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Abstract
As the effects of cancer and its treatment have long-lasting negative impacts on the health and quality of life of survivors, there
is a need to explore new avenues to optimize long-term patient outcomes in pediatric oncology. Therefore, this scoping review
aims to report on the state of the evidence on the use and effects of behavioural interventions targeting physical activity and
diet behaviours in pediatric oncology. Fourteen quantitative studies were included. Studies evaluated a combination of two or
three different modalities, including education (n=11), physical activity (n=6), psychosocial support or training (n=6), reward
system (n=2) and adventure-based activities (n=1). Overall, behavioural interventions in pediatric oncology appear beneficial;
however, no conclusive evidence favouring specific interventions were identified.

ABSTRACT
As the effects of cancer and its treatment have long-lasting negative impacts on the health and quality of
life of survivors, there is a need to explore new avenues to optimize long-term patient outcomes in pediatric
oncology. Therefore, this scoping review aims to report on the state of the evidence on the use and effects
of behavioural interventions targeting physical activity and diet behaviours in pediatric oncology. Fourteen
quantitative studies were included. Studies evaluated a combination of two or three different modalities,
including education (n=11), physical activity (n=6), psychosocial support or training (n=6), reward system
(n=2) and adventure-based activities (n=1). Overall, behavioural interventions in pediatric oncology appear
beneficial; however, no conclusive evidence favouring specific interventions were identified.
INTRODUCTION
Progress in childhood cancer treatment, diagnosis and management have resulted in childhood cancer survival
rates of over 80% in North America in the past decades [1, 2]. However, concurrent with this success comes
an increased appreciation of the late effects resulting from the disease and its treatment that have been
extensively described in the literature [3-5]. It is estimated that 62.3% of adult survivors of childhood cancer
suffer from at least one chronic health condition, 27.5% have a severe or life-threatening condition [6] and
95% will have a significant health-related issue by the time they are 45 years of age [7].
For many cancer-related complications, behavioural modifications represent the primary method of risk
modification available to survivors [8]. Although exercising, having a healthy diet, and adopting other
healthy behaviours are beneficial for everyone, the importance of a healthy lifestyle is critical for pediatric
cancer patients who are at increased risk of adverse health problems that could be potentially preventable.
Lifestyle practices are well-recognized modifiable factors that contribute to lower the risk of cardiometabolic
complications [9], one of the treatment-related long-term complication prevalent in this population [10, 11],
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and might increase the quality of life of survivors [12]. A review of social cognitive theory-based interventions
in adult cancer survivors demonstrated promise in improving physical activity (PA) and diet behaviour [13].
Whereas interventions targeting one specific behaviour change such as exercise interventions have been the
subject of reviews [14-17], there are currently no evidence-based recommendations to guide the promotion of
more global behavioural intervention changes in the pediatric oncology population and little is known about
complex health promotion interventions and their effectiveness.
Hence, the purpose of this scoping review is to report on the extent of what is known on the use of complex
interventions or multimodal programs addressing PA and diet behaviour for children with cancer or childhood
cancer survivors (CCS) and their reported findings. More specifically, the aims of this study are to examine
the extent, range and nature of (1) the study populations, (2) the interventions or programs, and (3) the
findings regarding the effects on health behaviours, patient outcomes, and clinical recommendations.
METHODS
The scoping review was conducted following the methodological framework by Arksey & O’Malley [18],
with improved recommendations by Levac et al. [19] to examine and summarize the extent, range, and
nature of complex interventions or multimodal programs targeting PA and/or nutrition as well as their
findings in pediatric oncology. The adopted strategy involved searching for research evidence via electronic
databases (Embase, CINAHL, Ovid MedLine, and PsychINFO), using snowballing technique of the reference
lists of selected studies and hand searching of key journals. For the electronic databases search, no limit
in publication dates was set and a combination of key words and MeSH terms were used based upon the
identified core concepts of the research question. The search strategy for electronic databases was developed
from the research question and definitions of key concepts with the help of a librarian. Materials in English
and French were included.
Prior to study selection, inclusion and exclusion criteria were created. Then, two reviewers (CD and AB)
independently screened the title and abstract of studies for inclusion. Disagreements were resolved by
consensus. Studies were included for full-text review if they (i) included children with cancer or survivors
of childhood cancer that were diagnosed before the age of 21, (ii) consisted of complex interventions or
multimodal program, (iii) interventions targeted PA and/or nutrition. Behavioural complex interventions or
programs were defined as broad interventions that are built from several interacting components that aim
to change health behaviours and improve patient outcomes. The second level of screening involved reading
the full text of each article, which was done by CD. AB was consulted as needed for further clarification of
any ambiguities. Full-text review included all methodologies and excluded syntheses or reviews of existing
evidence, theoretical and empirical articles, conference abstracts, and editorials. Multiple articles that
provided results from the same study were grouped together for analyses. For intervention studies that had
been preceded by published pilot studies, only the more recent version was discussed. A charting form was
developed to retrieve the following data from the selected studies: authors, year of publication, study design,
study population, sample size, intervention/program description, and findings (see Table 1).
In accordance with Levac et al. [19] and Colquhoun et al. [20] guidelines, we conducted a descriptive
numerical and a thematic analysis. The descriptive numerical analysis focused on the characteristics of the
studies (e.g. age of patients, program duration). We conducted a thematic analysis from the extracted data
to answer our scoping review questions. Themes emerged around: (i) population addressed, (ii) type of
interventions, (iii) patient outcomes, and (iv) clinical recommendations.
RESULTS
Descriptive numerical analysis
The initial search included all studies published before December 2019, which is when the online searches
were executed. As outlined in Fig. 1, a total of 831 articles were initially retrieved through the database
search. Six additional studies were identified through cross-references and hand searching. Of those, 32
articles were retrieved for full-text review and 14 were eventually retained for the final analysis. The two
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study designs employed were randomized control trials (RCT, 71%) and quasi-experimental designs with
pre-/post-study assessments (29%). A summary if the studies included in this review is presented in Table
1.
Number of participants
Studies included a total of 1000 participants, ranging from 10 [21] to 267 participants [22].
Age of participants
The age of the participants ranged from three to 34 years old. Four studies targeted adolescents and/or
young adults (11-34 years old) [21-24], seven included children and adolescents (4-20 years old) [25-31] and
three were designed for the caregivers of younger children (3-13 years old) [32-34]. No studies included
families of children younger than 3 years of age.
Program duration
The shorter program proposed a half-day intervention, with the post-intervention assessment conducted 3
months following the intervention [23], whereas the longest proposed a 2.5-year program beginning after
diagnosis and continuing through the end of treatment [27]. Most interventions had a duration ranging
between 6 to 12 weeks.
Qualitative analysis
Population
Most studies included cancer patients with mixed diagnoses groups, except for four studies that included
specifically patients with acute lymphoblastic leukemia [27, 29, 32, 34] and one that included only children
with leukemia and brain tumours [31]. Moreover, the majority of studies had few inclusion criteria, with
the exception of two studies that were designed specifically for CCS with obesity, defined as a body mass
index (BMI) [?] 85th percentile [29, 33] and one for survivors who reported symptoms of fatigue and had
not engaged in PA in the previous 6 months [26].
Eight studies targeted the cancer patients or survivors [21-24, 26, 28, 30, 31], five were family-oriented [25,
27, 29, 32, 34] and one was designed for parents [33].
Participants in nine studies were survivors [21-24, 26, 28, 29, 31, 33], whereas the remaining five studies
recruited children undergoing treatment [25, 27, 30, 32, 34].
Nine studies were conducted in the USA [22-24, 27, 29, 31-34] , two in Hong Kong [26, 30], one in Canada
[21], one in the Netherlands [25] and one in Taiwan[28].
Interventions or Programs
The more frequent type of health behaviours addressed in each individual study were PA and nutrition, in
13 and seven studies respectively (see Table 2). Other health behaviours studied included smoking (n=2)
[22, 24], alcohol consumption (n=1) [24], sun protection (n=1) [22], health accountability (n=1) [28] and
self-examination (n=1) [22]. More than half of the studies focused on one specific health behaviour, whereas
the others addressed multiple health behaviours. Furthermore, studies evaluated a combination of modalities
including educational interventions (n=11) [21-24, 26, 28-30, 32-34], individualized or group PA interventions
(n=6) [21, 25, 27, 30-32], counselling (n=5), psychosocial support or training (n=6) [22, 23, 25, 27, 33, 34],
reward system (i.e. healthy goods and services) (n=2) [24, 31] and adventure-based activities (n=1) [26].
Programs included between 2 and 3 different modalities.
Five studies were conducted in a hospital or clinic [22, 23, 25, 27, 28], four were delivered using various
technologies (i.e. emails, text messages, online platforms) or telephone [24, 29, 33, 34], two were home-based
[30, 32] and three were community-based [21, 26, 31].
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The majority of programs or interventions were developed using a theoretical framework, the most popular
being Bandura’s social cognitive theory [35] used in seven studies [23, 28-31, 33, 34]. Only three studies did
not report any theoretical framework [25, 27, 32] and four integrated elements from multiple frameworks to
develop their interventions [23, 26, 33, 34].
Outcomes
Following a method previously used to assess parental involvement on intervention results [36, 37], outcomes
were categorized by positive or mixed results. Positive results indicated that changes occurred in the desired
directions and mixed results indicated that there were positive changes, but only among one subgroup or
only for some of the outcomes measured. For the purpose of this review, a third category named “no effect”
was also added to indicate that there were no positive changes for any of the outcomes under study.
Seven studies included both health behaviour assessments and patient outcomes [26, 29, 30, 32-34]; whereas
four focused on health behaviours [22, 24, 28] and three on patient outcomes only [25, 27, 31]. Health
behaviour assessments included, but were not limited to, PA levels, dietary recalls, health behaviour selfefficacy and consumption of alcohol and drinking for adult survivors. The most frequent patient outcomes
were body mass index (BMI), physical fitness and quality of life. Most studies reported mixed results, while
one study reported positive findings across all patient outcomes or health behaviours assessments [30] and
two not conclusive results [24, 27].
Nine studies also reported on feasibility outcomes, such as retention rate, acceptability, and participants’ satisfaction. All of them reported positive findings, except for one that reported mixed findings [31], supporting
feasibility and acceptability of their respective interventions or program that were safely and successfully
implemented in the childhood cancer population.
Ten studies conducted the assessments at short-term; either directly at the end of the intervention [27-29,
32] [31] or between 1 and 4 months post-intervention [23, 24, 28, 29, 33]. The 4 remaining studies conducted
long-term assessments, i.e. 12 months after the program or interventions [21, 22, 25, 26].
Clinical implications
To increase the effectiveness of interventions, various recommendations were made by the authors to guide
either clinical practice or future studies (see Table 3). Some recommendations were made regarding important
elements that should be included or considered, including supporting participants’ self-efficacy, which is
defined as an individual’s self-judgment of their own abilities to execute certain behaviours that determine
the likelihood of a person engaging in or avoiding certain behaviours [38]. Indeed, interventions that address
self-efficacy elements may increase children or survivors’ confidence in their abilities to initiate and maintain
healthy behaviours [28]. For example, it was found that with increased self-efficacy, children with cancer
are more likely to adopt and maintain regular PA [30]. Also, psychological variables are deemed important
intervention targets to improve quality of life [25]. For example, cognitive deficits such as information
processing problems should be addressed [29].
The engagement of families, especially parents is particularly important [34]. Indeed, caregivers serving as
role models of healthy eating and exercise facilitate family changes [33]. Positive social interactions and
encouragement with the mentor was found to be associated with greater adherence to healthy behaviours in
one of the studies; the authors therefore recommended enlisting the support of parents or friends to provide
additional social support to the CCS [31]. Furthermore, authors support more frequent contact with the
interventionists as participants seem to need the continuing support on the lifelong commitment to healthy
behaviours to moderate the late effects of therapy [27].
Another popular recommendation was to use targeted, individualized programs and age-appropriate approaches, as they might be better than standard or generic programs to increase the effects of the program
[21, 23, 25, 32]. Making the messages specific to the needs of young cancer survivors would likely enhance
their relevance as well as increase the engagement and satisfaction of survivors with the content [24].
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Multimodal approaches have contributed to compliance and overall success in reaching targeted outcomes
[29]. Indeed, multimodal seemed preferable to education only, as provision of information related to adverse
outcomes is necessary, but was found to be not sufficient to produce significant changes in participants’
health outcomes [22]. Furthermore, the use of technology offers a feasible, relatively low-cost alternative to
more in-person intensive interventions in this at-risk but sparse population because it can be distributed
across time and geography; however, personal contact also appeared to help compliance with protocol and
follow-up [29].
Finally, regarding the point over the course of treatment and survivorship that interventions might be best
implemented, Cox et al. [27] concluded that it may not be feasible during early treatment owing to the child’s
responses to the disease and treatment. Indeed, shortly after the diagnosis and following the participants
through the end of therapy may have resulted in the study participants and/or parents being too sick and/or
overwhelmed to complete the intervention with the frequency and intensity necessary to improve function.
They suggested offering study participation at maintenance, in contrast to within 10 days after diagnosis,
so that parents and children will have had a considerable period of time to adjust to the diagnosis and
to have hurdled the worst treatment and disease effects. Fear, anxiety, symptoms, and overall well-being
will no longer be the significant threats that they were at diagnosis, thereby potentially facilitating greater
participation and commitment to the intervention. Another early lifestyle intervention concluded that it was
feasible, but that the results did not show significant changes in the targeted outcomes [34]. For survivors,
it was found that trying to recruit after treatment was difficult as families are often trying to forget their
cancer and hospital experiences and, similarly, too long after (e.g. more than 3 years) was also difficult as
families are likely to have created a new normal. The average time since treatment ended for participants
recruited in their study was 1.96 years [33].
DISCUSSION
The present scoping review sheds light on the dominant areas of research in terms of target population, intervention type, and outcomes for complex interventions or multimodal programs targeting healthy behaviours
in children with cancer. Due to a paucity of studies, and the heterogeneity of the studies included in this
review, identifying the best health promotion interventions or program is challenging. The interventions
typically focused on PA alone or in combination with other health behaviours, the majority had a short
duration (<6 months), and few conducted long-term assessments. Furthermore, no studies included families
of children younger than three years of age and few recruited patients who were still undergoing treatment.
There are a lot of challenges that can be encountered in developing and administering interventions with
children who are severely ill, which could explain why so little intervention effort has been made.
The few studies published demonstrate that it is feasible to implement these types of interventions or
programs and that it can potentially improve patient outcomes or healthy behaviours practises. Furthermore,
popular recommendations include the individualization of interventions, the use multiple modalities and the
engagement of families. The results of this study are consistent with other reviews; one concluding that
diet and exercise interventions are feasible [39] and another one that lifestyle technology-based interventions
demonstrated high feasibility and acceptability rates in the pediatric oncology and survivors of childhood
cancer populations [40]. Moreover, a recent review of health behaviour in CCS interventions confirmed a
gap in interventions designed for younger cancer survivors (<8 years of age) and that engaged parents, who
are critical to child behaviour change [41].
A crucial aspect in the evaluation of complex behavioural interventions is the choice of outcome measures.
Precise and reliable measures of both behaviours targeted by the intervention and the health outcomes
should be included for a comprehensive evaluation of behavioural interventions. Esbenshade and Ness [39]
have suggested to pick out outcomes that are reliable and reproducible as well as to standardize outcome
measures so that studies can be compared and combined. Furthermore, long-term follow-up may be needed
to determine whether the downstream effects on the health outcome predicted by the change in behaviour
occurred or whether the short-term changes, such as the change in behaviour, persisted [42]. Thus, implementing programs of longer duration should be encouraged. Collecting data over an extended period of time
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(e.g. more than 12 months after starting the intervention) would allow clinicians or researchers to evaluate
the long-term effects and benefits of the interventions or program on outcomes such as quality of life, which
requires an extended period to respond the intervention compared with other outcomes, for example levels
of PA.
Consistent with the recommendations from Stern [33] and Zhang [34] to engage families in behavioural interventions, a systematic review that examined parental involvement in diet and PA studies in CCS concluded
that adding a parental component may improve health promotion interventions for CCS [36]. Indeed, in
their review, studies with no or indirect parental involvement had lower amounts of success than studies
with direct parental involvement. Furthermore, as some research has shown that parents remain involved in
the healthcare of survivors even into adulthood [43], parental involvement should be considered throughout
the continuum of care and regardless of the survivors’ age. Parents of CCS are also known to experience
psychosocial issues related to the child’s cancer and treatment that can affect their family life [44], such as
being overprotective and restricting children from participating in physical activities [45] or adopting a parenting style that is associated with increased junk food consumption [46]. Therefore, addressing parenting
practises and offering psychosocial support or training to families may be beneficial for both parents and
children with cancer.
According to Short et al. [47], programs addressing the promotion of health behaviours such as PA should
be theory-based in order to maximise effectiveness. Indeed, there is a growing recognition that theorybased behaviour change interventions are more effective than approaches that do not rely on theory [48].
Among other reasons, theory-based interventions can help pinpoint what factors need to be considered before
developing a program or intervention, it can provide insight into how to shape strategies to address these
factors, and can provide information on how or why the intervention works. The theoretical framework that
has been used the most in the field of pediatric oncology is the Social Cognitive Theory (SCT) [49], which
is a theory that has shown particular promise also in the field of PA promotion for breast cancer survivors
[47]. However, the application of SCT or any other theoretical framework to promote healthy behaviours in
oncology is still in its infancy and further research is needed to optimize their use.
Interventions to change health behaviours such as adopting a healthy diet and practicing frequent PA have
huge potential to make a positive impact on both the individual themselves and the overburdened healthcare
system [50]. Furthermore, there is growing evidence that multiple-behaviour interventions promise to have
much greater impact on public health than single-behaviour interventions [51]. The key idea that underpins
behavioural change is to deliver interventions comprised of various change-generating techniques in order
to promote a change in behaviour, which will subsequently have an effect on health outcomes. The same
rigorous experimental methods that have characterized drug-based clinical treatments should be applied to
those studies, which is unfortunately not always the case. Indeed, methods must be devised to measure what
was previously thought to be unmeasurable and assessments conducted in a reproducible and valid fashion,
even for the measures of subjective states [52].
Limitations from this review include the fact that this is a developing field of research, with the oldest article
published in 1999, with few studies addressing the research question. The high variability in intervention
type and outcome measures across studies made comparison of results difficult and meant we were not able
to identify attributes of studies that were effective. Furthermore, many of the included studies had small
sample sizes, biases and short follow-up duration. This review underlines the need for further well-designed
trials using standardized outcome measures to be implemented in this population as well as the gaps in the
evidence base.
CONCLUSION
This review highlights the lack of studies on interventions to optimise long-term health in pediatric oncology,
especially for younger children and patients still undergoing cancer treatment. No conclusive evidence
favouring specific interventions were identified, although there is preliminary evidence that health promotion
interventions are feasible and potentially beneficial for children with cancer and survivors. These results
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also provide insights that are useful in integrating future health promotion interventions in childhood cancer
patients and survivors. Future research is vital in identifying and defining the most efficient methods to
implement these programs and optimize patient outcomes.
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FIGURE LEGEND
Figure 1

Flow diagram of the scoping review process
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