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and Proarrhythmic Effects

Tulay Akman'?, Oytun Erbas®, Levent Akman*>, Ahmet U. Yilmaz®

Tepecik Education and Research Hospital, Department of Medical Oncology’; Dokuz Eylul University, Institute of Oncology, Department of Basic
Oncology?; Ege University Medical School, Department of Physiology’; Ege University Medical School, Department of Obstetrics and Gynecology*;
Ege University, Institute of Health Sciences, Department of Stem Cell>; Izmir University, Medical Park Hospital, Department of Medical Oncology®

Abstract

Background: Pazopanib (PZP) may induce prolonged cardiac repolarization and proarrhythmic effects, similarly to other
tyrosine kinase inhibitors.

Objectives: To demonstrate PZP-induced prolonged cardiac repolarization and proarrhythmic electrophysiological
effects and to investigate possible preventive effects of metoprolol and diltiazem on ECG changes (prolonged QT) in an
experimental rat model.

Methods: Twenty-four Sprague-Dawley adult male rats were randomly assigned to 4 groups (n = 6). The first group (normal
group) received 4 mL of tap water and the other groups received 100 mg/kg of PZP (Votrient® tablet) perorally, via orogastric
tubes. After 3 hours, the following solutions were intraperitoneally administered to the animals: physiological saline
solution (SP), to the normal group and to the second group (control-PZP+SP group); 1 mg/kg metoprolol (Beloc, Ampule,
AstraZeneca), to the third group (PZP+metoprolol group); and 1mg/kg diltiazem (Diltiazem, Mustafa Nevzat), to the fourth
group (PZP+diltiazem group). One hour after, and under anesthesia, QTc was calculated by recording ECG on lead 1.

Results: The mean QTc interval values were as follows: normal group, 99.93 = 3.62 ms; control-PZP+SP group,
131.23 = 12.21 ms; PZP+metoprolol group, 89.36 = 3.61 ms; and PZP+diltiazem group, 88.86 + 4.04 ms.
Both PZP+metoprolol and PZP+diltiazem groups had significantly shorter QTc intervals compared to the
control-PZP+SP group (p < 0.001).

Conclusion: Both metoprolol and diltiazem prevented PZP-induced QT interval prolongation. These drugs may provide
a promising prophylactic strategy for the prolonged QTc interval associated with tyrosine kinase inhibitor use. (Arq Bras
Cardiol. 2014; 103(5):403-409)
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different types of tumors. Pazopanib has shown monotherapy
activity in advanced renal cell cancer (RCC) patients and is

Introduction
Multi-targeted tyrosine kinase inhibitors (TKI) have

become important for the treatment of several malignancies
in the past few years'. Sorafenib is a Raf kinase inhibitor that
inhibits vascular endothelial growth factor receptors 1, 2 and
3 (VEGFr-1, -2, and -3, respectively), platelet-derived growth
factor receptor b (PDGFr-b), Fms-like tyrosine kinase-3 (Flt-3),
and c-kit. Sunitinib inhibits VEGFr-1, -2, and -3, PDGFr-a and
-b, c-kit, Flt-3, colony-stimulating factor type 1, and glial cell
line-derived neurotrophic factor (GDNF) receptor (RET)2.
Pazopanib is a potent multi-targeted TKI targeting VECFr, PDGFr,
and c-kit>*. There are lots of ongoing trials with pazopanib in
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approved for the treatment of advanced RCC patients*.

While exploring the therapeutic index of TKIs, oncology
investigators are confronted with drug adverse effects such
as cardiac toxicities®. QT prolongation has drawn attention
because of the risk of serious cardiac arrhythmias, such as
torsade de pointes, and may be associated with ventricular
arrhythmia and sudden cardiac death®.

In several studies, QTc prolongation has been observed with
TKls such as sunitinib”8, vandetanib”*'°, dasatinib’, crizotinib.
However there are limited data about QTc prolongation with
pazopanib treatment. Metoprolol is a class 2 antiarrhythmic agent
according to the Vaughan-Williams classification and a member
of the group of drugs called beta-blockers'. Diltiazem is a class 4
antiarrhythmic agent and a member of the non-dihydropyridine
group of drugs known as calcium channel blockers'. This study
was aimed to demonstrate that pazopanib induced prolonged
cardiac repolarization and to investigate the possible corrective
effects of metoprolol and diltiazem on electrocardiographic
changes in an experimental model.
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Methods

After receiving the Animal Ethics Committee’s consent, the
experiments performed in this study have been carried out
according to the rules in the Guide for the Care and Use of
Laboratory Animals adopted by National Institutes of Health
(USA). Animals were fed ad libitum and housed in pairs in steel
cages, in a temperature-controlled environment (22 = 2 °C)
with 12-h light/dark cycles. The experimental procedures were
approved by the Ege University Committee for Animal Research.
All animal studies strictly conformed to the animal experiment
guidelines of the Committee for Humane Care.

Electrocardiograms (ECC) were recorded on male rats
under anesthesia in the prone position. Electrodes consisted
of 26-gauge needles placed subcutaneously for 1 cm.
Standard limb leads were constructed from electrodes placed
at the paws. Rats were anesthetized with a combination of
40 mg/kg of ketamine hydrochloride (Alfamine®, Ege Vet,
Alfasan International B.V., Holland) and 4 mg/kg of xylazine
hydrochloride (Alfazyne®, Ege Vet, Alfasan International B.V.,
Holland), intraperitoneally administered. Under anesthesia,
ECGC was taken in lead | (DI) (Biopac MP 150). Data were
evaluated using Biopac Student Lab Pro software, version
3.6.7 (BIOPAC Systems, Inc.), and the parameters were as
follows: QT interval, T-wave duration, and heart rate. For the
calculation of QTc, Fridericia formula was used.

The rats were randomly assigned to four groups
(n = 6). Table 1 shows detailed information about
the groups. The first group (normal group) received
4 mL of tap water, while the other groups received
100 mg/kg of pazopanib, perorally, via orogastric tubes.
Tablets containing 200 mg of pazopanib (Votrient®,
GlaxoSmithKline) were crushed and suspended in tap
water to yield a concentration of 10 mg/mL. According
to the weight of each rat, suspended drug solution was
completed to 4 mL with tap water. Three hours after the
oral administration of pazopanib, the animals received
intraperitoneally: physiological saline solution (SP), to the
normal group and to the second group (control-PZP+SP
group); 1 mg/kg of metoprolol (Beloc, Ampule,
AstraZeneca), to the third group (PZP+metoprolol group);
and 1 mg/kg of diltiazem (Diltiazem, Mustafa Nevzat), to
the fourth group (PZP+diltiazem group). One hour after
administering those drugs, and under anesthesia, the QTc

Table 1 - Detailed description of the groups

interval was calculated by recording ECG on lead I.
The observer (O.E.) who measured the QT intervals was
blind to laboratory data. The QT interval was determined
from the onset of the QRS complex to the end of the T
wave. Six consecutive beats were evaluated, and the
arithmetic means of RR and QT were obtained.

Statistical analysis

Results were given as mean = standard error of the
mean (SEM). Shapiro-Wilk test was used for checking
normal distributions. All variables had normal distribution.
One-Factor Analysis of Variance (ANOVA) was used to
assess the groups with normally distributed continuous
variables. Bonferroni adjustment for multiple comparisons
was performed. Data analyses were performed using the
SPSS software, version 15.0, for Windows (Chicago, IL, USA).

A p value < 0.05 was accepted as statistically significant,
and a p value < 0.001, as highly statistically significant.

Results

Figure 1 shows the ECGs of all groups, and Table 2
summarizes the QTc intervals of all groups.

The QTcinterval wassignificantly longer in the control-PZP+SP
group then in the normal group (131.23 £ 12.21 ms vs
99.93 + 3.62 ms, respectively) (p < 0.001).

Both metoprolol and diltiazem treatments significantly
shortened the QTc intervals when compared with that of the
control-PZP+SP group (89.36 + 3.61 ms, 88.86 = 4.04 vs
131.23 = 12.21 ms, respectively) (p < 0.001).

Discussion

Several molecular-targeted therapy drugs, such as
multi-targeted TKls, histone deacetylase inhibitors,
vascular-disrupting agents, farnesyl protein transferase
(FTPase) inhibitors, protein kinase C inhibitors, and Src/Abl
kinase inhibitors, have been found to have an effect on the
QT interval'.

Long QT syndrome (LQTS) is either an inherited
(congenital) or acquired disorder of the electrical system
of the heart. Congenital LQTS usually results from
disorders in the cardiac membrane sodium or potassium

Beginning of the study 3 hour later
Groups (orogastric tube) (intraperitoneal) 1 hour later
Group 1 (normal group) (n=6) Tap water SP
Group 2
(control-PZP+SP group) (n=6) pzp sP
Group 3 ECG records are taken
(PZP+metoprolol) (n=6) pzp Metoprolol
Group pzP Diltiazem

(PZP+diltiazem) (n=6)

PZP: pazopanib; SP: physiological saline solution.
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Figure 1 —a) ECG of normal group rats receiving only saline solution without pazopanib (PZP); b, ¢, d) ECG changes in rats receiving saline solution, metoprolol and
diltiazem after 3 hours of PZP administration; b) QT prolongation in control group rats receiving only saline solution after PZP administration; c) QT-interval shortage in
the PZP+metoprolol group; and d) QT-interval shortage in the PZP+diltiazem group. QT intervals are shown in the black areas.
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Table 2 - The values of QTc intervals of all groups

Groups QTc (ms) Heart rate (beats per minute) T duration (ms) QT duration (ms)
Normal 99.93 + 3.62 266 + 21.69 28.33+1.21 60.83 £0.98
Control-PZP+SP 131.23 £12.217 231.33£67.95 47 +4.09" 85+9.33"
PZP+metoprolol 89.36 + 3.61' 164.67 + 27.041 2933 £2.73f 64 +0.891
PZP+diltiazem 88.86 + 4.041 176.67 + 9.30° 29.67 + 1.361 62 + 1.7811

PZP: pazopanib; SP: physiological saline solution. “p < 0.001 control group compared with normal group, T p < 0.05 diltiazem or metoprolol group compared with

control group, 't p < 0.001 diltiazem or metoprolol group compared with control group

ion channels'. The clinical course of patients with LQTS is
variable, owing to incomplete penetrance of QT elongation,
which may or may not cause arrhythmias. Patients with
LQTS may be classified into three main categories of risk
for developing life-threatening cardiac events, such as
torsade de pointes and cardiac arrest, as follows: very high
risk, high risk, and low risk. Patients at low risk may have
just QT prolongation, the risk of life-threatening cardiac
events being 0,5%". The major electrolyte imbalances
associated with prolonged QT interval are hypocalcemia,
hypophosphatemia, hypokalemia, and hypomagnesemia'®.
Usually the pharmacologic agents that cause significant
QT prolongation have potassium channel blocking effects
predominantly affecting the delayed rectifier repolarizing
current, IK (which is the sum of two kinetically and
pharmacologically distinct types of IK current components:
a rapid, IKr, and a slow, IKs, component), which has a
major role in the electrical activity of cardiac ventricular
myocytes. IKr plays a major role in the termination of
the plateau phase of the action potential and in driving
cell membrane repolarization'”'®. Dysfunction of these
channels is determined in certain forms of inherited and
acquired LQTS™.

In vitro studies have suggested that most QT-prolonging
drugs block the IKr component that is encoded by hERG
(human ether-a-go-go-related gene) in humans. Although
functional IKr current has been found in many species, such
as dogs, guinea pigs, and rabbits, there is very little (if any)
functional IKr or hERG-like current in the rat ventricle®.
Studies with macrolide antibiotics in rats have shown good
agreement between QT-interval prolongation assessments
based on rat ECG data and the clinical findings of human
beings; however, those results should be carefully assessed
and the existence of differences between rats and humans
should be kept in mind*'.

Cancer patients may be particularly prone to QT
prolongation, because many of them (16% to 36%) have
baseline ECG abnormalities and use concomitant drugs, such
as antiemetics, antifungals or antibiotics, that can enlarge
the QT interval’®. In addition, cancer patients often have
symptoms such as nausea, vomiting, diarrhea, and decreased
oral intake, which may lead to electrolyte disturbances, placing
the patient at risk for QT prolongation”?.

TKIs have played an important role in the treatment of

several malignancies in the past few years and provided a
significant improvement in patients” outcome'. The use of small

molecule vascular endothelial growth factor receptor-tyrosine
kinase inhibitors (VEGFr-TKls) has shown to increase the risk
and the incidence of fatal adverse events (FAEs) in patients
being treated for cancer. Compared with 0.7% for controls,
the incidence of FAEs associated with the use of VEGFr-TKI
was 1.5%. Cardiotoxicity is the second most common cause of
FAEs'. The use of TKls in the past decade has revealed a new
spectrum of pro-arrhythmogenic adverse effects, QT-interval
prolongation being one the most important ones”®. QT-interval
prolongation has been observed in several trials with the use
of molecular-targeted agents, and QT-interval prolongation
has drawn attention because of its risk of malignant cardiac
arrhythmia and sudden cardiac death?.

QT-interval prolongation has been associated with
several multi-targeted TKls, such as sunitinib, vandetanib,
and nilotinib721%24 |n clinical studies, 2% (11/558) of
patients receiving pazopanib have experienced QT-interval
prolongation. Torsade de pointes has been reported in less
than 1% (2/977) of those receiving pazopanib in monotherapy
studies. In a randomized clinical trial, 3 of 290 patients
receiving pazopanib have had post-baseline QTc-interval
values between 500 and 549 ms. None of the patients
receiving placebo have had post-baseline QTc-interval values
greater than or equal to 500 msec®. Despite these findings
French et al*® have conducted a series of detailed experiments
examining the potential cardiotoxicity of sunitinib, sorafenib
and pazopanib in rodents under dobutamine challenge, and
have found no biochemical, mitochondrial, heart rate, ECG
or echocardiographic changes in radial and circumferential
strain with 12-hour monitoring. However, in a recent
clinical study evaluating the effect of repeated oral doses
of pazopanib on cardiac conduction in patients with solid
tumors, supratherapeutic concentrations were achieved
with pazopanib administration over 8 days, which produced
a concentration-dependent decrease in heart rate and a
concentration-independent prolongation of the QTc interval*’.

Medical therapy with beta-blockers is considered to be
first-line prophylactic therapy in LQTS. According to current
guidelines, there is a class | indication for beta-blockers
treatment among patients with a clinical diagnosis of LQTS*%9.
Different beta-blockers have similar effectiveness in preventing
cardiac events in patients with LQTS*. In a different study,
the authors have shown that pretreatment with diltiazem and
propranolol reduce the epinephrine-induced QTc-interval
prolongation®. In an animal study, the authors have put
forward the beneficial effects of calcium-channel blockers
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in cardiac failure and LQTS*. Furthermore, proarrhythmia
and QT-interval prolongation have been predominantly
demonstrated with class la, class Ic, and class Ill antiarrhythmic
agents***3. Due to the above-mentioned reasons, we selected
metoprolol and diltiazem in our study?*.

In the present study, we evaluated pazopanib-induced
QT-interval prolongation in an experimental rat model.
First, we demonstrated QTc-interval prolongation in rats
treated with pazopanib alone. Three hours following drug
administration, the control-group rats, which had been given
pazopanib and saline solution injection intraperitoneally,
showed QTc-interval elongation, thus supporting the
previous studies that had shown the association of TKls and
ECG abnormalities”. Secondly, this study showed that the
QT-prolonging effect of pazopanib can be reverted by some
drugs. The PZP+metoprolol and PZP+diltiazem groups
did not show QTc-interval elongation compared to the
control-PZP+SP group. On the other hand, QTc intervals
of both groups were significantly shorter than that of the
control group, while similar results were obtained in the
PZP+metoprolol and PZP+diltiazem groups. Based on the
study results, both metoprolol and diltiazem were considered
effective in preventing the QT-prolonging effect of pazopanib.

Treatment with QT-prolonging TKis is frequently necessary
for cancer patients. The therapy risks must be weighed
against benefits. Treatment must start with withdrawal of the
precipitating medication. Underlying risk factors should be
assessed, administration of the possible precipitating drug
must be ceased and reversible conditions, such as metabolic
abnormalities, must be corrected before drug initiation.
Concurrent use of multiple QT-prolonging drugs should be
avoided. Patients should be advised about the proarrhythmic
risk. Periodic monitoring with ECG and close follow-up are
essential for early detection and treatment in high risk patients
with a history of QT-interval prolongation, patients taking
antiarrhythmics, or individuals with relevant preexisting
disease, such as bradycardia and electrolyte imbalances®.

Our study shows some limitations. First, this is an
experimental study on rats. The question of whether or not
these experimental results are also relevant to humans in the
clinical setting and have therapeutic implications needs to
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