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Abstract
Objectives Palonosetron is a novel 5-hydroxytryptamine3 (5
HT3) receptor antagonist, which has been shown to be
superior to first generation 5 HT3 receptor antagonists re-
garding the prevention of acute, delayed and overall
chemotherapy-induced nausea and vomiting. First genera-
tion 5 HT3 receptor antagonists may induce electrocardio-
graphic changes of heart rate and repolarization. The acute
cardiac effect of palonosteron is unknown. The purpose of
this study is to determine acute effects of palonosetron on
electrocardiographic (ECG) parameters in cancer patients.
Materials and methods The study had a prospective design.
Seventy-six cancer patients with normal cardiac function who
received palonosetron for prevention of chemotherapy-
induced nausea and vomiting were enrolled. Standard 12-
lead ECG recordings were performed at baseline and 30 min
after palonosetron administration. P wave durations and

corrected QT intervals were measured; P wave dispersion
(Pd) and QTc dispersion were calculated.
Results Median heart rate did not differ among 76 patients
enrolled before and after palonosetron administration (p: 0.6).
Systolic and diastolic blood pressures were not significantly
different before and after palonosteron (p values 0.9 and 0.3,
respectively). Although median QT min value was higher
after palonosetron administration than before palonosetron
administration, the difference was not statistically significant
(p: 0.6).
Conclusion Palonosetron seems to have no acute arrhyth-
mogenic potential.
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Introduction

Chemotherapy-induced nausea and vomiting (CINV) is con-
sidered to be the most distressing and debilitating side effect
of chemotherapy and can profoundly affect patients' quality
of life [1, 2]. Chemotherapeutic agents trigger the process of
emesis through activation of multiple neurotransmitter
receptors in the vomiting center of the brain, chemoreceptor
trigger zone and gastrointestinal tract [3, 4]. Pharmacologi-
cal treatment of CINV has focused on blocking these recep-
tors using agents such as antihistamines, phenothiazines,
benzodiazepins, corticosteroids, 5 HT3 receptor antagonists
and neurokinin 1 antagonists [5].

The discovery of selective 5 HT3 receptor antagonists for
the prophylaxis and/or treatment of chemotherapy and
radiotherapy-induced emesis have been an important ad-
vance in oncology [6]. Their antiemetic efficacy has been
demonstrated in several clinical trials. Although having an
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overall excellent safety profile, first generation 5 HT3 re-
ceptor antagonists have been reported to induce clinically
insignificant or significant electrocardiographic changes and
arrhythmias in clinical trials [6–16]. Generally, these changes
are most prominent within 1–2 h after a dose of 5 HT3 receptor
antagonists and return to baseline within 24 h.

In phase III clinical trials for the prevention of acute,
delayed and overall CINV caused by chemotherapeutics of
moderate emetic potential, palonosetron, the novel 5 HT3

receptor antagonist, is found to be superior to first genera-
tion 5 HT3 receptor antagonists [17, 18]. The improved
clinical efficacy of palonosetron may be due, in part, to its
more potent binding, longer half-life and unique structural
characteristics [17]. These features of palonosetron may lead
to different side effects as well. Unlike the first generation of
5 HT3 receptor antagonists, ECG changes and arrhythmias
related to palonosetron are unknown.

The surface 12-lead ECG is a noninvasive, practical and
safe measurement used to detect drug-induced cardiac ad-
verse effects in most clinical trials [19, 20]. The common
parameters used for measuring the arrhythmogenic potential
of a drug are P dispersion (Pd), QT interval prolongation
and QT dispersion (QTd). These parameters are accurate
predictors of drug effects on cardiac repolarization [21].
Prolongation or increased heterogeneity of repolarization is
the cause of polymorphic ventricular tachycardia, fibrilla-
tion and sudden cardiac death in genetically inherited or
acquired forms of long QT syndrome [1]. For example,
dolasetron has been shown to increase the QTc interval
when given at high doses and the prescribing information
for dolasetron and tropisetron carries a cardiovascular warn-
ing [1, 22]. Similarly, an increment in mean QTc interval
was detected after ondansetron administration [23].

Pd has been used to evaluate the discontinuous propaga-
tion of sinus impulses while P max has been used to mea-
sure the prolongation of atrial conduction time. It has been
reported that prolongation of either P wave or P max dura-
tion shows an increased risk for atrial fibrillation [7, 27].

The cardiac safety of ondansetron, granisetron, dolase-
tron and tropisetron has been investigated in several studies
[1, 6–16]. To our knowledge, this is the first clinical trial
about the acute effects of palonosetron on ECG parameters.
The aim of this prospective study was to determine the acute
effects of palonosetron on ECG parameters regarding cardi-
ac depolarization and repolarization.

Materials and methods

Patients

Seventy-six cancer patients with a mean age of 49.5±
1.1 years (range 18–72 years) who received emetogenic

chemotherapy and used palonosetron for the prevention of
acute chemotherapy-induced nausea and vomiting were in-
cluded in the study. ECG recordings were obtained before
and 30 min after palonosteron administration (before che-
motherapy), and P wave duration, Pd, QTc and QTd were
defined. Pretreatment cardiac evaluation was performed by
echocardiography in all patients. The exclusion criteria were
a history of and/or documented coronary artery disease,
valvular or congenital heart disease, congestive heart failure,
cardiac arrhythmias, bundle branch block using drugs that
may interfere with cardiac repolarization and comorbidities
including diabetes mellitus, hypertension and thyroid dis-
ease. The protocol was approved by the ethics committee
and all patients gave written informed consent.

Study procedures

All patients were evaluated by clinical examination of vital
signs including systolic blood pressure, diastolic blood pres-
sure and heart rate before palonosteron administration. A
12-lead ECG was recorded on all patients just before pal-
onosteron administration. After ECG recordings, all patients
were administered an infusion of 8 mg I.V. dexamethasone
over 30 min and followed immediately by palonosetron, a
single dose of 0.25 mg I.V. administered over 30 s. A second
ECG was performed 30 min after the palonosetron admin-
istration. After the second ECG recording, the patients
were administered chemotherapy. The ECG recordings
were evaluated by the same cardiologist who was blinded
to the clinical status of the patient and the timing of ECG
recording.

The onset of the P wave was defined as the point of the
first visible upward departure of the trace from the bottom of
the baseline. The return to the baseline of the bottom of the
trace in wave was considered to be the end of the P wave. P
max in any of the 12-lead surface ECGs was measured and
used as a marker of prolonged atrial conduction time. P
wave dispersion was defined as the difference between the
longest P wave duration (P max) and the shortest P wave
duration (P min) recorded from multiple surfaces ECG leads
[24, 25]. P wave dispersion, detected from the surface ECG,
has been thought to reflect left atrial enlargement and altered
conduction. P wave dispersion and P wave maximal dura-
tion reflects the activation of atrial muscle and may depend
primarily upon the mass of tissue excited, which have been
used in the assessment of the risk for atrial fibrillation. The
clinical significance of P wave duration has been demon-
strated in many clinical conditions, especially in paroxysmal
atrial fibrillation [25–27].

The QTwas defined as the interval from the beginning of
the QRS complex to the end of the T wave, and QTc is the
QT interval corrected for the heart rate calculated from the
ECG by the Bazett Formula [28]. The longest QT duration
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(QT max) and the shortest QT duration (QT min) were
identified. They were corrected according to heart rate by
using the Bazett Formula and defined as QTc max and QTc
min. QTd was calculated as the difference between the
longest and shortest QTc intervals, measured in each of the
12 ECG leads.

P-wave duration, QT and RR intervals were measured. Pd
and QTd were calculated. Baseline and follow-up measure-
ments were compared.

Statistical analysis

The results were analyzed with the SPSS statistical software
package (version 13.0, SPSS, Chicago, IL, USA). The data
were expressed as mean ± standard deviation and interquar-
tile range where appropriate. Statistical comparison of quan-
titative data was performed by paired sample t-test. A p value
of <0.05 was considered as statistically significant.

Results

Median heart rate did not differ among 76 patients enrolled
before and after palonosetron administration (p: 0.6). Sys-
tolic and diastolic blood pressures were not significantly
different before and after palonosteron (p values 0.9 and
0.3, respectively). Table 1 demonstrates the comparative

heart rate and blood pressure measurements before and after
palonosetron administration. Although median QT min value
was higher after palonosetron administration than before pal-
onosetron administration, the difference was not statistically
significant (p: 0.6). Comparative ECG parameters obtained
before and 30 min after palonosetron administration are given
in Table 2.

Discussion

Prevention and/or treatment of CINV, for which the 5 HT3

receptor antagonists are currently regarded as the gold stan-
dard, are important in the management of cancer patients.
The use of 5 HT3 receptor antagonists may lead to some
cardiac side effects related to repolarization. Electrophysio-
logical effects 5 HT3 receptor antagonists including ondan-
setron, granisetron, dolasetron and tropisetron on ECG
parameters were investigated in detail [1, 3, 4, 7, 8,
13–15]. However, the data about acute effects of palonose-
tron on ECG parameters is lacking in the literature. In this
prospective study, we demonstrated that palonosetron has
no significant effects on cardiac repolarization.

The studies investigating the cardiac side effects of 5 HT3

receptor antagonists are carried out in both healthy subjects
[14, 15, 29, 30] and cancer patients [1, 6–8]. Boike et al.
compared the cardiovascular effects of granisetron (10 μg/kg,

Table 1 Clinical parameters before and after palonosetron

Before palonosetron After palonosetron P value 95% CI of the difference
(n076) (n076)
Median IQR (25%–75%) Median IQR (25%–75%)

HR (beats/min) 84.2 70.7–92.8 84.5 71.5–95 0.6 −0.9–1.4

SBP (mmHg) 110 100–115 110 100–113.8 0.9 −1.5–1.2

DBP (mmHg) 80 71.3–90 80 75–85 0.3 −0.5–1.4

HR heart rate, SBP systolic blood pressure, DBP diastolic blood pressure

Table 2 Electocardiographic parameters before and after palonosetron

ms Before palonosetron After palonosetron P value 95% CI of the difference
(n076) (n076)
Median IQR(25%–75%) Median IQR(25%–75%)

P max 110 100–120 110 92.5–110 0.3 −1.2–3.5

P min 70 60–80 70 60–80 0.9 −2.7–2.4

P dispersion 40 30–50 40 30–50 0.3 −1.3–4.0

QT max 380 360–400 390 360–400 0.2 −6.4–1.4

QT min 330 320–360 340 320–370 0.6 −9.3–0.1

QT dispersion 40 40–57.5 40 30–50 0.3 −2.0–6.2

RR interval 730 650–850 720 652.2–850 0.1 −40.7–4.7

ms milisecond, P max maximal P wave duration, P min minimum P wave duration, P dispersion (P max−P min), QT max maximum QT interval,
QT min minimal QT interval, QT dispersion (QT max−QT min)
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I.V. over 30 s or 5 min) and ondansetron (32 mg, I.V. over
15 min) in a placebo-controlled trial in healthy adults without
any cardiac abnormalities [14]. They reported that there were
no clinically important changes among the two administration
protocols of granisetron versus ondansetron or of granisetron
versus placebo in healthy adults. Although the mean postdose
QTc interval was significantly longer for ondansetron, it was
not statistically meaningful. In a single-blinded study
designed by Benedict et al. [29], effects of ondansetron were
compared with those of dolasetron mesylate. Thirty healthy
male volunteers received single doses of I.V. dolasetron
mesylate (1.2 mg/kg, 1.8 mg/kg and 2.4 mg/kg), ondansetron
(32 mg) and placebo. The changes in ECG intervals of
dolasetron mesylate or ondansetron were acute, asymptomatic
and transient. Dolasetron mesylate caused significant dose-
related increases in heart rate and PR and QRS intervals
within 4 h of administration. However, ondansetron caused
a decrease in heart rate and increase in JT interval. Both
ondansetron and dolasetron mesylate (2.4 mg/kg) increased
QTc interval. Dolasetron mesylate predominantly altered
the ECG parameters related to ventricular repolarization
(QRS duration), whereas ondansetron predominantly affected
ventricular depolarization as measured by the prolongation in
the JT interval. All of these changes returned to baseline
within 8 h of treatment.

Acute cardiac side effects of tropisetron were also
reported in a study [7]. In this study, it was shown that
tropisetron did not have any ventricular or atrial arrhythmo-
genic effect measured by P max, P min, P dispersion, QTc
max, QTc min and QTd. However, it was found that tropi-
setron may cause a slight decrease in heart rate.

In many studies primarily designed to compare the
antiemetic efficacy of different 5 HT3 receptor antagonists,
cardiac side effects were also compared. In a multicenter
study [12], in the patients who used high dose cisplatin
(≥80 mg/m2), single I.V. doses of dolasetron mesylate
(1.8 mg/kg or 2.4 mg/kg) and granisetron (3 mg) were
compared. Regarding the antiemetic efficacy, both dosages
of dolasetron mesylate and granisetron were found to be
equally effective. Among the three treatment groups, QRS
duration was not differently significant, whereas both PR
and QTc intervals were significantly increased in patients in
the dolasetron group after 1–2 h of drug administration. No
significant difference was observed among the treatment
groups at 24 h of treatment. In our study, in order to
eliminate additional effects of chemotherapeutic agents on
ECG parameters, we obtained ECG recordings 30 min after
palonosetron administration just before chemotherapy. We
are aware of the fact that this lag period may be inadequate
to observe some effects of palonosetron on ECG changes.

In a study designed by Lofters et al., the efficacy and the
adverse effects of dolasetron mesylate and ondansetron were
compared [31]. ECG changes were observed in both groups of

patients, but were significantly more common in dolasetron-
treated patients. QTc and QRS interval prolongation
were the most frequently encountered ECG changes.
Nonetheless, all ECG changes were asymptomatic and
none required treatment.

In this study, we hypothesized that due to its different
structure and affinity to 5 HT3 and cardiac ion receptors,
palonosetron may have unique effects on cardiac repolari-
zation. Voltage-dependent Na+ and K+ channels are impor-
tant determinants of the ECG [32]. The drugs that block K
channels may induce QT prolongation, while the drugs that
block Na+ channels may produce QRS widening. It was
demonstrated that human cardiac Na+ channels are blocked
by granisetron, ondansetron and dolasetron in a concentration-
dependent manner (kuryshev), meaning that 5 HT3 receptor
antagonists may lead to cardiac repolarization problems. In
fact, 5 HT3 receptor antagonists have also been reported to
widen the QRS complex and prolong JT, QT and PR intervals
[6, 14, 29]. Accordingly, it was shown that dolasetron may
prolong QRS by 5 to 20%, and ondansetron may increase QT
and JT intervals by 2 to 5% [14, 15, 29].

The frequency of cardiac ion channel blockage is related
to the accumulation of drug-bound inactivated channels,
which is related to drug serum. Significant delays in cardiac
repolarization have been observed with 5 HT3 receptor
antagonists at doses higher than those required to block 5-
HT3 receptors. In our study, we did not encounter any
cardiac repolarization problems with palonosetron. Given
the higher 5 HT3 receptor affinity of palonosetron, the drug
may induce antiemesis within lower serum concentration
limits, yet not high enough for cardiac ion channel blockage,
therefore, having less cardiac side effects within therapeutic
concentration, when compared to other 5 HT3 receptor
antagonists. In conclusion, our study disclosed that palono-
setron has no acute arrhythmogenic effect related to cardiac
repolarization.
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