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ABSTRACT

The present invention relates to the field of cardiology and,
more specifically, to a novel algorithm that can be used, in
particular, in a method for determining if a drug is likely to
induce a cardiac ventricular repolarisation disturbance,
based on variations in electrocardiogram data.
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METHOD FOR DETERMINING THE
LIKELIHOOD OF TORSADES DE POINTES
BEING INDUCED

TECHNICAL FIELD

[0001] The present invention relates to the cardiology
field, and more particularly to a novel algorithm that can be
used in particular in a method for determining whether a
drug is capable of inducing cardiac ventricular repolariza-
tion disorders, associated or not associated with a ventricular
rhythm disorder of Torsades de Pointes type.

PRIOR ART

[0002] Torsades de pointes refers to a particular type of
ventricular tachycardia, that is to say a cardiac ventricle
rhythm disorder, resulting in accelerations of heart rate such
as tachycardia (nevertheless different than ventricular fibril-
lation).

[0003] There are two types of torsades de pointes: torsades
de pointes with long QT interval and polymorphic ventricu-
lar tachycardia with normal intercritical QT with twisted
appearance.

[0004] Drug-induced torsades de pointes are a public
health problem on the individual scale and on the societal
scale. In the vast majority of cases, the mechanism of action
of this adverse effect is the inhibition of a potassium channel
involved in ventricular repolarization, called IKr, which
induces a prolongation of the repolarization phase and
electrocardiographically results in particular in a prolonging
of the QT interval corrected with respect to heart rate (QTc).
[0005] As mentioned, in Sekarski et al. (Paediatrica, vol.
19, No. 4, 2008), the prolonging of the QT interval can cause
a ventricular arrhythmia that can degenerate and result in
sudden death. The prolonging of QT thus currently consti-
tutes one of the most frequent causes of restriction of use and
of withdrawal of drugs from the market. Among the drugs
thus withdrawn from the market, this publication cites in
particular cisapride, terfenadine, droperidol or sertindole.
[0006] These phenomena are particularly observed with
class III anti-arrhythmics, which as a priority block potas-
sium channels, thus prolonging repolarization. The class I1I
anti-arrhythmics currently on the market all have a basic
structure which includes a methanesulfoaniline group (or a
bioisostere thereof). Mention may thus be made of amio-
darone (Cordarone®), azimilide, bretylium, clofilium,
dofetilide, ibutilide (Corvert®), sematilide, sotalol (So-
talex®) and dronedarone (Multaq®).

[0007] The above publication presents, in tables 1 and 2,
a certain number of drugs known to prolong QT. This
publication also recalls that the “University of Arizona
Center for Education and Research on Therapeutics” has
established and maintains a database of these drugs that can
be found on their website www.torsades.org or https://
crediblemeds.org/.

[0008] Inthe process for the filing of a file for a marketing
authorization for a new drug, all the molecules must have an
evaluation of their torsadogenic potential (potential for
inducing a torsade de pointes). This evaluation involves, in
human beings, thorough studies of the modifications,
induced by the new drugs, of ventricular repolarization and
particularly of prolongation of the QT interval, or of cor-
rected prolongation QTc. This prolongation of the QTc
interval is the marker currently recommended for estimating
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the degree of IKr inhibition of a drug administered to
subjects with normal ventricular repolarization in the basal
state.

[0009] Thus, it is considered that a test molecule is at
significant risk justifying a close monitoring of this rhythmic
risk during placing on the market when the increase in QTc
is greater than 20 ms. When the QT/QTc prolongation is
between 5 and 20 ms, this situation is in a “gray area” and
additional studies must be carried out in order to lead to a
more reliable conclusion. It is generally considered that a
molecule is safe with regard to cardiac repolarization when
a QT/QTc prolongation of less than 5 ms is observed.

[0010] However, the prolongation of this QTc interval is a
very imperfect parameter, which is not very specific for
ventricular IKr channel inhibition. Thus, if an inhibition of
the IKr channel increases the QT interval, the latter can be
increased without IKr inhibition, the risk of drug-induced
torsade de pointes then being less great. Some useful mol-
ecules will then have their development interrupted because
of an overestimation of this risk when other molecules will
have their development continued despite an underestimated
torsadogenic risk.

[0011] On the individual scale, drug-induced torsades de
pointes can affect subjects without great comorbidity and
can result in death. The determinants of this individual risk
are still poorly understood, with in particular an increased
risk identified in the case of hypokalemia, and of congenital
long QT, but there is no reliable diagnostic test for evalu-
ating this personal risk, especially in the event of normal
QT interval in the basal state.

[0012] Thus, both the regulatory authorities (such as the
Food and Drug Administration) and clinicians-physicians
are seeking new more relevant methods for predicting the
torsadogenic risk of drugs, in the pre-marketing evaluation,
or for a particular patient, which go beyond simple analysis
of the increase in QTc interval duration after pharmacologi-
cal stress.

[0013] Sotalol is an anti-arrhythmic drug recommended
and used for controlling rhythm in patients with atrial
fibrillation. Sotalol has a high capacity to block the IKr
potassium channel, associated with a dose-dependent risk of
induction of torsades de pointes, reaching up to 7% of
patients treated. Sotalol has linear pharmaco-kinetics, a
virtually complete absorption without great variability, and
a maximum concentration observed 3 to 5 hours after oral
intake.

[0014] Couderc et al. (Heart Rhythm. 2011 July; 8(7):
1036-43) describe the analysis of traces and of QTc, TAmp
or TpTe values at various times, but do not deal with the
dynamics of the parameters after treatment; thus, this docu-
ment does not calculate the AQTc, ATAmp and ATpTe
values as envisioned in the present application, nor does it
calculate a principal component on the basis of these values.
[0015] US 2008/188761 describes a method for detecting
potassium channel delays by comparison of the correlation
between the TAmps and the heart rate, but does not describe
to any greater extent the AQTc, ATAmp and ATpTe values
as envisioned in the present application, or calculate a
principal component on the basis of these values.

[0016] Recanatini et al. (Med Res Rev. 2005 March;
25(2):133-66) describe, in a review article, the link between
QT prolongation and torsades de pointes, but do not mention
or suggest the strategy envisioned in the present application.
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[0017] Clark et al. (J Chem Inf Model. 2009 November;
49(11):2617-26) describe a method for determining the
association between long QT and torsades de pointes for
various molecules, but do not mention or suggest the strat-
egy envisioned in the present application.

[0018] Bottino et al. (Prog Biophys Mol Biol. 2006 Janu-
ary-April; 90(1-3):414-43) describe a method that can be
used for analyzing whether certain drugs are capable of
inducing torsades de pointes, but do not mention or suggest
the strategy envisioned in the present application.

[0019] Suzuki et al. (Prog Biophys Mol Biol. 2008 Sep-
tember; 98(1):52-60) describe in silico methods for deter-
mining whether a molecule is capable of inducing a cardiac
arrhythmia, but do not mention or suggest the strategy
envisioned in the present application.

[0020] There is therefore a need to set up a test which
makes it possible to predict the risk that a drug can induce
a torsade de pointes, after administration in patients.
[0021] Alternatively, it is also advantageous to determine
whether a particular patient has a specific risk of presenting
a torsade de pointes, after administration of a specific drug.

SUMMARY OF THE INVENTION

[0022] The invention proposes to provide a method for
easily determining, after a simple electrocardiogram mea-
surement, whether a patient is likely to present a torsade de
pointes event after administration of a drug.

[0023] The inventors have thus demonstrated the fact that
it is possible to obtain a reliable quantitative result of the
capacity for a substance to inhibit the IKr potassium channel
(general effect of the substance) or for a patient to present
such an inhibition of the IKr potassium channel after admin-
istration of a substance capable of inhibiting it (patient’s
individual response effect), by studying not only the QTc,
but two additional values, the maximum amplitude of the T
wave (TAmp) and the duration between the peak and the end
of the T wave (TpTe).

[0024] By combining the variations observed between the
three values mentioned above, the inventors have defined an
algorithm which makes it possible to provide a precise piece
of information as to the risk of occurrence of a cardiac
repolarization disorder induced by a substance.

[0025] The algorithm proposed by the inventors is par-
ticularly advantageous in that it makes it possible both to
obtain information on a particular substance or composition,
when tested on a cohort of patients, and also to determine the
individual risk for a particular patient, which makes it
possible to perform appropriate monitoring of the patients at
risk, while decreasing the cost of monitoring the patients
who are a priori not at risk.

Measurements Used in the Context of the Invention

[0026] The following measurements are thus used:
TAmp: Maximum Amplitude of the First Peak of
the T Wave

[0027] The difference (expressed as percentage) between
the maximum amplitude of the first peak of the T wave
before and after administration of the substance that it is
desired to test is calculated. In fact, in the event of “notch”,
it is possible to observe two peaks of the T wave. The
amplitude of the first peak should be measured even if it is
less than the second.
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[0028] The datum calculated is thereof

ATAmp(%)=((TAmp before administration—TAmp
after administration)/(TAmp before administra-
tion))x100

[0029] The difference between the amplitude of the T
wave before administration and that after administration is
in this case calculated so that ATAmp is positive. This is due
to the fact that the inhibition of the IKr channel induces a
decrease in the amplitude of the T wave. The performing of
the above calculation makes it possible to reflect this
decrease as a percentage. The expression of the results in
absolute values (mV) also makes it possible to calculate an
operating algorithm.

[0030] The difference between the amplitude of the T
wave after administration and that measured before admin-
istration could however have been calculated, and ATAmp
would have been negative.

[0031] The TAmp value that is taken into consideration in
this formula is preferentially an average of several TAmp
measurements.

[0032] The measurements can be carried out on the deri-
vations (leads) that a practitioner will choose, but preferen-
tially on the D2, V2, V3 derivations. These measurements
can also be performed on the V4 or V5 leads, in particular
if TAmp before administration of the substance is less than
0.1 mV.

[0033] In one particular embodiment, and in order to
decrease the potential errors due to the variations that may
exist in the patient during the ECG measurement, it is
preferred to measure the TAmp value on an averaged
complex (generally generated by a standard median complex
(template) obtained from the recordings made during 10
seconds), or even on the average of three averaged com-
plexes generated a few minutes apart.

TpTe Interval Between the Maximum First Peak of
the T Wave and the End of the T Wave (TpTe)

[0034] The difference (expressed as a percentage) between
the maximum first peak of the T wave and the end of the T
wave, before and after administration of the substance that
it is desired to test, is calculated.

[0035] The datum calculated is therefore

ATpTe(%)=((TpTe after administration—TpTe before
administration)/(TpTe before administration))x
100

[0036] The TpTe value that is taken into consideration in
this formula is preferentially an average of several TpTe
measurements.

[0037] The measurements can be carried out on the leads
that a practitioner will choose, but preferentially on the V2,
V3, V4 leads. The measurements can also be carried out on
the V5 or V6 leads.

[0038] In one particular embodiment, and in order to
decrease the potential errors due to the variations that may
exist in the patient during the ECG measurement, it is
preferred to measure the TpTe value on an averaged com-
plex (generally generated by a standard median complex
(template) obtained from the recordings made for 10 sec-
onds), or even on the average of three averaged complexes
generated a few minutes apart.

[0039] The absolute value (in msec) of the TpTe variation
can also be used in the context of the algorithm.
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QTcF QT Interval Corrected With Respect to the
Heart Rate QTc

[0040] The difference (expressed as a percentage) between
the QT interval corrected with respect to heart rate is
calculated using a suitable method which minimizes the
influence of the heart rate on the QTc value, that is to say
establishes a slope not different than zero in the relationship
QTc as a function of heart rate (usually, in adults, the
appropriate correction is carried out by the method of
Fridericia, QTcF), before and after administration of the
substance that it is desired to test.

[0041] It is recalled that
QTcF = SQ—T
RR
[0042] RR being the interval between the beginning of a

QRS complex and the beginning of the next QRS complex
expressed in seconds.

[0043] The datum calculated, for the use of QTcF, is
therefore

AQTcF(%)=((QTcF after administration-QTcF before
administration)/ (QTcF before administration))x
100

[0044] The QTcF value that is taken into consideration in
this formula is preferentially an average of several QTcF
measurements, in particular an average of at least three
consecutive complexes. As with the other values seen above,
use may be made of the QTcF value that is obtained on a
median complex obtained from a recording of a few sec-
onds, or an average of averaged complexes.

[0045] The measurements can be carried out on the leads
that will be chosen by a practitioner, but preferentially on the
D2 lead.

[0046] However, QTc could also be calculated by any
method known in the art, in particular the method of Bazett

(QTcB):

QTcB or
cB=—
VRR
[0047] Here again, it is possible to use the absolute value

of AQTc, rather than the percentage variation.
[0048] In general, it is preferred to calculate ATAmp,
AQTc and ATpTe such that they all have the same sign.

Algorithm to be Implemented in the Context of the
Invention

[0049] The algorithm proposed below makes it possible to
obtain a quantitative value, called PC1, which is very well
associated with the appearance of ECG sign determining an
IKr inhibition, and presumed to be associated with an
increased risk of episode of torsade de pointes with long QT.
[0050] PCl=alxATAmp(%)+a2xAQTcF(%)+a3xATpTe
(%)+b in which

[0051] -0.05<al=-0.030
[0052] -0.2<a2<—0.1
[0053] -0.04=a35-0.02
[0054] 1.5sb<2.
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[0055] Preferably,
[0056] -0.040<al<-0.035
[0057] -0.16=a2<-0.145
[0058] -0.35<a3<-0.025
[0059] 1.7<b<19.
[0060] In one preferred embodiment,
[0061] al=-0.038+0.002
[0062] a2=-0.15+0.001
[0063] a3=-0.031+0.002
[0064] b=1.79+0.05.
[0065] In one preferred embodiment,
[0066] al=-0.03814
[0067] a2=-0.15074
[0068] 23=-0.03059
[0069] b=1.79249.
[0070] In one particular embodiment,

PC1=-0.038xATAmp(%)—0.151 xAQTcF(%)-0.0306x
ATpTe(%)+1.792

[0071] The more negative the PC1 value is, the more the
substance administered inhibits the IKr channel and the
more the patient is presumed to present a risk of having an
episode of torsade de pointes.

[0072] These algorithms and values are valid when
ATAmp is calculated as indicated above for it to be positive.
If ATAmp is calculated such that it is negative, the values of
the algorithm will change, and a new algorithm may be
defined using the method described below. Likewise, if the
absolute values of the differences between TAmp, TpTe and
QTc are used, an algorithm having other values will be
obtained.

Evaluation of a Torsadogenic Potential of a Drug

[0073] As seen above, it is important to be able to evaluate
the torsadogenic potential of a compound, during clinical
trials prior to the obtaining of a marketing authorization, in
order to be able to draft the possible precautions for use of
this drug.

[0074] The torsadogenic potential of a substance is the
potential of this substance to induce a torsade de pointes
after administration in a patient.

[0075] The FDA (Food and Drug Administration) and the
EMA (European Medicines Agency) have published guide-
lines resulting from the International Conference for Har-
monization (ICH) on how to carry out these trials, under the
title £14 Clinical Evaluation of QT/QTec Interval Prolonga-
tion and Proarrhythmic Potential for Non-Antiarrhythmic
Drugs.

[0076] These guidelines are accessible on the website of
this agency, and are accompanied by questions and answers.
[0077] The address of the guidelines is: http://www.fda.
gov/downloads/drugs/guidancecomplianceregulatoryinfor-
mation/guidances/ucm073153.pdf

[0078] The capacity of non-antiarrhythmic drugs or sub-
stances to prolong cardiac repolarization can be measured by
the prolongation of the QT interval on the surface electro-
cardiogram (ECG). It is recalled that this QT interval
represents the duration of the depolarization and the subse-
quent ventricular repolarization and is measured from the
beginning of the QRS complex to the end of the T wave. A
cardiac repolarization delay creates an environment which
promotes the development of cardiac arrhythmias, mostly
clearly a torsade de pointes (TdP), but possibly other ven-
tricular tachyarrhythmias also.
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[0079] As seen above, the QT interval is an imperfect
biomarker for the risk of proarrhythmic effect, but there is,
in the general population, a qualitative relationship between
QT interval and the risk of torsade de pointes, especially for
drugs which cause a substantial prolongation of QT interval.
[0080] In general, the value of the QT interval measured is
corrected (obtaining of QTc) so as to take into account the
heart rate, this QT interval having an inverse relationship
with said heart rate. However, it is not clear whether the
development of the arrhythmia is more closely linked to an
increase in the QT interval, absolutely, or in the QTc.
[0081] Most of the drugs which have a risk of inducing
torsade de pointes increase the absolute QT interval and the
QTc.

[0082] 1In general, when the test molecule increases the
QTc by a period of less than 5 ms, it is considered that said
molecule is safe in this regard. When it increases the QTc by
a period of 20 ms, the effects of the molecule will have to
be the subject of post-marketing monitoring. When the
molecule increases QTc by a period of between 5 ms and 20
ms, this is a “gray area”, that is to say that it is not possible
to conclude, a priori, as to the actual risk of torsade de
pointes, and that additional analyses and studies are
required.

[0083] It is therefore required to rigorously characterize
the effects of new drugs with regard to the risk of delaying
cardiac repolarization. The algorithm defined above makes it
possible, in particular if the studies are carried out with
sotalol at 80 mg as positive control, to provide valuable
additional information in the gray area of increase in
QT/QTc of between 5 and 20 ms.

[0084] At this stage, the study is carried out on a cohort of
patients. Carrying out these studies on a sufficient number of
patients thus makes it possible to obtain results which
present a statistical reality for the molecule that it is desired
to test (drug of interest), eliminating the inter-patient varia-
tions.

[0085] A placebo and the substance of interest will pref-
erentially be compared in order to determine whether this
substance prolongs QT interval (the intervals could be
measured without using a placebo, but it is preferable to use
a placebo in order to take into account the natural change in
the QT over the course of the day).

[0086] Advantageously, positive controls for the prolon-
gation of QT interval will also be used. Thus, in the FDA
guidelines, the former recommends the use of a positive
control which increases QT/QTc by approximately 5 ms, in
order to verify that this low-amplitude effect is clearly
detected. Two positive controls can be used, one increasing
QT interval by inducing clear inhibition of the IKr potassium
channel (such as sotalol), and another control increasing QT
interval without significant inhibition of the IKr channel,
such as oral moxifloxacin. Any drug known to prolong QT
can be used as a control, in particular as cited in tables 1 or
2 of Sekarski et al.

[0087] However, because of the potential risks posed by
these drugs of tables 1 and 2 of Sekarski et al., sotalol at 80
mg is preferably used as positive control. This molecule, at
this concentration, has many advantages:

[0088] the maximum concentration is well known (ap-
proximately three hours after oral administration),
which makes it possible to easily plan the moment at
which to take the measurements measured above.
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[0089] This molecule is known to inhibit the IKr chan-
nel.
[0090] This molecule, at this concentration, increases

QT/QTc by approximately 20 ms.

[0091] This molecule, at this concentration, does not
induce an episode of torsade de pointes, and is therefore
safe for the patient. It is however known that this
molecule, at its clinical used doses (used up to 320 mg),
can induce torsades de pointes.

[0092] The study is carried out on a cohort of patients,
according to a protocol which may be the following, for each
patient:

[0093] The TAmp, TpTe and QTc are measured on the
patient before administering the substance of which it
is desired to study the torsadogenic potential.

[0094] The same parameters TAmp, TpTe and QTc are
measured on the patient after administration of the
substance (which may thus be the placebo, the sub-
stance of interest or the positive control). A single
measurement of these parameters may be carried out
(if, for the substance, the pharmacokinetics and the
concentration peak of the substance in the patient’s
blood stream are known), but several measurements are
preferably carried out at several time intervals (for
example every % hour or every hour, depending on the
half-life of the molecule).

[0095] Periodically revealing the TAmp, TpTe and QTc
makes it possible to enhance the possibility of detecting
the potential torsadogenic effect of the substance, or
even of determining at what moment this effect is
greatest,

[0096] The ATAmp, ATpTe and AQTc values are cal-
culated according to the formulae indicated above.

[0097] The algorithm mentioned above is used in order
to calculate the result for each substance tested.

[0098] In general, those skilled in the art will be capable
of defining the appropriate protocol as a function of the
substance of interest (times at which the TAmp, TpTe and
QTc will be measured), taking into account in particular the
FDA guidelines as mentioned above. In particular, if sotalol
is used as positive control (inhibition of the IKr channel), the
above values are measured three hours after administration,
which corresponds to the most frequent concentration peak
of this substance. If another substance is used as control, the
most appropriate time, corresponding to that at which the
effect on the depolarization is the greatest, is chosen to
measure the above values. Since these controls are known,
those skilled in the art thus know how to determine these
times. Likewise, the optimal concentrations of the controls
used will be determined by those skilled in the art as a
function of their knowledge of the control molecules that
they will use. Thus, they may use sotalol at the dose of 80
mg for the reasons of rhythmic risk set out above. The use
of a greater amount of sotalol could optionally be envi-
sioned, but it is not however preferred because of the risks
to the patient and because of its non-conformity to the
recommendations for initiation of the treatment in patients
who have an indication thereof.

[0099] In the definition of the protocol by those skilled in
the art, it is preferred to carry out the various measurements
at the same time of the menstrual cycle, when the patient is
female. This is because it is known that the level of hor-
mones influences the risk, in a woman, of repolarization
disorders (long QT).
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[0100] In general, as indicated above, the above steps are
carried out for each patient of a cohort of patients, and a
value calculated by the algorithm described above is thus
obtained for each patient (and for each time at which the
TAmp, TpTe and QTc parameters are measured), and for
each substance.

[0101] For each time at which the TAmp, TpTe and QTc
parameters were measured, it is preferred to average the
values obtained for each patient, and for each substance
administered (substance of interest and optionally the pla-
cebos and positive control(s)). This makes it possible to
dispense with “the patient effect”, that is to say the fact that
two patients are capable of reacting differently to a drug or
a given substance.

[0102] The value of the average of the PC1 values is then
a value which takes more account of the actual presumed
torsadogenic effect of the substance of interest.

[0103] It is preferable for the cohort of patients (the
number of patients on which the substance of interest is
tested) to be at least 10 patients, preferably at least 20 or
even 50 or 100 patients. Those skilled in the art will be
capable of determining the minimum number of subjects in
the cohort of patients in order to obtain results which are
statistically significant.

[0104] Likewise, before carrying out these studies, it is
preferable for those skilled in the art to have carried out
pharmacokinetic studies and dose-response studies on the
substance of interest, in order to determine the best times to
measure the three physiological values mentioned above.
[0105] In order to determine the torsadogenic potential of
the substance of interest, the analysis will be different
depending on whether or not controls are used.

If Sotalol is Used as Positive Control for Inhibition
of the IKr Channel

[0106] The PC1 value is calculated for each patient, for the
placebo, sotalol three hours after administration, and the
substance of interest (test molecule), at the times determined
by the practitioner, as a function of the pharmacokinetic
characteristics of the test molecule.

[0107] An average of these PC1 values is then calculated
for each of the molecules (test, sotalol, placebo), along with
the median.

[0108] If the average, or alternatively the median, of PC1
for the test-molecule group is significantly lower than that
obtained for the sotalol group, this test molecule thus
induces an inhibition of the IKr channel beyond a risk
judged to be reasonable and will have to be the subject of
additional tests and of increased monitoring after it is placed
on the market.

[0109] Ifthe average of PC1 for the test-molecule group is
not significantly different to that obtained for the placebo,
then the molecule can be considered as not being at risk.
[0110] Ifthe average of PC1 for the test-molecule group is
significantly less than that calculated for the placebo, but is
not significantly different than the average of PC1 for
sotalol, this is then a “gray area”. A torsadogenic risk exists
since it exists with sotalol, potentially, at least, at higher
doses.

[0111] Monitoring of use will then have to be set up if an
increase in QT/QTc of greater than 5 ms was observed for
the test molecule compared with the placebo.

[0112] The analysis is equivalent if a positive control other
than sotalol was used, this being one that must however
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induce an increase in QT and an inhibition of the IKr channel
with a torsadogenic risk considered to be more or less
equivalent to that associated with 80 mg of sotalol.

If a Positive Control has not been Used

[0113] The algorithm defined above can also be used in the
absence of positive control, even though not using a positive
control is not recommended.

[0114] In this case, it is preferable for the population in
which the trials are carried out to contain approximately
50% women and 50% men, although it is possible to go up
to 60% women and 40% men (or 40% women and 60%
men), according to the FDA guidelines. The patients are
generally from 18 to 60 years old.

[0115] Because of the greater risk, for women, of devel-
oping repolarization disorders compared with men, the use
of a cohort of patients having the above distribution makes
it possible to increase the relevance of the result of the
algorithm and the confidence that can be taken from the
results obtained, and the analysis that can be made with said
results.

[0116] The PC1 value is calculated for each patient, for the
placebo, and the substance of interest (test molecule), at the
times determined by the practitioner, depending on the
pharmacokinetic characteristics of the test molecule.
[0117] Ifthe average of PC1 for the test-molecule group is
not significantly different than that obtained for the placebo,
then the molecule can be considered as not being at risk.
[0118] If the average of PC1 for the test-molecule group is
significantly greater than that obtained for the placebo, then
the molecule can be considered as not being at risk.
[0119] Ifthe average of PC1 for the test-molecule group is
negative, and significantly less than that obtained for the
placebo group, this test molecule is at risk and will have to
be the subject of additional tests and of increased monitoring
after it is placed on the market.

[0120] Ifthe average of PC1 for the test-molecule group is
negative, and not significantly less than that calculated for
the placebo, this is then a “gray area”. Use monitoring will
then have to be set up if an increase in QT/QTc of greater
than 5 ms was observed for the test molecule compared with
the placebo.

[0121] In the event of torsadogenic potential determined
by the method described above or if the molecule is in the
gray area, more thorough studies will be carried out in order
to confirm this potential and to qualify it and quantify it to
a greater extent.

[0122] In the absence of positive control, it is preferable to
carry out the studies on a number of patients sufficient to
perform the appropriate statistical analyses.

Evaluation of a Patient’s Individual Risk of
Experiencing a Torsade De Pointes Event

[0123] The algorithm described above also makes it pos-
sible to evaluate a patient’s individual risk of experiencing
a torsade de pointes event, after administration of a sub-
stance which has a torsadogenic potential.
[0124] To do this, the following protocol can be followed:
[0125] The TAmp, TpTe and QIcF are measured on the
patient before administering sotalol.
[0126] The same TAmp, TpTe and QTcF parameters are
measured on the patient, three hours after administra-
tion of sotalol. As seen above, it is known that sotalol
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has a maximum concentration approximately 3 hours
after having been taken orally, and a single dose of 80
mg is preferably used.

[0127] The ATAmp, ATpTe and AQTcF values are
calculated according to the formulae indicated above.

[0128] The algorithm above is applied to these values,
in order to obtain a final PC1 result.

[0129] The analysis of the results is carried out in the
following way:

[0130] If PC1=-3.2: a very high risk of experiencing a
torsade de pointes event (this value corresponds to the
5Sth percentile in women who are more at risk than men,
that is to say that only 5% of women have a PC1 below
this value).

[0131] If =3.2<PCl1=-2.4: the patient has a risk that is
high, but slightly lower (between the 5th and 10th
percentile of women).

[0132] If -2.4<PCl<-1.25: the patient has an average
risk (corresponding to the decile-quartile in women).

[0133] If -1.25<PC1=-0.48: the patient has a low risk,
corresponding to the quartile-45th percentile for
women and to the 5th percentile for men.

[0134] If31 0.48<PCl1<-0.22: the patient’s risk is very
low, this range corresponding to the 45th-53rd percen-
tile for women and to the 5th-10th percentile for men.

[0135] If PC1>-0.22, the patient can be considered as
having no risk.

[0136] Preferably, a small amount of sotalol is used, that
is to say equivalent to the amount generally administered at
the start of the clinical treatment. Thus, it is preferred for the
dose of sotalol administered to the patient to be 80 mg
(single oral intake), which makes it possible to observe a
repolarization disorder without endangering the patient. This
is because it is known that sotalol can inhibit the IKr
potassium channel. The algorithms described above were
validated on cohorts of patients having received a single
dose of 80 mg of sotalol, the measurements having been
carried out three hours after administration. The values
obtained are reliable quantitative values which correlate
with inhibition of the IKr potassium channel.

[0137] Thus, the result of the algorithm makes it possible
to indicate whether or not the patient is likely to react to a
drug which has the capacity to inhibit the IKr channel. This
test is therefore more informative than the simple measure-
ment of QT/QTc.

[0138] Depending on the result obtained and the risk thus
determined for the patient, those skilled in the art will be
capable of adjusting the required monitoring of the patient.
[0139] The invention therefore relates to a novel tool for
generating a quantitative variable of inhibition of the IKr
potassium channel.

[0140] The invention thus relates to an ex vivo or in vitro
method for determining the risk of induction of a torsado-
genic effect after administration of a composition in a
patient, comprising the following steps:

[0141] 1. combining, in an algorithm, obtained by the
following method:

[0142] a. bringing together a cohort containing a
number n of patients, n being greater than or equal to
50, 75, or even 100;

[0143] b. administering thereto an IKr-channel-inhib-
iting drug;
[0144] c. measuring the QTc, TAmp and TpTe before

and after administration of this drug with
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[0145] i. QTc=QT interval corrected with respect
to heart rate;

[0146] ii. TAmp=maximum amplitude of the first
peak of the T wave;

[0147] 1iii. TpTe=interval between the maximum
first peak of the T wave and the end of the T wave;

[0148] d. calculating the AQTc, ATAmp and ATpTe
corresponding to the variation, as percentage, of the
QTe, TAmp and TpTe values obtained after admin-
istration of the drug, compared with those measured
before administration for each of the patients;

[0149] e. carrying out a principal component analysis
on the AQTc, ATAmp and ATpTe values in order to
generate three new quantitative variables PC1, PC2
and PC3;

[0150] f. said algorithm being the formula which
makes it possible to obtain the PC1 variable from the
AQTc, ATAmp and ATpTe;

[0151] II. obtaining a final result of this combination;

[0152] III. comparing the value of this final result to a
reference value.

[0153] In another embodiment, the AQTc, ATAmp and
ATpTe used in 1.d are the absolute values of the differences,
and not the percentage variations.

[0154] In this embodiment, the method is in vitro or ex
vivo, that is to say that it is not applied to the human body.
It uses data which were recorded by electro-cardiogram on
a patient, but does not comprise these steps of collecting the
data. This method is not therefore applied to the human
body.

[0155] The application also describes a method for deter-
mining the risk of induction of a torsadogenic effect after
administration of a composition in a patient, comprising the
following steps:

[0156] I.measuring, in the patient, the QTc (QT interval
corrected with respect to heart rate), TAmp (maximum
amplitude of the first peak of the T wave) and TpTe
(interval between the maximum first peak of the T wave
and the end of the T wave) values before and after
administration of this composition;

[0157] 1L calculating the AQTc, ATAmp and ATpTe
values corresponding respectively to the difference, as
a percentage, of these measurements obtained after and
before administration;

[0158] III. combining, in an algorithm, obtained by the
following method:

[0159] a. bringing together a cohort containing a
number n of patients, n being greater than or equal to
50, 75 or 100;

[0160] b. administering thereto an IKr-channel-inhib-
iting drug;

[0161] c. measuring the QTc, TAmp and TpTe before
and after administration of this drug;

[0162] d. calculating the AQTc, ATAmp and ATpTe
corresponding to the variation, as a percentage, of
the QTc, TAmp and TpTe values obtained after
administration of the drug, compared with those
measured before administration for each of the
patients;

[0163] e. carrying out a principal component analysis
on the AQTc, ATAmp and ATpTe values in order to
generate three new quantitative variables PC1, PC2
and PC3;
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[0164] f. said algorithm being the formula which
makes it possible to obtain the PC1 variable from the
AQTc, ATAmp and ATpTe;

[0165] IV. obtaining a final result of this combination in
the algorithm;

[0166] V. comparing the value of this final result to a
reference value.

[0167] This method may also be an embodiment of the
invention.
[0168] In another embodiment, the AQTc, ATAmp and

ATpTe used in IT and I1I.d are the absolute values of the
differences, and not the percentage variations.

[0169] The methods thus described also make it possible
to determine whether the composition used inhibits the IKr
potassium channel in a patient, the final result obtained after
application of the algorithm being quantitatively linked to
inhibition of the IKr channel.

[0170] The algorithm used in the methods above is that
described above. Example 1 describes how a particular
algorithm was obtained.

[0171] In general, in order to obtain an algorithm that can
be used in the context of the methods described in the
present application, the process below is followed:

[0172] a. bringing together a cohort containing a num-
ber n of patients. Preferably, the number n of patients
monitored is greater than or equal to 50, 75 or even 100,
in order to obtain results which have an actual statis-
tical value; preferably, the cohort contains an equal
number of women and men or no more than 60%
women and 40% men or vice versa. This makes it
possible to obtain an algorithm that can be used regard-
less of the sex of the patient. However, this method for
obtaining an algorithm can also be carried out using a
population of exclusively female or exclusively male
patients. The algorithms obtained will then be different,
because of the greater inhibition of the IKr channel
observed in women compared with men. In the context
of the methods according to the invention, one or other
algorithm will then be used depending on the sex of the
patient on which it is desired to carry out the study;

[0173] b. administering to each patient a drug which
prolongs QT, preferably by inhibiting the IKr channel.

[0174] The drug that is administered at this step is a
drug as described above, in particular the products of
tables 1 or 2 of Sekarski et al. This drug is chosen by
those skilled in the art as a function of its pharmacoki-
netic characteristics, and the doses are adjusted in order
in particular not to endanger the patients of the cohort,
while at the same time allowing the observation of the
prolongation of QT linked to this drug in a sufficient
number (sufficient for statistical analysis) of patients.

[0175] It is thus preferred to use sotalol, in particular at
80 mg orally, for the reasons mentioned above;

[0176] c. measuring the QTc, TAmp, TpTe before and
after administration of this drug.

[0177] These values are measured before the adminis-
tration of the drug in step b) (the measurement before
this administration thus possibly being described as
step b0), and after this administration. Because the drug
used in step b is known to those skilled in the art, the
measurement after administration is carried out at an
optimum time, determined by those skilled in the art as
a function of the pharmaco-kinetic properties of the
drug of step b), such that the prolongation of QT
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induced by this drug is maximal. This corresponds in
general to the time at which the plasma concentration
of the drug is maximal. If sotalol is chosen as drug in
step b), the measurements are carried out 3 hours after
administration;

[0178] d. calculating the AQTc, ATAmp and ATpTe
corresponding to the variation, as a percentage,
between the QTc, TAmp and TpTe values obtained after
administration of the drug, compared with those mea-
sured before administration, for each of the patients.

[0179] The AQTc, ATAmp and ATpTe values are thus
preferentially calculated according to the formulae
indicated above. ATAmp could however be calculated
according to the formula ATAmp=((TAmyp after admin-
istration—-TAmp before administration)/(TAmp before
administration)x100.

[0180] In another embodiment, the AQTc, ATAmp and
ATpTe calculated are the absolute values of the differ-
ences, and not the percentage variations;

[0181] e. carrying out a principal component analysis
on the AQTe, ATAmp and ATpTe values in order to
generate three new quantitative variables PC1, PC2 and
PC3.

[0182] Principal component analysis (PCA) is a method
for converting correlated variables into new variables
that are decorrelated from one another.

[0183] In one particular embodiment, a PCA is carried
out in order to convert the three variables AQTc,
ATAmp and ATpTe into three new decorrelated vari-
ables PC1, PC2 and PC3.

[0184] PCA analysis is a method known in the art,
which can be carried out in particular using any soft-
ware known in the art.

[0185] The algorithm that can be used in the methods
described above is the formula which makes it possible to
obtain the PC1 variable from the AQTc, ATAmp and ATpTe
variables.

[0186] Among the three variables PC1, PC2 and PC3
obtained, the PC1 variable under consideration is the vari-
able which correlates best with each of the AQTc, ATAmp
and ATpTe. This means that the correlation coefficient that
can be calculated for PC1 with each of the AQTc, ATAmp
and ATpTe is greater (in absolute value) than the correlation
coeflicient that is calculated for the other principal compo-
nents PC2 and PC3 for the AQTc, ATAmp or ATpTe in
question. Table 1 of the examples clearly shows that the
absolute value of the correlation coeflicient of PC1 is greater
than the absolute value of the correlation coefficient of PC2
and PC3, calculated for each of the AQTc, ATAmp and
ATpTe.

[0187] If ATAmp was calculated according to the formula
indicated above such that ATAmp is positive, then PCl
correlates in the same way (correlation coeflicient having the
same sign) with the AQTc, ATAmp and ATpTe. If ATAmp is
such that it is negative, PC1 correlates in the same sense for
AQTc and ATpTe, and in the other sense to ATAmp. Table
1 of the examples shows a PCI that correlates negatively
with AQTc, ATAmp and ATpTe, while PC2 correlates nega-
tively with AQTc and positively with ATAmp and ATpTe.
PC3 correlates negatively with ATAmp and positively with
ATpTe and AQTc. It is also noted that the correlation
coeflicients of each “A” value are higher with PC1 than with
either of the other two new variables.
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[0188] The invention also relates to a method for gener-
ating an algorithm which makes it possible to generate a
quantitative value associated with the appearance of an ECG
feature determining an inhibition of IKr, that is to say a risk
of an episode of torsade de pointes with long QT, comprising
the steps mentioned above.

[0189] The invention also relates to an (in vitro or ex vivo)
method for generating an algorithm which makes it possible
to generate a quantitative value associated with the appear-
ance of an ECG feature determining an inhibition of TKr, that
is to say a risk of an episode of torsade de pointes with long
QT, comprising the following steps:

[0190] 1) obtaining the AQTc, ATAmp and ATpTe val-
ues corresponding to the difference, as a percentage,
between the QTc, TAmp and TpTe values obtained
before and after administration of a drug which pro-
longs QT, preferably by inhibiting the IKr channel, for
each of the patients of a cohort;

[0191] 1ii) carrying out a principal component analysis
on these AQTc, ATAmp and ATpTe values in order to
generate three new quantitative variables PC1, PC2 and
PC3.

[0192] The algorithm thus generated is the formula which
makes it possible to obtain the PC1 variable from the AQTc,
ATAmp and ATpTe variables. The PC1 value is that
described above.

[0193] As seen above, the methods described can be used
for determining a patient’s individual risk of experiencing a
ventricular repolarization disorder in the event of adminis-
tration of a substance known to have a torsadogenic effect,
and said composition administered to the patient is sotalol.

[0194] A method for determining a patient’s individual
risk of experiencing a ventricular repolarization disorder in
the event of administration of a substance known to have a
torsadogenic effect, characterized in that the method
described above is applied to said patient, said composition
administered to said patient being sotalol, according to the
conditions above, is thus envisioned. The analysis of the
individual risk is carried out according to the elements
mentioned above.

[0195] The methods described can also be used for deter-
mining whether a substance of interest (test molecule, or test
drug) has a torsadogenic nature. In this embodiment, the
methods according to the invention are repeated on a cohort
of patients containing a number of patients greater than or
equal to 2. The various results obtained for each patient are
then analyzed according to the information provided above.

[0196] As seen above, it is preferable for the method to be
repeated, on each patient, with the substance of interest and
at least one other composition chosen from the group
consisting of a placebo and a positive control, and in
particular for the positive control to be chosen from sotalol
and moxifloxacin, preferably for at least one positive control
to be sotalol. In this case, it is preferable to use it at a dose
of 80 mg in a single intake.

[0197] The invention also relates to a device for imple-
menting the methods described above, or a microprocessor
comprising an algorithm for implementing the methods
described above. In fact, the methods described above can
be implemented by computer.
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BRIEF DESCRIPTION OF THE FIGURES

[0198] Other features and advantages of the invention will
emerge on reading the detailed description which follows,
with reference to the appended figures, which illustrate:

[0199] FIG. 1 shows a representative electrocardiogram
trace, in a patient, before (1.A) and three hours after taking
sotalol (1.B), and also the PC1 value obtained for this
patient, represented relative to the distribution of the PC1
values in the population (1.C). The double peak of the T
wave (notch) is observed, and the fact that the PC1 value is
among the furthest away from 0.

[0200] FIG. 2 shows a representative electrocardiogram
trace, in another patient, before (1.A) and three hours after
taking sotalol (1.B), and also the PC1 value obtained for this
other patient, represented relative to the distribution of the
PC1 values in the population (1.C). This patient shows a
weak sotalol-induced IKr inhibition. The PC1 value calcu-
lated is therefore close to 0.

EXAMPLES
Example 1—Generation of an Algorithm

Population/Cohort of Patients

[0201] The cohort of patients was that of the GENER-
EPOL study, and consisted of 995 volunteers in good health,
from 18 to 60 years old, of European or North African
origin. The objective of this study was to identify genetic
predispositions linked to the inhibition of the IKr channel
after administration of 80 mg sotalol, with a body mass
index between 19 and 29 kg/m?, informed consent having
been received.

[0202] Some other exclusion criteria were used: preg-
nancy, asthma, heart rate of less than 50 bpm, abnormal
ECG (electrocardiogram) or QRS>100 ms, systolic blood
pressure<100 mmHg, history of atrioventricular block or
Raynaud’s phenomenon, known chronic disease such as
heart or kidney failure requiring chronic treatment, QT-
prolonging drug or any chronic treatment, except contracep-
tive pills, analgesics and vitamins, family or personal history
of congenital long QT syndrome, of arrhythmia, sudden
death, or QTc (Fridericia method, QTcF)>450 ms.

Protocol for Measuring the ECG

[0203] The volunteers were hospitalized at 8 a.m. for a
period of approximately 6 hours after having had no food
intake overnight.

[0204] An intravenous catheter was inserted for taking
blood samples. The ECG of the patients was then recorded
using the Cardioplug device (Cardionics Inc®, Brussels,
Belgium) connected to a laptop computer. The basal ECG
recordings (each carried out in triplicate, for 10 seconds)
were obtained after the patients had been resting on their
back for 10 minutes. A single oral dose of 80 mg of sotalol
was then given to the patients and the ECG monitoring was
continued. Three hours after sotalol had been taken (H10),
the ECG was again recorded (in triplicate) after the subjects
had remained lying on their back for 10 minutes and before
lunch.

[0205] At H3, a blood sample was taken in order to
determine the plasma sotalol concentration. The participants
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were released 5 to 6 hours after having taken sotalol, after
having verified that the QTcF was below the basal QTcF+40
ms.

Analysis of the ECGs

[0206] Insofar as the increase in QT by sotalol represents
the equivalent of the congenital iatrogenic form of long QT
syndrome, LQT2, the appearance of the conventional dif-
ferences between the basal trace and the trace three hours
after taking sotalol was verified on the ECG.

[0207] The QTcF, TpTe and TAmp and the presence of
notches (double peak) in the T wave were quantified. Frid-
ericia’s correction (QTcF) was used to correct the QT with
respect to the heart rate, in accordance with the ICH guide-
lines E14.

[0208] The ECG data analysis was carried out with the
CARDIABASE software (Groupe Banook, Nancy, France).
[0209] The quantitative analysis of the QTcF, TpTe and
TAmp was carried out by two trained investigators, in order
to limit the inter-evaluator variability. TpTe was measured
by the tangent method, in triplicate, on a representative beat
(average representation of an ECG of 10 seconds) on the V3,
V4 and V5 leads. In the event of a double peak of the T wave
(notch), the peak taken into consideration was the first peak,
if though the amplitude of the T wave was smaller for this
peak. The average value obtained was retained. In the event
of it being impossible to measure TpTe on V3, V4 or V5, the
measurement was instead carried out on V2 (for V3), or V6
(for V4NS5).

[0210] In order to measure TAmp, positioning was on the
site of the maximum amplitude of the first peak of the T
wave on a representative beat (average representation of an
ECG of 10 seconds) on the DII, V2 and V3 leads. The
average of the TAmp values resulting from these three leads,
and measured on three different ECGs of 10 seconds (in
triplicate), was calculated and retained. If it was not possible
to measure a TAmp on one of these leads (in particular
because of a low value (<0.1 mV)), the V4 lead was used.
[0211] QTcF was measured by the tangent method on the
DII lead for three consecutive beats and the average value of
an evaluation in triplicate was retained.

[0212] It was possible to verify that the measurements
remained consistent and reproducible between the evalua-
tors.

[0213] For these parameters, the difference between the
value obtained at H3 and the basal value was measured. This
difference was expressed as percentage relative to the basal
value, and the calculations were carried out such that the
value calculated is positive.

[0214] The following calculations were therefore carried
out:

AQTCF (%)=(QTcF at H3-QTcF basal)/(QTcF
basal)x100

ATpTe (%)=(TpTe at H3-TpTe basal)/(TpTe basal)x
100

ATAmp (%)=(TAmp basal-TAmp aH3)/(TAmp
basal)x100
[0215] In order to evaluate the double peaks (notches), all
the ECGs were evaluated independently by two investiga-
tors. The patients were described as notchers or non-notch-
ers, in the event of agreement between the two investigators.
In the event of disagreement in the evaluation, the subjects
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were not included in these groups (only 10 subjects in the
evaluation cohort and 8 subjects in the replication cohort
could thus be not classified).

Principal Component Analysis

[0216] A principal component analysis was carried out on
the calculated values AQTcF, ATpTe and ATAmp, which
made it possible to generate three non-correlated alternative
markers, taking better account of the information carried by
the three initial correlated values. The statistical analyses
were carried out with the R software (https://www.r-project.

org/).
Results

Sotalol-Induced Changes in the Electrocardiogram

[0217] The changes observed in the electrocardiogram
three hours after administration of sotalol suggest an inhi-
bition of the IKr channel, with results and observations
similar in the exploration and replication cohorts, regardless
of the qualitative or quantitative parameters evaluated.
[0218] In agreement with previous studies, sotalol also
induces absolute and relative changes in the duration of
QTcF (21.4+14 ms and 5.5%3.5% respectively).

[0219] Typical changes in the shape of the T wave were
also observed, with an increase in TpTe (14.2215.6 vs
15.9+20.5%, p=ns (not significant)) and a decrease in TAmp
(13.6£15.7 vs 12.8+15.3%, p=ns) respectively between the
exploration and replication cohorts.

[0220] However, a large inter-subject variability was
observed in all the changes observed. The variations in
TpTe, TAmp and QTcF between H3 and the basal level
exhibit an autocorrelation in the same proportion between
the two cohorts.

[0221] Finally, 40 (8%) or 51 (10%) subjects exhibited a
double peak (notch) in the two cohorts. They were almost
exclusively women, and these patients had a higher ATpTe,
AQTcF and ATAmp than those observed for the non-notch-
ers (patients without double peak (notch)).

Principal Component Analysis

[0222] The principal component analysis made it possible
to generate three new quantitative values, linked to the
sotalol-induced modifications of ventricular repolarization.

[0223] The first component (PC1) explaining approxi-
mately 65-67% of the phenotypic variance reflects the
typical modifications after inhibition of the IKr channel, that
is to say the increase in TpTe and QTcF and the decrease in
TAmp (table 1).

[0224] A significant decrease in the PCI value (p<10~%)
was observed in the patients exhibiting a double peak
(notchers) compared with the patients not exhibiting this
double peak (non-notchers) in one or other of the explora-
tion (-2.521.5 vs 0.3x1.1) or replication (-2.3x1.8 vs 0.3x1.
1) cohorts.

[0225] The PC1 value is therefore a quantitative alterna-
tive value of the inhibition of IKr. The distribution of the
PC1 values is shown in FIGS. 1 and 2 with the example of
a patient exhibiting an extreme IKr inhibition, with double
peak (notch), and an extreme negative PC1 value (FIG. 1),
and a patient exhibiting a weak IKr inhibition (FIG. 2).
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[0226] The other principal components (PC2 and PC3)
explained, respectively, approximately 19-21% and 14% of
the phenotypic variance.

TABLE 1

Correlations (r) between ATAmp, ATpTe, AQTcF and the principal
components in the exploration cohort (n = 489, upper part of the table)
or the replication cohort (n = 495, lower part of the table).

Correlation (r) ATAmp ATpTe AQTeF  PC1 PC2 PC3
ATAmp 1 059 040 -0.83 036 -043
ATpTe 0.58 1 045  -0.85 0.23 047
AQTcF 047 0.46 1 -0.73  -0.68 -006
PC1 -0.84 -084 -078 1 0 0
PC2 0.28 0.3 -.063 0 1 0
PC3 -0.46 045 0.01 0 0 1

[0227] It is clearly observed that PC1 correlates in the
same sense with ATAmp, ATpTe, and AQTcF (correlated
negatively in this example), which is not the case for PC2 or
PC3.

[0228] It is also observed that the absolute value of the
correlation coeflicients of PC1 with ATAmp, ATpTe and
AQTCF is greater than that of PC2 or PC3 with these values.

CONCLUSION

[0229] As expected, an increase in TpTe and QTcF and a
decrease in TAmp were observed between the basal level
and three hours after taking sotalol.

[0230] The new PCI value obtained by principal compo-
nent analysis of AQTcF, ATpTe and ATAmp explains most
of the total variance of the “A” data (AQTcE, ATpTe and
ATAmp) and is thus associated with the common mecha-
nism of increase in QTcF and TpTe, associated with the
decrease in TAmp, and is a quantitative and integrative
marker for drug-induced IKr inhibition.

BExample 2—Application of the Algorithm for

Identifying a Drug Interaction with an Increased
Risk of IKr Inhibition

Population

[0231] The study was carried out on 615 women in good
health, of European or North African type, between the ages
of 18 and 60, with a QTcF<450 ms, and no known disease
or chronic, or chronic treatment, except for contraception,
and without any family history of congenital long QT
syndrome, arrhythmia, or sudden death.

Measurement and Calculation of the Various QTcF,
TAmp and TpTe Data

[0232] The QTcF, TAmp and TpTe were measured accord-
ing to the same protocol as for example 1, before and three
hours after administration of a single oral dose of sotalol at
80 mg.

[0233] The AQTcF, ATpTe and ATAmp were also calcu-
lated.

Principal Component Analysis
[0234] A principal component analysis was carried out on

the AQTcF, ATpTe and ATAmp (XLStat software, Addin-
soft®) in order to generate three new decorrelated values.
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Results

[0235] The PC1 variable, which correlates in the same
way with AQTcF, ATpTe and ATAmp (that is to say which
correlates the most and in the same sense with each of these
variables), explains 63% of the phenotypic variance
observed (characterized by the increase in QTcF and TpTe
and the decrease in TAmp).

[0236] Itis also observed that the absolute value of PC1 is
significantly greater for women taking drospirenone as con-
traception, compared with the group of women with no
contraception (respectively 0.56 [-0.13; 1.5] and 0.09 [-0.
58; 1.1], p<0.05). In this example, PC1 resulting from the
analysis of a subgroup exclusively of women correlates
positively with AQTcF (r=0.71), ATpTe (r=0.85) and
ATAmp (r=0.83) and the more positive values of PC1 are
linked to a greater inhibition of IKr.

[0237] Likewise, the women taking drospirenone had
more double peaks (notches) three hours after taking sotalol
(25.8%) than the women not taking an oral contraceptive
(13.4%).

[0238] No difference was observed with regard to the
plasma sotalol concentration in these two groups.

[0239] These results are consistent with the pharmacologi-
cal properties of drospirenone, which has a lower androgenic
potential than other pills, the protective nature of testoster-
one being known.

General Conclusion

[0240] Example 1 clearly shows that the application of an
algorithm makes it possible to determine a patient’s indi-
vidual response to sotalol, and the sensitivity of this patient
to drug-induced inhibition of the IKr channel (and therefore
to the risk of torsade de pointes).

[0241] Example 2 clearly shows that the method described
herein (use of an algorithm based on the principal compo-
nent analysis of AQTcF, ATpTe and ATAmp) makes it
possible to identify, for a given substance (in this case
drospirenone), the QT-prolongation-inducing and IKr-chan-
nel-inhibiting nature.

1. An ex vivo method for generating an algorithm which
makes it possible to generate a quantitative value associated
with the appearance of an ECG feature determining an
inhibition of IKr comprising the following steps:

1) obtaining the AQTc, ATAmp and ATpTe values corre-
sponding to the difference, as a percentage or absolute
value, between the QTc, TAmp and TpTe values
obtained before and after administration of a drug
which prolongs QT by inhibiting the IKr channel for
each patient of a cohort, with
(1) QTe=QT interval corrected with respect to the heart

rate;
(2) TAmp=maximum amplitude of the first peak of the
T wave; and
(3) TpTe=interval between the maximum first peak of the T
wave and the end of the T wave;

ii) carrying out a principal component analysis on these
AQTc, ATAmp and ATpTe values in order to generate
three new quantitative variables PC1, PC2 and PC3,

said algorithm being the formula which makes it possible
to obtain the PC1 variable from the AQTc, ATAmp and
ATpTe, the variable PC1 being the variable which
correlates most with each of AQTc, ATAmp and ATpTe.
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2. The method as claimed in claim 1, wherein the cohort
contains a number of patients greater than or equal to 50.

3. The method as claimed in claim 1, wherein TAmp was
measured on the D2, V2, V3 derivations leads.

4. The method as claimed in claim 1, wherein TpTe was
measured on the V2, V3, V4 leads.

5. The method as claimed in claim 1, wherein QTcF was
measured on the D2 leads.

6. The method as claimed in claim 1, wherein at least one
value TAmp, TpTe or QTcF was measured on an averaged
complex.

7. An ex vivo method for determining the risk of induction
of a torsadogenic effect after administration of a composi-
tion to a patient, comprising the following steps:

1. combining the AQTc, ATAmp and ATpTe values cor-
responding to the difference, as a percentage or abso-
lute value, between the QTc, TAmp and TpTe values
obtained before and after administration of said com-
position, in an algorithm, obtained by the method as
claimed in claim 1;

11. obtaining a final result of this combination; and

1I. comparing the value of this final result to a reference
value.

8. The method as claimed in claim 7, wherein the final
result obtained in step II is obtained by application of the
algorithm: alxATAmp(%)+a2xAQTcF(%)+a3xATpTe(%)+
b, with -0.05=a1=<-0.03; -0.2<a2<-0.1; -0.04=<a3=<-0.02;
1.5<b<2.

9. The method as claimed in claim 7, wherein the final
result obtained in step II is obtained by application of the
algorithm: alxATAmp(%)+a2xAQTcF(%)+a3xATpTe(%)+
b, with a1=-0.038+0.002; a2=-0.15+0.001; a3=-0.031x0.
002; b=1.79+0.05.

10. The method as claimed in claim 7, wherein it is used
for determining a patient’s individual risk of experiencing a
ventricular repolarization disorder in the event of adminis-
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tration of a substance known to have a torsadogenic effect,
and that said composition administered to the patient is
sotalol.

11. The method as claimed in claim 7, wherein said
composition is a substance of interest and that said method
is used for determining whether the substance of interest has,
as such, a torsadogenic nature, said method being repeated
on a cohort of patients containing a number of patients
greater than or equal to 2.

12. The method as claimed in claim 11, wherein the
method is repeated, on each patient, with the substance of
interest and at least one other composition chosen from the
group consisting of a placebo and a positive control.

13. The method as claimed in claim 12, wherein the
positive control is chosen from sotalol and moxifloxacin.

14. The method as claimed in claim 13, wherein the
positive control is sotalol, used at 80 mg in a single intake,
and that said substance of interest has a more torsadogenic
nature than sotalol if the average of the final results obtained
for the patients of the cohort after administration of the
substance of interest is less than the average of the final
results obtained for the patients of the cohort after admin-
istration of sotalol.

15. The method as claimed in claim 7, wherein TAmp was
measured on the D2, V2, V3 leads.

16. The method as claimed in claim 7, wherein TpTe was
measured on the V2, V3, V4 leads.

17. The method as claimed in, wherein QTcF was mea-
sured on the D2 lead.

18. The method as claimed in claim 7, wherein at least one
TAmp, TpTe or QTcF value was measured on an averaged
complex.
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