A systematic review and narrative synthesis of exercise interventions to manage fatigue among children, adolescents and young adults with cancer 
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ABSTRACT 
Purpose: Exercise is known to improve fatigue among adult cancer patients, however, there is limited understanding of this relationship in children, adolescents and young adults (AYA) with cancer.

Aim: The aim is to evaluate the effect of exercise on fatigue outcomes among children and AYA with cancer and to identify important parameters of exercise (frequency, intensity, time, type and setting) which may be relevant for future intervention design.

Methods: A systematic search of PubMed, MedLine, CENTRAL, Embase and Web of Science databases was conducted in December 2019, for studies within the last decade, reporting the effect of exercise on fatigue among cancer patients and survivors aged 0-24-years. Quality assessment was conducted using the PEDro and ‘Before-After Studies with No Control Group’ scales. 

Results: Seventeen studies (n=681 participants) were included, of which six were randomised controlled trials (RCT), and the remaining being pilot (n=5) or feasibility studies (n=6). Across studies there was great heterogeneity in intervention delivery, frequency (range: once–seven days a week), time (range:10-60 minutes) and duration (range:3-24 weeks). A positive effect of exercise on fatigue was observed however, most changes in fatigue were not statistically significant. 

Conclusion: Exercise is beneficial for reducing fatigue in young cancer patients. However, due to the heterogeneity and quality of existing interventions, firm conclusions about the most effective mode and format of exercise intervention cannot be drawn. There is a need for more definitive large-scale RCTs, that can provide data of sufficient quality. 





















INTRODUCTION
Cancer is the leading medical cause of death in children, adolescents and young adults (AYA) worldwide.1 The survival rates of young cancer patients have significantly improved within the last decade with the 5-year survival rating now exceeding 80%.2 However, young people with cancer aged between 0-24 years are at risk of  physical and psychosocial problems as a result of their diagnosis and treatment.3,4 

Cancer-related fatigue is the most common and distressing symptom experienced by young people with cancer.5 It is estimated upwards of 76% of AYA with cancer experience fatigue.6 Fatigue affects physical functioning, ability to perform daily activities, and mood,7,8 and has a particular negative impact on young people as it affects their opportunity for social interactions and developmental milestones. For example, fatigue is reported to limit young children’s ability to play,9 and to prevent independence at school and work for AYA.6 

The quality of evidence of the beneficial impacts of exercise on fatigue among adult cancer patients and survivors is considered strong.10-12 A Cochrane review of 56 studies on exercise and fatigue in adult cancer patients highlighted that exercise, especially aerobic, during or after adjuvant cancer therapy, was more effective at reducing fatigue than the ‘usual care’ or ‘no exercise.13 The American Society of Clinical Oncology, American College of Sports and Exercise Medicine (ACSM)  and the National Comprehensive Cancer Network each advocate exercise and physical activity as the most effective means of managing cancer-related fatigue during and after cancer.10-12 These guidelines, and the associated evidence base among adult cancer patients and survivors, have been indirectly applied to form clinical practice guidelines which recommend physical activity as the first-line therapy to manage fatigue among children and AYA with cancer  and in paediatric recipients of haemopoietic stem-cell transplants.14 However, to date there has been no systematic attempt to collectively review studies conducted among children and AYA cancer patients to make recommendations on the frequency, intensity, time, type (FITT) and setting of exercise required to benefit fatigue outcomes.15 Understanding the most suitable form of exercise for young people with cancer is important to ensure exercise interventions are designed to meet their specific needs, as they greatly differ physically, psychosocially and emotionally from the older adult cancer population.16 Therefore, the aim of this review is to assess the effect of exercise on fatigue outcomes among paediatric and AYA cancer patients and to determine important parameters of exercise (FITT and setting) which may be relevant for future intervention design.

METHODS
Selection Criteria
The eligibility criteria for interventions was developed according to the Population, Intervention, Comparison, Outcomes and Study Design (PICOS) model.17 Participants of interest were paediatric and AYA cancer patients and survivors between the ages of 0-24 years. This age range includes 0-16 years as the established age bracket for paediatric patients and 16-24 years is defined as AYA patients by the National Health Service.18,19 Cancer patients with any type of cancer, at any stage of the cancer continuum and undergoing any therapeutic approach, as well as those who had completed treatment were included.20 Randomised controlled trials (RCTs), small-scale pilot studies and feasibility studies were included for review if they reported an exercise intervention and fatigue was listed as an outcome measure. The exercise intervention could be of any type such as resistance, aerobic, strength and flexibility exercises and could be supervised, home-based or self-directed. 
Studies where the mean age of the sample was above the 0-24-year age range were excluded even if there were participants under the age of 24. Interventions that did not involve exercise or did not explicitly outline the exercise delivered were excluded from the review. Systematic reviews, meta-analyses, cross-sectional studies and case reports, as well as studies written in non-English language were also excluded. 

Search Strategy 
The search was performed using a combination of the following key terms: (randomised controlled trial, RCT, intervention, trial, pilot, feasibility) AND (exercis*, training, workout, aerobic, fitness, physical activit*, resistance, strength, flexibility) AND (cancer, malignan*, tumour, neoplasm, leukaemia*, carcino*) AND (fatigue, tire*, exhaust*, lethargy) AND (teenage*, young adult, TYACS, AYA, adolescent*, child, paed*).  These terms were applied to MedLine, PubMed, Web of Science, CENTRAL and Embase databases. The search was limited to articles published  in English within the past decade. The reference list of the full-text articles included for review were manually checked for potentially relevant articles. Authors were contacted if the full text was not available online. 

Study Selection
Within the initial search, 1423 studies were retrieved and imported into Mendeley,21 where duplicates were removed. The remaining studies were imported into Rayyan software for screening.22 The titles and abstracts of each study were crosschecked against the inclusion criteria. In instances where the article title or abstract did not report key information, full-text articles were retrieved and read to assess eligibility to be included. A second investigator reviewed and confirmed study eligibility and exclusion.  

Data extraction & synthesis 
Data on the characteristics of each study including study design (methodology, setting, and sample characteristics), exercise intervention (FITT, and setting), and fatigue outcome measures were extracted. Fatigue as reported by the patient or their parents, was  reported as the change in mean or median fatigue scores from baseline to post-intervention and follow-up. A second investigator reviewed and confirmed the data extraction.  Due to a mix of pilot feasibility studies and RCTs included, and the use of different methods to measure the outcomes and deliver the intervention, there was great heterogeneity across the studies and therefore difficulty in combining the data. As a result, a meta-analysis was not performed and a narrative synthesis of the data was conducted. 

Risk of bias in individual studies and across studies 
To ascertain the methodological quality of the RCTs, the Physiotherapy Evidence Database (PEDro) scale was used.23 The scale evaluates quality based on 11 criteria. For each criterion satisfied, one point was added to the overall score, giving each study a score between 0-11.24 Scores of 10-11 were considered to have excellent methodological quality, between 7 to 9 was good and scores of 5 or 6 were considered to be of fair quality. Scores below 5 were of poor quality.25 For pilot and feasibility studies, the ‘Quality Assessment Tool for Before-After Studies With No Control Group’ developed by the National Institutes of Health (NIH) was used. This evaluates each study based on 12 criteria, focusing on internal validity.26 To determine the risk of bias across studies, biases present in each of the studies were compared. 


RESULTS
As shown in Figure 1, the database search identified 1384 titles. After the removal of duplicates and screening of titles and abstracts, 115 full-text articles were assessed for eligibility alongside 39 additional titles identified through reference list screening. Of these articles, a total of seventeen studies met the inclusion criteria and were included in the review. Four studies incorporated aerobic exercise only,27-30 seven prescribed both aerobic and strengthening,31-37  three studies involved aerobic, strengthening and stretching exercises,38-40 and three studies were yoga interventions.41-43

Study characteristics 
As shown in Table 1, of the 17 studies included, 6 were RCTs,31-33,36,38,40 with the remainder being either quasi-experimental (n=2),27,35 or single-group repeated measures pilot feasibility studies (n=9).28-30,34,37,39,41-43 The studies were conducted in a range of different countries, including the United States (n=5),28,29,35,37,41 Hong Kong (n=2),33,38 Germany (n=2),34,40 Taiwan (n=2),27,30 Australia (n=2)36,39 and Canada,42 Netherlands,31 Finland32 and India.43 Across all studies, 681 participants were included with the sample size ranging from 9 to 222 participants.33,34 The majority of studies recruited more males (361 males vs 320 females). The age of the participants across all studies ranged from 3-24 years. Ten studies recruited patients with any type of childhood cancer,30,31,33-38,40,41 with the remaining studies investigating acute lymphoblastic leukaemia or other haematological malignancies (n=5),27,29,32,39,42 and brain tumours (n=2).28,43 With respect to treatment, patients in nine studies were receiving active cancer treatment,27,29,32,34,38-40,42,43 three studies had patients either receiving active treatment or those who had finished,28,30,31 and five studies only included patients who had completed treatment.33,35-37,41 Chemotherapy was the most common treatment received by participants. Fatigue was the primary outcome reported in twelve of the studies. Other outcome measures included physical activity levels, health-related quality of life and cardiorespiratory fitness.

Exercise Intervention
The characteristics of the exercise interventions are described in Table 2. There was a wide variation in the parameters of exercise across studies. Aerobic exercise was prescribed in fourteen studies, ten which also incorporated strength training of which three also involved stretching.38-40 The remaining three studies were yoga interventions.41-43 Six interventions were delivered using technology, including a Nintendo WiiFit, computer and a fitness tracker.27,28,30,32,34,35 Six studies offered full supervision in a health-care setting,33,34,36,39,42,43 three provided home-based interventions,27-29 and eight were a combination of a supervised and home-based intervention.30-32,35,37,38,40,41 The majority of studies (n=13) offered exercise that was to be carried out individually, and four offered the opportunity to exercise in a group.33,35,41,44 Within four studies, additional guidance was provided in the means of a handbook containing exercise guidelines, education on exercise and nutrition, daily feedback and a motivational phone call.27,29,32,35

The time of seven of the interventions were individualised to each participant in accordance with their baseline physical function, personal goals and game choice.27-30,32,39,40 The remaining interventions prescribed a set time that all participants followed, that ranged from 10 minutes to 60 minutes, most commonly being 1-hour sessions (n=4).35,37,38,43  The duration of exercise interventions varied widely, ranging from 3 weeks42 to 6 months,33,38 with 12 weeks being the most frequent (n=4).28,31,34,35 The frequency per week also ranged from once to seven days a week with three days (n=3)27,40,42 and seven days being the most common (n=3).28,29,32 Information about the intensity of the interventions were only described in five studies. One study reported intensity using Heart Rate Reserve (aimed for 40-60%),27 three used Heart Rate Peak which aimed to gradually increase from 66% to 100%,31 from 50% to >85%36 and 70-75%,40 and another used Rate of Perceived Exertion (3.7/10 was achieved).39 The remaining studies did not mention any information about intensity or had not set a specific intensity for the intervention. 

Fatigue measures and reporting 
As shown in Table 3, the fatigue measures included across the studies were the Paediatric Quality of Life Inventory (PedsQL) Multidimensional Fatigue Scale, Functional Assessment of Chronic Illness Therapy-Fatigue Scale (FACIT-F), Fatigue Scale-Child (FS-C), Fatigue Scale-Adolescents (FS-A) and Fatigue Scale-Parent (FS-P).45 The most commonly used measure was the PedsQL Multidimensional Fatigue Scale, which was used in twelve studies. In the PedsQL Multidimensional Fatigue Scale and the FACIT-F scale, a higher score indicates a lower level of fatigue. However, in one study which used the Chinese version of the PedsQOL Multidimensional Fatigue Scale the scoring system was reversed, therefore a higher score indicated greater fatigue levels.27 This scoring method was also used in the FS-C, FS-A and FS-P scales used in three studies,29,33,38 and in another study that designed their own questionnaire to measure fatigue.43 Comparing the fatigue scores between the studies was therefore challenging, due to the use of different scoring systems. Five studies measured the median fatigue score,28,29,32,41,42 whereas the other twelve measured the mean fatigue score. 

Fatigue outcomes 
Table 3 displays the outcomes of each exercise intervention. Overall, all seventeen interventions were successful in improving cancer-related fatigue. Of the eight studies which included a control group, seven of the exercise interventions all showed a greater improvement in fatigue in the intervention group.27,31-33,35,38,40 However, only two of these studies demonstrated a statistically significant difference (p<0.05) between the groups.33,38 The studies that assessed different types of fatigue demonstrated that exercise was most beneficial for sleep/rest fatigue and general fatigue, and it had the smallest effect on cognitive fatigue. Six studies that measured fatigue levels immediately post-intervention and again at follow-up demonstrated that improvements in fatigue remain stable, or improve over-time once the intervention period has ended.27,28,31,33,34,38 

[bookmark: _GoBack]The largest effect sizes (0.04-0.09, p<0.001) were observed in interventions which incorporated a combination of aerobic and resistance training.33,37,38 Three interventions involved walking using a fitness tracker to record step count, with one study showing a small median change in fatigue of 1.00 (p=0.42),29 the other reporting a larger median change of 11.74 (p=0.03),28 and the third also showing a statistically significant mean change of 8.47 in overall fatigue scores (p=0.01).30 Two yoga interventions demonstrated only small, insignificant improvements in fatigue,41,42 however one yoga intervention reported a statistically significant improvement (p=0.007).43 Two interventions involved using video games and the PedsQL Multidimensional Fatigue Scale to measure fatigue outcome. One reported a small median change of 4 in fatigue scores between pre- and post-intervention (p=1.00),32 and the other reported a significant mean change of 21.43 in sleep/rest fatigue scores (p=0.013),34 revealing very different results. Overall, the changes in fatigue in the majority of studies were not significant, nevertheless, the results did show an improvement in fatigue levels.

Adherence
The adherence and drop-out rate varied across the studies. A yoga and walking intervention had a high adherence rate of over 90%, in terms of their session attendance rate, and the number of days the participants measured their steps per day.29,41 One study defined the adherence rate as participants who completed at least two-thirds of their exercise prescription, which was reported to have ranged from 67-83% (mean rate: 76%).27 In the study conducted by Atkinson et al., which defined the adherence rate as the number of sessions attended, a mean of 18 out of 20 sessions were attended by the participants (range: 70-100% adherence rate).36 The two interventions that involved the use of video games had a very low drop-out rate.32,34 Conversely, only 55% of the sample completed the whole programme in the walking intervention conducted by Ovans et al., due to not wanting to wear the Fitbit device,28 and less than 70% attended all exercise sessions in two studies,31,39 with one study having a 22% drop-out rate.31 One study had a high attrition rate of 44.4%.30 The most common reason for dropping out of the studies was due to recurrence of the disease,31,36,41 and other cancer-related factors such as side-effects of cancer treatment.28,29,38 Another common reason for dropping out was no longer being interested in participating in the intervention.33,35,36,38

Risk of bias within and across studies
Table 4 displays the risk of bias within and across RCTs. All six RCTs had clear eligibility criteria, randomised allocation, participants were comparable at baseline and adequately followed up. However, there was a lack of blinding of participants, therapists and assessors in all RCTs, and intervention group allocation was often not concealed increasing risk of selection bias and ascertainment bias. Five of the RCTs were deemed to be of good quality,32,33,36,38,40 and one was of fair quality.31 Risk of bias within pilot feasibility studies is displayed in Table 5. Although all studies had a clearly stated objective, eligibility criteria and intervention, many had a small sample size that was unrepresentative and not sufficiently powered.

DISCUSSION 
The findings of this systematic review highlight the diverse range of exercise interventions which have been delivered and reported among children and  young people with cancer to manage cancer-related fatigue. Results across the seventeen interventions suggest exercise is beneficial in managing fatigue in young cancer patients. However, the magnitude of effect varied across studies. Due to the great heterogeneity of each intervention, a clear relationship between the exercise parameters (frequency, intensity, time, type) and efficacy could not be determined. Nevertheless, trends relating to the design and delivery of exercise interventions emerged.

The interventions that demonstrated a larger effect size all had an aerobic component, suggesting that this may be the most effective type of exercise in reducing fatigue among children and AYA. This is comparable to the strong evidence from studies conducted among adults with cancer.46,47 Within this review, strength and resistance training interventions also led to improvements fatigue.31,38 The benefits of resistance training within these studies is consistent with the ACSM guidelines for adult cancer survivors to perform resistance training twice a week in addition to aerobic exercise to reduce fatigue.48 The ACSM guideline is supported by a meta-analysis of supervised exercise programmes in adult cancer patients that indicate combined resistance and aerobic training has greater effects than resistance or aerobic training delivered alone.49 The three interventions included in this review that involved a combination of strengthening and aerobic exercise reported a statistically significant improvement in fatigue,33,37,38 with two of these interventions reporting a great difference between the intervention and control group that exceeds the clinically significant indicator of an intervention’s efficacy.33,38 This suggests that mixed modality exercise may also be beneficial among young people with cancer, and should be explored in future research to confirm this finding among children and AYA cancer patients. Two yoga interventions included within this review showed only small improvements in fatigue. Similar findings have been reported in two meta-analyses investigating yoga in adult cancer patients, which were both unable to identify yoga as beneficial in reducing fatigue.50,51 On the other hand, the third yoga intervention reported statistically significant improvements in fatigue. However, parent proxy-reported scores for fatigue were used and a validated questionnaire to measure fatigue levels in cancer patients was not used. Instead, fatigue was measured using a questionnaire that was designed by the researchers. These factors decrease the reliability of this study’s findings. 

It is challenging to provide a comprehensive evaluation of the frequency of exercise per week, and duration of exercise bout that produces the greatest improvement in fatigue as all interventions differed markedly in these parameters. The most common duration of exercise intervention was 12 weeks with most intervention programmes supporting exercise multiple times per week. Conversely, the adventure-based training intervention,33 and nurse-led intervention were delivered over a 6-month period.38 These two interventions, were found to have a larger effect than interventions delivered over short periods of time. This suggests that consistently engaging in physical activity may be more important than frequency of exercise within a short period, or the larger effect size may be due to the social support provided from the researchers and physical therapists delivering the intervention. Further work is needed to establish the cumulative benefit of exercise upon cancer-related fatigue and the optimal duration of intervention. In addition, as there was little information on intensity of the interventions across the studies, a clear relationship between intensity and efficacy could not be established.

Two interventions delivered the exercise using video games.32,34 The use of video games is being increasingly trialled as an approach for the management of cancer-related symptoms,52 as they have a good retention rate among young cancer patients, and can promote increased intensity without increased perceived exertion.32 Digital interventions can be transferred easily into daily life and conducted without guidance, making it a feasible addition to traditional treatment.32 Benefits of exergaming has also been demonstrated among adult cancer patients,53 and youth without cancer.54,55 With regards to the setting, the interventions included were carried out at a range of sites including the community, hospital and the home. However, among young people with cancer, home-based programmes tend to have higher adherence rates which could be attributed to the involvement of their parents. There is evidence suggesting the positive effects of parental support in increasing children’s physical activity levels,56 as demonstrated by the home-based interventions supervised by parents, that showed greater improvement in fatigue compared to the control.27,30 The home has also been identified as the most preferred setting to exercise among adolescent cancer patients,57 as it increases their flexibility to work around other commitments and hospital appointments, and as it allows them to exercise in a safe space.58 Home-based interventions delivered via a digital platform which include support from a clinical team based within a hospital setting require exploration. 

The current understanding of the relationship between exercise and fatigue in the young oncology population is limited due to inconsistencies across studies. There is a need for more large-scale, definitive RCTs in order to draw conclusions about the effect of exercise, especially combined aerobic and strengthening exercise programmes. Trials of exercise interventions that are more uniform are required to allow for better comparison and to identify clinically meaningful effects with particular respect to exercise parameters.59 It would also be valuable for future research to adopt a consistent measure of fatigue. Eight studies reported the effect of exercise on different types of fatigue, showing that the greatest benefit was seen on sleep/rest and general fatigue and the smallest effect on cognitive fatigue. However, akin to the state of the evidence among adults, there are currently no studies on which type of fatigue exercise has the greatest effect on. Future studies should look to disentangle the physical and psychosocial benefits of exercise on parameters of fatigue and quality of life. Within this review, a clear relationship between adherence and effect size could not be established, as there were inconsistencies in effect size for different levels of adherence and not all studies had included information about adherence. However, although not significant, fatigue improved in most studies that reported high adherence, therefore it remains necessary for future research to focus on identifying exercise interventions that can be easily incorporated into their everyday lives in order to increase uptake and engagement.60 Clinicians should be made more aware of the significant distress that fatigue can cause on AYA cancer patients and that some exercise is better than no exercise in the general management of the condition.11

Strengths & limitations 
Random errors of excluding relevant studies and systematic errors of not consistently applying the inclusion criteria may have been made, resulting in a risk of bias, compromising the validity of the results and conclusions drawn.61 All interventions were greatly heterogeneous, rendering it difficult to make comparisons between the interventions. This may have been due to the broad selection criteria resulting in markedly different studies being included. Also, some relevant articles may have been excluded due to the age range selected. Although the age range for young adults in the UK is 18-24 years, in other countries, adults up to 39 years old can be considered as a young adult with cancer.62 Studies including patients between 0-24 years but with a mean age range of the whole sample above 24 years were also excluded. Four studies were excluded as they could not be retrieved online or from the authors that were contacted, along with studies that were not written in English, therefore some relevant articles may have been excluded from this review.

The majority of the included studies had not set a specific intensity for their interventions, or had not mentioned it in the study. This limited the ability of this review to determine the optimal FITT parameters of exercise needed to reduce fatigue in young cancer patients. As fatigue was measured subjectively using self-report questionnaires, it is possible that many of the results are confounded by response bias, limiting the strength of the reported findings. Two studies used proxy scores from the parent/guardian, who may have overestimated the severity of their children’s fatigue levels.29,43 Furthermore, most studies included within the review were pilot or feasibility studies and are therefore more likely to have higher risk of bias than RCTs. Across studies, small sample size limited the power to detect significant effects of exercise on fatigue. Although the broad selection criteria increase the generalisability of review findings to children and AYA diagnosed with different cancer types there is a strong risk of selection bias; it is possible that children and young people who took part in the interventions were more interested in physical activity and suffered less fatigue than those who declined invitations to participate. In addition, fatigue was not the main outcome in some of the studies, therefore the participants may have had low fatigue levels pre-participation as a result, leading to a ceiling effect on improvement in fatigue. 




CONCLUSION
In summary, this review demonstrated that exercise is beneficial for young cancer patients, but that clear statements about the frequency, intensity, type,  and time (duration) of exercise required to reduce fatigue in this group could not be made due to the heterogenous nature of the studies. In this population, adherence to exercise may be difficult, therefore future interventions should focus on delivery methods that are engaging. Large-scale randomised controlled trials are required in order to strengthen the evidence that exercise is beneficial for the management of fatigue among young people with cancer. 
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Figure 1 – PRISMA flow diagram of the literature search and selection process 
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