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Abstract 

Background 

A lower disease incidence in children, compared to adults, means child evidence is often lacking. This is 

the case for antiemetic medications for preventing chemotherapy-induced nausea and vomiting (CINV). To 

address this evidence scarcity, this thesis applies evidence synthesis methods that borrow strength from 

indirect evidence, populations and/or outcomes, to improve understanding of intervention efficacy. The 

practicalities and usefulness of applying evidence synthesis methods in child health more broadly are 

discussed.  

Methods  

Randomised evidence on antiemetic medications recommended to prevent CINV in children was identified 

using a systematic review and synthesised using: 

• Bayesian Network Meta-Analysis to determine relative treatment effects. 

• Information-sharing models to determine whether adult evidence can improve the precision of 

treatment effects in children. 

• Multivariate synthesis to improve understanding of poorly reported outcomes.  

• Individual Participant Data network meta-regression to determine whether patient-level 

characteristics alter antiemetic efficacy. 

Children and families with lived experience of CINV were involved to prioritise outcomes and interpret 

and disseminate findings. 

Findings  

Synthesis of 19 clinical trials of 3,523 children and 42 clinical trials of 16,838 adults confirmed: 

• Regimens containing olanzapine and/or NK1 antagonists better prevent CINV but cause more 

side effects. 

• Differences in treatment effect between populations meant broadly, adult evidence did not 

improve the precision of child estimates. 

• Vomiting outcomes did not improve understanding of poorly reported nausea outcomes, due to 

insufficient correlation in treatment effects.   

• Older children benefit more from regimens containing olanzapine and/or NK1 antagonists. 

• Patient-important (quality-of-life-related) outcomes were poorly collected and reported. 

Conclusions  

The broad aim of improving understanding of antiemetic efficacy in children was achieved, indicating the 

potential usefulness of evidence synthesis methods in child health. However, resource requirements were 

high, and precision gains depended on similarities in treatment effects between populations and/or 

outcomes, conditions which should be considered when applying these methods in child health more 

broadly.   
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1 Chapter 1: Introduction  
 

This first chapter will introduce the challenges associated with conducting health research with 

children and young people (from here on referred to as ‘children’), how these challenges can lead to 

sparse evidence in comparison to the adult population, and the implications this has for healthcare 

decision-making for children. A range of evidence synthesis methods will then be described that 

borrow strength from indirect evidence, populations, and/or outcomes, and may help to overcome 

sparse evidence within children by maximising what we understand about health intervention efficacy 

in this population.  

One particular area of child health where evidence is lacking in comparison to adults, is within the 

field of supportive care in paediatric cancer, specifically the use of antiemetic medications for the 

prevention of chemotherapy-induced nausea and vomiting (CINV) (Patel et al., 2022) (definitions of 

the condition are included in Appendix 1.2). Research within this clinical area will be the focus of this 

thesis and will be introduced in the final sections of this chapter.  

Throughout this thesis, a range of evidence synthesis methods will be applied to this area of research 

in the hope that this improves our understanding of how well these antiemetic medications work, and 

for whom. Experience of applying these evidence synthesis methods will inform discussion of the 

practicalities and usefulness of applying these methods in child health more broadly. This information 

will therefore be of use to researchers and/or clinicians wishing to conduct similar evidence syntheses 

in other areas of child health.  

Throughout this project, children and families who have experienced CINV have been involved. Their 

lived experiences and views have helped to prioritise outcomes, interpret the findings of the evidence 

synthesis and guide methods of dissemination. The reporting of the public involvement work within 

this thesis has been informed by the GRIPP2 checklist (Staniszewska et al., 2017) 

Although formal ethics approval for this involvement was not required, the ethics of involving children 

and their families in this research were considered during the planning phases of the project and are 

detailed in the protocol for this project (see sections 1.1.5 and 1.1.7 of the Appendix).  

 

1.1 Challenges associated with conducting research with children 
 

Conducting health research with children is associated with a unique set of challenges, meaning it is 

not uncommon to have a limited evidence base informing healthcare decision-making for this 

population (Lagler et al., 2021). In many disease areas, these challenges include a lower disease 

incidence in children compared to adults. For example, within the United Kingdom (UK), an 



 
 

9 

 

estimated 1,900 children are newly diagnosed with cancer every year (Cancer Research UK), 

compared to 385,000 in adults (Cancer Research UK). This means there are fewer people eligible to 

take part in research, including clinical trials, which provide evidence on the efficacy of health 

interventions.  

 

In addition to fewer children eligible to take part, within some areas of paediatric medicine, there may 

be issues with recruiting children to be involved in research studies. For example, children and/or 

their parents/carers may be reluctant to take part in a study evaluating interventions of unknown 

efficacy. Reluctance to participate may also stem from the additional time commitments required to be 

part of a research study, which may involve additional visits to medical facilities. There may be 

difficulties in gaining consent from parents, as well as 'assent' (an expression of agreement from the 

child to take part in the research) from children themselves (Crane and Broome, 2017). However, this 

is not always the case; for example, in paediatric oncology, recruitment rates (particularly within 

clinical trials assessing interventions targeting the cancer itself) can be quite high in children (27–

86%) and higher than that in adults (1.5-4%) (Faulk et al., 2020). However, even with a higher 

enrolment rate, the lower disease incidence of cancer within the paediatric population may mean there 

are still fewer children entering research studies compared to adults. 

The extent to which children and their parents/carers are willing to participate in research can be 

influenced by a clinician’s ability to adequately explain what is involved in taking part in a clinical 

trial, the perceived benefits of the clinical trial, as well as risks and the patients’ ability to withdraw 

from the trial at any time (Crane and Broome, 2017). It can also depend on the parents’ and or 

children’s held beliefs surrounding the medical intervention being studied, as well as their level of 

trust in the medical profession as a whole, their educational level and their cultural background 

(Bloomfield, 2015).  

Issues with conducting research with children may also stem from research groups and 

pharmaceutical companies themselves, who can be wary of the increased effort required to gain 

approval for clinical trials in children, and if research is approved, the increased effort required to 

recruit to those clinical trials and conduct the research itself (Bavdekar, 2013). More centres may be 

required to recruit enough children, and children may need different medicine formulations (liquids 

instead of tablets, for example, or tablets of small dose sizes) to be developed, both of which may be 

difficult and increase costs. Paediatric patients are also a small set of consumers, so the potential 

benefit of future sales is not as attractive as for adults (Institute of Medicine (US), 2004). 

Key pieces of legislation have been introduced to incentivise and, in some cases, require research on 

new medicines within the paediatric population. These include the Paediatric Regulation (2007) in the 

European Union (European Union, 2006) and the Best Pharmaceuticals for Children Act (2002) and 
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Paediatric Research Equity Act (2003) in the US (Bernhardt et al., 2021). This legislation is helping to 

increase access to new medicines for children. However, there remain delays in the licensing of 

medicines (authorisation for marketing based on quality, safety and efficacy) for children, as trials in 

children are not always conducted alongside those in adults. Under the Paediatric Research Equity 

Act, pharmaceutical companies can request deferrals, which can subsequently delay the submission of 

paediatric data, for example, if the intervention is ready for approval in adults before paediatric 

studies are completed (Bourgeois and Hwang, 2017). 

 

1.1.1 Impact of these challenges in clinical practice 

 

These challenges can result in a limited evidence base in children, both in terms of the size and 

number of clinical trials that are conducted. This can, in turn, impact our ability to make informed 

decisions within child health, as the number of interventions compared can be limited, and small 

sample sizes can result in uncertain estimates of treatment effect.  This can mean that decisions about 

which interventions to recommend for a particular condition or disease may be informed by clinical 

experience, rather than evidence, and this can create inconsistency in the healthcare received by 

children in practice (Lagler et al., 2021).  

Even where clinical practice guidelines exist in paediatric medicine, evidence gaps, particularly 

around differences in treatment effect in different subgroups of patients (Phillips et al., 2016), means 

that not every child may be receiving the treatments that are most effective for them. For example, 

clinical trials may provide an average treatment effect for a group of children with a range of different 

ages (or other clinical characteristics), but the number of children recruited to the clinical trial may not 

be sufficient to estimate the treatment efficacy in different age groups (Turner et al., 2022), so it 

would remain unknown if all children benefited equally. This is important as many treatments can 

have unintended negative effects, and we would want to avoid intervening where children are unlikely 

to derive a health improvement.  

As well as impacting the provision and targeting of existing medicines, limitations of the evidence 

base in children and a reluctancy of pharmaceutical companies to conduct new research with children, 

can lead to new medicines being evaluated and licenced (through regulatory bodies such as the 

European Medical Agency (EMA), the Medicines and Healthcare products Regulatory Agency 

(MHRA) based in the United Kingdom (UK) or the Food and Drug Administration (FDA) in the U.S), 

in adults sometimes years before they become available for children (Gamalo-Siebers et al., 2017). 

Given these circumstances, in clinical practice, prescribers may be required to use medicines off-label 

(i.e. use medicines not licenced for use in children to treat a particular medical condition) without 
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having reliable randomised evidence to inform their decision (Gamalo-Siebers et al., 2017).  

 

1.2 Evidence synthesis methods to overcome data scarcity in child health. 
 

Systematic review and data synthesis methods are used to identify and combine data from multiple 

studies addressing the same topic, to provide an unbiased overview of available evidence, which can 

be used to inform healthcare decisions (Cumpston et al., 2024). In child health, where primary data is 

often limited (Lagler et al., 2021), these methods could be particularly valuable for ensuring all 

relevant evidence is included. Furthermore, specific methods of data synthesis may help address 

evidence scarcity within the population, by borrowing strength from indirect evidence, as well as 

different populations, outcomes and potentially studies of different designs, e.g. non-randomised 

studies. 

These evidence synthesis methods may include, but are not limited to: 

• Network-Meta-Analysis (NMA) 

• Bayesian information sharing methods  

• Individual Participant Data (IPD) synthesis to facilitate: 

- Multivariate meta-analysis/NMA 

- IPD network meta-regression 

These methods will now be introduced in turn, along with a discussion of their usefulness and 

potential benefits in the context of child health research. Specifically, this will be in terms of 

overcoming evidence scarcity within this population and the potential to maximise what we 

understand about health intervention efficacy from existing research.  

1.2.1 Network meta-analysis.  

 

NMA (also referred to as a mixed-treatment comparison) combines the results (for example, aggregate 

level data on the relative risk or odds of an outcome) of individual studies, using a technique that 

weights studies dependant on their size. This method extends the traditional pair-wise meta-analysis 

(whereby results from studies comparing just two treatments are combined) by allowing the 

simultaneous comparison of three or more treatments. As with a pairwise meta-analysis, NMA gives 

an overall summary estimate of treatment effects for each treatment comparison, which may be more 

precise than the individual studies, and may help to resolve conflict if individual studies show 

disparate results (Deeks et al., 2024). 

NMA can also provide ‘indirect comparisons’ through which the relative efficacy or safety of 

treatments (the effect of one treatment compared to another) which have not been compared directly 
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in clinical trials can be estimated. Estimation of indirect comparisons is possible, provided the 

treatments form a ‘connected network’, i.e., a network where there is a path formed of randomised 

comparisons between two interventions. The ‘indirect comparison’ (dBC) is then estimated by 

subtracting the estimate of a direct comparison (dAB) from another (dAC) via the common 

comparator: 𝑑 ̂𝐼𝑛𝑑 𝐵𝐶  = 𝑑 ̂𝐷𝑖𝑟𝐴𝐶  - 𝑑 ̂𝐷𝑖𝑟𝐴𝐵 (Dias et al., 2018).  

When synthesising evidence of treatment efficacy within child health research, the number of 

treatments compared in head-to-head clinical trials could be limited; therefore, being able to estimate 

treatment effects indirectly could be invaluable, potentially preventing the need for further clinical 

trials to establish efficacy for missing treatment comparisons. In addition, as some treatment effect 

estimates can be informed by both direct and indirect clinical trial evidence, the precision of these 

estimates could be improved, over and above that which would be produced by a pairwise meta-

analysis (Chaimani et al., 2023), something which would be useful if treatment comparisons are 

informed by few studies. 

NMA can be conducted using a common/fixed effects method, which assumes all studies estimate the 

same treatment effect, or a random effects model, which assumes the treatment effects across studies 

are similar (i.e. that they arise from a particular distribution) (Deeks et al., 2024). The latter allows 

you to account for a certain amount of heterogeneity between studies, something which may be 

needed when synthesising paediatric evidence, where young children through to young adults may be 

included.  

Further advantages of NMA may be realised by conducting the analyses in a Bayesian framework. 

Both pairwise and network meta-analysis can be conducted in either a frequentist or Bayesian 

framework, however, the Bayesian framework allows for prior information (e.g., a clinician's 

perspective on how well a new treatment may work) about a parameter (e.g., the relative treatment 

effect) to be combined with new information from clinical studies, to produce a ‘posterior probability 

distribution’. This is the revised or updated probability of a health event occurring, after taking into 

consideration the new information (Spiegelhalter et al., 1999). This method means that existing 

knowledge/evidence does not need to be disregarded (something that may be particularly valuable 

when there is limited evidence), but can instead be incorporated with new clinical trial evidence, to 

summarise what is known about a particular medical intervention. If there is no available prior 

information, a vague prior distribution can instead be specified in the NMA model (Spiegelhalter et 

al., 1999).  
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1.2.2 Bayesian information sharing methods  

 

It is possible to extend the traditional NMA to include evidence from a separate but related population 

using Bayesian information sharing models (Nikolaidis et al., 2025). This may be useful to inform 

decision-making for children, if the existing network structure within this population is disconnected, 

or there is very little evidence (both in terms of the number and size of clinical trials) contributing to 

certain treatment comparisons. Given that clinical trial evidence is particularly sparse for comparisons 

of certain antiemetic medications in children, this is a likely scenario.  

One form of external evidence that may be useful when synthesising paediatric data is adult data, but 

other related populations could be considered, for example, children with a similar condition for 

which the intervention of interest is also used. Evidence from these related populations brings 

additional information on treatment efficacy, which can be ‘borrowed’ to improve the precision of 

treatment effect estimates in the paediatric population of interest (Nikolaidis et al., 2025).  

A recent framework developed by the EMA for extrapolation of adult evidence in the development of 

medicines for children highlights the importance of accounting for potential differences in efficacy 

between adults and children and recommends that evidence syntheses quantify similarities and 

differences in clinical response between populations (Ollivier et al., 2019). Historically, it has not 

been uncommon within evidence synthesis for no distinction to be drawn between the child and adult 

population, and although some previous reviews have not identified significant differences in relative 

treatment effect between child and adult populations, they conclude that the lack of paediatric 

evidence creates uncertainty, and means that differences between the populations can’t be ruled out 

(Cramer et al., 2005, Contopoulos-Ioannidis et al., 2010).  

Bayesian information sharing methods can be specified to account for differences in relative treatment 

effects between populations. This is done by incorporating data from separate but related populations 

into one model, whilst sharing information on model parameters between the populations (such as the 

relative treatment effect and between-study heterogeneity) (Nikolaidis et al., 2021). Several different 

information-sharing models exist that differ in terms of the parameter(s) on which information is 

shared. Many of these have been previously described and categorised in Nikolaidis et al. 2021 

(Nikolaidis et al., 2021). These include ‘functional relationship’ methods, such as meta-regression, 

which assumes relative treatment effects in adults and children are proportional to one another, and 

through which differences in relative treatment effect can be estimated as a separate model parameter. 

Work by Nikolaidis et al. 2020 also describes methods that assume parameters between populations 

are exchangeable and are more suited to synthesising multiple evidence sources, such as multilevel 

models and the random walk model (Nikolaidis, 2020). 



 
 

14 

 

Further available methods of incorporating related/ external evidence into an NMA include prior-

based methods that use external evidence to form an informative prior distribution for the relative 

treatment effect in the population of interest (Nikolaidis, 2020), in this case children. These have been 

summarised in Wadsworth et al. 2018 (Wadsworth et al., 2018), but newer methods to facilitate these 

analyses are being developed and have been published since the development of this research project, 

for example, Evrenoglou et al. 2024 (Evrenoglou et al., 2024). There are also methods available 

which use power priors to down-weight the external evidence, such as those more recently proposed 

in Jenkins et al 2021 (Jenkins et al., 2021), and those also summarised in Wadsworth et al. 2018 

(Wadsworth et al., 2018). Finally, prior-based methods can also allow for inclusion of external 

evidence on the between-study heterogeneity, such as those proposed in Turner et al. 2019 (Turner et 

al., 2019) and Röver et al. 2023 (Röver et al., 2023). In the synthesis of child data, this could be useful 

in situations when there are few studies per treatment comparison in an NMA; however, prior-based 

methods would not allow for estimation of the differences in relative treatment effect between 

populations as a separate model parameter.  

Information-sharing models that allow for the borrowing of information from external evidence have 

the potential to improve the precision of treatment effect estimates in children, thus reducing the 

amount of evidence required in children to establish treatment efficacy. This could potentially reduce 

the need for additional clinical trials in children in the future, or may reduce the sample size required 

to establish efficacy (Nelson, 2020). Alternatively, should these methods fail to improve the precision 

of estimates for specific treatment comparisons, the information may be useful to prioritise future 

clinical trials within the field (i.e. to prioritise establishing efficacy for those treatment comparisons 

that remain imprecise).  

Using information sharing models to establish similarities in treatment effect between child and adult 

populations may also help to facilitate the prediction of the efficacy of new medicines in children, in 

cases when only adult evidence is currently available. As discussed in Section 1.1.1, new medicines 

are often first evaluated in the adult population and being able to adequately predict the effect of new 

medicines in children may help to address this inequality. Predictions of treatment effect in children 

may mean that only small clinical trials are required to confirm efficacy, as the predicted efficacy of 

new antiemetics in children could be incorporated as prior information in a clinical trial using a 

Bayesian design (Lee, 2024), thus facilitating earlier approval of medicines in children through 

regulatory processes.   
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1.2.3 Individual participant data (IPD) synthesis 

 

Whilst the methods discussed so far typically use aggregate data extracted from the publications of 

primary studies, it may be possible to obtain the IPD (that is, the raw data from clinical trials), to 

further maximise what is known from existing evidence base.  

Broadly, IPD holds the advantages of being able to better harmonise the data, transforming variables 

of interest to the same units, and being able to look at a broader/ alternative range of outcomes, and 

test different hypotheses than were originally investigated in the clinical trials (Stewart and Tierney, 

2002). IPD can also facilitate additional analyses that are rarely possible with aggregate data alone. 

These include multivariate synthesis and treatment-covariate interaction analyses (Riley et al., 2023b), 

which could bring specific advantages when synthesising evidence from a paediatric population. 

These methods will now be discussed in further detail. 

 

1.2.3.1 Bivariate and multivariate synthesis 

 

Bivariate and multivariate synthesis jointly analyse two or more outcomes, respectively, and allow 

one outcome to utilise (via correlation) available data from the other outcome and vice versa. This 

means that poorly reported outcomes can ‘borrow strength’ or information from the better reported 

outcome(s) (Riley et al., 2007, Achana et al., 2014b). Treatment effect estimates can be correlated 

both between studies (due to differences across studies in terms of patient and treatment 

characteristics that affect treatment efficacy), and within studies (as the same individuals contribute 

data towards each outcome)(Riley et al., 2015).  The latter is rarely reported in clinical trial 

publications and requires IPD to estimate.  

Methods of bivariate and multivariate synthesis are available in both the frequentist and Bayesian 

frameworks. These include the frequentist methods described in Riley et al 2015, which use a non-

parametric bootstrapping method to estimate within-study correlations from the IPD, to facilitate 

bivariate or multivariate meta-analysis (Riley et al., 2015). Bayesian methods also allow for 

multivariate meta-analysis, for example, those described by Wei et al. 2014 (Wei and Higgins, 2013a). 

The framework is further extended to allow mixed treatment comparison, i.e. a multivariate NMA, as 

described in Efthimiou et al. 2015 (Efthimiou et al., 2015) and Achana et al. 2014 (Achana et al., 

2014a). These methods, along with others that facilitate bivariate and multivariate synthesis, are 

detailed in the National Institute for Health and Care Excellence (NICE) Decision Support Unit 

(DSU) technical support document 20 (Bujkiewicz et al., 2019), along with the code needed to apply 

these within statistical packages such as R and WinBUGS. These analyses are therefore becoming 

increasingly accessible for researchers who may need them.  
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Within the context of paediatric research, using IPD to facilitate the joint synthesis of multiple 

outcomes could improve our understanding of treatment effects on subjective outcomes, which are, 

which are often less commonly collected and reported in paediatric clinical trials (Rothmund et al., 

2022). In addition, provided there was sufficient correlation with well-reported outcomes, multivariate 

synthesis could help us to better understand the treatment effect on patient-important outcomes, as 

well as adverse events of treatments, which have been previously identified as being under-reported in 

paediatric clinical trials (Neame et al., 2020).  

 

1.2.3.2 Identification of treatment-covariate interactions  

 

Another advantage of using IPD when synthesising paediatric data is the ability to control for 

prognostic factors and allow treatment effect to vary by covariate values (i.e. estimate interactions 

between the treatment effect and certain patient or treatment-related factors) (Riley et al., 2023a, Riley 

et al., 2021). In pairwise meta-analysis or NMA, the summary treatment effect estimate for a 

treatment comparison is an average effect for the population. However, given clinical trials of children 

often include a broad range of ages, and sometimes, for example, within the field of supportive cancer 

care, different diagnoses and treatments, identifying which patients may be at greater risk of an 

outcome, as well as patient or treatment characteristics that modify treatment effect, is particularly 

valuable.  

Identifying prognostic and effect-modifying factors is rarely possible within individual paediatric 

studies, due to the small sample sizes, and it is often challenging with aggregate data syntheses 

(although possible with an aggregate data meta-regression using study-level covariates (Simmonds 

and Higgins, 2007)). Given the clinical heterogeneity present in paediatric clinical trials, it is also 

possible that the distribution of ‘effect-modifying’ covariates is not balanced across studies. When 

conducting an aggregate data NMA, this could violate the ‘consistency of relative effects’ assumption, 

i.e. that the estimated relative effects are valid across all study populations. Being able to incorporate 

participant-level information and account for effect-modifying factors could improve our ability to 

examine and reduce heterogeneity, over and above an aggregate data NMA, as well as reduce 

inconsistency within the NMA (that is, differences between direct and indirect evidence) (Riley et al., 

2023a, Kanters et al., 2021).   

Various methods are available for synthesising IPD whilst incorporating prognostic and effect-

modifying factors. These include frequentist methods of estimating treatment-covariate interaction 

within an IPD meta-analysis, which have been previously described and compared (Riley et al., 2020, 

Walker et al., 2022), as well as more recent Bayesian methods which facilitate these analyses for 

mixed treatment comparisons, e.g. IPD network meta-regression (Phillippo et al., 2016). 
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Typically, these analyses require IPD from all clinical trials of interest to be available. However, this 

could exclude valuable information from clinical trials for which IPD cannot be obtained, for 

example, older treatments which may have been studied some time ago and may be less likely to have 

IPD available. Data on treatments investigated by pharmaceutical companies can also be difficult to 

acquire, with companies sometimes having lengthy, complex processes for applying for data (van der 

Worp et al., 2023).   

There are methods available which relax this requirement, allowing for the joint synthesis of IPD and 

aggregate data. This includes matching-adjusted indirect comparison and simulated treatment 

comparison, which adjust for differences in effect modifiers, producing population-adjusted indirect 

comparisons. However, these methods are limited to handling a two-study scenario, with one IPD 

study and one aggregate data study, and are not generalisable to larger networks (Phillippo et al., 

2020). Alternatively, the newer method of population-adjustment described in Philippo et al. 2020 

(Phillippo et al., 2020), multi-level network meta-regression (ML-NMR), fits a participant-level 

model to synthesise data from the IPD trials and an aggregate-level model to synthesise data from the 

aggregate data trials (Riley et al., 2021). It adjusts for differences in effect modifiers between 

aggregate data studies by using information about the distribution of covariates, and correlation 

between these covariates in the IPD (and assuming that this is the same in the aggregate data) 

(Phillippo et al., 2020). 

ML-NMR, therefore, offers a greater opportunity to identify treatment-covariate interactions in 

children when the availability of IPD is limited. These analyses remain critical in children and have 

real-world applications. For example, in a resource-limited setting, being able to identify which 

children gain the most benefit from an intervention could help to inform the prioritisation of more 

costly treatment options (often the more novel and effective treatment options), which may need to be 

restricted to those who would derive the most benefit. Given the clinical heterogeneity in many 

paediatric studies, it is also possible that some children are deriving little benefit from treatments but 

may still experience side effects or harms from the intervention; thus, identification of these children 

is paramount to prevent their exposure to ineffective medical treatment.  

 

1.3 Introduction of the clinical field: Antiemetics for the prevention of 

Chemotherapy-Induced Nausea and Vomiting (CINV) in children.  
 

One area of child health research where it is known that child evidence is lacking in comparison to 

adults, is within the field of supportive care in paediatric oncology, that is, the management of the side 

effects of cancer and its treatment (Phillips et al., 2024). Within this field, research relating to the use 

of antiemetic medications for the prevention of nausea and vomiting caused by chemotherapy is 
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sparse in children, with recent synthesis of evidence identifying over ten times as many studies in 

adults compared to children (Patel et al., 2022).  

In children, this common and distressing side-effect continues to be a problem, despite the availability 

of some effective antiemetic medications (Hedstroum et al., 2003, Phillips et al., 2016). CINV can 

occur before chemotherapy administration, termed ‘anticipatory’ CINV, up to 24 hours after the point 

of chemotherapy administration, termed ‘acute’ CINV or may continue from 24 hours after 

chemotherapy administration ends, to up to 5-7 days afterwards, termed ‘delayed’ CINV (Chang, 

2015) (see Appendix 1.2.1 for further details). The pathophysiology of CINV is also described in 

(Appendix 1.2.2). 

The likelihood that a chemotherapy would cause CINV in the absence of these medications is referred 

to as the emetogenicity, which is categorised into ‘low’, ‘moderate’ and ‘high’ (see Appendix 1.3 for 

further details on the classification of emetogenicity) (Paw Cho Sing et al., 2019). It is the use of the 

more intensive, highly emetogenic chemotherapy (HEC) agents, which is believed to contribute to the 

ongoing issue of uncontrolled CINV in children undergoing cancer treatment, despite the availability 

of some effective preventative medications (Phillips et al., 2016). The prevalence of CINV in children 

remains high, with estimates from recent studies ranging from 57-100% (Jamuna et al., 2019, 

Ruggiero et al., 2018, Patel et al., 2020b, Badarudin et al., 2022). 

When not adequately controlled, CINV can have both physical and psychological consequences, 

including increased susceptibility to infection, dehydration, electrolyte imbalance, weight loss, 

anorexia and weakness (Phillips et al., 2016), as well as decreased physical and mental performance 

(Chang, 2015). Nausea, in particular, is often identified as a distressing aspect of chemotherapy 

treatment (Hedstroum et al., 2003, Walker et al., 2024). These effects can lead to a decrease in quality 

of life for children undergoing cancer treatment and may result in prolonged hospitalisations. CINV 

that is severe or prolonged may contribute to decisions to discontinue treatment with subsequent 

cycles of chemotherapy, ultimately impacting survival rates (Chang, 2015).  

In addition to these health impacts for the child, the effects of CINV can have financial and resource 

implications, both for parents or carers of children who may need additional time away from 

employment to care for the child (Warner et al., 2015), and for the healthcare sector to provide the 

additional care needed to manage these unintended consequences of treatment (Craver et al., 2011). 

Three parents of children who have undergone cancer treatment were involved in the development of 

this research project and shared their personal experience of uncontrolled CINV. One parent said, “My 

son had a lot of problems getting anti-sickness (medicines) right, I don’t think we ever did, in the five 

years of (chemotherapy) treatment”. Another parent said, “My daughter had nine cycles of 

chemotherapy… three of them needed a post-chemo(therapy) hospital admission for IV (intravenous) 

fluids because she couldn’t stop vomiting”. These experiences highlight the significant difficulties 
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faced by patients and their families when CINV is not adequately controlled. 

 

1.3.1 Existing evidence on antiemetic use for the prevention of CINV in children  

 

The efficacy of antiemetic medicines for the prevention of CINV in children has been compared in 

randomised clinical trials (RCTs), and attempts to synthesise the summary results of these RCTs have 

already been made. These evidence syntheses include systematic reviews, to identify and critically 

appraise the available evidence and narrative syntheses and meta-analyses to combine their results and 

form a better understanding of which treatments are most effective. 

These evidence syntheses underpin current clinical practice guidelines, including the Paediatric 

Oncology Group of Ontario (POGO) (Patel et al., 2022) (Patel et al., 2021) (Patel et al., 2017), 

Multinational Association of Supportive Care in Cancer (MASCC) (Dupuis et al., 2017), Children’s 

cancer and leukaemia group (CCLG) (Children's Cancer and Leukemia Group (CCLG), 

2018)(underpinned by Patel et al. 2017(Patel et al., 2017)) and the American Society of Clinical 

Oncology(ASCO) guidelines (Hesketh et al., 2020) (Hesketh et al., 2017). Patel et al. 2017 (Patel et 

al., 2017) and Patel et al. 2021(Patel et al., 2021), narratively synthesised evidence (both randomised 

and non-randomised) relating to antiemetic efficacy in paediatric patients for prevention of acute (12 

studies) and anticipatory (13 studies) CINV, respectively. Dupuis et al. 2017 narratively summarised 

findings on acute CINV (25 studies). Patel et al. 2022 (Patel et al., 2022) meta-analysed both 

paediatric and adult data on acute (25 paediatric studies) and delayed (14 paediatric studies) CINV. 

Finally, the ASCO guidelines (Hesketh et al., 2020) (Hesketh et al., 2017) use a signalling approach to 

update guidelines, collating new evidence on the efficacy of antiemetics that might impact practice 

recommendations.  

 

1.3.2 Current recommendations on antiemetic use within clinical practice guidelines 

 

Current clinical practice guidelines (Patel et al., 2022) (Patel et al., 2021) (Patel et al., 2017) (Dupuis 

et al., 2017) (Children's Cancer and Leukemia Group (CCLG), 2018), recommend the following 

pharmacological interventions for the prevention of acute and delayed CINV in children (in addition 

to psychological and behavioural approaches), dependent upon the emetogenicity of chemotherapy 

being received: 
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Children receiving highly emetogenic chemotherapy: 

 

• A Neurokinin-1 (NK-1) receptor antagonist (aprepitant or fosaprepitant) + a 5-

hydroxytryptamine type 3 (5-HT3) receptor antagonist (primarily palonosetron (Patel et al., 

2022), but ondansetron, granisetron  (Patel et al., 2017) (Dupuis et al., 2017) (Children's 

Cancer and Leukemia Group (CCLG), 2018) and tropisetron could also be considered 

(Dupuis et al., 2017)) + dexamethasone for prevention of acute CINV (Patel et al., 2022) 

(Patel et al., 2017) (Dupuis et al., 2017) (Children's Cancer and Leukemia Group (CCLG), 

2018) (Hesketh et al., 2020) (Hesketh et al., 2017). The addition of olanzapine may also be 

considered (Patel et al., 2022) (although this would be off-label use as olanzapine (at the time 

of writing this thesis) is not yet indicated for use in the treatment of CINV in children 

(European Medical Agency (EMA))).  

  

• An NK-1 antagonist, namely aprepitant + dexamethasone for prevention of delayed CINV 

(Patel et al., 2022, Children's Cancer and Leukemia Group (CCLG), 2018). 

Children receiving moderate emetogenic chemotherapy: 

 

• A 5-HT3 receptor antagonist + dexamethasone for the prevention of acute CINV (Patel et al., 

2022, Children's Cancer and Leukemia Group (CCLG), 2018) (Hesketh et al., 2020) (Hesketh 

et al., 2017). 

 

• Dexamethasone for prevention of delayed CINV (Patel et al., 2022, Children's Cancer and 

Leukemia Group (CCLG), 2018). 

 

 

Children receiving low-emetogenic chemotherapy: 

 

• A 5-HT3 receptor antagonist for the prevention of acute CINV (Patel et al., 2022, Children's 

Cancer and Leukemia Group (CCLG), 2018) (Hesketh et al., 2020) (Hesketh et al., 2017). 

 

• No routine prophylaxis for prevention of delayed CINV (Patel et al., 2022). 

 

Alternative antiemetic medications/combinations of these medicines are recommended by the POGO 

and CCLG guidelines for children who may be unable to receive specific antiemetic medications 

(Patel et al., 2022) (Children's Cancer and Leukemia Group (CCLG), 2018). For example, the use of 
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levomepromazine, metoclopramide and nabilone where patients are unable to receive aprepitant 

(Children's Cancer and Leukemia Group (CCLG), 2018). 

For anticipatory CINV, the POGO and CCLG guidelines recommend lorazepam (Children's Cancer 

and Leukemia Group (CCLG), 2018, Patel et al., 2021).  

 

1.3.3 Additional evidence from systematic reviews and meta-analyses  

 

Some additional systematic reviews and meta-analyses compare the efficacy of antiemetic medication 

for the prevention of CINV in children, whose conclusions largely support those underpinning clinical 

practice guidelines.  

A 2010 Cochrane review (Phillips et al., 2010) made direct comparisons using data from 28 studies to 

assess the efficacy of antiemetic medication for anticipatory, acute and delayed nausea and vomiting 

in children receiving chemotherapy. An update was published in 2016, which included eight 

additional studies, but conclusions remained largely unchanged. The 2016 Cochrane review supports 

the use of 5-HT3 antagonists with dexamethasone for acute and delayed vomiting, but noted, as did 

reviews underpinning clinical practice guidelines (Patel et al., 2022), that the most beneficial dose of 

dexamethasone needs to be determined, along with differences in the efficacy of 5-HT3 antagonists 

between patients. Of the 5-HT3 antagonists, granisetron and palonosetron may be more effective than 

ondansetron, but this was based on limited evidence, and the authors cautioned against firm 

conclusions (Phillips et al., 2016).  

In addition to these two Cochrane reviews assessing the comparative or relative efficacy of antiemetic 

medications, in 2020, an IPD pooled analysis of RCTs of aprepitant or fosaprepitant for prevention of 

CINV in paediatric patients applied regression modelling to assess patient or treatment-related factors 

associated with acute and delayed CINV control when receiving moderately emetogenic 

chemotherapy (MEC) or HEC (Dupuis et al., 2020). The analysis identified factors of age and acute 

phase duration to be associated with acute phase control, whilst complete control in the acute phase 

was associated with control in the delayed phase (Dupuis et al., 2020). 

 

1.3.4 Limitations of the existing evidence base  

 

Despite the availability of some high-quality evidence syntheses assessing the efficacy of antiemetic 

medications for the prevention of CINV in children, some estimates of treatment effect remain 

imprecise and specific unanswered questions remain (Phillips et al., 2016). This is due to limitations, 

both of the evidence synthesis methods which have been applied to combine the RCT evidence and 
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the RCT evidence itself. These limitations will now be discussed in further detail, along with their 

potential to be overcome by using alternative methods of evidence synthesis, which could maximise 

what we know from the existing evidence base.  

 

1.3.4.1 Limitations of the evidence synthesis methods   

 

Current recommendations about which antiemetics to prescribe to children for the prevention of 

CINV have been informed by narrative synthesis of available evidence as well as meta-analysis. 

Whilst the narrative synthesis informing guidelines such as Patel et al. 2017 (Patel et al., 2017), has 

the advantage over meta-analysis of incorporating non-randomised evidence, the approach does not 

provide statistical summaries of relative efficacy where multiple studies evaluate the same treatment 

comparisons. Furthermore, the approach draws conclusions from some informal comparisons between 

interventions not compared directly in clinical trials, as well as the informal integration of some adult 

evidence (Patel et al., 2017), which may lead to biased conclusions.  

Meta-analysis, on the other hand, does produce a statistical summary estimate of the relative efficacy 

and/or safety of treatments (along with a measure of uncertainty) (Deeks et al., 2024). However, only 

evidence from clinical trials comparing two interventions can be combined, meaning not every 

antiemetic medication has been compared to every other. Furthermore, meta-analyses conducted 

within the Cochrane Review by Phillips et al. 2016 (Phillips et al., 2016) concluded that some 

summary estimates were informed by few RCTs, and the limited size of the RCTs in children means 

that certain treatment effect estimates remained imprecise (Phillips et al., 2016).  

Combining the existing RCT evidence instead, using an NMA would mean that each treatment could 

be compared with every other, provided they formed a connected network. This alternative method of 

evidence synthesis could also improve the precision of existing estimates, over and above pairwise 

meta-analysis, as some estimates may be informed by both direct and indirect evidence (Chaimani et 

al., 2023). 

Recent efforts have already been made to improve the certainty of treatment effect estimates produced 

by meta-analysis, through the inclusion of adult data (Patel et al., 2022). However, these analyses 

assumed the adult data to be completely generalisable to children, in that there was no distinction 

drawn between the populations, and the data were ‘lumped’ as though they arose from the same 

population. This method does not account for potential differences in treatment effects between 

populations. Given the differences in the way that medicines are absorbed, distributed, metabolised, 

and excreted in the body (Gamalo-Siebers et al., 2017) it is possible that the assumption of 

homogeneity between two populations may not hold (Walker et al., 2023a). Furthermore, as data are 

more abundant in adults, estimates would likely be more of a reflection of the relative efficacy in 
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adults, rather than in children, should notable differences exist. These limitations may be overcome by 

using alternative methods of information sharing, which account for (and produce estimates of) 

differences between treatment effects between children and adults (Walker et al., 2023a), as discussed 

in Section 1.2.2. Improved estimates of antiemetic efficacy in children (i.e. those estimated with 

greater precision) could help to inform clinical practice guidelines, which in turn could improve the 

consistency of care around CINV prevention, as they have in other fields of medicine (Lugtenberg et 

al., 2009). 

Through the facilitation of predictions of the efficacy of new medicines in children, the inclusion of 

adult data could also help to address the common issue of medicines being licensed (through 

regulatory bodies) for use in adults, long before they become available for children (as discussed in 

Section 1.2.2). This has been the case for antiemetic medications, aprepitant, which was licensed in 

adults 11 years before it was licensed for use in children 42. Current situations exist for which earlier 

approval would be beneficial, for example, the antipsychotic medication olanzapine, which in recent 

years has been investigated for its antiemetic properties and is currently being used off-label for this 

indication in children.  

Finally, existing evidence syntheses of antiemetic medications have identified specific evidence gaps, 

including the need to establish the optimal dosing of recommended antiemetic medications, such as 

dexamethasone, palonosetron, and fosaprepitant, for the prevention of acute and delayed CINV (Patel 

et al., 2022). Information on the antiemetic dosing strategies is also needed for children receiving 

multi-day chemotherapy regimens (Patel et al., 2017, Patel et al., 2021). Carefully planned NMA 

could help to address these evidence gaps, through maintenance of different doses and schedules of 

antiemetics as separate interventions within the network of treatments, thus providing comparative 

evidence on the efficacy of these variations in antiemetic regimens.   

 

1.3.4.2 Limitations of the underlying RCT evidence    

 

What is known from evidence syntheses is limited in part by the conduct and reporting of the 

underlying RCT evidence. This includes a lack of a common definition of outcomes between studies, 

(Phillips et al., 2016), making the synthesis of the aggregate data problematic and, in some cases, 

limiting which studies can be included in the analyses. This limitation could be addressed through the 

inclusion of IPD, which can allow for the standardisation of definitions across studies (Stewart and 

Tierney, 2002), and therefore increase the number of studies which can be meaningfully combined.  

Some outcomes are also poorly reported across studies. For example, it was noted in a previous 

Cochrane Review that few RCTs reported the outcome of nausea (Phillips et al., 2016), despite the 
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availability of valid measurement instruments for nausea in children (e.g. the Baxter Retching Faces 

(BARF) scale) (Baxter et al., 2011). This is possibly due to the more subjective nature of nausea 

compared to vomiting, and the fact that currently there is no agreed core outcome set (“an agreed, 

standardised group of outcomes to be reported by all trials within a research field”) (Webbe et al., 

2018) for CINV in children. However, this means that current recommended treatment options may be 

optimal at preventing the outcome of vomiting, but their effectiveness at preventing other patient-

important outcomes, including nausea (Hedström et al., 2003) is less well understood. Anecdotally, 

children involved in this research project told us that their antiemetic medications were effective at 

stopping them from vomiting, but they still experienced significant amounts of nausea, so this remains 

an important research question. Acquiring IPD from primary studies could help to overcome this poor 

reporting, firstly as it is possible that outcomes such as nausea may have been collected in the clinical 

trial but not reported. Secondly, as discussed in section (1.2.3) IPD can facilitate further analyses, 

namely multivariate synthesis (Riley et al., 2023b), which could improve understanding of poorly 

reported outcomes.  

The limited sample size of RCTs in children also reduces the ability to conduct subgroup analyses 

within studies, due to insufficient statistical power. Across studies, inconsistent reporting of subgroup 

results can complicate the synthesis of this evidence. As existing syntheses have primarily used 

aggregate data, they have also been limited in their ability to synthesise this evidence and explore the 

relationship between individual characteristics and treatment effect. A lack of understanding of who 

benefits most from different antiemetic regimens could be contributing to the continued high 

prevalence of CINV in children. Current clinical practice guidelines (Patel et al., 2022), target some 

more effective antiemetics at those who are most at risk of the outcomes they prevent. Whilst these 

patients may derive the greatest absolute benefit (and whilst the recommendations likely take into 

account some informal cost consideration) we do not have the evidence that these patients derive 

greater relative benefit, and patients at lower risk may benefit too.  

Previously, IPD has been used to determine which patients are most at risk of experiencing CINV 

(Dupuis et al., 2020) (i.e. determine prognostic factors), but incorporating IPD could also help 

facilitate identification of treatment-covariate interactions. This information could be used to improve 

guideline recommendations by targeting treatments at patients who will derive more benefit from 

certain antiemetic medications and to avoid giving treatment to those who may derive less or no 

benefit but may still experience side effects.  
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1.4 Research aims and structure of thesis  
 

Chapter 1:  

The first chapter in this thesis has introduced issues of conducting health research with children, data 

synthesis methods which may help to overcome evidence scarcity within this population, and the 

clinical area of antiemetic medications for the prevention of CINV in children, an area for which, in 

comparison to adults, child evidence is known to be lacking. 

Overarching thesis aims: 

Broadly, this thesis aims to apply evidence synthesis methods that enable the ‘borrowing of strength’ 

from indirect evidence, as well as different populations or outcomes, to address key limitations in the 

existing evidence base on antiemetic medications for the prevention of CINV in children (as outlined 

in section 1.3.4). Specifically, the limitations that will be addressed include: 

• A lack of comprehensive comparisons between all available antiemetic medications. 

• Imprecise estimates of treatment effects for certain comparisons. 

• Limited information on patient-important outcomes, such as nausea. 

• A lack of evidence on which patients derive the greatest relative benefit from specific 

antiemetic regimens. 

More broadly, this thesis aims to explore the appropriateness and challenges of applying these 

evidence synthesis methods in child health research and their potential for improving understanding of 

the efficacy of health interventions in children. 

   

Chapter 2:  

In chapter two, the methods of conducting a systematic review to identify RCT evidence on 

antiemetic medications currently recommended for the prevention of CINV in children are described, 

along with the critical appraisal of the identified evidence, and the process of identifying patient-

important outcomes that matter within the project, through the inclusion of children and their families 

who have lived experiences of CINV.  

Chapter 3-6:  

In chapters 3-6, evidence synthesis methods will be applied to address specific research questions, 

each one aimed at overcoming a limitation of the existing evidence base: 

Firstly, using aggregate data from RCTs of antiemetic medications currently recommended for use 

in children.  
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Chapter 3: What is the relative efficacy and ranking of antiemetics currently recommended and 

licensed for preventing CINV in children being treated for cancer?  

Chapter 4: Can adult clinical trial data be used to supplement paediatric trial data and improve the 

certainty of relative effect estimates in children? 

Can adult clinical trial data be used to reliably predict the relative effect of antiemetic regimens with 

olanzapine (an antiemetic recommended but not yet licensed for the prevention of CINV in children), 

in the paediatric population? 

 

Secondly (and due to limited availability), using individual patient data from recent RCTs only: 

Chapter 5: Can information about treatment effects on vomiting outcomes be used to improve the 

precision of treatment effect estimates for nausea outcomes in children? 

Chapter 6: Do patient-level characteristics, such as cancer type, sex, age and emetogenicity of 

chemotherapy, alter antiemetic efficacy in children? 

Do patient-level characteristics alter antiemetic efficacy similarly in adults and children, and if so, 

how could this information be used to improve predictions of relative treatment effect in the paediatric 

population?  

Chapter 7:  

The thesis will conclude with a final chapter summarising the main findings of the project, 

highlighting where original contributions have been made. The chapter will also reflect upon the 

benefits that involving children and their families has brought to the project throughout. 

 

1.5 Protocol  
 

The protocol, detailing the research aims, the planned methodology, including public involvement 

work, and details of the research team, is included in the appendix for this chapter section 1.1. Where 

protocol modifications have been made, these have been discussed at the relevant points in chapters 

throughout the thesis.  
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2 Chapter 2 Outcome prioritisation and data collection and 

appraisal. 

 

2.1 Introduction  
 

In this chapter, the process of including children and their families in identifying outcomes of 

importance will firstly be discussed, including an explanation of the insights gained, and how 

this involvement has informed the design of the study. Secondly, the methods of conducting a 

systematic review to identify randomised evidence on antiemetic medications for preventing 

CINV in children and young people will be described, along with the results of the systematic 

search, a summary of the characteristics of studies identified, and an assessment of their quality.  

The rationale for conducting a systematic review is to maximise the identification of both published 

and unpublished literature which addresses the research questions at hand. Within child health 

research, systematic review could act as a particularly valuable tool, ensuring that studies eligible for 

inclusion in a data synthesis, and which may be capable of informing health policy, are not missed. 

When dealing with a population where evidence is often lacking, each study could count, and 

individual studies may make an important statistical and possibly clinical impact.  

Several systematic reviews have been conducted in previous syntheses of antiemetic medication for 

the prevention of CINV (Phillips et al., 2010, Phillips et al., 2016, Patel et al., 2017, Patel et al., 

2022). However, these have focused on all antiemetic medications and/or therapies or have focused 

solely on the paediatric population. Instead, within this project, a targeted systematic search has been 

conducted, allowing for the identification of clinical trial evidence on the efficacy of antiemetic 

medications recommended for use in children within current clinical practice guidelines (Patel et al., 

2022) (Patel et al., 2021) (Patel et al., 2017) (Dupuis et al., 2017) (Children's Cancer and Leukemia 

Group (CCLG), 2018) and the corresponding clinical trial evidence in adults, with the aim of building 

upon the existing evidence base.  

As the approach has involved modification to the usual order in which a systematic review is 

conducted, as well as additional time and resources to include the adult evidence, this chapter 

concludes with some methodological considerations for conducting a systematic review inclusive of 

both child and adult evidence.     

Within this chapter, the methods and results of the systematic review have been previously 

published in Walker et al. 2024 (Walker et al., 2024). Some of the text, therefore, aligns very closely 

and in some places will be identical to the wording used in the paper.  
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2.2 Involving children and family members to identify which outcomes matter 

to patients  
 

2.2.1 Rationale  

 

Previous research has identified a lack of evidence on patient-important outcomes, such as nausea 

(Phillips et al., 2010) (Phillips et al., 2016) within RCTs of antiemetic medications for the prevention 

of CINV. Within paediatric research, it is not uncommon for researchers to overlook the opportunity 

to prioritise outcomes with children, and may instead use the outcomes and measures which are 

common in adult clinical trials, despite this approach being identified as inappropriate in some 

medical fields (Sinha et al., 2008). This approach ultimately makes research less useful to children.  

To make the outputs of this research project more relevant for children who may experience CINV, at the onset 

of this evidence synthesis, people who had experienced these side effects as a child, as well as their 

families, were invited to be involved to discuss which outcomes matter most to them. These outcomes 

were sought within the aggregate data to be analysed in Chapter Three, where the relative efficacy and 

ranking of antiemetics are determined, as well as from the IPD, to be analysed in Chapter Six, where 

effect-modifying factors (i.e., patient-level characteristics that alter treatment efficacy) are identified. 

Within the IPD, there is greater potential to obtain data on patient-important outcomes, as these may 

have been collected in the clinical trial, but not necessarily reported in the final publication. 

Conversely, when synthesising aggregate data, you are largely limited by the outcomes which are 

reported in the clinical trial publications (unless trial investigators can provide additional summary 

data).  

2.2.2 Methods  

 

The opportunity to be involved was advertised on the Facebook pages of charities, Candlelighters 

(The Candlelighters Trust)(who provide support to children with cancer and their families across 

Yorkshire, England) and the Children's Cancer and Leukaemia Group (CCLG) (The Children's Cancer 

and Leukaemia Group)(who provide trusted information, guidance and support to children with 

cancer and their families). Those who offered to be involved were sent an information document prior 

to the meeting, explaining in plain English language, why and how the research is being conducted, 

the purpose of involving people at this stage, as well as practical details about where and when the 

meeting will be held, and information about reimbursing their time.   

Three parents of children with experience of CINV and one adult who had experienced CINV during 

childhood attended a one-hour online meeting. To facilitate the involvement, the meeting included a 

presentation explaining the project aims, as well as the research methods that would be applied. This 
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training used plain English language throughout and focused on the broad concepts of what the 

evidence synthesis methods can help us to understand, rather than the specifics of how the methods 

are conducted*. To aid in explaining the concept of outcomes within clinical trials, a plain language 

animation video designed by the Core Outcome Measures in Effectiveness Trials (COMET) initiative 

was used (COMET, 2022). Understanding of the training was checked verbally within the meeting, 

and any remaining questions participants had about the research project were addressed at this stage. 

What followed was a discussion around which symptoms and associated impacts of CINV were most 

difficult and therefore most important to prevent. Following the meeting, feedback forms were 

circulated to evaluate the involvement session. It must be noted that attempts were also made to 

recruit children and young people to take part in separate involvement activities*; however, this was 

not successful.   

2.2.3 Outcomes  

 

Those involved highlighted the importance of outcomes associated with their wider quality of life. 

This included their anxiety levels, the quality and quantity of their sleep, the length of time they felt 

nauseous, whether or not they could travel in a car, i.e. having increased motion sickness, not being 

able to enjoy food and having a reduced food intake, as well as requiring a nasogastric tube due to 

poor nutritional status. They also raised concerns about the side effects of the antiemetics themselves, 

including water retention, constipation and drowsiness.  

2.2.4 Impact  

 

As this research project has progressed, these outcomes have remained a central focus. They have 

been sought for the analyses detailed above, and are highlighted in discussions of future research 

priorities, particularly in instances where data on specific outcomes are lacking (or are insufficient to 

conduct planned analyses), and therefore, the efficacy of antiemetics in preventing these outcomes 

remains uncertain. 

*The method of involving patients and their families in this project has been informed by a 

previous involvement meeting conducted during the design phase of this research project. This 

initial work was funded by a small grant from the NIHR Research Design Service (RDS). A report 

on the methods of this meeting, and how feedback from patients and families impacted the research 

plan, has been previously submitted to RDS and is included in the appendix for this chapter, section 

2.1. 
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2.3 Systematic review methods 
 

To identify published and unpublished studies evaluating the efficacy of the antiemetic medications 

currently recommended for the prevention of CINV in children, a systematic literature search was 

conducted. Child and adult studies were sought simultaneously.  

 

2.3.1 Inclusion and exclusion criteria  

 

Studies meeting all the following criteria were included in the project: 

 

Population  

Studies including patients (children aged 0-12, young people aged 13-17 or adults aged 18 and over - 

including studies of mixed populations of children/young people and adults) with a confirmed 

diagnosis of cancer, cancer-like condition, CNS tumour or undergoing allogeneic stem cell 

transplantation for any indication (including both patients with solid cancer and haematological 

malignancies), who have received or who are about to receive chemotherapy (including low, medium 

or high emetogenic chemotherapies) and pharmacological antiemetics. 

Interventions 

Studies comparing the efficacy and or safety of pharmacological antiemetics regimens currently 

recommended and licensed for use in children for the prevention of chemotherapy-induced nausea and 

vomiting (Patel et al., 2017, Patel et al., 2019) (Patel et al., 2021) (Children's Cancer and Leukemia 

Group (CCLG), 2018) (Dupuis et al., 2017) (see Chapter 1, Section 1.3.2) for specific regimens. 

Studies could use any antiemetic medication as rescue medication for children who experienced 

CINV within the trial.  

Studies that compared an eligible antiemetic regimen to an ineligible regimen/ intervention, e.g., those 

comparing to an inert placebo such as saline, have not been included. Adult studies were only eligible 

for inclusion in the analyses if they met the full inclusion criteria and evaluated antiemetic 

medications present in the network of treatments established in the child population. See Section 

2.5.1.2 for further details on the process of determining eligibility of adult studies. Adult clinical trials 

that did not report the specific type of 5-HT3 antagonist investigated were also excluded, as this 

meant it was not possible to map the evidence to children. 
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N.B. Trials comparing the efficacy and or safety of olanzapine for the prevention of CINV (an anti-

emetic not yet licenced for use in children and young people), have been included as these will form 

the case study within chapter four of this thesis, to help determine whether adult data can be 

incorporated to predict relative treatment effect in children.  

 

Outcomes  

Studies assessing one or more of the following outcomes:  

 Complete control (i.e., zero episodes) or partial control (one or two episodes) of: 

 ∙ anticipatory nausea/vomiting (before chemotherapy) 

 ∙ acute nausea/vomiting (up to 24 hours after chemotherapy administration)  

∙ delayed nausea/vomiting (24 hours up to 5-7 days after chemotherapy administration )  

∙ overall nausea/vomiting (the acute and delayed phase combined) 

∙ side effects of antiemetic medications, e.g., dry mouth, constipation, indigestion (reported in clinical 

trials) 

∙ quality of life outcomes (informed by outcome prioritisation with patient and families), including 

nausea (including the severity and length of time feeling nauseous), decreased food intake, need for 

nasogastric tube, anxiety levels and other measures including Paediatric Quality of Life Inventory TM 

(PedsQL) (Varni et al., 1999) and functional living index -emesis (FLIE). 

N.B. Where publications reported alternative/ further classifications for the severity of CINV, these 

have been mapped onto the main outcomes of complete control and partial control, where possible. 

Trials evaluating pharmacological antiemetics used solely for the treatment of CINV, i.e., 

administered once nausea and vomiting have appeared in patients post chemotherapy administration 

(breakthrough and refractory CINV), have not been included, as this review focuses solely on 

prophylaxis.  

 

Study design  

To limit potential for bias, only RCTs have been included in this systematic review.  

Inclusion of variants of RCTs within the analyses was guided by recommendations in Higgins et al. 

2019 (Higgins et al., 2019). Cluster RCTs were considered for inclusion, provided a measure of 

relatedness of cluster data was provided or could be estimated. Cross-over trials were also considered 

for inclusion, provided they used an appropriate method of analysis that accounts for outcome data 
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that is correlated between patients, e.g., the Mantel-Haenszel odds ratio for paired outcomes or if two-

by-two data were reported along with the within-person correlation so that a modified variance can be 

estimated (Elbourne et al., 2002). Alternatively, if authors reported results from each treatment in each 

cycle separately, data from the first period were used in the analyses.  

Abstracts and online clinical trial registrations have been included, but given the limited resources 

available in the project, these were only used to verify that no full-text articles have been missed and 

to identify ongoing studies. Recent research also suggests this makes no meaningful difference to 

pooled treatment effects (Hackenbroich et al., 2022). 

Non-randomised studies and quasi-randomised studies, case reports, and clinical observations were 

excluded. Randomised Phase II studies in adults that compared different doses of the same antiemetic 

were also excluded, as we are interested only in the comparative efficacy of established doses of 

different antiemetics in this population (i.e. those currently used in clinical practice). 

 

 

2.3.2 Search methods for identification of studies 

 

A search strategy was designed in Ovid MEDLINE following consultation with an Information 

Specialist (Helen Fulbright (HF) - see acknowledgements, section 8). The strategy consisted of terms 

for the population, which was then combined with the antiemetics of interest. Text word searches for 

terms appearing in the title, abstracts or keyword fields of database records were included in the 

strategy alongside searches of relevant subject headings. Date limits were not applied. The MEDLINE 

strategy was then adapted with relevant subject headings (controlled vocabularies) and search syntax, 

appropriate to each resource. 

The search strategy was originally designed without the inclusion of search filters to restrict records 

identified by study design, to improve the sensitivity of the search (the number of relevant reports 

identified divided by the total number of relevant reports in the resource). However, this decreased the 

precision of the search (the number of relevant reports identified divided by the total number of 

reports identified) (Foster and Jewel, 2017) and resulted in 8945 records returned, which was deemed 

too many to screen given the resources available in the project. As such, the original search strategy 

was re-run with inclusion of the sensitivity- and precision-maximising RCT filter on Medline and the 

highly sensitive RCT filter on Embase to restrict records identified to RCTs.  

The following databases were searched using the final search strategy on 21 July 2022: 

1. MEDLINE(R) ALL (Ovid): 1946 to July 20, 2022; 
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2. Embase (Ovid): 1974 to 2022 July 20; 

3. Cochrane Central Register of Controlled Trials (Wiley): 2022, Issue 7 of 12 in the Cochrane 

Library; 

4. Cochrane Database of Systematic Reviews (Wiley): 2022, Issue 7 of 12 in the Cochrane 

Library; 

5. Health Technology Assessment (CRD): Inception to March 2018; 

6. Database of Abstracts of Reviews of Effects (CRD): Inception – December 2014; 

7. PROSPERO (CRD): Inception – 21 July 2022; 

8. International HTA database (https://database.inahta.org/): Inception – 21 July 2022; 

9. Epistemonikos (https://www.epistemonikos.org/en/): Inception – 21 July 2022; 

10. ClinicalTrials.gov (US NIH): all available years; 

11. International Clinical Trials Registry Platform (WHO): all available years; 

12. Dissertations & Theses A&I (ProQuest): 1743 – Present. 

See Appendix 2.2 for full search strategies. The results of all databases were deduplicated in EndNote 

20. 

To find conference abstracts, on 02/12/2022, conference proceedings of the following conferences, 

organisations, and websites were searched for relevant abstracts: American Society of Pediatric 

Hematology/Oncology; Children's Oncology Group; European Organisation for Research and 

Treatment of Cancer; International Society of Paediatric Oncology (SIOP); American Society of 

Clinical Oncology; and the Multinational Association of Supportive Care in Cancer. These sources 

were all searched online with methods appropriate to each resource - either through browsing or with 

search terms. 

 

Reference lists 

The reference lists of all included studies with children/ young people were checked, along with 

relevant systematic reviews to identify additional studies missed during the original electronic 

searches.  

Personal communication 
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Authors of identified studies were contacted for information on unpublished or ongoing trials or to 

request additional trial data.  

Retrieved articles were managed in the reference management software, EndNote.  

 

Description of Update Searches 

Update searches were run by an Information Specialist (HF) on 16 January 2024, using all the 

databases from the original searches, except for CRD’s DARE and HTA databases, which will have 

no new records since the searches were last run. The update searches used identical search strategies, 

except for Ovid MEDLINE, where the Cochrane RCT search filter MEDLINE sensitivity- and 

precision-maximising version Ovid format was updated to the 2023 revision (Lefebvre et al., 2023).  

The results of the databases were deduplicated against each other in EndNote 21 and then 

deduplicated against the original database searches.  

 

An alternative approach 

In the process of considering methods to reduce search results to a manageable number, the preprint 

version of a systematic review, “Interventions for the prevention of acute and delayed phase 

chemotherapy-induced nausea and vomiting in adult and paediatric patients: a systematic review and 

meta-analysis”(Patel et al., 2022) became available. This systematic review conducted systematic 

searches to identify RCTs for the prevention of CINV in adults and children/ young people, the results 

from which were considered for use in this project, in place of those retrieved from a modified search 

strategy. However, key differences in the inclusion criteria, including the exclusion of the antiemetic 

tropisetron meant that using Patel et al. (2022) alone may not capture all studies eligible for inclusion 

in this project. Instead, search results from the modified search strategy detailed in Section 2.3.1 were 

used within the project.  

 

2.3.3 Screening methods 

 

To identify studies matching the inclusion/exclusion criteria, screening of records retrieved from the 

systematic search was conducted and managed in EPPI Reviewer (version 4.13.0.2).  

To prioritise the screening of records, the ‘Cochrane RCT classifier’ was applied to distinguish 

between records that ‘may be RCTs’ and those that are ‘unlikely to be RCTs'. These categorisations 

are made by a machine learning algorithm that has been built using 280,000 records manually 

classified by Cochrane Crowd (Marshall et al., 2017).  

https://eppi.ioe.ac.uk/cms/Default.aspx?tabid=2932&forumid=22&threadid=2443&scope=posts


 
 

35 

 

Ten per cent of records (392) classified as ‘maybe RCTs’ were prioritised and screened independently 

by two reviewers (Ruth Walker (RW) and Connor Evans (CE) - see acknowledgements, section 8). 

Decisions on inclusion/exclusion were then compared. Twenty-one disagreements were identified, and 

these were discussed to determine the reasons for these decisions and to ensure that, moving forward, 

decisions between reviewers were being made consistently. The remaining records, including those 

classified as ‘unlikely to be RCTs’, were single-screened.  

Full paper publications were then obtained for potentially relevant trials. The relevance of each study 

was assessed using the fullest available information. These decisions were made singularly, i.e., by 

one reviewer (either RW or CE), but where there was uncertainty about the inclusion of a study, the 

decision was discussed between reviewers, and a supervisor (Sofia Dias or Bob Phillips), where 

required. Where trial eligibility remained uncertain, attempts to contact the study authors were made 

to request further information. Relevant studies were included irrespective of whether outcomes were 

reported in a usable way.  

A PRISMA diagram detailing the number of studies excluded at each stage of the screening processes, 

for both adult and child studies, is provided in Section 2.4.1. 

 

2.3.4 Extraction of aggregate data  

 

Two reviewers (RW and CE) extracted data using a standardised data extraction form in Microsoft 

Excel. Studies of mixed populations with <50% adults were extracted as studies of children/young 

people. 

The following data were extracted: 

Study level data: 

• Authors  

• Year  

• Country  

• Study design (RCT or cross-over RCT) 

• Inclusion and exclusion criteria 

• Emetogenicity of chemotherapy 

• Length of follow-up 

 

Arm-level data: 

Baseline characteristics  
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• Number of participants recruited, randomised, and analysed. 

• Age range 

• Diagnosis  

• Type of chemotherapy  

• Study medication, dosage, schedule, and route of administration  

 

Outcome data 

• Complete response N (%) in anticipatory, acute, delayed, and overall phase  

• Definition of complete response 

• Partial response N (%) in anticipatory, acute, delayed, and overall phase  

• Definition of partial response 

• Use of rescue medication N (%) 

• Experienced nausea N (%) in anticipatory, acute, delayed and overall phase 

• Decreased food intake N (%) 

• Definition of decreased food intake 

• Side effects as reported by study, for children/ young people’s studies, including composite 

measures of drug-related adverse events, serious adverse events, N (%).  

 

Additional quality of life measures, as well as patient-important outcomesidentified at the onset of this 

project (see section 2.2) were sought. 

 

2.3.5 Quality assessment of aggregate data  

 

The quality of studies eligible for inclusion in the analyses within this project was assessed. For all 

children's studies, this was done using the Cochrane RoB 2 tool (Sterne et al., 2019).  

As the number of adult clinical trials identified in the systematic search was higher than expected, and 

in the interest of time, the results from a risk of bias assessment were taken from a recent Cochrane 

review (Piechotta et al., 2021) assessing antiemetics (given with dexamethasone) for the prevention of 

chemotherapy-induced nausea and vomiting in adults. Adult studies eligible for analysis within the 

project and not included in this Cochrane review (Piechotta et al., 2021), were assessed separately, 

again using the Cochrane RoB 2 tool (Sterne et al., 2019).   

Although clinical trials may be contributing multiple results to the analyses, it was only thought 

feasible to include the main outcome of the project, ‘complete response’, in the risk of bias 

assessment. ‘Complete control in overall phase’ was considered primarily, and if this was not reported 
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within the clinical trial publication, ‘complete response in the acute phase’ was considered, followed 

by ‘complete response in the delayed phase’.  

Assessment using the Cochrane RoB 2 tool (Sterne et al., 2019) covers five domains, each of which 

includes signalling questions to assess the risk of bias within a study. For each signalling question, a 

response is given: yes, probably yes, probably no, or no information. A judgement on the risk of bias 

for each domain is then made, ‘low’, ‘high’ or ‘some concerns’, along with an overall risk of bias 

assessment, considering the judgement from the separate domains. 

A brief description of the five domains in the context of the antiemetic literature follows:  

(1) bias arising from the process of randomisation. 

Signalling questions in domain one considered the randomisation process and the concealment of the 

allocation sequence. The questions ascertain whether the participants have been randomised 

appropriately, so prognostic factors are balanced between arms (Higgins JPT, 2022) and whether there 

is reason to suspect that the investigators or the participants were aware of the forthcoming allocation. 

Knowledge of the forthcoming allocation could lead to patients being allocated to intervention groups 

based on their prognostic factors. For example, if clinicians had a preconceived idea about which 

antiemetic worked best within a clinical trial, they may choose to allocate patients receiving a higher 

emetogenic chemotherapy to the antiemetic they thought was more effective, to alleviate their 

symptoms. However, this may make the treatment appear less effective in the clinical trial, as those 

receiving HEC are likely to experience more nausea and vomiting. As this type of interference could 

result in baseline imbalances, baseline values of important prognostic factors are compared between 

intervention groups as part of the risk of bias assessment (Higgins JPT, 2022). 

 

(2) bias due to deviating from planned interventions (sometimes referred to as 

‘performance biases’  

Signalling questions within this domain assess whether participants, carers and the people delivering 

the intervention were aware of the treatment allocation. This is because if the treatment allocation is 

known, this has the potential to alter health-related behaviours (Higgins JPT, 2022). For example, 

during clinical trials assessing antiemetics, if children or their parents were aware of the treatment 

allocation and had pre-conceived ideas about the effectiveness of that antiemetic, e.g., they assume it 

is less effective than the comparator intervention, this may prompt behaviours to further reduce 

nausea or vomiting e.g., altering food intake, drinking ginger tea, or seeking additional antiemetic 

interventions.  

 

In this domain, the effect of assignment to the interventions at baseline has been assessed, as this is 

most appropriate to inform questions about whether to recommend interventions in practice (Higgins 
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JPT, 2022). Here, signalling questions ask whether patients were analysed using an intention-to-treat 

population (ITT) or a modified ITT population, to determine whether patients who deviated from their 

intended treatment allocation were still included in the final analyses. If they were excluded, questions 

consider whether there is potential for this to impact results, e.g., if excluding people who deviated 

from the intervention, would make the intervention look more or less effective than it would be in 

clinical practice. 

 

(3) bias due to missing outcome data 

Signalling questions in domain three ask whether outcome data are available for all participants and 

whether any missing data could be related to a patient’s health status (Higgins JPT, 2022). For 

example, in clinical trials of antiemetics, this is possible if the child’s cancer has progressed, and they 

are too unwell to take part in the clinical trial. However, this would be equally likely for each 

intervention arm. For clinical trials assessing antiemetics within children, over multiple cycles of 

chemotherapy, if an antiemetic is ineffective for a patient in the initial chemotherapy cycle, they may 

be less likely to continue with the trial and therefore, dropout may be greater on the arm of the least 

effective antiemetic in subsequent cycles of chemotherapy. The estimate of the intervention efficacy 

would then be better than if the patients had remained on the treatment for subsequent cycles of 

chemotherapy. 

(4) bias in the measurement of outcome data 

The signalling question in domain four asks whether the method of measuring the outcome was 

appropriate, whether the ascertainment of the outcome could differ between intervention groups and 

whether the assessment of the outcome could be influenced by knowledge of the allocated treatment 

(Higgins JPT, 2022).  

Within clinical trials of antiemetics, outcomes are sometimes self-reported, for example, when 

patients are given a logbook to complete at home and asked to detail the frequency and severity of the 

nausea and vomiting. It is possible that if patients knew which intervention they were assigned, had a 

preconceived idea of which intervention worked better, and were allocated to the intervention they 

assumed less effective, this could lead them to feel more nauseous, for example, (as nausea has a 

psychological component (Tomlinson and Kline, 2010)). 

(5) bias in the selection of the reporting of outcomes/results  

Signalling questions in domain five ask whether data were analysed following a pre-specified plan, 

usually determined by comparing the outcomes and analysis methods to a protocol or clinical trial 

registration (where available). This is to determine whether the methods or measures used within the 

clinical trial have been selected based on the results they produce, as there may be an incentive to 

report those results that show the intervention to be most effective (Higgins JPT, 2022).  
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If outcomes reported in clinical trial registration or protocol match those reported in the final 

publication, this is unlikely. Where these are unavailable, an assessment of the range of outcomes 

reported has been made within this project. Clinical trials of antiemetics for prevention of CINV most 

commonly report complete response, i.e., no vomiting or use of rescue medication, along with the 

severity of nausea and vomiting. If these measures have been reported, the signalling question of 

whether the numerical result has been selected on the basis of the result from multiple outcome 

measures has been answered ‘probably no’. Where the number of events and the number of 

participants have been reported for an outcome, the signalling question asking whether the numerical 

result has been selected on the basis of multiple analyses is not applicable, as within this project, the 

two-by-two data will be used to calculate risk ratios (i.e. a standard method of analysis can be 

applied). 

2.3.5.1 How were the results of the risk of bias assessment used? 

 

Where the study conduct was graded as ‘high risk’ and was likely to have a significant impact on the 

measured outcomes, these results were excluded from the analysis.  

 

2.3.6 Acquisition and quality assessment of IPD  

 

Of the studies eligible for inclusion in this project, IPD was sought from the more recent clinical trials 

of antiemetics in children and adults. These data are used in Chapter 5 of this thesis, where 

multivariate synthesis is used to improve our understanding of poorly reported outcomes of nausea, 

and in Chapter 6, where IPD network meta-regression is used to identify effect-modifying factors (i.e. 

patient-level characteristics that alter treatment efficacy). 

During the development of this project, in-principle agreements to share IPD were obtained from 

individual clinical trial investigators, who had studied antiemetic regimens including aprepitant/ 

fosaprepitant and olanzapine. The rationale for seeking these IPD is that these are the most recent 

clinical trials and the IPD are therefore more likely to be available.  

At the onset of the project, IPD were sought from those investigators who had agreed to share the data 

in principle. Data sharing agreements were drafted and signed by both parties, and a secure online 

transfer was used to receive data. Data from these trials were held in a password-protected area of the 

university server for the duration of the project. Access to the data was limited to myself and the 

project supervisors. Copying data to laptop computers or memory sticks was prohibited. 

Additional clinical trials investigating aprepitant/ fosaprepitant were sought from the pharmaceutical 

company Merck. Merck has their own data sharing agreement process, as well as a provision to access 

IPD on a secure online server. Once access to this platform was granted, synthesis of IPD was 
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primarily conducted on this server (following agreement from individual trial investigators that their 

data could be temporarily imported to the Merck server for the purposes of these analyses). Later in 

the project, access to the Merck server was lost due to the termination of the system, and the Merck 

clinical trials were transferred to the Vivli platform, where access could continue.  

All IPD were quality checked to ensure their integrity and agreement with published clinical trial data. 

In addition, and where needed, IPD were recoded to ensure harmonisation of outcome measures 

across clinical trials, in order to facilitate the planned synthesis in this project. The data dictionary 

showing coding used for IPD is reported in the Appendix for this chapter, Section 2.3. The process of 

data checking and harmonisation is also detailed in the Appendix, section 2.4, whilst the IPD that was 

obtained is reported in Appendix 2.5.  

 

2.3.6.1 Ethics  

 

Formal ethics approval was not required for IPD analysis, as these data are obtained from clinical 

trials, in which the trial investigators have already obtained ethical approval and informed consent. 

This was confirmed by the Chair of the University of York Department of Health Sciences Ethics 

Committee. 

 

2.4 Results  
 

2.4.1 Systematic search results 

 

Initial systematic searches identified 7341 records. After duplication, 4554 records remained to screen 

at the title and abstract stage. From these, 1110 records were retrieved as full texts and screening 

identified 34 clinical trials publications with a paediatric population, and 324 with an adult population 

(Figure 2-1). In addition, 42 clinical trial registrations and 17 conference abstracts of clinical trials in 

children were identified (Figure 2-1). These were used to determine any missing and/ or ongoing 

studies, of which 0 and 9 were identified, respectively (the references for ongoing studies are included 

in Appendix 2.6).   

Of the clinical trial publications meeting the inclusion criteria in children, two were not main trial 

publications, seven were cross-over studies that did not use an analysis method that accounted for 

correlated data of patients between cycles, or reported first cycle data separately (Berrak et al., 2007, 

Cakir et al., 2012, Alvarez et al., 1995, Komada et al., 1999, Patil et al., 2015, Stiakaki et al., 1999) 

and four (Koseoglu et al., 1998, Forni et al., 2000, Luisi et al., 2006, Sepulveda-Vildosola et al., 2008) 
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reported CINV by the number of chemotherapy cycles or by the number of treatment days, as opposed 

to the number of patients. These clinical trials could, therefore, not be meaningfully combined with 

others in the planned analyses. Two further studies (Eghbali et al., 2023, Tsuchida et al., 1999) did not 

form part of the connected networks for any outcome (Figure 2-1). The study characteristics for these 

RCTs are reported in Appendix 2.6. Where a difference in treatment effect was identified, this is 

indicated.  

The remaining 19 clinical trials in children could inform planned analyses.    

Of the 322 clinical trial publications that initially met the inclusion criteria in adults, 280 did not 

compare the treatment comparison identified in the network of treatments in children (or were cross-

over RCTs not accounting for correlated data) and were therefore excluded from the analyses (as these 

could not meaningfully inform analyses in children).  

This left 42 adult clinical trials to include in the planned analyses (Figure 2-1). 

 

Figure 2-1. A PRISMA flow diagram of records identified (7314 records), screened (4554 records), and included 

in the review and the analyses (19 clinical trials in children and 42 clinical trials in adults). 

 

Updated searches identified 361 new records, but none of these studies met the inclusion criteria of 

the project.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Identification of studies for inclusion the systematic review 
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Records identified from databases:  

Databases: 6700 

Registries: 614 

Records removed before screening: 

Duplication records removed: 2760.  

Records screened: 4554. 
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Records excluded: 3444. 
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Records excluded 693: 

Population: 4 

Outcome: 14 

Intervention: 80 

Study design: 106 

Duplicate: 36 

Non-English language: 47 

Couldn’t retrieve: 4 

Adult trial registrations and abstracts: 402 (decision not to use 

these within the project to identify missing studies) 

 

 

Records assessed for eligibility: 1110. 

Records eligible for inclusion in the systematic review 417: 

Clinical trial publication: 34 children, 324 adults. 

Clinical trial registrations (children): 42 

Conference abstracts (children): 17 

Children’s records excluded from analyses:  

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 

Not main trial publication: 2 

Adult studies that could not inform children’s networks: 

282. 
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  Clinical trials included in the analyses:  

Children: 19 

Adults: 42 
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2.4.2 IPD obtained from clinical trial investigators.  

 

Seven of the clinical trials identified in children (Sharma et al., 2023, Bakhshi et al., 2015) 

(Radhakrishnan et al., 2019) (Kang et al., 2015, Naik et al., 2020) (Moothedath et al., 2022) (plus an 

additional unpublished clinical trial in children (Merck)) and two in adults (Weinstein et al., 2016) 

(Rapoport et al., 2010), provided IPD for use in the multivariate synthesis in chapter 5, and 

identification of effect-modifying factors in chapter 6. The baseline covariates and outcomes obtained 

for each study are reported in the Appendix, Section 2.5. 

 

2.4.3 Study characteristics 

 

2.4.3.1 Clinical trials in children 

 

Included in this evidence synthesis were 3525 children from 19 clinical trials. This was a diverse 

population aged between 0 and 18, with a broad range of primary cancer diagnoses including acute 

lymphoblastic and myeloid leukaemia, Hodgkin's and non-Hodgkin’s lymphomas, Ewing sarcoma, 

rhabdomyosarcomas, osteosarcoma, as well as neuroblastoma and medulloblastoma. These patients 

were treated with a variety of MEC and HEC. The main study characteristics are displayed in an 

infographic (see Figure 2-2). Five of the clinical trials (Bakhshi et al., 2015, Sharma et al., 2023, 

Sandoval et al., 1999, Chaudhary et al., 2019, Brock et al., 1996) studied chemotherapy naïve patients 

(who had not received chemotherapy before the clinical trials), and seven (Kang et al., 2015, Gore et 

al., 2009, Radhakrishnan et al., 2019, Ruktrirong et al., 2021, White et al., 2000, Kovacs et al., 2016, 

Tan et al., 2018) studied patients who were chemotherapy naïve or experienced (having previously 

received one or more cycles of chemotherapy); the remaining clinical trials did not report this 

characteristic. Of the clinical trials that reported the length of chemotherapy block, four (Tan et al., 

2018, Dick et al., 1995, Brock et al., 1996, Sharma et al., 2023) included only patients who received 

multi-day chemotherapy regimens, whilst the remaining seven (Zheng L et al., 2021, Kovacs et al., 

2016, Chaudhary et al., 2019, Sandoval et al., 1999, Radhakrishnan et al., 2019, Kang et al., 2015, 

Bakhshi et al., 2015) included patients on single or multi-day chemotherapy regimens (Appendix 

section 2.6).  

Patients received one of the following antiemetic regimens: 

• Aprepitant + ondansetron (with or without dexamethasone) 

• Fosaprepitant + ondansetron (with or without dexamethasone) 

• Ondansetron (with or without dexamethasone) 

• Palonosetron (with or without dexamethasone) 
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• Granisetron (without dexamethasone) 

• Metoclopramide (with dexamethasone) 

• Olanzapine + aprepitant + ondansetron + dexamethasone * 

• Olanzapine + ondansetron + dexamethasone * 

*Clinical trials comparing this antiemetic regimen were only be used for analyses in Chapter 4, where 

adult evidence is used to predict the effect of these regimens in children. 

Studies primarily reported the outcomes of complete control, usually defined as no vomiting or use of 

rescue medication, and partial control, usually defined as 1-2 vomiting episodes.  

 

 

Figure 2-2 An infographic of the characteristics of the child population (including diagnosis, age, sex, ethnicity and 

treatments received) across eligible clinical trials. 
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2.4.3.2 Clinical trials in adults 

 

Thirty-eight RCTs in adults (Aapro et al., 2006, Chiu et al., 1994, Dong et al., 2011, Du Bois et al., 

1997, Fox-Geiman et al., 2001, Gebbia et al., 1994, Ghosh and Dey, 2010, Gralla et al., 2003, Gralla 

et al., 1998, Aapro et al., 1993, Chevallier, 1993, Grunberg et al., 2011, Hainsworth et al., 1991, 

Herrington et al., 2000, Hesketh et al., 2003, Huang et al., 2013, Kaasa et al., 1990, Kim et al., 2017, 

Koralewski et al., 2001, Levitt et al., 1993, Martoni et al., 1996, Mattiuzzi et al., 2010, Morteza et al., 

2021, Navari et al., 1995, Noble et al., 1994, Park et al., 1997, Patel et al., 2020a, Poli-Bigelli et al., 

2003, Rapoport et al., 2010, Ruff et al., 1994, Schmoll et al., 2006, Soukop et al., 1992, Spector et al., 

1998, Stiff et al., 2013, Warr et al., 2005, Weinstein et al., 2016, Yeo et al., 2009, Yu et al., 2009) were 

identified which could inform the network of treatments in children and a further four RCTs 

(Ithimakin et al., 2020, Yeo et al., 2020, Tienchaiananda et al., 2019, Vimolchalao et al., 2020) could 

contribute to the planned analyses of predicting treatment effects in children from adult evidence. 

These studies, reported in Appendix 2.7, include a total of 16,838 adults, ranging from age 17 to 91. 

The majority (30/42) of clinical trials included a population with a range of cancer diagnoses, nine 

focused on evaluating antiemetics in a population with a single diagnosis (namely, breast cancer, lung 

cancer, glioma or ovarian cancer), and three clinical trials did not report the cancer diagnosis of their 

participants. The majority (21/42) of clinical trials included participants receiving HEC or reported 

participants receiving cisplatin-based chemotherapy; twelve clinical trials included participants 

receiving only MEC, four clinical trials included participants receiving either MEC or HEC (whilst 

one RCT did not report emetogenicity). Of the studies reporting the length of chemotherapy block 

(nineteen), six included participants receiving either single-day or multi-day regimens, eleven studies 

included participants on single-day regimens only and four on multi-day regimens only. Finally, 

eleven studies included either chemotherapy naïve or experienced participants, thirty included only 

chemotherapy naïve, and one study did not report whether participants had received chemotherapy 

before.  

 

2.4.4 Quality assessment 

 

2.4.4.1 Clinical trials in children 

 

Six out of 16 clinical trials in children had a low risk of bias, 11 had some concerns, and two had a 

high risk of bias within the domain for ‘deviations from the intended interventions’(Figure 2-3).  
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Clinical trial (author and year) D1 D2 D3 D4 D5 Overall    
Bakshi et al. 2015 

      

 

 

Low risk    

Brock et al. 1996 
      

 

 

Some concerns    

Chaudhary et al. 2019 
      

 

 

High risk    

Dick et al 1995 
      

      

Gore et al. 2009 
      

      

Kang et al. 2015 
      

      

Kovac et al 2016 
      

      

Li et al 2021 
      

      

Malek et al 2021 
      

 Domains assessed     

Radhakrishnan et al 2018 
      

 D1 
Randomisation 

process 
  

Ruktrirong et al. 2021 
      

 D2 Deviations from the intended interventions 

Sandoval et al. 1999 
      

 D3 
Missing outcome 

data 
  

Sharma et al. 2020 
      

 D4 Measurement of the outcome  

Siddique et al. 2011 
      

 D5 Selection of the reported result  

Tan et al 2028 
      

      

White et al. 2009 
      

      

Moothedath et al. 2022 
      

      

Moshayedi et al. 2021 
      

      

Naik et al. 2020 
      

      

 

Figure 2-3. Results from the risk of bias assessment using the Cochrane RoB tool V2, for paediatric clinical trials included in 

the analyses (16 clinical trials had a low risk of bias, 11 had some concerns, and 2 had a high risk of bias). 

 

2.4.4.2 Clinical trials in adults  

 

The results of a risk of bias assessment were reported in Skoetz et al. 2017 (Skoetz et al., 2017) for 

eleven adult clinical trials and are summarised in Figure 2-4. The remaining 31 adult clinical trials 

were assessed as part of this project, and their results are summarised in Figure 2-5.  
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Overall, seven studies were deemed as having low risk of bias, one high risk of bias and the remainder 

some concerns.  

 

 

 

Random 

sequence 

generation 

(selection 

bias) 

Allocation 

concealment 

(selection 

bias) 

Blinding of 

participants 

and personnel 

(performance 

bias) 

Blinding of 

outcome 

assessment 

(detection 

bias) 

Incomplete 

outcome 

data 

(attrition 

bias) 

Selective 

reporting 

(reporting 

bias) Other bias 

Aapro (2006) + ! + + + + + 

Ghosh (2010) ! ! + + + + + 

Grunberg (2011) + + + + + + + 

Hesketh (2003) + ! + + + + + 

Kim (2017) + ! + + + + + 

Poli-Bigelli (2003) + ! + + + + + 

Rapoport (2010) + + + + + + + 

Schmoll (2006) + ! + + + + + 

Stiff (2013) ! ! + + + + + 

Weinstein (2016) + + + + + + + 

Yeo (2009) + ! + + + + + 

Fox-Geiman (2001) + + + + + + + 

        

  Key: Low + Unclear ! High -   
 

Figure 2-4. Results from the risk of bias assessment conducted by Skoetz et al. 2017 (Skoetz et al., 2017), for adult clinical 

trials included in the analyses (4 clinical trials had a low risk of bias, and 8 had some concerns).
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Figure 2-5. Results from the risk of bias assessment using the Cochrane RoB tool V2, for adult clinical trials included in the 

analyses (2 clinical trials had a low risk of bias, 27 had some concerns, and 1 had a high risk of bias). 

 

 

 

D1 D2 D3 D4 D5 Overall

Aapro (1993) Low risk

Chevallier (1993) Some concerns

Clemons (2020) High risk

Dong (2011)

du (1997) D1 Randomisation process

Gebbia (1994) D2 Deviations from the intended interventions

Gralla (1998) D3 Missing outcome data

Gralla (2003) D4 Measurement of the outcome

Hainsworth (1991) D5 Selection of the reported result

Herrstedt (2005)

Huang (2013)

Ithimakin (2020)

Kaasa (1990)

Koralewski (2001)

Levitt (1993)

Martoni (1996)

Chiu et al. 1994

Morteza (2021)

Navari (1995)

Herrington et al. 2000

Park (1997)

Patel (2020)

Ruff (1994)

Soukop (1992)

Spector (1998)

Tienchaiananda (2019)

Vimolchalao (2020)

Warr (2005)

Yeo (2020)

Yu (2009)

Noble (1994)

Mattiuzzi (2010)

Khani et al. 2023
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2.5 Discussion  
 

This systematic review has identified 19 children and 42 adult studies to synthesise within the planned 

analysis for this project, with children accounting for just ~17% of the total number of participants in 

which these antiemetic medications have been studied. This demonstrates the extent of the difference 

in the amount of evidence available between the two populations.  

A brief discussion of the main strengths and limitations identified within the five risk of bias domains 

(Sterne et al., 2019), across child as adult studies follows:  

• Randomisation process: Quality assessment showed that, largely, studies were of sufficient 

quality to meaningfully inform decision-making within this field. The vast majority of 

children’s clinical trials had good randomisation processes (i.e. used random sequence 

generation, concealed allocation to participants and investigators and showed no signs of 

baseline imbalances). In adults, gradings of some concern for this domain were largely due to 

a lack of information about whether treatment allocation was concealed to investigators.  

• Deviations from the intended intervention: Gradings of ‘high’ risk of bias for deviations from 

intended interventions came from failure to use (or report whether they had used) an 

‘intention-to-treat’ or ‘modified intention-to-treat’ analysis method. Instead, participants were 

excluded for not receiving their study medication (per-protocol analysis), and in some cases 

>5% of patients randomised were excluded. Here, the potential impact on results was higher, 

resulting in a higher risk of bias. One children's clinical trial, Dick et al. 1995 (Dick et al., 

1995) was excluded from the analyses due to deviations from intended interventions. Here, 

10/15 patients assigned to the metoclopramide arm switched to the comparator arm of 

ondansetron during the first 24 hours of the study. This means it is unclear which intervention 

was responsible for the delayed phase outcome in the metoclopramide arm; therefore, the 

study has been excluded from the analyses for this outcome.  

• Missing outcome: Across clinical trials, missing data were not identified as a consistent issue. 

Where concerns were raised, this was largely due to a lack of information about the number 

of patients randomised vs the number analysed (i.e. uncertainty about the number of missing 

patients).  

• Measurement of the outcome: Given that the majority of studies were blinded, bias introduced 

through outcome measurement was not a particular concern. In studies graded ‘some 

concern’, there was a lack of blinding (or uncertainty around this), and as CINV was self-

reported in some cases (e.g. through diary cards), if allocation was known, there is potential 

for this to influence outcomes (as CINV has a psychological component).  
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• Selection of reported results: Finally, there were clinical trials, particularly in the adult 

population, that were graded as ‘some concerns’ in domain five (reporting bias). This was 

primarily because, for many of the older clinical trials, there was no available protocol or 

clinical trial registration to compare the published outcomes with, making it difficult to assess 

what analysis was originally planned. When this was the case, questions relating to reporting 

bias were answered as ‘no information’, making the overall judgment for that category ‘some 

concerns’. Within this domain, the potential for using multiple eligible analysis methods was 

not an issue for any clinical trials. This is because the outcome being assessed was the number 

of participants achieving a complete response.  

 

2.5.1 Methodological considerations for conducting a systematic review with child and 

adult data.  

 

 

2.5.1.1 Benefits and challenges of involving people with lived experience of CINV 

 

Involving people who have experienced CINV during childhood, and their families, has allowed for 

the identification of patient-important outcomes. Moving forward, these outcomes will be able to be 

prioritised within the synthesis, not only through seeking their data from published studies, but also by 

requesting their IPD from clinical trial investigators. Ultimately, the hope is that in doing so, results 

can be produced which demonstrate the efficacy of antiemetic regimens in preventing these outcomes 

and identify where these outcomes are not collected or reported, so recommendations can be made for 

future research in this field.   

Notwithstanding these benefits, there were challenges to conducting this involvement work. Firstly, 

the meeting was held in 2022, when not all workplaces had returned to a culture of in-person meetings 

following the COVID-19 pandemic. As such, (and because children of parents/carers were potentially 

receiving chemotherapy and therefore may be immunocompromised), a decision was made to hold the 

meeting for adults online (with the original plan to hold the meeting in person at the University of 

York).  

Secondly, attempts to recruit children of all ages were unsuccessful. Although one adult who 

experienced CINV as an adolescent was involved, this is a limitation of the project (in terms of 

prioritising aggregate data extraction and IPD requests and identifying evidence gaps), as different 

outcomes may matter more or less to children of different ages, as well as in comparison to adults. 

The original plan was to hold the involvement event for younger children at Leeds Children's Hospital 

and hold a separate meeting for older children online (see Appendix 1.1.7). However, feedback from 
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the adults' involvement session was that children may not wish to return to a hospital environment 

outside of treatment, and older children/ adolescents were a harder-to-research group who may be 

more willing to be involved if the activities included people they already knew and trusted.  

With this feedback in mind, and the benefits of incorporating the child’s voice would bring to the 

project, involvement plans were adapted to be held at the Candlelighters building in Leeds. Here, the 

Candlelighters Supportive Care Research Centre (CSCRC) had an established patient involvement 

group (initially established to support CSCRC projects but later developed to include other research 

studies), whereby children with cancer and their families are invited to attend quarterly meetings. It 

was decided that future involvement activities within this project would be held as part of this 

established group, which brought with it a number of key advantages. 

The Candlelighters building itself provides a more comfortable and (for many children/ young people 

who received treatment at Leeds Children’s Hospital), familiar space, away from the hospital 

environment. A member of the Candlelighters team would also help to facilitate the sessions, and they 

have established relationships with the children and their families, thus providing an additional layer 

of support for the children attending. The Candlelighters team also have experience in play-based 

methods, which helps to make activities more accessible and fun for younger children. Finally, the 

sessions were organised to include multiple researchers, running activities back-to-back. This 

provided a more varied and engaging involvement experience and allowed participants to contribute 

to a range of different supportive care projects.  

These experiences highlight the importance and value of involving established and trusted patient 

support charities, not only to recruit but to involve children in the research. Contacting such charities 

during the planning stage of the project can be valuable, and it may be possible to include a donation 

to the charity (when applying for research funding) to support their contributions to the project.  

 

2.5.1.2 Modification of the systematic review process when including adult evidence.  

 

The process of conducting this systematic review, inclusive of both child and adult data, has 

highlighted several important considerations. Firstly, although the aim of the systematic review is to 

identify both child and adult evidence, it is important to keep in mind that if the main purpose of the 

study is to inform decision-making in the paediatric population, studies in adults will only be relevant 

and useful if they assess the efficacy of the treatments identified in clinical trials of children.  

This has important implications for the order in which the steps of the systematic review process are 

conducted (as shown in Figure 2-6). The initial search strategy may be designed to capture the whole 

population, i.e. applied without age restrictions, meaning that when it comes to selecting studies for 
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inclusion at the title and abstract stage, both child and adult studies will be available to screen. An 

alternative approach would be to conduct a separate search for each population. However, this may be 

less efficient due to the risk of picking up certain studies in both searches, and issues identified with 

using ‘child’ filters, for example, in MEDLINE (Boluyt et al., 2008). 

If using an approach without age restrictions, it is useful at the title and abstract stage of screening to 

group or label included studies at this stage either as having either a child, adult or mixed population 

(a further ‘unclear’ category can be used if the information on the age of the population is not 

available). Full texts can then be ordered for children’s studies, and those studies in which the 

population age is not clear.  

These studies can then be screened at the full-text stage, the data extracted from eligible studies in 

children (as well as potentially the risk of bias assessment at this stage), and a final list of treatment 

comparisons produced. If a network meta-analysis is planned to synthesise the evidence, it can be 

helpful at this stage to draw the network structure, so it is clear which direct and indirect treatment 

comparisons are available in the child population. This may involve thinking about grouping of 

treatment variations, for example, how you will deal with different treatment doses, routes of 

administration, or schedules, as well as how the adult evidence may map onto this network structure 

in children.  

The remaining adult evidence identified at the title and abstract stage can then be rescreened against 

the list of available treatment comparisons in the child population, and full-text records, ordered only 

for those which evaluate treatment present in the children’s evidence base. This process can help to 

avoid ordering full-text publications for adult studies which cannot inform the joint (child and adult) 

synthesis. The final included adult studies can then be data extracted, and a risk of bias assessment 

conducted for the included studies.  
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Figure 2-6. Modified process for identifying and extracting the evidence in systematic reviews of child and adult studies.   

 

2.5.1.3 Allowing additional time and resources to include adult evidence  

 

More generally, when conducting a systematic review with child and adult evidence, it is important to 

allow sufficient time and resources to conduct these initial phases of the evidence synthesis process. 

Particularly, if conducting a network meta-analysis and assessing a large number of treatments in 

children, the evidence base, when including the adult population alongside, may be very large, and the 

number of studies needed to screen for inclusion, quality assess and data extract, will be higher than in 

an average systematic review. For context, the entire process within this project, from developing the 

search strategy, to having the data extracted in a usable form for both populations, took approximately 

one year, of full-time work, for one researcher (with additional time needed from information 

specialists to develop and apply the search strategy (salaried for five days), and a second reviewer 

contributing to the study selection process, risk of bias assessment and data extraction (salaried for 

thirty days). 

 

 

 

 
Develop and execute search strategy 

Design search strategy to capture child and adult studies i.e. apply 
without age restrictions. 

Screening titles and abstracts (T&A) 

Label studies as ‘child’, ‘adult’ or ‘mixed population’. 

Order full text publications for studies with children 

Order full text publications (FTP’s) for those studies labelled ‘child’ 
or ‘mixed population’ at title at abstract stage. 

Screening full text publications 

Identify child studies eligible for inclusion in the systematic review.  

Data extraction of child studies  

Extract data from eligible studies in children and determine 
treatment comparisons (direct and indirect) to be analysed.   

Studies with children Studies with adults 

Re-screen adult studies at T&A stage  
and order full text publications. 

Order FTP’s for adult studies comparing treatments in children. 

Screening full text publications 

Identify adult studies eligible for inclusion in the systematic review. 

Data extraction of adult’s studies  

Extract data from eligible studies in adults, that can inform analysis 
in children  
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2.6 Summary 
 

A systematic literature review has identified nineteen clinical trials of 3,523 children and 42 clinical 

trials of 16,838 adults for inclusion in the project's analyses. Identifying both child and adult evidence 

for synthesis in this project has involved a modification to the usual process of conducting a 

systematic review. This modification has ensured that adult evidence that can inform the network of 

treatment in children can be identified in an efficient way.  

 

2.7 Dissemination  
 

• The methods and results of involving families in outcome prioritisation were presented in a 

poster at the Children’s Cancer and Leukaemia Group (CCLG) conference in 2023. See 

Appendix 2.8. 

 

 

 

 

3 Chapter three: Network meta-analysis of clinical trials in 

children 
 

3.1 Introduction  
 

In this chapter, a Bayesian NMA will be used to synthesise data from clinical trials of antiemetic 

medications currently recommended and licensed in children, to determine their relative 

efficacy and ranking. 

The rationale for applying this method is firstly to make indirect comparisons between those 

antiemetic medications that have not been compared in existing clinical trials. Secondly, there may be 

potential for the precision of treatment effect estimates previously produced by meta-analysis to be 

improved, as in a network meta-analysis, the estimates are informed by both direct and indirect 

evidence, where it exists (Chaimani et al., 2023).  

Within this area, and other areas of child health, NMA may provide sufficient additional information 

about comparative treatment efficacy to avoid (or at least reduce) the need to conduct additional 
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clinical trials in children, which, as discussed in the introductory chapter of this thesis, can be 

associated with challenges (Lagler et al., 2021).   

What follows in this chapter is a description of the methods of applying the Bayesian NMA, the 

results from these syntheses, and a discussion of the findings in the context of the current clinical 

practice guidelines and remaining uncertainties in the context of the views of children (and their 

families) who have lived experience of taking these antiemetic medications during cancer treatment.  

Finally, drawing from the experience of conducting these analyses, some methodological 

considerations for conducting NMA with child data will be discussed, which will be of use to 

clinicians and/or researchers using these methods in other areas of child health.  

The research in this chapter has been published in the Journal of Supportive Care in Cancer, 

Walker et al. 2024 (Walker et al., 2024), and is also available online as a pre-print version (Walker 

et al., 2023b). The text in this chapter, particularly in the results section, therefore, aligns very 

closely and in some places will be identical to the wording used in the paper. The text in the 

methods and discussion sections has been expanded to include additional detail and exploration. 

 

 

 

3.2 Methods 
 

Antiemetic efficacy data for all outcomes were analysed on an intention-to-treat (ITT) basis; that is, 

participants were analysed according to allocated treatment, irrespective of whether the treatment was 

received.  

 

3.2.1 Outcomes included in analyses 

 

The outcomes of complete and partial response in the acute (up to 24 hours after chemotherapy 

administration), delayed (24 hours up to 5-7 days after chemotherapy administration ) and overall 

phase (acute and delayed phase combined) and the patient-important outcomes (see Chapter Two, 

section 2.2) of nausea (any phase) and decreased food intake (any phase) were analysed using a 

Bayesian NMA model.  

Side effect (adverse effect) data were sought for inclusion in analyses, as this was also identified as 

being important to patients (see Chapter Two, section 2.2). These data were reported inconsistently 

across clinical trials and so could not be included in an NMA to evaluate the comparative safety of 
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antiemetics. However, the data, where available, have been combined and reported as the proportion 

of children experiencing certain side effects.  

Other patient important outcomes (see Chapter Two, section 2.2) were unavailable in the aggregate 

data. 

 

3.2.2 The Bayesian NMA model 

 

A Bayesian NMA was used to produce a coherent set of estimates of the efficacy of any treatment in 

the network, relative to every other. Models were specified as having a fixed (common) effect, where 

it is assumed that all studies estimate the same relative effect i.e. the relative effect is not expected to 

differ between study populations included in the analysis; and compared to models specified as having 

random effects, where relative effects of studies are assumed exchangeable or similar, i.e. the relative 

effects are expected to differ between study populations included in the analysis, but follow the same 

distribution, with a common mean and variance (Deeks, 2019). 

In the standard Bayesian NMA model for each study i and each arm k, the binary data in the form of 

events rik and total number of patients nik, are described as coming from a binomial likelihood: 

 

𝑟𝑖𝑘  ~ 𝐵𝑖𝑛𝑜𝑚𝑖𝑎𝑙(𝑝𝑖𝑘 , 𝑛𝑖𝑘) 

  

where pik is the probability of an event in arm k of study i, modelled on the log-scale and defining the 

linear predictor θik i.e., the log risk of an event in arm k of trial i: 

 

𝑙𝑜𝑔 (𝑝𝑖,𝑘)  = 𝜃𝑖,𝑘 = µ𝑖 +  min(𝛿𝑖,𝑘 − 𝑙𝑜𝑔(𝑝𝑖,1))   (1) 

 

where µi is the study-specific baseline treatment effects (i.e., the baseline risk of an outcome, which 

must be positive) in arm 1 of trial i, defined as µi   = 𝑙𝑜𝑔(𝑝𝑖,1) where 𝑝𝑖,1  is given a vague prior 

distribution (Uniform(0,1)), 𝛿𝑖,𝑘 is the study-specific relative treatment effect (i.e. the log risk ratio) of 

the treatment in arm k compared to the treatment in arm 1 in that trial, where the relative effect of a 

treatment compared to itself is set to zero:  𝛿𝑖,1 = 0 (Warn et al., 2002). 
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For the random effects model, the study-specific relative treatment effects are assumed to be drawn 

from a normal distribution with a common mean 𝑑𝑡𝑖1,𝑡𝑖𝑘
 and between-trial variability (i.e., the 

heterogeneity parameter) 𝜏2. As we are comparing multiple treatments, the common mean 𝑑𝑡𝑖1,𝑡𝑖𝑘
, 

represents the pooled relative effect of the treatment regimen in arm k compared to the comparator 

treatment regimen in arm 1: 

𝛿𝑖𝑘 = 𝑁𝑜𝑟𝑚𝑎𝑙(𝑑𝑡𝑖1,𝑡𝑖𝑘
 , 𝜏2 )   (2) 

𝑑𝑡𝑖1,𝑡𝑖𝑘
=  𝑑1,𝑡𝑖𝑘    − 𝑑1,𝑡𝑖1

 

𝑑11   = 0 

Where:  

𝑡𝑖𝑘   is the mean effect of the treatment in arm k of trial i and  

𝑡𝑖1  is the mean effect of treatment in arm 1 of trial i 

The treatment effect of treatment k compared to treatment 1 (parameters d1k) are estimated and given a 

non-informative prior distribution: d1k~ Normal(0,1002).  

 

For the fixed effect model, equation 2 is replaced by:  

δ𝑖𝑘 = 𝑑𝑡𝑖1,𝑡𝑖𝑘  (3) 

Given information on between-study heterogeneity for some treatment comparisons was likely to be 

lacking, an alternative random effects model was considered with an informative prior distribution for 

I2 to inform the between-study heterogeneity parameter. This informative prior was derived from work 

conducted by Rhodes et al. 2016 (Rhodes et al., 2016), who re-analysed meta-analyses with binary 

outcomes from the Cochrane Database of Systematic Reviews to obtain predictive distributions for 

inconsistency, measured by the I2 statistic, for different types of outcomes (all-cause mortality, semi-

objective and subjective). A predictive distribution for semi-objective outcomes (from clinical trials 

with <50 participants) was used as an informative prior for I2 within the Bayesian NMA comparing 

antiemetic regimens in children, for both complete and partial response outcomes. The between-study 

heterogeneity standard deviation was then calculated from the simulated values of I2. 

BUGS code for all models has been acquired/ adapted from Dias et al. 2018 (Dias et al., 2018) and is 

provided in the Appendix for this chapter, section 3.1 

 

3.2.3 Implementation 
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The analyses were conducted using a Bayesian Markov chain Monte Carlo method (implemented in 

OpenBUGS version 3.2.3) (Lunn et al., 2012). A burn-in period of 10,000 interactions was used 

(iterations that are discarded at the start of the MCMC sampling), and then models were run for 

100,000 interactions. The convergence of log relative risk estimates and between-study heterogeneity 

in random effects models were checked. If convergence wasn’t achieved after 100,000 iterations, the 

model was run for an additional 100,000 iterations to see if this improved the convergence of the 

chains.  

Fixed-effect models were compared to random effects models using the deviance information 

criterion and taking into account any lack of fit for individual data points and the estimated 

heterogeneity. The ability of each model to predict the observed data was also checked graphically 

and by comparing the total mean residual deviance to the number of unconstrained data points (which 

should be roughly equal if the model predicts the data well) (Dias et al., 2018). Where networks were 

particularly sparse, a class model, where similar treatments are grouped and assumed to have a similar 

effect, was considered. 

 

Where both direct and indirect evidence were present, i.e. where there is a loop in the network, the 

assumption of evidence consistency was checked, i.e. that the estimates derived from the direct 

evidence do not contradict those derived from the indirect evidence.  

 

3.2.3.1 Measures of effect 

 

Binary outcomes were summarised using risk ratios with 95% credible intervals. This measure of 

treatment effect was chosen because preliminary investigations (Walker et al., 2023a) identified a 

difference in baseline risk between RCTs of adults and children, and this measure is less susceptible to 

differences in the distribution of prognostic factors across trials compared to odds ratios (Riley et al., 

2021). No continuous outcome data, for example, quality of life measures, were identified within 

children’s clinical trials.  

 

3.2.3.2 Dealing with missing outcome data 

 

Where outcomes were reported as the number of patients experiencing an outcome in each group, 

these data were extracted and used to estimate the relative risk of an outcome. If only percentages of 

patients experiencing an event were reported, these were used to estimate the number of events in 

each treatment group (here, the proportion of patients with an outcome was multiplied by the sample 

size reported for that analysis). If data were reported graphically, WebPlotDigitizer Version 4.6 

(Rohatgi, 2022), was used to extract data from these figures.  
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IIT analysis requires the inclusion of all randomised participants, which requires reporting of all 

participants' outcomes within the clinical trial. Where clinical trials reported results from a ‘modified 

intention-to-treat’ (mITT) analysis (i.e., where participants with missing outcome data are excluded) 

(Higgins JPT, 2022), the number of events was extracted, and the risk ratio was calculated using the 

total number of participants randomised in the clinical trial, as the denominator.  

 

3.2.3.3 Dealing with heterogeneity in outcome definition  

 

The definition of outcomes, complete response outcomes can differ between studies within this field, 

for example, complete response can be defined as ‘no vomiting and no use of rescue’, ‘no vomiting or 

nausea’ or ‘no vomiting’. Clinical advice to this project was that complete response outcomes defined 

as ‘no vomiting and no use of rescue’, ‘no vomiting or nausea’ can be assumed to be comparable, as 

patients are prescribed rescue medication at the point when they feel significantly nauseous. In 

addition, the definition of the acute phase can vary with the length of chemotherapy treatment, given 

that clinical trials include patients receiving a variety of chemotherapy regimens, the length of the 

acute phase could differ both within and between clinical trials.   

Within the syntheses in this project, complete response and acute phase outcomes were extracted as 

they were reported in the clinical trial publications and combined irrespective of definition. The 

potential impact of heterogeneity in outcome definition has been discussed, and in chapter six of this 

thesis, methods of accounting for some of this heterogeneity, by adjusting for the length of 

chemotherapy block, within an IPD meta-regression model, has been explored.  

 

3.2.3.4 Outputs from the network meta-analysis  

 

Using the favoured model, for each outcome, the following outputs were produced: 

-Forest plot of each treatment against the reference regimen; ondansetron + 5HT3 antagonist with or 

without dexamethasone.  

-A treatment ranking (from best to worst) for each outcome (rankogram). 

 

3.2.4 Determining the structure of the network  

 

Antiemetic medications given as part of the regimens identified in eligible clinical trials varied in 

terms of their dose, schedule, and route of administration and whether they were given alongside 
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dexamethasone (for study characteristics see Appendix 2.6). An ideal scenario would be to explore 

this heterogeneity by including all variations as separate nodes in a single network.  

However, this was not possible due to disconnection and sparsity in the network structures. Instead, 

the appropriateness of grouping antiemetic regimens was considered, based on whether different 

variations of antiemetic regimens were expected to produce similar relative treatment effect estimates. 

Decisions were informed by clinical advice, as well as empirical results from clinical trials and 

secondary analyses (Dupuis et al., 2020) (Patel et al., 2020c) (see Appendix Section 3.2 for full 

details). 

The final network structures grouped different doses of ondansetron and dexamethasone, and 

antiemetic medications given via different routes of administration. Antiemetic regimens given with 

and without dexamethasone were kept in separate networks, as a previous secondary analysis (Dupuis 

et al., 2020) indicated that relative treatment effects may differ between these regimens. Further 

discussion with clinical experts advising this project was that differences may be explained by the 

underlying clinical trial populations, with those receiving HEC usually given a regimen with 

dexamethasone in practice, and those receiving MEC usually a regimen without. Broadly, this was 

found to be the case, with the proportion of children receiving HEC generally being higher within 

regimens given with dexamethasone (Figure 3-1), compared to regimens given without 

dexamethasone (Figure 3-2), where a higher proportion of children received MEC. 

 

Figure 3-1. Proportion of children on antiemetic regimens given with dexamethasone, receiving low, moderate and high emetogenic chemotherapy. APR= 

aprepitant, FOSA= fosaprepitant, OND= ondansetron, PALO= palonosetron, OLZ= olanzapine, DEX= dexamethasone. 

 

Figure 3-2. Proportion of children on antiemetic regimens given without dexamethasone, receiving low, moderate and high emetogenic chemotherapy. APR= 

aprepitant, OND= ondansetron, PALO= palonosetron, GRAN=granisetron.  

  

As the network structure separating antiemetic regimens given with or without dexamethasone limits 

certain comparisons, a sensitivity analysis was conducted for the complete response outcomes. The 

estimates of relative effect and associated heterogeneity were then compared with the network that 
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maintains these regimens in separate networks. For full details on determining the network structure, 

see Appendix Section 3.2. 

As ondansetron (with or without dexamethasone) was the most commonly used comparator in the 

paediatric clinical trials, this antiemetic was chosen as the reference treatment in the network.  

 

3.3 Results 
 

Data informing the analysis for each outcome is reported in the Appendix for this chapter, section 3.3, 

whilst the model fit statistics are included in the Appendix, section 3.4.  

 

3.3.1 Relative treatment effects by outcome  

 

The relative treatment effects for the outcomes of complete response in the acute, delayed and overall 

phase, and the patient-important outcome of nausea (see Chapter Two, section 2.2), are reported here 

in the main text. Partial response outcomes, and the patient-important outcome of decreased food 

intake, were informed by fewer patients, have less certainty around their treatment effect estimates, 

and therefore are less useful for informing decision making. These outcomes are reported in Appendix 

3.5. Finally, Sensitivity analyses, grouping antiemetic regimens given with and without 

dexamethasone for complete response outcomes, are reported in Appendix 3.6.   

 

All network plots and forest plots use the abbreviations detailed in Table 3-1.  

Table 3-1. Abbreviations used in network plots and forest plots. 

Antiemetic medication Abbreviation 

Aprepitant ARP 

Fosaprepitant FOSA  

Ondansetron OND  

Palonosetron PALO 

Granisetron GRAN 

Dexamethasone DEX 

Metoclopramide METO 

Olanzapine  OLZ 

5-hydroxytryptamine 5HT3 

Neurokinin 1 receptor NK1 

Scheduling information   

One dose given before chemotherapy SD 
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Multiple doses, with one dose given before chemotherapy, followed by 

subsequent doses after initial chemotherapy administration. 

MD 

Day 1 of chemotherapy administration D1 

Days 2 and 3 following initial chemotherapy administration. D2 

Dosing information   

Milligram per kilogram Mg/kg 

Microgram per kilogram µg/kg 

Doses reported in mg/m2 have been converted into mg/kg using the formula from Nair et al. 

(2016) (Nair and Jacob, 2016). Where reported, aprepitant doses are for older children but are 

adjusted in clinical trials for younger children.  

 

 

3.3.1.1 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) (Figure 3-3). 
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Figure 3-3 Complete response in the acute phase (0-24 hours 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 proportionate to the number of randomised trials that studied the respective comparison. 

Abbreviations defined in Table 3-1. 

 

Of the regimens given with dexamethasone, those with NK1 antagonists increased the chances of 

having a complete response in the acute phase compared to all others. The different doses and 

schedules of palonosetron included in the analyses (SD or MD of 5µg/kg + dexamethasone, and SD of 

10µg/kg + dexamethasone) had a similar efficacy to each other and showed no significant difference 

in efficacy when compared to ondansetron (Figure 3-4).  

Of the regimens given without dexamethasone, those with aprepitant increased the chances of having 

a complete response compared to every other antiemetic regimen, except for palonosetron 20µg/kg 

(SD) and granisetron 1mg. Metoclopramide 0.27mg/kg decreased the chances of having a complete 

response compared to all other antiemetic regimens. The efficacy of palonosetron 10µg/kg (SD) and 



 
 

63 
 

20µg/kg (SD) showed no significant difference in efficacy to ondansetron (MD) or to one another 

(Figure 3-4). 

 

Figure 3-4 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 one favour the second-named intervention. Abbreviations 

defined in Table 3-1. N. B Clinical advice to this project suggests granisetron 1mg is an unusually high dose and therefore 

results should be interpreted with caution.  
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3.3.1.2 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) (Figure 3-5). 

 

Figure 3-5 Complete response in the delayed phase (24 hours to five-seven 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 proportionate to the number of randomised trials that studied the respective 

comparison. Abbreviations defined in Table 3-1. 

 

Of the regimens given with dexamethasone, fosaprepitant (SD) + ondansetron (MD) and palonosetron 

10µg/kg (SD) increased the chances of having a complete response compared to ondansetron (MD) 

and palonosetron 5µg/kg (MD), whilst palonosetron 10µg/kg (SD), also increased the chances of 

having a complete response compared to palonosetron 5µg/kg (SD).  
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Of the regimens given without dexamethasone, granisetron 1mg (SD) was shown to decrease the 

likelihood of having a complete response in the delayed phase compared to palonosetron 20µg/kg 

(SD). Palonosetron 20µg/kg (SD) may also increase the likelihood of having a complete response 

compared to ondansetron (MD) and palonosetron 10µg/kg (SD), but results were uncertain, i.e. 

credible intervals crossed the line of no effect. The one clinical trial comparing ondansetron (SD) to 

ondansetron (MD) had all patients achieve a complete response in both arms, and therefore, a 

treatment effect estimate was not estimable for this comparison, or for those (Kang et al., 2015) which 

are linked to the main network via this comparison (Figure 3-6). 
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Figure 3-6 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 one favour the second-named intervention. Where there 

are no results for certain models, the treatment effect for that comparison was not estimable (i.e., had a very wide credible interval). 

Abbreviations defined in Table 3-1. N.B. Clinical advice to this project suggests granisetron 1mg is an unusually high dose and 

therefore results should be interpreted with caution. 
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3.3.1.3 Complete response in the overall phase  

 

Seven clinical trials informed the analyses for the outcome of complete response in the overall phase, 

five of which gave antiemetic regimens with dexamethasone (1075 patients across six different 

antiemetic regimens) and two which gave them without (571 patients across four different antiemetic 

regimens) (Figure 3-7). 

 

 

 

 

For antiemetic regimens given with dexamethasone, the fixed-effect NMA was preferred. This 

showed that aprepitant (MD) + ondansetron (MD) + dexamethasone (MD), fosaprepitant (SD) + 

ondansetron (MD) + dexamethasone (MD), palonosetron 5µg/kg (SD) and 10µg/kg (SD) increased 

the chances of having a complete response in the overall phase compared to ondansetron (MD) + 

dexamethasone (MD) and palonosetron 5µg/kg (MD) (Figure 3-8). 

For antiemetic regimens given without dexamethasone, the fixed-effect NMA was also preferred. 

Aprepitant (MD) + Ondansetron (MD) increased the chances of having a complete response in the 

overall phase compared to ondansetron (MD) and palonosetron 10µg/kg (SD) (Figure 3-8). 

Figure 3-7 Complete response in the overall phase (0 hours - 5-7 days after chemotherapy administration) (Studies 

comparing antiemetic regimens given without dexamethasone): network diagram of interventions. 

Abbreviations defined in Table 3-1. 
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Figure 3-8 Complete response in the overall phase (0 hours - 5-7 days after chemotherapy administration): forest plot of 

relative effects for each intervention. Values above one favour the second-named intervention. Where there are no results 

for certain models, the treatment effect for that comparison was not estimable (i.e., had a very wide credible interval). 

Abbreviations defined in Table 3-1. 
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3.3.1.4 Nausea (any phase) 

 

Eight clinical trials informed the analyses for the outcome of nausea, two of which gave antiemetic 

regimens with dexamethasone (615 patients across four different antiemetic regimens) and six which 

gave them without (903 patients across seven different antiemetic regimens) (Figure 3-9). 

 

Figure 3-9 Network diagram for the outcome of Nausea (any phase). 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 Table 3-1. 

 

This showed that palonosetron 5µg/kg (SD) + dexamethasone decreased the risk of experiencing 

nausea compared to ondansetron (MD) + dexamethasone (MD). The palonosetron 5µg/kg (SD) + 

dexamethasone and the palonosetron 10µg/kg (SD) + dexamethasone had a similar efficacy to each 

other (Figure 3-10).  

For antiemetics given without dexamethasone, there was no evidence of difference between any 

antiemetic regimen in the analysis (Figure 3-10).   
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3.3.2 Ranking positions across outcomes  

 

In all of the NMAs conducted, there are a number of uncertain estimates of treatment effect, and this 

uncertainty is reflected in the ranking positions of antiemetic regimens. Previous recommendations 

have cautioned against making bold claims about treatment hierarchy (i.e. the overall order of 

treatments in terms of efficacy) when relative effect estimates are uncertain (Chiocchia et al., 2020) 

(Papakonstantinou et al., 2022). As such, here in the main text for this chapter, it is only highlighted 

where the ranking positions of antiemetic regimens have been estimated with a high probability (i.e., 

>75%) and where there is consistency in ranking position across multiple outcomes. These results 

Figure 3-10 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 one favour the second-named intervention. Where 

there are no results for certain models, the treatment effect for that comparison was not estimable (i.e., had a very wide credible 

interval). Abbreviations defined in Table 3-1 N.B. Clinical advice to this project suggests granisetron 1mg is an unusually high 

dose and therefore results should be interpreted with caution. 
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should be considered alongside the relative treatment effects.  

 

3.3.2.1 Antiemetic regimens given with dexamethasone  

 

Aprepitant (MD) + ondansetron (MD) + dexamethasone (MD) had a high probability (i.e., >75%) of 

being ranked most effective for complete response in the acute and overall phase, partial response in 

the acute, delayed, and overall phase, and decreased food intake (any phase). Fosaprepitant (SD) + 

ondansetron (MD) + dexamethasone (MD) had a high probability of being ranked second most 

effective treatment, across the outcomes of complete response in the acute phase, and partial response 

in the acute and overall phase. 

Ondansetron (MD) + dexamethasone (MD) had a high probability of being ranked the least effective, 

for the outcomes of complete response in the delayed and overall phase, where comparison was made 

with palonosetron regimens (5ug/kg (SD and MD) and 10ug/kg (MD)), and NK1 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 dexamethasone either lacked consistency across 

outcomes in their ranking position or did not have a high probability of being ranked in any position 

(i.e., the ranking positions were uncertain). 

 

3.3.2.2 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 consistency across outcomes in their ranking position or lacked certainty 

in their ranking positions. 

 

3.3.3 Inconsistency checking  

 

The was no opportunity to check the assumption of evidence consistency as no networks contained 

independent direct and indirect evidence for the same treatment comparison, i.e., there were no loops 

in the network that did not arise from three-arm studies. 
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3.3.4 Adverse effects  

 

The reporting of adverse effects was found to be inconsistent between studies. Not all clinical trials 

reported all side effects; for example, some trials only report commonly experienced side effects (e.g. 

by >5% of patients). Some clinical trials reported adverse events as composite outcomes only, e.g. 

‘any adverse event’, and did not report the numbers of each specific adverse event. In addition, many 

clinical trials did not specify whether the adverse events were caused (or likely caused) by the 

antiemetic, and adverse events can be caused by other treatments, including chemotherapy. 

Notwithstanding these caveats, Figure 3-11 reports the proportion of patients experiencing each side 

effect by antiemetic regimen, and shows a general trend of an increasing number of side effects and an 

increasing proportion of patients experiencing those side effects as the number of antiemetic 

medications increases within the regimens.
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Figure 3-11. Proportion of children experiencing adverse effects during the acute or delayed phase on the antiemetic regimens, as reported in clinical trial publications (here, 

different doses of antiemetic medications, namely palonosetron, have been grouped). This indicates a general trend of increasing side effects with regimens of multiple 

different antiemetic medications.  
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3.4 Involving children and families to interpret the results 
 

3.4.1 Methods of involvement  

 

The findings that multi-antiemetic regimens (NK1 antagonists + ondansetron + dexamethasone) better 

prevent complete response (vomiting and use of rescue medication), but may also increase side 

effects, were discussed with children who had previously received or were currently receiving cancer 

treatment, along with their families and/ or carers. The involvement aimed to better understand what 

these findings meant in practice. 

Recruitment was again facilitated by the Candlelighters charity, which contacted families to be 

involved. The original plan was to involve only adults in the interpretation of the results (due to the 

complexity of the information); however, further effort was made to adapt the involvement activities 

to allow them to be accessible for children and adults. After previous difficulties in recruiting children 

and young people to be involved and following feedback that children may not wish to return to a 

hospital environment outside of treatment for involvement activities, the event was instead held in the 

Candlelighters building in Leeds, England, see chapter two, section 2.5.1.1 for further detail.   

Candlelighters staff helped to facilitate the event by running ice-breaker activities and provided a 

familiar face, as they were already known to many of those who came to the event. The meeting lasted 

two hours and brought together three children and five parents, and other researchers in the field who 

also benefited from input into their projects.  

Prior to involvement in activities relevant to this project, children and their parents were asked if they 

were happy to be involved and were reassured that they did not need to be involved if they didn’t 

want to be and could stop being involved at any point.  

As there were children of a range of ages, explanations of the project's aims and methods were kept as 

simple as possible. In plain English language the concept that “anti-sickness medicines work well for 

some children and less well for others” was explained, along with the idea that “the research 

compared different anti-sickness medicines and their combinations”, and we found that “medicines 

tend to work better in combination with one another, but these combinations may cause more 

‘unintended’ effects”. PowerPoint slides with colourful, engaging images and animations were used to 

help explain these concepts.  

Two activities were then conducted to facilitate discussion about the trade-offs between efficacy and 

side effects. The activities lasted approximately 40 minutes.  

In the first activity, we focused on better understanding the relative importance of: 

• The number of medicines you take each day 
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• Feeling sick or being sick (before, during and after chemotherapy) 

• The side effects of antiemetic medications e.g. water retention, constipation and sleepiness.  

Children and their families/ carers were given pretend money and were able to ‘spend their 

motivations’, i.e. put notes next to that which they felt was most important (if, for example, they felt 

all were equally important, they could put a note on each)(Figure 3-12).  

 

 

Figure 3-12. An activity called “spend your motivations” designed to understand the relative importance of 

taking multiple anti-sickness medicines, feeling less sick or nauseous, before, during and in the days after 

chemotherapy, and the side effects of antiemetic medications. 

 

The second activity was designed to think about how these trade-offs may influence decisions about 

taking antiemetic medications in practice. Children and families were given hypothetical options of 

taking more or fewer medicines, with a given probability of not feeling or being sick and experiencing 

a particular side-effect. Knowing this information, they were then given the choice as to whether they 

would take more or fewer antiemetics. An example is shown in Figure 3-13, with the remainder of the 

examples within the Appendix, section 3.7. 
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Figure 3-13. An activity (“trade-offs in practice) designed to think about the trade-off of taking more medicines, 

having better outcomes, but being more likely to experience side-effects. Option A. 

 

Finally, based on the outcomes of these activities, a discussion was facilitated about how this type of 

information would best be presented to patients and their families whilst they were receiving 

treatment, and ideas about how patients/ families could discuss this information with their clinicians.  

Food and drinks were provided for those who attended, and each person was reimbursed for their time 

through the provision of £50 Amazon vouchers, in line with NIHR guidance (National Institute for 

Health and Care Research, 2024). 

 

3.4.2 Children and their families’ interpretation  

 

Children/ young people and their families involved in the event felt that the side-effects of anti-

emetics were as important, and in some cases more important than the efficacy of the anti-emetic. It 

was felt that the side effects of antiemetics, such as constipation, exacerbated the side effects of 

chemotherapy. Children and young people spoke of the difficulties of managing these trade-offs and 

that side effects were sometimes so bad, they would need to modify the number/ type of antiemetic 

medications taken on any given day, to mitigate against these.  

The number of medicines you had to take each day was also important, with one young person also 

raising the difficulties of taking multiple oral medications when already feeling sick, and that 

intravenous formulations may be preferable.    

In terms of the relative importance of commonly reported efficacy outcomes, not feeling or being sick 

before (i.e. anticipatory CINV) and in the days after (delayed CINV) was thought to be more 

important than not feeling sick on the day of chemotherapy (acute CINV), potentially, because these 
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outcomes are less well controlled by the antiemetic regimens. When thinking about the trade-offs in 

practice, children and their families/ carers predominantly chose a ‘middle ground’ option, which 

could both maximise the chances of not feeling sick and minimise the chance of side effects.  

Those involved felt that a leaflet simply conveying the probability of experiencing more severe side 

effects with different antiemetic regimens, along with the probability of nausea/ vomiting control, 

would be helpful, and that this could be used to facilitate conversations with their clinicians regarding 

the trade-off of taking these medicines.  

 

3.5 Discussion  
 

3.5.1 Discussion of the findings in the context of existing evidence  

 

Overall, regimens with NK1 antagonist, particularly aprepitant combined with ondansetron and 

dexamethasone, performed best, i.e., were ranked most efficacious, across the greatest number of 

outcomes, compared to other antiemetic regimens in the analyses. This is broadly supportive of 

current recommendations (Patel et al., 2022) (Patel et al., 2017) (Dupuis et al., 2017) (Children's 

Cancer and Leukemia Group (CCLG), 2018) of aprepitant or fosaprepitant combined with a 5-HT3 

antagonist and dexamethasone for patients receiving HEC. However, given that the clinical trial 

evidence underpinning these recommendations includes children receiving MEC and HEC, it would 

be useful to know if there are differences in the relative treatment effect between these two groups. 

The decision to currently target more effective treatments at those patients with a higher baseline risk 

of CINV likely incorporates an element of cost consideration ( as aprepitant and fosaprepitant remain 

expensive in comparison to ondansetron (Joint Formulary Committee)), without formally assessing 

cost-effectiveness.  

There is evidence that ondansetron may be less effective than palonosetron (when these 5-HT3 

antagonists are given with dexamethasone), for controlling delayed phase CINV and nausea (any 

phase) (the latter of which (to our knowledge) has not been previously identified in synthesised 

evidence). The most recent POGO guidelines, which include both child and adult data (Patel et al., 

2022), recommend palonosetron in the acute phase as the preferred 5-HT3 antagonist in patients at 

high risk of delayed phase CINV; however, analyses underpinning this particular recommendation 

included only adult evidence. The evidence produced here in children supports these 

recommendations and suggests that the recommendation of palonosetron may be extended to nausea 

prevention, particularly to those at higher risk of this outcome (e.g. include patients who have 

experienced significant nausea in previous chemotherapy cycles), as these patients are likely to derive 

the greatest absolute benefit. However, as with the NK1 antagonist regimens, it is important to note 
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that there is no existing evidence that patients at higher risk of these outcomes derive greater relative 

benefit, and so those at lower risk may still experience benefit from the treatment. 

By maintaining different doses and schedules of palonosetron as separate nodes in the network 

structures, these analyses have been able to demonstrate similarities in treatment effect for the 

outcomes of nausea in the overall phase and complete response in the acute phase. Here, the 5µg/kg 

dose and 10µg/kg show similar efficacy when given as a single dose before chemotherapy. For the 

prevention of delayed phase CINV, a single palonosetron dose of 10µg/kg before chemotherapy was 

more effective than using multiple 5µg/kg doses (a single dose before and an additional dose at 72 

hours if chemotherapy duration >3 days). This may support the recommendation of the 10µg/kg dose 

of palonosetron, particularly for those patients at high risk of delayed phase CINV, e.g. those who 

have experienced delayed phase CINV in previous chemotherapy cycles. It remains unknown, 

however, whether taking additional 5µg/kg doses during the delayed phase would improve efficacy 

when compared to the 10µg/kg dose.  

Despite the promise of antiemetic regimens containing NK1 antagonists and of the 5-HT3 antagonist 

palonosetron, there were no clinical trials in children that assessed the efficacy of NK1 antagonists  

combined with palonosetron and dexamethasone in children (a combination recommended in current 

clinical practice guidelines (Patel et al., 2022)). Although this combination is currently being assessed 

in ongoing clinical trials (see Appendix 2.6). Given the increased costs of using palonosetron and 

aprepitant compared to ondansetron (Joint Formulary Committee, Joint Formulary Committee, Joint 

Formulary Committee), it would be beneficial for any future clinical trial populations receiving this 

combination to reflect those who are most likely to be recommended the regimen in practice (i.e. 

those with a higher baseline risk of CINV). 

Decisions about which 5-HT3 antagonists to prescribe and/or whether to prescribe doublet regimens 

of 5-HT3 antagonists and dexamethasone, or triplet regimens of an NK1 antagonist, 5-HT3 

antagonists and dexamethasone 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 

status, infection-related adverse events, and anticipatory CINV in subsequent cycles), but possible 

risks (e.g. side effects of antiemetics and potential drug interactions), as well as cost considerations 

(both of the antiemetic themselves and the additional medications and/ or treatments that would be 

required if CINV is poorly controlled).  

In an ideal scenario, a formal cost-effectiveness analysis, considering all of these elements, would be 

conducted to determine whether including the more effective (and more expensive (NICE, 2024)) 

antiemetics of palonosetron and aprepitant are cost-effective options compared to ondansetron, and 

compared to one another. However, given the remaining uncertainty in treatment effect estimates, 

coupled with poor and inconsistent reporting of side effects in clinical trial publications, a meaningful 
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analysis (like those demonstrating the cost-effectiveness of aprepitant regimens in patients receiving 

HEC (Sra et al., 2022)) would likely not be possible with aggregate data, and would require IPD to be 

available for a sufficient proportion of the clinical trials.  

 

3.5.2 Remaining uncertainties in the context of patients' and families’ views 

 

3.5.2.1 Antiemetic efficacy vs unintended effects of treatments 

 

Although combinations of anti-sickness medicines are more effective at preventing CINV in children, 

children and their families involved in interpreting the results of the Bayesian NMA have raised 

concerns about the side effects caused by the antiemetics, as well as their potential to exacerbate the 

side effects of chemotherapy. Given that children involved in this project said that they would modify 

the number and/or type of antiemetic medication they would take to reduce side effects they were 

experiencing, it is possible that the efficacy of antiemetic regimens in clinical trials does not translate 

into real-world effectiveness. Side effects may therefore be indirectly contributing to children still 

experiencing CINV in practice.     

Examination of the proportions of children experiencing side effects reported in the aggregate data 

indicates that as the number of antiemetic medications in the regimen increases, so does the 

proportion of side effects. However, it is difficult to draw firm conclusions from these data. This is 

because not all clinical trials report all side effects, and some report composite measures such as ‘any 

adverse event’, so the aggregate data reported in this chapter may be incomplete. It is also difficult to 

determine, and is seldom reported, whether the adverse event is due to the antiemetic medications or 

other treatments being received, including chemotherapy. Finally, given reporting of adverse events 

appeared to improve with time, it may be plausible that improvements in reporting are responsible for 

the increase in adverse events seen in the more recent clinical trials (which investigate regimens with 

multiple antiemetic medications). Although anecdotal evidence from children who have taken 

multiple antiemetic medications suggests the effect of increasing side effects is real.  

These limitations in the data also prevented a formal comparison of safety using a Bayesian NMA. 

For example, inconsistent reporting meant events for some side effects were few and synthesis of 

composite measures would lack meaning, and/or usefulness in a clinical setting. In Chapter Six of this 

thesis, side effects are explored further using IPD, which helped to better standardise across clinical 

trials and overcome some of the issues of inconsistent reporting seen in the aggregate data.  

Given the importance of this issue to patients, future clinical trials would benefit from improved (and 

consistent) reporting of adverse events, including reporting individual side effects (particularly those 

identified as being troublesome like constipation, diarrhoea and water retention), along with their 
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severity grading, and the likelihood of the adverse event being attributable to the antiemetic regimen. 

Improvements to reporting would help better establish comparative safety in future syntheses within 

this field.  

Alternative metrics for assessing benefits vs harms could also be considered within clinical trials, for 

example, the use of Desirability of Outcome Ranking (DOOR) outcomes, which combine efficacy and 

safety information into a single ranked metric (Evans et al., 2015). If this were adopted across clinical 

trials, the information could be very useful for decision-making within this field, providing 

understandable information about the trade-offs between efficacy and safety for different antiemetic 

medications.  

Finally, although clinical trials have up until now, been designed to evaluate the benefit of an 

additional antiemetic within the existing regimen, future research may consider reducing the number 

of antiemetic medications per regimen (e.g. designing a clinical trial which compared antiemetic 

regimens, with or without the inclusion of dexamethasone) to establish whether this is possible 

without a meaningful reduction in efficacy, and to determine if this leads to fewer side effects.  

 

3.5.2.2 Identification of children who benefit most from antiemetic regimens.  

 

Given patients’ concern around (and the suggestion of increased) unintended effects when taking 

regimens with multiple different antiemetic medications, there is a real need to identify those groups 

of children who would likely derive the most benefit from these more intensive regimens. This 

information could help to refine current clinical practice guidelines and may allow us to avoid 

prescribing more medications to those who are unlikely to derive notable benefit. This would not only 

be of benefit to patients but could also benefit health services by helping to prioritise the use of more 

expensive antiemetic medications.  

However, it must be noted that some groups are underrepresented in the clinical trial evidence (such 

as those from low-income countries), and some important covariates, such as ethnicity, were reported 

by a limited number of trials, so it may be difficult to establish differential effects in these cases. For 

covariates which were better reported, it is clear that there is notable clinical heterogeneity, both in 

terms of the patients themselves (their age and biological sex), as well as the characteristics of the 

treatments they received (the length of chemotherapy block, and the rescue medication used (which 

given in the acute phase may affect delayed phase outcomes), as well as children’s response to 

treatments (for example whether they had experienced CINV after antiemetic use in the past).  

Whilst difficult to establish from aggregate data alone, in Chapter Six of this thesis, IPD is used to try 

and identify whether these patient and treatment-related characteristics modify the effect of the 
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antiemetic regimens.  Within the results presented in this chapter, treatment effect estimates may 

therefore need to be interpreted in the context of the underlying clinical trial populations that have 

informed each treatment comparison.   

 

3.5.2.3 Prevention of patient-important outcomes  

 

Patient-important outcomes identified during the planning stages of this project (see Chapter Two, 

section 2.2) were seldom reported in clinical trials, and where these were reported, data were not 

sufficient to conduct syntheses containing all regimens of interest. No composite health-related 

quality-of-life measures, such as PedsQL (Varni et al., 1999) were reported in any publication. 

Although validated measures such as PedsQL (Varni et al., 1999), and Sarcoma Assessment Measure-

Paediatric Version (SAM-Paeds) (Taylor et al., 2025) exist, previous research has highlighted 

difficulties in having fixed health-related quality-of-life measures in paediatrics, due to individual 

differences in the meaning of quality-of-life across childhood, as well as between children of similar 

ages (Fraser et al., 2024). Individual outcomes relating to the child's wider quality of life, such as 

quality and quantity of sleep, increased motion sickness and anxiety levels, were also not reported, 

potentially due to their more subjective nature. As such, the impact on children’s quality of life is 

difficult to establish from the available published aggregate data.  

Clinical trials in these analyses rarely examined anticipatory CINV, and less frequently assessed 

delayed CINV, which some patients felt was just as important (if not more important) than acute 

CINV. This was due to children and their families feeling CINV was less well controlled in the 

anticipatory and delayed phase, and so it is possible that certain outcomes are not being prevented, 

and patients’ needs are not being met, due to the lack of examination of certain outcomes within 

clinical trials. Further research with a focus on these outcomes is certainly warranted.  

Where syntheses were possible for patient-important outcomes, namely for nausea and decreased food 

intake, there were limitations to these analyses. For both of these outcomes, limited data meant it was 

not possible to conduct separate analyses for acute and delayed phase outcomes. There was also little 

data reported on the severity or length of time children experienced nausea, despite this being the 

primary concern for patients and families involved in the project, with children saying that they still 

felt nauseous even though they weren’t vomiting. Finally, for decreased food intake, evaluation of 

efficacy was only possible for the addition of aprepitant to ondansetron regimens, meaning the 

efficacy of all other regimens is unknown.  

Data for other, more serious outcomes associated with uncontrolled CINV, such as hospitalisation and 

need for a nasogastric tube, were also not consistently available in the aggregate data, potentially due 

to these being rare events. It is possible that real-world evidence, such as routinely collected data/ 
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administrative databases, may provide better insight into such events, as these often focus on inpatient 

data (Rice et al., 2015).   

In Chapter Six of this thesis, IPD does help to standardise the measurement of some patient-important 

outcomes, therefore overcoming some of the limitations of aggregate data reporting. However, there 

remains a real need to involve people with lived experience in the design of clinical trials, so that 

outcomes which matter to them can be identified and prioritised for analysis. The outcomes identified 

as part of this project could act as a useful starting point for future clinical trials within this field.  

The field may also benefit from the development of a core outcome set, inclusive of the child’s voice, 

such as those being developed for adolescents and young adults who have been diagnosed with 

cancer (Husson et al., 2024). This may help improve the consistency of reporting across clinical trials, 

aiding further evidence synthesis within the area. Previous research around including children in the 

development of core outcome sets suggests these processes benefit from more interactive, engaging 

and convenient sessions that ensure children and young people feel valued (Sherratt et al., 2020). 

Such efforts should help to improve the usefulness of research for those affected and ensure that 

interventions effectively prevent the outcomes that have the greatest impact on their daily lives. 

 

3.5.3 Methodological considerations for conducting NMA with child evidence.   

 

Drawing from the experience of conducting these analyses within this final section of Chapter Three, 

some methodological considerations for conducting NMA with child data will be discussed. As well 

as being useful to inform NMA in other areas of child health, this section provides further insight into 

the strengths and limitations of the analyses conducted here.  

 

3.5.3.1 Assessing improvements to the precision of efficacy outcomes  

 

One possible advantage of an NMA over a pairwise meta-analysis is the potential for improved 

precision of estimates, due to the synthesis of both direct and indirect evidence (Chaimani et al., 

2023). To assess whether this has been achieved, treatments must be defined in the same way in both 

the NMA and the pairwise meta-analysis, and variations in treatment dose, schedule and/or route of 

administration must be grouped similarly, if not identically, between the two syntheses.   

However, this may not be the most appropriate choice to inform future decision-making and may miss 

opportunities to compare variations of a treatment regimen or differences in treatment within a class, 

which would otherwise provide important information for clinical practice. This was the case in the 

analyses conducted here, where the NMA allowed for comparison of a greater number of antiemetics 

compared to using pairwise meta-analysis, as well as comparisons of different doses and schedules of 
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antiemetics (that have not previously been made). For example, the meta-analysis reported in Patel et 

al. 2022 (Patel et al., 2022), analysed 5-HT3 antagonists within their class, whereas in the present 

NMA, each was maintained as a separate node in the network (although alternative models for 

incorporating dose-effects in NMA do exist (Watt et al., 2022)). Because of this, differences in relative 

treatment effect between certain 5-HT3 antagonists (namely, ondansetron and palonosetron) have 

been identified. Grouping regimens such as these, with heterogeneous effects, may also not be 

appropriate and may increase uncertainty around the treatment effect estimate. 

However, care and thought are needed when deciding how to separate variations of the same/ similar 

treatments, as analysing all variations separately may cause the network structure to become 

disconnected, limiting a coherent analysis for all treatments. The number of studies/ patients 

contributing to the different nodes in the network may also become very small (something which is 

particularly risky with children, evidence which can already be sparse), and therefore, insufficient to 

produce precise treatment effect estimates.  

The network structure in the present NMAs was given a lot of thought, with multiple different options 

assessed until a connected network was produced, the details of which are given in Appendix 3.2. The 

final network was ultimately a trade-off between the number of comparisons that could be made and 

the ability to produce useful results estimated with sufficient precision. Although most analyses were 

estimated with sufficient certainty to identify the most effective treatments, greater imprecision was 

observed in estimates from networks of antiemetic regimens given without dexamethasone. Here, the 

networks generally compared a greater number of antiemetic regimens than networks of antiemetics 

with dexamethasone, but had fewer patients contributing to each comparison, thus limiting the 

conclusion that could be drawn from the results.  

There remains a need for more precise estimates of treatment effects in children, particularly for 

antiemetic regimens given without dexamethasone. In Chapter Four of this thesis, the Bayesian NMA 

applied in this chapter will be adapted to incorporate a separate but related population (i.e. evidence 

from adult clinical trials). This Bayesian information-sharing model aims to improve the precision of 

estimates and update what is currently known about the comparative efficacy of antiemetic regimens 

in children, without the need to conduct additional research with the paediatric population.  

 

3.5.3.2 Between-study heterogeneity in treatment effects and the plausibility of the consistency 

assumption.  

 

Another important consideration in NMA is the plausibility of the ‘consistency assumption’, that is, 

the assumption that the direct evidence coming from head-to-head clinical trials agrees with the 

indirect evidence estimated within the network. To ensure consistency, there needs to be an even 

distribution of effect modifiers across studies (Dias et al., 2013). In clinical trials of children, this 
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should be carefully considered, as previously discussed, within this field, there is often clinical 

heterogeneity in clinical trial populations. It is more common in the paediatric population (compared 

to adults) to include individuals who have different cancer diagnoses, in order to reach a sufficient 

sample size. This clinical heterogeneity means that when synthesising this evidence within an NMA, 

there is a risk of both heterogeneous treatment effects and inconsistency between the direct and 

indirect evidence (both of which arise from differences in effect modifiers in the studies included 

across comparisons). Furthermore, differing definitions of outcomes, such as the outcome of  

‘complete response’ in these analyses, could introduce additional heterogeneity in treatment effects 

and inconsistency within the network. 

However, both heterogeneity and inconsistency can be problematic to assess, especially in sparse 

networks (Dias et al., 2013). In the present NMA, it was difficult to assess heterogeneity in treatment 

effects between studies as treatment comparisons were often informed by only one or two clinical 

trials. Model fit statistics indicated that the fixed effect model was preferred in all but one analysis 

(complete response in the delayed phase- antiemetics given with dexamethasone). However, this 

preference is likely more indicative of the lack of information available to estimate between-study 

heterogeneity, rather than evidence of homogeneity in treatment effects. Due to the heterogeneous 

population, there is an argument that a random effects model is equally preferred, but, as was the case 

in these analyses, an informative prior was required to inform the between-study heterogeneity 

parameter.  

Effect modification may be explored with aggregate data, if covariates are reported at the study level 

(or if results are consistently reported for certain patient subgroups) (Simmonds and Higgins, 2007). 

For example, in the present analyses, it would have been beneficial to determine if the emetogenicity 

of chemotherapy modified the treatment effect. However, several (3) clinical trials did not report the 

emetogenicity of the chemotherapy, and the clinical trials of mixed populations (8) (i.e. where patients 

received either MEC or HEC) rarely reported outcomes separate by these subgroups. As such, these 

analyses were not feasible, as they would have required exclusion of multiple clinical trials from the 

analysis, reducing what is already a small evidence base. The acquisition of IPD, where factors can be 

assessed at the patient level, has the potential to be a more effective way of adjusting for potential 

effect modifiers. 

Consistency within an NMA can be assessed statistically if there are closed loops within the network, 

where estimates of direct and indirect evidence for a given treatment comparison can be compared 

(Dias and Caldwell, 2019). However, as was the case in the analyses here, when there is a limited 

number of treatments being assessed, this loop structure is not always present. For all analyses 

conducted here, there were no closed loops available (except those which had arisen from three-arm 

trials), and therefore there was no opportunity to assess inconsistency. Even when there are 
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opportunities to statically assess consistency, these tests can be underpowered, so only very 

large/obvious inconsistencies are typically detected when there are few studies (Veroniki et al., 2013). 

 

3.5.3.3 Alternative methods of NMA   

 

There are several alternative methods which were considered to synthesise data within this chapter. 

These are now briefly described so that readers are aware of these methods and may consider them 

when conducting similar syntheses in other areas of child health.  

• Incorporating dose effects in NMA: The effect of different doses of antiemetic medications 

was explored with the present NMA by maintaining different doses, as separate nodes in the 

network, thus assessing the effect of specific treatment doses. This holds the advantage of 

reducing between-study heterogeneity but can lead to a loss in precision or disconnected 

networks. Alternative approaches, as described in Watt et al. 2021, include assuming the dose 

effects are equally effective/ safe within a treatment group, therefore producing an effect 

estimate at the treatment level. Alternatively, they could be assumed  exchangeable (i.e. that 

dose effects are related within a treatment group and that these arise from a common 

distribution) (Watt et al., 2022). Model-based NMA has also been proposed, whereby the 

dose-response relationship is modelled using a parametric function. This method doesn’t 

require the splitting of nodes by treatment dose, but may require sufficient variation in doses 

within each drug, in order to model the dose-response relationship (Mawdsley et al., 2016).   

 

• Synthesising evidence on both efficacy and harms: Within this chapter, certain outcomes are 

mutually exclusive, for example, having a complete or partial response. This was dealt with 

by subtracting the number of children achieving a complete response from the denominator 

when calculating the risk of experiencing a partial response. These ‘competing risks’ are 

common in time-to-event data. Methods which account for the negative correlation between 

outcomes within trial arms have been proposed (Ades et al., 2010, Thom et al., 2020) which 

allows you to jointly synthesise the data on competing outcomes simultaneously. If also 

estimating relative treatment effects for adverse effects, methods of visualising trade-offs 

between these and treatment benefit have also been described (Chiocchia et al., 2023, 

Ostinelli et al., 2022).  

 

• Synthesising evidence on interventions with multiple components: A component NMA was 

considered to synthesise data within the chapter. This method allows for the estimation of the 

effect of each component within a ‘multi-component’ intervention, such as the antiemetic 

regimens evaluated here. This is achieved by estimating the effects of each component 
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separately and then summing the relative effects of each individual component (referred to as 

an additive model), but it assumes no interaction between components. An alternative 

interaction model can be applied, which accounts for interventions having a synergistic or 

antagonistic effect (Tsokani et al., 2023). However, for each model, the individual 

components need to have been studied separately (i.e. be present as nodes within the 

network); however, this was not the case for all antiemetic medications within the ‘multi-

component’ regimens, for example, NK1 antagonists and dexamethasone had not been studied 

on their own. Furthermore, sufficient data is required to test the assumption of interaction 

effects, which in these networks of treatment would likely not be the case. As such, the 

method could not be applied to this dataset but may be helpful in other areas of child health 

where ‘multi-component’ interventions are being used.  

 

3.5.3.4 Advantages and challenges associated with involving patients  

 

Involving people who have experienced CINV during childhood, and their families, at this stage in the 

project has allowed data on the patient's important outcomes (see Chapter 2, Section 2.5.1.1) to be 

sought from published studies. Where not identified or reported with sufficient consistency across 

clinical trials, this has been highlighted as an evidence gap. These advantages of involving the public 

will hopefully make this, and future research, more useful to those who it matters.  

The success of the patient involvement meeting was, in a large part, thanks to the Candlelighters team 

based in Leeds, who provided a comfortable, familiar environment and helped facilitate icebreakers, 

putting attendees at ease. The event was also advertised as a one-time involvement opportunity, and 

although people would have the opportunity to attend future events, this was not a requirement. This 

allowed for a lower level of commitment and may have encouraged people to attend. However, there 

is an alternative of involving the same people throughout the project, which may create a more 

partnership approach (Pollock et al., 2019). 

The challenges associated with this meeting were centred around designing activities in which all age 

groups could be involved. To do this, the complexities of how the research methods are conducted 

were largely omitted. Instead, research aims (i.e. to compare anti-sickness medicines to understand 

which works best at preventing you from feeling sick or being sick from chemotherapy), and the main 

findings (i.e. more medicines work better, but may mean more unintended effects, like constipation 

and sleepiness) were explained in lay language, facilitated by PowerPoint slides with lots of pictures 

and animations, instead of text. The activities described in Section 3.4.1 then helped to better 

understand children and families’ views of the relative importance and trade-off between these 

outcomes, and helped facilitate wider discussion around the subject area. Despite these efforts, very 
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young children and/or children with learning difficulties may not have fully understood the concepts, 

and therefore, their inclusion in the activities was limited.  

This work highlights, again, the advantages of involving patient support charities to facilitate 

involvement sessions which inform evidence synthesis. Whilst often methodologically complex 

pieces of research, using lay language to describe the research (including engaging PowerPoints/ 

animations), identifying which information isn’t necessary for understanding of the involvement 

activity (i.e. likely some of the complexities of the statistical methods), and developing simple but 

engaging/ interactive activities can help to facilitate the involvement of children within these projects.   

 

3.6 Conclusion   
 

The findings presented here serve to support current recommendations of triplet therapies of NK1 

antagonists, ondansetron and dexamethasone for those at high risk of CINV, and recommendations for 

palonosetron as the preferred 5-HT3 antagonist may be extended, particularly, to those who are at 

high risk of nausea.  

Given concerns about side effects raised by patients involved in this study, the risks and benefits of 

taking multi-antiemetic regimens should be discussed with patients on an individual basis. New tools, 

such as leaflets, to display and aid discussion of the competing risks and benefits, would be valued by 

children and families. The risk for increased side effects also adds weight to the need to identify those 

children who benefit most from triplet therapies.  

There is a need to establish antiemetic efficacy for preventing patient-important outcomes, and 

clinical trial investigators should be encouraged to collect and report those identified through our 

involvement efforts. The field may also benefit from a formally established core outcome set, 

inclusive of the child's voice, which would aid future evidence synthesis in the area.   

When conducting NMA in other areas of child health, it is important to think carefully when defining 

treatment nodes within a network (e.g. splitting or grouping doses/ schedules/ treatments within a 

class), as increasing the number of comparisons may decrease the precision of treatment effect 

estimates (especially with paediatric data where the network can be sparse). It is also important to 

consider that clinical heterogeneity within children’s RCTs may increase the risk of heterogeneity in 

treatment effects (and your ability to assess this may be limited when there are few studies per 

treatment comparison), as well as inconsistency within a treatment network. Alternative methods, 

such as those to incorporate dose effects, competing risks and ‘multi-component’ interventions, may 

also be useful to consider.   
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Finally, there are valuable takeaways on methods of involving children and their families when 

interpreting findings, including the importance of working alongside patient support charities and 

making sessions accessible and interactive to engage a range of age groups of children.  

 

3.7 Dissemination  
 

• Reporting standards within this chapter have been informed by the PRISMA NMA checklist 

(Hutton et al., 2015) – See appendix 3.8.  

• The research in this chapter has been previously published in Walker et al. 2024 (Walker et 

al., 2024). 

• The research in this chapter (including children and families’ interpretation of the results) has 

been shared in a poster designed for those affected by these side effects. This poster received 

feedback from those involved in the project to improve its usefulness in terms of 

communicating the research that is happening within this field. The poster is included in the 

Appendix for this chapter, section 3.9. 

• These findings were also disseminated through an oral presentation at the (MASCC) 

conference in Lille, June 2024. 
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4 Chapter four: Extrapolation of adult clinical trial evidence  
 

4.1 Introduction and rationale  
 

In this chapter, a Bayesian information sharing method will be used to determine whether: 

A) Adult clinical trial data can be used to supplement paediatric trial data and improve the 

certainty of relative effect estimates in children. 

B) Adult clinical trial data can be used to reliably predict the relative effect of olanzapine 

(an antiemetic recommended, but not yet licensed, for the prevention of CINV in 

children), in the paediatric population.  

In Chapter Three of this thesis, we have seen how sparse networks, with treatment comparisons 

informed by few (or small) studies, can lead to imprecise estimates of treatment effects in children. 

This was found to be the case, particularly when comparing antiemetics given without 

dexamethasone, making decisions about which treatments to prescribe less certain and potentially 

leading to suboptimal choices in clinical practice.  

It may be possible to improve the precision of treatment effect estimates by incorporating adult 

evidence into the synthesis (Walker et al., 2023a). The evidence in this separate, but related, 

population could strengthen inference about the treatment effects in children and may reduce the 

uncertainty around the treatment effect estimates (Gamalo-Siebers et al., 2017, Walker et al., 2023a). 

Adult evidence has been incorporated into previous evidence syntheses within this field, but treated 

child and adult evidence as if they arose from the same population (Patel et al., 2022), i.e. they have 

assumed adult evidence is completely generalisable to children.  

This assumption may not necessarily hold, due to differences in the way that medicines are absorbed, 

distributed, metabolised, and excreted in the body (Gamalo-Siebers et al., 2017). Preliminary 

investigations informing this project suggest that differences in relative effects between child and 

adult populations do exist, and simply ‘lumping’ the evidence together results in estimates of 

treatment effect dominated by the adult evidence (Walker et al., 2023a).  

As such, methods which account for differences in relative treatment effect, such as a Bayesian 

information sharing model (assuming a proportional relationship), may be preferable. Such models 

may also help facilitate the prediction of new treatments in children (before the child evidence is 

available), if, for example, treatments within an existing network are found to have similar relative 

effects in both the child and adult populations (or if differences in relative effects are predictable) 

(Walker et al., 2023a).  
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In this chapter, the ability of these methods to improve the precision of treatment effect estimates in 

children and facilitate predictions of new treatments will be explored. The analysis methods are 

described, and the results are presented and discussed in the context of having achieved these specific 

aims, as well as uncertainties which remain. Finally, drawing from the experience of conducting these 

analyses, this chapter will finish with methodological considerations that may be useful when 

incorporating adult evidence into children's health research, including in other areas of child health.  

The methodology in this chapter has been previously published in Walker et al. 2023, which reports 

the preliminary investigations that informed the choice of information-sharing method within this 

thesis (Walker et al., 2023a); therefore, some of the text may be closely aligned, if not identical to 

that in this publication. 

 

4.2 Methods 

 

4.2.1 Mapping adult evidence to the treatment network in children.  

 

To facilitate the joint synthesis of child and adult data, the adult clinical trial evidence (see Appendix 

section 2.7) was ‘mapped’ to the children’s networks for the outcomes of complete response in the 

acute, delayed and overall phase. Extrapolation of side effect data from adults to children was 

originally planned for one adverse event outcome, but due to issues relating to adverse event reporting 

(see Chapter Three, section 3.3.4), this analysis was not conducted. 

Based on clinical advice, the 0.25mg and 0.75mg doses of palonosetron in adults were mapped to the 

10ug/kg and 20ug/kg doses in children, respectively, and categorised, low and high doses. There was 

no corresponding 5ug/kg dose in adults, and so RCTs comparing this dose in children were removed 

from the analyses.  

All doses of granisetron in adults were mapped to the more commonly used 0.05mg/kg dose in 

children, and RCTs comparing the other (1mg) dose in children were excluded from the analyses. For 

other antiemetics, dosing was not considered in the child network (as it was not possible to produce a 

connected network if different doses were maintained as separate network nodes), and so the same 

was done for the adult evidence, i.e. antiemetics given in different doses were grouped into the same 

network node.   

Antiemetics given in the adult clinical trials differed from those in children's trials in terms of their 

scheduling and therefore did not map exactly to antiemetic regimens present in the children's network. 

To avoid having to exclude this evidence, a decision was made to group variations of antiemetic 

regimens with different schedules of ondansetron and dexamethasone. This decision was further 
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justified by the fact that no meaningful differences between different schedules of these antiemetics 

were identified in the analyses, including only children’s data (see Chapter Three, section 3.3.1).  

The children’s network was updated in light of these decisions and re-run to produce meaningful 

estimates of treatment effect for comparison with the joint network of child and adult data.  

 

4.2.2 The Bayesian information sharing model 

 

4.2.2.1 Improving the precision of treatment effect estimates in children. 

 

A Bayesian information sharing model, assuming a proportional relationship between the relative 

treatment effect in children and adults, was used to incorporate adult data into the analyses and 

facilitate simultaneous synthesis of both child and adult data.  

The model adapts that specified in Chapter 3, Section 3.3.2.  

A separate linear predictor was specified for child and adult data, and the parameters are estimated 

separately for each of these populations.  

The random effects model is edited to include parameters specific to the populations.   

δi,k ~Normal( dj ,ti1,tik  , τ2 )     

Here, j defines the population (either children or adults).  j = 1 indicates the adult studies when study 

index i = 1,…, nsA, and j= 2 indicates the children’s studies when i = nsA + 1,…., nsA + nsC, where 

nsA is the number of adult studies and nsC is the number of children's studies. This is possible as 

studies were categorised into either adults or children (based on predefined cutoffs, see section 2.4.3). 

The between-study heterogeneity parameter τ2  is assumed to be common across populations.  

 

The fixed effects model is also edited to include the population-specific parameter j: 

δi,k = dj ,ti1,tik   

A vague prior, d1,1,k ~ Normal(0,1002), is specified for the adult treatment effect, and the model 

assumes that each relative treatment effect in children is proportional to the corresponding relative 

treatment effect in adults, given an additive relationship on the log relative risk scale.  

d2,ti1,tik   = d1,ti1,tik   + λk          
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Parameter λk  measures the change in log-RR between adults and children for treatment k, values for 

which are assumed to come from a normal distribution with a common mean μ and variance σ2, across 

all treatments. 

λk  ~ Normal(μ, σ2) 

A vague prior distribution is specified for the pooled mean across the lambdas, μ ~ Normal(0,1002), 

and given the limited number of treatment comparisons available in these networks, a weakly 

informative half-normal prior distribution (truncated to only take positive values) (Rover et al., 2021) 

is used to estimate the between-trial variance σ2.  

σ ~ Half − Normal(0, 0.52) 

 

 

4.2.3 Predicting the effect of Olanzapine regimens in children   

 

Antiemetic regimens containing olanzapine have been evaluated in three clinical trials in children 

(Moothedath et al., 2022, Moshayedi et al., 2021, Naik et al., 2020), where the following treatment 

comparisons have been made: 

• Olanzapine + ondansetron + dexamethasone vs ondansetron + dexamethasone (Moothedath et al., 

2022) 

• Olanzapine + aprepitant + ondansetron + dexamethasone vs aprepitant + ondansetron + 

dexamethasone (Moshayedi et al., 2021, Naik et al., 2020) 

The Bayesian information sharing model (specified in section 4.2.2.1) was used to facilitate the 

prediction of the relative treatment effect of these specific comparisons of olanzapine in children, for 

the outcomes of complete response in the acute, delayed and overall phase.  

To do so, clinical trials in adults that evaluate these specific treatment comparisons of olanzapine were 

included in this joint model (Table 4-1 for contributing child and adult data). Within the networks, 

olanzapine regimens were assigned the treatment numbers of five and six, respectively (Table 4-1).  

Note that the child evidence on olanzapine regimens (Moothedath et al., 2022, Moshayedi et al., 

2021, Naik et al., 2020), were not included at this stage (Table 4-1). 
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As both olanzapine regimens are given with dexamethasone, only the treatment networks of 

antiemetic regimens given with dexamethasone were used to facilitate predictions of treatment effects 

in children.  

Table 4-1 Details of the treatment networks used facilitate predictions of the treatment effect of olanzapine 

regimens in children, for the outcomes of complete response in the acute, delayed and overall phase (networks 

identical for each outcome).  

Antiemetic regimen Treatment 

number in 

networks 

Child 

evidence 

included? 

Adult 

evidence 

included? 

Ondansetron + dexamethasone 1 
  

Aprepitant + ondansetron + dexamethasone 2 
  

Fosaprepitant + ondansetron + dexamethasone 3 
  

Palonosetron + dexamethasone 4 
  

Olanzapine + ondansetron + dexamethasone 5  
 

Olanzapine + aprepitant + ondansetron + 

dexamethasone 

6  
 

N.B. Only the network comparing treatments given with dexamethasone was used to facilitate predictions, as 

both regimens containing olanzapine were given with dexamethasone. 

 

Predictions of treatment effect in children were then derived from this joint network using two 

different methods:  

Method 1: using the distribution of the pooled mean (μ) across the lambdas on the log relative risk 

scale (refer to section 4.2.2.1 where μ is originally defined). 

The effect of adding olanzapine (treatment 5) to ondansetron + dexamethasone (treatment 1) in 

children was predicted using the equation: 

𝑑2,1,6  =   𝑑1,1,6  + μ 

 

Whilst the effect of adding olanzapine (treatment 6) to aprepitant + ondansetron + dexamethasone 

(treatment 4) in children was predicted using the equation:  

 

𝑑2,1,5  =   𝑑1,1,5  + μ 

 

Followed by the consistency equation:  

𝑑2,2,5  =   𝑑2,1,5  - 𝑑2,1,2           
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Method 2: taking into account the uncertainty in the distribution of lambda by using the predictive 

distribution (that is, the range where values in a future study may lie (Lin, 2019)), represented by λ 

new. 

λ new ~ Normal(μ, 𝜎2) 

The effect of adding olanzapine (treatment 5) to ondansetron + dexamethasone (treatment 1) in 

children was predicted using the equation: 

𝑑2,1,6  =   𝑑1,1,6  + λ new 

Whilst the effect of adding olanzapine (treatment 6) to aprepitant + ondansetron + dexamethasone 

(treatment 4) in children was predicted using the equation:  

 

𝑑2,1,5  =   𝑑1,1,5  + λ new 

Followed by the consistency equation:  

𝑑2,2,5  =   𝑑2,1,5  - 𝑑2,1,2   

 

 

 

4.2.3.1 Assessing the reliability of predictions 

 

To assess reliability, the distributions of the predicted treatment effects of olanzapine regimens in 

children were compared graphically to those estimated from the clinical trial data in children 

(Moothedath et al., 2022, Moshayedi et al., 2021, Naik et al., 2020). In addition, empirical 

comparisons were made between these using the ‘step’ function in BUGS to produce a two-sided 

Bayesian P-value (the probability of conflict between posterior distributions from the model and those 

of the clinical trial data, with values <0.05 indicating a 95% chance of conflict).  

Following this, the clinical trial data in children (Moothedath et al., 2022, Moshayedi et al., 2021, 

Naik et al., 2020), were added into the joint network (see Table 4-1) to estimate the treatment effects 

of olanzapine regimens in children that arise from pooling all the data. The distributions of these 
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pooled treatment effects of olanzapine were again graphically compared to the original predictions of 

treatment effects in children.  

 

4.2.4 Implementation 

 

The models were implemented in OpenBUGS, using a burn-in of 10,000 and an additional 50,000 

iterations. The code used to implement the models is reported in the Appendix for this chapter, 

Section 4.1. Models were specified using both fixed and random effects, and compared using the 

methods outlined in Chapter 3, Section 3.2.3. The summary data from contributing adult clinical trials 

are reported in Appendix 4.2 (Tables 4-1 and 4-2), alongside the data from clinical trials in children 

that evaluate olanzapine regimens (Appendix 4.2, Table 4-3). Data from the remaining children’s 

clinical trials have been reported earlier in the Appendix of Chapter 3, Section 3.3. In all analyses, 

estimates from preferred models were used to inform the interpretation of results (see Appendix 

Section 4.3).  

 

4.3 Results 
 

4.3.1 Including adult evidence to improve the precision of treatment effect estimates in 

children. 

 

The results for complete response outcomes are reported in turn. In cases where the fixed effects 

model is preferred for the child-only network, estimates from the random effects model with an 

informative prior are also included. This is because, as discussed in Chapter 3, preference for the fixed 

effect may be more indicative of a lack of information to estimate between-study heterogeneity, as 

opposed to homogeneity in treatment effects. Given that the child population is clinically 

heterogeneous, some level of statistical heterogeneity is expected, and there is therefore an argument 

that the random effects model with an informative prior is equally preferred.  
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4.3.1.1 Complete response in the acute phase  

 

Network of antiemetics given with dexamethasone  

 

Six antiemetic regimens were compared in paediatric clinical trials, and four were compared in both 

paediatric and adult clinical trials (Figure 4-1). The two regimens of palonosetron given at a dose of 5 

μg/kg had no corresponding dose in adults and, therefore, the clinical trial arms administering these 

regimens were not included in the final analyses.  Sixteen studies were included in the analyses, four 

in the paediatric population (1118 participants) and twelve in the adult population (8034 participants).  

 

Figure 4-1 Network diagram for antiemetic regimens given with dexamethasone, the outcome is complete 

response in the acute phase. The size of the circles is proportional to the number of patients for that antiemetic 

regimen, and the number of lines equals the number of clinical trials for that comparison. The 0.25mg and 

0.75mg doses of palonosetron in adults have been mapped on the 10ug/kg and 20ug/kg doses in children, 

respectively, and labelled, low vs high dose. There is no corresponding dose for 5ug/kg in adults. 

  

The fixed effect model was preferred when analysing child data only, and a random effects model was 

preferred when analysing child and adult data. This means that despite the increase in evidence from 

incorporating adult data, which would be expected to increase precision, the differing assumptions of 

the models mean that credible intervals are wider when incorporating adult evidence. When 

comparing the posterior median between-study heterogeneity from the preferred random effects 

model with child data only, to the random effects model with child and adult data, this can be seen to 

increase from 0.0292 vs 0.0592, respectively (the posterior density plots for the between-study 

heterogeneity are included in Appendix 4.4).  
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For treatment comparison, fosaprepitant + ondansetron + dexamethasone vs palonosetron + 

dexamethasone, the increase in uncertainty around the treatment effect estimate means this crosses the 

line of no effect. For other estimates, conclusions about treatment efficacy remain unchanged. The 

remaining conclusions regarding the superiority of NK1 antagonist regimens remained similar when 

incorporating adult evidence (Figure 4-2). 

 

 

Figure 4-2 Forest plot: Estimates of relative risk in children for the outcome complete response in the acute 

phase (0-24 hours after chemotherapy administration) (studies comparing antiemetic regimens given with 

dexamethasone), produced from child data only (red/purple) and from combining child and adult data (grey). 

Values above one favour the second-named intervention. 

 

 

Network of antiemetics given without dexamethasone  

 

Seven antiemetic regimens were compared in paediatric clinical trials, whilst six were compared in 

both paediatric and adult clinical trials (Figure 4-3). The 1mg dose of granisetron has no 

corresponding dose in adults and, therefore, the clinical trial arms administering this regimen were not 

included in the final analyses. Twenty-five studies were included in the analyses, nine in the paediatric 

population (1118 participants) and sixteen in the adult population (7958 participants).  
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Figure 4-3 Network diagram for antiemetic regimens given without dexamethasone, the outcome is complete 

response in the acute phase. The size of the circles is proportional to the number of patients for that antiemetic 

regimen, and the number of lines equals the number of clinical trials for that comparison. The 0.25mg and 

0.75mg doses of palonosetron in adults have been mapped on the 10ug/kg and 20ug/kg doses in children, 

respectively, and labelled, low vs high dose. There is no corresponding dose for granisetron 1mg in adults. 

 

Again, preference for the random effect model when combining data from children and adults meant 

that the credible intervals were wider compared to when analysing child data only. When comparing 

the posterior median between-study heterogeneity from the preferred random effects model with child 

data only, to the random effects model with child and adult data, this can again be seen to increase 

from 0.0262 vs 0.0820, respectively (the posterior density plots for the between-study heterogeneity 

are included in Appendix 4.4).  

In three cases (aprepitant + ondansetron vs low dose palonosetron, low dose palonosetron vs 

granisetron and granisetron vs metoclopramide), the increase in uncertainty around the treatment 

effect estimate meant that a meaningful difference detected when analysing child-only data was not 

identified when adult was included (i.e. estimates crossed the line of no effect). Conclusions regarding 

the superiority of aprepitant regimens and inferiority of metoclopramide regimens remain the same 

when incorporating adult evidence (Figure 4-4).  
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4.3.1.2 Complete response in the delayed phase  

 

Network of antiemetics given with dexamethasone  

 

Six antiemetic regimens were compared in paediatric clinical trials, whilst four were compared in both 

paediatric and adult clinical trials (Figure 4-5). Fifteen studies were included in the analyses, four in 

the paediatric population (690 participants) and eleven in the adult population (7865 participants). 

Figure 4-4 Forest plot: Estimates of relative risk in children for the outcome complete response in the acute phase (0-

24 hours after chemotherapy administration) (studies comparing antiemetic regimens given without dexamethasone), 

produced from child data only (red/purple) and from combining child and adult data (grey). Values above one favour the 

second-named intervention. N.B. Estimated using equal-tailed credible intervals (opposed to highest posterior density 

(HPD) intervals). For non-symmetric posterior distributions of treatment effect (e.g. metoclopramide), credible intervals 

may not represent the shortest interval containing 95% of the values. 
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Figure 4-5 Network diagram for antiemetic regimens given with dexamethasone, the outcome is complete 

response in the delayed phase. The size of the circles is proportional to the number of patients for that 

antiemetic regimen, and the number of lines equals the number of clinical trials for that comparison. The 

0.25mg and 0.75mg doses of palonosetron in adults have been mapped on the 10ug/kg and 20ug/kg doses in 

children, respectively, and labelled, low vs high dose. There is no corresponding dose for 5ug/kg in adults.  

 

As seen with complete response in the acute phase, estimates of relative effect have wider credible 

intervals when analysing child and adult data compared to child data alone, as the random effects 

model was preferred when incorporating the adult data. When comparing the posterior median 

between-study heterogeneity from the random effects model with child data only, to the random 

effects model with child and adult data, this can again be seen to increase from 0.0394 vs 0.0825, 

respectively (the posterior density plots for the between-study heterogeneity are included in Appendix 

4.4).  

Conclusions about the relative efficacy of antiemetics remained the same when adult data were 

incorporated, i.e. superiority of fosaprepitant and palonosetron regimens compared to ondansetron 

alone (Figure 4-6). 
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Figure 4-6 Forest plot: Estimates of relative risk in children for the outcome complete response in the delayed 

phase (24 hours- 5-7 days after chemotherapy administration) (studies comparing antiemetic regimens given 

with dexamethasone), produced from child data only (red/purple) and from combining child and adult data 

(grey). Values above one favour the second-named intervention. 

 

Network of antiemetics given without dexamethasone  

 

Five antiemetic regimens were compared in paediatric clinical trials; however, only four regimens 

were compared in both paediatric and adult clinical trials, as the granisetron 1mg dose in children had 

no corresponding dose in adults (Figure 4-7). Seven studies were included in the analyses, four in the 

paediatric population (913 participants) and three in the adult population (798 participants). 
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Figure 4-7 Network diagram for antiemetic regimens given without dexamethasone, the outcome is complete 

response in the delayed phase. The size of the circles is proportional to the number of patients for that 

antiemetic regimen, and the number of lines equals the number of clinical trials for that comparison. The 

0.25mg and 0.75mg doses of palonosetron in adults have been mapped on the 10ug/kg and 20ug/kg doses in 

children, respectively, and labelled, low vs high dose. There is no corresponding dose for granisetron 1mg in 

adults. 

 

For the network of antiemetics given without dexamethasone, random effects models were preferred 

both when analysing child data only and when incorporating adult data into the analyses. Here, the 

posterior median between-study heterogeneity from the random effects model with child data only is 

greater compared to that of the random effects model with child and adult data, 0.580 vs 0.385, 

respectively (the posterior density plots for the between-study heterogeneity are included in Appendix 

4.4).  

Incorporation of adult data improved the precision of all estimates, compared to analysing only child 

data. However, estimates remained imprecise, with no evidence of an increased chance of achieving a 

complete response in the delay phase, on any regimen (Figure 4-8).  
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Figure 4-8 Forest plot: Estimates of relative risk in children for the outcome complete response in the delayed 

phase (24 hours-5-7 days after chemotherapy administration) (studies comparing antiemetic regimens given 

without dexamethasone), produced from child data only (yellow) and from combining child and adult data 

(grey). Values above one favour the second-named intervention. 

 

4.3.1.3 Complete response in the overall phase  

 

Network of antiemetics given with dexamethasone  

 

Six antiemetic regimens were compared in paediatric clinical trials; however, only four regimens were 

available in the adult data to map to the children's network (Figure 4-9). Sixteen studies were included 

in the analyses, four in the paediatric population (1098 participants) and twelve in the adult population 

(8607 participants). 
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Figure 4-9 Network diagram for antiemetic regimens given with dexamethasone, the outcome is complete 

response in the overall phase. The size of the circles is proportional to the number of patients for that 

antiemetic regimen, and the number of lines equals the number of clinical trials for that comparison. The 

0.25mg and 0.75mg doses of palonosetron in adults have been mapped on the 10ug/kg and 20ug/kg doses in 

children, respectively, and labelled, low vs high dose. There is no corresponding dose for 5ug/kg in adults. 

 

As seen in previous analyses, inclusion of adult evidence meant that the random effects model was 

preferred, compared to the fixed effects model for child data only; as such, there was no substantial 

improvement in precision of estimates. When comparing the posterior median between-study 

heterogeneity from the random effects model with child data only, to the random effects model with 

child and adult data, this can again be seen to increase from 0.0523 vs 0.0873, respectively (the 

posterior density plots for the between-study heterogeneity are included in Appendix 4.4). 

Conclusions about the comparative efficacy of antiemetic regimens given with dexamethasone for this 

outcome remain the same as when estimated from child data alone, i.e. that NK1 antagonists and 

palonosetron regimens are superior to ondansetron alone (Figure 4-10).  
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Figure 4-10 Forest plot: Estimates of relative risk in children for the outcome complete response in the 

overall phase (0- 5/7 days after chemotherapy administration) (studies comparing antiemetic regimens given 

with dexamethasone), produced from child data only (red/ purple) and from combining child and adult data 

(grey). Values above one favour the second-named intervention. 

 

Network of antiemetics given without dexamethasone  

 

Four antiemetic regimens were compared in paediatric clinical trials, all of which were available in 

the adult data to map to the children's network (Figure 4-11). Sixteen studies were included in the 

analyses, four in the paediatric population (878 participants) and twelve in the adult population (799 

participants). 
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Figure 4-11 Network diagram for antiemetic regimens given without dexamethasone, the outcome complete 

response in the overall phase. The size of the circles is proportional to the number of patients for that 

antiemetic regimen, and the number of lines equals the number of clinical trials for that comparison. The 

0.25mg and 0.75mg doses of palonosetron in adults have been mapped on the 10ug/kg and 20ug/kg doses in 

children, respectively, and labelled, low vs high dose. There is no corresponding dose for 5ug/kg in adults. 

 

The fixed effects model was preferred for both the analyses with children only and when 

incorporating the adult data. For all comparisons except aprepitant and ondansetron vs ondansetron 

alone, small improvements in precision were seen. When incorporating adult evidence, the point 

estimate for this comparison was higher than when analysing child data alone, indicative of greater 

benefit of the addition of aprepitant. Despite this, overall conclusions regarding the comparative 

efficacy of antiemetic regimens remain the same (Figure 4-12).  
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Figure 4-12 Forest plot: Estimates of relative risk in children for the outcome complete response in the 

overall phase (0- 5/7 days after chemotherapy administration) (studies comparing antiemetic regimens given 

without dexamethasone), produced from child data only (red/ purple) and from combining child and adult data 

(blue). Values above one favour the second-named intervention. 

 

 

4.3.2 Predicting the relative effect of olanzapine regimens in children 

 

4.3.2.1 Differences in relative treatment effect between children and adults.  

 

Within the networks of regimens given with dexamethasone (which have informed the predictions of 

the treatment effect of olanzapine regimens in children), relative treatment effects tended to be greater 

in children compared to adults, indicated by exponentiate lambda values (exp λk) above one (Table 

4-2).  

 

 



 
 

108 

 

Table 4-2 The differences in relative treatment effect between children and adults (exp λk), for antiemetic 

regimens vs the reference treatment ondansetron. 

 Proportional relationship in relative risk between children and adults 

(exp λk) 

Treatment comparison: 

Ondansetron + dexamethasone (reference 

treatment) vs:  

Complete response in 

the acute phase 

Complete response in 

the delayed phase 

Complete response in 

the overall phase 

Aprepitant + ondansetron + dexamethasone  1.697 (1.144 to 3.102) 1.319 (0.888 to 1.943) 1.753 (1.122 to 3.734) 

Fosaprepitant +ondansetron + dexamethasone  1.346 (1.066 to 1.738) 1.324 (0.999 to 1.761) 1.527 (1.084 to 2.129) 

Palonosetron + dexamethasone  1.143 (0.858 to 1.511) 1.359 (0.986 to 1.901) 1.599 (1.080 to 2.408) 

exp λk (simple mean) 1.394 1.334 1.627 

The proportional relationship: Relative risk in children = Relative risk in adults * exp λk. Values greater than one 

indicate a relative risk that is larger in children (i.e. they derive greater relative benefit) compared to adults. 

Estimates for all outcomes were derived from the preferred Bayesian information sharing model.  

 

4.3.2.2 Predicting the effect of adding olanzapine to a regimen of aprepitant, ondansetron and 

dexamethasone 

 

For all complete response outcomes, the mean predicted treatment effects of adding olanzapine to a 

regimen of aprepitant, ondansetron + dexamethasone in children are lower than those estimated from 

the children’s data alone and from the joint network of child and adult data. Distributions produced 

using method 2 (using the predictive distribution of lambda) were wider than those produced by 

method 1 (using the pooled mean µ of the lambda distributions) (Figure 4-13, Figure 4-14, Figure 

4-15).  
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Figure 4-13. Comparison of the distributions of predicted treatment effects (the addition of olanzapine to 

aprepitant, ondansetron and dexamethasone) in children produced by method one (using the pooled mean µ of 

the lambda distributions) and method two (using the predictive distribution of lambda) with that of the clinical 

trial data; Naik et al. 2020 (Naik et al., 2020) (individually, and when these data were incorporated into the joint 

network) for the outcome of complete response in the acute phase. 
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Figure 4-14 Comparison of the distributions of  predicted  treatment effects (the addition of olanzapine to 

aprepitant, ondansetron and dexamethasone) in children produced by method one (using the pooled mean µ of 

the lambda distributions) and method two (using the predictive distribution of lambda) with that of the clinical 

trial data; Naik et al. 2020 (Naik et al., 2020) (individually, and when these data were incorporated into the joint 

network) for the outcome of complete response in the delayed phase.  

 



 
 

111 

 

 

Figure 4-15 Comparison of the distributions predicted treatment effects (the addition of olanzapine to aprepitant, 

ondansetron and dexamethasone) in children produced by method one (using the pooled mean µ of the lambda 

distributions) and method two (using the predictive distribution of lambda) with that of the clinical trial data; 

Naik et al. 2020 (Naik et al., 2020). (individually and when these data were incorporated into the joint network) 

for the outcome of complete response in the overall phase. 

A meaningful probability of conflict (with p <0.05 indicating a > 95% chance of conflict) was 

identified between the posterior distribution of the treatment effect predicted by method one and that 

from children's clinical trial data (Naik et al., 2020) for the outcome of complete response in the acute 

phase (Table 4-3). A Bayesian p-value of 0.04 indicated a low probability of agreement between the 

estimates.   

Table 4-3 Bayesian p-values of the probability of conflict between the predicted distributions of log relative risk 

in children and the distribution of log relative risk (lnRR) from clinical trial data, Naik et al. 2020 (Naik et al., 

2020)*. 

Outcome  Predicted distribution of lnRR 

(method one: mean of the lambda 

distribution) vs the distribution from 

children's clinical trial data*. 

Predicted distribution of lnRR 

(method 2: predictive distribution of 

lambda) vs the distribution from 

children's clinical trial data*. 

Complete response in the acute phase  

 

0.0398 

 

0.397 

 

Complete response in the delayed 

phase 

 

0.0759 

 

0.1506 

 

Complete response in the overall 

phase  

 

0.1881 

 

0.2992 
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When comparing estimates for complete response outcomes on the relative risk scale, both prediction 

methods produced credible intervals that crossed the line of no effect; as such, neither identified a 

meaningful benefit of adding olanzapine to the existing regimen of aprepitant, ondansetron and 

dexamethasone reported in the children’s clinical trial publication (Naik et al., 2020) ( 

Table 4-4). 

Table 4-4 Predictions of APR 125mg D1 80mg D2-3 + OND + DEX vs OLZ MD + APR 125mg D1 80mg D2-3 

+ OND + DEX in children for outcomes of complete response in acute, delayed, and overall phase. Treatment 

effects in adults and those estimated when child data were included in the joint network are included for 

comparison. For each network, the random effects model was preferred. 

Outcome  Predicted RR in 

children (method one, 

using the pooled mean 

µ of the lambda 

distributions) 

Predicted RR in 

children (method 2: 

predictive distribution 

of lambda). 

RR in children 

(obtained from 

including child data* 

into the joint network) 

 

RR in adults 

(obtained from the 

joint network) 

Complete response in 

the acute phase  

 

0.915(0.428 to 1.472) 0.935(0.272 to 2.280) 1.328 (1.054 to 1.685) 1.098(0.925-1.328) 

Complete response in 

the delayed phase 

 

1.160 (0.742 to 1.849) 1.157 (0.559 to 2.47) 1.583 (1.162 to 2.172) 1.148(0.952 to 1.378) 

Complete response in 

the overall phase  

 

1.143(0.540 to 1.862) 1.154(0.376 to 2.572) 1.678 (1.191 to 2.389) 1.122(0.954 to 1.592) 

RR: Relative risk, values above one favour OLZ+ APR + OND + DEX. * Naik et al. 2020(Naik et al., 2020)  

 

Predictions of point estimates also did not mirror that estimated from the clinical trial in children 

(Naik et al., 2020), and for the outcome of complete response in the acute phase, indicates a decreased 

chance of achieving a complete response from the addition of Olanzapine. For this outcome, the 

predicted treatment effect of d15 was RR 1.62 (0.97-3.01), RR 1.63(0.61-4.89) estimated using the 

mean of the lambda distribution and the prediction distribution of lambda, respectively. As the 

consistency equation was used to predict the effect of d25 (Table 4-4) by subtracting the effect of d12 

(RR 1.88 (1.24 to 3.47)) from the predicted effects of d15, the predicted point estimates for d25 were 

less than one. 

When children’s clinical trial data (Naik et al., 2020) are added into the joint network, we can see that 

the effect of d15 is larger than predicted (RR 2.51 (1.54-4.81)), following a similar trend as other 

regimens, in that the relative effect is greater in children compared to adults (RR: 1.19 (0.99-1.45)), 

but with a lambda estimate of 2.11, greater than the average of other treatments in the joint network 

(Table 4-1).   

 

4.3.2.3 The effect of adding olanzapine to a regimen of ondansetron + dexamethasone  
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For all complete response outcomes, the mean predicted treatment effects of adding olanzapine to a 

regimen of ondansetron + dexamethasone in children are higher than those estimated from the 

children’s data alone, and when these data are combined in the joint network of child and adult data. 

Distributions produced using method 2: the predictive distribution of lambda, were again wider than 

those produced by method 1: the mean of the lambda distribution Figure 4-16, Figure 4-17, Figure 

4-18).  

 

 

 

Figure 4-16 Comparison of the distributions of predicted treatment effects (the addition of olanzapine to 

ondansetron and dexamethasone) in children produced by method one (using the pooled mean µ of the lambda 

distributions) and method two (using the predictive distribution of lambda) with that of the clinical trial data; 

Moothedath et al. 2022 (Moothedath et al., 2022), Moshayedi et al, 2021(Moshayedi et al., 2021) (individually, 

and when these data were incorporated into the joint network) for the outcome of complete response in the 

acute phase. 

 



 
 

114 

 

 

Figure 4-17 Comparison of the distributions of predicted treatment effects (the addition of olanzapine to 

ondansetron and dexamethasone) in children produced by method one (using the pooled mean µ of the lambda 

distributions) and method two (using the predictive distribution of lambda) with that of the clinical trial data; 

Moothedath et al. 2022 (Moothedath et al., 2022), Moshayedi et al, 2021 (Moshayedi et al., 2021) (individually, 

and when these data were incorporated into the joint network) for the outcome of complete response in the 

delayed phase. 

 

 

 



 
 

115 

 

 

 

Figure 4-18 Comparison of the distributions of predicted treatment effects (the addition of olanzapine to 

ondansetron and dexamethasone) in children produced by method one (using the pooled mean µ of the lambda 

distributions) and method two (using the predictive distribution of lambda) with that of the clinical trial data; 

Moothedath et al. 2022 (Moothedath et al., 2022), Moshayedi et al, 2021 (Moshayedi et al., 2021) (individually, 

and when these data were incorporated into the joint network) for the outcome of complete response in the 

overall phase. 

Where the agreement was compared empirically between predicted treatment effects and those 

estimated from children’s clinical trials data (Moothedath et al., 2022, Moshayedi et al., 2021) there 

was evidence of conflict between the predicted distribution of log relative risk ( method one: using the 

mean of the lambda distribution) and the distribution from data in Moothedath et al. 2022 

(Moothedath et al., 2022) for the outcome of complete response in the acute phase was low. In 

addition, there was evidence of conflict between the predicted distributions of lnRR (both methods 1 

and 2), and the distributions from data in both Moothedath et al. 2022 (Moothedath et al., 2022) and 

Moshayedi et al 2021 (Moshayedi et al., 2021) for the outcome of complete response in the overall 

phase (Table 4-5, Table 4-6). 
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Table 4-5 Bayesian p-values of the probability of conflict between the predicted distributions of log relative risk 

in children and the distribution of log relative risk (lnRR) from clinical trial data Moothedath et al. 2022*. 

Outcome  Predicted distribution of lnRR (method 
one using the pooled mean µ of the lambda 

distributions) vs the distribution from 

children's clinical trial data* 

Predicted distribution of lnRR (method 
2: predictive distribution of lambda) vs the 

distribution from children's clinical trial 

data*. 
Complete response in the acute phase  
 

0.0138 
 

0.0712 
 

Complete response in the delayed phase 

 

0.6988 

 

0.7312 

 

Complete response in the overall phase  
 

0.0034 
 

0.0264 
 

 

Table 4-6 Bayesian p-values of the probability of inconsistency between the predicted distributions of log 

relative risk in children and the distribution of log relative risk from clinical trial data Moshayedi et al, 2021 

(Moshayedi et al., 2021)*. 

Outcome  Predicted distribution of lnRR 

(method one: using the pooled mean µ 

of the lambda distributions) vs the 

distribution from children's clinical 

trial data*. 

Predicted distribution of lnRR 

(method 2: predictive distribution of 

lambda) vs the distribution from 

children's clinical trial data*. 

Complete response in the acute phase  

 

0.301 

 

0.3404 

 

Complete response in the delayed 

phase 

 

0.1262 

 

0.1388 

 

Complete response in the overall 

phase  

 

0.0006 

 

0.0065 

 

 

When comparing outcomes on the relative risk scale, credible intervals produced by prediction 

methods did not encompass the point estimate from the children’s data for complete response in the 

acute phase and the overall phase. For complete response in the delayed phase, only method 2 (using 

the predictive distribution of lambda) produced a credible interval that encompassed the point 

estimate from children’s data for complete response in the delayed phase.  

Predicted point estimates were dissimilar and tended to estimate a greater benefit compared to those 

estimated from the children’s data for all complete response outcomes (Table 4-7). Both prediction 

methods produced credible intervals that were particularly wide, and unlike credible intervals 

estimated from clinical trial data in children, the line of no effect was not crossed (Table 4-7). The 

prediction methods, therefore, incorrectly identified a benefit of adding olanzapine to the regimen of 

ondansetron and dexamethasone.  
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Table 4-7 Predictions of the relative treatment effect of olanzapine + ondansetron + dexamethasone vs 

ondansetron + dexamethasone in children for outcomes of complete response in acute, delayed, and overall 

phase (treatment effects in adults and those estimated from child data when included into the joint network are 

included for comparison. For each network, the random effects model was preferred. 

Outcome  Predicted RR in 

children (method 

one, using the pooled 

mean µ of the lambda 

distributions) 

Predicted RR in 

children (method 2: 

predictive distribution 

of lambda. 

RR in children 

(obtained from 

including child data* 

into the joint network) 

 

RR in adults 

(obtained from joint 

network) 

Complete response in 

the acute phase 

 

3.077 (1.645 to 6.344) 3.064 (1.090 to 9.724) 1.060 (0.832 to 1.365) 2.231(1.497 to 3.490) 

Complete response in 

the delayed phase 

 

2.24 (1.241 to 4.154) 

 

2.242 (1.010 to 5.046) 1.212 (0.941 to 1.598) 1.672 (1.110 to 2.675) 

Complete response in 

the overall phase  

 

4.319 (2.169 to 9.620) 4.308 (1.641 to 12.71) 1.069 (0.762 to 1.505) 2.620 (1.612 to 4.811) 

RR= Relative risk, * Moothedath et al. 2022 (Moothedath et al., 2022), Moshayedi et al. 2021(Moshayedi et al., 2021)  

 

This treatment comparison isn’t following the same trend as others compared to the reference 

treatment, in that the relative treatment effect is less in children than in adults (lambda values ( λk  )for 

this treatment comparison are 0.470, 0.727, 0.40 for outcomes complete response in the acute, delayed 

and overall phases respectively) and whilst a significant effect of adding Olanzapine to ondansetron 

and dexamethasone is seen in adults in all phases, the same benefit is not realised in the children’s 

population (as estimated when including the child data into the joint network of treatments) (Table 

4-7). 

 

4.4 Discussion 
 

Bayesian information sharing models can facilitate the incorporation of adult evidence into the 

synthesis of child data, whilst avoiding the assumption that the individuals have identical effects, i.e. 

that they arise from the same population (Walker et al., 2023a). In this chapter, the ability of these 

methods to improve the precision of estimates in children and, through identifying consistency in 

treatment effects between children and adults, predict the effect of a new antiemetic (olanzapine) in 

children from the adult data has been explored.  

4.4.1 Improving the precision of treatment effect estimates in children. 
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In most cases, the analyses reported in this chapter show that jointly synthesising child and adult data 

did not lead to an improvement in the precision of treatment effect estimates compared to those 

produced from a network of child-only data. This was largely due to heterogeneity in relative 

treatment effects between adults and children, meaning that for most analyses, the preferred model for 

jointly synthesising child and adult data was the random effects model. In contrast, the fixed effect 

model (or random effects model with informative prior) was preferred for most analyses of child-only 

data.  

Theoretically, an increased amount of data, when incorporating adult data, could lead to an 

improvement in the precision of treatment effect estimates in children (Gamalo-Siebers et al., 2017). 

However, estimates of between-study heterogeneity (assumed common across both populations) from 

the joint random effects model tended to be larger than those estimated from the child-only model. 

This means that the theoretical precision gains from the addtional evidence were not seen (i.e. 

treatment effect estimates in children from the joint network had larger credible intervals when 

compared to the child-only network), as additional uncertainty was incorporated. Despite this, it is 

encouraging that the estimates from the joint network and the network with child-only data largely 

agree with one another. 

There were certain outcomes in the analyses for which an improvement in precision was seen, 

including complete response in the delayed and overall phase in networks of antiemetic regimens 

given without dexamethasone. For these analyses, the same model (the random effects model and 

fixed effects model, respectively) was preferred for analysing data from the child-only network and 

the joint network, and here it was evident that information sharing across populations is occurring. 

Despite the improvement in the precision of treatment effect estimates in these analyses, conclusions 

around which antiemetics are most effective remain unchanged when compared to the child-only 

network. To improve understanding of antiemetic regimens given without dexamethasone, future 

research in children may need to consider alternative approaches. For example, conducting clinical 

trials that compare antiemetic regimens given with and without dexamethasone would allow for the 

networks of treatments used in this project to be connected, potentially allowing for additional 

borrowing of strength from indirect evidence within this connected network.  

 

4.4.2 Identification of differences in relative treatment effect between children and adults.  

 

Through applying a Bayesian information sharing model that assumes a proportional relationship 

between relative treatment effects in children and adults, these analyses have provided some important 

information on between-population heterogeneity, something which has been observed across 

different areas of child health (Janiaud et al., 2015) (Janiaud et al., 2017). 
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Typically, a greater effect of antiemetic regimens in children was observed, compared to adults in the 

joint network, potentially due to a higher baseline risk in children (i.e. the risk in children assigned to 

the ondansetron + dexamethasone arm) (Walker et al., 2023a). With a higher baseline risk, there is 

more ‘room for improvement’ in the population, with new and more effective regimens. Alternatively, 

children may be responding slightly differently due to the way in which they process the medicines 

themselves (Gamalo-Siebers et al., 2017).  

Although it may not be possible to determine the underlying reason, the analyses conducted here 

highlight that we can’t assume adult data is completely generalisable to children and support the use 

of methods that account for differences in the relative efficacy of treatments between populations. 

Given that adult data is usually more abundant, treating children and adults as though they arise from 

the same population could lead to pooled treatment effect estimates being dominated by the adult 

evidence, reflecting more the efficacy in adults rather than in children (Walker et al., 2023a).   

 

4.4.3 Predicting the relative effect of olanzapine regimens in children  

 

Determining consistency or predictable differences in relative treatment effect between adults and 

children could, in theory, facilitate reliable predictions of the effect of new treatments in children 

when only adult data exists (Walker et al., 2023a). However, when this information was used to 

predict the relative efficacy of olanzapine regimens in children, the predictions were found to be 

uncertain and unreliable when compared to those estimated from available child data only.  

There were several factors contributing to this, centred on the fact that differences in the relative 

treatment effect of the olanzapine regimens (compared to the reference regimen ondansetron + 

dexamethasone), were more dissimilar between children and adults than other treatment comparisons 

in the network. For other treatment comparisons, children derive greater benefit from antiemetic 

regimens compared to adults, something which is supported by previous research indicating that 

antiemetic medications found to be effective in adults are also effective in children (Momper et al., 

2020).  

However, when comparing olanzapine, ondansetron and dexamethasone to the reference treatment 

(ondansetron + dexamethasone), adults instead derived more benefit than children, and there was 

evidence of a lack of benefit from the addition of olanzapine in children. This is possibly attributable 

to the underlying populations. For example, one clinical trial (Moshayedi et al., 2021) examining this 

regimen only included children receiving MEC. These patients were at a lower baseline risk of CINV 

and may therefore have derived less relative benefit than a population given HEC. In addition, 

children within this trial were younger (4-14 years) and given that olanzapine may affect the 

psychological aspects of CINV, it may work differently in a younger population. That said, this trial 



 
 

120 

 

was the smaller of the two, and pooled estimates will have been dominated by the large trial in which 

all patients received HEC. Alternatively, the greater effect of adding Olanzapine to ondansetron + 

dexamethasone in adults may have been attributable to the dosing, given at 10mg in this population. 

In the children’s clinical trials, the dose was based on weight but was given to a maximum of 5mg, 

potentially translating into higher efficacy in adults and lower efficacy in children.  

When comparing olanzapine + aprepitant + ondansetron + dexamethasone to the reference treatment 

(ondansetron + dexamethasone), children derived greater benefit compared to adults, but this was to a 

larger extent than for other treatments. This meant the predicted effect of adding olanzapine compared 

to aprepitant + ondansetron + dexamethasone was less than that estimated from the clinical trial data 

in children. There was also a difference in dosing between adult and child populations for this 

regimen, with olanzapine given up to a maximum dose of 10mg in children and 5mg in adults. The 

ideal would be to maintain different doses as separate nodes in the network, but there was not 

sufficient data to do so.  

These analyses have highlighted several clinically relevant points. Firstly, that differences in the 

relative effect of antiemetics between adults and children are not always predictable, and whilst most 

follow a general trend of being more effective in children, this is not always be the case. Secondly, in 

terms of the efficacy of olanzapine regimens (which in previous syntheses (Patel et al., 2022) have 

been analysed together as one regimen), olanzapine + aprepitant + ondansetron + dexamethasone in 

children, appears more effective at preventing CINV than olanzapine + ondansetron + 

dexamethasone. When interpreting this, the discussion of underlying populations should be 

considered, as well as a consideration of any difference in patient/treatment-related factors that may 

modify the treatment effect. It is, however, possible that this is a true effect and that a synergy may 

exist between olanzapine and aprepitant, making it a more effective regimen.  

 

4.4.4 Key areas of remaining uncertainty from the analyses.   

 

4.4.4.1 The impact of including adult data on nausea outcomes  

 

The original planned analyses (as specified in the protocol for this research) were to assess the 

inclusion of adult data for the three main efficacy outcomes, complete response, in the acute, delayed 

and overall phase. However, the treatment effect estimates from some patient-important outcomes, 

such as that of nausea, remained imprecise, particularly for regimens given without dexamethasone 

(see chapter 3, section 3.3). As such, there was potential for these estimates to be improved through 

the inclusion of adult data, and the prediction of the efficacy of olanzapine regimens in preventing 

nausea could also have been valuable. However, the relevant data were not extracted for nausea 

outcomes from the adult clinical trial publications, and time has not allowed for a post-hoc analysis 
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for this outcome. Given that this outcome is of importance to patients, this is a key limitation. 

However, methods of incorporating IPD into evidence syntheses in Chapter 5 explore the borrowing 

strength from other outcomes, in an attempt to address these remaining uncertainties. 

 

4.4.4.2 The impact of treatment effect modifiers. 

 

Given the differences identified in the relative treatment effect between the child and adult 

populations, as well as differences observed in baseline risk (Walker et al., 2023a), it may be 

reasonable to consider and examine whether there are differences in the distribution of potential 

effect-modifying factors between child and adult populations (as these may be responsible for 

observed differences in relative treatment effect). As it stands, modifying factors have not yet been 

established in the child population, but will be explored within Chapter Six of this thesis using IPD.  

Controlling for these factors within an IPD meta-regression may help to reduce the heterogeneity 

observed, both between and within populations (Riley et al., 2023a). Through incorporating IPD, it 

may also be possible to produce predictions of relative effect for different subgroups of patients, 

which could, in theory, improve the reliability of estimates (something which is essential for these 

analyses to provide usable information for future clinical trials).   

 

4.4.5 Methodological considerations for incorporating child and adult evidence in an NMA  

 

In the protocol for this project (see Appendix 1.1), it was originally planned to develop a framework 

for incorporating adult clinical trial information into networks of paediatric evidence. However, it was 

considered that such a framework may be better informed by a broader range of case studies and a 

more comprehensive comparison of alternative methods of information sharing. Instead, reflections 

on the practicalities and usefulness of including adult evidence in networks of child evidence are 

provided, as well as a brief review of alternative methods and sources of evidence that may be used 

when conducting these analyses.  

 

4.4.5.1 Determining the usefulness of incorporating adult evidence into the synthesis of child data  

 

Given the amount of additional time, effort and resources it requires, identify, critically appraise, and 

extract data evidence in adults (which is usually more abundant than that in children), it is important 

to consider what the additional benefit of including the evidence is, prior to embarking upon this type 

of evidence synthesis.  
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The analyses conducted within this chapter suggest that improvements in precision may only be seen 

where there is sufficient homogeneity in treatment effect estimates both within and between the child 

and adult populations, or where heterogeneity in treatment effects in both populations can be reliably 

estimated and are comparable.  

If improvement in the precision of estimates in children is the primary/ sole goal of the analyses, it 

may be prudent, prior to embarking on the review, to conduct a scoping exercise, which could help to 

provide some insight into the likelihood of achieving this goal. This could involve comparing 

treatment effect estimates reported in the primary literature and study characteristics between and 

within the populations, to get a good sense of the level of heterogeneity that is present.  

In this evidence synthesis, the primary literature was not checked prior to conducting the analyses, in 

part because differences in treatment effect between children and adults could still inform the next 

part of the analysis (assuming these differences were predictable), where the effect of a new treatment 

in children was predicted. However, it could still be helpful to compare, for example, the direction of 

the treatment effect between populations.  

If determining whether there are consistent differences in treatment effect between adults and 

children, it may be important, before any analyses, to consider the size of the network at hand. This 

project was designed to look at a subset of antiemetics, i.e. those recommended for use in current 

practice; however, this meant that by design, the number of treatment comparisons was limited. This 

meant there were limited data on the differences in relative effect between adults and children within 

the joint network (defined in these analyses as parameter lambda λk).  

Within these analyses, the lambda distributions for each treatment comparison (λk) were used to 

inform a pooled mean (µ), from which the treatment effect of olanzapine regimens in children was 

predicted. As these lambda distributions were estimated from few studies, the pool mean would likely 

be sensitive to new data, and so if new treatments were included in the network, the prediction of 

treatment effect in children may likely change. Furthermore, limited data on the differences in 

treatment effect between populations meant a large variance around the pooled mean, as both the 

pooled mean and its variance informed the predictive lambda distribution; predictions of treatment 

effect in children were imprecise using this method. This limitation was not predicted before these 

analyses were conducted, but through this experience, we would recommend that people applying 

these methods in other areas of child health consider what is the likely size of the network and 

whether there would be sufficient treatment comparisons to provide sufficient information on the 

lambda values.  
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4.4.5.2 Alternative methods of borrowing strength from adult data  

 

To facilitate the borrowing of strength from adult evidence within this chapter, a Bayesian information 

sharing model has been applied, which assumes a proportional relationship between child and adult 

treatment effects. To do this, a separate linear predictor is specified for each population (see BUGS 

code in the Appendix, section 4.1). An alternative approach may be to use a meta-regression model, 

with a binary study-level covariate for children and adults, within a single linear predictor. The 

decision to use this type of Bayesian information sharing model was largely informed by preliminary 

investigations (Walker et al., 2023a) where differences in relative treatment effect were identified 

between populations, as well as a need to estimate such differences as a separate parameter in the 

model.  

There are, however, alternative models, which could be used in similar contexts or in other areas of 

child health, and several of which were introduced in Chapter One of this thesis (see section 1.2.2). 

These include methods that facilitate the borrowing of strength from adult evidence, through the 

inclusion of an informative prior for the relative treatment effect or between-study heterogeneity 

parameters in the children’s network (Wadsworth et al., 2018, Evrenoglou et al., 2024 , Turner et al., 

2022, Röver et al., 2023), as opposed to the inclusion of the adult evidence in a joint network with 

child data. The amount of information that is borrowed from the adult evidence may also be modified, 

for example, by down-weighting the evidence using power priors (Jenkins et al., 2021, Wadsworth et 

al., 2018) (Gamalo-Siebers et al., 2017). Other suggested approaches for ensuring the adult 

information does not dominate the estimates produced in children include using only a subset of the 

adult population, for example, by restricting to young adults who may have outcomes more similar to 

those in older children (Weber et al., 2018). 

Previous research has shown that the type of information sharing method used can substantially 

impact results, and therefore recommends that the degree of information sharing that is required be 

considered carefully, as well as the plausibility of the modelling assumption within the clinical context 

(Nikolaidis et al., 2025). 

 

4.4.5.3 Alternative sources of evidence  

 

Finally, within this chapter, we have considered only the inclusion of adult data as an external 

evidence source. However, it may be possible to borrow strength from alternative sources of evidence 

to inform synthesis within child health. These include non-randomised evidence (Efthimiou et al., 
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2017), using evidence from a different indication, for example, post-operative use of antiemetic 

medications in children or borrowing strength between subgroups within the child population itself 

(Zhou and Ji, 2024). As with any external evidence, potential differences in the drug pharmacology, 

disease progression, and clinical response between this and the target population (Weber et al., 2018) 

would need to be considered. 

 

4.5 Summary  
 

In this chapter, analyses have shown that including adult evidence in the synthesis of child data did 

not, in most cases, improve our understanding of the efficacy of antiemetic medications in children. 

This was broadly due to heterogeneity in treatment effects within and between the two populations, 

which introduced additional uncertainty.  

In general, children gained greater relative benefit from antiemetic regimens compared to the 

reference treatment (ondansetron) (i.e. when the regimen was effective in adults, it was more effective 

in children). However, this was not always the case, which made predictions of the treatment effect of 

olanzapine regimens unreliable. In particular, prediction methods failed to identify the lack of benefit 

derived from the addition of olanzapine to ondansetron and dexamethasone alone in children. 

Clinically, this is also an important takeaway, suggesting olanzapine is only effective when given with 

aprepitant + ondansetron + dexamethasone in children.  

Uncertainties remain around the use of external evidence for improving the understanding of nausea 

prevention, as well as whether accounting for potential effect modifiers would reduce the 

heterogeneity, both within and between populations (potentially improving predictions of treatment 

effects in children).  

When considering information sharing methods in other areas of child health, these analyses support 

the use of methods which account for differences in treatment effects between children and adults, but 

it may be prudent to compare published treatment effect estimates between populations (and 

determine the potential size of the treatment network) to inform the potential usefulness of including 

adult evidence in the synthesis. Finally, there is a range of information sharing methods available, as 

well as alternative sources of external evidence, which should be considered carefully within the 

specific clinical context of the child health field. 

 

4.6 Dissemination  
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• A summary of these methods and their potential benefit within the field of child health has 

been previously presented at the N8 Computationally Intensive Research (CIR) national 

conference, the poster for which is included in the Appendix for this chapter (Appendix 

section 4.5). 

• The results reported in this chapter have been presented at the Children’s Cancer and 

Leukaemia Group (CCLG): The Children and Young People's Cancer Association conference 

in Birmingham 2024 (Appendix section 4.5). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

126 

 

5 Chapter Five: Multivariate synthesis of nausea and 

vomiting outcomes  
 

5.1 Introduction and rationale  
 

In this chapter, multivariate synthesis will be applied to determine whether it is possible to 

borrow strength (through correlation) from the estimated mean of the treatment effect on 

vomiting outcomes to improve the precision of nausea outcomes (which are less well reported in 

children).  

As seen in previous chapters of this thesis, data on nausea are limited compared to that on vomiting 

(particularly complete response outcomes). For example, when synthesising aggregate data in Chapter 

3, nausea could not be assessed in the acute and delayed phase separately due to data scarcity. 

Furthermore, limited data meant that treatment effect estimates, particularly for antiemetic regimens 

given without dexamethasone, were uncertain.  

Multivariate synthesis, which incorporates IPD, offers an opportunity to improve the precision of 

treatment effect estimates (Riley et al., 2015) relating to nausea. Furthermore, accessing the IPD from 

clinical trials may allow for assessment of antiemetic efficacy on nausea prevention, separately in the 

acute and delayed phases. This is because there will be a greater opportunity to standardise 

measurements across clinical trials (Stewart and Tierney, 2002), preventing the unnecessary exclusion 

of inconsistently reported data that we saw with the aggregate data synthesis. There may also be an 

opportunity to assess additional outcomes related to nausea, such as its severity or the length of time 

spent feeling nauseous (should they have been collected but not reported), both of which have been 

identified as important by the children and families in this project.  

Within this chapter, the two different multivariate syntheses (a frequentist multivariate meta-analysis 

and Bayesian multivariate NMA) will be described, alongside the results of applying these methods to 

the antiemetic data in children. The ability of the analyses to improve the precision of treatment effect 

estimates on nausea will be discussed, along with remaining uncertainties about nausea prevention in 

children receiving chemotherapy, both in the context of the existing literature and insights from 

children and families’ involvement. As with previous chapters, this chapter will finish with some 

methodological considerations, informed by the experience of conducting these multivariate 

syntheses, which may be helpful when using these methods in other areas of child health.    
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5.2 Methods  
 

5.2.1 Exploring individual-level correlation  

 

To firstly explore the individual-level relationship between binary nausea and vomiting outcomes 

requested in the IPD (see Appendix 2.5 for the outcomes requested) (i.e. how likely a patient is to 

experience both nausea and vomiting), the correlation between these variables was estimated using 

the phi coefficient (a measure of the strength of the relationship between the two pairs of binary 

variables) (Edgerton, 1960) using clinical trials which contain IPD for nausea outcomes 

(Radhakrishnan et al., 2019, Naik et al., 2020) (see Appendix 5.1.1 for code).  The relationship 

between continuous nausea and vomiting outcomes (i.e. severity outcomes) was explored graphically.  

 

5.2.2 Multivariate synthesis  

 

Two methods of multivariate synthesis were applied: a frequentist multivariate meta-analysis  

proposed by Riley et al. 2015 (Riley et al., 2015) (see Appendix 5.1.4 for code) and a Bayesian 

multivariate NMA proposed by Achana et al. 2014 (Achana et al., 2014a) (see Appendix 5.2.2 for 

code). 

Within this chapter, the multivariate meta-analysis proposed by Riley et al. 2015 (Riley et al., 2015), 

is considered the primary analysis method (and is reported in the main text for this chapter). This is 

because when applying the multivariate NMA proposed by Achana et al. 2014 (Achana et al., 

2014a)(reported in Appendix 5.2), issues were encountered when computing the variance-covariance 

matrix due to the number of studies available for analysis. A modification to the bounds of the prior 

distribution for the within-study correlation was required to make the variance-covariance matrix 

invertible. However, this alternative modelling assumption may not be unrealistic in the context of the 

data and resulted in uncertain estimates of treatment effect (see Appendix 5.2.1 for a more detailed 

explanation, along with the methods and results for these analyses). 

Three-outcome multivariate syntheses (meta-analysis and NMA) were first conducted using the 

binary outcomes of complete response (i.e. no vomiting or rescue medication), vomiting and nausea. 

When attempting to include additional outcomes (namely, those of nausea severity and vomiting 

severity), difficulties arose when computing the variance-covariance matrices (this was likely due to 

the use of a bootstrapping method (see Appendix 5.1.1 for code), which approximates the within-

study correlation for pairs of outcomes. Small errors in this approximation may have led to estimates, 

which made the matrix non-invertible with more than three outcomes)). 
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Instead, to explore nausea severity outcomes, an additional three-outcome multivariate synthesis of 

complete response, nausea severity and vomiting severity was conducted using the primary analysis 

method, i.e. the multivariate meta-analysis. The outcomes included in this synthesis were selected on 

the basis of the strength of correlation.  

Analyses of all outcomes were conducted separately for the acute, delayed and overall phases. An 

alternative approach was considered, whereby all outcomes from all phases would be included in a 

single analysis; however, the correlation in treatment effects between outcomes from different phases 

was generally low (e.g. a well-controlled acute phase does not necessarily mean a well-controlled 

delayed phase), and therefore, the analyses were likely to have been of little benefit.   

In line with previous analyses in this thesis, and as differences in relative treatment effect may exist 

between those receiving regimens with or without dexamethasone, sensitivity analyses were 

conducted for the three outcome multivariate meta-analysis and NMA of binary outcomes (complete 

response, nausea and vomiting) including only patients who received dexamethasone and then 

compared with analyses including all patients (i.e. regardless of whether they received dexamethasone 

or not). Where no differences were identified, those analyses with all patients made up the primary 

analysis.  

In the interest of time and given that sensitivity analyses were comparable with the main analysis, no 

further sensitivity analyses were conducted for the multivariate meta-analysis of severity outcomes. 

Table 5-1 summarises the analysis method and data used to synthesise each set of outcomes.  
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Table 5-1. Multivariate synthesis methods and contributing data that were used to analyse each outcome set. 

 Outcome set 

 Complete response, nausea, and 

vomiting 

Complete response, nausea severity, 

and vomiting severity 

Synthesis method Multivariate 

meta-analysis  

Multivariate 

NMA 

Multivariate 

meta-analysis  

Multivariate 

NMA 

Main analysis  

IPD and Aggregate data, including all 

patients (with or without dexamethasone 

use) 

   
 

Sensitivity analyses * 

IPD and Aggregate data, including only 

patients receiving dexamethasone 
  

  

IPD only, including only patients 

receiving dexamethasone 
  

  

IPD only, including all patients (with or 

without dexamethasone use) 
  

  

Separate multivariate synthesis containing only patients who did not receive dexamethasone could not be 

considered, as the clinical trials including these patients did not have nausea outcomes available in their IPD. 

 

5.2.2.1 Multivariate Meta-Analysis (frequentist framework) 

 

The multivariate meta-analysis proposed by Riley et al. 2015 (Riley et al., 2015) uses a two-stage 

approach, where in the first stage, within-study correlations between pairs of treatment effects are 

derived from each study separately using a bootstrapping method, before being combined in a second 

stage, using a multivariate meta-analysis model applied in a frequentist framework (Riley et al., 

2015).  

The method was applied to synthesise clinical trials assessing the addition of aprepitant to 

ondansetron and dexamethasone in children, as this was the most common treatment comparison 

available in the IPD.  

Preparing data for the multivariate meta-analysis   

Data were prepared to conduct the two multivariate syntheses (Table 5-1) containing the outcomes of: 

1) Nausea (binary data), vomiting (binary data) and complete response (binary data) 

2) Nausea severity (measured on the ESAS scale (ordinal data), vomiting (number of vomits- 

count data) and complete response (binary)  
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For binary data, the log relative risk (logRR), along with its standard error, was estimated for each 

outcome in each study, in R using a binomial generalised linear model (glm) with a log link function. 

See Appendix 5.1.1 for R code. For some binary outcomes, this glm failed to estimate coefficients to 

fit to the data, and where this was the case, a Poisson fixed-effects glm with robust errors was used 

instead (Zou, 2004).  

Count data (i.e. vomiting severity) mainly showed right-skew distributions within clinical trials; 

therefore, a negative binomial model was applied to estimate rate ratios (a Poisson regression model 

was considered but generally showed poorer fit compared to the negative binomial model).  

Finally, for ordinal data (i.e. nausea severity), odds ratios were estimated using an ordinal logistic 

regression model. A Gaussian glm was considered as the severity scale has 10 categories; however, 

the data showed a right-skewed distribution, in which case previous research has advised against 

treating these data as continuous (Rhemtulla et al., 2012)). 

Within-study correlation between the treatment effect estimates of pairs of outcomes was then 

obtained using a bootstrapping method. This method produced 2000 pairs of log relative risk 

estimates for each pair of outcomes, from which their correlation is estimated, the R code for which is 

also reported in Appendix 5.1.1. From these estimates, the variance was also calculated, along with 

the covariance between each outcome.  

These data were organised using a wide format in Excel, i.e. one row per study, with a separate 

column for the treatment effect, variance, covariance, standard error and within-study correlation for 

each outcome. IPD studies that did not report all outcomes, i.e. where treatment effect estimates were 

missing, were included by setting the relative treatment effects and the correlation between that 

outcome and any others was set to zero, whilst the variance was set to a very large value (10,000) 

(Riley et al., 2015).  

Studies that only contributed aggregate data could also be included. For these studies, the treatment 

effect and standard error were estimated for each outcome, and the correlation between pairs of 

outcomes was assumed to be the mean within-study correlation of those studies with IPD available.  

The final data tables used for analyses of acute, delayed and overall phase outcomes are included in 

Appendix 5.1.2- 5.1.3.  

 

Conducting the multivariate meta-analysis using the R package ‘mvmeta’ 

For each multivariate synthesis (Table 5-1), data tables (Appendix 5.1.2- 5.1.3) were read into R. The 

package ‘mvmeta’ (Gasparrini, 2019), was then used to conduct the multivariate meta-analysis, which 

requires input of both the covariance matrix, along with the treatment effect estimates for each 
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outcome (see Appendix 5.1.4 for R code). For comparison, and to determine whether there was an 

increase in the precision of treatment effect estimates of the nausea outcomes, a univariate meta-

analysis was also conducted for these outcomes.  

For both univariate and multivariate meta-analyses, fixed and random-effects models (using a 

restricted maximum likelihood) were considered. As in previous chapters, given the clinical 

heterogeneity in the child population, there is likely to be statistical heterogeneity in the treatment 

effect present, but there may not be sufficient studies to estimate between-study heterogeneity.  

Sensitivity analyses excluding studies with aggregate data only were conducted for the three-outcome 

multivariate synthesis of binary outcomes (see Table 5-1) and the results are reported in Appendix 

5.1.6.  

 

5.3 Results  
 

5.3.1 Correlation at the individual level between nausea and vomiting outcomes 

 

Only two IPD studies contained data for nausea outcomes. These were Radhakrishnan et al. 2019, 

which assesses the effect of adding fosaprepitant to ondansetron and dexamethasone (Radhakrishnan 

et al., 2019) and Naik et al. 2020, which assesses the addition of olanzapine to aprepitant, ondansetron 

and dexamethasone (Naik et al., 2020). The relationships between nausea and vomiting at an 

individual level (i.e. the chances of experiencing both nausea and vomiting) are included in Appendix 

5.1.5. As expected, there are negative correlations between nausea (a negative outcome) and complete 

response (a positive outcome), and a positive correlation between nausea and vomiting (a negative 

outcome). Nausea and vomiting severity were also positively correlated. 

5.3.2 Results of the multivariate meta-analysis 

 

5.3.2.1 Within-study correlation in treatment effect estimates.  

 

As the multivariate meta-analysis assessed the treatment comparison of NK1 antagonists + 

ondansetron + dexamethasone vs ondansetron + dexamethasone, only Radhakrishnan et al. 2019 

(Radhakrishnan et al., 2019) provided data for the within-study correlation between treatment effects 

of pairs of outcomes, including nausea.  

Of note, when comparing the mean within-study correlation in treatment effect estimates for pairs of 

binary outcomes (Table 5-2) to the correlation in these outcomes at the individual level (see Appendix 

5.1.5), the correlation in treatment effect estimates is lower than the individual-level correlations. This 



 
 

132 

 

indicates that individual-level correlation, i.e. whether a patient experiences both nausea and 

vomiting, does not directly translate into correlation in the relative effect of treatment, i.e. how well a 

treatment prevents these outcomes.  

As expected, the treatment effect on nausea outcomes and vomiting outcomes shows a positive 

correlation (as these are both negative outcomes and if one improves, so does the other), whilst nausea 

outcomes and complete response (a positive outcome) are negatively correlated (Table 5-2, Table 5-3). 

Correlations are consistently stronger between nausea severity outcomes and complete response 

(Table 5-3), compared to the binary outcome for nausea and complete response (Table 5-2). No 

correlations show a strong relationship (i.e. are over 0.5 (Riley et al., 2017)).  

 

Table 5-2. Within-study correlation in treatment effect estimates between pairs of binary outcomes (nausea, 

vomiting and complete response) estimated from Radhakrishnan et al. 2019 (Radhakrishnan et al., 2019). 

 Within-study correlation between outcome pairs  

 Nausea and Complete response 

 

Nausea and Vomiting 

 

Acute phase -0.311 0.294 

Delayed phase -0.286 0.175 

Overall phase -0.477 0.329 

 Treatment comparison: NK1 antagonists (aprepitant or fosaprepitant) + ondansetron + 

dexamethasone VS ondansetron + dexamethasone. 

 

Table 5-3 Within-study correlation in treatment effect estimates between outcome pairs (nausea severity,  

vomiting severity and complete response) estimated from Radhakrishnan et al. 2019 (Radhakrishnan et al., 

2019). 

 Within-study correlation between outcome pairs  

 Nausea severity and  

Complete response 

 

Nausea severity and  

Vomiting severity 

 

Acute phase -0.489 0.346 

Delayed phase -0.312 0.263 

Overall phase -0.482 0.321 

 Treatment comparison: NK1 antagonists (aprepitant or fosaprepitant) + ondansetron + 

dexamethasone VS ondansetron + dexamethasone. 

 

5.3.2.2 Univariate vs multivariate meta-analysis results 

 

When comparing the univariate meta-analysis of the binary variable for nausea to the multivariate 

meta-analysis (of complete response, and binary variables for nausea and vomiting) (Table 5-4), it is 

evident that some borrowing of strength is occurring, as the point estimates for the treatment effect on 

nausea prevention have shifted for the acute, delayed, and overall phases. In the multivariate analyses 
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(both fixed and random effects), the point estimate for the relative effect of NK1 antagonists is larger 

in all phases, compared to the univariate analysis.  

For all outcomes, the associated uncertainty around the treatment effect estimates has increased when 

using the multivariate analyses compared to the univariate analysis, i.e. the confidence interval width 

is larger, and estimates in all phases still cross the line of no effect (Table 5-4), which is likely linked 

to the low correlation strength (Table 5-2). 

Estimates produced from analyses including IPD only and those including only patients receiving 

dexamethasone are reported in Appendix 5.1.6, but demonstrate comparable results, with a shift in the 

point estimate of treatment effect, but a lack of improvement in the precision of results.  

When comparing the univariate meta-analysis of nausea severity to the multivariate meta-analysis (of 

complete response and nausea and vomiting severity)(Table 5-5), small precision gains were seen in 

the acute phase (with both the fixed and random effects models), which may be owing to the 

marginally stronger correlation between complete response and severity outcomes compared to the 

binary outcomes (Table 5-2, Table 5-3). Point estimates are generally higher in the multivariate 

analysis (indicative of a smaller treatment effect), and the multivariate meta-analysis failed to detect a 

benefit of adding an NK1 antagonist to ondansetron + dexamethasone in the acute phase (which was 

identified in the univariate analysis).  

As no notable differences were identified when including or excluding aggregate data and patients 

taking regimens without dexamethasone in the main analyses (i.e. that of binary outcomes), all data 

were included in these additional analyses assessing severity outcomes, and severity analyses have not 

been conducted here in the interest of time.  



 
 

134 

 

Table 5-4. Univariate vs multivariate meta-analysis of the binary variable for nausea from studies comparing NK1 antagonists (aprepitant or fosaprepitant) + ondansetron 

(with or without dexamethasone) vs ondansetron, including IPD and aggregate data and patients/studies with or without dexamethasone in the antiemetic regimen. 

 

Table 5-5 Univariate vs multivariate meta-analysis of nausea severity, from studies comparing NK1 antagonists (aprepitant or fosaprepitant) + ondansetron vs ondansetron, 

including IPD and aggregate data and patients/studies with or without dexamethasone in the antiemetic regimen. 

*Including data on nausea severity only, the fixed effect model was used as the analyses were informed by one study. ** including data on complete response, vomiting 

severity and nausea severity. MD- mean difference, ***between study heterogeneity close to zero, as there is only one study reporting nausea outcomes. N.B. Estimates below 

one indicate a relative benefit of adding an NK1 antagonist to ondansetron.  

 

 
Univariate analysis 

(Fixed effects) *  

RR (95%CI) 

Confidence 

interval 

width 

Multivariate analysis** 

(Fixed effects)  

RR (95%CI) 

Confidence 

interval 

width 

Multivariate analysis** 

(Random effects)  

RR (95%CI) 

Confidence 

interval 

width 

Between-study 

heterogeneity  

Acute phase 0.433 (0.175 to 1.073) 0.898 0.550 (0.231 to 1.309) 1.078 0.555 (0.233 to 1.320) 1.087 0.001 

Delayed 

phase 
0.675 (0.291 to 1.564) 1.273 0.796 (0.352 to 1.798) 1.446 0.750 (0.326 to 1.723) 1.397 0 

Overall 

phase 
0.714 (0.365 to 1.399) 1.034 0.989 (0.585 to 1.675) 1.090 0.801 (0.424 to 1.511) 1.087 0 

*Including data on nausea only, the fixed effect model was used as the analyses were informed by one study, ** including data on complete response, vomiting and 

nausea. RR- relative risk ***between study heterogeneity close to zero, as there is only one study reporting nausea outcomes. N.B. Estimates below one indicate a 

relative benefit of adding an NK1 antagonist to ondansetron.  

 

 
Univariate analysis 

(Fixed effects) *  

OR (95%CI) 

Confidence 

interval 

width 

Multivariate analysis** 

(Fixed effects)  

OR (95%CI) 

Confidence 

interval 

width 

Multivariate analysis** 

(Random effects)  

OR (95%CI) 

Confidence 

interval 

width 

Between-study 

heterogeneity  

Acute 

phase 

0.804 (0.660 to 0.979) 

 

0.319 

 
0.873 (0.731 to 1.043) 0.312 

 

0.840 (0.699 to 1.009) 

 

0.310 

 

0.032 

 

Delayed 

phase 

0.845 (0.625 to 1.143) 

 

0.518 

 

0.932 (0.698 to 1.243) 

 

0.543 

 
0.930 (0.694 to 1.246) 0.552 

 

0.002  

 

Overall 

phase 

0.620 (0.411 to 0.937) 

 

0.526 

 
0.734 (0.507 to 1.062) 

0.555 

 
0.701 (0.485 to 1.032) 0.547 

 

 0.013 
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5.4 Discussion.  
 

Multivariate synthesis using IPD has the potential to improve our understanding of the treatment 

effect of poorly reported outcomes, through the borrowing of statistical strength (via correlation) from 

better-reported outcomes of clinical trials (Riley et al., 2015). This potential has been explored within 

this chapter for outcomes of nausea (borrowing strength from vomiting outcomes) within clinical 

trials of antiemetic medications in children.  

 

5.4.1 Correlation between outcomes at the individual level 

 

Within-study correlation in treatment effects arises because multiple outcomes are measured on the 

same individuals, and patient outcomes may be correlated at the individual level (Riley et al., 2015). 

This individual-level correlation between nausea and vomiting outcomes, i.e. if patients who felt 

nauseous also vomited, was explored, showing (an expected) higher correlation between outcomes of 

nausea and complete response, compared to nausea and vomiting alone, in both of the clinical trials 

which reported nausea within their IPD (Radhakrishnan et al., 2019, Naik et al., 2020). This is 

because the outcome of complete response often incorporates the use of rescue medication; therefore, 

it may capture those patients who had significant nausea but did not vomit. In Naik et al. 2020 a 

stronger correlation is seen between the binary nausea and vomiting outcomes, compared to in 

Radhakrishnan et al., 2019 (Radhakrishnan et al., 2019), potentially due to the differential effects on 

nausea outcomes of treatments being received in each study.  

Exploration of the IPD showed that whilst there were patients who felt nauseous but did not vomit, 

there were also patients who vomited but did not feel nauseous, meaning the relationship between the 

nausea and vomiting outcome is not perfect. This could be a true phenomenon, i.e. children vomit 

without feeling particularly nauseous beforehand.  Alternatively, this could be a result of 

underreporting of nausea, particularly in young children, as nausea may be a difficult thing to describe 

for very young children, and therefore, may not be as readily identified by healthcare professionals or 

those involved in the data collection within the clinical trials.   

 

5.4.2 Within-study correlation in treatment effects  

 

Following this exploration, the within-study correlations in treatment effects for pairs of nausea and 

vomiting outcomes were estimated to inform the multivariate syntheses. Within-study correlations 

both between binary outcomes, i.e. nausea vs vomiting and complete response, and between the 

outcomes of nausea severity vs vomiting severity and complete response, were not particularly strong, 
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i.e. above 0.5. This is a level that has previously been suggested as bringing benefit to multivariate 

synthesis (Riley et al., 2017). This supports what children and families involved in this project have 

told us about antiemetic medications, preventing them from being sick, but not preventing them from 

feeling sick, i.e. antiemetic regimens are having a differential effect on different outcomes.  

As such, it may have been possible to predict at this stage that the gains in precision when using the 

multivariate synthesis would not be meaningful. Correlations were found to be slightly higher 

between severity outcomes and complete response, indicating the addition of aprepitant to 

ondansetron and dexamethasone may be more beneficial at reducing the severity of nausea than 

eliminating nausea completely. 

Between binary outcomes, within-study correlations in the treatment effect of olanzapine + aprepitant 

+ ondansetron vs aprepitant + ondansetron (reported in Naik et al. 2020 (Naik et al., 2020)), were 

greater than those of fosaprepitant + ondansetron vs ondansetron (reported in Radhakrishnan et al. 

2019 (Radhakrishnan et al., 2019)). Again, this may be impacted by a lack of detection of nausea in 

younger children, as the median age in Radhakrishnan et al. 2019 (Radhakrishnan et al., 2019) was 

lower than in Naik et al. 2020 (Naik et al., 2020).  

Alternatively, this could be a true effect, indicating differences in how well antiemetic regimens 

within the clinical trials are preventing nausea and vomiting. Given that children involved in this 

project have shared their experiences of feeling nauseous, despite not vomiting, this is likely 

something that needs to be further explored, particularly as children have shared the distressing nature 

of feeling sick for long periods of time after chemotherapy.   

 

5.4.3 Borrowing strength from vomiting to nausea outcomes 

 

Multivariate meta-analysis  

 

The application of a multivariate meta-analysis has resulted in borrowing of information, firstly, 

between binary variables (nausea, vomiting and complete response), where the point estimates for the 

treatment effect on nausea were larger with the multivariate analysis vs the univariate analysis. This 

can be interpreted as the addition of NK1 antagonists to ondansetron and dexamethasone having a 

smaller effect (as relative risk estimates are below one) when estimated using the multivariate meta-

analysis compared to the univariate analysis. Given that the multivariate meta-analysis failed to 

improve the precision of estimates of treatment effect on nausea (i.e. the estimates in the acute, 

delayed and overall phase crossed the line of no effect (as they did in the univariate analysis)), our 

conclusion about the efficacy of the antiemetic regimen for this binary outcome has not changed.  
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Secondly, between nausea and vomiting severity outcomes and complete response, point estimates 

were again higher in multivariate analysis (and slight precision gains were seen in the acute phase), 

suggesting borrowing of strength is occurring. However, multivariate analyses did not detect the 

benefit of adding fosaprepitant to ondansetron + dexamethasone for nausea prevention in the acute 

phases, despite this being indicated within the univariate analysis. This finding, to our knowledge, has 

not been previously published. However, given the conflict in conclusions between models, further 

research may be needed to establish this benefit. Any future clinical trials should endeavour to collect 

nausea outcomes in children, as these analyses have highlighted that there may be no good substitute 

or proxy for this data.  

In these analyses, the extent of borrowing of strength has been assessed informally by comparing 

point estimates and the size of the confidence interval. However, the extent to which statistical 

strength is borrowed can be formally assessed (i.e. defined mathematically) using methods proposed 

in Jackson et al. 2017 (Jackson et al., 2017).  

Consistent conclusions between multivariate and univariate meta-analysis is in keeping with previous 

research, for example, a methodological study which reanalysed studies from the Cochrane Library of 

Systematic Reviews, demonstrated the ability of multivariate meta-analysis techniques to improve the 

precision of treatment effect estimates, compared to univariate meta-analysis, but highlighted that 

differences are in most cases modest and may not change the overall conclusion of a review 

(Trikalinos et al., 2014).  

As previously mentioned, the size of the within-study correlations (which in our case were not 

particularly strong (<0.5)), along with the number of studies reporting the outcome of interest, the 

proportion of studies missing the outcome of interest and the number of studies overall, can all impact 

the extent to which information can be borrowed between outcomes (Hattle et al., 2022). As such, it 

may have been possible to predict the outcome of these analyses informally, or through the use of 

tools such as the ‘borrowing of strength prediction model’ proposed by Hattle et al. 2022 (Hattle et al., 

2022).   

Finally, the meta-analysis approach may be limited, compared to a multivariate NMA, as additional 

data from other treatment comparisons could not be included, and you lose the ability to improve 

precision through the estimation of indirect effects.  

 

5.4.3.1 Multivariate NMA 

 

This alternative approach was explored in a Bayesian framework, using methods proposed in Achana 

et al. 2014 (Achana et al., 2014a) (see Appendix 5.2 for further details). Theoretically, for the 

antiemetic data in children, this method is favourable as it allows for inclusion of additional regimens, 
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and the additional information provided by indirect estimates of treatment effect. However, the small 

number of clinical trials reporting nausea data began to significantly limit the analyses, as the standard 

error for the mean within-study correlation, for all outcome pairs, was large, and when used to specify 

the prior distribution for the variance-covariance matrix, the matrix would not compute (i.e. was not 

invertible).   

Instead, an artificially small standard error was required (restricting the range of the prior 

distribution), but the results from these analyses were uncertain in all cases, and the between-study 

heterogeneity was generally large. The precision of estimates of treatment effect on nausea was, 

therefore, notably larger than those in the univariate analysis (conducted with an informative prior for 

the between-study heterogeneity parameter). This suggests that modelling assumptions of the 

multivariate NMA may not be appropriate, and the prior distribution for within-study correlations may 

not be realistic in the context of these data.  

The use of IPD, however, has allowed for analysis of nausea by phase (i.e. acute, delayed and overall 

phase), which wasn’t possible within the aggregate data NMA. The results from the univariate NMA 

indicate a benefit of adding olanzapine to aprepitant, ondansetron and dexamethasone in all phases, 

something which wasn’t detected with the multivariate approach. Clinically, this is an important 

finding, confirming the benefit of olanzapine + aprepitant + ondansetron identified in Naik et al. 2020 

(Naik et al., 2020) when this evidence is synthesised with other studies.  

 

5.4.4 Key areas of remaining uncertainty from the analyses  
 

5.4.4.1 Remaining uncertainties regarding antiemetic efficacy for nausea prevention 

 

As the multivariate syntheses did not meaningfully improve the precision of treatment effect estimates 

for nausea outcomes, there are remaining uncertainties, in particular, whether or not adding NK1 

antagonists to ondansetron is beneficial for the complete prevention of nausea in the acute and 

delayed phase, as well as the reduction of nausea severity, in the delayed phase. 

In general, the analyses here were limited by the fact that of the clinical trials contributing IPD to this 

project, only two collected data on nausea, resulting in a lack of information on the within-study 

correlation between nausea and vomiting outcomes, and a limited number of events contributing to 

the estimated treatment effects.  

As the available information on the within-study correlation between nausea and vomiting outcomes 

came from those studies giving antiemetics with dexamethasone, it was also not possible to conduct 

analyses separately for antiemetic regimens without dexamethasone. Although sensitivity analyses 

excluding antiemetic regimens without dexamethasone were comparable to the main analyses, the 
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uncertainties identified in Chapter 3 of this thesis (see Section 3.5.2) regarding the efficacy of 

antiemetic regimens without dexamethasone for the prevention of nausea largely remain.  

It was also not possible to include IPD from additional treatment comparisons, such as those assessing 

palonosetron or granisetron (data from these clinical trials were sought, but despite some clinical trials 

being conducted recently, no response was received). It has therefore not been possible to improve on 

our understanding of these 5-HT3 antagonists for nausea prevention (over and above aggregate data 

synthesis reported in Chapter 3), and it remains unknown whether these clinical trials could have 

brought additional value to the multivariate synthesis. For example, these studies could have provided 

additional information to construct the prior distribution for the within-study correlation in the 

multivariate NMA. This is one example of the importance of clinical trial investigators safely storing 

their data and, where possible, making these data available to researchers conducting evidence 

synthesis.  

 

5.4.4.2 Remaining uncertainties regarding antiemetic efficacy for alternative measures of nausea  

 

Multivariate synthesis methods applied in this chapter can accommodate the inclusion of different 

types of variables (binary, count data, continuous data, etc.)(Riley et al., 2015). Therefore, these 

analyses have allowed for the assessment of the binary variable for nausea (i.e. whether the patient did 

or did not experience nausea) as well as nausea severity (measured on the ESAS scale). Other 

variables relating to nausea, such as the length of time feeling nauseous, and the wider quality-of-life 

impacts of nausea, including sleep quality and quantity and motion sickness, were seldom collected 

(see Appendix 2.5) and therefore the effect of antiemetic regimens on these outcomes remains 

unknown.  

These outcomes have been identified through the involvement of patients and their families in this 

project as important (see Chapter 2, Section 2.2), as they make a substantial difference to their daily 

quality of life during chemotherapy treatment. It also remains unknown whether the treatment effects 

on these patient-important outcomes are more strongly correlated with vomiting outcomes, and 

therefore whether these may be better candidates for inclusion in a multivariate synthesis (i.e. whether 

there may be more potential for borrowing of strength).  

Clinical trials should be collecting these patient-important outcomes, and reporting them consistently, 

and in line with other clinical trials in the field, to aid the synthesis of their findings. Standardised 

measures are available to measure nausea severity in children, e.g. the Baxter Retching Faces [BARF] 

scale or the Pediatric Nausea Assessment Tool (PeNAT) (which are effective at capturing the outcome 

in young children) (Baxter et al., 2011, Dupuis et al., 2006), and the use of these scales should be 

encouraged, even if nausea is perceived as a more difficult outcome to collect.  
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5.4.5 Methodological considerations for conducting multivariate synthesis with child data  
 

5.4.5.1 Preliminary investigations for determining the usefulness of conducting a multivariate 

synthesis with child data.   
 

Within-study correlation estimates required to conduct multivariate synthesis are rarely available in 

published study reports (Riley, 2009). Without this data being published or provided by clinical trial 

investigators, it may be necessary to obtain the IPD from individual trials to calculate the within-study 

correlation between outcome pairs of interest.  

 

As acquiring and analysing IPD requires a large amount of time and resources (much more than is 

needed for an aggregate data synthesis), it may be important to consider what the likely value of 

conducting a multivariate synthesis is, over and above a univariate synthesis. As these analyses have 

shown, benefits in terms of precision gains can be minimal.  

 

Based on the experience of conducting these multivariate syntheses (as well as existing guidance 

(Hattle et al., 2022)), there are several preliminary checks which would be useful to conduct prior to 

acquiring IPD in children, and before deciding on the final synthesis methods.  

 

Checking the number of clinical trials with IPD available for your outcome of interest 

 

If considering using a multivariate synthesis in child health, it is important to consider the extent to 

which the outcome of interest is available within the IPD you wish to obtain. Previous work 

demonstrates that the total number of available studies and the availability of outcomes of interest 

impact the extent of borrowing of strength in the multivariate synthesis (Hattle et al., 2022). 

 

The number of studies with the outcome of interest available in their IPD, and therefore the number of 

within-study correlations that are estimable, may also impact your choice of method. For example, as 

we have shown here that the usefulness of the multivariate NMA proposed by Achana et al. 2014 

(Achana et al., 2014a) was limited due to the lack of sufficiently precise within-study correlation 

estimates to allow specification of an appropriate prior distribution for the variance-covariance matrix.  

 

It may be prudent to check with trial investigators and/or companies, where possible, the exact 

variables that are held in the IPD, prior to making the application. This way, you can ensure that a 

sufficient number of the clinical trials will have data available on your outcome of interest, for the 

application of a multivariate synthesis method to be beneficial. Where IPD are not available to derive 

within-study correlation estimates, it may be possible to approximate these from aggregate data (e.g. 
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number of participants contributing to each outcome, effect measures and measures of uncertainty) 

using methods proposed by Wei et al. 2013 (Wei and Higgins, 2013b). 

 

Considering the strength of correlation in treatment effect estimates 

 

For multivariate synthesis methods to be valuable in child health (i.e. to improve the precision of the 

poorly reported outcome), there needs to be sufficient correlation in treatment effect estimates 

between the outcomes of interest. The higher the correlation between outcomes, the larger the extent 

of borrowing of strength in the synthesis (Hattle et al., 2022). This may not always be easy to predict 

before obtaining IPD (as within-study correlations are seldom reported in clinical trial publications 

(Riley, 2009)), but an empirical comparison of reported treatment effect estimates could help to build 

a sense of the extent of correlation, as well as discussion with clinical experts within the field. 

 

Considering the impact of missing data in different subgroups on the within-study correlation   

 

Even if a clinical trial collects and reports your outcomes of interest, correlations between these 

outcomes of interest may be impacted by missing data within the clinical trial itself. For example, 

subjective outcomes are more likely to be underreported in younger children compared to older 

children, making the within-study correlations age-dependent. If the clinical trials for which you hold 

IPD evaluate treatments predominantly in young children, your estimates of within-study correlation 

may not be representative of the entire paediatric population (should these be age-dependent).  

 

Considering the likelihood of subgroup-dependent within-study correlations may involve 1) 

considering the likelihood of missing data in different groups of patients, 2) considering the possible 

impact this may have on the within-study correlation estimates for your outcomes of interest, and 3) 

checking the baseline characteristics of the clinical trial for which you are likely to obtain IPD. It may 

also be useful to empirically compare the treatment effect estimates between outcomes of interest, 

across studies, particularly across those clinical trials which differ in terms of their baseline 

characteristics.  

 

5.4.5.2 Choice of method for conducting multivariate synthesis  

 

5.4.5.2.1 One-stage vs two-stage approach.  

 

The multivariate syntheses applied in this chapter (Riley et al., 2015, Achana et al., 2014a) have been 

conducted using a two-stage approach, i.e. whereby the within-study correlation estimates are 

calculated in the first stage and synthesised along with treatment effect estimates in a second stage. If 
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you have IPD held by pharmaceutical companies, this may be held on a separate system, and then a 

two-stage approach may be practically easier, as you can export the summary estimates required and 

combine these other studies in the second stage, rather than needing to combine all IPD together. 

When using a multivariate meta-analysis, one-stage approaches are available (Riley et al., 2015) and 

may be possible if all IPD is held on the same computer. However, one-stage methods have been 

reported to run into convergence issues when trying to accommodate studies with missing outcomes 

(Riley et al., 2015). 

 

5.4.5.2.2 Alternative methods of multivariate synthesis  

 

The multivariate synthesis methods applied within this chapter were chosen primarily due to their 

ability to include both IPD and aggregate data studies, to synthesise data from multi-arm studies, on a 

mixture of outcomes (including binary outcomes), as well as the availability of the code required to 

implement methods in appropriate software (R code and BUGS code). However, there are alternative 

methods that may have been suitable for the data at hand. For example, the multivariate meta-analysis 

methods proposed by Riley et al. (2015) can be applied in a Bayesian framework, where prior 

distributions are required for the within-study correlation and variance, covariance matrix (Riley et 

al., 2015).  

There also exists an extension of multivariate NMA methods proposed by Achana et al 2020 ((Achana 

et al., 2014b), whereby a hierarchical model is used to borrow strength between interventions in the 

same class of treatments (Owen et al., 2020). This could be particularly useful when synthesising 

child health data, where networks may have few trials informing each treatment comparison. 

Other alternative and potentially suitable methods include those proposed by Efthimiou et al. (2015), 

which uses a Bayesian approach to synthesise multiple correlated outcomes (including binary, 

continuous and time-to-event) in a treatment network including multi-arm studies. This paper 

proposes two models, one which assumes within-study correlations are either known or informed by 

external evidence, and another which assumes within-study correlations are completely unknown. 

However, the model has not yet been extended to include mixtures of IPD and aggregate data studies 

(Efthimiou et al., 2015).  

The choice of methods for conducting multivariate synthesis of child health would likely need to 

consider the type of outcome data available, the type of studies from which these data arise (two-arm 

vs multi-arm), and whether within-study corrections are known either from IPD or external sources, 

within all studies or a subset of studies.  

The NICE Decision Support Unit (DSU) provide useful documentation describing multivariate 

synthesis methods for combining treatment effects of multiple correlated outcomes, including the 
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provision of software code (Bujkiewicz et al., 2019), which may serve as a useful starting point when 

deciding between available methods.  

 

5.5 Conclusion  
 

Multivariate synthesis has the potential to improve the precision of treatment effects on poorly 

reported outcomes in child health research, through the borrowing of statistical strength from better-

reported outcomes.  

When applied to synthesise data on nausea (poorly reported) and vomiting (better reported) in 

children receiving antiemetics during chemotherapy treatment, precision was not meaningfully 

improved, despite an indication of some borrowing of information between outcomes. The inclusion 

of IPD did, however, allow for separate assessment of nausea in the acute and delayed phase 

(something which wasn’t possible with aggregate data), as well as the assessment of severity 

outcomes (suggesting a potential benefit of adding NK1 antagonists to ondansetron for reducing 

nausea severity in the acute phase). However, uncertainties remain around the benefit of adding NK1 

antagonists to ondansetron alone, for nausea prevention, along with the effect of all antiemetic 

regimens on patient-important outcomes relating to nausea, including the length of time feeling 

nauseous and impact on wider quality of life. To improve the usefulness of research within this field 

in the future, these outcomes should be prioritised for collection in clinical trials. 

Given the time and resource required to acquire the IPD to inform within-study correlation estimates, 

when applying these methods in other areas of child health it may be prudent to consider the 

likelihood that a multivariate synthesis will be beneficial, including checking the number of clinical 

trials with IPD available for your outcomes of interest, and considering the likely strength of 

correlation in treatment effect estimates between these outcomes.  
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6 Chapter Six: Identification of treatment-covariate 

interactions  
 

In this chapter, IPD will be used to facilitate treatment-covariate interaction analyses using an 

IPD network meta-regression, to determine whether:   

A) Patient-level characteristics alter antiemetic efficacy in children. 

B) Patient-level characteristics alter antiemetic efficacy similarly in children and adults, 

and if so, how this information could be used to improve predictions of relative 

treatment effect in children. 

C) How the proportion of children experiencing adverse effects differs between antiemetic 

regimens.  

Addressing these research questions can be difficult within individual clinical trials for child health 

conditions (due to small sample sizes and therefore insufficient statistical power to detect treatment-

covariate interactions (Riley et al., 2020)) and limited when synthesising aggregate data from clinical 

trials (as subgroup effects would need to be reported consistently across clinical trial publications, 

and/or children’s characteristics would need to be assessed at the study level) (Simmonds and 

Higgins, 2007). However, considering that clinical trials in children often include a range of ages, and 

in some medical fields, such as oncology, different primary diagnoses, it is plausible that there are 

differences in the relative treatment effect between groups of patients within a given paediatric 

population. If this is not accounted for within a data synthesis, there may be residual heterogeneity in 

the average treatment effect estimate (Riley et al., 2020), meaning that average estimates may not be 

generalisable to certain patient groups (Holzmeister et al., 2024). 

When synthesising evidence on antiemetic medications for preventing of CINV in children, we have 

seen in previous chapters of this thesis that treatment effect estimates for specific outcomes (e.g. those 

in the delayed phase) remain imprecise, and incorporation of adult data, has not, in most cases, 

improved the precision, or changed our understanding of which regimens are most effective in 

children (due to heterogeneity in treatment effects between the child and adult populations). The 

remaining uncertainty in treatment effect estimates in children may be attributable to heterogeneity 

within the paediatric population at the participant level. However, aggregate data alone have not 

allowed for exploration of differences in treatment effect between groups of patients, as subgroup 

analyses were seldom reported.  

Despite this, current clinical practice guidelines do make recommendations for the use of more 

effective antiemetic regimens (those including NK1 antagonists and palonosetron) in children known 

to be at high risk of the outcomes they prevent (Walker et al., 2024)(e.g. those on highly emetogenic 
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chemotherapy) (Patel et al., 2022)(as discussed in Chapter 3, Section 3.5.2). Therefore, it would be 

useful to understand whether there are differences in the relative benefit children derive from 

antiemetic regimens depending on their cancer treatment. Furthermore, as we know in practice, some 

children who receive these more effective regimens still experience CINV, exploring whether 

children's individual characteristics, such as age and biological sex, alter treatment benefit is 

warranted. 

In practice, decisions around whether to start children on multi-antiemetic regimens will likely also 

incorporate consideration of harms (as well as costs). The concerns raised by children and families 

about adverse effects and difficulties of taking multiple oral antiemetic medications (see Chapter 3, 

Section 3.4.2) only add to the importance of determining which patients derive the greatest benefit 

from taking multi-medication regimens. With these concerns in mind, an additional, post-hoc 

exploration of the proportion of children experiencing certain adverse effects on different antiemetic 

regimens has also been conducted using the IPD. Both children and their family members said it 

would be useful for this information to be provided in a visual summary or leaflet to facilitate 

discussion with healthcare providers about their supportive care (see Chapter 3, Section 3.4.2).  

This chapter will firstly describe the methods of applying an IPD network meta-regression (as well as 

a ML-NMR to incorporate aggregate data into these analyses) (Phillippo et al., 2020) to identify 

treatment-covariate interactions in the child population, as well as the adult population (for 

comparison with the findings in children). The methods of determining the prevalence of patient-

important adverse effects will also be described. Results of all analyses will then be reported, along 

with a discussion of the identified treatment-covariate interactions, in the context of current clinical 

practice guideline recommendations, as well as the views of children and families. Remaining 

uncertainties about the impact of patient and treatment characteristics on antiemetic efficacy will then 

be discussed, and the chapter will conclude with methodological considerations, informed by the 

experience of conducting these analyses, which may be helpful when using similar methods in other 

areas of child health.    

 

6.1 Methods 

 

6.1.1 Identifying treatment-covariate interactions with child data  

 

To identify interactions between covariates of interest and the relative treatment effects of antiemetic 

regimens in children, an IPD network meta-regression was conducted, using the ‘multinma’ package 

[version 0.8.0] in R [version 4.5.0](Phillippo, 2024a). This package is designed to conduct ML-NMR, 

but converts to an IPD network meta-regression if only IPD are available (Phillippo, 2024b).  
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The IPD network meta-regression model was defined using all available IPD in children. These 

included studies evaluating the addition of aprepitant/ fosaprepitant (NK1 antagonists) to regimens of 

ondansetron (Bakhshi et al., 2015) (Sharma et al., 2023) (Radhakrishnan et al., 2019) (Merck) (Kang 

et al., 2015), and studies evaluating the addition of olanzapine to regimens of aprepitant and 

ondansetron (Naik et al., 2020) or ondansetron (Moothedath et al., 2022). For the purpose of these 

analyses (and because consistent differences had not been identified between the two in aggregate 

data syntheses in Chapter 3 of this thesis), aprepitant and fosaprepitant were grouped into NK1 

antagonists. As with previous analyses in this thesis, ondansetron was used as the reference treatment 

within the network structures. Within the IPD network meta-regression model, interaction effects were 

assumed to be independent of one another. 

Where possible, outcomes identified as being important to patients at the onset of the project were 

analysed (provided they were available in the IPD). This included the binary outcome of nausea, as 

well as nausea severity (measured using the Edmonton Symptom Assessment Scale (ESAS) Tool 

(Bruera et al., 1991)) and the adverse effect of constipation. In addition, the binary outcomes of 

complete response and need for rescue medication were analysed. Clinical trials contributing IPD for 

each of these outcomes are reported in Appendix 2.5 and also summarised for the purpose of these 

analyses in Appendix 6.3. Partial response outcomes were inconsistently available in the IPD and, 

therefore, could not be considered for analysis (see Appendix 2.5). Where possible, outcomes were 

assessed and reported in the main text separately in the acute and delayed phases. Where this was not 

possible, overall phase results are reported in the main text; otherwise, these are included in Appendix 

6.4.  

Estimation of treatment-covariate interaction using the ‘multinma’ package (Phillippo, 2024a) 

requires that covariates of interest be consistently reported in the IPD across clinical trials (as clinical 

trials not reporting a covariate are dropped from the analysis), and there must also be sufficient 

covariate heterogeneity. Covariates meeting these requirements included age, sex, diagnosis (solid 

tumour vs blood cancer) and length of chemotherapy block (single vs multi-day). The inclusion of 

these patient and treatment-related factors was also informed by discussion with clinicians in the field.  

The binary covariate for platinum-based chemotherapies (cisplatin and carboplatin) was not available 

in the IPD for all clinical trials but was identified as being important by clinicians; as such, it was not 

considered in the main analyses. However, this covariate was available within clinical trials reporting 

nausea outcomes, and therefore, a sensitivity analysis was conducted for nausea outcomes, inclusive 

of the covariate for platinum-based chemotherapies (see Appendix 6.4).  

Attempts were made to include further covariates such as emetogenicity of chemotherapy (medium vs 

high), and use of dexamethasone within the regimen; however, for these covariates and for the 

majority of clinical trials (i.e. all clinical trials except Kang et al. 2015 (Kang et al., 2015) and Merck 
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unpublished, for the dexamethasone covariate, and Radhakrishnan et al. 2019 (Radhakrishnan et al., 

2019) for the emetogenicity covariate), patients either all had the same covariate value, or the 

covariate was not available in the IPD. This meant that there was insufficient covariate heterogeneity 

to estimate an interaction coefficient.  

Final models were produced using a forward stepwise approach, whereby each covariate was tested 

separately and included in the model if they were found to be a significant prognostic factor or if it 

interacted with the effect of any treatment in the network. For each IPD-network meta-regression, a 

Bernoulli distribution was used with a logit link to produce odds ratios. At the time of analysis, the 

‘multinma’ package did not include the option to fit a log-link binomial model (i.e. to fit the NMA on 

the RR scale directly), to produce estimates in keeping with the analyses in previous chapters of this 

thesis.    

The opportunity to include aggregate data in the analyses was considered and explored through the 

application of a ML-NMR using the methods described in Philippo et al, 2020 (Phillippo et al., 2020).  

For these analyses, we would be assuming that the covariate distribution and covariate correlation 

structure observed in the IPD are the same in the aggregate data. These distributions are then matched 

to the published summary statistics from the aggregate data studies (Phillippo et al., 2020). For 

aggregate data to be included in these analyses, the summary statistics for covariates of interest need 

to be reported at baseline in clinical trial publications. However, no clinical trials reported all 

covariates included in the IPD meta-regression model described above. Only age and sex were 

reported consistently at baseline across aggregate data clinical trials, and therefore, this approach 

would have required limiting the model to include only these covariates. As such, the inclusion of 

aggregate data was not considered appropriate for the main analyses.   

A sensitivity analysis inclusive of aggregate data was conducted for the complete response outcomes, 

to ensure additional understanding about the effect modification of age and sex was not being missed 

through exclusion of these data. As certain 5-HT3 antagonists (namely, palonosetron and granisetron) 

have no IPD available, a shared effect modifier assumption was required within the 5-HT3 antagonist 

treatment class. This assumes that the effect-modifier interaction coefficients are identical within this 

class. The results for these analyses are reported in Appendix 6.4.  

For all analyses, convergence was checked by graphically assessing the mixing of chains. Both fixed 

and random effects models were fitted, the DICs compared, and the results from the best-fitting model 

reported.  

As multiple outcomes have been assessed as part of these interaction analyses, it may be more 

meaningful (in terms of evaluating the coherence of the evidence) to look for consistency in the 

interaction effect across outcomes. As such, results in the main text are reported by covariate (across 
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outcomes), and the results for each individual outcome (including the structure of the networks that 

informed these) are reported in Appendix 6.4.  

 

6.1.2 Identifying treatment-covariate interactions with adult data  

 

Following the same methodology as for the child data, adult data were then analysed separately to 

produce treatment-covariate interaction estimates, for comparison with those in children.  

Analyses for adult data were only planned and conducted for the main outcomes of complete 

response. Of the covariates included in the analyses of child data, only age and sex were consistently 

reported in the adult IPD, and/ or were available in a usable format. Diagnosis was included in the 

IPD for Weinstein et al. 2016, (Weinstein et al., 2016), but all patients have solid tumours (i.e. all 

patients have the same covariate value). In both adult clinical trials, all patients received 

dexamethasone in the antiemetic regimens (so again, here all patients have the same covariate value), 

and so there was insufficient covariate heterogeneity to produce an interaction estimate from these 

data. In keeping with the main analysis for children, only IPD were included in the main analyses. 

Sensitivity analyses, inclusive of aggregate data, were conducted for the adult analyses and are 

included in Appendix 6.5.  

 

6.1.3 Investigating the prevalence of patient-important adverse effects 

 

The proportion of children experiencing adverse effects on each antiemetic regimen was calculated 

(denominators excluded missing data). The adverse effects which were consistently available in the 

IPD across clinical trials (see Appendix 2.5), and could therefore be summarised, included headache, 

decreased appetite, constipation, diarrhoea, abdominal pain and sedation. These adverse effects are 

reported alongside the proportion of children achieving a complete response in the acute and delayed 

phase to highlight the risk-benefit trade-off, which children and families spoke about as being difficult 

to manage during their treatment.  

The co-occurrence of the benefits of antiemetic regimens (i.e. a complete response in both the acute 

and delayed phase) with adverse effects was also explored graphically by comparing the proportion of 

children who experienced both benefits and adverse effects with those who did not experience these 

benefits but who did experience adverse effects. The results for which are reported in Appendix 6.6.  
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6.1.4 Results 

 

6.1.4.1 Descriptive statistics  

 

Informing the IPD network meta-regression analyses were seven clinical trials providing IPD from 

1065 children (Bakhshi et al., 2015) (Sharma et al., 2023) (Radhakrishnan et al., 2019) (Merck) (Kang 

et al., 2015) (Naik et al., 2020) (Moothedath et al., 2022), and two clinical trials (Weinstein et al., 

2016) (Rapoport et al., 2010) providing IPD from 1832 adults. A further five clinical trials in children 

(Moshayedi et al., 2021, Tan et al., 2018, Gore et al., 2009) (Kovacs et al., 2016, Zheng et al., 2022) 

and seven clinical trials in adults (Kim et al., 2017, Warr et al., 2005, Poli-Bigelli et al., 2003, Schmoll 

et al., 2006, Hesketh et al., 2003, Morteza et al., 2021, Grunberg et al., 2011) provided aggregate data 

to inform the sensitivity analyses, which are reported in the Appendix 6.1.2.  

The baseline characteristics for those covariates informing the IPD network meta-regression analyses 

are reported in Table 6-1. 
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Table 6-1 Baseline characteristics for covariates informing the interaction analyses, across clinical trials providing IPD.  

Population Study Treatment comparison (Treatment vs Control) * 

Covariates included in interaction analyses.  

Age (years- mean (SD)) 

Sex 

 (n (%) female)     

 

Diagnosis  

(n (%) solid tumour)  

Length of 

chemotherapy treatment 

(n (%) on multiday 

regimens) (n (%)) 

Treatment Control Treatment Control Treatment Control Treatment Control 

Child Kang et al. 2015 
NK1 antagonist + ondansetron (44% dexamethasone) 

vs ondansetron (42% dexamethasone) 
8.14 (5.26) 8.28 (5.07) 68 (44) 71 (47) 102 (69) 102 (68) 126 (82) 134 (89) 

Child Merck unpublished 
NK1 antagonist + ondansetron (37% dexamethasone) 

vs ondansetron (37% dexamethasone) 
10.78 (4.29) 10.59 (4.47) 13 (35) 14 (41) 30 (81) 28 (82) 30 (81) 22 (64) 

Child 
Radhakrishnan et al. 

2019 

NK1 antagonist + ondansetron + dexamethasone vs  

ondansetron + dexamethasone 
6.30 (3.46) 5.67 (3.44) 33 (40) 31 (37) 28 (34) 24 (29) 20 (24) 26 (32) 

Child Bakshi et al. 2015 
NK1 antagonist + ondansetron + dexamethasone vs  

ondansetron + dexamethasone 
12.98 (3.21) 13.57 (3.29) 16 (30.8) 11 (25) 39 (75) 33 (75) 13 (25) 18 (41) 

Child Sharma et al. 2020 
NK1 antagonist + ondansetron vs  

ondansetron  
11.76 (3.60) 11.22 (4.09) 15 (41) 15 (37) 0 (0) 0 (0) 37 (100) 41 (100) 

Child Naik et al. 2020 

Olanzapine + NK1 antagonist + ondansetron + 

dexamethasone vs NK1 antagonist + ondansetron + 

dexamethasone 

12.09 (3.95) 11.38 (4.33) 35 (30) 28 (24) 78 (68) 79 (67) 45 (39) 31 (26) 

Child 
Moothedath et al. 

2022 

Olanzapine + ondansetron + dexamethasone vs  

ondansetron + dexamethasone 
4.56 (2.60) 5.75 (3.57) 20 (31) 20 (31) 42 (66) 42 (64) 38 (60) 41 (63) 

Adult  Weinstein et al. 2016 
NK1 antagonist + ondansetron + dexamethasone vs  

ondansetron + dexamethasone 
60.01 (11.72) 59.11 (12.33) 298 (59) 293 (59)     

Adult  Rapoport et al. 2010 
NK1 antagonist + ondansetron + dexamethasone vs  

ondansetron + dexamethasone 
57.08 (11.80) 55.84 (12.47) 324 (76) 320 (78)     

*Unless otherwise stated, all patients received dexamethasone  
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The proportion of children who were of male and female sex, had a blood cancer and solid tumour 

diagnoses and were on multi and single day chemotherapy regimens is reported by treatment regimen 

(Figure 6-1), along with the continuous covariate of age (Figure 6-2).  

 

 

Figure 6-1 The proportion of children with different binary covariate values, by antiemetic regimen included in 

the IPD network meta-regression 
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Figure 6-2 Mean age of children, by antiemetic regimen included in the IPD network meta-regression 

 

Although it was not possible to include the binary covariate for dexamethasone use (due to 

insufficient covariate heterogeneity), most children included in the main analyses (948/1065 (89%)) 

received dexamethasone as part of their antiemetic therapy. Similarly, for the binary covariate of 

medium vs highly emetogenic chemotherapy, which could not be included for the same reason, most 

children (565/692 (81%)) received highly emetogenic chemotherapy (N.B. this proportion is derived 

from IPD, where available and where unavailable, the reported proportion in the clinical trial 

publication. The statistic does not include data from the Merck unpublished clinical trial, where there 

is no publication and no available IPD for the emetogenicity covariate or Kang et al. 2015, where 

medium/ highly emetogenic chemotherapy is grouped within the clinical trial publication (in Kang et 

al. 2015, it is reported that 66% of patients received very highly emetogenic chemotherapy (Kang et 

al., 2015))).    

Studies contributed data on covariates for each outcome included in their IPD. Appendix 2.5 and 6.3 

report the outcomes included in the IPD of each clinical trial and therefore indicates which clinical 

trials could contribute to which analyses.  
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6.1.4.2 Impact of patient and treatment-related factors  

 

In this section, the prognostic and effect-modifying effects of patient and treatment-related factors are 

considered across outcomes.  

Where meaningful treatment-covariate interactions have been identified, their estimates are 

included in the tables below. Other cells in the tables have been left blank and shaded grey, in 

which case, no meaningful treatment-covariate was identified, and estimates can instead be 

derived from Appendix 6.4 and 6.5. Olanzapine + ondansetron vs ondansetron alone was not 

included in the tables below, as no prognostic or interaction effect was found for any outcome.  

In Appendix 6.4 and 6.5, the results of the IPD meta-regression for each outcome are reported in turn, 

including the network structure for the analysis, the forest plot, indicating the beta (i.e. the prognostic 

effect) and interaction coefficients for each covariate and the adjusted treatment effect, along with a 

bullet point summary of the prognostic factors and effect modifiers identified.  

Also included in the Appendix for this chapter (Appendix 6.4 and 6.5) are sensitivity analyses, 

including aggregate data conducted for the complete response outcomes. As no additional information 

was gained from these sensitivity analyses, and in the interests of time, these sensitivity analyses were 

not conducted for the remaining outcomes.  

 

Age 

 

When controlling for other prognostic and effect-modifying covariates, increasing age in childhood 

was identified as a consistent risk factor for CINV across multiple outcomes, decreasing the odds of 

experiencing a complete response in both the acute and delayed phase, and increasing the odds of 

needing rescue medication in the acute phase, and experiencing nausea in the acute and delayed 

phase.  

Increasing age was also identified as a significant modifier of treatment effect for the addition of NK1 

antagonists to ondansetron, as well as the addition of olanzapine and aprepitant to ondansetron. In 

both cases, increasing age increased the relative benefit of including the additional antiemetics (NK1 

antagonists or olanzapine and aprepitant) in the regimen, for the outcome of complete response in the 

acute phase, and nausea in the acute and delayed phase (Table 6-2). Older children may also 

experience a smaller increase in the odds of constipation when olanzapine and aprepitant are added to 

ondansetron. 
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Table 6-2 Beta coefficients and interaction coefficients for the continuous covariate of age, using child data. 

Outcome 
Outcome 

type 

Prognostic 

(beta coefficient) 

NK1 antagonists + 

Ondansetron vs 

Ondansetron 

(interaction coefficient) 

Olanzapine + NK1 

antagonists + Ondansetron 

vs Ondansetron 

(interaction coefficient) 

CR acute phase  Positive 0.905 (0.861 to 0.923) 1.090 (1.040 to 1.130) 1.22 (1.02 to 1.34) 

CR delayed phase  Positive 0.941 (0.923 to 1.00)   

Rescue Med acute phase  Negative 1.150 (1.068 to 1.258)   

Rescue Med delayed phase  Negative     

Nausea in Acute Phase  Negative 1.349 (1.105 to 1.665) 0.733 (0.583 to 0.919) 0.684 (0.532 to 0.861) 

Nausea in the Delayed phase  Negative 1.363 (1.116 to 1.751) 0.691(0.578 to 0.942) 0.613 (0.511 to 0.869) 

Severe Nausea delayed phase*  Negative       

Constipation in the overall phase  Negative   0.835 (0.697 to 0.980) 

CR- complete response. All estimates are from analyses controlling for other available prognostic or effect-modifying covariates 

(sex, diagnosis and/or length of chemotherapy treatment). Where no estimate is present in a cell, no prognostic or interaction 

effect was identified. *Sufficient data were not available to produce estimates for severe nausea in the acute phase. The red text 

indicates a decreased chance of a positive outcome with increasing age, whilst the green text indicates an increase in the relative 

benefit of the antiemetic regimen compared to ondansetron alone, with increasing age. 

 

When this covariate was analysed using adult data, for the outcomes of complete response in the acute 

and delayed phases, the opposite effect was found, with increasing age in adulthood being associated 

with an increase in the odds of having a complete response and a decrease in the relative effect of 

adding an NK1 antagonist to ondansetron (Table 6-3). No IPD were available to assess the interaction 

effect for the addition of olanzapine and aprepitant to ondansetron.   

Table 6-3 Beta coefficients and interaction coefficients for the continuous covariate of age, using adult data. 

Outcome 
Outcome 

type 

Prognostic 

(beta coefficient) 

NK1 antagonists + 

Ondansetron vs Ondansetron 

(interaction coefficient) 

CR acute phase Positive 1.041 (1.020 to 1.062) 0.980 (0.951 to 1.00) 

CR delayed phase Positive 1.020 (1.000 to 1.030)  

CR- complete response. All estimates are from analyses controlling for other available prognostic or effect-

modifying covariates (Sex). Where no estimate is present in a cell, no prognostic or interaction effect was 

identified. The green text indicates an increased chance of a positive outcome with increasing age, whilst 

the red text indicates a decrease in the relative benefit of the antiemetic regimen compared to ondansetron 

alone, with increasing age 

 

For illustrative purposes, the absolute effects for outcomes of complete response in the acute phase 

(i.e. the proportion of individuals achieving a complete response) are reported for each antiemetic 

regimen across different age groups, in both children and adults (Figure 6-3). 
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This helps to demonstrate the relationship between the absolute and relative effects. For example, we 

can see that for older children, the absolute effect, i.e. the proportion achieving a complete response in 

the acute phase, on either NK1 antagonists + ondansetron and ondansetron alone is lower than for 

younger children. However, the relative benefit of adding NK1 antagonists to ondansetron increases 

with age (i.e. the gap between the two regimens widens) (Figure 6-3). 

Conversely, for regimens including olanzapine, it is younger children who have a lower proportion 

achieving a complete response in the acute phase, compared to older children, and here the relative 

benefit between olanzapine regimens and others is also increasing with age (Figure 6-3). However, 

caution is needed not to overinterpret these results, as for olanzapine regimens (particularly in 

younger children), data are lacking, corresponding to a larger standard error for these categories.    

This figure also highlights the differences in both absolute and relative benefit between children and 

adults, with the proportion of patients achieving a complete response in the acute phase increasing 

with age in adulthood, but the relative effect between the two regimens for which data are available, 

decreasing (Figure 6-3).  

  

Figure 6-3 The proportion of individuals achieving a complete response in the acute phase, by antiemetic 

regimen, across different age groups. N.B. As some age categories were informed by very few patients, this 

graph should be used for illustrative purposes only. Error bars indicate standard error. 
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For the outcome, complete response in the delayed phase, we can see a trend of decreasing absolute 

effects with increasing age for all regimens in children, and the opposite in adults. However, for this 

outcome, where no significant interactions were identified in children, the relative effects vary less 

with age, compared to the acute phase (Figure 6-4).  

 

 

 

Biological sex 

 

When controlling for other prognostic and effect-modifying covariates, being of female biological sex 

in childhood, compared to male, was not identified as a consistent risk factor or effect modifier for 

CINV across outcomes (Table 6-4). Whilst the estimate for the interaction coefficient indicated that 

females derive less benefit from the addition of olanzapine, aprepitant to ondansetron alone, than 

males, for nausea prevention in the delayed phase, and a smaller increase in the odds of constipation, 

the estimates are highly uncertain and have not been included in Table 6-4 to avoid overinterpretation. 

For transparency, the estimates can be found in Appendix 6.4. 

 

Figure 6-4 The proportion of individuals achieving a complete response in the acute phase, by antiemetic regimen 

across different age groups. N.B. As some age categories were informed by very few patients, this graph should be 

used for illustrative purposes only. Error bars indicate standard error. 
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Table 6-4. beta coefficients, and interaction coefficients for the binary covariate of Sex (0 = male, 1= female), 

using child data. 

Outcome 
Outcome 

type 

Prognostic 

(beta coefficient) 

NK1 antagonists + 

Ondansetron vs 

Ondansetron 

(interaction coefficient) 

Olanzapine + NK1 

antagonists + 

Ondansetron vs 

Ondansetron 

(interaction coefficient) 

CR acute phase  Positive    

CR delayed phase  Positive    

Rescue Med acute phase  Negative    

Rescue Med delayed phase  Negative    

Nausea in Acute Phase  Negative    

Nausea in the Delayed phase  Negative   Estimate >1 but uncertain  

Severe Nausea delayed phase * Negative    

Constipation in the overall phase  Negative Estimate > 1 but uncertain Estimate <1 but uncertain  Estimate <1 but uncertain  

CR- complete response. All estimates are from analyses controlling for other available prognostic or effect-modifying covariates (age, 

diagnosis and/or length of chemotherapy treatment). Where no estimate is present in a cell, no prognostic or interaction effect was 

identified. *Sufficient data were not available to produce estimates for severe nausea in the acute phase. The red text indicates an 

increased chance of a negative outcome or a decrease in the relative benefit of the antiemetic regimen compared to ondansetron alone, 

when being female. Whilst the green text indicates a decrease in the relative harm of the antiemetic regimen compared to ondansetron 

alone, when being female.  

 

In adults, conversely, sex was identified as a prognostic factor for complete response in the acute and 

delayed phase, with females more likely to experience vomiting or need for rescue medication. Here, 

as with children, the covariate of sex did not interact with the treatment effect (i.e. did not alter the 

relative effect) of NK1 antagonists and ondansetron vs ondansetron alone (Table 6-5).  

Table 6-5 Beta coefficients and interaction coefficients for the binary covariate of sex (0 = male, 1= female), 

using adult data. 

 

 

Outcome Outcome type 
Prognostic 

(beta coefficient) 

NK1 antagonists + 

Ondansetron vs Ondansetron 

(interaction coefficient) 

CR acute phase  Positive 
0.481 (0.278 to 0.795) 

 
 

CR delayed phase  Positive 
0.481 (0.346 to 0.670) 

 
 

CR- complete response. All estimates are from analyses controlling for other available prognostic or effect-

modifying covariates (Sex). Where no estimate is present in a cell, no prognostic or interaction effect was 

identified. Red text indicates a decreased chance of a positive outcome 
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As no consistent interaction effect has been identified in children or adults, the absolute effects are not 

being reported for illustrative purposes, as they were for the covariate of age. 

 

Diagnosis  

 

When controlling for other prognostic and effect modifying covariates, diagnosis (i.e. having a solid 

tumour compared to a blood cancer) in childhood, was identified as reducing your odds of having a 

complete response in the acute and delayed phase, and potentially decreasing the relative benefit of 

adding olanzapine and aprepitant to ondansetron, in terms of preventing the need for rescue 

medication in the acute and delayed phase, and preventing nausea in the acute phase. However, 

interaction estimates were highly uncertain and so have not been included in Table 6-6 to avoid 

overinterpretation. For transparency, the estimates can be found in Appendix 6.4. 

As the extent of effect modification for the covariate is highly uncertain, the absolute effects are also 

not being reported for illustrative purposes, as they were for the covariate of age.  

 

Table 6-6 beta coefficients, and interaction coefficients for the binary covariate of Diagnosis (0 = blood cancer, 

1= solid tumour), using child data. 

Outcome 
Outcome 

type 

Prognostic 

(beta coefficient) 

NK1 antagonists + 

Ondansetron vs 

Ondansetron 

(interaction coefficient) 

Olanzapine + NK1 

antagonists + Ondansetron 

vs Ondansetron 

(interaction coefficient) 

CR acute phase  Positive 0.375 (0.208 to 0.684)   

CR delayed phase  Positive 0.455 (0.229 to 0.835)   

Rescue Med acute phase  Negative   Estimate >1 but uncertain 

Rescue Med delayed phase  Negative   Estimate >1 but uncertain 

Nausea in Acute Phase  Negative  
 Estimate >1 but uncertain 

Nausea in the Delayed phase  Negative    

Severe Nausea delayed phase * Negative    

Constipation in the overall phase  Negative    

CR- complete response. All estimates are from analyses controlling for other available prognostic or effect-modifying covariates 

(age, sex and/or length of chemotherapy treatment). Where no estimate is present in a cell, no prognostic or interaction effect was 

identified. *Sufficient data were not available to produce estimates for severe nausea in the acute phase. The red text indicates 

either a decreased chance of a positive outcome when having a solid tumour, or a decrease in the relative benefit of the antiemetic 

regimen compared to ondansetron alone (>1 for negative outcomes). 
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For reasons previously mentioned in this chapter, analyses including the covariate diagnosis were not 

possible using adult data. 

 

Single vs multiday chemotherapy block  

 

When controlling for other prognostic and effect-modifying covariates, having a multi-day regimen 

compared to a single-day regimen in childhood decreased the relative benefit of adding an NK1 

antagonist to ondansetron for the outcomes of complete response in the acute and delayed phase. 

Although the interaction estimates for rescue medication in the acute phase and severe nausea in the 

delayed phase did cross the line of no effect, they were highly uncertain, and so, in keeping with the 

reporting of other covariates, have not been included in Table 6-7 to avoid overinterpretation. For 

transparency, the estimates can be found in Appendix 6.4. 

 

Table 6-7 beta coefficients, and interaction coefficients for the binary covariate of length of chemotherapy block 

(0 = single day chemotherapy regimen, 1= multiday chemotherapy regimen), using child data. 

Outcome 
Outcome 

type 

Prognostic 

(beta coefficient) 

NK1 antagonists + 

Ondansetron vs 

Ondansetron 

(interaction coefficient) 

Olanzapine + NK1 

antagonists + Ondansetron 

vs Ondansetron 

(interaction coefficient) 

CR acute phase  Positive  0.407 (0.194 to 0.852)  

CR delayed phase  Positive  0.262 (0.101 to 0.657)  

Rescue Med acute phase  Negative  Estimate >1 but uncertain  

Rescue Med delayed phase  Negative    

Nausea in Acute Phase  Negative  
  

Nausea in the Delayed phase  Negative  
 

 

Severe Nausea delayed phase * Negative  Estimate <1 but uncertain  

Constipation in the overall phase  Negative    

CR- complete response. All estimates are from analyses controlling for other available prognostic or effect-modifying covariates 

(age, sex and/or diagnosis). Where no estimate is present in a cell, no prognostic or interaction effect was identified. *Sufficient 

data were not available to produce estimates for severe nausea in the acute phase. The red text indicates a decrease in the relative 

benefit of the antiemetic regimen compared to ondansetron alone (>1 for negative outcomes, <1 for positive outcomes), whilst 

the green text indicates an increase in the relative benefit (<1 for negative outcomes). 

 

For reasons set out in the methods section of this chapter, analyses including the covariate length of 

chemotherapy block were not possible using adult data. 

For illustrative purposes, the absolute effects for outcomes of complete response in the acute phase 

and the delayed phase are included in Figure 6-5 and Figure 6-6. Again, absolute effects for the 
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outcome of rescue medication in the acute phase and severe nausea in the delayed phase have not 

been included, as the interaction estimates were highly uncertain.  

When looking at these absolute effects by length of chemotherapy block, for outcome complete 

response in the acute phase, for each antiemetic regimen, there is a lower proportion of children 

achieving a complete response on multiday regimens compared to single-day regimens. However, the 

relative benefit decreases, i.e. the gap between the lines for ondansetron vs NK1 antagonist + 

ondansetron, becomes narrower, on the multiday regimen (Figure 6-5).  

 

Figure 6-5 The proportion of individuals achieving a complete response in the acute phase, by antiemetic 

regimen for single-day vs multiday chemotherapy blocks. Error bars indicated standard error. 

 

This is also the case for the outcome of complete response in the delayed phase; however, the absolute 

effect of olanzapine and ondansetron varies less between single vs multiday chemotherapy blocks 

compared to other antiemetic regimens (Figure 6-6). 
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Figure 6-6 The proportion of individuals achieving a complete response in the delayed phase, by antiemetic 

regimen for single-day vs multiday chemotherapy blocks. 
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6.1.5 Assessment of adverse effects by antiemetic regimen  

 

Figure 6-7 Proportion of children experiencing complete control outcomes and those adverse effects which were reported consistently across clinical trials providing IPD, by 

antiemetic regimen (missing proportions, i.e. within diarrhoea indicates no available data for this regimen as opposed to no children experiencing an event).  

 

The co-occurrence of benefits and adverse effects is reported in Appendix 6.6; no consistent relationship was observed. However, there is some indication that 

those deriving a benefit from olanzapine + aprepitant + ondansetron experience more adverse effects than those not deriving a benefit. 
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6.2 Discussion 

 

Identifying treatment-covariate interactions using IPD can allow for the identification of individuals 

who derive greater relative benefit from one treatment option compared to another (Riley et al., 

2023a). This potential has been explored within this chapter to determine whether individual treatment 

or patient-related characteristics alter the efficacy of antiemetic regimens.  

Given the clinical heterogeneity within the paediatric population, alongside concerns about adverse 

effects of antiemetic medications, which have been raised by children and families, identifying which 

children may benefit most from taking additional antiemetics is important, and may help to refine the 

current clinical practice recommendations.  

Having access to the IPD from clinical trials has allowed for further exploration of the proportion of 

children experiencing patient-important adverse effects (including constipation, diarrhoea, abdominal 

pain and sedation) on different antiemetic regimens. This information can be used to provide children 

and families with information about the trade-offs (i.e. the benefits and risks) of taking different 

antiemetic regimens.  

 

6.2.1 Which children benefit more from certain antiemetic regimens? 

 

Incorporation of IPD has allowed for the identification of patient characteristics, namely age, that 

consistently modify the relative effect of antiemetic regimens across outcomes. We now know that, as 

well as increasing the risk of CINV (also previously identified in Dupuis et al. 2020 (Dupuis et al., 

2020)), increasing age increases the relative benefit derived from adding either an NK1 antagonist or 

an NK1 antagonist and olanzapine to ondansetron (given with or without dexamethasone). This 

finding could contribute the personalisation of antiemetic provision, as it supports starting older 

children, who are receiving highly (or very highly) emetogenic chemotherapy (from which the of 

patients included in these analyses received), on a four-antiemetic regimen (olanzapine, aprepitant, 

ondansetron and dexamethasone) from the first chemotherapy round, rather than starting with a three-

antiemetic regimen (aprepitant, ondansetron and dexamethasone) and working up, if CINV is not 

adequately controlled.  

However, this decision would need to be considered alongside the potential for adverse effects, 

particularly sedation, constipation and diarrhoea, which have been identified as important to patients 

as part of this project, and which have been shown here to consistently increase with the addition of 

NK1 antagonists and/or olanzapine (however, the increased odds of constipation with multi-

antiemetic regimens may be less for older children). Children and families told us that they would 
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value discussion about the risk-benefit trade-off, and felt that an infographic or leaflet, such as that 

included in Chapter 7 (Figure 7-1), would be a useful way of conveying/ communicating this 

information and facilitating conversation with clinicians.  

For other patient/treatment-related factors assessed in this Chapter, there was less consistency across 

outcomes in terms of their modification of treatment effect. There was some suggestion that children 

on multi-day chemotherapy regimens derived slightly less benefit from the addition of NK1 

antagonists to ondansetron. However, given that both children on single-day and multi-day 

chemotherapy regimens derived some benefit, there is no rationale for treating these groups 

differently, and so this information would not alter any current recommendation in clinical practice.  

Similarly, there was an indication that those with a solid tumour derived less benefit from the addition 

of olanzapine and aprepitant to ondansetron, compared to those with a blood cancer. However, as the 

estimates were highly uncertain, it is important not to overinterpret these results, and to consider that 

any impacts on antiemetic efficacy are potentially explained by the underlying chemotherapy or mean 

age of children, rather than the diagnosis itself. Furthermore, this is a crude dichotomisation of 

diagnosis that likely lacks meaning in clinical practice. It would be more meaningful to look at 

separate diagnoses and/or the chemotherapy regimens that children received. However, this would 

result in too few patients in each group to produce a meaningful interaction estimate.  

 Effect modification identified for the covariate ‘sex’, suggested that females may derive less benefit 

from olanzapine when it comes to nausea prevention, but a smaller increased in the odds of 

constipation, compared to males. However, given there was no consistency across outcomes for this 

patient characteristic, and the interaction estimates for nausea prevention were uncertain, no firm 

conclusions can be drawn here. 

The binary covariate for platinum-based chemotherapies was included for the outcomes of nausea in a 

sensitivity analysis, but this again showed no consistent prognostic or interaction effects. For nausea 

in the overall phase, and severe nausea in the delayed phase, controlling for this covariate produced a 

meaningful benefit of adding olanzapine and aprepitant to an ondansetron regimen, which was not 

present in the main analyses. As only two clinical trials contributed to the analyses, patient numbers 

may be insufficient to detect interaction effects, and estimates of interaction were unstable. 

Finally, across all analyses, there was no effect modification of the treatment effect identified for 

olanzapine + ondansetron vs ondansetron alone. Olanzapine given with only ondansetron was 

consistently less effective than olanzapine when given with aprepitant and ondansetron, suggesting 

that the former regimen should potentially not be considered as an option in clinical practice, unless 

NK1 antagonists are contraindicated (however, it is important to note again the small number of 

patients contributing to the estimates of treatment effect of olanzapine given with ondansetron). This 
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does suggest, however, that when assessing the efficacy of olanzapine, these two regimens should not 

be grouped as they have been in previous meta-analyses (Patel et al., 2022). 

6.2.2 Key areas of remaining uncertainty from the children’s analyses  

 

6.2.2.1 Impact of unexplored treatment and patient-related factors on antiemetic efficacy. 

 

Due to a lack of covariate heterogeneity in the IPD, it was not possible to assess the modifying effect 

of the emetogenicity of chemotherapy or the use of dexamethasone as an antiemetic on the relative 

effect of the antiemetic regimens. This is a key limitation, as current clinical practice guidelines make 

recommendations based on the categorisation of emetogenicity, and it would be helpful to know 

whether those on highly emetogenic chemotherapy gain greater relative benefit from taking NK1 

antagonists and/or olanzapine in addition to ondansetron.  

Other treatment-related factors, such as concomitant medication and prior exposure to chemotherapy, 

could also not be assessed as they were not available across all IPD studies (and clinical trials not 

reporting a covariate needed to be dropped from the analysis). Several potentially important patient-

related factors, including their baseline anxiety levels and having a history of motion sickness or prior 

CINV (the latter of which is known to be a predictor of CINV (Dupuis et al. 2020)), were also not 

explored for these same reasons. However, even if alternative model structures were used to include 

prior CINV (through exclusion of studies not reporting this covariate), there would likely be 

insufficient covariate heterogeneity to produce an interaction coefficient, as most children were 

chemotherapy naive. This indicates a potential need to conduct future research within chemotherapy-

experienced populations.  

Even where covariates could be explored, there were limitations, such as the crude dichotomisation of 

diagnosis into solid tumour vs blood cancer, and an inability to explore the effect of different types of 

chemotherapy. As these covariates could not be fully explored, the possibility that they are acting as a 

surrogate for the covariate of age cannot be ruled out, as in childhood cancer, age can be related to 

both the type of childhood cancer and, therefore, the chemotherapy received. When exploring the age 

as a covariate, it must also be noted that for very young children (neonates and infants), there was 

limited evidence, so an increased level of uncertainty in these age groups.  

The inability to fully explore all covariates of interest could explain residual heterogeneity in 

treatment effect estimates (Phillippo et al., 2023). There may also be inconsistency within the network 

(i.e., disagreement between the direct and indirect evidence), but for reasons explained in Chapter 3 

(i.e. a lack of evidence loops in the network), formally assessing this has not been possible.  

Consistently collecting these factors and reporting them in clinical trials publications, along with 

conducting subgroup analyses where possible within clinical trials, would be beneficial for future 
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research in this area. 

 

6.2.2.2 Impact of aggregate data on the precision of interaction estimates.  

 

When attempting to include aggregate data, only the covariates of age and sex could be included in 

ML-NMR analyses. This was due to a lack of consistent reporting across clinical trials of other 

covariates of interest. It therefore remains largely unknown whether aggregate data can improve the 

precision of estimates using ML-NMR. 

It would be beneficial for future clinical trials assessing antiemetic efficacy in children to report at a 

minimum, the baseline covariates of age, sex, diagnosis, length of chemotherapy block, emetogenicity 

of chemotherapy and proportion of patients using dexamethasone, by treatment arm, to facilitate these 

types of interaction analyses in the future.   

6.2.2.3 Effect modification of palonosetron and granisetron 

 

No IPD were available from clinical trials assessing the 5-HT3 antagonists palonosetron and 

granisetron (only IPD were available for the 5-HT3 antagonist ondansetron). This means that when 

incorporating the aggregate data from these clinical trials of palonosetron and granisetron, a class 

effect model was required, assuming that interaction effects are consistent amongst the antiemetics 

within the 5-HT3 antagonist class. However, this may not be an appropriate assumption, and it 

remains unknown whether these treatments have differential effects in different patient groups.  

Given the structure of the IPD only models in the present analyses differed from the IPD and AD 

model, the appropriateness of this assumption was not formally tested (as to explicitly test the class 

assumption, you would need to have models that were similar in everything except the class model 

assumption). Recently proposed methods by Harari et al. 2023 use reported subgroup analyses to 

avoid the shared effect modifier assumption (Harari et al., 2023) and may therefore be useful when 

IPD are not available for all treatments within a class.  

 

6.2.2.4 Difference in effect modification between children and adults  

 

Effect modification in adults was also explored to determine whether interactions were comparable 

between children and adults. However, this was found not to be the case for particularly for the 

covariate of age, where increasing age decreased your risk of CINV in adulthood, and decreased the 

benefit adults derived from the addition of NK1 antagonists to ondansetron (the opposite trend to what 

was seen in children).  
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In adults, being female was also associated with an increased chance of experiencing CINV, but the 

same was not identified as a consistent risk factor in children across outcomes. This information 

supports the idea that adult data should not be assumed completely generalisable to children, as 

average treatment efficacy (as identified in Chapter 3 of this thesis), as well as interaction effects, can 

vary between the two populations. However, it also highlights that differences can also occur within 

the adult population itself, with young adults responding differently to antiemetic regimens compared 

to older adults. 

 

6.2.3 Key areas of remaining uncertainty from including adult evidence  

 

As only the covariates of age and sex could be included in the interaction analyses with adult data, it 

remains unknown whether interaction effects are consistent between children and adults for other 

covariates, such as length of chemotherapy block, diagnosis, as well as those which could also not be 

explored within the child data, i.e. use of dexamethasone and the emetogenicity of chemotherapy.  

The initial rationale for assessing whether interaction coefficients were comparable between children 

and adults was to determine whether this information could be used to improve predictions of new 

antiemetic therapies in children, in the scenario that only adult data were available. In Chapter 4 of 

this thesis, we saw differences in the relative treatment effect between child and adult populations. 

When this information was used to attempt to predict the effect of adding olanzapine to existing 

antiemetic regimens (ondansetron + dexamethasone, or aprepitant + ondansetron + dexamethasone) in 

children, estimates were unreliable. Identification of similarities or consistent differences in 

interaction effects may have allowed for attempts to improve the predictions in children. For example, 

by using the information to produce a separate prediction interval for each subgroup in children.  

However, no IPD were available from clinical trials assessing olanzapine in adults, and therefore it 

would not be possible to explore this concept further without an additional assumption that the 

interaction effects are consistent across treatment comparisons in adults. Given that it has been 

established this is not the case in children, it is unlikely this assumption would hold. This, along with 

the fact that there are differences in how age and sex, modify the relative benefit of adding of NK1 

antagonist to ondansetron, in children and adults, and key covariates of interest i.e. the emetogenicity 

of chemotherapy, could not be included, the ability of the adult evidence on interaction effects, to 

improve predictions in children has not been explored further in this thesis.  
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6.2.4 Methodological considerations for conducting interaction analyses with child 

evidence  

 

6.2.4.1 Involving children and their families when conducting analyses with IPD. 

 

Within this project involving children and their families has helped to shape the interaction analysis 

conducted and presented in this chapter. In particular, the identification of outcomes which matter 

most to them has allowed for tailored requests for IPD. Where these outcomes have not been collected 

or have been collected inconsistently across clinical trials, this has given us an opportunity to 

encourage those conducting the clinical trials to identify and collect outcomes which matter to 

children to make the research more relevant to those whom it affects.  

As discussed in Chapter 3, there can be challenges with recruiting children to be involved in research, 

but this shouldn’t discourage researchers, even when projects are statistically complex, as the insights 

that children bring about their own care and experience of treatments are invaluable and can act to 

shape evidence syntheses in a meaningful way. Patient support charities, identification of preferred 

methods of involvement (e.g. online vs in-person), consideration of location, and seeking support 

from professionals, e.g., play specialists who have experience of creative, age-appropriate methods of 

involving children in research, can all be valuable and encourage involvement of children.  

6.2.4.2  Power to detect treatment covariate interactions  

 

In these analyses, some estimates of interaction were imprecise, for example, for interaction estimates 

between diagnosis and the treatment efficacy of olanzapine regimens. In this case (and others alike 

where estimates cross the line of no effect), this is more likely reflective of a lack of evidence rather 

than evidence for an absence of an interaction, as there are few patients with blood cancers receiving 

olanzapine regimens. In order to produce stable estimates of interaction, clinical trials must contribute 

sufficient participants, events of the outcome of interest, as well as covariate variability. Previous 

research shows that when covariate heterogeneity is low within a dataset, estimates of treatment-

covariate interactions can be unstable (Walker et al., 2022). A limitation of these analyses is that the 

power to examine treatment-covariate interactions was not estimated during the planning phase of the 

project. Methods of doing so are available and are described in Riley et al. (2022), with available code 

to conduct the calculation in R and STATA (Riley et al., 2022). Given the sufficient resources required 

to obtain IPD, if the primary purpose is to estimate treatment-covariate interactions within child 

health, it may be advisable to determine the potential value of the analyses prior to requesting data 

from trial investigators.  
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6.2.4.3 Dealing with missing data 

 

Inevitably, within the IPD, there will be some patients who have data missing for certain outcomes 

and/or covariates of interest. In the present analyses, the ML-NMR method  conducted in the 

‘multinma’ R package (Phillippo, 2024b) requires there to be no missing data in order for the model to 

run. In these analyses, there were typically few patients within contributing studies that had missing 

data, so these were removed from the analyses. An alternative approach may be to use methods of 

multiple imputation, such as chained equations (van Buuren, 2018), which can be implemented using 

the R package mice (van Buuren and Groothuis-Oudshoorn, 2011). Methods are also available for 

imputing covariates, for example, those in Barlett et al. 2015 (Bartlett et al., 2015) and Barlett and 

Morris 2015(Bartlett et al., 2015). 

Where an outcome or covariate was missing for all patients within a clinical trial, this clinical trial 

could not contribute to the analyses. Given that sufficient clinical trials need to report covariates of 

interest consistently, for the analyses to be conducted, it may be prudent to contact clinical trial 

investigators and/or pharmaceutical companies before acquiring the data, to check which covariates of 

interest have been collected and are available (and in what form), to determine which interaction 

analyses may be possible.  

In a scenario where it is not possible to access sufficient IPD, it may be possible to capture the effect 

of patient-level on treatment effect estimates, using aggregate level data, by including the average 

baseline risk as a covariate in the network meta-regression model, i.e., the probability of an event on 

the baseline or reference treatment. The baseline risk used in this way can act as a proxy for unknown 

or unmeasured patient-level characteristics, but cannot be accounted for using aggregate-level data 

(Dias et al., 2018). 

 

6.2.4.4 Choice of method for identifying treatment-covariate interactions 

 

The analyses reported in this chapter have been conducted using a population-adjustment method 

proposed by Philippo et al. 2020 (Phillippo et al., 2020). This method was selected due to its 

advantage of being able to incorporate both IPD and aggregate data. However, both the baseline 

characteristics and outcome data by arm are required within the aggregate data reported in 

publications. If the success of the analyses likely depends on the ability to include aggregate data, it is 

therefore advisable to check these requirements for the covariates of interest, prior to starting any 

analyses. If no suitable aggregate data are available or aggregate data are not required, the ‘multinma’ 

package (Phillippo, 2024b) converts to an IPD network meta-regression.  
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Another advantage of using the ‘multinma’ package (Phillippo, 2024b) was the ability to predict the 

relative treatment effects for a specific target population by specifying appropriate covariate values. 

This allows for exploration of treatment effect in different groups of children, e.g. older vs younger 

children. It may also be possible to specify the average values for an NHS population, or if working 

with oncology data in children, the average covariate values for a specific tumour type. This could 

help to improve the usefulness/ generalisability of the treatment effect estimate for clinical practice, 

over and above that which is held at the average covariate value. In child health, ‘basket trials’ are 

more common, and treatment effect estimates are derived from a mixed group of patients. Even if 

these estimates are adjusted for effect modifiers, the summary estimate held at the average covariate 

value may not be generalisable to any specific patient group, and so predictions within a target 

population could be a significant advantage. Extensive guidance and worked examples for using this 

R package are also available online (Phillippo, 2024b), making these methods accessible for non-

experts in the field.  

This feature may also facilitate the inclusion of adult evidence into the analyses, in a way that may 

improve the precision of treatment effect estimates in children. For example, within an IPD network 

meta-regression, a binary covariate could be specified for children vs adults, whilst adjusting for other 

covariates of interest. Using the mean values for covariates within the paediatric population (i.e. the 

target population), the treatment effect in children could then be predicted.   

Given the sometimes-limited power to detect treatment-covariate interaction (particularly in child 

health, where clinical trials are fewer than in adults and often smaller in size), alternative methods 

may also be of use. For example, the recent methods proposed by Singh et al, 2022, allow for the 

incorporation of non-randomised evidence (Singh et al., 2022), whilst Bayesian methods described by 

Turner et al. 2022, use informative prior distributions for interaction parameters to allow for 

borrowing of strength between subgroups in a paediatric population (Turner et al., 2022).  

Finally, it is important to consider the type of data you will acquire in the IPD. If you are assessing 

continuous covariates such as age, there are alternative methods to identify treatment-covariate 

interactions which allow for non-linear relations (Lopez-Ayala et al., 2025). Within the analyses 

conducted here, we assumed that the relative treatment effect on the log odds scale is linear for the 

covariate of age. However, this may not be the most appropriate assumption, and instead, alternative 

methods could be explored, such as spline models or polynomial models (Marlin et al., 2023). This 

could include recent methods, such as those described in Hattle et al. 2024 (Hattle et al., 2024) and 

Sauerbrei et al, 2022 (Sauerbrei and Royston, 2022). Consulting experts in the field of child health 

may help to determine the likelihood of non-linear relationships between covariates and treatment 

effects during the planning stage of the project.  

 



 
 

171 

 

6.3 Conclusion  

 

In this final chapter, an IPD meta-regression has been applied to synthesise data on antiemetic use in 

children undergoing chemotherapy to detect treatment-covariate interactions within a network of 

treatments. These analyses have identified that older children derive greater benefit than younger 

children from adding an NK1 antagonist, or an NK1 antagonist and olanzapine to ondansetron (with 

or without dexamethasone), supporting the use of these additional antiemetic medications in older 

children, potentially from the first round of chemotherapy, despite the potential for increased side 

effects of sedation, constipation and diarrhoea. The risks and benefits should be discussed with 

children and their families so they may be involved in decision-making.  

Several important treatment-related factors, including emetogenicity and dexamethasone use, could 

not be assessed due to low covariate heterogeneity, along with individual factors, such as anxiety and 

previous CINV and motion sickness, due to data availability. Interactions with palonosetron and 

granisetron could also not be established due to a lack of IPD. Where it was possible to assess 

interaction estimates in adults, these were found to differ from children, supporting the idea that adult 

evidence should not be assumed generalisable to children.  

Conducting these interaction analyses has highlighted the importance of involving children and 

families, as well as experts in the clinical field, to identify not only outcomes of importance but also 

patient/treatment-related factors that have the potential to alter treatment efficacy. Given data 

limitations in child health, it may also be advisable to use available methods (Riley et al., 2022) to 

estimate the potential power to detect interactions with the IPD available to you during the planning 

stage of the project, and how you may deal with missing data. Finally, the choice of methods for 

estimating treatment-covariate interaction within a network of treatments, may depend both on the 

type of data you will acquire, the likely relationship (linear vs non-linear) between covariates and 

treatment effect, and the need to include additional evidence, such as aggregate data, non- randomised 

evidence or evidence from a separate but related population, such as adults in the analyses. 
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7 Chapter Seven: Concluding Chapter  
 

This thesis has applied evidence synthesis methods, including a Bayesian NMA, information sharing 

models and IPD synthesis (facilitating multivariate synthesis and IPD network meta-regression), to 

borrow statistical strength from indirect evidence, as well as related populations and outcomes, with 

the overarching aim of improving understanding of the effect of antiemetic medications for the 

prevention of CINV in children. The clinical findings of the project will be of importance to the 

children and families affected by CINV and to clinicians who may use the information to inform 

children’s treatment decisions and improve the provision of their supportive care during cancer 

treatment.  

By involving children and their families with lived experience, at crucial stages of the project, we 

have been able to identify patient-important outcomes for collection and analysis, identify important 

evidence gaps and highlight a disconnect between the focus of clinical trials and what matters most to 

children within their daily lives. These findings are of relevance to clinical trial investigators within 

this field, who may use this information to improve the conduct and reporting of their future research.  

Throughout this thesis, I have also reflected on the practicalities of applying these evidence methods 

within child health more broadly, and their ability to improve understanding of health intervention 

efficacy in children. These reflections will be helpful for researchers and or clinicians in other areas of 

child health, who face similar challenges of evidence sparsity in children, and who may wish to apply 

similar methods within their own fields of research.  

In this concluding chapter, I summarise the main project findings and highlight where original 

contributions have been made (also see Table 7-1 and Table 7-2). I also take the opportunity to reflect 

on points in the project where children and their families' involvement has impacted methodology, 

interpretation and recommendations for future research.   

Finally, the last piece of public involvement work, is described, in which children and their families 

have helped to disseminate the clinical findings of the project through the design of a short, patient-

facing animation video, will also be described. The chapter then finishes with some concluding 

remarks. 
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7.1 Thesis summary  

 

This project began with a systematic literature review to identify RCTs comparing antiemetic 

medications currently recommended in clinical practice guidelines for the prevention of CINV in 

children. Nineteen clinical trials of 3,523 children and 42 clinical trials of 16,838 adults were included 

in the project's analyses. Involvement of people with lived experience of CINV helped to prioritise the 

outcomes for both collection and analysis. These outcomes largely relate to the child's quality of life 

(including nausea, sleep, appetite, nasogastric tube use, motion sickness, anxiety levels and side 

effects of antiemetics themselves).  

 

7.1.1 Application of a Bayesian network meta-analysis  

 

A Bayesian NMA was applied to synthesise aggregate data on the relative effectiveness of antiemetic 

medications in children (something that has previously only been done using pair-wise meta-analysis), 

allowing for comparison of multiple antiemetic regimens simultaneously. The findings were broadly 

supportive of the recommendations in recent clinical practice guidelines, confirming the benefits of 

adding an NK1 antagonist to regimens of ondansetron for achieving a complete response. However, 

children raised concerns about taking regimens with multiple different antiemetics, both in terms of 

the practicalities, as well as the risk of more and/or exacerbated side effects. They called for new 

tools, e.g. leaflets to aid discussions of the competing risks and benefits with clinicians.  

Patient-important outcomes (including side effect data) were less consistently reported and, in some 

cases, were seldom available in the aggregate data. This highlights a real need for future clinical trials 

to collect and report outcomes that matter to patients. The outcomes identified in this thesis may act as 

a starting point, but the field may also benefit from a formally established core outcome set, inclusive 

of the child's voice.   

Of the patient-important outcomes which were reported, conclusions could only be drawn for the 

outcome of nausea (any phase). Here, it was identified that palonosetron is more effective than other 

5-HT3 antagonists (something which is indicated in the clinical trial evidence but has not previously 

(to our knowledge) been confirmed in evidence syntheses). The benefits of palonosetron compared to 

other 5-HT3 antagonists were also confirmed for controlling delayed phase CINV, building support 

for it being the preferred 5-HT3 antagonist. 

Bayesian NMA proved a useful tool to synthesise child data, allowing for the comparison of 

interventions not previously compared in clinical trials or pair-wise meta-analyses. This reduces the 
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need for further clinical trials in children, something which is invaluable given their resource 

requirements and the challenges associated with recruiting children to be involved. Identifying and 

prioritising patient-important outcomes can improve the usefulness of the analyses and help identify 

evidence gaps.  

 

7.1.2 Application of a Bayesian information-sharing model  

 

A Bayesian information-sharing model was then applied to incorporate adult evidence into the NMA 

of child data. However, this did not meaningfully improve our understanding of interventions in 

children, largely due to differences in the relative efficacy of antiemetic regimens between children 

and adults. Children tended to derive greater relative benefit from antiemetic regimens compared to 

the reference treatment (ondansetron) than adults (i.e. when the regimen was effective in adults, it was 

more effective in children). However, this was not always the case, and when attempting to predict the 

effect of olanzapine regimens in children, from adult data, it was found that whilst all olanzapine 

regimens were effective in adults, in children, olanzapine was only beneficial when given with 

aprepitant, ondansetron and dexamethasone (as opposed to ondansetron and dexamethasone 

alone)(making predictions in children unreliable).  

Future evidence synthesis within this field should therefore avoid treating child and adult data as 

though they arise from the same population and should test assumptions around similarities in 

treatment effects when grouping antiemetic regimens.   

Whilst there is potential for information sharing methods to hold value within child health, the 

resource requirements to include adult evidence were high, and this may only be worthwhile if there 

are sufficient similarities in treatment effect between the child and adult populations. Researchers 

conducting similar analyses in other areas of child health may benefit from conducting preliminary 

checks that compare reported treatment effect estimates between populations from the primary 

literature.  

7.1.3 Application of a Multivariate synthesis  

 

A multivariate synthesis was then applied to jointly synthesise IPD on nausea and vomiting outcomes 

(complete response and vomiting). These analyses did not meaningfully improve our understanding of 

nausea outcomes (which were typically less well reported than vomiting outcomes). This was due to a 

lack of strong correlation between the treatment effects on nausea and vomiting outcomes. This 

corroborates what children and families told us about antiemetic medications, preventing them from 
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being sick, but not preventing them from feeling sick. It also highlights the need to collect nausea 

outcomes in clinical trials of children, as there appears to be no good substitute or proxy for this data.  

The use of IPD allowed for the evaluation of both the binary outcome for nausea, as well as nausea 

severity, separately in the acute and delayed phases, something which wasn’t possible with aggregate 

data. There was a suggestion of a meaningful benefit of adding fosaprepitant to ondansetron and 

dexamethasone in the acute phase (confirmed with a univariate analysis), information that has not 

previously been published, but efficacy for complete prevention of nausea and reduction of nausea 

severity remains uncertain.  

Again, this method of evidence synthesis holds potential in child health, but to produce meaningful 

improvements in our understanding of poorly reported outcomes in children (which may also be 

patient-important outcomes), sufficient correlation with the outcomes that are better reported is 

needed. Researchers conducting similar analyses in other areas of child health may benefit from 

carefully considering the likely strength of correlation between outcomes of interest.  

 

7.1.4 Application of an IPD network meta-regression  

 

The final evidence synthesis method applied in this project was an IPD network meta-regression, with 

the aim of identifying interactions between individual characteristics and treatment effect. These 

analyses showed that older children are both more at risk of CINV and derive greater relative benefit 

from the addition of an NK1 antagonist or an NK1 antagonist with olanzapine to an ondansetron 

regimen (to note, however, age may be acting as a proxy for other characteristics, for example, cancer 

treatment, and exploration of these covariates was limited). Important differences were again 

identified between children and adults, both in terms of baseline risk and treatment-covariate 

interactions.  

The interaction between age and treatment effect is a new finding and may support options for older 

children on highly emetogenic chemotherapy to start on a four-antiemetic regimen (olanzapine, NK1 

antagonist, ondansetron and dexamethasone) instead of a three-antiemetic regimen NK1 antagonist, 

ondansetron and dexamethasone). However, given that concerns have been raised by children and 

families regarding the side effects of multi-antiemetic regimens, this decision will likely need to be 

discussed on an individual basis.  

IPD did not allow for exploration of certain (potentially important) treatment-related covariates, 

including the emetogenicity of chemotherapy and the use of dexamethasone in an antiemetic regimen 

(due to low covariate heterogeneity), and patient characteristics, including previous CINV and 
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baseline anxiety levels (due to data availability). Future clinical trials are therefore encouraged to 

collect and report these covariates consistently.   

Given that it is often difficult to establish interaction effects within individual paediatric clinical trials 

(due to limited sample sizes), IPD network meta-regression holds great potential within child health 

and may help to individualise care for children. As IPD provides further opportunity to explore 

patient-important outcomes, which may have been poorly reported in aggregate data, these should be 

prioritised within the IPD to collect to improve the usefulness of analysis and help to identify 

evidence gaps that can inform recommendations for future research.  

 

7.1.5 Post-hoc exploration of side effect data  

 

IPD have provided an opportunity to further explore patient-important outcomes, which were poorly 

reported in the aggregate data. Throughout the project, concerns were raised by children and families 

regarding increased side effects, particularly when taking multiple anti-sickness medicines. 

Exploration of this issue within the IPD suggested that a higher proportion of children experienced 

constipation, diarrhoea and abdominal pain when taking regimens with NK1 antagonists and 

olanzapine compared to ondansetron, data on which, to our knowledge, has not been previously 

combined across clinical trials. Furthermore, a higher proportion of children experienced sedation 

with olanzapine regimens. These findings may support future clinical trials of antiemetic regimens 

which allow children to reduce the number of medicines they take orally, daily, without meaningfully 

reducing efficacy.  

Given calls from children and families for new tools to aid discussions of the competing benefits and 

risks of antiemetic regimens, an accessible visual summary has been created as part of this project, 

summarising the main clinical findings and providing an easy-to-understand figure of the percentage 

of children who experienced no vomiting or use of rescue medication (a complete response), 

compared to the side effects (see Figure 7-1). 

 

7.2 Dissemination work with children and families.  
  

The findings of this thesis have been disseminated through a short animation film (around three 

minutes in length) designed by a company called Nifty Fox Creative, who have extensive experience 

working with public sector researchers. Originally, it was planned to produce two short animation 

films (one for adolescents/ adults and one adapted for children of primary school age). However, 

rising costs since my funding application was made, meant that funding was only available to produce 
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one animation video, and as such the video was designed to be accessible to as broad an age group as 

possible.  

Involvement work was conducted with children and their parents to help design the animation video, 

with opportunities advertised through the Candlelighters charity social media pages. The methods of 

involvement were adapted due to reasons explained in previous chapters of this thesis, see chapter 

two, section 2.5.1.1 for further detail.   

The involvement work took part in two stages. Firstly, a meeting held at the Candlelighters building in 

Leeds was attended by one child and his parent, along with four paediatric oncologists, some of 

whom, during the same meeting, were getting input on their own projects. This initial meeting showed 

some ideas for the video content (through visuals designed using Canva), and those attending helped 

us to understand what would be best to focus on.  

In particular, they thought that how we involved children and families in the project should come 

through, as well as the impact their involvement had on the project. In addition, they felt that 

information about the side effects of antiemetics and the greater benefit gained from taking multi-

antiemetic regimens for older children was important.  

This information was then presented to the company Nifty Fox Creative, who, with additional 

information on the project methods and findings, designed a storyboard which shows the individual 

frames of the video visually, along with a script that detailed what the voice-over would be within 

each frame. 

At this stage, children and families were invited to provide feedback on the video (with the 

opportunity again advertised through the Candlelighters charity social media pages), in particular, this 

feedback centred on the content and visual metaphors (e.g. shapes, colours, characters and icons 

used), minor script changes to improve language accessibility, and what additional information could 

be included in a visual summary that is signposted in a final frame of the video. An initial online 

meeting was held to explain what feedback was needed, and then children and families were sent the 

storyboard and feedback was collated on an online Google Doc, which was accessible by all involved.  

Three children and five parents provided feedback. This feedback centred around making the images 

reflective of what it's actually like on children's wards, for example, young children are often able to 

do activities whilst receiving chemotherapy (such as drawing), whilst older children may be in bed 

playing on phones. Children, and parents in particular, thought it would be useful to have information 

on the names of the antiemetic medications making up the different combinations. 

This feedback (along with that of myself and supervisors of the project) was then provided to those at 

Nifty Fox Creative, who updated some of the visuals. It was decided that the names of the antiemetic 

medications would be better placed within the visual summary (see Figure 7-1), which is signposted 
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at the end of the video via a weblink and QR code. This is because the medicines' names had not been 

included in the voice-over (due to worries this could distract from the overall story being told), and 

including the names in text within the video would impact accessibility of the video for those who are 

visually impaired. 

Following this second round of feedback, Nifty Fox Creative designed the final animation video, 

which was shared with all those who had contributed to its development. An evaluation form was sent 

to those involved to provide feedback on their experience of working with us.  

Children and families attending the initial meeting (lasting around 2 hours) were reimbursed £50 in 

Amazon vouchers (although the offer to have payment to bank accounts was given); those involved in 

the later involvement activities (which included an online meeting lasting ~30 minutes, preparatory 

work and provision of feedback, equating to half a day’s activity) were reimbursed £75 in either 

Amazon vouchers or payment to bank accounts (as preferred by individuals). As before, these 

payment rates have been guided by NIHR guidance (National Institute for Health and Care Research, 

2024).  

I believe the process of involving people in this video creation held real value, making the video both 

more realistic and more directly useful to children and families experiencing CINV, in terms of aiding 

them to discuss treatment decisions with clinicians.    

The final video is available at the YouTube channel for the Centre for Review and Dissemination, 

University of York (CRD, 2025). 
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Figure 7-1 A patient-facing infographic summarising the main clinical findings of the project. 
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7.3 Concluding remarks  
 

This thesis has achieved its overarching aim of using methods of evidence synthesis to improve 

understanding of how well antiemetic regimens work, and for whom, indicating the usefulness of 

evidence synthesis methods in child health.   

Many of the meaningful insights derived from applying evidence synthesis methods have stemmed 

from the involvement of children and their families, whose lived experiences have helped to prioritise 

outcomes, identify evidence gaps, understand what findings mean in practice, and disseminate 

findings to those affected.   

Despite these contributions, resource requirements for evidence syntheses were high, and precision 

gains were dependent upon similarities in treatment effect between the populations and/or outcomes 

of interest. These conditions should be considered before applying these methods in other areas of 

child health, as their application may not always be a substitute for well-conducted research with the 

child population.  
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Table 7-1 Original contribution to the clinical field and methodological reflections for using evidence synthesis methods in child health (research questions, chapters 3-4). 

Research question What is the relative effectiveness and ranking of antiemetics for 

preventing CINV in children? 

Can adult clinical trial data improve the 

certainty of relative effect estimates in 

children? 

Can adult clinical trial data reliably predict 

the relative effectiveness of a new 

antiemetic therapy (Olanzapine) in children? 

Methods Bayesian network meta-analysis using data from RCTs in children Bayesian information-sharing model 

incorporating adult data on antiemetics in the 

children's network. 

Bayesian information-sharing model 

incorporating adult data on antiemetics in 

the children's network and data from RCTs 

in adults evaluating Olanzapine* 

Original contribution to clinical 

knowledge or understanding 

(of relevance to children and families 

affected by CINV, and/or clinicians/ 

clinical trial investigators/ researchers 

within the field) 

- Combining all evidence largely supports the current standard of 

care.  

- Palonosetron is the preferred 5-HT3 antagonist for nausea 

prevention  

- There is a lack of patient-important outcomes relating to quality of 

life (including adverse effects), which should be prioritised in future 

research 

- Differences in relative treatment effect 

between populations mean that precision is 

not improved for most outcomes.  

- Adult evidence should not be assumed 

generalisable to children within this field.  

- Children generally gain greater benefit 

than adults when antiemetics are compared 

to the reference treatment, BUT not always, 

making predictions unreliable.  

Differences in treatment effects between 

Olanzapine regimens have been established.  

Methodological reflections 

(of relevance to researchers and/or 

clinicians applying these methods in 

other areas of child health) 

Bayesian NMA is an invaluable tool within child health, reducing the 

need for additional clinician trials in children through the estimation 

of indirect treatment effects. Patient-important outcomes improve the 

synthesis's usefulness and help identify evidence gaps. 

Incorporation of adult evidence often requires considerable resources and may only be 

beneficial where there are sufficient similarities (or predictable/ consistent differences) in 

treatment effect between populations. Comparison between treatment effect estimates 

reported in the primary literature for different populations is recommended.  
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Table 7-2 Original contribution to the clinical field and methodological reflections for using evidence synthesis methods in child health (research questions, chapters 5-6). 

Research question How effective are antiemetic medications at preventing both 

nausea and vomiting in children and young people? 

Do patient-level characteristics, such as cancer 

type, sex, age and emetogenicity of chemotherapy, 

alter antiemetic effectiveness in children and 

young people? 

Do patient-level characteristics alter antiemetic 

effectiveness similarly in adults, and if so, how 

can this information be used to improve 

predictions of relative effect in the paediatric 

population? 

Methods Multivariate meta-analysis using IPD from RCTs in 

children. 

Multi-level network meta-regression (ML-NMR) 

using IPD from RCTs in children. 

IPD network meta-regression incorporating 

IPD from RCTs in adults. 

Original contribution to clinical 

knowledge or understanding 

(of relevance to children and families 

affected by CINV, and/or clinicians/ clinical 

trial investigators/ researchers within the 

field) 

Treatment effects of nausea and vomiting correlated (but not 

strongly) 

Borrowing of strength is occurring, but jointly synthesising 

outcomes doesn’t meaningfully improve the precision of 

nausea outcomes.  

Few (2/7) clinical trials in children collected nausea. 

Older children gain greater benefit from the 

addition of NK1 antagonists and/or olanzapine 

to ondansetron, but this needs to be considered 

alongside the increased risk of gastrointestinal side 

effects. 

  

Treatment-covariate interactions are 

dissimilar in adults.  

No available adult IPD on Olanzapine. 

Discussion around using adult evidence to 

improve predictions of new medicines in 

children, exploratory/hypothetical.  

Methodological reflections 

(of relevance to researchers and/or 

clinicians applying these methods in other 

areas of child health). 

The benefits of multivariate synthesis depend upon there 

being sufficient correlation between outcomes of interest. 

The likely strength of correlation should be carefully 

considered prior to IPD collection.  

IPD network meta-regression is a valuable tool in child health, given that it is often difficult to 

establish interaction effects within individual paediatric clinical trials (due to small sample sizes). The 

analyses may help to personalise care in an often-heterogeneous population.  

 Patient-important outcomes should be prioritised within IPD collection to improve the synthesis's usefulness and help identify evidence gaps. 
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9 Abbreviations  

 

Abbreviations in text  

5-HT3 – 5-hydroxytryptamine type-3 receptor 

CCLG – Children's Cancer and Leukaemia Group 

CINV – Chemotherapy-Induced Nausea and Vomiting 

FDA – Food and Drug Administration 

HEC – Highly emetogenic chemotherapy 

IPD – Individual participant data 

ITT – Intention-to-treat 

MASCC – Multinational Association of Supportive Care in Cancer 

MEC – Moderately emetogenic chemotherapy 

MHRA – Medicines and Healthcare products Regulatory Agency 

mg/kg – Milligram per kilogram 

ML-NMR – Multi-level network meta-regression 

mITT – Modified intention-to-treat 

NK1 – Neurokinin-1 receptor 

NMA – Network meta-analysis 

POGO – Paediatric Oncology Group of Ontario 

RCT – Randomised clinical trial 

UK – United Kingdom 

µg/kg – Microgram per kilogram 
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Additional abbreviations in figures, tables and legends 

ARP – Aprepitant 

CR- Complete response (Typically defined as no vomiting or use of rescue medication) 

D1 – Day 1 

D2 – Days 2–3 

DEX – Dexamethasone 

FOSA – Fosaprepitant 

GRAN – Granisetron 

MD – Multiple divided doses 

METO – Metoclopramide 

OLZ – Olanzapine 

OND – Ondansetron 

PALO – Palonosetron 

SD – Single dose 
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