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A North European, randomised, double-blind study, comparing a loading-dose of ondansetron of
5 mg/m? with 10 mg/m?, administered intravenously before highly emetogenic chemotherapy, was
carried out in 187 chemotherapy-naive children. In the first 24 h, both groups received further
ondansetron intravenously at a dose of 5 mg/m? 8-hourly. Thereafter, ondansetron was given at an oral
dose of 4 or 8 mg depending on the surface area of the child, three times a day and continued for at
least 3 days after the last day of chemotherapy. There was no difference in the control of emesis between
the two groups. Ondansetron provided good control of emesis and nausea on day 1 with 71-72% of
patients experiencing two or fewer emetic episodes (complete or major responders) and 90-86% of
patients reporting nausea as none or mild. There was also no difference in the efficacy of the treatment
arms in the control of emesis and nausea on subsequent days of the study period. Both anti-emetic
regimens were well-tolerated. Copyright © 1996 Published by Elsevier Science Ltd
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INTRODUCTION
ONDANSETRON, the first highly selective 5-HT; (5-
hydroxytryptamine,) receptor antagonist available for use in

ide or chlorpromazine, is only obtained with doses that are
accompanied by undesirable side-effects [3—-10].
The objectives of this North European, multicentre, ran-

children, has been shown to be effective in the prevention of
nausea and emesis induced by emetogenic chemotherapy [1,
2]. The introduction of ondansetron along with other 5-HT;
receptor antagonists has been a major advance in emesis
control, particularly in children receiving aggressive chemo-
therapy regimens, where satisfactory control of nausea and
vomiting with traditional anti-emetics, such as metoclopram-
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domised, double-blind, parallel group study were to increase
primarily the anti-emetic efficacy of ondansetron by increasing
the initial intravenous loading-dose from 5 mg/m? (maximum
8 mg) (regimen A) to 10 mg/m® (maximum 16 mg) (regimen
B) in children receiving highly emetogenic chemotherapy. The
hypothesis behind the potentially beneficial increased loading-
dose was that children are known to have a shorter serum half-
life of ondansetron and, when receiving highly emetogenic
chemotherapy regimens, i.e. containing cisplatin or ifosfam-
ide, children are given a high level of hydration that could
increase the clearance of ondansetron and reduce the initial
saturation of 5-HT; receptors. The second aim of the study
was to evaluate if the addition of an initial dose of 10 mg/m?
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of dexamethasone (with a maximum of 16 mg) could improve
the anti-emetic response in children considered to be treat-
ment failures with ondansetron as a single agent.

PATIENTS AND METHODS

The study was carried out in 18 oncology units throughout
Belgium, The Netherlands, Denmark, Sweden and Finland.
Guidelines from the Declaration of Helsinki (1964), modified
by the 41st World Medical Assembly in Hong Kong in Sep-
tember 1989, were adhered to. The protocol received approval
from the regulatory authorities and local ethical committees
appropriate for the countries involved. Informed consent was
obtained from a parent or guardian by the local study investi-
gator.

Patients

Children between 2 and 16 years old, who had not received
prior chemotherapy and who were scheduled to receive highly
emetogenic chemotherapy (Table 1) were eligible for
inclusion. The study ran from November 1992 to June 1994,
Patients with severe concurrent illness, gastrointestinal
obstruction, brain tumours, cerebral metastases or meningeal
leukaemia were excluded, along with children who had
received anti-emetics 24 h prior to the start of the trial. How-
ever, those receiving benzodiazepines only for night sedation
were eligible.

Anti-emetic dose schedule

The initial intravenous loading-dose of ondansetron, either
5 mg/m? (maximum 8 mg) or 10 mg/m? (maximum 16 mg)
according to the randomisation code, was administered
immediately prior to chemotherapy as a 15-min infusion. Two
additional intravenous doses of ondansetron of 5 mg/m? were
administered 8 and 16 h after the initial dose. Thereafter, on
subsequent days when chemotherapy was given, ondansetron
was administered orally three times a day at a dose according
to the surface area of the child: 4 mg < 1 m?, 8 mg = 1 m2.
The first oral intake was given 24 h after the start of chemo-
therapy and it was continued for 3 days after the last day of
chemotherapy or 5 days if nausea or vomiting persisted. The
anti-emetic loading dose of ondansetron was blinded to the
clinicians, the patients, the parents and the nurses. Patients
were categorised as treatment failures during the first course
of chemotherapy if they suffered more than five emetic epi-
sodes in any 24-h period and/or they received rescue anti-

Table 1. Definition of highly emetogenic chemotherapy

Chemotherapy Dose

Actinomycin D =15 pg/kg; =0.45 mg/m?

Carboplatin =400 mg/m?
Cisplatin =20 mg/m?
Cyclophosphamide =500 mg/m?
Cytosine arabinoside =500 mg/m?
Dacarbazine =250 mg/m?
Daunorubicin =40 mg/m?
Doxorubicin =40 mg/m?
Ifosfamide =1 g/m?
Methotrexate =5 g/m?
Mitoxantrone =8 mg/m?
Nitrogen Mustard =6 mg/m?
Epirubicin =45 mg/m?
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emetic medication and/or there was any change in anti-emetic
drug treatment. These patients entered the second part of the
study and were given dexamethasone at a dose of 10 mg/m?
(maximum 16 mg) as an intravenous infusion over 15 min, 30
min prior to the chemotherapy, in addition to ondansetron.
The loading-dose of ondansetron was the same as in the
first course of chemotherapy, either 5 mg/m? or 10 mg/m?
according to the initial randomisation code.

Efficacy data collection

The number of episodes of vomiting or retching (emetic
episodes) were recorded on diary-cards by the patient, their
parents or nurse. An emetic episode was defined as a single
vomit or retch or any number of continuous vomits or retches.
Each emetic episode would, by definition, be separated by the
absence of vomiting or retching for at least 1 min. Nausea was
defined as the feeling of wanting to be sick without retching
and was graded as none (not feeling sick at all), mild (feeling
sick) or severe (feeling very sick). Appetite was assessed by
means of a graded scale as being better than usual, as usual
or worse than usual. During the intravenous ondansetron
treatment period, patients were monitored as in-patients and
assessed after the first 24-h period (study day 1). The timing
and number of episodes of vomiting or retching were recorded
on a diary-card during this period by the nursing staff and/or
parents as was the grade of nausea and the child’s appetite.
After the first 24-h period, it was possible for the child to be
managed on an out-patient basis and the parents or the
patients themselves completed the diary-card for each further
24-h period. The same information as for day 1 was recorded
on the diary-card in addition to the number of tablets of
ondansetron taken and/or the use of rescue medication. At the
next hospital visit, after completing the oral ondansetron
treatment, the diary-cards were collected and checked for
completeness. Any points arising were discussed with the
patient or parent.

Efficacy analysis

The anti-emetic efficacy of the two loading doses of ondan-
setron was analysed during the first 24 h of chemotherapy
by comparing:

(1) the percentage of complete or major responders in both
groups;

(2) the mean number of vomiting episodes in both groups;
and

(3) the grade of nausea.

The difference between the two groups during the subsequent
chemotherapy treatment period was analysed by comparing
the proportion of emesis-free days. No emetic episode was
recorded as a ‘complete’ response, 1-2 episodes was a ‘major’
response, 3-5 episodes was a ‘minor’ response and more than
5 emetic episodes in any 24-h period and/or the administration
of rescue medication and/or any change in anti-emetic drug
treatment was recorded as a failure.

Sample size statement

It was estimated from the results of our previous open
multicentre trial of ondansetron treatment in children, that
approximately 50% of the patients receiving ondansetron at a
loading dose of 5 mg/m? would be complete or major
responders on the first day of chemotherapy [11]. For the
present study to detect a true difference of 15% between both
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groups, with a power of 80% at the 0.05 significance level,
169 patients were to be included in each arm (uncorrect
x° statistic). To allow for the inclusion of at least 10% of
unevaluable patients, it was planned to enrol 368 children in
the study. However, an interim analysis was to be performed
on the first 187 patients included in the trial (50% of the total
sample size). All comparative analyses were two-sided with a
5% significance level and results were considered significant
at P-values below or equal to 0.025.

RESULTS
The scheduled interim analysis was performed when 187
patients had been recruited and clearly showed no differences
in response rate on day 1 between regimen A and regimen B.
In agreement with all the participating centres, it was therefore
decided to stop the trial.

Efficacy

The overall efficacy analysis was carried out on the 160
children who had followed the protocol correctly; 27 were
excluded due to protocol violation. Protocol violation
included the following: at least 1 of the i.v. doses differed by
more than 25% of that stated in the protocol (9), no data were
available (6), chemotherapy was other than that considered
highly emetogenic and listed in Table 1 (5), no zero baseline
nausea was confirmed (2), the in-/exclusion criteria were not
adhered to (2), no dose data were available (2), and 1 oral
dose was given in place of the required i.v. dose (1). Overall
efficacy was analysed for 79 patients in regimen A and 81
patients in regimen B—88 boys and 72 girls. There were
missing data on nausea on day 1 for 1 patient in regimen A
and therefore this analysis was carried out on 159 patients, 79
in regimen A and 80 in regimen B. The data on vomiting were
missing for 2 patients on day 1 and therefore this analysis was
carried out on 158 patients, 79 in regimen A and 79 in
regimen B. The two treatment arms were well-balanced with
respect to patient demography (Table 2). No efficacy differ-
ences between the two groups was seen. Ondansetron pro-
vided good control of emesis and nausea on day 1 with 71—
72% of patients experiencing two or fewer emetic episodes
and 90-86% of patients reporting no or only mild nausea
(Figure 1). Appetite was reported on day 1 as ‘as usual’ or
‘better’ in 44-45% of patients. There was also no difference
in the efficacy between the treatment arms in the control of
emesis and nausea on subsequent days of the study period.
The efficacy of ondansetron (5 mg/m? or 10 mg/m? loading-
dose) on the worst day of chemotherapy treatment is shown
in Figure 2. Appetite on the worst day of the chemotherapy
treatment period was reported as ‘as usual’ or ‘better’ in 27—
28% of patients.

Table 2. Panient demography

5 mg/m? group 10 mg/m? group

Number of patients 93 94
Age range 2.0-16.7 1.9-16.3
Mean age 8.4 8.5
Gender
Male 50 (54%) 52 (55%)
Female 43 (46%) 42 (45%)
Mean surface area (m?) 1.1 1.1
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Figure 1. The efficacy of ondansetron (5 mg/m? or 10 mg/m?
loading dose) over the first 24 h following chemotherapy.
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Figure 2. The efficacy of ondansetron (5 mg/m’ or 10 mg/m?
loading dose) on the worst day during the chemotherapy treat-
ment.

On day 1, there were 31 patients who received cisplatin-
containing chemotherapy. The dose ranged from
20 mg/m?/day for 5 days to 102 mg/m?/day on day 1. The
median dose on day 1 was 100 mg/m?. Of these children, 14
received regimen A. Patients who received chemotherapy
containing cisplatin did not have as good a control of nausea
and vomiting as patients who received other types of highly
emetogenic chemotherapy. On day 1, 50% (7/14) of patients
in regimen A and 53% (9/17) in regimen B who received
cisplatin-containing chemotherapy experienced two or fewer
emetic episodes as compared to 71% (56/79) of patients in
regimen A and 72% (57/79) in regimen B in the total popu-
lation. However nausea was well-controlled on day 1 in pati-
ents receiving cisplatin, 79% (11/14) in regimen A and 77%
(13/17) in regimen B had no or mild nausea, compared with
90% (71/90) in regimen A and 86% (69/80) in regimen B in
the total population. The data were also analysed separately
on day 1 for the 28 patients who had received ifosfamide as
part of their chemotherapy regimen, 14 in regimen A and 14
in regimen B. There were two or fewer emetic episodes in
79% (11/14) in regimen A patients versus 64% (8/14) in
regimen B patients. Nausea was reported as none or mild in
100% (14/14) in regimen A and 86% (12/14) in regimen B.
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There was no statistical difference between the results in the
two regimens; if anything there was a trend towards better
results in the 5 mg/m? arm, regimen A.

An analysis was carried out for each group of patients, those
who had received cisplatin, ifosfamide and the remaining
group, comparing the results between regimen A and B on
each day of the study (day 1-9). No significant difference was
found on any day.

Late control of emesis was poor in patients who received
cisplatin. On the worst day of chemotherapy only 21% (3/14)
in regimen A and 18% (3/17) in regimen B had two or fewer
emetic episodes as compared to 61% (48/79) in regimen A
and 60% (48/80) in regimen B of the total population.

Results were available from 34/41 patients who were classi-
fied as treatment failures (15 on day 1, 11 on day 2, 7 on day
3 and 1 on day 6) and who were given ondansetron plus
dexamethasone for the second course of chemotherapy. There
were 15 patients who received a loading dose of 5 mg/m?
and 19 patients who received a loading dose of 10 mg/m?.
Complete and major responses were found on 60% (9/15) and
(16/19), respectively, and appetite was ‘as usual’ or ‘better’ in
60% (9/15) and 72% (13/18), respectively.

Tolerability

The safety analysis included the whole population
(n=187). Ten serious adverse events were reported (seven
cases of hyperthermia and infection secondary to neutropenia,
one ulcerative oesophagitis induced by continuous vomiting,
one left iliaca thrombus and one pneumothorax). None of
these were considered by the investigator possibly, probably
or almost certainly to be related to the study drug. In regimen
A, two adverse events were considered almost certainly related
to the study drug (headache, dizziness) and another two
adverse events were considered probably related to the study
drug (headache, warm feeling). In regimen B, one adverse
event was considered probably related to the study drug
(headache).

DISCUSSION

The majority of clinical trial experience with ondansetron
has been obtained in adults. The first pilot dose-ranging
studies in children were carried out in Australia [12] and the
United Kingdom [13]. Clinical trial experience with ondanse-
tron in children has been obtained from four European multi-
centre studies including over 400 patients [11, 14-16]. In
these studies, ondansetron was given intravenously at a dose of
5 mg/m? (maximum 8 mg) immediately before chemotherapy
followed by intravenous or oral treatment (2, 4 or 8 mg) three
times a day for up to 5 days. These studies showed that
ondansetron is an effective and well-tolerated anti-emetic in
the control of emesis and nausea induced by a wide variety of
chemotherapy regimens. However, lower response rates were
associated with highly emetogenic chemotherapy such as cis-
platin and ifosfamide. Clinical trial experience with ondanse-
tron in adults suggests that patients receiving highly emeto-
genic chemotherapy may benefit from receiving a higher dose
of ondansetron [17]. Another study has shown that the half-
life of ondansetron is shorter in children than in adults [18].
There is also evidence that 5-hydroxytryptamine plays a role
in triggering acute emesis [19)]. It was, therefore, postulated
that increasing the loading-dose of ondansetron in children
would produce better anti-emetic control in children receiving
highly emetogenic chemotherapy, in particular, those whose
treatment included cisplatin.
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The results of our study show that an increased loading
dose of 10 mg/m? does not improve the control of vomiting or
nausea in children receiving highly emetogenic chemotherapy.
However both regimen A and regimen B provided good
control of chemotherapy-induced emesis, on day 1, in all
children (71-72% complete or major control and 86-90% no
or mild nausea). The results from day 2 onwards in children
who received cisplatin were not as good. Acute emesis follow-
ing the administration of cisplatin, when no anti-emetic
prophylaxis is provided, is known to be severe, and delayed
emesis, occurring between 24 and 120 h after the adminis-
tration of cisplatin, is extremely common. However, it has
been suggested that cisplatin-induced delayed emesis is less
severe if acute emesis is controlled. A study by Kris and
collegues [20], including 86 patients receiving 120 mg/m? of
cisplatin for the first time and who received good anti-emetic
cover, showed that 62% experienced no vomiting in the first
24 h, but 93% of the patients experienced some degree of
delayed nausea or vomiting. The patients included in the Kris
study were those who would be expected to have the least
severe delayed emesis as only patients who had less than three
episodes of emesis in the first 24 h were included. There is also
evidence to support the hypothesis that 5-hydroxytryptamine,,
may not be the major mediator of cisplatin-induced delayed
emesis in adults and children [21-23]. A report by Gandara
[23] on the control of delayed emesis in patients who received
cisplatin and who were randomised to ondansetron or placebo
on day 2 to day 5 only showed a statistically significant
difference in favour of ondansetron on day 3.

Although the mechanism involved in cisplatin-induced
delayed emesis is not understood, a number of studies have
demonstrated that the efficacy of ondansetron can be
enhanced by the addition of dexamethasone [24-27]. There
is also evidence from the literature that, in adult patients
who received cisplatin, the addition of dexamethasone to
ondansetron prior to chemotherapy (28] might be more cost-
effective than starting with ondansetron alone. In the second
part of the present study, where regimen A plus dexame-
thasone was compared to regimen B plus dexamethasone,
there was no significant difference between the results of the
two arms. However the results of both arms with the addition
of dexamethasone were encouraging, considering that these
patients were previous treatment failures. The study design
and small number of treatment failures did not permit a
comparison of the results between the first and the second
part of the study.

In conclusion, this study did not demonstrate a difference
in the efficacy or tolerability of ondansetron given as a 5 mg/m?
or a 10 mg/m? loading-dose on the first day of chemotherapy
in patients who received highly emetogenic chemotherapy.
The results from the patients who were considered treatment
failures and who received a second course of treatment with
additional dexamethasone were good, but numbers were
small. Future studies on anti-emetic treatment in children
should focus on those receiving repeated courses of chemo-
therapy containing cisplatin and on the mechanisms behind
delayed emesis.

1. Schmoll H-J. The role of ondansetron in the treatment of emesis
induced by non-cisplatin-containing chemotherapy regimens. Eur
¥ Cancer Clin Oncol 1989, 25 (Suppl. 1), S35-S39.

2. Marty M, Pouillart P, Scholl S, er al. Comparison of the 5-
hydroxytryptamine,  (serotonin) antagonist ondansetron



1748

10.

11.

12.

14.

15.

16.

17.

(GR38032F) with high-dose metoclopramide in the control of
cisplatin-induced emesis. N Engl ¥ Med 1990, 322, 816-821.

. Casteels-Van Daele M, Jaeken J, Van Der Schueren M, et al.

Dystonic reactions in children caused by metoclopramide. Arch
Dis Child 1970, 45, 130-133.

. Casteels-Van Daele M. Metoclopramide poisoning in children.

Arch Dis Chuld 1981, 56, 406-40Q7.

. Wampler G. The pharmacology and clinical effectiveness of phen-

othiazines and related drugs for managing chemotherapy-induced
emesis. Drugs 1983, 25 (Suppl. 1), 35-51.

. Allen JC, Gralla R], Reilly LK, et al. Metoclopramide: dose-

related toxicity and preliminary anti-emetic studies in children
receiving cancer chemotherapy. ¥ Clin Oncol 1985, 3, 1136-1141.

. Terrin BN, McWilliams NB, Maurer HM. Side effects of meto-

clopramide as an antiemetic in childhood cancer chemotherapy.
F Pediarr 1984, 104, 138-140.

. Zeltzer L, 1e Baron S, Zeltzer PM. Paradoxical effects of prophy-

lactic phenothiazine anti-emetics in children receiving chemo-
therapy. ¥ Clin Oncol 1984, 2, 930-936.

. Howrie DL, Felix C, Wollman M, er al. Metoclopramide as an

antiemetic agent in paediatric oncology patients. DICP 1986, 20,
122-124.

Casteels-Van Daele M, Dobosz-Cyclis R, Van de Casseye W, er
al. Refusal of further cancer chemotherapy due to antiemetic
drug. Lancet 1984, 1, 57.

Brock PR, Bokkerink JPM, Tamminga RY], ez al. Ondansetron
for chemotherapy-induced emesis in children. A Benelux study.
Int ¥ Ped Haematol/Oncol 1994, 1, 235-240.

Carden PA, Mitchell SL, Waters KD, er al. Prevention of
cyclophosphamide/cytarabine-induced emesis with ondansetron
in children with leukemia. ¥ Clin Oncol 1990, 8, 1531-1535.

. Pinkerton CR, Williams D, Wootton C, er al. 5-HT; antagonist

ondansetron—an effective outpatient anti-emetic in cancer treat-
ment. Arch Dis Child 1990, 65, 822-825.

Jurgens H, McQuade B. Ondansetron as prophylaxis for chemo-
therapy and radiotherapy-induced emesis in children. Oncology
1992, 49, 279-285

Hewitt M, McQuade B, Stevens R. The efficacy and safety of
ondansetron in the prophylaxis of cancer-chemotherapy induced
nausea and vomiting in children. Clin Oncol R Coll Radiol 1993,
5,11-14.

Hewitt M, Cornish ], Pamphilon D, ez al. Effective emetic control
during conditioning of children for bone marrow transplantation
using ondansetron, a 5-HT; antagonist. Bone Marrow Transpl
1991, 7, 431-433.

Beck TM, Hesketh PJ, Madajewicz S, et al. Stratified, random-
ised, double-blind comparison of intravenous ondansetron
administered as a multiple-dose regimen versus two single-dose
regimens in the prevention of cisplatin-induced nausea and vom-
iting. ¥ Clin Oncol 1992, 10, 1969-1975.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

P. Brock ez al.

Bryson JC, Pritchard JF, Shurin S, et al. Efficacy, pharmacokinet-
ics (PK) and safety of ondansetron (OND) in pediatric chemo-
therapy patients (PTS). Clin Pharmacol Ther 1991, 49(2), 161
Abs PII-49.

Cubeddu LX, Hoffmann IS, Fuenmayor NT, et al. Efficacy of
ondansetron {(GR 38032F) and the role of serotonin in cisplatin-
induced nausea and vomiting. N Engl ¥ Med 1990, 322, 810-816.
Kris MG, Gralla R], Clark RA, et al. Incidence, course, and
severity of delayed nausea and vomiting following the adminis-
tration of high-dose cisplatin. ¥ Clin Oncol 1985, 3, 1379-1384.
Cubeddu LX, Hoffmann IS. Participation of serotonin on early
and delayed emesis induced by initial and subsequent cycles
of cisplatin-based chemotherapy: effects of anti-emetics. ¥ Clin
Pharmacol 1993, 33, 691-697.

Brock P. Measurement of urinary 5-hydroxyindolacetic acid in
children receiving cisplatin by 24-hour infusion. In Cisplatin
Toxicity in Infants and Children. Acta Medica Lovaniensia 102,
Ch. 4, Catholic University of Leuven, Belgium, 1994.

Gandara DR. Progress in the control of acute and delayed emesis
induced by cisplatin. Eur ¥ Cancer 1991, 27 (Suppl. 1), S9-S11.
Smyth JF, Coleman RE, Nicolson M, et al. Does dexamethasone
enhance control of acute cisplatin induced emesis by ondanse-
tron? Br Med ¥ 1991, 303, 1423-1426.

Rath U, Upadhyaya BK, Arechavala E, et al. Role of ondansetron
plus dexamethasone in fractionated chemotherapy. Oncology
1993, 50, 168-172.

Smith DB, Newlands ES, Rustin GJS, er al. Comparison of
ondansetron and ondansetron plus dexamethasone as antiemetic
prophylaxis during cisplatin-containing chemotherapy. Lancer
1991, 338, 487-490.

Roila F, Tonato M, Cognetti F, er al. Prevention of cisplatin-
induced emesis: a double-blind multicenter randomised crossover
study comparing ondansetron and ondansetron plus dexame-
thasone. ¥ Clin Oncol 1991, 9, 675-678.

Bleiberg H, Autier P, Michaux M. Cost effectiveness analysis of
anti-emetic treatment. Supp Care Cancer 1994, 2, 145-149.

Acknowledgements—We thank the children and their families who
participated in this study and the nurses on the Paediatric wards for
their expert assistance. We gratefully acknowledge the assistance of
all investigators for their contribution, and in particular Prof. Dr J.
Ninane, Dr A. Uyttebroeck, Dr J. Gyselinck, Dr N. Francotte and Dr
J.M. Chantraine from Belgium, Dr H. Hertz, Dr E. Ostergaard, Dr
B. Jacobsen and Dr M. Hejl from Denmark, Prof. Dr P.A. Voiite, Dr
R.Y.J. Tamminga, Dr K. Hihlen, and Dr J.P.M. Bokkerinck from
The Netherlands, Dr T. Salmi from Finland and also Dr K. Johansson
and Dr B. Lannering from Sweden. We are indebted to Philippe Van
Wilder for the statistical analysis of this international study on behalf
of Glaxo Belgium.



