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Abstract

Background: Prevalent symptoms that affect children and adolescents throughout

the process of cancer diagnosis and treatment include nausea and vomiting, fatigue,

pain, mucositis, and anxiety.

Aim: To examine the effect of a home-based multimodal symptom-management program

for alleviation of nausea and vomiting, fatigue, pain, mucositis, and anxiety in children and

adolescents undergoing chemotherapy for hematological malignancies or solid tumors.

Methods: In an exploratory pilot randomized study with qualitative interview, patients

between 10 and 18 years of age were randomly assigned to either the symptom-

management program plus usual care (intervention group) or usual care (control group).

The program consisted of multiple nonpharmacological interventional components. The

targeted symptoms were measured at baseline (after diagnosis), at the first 2 weeks of

each cycle of chemotherapy, and at 6 months after baseline, using the Memorial Symp-

tom Assessment Scale 10-18 and the State Anxiety Scale for Children.

Results: Fifty children (31 boys; mean age, 13.7 years) were randomized either to the

intervention group or the control group (25 each) and underwent baseline assess-

ment. A comparison between the groups showed that the intervention group had a

significant less fatigue over time (P < .05). However, no differences were found with

respect to nausea and vomiting, pain, mucositis, and anxiety between groups. Both

children and parents reported a positive experience with the symptom-management

program.

Conclusion: The home-based symptom-management program may have helped to

reduce fatigue in children and adolescents undergoing chemotherapy. In addition,

qualitative data support the importance of improving children and parents' knowl-

edge, coping skills, and psychological preparation for symptoms associated with

chemotherapy.
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1 | INTRODUCTION

The success achieved in recent decades in improving the survival rates

of children and adolescents with cancer has been largely attributed to

combined treatment approaches, the intensification of cytotoxic che-

motherapy, and enhanced supportive care.1 However, cancer- and

treatment-related toxicity remains a significant clinical problem in

pediatric oncology. Clinically, symptoms experienced by children

undergoing cancer treatment rarely occur in isolation,2 multiple symp-

toms can co-occur and be related to each other, referred to as symp-

tom clusters.3,4 Prevalent symptoms in children and adolescents

throughout the process of diagnosis and cancer treatment include

nausea and vomiting, fatigue, pain, mucositis, and anxiety.5-12

Research evidence also suggests that these symptoms are inter-

correlated and can negatively influence patient outcomes.13-17

Fatigue has been reported to be associated with psychological symp-

toms13 and pain14 in children with cancer. A higher level of anxiety

was associated with a higher probability of mucositis,15 while

mucositis was associated with pain.16 Previous study indicates that

children with high symptom severity, including anxiety, fatigue, and

pain were associated with poor functional outcomes.17 These multiple

symptoms throughout their process of cancer diagnosis and treatment

continue to be a challenge in supportive care for pediatric oncology.

Nevertheless, the concepts of symptom clusters and self-care3,18,19

offer insights into the development and application of multimodal

interventions/ multiple intervention options to target these multiple

symptoms simultaneously.

Nonpharmacological interventions for nausea and vomiting,

fatigue, pain, and anxiety have been widely tested in cancer settings

and have been found to be a promising option for patient care. For

example, an increasing body of evidence suggests that the use of pro-

gressive muscle relaxation techniques can effectively reduce nausea

and vomiting, pain, and anxiety in cancer settings.7,20 Several studies

have also reported a positive effect on fatigue after interventions with

distraction and energy conservation strategies.20,21 The literature also

reports that systematic oral self-care aids in mucositis prevention.22

The current version of the MASCC/ISOO mucositis guidelines sug-

gests that oral care protocols should be used to prevent mucositis in

all age groups and across all cancer treatments.23

However, studies of multimodal nonpharmacological symptom

management approaches to address multiple symptoms in pediatric

cancer populations remain limited. This pilot study evaluated multiple

intervention components incorporated into a home-based symptom-

management program to target nausea and vomiting, fatigue, pain,

mucositis, and anxiety in children and adolescents who undergo che-

motherapy. Intervention effects on the reported levels of the targeted

symptoms were evaluated, and patients and parents' experiences and

views on the symptom-management program were explored. It was

hypothesized that children and adolescents receiving home-based

symptom-management program would have a greater decrease in

symptom scores across each cycle of chemotherapy (a maximum of

four cycles) and at 6 months after baseline assessment compared with

control group participants.

2 | METHODS

This prospective exploratory pilot randomized study with qualitative

interview was conducted between December 2011 and August

2014 at a Children's Cancer Centre in Singapore after approval from

the Institutional Review Board (DSRB Ref: 2011/01812). The eligible

participants were children and adolescents between the ages of 10 to

18 years with a new diagnosis of a hematological malignancy or solid

tumor and had planned chemotherapy. This age group was considered

most likely to benefit from the symptom-management program being

evaluated in the study because of their conceptual abilities to under-

stand the intervention components and predictable level of coopera-

tion, alongside the consideration of study instrument of Memorial

Symptom Assessment Scale (MSAS) 10-18, which is designed for

administration to children aged 10 to 18 years.24 The patients and

their parents were informed of the aims of the study and were

included only after the patients gave their assent to participate and

their parents provided written informed consent. After enrollment,

the patients were stratified on the basis of hematologic malignancy

and solid tumor and were randomly assigned by a computer-

generated system to participate in a home-based multimodal

symptom-management program plus usual care (intervention group)

or in usual care only (control group). Usual care included treatment

with ancillary medications such as anti-emetics and analgesics as pre-

scribed by the medical doctors at the Cancer Center. Randomization

was balanced for every four participants. We planned to enroll 30 par-

ticipants in each arm, based on the clinical team's recommendation

that approximately 60 patients could be targeted at the study site

over a 2-year period.

2.1 | The symptom-management program

The home-based multimodal symptom-management program was

underpinned by the Social Cognitive Theory (self-efficacy and

empowering people to make positive behavior change)25 and the

Symptom Cluster Concept (most-common symptom approach for

cluster identification and interventions for multiple symptoms in clus-

ter to improve patients' symptom experience)3,4 and was based on

recommendations from experts and evidence from the literature. The

program was designed for children and adolescents ages 10 to 18. It

was psychoeducational oriented, and aimed primarily to provide chil-

dren and adolescents and their parents with the knowledge, skills, and

support necessary for symptom prevention and management. The

composition of the program included non-pharmacological interven-

tions of progressive muscle relaxation, distraction strategies, guided

imagery, energy conservation, advice on meal preparation, oral care,

and warm and cold packs. The program would work by taking advan-

tage of synergistic effects of multi-modal non-pharmacological inter-

ventions on the targeted symptoms.

The key feature of the symptom-management program was its

inclusion of a home or clinical visit and regular phone contact. The

home or clinical visit (1-1.5 hours) took place before or during the first
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2 weeks of the first chemotherapy cycle. During the visit, a trained

research assistant (RA) discussed the chemotherapy and its adverse

effects and symptoms, as well as coached the patients in the presence

of their parent(s) for each intervention component to mastery. The

coaching was aligned with the psychoeducation focus of active

involvement of the RA with the patient and parents during the pro-

cess. The progressive muscle relaxation involved a two-step process

of Tense and Relax through a Tense and Relax script. Distraction

strategies focused on things that helped take children and adoles-

cents' mind off their symptoms. These included playing, performing

games, listening music, playing musical instruments, and/or reading.

Guided imagery employed children and adolescents' own visual, audi-

tory and/or movement imaginations, such as favorite place, TV show,

song, swimming, and jogging. Energy conservation included a delibera-

tively planned management of children and adolescents' personal

energy resources to prevent their depletion, with strategies such as

set priorities, and schedule activities when children and adolescents

had the most energy. Advice on meal preparation focused on things

that enhanced children and adolescents' hydration and nutritional

intake. These included screening of noxious stimuli and discuss ways

to avoid them, assessing children and adolescents' food preference,

and discussing principle in meal preparation particularly during nau-

sea/vomiting and mucositis. Oral care involved a systematic hygienic

care through tooth brushing with fluoride toothpaste and mouth rins-

ing with normal saline mouthwash. Warm and cold packs were used

back and forth for pain relief when appropriate. In addition, patients

were given a protocol-based booklet outlining the details of each

intervention component to enhance their home practice. For this

study, the participants were instructed to perform each intervention

component at least once a week during each cycle of chemotherapy.

The participants had weekly phone contact with a RA in each cycle of

chemotherapy for intervention reinforcement. The participants were

asked to keep a logbook to record their self-practice of intervention

components, with assistance from their parents, during the study

period.

2.2 | Outcomes and assessments

The primary outcomes were the differences in the reported occur-

rences and levels of targeted symptoms from baseline throughout

each cycle of chemotherapy to 6 months between two groups. These

symptoms were measured at baseline (ie, after diagnosis and before

the first cycle of chemotherapy), at the first 2 weeks in each cycle of

chemotherapy (a maximum of four assessments), and at 6 months

after baseline, using the relevant items from the MSAS 10-18.24 The

MSAS 10-18 comprises a 30-item 4- or 5-point Likert scale measuring

the dimensions of frequency, severity, and distress of 30 symptoms

that typically occur in cancer settings. Specifically, if a symptom is

experienced, a composite of the average scores of its severity, fre-

quency, and distress dimensions is computed to produce a symptom

score between 0 and 4.24 The MSAS 10-18 has been validated as hav-

ing good psychometric properties for children with cancer who are as

young as 10 years old.24 The MSAS 10-18 was used rather than

symptom-specific scales to assess nausea and vomiting, fatigue, pain,

and mucositis to minimize the burden on the participants.

The short-form State Anxiety Scale for Children (CSAS) was used

to measure anxiety. The CSAS is a 10-item three-point patient-rated

Likert scale measure and provides a valid measure of the anxiety state

in children older than 6 years, with total possible scores ranging from

10 to 30 (higher scores indicate greater anxiety).26 A standardized

profile for sociodemographic data was collected by a questionnaire

survey, and clinical data were gathered from the participants' medical

records.

2.3 | Data analysis

Data were analyzed using SPSS v26. Categorical and continuous data

were presented as frequencies as a percentage and as a mean ± SD,

respectively. Differences in demographic and clinical data between

the groups were compared with the chi-square test and Student's t-

test. The study outcomes were analyzed according to the intention-

to-treat principle. Comparisons of symptom scores between groups

throughout each cycle of chemotherapy were performed using

repeated-measures analysis of variance, with baseline measure values

controlled for as covariates. A P value of less than 5% was considered

to indicate statistical significance.

2.4 | Qualitative semi-structured interview and
analysis

This study included a qualitative semi-structured interview at

6 months after baseline to allow a deep understanding of the patients

and parents' experiences with the symptom-management program.

Semi-structured dyadic interviews were conducted by the RA either

at the hospital or at the participants' home. The RA encouraged the

children and parents to describe their perceptions and experiences

with the symptom-management program. The interviews were

recorded on a voice recorder and transcribed verbatim by the same

RA. Content analysis was conducted by the first author to analyze the

qualitative data. Statements or phrases were extracted from each

interview, and codes were assigned during the initial analyses of these

significant statements. From the codes, categories and themes were

developed. All analyses were conducted before the analysis of the

quantitative data yielded from the randomized study.

3 | RESULTS

Of 59 eligible pediatric and adolescent patients, 9 refused to partici-

pate because of lack of interest, 50 (84.7%) were enrolled and ran-

domized to either the intervention group or the control group

(25 each) and all completed the baseline assessment (100%) (Figure 1).

As shown in Figure 1, an average of 86% in the intervention group

CHENG AND TAN 3 of 9



while 91% in the control group completed the required subsequent

assessments. Of note, four and six patients in the intervention group

were not required to complete the cycles 3 and 4 assessments,

respectively, because of no scheduled chemotherapy. Two and four

patients in the control group did not have scheduled chemotherapy at

cycles 3 and 4, respectively, and thus were not required to complete

those assessments. For the patients who did not complete the

required assessments, the reasons were due to overlooking and feel-

ing overwhelmed with the assessments. The participants were primar-

ily boys and their medical diagnoses were predominately leukemia. All

demographic and clinical characteristics were comparable between

the two groups (P > .05) (Table 1). No variabilities of supportive-care

practices between groups were observed during the study period. Per

intervention logbook, an average of 83% adherence (ie, performed

each intervention component at least once a week during each cycle

of chemotherapy) to progressive muscle relaxation, 80% guided imag-

ery, 88% distraction strategies and techniques, 90% advice on meal

preparation, 86% energy conservation strategies, 80% warm and cold

packs, and 90% oral care protocol was recorded.

3.1 | Patterns of change of symptom occurrences/
symptom scores across time

In general, the patterns of the occurrence rates and the mean symptom

scores were similar in the two groups; these were high at baseline and at

the first cycle of chemotherapy and began to decline by the second or

third cycle of chemotherapy (Figures 2A-E and 3A-F). Of note, the

occurrence rates of nausea and vomiting and fatigue in the control group

increased at 6 months after baseline, whereas fatigue and pain in the

intervention group increased at 6 months after baseline. The mean symp-

tom scores of nausea and vomiting, fatigue, pain, and mucositis reported

by the control group increased at 6 months after baseline, whereas all

mean symptom scores in the intervention group, except those for fatigue,

continued to decline since second or third cycle of chemotherapy.

3.2 | Between-group differences in symptom
occurrences across time

In this study, 44%, 56%, 52%, 38.1%, 32%, and 30% of the partici-

pants in the intervention group reported ≥2 symptoms at baseline,

cycles 1, 2, 3, and 4 assessments, and at 6 months after baseline,

respectively. As for the control group, 52%, 72%, 64%, 43.5%, 38.8%,

and 40% reported ≥2 symptoms, separately. As shown in Figure 2A-E,

fatigue was the predominant symptom from diagnosis and throughout

chemotherapy. The children who received the symptom-management

program had a lower incidence of fatigue (26.3%-52.2%) than those

who received usual care only (42.1%-73.9%) across all time points.

Nausea (intervention group, 28.6%-50%; control group, 10.5%-56%)

and pain (intervention group, 19%-50%; control group, 10%-56.5%)

were the next most common symptoms. Vomiting (intervention group,

9.5%-31.8%; control group, 15%-48%) and mucositis (intervention

group, 0%-22.7%; control group, 9.1%-20%) were the least frequent

Eligibility 
screening (n=341) 

Ineligible (n=282) 

Eligible (n=59) 
Refused to 

participate (n=9) 
Consented, 

Recruited, and 

(n=50)
Randomized 

Completed baseline assessment, and 
received symptom-management program 

plus usual care (intervention group) (n=25) 

Completed baseline assessment, and 
received usual care (control group) 

(n=25) 

Chemotherapy cycle 1 (n=25) 
Completed cycle 1 assessment (n=21) 

Chemotherapy cycle 1 (n=25) 
Completed cycle 1 assessment (n=24) 

Chemotherapy cycle 2 (n=25) 
Completed cycle 2 assessment (n=22) 

Chemotherapy cycle 2 (n=25) 
Completed cycle 2 assessment (n=23) 

Chemotherapy cycle 3 (n=21) 
Completed cycle 3 assessment (n=19) 

Chemotherapy cycle 3 (n=23) 
Completed C3 assessment (n=22) 

Chemotherapy cycle 4 (n=19) 
Completed cycle 4 assessment (n=16) 

Chemotherapy cycle 4 (n=21) 
Completed cycle 4 assessment (n=19) 

Completed 6 months after baseline 
assessment (n=21) 

Completed 6 months after baseline 
assessment (n=20) 

F IGURE 1 Recruitment and follow-up assessments flow chart
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symptoms in both groups. However, no statistically significant differ-

ences were found with respect to the incidences of all targeted symp-

toms between groups (P > .05).

3.3 | Between-group differences in symptom
scores across time

Of note, the symptom scores of fatigue was significantly lower

across all time-points in the intervention group compared to the

control group, favored the intervention group (F = 4.95, P = .034,

effect-size = 0.32). The effect-size of 0.32 was also clinically

meaningful improved difference. According to distribution-based

methods to determining clinically meaningful change, an effect

size of 0.20 has been proposed as an appropriate threshold of a

minimal clinically important difference for health status mea-

sures.27 However, for nausea and vomiting, pain, mucositis,

and anxiety scores, only a trend toward lower scores in the inter-

vention group than the control group at most time-points

(P > .05).

TABLE 1 Patients' characteristics and disease information

Characteristics

Total N = 50 Control n = 25 Intervention n = 25

P-valuef (%) f (%) f (%)

Age (Mean ± SD) 13.7 ± 2.5 13.4 ± 2.6 13.9 ± 2.4 .540

Gender

Boy 31 (62.0%) 15 (60.0%) 16 (64.0%) .771

Girl 19 (38.0%) 10 (40.0%) 9 (36.0%)

Education

Primary to junior secondary 38 (76.0%) 21 (84.0%) 17 (68.0%) .185

Secondary graduate 12 (24.0%) 4 (16.0%) 8 (32.0%)

Primary caregiver

Mother 41 (82.0%) 21 (84.0%) 20 (80.0%) .713

Father 9 (18.0%) 4 (16.0%) 5 (20.0%)

Caregiver education

Primary, secondary or JC education 19 (38.0%) 9 (36.0%) 10 (40.0%) .771

Secondary graduate or post-secondary education 31 (62.0%) 16 (64.0%) 15 (60.0%)

Type of cancer

Hematological malignancy 37 (74.0%) 19 (76.0%) 18 (72.0%) .747

Solid tumor 13 (26.0%) 6 (24.0%) 7 (28.0%)

Cancer treatments

Chemotherapy/radiotherapy .628

Chemotherapy alone 31 (63.3%) 15 (60.0%) 16 (66.7%)

Chemotherapy & radiotherapy 18 (36.7%) 10 (40.0%) 8 (33.3%)

Surgery 11 (22.4%) 6 (24.0%) 5 (20.8%) .791

Transplantation 8 (16.0%) 6 (24.0%) 2 (8.0%) .123

Targeted therapy 7 (14.3%) 3 (12.0%) 4 (16.7%) .641

Chemotherapy drugsa

Corticosteroids 39 (79.6%) 21 (84.0%) 18 (75.0%) .435

Alkylating agents 39 (79.6%) 21 (84.0%) 18 (75.0%) .435

Anti-metabolites 32 (65.3%) 19 (76.0%) 13 (54.2%) .108

Antimicrotubule drugs 33 (67.3%) 15 (60.0%) 18 (75.0%) .263

Topoisomerase inhibitors 27 (55.1%) 13 (52.0%) 14 (58.3%) .656

Cytotoxic antibiotics 39 (79.6%) 19 (76.0%) 20 (83.3%) .524

L-Asparaginas 14 (28.6%) 7 (28.0%) 7 (29.2%) .928

Ancillary medications (at least in one cycle of chemotherapy throughout the study period)

Analgesic for pain 43 (86%) 21 (84%) 22 (88%) .399

Anti-emetic for nausea/vomiting 34 (68%) 20 (80%) 14 (56%) .069

aChemotherapy drug and target therapy information was missing for one participant in intervention group.
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3.4 | Patients and parents' experiences and views
on the symptom-management program

Two main themes emerged from the interview data: “Positive impact”
and “Gaps,” with “Being well-prepared” and “Get ready for symptoms”
being two interrelated subcategories of “Positive impact.” Both children

and parents reported a positive experience with the symptom-

management program as a whole, particularly almost all children and par-

ents mentioned that the symptom-management program helped increase

their understanding of the symptoms associated with chemotherapy and

equipped them to prepare, identify, and cope more effectively with the

targeted symptoms at home. Some parents also mentioned that the

acquisition of knowledge from the symptom-management program hel-

ped them overcome their own stress, which in turn may have enhanced

their ability to offer support to their children during chemotherapy. Two

parents went further and suggested that the symptom-management pro-

gram should be made an adjunct of medical treatment for children. This

theme is illustrated by the following quotations:

“…It helps reduce the symptoms and keeps me alert,

and makes me calm down [so that] I can make it

through the days easier…” (WN005LL, patient).

“…It's really good to have some coping suggestions

that are noninvasive interventions to manage the

symptoms…” (WN009HL, patient).

Two interrelated categories emerged from the theme of

“Gaps”: “The Breadth and depth of intervention” and “Contextual
consideration.” Some children and parents suggested that more

information about food selection and meal preparation should be

included to help support their nutritional needs with respect to the

morbidity associated with nausea/vomiting and mucositis. Some

children and parents also described infection/neutropenic fever

and sleeping difficulties as being stressful conditions for them-

selves and noted that there was a need for information and strate-

gies about infection prevention and sleep promotion during the

course of chemotherapy in addition to that concerned with the

targeted symptoms. Some parents reported that their children's

motivation to be engaged with the intervention components was

hindered by the discomfort associated with chemotherapy. At the

moment when children were suffering severe symptom, they reg-

arded ancillary medications was crucially important in alleviating

their symptoms instead of nonpharmacological intervention com-

ponents. Some stated:

F IGURE 2 A-E, Prevalence of nausea, vomiting, fatigue, pain and mucositis
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“…After chemotherapy, his weakness, nausea and

vomiting is so severe. At that time, it's impossible to

urge him to practice the program. Only medications

can help him…” (WN023L, parent).

“…It helps me when my symptoms are not very severe,

but when my symptoms become worse, only medica-

tions can give me relief…” (WN039RS, patient).

4 | DISCUSSION

Results in this study show that our multimodal symptom-management

program reduced the levels of fatigue in pediatric patients across mul-

tiple cycles of chemotherapy and at 6 months after baseline. The

effect-size of 0.32 exceeding the minimally important difference

threshold of ≥0.2 was clinically meaningful improved difference.27

This is a promising finding because cancer-related fatigue has long been

a significant concern for children and adolescents, family members, and

health care professionals.11,28 Recent systematic and integrative

reviews of various exercise-based interventions, complementary and

alternative therapies, and health education intervention to manage

fatigue among children and adolescents with cancer revealed limited

research in this area and population and a dearth of strong evidence for

the efficacy of any treatment approach.28-33 Our study results provide

evidence for the benefits of a combination of distraction strategies/

techniques and energy conservation strategies to reduce the levels of

fatigue in this underserved population. In a systematic review of the

lived experience of fatigue in children and adolescents with cancer,

Tomlinson et al (2016) also indicated that distraction is a perceived

alleviator of fatigue in patients.11 In addition, our results provide sup-

port on psychoeducation focus of active involvement of the patient

and parents during the process. The present data revealed that chil-

dren and adolescents adhered over 80% with the intervention compo-

nents. Children and adolescents and their parents' positive experience

with the symptom-management program further supports the impor-

tance of psychoeducational-oriented coaching to provide participants

with the knowledge, skills, and support necessary for symptom pre-

vention and management.

Although statistically significant differences could not be detected

between the study groups in terms of the levels of nausea and vomiting,

pain, mucositis, and anxiety, it was observed that children and adolescents

F IGURE 3 A-F, Mean symptom scores of nausea, vomiting, fatigue, pain, mucositis and anxiety
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who took part in the symptom-management program tended to have

reduced incidence of and less severe symptoms than those who received

usual care only. The lack of statistical significance in the differences

between the outcome variables of the groups might be attributable to

type II error and/or the potential of suboptimal efficacious dosage of

intervention components. It is the fact that only limited number of

patients enrolled in this study, and the actual effect size of the symptom-

management program may be small which require a larger sample size to

detect. Post hoc power analysis revealed less than 80% of power to

detect a mean difference with respect to nausea and vomiting, pain,

mucositis and anxiety between intervention and control groups at a 0.05

significance level. In addition, our current dosage of intervention compo-

nents characterized by duration, frequency and amount might have lim-

ited the full potential of the synergistic effects of the symptom-

management program. It may be possible that more intense program

could achieve greater synergistic effects. In this study, our weekly practic-

ing intervention components during chemotherapy cycle were based on

the considerations of practical feasibility. Voils et al highlighted that

patient burden and adherence are needed to consider when designed

behavioral interventions, as excessive burden leads to low attendance or

high withdrawal.34 Nevertheless, this lack of statistical significance should

not preclude researchers and clinicians from holding positive views about

the potential benefits of the intervention components. More large studies

of multiple intervention components are warranted to improve the study

power to detect the synergistic effects of interventions for multiple symp-

toms. Larger factorial research design trials are also necessary to further

refine and validate the most effective dose parameters of intervention

components in symptom-management program.

This study also provided in-depth insight into children and par-

ents' experiences with the symptom-management program through-

out the course of chemotherapy. The qualitative data reveal the

salient effect of improved knowledge and understanding of symptoms

associated with chemotherapy on the children's and parents' readi-

ness for cancer therapy. This sense of readiness is crucial to help

patients and parents strengthen their perception that they have con-

trol over their care. Additional research might need to consider for

inclusion infection prevention and sleep promotion interventions, and

to consider whether or how nonpharmacological interventions can be

combined with the use of supportive ancillary medications to create a

comprehensive, integrated approach to symptom management.

This study was limited by the small sample size, and single-clinical

research site that may influence the study's power and external validity.

In addition, our sample may have been biased toward inclusion of chil-

dren and adolescents who were more open and had a greater interest

in the program since completion of the multimodal symptom-

management program required that participants have the necessary

stamina to complete the study intervention components. Nevertheless,

results of this study suggest that a home-based multiple intervention

symptom-management program may help to reduce fatigue in children

and adolescents who undergo multiple cycles of chemotherapy. More-

over, the results give valuable insights into the feasibility and effects of

a symptom-cluster approach and multiple intervention components.
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