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Abstract

Purpose Children continue to experience chemotherapy-induced nausea and vomiting (CINV), despite effective antiemetic
medications. Recommendations in clinical practice guidelines are underpinned by narrative syntheses and meta-analyses that
compare only two treatments. This means not all antiemetics have been compared to one another, and estimates remain impre-
cise. We apply network meta-analysis (NMA) to overcome these limitations by comparing multiple treatments simultaneously.
Methods A systematic review identified and critically appraised RCTs comparing antiemetics recommended and licensed for
the prevention of CINV in children. Bayesian NMA compared and ranked antiemetic effectiveness for the outcomes complete
(CR) and partial response (PR) in the acute, delayed, and overall phases, nausea, and decreased food intake. Antiemetics
given with and without dexamethasone were compared in separate networks as their underlying populations differed.
Results Sixteen RCTs (3115 patients receiving moderately (MEC) or highly emetogenic chemotherapy (HEC)) were included.
When given with dexamethasone, NK1 antagonists with ondansetron ranked highest for CR and PR in the acute and overall
phases, PR in the delayed phase, and decreased food intake. Post hoc analysis shows further a benefit of adding olanzapine
to regimens of aprepitant and ondansetron. Ondansetron ranked lower than palonosetron, for CR in the delayed and overall
phases, and ondansetron was less effective than palonosetron for nausea prevention. Rankings for other regimens, including
those given without dexamethasone, were uncertain or inconsistent across outcomes.

Conclusions Our findings serve to support the current recommendations of olanzapine (when given with aprepitant and
ondansetron) and NK1 antagonists’ regimens receiving HEC, but note that evidence of a significant difference in relative
benefit, between patients receiving MEC and HEC, does not yet exist. Recommendations for palonosetron as the preferred
5SHT?3 antagonists may be extended, particularly, to those who are at high risk of nausea.

Keywords Antiemetics - Nausea and vomiting - Children - Evidence synthesis

Introduction

Nausea and vomiting are common side effects of chemo-
therapy that continue to be a problem for children and
young people undergoing treatment for cancer. The impacts
of uncontrolled nausea and vomiting include dehydration,

P< R. Walker
ruth.walker@york.ac.uk

Centre for Reviews and Dissemination, University of York,
Heslington, York YO10 5DD, UK

Department of Paediatric Haematology and Oncology,
Leeds Teaching Hospitals NHS Trust, Great George Street,
Leeds LS1 3EX, UK

Published online: 27 October 2024

electrolyte imbalance, weight loss, anorexia, weakness,
and increased susceptibility to infection [1, 2], as well as
decreased mental performance [3] and distress. In particu-
lar, nausea is commonly identified by patients as being a
distressing aspect of chemotherapy treatment [1].

Chemotherapy-induced nausea and vomiting (CINV) can
occur prior to chemotherapy administration (anticipatory
CINYV), during or within 24 h of chemotherapy administra-
tion (acute CINV) and after chemotherapy administration
(delayed CINV) (often defined as 1 to 5 days after the last
chemotherapy administration). As anticipatory CINV may
be a conditioned response to previous CINV experienced in
the acute and delayed phases, adequately controlling these
from the first chemotherapy administration could prevent
subsequent anticipatory CINV [4].
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The current clinical practice guidelines of the Paediatric
Oncology Group of Ontario (POGO) [5-7], Multinational
Association of Supportive Care in Cancer (MASCC) [8],
Children’s Cancer and Leukaemia Group (CCLG) [9]
(underpinned by Patel et al. 2017 [7]), and the American
Society of Clinical Oncology(ASCO) guidelines [10, 11]
recommend different combinations of antiemetic medi-
cations depending on the emetogenicity (the potential
to cause vomiting in the absence of prophylaxis) of the
chemotherapy being received (Table 1).

Recommendations are informed by systematic reviews
and evidence syntheses [2, 5-7, 9—13] that have identified
and combined evidence from randomised clinical trials
(RCTs) using either narrative synthesis or conventional
meta-analysis. Narrative synthesis is a textual approach
to analysing relationships within and between studies and
therefore cannot provide a statistical summary of relative
treatment effect when multiple studies assess the same
treatments. Meta-analysis does produce statistical sum-
mary estimates for treatments that have been compared
directly in clinical trials but combines evidence of the rela-
tive treatment effect (and associated uncertainty) of two
interventions meaning not all treatments can be compared
to every other. For antiemetic use within children under-
going chemotherapy, this means that the overall picture
of which antiemetics are most effective remains incom-
plete [2, 13], including knowledge of optimal dosing and
scheduling of antiemetics [2, 5, 13]. Formal comparison
of antiemetic efficacy in children is even more lacking
for less well-reported outcomes, such as nausea [2, 13],
despite this outcome being identified as being more dis-
tressing to patients [1].

The existing evidence syntheses that combine evidence
of antiemetic use in children are also limited by the size
of underlying clinical trials. RCTs comparing antiemetics
in children and young people are also often small (<50
participants), owing to challenges in recruiting to these
supportive care trials [14-16]. Fewer trial participants ulti-
mately mean less information (i.e. less power) to estimate
treatment effects; and therefore, some existing estimates of
treatment effect are imprecise, i.e. not estimated with suf-
ficient certainty.

Network meta-analysis (NMA) may help to overcome the
limitations discussed, by extending pairwise meta-analysis to
coherently synthesise evidence on three or more treatments.
NMA methods hold two main advantages in the context of
children’s research where evidence is sparse. Firstly, NMA
facilitates the comparison of each treatment with every other
and can estimate relative effects of treatments not compared
directly in clinical trials by incorporating ‘indirect evidence’
provided by observed comparisons. Secondly, as some esti-
mates may be informed by both direct and indirect evidence,
NMA methods can increase the precision of treatment effect

9, 10]**
No routine prophylaxis for prevention of delayed CINV [5]

Low emetogenic chemotherapy (LEC)

A 5HT3 receptor antagonist + dexamethasone for prevention of A SHT?3 receptor antagonist for prevention of acute CINV [5,

acute CINV [5, 9-11]
Dexamethasone for prevention of delayed CINV [5]

Moderately emetogenic chemotherapy (MEC)

[10] recommends ondansetron and granisetron as SHT3 receptor antagonists

asone for prevention of acute CINV [5, 7-11] (olanzapine*
may also be considered [5])
An NKI1 antagonist+a SHT3 receptor antagonist [5, 8]+ dexa-

Table 1 Antiemetic medications currently recommended for children and young people in the clinical practice guidelines of Paediatric Oncology Group of Ontario (POGO) [5-7], Multinational
methasone for prevention of delayed CINV [5, 9]

Association of Supportive Care in Cancer (MASCC) [12] and Children’s Cancer and Leukaemia Group (CCLG) [9] and American Society of Clinical Oncology (ASCO) guidelines [10, 11]

Emetogenicity of chemotherapy is often categorised into ‘low’ causing a 10-30%, ‘moderate’ causing a 30-90%, and ‘high’ causing over a 90% incidence of emesis in the absence of prophy-

laxis [4]. Recommended NK1 antagonists: aprepitant or fosaprepitant. Recommended SHT3 receptor antagonists: palonosetron, ondansetron, granisetron, or tropisetron

The use of olanzapine would be off-label as this medicine is not yet indicated for use in the treatment of CINV in children and young people [10]

s
ok

An NK1 antagonist+a SHT3 receptor antagonist + dexameth-

Highly emetogenic chemotherapy (HEC)
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estimates, over and above that which would be produced by
a meta-analysis considering direct evidence alone [17].

This research applies Bayesian network meta-analysis to
synthesise evidence of effectiveness (and harms) and pro-
duce rankings of recommended antiemetics medications
[5-7,9, 12] in children and young people (age 0—18) under-
going chemotherapy treatment.

Methods

A systematic review and Bayesian NMA were conducted to
identify and critically appraise published and unpublished
clinical trials assessing antiemetic medications currently rec-
ommended and licensed (in European countries and/or the
USA) [5-7, 9, 12], for the prevention of CINV in children
and young people, and to synthesise their evidence on treat-
ment effectiveness.

This research was prospectively registered in PROSPERO
with the ID number CRD42022337928 and addresses the
first research question within this protocol. The remaining
planned research detailed in the PROSPERO record involv-
ing the inclusion of adult data to potentially improve the
certainty of estimates in children and facilitate predictions
of the efficacy of olanzapine in children is underway and will
be published in subsequent papers.

This research is reported in accordance with the PRISMA
NMA Checklist [18] (Supplementary file 1—eTable 1).

Study identification and selection

A search strategy was developed with an information spe-
cialist to identify clinical trials comparing antiemetic medi-
cations currently recommended and licensed to prevent
CINV in children and young people (see Supplementary
file 2 - Study identification for details). Time and resource
did not allow for all articles to be double-screened. Instead,
records identified were double-screened at the title and
abstract stage (by RW and CW), in batches of 100 records,
until an agreement level of >90% was met (i.e. until authors
made the same decision on the inclusion or exclusion of at
least 90/100 records), and the remaining records were then
single-screened. Full papers were obtained for potentially
relevant records, and their eligibility was assessed by one
reviewer (either RW or CW). Where there was uncertainty
about inclusion decision, a third team member was consulted
(SD or RSP).

Data collection and analysis
Baseline characteristic and outcome data (Supplementary

file 4- Data extracted from primary studies) for each study
arm were extracted by two reviewers (RW and CW) using

a standardised form and checked for accuracy by a second
reviewer (either RW, CW, or SS). WebPlotDigitizer Ver-
sion 4.6 [19] was used to extract data that was only reported
graphically.

The Cochrane tool RoB 2 tool [20] was used to assess
the risk of bias of included studies. Where the study con-
duct was likely to have made the study results unreliable,
these results were excluded from analysis. An example of
this would be if patients received an alternative antiemetic
agent after the acute phase when they did not respond to the
regimen in which they were initially randomised, delayed-
phase study results would not be included in our analyses.

Where sufficient data was available, a Bayesian network
meta-analysis was conducted. Fixed effect and random
effects models were compared (further details on these
models including BUGS code used for fitting and model
comparison statistics are reported in Supplementary file 5—
Model comparison and BUGS code).

Binary outcomes were analysed using risk ratios (RRs)
and 95% credible intervals (Crls). The analyses were con-
ducted on an intention-to-treat basis where all participants
randomised to an intervention were included. Complete and
delayed-phase outcomes were analysed as defined in the pri-
mary studies.

The analyses were implemented in OpenBUGS version
3.2.3, using code adapted [17, 21]. A Bayesian Markov
chain Monte Carlo method was used with a burn-in period
of 10,000 interactions. As data for some outcomes were par-
ticularly sparse, models were run for 100,000 interactions
to ensure convergence. Networks were checked for loops,
in which consistency between direct and indirect evidence
could be evaluated.

N.B The antiemetic olanzapine was not included in the
main analyses as this medication does not yet hold a licence
(in European countries and/or the USA) for the prevention of
CINV in children. However, as a recently published guide-
line, [5] recommends its use in children for this indication,
and the off-label use of the medication will likely increase;
our analyses for the main outcomes complete response in
the acute and delayed phases, and the patient-important
outcome of nausea have been updated post-hoc to include
olanzapine, the results of which are reported in the Sup-
plementary file 11.

Patient and family involvement

Children who either previously or currently had cancer
along with their families were invited to a morning meet-
ing held alongside Candlelighters, a non-profit organi-
sation based in Leeds, England, who provide support to
children with cancer and their families in the local com-
munity. The findings of the project and their interpretation

@ Springer
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Fig.1 PRISMA flow diagram, showing the number of records, identified, screened, and included in the review
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Records identified from
databases:

Databases: 6700

Registries: 614

Records screened: 4554.

Records assessed for
eligibility: 131.

Records removed before screening:

Duplication records removed: 2760.

s

Records excluded: 3289.
Records to inform background: 150.

Records parked for future research (adult
studies): 984.
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Records excluded:

Population: 3
Outcome: 4
Intervention: 11
Study design: 14
Duplicate: 7
non-English language: 3
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Records included in the systematic review:
Clinical trial publication: 31 (29 unique clinical trials)
Clinical trial registrations: 42

Conference abstracts: 16

Studies included in final analysis: 16

Cross-over RCTs not accounting for correlated data, or reporting first cycle data separately: 7

RCTs reporting by number of cycles/ treatment days: 4

Studies not forming part of connected network: 2
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were discussed, along with ideas about how children and
families may use in practice and/or discuss the information
with their clinicians.

Results

Thirty-one publications were identified for inclusion from
29 unique clinical trials (Fig. 1). In addition, 42 clinical
trial registrations and 16 conference abstracts were identi-
fied (Fig. 1) and used to determine any missing and/or on-
going studies. Of the 29 unique clinical trials, 11 reported
their outcomes in a way (as detailed in the PRISMA dia-
gram, Fig. 1) that meant they could not be meaningfully
combined with the other RCT data [22-32]. Two RCTs
[33, 34] did not form part of the connected networks
for any outcome. Sixteen RCTs with 3115 patients were
included in the final analyses (Fig. 1). The results of their
risk of bias assessment are reported in Supplementary file
8—Results of risk of bias assessment.

These patients were a diverse population, aged between
0 and 18, with a broad range of primary cancer diagno-
ses, and treated with a variety of different moderately and
highly emetogenic chemotherapy. Study characteristics

GRANS

2,0.05 mg/kg

METO MD 02753 g “DEX B s D2-3 + OND MD

APR 125mg D1 *‘ D2-3+OND SD

Fig.2 Complete response in the acute phase (0-24 h after chemo-
therapy administration): network diagram of interventions. The size
of the nodes is proportionate to the number of participants assigned
to the intervention. The thickness of the lines is proportionate to the
number of randomised trials that studied the respective comparison.
Abbreviations defined in the ‘Abbreviations’ section

are summarised in Supplementary file 7—Table of
characteristics.

Patients received one of the following antiemetic
regimens:

e Aprepitant + ondansetron (with or without dexametha-
sone)

¢ Fosaprepitant + ondansetron (with or without dexametha-

sone)

Ondansetron (with or without dexamethasone)

Palonosetron (with or without dexamethasone)

Granisetron (without dexamethasone)

Metoclopramide (with dexamethasone)

Determining the network structures

The initial network structures attempted to maintain vari-
ations of dose, schedule, and route of administration as
separate nodes in the network, but this produced highly dis-
connected networks. Clinical advice, empirical results from
clinical trials [35-38], and a secondary analysis [39] were
used to determine the appropriateness of grouping variations
(see Supplementary file 6—Determining the structure of the
networks, for further detail). The final network structures
grouped different doses of ondansetron and dexamethasone,
and maintained antiemetics given with and without dexa-
methasone, in separate networks.

Comparative efficacy of antiemetic regimens

Data were available to assess comparative efficacy for
the outcomes of complete control (i.e. zero episodes) and
partial control (one or two episodes) of vomiting in the
acute, delayed, and overall phases, as well as nausea and
the patient-identified outcome of decreased food intake. No
other patient-important outcomes identified in this study
(Supplementary material 3- Patient public involvement)
were reported sufficiently to conduct an NMA.

Networks of antiemetic regimens given without dexa-
methasone, generally, compared a greater number of
antiemetic regimens than networks of antiemetics with
dexamethasone, but had less patients contributing to each
comparison, making the estimates of treatment effect less
certain.

Ranking positions across outcomes
Antiemetic regimens given with dexamethasone

Aprepitant 125 mg (day 1) 80 mg (day 2-3) + ondansetron
(multiple doses (MD)) + dexamethasone (MD) had a high

@ Springer
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OND MD +DEX MD vs PALO MD Sug/kg + DEX MD

OND MD +DEX MD vs PALO SD 5ug/kg + DEX MD

OND MD +DEX MD vs PALO SD 10ug/kg + DEX MD

APR 125mg D1 80mg D2-3 + OND MD + DEX MD vs FOSA SD 3mg/kg + OND MD + DEX MD

APR 125mg D1 80mg D2-3 + OND MD + DEX MD vs PALO MD 5ug/kg + DEX MD
APR 125mg D1 80mg D2-3 + OND MD + DEX MD vs PALO SD Sug/kg + DEX MD
APR 125mg D1 80mg D2-3 + OND MD + DEX MD vs PALO SD 10ug/kg + DEX MD
FOSA SD 3mg/kg + OND MD + DEX MD vs PALO MD 5ug/kg + DEX MD

FOSA SD 3mg/kg + OND MD + DEX MD vs PALO SD 5ug/kg + DEX MD

FOSA SD 3mg/kg + OND MD + DEX MD vs PALO SD 10pg/kg + DEX MD

PALO MD 5pg/kg + DEX MD vs PALO SD 5ug/kg + DEX MD

PALO MD 5ug/kg + DEX MD vs PALO SD 10ug/kg + DEX MD

PALO SD 5ug/kg + DEX MD vs PALO SD 10ug/kg + DEX MD

Antiemetic regimens given without dexamethasone

OND MD vs OND SD

OND MD vs APR 125mg D1 80mg D2-3 + OND MD

OND MD vs APR MD 125mg D1 80mg D2-3 + OND SD

OND MD vs PALO SD 10ug/kg

OND MD vs PALO SD 20ug/kg

OND MD vs GRAN SD 0.05 mg/kg

OND MD vs GRAN SD Img

OND MD vs METO 0.27mg/kg + DEX MD

OND SD vs APR 125mg D1 80mg D2-3 + OND MD

OND SD vs APR MD 125mg D1 80mg D2-3 + OND SD

OND SD vs PALO SD 10ug/kg

OND SD vs PALO SD 20ugkg

OND SD vs GRAN SD 0.05 mg/kg

OND SD vs GRAN SD Img

OND SD vs METO 0.27mg/kg + DEX MD vs METO 0.27mg/kg + DEX MD
APR 125mg D1 80mg D2-3 + OND MD vs APR* MD 125mg D1 80mg D2-3 + OND SD
APR 125mg D1 80mg D2-3 + OND MD vs PALO SD 10ug/kg

APR 125mg D1 80mg D2-3 + OND MD vs PALO SD 20ug/kg

APR 125mg D1 80mg D2-3 + OND MD vs GRAN SD 0.05 mg/kg

APR 125mg D1 80mg D2-3 + OND MD vs GRAN SD Img

APR 125mg D1 80mg D2-3 + OND MD vs METO 0.27mg/kg + DEX MD
APR 125mg D1 80mg D2-3 + OND SD vs PALO SD 10ug/kg

APR 125mg D1 80mg D2-3 + OND SD vs PALO SD 20ug/kg

APR 125mg D1 80mg D2-3 + OND SD vs GRAN SD 0.05 mg/kg

APR 125mg D1 80mg D2-3 + OND SD vs GRAN SD Img

APR 125mg D1 80mg D2-3 + OND SD vs METO 0.27mg/kg + DEX MD
PALO SD 10ug/kg vs PALO SD 20ug/kg

PALO SD 10pug/kg vs GRAN SD 0.05 mg/kg

PALO SD 10ug/kg vs GRAN SD Img

PALO SD 10pg/kg vs METO 0.27mg/kg + DEX MD

PALO SD 20ug/kg vs GRAN SD 0.05 mg/kg

PALO SD 20ug/kg vs GRAN SD Img

PALO SD 20pg/kg vs METO 0.27mg/kg + DEX MD

GRAN SD 0.05 mg/kg vs GRAN SD 1mg

GRAN SD 0.05 mg/kg vs METO 0.27mg/kg + DEX MD

GRAN SD Img vs METO 0.27mg/kg + DEX MD

Fig. 3 Forest plot: relative risks (95% credible interval) of antiemetic
regimens for the outcome of complete response in the acute phase.
Preferred models: fixed effects. Values above 1 favour the second

probability (i.e.>75%) of being ranked most effective for
complete response in the acute and overall phases, partial
response in the acute, delayed, and overall phases, and
decreased food intake (any phase). Fosaprepitant 3 mg/kg
(single dose (SD)) + ondansetron (MD) + dexamethasone
(MD) had a high probability of being ranked the second

@ Springer
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named intervention. N.B Clinical advice to this project suggests
granisetron 1 mg is an unusually high dose; and therefore, results
should be interpreted with caution

most effective treatment, across the outcomes of complete
response in the acute phase and partial response in the acute
and overall phases.

Ondansetron (MD) + dexamethasone (MD) had a high
probability of being ranked the least effective, for the out-
comes of complete response in the delayed and overall
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Fig.4 Complete response in the delayed phase (24 h to 5-7 days after
chemotherapy administration): network diagram of interventions.
The size of the nodes is proportionate to the number of participants
assigned to the intervention. The thickness of the lines is proportion-
ate to the number of randomised trials that studied the respective
comparison. Abbreviations defined in the ‘Abbreviations’ section

phases, where comparison was made with palonosetron
regimens (5 pug/kg (SD and MD) and 10 pg/kg (MD)) and
NKI1 antagonist regimens, as well as partial response in the
overall phase and food intake, where it ranked behind the
NK1 antagonist regimens.

The remaining antiemetic regimens given with dexametha-
sone either lacked consistency across outcomes in their rank-
ing position or did not have a high probability of being ranked
in any position (i.e. the ranking positions were uncertain).

Antiemetic regimens given without dexamethasone

Metoclopramide had a high probability of being ranked the
least effective treatment, for the outcomes of complete and
partial response in the acute phase. All remaining antiemetic
regimens given without dexamethasone either lacked con-
sistency across outcomes in their ranking position or lacked
certainty in their ranking positions.

Relative treatment effects by outcome

Here, we report the relative treatment effect estimates
for each outcome in turn, highlighting where these are
significant. Outcomes of complete response in the acute
and delayed phases as well as nausea are reported below
with their summary data (i.e. N experiencing and event/total
number of participants) reported in Supplementary file 9-
Summary data, and the remaining efficacy outcomes and
side effects reported in Supplementary file 10- Additional
outcomes.

Complete response in the acute phase

Sixteen clinical trials informed the analyses for the outcome
of complete response in the acute phase, six of which gave
antiemetic regimens with dexamethasone (1503 patients
across six different antiemetic regimens) and ten which gave
them without (1612 patients across nine different antiemetic
regimens) (Fig. 2).

Of the regimens given with dexamethasone, those with
NKI1 antagonists increased the chances of having a complete
response in the acute phase compared to all others. The dif-
ferent doses and schedules of palonosetron included in the
analyses (SD or MD of 5 pg/kg + dexamethasone, and SD
of 10 pg/kg + dexamethasone) had a similar efficacy to each
other and showed no significant difference in efficacy when
compared to ondansetron (Fig. 3).

Of the regimens given without dexamethasone, those
with aprepitant increased the chances of having a com-
plete response compared to every other antiemetic regimen,
except for palonosetron 20 pg/kg (SD) and granisetron 1 mg.
Metoclopramide 0.27 mg/kg decreased the chances of hav-
ing a complete response compared to all other antiemetic
regimens. The efficacy of palonosetron 10 pg/kg (SD) and
20 pg/kg (SD) showed no significant difference in efficacy
to ondansetron (MD) or to one another (Fig. 3).

Complete response in the delayed phase

Eleven clinical trials informed the analyses for the outcome
of complete response in the delayed phase, six of which gave
antiemetic regimens with dexamethasone (1075 patients
across six different antiemetic regimens) and seven which
gave them without (1004 patients across seven different
antiemetic regimens) (Fig. 4).

Of the regimens given with dexamethasone, fosaprepitant
3 mg/kg (SD) + ondansetron (MD) and palonosetron 10 pg/
kg (SD) increased the chances of having a complete response
compared to ondansetron (MD) and palonosetron 5 pg/kg
(MD), whilst palonosetron 10 pg/kg (SD) also increased the
chances of having a complete response compared to palono-
setron 5 pg/kg (SD).

Of the regimens given without dexamethasone, granise-
tron 1 mg (SD) was shown to decrease the likelihood of
having a complete response in the delayed phase compared
to palonosetron 20 ug/kg (SD). Palonosetron 20 pg/kg
(SD) may also increase the likelihood of having a complete
response compared to ondansetron (MD) and palonosetron
10 pg/kg (SD), but these results were uncertain, i.e. credible
intervals crossed the line of no effect. The one clinical trial
comparing ondansetron (SD) to ondansetron (MD) [20] had
all patients achieve a complete response in both arms; and
therefore, a treatment effect estimate was not estimable for
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Antiemetic regimens given with dexamethasone

OND MD + DEX MD vs APR125mg D1 80mg D2-3 + OND MD + DEX MD
OND MD + DEX MD vs FOSA SD 3mg/kg + OND MD + DEX MD

OND MD + DEX MD vs PALO MD 5pg/kg + DEX MD

OND MD + DEX MD vs PALO SD 5ug/kg + DEX MD

OND MD + DEX MD vs PALO SD 10ug/kg + DEX MD

APR 125mg D1 80mg D2-3 + OND MD + DEX MD vs FOSA SD 3mg/kg D1 + OND MD + DEX MD

APR 125mg D1 80mg D2-3 + OND MD + DEX MD vs PALO MD 5pg/kg + DEX MD
APR 125mg D1 80mg D2-3 + OND MD + DEX MD vs PALO SD 5ug/kg + DEX MD
APR 125mg D1 80mg D2-3 + OND MD + DEX MD vs PALO SD 10ug/kg + DEX MD
FOSA SD 3mg/kg + OND MD + DEX MD vs PALO MD 5ug/kg + DEX MD

FOSA SD 3mg/kg + OND MD + DEX MD vs PALO SD 5ug/kg + DEX MD

FOSA SD 3mg/kg + OND MD + DEX MD vs PALO SD 10pg/kg + DEX MD

PALO MD 5ug/kg + DEX MD vs PALO SD 5Spg/kg + DEX MD

PALO MD 5ug/kg + DEX MD vs PALO SD 10ug/kg + DEX MD

PALO SD 5pg/kg + DEX MD vs PALO SD 10ug/kg + DEX MD

Antiemetic regimens given without dexamethasone

OND MD vs OND SD
OND MD vs APR 125mg D1 80mg D2-3 + OND MD
OND MD vs APR 125mg D1 80mg D2-3 + OND SD
OND MD vs PALO SD 10ug/kg
OND MD vs PALO SD 20ugkg
OND MD vs GRAN SD Img
OND SD vs APR 125mg D1 80mg D2-3 + OND MD
OND SD vs APR 125mg D1 80mg D2-3 + OND SD
OND SD vs PALO SD 10ug/kg
OND SD vs PALO SD 20ug/kg
OND SD vs GRAN SD Img
APR 125mg D1 80mg D2-3 + OND MD vs APR 125mg D1 80mg D2-3 + OND SD
APR 125mg D1 80mg D2-3 + OND MD vs PALO SD 10ug/kg
APR 125mg D1 80mg D2-3 + OND MD vs PALO SD 20ug/kg
APR 125mg D1 80mg D2-3 + OND MD vs GRAN SD 1mg
APR 125mg D1 80mg D2-3 + OND SD vs PALO SD 10ug/kg
APR 125mg D1 80mg D2-3 + OND SD vs PALO SD 20pug/kg
APR 125mg D1 80mg D2-3 + OND SD vs GRAN SD Img
PALO SD 10ug/kg vs PALO SD 20ug/kg
PALO SD 10ug/kg vs GRAN SD 1mg
PALO SD 20ug/kg vs GRAN SD Img

Fig.5 Forest plot: relative risks (95% credible interval) of antiemetic
regimens given with dexamethasone and those given without for the
outcome of complete response in the delayed phase. Values greater
than 1 favour the second named intervention. Where there are no

this comparison, or for those [40] which are linked to the
main network via this comparison (Fig. 5).

Nausea (overall phase)

Eight clinical trials informed the analyses for the outcome of
nausea, four of which gave antiemetic regimens with dexa-
methasone (615 patients across four different antiemetic
regimens) and four which gave them without (903 patients
across seven different antiemetic regimens) (Fig. 6).

This showed that palonosetron 5 pg/kg (SD) + dexa-
methasone decreased the risk of experiencing nausea
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results for certain models, the treatment effect for that comparison
was not estimable (i.e. had a very wide credible interval). N.B Clini-
cal advice to this project suggests granisetron 1 mg is an unusually
high dose; and therefore, results should be interpreted with caution

compared to ondansetron (MD) + dexamethasone (MD).
The palonosetron 5 pg/kg (SD) + dexamethasone and the
palonosetron 10 pug/kg (SD)+ dexamethasone had a similar
efficacy to each other (Fig. 7).

For antiemetics given without dexamethasone, there
was no evidence of difference between any antiemetic
regimen in the analysis (Fig. 7).

Patient and family interpretation
Children/young people and their families involved in this

project talked about the trade-off between taking more
antiemetics (i.e. the triplet regimens) that may better prevent
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PALO §By10ug/kg
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APR 125mg D1 80mg D2-3 + OND MD + DEX

OND MIY® DEX MD
g D2-3 + OND SD

PALO SD 10iggykg + DEX MD

Fig.6 Network diagram for the outcome of nausea (any phase). Net-
work diagram of interventions. The size of the nodes is proportionate
to the number of participants assigned to the intervention. The thick-
ness of the lines is proportionate to the number of randomised trials
that studied the respective comparison. Abbreviations defined in the
‘Abbreviations’ section

them from feeling or being sick, and the side effects of
antiemetics such as constipation that can exacerbate side
effects of other treatments/chemotherapy. Children and
young people spoke of the difficulties of managing these
trade-offs and that they would sometimes need to modify
the number/type of antiemetic medications taken each day,
to mitigate against other side effects depending on how bad
these side effects were on any given day. One young person
also raised the difficulties of taking multiple oral medica-
tions when already feeling sick, and that intravenous formu-
lations may be preferable.

Discussion

Bayesian network meta-analysis has allowed for comparison
of a greater number of antiemetics compared to what has
previously been done, as well as comparisons of different
doses and schedules of antiemetics. Whilst some estimates
of treatment effect remain imprecise for some comparisons,
particularly for antiemetic regimens given without dexa-
methasone, there is some evidence on which antiemetics
are most effective.

Overall regimens with NK1 antagonists were ranked
most efficacious, across the greatest number of outcomes,
compared to other antiemetics regimens in those analyses.
This is broadly supportive of current recommendations [5,
7-9] of aprepitant or fosaprepitant combined with SHT3
antagonists and dexamethasone for patients receiving
HEC. However, the evidence of effectiveness comes from
mixed populations of patients receiving both HEC and
MEC, and there does not yet exist evidence that patients
receiving HEC gain greater relative benefit from the
addition of aprepitant to ondansetron and dexamethasone.

It, therefore, appears recommendations in clinical practice
guidelines are targeting the most effective treatments for
those patients with a higher baseline risk of CINV and,
given that aprepitant and fosaprepitant remain expensive
in comparison to ondansetron [41], likely incorporate an
element of cost consideration, without formally assessing
cost-effectiveness.

There is evidence that ondansetron may be less effective
than palonosetron (when these SHT3 antagonists are given
with dexamethasone) for controlling delayed-phase CINV
and nausea (the latter of which to our knowledge is new
evidence). The most recent POGO guidelines informed
by both children’s and adult evidence [5] recommend
palonosetron in the acute phase as the preferred SHT3
antagonists in patients at high risk of delayed-phase
CINV; however, this recommendation was based solely
on adult evidence. Here, we provide evidence supporting
this recommendation in children. The recommendation of
palonosetron as the favoured SHT3 antagonist could also be
extended, particularly to those with a higher baseline risk of
nausea, e.g. those who have experienced significant nausea
in previous chemotherapy cycles, as these patients are likely
to have the largest absolute risk reduction.

This research has also allowed for the comparison of
different doses and schedules of palonosetron. Where
similarities in treatment effect were demonstrated, i.e. for
outcomes of nausea and complete response in the acute
phase, the results suggest that either the 5 ug/kg dose or
10 pg/kg dose may be used, and that no significant benefit is
lost from giving the 5 pg/kg dose once before chemotherapy,
compared to giving one dose before chemotherapy and
additional doses afterwards. For prevention of delayed-phase
CINYV, the more effective palonosetron dose of 10 pg/kg
may be recommended, particularly for those patients with a
higher risk of this outcome, e.g. those who have experienced
delayed-phase CINV in previous chemotherapy cycles. To
note, this evidence comes from patients who received a
single dose of palonosetron before chemotherapy. We do not
have evidence for or against the use of the manufacturer’s
recommended dose of 20 ug/kg from our analyses, due to the
sparsity of evidence in the network of antiemetic regimens
given without dexamethasone.

Finally, post hoc analysis shows that the addition of
olanzapine, to aprepitant, ondansetron, and dexamethasone,
is beneficial for a complete response in both the acute and
delayed phases, evidence supporting its recommendation in
the most recent POGO guidelines [5]. However, importantly,
benefits were less, when olanzapine was given with just
ondansetron and dexamethasone, and so the quadruplet
therapy is likely the preferred option for high-risk patients.
Existing research also indicates olanzapine may be a cost-
effective option when added to regimens of aprepitant,
dexamethasone, and ondansetron [42].
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Antiemetic regimens given with dexamethasone
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PALO SD 10pg/kg + DEX MD vs PALO SD 5Sug/kg + DEX MD

Antiemetic regimens given without dexamethasone
OND MD vs OND SD
OND MD vs APR 125mg D1 80mg D2-3 + OND MD
OND MD vs PALO SD 10ug/kg
OND MD vs PALO SD 20ug/kg
OND MD vs GRAN SD Img
OND MD vs APR 125mg D1 80mg D2-3 + OND SD
OND SD vs APR 125mg D1 80mg D2-3 + OND MD
OND SD vs PALO SD 10ug/kg
OND SD vs PALO SD 20ug/kg
OND SD vs GRAN SD Img
OND SD vs APR 125mg D1 80mg D2-3 + OND SD
APR1 25mg D1 80mg D2-3 + OND MD vs PALO SD 10pg/kg
APR 125mg D1 80mg D2-3 + OND MD vs PALO SD 20pg/kg
APR 125mg D1 80mg D2-3 + OND MD vs GRAN SD Img
APR 125mg D1 80mg D2-3 + OND MD vs APR=125mg D1 80mg D2-3 + OND SD
PALO SD 10ug/kg vs PALO SD 20ug/kg
PALO SD 10ug/kg vs GRAN SD 1mg
PALO SD 10pg/kg vs APR 125mg D1 80mg D2-3 + OND SD

PALO SD 20pug/kg vs GRAN SD 1mg
PALO SD 20ug/kg vs APR 125mg D1 80mg D2-3 + OND SD

Fig.7 Forest plot: relative risks (95% credible interval) of antiemetic
regimens given with dexamethasone and those given without for the
outcome of nausea (any phase). Values less than 1 favour the second
named intervention. Where there are no results for certain models, the

Decisions about which SHT3 antagonists to prescribe
and/or whether to prescribe doublet, triplet, or quadruplet
regimens prior to and during the first cycle of chemotherapy
will consider not only the clinical benefits (i.e. a reduction
in CINV and related outcomes such as poor nutritional sta-
tus, infection-related adverse events, and anticipatory CINV
in subsequent cycles), but also the possible risks (e.g. side
effects of antiemetics and potential drug interactions), as
well as cost considerations (both of the antiemetic them-
selves and the additional medications and/or treatments that
would be required if CINV is poorly controlled).

In an ideal scenario, a formal cost-effectiveness analy-
sis, considering all of these elements would be conducted,
to determine whether using the more effective (but more
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expensive [43]) antiemetics, palonosetron and aprepitant,
across patients receiving both HEC and MEC is a cost-effec-
tive option compared to ondansetron, and compared to each
other. However, given the remaining uncertainty in treatment
effects estimates, coupled with poor and inconsistent report-
ing of side effects in clinical trial publications, a meaningful
analysis (like those demonstrating the cost-effectiveness of
aprepitant regimens in patients receiving HEC [44]) would
likely require individual patient data (IPD) (i.e. the ‘raw’
data from clinical trials).

Aggregate data suggests side effects may be more com-
mon, with regimens of multiple antiemetics. Given this,
and the fact that patients and their families raised concerns
about the number of antiemetics to be taken each day, and
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their potential to cause and exacerbate side effects, future
research may consider reducing the number of antiemetic
medications per regimen (i.e. omitting those considered least
effective) to establish whether this is possible without a sig-
nificant reduction in efficacy. Consistent reporting of side
effects also remains critical across RCTs of antiemetics, so
that comparative safety can be better established. Further
direction for future research is reported in Supplementary
file 12.

Limitations of the analyses

The analyses conducted here are limited by treatment
comparisons informed by few clinical trials and small
clinical trials (<50 patients). This has contributed to
uncertain estimates of treatment effect and means there
is little information about differences in treatment effect
between studies (see Supplementary file 5—Model
comparison and model specification for further detail).
Studies included in the syntheses are heterogeneous by
design, with differences in terms of the definition (i.e.
length) of the acute phase across studies, and in some
cases the definition of complete response (no vomiting vs
no vomiting or use of rescue medication). The synthesised
evidence is also from a heterogenous population, and the
distributions of patient and treatment-related factors which
could impact treatment effectiveness (e.g. age, length of
chemotherapy block, and emetogenicity of chemotherapy
for example) vary across studies; as such, caution is required
when interpreting results. In particular, highly emetogenic
chemotherapy and multi-day chemotherapy regimens may
make antiemetics appear less effective.

Sparse and inconsistent reporting of patient/treatment-
related factors meant that conducting separate analyses for
different subgroups of patients was not possible. Of note, it
was not possible to conduct separate analyses for patients
receiving MEC vs HEC, as few studies reported subgroup
analyses and not all studies reported the emetogenicity
of chemotherapy, meaning these studies would not have
been able to be included in the analyses. To ameliorate
this limitation, we have kept antiemetic regimens given
with and without dexamethasone in separate networks,
as those receiving regimens given with dexamethasone
predominantly received HEC and those receiving regimens
given without dexamethasone predominantly received MEC
(see Supplementary file 6 Determining the structure of the
networks for further detail). These limitations are being
further addressed using individual participant data in the
second stage of this research project (see Supplementary file
12- Further directions for future research for further detail).

We have focused on clinical trials assessing antiemetics
currently approved for use in children by the United States

Food and Drug Administration or European Medicines
Agency. Clinical trials included in the analyses are,
therefore, predominantly undertaken in high- and middle-
income countries, and a limited number of these trials
report ethnicity data. Understanding how these medicines
may function in low-income countries is potentially limited
by the underrepresentation of different populations, but
is also more complex, in that it will involve issues of cost
and accessibility that have not been assessed as part of this
project.

Conclusions

Regimens of olanzapine given with aprepitant, ondansetron,
and dexamethasone are most effective for complete
response outcomes, followed by NK1 antagonist given with
ondansetron. Of the SHT3 antagonists, palonosetron shows
greatest promise. Recommendation for the use of these
more effective regimens may remain and where applicable,
extended, particularly to those at high risk of the outcomes
which they prevent.

Abbreviations APR: Aprepitant; OND: Ondansetron; PALO: Palonose-
tron; GRAN: Granisetron; FOSA: Fosaprepitant; DEX: Dexamethasone;
METO: Metoclopramide; SD: One dose given before chemotherapys;
MD: Multiple doses, with one dose given before chemotherapy fol-
lowed by subsequent doses after initial chemotherapy administration;
D1I: Day 1 of chemotherapy administration; D2: Days 2 and 3 follow-
ing initial chemotherapy administration; SHT3: 5-Hydroxytryptamine;
NK1: Neurokinin 1 receptor
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