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Abstract

Objective

This systematic review aimed to examine the impact of technology- and parent-based
psychosocial interventions on family factors among children with cancer, focusing on
family dynamics.

Methods

Data were sourced from ten databases (CNKI, Wanfang, VIP, Sinomed, the
Cochrane Library, Embase, PubMed, Web of Science, Scopus, and CINAHL) up to
August 2024. The PRISMA statement guidelines, the Cochrane risk bias assessment
tool, and the non-randomized controlled trial risk bias assessment tool were used

in this study and experimental and quasi-experimental studies were included. The
review protocol is registered in PROSPERO (CRD42023435402).

Results

Twelve studies, including seven randomized controlled trials and five quasi-
experimental studies, involving 1,309 parents of children with cancer, were included
in the review. These studies utilized various theoretical models and delivered inter-
ventions through different modes, such as Internet-based platforms and telehealth.
Overall, technology- and parent-based interventions have demonstrated positive
effects on family dynamics factors, including family function, communication, coping
ability, and family burden.
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Conclusions

Technology- and parent-based psychosocial interventions showed promise in
enhancing family dynamics factors although intervention methods varied across stud-
ies. This review recommends larger-scale randomized controlled trials to evaluate the
effectiveness of technology- and parent-based psychosocial interventions on family
dynamics factors among this vulnerable population and highlights the potential of
such interventions to improve care quality, treatment outcomes, and resource alloca-
tion in pediatric oncology.

1 Introduction

Childhood cancer, the sixth leading cause of cancer-related deaths, remains a major
health concern [1]. An estimated 429,000 new cases of childhood cancer are reported
every year worldwide [2], with an average 5-year survival rate of up to 80% for most
types of cancer [3]. A cancer diagnosis profoundly impacts children and their families,
leading to adverse emotional, financial, and physical outcomes [4]. As survival rates for
children with cancer improve and cancer becomes a chronic condition, researchers are
focusing on psychosocial issues, including mental health and quality of life [5].

Childhood cancer diagnosis and treatment can lead to numerous difficult and
stressful situations for parents [6]. Indeed, parents often exhibit decreased psycho-
logical functioning, adaptation, and coping abilities [7]. Caring for a pediatric cancer
patient involves navigating complex behavioral and psychosocial challenges, which
can be particularly overwhelming for parents who may feel unprepared to meet their
child’s needs and make informed decisions [8]. Research has indicated that robust
psychosocial services are crucial for meeting the support needs of parents during
and after their children’s cancer treatment [9]. As parents play a crucial role in their
children’s socialization, psychological development, and overall health, their well-
being is directly linked to the health outcomes of children with cancer [10]. However,
much of the existing research has primarily focused on children, with less attention
to the parents [11]. Therefore, evaluating the effects of interventions that support
parents is essential to enhance the psychosocial well-being of both children and their
parents.

The diagnosis and management of pediatric cancer can alter the whole fam-
ily, leading to immediate and lasting impacts, and may cause changes in family
dynamics [12]. According to Family Systems Theory, families possess inherent self-
stabilizing and adaptive capacities. When faced with significant disruptions, such as a
child’s cancer diagnosis, families dynamically adjust their coping strategies or restruc-
ture family roles to manage external stressors [13]. In this review, family dynamics
factors refer to elements associated with parents or the entire family unit that reflect
interactions within a family, such as family function, coping ability, and parent—child
communication. Family function refers to the extent to which a family, as a cohesive
unit, adapts to stressors, organizes daily activities, and maintains emotional and
psychological stability [14]. Childhood cancer often adversely affects family function,
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creating conflicting dynamics and necessitating routine assessment of family function [15]. Evidence highlights the impor-
tance of improved family functions, such as enhanced cohesion, support, and expressiveness, along with reduced conflict,
as these factors are linked to better adjustment in affected children [16]. However, a child’s cancer diagnosis can signifi-
cantly affect the perceptions of self and family function, exposing families to the risk of adverse health outcomes [17].
Family burden, as a psychosocial stressor or structural disruption caused by critical life events such as illness, impairs
family function by disrupting psychological equilibrium and reducing coping capacity [18].Therefore, researchers should
focus on the role of interventions in improving family dynamics factors to mitigate the negative impact of childhood cancer.

As technology and interdisciplinary research advance, interest in technology-based psychosocial interventions has
increased. Meta-analyses have shown that e-health interventions can positively impact the mental health of parents of
young children, demonstrating small to moderate effects on anxiety, depression, and parenting stress [19,20-22]. The
use of technology can effectively reduce accessibility barriers in children’s mental health services [23]. Technologies such
as telemedicine, mobile applications, and virtual reality have now widely integrated into children and adolescents’ lives,
playing a crucial role in enhancing their mental health [24,25]. In pediatric oncology, technology-driven treatments have
effectively reduced negative physical and psychological symptoms in children with cancer and alleviated adverse coping
and psychosocial symptoms in their parents [26].

However, to the best of our knowledge, no review has specifically examined the impact of technology- and
parent-based interventions on family dynamics factors in the families of children with cancer. This systematic review
sought to examine the effects of technology- and parent- based psychosocial interventions on family dynamics factors in
pediatric oncology. Specifically, the review sought to (1) explore the core components and characteristics of these inter-
ventions, (2) examine the family dynamics factors they aimed to address, and (3) synthesize evidence on their reported
effects and implications. This review aims to inform the development of technology-driven, family-centered care models in
pediatric oncology, ultimately improving psychosocial support, care delivery, and overall family well-being.

2 The review
2.1 Design

This review follows the guidelines outlined in the Preferred Reporting ltems for Systematic Reviews and Meta-Analysis
statement [27] and is registered in the International Prospective Register of Systematic Reviews (CRD42023435402).

2.2 Search strategy

Peer-reviewed journal publications were identified by comprehensively searching 10 databases: the Chinese National
Knowledge Infrastructure Database, Wanfang Database, VIP Chinese Science and Technology Periodical Database, Chi-
nese Biomedical Literature Database, Cochrane Library, Excerpta Medica Database, PubMed, Web of Science, Scopus,
and the Cumulative Index of Nursing and Allied Health Literature from establishment to August 2024. Grey literature was
searched using Google and the European Grey Literature Database (www.opengrey.eu) to identify potentially omitted
studies in the aforementioned search process. We also manually reviewed the reference lists of the included publications
and developed search strategies for the following terms: ‘technology’, ‘telemedicine’, ‘e-health’, ‘m-Health’, ‘web-based’,
‘oncology’, ‘child’, ‘adolescent’, and ‘parents’. Medical Subject Heading (MeSH) terms and related or equivalent terms
were used with search strategies adapted to the specific characteristics of each database. An example of this search
strategy is presented in Table 1. For detailed information, please refer to the S1 Table.

2.3 Eligibility criteria
2.3.1 Inclusion criteria.

1. Studies involving parents of children diagnosed with any type of cancer, aged under 18 years, were included.
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Table1. Example database search, PubMed.

Main Concept Search Formula

1.Technology computer OR computer-based OR cyber OR cyberspace OR electronic (MeSH) OR “electronic
mail” (MeSH) OR email OR e-mail OR internet (MeSH) OR internet-based OR net OR online

OR virtual OR *“virtual reality” OR web OR web-based OR web based OR “world wide web” OR
www OR audio OR “audio-visual” OR video OR phone OR telephone (MeSH) OR “smart phone”
OR “cell phone” OR “cellular phone” OR iphone OR “SMS” OR “short message service” OR

“text message” OR testing OR mobile OR “mobile phone” OR ipad OR tablet (MeSH) OR “smart
device” OR digital OR “personal digital assistant” OR pda OR cd-rom (MeSH) OR game OR tech-
nology (MeSH) OR technologies OR technological OR Tele-health OR telemedicine(MeSH) OR
e-health OR mhealth OR Tele-Referral OR Virtual Medicine OR Tele-Intensive Care OR Mobile

Health
2.Children adolescent* OR teen* OR youth* OR child* OR infant* OR preschool OR minor*
3.Neoplasm Neoplasm (MeSH)* OR cancer* OR tumor* OR leukemia (MeSH) OR neoplasia OR malignancy
4.Parents parents (MeSH) OR family (MeSH) OR father (MeSH) OR mother (MeSH) OR caregivers
(MeSH)
5.Study type Clinical Trial, Randomized Controlled Trial

#1AND #2 AND #3 AND #4 AND #5
https://doi.org/10.1371/journal.pone.0323483.t001

2. Studies examining technology- and parent-based psychosocial interventions. Technology was defined as any type of
information or communication technology, and parents were defined as at least one of the primary caregivers of chil-
dren with cancer.

3. Studies with an experimental design (randomized controlled trial (RCT) design) or a quasi-experimental design (non-
RCT, pre- and post-intervention design).

4. Studies using standardized outcome measures of family dynamics factors. The family dynamics factor outcomes were
family communication (e.g., parent-child communication and couple communication), family coping ability (e.g., paren-
tal coping and problem-solving skills), family function (e.g., family resilience, hardiness, and adaptation), and family
burden(e.g., parental care burden).

2.3.2 Exclusion criteria.
1. Studies that were conference proceedings or abstracts.
2. Studies containing incomplete or suspicious data or duplicate publication.

3. Studies published in non-peer-reviewed journals.

2.4 Search outcome

For data management, the search results were loaded into Endnote X9, a reference management program. After
discarding duplicate articles, two authors (Z. Y. L. and Z. Z. T.) independently examined and cross-checked the titles and
abstracts of the remaining publications. Any dispute regarding whether to include a study was resolved following a discus-
sion with a third author (P. Y. Y.). To extract data, the complete texts of the remaining publications were retained.

2.5 Data extraction

Data were independently gathered from the included publications by two authors using standardized data extraction
tables, and disagreements were resolved following a discussion with a third author. The data extraction table, developed
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prior to the research commencement, primarily includes the following components: the year, authors, location, and design
of the reported study, quantity of samples, features of the technology-based interventions used, theories used in the
intervention, duration of the intervention, duration of follow-up, and significant outcomes. If data is lacking in the research,
make efforts to explain and incorporate relevant findings based on the existing information in the research.

2.6 Quality appraisal

Two authors (Z. Y. L. and Z. Z. T.) performed independent quality assessments, and a third reviewer (P. Y. Y.) arbitrated
conflict. Publications reporting RCTs were evaluated using the Cochrane Risk of Bias Tool [28], and those report-

ing quasi-experimental studies were evaluated using the Risk of Bias Assessment Tool for Non-Randomized Studies
(ROBANS) [29]. The risk of bias was evaluated using six dimensions: selection, performance, detection, attrition, report-
ing, and other biases. The degree of risk of bias was evaluated and indicated as low, high, or unclear.

2.7 Data synthesis

We reasoned that the variety in study designs, cancer types, intervention forms, intervention durations, and measuring
instruments in the studies would make a meta-analysis inappropriate. Therefore, we used narrative descriptions to sum-
marize the included publications and relied primarily on text and tables to describe and summarize our findings. We used
the general framework of narrative synthesis reported by Popay et al. [30], which included (1) a preliminary synthesis of
the findings of the included studies, (2) an examination of how the interventions worked, (3) an investigation of the rela-
tionships found in the data, and (4) an evaluation of the synthesis’s robustness.

3 Results
3.1 Study selection

The database search yielded 4,666 publications, of which 1,211 were excluded as duplicates, 3,380 were excluded based
on irrelevant titles, and 56 were excluded because they were abstracts without full text. From the remaining 19 full-text
reviews, 2 non-technology-based intervention studies, 6 registry-only studies, 1 conference abstracts, and 1 outcome
indices were excluded since they did not meet the inclusion criteria. Ultimately, nine publications (hereafter referred to as
‘studies’) were included. A review of the references of the included studies resulted in the addition of there studies that
met the inclusion criteria, leading to 12 studies. A flowchart of the study selection process is illustrated in Fig 1.

3.2 Study characteristics

The 12 studies included 7 RCTs [31-37] and 5 quasi-experimental studies [38—42]. Of the quasi-experimental studies,
four had pre- and post-designs, and one was a non-RCT. The studies were conducted in eight countries, namely, the
United States, Australia, Sweden, Iceland, South Korea, Turkey, the Netherlands, and China, from 2006 to 2024. The
sample included 1,309 parents of children diagnosed with various types of cancer, either in the treatment phase or during
survivorship. Table 2 summarizes the authors, locations, year of publication, designs, sample sizes, characteristics of the
studies, theoretical models or frameworks used in the interventions, methods of intervention delivery, instruments for mea-
surements, and primary outcomes.

3.3 Risk of bias

Fig 2 and Fig 3 illustrates the risk of bias in the included studies. Using the Cochrane Risk of Bias tool, six RCTs employed
random sequence generation and networked computers for random allocation, resulting in a low risk of bias in terms of
allocation concealment [31-33,35-37]. Two studies reported blinded outcome assessments [34,36], whereas another
reported that the outcome assessments were not blinded and that the intervention was provided and evaluated by the
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Fig 1. The flowchart of the review process for this study.

https://doi.org/10.1371/journal.pone.0323483.9001

same researchers [35]. Consequently, these seven studies exhibited a high risk of performance bias but a low risk of
attrition, reporting, and other biases.

Quasi-experimental studies revealed various risk levels. One was a non-randomized controlled study with a clearly
described participant selection, thus having a low risk of bias [40]. The remaining four quasi-experimental studies that
employed pre- and post-control designs did not describe the participant selection [38,39,41,42]. One study accounted for
confounding variables and noted no significant differences in background variables across groups [40]. All five studies
delivered standardized interventions; however, their primary outcomes were measured using self-report methods, which
might have influenced the results. None of the studies described the blinding of outcome assessments. One study did not
mention the treatment of incomplete data [42], whereas the remaining four did. These studies generally have a low risk of
bias in selective outcome reporting.

3.4 Results of individual studies

3.4.1 Theoretical models used in the interventions. Of the 12 studies, 11 were based on specific theoretical models
or frameworks. Specifically, two studies used the dignity model [31,32], two used the family systems theory [38,39], and
the remaining were based on various theoretical foundations, including Walsh’s family resilience framework [35], the
Uncertainty in illness and the Family Systems-illness models [34], the Medical Research Council’'s (MRC) Framework [40],
the Supportive Care Needs Framework [41], the Calgary Family Intervention Model (CFIM) [42], the Smith’s Attentional
Behavioral Cognitive (ABC) relaxation theory [36], the disability-stress-coping model [37].
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Fig 2. Randomized experimental studies.
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3.4.2 Mode of delivery. Interventions in the 12 included studies varied in form and content: Five used Internet-based
interventions, such as online manuals and videos, to improve family function and family resilience [35], family hardiness
and adaptation [42], parental coping [32,33,42], and the quality of parent-child communication [31]. Two studies conducted
legacy interventions based on telehealth sessions to explore their role in improving family function [38,39]. Two studies
provided online courses with mobile software devices to explore the role of interventions in improving family function [34],
reducing parental caregiving burden [41] and improving parental coping [37]. Two studies used audiovisual devices to
provide parents with audiobooks or videos to improve their ability to cope with life stressors and family function [36,42].

3.4.3 Family dynamics factors outcome. The included studies demonstrated marked differences in terms of result
validity. Outcome indicators focused on improving family communication, family function, coping ability, and reducing
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= | Selection of participants { selection hias)
= | Confounding variables(selection hias)

Center 2022

w | @ | @ | @ | ncomplete outcome data(attrition bias)

® | ® | ® | ®|® |selective outcome reporting(reporting bias)

® ® ® ® O easuementofexposureiperformance hias)

Center 2023 [ @ | @
Gardiing 2018 | @ ?
@ unclear risk
i1 ? ? ?
Svavarsdottir 2006 | 2 | 2 ? @ Lovii
Wang 2018 [ 2 | 2 2 @ @ ienrisk

Fig 3. Quasi-experimental studies.
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family burden. One study [31] found no significant difference in parent—child communication between the intervention
and control groups (P>0.05, Cohen’s d ranged from -0.20 to 0.33), although family communication was an improvement,
particularly between fathers and children(Cohen’s d = —0.22 to 0.33). Six studies reported improvements in family function
after the intervention. However, the results were inconsistent; some studies found no significant effects, whereas others
documented significant improvements in family function post-intervention. Two studies found no significant differences

in family function between groups [34,42]. Wakefield et al. [34] found no significant effect of time on family function at
baseline, post-intervention, or follow-up. However, Park et al. [35] noted significant improvements in family function pre-
intervention, immediately post-intervention, and at four weeks post-intervention, with a medium effect size and within-
group changes over time in the intervention group (f=1.256, p=0.018, effect size =0.394). Center et al. [38,39] reported
small significant changes in family function post-intervention compared with pre-intervention (95% CI=-0.14,0.79;
Cohen’s d=0.33). Svavarsdottir et al. [42] found no significant differences in family hardiness and adaptation before and
after intervention (P > 0.05). One study [40] found no significant between-group differences in coping abilities (P=0.39).
However, similar to two other studies, there was an increasing trend toward using coping strategies over time [32,42]. One
RCT found a significant difference and medium effect size in parental coping pre- and post-intervention in an Internet-
based group (effect size=0.32, t=5.32, p<0.001), although the difference between the intervention and control groups
was not significant (P=0.55) [33]. Two RCTs found significant improvements in parental coping skills in the intervention
group compared with the control group (P < 0.05) [36,37]. One study [41] found no significant difference in caregiving
burden between intervention and control groups (P=0.86). However, the burden significantly increased in the control
group but not the intervention group, likely due to additional support. In summary, the technology- and parent-based
interventions demonstrate beneficial effects on family dynamics factors including improved family function, enhanced
parent-child communication, strengthened coping ability, and reduced family burden.

4 Discussion

This review systematically analyzed 12 studies to elucidate the implementation and characteristics of current technology-
and parent-based psychosocial interventions for children with cancer and report the family dynamics factors measured in
these studies and the impact of interventions on these family dynamics factors. Our findings suggest that technology- and
parent-based interventions positively affect family dynamics factors particularly family function, communication, coping
ments pre- and post-intervention [35,39]. One study found beneficial improvements in parent-child communication,
particularly between fathers and their children, following both technology- and parent-based interventions [31]. Six studies

One study found no significant increase in caregiver burden after technology - and parent-based interventions [41].

4.1 Evaluation of bias and effectiveness in the included studies

Overall, RCTs had a relatively low risk of bias based on quality assessment tools. In contrast, the quality of the
quasi-experimental studies varied slightly, primarily due to differences in selection and attrition bias. All studies had a
high risk of selection bias since psychosocial interventions often expose participants to the intervention environment,
making it impossible to blind them to the intervention. Among the seven RCTs, six reported a low risk of selection bias
[31-33,35-37]. RCTs evaluating the effectiveness of medical interventions on health outcomes produced the fewest
outcome biases [43]. Large-sample RCTs have demonstrated good effectiveness [33], indicating that large-scale RCTs
should be conducted to explore the effectiveness of technology- and parent-based psychosocial interventions in rela-
tion to family dynamics factors. The remaining five studies were quasi-experimental, with relatively small sample sizes
(n=19-63) and single-center designs, which necessitated detailed consideration of the implausibility of the experimen-
tal results owing to the selection bias, showing a low risk [40]. One quasi-experimental study was conducted in China
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[41], whereas the remaining in developed countries. Therefore, researchers should consider conducting additional
studies on technology- and parent-based interventions tailored to populations in developing countries. Overall, we
recommend conducting further large-sample, multicenter RCTs to produce more generalizable and transferable findings
than those of previous RCTs.

4.2 Forms of technology- and parent-based psychosocial interventions

This review revealed significant variations in the form and duration of technology- and parent-based psychosocial inter-
ventions for children with cancer. Despite this variability, all included studies reported at least one positive effect of family
dynamics factors.

Currently, there is no clear prescriptive theoretical framework for the form and duration of these interventions. Although
standardized programs can enhance their application and promotion, the diverse and unstructured nature of technol-
ogy makes it challenging to develop systematic intervention programs. In the reviewed studies, the intervention duration
ranged from two weeks to six months. A similar review of e-Health and m-Health interventions showed a wide range of
durations, highlighting the need to further investigate these factors in pediatric oncology [44]. A systematic review and
meta-analysis of technology-based parenting interventions for children’s physical and psychological health found that the
duration of the interventions ranged from two weeks to 4 months [45]. These findings indicate the importance of exploring
the duration of interventions in pediatric oncology.

Interventions utilizing the internet, mobile devices, and telemedicine are user-friendly, scalable, and customizable.
These features are particularly advantageous for families living in remote areas, potentially reducing travel costs and
making healthcare more accessible. A systematic economic evaluation is required to assess the cost-effectiveness of
technology- and parent-based psychosocial interventions. This would help clarify the potential cost savings and their
impact on the psychosocial well-being of families with children with cancer.

4.3 Effectiveness of technology- and parent-based psychosocial intervention on family dynamics factors

This systematic review found that technology- and parent-based interventions could improve family dynamics factors par-
ticularly by enhancing family communication, family function, coping ability, and reducing family burden. A similar review
identified a link between effective parent and child communication and positive mental health outcomes during childhood
cancer treatment [46]. These findings support the role of technology- and parent-based interventions as crucial compo-
nents of comprehensive care for children with cancer. However, unlike other studies, one indicated that e-health interven-
tions for parents did not enhance family function [47]. Although clinical efficacy was not consistently confirmed across all
the included studies, this finding provides a foundation for further research. Notably, the high variability in different inter-
ventions and settings may stem from differences in healthcare systems across various countries.

From a healthcare research perspective, more high-quality studies are required to investigate the efficacy of
technology- and parent-based psychosocial interventions for family dynamics factorsin childhood cancers. Therefore,
conducting more rigorous RCTs is essential. Future research should address poor reporting quality by adhering to estab-
lished reporting standards. Overall, the interventions included in this review improved family dynamics factors in children
with cancer. To the best of our knowledge, this is the first review to address the impact of technology- and parent-based
psychosocial interventions on family dynamics factors in families of children with cancer.

5 Limitation

This study has some limitations. First, given the small sample sizes of the included studies and the varying quality of
the tools used to evaluate the outcome indicators, no meta-analysis was conducted to quantify the effect sizes of the
interventions. Second, five studies were pilot studies that explored the feasibility and acceptability of technology- and
parent-based interventions and reported only preliminary results.
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6 Implication of practice

This systematic review highlights several key implications for the practice of technology- and parent-based psychosocial
interventions in families of children with cancer. The findings suggest that these interventions can significantly enhance family
dynamics factors such as communication, function, and coping ability and reduce family burden. Therefore, healthcare pro-
fessionals should consider incorporating these interventions into standard care practices to bolster family support systems—
for instance, by designating intervention coordinators in pediatric units to facilitate family referral and program monitoring,
ensuring seamless integration of technology or in-person support. Given the variability in the form and duration of these
interventions, personalized approaches are crucial. Clinicians should conduct thorough family assessments to tailor interven-
tions, such as adapting communication modules for culturally diverse family structures (e.g., multigenerational caregiving),
optimizing technological tools for accessibility, or adjusting intervention intensity to align with treatment phases. This will help
to create more universally applicable guidelines and improve the global care standards for pediatric oncology.

7 Conclusion

The technology- and parent-based psychosocial interventions examined in this review demonstrated efficacy in enhanc-
ing family dynamics factors in the families of children with cancer. After the intervention, family dynamics factors such as
family communication, family function, family coping ability, and family burden, improved. Technology- and parent-based
psychosocial interventions are crucial components of comprehensive care for children with cancer. Future research should
focus on rigorous multicenter RCTs and adhere to established reporting standards to strengthen the evidence base and
enhance the applicability of these interventions.
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