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FOREWORD

Guidance documents are intended to provide assista
on how to comply with the Therapeutic Products Dire

Directorate staff, thereby ensuring that the Directorate’s marigaf St
effective manner.

Guidance documents are administrative instruments not havin ‘law and, as such, allow for
flexibility in approach. Alternative éppmachzs to the piinciple scribed in this document
may be acceptable provided that they aré supp I fi0¥justification: Alternative
approaches should- be discussed in advancegWith the 1) id the possible finding that
applicable statutory or regulatory requiremgfifS have ngf'been‘met

As a corollary to the above, it & ally pfiportant to _;__: that the Directorate reserves the right
to request information or material ogfdlefine condifiems not spe€ifically described in this guidance document,
) “safety, efficacy, or quality of a therapeutic
ommitted to ensuring that such requests are justifiable
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INTRODUCTION

The Therapeutic Products Directorate subscribes to
investigation of the safety of a new pharmaceutical agent ald 1 racterization of its effects on
the electrocardiogram, particularly the QT interval. / This, eui do provides suggestions to
industry scientists and Therapeutic Products Directog ‘current approaches to the
conduct and regulatory review of non-clinical angilin QT prolongation potential
of non-antiarrhythmic drugs. The suggestiong#irem ¢ ements, but rather are offered
as items of consideration for scientists and i ; earch or regulatory assessment of
the effects of a drug on the electrocardjdpta Products Directorate recognizes that the
investigational approach used for a to be individualized depending on the
pharmacodynarmc pharmacokm : :
clinical appli . hodc¢ I 1€ study of electrophysiological phenomena are

€ jscientific literature is recommended to determine how
ave changed since the issuance of this guidance document.

e, astemizole, cisapride, erythromycin, clarithromycin).: Delayed repolarization may
arthythmias, including forsades de pointes, a potentially life-threatening polymorphic
ycardla that has been implicated in the occurrence of sudden cardiac death. Torsades de

pointes is apparent electrocardiographically as continuous twisting of the QRS complex around the
isoelectric baseline.
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The Electrocardiogram (1, 2, 3)

G) readings.
repolarization,

Prolongation of cardiac repolarization is detected by means of electrocardiogra
The QT interval quantifies the duration of ventricular depolarization an
beginning at the initiation of the Q wave of the QRS interval i
isoelectric baseline. Because of its dependency on heart rate, i

resulted in the withdrawal of several products

drugs.
The Action B

( v ppattern of electrical activity generated within the myocytes by a
series of curren{s e: he | of ions across the cell membrane through voltage-gated ion

channels and ionGPUMps. Depolarizit currents convey positive charges into the myocyte, whereas

BC 1: early repolarization phase resulting from the transient efflux of K* through K* channels
(Io); appearing in electrophysiological recordings as the termination of the upstroke of the action
potential

. phase 2: influx of Ca*" though L-type Ca®* channels (Ic,), appearing in electrophysiological

-
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recordings as the plateau of the action potential

.  phase 3: late repolarization phase resulting from the efflux of K* throug
or HERG, L, and I,), appearing in electrophysiological recordings/ ( ined downward
* stroke of the action potential 4

. phase 4: inward rectifier (I,) current, which serves td 1

Intheory, prolonged repolarization can result from dg¢ ad ifiiCtivation of the 1 current

‘or inhibition of one or more of the outward K* currents. TheSil#R& human ether-a-go-go-related gene)
and KVLQT1 potassium channels seem to have the most influgfl fiidetermining the QT interval (5).

The HERG channel conveys the Iy, current, whereas K 1 cardies current. The HERG and

KVLQTI potassium channel proteins are capable offfamming hetel complexes with the

-auxiliary KCNE gene-encoded protein subunits, M : D The MiRP and MinK
subunits may function to modulate the gating prg o1t

Channel Subtype

The mo¥
activating delayed#e

O Pprolongation by drugs appears to be inhibition of the rapidly-
i, I, by blockade of HERG and/or HERG-MiRP. Astemizole,
eisapride, and quinidine are examples of drugs that impair repolarization

dies of ionic currents in animal or human cardiac myocytes or heterologous expression

. in vitro studies of action potential duration in isolated hearts or cardiac tissues from laboratory
animals or disaggregated cardiac myocytes from human or animal sources
. in vivo electrocardiogram studies in animals

3.
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. in vivo proarrthythmia models in animals

In Vitro Electrophysiology Studies

In vitro electrophysiology studies are capable of providin ‘ inf n the effect of a test

potential duration. Wh11e more fragile, isolated cells 76
action and have the advantage of being suitable fof‘the stud

currents (7).

Multicellular preparations include isolated intact ha alig 1 uscle Purkinje fibres, and
papillary muscles obtained from laboratory animal specjgsast linea pig, dog, or swine.
Single cell preparations include disaggregated ventg ) atri ‘ humans or laboratory

the expression and pharmacology of
Fdiac action potential is species specific.

esting of high concentrations of the drug may be precluded by limited solubility in aqueous
incubation solutions.

. Adsorption of the drug to the glass or plastic of the perfusion device may necessitate concentration
checks pre- and post-perfusion.
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. If cardiotoxic effects are dependent on chronic exposure or long-term accumulation in myocardial
tissue, the single exposure conditions of in vitro studies may not have predictive‘value.

. Because isolated cardiac cells and tissues lack metaboli
compound cannot provide information on the potential

. Plasma concentration may not be a reliable referenc :
the myocardial concentration of the drug differs sign In
some cases, drug concentrations in the myocardium ma tceed plasma levels. Predictions

erestimation of the clinical
ecessarily limited by
('be made to quantify the
Al tissue.

based on free fraction plasma concentrations ma
outcome, as the tissue accumulation of some lipeg
protein binding. At the end of repeat dose
concentration of the test drug and any agfive

cincreases in plasma levels. For such
n may have clinical significance even if
tions amficipated to be in excess of normal therapeutic

B16 Bailability due to extensive first-pass metabolism
In this regard.

glycoprotein transporter may
drugs, action potential prolo:
the effect occurs only at i
plasma.concentrationsé

tage clamp technology can be used to selectively measure ionic
or laboratory animals. Alternatively, single channel currents can
rmembrane fragments using patch clamp technology. While the Iy, current
0f action of QT prolonging drugs, prolongation of repolarization through

sured by voltage or patch clamp recordings is expressed as a 50% inhibitory
value. If the test drug is demonstrated to influence ion channel activity, the possible
ndency of this effect should be explored.

inhibition as

Ionic currents can also be studied using the cloned human Iy, channel, produced by introduction
of HERG or HERG-MiRP complementary DNA or RNA into a suitable heterologous expression system
(e.g. injection of mRNA into Xenopus oocytes or transfection of mammalian cell lines or non-cardiac
human cell lines with vectors containing the gene for the channel of interest). However, expression systems

-5-
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can have marked effects on the configuration and pharmacology of ion channels (e.g. cell type-specific
post-translational modifications or intracellular regulation) such that the ICs, values obtained are model-
dependent. Xenopus oocytes present particular difficulties as their extensive surface a arge volume
of lipophilic contents, and membrane capacitance can result in over-estimati ‘
expression systems such as human embryonic kidney cells.
hamster ovary cells are preferred owing to their smaller si
 activity, and suitability for evaluation at physiological tempen

channels (e.g. KVLQT1-MinK) is performed as well. S
as the sole approach to determining the ion channe therefore, undesirable.

QT prolonging drugs are AS§oci efting of action potential duration regardless
of the ionic current affected. Meaglitgine dne action potentials is possible using the

microelectrode method. Parameterst C ormation on proarrhythmic potential include
action poten| i arizatic post-depolarization events, and subsequent
triggered : eters include action potential duration at 30%

[Zation, membrane resting potential, action potential amplitude, and

enerally exhibits an inverse relationship to stimulation rates, action
sing a broad spectrum of stimulation frequencies to characterize this
on (e.g. 12-60 pulses/min for dog tissues). Exploration of a wide range
ortant, as a bell-shaped concentration-response curve may be obtained
drug for a particular ion channel becomes generalized to other channels at higher
ments should be of sufficient duration to obtain steady-state action potential

ated myocytes represent the only model in which action potential duration can be studied using
human material, thus avoiding the problems involved in extrapolation of electrophysiological findings
between species (4). However, disaggregated cells exhibit a high variability of action potential duration
even when paced at a constant cycle length (7). Moreover, dedifferentiation of isolated myocytes
following disaggregation results in a progressive alteration in action potential characteristics over time.

-6-
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Purkinje fibres, papillary muscles, and ventricular muscle from animals (e.g. dog, rabbit, guinea pig)
are more stable than single cells and, therefore, useful for the screening of multiple compounds. Stimulation
rates and electrolyte concentrations can be readily altered in these experimental system

Isolated, intact, Langendorff-perfused hearts from catg
preparations for the screening of multiple drug candidates using ¢
recordings (7).

Any drug that produces even a modest concent
potential in vitro should be considered a candidate for QT p
not all QT prolonging drugs cause increases in action potential
false negative results may be an issue with any of the abovg
in non-human experimental systems, multiple species, tissues, or prep
dismissing the possibility of a positive effect. s

in clinical settingS™*However, as
| tissues and species evaluated,
potential duration is studied
ishould be tested before

MiRP, or KVLQT1-MinK are inc
alterations in membrane potential by

Tuorescent dyes. These dyes respond to
tracellular compartment and the incubation

e Iy, current. Moreover, this test will not identify drugs that bind to HERG at
e-binding site. The use of this assay should, therefore, be confined to the early

In Vivo Electrophysiology in Animal Models (4, 6, 7)

While drug-induced QT prolongation has been demonstrated in both conscious and anaesthetized
laboratory animals, the use of anaesthesia has the disadvantage of precluding repeat-dose studies and

-7-
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introducing potential confounding effects on the QT interval and/or heart rate. Studies in conscious animals
are generally preferred unless pronounced tachycardia interferes with correct determinati

halothane) may be a better option. In studies of conscious animals, the use
animals with chronically implanted telemetry systems represents at

enhance the likelihood of detecting QT prolongation and #
radiotelemetry enables the collection of both single (lead I

monkeys, swine, rabbits, and guinea pigs. Dogs (4, 6) andgs d considered to be the most
suitable species for such studies, while the use of rats is diseg $ of both sexes should be
included in these investigations to enable the exploratic € ent differences in the sensitivity

at least three consecutive beats. Heart
ot suitable for animal ECGs. Alternative
] "data in animal models may be pacing of the
heart rate 4 ] ge ' plots (6, 7).

. e, in vivo electrophysiology studies should employ escalating
doses of the test drug iod%QE Stiecessive days or parallel treatment groups receiving different
and surpass the anticipated human dose, unless precluded by toxic
ation (e.g. tremors, hyperactivity, seizures). The highest dose should

fler of magnitude in excess of therapeutic levels in humans. Blood samples
armacokinetic measurements to verify sufficient exposure. The selected
be the same as that intended for clinical use. Studies conducted in conscious

the full duration of the pharmacodynamic effect of the drug with particular efforts to ensure
that some measurements are obtained at the approximate T,,,. A vehicle control group should always be
included. Investigational drugs associated with QT interval prolongation should be compared with positive
control agents, preferably of the same therapeutic class or having structural similarities (1A, 4, 6).
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In vivo non-clinical electrophysiology studies have the advantage of exploring the potential QT-
prolonging effects of both the parent drug and its metabolites. QT prolongation in in vivo studies that is
not corroborated by in vitro studies using the parent compound may be 1nd1cat1ve 6f% cardiotoxic
metabolite.

A dose-related QT prolongation of any magnitude s
concern. However, owing to inter-species differences in c
not considered to have high predictive sensitivity for arrh;

Electrophysiology of Metabolites and Enantiomers

jor metabolites that are
and tested independently

If subsequent human drug metabolism studies revéa ‘:
different from those generated in laboratory animals, thesg
of the parent compound in the in vitro and in vivogle

In the case of a drug that is chirally agfF stential electro lﬁlogical effects of each of the
resolved enantiomers should be explored 1y and in vivo tests.

ation impairment are observed in in vitro or
d therapeutic range, discontinuation of the drug
t may be warranted. If there is an intention to proceed with
idence of delayed repolarization, or if QT prolongation is

itro studies should explore the effect of simulated pathological conditions on the
g to prolong the action potential or inhibit ionic currents (e.g. low potassium
concentrations to reproduce conditions of hypokalemia, slow stimulation frequencies to mimic bradycardia,

oxygendeprivation to reproduce ischemia). {The co-administration of established QT prolonging drugs can
be investigated for the possibility of additive or synergistic effects on ionic current blockade or action
potential prolongation.
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Proarrhythmia Models (7, 9)

Drugs that show evidence of impaired repolarization in in vitro or in vi cal studies or
in clinical trials should be tested for their effects in experimental proarrh; i :
uses anaesthetized rabbits concomitantly treated with the alpha-
level of adrenergic stimulation. Other models use anaes
atrioventricular block or vagal stimulation, often under cong
myocardial infarction has also been developed. These
demonstrate QT prolongation and polymorphic ventricular ga
predictive value for drugs prolonging the QT interval by othe

Drug-induced torsades de pointes has likewise ee 1 dem . in arterially perfused left
ventricular wedge preparations from dogs. Isolated, Lang sed rabbit hearts have proved to

Embryotoxic Signals

Some I, blockers have bee
Embryotox1c1ty may be ev1dent as dec i 1 of litters or the number of live fetuses per dam

plogy studies are complementary approaches to exploring the
ization. No single, standardized non-clinical test is considered

potential of admgton j 0l
p.obviate the need for other screening methods. /n vitro studies of ionic

to have suﬁment predic i

aclt to the non-clinical detection of repolarization impairment. Drugs eliciting
be subj ected to further non-clinical investigations under simulated pathological

iarrhythmic drug that blocks repolarizing ionic currents, enhances depolarizing currents,
ardiac action potential, increases the QT interval, or elicits arrhythmic events in non-clinical
studies at concentrations comparable to the anticipated therapeutic plasma concentration should be
considered to pose a theoretical safety risk to humans. The clinical development of such a drug should be
pursued only if it is expected to provide a major benefit for a serious disease or disorder for which safer
alternatives are not available or if the cardiotoxicity is attributed to a metabolite that is generated in animals,

-10-
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but not in humans.

CLINICAL TRIALS (1A, 10, 11)
General

All drugs should receive a systematic electrocardiogra
whether or not positive findings were noted in non-clinica|
delayed repolarization on the basis of non-clinical studiq
programme having increased power in terms of subject/pat ]
measurements. Because phase I trials are generally limited to healj ers, negative findings in these
studies should not be automatically extrapolated to the intefic i
may be present. Evidence of QT prolongation in phase ] and. j X
for terminating the clinical development prog 4 (1 i ini lopment is to be pursued
despite QT prolongation, regular ECG monitori : med onall patients receiving the drug
in phase III and IV clinical trials.

For drugs having some evide: ari zat fion in non-clinical studies, initial phase I
igi criteria exclude patients and volunteers considered
) fongatlon is not observed in these subject

Where not precluded by ethical or safety considerations, clinical studies addressing the issue of QT
prolongation should be placebo-controlled, of randomised design, and have sufficient statistical power to
detect clinically significant differences between the treatment groups. The recording of ECGs at the
anticipated time of peak plasma levels for the drug or metabolite of interest should always be an objective.

-11-
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In all treatment groups and treatment periods, ECGs should be scheduled for approximately the same time
of the day to minimize the confounding effects of diurnal fluctuation and postprandial effec

Dose-Effect Relationships

Anadequate drug development programme should ens
response relationship for QT prolongation has been adequate
ECGs being collectedifi patients receiving the highest recof
collection of plasma samples near the time of the ECG mg
exploration of possible relationships between ECG effects

In phase I and II clinical trials, a range of dose grogps shoulg idied. dfivestigation of one or
- miore doses in excess of the proposed therapeutic dose is tagag uded by considerations

of safety or tolerability. In initial studies, electrocardiOgtan lleeted at screening, prior to
dosing on the moming of the first dose adminis ot the blood sampling period,
and prior to release from the clinic. The time g should be adequately addressed
(e.g. first dose effect, effect of increasing dgdse ( 2
~In phase III clinical trials, multiple eleg@@ardiogra@s sho scheduled for baseline and screening as
well as time points anticipated to cojfieide ‘with st€ad héak plasma levels of the parent drug or the
metabolite implicated in QT prolong@fion ‘ 4

ngthe dose- or concentration-response relationship include
iongghe steepness of the slope between QTc prolongation and
e threshold dose for QTc prolongation and the therapeutic
ose/concentration-effect dependency, and the time course of

11 eriatric); metabolic capacity (e.g. hepatic impairment, phenotypic poor metabolizers),
49 interactions (e.g. co-administration with metabolic inhibitors if the parent drug is cardiotoxic
or mducers if a metabolite is cardiotoxic) on QT prolongation potential may also warrant exploration.

-12-
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METHODOLOGICAL ISSUES IN THE COLLECTION OF ECG DATA (1, 1A, 10, 11, 12)

The QT interval should be determined as a mean Yalues
beats). Although lead II is often preferred for QT interval et
usually most clearly discerned in this lead, limiting measurement$ Q@ Siiglélead may create a selection bias,
owing to variability in the distribution of maximal QT intervls 16 (
recorder is, therefore, desirable to enable simultaneous recoidi imb scordial leads and selection
of the longest QT interval in any lead (1). i

A discrete U wave should be excludeg @' ‘ q A ment. However, if the T and
‘ izafie interval should be estimated by

RRAPOr automated approaches. ECG recorders can be
als, such as the RR, QRS, QT, QTc, and PR, from digital data
tecordings have a useful role in the rapid assessment of patient
‘overread”) is required for the purpose of the clinical trial
the ¢ curacy of machine-read data. Automated measurements of low
P, T, and U waves, often result in inaccurate PR and QT interval

digitizing methods (accuracy within 20-40 msec versus * 5 msec). Digitizing methods employ a digitizing
pad, magnifying lamp, and pointing device to identify the beginning and end of the QT interval for automatic
recording in the ECG database (11).

-13-
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ECG readings should be performed by qualified cardiologists blinded to both treatment and patient
identity. Expert ECG interpretive skills should not be presumed for non-cardiologists (11). All ECGs in

reader variability can be mmxrmzed by having two cardiologists s
The degree of intrareader reliability should be established by ha
data. The participation of cardiology specialists is also va
recordings. Criteria to assess ECG diagnoses and identify @
by the sponsor and cardiologists (10, 12).

The quality of the ECG database will, of course, be depg .the use of modern equipment
with the capacity for digital signal processing. Such equipm ‘ ‘ i
Machine calibration records and performance data sh
identical or similar machines, preferably obtained frofy
ECG measurements should be performed using the:
sessions are encouraged to ensure consistenc

CGs in clinical trials. In particular, if a new drug
QT prolongation and/or the occurrence of arrhythmias, Holter
ho detect asymptomatic or transient disturbances in cardiac
p" Holter monitoring should be obligatory for all patients

the advantage of being amenable to measurement of the QT interval over an
) so that the effects of diurnal fluctuation and variations of heart rate during
xplored. -BEG measurements obtained during sleep are of particular interest as
to be maximal during the sleeping state. However, normal ranges for the QT

-14-
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ANALYSIS OF ELECTROCARDIOGRAM DATA FROM CLINICAL TRIALS

Data should be provided for both the uncorrected and corrected QT interval, as wéllas the PR and

QRS @ntervals.

Various alternative ECG repolarization parameters hav
(the interval between the peak and end of the T wave), the JT,
QRS intervals), and the QaT interval (the interval between i
experience is presently inadequate to establish the prognostigivalue of these measureme

QT Correction Formulae (1, 1A, 10)

BT intervals are typically
Ofthese, the most widely-
on the following formulae:

HAon ptoh
ection formul?

As the QT interval has an inverse, curvilinear re
corrected for the influence of heart rate using varigi§
recognized are Bazett’s correction and Fridericia#§'cor]

Bazett’s correction

QTc=QT
RR‘:

imore frequently used in medical literature than Fridericia’s formula, such
al and abnormal values are derived from Bazett’s formula (1):

Adult Male (msec) Adult Female (msec)
<430 <450
borderline 430-450 450-470
prolonged >450 >470

-15-
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However, some authorities believe that Fridericia’s formula may be more accurate in subjects with
extreme heart rate values, as Bazett’s formula tends to undercorrect at low heart rates and overcorrect at

high heart rates. Many pharmaceutical companies are electing to provide data frofi'both of these
correction formulae in all QT analyses contained in their study reports.

Correction formulae based on linear regression technigies’a
e.g. Framingham formula: QTc = QT + 1.54(1-RR)

eved by applying le regression
€r a range of heart rates.

Heart rate correction on an individual patient basis cagt|
techniques to QT interval data obtained from Holter ECG mon

As the optimal choice of correction formula is a subject of contray corrected by formulae
other than Bazett’s and Fridericia’s correction are péfmissibleifor drug st n purposes if provided
as auxiliary analyses to those performed using théwell Validated ic .4Fhe sponsor should attempt to
explain any discrepancy between the results gitained by Appig ifferent correction formulae. The
correction formulae to be used should be gpecified g heelinical trial protocols. Selection of a
heart rate correction formula post hogfbased on thé”] fproduces the most favourable results, is
never acceptable. '

e ECG readings have been collected per patient, the QTc data
fifferent dependent variables:

should be considered a cause for concern, regardless of whether statistically significant differences are
present between group mean values.

-16-
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Categorical Analyses of QTc Interval Values (1A, 10, 11)

nts meeting

Categorical analyses of QT data are based on the number and percentage of p
may be defined

and/or exceeding some predefined upper limit value: Clinically notable QT in
in terms of absolute QTc interval or change relative to baseline (d
«QT readings in excess of some specified threshold value and
subject. The major problem with absolute interval signals is
QTec values. Although categorical analyses can be limited f€
analyses will not provide information on patients with aberra

Delta signals occur when the change from baseline in solute ©T c interval is greater than some
predefined value. Accordingly, delta signals require a miningps ements, the first of which is
performed under drug-free circumstances. Interpretationsaf delta sign gplicated by regression
toward the mean. Regression toward the mean i ASLIC]] esulting from imperfect
correlation between the first and second measureg g baseline QTc intervals

that are above the mean will tend to have spgéller delta thar aving baseline QTc intervals
below the mean. This phenomenon is oc; P ately as apparent evidence that
individuals with high baseline QTc inte g-induced QT prolongation than those
with lower baseline values. The effecfs Si0] ean can be minimized by using baseline

er than single readings. To avoid the

ity concerning the choice of upper limit values for absolute
s has remained elusive. While lower limits increase the false-
of failing to detect a signal. Unfortunately, there is no well
a prolongation of the QT interval is considered to be free of

‘ DYC + 450 msec
QTc * 480 msec
QTc ¢ 500 msec

-17-
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Change from Baseline (Delta) Signals

QTc increases from baseline ¢ 30 msec
QTc increases from baseline ¢ 60 msec
QTc change from baseline * 15%
QTc change from baseline * 25%

If a QT-prolonging effect is suspected or has not
baseline QTc intervals in excess of 450 msec should no
efficacy of the drug and the seriousness of the disease or dis0 ‘
justify the risk of an arrhythmic event. Discontinuation of a subjé
ifa treatment-emergent absolute QTc interval or a change in{;
limit, which may be in the range of 450-480 msec for abselx

ing treatment are con51dered to
ical trial should be considered
Beds a pre-determined upper
jes and 30-60 msec for

e the mean change from the pre-therapy
¢ together with the standard deviation. The .
; : An individual) is considered to be a more robust

statistic thalisthiseh CTAgee average I8N -therapy QTc intervals for an individual). Time
ing O I V within subject variation is attributable only to random noise, thus

gli: gbrelationships and circadian variations. Time-averaged values

thus have a tende estimatSghemacnitude of a drug effect on the QT interval, so diminishing the

Continuous interval analyse of O
baseline in e1ther the maximal or §

*QTc interval, which appears not to be clinically significant in itself, may
sk with the test drug, if not matched by a corresponding change in the

§ pre-therapy measurements.  Successful use of the AUC as the dependent variable
C he collection of multiple data points for each subject and synchronization of the ECG
measurement schedule for both the baseline and treatment phases. AUC values have the advantage of
being univariate summary measures that integrate effect over time relationships and are relatively stable to
random fluctuations. However, published experience with this approach is limited and interpretation of
QTc AUC values is complicated by the absence of well recognized criteria for distinguishing clinically
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relevant absolute or delta values. Therefore, use of AUC computations in drug submissions is permissible
only as an auxiliary to more established data analyses.

Mean changes from baseline derived from time-averaged or ma a may mask the
presence of outliers having extreme QTc interval changes. As the
significant differences in mean changes between the test drug 3

the possibility of marked QTc prolongation occurring in indivig
be accompanied by appropriate categorical analyses.

Choice of Baseline (10)

Use of baseline values representing single readin: 3 B0 DN scouraged. Baseline ECG
measurements for a given subject should be computed as.the multiple measurements
in order to reduce the effects of regression towg
measurements.

QT Dispersion (1A, 7)

90% have been suggested as clinically notable signals
ispersion as a parameter in the evaluation of the cardiotoxic risk
tedictive value of this parameter has yet to be consistently

demonstrated.
of QTc inte

nce of morphological changes from baseline categorized as worsened, unchanged, or
improved

. incidence of morphological changes characterized as clinically significant or insignificant
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Attention should be directed to changes in T wave morphology and the occurrence of U waves as
these phenomena may precede forsades de pointes.” T wave alternans (beat-to-beat variability in the
amplitude and/or morphology of the T wave) is associated with an increased likelih
tachyarrhythmias. Other T wave abnormalities reflective of delayed repola inglide double humps
(“notched” T wave), wide bases, indistinct terminations (TU cqmiplex), ription (prolonged
isoelectric ST segment), and sinusoidal oscillations (13). : ;

U waves are considered abnormal when they reachg amplitud® 6F + 25%%
lead. :

Integrated Analyses and Meta-Analyses

¢ adequacy of the safety
1 as overall estimates of
data from several clinical

Integrated analyses and meta-analyses may provi
database in terms of the total number of patients re
effect size and incidence of clinically notable evefifs®
trials may increase the power to detect a sigiil , the clinical trials used in the
generation of such analyses should be cle sion justified. The data from certain
trials may be inappropriate for poolingdfthe studydonditions ginder which they were attained were not
representative of the proposed clinicalise: if thefpooling results in the inclusion of data from
many patients receiving sub-therapgut ¢'calculated means and incidence values may
under-estimagg: onging effect at the recommended therapeutic
doses.

8ot analySes for sex, age (e.g. <18 yrs, * 65 yrs), cardiac co-morbidities,
t, and other special patient populations is recommended. Particular
analyses for sex, as female gender is recognized to be a predisposing
ofongation and torsades de pointes. Many cardiac co-morbidities are also
ors. Such subset analyses should be provided for both continuous interval and

Clinical trials which investigate the QT-prolongation potential of a drug should be of sufficient
power to detect significant differences between treatment groups.

The comparative merits of ANOVA and ANCOVA models for the testing of between group

-20-




Therapeutic Products Directorate Guidance Document:
" Assessment of the QT Prolongation Potential of Non-Antiarrhythmic Drugs

differences in QT data should be considered. While both approaches test the hypothesis that no difference
exists between the mean values among treatment groups, the ANOVA assumes homogenous baselines

between group differences in QT data.

A possible disadvantage of the ANCOVA model is thi
the covariate and dependent variable. In many instances, thegélatio
pharmacodynamic effect may be nonlinear or exhibit hystere
analysis of nonlinear relationships and hysteresis mclude heé 'L
programs such as NONMEM or P-Pharm. y

priate approaches to the statistical
inear mixed-effect software

ADVERSE EXPERIENCES POSSIBLY REFATED PROLONGATION

Attention should be directgd
prolongatlon Information should pr premature termination of the patient (e.g.
e ence of QT¢ prolongation in association with

nd duration of treatment, plasma levels if available,

e risk factors.

I'interval prolongation should also be documented.

. ventricular tachycardia

. torsades de pointes

. ventricular fibrillation

. seizures (due to cerebral ischaemia resulting from arrhythmia)
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. cardiac arrest

. arrhythmias (not otherwise specified)
. serious cardiac adverse events

. sudden cardiac death

Any excess in the incidence of such events in the investj
with the placebo and/or active control groups is justification fof
be provided for all serious cardiac adverse events. In asse
induced QT prolongation, attention should be directed to ¢
dose-dependency, evidence of positive dechallenge or rechall tpborative non-clinical findings, and
ECG results, preferably collected at the time of the event. A Interval is a parameter subject to
considerable fluctuation, a possible role for QT prolongatiogica definitively dismissed on the basis
of on-therapy ECG measurements performed prior rse event. Potential
relationships between the occurrence of the adversg@yer
disease, electrolyte disturbances, obesity, cong@mtar i ons, anggother risk factors should be
explored. v el

In evaluating the safety databg ‘: a newglirug, consjderation should be given to the extent to
which the inclusion and exclusion cri bf patiepfie! ;
respect to the risk of QT prolon i diiPrse events (e.g. exclusion of patients with
cardiac co-mgrbidities or rendl/he i £ prohibition of diuretics as concomitant medications).
Ideally, udeMin "adequate representation of female and elderly *
patients.

f'in the clinical trial protocol for defining what constitutes an
gs. If symptoms or ECG findings suggestive of an arthythmia
a clinical trial, an urgent spemahst assessment should be arranged

these are suspected on the basis of ECG data. Owing to their rarity, serious ventricular arrhythmias with
a QTc prolonging drug are often not reported until large populations of patients have received the agent
in post-marketing settings.
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Post-Marketing Adverse Experience Reports

QT prolongation, with or without documented arrhytj
a drug or discontinuation of its clinical development. Failuggit
clinical assessment of the potential QT prolonging propgr @ dilighmay likewise be adequate
justification to delay or deny marketing authorization.

jan that presented by the QT prolonging drug. The selected
recognized as first line therapies for the disorder in question, unless

ures are judged to be impractical from a clinical use perspective.

A susceptibility to clinically important drug-drug or drug-food interactions (3A) that increase the
cardiotoxicity of the drug would be expected to have a negative impact on the risk-benefit profile (e.g.
metabolic deactivation of sensitive CYP3A4 substrates such as terfenadine, astemizole, and cisapride is
inhibited by azole antifungals, macrolide antibiotics, and grapefruit juice, resulting in an exaggerated QT
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prolongation effect). Characteristics that would result in a QT prolonging drug being considered a high risk
candidate for metabolic drug interactions include a'steep concentration-effect relationship or glimination that
is primarily dependent upon a single metabolic pathway. Moreover, drugs havi
due to extensive ﬁrst pass metabohsm or actlve extrus10n by the P-glycoprote'

If a drug is to be approved in spite of concerns rega
Monograph should contain the following information:

. If safer therapeutic options are available for the indiGaton !
should be restricted to patients who are refractory or infQlera

QTec readings in excess of defined, clinj
who were subjected to ECG evaluatigh

mitral valve prolapse
. rheumatic fever
. bundle branch block
. sinus node dysfunction
. increased vagal tone
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. severe hepatic or renal dysfunction (for drugs eliminated principally by these routes)

. electrolyte imbalance (e.g. hypokalemia, hypomagnesemia, hypocalcemia, acidosis,
intracellular Ca®* loading) or conditions predisposing the patient to elec imbalances
(e.g. chronic vomiting, anorexia nervosa, bulimia nervosa) 5

. concomitant treatment with other drugs or foodg/ hat i

prolonging drug (3A)
. concomitant treatment with digoxin :
. concomitant treatment with drugs that affect fhie
* hypothyroidism, hyperparathyroidism, pheoghtong
. head injury
. stroke
. subarachnoid hemorrhage
. hypothermia
. nutritional deficits (e.g. eating disord€Is,.

alcoholism

. macrolide antibiotics (e.g. erythromycin, clarithromycin)

. fluoroquinolone antibiotics (e.g. moxifloxacin)

. pentamidine

. antimalarials (e.g. halofantrine, quinine, chloroquine, mefloquine)
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. probucol
. astemizole
. terfenadine
. droperidol
. dolasetron
. cisapride
. tamoxifen
. tacrolimus
" The above list is not comprehensive. Current medi§@ilitefature should be consulted for newly
approved QT-prolonging drugs or older drugs for whig 10l0nging effects have recently been
established.

. Screening ECGs should be performed priojgf Treatment with a QT-
prolonging drug should not be initiated 4 allgp¥ong baseline QTc intervals.
Monitoring of the QT interval duringgt BIE; particularly during the initial
stages of treatment or after a dosaggfin 10 intra-individual variability of the
QT interval, conventional EC e not considered to be highly effective

iegts reporting sigfiStantl A8 Supeesive of arrhythmias (e.g. dizziness, palpitations,

BE advised of drugs and medical conditions that may lead to
Bo use of diuretics, severe dehydration, vomiting, eating disorders).

* Discontinuation ofifhe @rug should be recommended if an arrhythmic event occurs or if the ECG
shows a QTc i al above an upper limit that is considered to represent an appropriate risk-

' tolerance leveldor the indication in question (e.g. 450-480 msec).

MI08e-concentration-dependency of the QT prolongation effect should be described in the
Product Monograph. Dosage recommendations should encourage the use of the lowest effective
dose of the drug and specify a maximum recommended dose which should not be exceeded.

. For an intravenously administered QT prolonging drug, limitations on the infusion rate may be
critical.
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. The occurrence of forsades de pointes during treatment with a QT prolonging drug requires
emergency medical care, including urgent specialist assessment. The suspect dftig(s) should be
immediately discontinued. Infusion of magnesium may terminate fors, pointes arthythmia
even in patients with normal magnesium levels. Electroljfte abnog ch as hypokalemia
should be corrected. Control of the arrhythmia may be géhieved throu i e
by means of cardiac pacing. Increasing the heart ratgi8hortens the
lengthy post-ectopic pauses that favour the develo Y
of torsades de pointes into ventricular fibrillatiQimhay. giécessitate treatmeq
cardioversion or defibrillation. Strategies for control Gftlig@riythmia must be mainta
drug and/or its cardiotoxic metabolites have been eligingtedi2 8, 15).

ed until the

3 . The “Information for the Consumer” section gfsthe Product Nt h, should explain in lay

‘ language the effect of the drug on the electgi¢atactivs 1d the relationship between
this ECG effect and the theoretical or defienstated Sk of ras. Patients should also be
alerted to symptoms of possible a ia sch a8 dizziress, palpitations, and fainting and
instructed to seek immediate medig@l attentiopff ]

Prior to the launch ofa QT p g ing diig ould be issued to health care professionals
Wi agent and appropriate risk management
strategies.

&
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