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Abstract

Patients with advanced malignancy are at an increased risk of cardiac arrhythmias, from their cancer and cardiotoxic treatments.
Supportive care products co-administered should therefore not increase this risk. No clinically important cardiovascular effects are

associated with the administration of granisetron over 30 s. To determine the effects of a rapid (1 s) injection of granisetron, 3 mg,
on measures of cardiac repolarisation, a pilot study was performed in 17 patients undergoing moderately/highly emetogenic
chemotherapy at two centres. All received dexamethasone, 8–12 mg, infused over 30 min, followed immediately by granisetron and
then chemotherapy. Twelve-lead electrocardiograms (ECGs) performed before granisetron treatment, 2 h later and the following

day (11 patients) showed no differences in QTc(end max), QTc(apex max) or QT-interval dispersion between baseline and sub-
sequent measurements, and there were no significant secondary adverse events. On this basis, granisetron should be considered the
first-choice antiemetic for patients at increased risk of cardiac complications.
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Keywords: Arrhythmia; Cardiovascular; Granisetron; Antiemetic; Chemotherapy; ECG; Cardiac repolarisation; QT interval
1. Introduction

There are many reasons why the patient with
advanced malignancy is at increased risk of potentially
life-threatening cardiac arrhythmias. Cardiac compli-
cations such as dysrhythmias, cardiac metastases and
carcinoid disease can occur directly as a result of some
cancers [1,2]. Malnutrition associated with cancer can
lead to QT-interval prolongation (as occurs in severe
dieting, hunger strikes or protein deficiency). Further-
more, several treatments for cancer are known to be
cardiotoxic—including anthracyclines (epirubicin,
doxorubicin), paclitaxel, 5-fluorouracil, cyclopho-
sphamide, and interleukin-2 [3–5]—and radiation ther-
apy can also cause cardiac insult. The autonomic
response to chemotherapy and radiation therapy (nau-
sea, retching and vomiting) or their biochemical effects
(vomiting-induced electrolyte disturbance) can have
important implications, particularly in elderly patients
who often have cardiovascular disease comorbid with
their cancer [6,7]. It is, therefore, important to ensure that
any medications co-administered to cancer patients in
the supportive care context do not further increase the
risk of cardiac complications, particularly arrhythmias.
Nausea and vomiting are considered to be the most

distressing and debilitating side-effects of cytotoxic
chemotherapy and radiotherapy, and can profoundly
affect patients’ quality of life [8]. Of the antiemetics
currently available, 5-HT3 receptor antagonists are
widely regarded as the most efficacious and are cur-
rently recommended in the prophylactic treatment of
nausea and vomiting induced by highly and moderately
emetogenic chemotherapy and radiotherapy [9–11]. 5-
HT3 receptor antagonists are potent antiemetics and are
generally thought to have good safety and tolerability.
However, a number of studies have reported that some
5-HT3 receptor antagonists are associated with sig-
nificant changes in cardiac repolarisation, as measured
by the QT-interval on the surface electrocardiogram
(ECG). Prolongation or increased heterogeneity of
repolarisation is the cause of polymorphic ventricular
tachycardia, fibrillation and sudden cardiac death in
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genetically inherited or acquired forms of the long QT
syndrome. The fact that many drugs can have an
adverse effect on cardiac repolarisation has been of
considerable concern to regulatory authorities. In parti-
cular, dolasetron has been shown to increase the QTc
interval, particularly when given at high doses, [12] and
the prescribing information for dolasetron and tropise-
tron carries a cardiovascular warning. Increases in the
mean QTc interval have also been reported following
ondansetron administration [13]. Such factors should
therefore be an important consideration in the selection
of the most appropriate antiemetic agent, particularly in
patients already predisposed to cardiac arrhythmias.
The cardiac safety of granisetron has been investigated

in a number of studies, both in healthy volunteers and
cancer patients [14–17]. These studies have not demon-
strated any clinically important cardiovascular effects of
granisetron, and it has not been necessary, therefore, to
attach any cardiovascular warnings or limitations to its
use. Granisetron can be administered orally or intrave-
nously (i.v.), via a 30-s injection. Injection of granisetron
over 30 s has been shown to be safe and well tolerated,
and is not associated with any increase in adverse events
[16]. Furthermore, the option of a bolus 30-s injection of
granisetron is convenient for both patients and healthcare
professionals. However, many healthcare providers seek
to administer supportive care products faster than the
recommended dosing and immediately prior to chemo-
therapy administration. Since faster injection could
potentially increase the risk of adverse events, the aim of
this pilot study was to determine the effects of the rapid
administration of i.v. granisetron (3 mg over 1 s) on
measures of cardiac repolarisation in patients receiving
chemotherapy for malignant disease, by comparing 12-
lead and Holter ECGs before and at several time-points
after drug administration.
2. Patients and methods

This pilot study was carried out in two centres in
Switzerland between September 1993 and January 1994.
Patients were included if they were due to receive
chemotherapy requiring antiemetic prophylaxis with a
5-HT3 receptor antagonist. All patients were informed
of the nature and purpose of the study, and written
consent was obtained in all cases. The design of the
study was approved by the relevant ethics committees
and conformed to the Declaration of Helsinki.
An initial 12-lead ECG was performed for each

patient before the start of treatment. Directly after the
ECG recording, all patients received an infusion of
dexamethasone, 8–12 mg, administered over 30 min,
followed immediately by granisetron, 3 mg, given in 1 s
as a bolus. The precise timing of the granisetron injec-
tion was recorded by an event marker. A cytotoxic
chemotherapy agent was then administered, cisplatin,
60–80 mg/m2, doxorubicin, 50 mg/m2 or cyclophos-
phamide, 600 mg/m2, being among those most com-
monly given. A second ECG was performed 2 h after
the granisetron administration and, wherever possible, a
third ECG was carried out the following day. Holter
ECG monitoring was performed from 30 min before the
start of the granisetron injection, continuing up to 24 h
after its completion. Patients’ blood pressure, heart rate
and temperature were measured before the administra-
tion of granisetron, and routine haematological and
biochemical tests were also performed at this time.
Each 12-lead ECG was digitised by entering the

P-wave onset, QRS onset and offset, T-wave peak and
T-wave end, for three consecutive complexes in each
lead. The mean of these three values was then recorded
as the measurement for each parameter [18–20]. If the
T-wave could not be determined for any of the 12 leads,
no entry was recorded in that lead. Maximum and
minimum values for QT interval (apex) and QT interval
(end) were then determined, as well as QT-interval dis-
persion (maximum minus minimum interval for both
apex and end intervals about the same 12-lead ECG).
Definitions of these measurements are shown in Table 1.
Measurements taken before and after granisetron injec-
tion were compared by Student’s t-test. In total, 17
patients entered the study and their demographic charac-
teristics are shown in Table 2. 2 of the patients included
Table 1

Interpretation of the readings obtained from ECG recordings

QT-interval dispersion

Difference between the maximum and minimum QT intervals from analysis of all 12-leads of the same ECG recording—expressed as both absolute

(QT) and rate-corrected (QTc) measurements. Greater QT dispersion, or variability, is considered arythmogenic

QTc (end of T-wave) interval—QTc(end max)

The rate-corrected QT interval measured from the start of the QRS complex to the end of the T-wave. The value from whichever of the 12 leads

gives the greatest interval is recorded

QTc (apex of T-wave) interval—QTc(apex max)

The QT interval measured from the QRS onset to the peak of the T-wave. QTc(end) and QTc(apex) need not change in the same way, and may be

measuring different aspects of myocardial repolarisation

ECG, electrocardiogram.
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were studied twice each when receiving consecutive
courses of chemotherapy.
3. Results

Comparisons between the ECG results obtained
before the infusion of granisetron and 2 h after, follow-
ing 19 instances of rapid injection of the drug (two
events each for 2 of the 17 patients), are given in Table 3.
There were no differences in rate-corrected QT intervals
(QTc(end max), QTc(apex max) or QT-interval disper-
sion) from 12-lead ECG data between baseline and any
time after the administration of the granisetron bolus.
When QTc(end) intervals from continuous Holter sin-
gle-lead ECG recordings were compared, there were no
systematic changes between measurements taken 30, 15
and 5 min prior to granisetron injection and those
obtained at the same time intervals afterwards (P=0.62;
P=0.41; P=0.94, respectively). Because of difficulties in
identifying the timing of granisetron administration
precisely on some recordings, this analysis was possible
in only 11 of the subjects. However, the results from
these 11 patients indicate that rapid injection of grani-
setron produced no systematic change in the QTc inter-
vals. Moreover, there was no evidence of polymorphic
ventricular tachycardia or torsade-de-pointes (the classi-
cal prolonged repolarisation-related form of non-sus-
tained ventricular tachycardia) on Holter ECG
recordings in any patient.
Patients were also monitored for neurologic and gastro-

intestinal adverse events. Overall, granisetron was well
tolerated and no serious adverse events were observed
that could be related to the study drug. In addition,
there was no evidence that injecting granisetron imme-
diately before chemotherapy caused any reduction in
the antiemetic efficacy that is normally associated with
the administration of the drug 30–60 min before or after
chemotherapy.
4. Discussion

The key finding of this study is that rapid injection of
granisetron, 3 mg, does not cause clinically significant
changes in the QT parameters analysed. Granisetron
does not prolong or increase the heterogeneity of car-
diac repolarisation as assessed by surface QT-interval
and dispersion of QT interval analyses. This contrasts
with findings obtained with other 5-HT3 antagonists,
which have been shown to cause measurable prolonga-
tion in these variables. In addition, rapid injection of
granisetron immediately before chemotherapy is well
tolerated, providing effective prophylaxis against
emesis, with increased convenience for patients and
healthcare providers. To date, this is the only study to
report on the effect of administering granisetron, 3 mg,
within 1 s. There appears to be no correlation between
decreasing the injection time and an increase in cardio-
vascular risk. The results of this pilot study suggest that
rapid injection of granisetron was not associated with
cardiac arrhythmias or other adverse cardiac events and
that, in contrast to the effects of other 5-HT3 antago-
nists on the QT-interval, granisetron does not have
arythmogenic potential.
Other studies have reported on the cardiac effects of

granisetron administration performed over 30 s and 5
min. In an open study of i.v. granisetron, 3 mg over
30 s, in 21 patients, surface ECGs performed before and
Table 3

ECG intervals before and 2 h after 1-s injection of granisetron (3 mg)a
QT-interval

dispersion (ms)
QTc-interval

dispersion (ms)
QTc(end max)

interval (ms)
QTc(apex max)

interval (ms)
Pregranisetron
 84�33
 84�33
 478�54
 370�40
2 h postgranisetron
 81�34
 81�34
 467�55
 367�40
t-Statistic
 0.43
 0.429
 1.21
 0.396
Degrees of freedom
 18
 18
 18
 18
P value (two-tailed probability)
 0.67
 0.67
 0.24
 0.697
95% confidence interval
 �11 to +16.75
 �11.1 to +16.7
 �8.2 to +30.3
 �10.9 to +15.9
a Values are expressed as means�standard deviation.
Table 2

Demographic characteristics of patients included in the study
Patients (N)
 17
Mean age (range) (years)
 54.5 (38–72.8)

Sex

M
 11

F
 6
Type of cancer

Lymphoma
 1

Pancreas
 1

Breast
 3

Hepatoma
 1

Gastro-intestinal (including colon)
 3

Lung, small cell
 3

Lung, non-small cell
 1

Kaposi’s
 1

Testicular
 1

Sarcoma
 1

Squamous cell, penis
 1
M, male; F, female.
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after granisetron administration showed no changes in
intracardiac conduction [16]. The authors concluded
that granisetron, 3 mg, given as a 30-s i.v. bolus to
patients receiving chemotherapy for malignant condi-
tions, is safe and well tolerated. A later trial of granise-
tron, 3 mg, given as a 5-min constant-rate infusion and
followed by doxorubicin or epirubicin injection, showed
no statistically significant change in cardiac rhythm,
QRS duration or QTc intervals, further emphasising the
cardiovascular safety of granisetron [17].
After administration of i.v. granisetron at higher than

usual doses (50 mg/kg) in one small study, ECG changes
were reported in 4 of 12 patients who were receiving
multiple chemotherapy agents for bone and soft-tissue
sarcomas, administered over more than nine cycles [21].
However, cardiac function and timing of ECG changes
in relation to granisetron administration were not
reported in detail. It is difficult to compare the results of
this study with others because of the large number of
chemotherapeutic agents and high dose of granisetron
employed. However, these results conflict with other
findings in which patients who received high doses of
granisetron (up to 160 mg/kg) experienced no clinically
important effects on ECG, pulse or blood pressure [22].
A further study has compared the cardiovascular

effects of granisetron, 10 mg/kg, infused over 5 min or 30
s and with those of i.v. ondansetron, 32 mg, admini-
stered over 15 min [15]. No clinically important cardio-
vascular changes were associated with any of the
regimens, although the mean post-dose QTc interval
was longer for ondansetron than for placebo or grani-
setron for all 12 subjects in whom these data were
analysed. In addition to the 5-min infusion time for
granisetron, 30-s i.v. bolus administration thus also
appears to be safe and well tolerated.
Other 5-HT3 antagonists, by contrast, are known to

produce greater changes than granisetron in ECG para-
meters. In particular, minor, asymptomatic, transient
prolongations in some ECG intervals have been detected
on computer-generated tracings after single i.v. doses of
dolasetron, 2.4 mg/kg, and ondansetron, 32 mg [23,24].
Dolasetron predominantly altered ECG parameters of
ventricular depolarisation (QRS duration), whereas
ondansetron affected ventricular repolarisation (pro-
longed JT interval). Both agents, at the doses used,
caused significant increases in the QT interval compared
with placebo [24]. Other studies, in 123 patients [25] and
319 patients [26] receiving various chemotherapeutic
agents, have demonstrated a trend for increased ECG
intervals with increasing dolasetron doses. A recent
review of the cardiotoxic potential of 5-HT3 receptor
antagonists has concluded that ondansetron has a
greater effect on ECG intervals than granisetron, and
that the cardiotoxic potential of dolasetron is greater still
[2]. In consequence, both dolasetron and tropisetron
carry cardiovascular warnings as part of their labelling.
The small number of patients included in this pilot
study is a limitation shared by all in vivo studies into
cardiovascular changes associated with 5-HT3-receptor
antagonists. Assessment of QT-interval prolongation
provides a marker of cardiac repolarisation, rather than
a direct measure. The fact that chemotherapy is given in
addition to granisetron, thus increasing the arythmo-
genic potential of the drug ‘cocktail’, makes it difficult
to isolate the QT effects of granisetron. This does,
however, provide a realistic context in which to test the
arythmogenic potential of the drug, as it matches the
clinical setting. It is also helpful to remember that the
administration of multiple medications and/or radiation
therapy can give rise to cardiac insult in patients with
or without pre-existing cardiac conditions. Thus, an
understanding of the possible risk factors in a true clin-
ical setting should go hand-in-hand with comparisons
between different agents when determining the most
appropriate therapy for individual patients.
This pilot study shows that granisetron does not

adversely affect cardiac repolarisation, even when
administered i.v. as a 1-s bolus in patients with various
malignancies just prior to chemotherapy. The results
provide further important safety data on granisetron.
On this basis, granisetron should now be considered the
antiemetic of first choice, for patients known to have
coexisting cardiac disease or those receiving chemo-
therapy or concomitant medications with known
cardiotoxic potential.
Acknowledgements

Support of this paper was provided by Hoffman-La
Roche.
References

1. Ewer MS, Benjamin RS. Cardiac Complications. In Holland JF,

Bast RC, Morton DL, et al., eds. Cancer Medicine, 4th edn. Bal-

timore, MD, Williams and Wilkins, 1997, 3197–3215.

2. Keefe D. The cardiotoxic potential of the 5-HT3 receptor

antagonist antiemetics: is there cause for concern? Oncologist

2002, 7, 65–72.

3. Cowan JD, Neidhart J, McClure S, et al. Randomized trial of

doxorubicin, bisantrene, and mitoxantrone in advanced breast

cancer: a Southwest Oncology Group Study. J Natl Cancer Inst

1991, 83, 1077–1084.

4. Faulds D, Balfour JA, Chrisp P, Langtry HD. Mitoxantrone. A

review of its pharmacodynamic and pharmacokinetic properties,

and therapeutic potential in the chemotherapy of cancer. Drugs

1991, 41, 400–449.

5. Rowinsky EK, Donehower RC. Paclitaxel (taxol). N Engl J Med

1995, 333, 1004–1014.

6. Yancik R. Cancer burden in the aged: an epidemiologic and

demographic overview. Cancer 1997, 80, 1273–1283.

7. Wei JY. Cardiovascular comorbidity in the older cancer patient.

Semin Oncol 1995, 22(Suppl. 2), 9–10.
930 M. Aapro, J.P. Bourke / European Journal of Cancer 39 (2003) 927–931



8. O’Brien BJ, Rusthoven J, Rocchi A, et al. Impact of chemo-

therapy-associated nausea and vomiting on patients’ functional

status and on costs: survey of five Canadian centres. Can Med

Assoc J 1993, 149, 296–302.

9. American Society of Health-System Pharmacists. ASHP thera-

peutic guidelines on the pharmacologic management of nausea

and vomiting in adult and pediatric patients receiving chemo-

therapy or radiation therapy or undergoing surgery. Am J

Health-Syst Pharm 1999, 56, 729–764.

10. Gralla RJ, Osoba D, Kris MG, et al. Recommendations for the

use of antiemetics: evidence-based, clinical practice guidelines. J

Clin Oncol 1999, 17, 2971–2994.

11. Perez EA, Hesketh P, Sandbach J, et al. Comparison of single-

dose oral granisetron versus intravenous ondansetron in the pre-

vention of nausea and vomiting induced by moderately emeto-

genic chemotherapy: a multicenter, double-blind, randomized

parallel study. J Clin Oncol 1998, 16, 754–760.

12. Kris MG, Grunberg SM, Gralla RJ, et al. Dose-ranging eval-

uation of the serotonin antagonist dolasetron mesylate in patients

receiving high-dose cisplatin. J Clin Oncol 1994, 12, 1045–1049.

13. Lifsey DS, Gralla RJ, Clark RA, Kline RC. Electrocardiographic

changes with serotonin antagonist antiemetics: rate of occurrence

and clinical relevance. Proc Am Soc Clin Oncol 1993, 12, 463

(abstr 1611).

14. Gray GW, McLellan TM, Ducharme MB. Granisetron shows no

pro-arrhythmic effect in normal subjects during or after exercise in

a hot environment. Aviat Space Environ Med 1996, 67, 759–761.

15. Boike SC, Ilson B, Zariffa N, et al. Cardiovascular effects of i.v.

Granisetron at two administration rates and of ondansetron in

healthy adults. Am J Health Syst Pharm 1997, 54, 1172–1176.

16. Carmichael J, Philip PA, Forfar C, Harris AL. An open study to

assess the safety, tolerance and pharmacokinetics of an intra-

venous infusion of granisetron given at 3 mg over 30 s in patients

receiving chemotherapy for malignant disease. Cancer Chemother

Pharmacol 1995, 37, 134–138.
17. Jantunen IT, Kataja VV, Muhonen TT, et al. Effects of grani-

setron with doxorubicin or epirubicin on ECG intervals. Cancer

Chemother Pharmacol 1996, 37, 502–504.

18. Day CP, McComb JM, Campbell RWF. QT dispersion: an indi-

cation of arrhythmia risk in patients with long QT intervals. Br

Heart J 1990, 63, 340–344.

19. Murray A, McLaughlin NB, Bourke JP, Doig CJ, Furnisss SS,

Campbell RWF. Errors in manual measurement of QT intervals.

Br Heart J 1994, 71, 386–390.

20. Higham PD, Furniss SS, Campbell RWF. QT-dispersion and

components of the QT-interval in ischaemia and infarction. Br

Heart J 1995, 73, 32–36.

21. Watanabe H, Hasegawa A, Shinozaki T, et al. Possible cardiac

side effects of granisetron, an antiemetic agent, in patients with

bone and soft-tissue sarcomas receiving cytotoxic chemotherapy.

Cancer Chemother Pharmacol 1995, 35, 278–282.

22. Carmichael J. The Cardiovascular Safety of High-dose Intravenous

Granisetron in Cancer Patients Receiving Highly Emetogenic

Chemotherapy. Boston, MASCC, 2002 (abstr).

23. Baltzer L, Kris MG, Hinkley L, et al. Reversible electrocardio-

graphic interval prolongations following the specific serotonin

antagonists ondansetron (OND) and dolasetron mesylate (DM):

a possible drug class effect without sequelae? Proc Am Soc Clin

Oncol 1994, 13, 433 (abstr 1489).

24. Benedict CR, Arbogast R, Martin L, et al. Single-blind study of

the effects of intravenous dolasetron mesylate versus ondansetron

on electrocardiographic parameter in normal volunteers. J Car-

diovasc Pharmacol 1996, 28, 53–59.

25. Grote TH, Pineda LF, Figlin RA, et al. Oral dolasetron mesylate

in patients receiving moderately emetogenic platinum-containing

chemotherapy. Cancer J Sci Am 1997, 3, 45–51.

26. Rubenstein EB, Gralla RJ, Hainsworth JD, et al. Randomized,

double blind, dose-response trial across four oral doses of dola-

setron for the prevention of acute emesis after moderately emeto-

genic chemotherapy. Cancer 1997, 79, 1216–1224.
M. Aapro, J.P. Bourke / European Journal of Cancer 39 (2003) 927–931 931


	Rapid intravenous administration of granisetron prior to chemotherapy is not arythmogenicresults of a pilot study
	Introduction
	Patients and methods
	Results
	Discussion
	Acknowledgements
	References


