidance on assess-

ing drugs for their potential to cause TdP, the FDA and HC

issued a jointly agreed ‘Preliminary Concept Paper’ in

November 2002 [25]. The key concepts of the November

2001 digital ECG meeting were detailed and a mandatory

study design was proposed, requiring drug developers to

perform a dedicated robust ECG study that would defini-

tively determine the ECG effects of new drugs during their

development. The plan for an FDA ECG Warehouse to

receive raw digital ECG data was also detailed. The ‘Pre-

liminary Concept Paper’ was extensively discussed in a

consultation workshop held at the University of Maryland

at Shady Grove, MD, USA, in January 2003. Following

this workshop, this concept paper was revised and pre-

sented for further discussion at the ICH with a view to

harmonizing the approach to identifying this risk during

drug development across the three ICH regions (EU, US

and Japan).

3.1.4 International Conference on Harmonization

(2003–2005)

The ICH Steering Committee creates an Expert Working

Group (EWG) when a new topic is proposed and accepted

for harmonization. The EWG is charged with developing a

harmonized guideline that meets the objectives outlined in

the Concept Paper and Business Plan. Each of the six

official ICH parties nominates official representatives to

each EWG and, unless otherwise specified by the Steering

Committee, the official membership is limited to two

officials per party per working group and one representa-

tive per ICH observer, and also, if applicable, one per

interested party. Almost all other regions of the world are

actively engaged with the ICH through a subcommittee of

its Steering Group, known as the Global Cooperation

Group [26].

An ICH EWG began working on a guideline (ICH S7B)

on a preclinical strategy to identify drugs with QT liabil-

ity, in May 2001. The discussions were proceeding well,

but before this guideline could be finalized, ICH was

presented with the joint FDA/HC concept paper in Feb-

ruary 2003. This concept paper focused almost exclusively

on clinical strategy. Another EWG was created to explore

the possibility of a harmonized clinical strategy (which

later came to be known as ICH E14). As a result, it was

decided to progress both guidelines – preclinical S7B and

clinical E14 – concurrently. The two EWGs, one dealing

with the non-clinical guideline and the other the clinical

guideline, met regularly and maintained a close working

link throughout. Ultimately, both guidelines were adopted

on 12 May 2005. Each is essentially a self-standing

guideline making no reference to the strategy described in

the other.

ICH S7B promotes a concept of integrated risk assess-

ment [27] based on the chemical and pharmacological class

of the drug together with data from two core tests – in vitro

IKr assay and an in vivo study in a suitable species. The

integrated risk assessment also takes into account follow-

up studies specially investigating the electrophysiology of

the drug (action potential duration [APD] assay and various

proarrhythmia models) as well as other data from studies

investigating toxicology, pharmacodynamics, pharmacoki-

netics, tissue distribution and accumulation and drug

interactions.

The focus of ICH E14 is a specific TQT study, typically

conducted in healthy volunteers, as the primary method for

evaluating the potential effect of non-cardiac agents on

cardiac repolarization during drug development [28]. This

guideline is intended to apply to almost all the new drugs

with systemic bioavailability but may also be applicable to

established drugs under certain conditions exemplified in

the guideline.

These two guidelines are unique in the sense that among

well over 60 ICH guidelines adopted so far, they are the

only ones that address a specific safety issue. ICH E14 is

also unique since there was a strong desire to fast-track it

and it took just 2 years to completion, in contrast to the

usual 3–4 years required to complete most ICH guidelines.

When adopting ICH S7B and E14, the ICH Steering

Committee established an E14 Implementation Working

Group, constituted from the membership of S7B and E14

EWGs. This Group was charged with developing question

and answer (Q&A) documents, providing clarity on aspects

of the guideline that might appear ambiguous, and

responding to issues on which there were uncertainties or

evolution in thinking. In June 2008, the Group issued its
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first Q&A document [29]. In March 2010, it adopted a set

of issues for further discussion or where ICH E14 could be

refined in view of advances in science and technology,

resulting in clarification of a set of further issues in May

2012 [29].

3.1.5 2006 FDA QT-Interdisciplinary Review Team Set Up

as a Formal Body Under Manual of Policy

and Procedures 6020.14

A centralized QT Interdisciplinary Review Team (QT-IRT)

was formed within the FDA Center for Drug Evaluation

and Research to implement the ICH E14 guideline. The

QT-IRT team includes clinical, pharmacology, statistical

and clinical pharmacology reviewers who collaboratively

provide expert advice both to the FDA’s review divisions

and to the sponsors on the design, analysis and interpre-

tation of TQT studies. During 2006–2011, the QT-IRT

reviewed and provided advice on over 400 TQT study

protocols, 250 reports and 400 other submission types (e.g.

ECG monitoring proposals, TQT study waivers, meeting

packages), as shown in Fig. 3. The team also includes data

managers and regulatory project managers who maintain a

tracking system and an integrated database of clinical trial

data and results.

Another important mission of the team is to develop the

science of evaluating drug effects on cardiac repolarization

by refining the methods recommended in ICH E14. Con-

tributions have included (i) concentration-QT modelling to

evaluate the proarrhythmic potential of new drugs [30]; (ii)

testing of the positive control [31]; (iii) validation of TQT

study design features based on response to the positive

control, moxifloxacin [32, 33]; (iv) a QT knowledge

management system to increase efficiency of QT reviews

by leveraging knowledge from previous experiences [34];

and (v) developing quality control metrics based on drug-

free QT measurements [35].

3.1.6 ECG Warehouse

In the November 2001 digital ECG meeting noted in

Sect. 3.1.3, the Cardio-Renal Division of the FDA specif-

ically declared that it would request the submission of the

raw ECG data in digital form and that appropriate data

standards would be developed.

Although the FDA proposed a data standard for ECG

data at that meeting, this was more of a statement of scope

for such a standard than a serious effort to represent one,

and the FDA had no role in organizing a group that had

formed by January 2002 to address this problem. Health

Level Seven International (HL7) is the global authority on

standards for interoperability of health information tech-

nology, with members in over 55 countries [77]. With

organizational leadership by Scott Getzin at Eli Lilly and

engineering leadership by Barry Brown of Mortara

Instruments, the group, which included representatives

from ECG machine manufacturers, pharmaceutical com-

panies, academia and clinical research organizations,

interacted frequently through teleconferences during much

of 2002 and put forward specifications to the HL7 standard

in December 2002 with full passage in January 2003.

Unusually, there was a publicly available viewer released

for the data standard, a product of one of the standard’s

team members.

Before the data standard had completed its review cycle

with HL7, the FDA was approached by two companies

marketing ECG equipment with proposals to develop a

unified repository for these data. Both parties submitted

their proposals as Cooperative Research and Development

Agreements (CRADAs) [see Federal Technology Transfer

Act of 1986], and the one from Mortara Instruments was

accepted in June 2004. At nearly 18 months, the CRADA

process had a longer incubation period than did develop-

ment of the data standard itself, and, because the CRADA

partner did not wait for the agreement to start work, a

prototype review tool was available for testing within a few

months and reviewable submissions a few months after

that.

The above ongoing public-private partnership with

Mortara Instruments has resulted in the creation of a digital

ECG repository that contains approximately 6.1 million

ECGs and has enabled FDA online review of over 250

TQT studies.

The ECG Warehouse stores the 10-second annotated

ECGs from all submissions in an online system. The FDA

reviewer is provided with a web-based interface to these

data that allows for navigation to the submission, subject

and timepoint of interest. It allows the reviewer to plot data

with or without the sponsor’s measurement annotations,

expand parts of the recording, view the leads individually

or overlaid, and make their own measurements using
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Fig. 3 Annual number of Thorough QT study protocols, reports and
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on-screen calipers. In addition, the supporting system pro-

vides additional data quality assessments, some of which

are based upon comparison of the reported results with the

Mortara VERITASTM algorithm for QT quality and signal

assessment. The ECG Warehouse facilitates the organiza-

tion and easy retrieval of ECGs, resulting in efficient review

of tracings within the FDA’s submission review process.

The ECGs are easily accessible by authorized FDA

reviewers on any system within the FDA’s network.

Although frequently the ECG data in TQT are obtained

from continuous recordings, the ECG Warehouse currently

only stores a series of 12-lead, 10-second recordings taken

at protocol-specified timepoints. There are several limita-

tions to storing only 10-second extractions, namely (i) the

process for selecting the 10-second recording within the

protocol-defined analysis window is not subject to audit;

(ii) the pre-specified nominal timepoints may not be ade-

quate for characterization of drug effects; and (iii) there is

inherently more information in the recordings than is

captured in 10-second snapshots. Furthermore, review of

continuous ECG data would be invaluable in other appli-

cations. For example, these data can provide information

on the initiation of arrhythmias, allowing the assessment of

efficacy and risk of new antiarrhythmic drugs or devices.

From a research perspective, new analytical methods based

on continuous data in the ECG Warehouse will increase the

efficiency of TQT studies and allow for the evaluation of

new biomarkers for cardiovascular safety.

In 2010, the FDA and Mortara Instruments initiated the

expansion and upgrade of tools for submitting continuous

ECG data to the ECG Warehouse. The continuous ECG

Warehouse will contain new features that will allow for

easy viewing of annotated ECG measurements for drug

effects within the recording as well as detection of

arrhythmias. The upgraded ECG Warehouse provides new

opportunities to improve the cardiovascular safety evalua-

tion of new medical products with continuous recordings.

3.2 Academia

Academia had been busy developing various models of

proarrhythmias, such as the perfused canine left ventricular

‘wedge’ preparation investigating the effect of the drug on

transmural dispersion of repolarization [36], isolated per-

fused female rabbit hearts investigating the effect of the

drug on triangulation, reverse use-dependence, instability

and dispersion of the APD (features referred to as TRIaD)

[37] and conscious dogs with chronic atrioventricular block

with or without diuretic-induced hypokalaemia [38]. The

year 1994 witnessed the first description of the human

ether-a-go-go (hERG) channel, encoded by the KCNH2

gene [39]. This was a major step since the vast majority of

drugs associated with acquired QT prolongation are known

to inhibit the hERG subunit, which is the key component of

IKr. Since this discovery, hERG expression studies have

allowed for preclinical in vitro evaluation of a drug’s

potential to induce QT prolongation, at least as a means to

screen numerous candidate molecules.

As noted above, one of the first responses of academia in

the early 1990s, following the knowledge that non-cardiac

drugs could cause an increase in deaths through an unex-

pected effect of increasing QT duration, came when aca-

demic investigators, physicians from the US FDA and

clinical scientists from the pharmaceutical industry were

invited to gather informally in Philadelphia to review and

discuss the implications of a prolonged QT interval for

patient safety and drug development [3]. While that

meeting produced no clear resolution to the issue, emerging

reports of cisapride-induced QT prolongation [40–42] gave

rise to an editorial in 1998 which, in the aftermath of the

CPMP ‘Points to Consider’ document, expressed concerns

that almost every week a new agent was being added to the

list of drugs associated with acquired long QT syndrome

and TdP, and recommended that the exclusion of potassium

channel blocking properties might be considered in the

future as a requirement before new molecules were

approved for marketing, and more strict warnings in the

package insert of drugs with known repolarization pro-

longing activity could be enforced [43].

In June 1999, the European Society of Cardiology

convened a Policy Conference on drug-induced QT pro-

longation to enable discussion of various issues among

experts from basic science, clinical cardiology, drug

development and regulatory authorities [44]. The discus-

sions at this conference detailed a clearer delineation of the

factors predisposing to abnormal prolongation of repolari-

zation and TdP, and a more precise quantification of the

torsadogenic potency of individual drugs, which was aimed

to prevent, or at least minimize, the incidence of this

potentially lethal adverse effect of certain drugs. The Pol-

icy Report from this meeting proposed a flowchart of

studies necessary to assess the potential of drugs to prolong

ventricular repolarization. Details on the degree of risk, the

role of preclinical cardiac safety determinations, the role of

pharmacokinetics and drug-drug interactions and the need

for more precise QT measurements and clinical trial

designs to detect this phenomenon were emphasized [45–

47]. A similar expert meeting in August 2000, convened in

the US by the Duke Clinical Research Institute/American

Heart Journal, also reached similar conclusions [48].

In the early 2000–2003 timeframe, before the accep-

tance of the ICH E14 concepts, clinical trials in drug

development began to emphasize the importance of

determining the QT liability of new non-cardiac drugs. One

of the first studies in 2002 was conducted by Novartis on

darifenacin (an antimuscarinic agent for overactive
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bladder) with the design and ECG analysis [49]. There

were four treatment groups consisting of placebo, a posi-

tive control using moxifloxacin to define assay sensitivity

and two doses (clinical and supratherapeutic) for the

evaluation of this new agent. Later, this design was to

become a common standard for conducting the usual TQT

study (ICH E14).

Shortly thereafter, another trial aimed at defining the

effects of vardenafil (a new agent for erectile dysfunction)

employed a novel design that used not only a placebo and

positive control group (moxifloxacin) but also compared

the new agent with the one widely used (sildenafil) in a

robust crossover trial [50]. At about the same time, there

was a TQT study for alfuzosin, an a-adrenergic blocker for

the symptomatic treatment of benign prostatic hypertrophy.

This trial utilized placebo and moxifloxacin controls,

conventional 12-lead and continuous (Holter) ECG

recordings, subject-specific correction of QT for heart rate,

and Holter bin analysis [51]. Both studies were presented at

the same Cardio-Renal Advisory Committee hearing of the

FDA in May 2003 and established many of the common

design standards later embodied in the ICH E14 TQT

document.

While these trials were ongoing in 2002, a need was

identified to find a more efficient method of obtaining

frequent ECGs during the conduct of a TQT, which would

require thousands of ECGs, to determine the ECG effects

of the new agent. Technological advances in digital 12-lead

ECG records onto flash cards had just become available

(Mortara Instruments, Milwaukee, WI, USA), but there

were no data to suggest that the QT measurements obtained

from paper ECGs and measured manually on a digital

board to identify the QT liability of drugs such as terfen-

adine [52] would be comparable to QT measurements

obtained by digital recordings on a flash card measured by

calipers on a cathode ray tube. To that end, a scientific

collaboration between a core ECG laboratory, Pharmacia

phase I unit and Mortara Instruments allowed for the

conduct of a trial that employed a QT-prolonging agent in

healthy volunteers with dual snap electrodes to record

ECGs by both recording methods simultaneously and to

subject them to different analysis methods. That trial

showed that the manual ECG measurements by both

recording techniques produced identical results for heart

rate and QT duration data across a wide range of QT

measurements, thus establishing the use of these newer

technologies to make possible the robust determinations

required in the TQT study [53].

During 2004–2008, the International Life Sciences

Institute (Health and Environmental Sciences Institute

[HESI]) sanctioned, developed and oversaw the conduct of

a series of prospective studies with 12 drugs which eval-

uated three of the most highly accepted non-clinical assays

of prolonged cardiac repolarization, namely hERG assay,

repolarization assay using Purkinje fibres isolated from

dogs and the QT/QTc interval studied in conscious tele-

metered dogs [54]. Its Proarrhythmia Models Projects

Committee recognized that there was little practical

understanding of the relationship between drug effects on

ventricular repolarization and the rare clinical event of

TdP. This concern led it to host a workshop ‘Moving

Towards Better Predictors of Drug-Induced Torsade de

Pointes (TdP)’ in Crystal City, VA, USA, on 2–3

November 2005. The primary objective of the workshop

was to develop a better fundamental understanding of the

emerging science, trends, and methods and methodologies

that relate to predicting drug-induced TdP [55].

With the digital ECG archive looming in the near future,

Chris Cabell of Duke University began discussions with the

FDA in late 2004 to establish a non-partisan group to use

these data for the common good in drug and device

development. This proposal was codified in a Memoran-

dum of Agreement between the Duke Clinical Research

Institute and the FDA in September 2006, and led to the

founding of the Cardiac Safety Research Consortium

(CSRC) in 2006–7 [56, 78]. This Consortium now has

more than 30 corporate members, has organized think-tank

style meetings, sponsored evaluation of automated ECG

algorithms, and has produced a series of white papers on

diverse topics spanning an ever-broadening scope of car-

diac safety issues [57–60].

3.3 Industry

Although there was initially a sense of hostility towards the

CPMP ‘Points to Consider’ document, the industry soon

responded positively once it acknowledged the problem

and the scale of it. The contribution from the industry, on

both sides of the Atlantic and Japan, has been very sig-

nificant, both qualitatively and quantitatively. In a brief

summary such as the one that follows, we hope to highlight

only the key contributions we consider relevant to this

review.

In 1999, the FDA and the Pharmaceutical Research and

Manufacturers of America (PhRMA) decided to form a

joint task force to define a preclinical threshold to serve as

a predictor for the risk of drug-associated QT prolongation

[61]. It contributed to the development of preclinical

models of proarrhythmias. One major step taken by sci-

entists in the industry globally was to conduct an industry-

wide survey of the prevailing and widely diverse practices

of investigating the effect of drugs on cardiac repolariza-

tion [62]. This was followed in 2002 by sponsorship of an

independent task force of academics, which reported in

detail on how to evaluate the risk of TdP during drug

development, highlighting the techniques and limitations of
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various preclinical studies [63]. This task force also rec-

ommended that early drug trials in humans must include

some evaluation of the effect of the new drug on the QT

interval, providing a whole range of recommendations to this

end and concluding with benefit-risk analysis. Nevertheless,

the task force acknowledged that the situation in terms of

detecting the clinical risk was unsatisfactory. Redfern et al.

[64] also reported the relationships between preclinical

cardiac electrophysiology, clinical QT prolongation and TdP

for a broad range of drugs and adduced evidence for a pro-

visional safety margin in drug development.

Concurrently with the efforts of HESI, a project named

‘QT Interval Prolongation: Project for Database Con-

struction (QT PRODACT)’ was organized in Japan by

pharmaceutical companies belonging to the Japan Phar-

maceutical Manufacturers Association and contract labo-

ratories belonging to the Japan Association of Contract

Laboratories for Safety Evaluation. This project designed

several studies to construct a database of cardiac safety

pharmacology. The Japanese investigators tested 22 drugs

of clinically positive and negative agents and employed

additional non-clinical assays of cardiac ventricular repo-

larization. All the QT PRODACT studies were published in

a special issue of the Journal of Pharmacological Sciences

[79], and the experience resulting from this project has

been reviewed by Hashimoto [65].

Statisticians from the industry had already highlighted

the significance of statistical approaches to study design

and analysis of the data [66]. During the development of

ICH E14, the industry provided further statistical expertise

and solutions with regard to the issues that warranted

consideration when designing an ICH E14-compliant TQT

study [67].

The Metrics Champion Consortium was founded in

2004 by a clinical research organization’s ECG core lab-

oratory to alleviate the organizational need to provide

customized metric reports for its clients [80]. It has since

grown into an independent consortium of sponsor and

service providers to establish and promote a standard set of

industry-wide performance metrics to improve the quality

and efficiency of data collection and reporting.

3.4 Governmental Authorities

In order to fulfill its obligation under the Treaty of

Amsterdam, the EU has created Framework Programmes

for Research and Technological Development, also called

Framework Programmes (eight of them so far), abbreviated

FP1 through FP8. These funding programmes are created

to support and encourage research in the European

Research Area.

Under FP7, the EU has funded two research projects

directly associated with drug-induced QT interval

prolongation. These are ‘Computational Prediction of Drug

Cardiac Toxicity’ (preDiCT) and ‘Arrhythmogenic Poten-

tial of Drugs’ (ARITMO).

The preDiCT project, with funding of €4.1 million,

officially began on 1 June 2008, with a 3-year mission to

model, simulate and ultimately predict the impact of

pharmacological compounds on the heart’s rhythm using

computer models. It is one of several projects as part of the

EU’s support for the development of a Virtual Physiolog-

ical Human. The project, which included collaborators

from industry and academia, was coordinated by the

Department of Physiology, Anatomy and Genetics and the

Computing Laboratory of The University of Oxford,

Oxford, UK, under the leadership of Professor Denis

Noble. The PreDICT project exceeded expectations. The

model frameworks developed for in silico simulation of

cardiac toxicity of potential drug compounds are cutting-

edge technology. The project has created model frame-

works with potential commercial value in both healthcare

and pharmacology, and established liaison with the FDA

and several major pharmaceutical companies, paving the

way for in silico testing and approval of drugs developed in

the future. In February 2011, a workshop was convened in

Oxford, bringing together the preDiCT team, regulators

and industry researchers with a view to discussing the

feasibility of in silico modelling approaches and the

achievements of the preDiCT project, and gathering

the regulators’ advice towards assimilation of simulation

into routine regulatory activities.

The ARITMO project, with funding of just under €2.75

million, aims to analyse the arrhythmic potential of [250

drugs in the therapeutic classes of antipsychotics, anti-

infectives and H1-antihistamines, both globally and in

specific subgroups (age, co-morbidity, genetically). The

ARITMO Consortium has 17 partners from seven Member

States. The project is coordinated by Professor Miriam

Sturkenboom (Erasmus Medical Centre, Rotterdam, the

Netherlands) and is scheduled to run from 1 January 2010

to 31 December 2012. The strategy being followed consists

of using existing data and generating a wealth of new data

through field, database and in silico studies. From the lit-

erature and a variety of databases, information on the risk

of QTc prolongation, TdP, ventricular fibrillation and

sudden death will be obtained and analysed at a pre-clini-

cal, clinical and postmarketing level. An international

prospective case-control surveillance network will run in

the UK, Germany, Italy and the Netherlands, and will

collect data on risk factors as well as blood samples for

candidate gene analyses. The collection of these data is

harmonized, extended and continued during the study and

is expected to provide unique opportunities to assess both

the associations with specific drugs as well as the interac-

tion with genetic factors. Finally, all information generated
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will be integrated in order to provide lists that will allow

ranking the arrhythmic potential of these drugs by selected

parameters.

4 Assessing the Success of the Response

The response from the late 1990s through to the present to

the public health risk posed by the QT liability of non-

cardiac drugs was not the result of a coordinated effort with

any one agency or group of individuals responsible for it.

The regulatory response was dedicated to obtaining better

ECG data so that the ECG effects of a new agent could be

more accurately determined and quantified before mar-

keting application to enable a fair decision to be made on

approvability or labelling restrictions after considering the

benefit-risk profile of the drug. The emergence of the ICH

E14 guidance for study conduct and for the assessment of

raw ECG data was the final result, but differences still exist

between different regulatory regions of the world. The drug

development industry contributed to the development of

these regulatory-led efforts for better quality of clinical

data and their interpretation. Technological advances in

ECG recording and analysis led manufacturers and core

ECG laboratories to evaluate and provide robust and effi-

cient capabilities to allow the sponsors of new drugs to

meet the new regulatory requirements. Preclinical scientific

advances helped guide the transition from the bench to the

clinic, and academia is not only leading the effort for better

biomarkers of a torsadogenic agent but also newer methods

to potentially analyse ECG data in the future.

Regulatory authorities require a positive benefit-risk

before approval for all drugs with any toxicity. Prolonga-

tion of the QT interval by a drug is only one aspect of its

benefit-risk analysis. Therefore, it should not be assumed

that a drug that prolongs QT interval will, or should, not be

approved. The critical issue is the regulatory response

when the benefit-risk is perceived to have changed

adversely during the postmarketing period. Regulatory

approaches to evaluation of the drugs that prolong QT have

been criticized on the basis of the undeniably inadequate

correlation between QT interval and induction of TdP. It is

true that not all drugs that induce TdP prolong QT to an

equivalent degree, and drugs that do prolong QT interval to

an equivalent degree do not always carry equivalent risk of

TdP; the fact remains, however, that TdP, the ultimate

clinical outcome that matters, is invariably preceded by QT

prolongation. This has further galvanized academia and the

industry to look for better repolarization-based biomarkers

to predict the clinical risk [68, 69]. Therefore, there are of

course a number of ways one can judge the success of the

QT-related responses that have emerged and chronologi-

cally described above. There is also an additional issue

concerning the time interval that should elapse after

implementing a response to a safety concern before one

legitimately evaluates the success of the measure. We

discuss these aspects below.

Determining the parameters of success of regulatory

decisions for withdrawing problem drugs (between the

years 1997 and 2005) is a difficult task. It could include

any one or more of the following:

• expected lives saved due to market withdrawal of the

drug;

• increased reporting of QT-prolonging medicines due to

better awareness of this unique problem in clinical

practice;

• pharmacovigilance system better able to catch more

related cases and elucidate the mechanisms of action;

• development of new methods to harmonized ECG

evaluation;

• decrease in the time interval from approval to detection

of increased QT length and then to market withdrawal.

Whilst these are highly desirable parameters, they are

often impractical or not feasible. Therefore, the most

obvious and simplest approach would be to examine how

many non-cardiac drugs have been withdrawn from the

market in relation to the measure enacted. As can be seen

from Table 1, no new non-cardiac drug approved after the

implementation of the CPMP ‘Points to Consider’ strategy

in 1998 has been withdrawn from the market. The tireless

efforts that followed from HC, the FDA and ICH provided

the much-needed international dimension to this strategy in

successfully containing the QT/TdP disaster. The only drug

to be withdrawn (only in the EU) after 1998 was dofetilide,

which, by design, was a QT-prolonging drug, approved in

1999 and withdrawn in 2004. However, it was not com-

mercialized in the EU, most probably in view of its inter-

action potential and the complex algorithm that had to be

followed for its dosing regimen [70, 71] and, if used inap-

propriately, it was known from preapproval clinical trials to

induce dose-dependent TdP. Although withdrawn from the

European market, dofetilide is still available in US.

A slightly different approach to evaluating the success

of the strategies implemented might be to consider the

number of spontaneous reports of TdP received by the

regulatory authorities. Although one cannot deny the lim-

itations of the systems of spontaneous reporting, the trends

identified by the FDA AERS database (Fig. 1) are perhaps

less encouraging. Although TdP continues to be reported,

the rate of reporting seems to have stabilized after about

2001 – just about the time when cisapride was withdrawn

from the market. This residual reporting probably reflects

the continued use of other non-cardiac QT-prolonging

drugs that remain on the market due to their favorable

benefit-risk profile. However, the recent increase may also
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reflect better awareness of drug-induced TdP. It is also

important to be certain that authorities, having issued the

guidance, are not shying away from withdrawing any

recently approved non-cardiac drug for fear of exposing

any deficiency of the response.

Determining whether the response is successful also

needs to take account of the labelling of drugs that have

been subject to TQT studies. Labelling relating to the risk

is now more informative, and TQT results have served to

define doses with better benefit-risk ratio. An example is

the recent label change for citalopram, restricting the

maximum daily dose to 40 mg daily, although this

restriction does not help those patients who have tolerated

the 60 mg dose well. Another example of the beneficial

effect of the response is palonosetron, a selective 5-HT3

receptor antagonist. This drug carried restrictive warnings

on the basis of class labelling; however, following a neg-

ative TQT study, the restrictive warnings were removed.

On the other hand, some drugs appear positive in TQT

studies, but present little proarrhythmic risk either because

the true effect is small or because there are stabilizing

effects on inward ionic currents. Unnecessarily restrictive

labelling can result in denial of the drug to potential ben-

eficiaries. For obvious reasons, there is no information on

this aspect of the response.

The response, if successful, can only be considered

partially successful when one considers that a number of

older torsadogens continue to remain available when safer

alternatives have been developed. Probably the best

examples are citalopram (alternative escitalopram), saqu-

inavir (alternative other protease inhibitors), haloperidol

(alternative other neuroleptics), ondansetron (alternatives

granisetron and palonosetron), domperidone (alternative

other gastric prokinetic agents) and venlafaxine (alternative

desvenlafaxine).

Perhaps the most worrying (and unknowable) aspect that

emerges from analysing the success of the aforementioned

regulatory strategies is how many otherwise valuable drugs

may have been terminated from development because of

the sponsors’ concerns regarding the drugs’ perceived

proarrhythmic risk, regulatory approaches to their evalua-

tion, approvability and prescribing restrictions. In the

aftermath of the implementation of the regulatory response,

the findings communicated by one major pharmaceutical

company were most worrying [72]. The company revealed

that resulting directly from the implementation of the

strategy in the CPMP ‘Points to Consider’ document, 11

new chemical entities were found, over the 18-month

period to November 1999, to have an effect on QT – rep-

resenting an attrition rate of 10 %. Of these, eight were

dropped from further development and three projects had

to be slowed down. None of these compounds were

intended to have an effect on ion channels. These 11 were

non-cardiovascular as well as cardiovascular drugs, cov-

ering a range of therapeutic and chemical classes. Bass

et al. [55] have also reported similar concerns – owing to

fears that a drug will have a QT effect and that this will

result in significant drug development challenges and reg-

ulatory hurdles, many companies are stopping at earlier

stages the development of new chemical entities that have

a non-clinical signal suggesting QT liability. Thus, while it

is true that no new drug will induce TdP if the regulatory

thresholds of QT concern are set at a conservatively very

low level, there are legitimate questions concerning the

impact of these guidelines on the promotion of public

health, an equally important goal of regulatory authorities.

It is likely that sponsors use hERG assays to drop

compounds from development, failing to take into con-

sideration the compound’s effects on other ion channels,

the electrophysiological consequences of which might be

to mitigate proarrhythmic risk. While all typical torsado-

gens are high-potency hERG blockers, not all hERG

blockers are torsadogens [64, 73–75]. For example, both

verapamil and ranolazine are hERG blockers and prolong

QT, but appear not to be proarrhythmic, because of effects

on calcium (verapamil) or late sodium (ranolazine)

currents.

An equally pertinent issue concerns the timing of the

evaluation of success or otherwise of the response. During

the early 1990s, regulators had been very concerned at the

long interval that had elapsed between the year of approval

of a torsadogenic drug and the year when this risk first

became apparent (Table 2). A number of QT-prolonging

drugs have been approved since 2006 because their overall

benefit-risk profile has been determined to be favourable at

the time of approval. Such drugs include sunitinib and

posaconazole, whereas others also have a QT-related box

warning (nilotinib and vandetanib). At present, all these

drugs appear to be used safely by prescribers. Nevertheless,

it may be prudent to pause for a while before considering

whether the measures implemented during 1997–2005 and

the resulting more informative labelling on QT liability of

new drugs have been successful.

Table 2 Interval from approval to first appreciation of the risk of

Torsade de Pointes of some drugs

Drug Year of

approval

First detection of

the risk of TdP

Interval

(years)

Pimozide 1971 1988 17

Prenylamine 1960s 1971 *10

Terfenadine 1982 1989 7

Cisapride 1988 1993 5

Astemizole 1983 1986 3

Terodiline 1986 1988 2

TdP Torsade de pointes
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5 Proposal for the Future

What we have described above has the properties of a

sensibly engineered response to a public health problem

related to drug development and the clinical use of drugs to

promote public health. The response has many laudable

features, including centralized collection of data pertinent

to the evolution of guidance, parties primarily associated

with the acquisition of those data, an organized community

of stakeholders to help evaluate accumulating data, pro-

cesses to evolve the guidance, and parties tasked with its

implementation and monitoring. However, the appearance

of being well engineered is an illusion wrought by a small

number of individuals who, without much discourse among

them, saw elements that needed doing and did them.

The chronology of the response to QT crisis seems to

lack any sense of direction that the situation demanded.

The initial response appears piecemeal until there was a

cluster of non-cardiac drugs that shared a liability to pro-

long the QT interval. Cisapride was the final trigger with

the number of reports of QT prolongation and/or related

arrhythmias increasing almost monthly. The number of

these reports received by the FDA were 12 (by January

1995), 34 (April 1996), 131 (June 1997), 273 (May 1998),

288 (September 1999) and 341 (January 2000) [9]. This is

something that must be avoided with the next crisis.

Indeed, one must question whether the next crisis is already

upon us, with the number of drugs attracting attention with

regard to increased mortality.

While the process of dealing with QT crisis seemed to

have worked reasonably well in this instance, it does not

seem wise to expect the next crisis in drug development to

be managed as well. Whose job is it to watch for crises and

ensure that the next crisis gets at least as good a response, if

not better? It is no one’s, because, as the situation stands

today, no specific entity, a group or an individual is man-

dated with this responsibility. There is no central body

analogous to the USA’s Federal Emergency Management

Agency or Homeland Security to set the next response

in motion and to help put the necessary infrastructure in

place. Perhaps this is not altogether surprising since, in

reality, the response is often reactionary in nature.

One approach that has served well the pre-approval

assessment of a potential toxicity signal is an integrated

assessment of all the relevant data in a single report written

by an independent expert. This would be similar to an

integrated summary of efficacy or safety. In this context,

clinicians and ethics professionals who sit on trials’ review

boards also have a valuable role in adding to the regulatory,

industry and academic expertise. Regulatory authorities are

also empowered to require the sponsors of new drugs to

conduct post-authorization safety studies and to put in

place risk minimization strategies. Greater use of these

studies ought to result in safe and effective use of medic-

inal products with potential toxicity issues identified during

pre-approval assessment, and contribute to generating

further information that the regulators require to be able to

monitor the postmarketing benefit-risk profile of the drug.

The WHO Collaborating Centre for International Drug

Monitoring has been at the heart of international medicinal

safety since its formation in 1978 in Uppsala, Sweden [81].

The Centre works by collecting, assessing and communi-

cating information from member countries’ national phar-

macovigilance programmes in regard to the benefits, harm,

effectiveness and risks of drugs. First established in 1968,

it currently enjoys a membership of 106 countries and may

have a role in monitoring and coordinating responses to

future crises. However, one of the problems with this body

acting as a coordinating body is that it receives data from

regions after a substantial lag period and the vast majority

of the reports have come from the EU and US. It follows,

therefore, that the originating authorities are better placed

to act faster. Nevertheless, the WHO Collaborating Centre

is uniquely placed to help implement pharmacovigilance

activities and identify regional differences in risk.

Any system set up to respond to a perceived global drug-

related hazard requires a body of experts to monitor care-

fully and globally the progress of the potential hazard, and

another group of experts who can recommend the required

studies and state-of the-art remedial measures. This group

should be constituted of regulators, academics and the

industry. Whose job it ought to be to set up such groups is

not clear. No national regulatory body is resourced for this

task but whatever body is charged with this responsibility,

it must have the required authority and infrastructure. Two

bodies immediately come to mind – CIOMS [82] and the

ICH [83].

CIOMS is an international, non-governmental, not-for-

profit organization established jointly by the WHO and

UNESCO in 1949. It serves the scientific interests of the

international biomedical community in general and has

been active in promulgating guidelines for the ethical

conduct of research, among other activities. Its EWGs are

composed of regulators, academics and the industry, and

although it has no legal authority as such, its outputs have

generally found their way into drug regulation and

implementation of measures to improve drug safety.

Among such key initiatives are the reporting requirements

for drug reactions and developments of Periodic Safety

Update Reports (for post-approval safety) and, recently,

Development Safety Update Reports (for safety during

clinical trials). Recently, it has published its report on

‘Practical Aspects of Signal Detection in Pharmacovigi-

lance’ [76].

The ICH, formally set up in 1990, also has its roots in

coordinating diverse requirements from regulatory
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authorities of different regions. Its recent activities have

focused heavily on monitoring the postmarketing safety of

drugs. Resource requirements would seem to be fairly

modest at first, since the main requirement of such a group

would be the expertise related to the specific matter at hand

and this would have to be recruited as needed.

Hence, the challenge is to implement a system set up to

respond to a perceived global drug-related hazard requiring

a body to monitor the progress of the hazard and a group of

experts who can recommend the required state-of-the-art

studies and remedial measures.

6 Conclusions

With the recognition that TdP increased exponentially from

the early 1990s, associated with an increasing number of

new non-cardiac drugs whose cardiac liability was not

appreciated pre-marketing, there followed a comprehensive

global response from drug regulators, drug developers in

industry and academia. Notwithstanding the uncoordinated

nature of this response and lack of a unified leadership in

dealing with this crisis, there followed a stabilization in the

reporting rate of TdP. While the above approach to dealing

with this QT crisis seems to have worked reasonably well,

it does not seem wise to expect a similar approach to the

next crisis in drug safety to be equally effective in con-

taining the risk. Future crises will need better management

and the challenge is to implement a system set up to

respond globally and efficiently to a perceived drug-related

hazard. In this regard, new regulatory legislation and the

value of an integrated expert assessment of all pre-approval

data to signal a potential safety issue in the postmarketing

period could be helpful. There may also be valuable roles

for other bodies such as the WHO Collaborating Centre for

International Drug Monitoring, CIOMS and the ICH to

effect this process.
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