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A common challenge in this field is the impact of cancer drugs
on cardiac repolarization (ie, QT prolongation) and the
potential risk for the life-threatening arrhythmia torsades de
pointes.
Although QT prolongation is not a perfect marker of
arrhythmia risk, this has become a primary safety metric
among oncologists.
Cardiologists caring for patients receiving cancer treatment
should become familiar with the drugs associated with QT
prolongation, its incidence, and appropriate management
strategies to provide meaningful consultation in this complex
clinical scenario
J Am Heart Assoc. 2017;6:e007724.

How to measure the QT interval: do it correctly

Appropriate measurement of QT/QTc
• Measurement of the QT interval should be based on leads
that show the earliest QRS onset and the latest T wave
offset (DII, V5), with the longest value being used.
• The QT interval should be determined as a mean value
derived from at least 3–5 cardiac cycles.

• Because the QT interval is inversely proportional to heart
rate, it results necessary to correct the QT interval for the
heart rate.

Automatic measurement often overstimates QT interval because
most machine calculate the time between the earliest QRS onset of
all leads and the latest offset of the T wave. Also, automated
measurements have not been validated in conduction abnormalities.

Identify the end of the T wave: not always simple
A) When the T-wave morphology is normal, the T-wave
offset is identified when the descending limb returns
to the TP baseline;
B) When the T wave is followed by a distinct U wave,
the T-wave offset is identified when the descending
limb of the T wave returns to the TP baseline before
the onset of the U wave;
C) When the T wave is biphasic with T1 and T2 waves
of similar amplitude, the T-wave offset is identified at
the time when T2 returns to baseline;
D) When a second low-amplitude repolarization wave
interrupts the terminal portion of the larger T wave,
the T-wave offset should be measured both at the
nadir of the two waves (1) and at the final return to
baseline (2).
Goldenberg I et al. QT interval: how to measure it and what is «normal». J Cardiovasc Electophysiol, 2006.

Adjustment for heart rate

Bazett’s formula

Fridericia’s formula

There is no general consensus on the best formula to be utilized in clinical practice.
In resting conditions, with heart rates in the 60–90 beats/min range, most formulae provide almost
equivalent results for the diagnosis of QT prolongation. However, the rate dependence of the QT
interval is best described by an exponential relation.
Bazett’s formula is the most commonly used. When heart rate is particularly fast or slow, the Bazett’s
formula may overcorrect or undercorrect, respectively, but it remains the standard for clinical use.
The cube root Fridericia formula has the same limitations at slow heart rates, but is considered to
reflect a more accurate correction factor in subjects with tachycardia.

What is the best formula to measure QT interval?

16531 veterans < 56 y.o.
Obs 1987-1999 followed-up 17.8 years
Exclusion of WPW, PM, LBBB, QRS duration >= 124 msec, lateral T
wave inversion, diagnostic Q-waves, AMI, AF/AFl, HR >110 bpm, ST
depression in V5
455 CVD
Heart Rhythm. 2017 Aug;14(8):1210-1216
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What is the best formula to measure QT interval?
6609 patients >18 years, SR, normal QRS duration and rate <90 beats
bpm
A healthy subset showed 99% upper limits of normal for Bazett above
current clinical standards: men 472 ms (95% CI, 464–478 ms) and
women 482 ms (95% CI 474–490 ms)

In a point-prevalence study with haloperidol, the number of patients
classified to be at risk for possibly harmful QT prolongation could
be reduced by 50% using optimal QT rate correction.

J Am Heart Assoc. 2016
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Measurement of the QT interval in presence of
an intraventricular conduction delay
Three options:
- Calculate a modified QT interval by subtracting 48,5% of the duration of the
QRS from the measured QT [mQT: QT-0,485x(QRS)] and then correcting it
for HR with conventional formulas (1).
- Take a QTc of >550 msec as abnormal without any subtraction (1).
- Subtracte the QRS duration from the QT measurement (JT interval), using a
cut off of >360 msec (2).

(1)
(2)

Bogossian H, Frommeyer G et al. New formula for evaluation of the QT interval in patients with left bundle branch block. Heart
Rhytm. 2014;11:2273-2277.
Chiladakis J, Kalogeropoulos A et al. Predicting torsade de pointes in aquired long QT syndrome: optimal identification of
critical QT interval prolongation. Cardiology. 2012;122:3-11.

QT measurement in clinical practice
(oncology populations)
QTcB most used in daily practice
QTcFri suggested in oncology pts due to higher HR variability

QTcH suggested for HR > 90 bpm
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Normal values of the QT interval

Prolonged QT = TdP?

Circulation 2010; 121: 1047–1060

QT interval and proarrhythmic effect
• Excessive prolongation of QT interval in the right setting is a major precursor of TdP, a
potentially fatal form of polymorphic ventricular tachycardia (VT).
• Prolongation of the QT interval reflects prolongation of ventricular repolarization. When druginduced, it almost always results from inhibition of the rapid component of the delayed rectifier
potassium current IKr; less frequently, inhibition of the slow component I or augmentation of
inward currents can prolong the QT interval.
Ks

• QTc intervals exceeding 500 ms are considered torsadogenic, and the risk of TdP rises
progressively with further prolongations thereafter. Therefore, QT interval has come to
be recognized as a surrogate marker for risk of TdP.
• The potential of a drug to prolong the QT interval (so-called QT-liability) has been responsible
for termination of development and withdrawal from the market of many drugs, rejection of
new drugs, and prescribing restrictions on the use of new and old drugs.
Shah RR et al. Refining detection of drug-induced proarrhytmia: QT interval and TRIaD. Heart Rhythm 2005; 2:773-776.

The QT interval and associated risk factors for QT
prolongation should be assessed before and during
treatment. QTc intervals>450 ms in men and>460 ms in
women are suggested as a guideline for the upper limit of
normal on baseline ECG evaluation.
QTc prolongation>500 ms and a ΔQT (i.e. change from
baseline) of >60 ms are considered to be of particular
concern because torsade de pointes rarely occurs when
QTc is <500 ms.

European Heart Journal (2016) 37, 2768–2801

Risk score for long QT

A high-risk score ≥11 was associated
with sensitivity=0.74, specificity=0.77,
PPV=0.79, and NPV=0.76. In the
validation group, the incidences of QTc
prolongation were 15%(low risk); 37%
(moderate risk); and 73% (high risk).
Circ Cardiovasc Qual Outcomes 2013

Prolonged QT = TdP?
…NO!
Agents that prolong QT interval in the absence of disturbances
and dispersion of repolarization have been shown not to
induce TdP (e.g. ranolazine).
Disturbances and dispersion of repolarization induced by a
drug are related to triangulation of the action potential,
reverse use dependence, instability, and dispersion of APD.
This set of four features (that constitute TRIaD) appears
strongly interrelated via the blocking of hERG channels.

Shah RR et al. Refining detection of drug-induced proarrhytmia:
QT interval and TRIaD. Heart Rhythm 2005; 2:773-776.

Electrical instability

J Am Heart Assoc. 2017
The ScientificWorld Journal Volume 2012

Risk factors for TdP in acquired long QT

Circulation 2010; 121: 1047–1060

Electrical instability
QT prolongation is often recognized as a marker of arrhythmic risk: TdP can occur even
in the absence of a prolonged QT. A significant number of patients with polymorphic
VT/TdP exhibit hardly any prolongation of QT interval
Other markers of arrhythmic risk are difficult to recognize bedside.
So QT interval is an easy available, even if a surrogate, parameter to identify patients at
risk in clinical practice; but don’t forget other ecg features (bradycardia, flattening of the
T waves, T waves alternans, VPB, polimorphic VPB etc…)
The capacity for the maintenance of myocardial repolarization in the face of some
degree of inhibition of repolarization has been termed repolarization reserve.
Repolarization reserve is increasingly relevant to understanding the differences between
patients in their response to a QT-prolonging drug and the incidence of TdP

Shah RR Heart Rhythm 2005; 2:773-776.
Ahmad K Europace 2007; suppl 4;16-22

Drug-related pro-arrhythmia
 Many non-cardiac medications inhibit potassium channels and are associated with a
risk for TdP in susceptible patients (i.e. antibiotics).
 Sodium channel-blocking drugs, such as tricyclic antidepressants, may produce QRS
prolongation and the typical Brugada syndrome ECG.
 New oncology drugs involved in QT prolongation
 Anthracycline cardiotoxicity is dose dependent, with higher cumulative doses
increasing the risk of cardiomyopathy and lethal arrhythmias. 5-ﬂuorouracil may
cause VF due to coronary spasm.

ESC Guidelines 2015

Drug–drug interactions
 A pharmacodynamic interaction of concomitantly used drugs can lead to a prolonged QTc
interval if the individual QTc prolonging drugs have an additive or potentiating effect
 A pharmacokinetic effect may occur if a drug reduces the clearance of a concomitantly
used QTc prolonging drug, leading to increased plasma and tissue concentrations.
 Pharmacokinetic interactions often involve drugs which are both metabolized by speciﬁc
CYP iso-enzymes.

 Patients using two or more drugs concomitantly metabolized by CYP3A4 or CYP2D6, can
develop QTc prolongation due to increased plasma concentrations. For example, QTc
prolonging drugs such as cisapride and terfenadine are metabolized by CYP3A4 and
haloperidol and thioridazine are metabolized by CYP2D6.
Br J Clin Pharmacol 2010

Gene–drug interactions
 Previously unrecognized LQTS can be identiﬁed in 5–20% of patients with drug-induced
torsade de pointes:
 rare ion-channel mutations that increase the risk of QT prolongation by drug use

 common genetic variants that potentiate the QT prolonging effect of drugs
 variation within drug metabolizing and transporting proteins that inﬂuence drug
pharmacokinetics

 Subjects with two non-functional CYP2D6 alleles are classiﬁed as ‘poor metabolizers’.
Approximately 5–10% of the Caucasian population are ‘poor metabolizers’. ‘Poor
metabolizers’ using QT prolonging drugs metabolized by CYP2D6 have an increased risk of
developing QTc prolongation or torsade de pointes.
Br J Clin Pharmacol 2010

European Heart Journal (2016) 37, 2768–2801

QT prolongation induced by cancer therapies
• QT prolongation can be caused by cancer therapies and is facilitated by electrolyte
disturbances, predisposing individual factors and concomitant medications (e.g. anti-emetics,
antiarrhythmics, antibiotics, psychotropes).
• The risk of QT prolongation varies with different drugs, with arsenic trioxide being the most
relevant. This drug prolongs the QT interval in 26–93% of patients, and lifethreatening
ventricular tachyarrhythmias have been reported. Prolongation of the QTc interval was
observed 1–5 weeks after arsenic trioxide infusion and then returned towards baseline by the
end of 8 weeks, i.e. before the second course of chemotherapy.
• Other cancer therapies that frequently induce QT prolongation are TKI drug class, which
has the second highest incidence of QT prolongation.

J Am Heart Assoc. 2017;6:e007724.

In patients treated with conventional cancer
drugs, the incidence of any QTc prolongation
varied between 0% and 22%, although QTc >500
ms, arrhythmias, or SCD was extremely rare.
The risk of QTc prolongation with targeted
therapies was also variable (0%– 22.7%), with
severe prolongation (QTc >500 ms) reported in
0% to 5.2% of the patients. Arrhythmias and
SCD were rare.

J Am Heart Assoc. 2017;6:e007724.

100 females (to avoid gender confounders) in
CHT as outpatients
ECG recorded preTx, after 1-3 hrs after i.v. CHT,
7-10 dd after CHT
992 CHT cycles (median 7)
2438 ECG recorded
QTc with Bazett
 98% on non-CHT prolonging QT drugs
Eur J Clin Pharmacol. 2015;71:1001-9

Scatter plot distribution of maximum QTc

no cumulative effect was evident
max QTc after the 4th cycle in > 50% of pts

Eur J Clin Pharmacol. 2015;71:1001-9

BC-QTc= the average between baseline
and 1st cycle QTc
BC-QTc >435 ms identified:
100%with Max-QTc >500 ms,
96 % with Max-QTc 481–500 ms,
66 % with Max-QTc 471–480 ms.
Only 29 % of patients with Max-QTc
≤470 ms presented a BC-QTc >435 ms
Only parameter with the age able to
predict QTc > 480 msec (OR 1.119 95
% CI 1.067–1.174) at multivariable
analysis
Eur J Clin Pharmacol. 2015;71:1001-9

Eur J Clin Pharmacol. 2015;71:1001-9

Risk factors for TdP in acquired long QT

J Oncol Pharm Practice 2018

J Am Heart Assoc. 2017;6:e007724.

• A 12-lead ECG should be recorded and the QT interval, corrected for heart rate with Bazett’s
or Fridericia’s formula, should be obtained in all patients at baseline.
• ECG and electrolyte monitoring during treatment should be considered 7–15 days after
initiation or changes in dose, monthly during the first 3 months and then periodically during
treatment depending on the chemotherapy drug and patient status. Patients receiving
treatment with arsenic trioxide should be monitored weekly with ECG.

• Consider treatment discontinuation or alternative regimens if the QTc is >500 ms, QTc
prolongation is >60 ms or arrhythmias are encountered.
• If no alternative therapy exists, treatment can be resumed at a reduced dose once the QTc
normalizes and the frequency of ECG monitoring of the QT interval should be increased.
• Conditions known to provoke torsade de pointes, especially hypokalaemia and extreme
bradycardia, should be avoided in patients with drug-induced QT prolongation.
• Exposure to other QT-prolonging drugs should be minimized in patients treated with
potentially QT-prolonging chemotherapy.

Treatment
•Recognize premonitory signs for TdP: prolonged QTc (>500 ms), severe aberration of the T-U
segment, beat-to-beat instability (more marked aberration of the T wave after a long R-R interval),
and/or frequent ventricular premature beats.

•The first-line treatment for TdP is magnesium sulfate, given intravenously with repeated doses if
signs of electric instability persist. Next is the initiation of a b-adrenergic drug, such as
isoproterenol, titrated to obtain an HR of >90 bpm. The role of antiarrhythmic therapies is less well
established, but in case of refractory TdP, lidocaine infusion can be considered.
•Temporary ventricular or atrial pacing at 100 to 120 bpm should be considered if the patient is
refractory to the previous measures. If the patient has a preexisting pacemaker or implantable
cardioverter defibrillator system, changes in the lower rates can have the same protective effects.
•No recommendations on the role of cardiac implantable device insertion exist to date.

THM
• QT/QTc measurement should be accurate

• Prolongation of the QT interval has been assumed as a risk factor for TdP and SCD,
however at present our knowledge about the relation between the QT interval and TdP is
still incomplete.
• A high number of cancer drugs can prolong the QT interval, but not all of them are
torsadogenic. In fact, although QTc prolongation in patient treated with these drugs is
frequent, the clinical consequence, as defined by arrhythmias or SCD, remains rare.
• During treatment with cancer drugs known for prolonging QTc, an ECG should be
recorded periodically (depending on the chemotherapy drug, dose and patient status).
• Risk factors known for prolonging QTc should be corrected before starting the treatment,
and other QTc-prolonging drugs should be avoided.
• Discontinuation of the treatment or alternative regimens should be considered only if the
QTc is >500 ms, QTc prolongation is >60 ms or significant arrhythmias are developed. If
no alternatives, discuss in heart team and with the patient

