
ORIGINAL ARTICLE

Chemotherapy-induced nausea and vomiting control in pediatric
patients receiving ifosfamide plus etoposide: a prospective,
observational study

Priya Patel1,2 & Sara R. Lavoratore3
& Jacqueline Flank1 & Meaghan Kemp1

& Ashlee Vennettilli4 & Helen Vol1 &

Tracey Taylor1 & Elyse Zelunka1 & Anne Marie Maloney5 & Paul C. Nathan4,6,7
& L. Lee Dupuis1,2,4

Received: 28 February 2019 /Revised: 7 May 2019 /Accepted: 31 May 2019
# Springer-Verlag GmbH Germany, part of Springer Nature 2019

Abstract
Purpose Little evidence exists regarding the emetogenicity of chemotherapy in pediatric patients. This study describes the
prevalence of chemotherapy-induced nausea and vomiting (CINV) in pediatric patients receiving etoposide plus ifosfamide over
5 days, a common pediatric regimen.
Methods English-speaking, non-chemotherapy-naïve patients aged 4 to 18 years about to receive etoposide 100 mg/m2/day plus
ifosfamide 1800 mg/m2/day over 5 days participated. Antiemetic prophylaxis was determined by each patient’s care team. Emetic
episodes were recorded and nausea severity was assessed by patients beginning with the first chemotherapy dose, continuing until
24 h after the last chemotherapy dose (acute phase) and ending 7 days later (delayed phase). The proportion of patients experiencing
complete acute CINV control (no nausea, no vomiting, and no retching), the primary study endpoint, was described. The prevalence
of complete chemotherapy-induced vomiting (CIV) and chemotherapy-induced nausea (CIN) during the acute, delayed, and overall
(acute plus delayed) phases; complete delayed and overall CINV control; and anticipatory CINV were also determined.
Results Twenty-four patients participated; acute CINVwas evaluable in 22. Most (75%; 18/24) received a 5-HT3 antagonist plus
dexamethasone for antiemetic prophylaxis. Few (23%; 5/22) experienced complete acute CINV control. Complete acute CIVand
CIN control were experienced by 57% (13/23) and 27% (6/22) of patients, respectively. Complete delayed CINV, CIV, and CIN
control rates were 42% (8/19), 70% (14/20), and 42% (8/19), respectively.
Conclusions Our findings support the classification of etoposide 100 mg/m2/day plus ifosfamide 1800mg/m2/day IVover 5 days
as highly emetogenic. This information will optimize antiemetic prophylaxis selection and CINV control in pediatric patients.
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Introduction

Despite recent advances in the prevention of chemotherapy-
induced nausea and vomiting (CINV), these adverse effects
remain prevalent and bothersome in pediatric cancer patients
[1–3]. Emetogenicity, defined as the propensity of a drug to
cause vomiting or retching, is the primary determinant of
antiemetic prophylaxis. Clinical practice guidelines for the
prevention of acute chemotherapy-induced vomiting (CIV)
in children make recommendations based on whether the
child is receiving highly, moderately, low, or minimally
emetogenic chemotherapy [4]. Due to limitations in the
available literature, it is not possible to classify the
emetogenicity of even commonly administered chemothera-
py regimens based on experience in pediatric patients. There
are many gaps.
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For example, protocols involving multiple-day treatment
with ifosfamide and etoposide are considered to be the stan-
dard of care in many pediatric cancers including osteosarcoma
and Ewing’s sarcoma [5]. In adults, ifosfamide < 2 g/m2/day is
classified asmoderately emetogenic (> 30 to 90% incidence of
vomiting in the absence of prophylaxis) [6, 7] while etoposide
is classified both as moderately emetogenic [6] and of low [7]
emetic risk (10 to 30% incidence of vomiting in the absence of
prophylaxis). Using the method for adjusting emetogenicity
classification for combination chemotherapy regimens de-
scribed byHesketh et al., 60 to 90% of adult patients receiving
etoposide plus ifosfamide without antiemetic prophylaxis
would be expected to vomit [8]. A recent pediatric clinical
practice guideline [4] classified the combination of etoposide
≥ 60 mg/m2/dose IV daily for 5 days and ifosfamide ≥
1200 mg/m2/dose IV daily for 5 days as highly emetogenic
based on the experience of only five children [9]. The low
quality of published pediatric experience and the discrepancy
between the pediatric and adult classifications of this regi-
men’s emetogenicity lead to uncertainty. Furthermore, the
prevalence of delayed vomiting, acute nausea, and delayed
nausea has never been described in pediatric patients receiving
this regimen.

We undertook this prospective, observational study to de-
scribe the proportion of pediatric patients aged 4 to 18 years
who experienced complete CINV control (no vomiting, no
retching, and no nausea) in the acute phase while receiving
etoposide 100 mg/m2/day plus ifosfamide 1800 mg/m2/day
over five consecutive days, a regimen commonly used in solid
tumor pediatric treatment protocols. The prevalence of CINV
in the delayed and overall phases and of CIV and
chemotherapy-induced nausea (CIN) in the acute, delayed,
and overall phases were also described in these patients.

Methods

This prospective observational study was approved by the
Research Ethics Board at The Hospital for Sick Children,
Toronto, Canada.

Patients

English-speaking children 4 to 18 years of age about to re-
ceive etoposide 100 mg/m2/day plus ifosfamide 1800 mg/m2/
day over 5 days were eligible to participate. Children with
physical or cognitive impairments that precluded use of the
Pediatric NauseaAssessment Tool [10] (PeNAT)were exclud-
ed. The patient or their parent provided informed consent for
the study. The assent of patients who were unable to provide
consent was obtained when appropriate. Each child participat-
ed in the study only once. Study participation did not influ-
ence a patient’s antiemetic regimen; CINV prophylaxis and

breakthrough antiemetic agents were administered as pre-
scribed by the patient’s care team.

Data collection

Patients were recruited intermittently from August 2010 to
December 2017 based on the availability of study team mem-
bers. The study period began immediately prior to the first
chemotherapy dose of the child’s chemotherapy block, con-
tinued 24 h after the last chemotherapy dose (acute phase), and
ended 168 h (7 days) later (delayed phase).

The following information was collected from the patient’s
health record: age, sex, cancer diagnosis, date of cancer diag-
nosis, weight, height, chemotherapy protocol, receipt of prior
chemotherapy, all chemotherapy doses given during the study
period, and all antiemetics given during the study period. In
addition, we also asked the patient and their parent/guardian if
they had experienced nausea and vomiting within 24 h prior to
chemotherapy or had a history of motion sickness.

Structured diaries were used to collect data regarding the
child’s experience with CINV, and their use has been de-
scribed elsewhere [11]. Importantly, each patient was asked
to assess the severity of their present nausea using the PeNAT
at least two times a day (morning and bedtime) as well as
every time they felt nauseated or the parent/guardian believed
that the patient might be nauseated. The number of vomiting
episodes noted by the patient or parent was verified against the
nursing flow sheets, when possible. If the number of vomiting
episodes recorded on the flow sheet differed from those re-
corded on the diary, the larger of the two numbers was used for
analysis. When possible, all diary pages completed when the
patient was an inpatient at the hospital were collected prior to
discharge. Diary pages that were completed in the outpatient
period were returned either by mail or in person to a study
investigator. Families were contacted by a study teammember
up to three times during the study period to remind them to
complete and return the diaries. If diaries were not returned,
the number of vomiting episodes were ascertained from the
nursing flow sheets. In cases where diaries were not returned
and vomiting episodes were not able to be ascertained from
nursing flow sheets, the patient was excluded from data anal-
ysis. In cases where only a portion of the diaries were returned
for any given phase, the highest reported PeNAT score avail-
able was used for analysis.

Definitions

Vomiting was defined as expulsion of any stomach contents
by the mouth. Retching was defined as an attempt to vomit
that was not productive of any stomach contents. A chemo-
therapy block was defined as a consecutive set of 5 days
where chemotherapy was administered daily. The acute phase
was defined as the time starting from the administration of the
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first dose of chemotherapy and continuing until 24 h after
administration of the last dose of chemotherapy in a chemo-
therapy block. The delayed phase started at the end of the
acute phase and continued for a maximum of 168 h (7 days)
or until the start of the next chemotherapy block. The antici-
patory phase was defined as the 24-h period prior to receiving
the first dose of chemotherapy of the block. Definitions of
CINV, CIV, and CIN control are presented in Table 1.
PeNAT scores of 1 through 4 reflected no, mild, moderate,
and severe nausea respectively. Diary completion rate was
defined as the proportion of completed diary pages returned
to the study investigator.

Statistical analysis

A sample size of convenience of 30 patients was chosen as
this number was thought to be feasible and would provide
information from patients of varied ages and sex. The primary
study endpoint was complete CINV control (no vomiting, no
retching, and no nausea (maximum PeNAT score = 1)) in the
acute phase. CINV control in the delayed phase and CIVand
CIN control during the acute, delayed, and overall phases
were secondary outcomes. The proportion of patients
experiencing various levels of CINV, CIV, and CIN control
was calculated.

Results

Patient characteristics and diary completion

Twenty-four patients consented to participate in the study. A
pragmatic decision was taken to close the study to recruitment
before reaching the target sample size of 30.

Twenty-two patients were evaluable for acute phase CINV
and CIN control while 23 patients were evaluable for acute
phase CIV control. Analysis of delayed and overall phase
CINV, CIV, and CIN control was possible in 19, 20, and 19
patients, respectively. Characteristics of the participants are
summarized in Table 2.

The diary completion rate was 85% (123/144 days) in the
acute phase, 79% (133/168 days) in the delayed phase, and

82% (256/312) overall. Two patients returned no diary pages;
however, acute phase vomiting was assessed for one of these
patients based on the nursing flow sheets. Nausea assessment
in the acute phase for two patients was based on four returned
diary pages, and for one patient, one completed diary page.
Three patients returned no diary pages in the delayed phase.
CIV was assessed using nursing flow sheets for one of these
patients.

Antiemetic prophylaxis administered

All patients received a 5-HT3 receptor antagonist
(ondansetron: 18 patients; granisetron: 4 patients; or
palonosetron: 2 patients) on a scheduled basis during the
acute phase. Most patients (83%; 20/24) also received
dexamethasone on a scheduled basis in doses ranging from
4.3–15.6 mg/m2/day divided into one or two doses.
Nabilone was ordered as a scheduled medication for 4
patients.

Antiemetic administration in the delayed phase was
evaluated solely based on returned diaries. Almost half of
the patients (47%; 9/19) received no antiemetics, sched-
uled or on a rescue basis, during the delayed phase. The
other half of patients (53%; 10/19) received ondansetron or
granisetron on at least 1 day in the delayed phase and of
these, six patients received antiemetics on all 7 days of the
delayed phase. Ondansetron or granisetron was given in
combination with dexamethasone (two patients) or
nabilone (three patients) on at least 1 day of the delayed
phase.

CINV control

CINV, CIV, and CIN prevalence is presented in Table 3.
CINV, CIV, and CIN control rates based on antiemetic pro-
phylaxis received are presented in Table 4.

Few patients (23%; 5/22) experienced complete acute
phase CINV control. This rate was primarily driven by the
low rate of complete acute phase CIN control (27%; 6/22) as
more than half of patients (13/23; 57%) reported complete
acute phase CIV control. The pattern of low CIN control
and higher CIV control was also observed in the delayed

Table 1 Definitions of Study Endpoints

Endpoint

Chemotherapy-induced nausea Chemotherapy-induced vomiting Chemotherapy-induced nausea and vomiting

Complete control Maximum PeNAT score 1 No emesis Maximum PeNAT score 1 and no emesis

Partial control Maximum PeNAT score 2 1–2 emetic episodes Maximum PeNAT score 2 or 1–2 emetic episodes

Uncontrolled Maximum PeNAT score of 3 or 4 > 2 emetic episodes Maximum PeNAT score 3 or 4 or > 2 emetic episodes

PeNAT Pediatric Nausea Assessment Tool
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and overall phases. The median maximum PeNAT scores re-
ported in the acute and delayed phases were 3 (range 1–4) and
2 (range 1–4), respectively.

Five patients (21%) experienced anticipatory CINV. Two
patients experienced both anticipatory nausea and vomiting
while three patients experienced anticipatory nausea alone.

Discussion

Less than one quarter (23%) of patients who received
etoposide 100 mg/m2/day plus ifosfamide 1800 mg/m2/day
for 5 days at our institution experienced complete acute phase
CINV control. This finding was driven primarily by our ob-
servation that the majority of patients experienced nausea dur-
ing both the acute and delayed phases. It is also important to
acknowledge that, while the majority of our patients experi-
enced complete CIV control, almost 20% experienced uncon-
trolled acute phase vomiting.

During the study period, institutional acute CIV prophylax-
is guidelines were available and were incorporated into pre-
printed or electronic order sets. These guidelines were adapted
from pediatric clinical practice guidelines [12, 13]. A 5-HT3
antagonist plus dexamethasone was recommended for patients
receiving ifosfamide plus etoposide. In 2008, aprepitant was
also recommended for patients 12 years of age and older who
were not planned to receive chemotherapy known or
suspected to interact; in 2017, its recommended use was ex-
tended to children 6 months of age and older. The variability
that we observed in the acute CIV prophylaxis administered
likely reflects evolving evidence regarding the use of
aprepitant in young children, the shift in perceptions of rela-
tive benefits and harms regarding the use of aprepitant and
dexamethasone, and the health care team’s individualized re-
sponse to patients who experienced refractory CIV.

Based on the algorithm used in a recent pediatric
emetogenicity classification clinical practice guideline [4]
and on the antiemetic prophylaxis that our patients received
(Table 4), our findings support the classification of this regi-
men as highly emetogenic. That is, it is expected that more

Table 2 Summary of characteristics of 24 participating patients

Characteristic

Mean Age (years; S.D.) 11.8 (3.32)

Number of patients
(%)

Male sex 14 (58)

History of uncontrolled CINV:

Previous admission for uncontrolled CINV 1 (4)

Previous prolonged hospitalization due to
uncontrolled CINV

1 (4)

History of motion sickness 6 (25)

Diagnosis:

Ewing’s sarcoma 18 (75)

Rhabdomyosarcoma 4 (17)

Other solid tumor¥ 2 (8)

Acute phase antiemetic prophylaxis administered:

Granisetron or ondansetron ± other* 4 (17)

Granisetron or ondansetron + dexamethasone ±
other*

18 (75)

Palonosetron + dexamethasone ± other* 2 (8)

S.D. standard deviation
¥ Sarcoma other than Ewing’s sarcoma or rhabdomyosarcoma, primary
teratoma

*Antiemetic agents other than ondansetron, granisetron, palonosetron,
dexamethasone, aprepitant, fosaprepitant, or olanzapine

Table 3 Chemotherapy-induced nausea and vomiting in patients
receiving etoposide 100 mg/m2/day plus ifosfamide 1800 mg/m2/day
over 5 days

Number of patients (%)

CINV CIV CIN

Acute phase N = 22 N = 23 N = 22

Complete control 5 (23) 13 (57) 6 (27)

Partial control 4 (18) 6 (26) 3 (14)

Uncontrolled 13 (59) 4 (17) 13 (59)

Delayed phase N = 19 N = 20 N = 19

Complete control 8 (42) 14 (70) 8 (42)

Partial control 2 (11) 5 (25) 2 (11)

Uncontrolled 9 (47) 1 (5) 9 (47)

Overall phase N = 19 N = 20 N = 19

Complete control 5 (26) 9 (47) 6 (32)

Partial control 2 (11) 9 (47) 1 (5)

Uncontrolled 12 (63) 2 (11) 12 (63)

Table 4 Acute phase CIV and CIN control in pediatric patients
receiving etoposide 100 mg/m2/day plus ifosfamide 1800 mg/m2/day
over 5 days based on antiemetic regimen administered during the acute
phase on a scheduled basis

Level Of
Acute CIV Or
CIN control

Granisetron or
ondansetron ±
other*

Granisetron or
ondansetron +
dexamethasone ±
other*

Palonosetron +
dexamethasone
± other*

Number of patients (%)

CIV Control: (N = 23)

Complete 1 (25) 12 (67) 0

Partial 3 (75) 3 (17) 0

Uncontrolled 0 3 (17) 1 (100)

CIN Control: (N = 22)

Complete 0 6 (35) 0

Partial 0 3 (18) 0

Uncontrolled 4 (100) 8 (47) 1 (100)

*Antiemetic agents other than ondansetron, granisetron, palonosetron,
dexamethasone, aprepitant, or fosaprepitant
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than 90% of patients who receive this chemotherapy would
vomit if not given antiemetic prophylaxis. Our findings high-
light the difficulty in applying the experience of adult patients
directly to pediatric patients. Children may be inherently more
susceptible to CIV than are adults or less responsive to anti-
emetic agents or they may receive more dose-intensive regi-
mens. It is important to understand the emetic risk that che-
motherapy presents to pediatric patients specifically so that
antiemetic prophylaxis selection and CIV control can be
optimized.

Antiemetic prophylaxis with a 5-HT3 antagonist plus dexa-
methasone resulted in complete control of acute CIV in 67%
of our patients receiving etoposide 100 mg/m2/day plus
ifosfamide 1800 mg/m2/day. It is clear that, in order to im-
prove acute CIV control in pediatric patients receiving this
chemotherapy regimen, different strategies than this combina-
tion are required. According to current pediatric clinical prac-
tice guidelines, the receipt of highly emetogenic chemothera-
py warrants administration of triple antiemetic prophylaxis
with a 5-HT3 antagonist, dexamethasone, and aprepitant [7,
13, 14]. However, due to concerns regarding interactions be-
tween aprepitant and both ifosfamide and etoposide,
aprepitant was not given to our patients [15]. Further, almost
one-fifth of study participants received antiemetic prophylaxis
with a 5-HT3 antagonist alone. The reasons that dexametha-
sone was withheld from these patients are unclear.

In our study, the proportion of patients who experienced
complete CIN control was even lower than those who experi-
enced complete CIV control. No system for classifying the
risk of nausea of chemotherapy exists, and it is not known if
HEC also brings with it a high risk of nausea. Antiemetic
agents cannot be assumed also to have antinauseant proper-
ties, and as has been noted in adult patients, the profile of CIN
is perhaps more able to be appreciated once CIV control has
improved.

The main strengths of our study are the focus on CINV as
the primary study aim, its prospective approach to gathering
objective and subjective information about the CINV experi-
ence of pediatric patients, and the use of a validated pediatric
nausea assessment tool. Nevertheless, although our study is
over fourfold larger than the other pediatric study describing
the emetogenicity, the generalizability of our findings may be
limited by sample size and by the long time period over which
patients were recruited. In mid-2014, administration of
ifosfamide plus etoposide was moved primarily from the in-
patient unit to the outpatient clinic. Recruitment was
constrained by this change and, we speculate, the reluctance
of patients and families to take responsibility for CINV diary
completion while commuting between home and clinic. In
addition, it is possible that our sample was subject to selection
bias since patients who elected to participate may have been
more likely to have experienced CINV in the past. Similarly,
we were not able to purposively sample patients to balance the

effect of recently identified risk factors for CIVand CIN (e.g.,
age, race, antiemetic agents) in pediatric patients [16, 17].
Furthermore, we relied heavily on the patient and their parent
for data collection. This was mitigated by verifying vomiting
episodes noted on the diary against the nursing flow sheet and
by contacting parents and patients frequently to remind them
to complete the diary. Ideally, an electronic version of the
CINV diary that is compatible with mobile devices should
be offered to patients and families in future studies evaluating
CINV so as to improve data integrity.

In this prospective study, few pediatric patients experi-
enced complete CINV control. Clearly, this must be improved.
Provision of clinical practice guideline–consistent antiemetic
prophylaxis is likely to increase the proportion of children
who experience complete acute CINV control [18], but new
antiemetic and antinauseant interventions are also required.
Evaluations of the extent to which aprepitant or fosaprepitant
influences exposure to specific chemotherapy agents would
facilitate the ability of clinicians to weigh the risks and bene-
fits of their use in patients receiving chemotherapy suspected
to interact. Pediatric studies evaluating the efficacy and safety
of interventions such as rolapitant, a neurokinin-1 antagonist
with reduced risk of drug interactions [19], olanzapine, and
others are warranted as is a pediatric clinical practice guideline
regarding delayed CINV prophylaxis.
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