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Abstract 

As part of the MyPal project, a digital health platform with mobile applications was developed 

to promote the active involvement of patients and communication in pediatric oncology and 

palliative care by combining Electronic Patient-Reported Outcomes (ePROs) with age-

appropriate gamification. To adequately capture children’s perspectives, MyPal adopted a 

patient-centered approach as a complement to standard care. The platform targeted children 

and adolescents aged 6–17 years and their caregivers, aiming to facilitate timely symptom 

reporting and interaction with Healthcare Professionals (HCPs). 

MyPal4Kids was conducted as a multicenter observational feasibility study from December 

2020 to September 2022 at three clinical sites in Germany and the Czech Republic. A total of 

83 pediatric patients with at least one parent each, and 10 HCPs participated. Using a mixed-

methods approach, primary outcomes assessed platform acceptability, usability, and actual 

use, measured by rates of recruitment, attrition, adherence, and user feedback through focus 

groups. Secondary outcomes evaluated the feasibility of ePRO data collection and the 

platform’s impact on clinical workflows and communication. 

The recruitment rate was 38%, with an 18% attrition rate. Overall, usability received positive 

ratings, though platform use decreased over time. Older children found the game less 

appealing. Adherence varied by age group and depended on the extent of HCP feedback on 

reported symptoms. Improvements in communication were reported inconsistently, but some 

participants appreciated increased motivation to report symptoms and perceived support from 

the clinical team. In settings with limited in-person contact, the platform helped bridge 

communication gaps, although some HCPs reported higher workload. 

These findings indicate that ePRO-based digital platforms hold promising potential to support 

pediatric oncology care, particularly when effectively integrated into clinical routines. Their 

success depends on context-sensitive implementation and clear definition of clinical 

responsibilities. Key challenges remain sustaining long-term motivation and ensuring timely 

feedback from HCPs. Future research should focus on even more adaptive, age-tailored 

designs and seamless integration into clinical workflows to enable sustainable and scalable 

implementation.  
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Deutsche Zusammenfassung 

Im Rahmen des MyPal-Projektes wurde eine digitale Gesundheitsplattform mit mobilen 

Anwendungen entwickelt, um die aktive Mitwirkung von Patient*innen sowie die 

Kommunikation in der pädiatrischen Onkologie und Palliativversorgung zu fördern. Hierbei 

wurden Electronic Patient-Reported Outcomes (ePROs) mit altersgerechten spielerischen 

Elementen (Gamification) kombiniert. Um die Perspektiven von Kindern adäquat 

einzubeziehen, verfolgte MyPal einen patienten-zentrierten Ansatz ergänzend zur etablierten 

Behandlung. Die Plattform richtete sich an Kinder und Jugendliche im Alter von 6 bis 17 

Jahren sowie deren Eltern und sollte die zeitnahe Meldung von Symptomen und den 

Austausch mit Gesundheitsfachkräften (Healthcare Professionals, HCPs) erleichtern. 

MyPal4Kids wurde als multizentrische, beobachtende Machbarkeitsstudie von Dezember 

2020 bis September 2022 an drei klinischen Standorten in Deutschland und der 

Tschechischen Republik durchgeführt. Insgesamt nahmen 83 pädiatrische Patient*innen, 

jeweils mindestens ein Elternteil pro Kind und 10 HCPs teil. Mithilfe eines Mixed-Methods-

Ansatzes wurden als primäre Endpunkte Akzeptanz, Benutzer-freundlichkeit und 

Nutzungsverhalten der Plattform anhand von Rekrutierungs-, Abbruch- und Adhärenzraten 

sowie Nutzerfeedback durch Fokusgruppen bewertet. Sekundäre Endpunkte umfassten die 

Machbarkeit der ePRO-Datenerhebung sowie Auswirkungen auf klinische Arbeitsabläufe und 

Kommunikation. 

Die Rekrutierungsrate betrug 38%, die Abbruchrate 18%. Die Plattform erhielt insgesamt 

positive Bewertungen hinsichtlich der Benutzerfreundlichkeit, wenngleich die Nutzung im 

Verlauf abnahm. Insbesondere ältere Kinder fanden das Spiel weniger ansprechend. Die 

Adhärenz variierte nach Altersgruppen und Ausmaß des HCP-Feedbacks zu Meldungen. 

Verbesserungen der Kommunikation wurden uneinheitlich berichtet, jedoch schätzten einige 

Teilnehmende eine gesteigerte Motivation zur Symptommeldung und wahrgenommene 

Unterstützung durch das Team. In Situationen mit eingeschränktem Kontakt half die Plattform, 

Kommunikationslücken zu überbrücken, während einige HCPs eine höhere Arbeitsbelastung 

berichteten. 

Die Ergebnisse zeigen, dass ePRO-basierte digitale Plattformen ein vielversprechendes 

Potenzial zur Unterstützung der pädiatrischen Onkologie besitzen, insbesondere bei effektiver 

Integration in klinische Routinen. Ihr Erfolg hängt von kontextspezifischer Implementierung 

und klaren klinischen Verantwortlichkeiten ab. Zentrale Herausforderungen bleiben 

langfristige Motivation und zeitnahes Feedback durch HCPs. Zukünftige Forschung sollte 

weiter adaptierte, altersspezifische Ansätze und nahtlose Integration in klinische Abläufe 

prüfen, um eine nachhaltige und skalierbare Implementierung zu ermöglichen. 
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Preface 

This dissertation is based on the manuscript entitled "Feasibility of Implementing an ePRO-

based Digital Health Platform in Pediatric Oncology and Palliative Care: Insights from the 

MyPal4Kids Multicenter Observational Study", for which I am the first and corresponding 

author, responsible for conceptualization, data analysis, interpretation, and manuscript writing. 

The manuscript, submitted to JMIR Cancer on August 1, 2025, presents results from the 

MyPal4Kids feasibility study conducted within the framework of the EU-funded MyPal project 

(Horizon 2020, Grant Agreement: 825872), which evaluated a digital health platform 

integrating Electronic Patient-Reported Outcomes (ePROs) and gamification in pediatric 

oncology and palliative care.  

Within the MyPal project, I served as lead coordinator of Work Package 6 (“Clinical Studies 

Implementation, Evaluation and Impact Assessment”) under the supervision of Prof. Dr. 

Norbert Graf. My responsibilities included study design, outcome selection, protocol 

development, ethics submissions, coordination with clinical and technical partners, platform 

testing, moderation of focus groups, and analyses.  

This dissertation expands upon the submitted manuscript by providing: 

• a more detailed presentation of baseline and optional participant characteristics to 

contextualize the study cohort. 

• additional statistical analyses, including a two-factor Aligned Rank Transform 

Analysis of Variance (ART-ANOVA) on family-centered outcomes such as parents' 

satisfaction with cancer care, impact on family, and Health-Related Quality of Life 

(HRQoL). 

• an in-depth qualitative analysis of focus group data with pediatric patients and their 

parents, including thematic descriptions and representative quotations. 

• a broadened qualitative exploration of focus group findings with project-internal and 

external Healthcare Professionals with representative quotations, adding perspective 

on implementation challenges and facilitators. 

• An expanded introduction and discussion situating the study within a broader context. 

The core data and findings are identical to those of the submitted manuscript: no additional 

studies or data sets were included. I confirm that this dissertation is my own original work 

and that all contributions from collaborators have been appropriately acknowledged.  
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1 Introduction 

1.1 Background 

The illness trajectory of children and adolescents with cancer places substantial physical, 

emotional, and psychological strain on patients, their families, and peers [164, 204, 205]. In 

addition to navigating the complexities of treatment, many families face persistent fear of 

relapse or death during follow-up. Thus, burdens often extend beyond treatment, with lingering 

cognitive, educational, and social sequelae that affect reintegration into school and peer 

networks. These multidimensional challenges underscore the importance of comprehensive 

support, including palliative care, which is increasingly acknowledged as fundamental aspect 

of healthcare from the time of diagnosis, rather than being confined to the terminal phase 

[132]. Consistent with World Health Organization guidance, pediatric palliative care should be 

integrated early and alongside disease-directed therapies aimed at preventing and alleviating 

suffering across physical, psychosocial, and spiritual domains [13, 149, 199]. A recent global 

mapping of children’s palliative care confirms progress in service availability but also highlights 

persisting inequities worldwide, underlining the urgency of scalable supportive innovations 

[40]. 

Against this backdrop, a paradigm shift has taken place in oncology and palliative cancer care, 

emphasizing patient-centered approaches and the incorporation of Patient-Reported 

Outcomes (PROs). PROs are information self-reported by patients concerning their health 

condition or Health-Related Quality of Life (HRQoL), typically captured via standardized 

questionnaires known as Patient-Reported Outcome Measures (PROMs) [191]. In their 

electronic form (ePROs/ePROMs), these tools have become increasingly relevant [74]. For 

consistency, this dissertation predominantly uses the term ePROs. In pediatric contexts, this 

shift has been increasingly acknowledged and explored [35, 62, 66, 68, 75, 96, 105, 108, 115, 

138, 144, 196]. In parallel, digital health solutions, often referred to as Electronic Health 

(eHealth) interventions, are emerging. eHealth encompasses health services and information 

delivered via digital technologies, including mobile applications (mHealth), with ePROs 

representing a key component for symptom monitoring and communication. ePROs enable 

young patients to express a broad range of symptoms, needs, and concerns in real time, 

independent of clinical settings, thus allowing for a more nuanced understanding of their 

experience [27, 152]. Beyond facilitating expression, these tools aim to strengthen the 

perceived self-efficacy and HRQoL of patients and their families [21, 152].  

Similar advances have been documented in adult oncology: routine ePRO monitoring has 

been linked to fewer emergency visits and hospitalizations and, in randomized trials, to 
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improved overall survival [11, 12, 36, 92]. More recently, implementation experiences have 

underlined clinicians’ and patients’ high acceptability of such tools, leading to actionable 

recommendations for integration of ePRO-based systems into routine care [114]. In line with 

this, the ESMO Clinical Practice Guideline (2022) outlines standards for ePRO selection, 

frequency of assessment, and necessary feedback mechanisms in adult cancer care to ensure 

their clinical utility and sustainability [100]. The PROTEUS-Trials Consortium provides 

methodological recommendations for optimizing ePRO capture in clinical trials, emphasizing 

patient interpretability and minimizing patient burden [165]. Similarly, Stover et al.’s (2021) 

framework for implementing ePRO instruments in routine practice synthesizes evidence on 

challenges such as workflow integration, technology readiness, and stakeholder engagement 

[175]. These guidelines, however, have been derived largely from adult oncology populations, 

and emphasize the need for validated, age-appropriate instruments with demonstrated 

measurement properties Complementary methodological frameworks have been developed 

to guide the systematic evaluation of such instruments across disease areas, offering practical 

criteria for assessing their developmental rigor and suitability for specific research or clinical 

purpose [49].  

In response, pediatric oncology research has increasingly sought to adapt and extend these 

approaches [62, 153], with recent expert recommendations highlighting the importance of 

ensuring validity, reliability, and feasibility in ePRO development and use tailored to young 

cancer patients [2, 140]. Complementary to these methodological advances, the International 

Childhood Cancer Core Outcome Project has defined a harmonized set of core outcomes for 

pediatric cancer patients, providing a structured approach for data collection and visualization 

to support clinical care and research [79]. Related initiatives such as PediQUEST and the 

strengthened PediQUEST-Response model suggest feasibility and signal benefits for 

symptom management and HRQoL, though robust effectiveness data in routine practice are 

still emerging [139]. Recent reviews specific to pediatric oncology emphasize that, while 

validated, age-appropriate ePROs are increasingly available, their systematic use in both 

research and routine care remains limited [1, 57, 143, 151, 157]. Expert recommendations 

further underscore the importance of rigorous development and implementation strategies for 

pediatric ePRO-based systems to ensure usability, relevance, and integration into clinical 

workflows [69, 105, 206]. Together, these findings confirm that the evidence gap identified at 

the time of the MyPal4Kids study (2020–2022) remains highly relevant today. 

Moreover, ePROs offer potential to improve communication between patients, caregivers, and 

Healthcare Professionals (HCPs) by supplementing time-limited clinical encounters with 

continuous and structured data [100, 203]. However, despite their demonstrated utility in 

clinical trials within pediatric oncology and palliative care [66, 68], the integration of ePROs 
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into everyday clinical routines remains limited [34, 68, 96]. A 2024 implementation review 

further highlights barriers such as workflow integration, clinician workload, and technology 

readiness, indicating that translating feasibility into sustainable practice continues to be a 

major challenge [1]. In addition, previous research emphasized the importance of minimizing 

assessment frequency and questionnaire length to optimize response rates, particularly 

among younger pediatric patients [193]. To address these barriers, gamification [37, 60, 146], 

including serious games [111], has been proposed as a strategy to enhance engagement 

among younger users, particularly in digital health [103, 112, 131, 155]. Evidence from serious 

games such as Re-Mission indicates that game mechanics can enhance motivation and 

adherence among adolescents and young adults with cancer, suggesting potential 

transferability to pediatric contexts [83]. However, despite high acceptability, the specific 

contribution of gamification to sustained engagement and long-term clinical benefit of pediatric 

ePRO-based platforms remains underexplored and robust evidence is still scarce [48, 78, 86, 

96, 98, 119, 174, 177], in particular data on ePRO use in pediatric oncology routine care [97]. 

This study contributes to addressing that gap by evaluating how an ePRO-based digital health 

platform performs in real-world pediatric oncology and palliative care contexts. Thus, it also 

situates its findings within a research landscape where more recent studies reaffirm the 

urgency but also the incompleteness of current evidence. 

1.2 The MyPal Project 

The MyPal project (Horizon 2020, Grant Agreement: 825872, www.mypal-project.eu) was 

initiated to address the above challenges through the development and evaluation of ePRO-

based digital health platforms for patients with cancer. The project included two clinical 

studies: MyPal Adults [156], targeting adult patients, and MyPal4Kids [110], focusing on 

pediatric patients. Both studies aimed to explore how integrating ePROs into clinical workflows 

can improve symptom management, communication, and patient engagement. 

The study MyPal4Kids focused on children and adolescents aged 6–17 years and their 

families, aiming to assess the feasibility, acceptability, and perceived impact of an ePRO-

based platform incorporating gamification, implemented across three clinical sites in Germany 

and the Czech Republic. An interdisciplinary consortium, comprising experts in pediatric 

oncology, palliative care, psychology, information technology, and software development, 

guided the process from platform design to clinical implementation and evaluation. Age-

appropriate content, caregiver involvement, and data security were central design 

considerations. 

Project-related publications can be grouped into three categories. First, cross-cutting outputs 

addressed overarching aspects of the MyPal project, including a systematic review on 
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challenges and opportunities in palliative cancer care [80], status and recommendation of 

technological and data-driven innovations [91], design and evaluation aspects [17, 94, 128], 

and stakeholder-driven policy recommendations [127]. Second, pediatric-focused outputs 

have specifically addressed ethical aspects of MyPal4Kids [51], serious game design [64], 

administrative and technical challenges [109], and psycho-oncological considerations linking 

emotion regulation and ePROs in pediatric oncology [113]. Third, publications dedicated to 

MyPal Adults have focused on participatory design [81], platform architecture [93], study 

randomization [16], usability and HRQoL outcomes [15, 18, 25]. 

1.3 Aims and Objectives of the Study 

The MyPal4Kids clinical feasibility study was conducted to evaluate the integration of an 

ePRO-based digital health platform incorporating gamification into pediatric oncology and 

palliative care. The overarching aim is to explore whether such a platform can support more 

personalized, participatory, and sustainable care for children and adolescents with cancer. 

The evaluation draws on both quantitative metrics (e.g., platform usage, adherence) and 

qualitative insights from focus groups, reflecting a mixed-methods approach to assessing 

usability, user engagement, communication dynamics, and practical implementation 

challenges from the perspectives of children, parents, and HCPs. This mixed-methods design 

supports triangulation between behavioral use data and stakeholder perspectives. These 

objectives build upon the predefined objectives of the MyPal4Kids study protocol [110], while 

framing them from a broader implementation and user-centered perspective. 

• To assess the platform’s acceptability and usability from the perspectives of children 

and adolescents with cancer, their parents, and HCPs. 

• To explore the extent and nature of user engagement with the platform, including 

potential age-related differences. 

• To investigate the perceived impact of the platform on communication, symptom 

reporting, and clinical workflows. 

• To identify facilitators and barriers to the integration of such digital tools into routine 

pediatric oncology and palliative care settings. 

These objectives provide the foundation for evaluating the potential contribution of ePRO-

based digital health platforms to the future of supportive cancer care in pediatric populations. 

They also frame the findings within an implementation perspective, linking feasibility with 

practical considerations for sustained use. 
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2 Materials and Methods 

Within the scope of the MyPal project, the multicenter observational feasibility study 

MyPal4Kids was conducted to evaluate the implementation of an ePRO-based digital health 

platform in pediatric oncology and palliative care [110]. The study was conducted over 21 

months (December 2020–September 2022) at three clinical sites: Saarland University 

(USAAR) and Medical School Hannover (MHH) in Germany, and University Hospital Brno 

(FNBRNO) in the Czech Republic. Recruitment closed on March 22, 2022, with the last 

patient’s first visit. Study monitoring and patient safety oversight were maintained throughout 

the study period by local principal investigators.  

The study was designed as a clinical feasibility study, with key features consistent with 

methodological guidance on feasibility studies [124, 198]. Its focus was to assess the practical 

feasibility of implementing an ePRO-based platform, including recruitment and retention 

processes, adherence to study procedures, the suitability of the technical and administrative 

infrastructure, preliminary evaluation of user engagement and outcomes, and the identification 

of potential challenges to inform future implementation. This approach emphasizes evaluating 

whether the implementation of the platform can be successfully carried out in a real-world 

clinical context, rather than testing definitive clinical efficacy. Figure 1 presents an overview of 

the study’s progression and timeline. 

 

Figure 1 Study flow and overall timeline of the MyPal4Kids study. ePROs = Electronic Patient-
Reported Outcomes. 

2.1 Setting and Participants 

Participants were recruited by trained clinical staff at each site. Eligible children and 

adolescents aged 6–17 years diagnosed with leukemia or solid tumors, who were receiving 

treatment or had been treated within the previous twelve months at one of the participating 
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centers, were invited to participate. Alongside at least one parent or legal guardian (hereafter 

referred to as ‘parents’ throughout this dissertation), eligible participants received detailed oral 

and written information about the study during a dedicated enrollment visit. Written informed 

consent was obtained from both patients and their parents prior to inclusion. Study personnel 

created user accounts for the platform and supported participants in installing the applications 

via QR codes and completing baseline assessments. Additional assistance was provided as 

needed. Given the observational nature of the study, no randomization or control groups were 

employed. Eligibility criteria for study participation are presented in Table 1, while detailed 

recruitment procedures are described in the protocol [110].  

To comprehensively assess feasibility, a mixed-methods approach was employed, combining 

quantitative metrics such as platform engagement, adherence, and preliminary outcome 

measures with qualitative insights from follow-up focus groups. This design allows 

triangulation between behavioral data and stakeholder perspectives, ensuring that both 

practical implementation and user experience are thoroughly captured. 

Table 1 Inclusion and exclusion criteria for the MyPal4Kids study (adapted from [110]). 

Inclusion criteria for 
children 

• 6–17 years of age 

• Diagnosed with pediatric leukemia or solid cancer within the past 12 months 

• Receiving anti-cancer treatment at one of the participating clinical sites  

• Age-appropriate speaking, reading, and comprehension skills in German or 
Czech 

• Signed informed consent from parents, and assent form from children aged 14 
years and older 

• Access to an internet connection and a mobile device (e.g., smartphone or 
tablet) 

Inclusion criteria for 
parents 

• Parent(s) of a child eligible for the study, according to the inclusion and exclusion 
criteria 

• Ability to speak, read and understand German or Czech 

• Signed informed consent from parent(s) 

• Access to an internet connection and mobile device (e.g., smartphone or tablet) 

Exclusion criteria 
for children/parents 

• Individuals which are deemed unable to participate in the study based on the 
clinical judgment of the site’s chief investigator or another authorized member of 
the research team. This judgment must be documented for each child not being 
enrolled. 

 

2.2 The MyPal Digital Health Platform 

In addition to standard care provided at the participating clinical sites, study participants were 

offered access to the MyPal Digital Health Platform during their six-month participation. The 

platform [64] was developed within the MyPal project by the technical consortium members 

and consists of three core components tailored to pediatric oncology care: a mobile application 

for patients (MyPal-Child App), a companion app for parents (MyPal-Carer App), and a 

browser-based interface for treating HCPs (HCP-Interface), i.e., physicians, nurses, 

psychologists or social workers. A brief overview of each component is provided in Table 2.  
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Table 2 Description of the three components of the MyPal Digital Health Platform evaluated in 
MyPal4Kids.  

Component Users Functionality 

MyPal-Child App Pediatric patients Serious game with integrated ePRO symptom self-
reporting and diary; read-aloud option for young users 

MyPal-Carer App Parents/carers Proxy symptom reporting and access to relevant web 
resources 

HCP-Interface HCPs Browser-based real-time review of symptom reports and 
shared diary entries; documentation of treatment protocols 
and reactions 

Note. ePRO = Electronic Patient-Reported Outcome; HCPs = Healthcare Professionals. 

The MyPal-Child App is a mobile serious game designed specifically for children and 

adolescents with cancer. Integrated into the underwater-themed serious game AquaScouts 

[64] (see Figure 2), the app allows young patients to self-report symptoms and write diary 

entries. Symptom-related questions appear both within and outside the game interface, up to 

three times per day, guided by a prioritization algorithm based on previous symptom input. 

Diary entries could be optionally shared with the clinical team via the MyPal-Child App [64].  

The MyPal-Carer App enables parents to proxy-report their child’s symptoms and provides 

access to curated, reliable online resources relevant to pediatric cancer care. Both the MyPal-

Child and MyPal-Carer App could be installed on patients’ or parents’ own mobile devices and 

were also used to complete the study-related ePROs, which served as outcome measures 

(see Figure 2).  

 

Figure 2 Screenshots of the MyPal platform (adapted from [64, 110]). Left: main menu of the 
MyPal-Child App with access to game start, ePROs, diary entries, and high scores; 
Middle: in-game symptom item from SSPedi; Right: parent-reported item on satisfaction 
with care in the MyPal-Carer App. ePROs = Electronic Patient Reported-Outcomes; 
SSPedi = Symptom Screening in Pediatrics Tool; PATSAT = Satisfaction with Cancer 
Care core questionnaire. 

The HCP-Interface is a secure, password-protected browser-based application accessible via 

smartphone, tablet, or desktop. It allows real-time review of patient-reported symptoms (see 
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Figure 3) and, if shared by patients, diary entries using interactive visualizations. HCPs could 

also document treatment protocols, additional symptoms, and follow-up actions.  

 

Figure 3 Symptom trajectories for a single patient as visualized in the HCP-Interface. Each dot 
represents a reporting time point. Symptoms are graded on a 0–4 scale (0 = not at all 
bothered, 4 = extremely bothered). Colors indicate symptoms: nausea/vomiting (red), 
change of appetite (blue), constipation (green), and diarrhea (orange). A treatment 
protocol entered by an HCP is shown as a grey bar. HCPs = Healthcare Professionals 

All applications were available in German and Czech language, and a read-aloud function was 

implemented for the youngest eligible patients [64]. The platform was designed not only to 

support care but also to serve as feasibility evaluation tool, allowing the study to monitor user 

engagement, adherence, and interactions in a real-world context. By integrating the platform 

into standard care without imposing mandatory clinical responses, the study could assess the 

practical implementation, usability, and acceptability of the platform across multiple 

stakeholder groups. This approach also enabled the capture of authentic usage behaviors and 

the assessment of integration challenges in routine clinical workflows, a central element of the 

feasibility investigation. 

2.3 Outcomes Measures 

Participants were offered the MyPal4Kids platform with its components for a period of six 

months following enrollment. The primary and secondary study endpoints associated outcome 

measures (quantitative and qualitative), and their scheduled time points are presented in Table 

3. Figure 4 illustrates the individual patient participation timeline, including the timing of regular 

ePRO assessments and optional platform interactions. 

Table 3 The study endpoints and outcome measures in MyPal4Kids, adapted from the study 
protocol [110].  

Primary Endpoints Outcome Measures and ePROs Assessment Time 

Points 

Acceptability of and 

engagement with the 

MyPal Platform 

Recruitment rate, participation rate, attrition rate and 

adherence to the different components of the MyPal 

platform 

M1-M6, continuously 

System usability (validated System Usability Scale [129]; 

adapted child version, see Supplement S1) 

Once after M6 
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Note. ePROs = Electronic Patient-Related Outcomes; SSPedi = Symptom Screening in Pediatrics 

Tool; HRQoL = Health-Related Quality of Life; PedsQL™= Pediatric Quality of Life Inventory™; 
EORTC PATSAT = European Organisation for Research and Treatment of Cancer – Satisfaction with 
Cancer Care core questionnaire; IOFS = Impact on Family Scale; EQ-5D-3L = EuroQol Group five-
dimension, three-level questionnaire; M[X] = month X of study participation; HCPs = Healthcare 
Professionals. 

 

Figure 4 Individual patient participation timeline within the MyPal4Kids study [110]. ePROs = 
Electronic Patient-Reported Outcomes. 

For evaluating primary endpoints, platform engagement was quantified by recruitment rate 

(number of enrolled participants in relation to all eligible patients at the three clinical study 

sites), participation rate (proportion of participants who completed ≥ 70% of monthly ePROs), 

and attrition rate (proportion of participants not completing the six-month study period due to 

Focus groups (children and parents) Once after M6 

Secondary Endpoints   

Demonstrating the 

feasibility of ePRO-

based measures 

Children’s symptom burden (digital adaptation of the 

validated Mini-SSPedi and SSPedi [42, 179, 180, 202]) 

M1-M6, optional at 

any time 

Children’s HRQoL (validated PedsQL™ 3.0 Cancer 

Module [145, 186]) 

Baseline and M1-M6, 

monthly 

Parents’ satisfaction with cancer care (validated EORTC 

PATSAT-C33 [22, 23] adapted to assess parents’ 

satisfaction with children’s cancer care) 

Baseline and M1-M6, 

monthly  

Impact of pediatric illness on the family (validated Impact 

on Family Scale [IOFS] [171, 172]) 

Baseline and M1-M6, 

monthly 

Parents’ HRQoL (EuroQol EQ-5D-3L [134]) Baseline and M1-M6, 

monthly 

Focus groups (children and parents) Once after M6 

Impact on HCPs of 

ePROs integration in 

care 

Web-based follow-up questionnaire (see Supplement S2) Once after M6 

Focus groups (project-internal and external HCPs involved 

in the study) 

Once after M6 
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withdrawal or death). Optional usage metrics across different platform components were 

monitored to assess adherence, stratified by user group (patients, parents, HCPs). In addition, 

system usability and acceptability were evaluated using a validated usability scale and 

subsequent focus groups. 

The assessment of secondary endpoints focused on patient symptom burden and HRQoL, 

parental satisfaction with care, psychosocial impact on families, and HCP perception. These 

were operationalized using validated ePRO instruments administered via the MyPal-Child App 

and MyPal-Carer App. Instruments were selected based on scientific validity, availability in 

electronic format, and alignment with the study’s pediatric care context. Table 4 summarizes 

the key characteristics of the implemented ePROs, including domains, rating formats, and 

scoring procedures. All instruments were administered as specified above in Table 3. 

Table 4 ePROs used in the MyPal4Kids study, including domains, rating scales and scoring 
methods. 

ePRO Domains / 
Constructs 

Rating Scoring 

SSPedi (incl. 
Mini-SSPedi) 

Burden of 15 
symptoms  
(e.g., sadness, 
headache, nausea) 

5-point Likert per 
symptom 
(0 = not at all,  
4 = extremely 
bothered) 

No composite score: single items 
interpreted individually or 
descriptively summarized; response 
options were implemented as 0–4 for 
data capture, displayed as 1–5 in the 
app. 

PedsQL™ 3.0 

Cancer Module 

8 HRQoL-related 
dimensions  
(e.g., pain, anxiety, 
cognition, 
communication) 

5-point Likert per item 
(0 = never, 
4 = almost always) 

Items recoded and transformed to a 
0–100 scale; scores averaged per 
dimension and overall; higher scores 
= better HRQoL. 

EORTC PATSAT-
C33 (adapted for 
parents) 

7 multi-item scales + 5 
single items  
(e.g., coordination, 
family involvement) 

5-point Likert per item 
(1 = poor, 
5 = excellent) 

Multi-item scales and single items 
transformed to 0–100; higher scores 
= greater satisfaction. 

Impact on Family 
Scale 

4 factors  
(e.g., financial burden, 
personal strain) 

4-point Likert per item 
(1 = strongly agree, 
4 = strongly disagree) 

3 subscales reverse-coded; total and 
factor scores summed; higher scores 
= greater family burden. 

EuroQol  
EQ-5D-3L 

5 dimensions  
(e.g., mobility, anxiety) 
+ VAS 

3-level scale per 
dimension and VAS 
(0–100) 

Dimensions coded as 5-digit health 
profile; VAS reflects perceived 
health; higher scores = better 
HRQoL. 

Note. ePROs = Electronic Patient-Related Outcomes; SSPedi = Symptom Screening in Pediatrics 

Tool; HRQoL = Health-Related Quality of Life; PedsQL™= Pediatric Quality of Life Inventory™; 

EORTC PATSAT = European Organisation for Research and Treatment of Cancer – Satisfaction with 
Cancer Care core questionnaire; EQ-5D-3L = EuroQol Group five-dimension, three-level 
questionnaire; VAS = Visual Analogue Scale; HCPs = Healthcare Professionals. 

If known, reasons for missed assessments were documented by study staff using multiple-

choice and free-text entries. 

Adherence was defined separately for each user group: for patients, it included symptom 

reports, diary entries, and in-game (diver) personalization; for parents, proxy-reports on child 

symptoms; and for HCPs, treatment plans, reaction protocols, and proxy-reports on child 
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symptoms. All scoring procedures, including handling of missing data, followed the respective 

instrument guidelines.  

Considering the secondary endpoints and ePRO-based measures, Mini-SSPedi and SSPedi 

are two age-specific versions (for patients aged 4–7 and 8–18 years, respectively) enabling 

pediatric patients to assess their perceived daily symptom burden, focusing on the impact and 

bother of symptoms rather than their mere prevalence. They are hereafter referred to 

collectively as SSPedi. The PedsQL™ 3.0 Cancer Module comprises three age-specific 

versions (for ages 5–7, 8–12, and 13–18 years) that map children’s monthly HRQoL across 

eight dimensions, e.g., treatment anxiety, worry, and others. 

2.4 Follow-up Focus Groups 

Follow-up focus groups were conducted at all three clinical sites to obtain qualitative feedback 

on the MyPal platform. Participants included: a) children and young cancer patients together 

with their parents, and b) HCPs. The discussions aimed to explore users’ experiences, 

challenges, barriers, facilitators, preferences, and recommendations to complement the 

quantitative study data. 

Semi-structured interview guides were developed based on the mHealth App Usability 

Questionnaire [207] by the interdisciplinary consortium to be used for discussions. The guides 

contained prioritized, open-ended, unambiguous, and neutral questions to minimize bias (see 

Supplement S3 and S4). Children and their parents were invited to participate in the focus 

groups after completing their six-month study period. Due to scheduling constraints at 

FNBRNO, individual interviews were conducted, each involving one child and one parent.  

Regarding HCPs, two subgroups were interviewed separately to avoid bias: Project-internal 

HCPs who had provided feedback during platform development, and project-external HCPs 

who were involved only during the study.  

Written informed consent was obtained from all participants before interviews, which took 

place either in person or online, in the local language. Sessions lasted 45–60 minutes and 

were moderated by trained local researchers. Audio recordings were transcribed verbatim, 

translated into English, and pseudonymized for analysis. 

2.5 Data and Statistical Analysis 

Statistical analyses were conducted using R (Version 4.3.2) [133] and IBM® SPSS® Statistics 

(Version 28.0.1.1; IBM®, Armonk, New York, USA). Descriptive statistics summarize 

recruitment progress and baseline characteristics of the study cohort. Depending on variable 

type and distribution, results are presented as absolute or relative frequencies, means (M) 
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with standard deviations (SD), or medians (Mdn) with interquartile ranges (IQR). Graphical 

visualizations include violin plots, in which the width of the violin reflects the frequency of 

reported values for each measure, with white dots representing the median values, thick black 

bars indicating IQR and thin black bars indicating the 1.5 × IQR for each measure. 

Parametric or nonparametric tests were applied as appropriate, with statistical significance set 

at a two-sided p < 0.05. Percentages are reported as whole numbers without decimal places 

for sample sizes under 100 participants to avoid implying unwarranted precision and to 

improve clarity of data presentation. 

Data imputation followed the guidelines as specified by the authors of each ePRO. For 

symptom reports, the highest monthly symptom burden per patient was considered. 

Additionally, missing values were replaced using the last observation carried forward (LOCF) 

method was used for up to two missing responses per measure. If baseline data were missing, 

the first available subsequent measurement was carried forward and used as baseline. The 

initial target sample size was 100 participants [110]. Due to the smaller actual sample size and 

missing data, repeated measures over seven time points (baseline, M1 to M6) were 

aggregated into four intervals (baseline, M1-2, M3-4, M5-6). Therefore, equivalence of 

adjacent months had been assessed using nonparametric two one-sided tests (TOST) applied 

to Agresti’s generalized odds ratio (GenOR) estimates, with conventional equivalence bounds 

[3, 192]. To corroborate TOST results, paired Wilcoxon signed-rank tests were also performed, 

which yielded comparable p-values. Effect sizes were expressed as GenOR, representing the 

probability that a randomly selected observation from one group exceeds that from another 

[3]. 

For longitudinal analyses, the Aligned Rank Transform (ART) method [195], implemented via 

the ARTool package [84], enabled nonparametric two-factor repeated measures analysis of 

variance (ART-ANOVA). Dependent variables were outcome measures assessed over time, 

by subgroup, and for interaction effects. Grouping variables included (a) birth sex 

(female/male), (b) age group (6–9 years, 10–13 years, 14–17 years), (c) diagnosis 

(leukemia/solid tumor), and (d) Karnofsky Performance Status (KPS) (below/above cohort 

median) as a prognostic indicator [82, 130]. These analyses were conducted on imputed 

complete datasets following the ePRO authors’ recommendations. 

Effect sizes were calculated as Partial Eta Squared (𝜂p
2)) and interpreted as small (𝜂p

2 ≥ 0.01), 

medium (𝜂p
2 ≥ 0.06), and large (𝜂p

2 ≥ 0.16) [28]. Post-hoc pairwise comparisons between time 

points used Wilcoxon signed-rank tests, while group comparisons employed Mann-Whitney U 

tests. For significant interactions, rank-transformed differences between groups at each time 



 

Materials and Methods  21 
 

point were compared using Mann-Whitney U tests. Holm-Bonferroni correction was applied to 

adjust p-values for multiple testing. 

Spearman’s rank correlation coefficient (rs) assessed monotonic associations between 

patients’ self-reports and parents’ proxy-reports of symptom burden per month, without 

imputation. Effect sizes were interpreted as weak (|rs| ≥ 0.1), moderate (|rs| ≥ 0.3), or strong 

(|rs| ≥ 0.5) [28]. 

Qualitative data from follow-up focus groups were analyzed with MAXQDA 2022 software 

(VERBI Software GmbH, Berlin, Germany). Both deductive (based on research questions) 

and inductive (data-driven) thematic analyses were applied following established 

methodologies [50]. Two independent researchers from participating clinical sites developed 

a consensus coding system. Statements were cross-coded where applicable (e.g., positive, 

neutral, negative) and paraphrased after joint review to ensure reliability and validity. All 

quotes were paraphrased to remove filler words, eliminate redundancies, and simplify 

phrasing while preserving the original meaning. Language was adjusted to ensure clarity, 

readability, and consistency across quotes. 

2.6 Patient and Public Involvement 

The adoption of a participatory design approach [77] was central to the development of the 

MyPal platform. It included literature research [80], pre-study focus groups [94], and 

discussions with young cancer patients, their parents, and HCPs. This collaborative process 

aimed to identify needs and preferences, validate tools, and assess usability.  

The platform was developed in iterative feedback loops involving the interdisciplinary MyPal 

project team, allowing for continuous optimization. A two-week pilot phase was conducted 

prior to study initiation to evaluate the platform’s feasibility and usability under real-world 

conditions [64]. 

Given the involvement of pediatric patients and their families as a particularly vulnerable 

population, special attention was paid to age-appropriate communication and digital literacy. 

The storage of sensitive data required comprehensive considerations on ethical aspects [51], 

and data protection regulations, particularly with respect to compliance with the General Data 

Protection Regulation (GDPR), were an integral part of the development process. These 

considerations informed the structure and content of participant-facing materials such as 

respective versions of information sheets and consent forms [110].  
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2.7 Ethical Considerations 

The MyPal4Kids study protocol underwent review by the responsible ethics committees of all 

participating clinical sites, none of which raised objections to its conduct. A positive opinion 

was issued by the Ärztekammer des Saarlandes (reference: Ha 23/20, March 16, 2020) and 

subsequently acknowledged by the ethics committees of Medical School Hannover 

(reference: 9095_BO_K_2020, February 12, 2020) and University of Brno (reference: 01-

1 20 220/EK, May 11, 2020). 

All study procedures were conducted in accordance with the principles of the Declaration of 

Helsinki and complied with applicable national and European data protection regulations, 

including the GDPR. Written informed consent was obtained from the parents of all 

participants, and assent was obtained from the participants themselves, prior to study 

participation. Participants were free to withdraw from the study at any time without any 

negative consequences. 



 

Results  23 
 

3 Results 

3.1 Recruitment 

Study recruitment lasted from December 2020 until March 2022, covering a total of 15 months, 

including a six-month extension due to the COVID-19 pandemic. Details on patient screening, 

eligibility, exclusions, and enrollment are illustrated in the flow diagram (see Figure 5).  

 

Figure 5 Flow diagram of patient screening, eligibility, and final recruitment across all three clinical 
sites in the MyPal4Kids study. 

A total of 83 patients were enrolled, corresponding to 83% of the originally targeted sample 

size of 100 patients. Most participants were recruited during the initial three months of the 

recruitment phase (see Figure 6). 

3.2 Baseline Characteristics of the Study Population 

Baseline characteristics were documented during the creation of patients’ user accounts on 

the platform. An overview of mandatory sociodemographic and clinical characteristics is 

provided in Table 5. In addition, optional baseline information was documented for 63 patients 

(76%), including further sociodemographic details (see Table 6).  

Almost half of the recruited patients were between 14 and 17 years old. Birth sex distribution 

was nearly balanced, as was the proportion of patients receiving treatment. Nearly half of the 

cohort was diagnosed with a solid tumor. Most patients were newly diagnosed.  
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Figure 6 Cumulative recruitment progress across all three clinical sites, from the first patient 
enrollment (December 22, 2020) to last patient enrollment (March 31, 2022). 

Among the 11 participants (13%) with reported handicap (Table 6), the following specifications 

were provided: prosthesis after total clavicle resection, tumor-related walking disability, short 

stature, left peripheral facial paralysis, prosthesis following distal femoral resection, 

paraplegia/triplegia, visual impairment of the left eye, right limb amputation, obesity per 

magna, and palsy of the right hand. 

Table 5 Mandatory patient information collected at baseline.  

Baseline 
Characteristics 

Study Cohort 
(N = 83) 

n % 

Birth sex   

Male 
Female 

46 55 

37 45 

Age group   

6-9 years 
10-13 years 
14-17 years 

18 22 

25 30 

40 48 

Diagnosis   

Brain tumor 
Leukemia 
Solid tumor 

14 17 

29 35 

40 48 

Stage   

New diagnosis 
Relapse 

70 84 

13 16 

On treatment   

Yes 
No 

45 54 

38 46 
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Table 6 Optional patient information collected at baseline.  

Baseline 
Characteristics 

Study Cohort 
(N = 83) 

n % 

Siblings   

Yes 
No 
N/A 

34 42 

12 15 

36 43 

Handicap   

Yes 
No 
N/A 

11 13 

45 54 

27 33 

Expected outcome   

Excellent 
Good 
Poor 
Dismal 
N/A 

5 6 

29 35 

8 10 

2 2 

39 47 

Risk (leukemia)   

High risk 
Medium 
Standard 
N/A 

6 21 

2 7 

5 17 

16 55 

Stage (solid and brain 
tumors) 

  

Stage I 
Stage II 
Stage III 
Stage IV 
Stage V 
N/A 

3 6 

1 2 

4 7 

6 11 

0 0 

40 74 

Metastatic cancer (solid 
tumors) 

  

Yes 
No 
N/A 

13 33 

21 53 

6 15 

Treatment   

Chemotherapy 
Yes 
No 
N/A 

  

46 56 

36 43 

1 1 

Immunotherapy 
Yes 
No 
N/A 

  

8 10 

75 90 

0 0 

Radiotherapy 
Yes 
No 
N/A 

  

8 10 

74 89 

1 1 

Surgery 
Yes 
No 
N/A 

  

11 13 

72 87 

0 0 

Targeted therapy 
Yes 
No 
N/A 

  

4 5 

79 95 

0 0 

Only palliative care 
Yes 
No 
N/A 

  

2 2 

80 97 

1 1 
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Karnofsky Performance 
Status 

  

Documented 
Mdn = 80 
IQR = [80–90] 
Min = 50 
Max = 100 

N/A 

55 45 

 

28 55 

Note. N/A = no answer provided; Mdn = median; IQR = interquartile range; Min = minimum; Max = 
maximum. 

3.3 Acceptability and Engagement With the MyPal Platform 

3.3.1 Attrition, Participation, and Adherence 

The study experienced an attrition rate of 18% (15 out of 83 participants), with most 

withdrawals on request (73%, n = 11) occurring within the first month (M1) of participation. 

followed by 2 patients in M2 and 1 patient each in M3 and M4. The dropouts included 8 males 

and 7 females, with diagnoses distributed as follows: 8 solid tumors, 6 leukemia, and 1 brain 

tumor. Age distribution among dropouts was 10 patients aged 14–17, 4 aged 10–13, and 1 

aged 6–9 years. Fourteen of these participants were newly diagnosed, and 1 had relapsed. 

Nine patients were undergoing treatment at withdrawal, 6 were off treatment. Although 

withdrawal reasons were not mandatory, HCPs documented causes in 7 cases (multiple 

reasons possible), predominantly patient reluctance (n = 6) and disease progression (n = 4). 

No deaths occurred during active study participation. 

According to protocol definitions prior to data imputation, 15 participants (16%) completed at 

least 70% of the monthly ePROs, while 19 (23%) completed at least 50%, and 22 (27%) at 

least 40%. Baseline completion of all four monthly ePROs was achieved by 46 participants 

(55%). HCPs documented reasons (multiple choice) for missed assessments in 32 cases 

(39%), most commonly citing patient reluctance (17), disease progression (15), intercurrent 

illness (2), and parental control settings preventing app installation (2). 

Sixty-two patients (75%) assessed the burden of all 15 SSPedi symptoms at least once during 

their six-month participation. Assessment frequency declined over time. Diary entries were 

created by 42 patients (51%), also showing a decreasing trend (see Figure 7). Customization 

of the in-app game avatar was completed by 64 patients (77%). 
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Figure 7 Violin plot depicting monthly frequencies of diary entries created by patients with at least 
one diary entry (n = 42, 51%). 

Fifty-three parents (64%) provided proxy symptom reports covering all 15 SSPedi symptoms 

at least once via the MyPal-Carer App. HCPs created a total of 98 treatment plans for 29 

patients (35%), with the number of plans per patient ranging from 1 to 8. Symptom 

documentation via the HCP-Interface was infrequent, occurring a total of 15 times across 13 

patients (16%), while HCP reactions to reported symptoms were documented a total of 24 

times across 15 patients (18%). 

3.3.2 Usability of the MyPal Platform 

Sixty out of 83 patients and parents (72%) completed the respective version of the System 

Usability Scale. Of the responding patients, 18 (30%) were under 10 years old, while 42 (70%) 

belonged to the older age group (≥ 10 years). Among the younger children, a clear majority 

indicated that they liked the game and found it easy to play (see Table 7). Slightly more than 

half enjoyed answering the questions within the game. In contrast, responses from the older 

patients were more varied: 55% liked the game and 93% found it easy to play. A significant 

association of small effect was found between age and liking the game, ꭓ2(1, n = 60) = 4.43, 

p = .035, φ = -0.27, with younger children showing more favorable responses. Two additional 

questions, posed only to the older group, were positively rated by at least 57% of this group.  

Free-text feedback was provided by 34 of 60 patients (57%). Positive comments highlighted 

avatar customization, point and artifact collection, colorful graphics and animations, confiding 

in their diary and easy control and management within the game. Criticism centered on the 

game’s simplicity, repetitiveness, lack of increasing difficulty, and absence of win or loss 
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conditions. Some participants felt that the wording of some unspecified questions was 

ambiguous or disliked being reminded of their health condition through the questions. 

Suggestions included more avatar customization options, additional in-game achievements, 

and more questions. 

Table 7 Answers to the adapted SUS evaluating the usability of the MyPal-Child App were 
received from 60 of 83 patients. 

Adapted SUS for Children < 10 Years (n = 18) 
Yes No Indecisive 

n % n % n % 

Did you like the game? 15 83 3 17 0 0 

Was the game easy to play? 15 83 2 11 1 6 

Did you like to answer questions in the game? 10 56 8 44 0 0 

Adapted SUS for Children ≥ 10 Years (n = 42) 
      

Did you like the game? 23 55 19 45 0 0 

Was the game easy to play? 39 93 2 5 1 2 

Did you like to answer questions in the game? 21 50 21 50 0 0 

Were the questions asked to you relevant at the time? 25 60 15 36 2 5 

Was the frequency of the reminders to answer questions 
appropriate? 

24 57 18 43 0 0 

Note. SUS = System Usability Scale. 

Parents’ SUS scores evaluating the usability of the MyPal-Carer App (n = 60) ranged from 

42.5 to 97.5 (M = 76.8, SD = 15.9; Mdn = 82.5, IQR [63.1–90]) with an average SUS score, 

corresponding to a usability rating between good and excellent [129]. 

3.4 Feasibility of ePRO-Based Measures 

3.4.1 Children’s Symptom Burden (SSPedi) 

Patient and Proxy-Reported Symptom Burden 

During the six-month observation period, 42 out of 83 patients (51%) reported at least one 

high priority symptom (i.e., highest burden rating 4 = extremely bothered; see Figure 8A). Per 

month, less than 50% reported a high priority symptom. The most frequently reported 

symptoms with this rating were tiredness (n = 29), pain other than headache (n = 26), mouth 

sores (n = 23), and changes in appetite (n = 23). Proxy reports with the highest burden were 

submitted by 34 out of 83 parents (41%) (see Figure 8B). Among these, the most frequently 

reported symptoms were feeling disappointed or sad (n = 24), perceived changes in 

appearance (n = 23), and changes in appetite (n = 23). Thus, while there was some overlap 

between child and parent reports of symptoms with high priority, they only partially intersected.  

Spearman’s correlations were calculated across all 15 symptoms and 7 time points (baseline 

and M1 to M6) to explore alignment between parent and child reports on symptom burden. 

Significant correlations were revealed for 8 symptoms up to 3 at time points each (see Table 

8). No significant correlations were found for the remaining 7 symptoms (problems with 

thinking or remembering, mouth sores, headache, feeling either more or less hungry than 
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usual, changes in taste, constipation, and diarrhea). The strength of significant correlations 

ranged from rs(24) = 0.39 to rs(24) = 1.0, indicating moderate to strong associations. However, 

these were not consistently observed across all symptoms or time points.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
B 

 

Figure 8 Frequency distribution of monthly symptom reports using SSPedi with high priority (= 
highest burden, rating = 4) during study participation. (A) Self-reports by children. (B) 
Proxy-reports by parents for their children. SSPedi = Symptom Screening in Pediatrics 
Tool. 

Table 8 Spearman's correlation coefficients between children’s and parents’ reported symptom 
burden using SSPedi across time points. 

Symptom Time 
Point 

df Correlation 
Coefficient (rs) 

Feeling disappointed or sad Baseline 24 0.18 

M1 22 0.09 

M2 22 0.16 
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M3 13 0.21 

M4 13 0.14 

M5 12 0.62 * 

M6 6 0.51 

Feeling scared or worried Baseline 25 0.22 

M1 21 0.48 * 

M2 22 0.46 * 

M3 12 -0.16 

M4 13 0.11 

M5 13 0.45 

M6 6 0.59 

Feeling cranky or angry Baseline 24 0.39 * 

M1 22 0.58 ** 

M2 21 0.54 ** 

M3 11 0.19 

M4 14 0.16 

M5 12 0.46 

M6 5 0.73 

Changes in how body or face 
look 

Baseline 22 0.14 

M1 21 0.39 

M2 22 0.10 

M3 12 0.28 

M4 14 -0.11 

M5 12 0.57 * 

M6 5 0.87 * 

Feeling tired Baseline 21 0.22 

M1 21 0.67 *** 

M2 22 0.49 * 

M3 11 0.52 

M4 14 0.30 

M5 12 0.20 

M6 4 0.67 

Feeling pain Baseline 19 0.18 

M1 20 0.47 * 

M2 21 0.26 

M3 12 0.38 

M4 13 0.36 

M5 11 0.42 

M6 4 1.00 *** 

Tingly or numb hands or feet Baseline 19 0.20 

M1 20 0.62 ** 

M2 21 0.54 ** 

M3 11 0.32 

M4 13 0.31 

M5 11 0.22 

M6 4 0.50 

Vomiting or nausea Baseline 18 0.30 

M1 20 0.39 

M2 20 0.28 

M3 11 0.40 

M4 14 -0.30 

M5 11 0.71 ** 

M6 4 0.72 

Note. SSPedi = Symptom Screening in Pediatrics Tool; df = n - 2 (degrees of freedom); M[X] = month 
X of study participation; * p < .05; ** p < .01; *** p < .001. 

Subgroup and Longitudinal Differences in Symptom Burden 

Table 9 summarizes the results of the ART-ANOVA analyses, examining the effects of the 

factors time, group (birth sex, age, diagnosis, KPS), and their interactions on symptom burden 

reported via SSPedi. Three symptoms (i.e., feeling disappointed or sad, feeling scared or 
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worried, and feeling cranky or angry) and subgroups per symptom without significant findings 

were omitted for clarity. For subgroup analysis based on KPS, participants were categorized 

into those scoring above or below the median (Mdn = 80). 

Table 9 Symptom burden reported using SSPedi with significant results derived from the ART-
ANOVA analyses.  

Symptom Group Subsamples (n) Imp 
(n) 

Time Effect Group Effect Interaction 
(Time × 
Group) 

p 𝜂p
2 p 𝜂p

2 p 𝜂p
2 

Feeling tired Birth sex Female = 16 
Male = 12 

13 .131 0.069 .031 0.167
*** 

.742 0.016 

More/less 
hungry than 
usual 
(changes in 
appetite) 

Birth sex Female = 16 
Male = 11 

12 .733 0.017 .021 0.194
*** 

.739 0.019 

Mouth sores Diagnosis Leukemia = 9 
Solid tumor = 18 

12 .043 0.102
** 

.023 0.190
*** 

.864 0.010 

Hurt/pain 
(excluding 
headache) 

Birth sex Female = 16 
Male = 11 

12 .043 0.102
** 

.438 0.024 .474 0.033 

Headache KPS KPS ≥ 80 = 11 
KPS < 80 = 13 

10 .004 0.183
***  

.854 0.002 .100 0.090 

Tingly/ 
numb 
hands/feet 

Diagnosis Leukemia = 9 
Solid tumor = 18 

12 .012 0.136
** 

.363 0.033 .311 0.046 

Changes in 
how 
body/face 
look 

Birth sex Female = 17 
Male = 12 

13 .024 0.109
** 

.293 0.041 .408 0.035 

Age 6-9 years = 11 
10-13 years = 8 
14-17 years =10 

13 .010 0.134
** 

.854 0.012 .994 0.009 

Diagnosis Leukemia = 9 
Solid tumor = 20 

13 .003 0.160
*** 

.503 0.017 .320 0.042 

KPS KPS ≥ 80 = 11 
KPS < 80 = 13 

9 .016 0.144
*** 

.810 0.003 .411 0.042 

Changes in 
taste 

Birth sex Female = 16 
Male = 11 

12 < .001 0.248
*** 

.335 0.037 .691 0.019 

Age 6-9 years = 10 
10-13 years = 8 
14-17 years = 9 

12 .001 0.198
*** 

.873 0.011 .830 0.038 

Diagnosis Leukemia = 9 
Solid tumor = 18 

12 < .001 0.284
*** 

.555 0.014 .019 0.123
** 

KPS KPS ≥ 80 = 11 
KPS < 80 = 13 

10 .001 0.223
*** 

.543 0.017 .696 0.021 

Vomiting/ 
nausea 

Birth sex Female = 16 
Male = 11 

12 .009 0.142
*** 

.471 0.021 .181 0.063 
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Age 6-9 years = 10 
10-13 years = 8 
14-17 years = 9 

12 .003 0.175
*** 

.775 0.021 .043 0.161
*** 

Diagnosis Leukemia = 9 
Solid tumor = 18 

12 .005 0.157
*** 

.905 0.001 .810 0.013 

Problems 
with thinking/ 
remembering 
things 

Birth sex 
 

Female = 17 
Male = 12 

13 .571 0.024 .001 0.321
*** 

.561 0.025 

KPS KPS ≥ 80 = 11 
KPS < 80 = 13 

9 .953 0.005 .149 0.092 .034 0.123
** 

Diarrhea Birth sex Female = 16 
Male = 11 

12 .084 0.084 .165 0.076 .034 0.108
** 

Age  6-9 years = 10 
10-13 years = 8 
14-17 years = 9 

12 .173 0.066 .296 0.096 .022 0.181
*** 

Diagnosis Leukemia = 9 
Solid tumor = 18 

12 .002 0.181
*** 

.271 0.048 .009 0.143
*** 

Constipation Birth sex Female = 17 
Male = 12 

12 .142 0.070 .297 0.043 .031 0.111
** 

Note. SSPedi = Symptom Screening in Pediatrics Tool; ART-ANOVA = Aligned Rank Transform 
Analysis of Variance; Imp = imputed values; KPS = Karnofsky Performance Status; * small effect size 
𝜂p

2; ** medium effect size 𝜂p
2; *** large effect size 𝜂p

2. 

We first present findings related to the most frequently reported symptoms with the highest 

burden by patients as identified in the descriptive analyses, before moving on to additional 

significant findings. A significant main effect of birth sex indicated that female patients reported 

higher burden from tiredness (see Figure 9A) and changes in appetite (see Figure 9B) than 

males, independent of time. A significant main effect of diagnosis showed that patients with 

leukemia experienced greater burden from mouth sores than those with solid tumors (see 

Figure 9C). The significant main effect of time was not supported by post-hoc comparisons, 

which did not reveal significant differences between time points for mouth sores or hurt/pain 

(excluding headache). 

For headache, a significant main effect of time was found regardless of group, with post-hoc 

comparisons showing a decrease in symptom burden from M1-2 to M5-6, p = .003, 𝜂p
2 = 0.171. 

Although a main effect of time was initially observed for tingly/numb extremities, post-hoc 

comparisons did not reveal significant differences across time points. Significant main effects 

for time were also found regarding both changes in appearance and changes in taste across 

groups: post-hoc tests indicated significant differences with a decrease in experienced burden 

from M1-2 to M5-6 regarding both symptoms, while the medium effect varied slightly across 

considered subsamples (changes in appearance – birth sex: p = .034, 𝜂p
2 = 0.091; age: p = 

.024, 𝜂p
2 = 0.101; diagnosis: p = .044, 𝜂p

2 = 0.082; KPS: p = .022, 𝜂p
2 = 0.121) (changes in 
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taste – birth sex: p = .003, 𝜂p
2 = 0.151; age: p = .012, 𝜂p

2 = 0.124; diagnosis: p = .007, 𝜂p
2 = 

0.118; KPS: p = .017, 𝜂p
2 = 0.128). 

Figure 9 Violin plots depicting the distribution of maximum burden (ranging from 0 = not at all 
bothered to 4 = extremely bothered) for four SSPedi symptoms, reported by two 
respective subgroups across four timepoints from baseline until the final two months of 
study participation (M5-6). SSPedi = Symptom Screening in Pediatrics Tool. 
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A significant interaction effect between time and diagnosis was observed for changes in taste, 

with burden increasing in solid tumor patients but decreasing in leukemia patients from 

baseline to M1-2, p = .022, 𝜂p
2 = 0.108 (see Figure 9D).  

For vomiting/nausea, a significant main effect of time was found across groups: post-hoc tests 

revealed a significant difference with a decreasing burden from M1-2 to M5-6, while the effect 

varied slightly across considered subgroup samples (birth sex: p = .012, 𝜂p
2 = 0.120, age: p = 

.002, 𝜂p
2 = 0.164, diagnosis: p = .011, 𝜂p

2 = 0.122). An interaction effect between time and age 

group indicated symptom burden to be decreasing in the 10–13-year-olds but increasing in 

the 14–17-year-old group from baseline to M3-4, p = .023, 𝜂p
2 = 0.135 (see Figure 10A). 

For problems with thinking, female patients reported higher burden than males regardless of 

time (see Figure 10B). An interaction effect between time and KPS suggested diverging trends 

by performance status, which was not supported by post-hoc comparisons. 
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Figure 10 Violin plots depicting the distribution of maximum burden (ranging from 0 = not at all 
bothered to 4 = extremely bothered) for two SSPedi symptoms, reported by two 
respective subgroups across four timepoints from baseline until the final two months of 
study participation (M5-6). SSPedi = Symptom Screening in Pediatrics Tool. 
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For constipation, an interaction between time and birth sex and post-hoc tests indicated 

burden decreasing in females but increasing in males from baseline to M3-4, p = .033, 𝜂p
2 = 

0.098 (see Figure 11A). For diarrhea, an interaction effect and post-hoc test indicated that 

burden increased in the 6–9-year-olds but decreased in 14–17-year-olds from M1-2 to M5-6, 

p = .016, 𝜂p
2 = 0.069 (see Figure 11B). Additionally, this burden decreased in leukemia patients 

but remained low in solid tumor patients from baseline to M5-6, p = .026, 𝜂p
2 = 0.099. 

Considering birth sex, an interaction effect was not supported by post-hoc which did not reveal 

significant differences. 

Figure 11 Violin plots depicting the distribution of maximum burden (ranging from 0 = not at all 
bothered to 4 = extremely bothered) for two SSPedi symptoms, reported by two 
respective subgroups across four timepoints from baseline until the final two months of 
study participation (M5-6). SSPedi = Symptom Screening in Pediatrics Tool. 
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3.4.2 Children’s HRQoL (PedsQL™) 

Table 10 summarizes the results of the ART-ANOVA analyses regarding children’s HRQoL. 

Three problem scales (cognitive problems, perceived physical appearance, communication) 

and subgroups without significant findings were omitted from the table for clarity. Higher scale 

scores indicate better outcomes and fewer problems. 
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A significant main effect of time was found for the children’s total score, independent of a 

group: post-hoc tests revealed a significant difference between baseline and M5-6, the total 

score increased from baseline to M5-6, p = .023, 𝜂p
2 = 0.126 (see Figure 12A). Similarly, a 

significant main effect of time was observed for the nausea scale, with scores increasing from 

baseline to M5-6, p = .016, 𝜂p
2 = 0.129 (see Figure 12B). In contrast, although a significant 

main effect of time emerged for the worry scale, post-hoc comparisons did not support 

significant differences between time points.  

Table 10 PedsQL™ dimensional scores with significant results derived from the ART-ANOVA 
analyses.  

Dimension Group Subsamples (n) Imp 

(n) 

Time Effect Group Effect Interaction 

(Time × 

Group) 

p 𝜂p
2 p 𝜂p

2 p 𝜂p
2 

Total Score Diagnosis Leukemia = 6 
Solid tumor = 18 

5 .028 0.128

** 

.242 0.062 .291 0.055 

KPS KPS ≥ 80 = 14 
KPS < 80 = 9 

5 .021 0.143

*** 

.823 0.002 .357 0.050 

Nausea Birth sex 
 

Female = 16 
Male = 8 

5 .037 0.120

** 

.524 0.019 .996 0.001 

Age 6-9 years = 9 
10-13 years = 5 
14-17 years = 10 

5 .048 0.117

** 

.203 0.141 .237 0.116 

Diagnosis Leukemia = 6 
Solid tumor = 18 

5 .037 0.119

** 

.344 0.041 .180 0.071 

KPS KPS ≥ 80 = 14 
KPS < 80 = 9 

5 .042 0.121

** 

.041 0.184

*** 

.175 0.075 

Treatment 
anxiety 

Birth sex 
 

Female = 16 
Male = 8 

5 .155 0.076 .084 0.130 .036 0.120
** 

KPS KPS ≥ 80 = 14 
KPS < 80 = 9 

5 .189 0.072 .040 0.186

*** 

.072 0.104 

Procedural 
anxiety 

Diagnosis Leukemia = 6 
Solid tumor = 18 

5 .124 0.083 .040 0.178

*** 

.653 0.024 

Age 6-9 years = 9 
10-13 years = 5 
14-17 years = 10 

5 .067 0.107 .026 0.294

*** 

.440 0.086 

KPS KPS ≥ 80 = 14 
KPS < 80 = 9 

5 .018 0.147

*** 

.130 0.106 .100 0.094 

Worry Birth sex 
 

Female = 16 
Male = 8 

5 .025 0.131

** 

.774 0.004 .738 0.019 

Pain/Hurt Diagnosis Leukemia = 6 
Solid tumor = 18 

5 .747 0.018 .146 0.094 .029 0.127
** 

Note. PedsQL™ = Pediatric Quality of Life Inventory™; ART-ANOVA = Aligned Rank Transform 
Analysis of Variance; Imp = imputed values; KPS = Karnofsky Performance Status; * small effect size 
𝜂p

2; ** medium effect size 𝜂p
2; *** large effect size 𝜂p

2. 
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Figure 12 Violin plots depicting the distribution of two PedsQL™ dimensional scores, reported by 
two respective subgroups across four timepoints from baseline until the final two months 
of study participation (M5-6). PedsQL™ = Pediatric Quality of Life Inventory™; KPS = 
Karnofsky Performance Status. 
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Regarding group difference, a significant main effect of KPS was found for treatment anxiety, 

with a higher burden in patients with KPS scores above the median compared to those below 

the median (see Figure 13A), independent of time. Conversely, problems with nausea were 

more prevalent in patients with KPS below the median than in those above (see Figure 13B). 

Significant interaction effects between time and group were identified for both treatment 

anxiety and pain/hurt, but post-hoc comparisons did not support these effects. 

Figure 13 Violin plots depicting the distribution of two PedsQL™ dimensional scores, reported by 
two respective subgroups across four timepoints from baseline until the final two months 
of study participation (M5-6). PedsQL™ = Pediatric Quality of Life Inventory™; KPS = 
Karnofsky Performance Status. 
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A significant main effect of diagnosis emerged for procedural anxiety, with higher burden 

reported by patients with leukemia than those with solid tumors, independent of time (see 

Figure 14A). Likewise, a significant main effect of age group was found (see Figure 14B): 6–

9-year-olds reported higher levels of procedural anxiety than 14–17-year-olds, p = .009, 𝜂p
2 = 

0.285. 
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Figure 14 Violin plots depicting the distribution of two PedsQL™ dimensional scores, reported by 
two respective subgroups across four timepoints from baseline until the final two months 
of study participation (M5-6). PedsQL™ = Pediatric Quality of Life Inventory™;´. 
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3.4.3 Parents’ Satisfaction With Cancer Care (PATSAT) 

The results of the ART-ANOVA analyses regarding parents’ satisfaction with cancer care are 

summarized in Table 11. Four scales (technical skills, affective behavior, coordination, 

interaction with HCPs), three single items (family involvement, access/parking, environment), 

and subgroups without significant findings were omitted from the table for clarity. Higher scale 

scores indicate greater satisfaction.  

Table 11 PATSAT scales with significant results derived from the ART-ANOVA analyses.  

Scale Group Subsamples (n) Imp 

(n) 

Time Effect Group Effect Interaction 

(Time × 

Group) 

p 𝜂p
2 p 𝜂p

2 p 𝜂p
2 

Overall care Birth sex Female = 12 
Male = 7 

6 .192 0.088 .542 .022 .044 0.145
*** 

Information 
exchange 
(with 
physicians) 

Birth sex 
 

Female = 12 
Male = 7 

6 .018 0.178

*** 

.481 0.030 .575 0.038 

Age 6-9 years = 7 
10-13 years = 5 
14-17 years = 7 

6 .042 0.155

** 

.964 0.005 .613 0.086 

Diagnosis Leukemia = 6 
Solid tumor = 18 

5 .039 0.150

*** 

.715 0.008 .438 0.051 

KPS KPS ≥ 80 = 14 
KPS < 80 = 9 

5 .012 0.190

*** 

.146 0.120 .526 0.042 

Information 
exchange 
(with 
nurses) 

Age 6-9 years = 7 
10-13 years = 5 
14-17 years = 7 

7 .081 0.130 .375 0.115 .024 0.253
*** 

Access/way Age 6-9 years = 7 
10-13 years = 5 
14-17 years = 7 

5 .131 .110 .046 0.141

*** 

.566 .116 



 

38  Results 
 

Note. PATSAT = Satisfaction with Cancer Care core questionnaire; ART-ANOVA = Aligned Rank 

Transform Analysis of Variance; KPS = Karnofsky Performance Status; * small effect size 𝜂p
2; ** 

medium effect size 𝜂p
2; *** large effect size 𝜂p

2. 

A significant interaction effect between time and birth sex was found for the overall care score, 

which was not supported by post-hoc comparisons. A significant main effect of time emerged 

for satisfaction with information exchange with physicians, independent of group: post-hoc 

tests revealed a significant difference between M1-2 and M5-6, the score decreased from 

baseline to M5-6, p = .021, 𝜂p
2 = 0.155 (see Figure 15A). Similarly, a significant interaction 

effect between time and age group was identified regarding information exchange with nurses: 

post-hoc tests shows a significant difference between M1-2 and M5-6, with satisfaction 

decreasing among parents of children aged 10–13 years while increasing among parents of 

patients aged 14–17 years, p = .006, 𝜂p
2 = 0.238. Additionally, a significant main effect of age 

group was found regarding the ease with which parents found their way to the hospital’s 

departments (access/way), independent of time: post-hoc tests indicated significant 

differences between all three age groups, with the highest satisfaction reported by parents of 

the youngest patients (6–9 years) and the lowest satisfaction in parents of children aged 10–

13 years (see Figure 15B). 

Figure 15 Violin plots depicting the distribution of two PATSAT scale scores, reported by two 
respective subgroups across four timepoints from baseline until the final two months of 
study participation (M5-6). PATSAT = Satisfaction with Cancer Care core questionnaire. 
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3.4.4 Impact on Family Scale (IOFS) 

Table 12 presents the results of the ART-ANOVA analyses concerning the perceived impact 

of the disease on the family as rated by parents. One factor (mastery) and subgroups without 

significant findings were omitted for clarity. Higher scale scores indicate greater perceived 

negative impact. 
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Table 12 IOFS factors with significant results derived from the ART-ANOVA analyses.  

Factor Group Subsamples 

(n) 

Imp 

(n) 

Time Effect Group Effect Interaction 

(Time × 

Group) 

p 𝜂p
2 p 𝜂p

2 p 𝜂p
2 

Total score Age 6-9 years = 7 
10-13 years = 5 
14-17 years = 7 

5 .217 0.088 .974 0.003 < .001 0.388
*** 

Financial 
burden 

Age 6-9 years = 7 
10-13 years = 5 
14-17 years = 7 

5 .094 0.124 .592 0.063 .039 0.233
*** 

Familial/So
cial impact 

Age 6-9 years = 7 
10-13 years = 5 
14-17 years = 7 

5 .029 0.170

*** 

.603 0.061 .022 0.256
*** 

Personal 
strain 

Age 6-9 years = 7 
10-13 years = 5 
14-17 years = 7 

5 .682 0.030 .690 0.045 .019 0.262
*** 

Note. IOFS = Impact on Family Scale; ART-ANOVA = Aligned Rank Transform Analysis of Variance; 
KPS = Karnofsky Performance Status; * small effect size; ** medium effect size; *** large effect size. 

Significant interaction effects between time and age group were found for the total score as 

well as three of the four factors. According to post-hoc comparisons, the total score differed 

significantly between baseline and M5-6 for parents of adolescents (14–17 years) compared 

to both the middle-aged group (10–13 years), p = .025, 𝜂p
2 = 0.188, and the youngest group 

(6–9 years), p < .001, 𝜂p
2 = 0.339 (see Figure 16A). Specifically, the perceived impact 

worsened in parents of the oldest age group while improving for the two younger age groups.  

For the familial/social factor, the impact differed significantly between baseline and M5-6 

between parents of the oldest and youngest age groups, p = .013, 𝜂p
2 = 0.213. While the 

perceived impact decreased in both age groups, it was initially higher in parents of adolescents 

and lower in parents of younger children, with the pattern reversing by M5-6 (see Figure 16B). 

Figure 16 Violin plots depicting the distribution of two IOFS factors, reported by two respective 
subgroups across four timepoints from baseline until the final two months of study 
participation (M5-6). IOFS = Impact on Family Scale. 
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3.4.5 Parents’ HRQoL (EQ-5D-3L) 

No significant effects were found for parents’ HRQoL, neither over time nor between 

subgroups. Similarly, the trajectories of parental HRQoL did not differ significantly between 

the subgroups (p ≥ 0.05). 

3.4.6 Focus Groups With Children and Parents 

A total of ten parent-child pairs who had completed their six-month participation in the study 

consented to take part in focus groups, including three pairs from USAAR, four from MHH, 

and three from FNBRNO. All three age groups defined in the study were represented: two 

participants were aged 6–9 years, two were aged 10–13 years, and six were aged 14–17 

years.  

The focus groups provided valuable insights into participants’ perceptions of the MyPal Apps. 

Figure 17 displays the coding system developed through thematic analysis, linking key 

categories to participants’ statements. Key code categories were partially further organized 

into subcategories reflecting specific aspects of participants’ experiences. For example, 

‘Consequences of App Usage’ included ‘Benefits’ and ‘Consequences’, ‘User Experience’ was 

nested under ‘Influences on Motivation’, ‘Multidisciplinary Approach’ fell under 

‘Recommendations’, and both ‘Family Communication’ and ‘HCP-Patient Communication’ 

were grouped within ‘Communication’. 

 

Figure 17 Cloud map from focus groups with children and parents across all three study sites. Font 
size and emoji size reflect the frequency of coded statements, with emojis additionally 
indicating sentiment (positive, neutral, negative). ePROs = Electronic Patient-Reported 
Outcomes; HCPs = Healthcare Professionals. 

An overview of the main thematic categories with brief summaries is provided in Supplement 

S5, while the following section presents a detailed analysis supported by illustrative 

paraphrased quotes. 
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Game Design 

Children generally appreciated the customizable elements of the MyPal-Child App, such as 

the ability to personalize their avatar’s appearance, including suit, skin color and hairstyle. 

They also enjoyed the appealing colorful underwater theme. However, several aspects of the 

game were met with criticism. Many participants criticized the lack of challenge and perceived 

repetitiveness of the game, making it more appealing for younger than for older children. 

Several children expressed disappointment that the game lacked consequences, such as the 

possibility of failure or progression through new levels, which reduced long-term engagement: 

It wasn’t going anywhere. It was repetitive. There were no new levels. No need to be 

afraid of losing, nothing could happen to you, you couldn’t even die.  

(Patient 1, FNBRNO) 

Expectations were often centered around the gameplay rather than ePROs, with patients 

anticipating a more dynamic experience, with increasing difficulty adapting to their progress, 

including more interactive features such as in-app purchases or challenges.  

ePROs 

Parents largely viewed the symptom-reporting function positively, noting that it could help 

HCPs monitor their child’s condition over time. While some patients found the ePRO questions 

easy to understand and answer, others felt they were repetitive or not relevant when they were 

symptom-free. Several patients admitted to answering questions without much attention, 

especially when they were feeling well: 

When I was hospitalized and had to process a lot, it was helpful for me and I used it 

often, because these questions fit at the time. It helped me process it all, both in the 

hospital and at home. (Patient 1, USAAR) 

Parents appreciated the flexibility of being able to complete questions outside the game as an 

option. However, they raised concerns about children underreporting symptoms, often out of 

optimism or avoiding focusing on illness: 

My child would rate his health better than it really was. He indicated that some 

symptoms weren't that bad, although they were perhaps worse than he would have 

admitted. (Parent 2, USAAR) 

 

My child was answering optimistically even though he was having strong symptoms. 

Not at all matching my observations. I let him answer according to his perception. If in 

my opinion he was not doing well, I would report it as such separately. (Parent 3, MHH) 

Despite these concerns, many parents valued that the apps prompted both themselves and 

their children to pay closer attention to symptoms that might otherwise have gone unnoticed: 



 

42  Results 
 

The app and the questions made me more sensitive and made me pay more attention 

to things that I wouldn't have thought of otherwise or that could easily be overlooked. 

(Parent 4, MHH) 

 

It was quite good for my child to think about such things, to really listen to oneself and 

not always answer „everything is fine”. (Parent 2, MHH) 

However, a minority felt that questions were not appropriate for younger children at times, who 

struggled to relate to or understand them: 

The questions were unfitting at times, and my child couldn’t really make sense out of 

it. Small children don't bother about such questions. (Parent 1, FNBRNO) 

Benefits and Consequences of App Usage 

The apps were perceived as particularly helpful at the beginning of treatment, when 

participants were more motivated to engage and had more time to use it. At this stage, many 

found it beneficial for reflecting on symptoms, documenting concerns, and expressing 

emotions at any time, especially during periods when direct communication with HCPs was 

limited: 

You need to find the time to concentrate and be truthful. If I received a notification while 

we are going through a difficult time, I used the opportunity to write things down. It 

helped, especially at the beginning of the treatment. (MHH, Parent 3) 

Several parents and patients described the apps as offering a valuable opportunity for self-

reflection. Documenting everyday concerns and symptoms was seen as helpful for not 

forgetting important details that might otherwise be overlooked during aftercare or medical 

appointments: 

I liked to be sensitized to some issues and things that happen in everyday life that don't 

get forgotten because they got noted down. (Parent 2, MHH) 

This reflective process was also described as intuitive and unfiltered, allowing some users to 

express themselves more naturally than they might during direct conversations with HCPs: 

You're on a different level when you're playing and answering, and I think that's good 

that you don't have to really concentrate and think too profoundly when you are 

answering. The answers come naturally, from your interior. The answers come from 

within and not from thinking about what I wanted to say or how I wanted to express it 

to the doctor. That's gone. (Parent 3, MHH) 

Another important benefit mentioned was the emotional reassurance the apps provided, with 

some participants highlighting a sense of being listened to and not feeling alone: 

I always had the feeling that I was being listened to. I always had someone to talk to. 

We never felt like we were on our own. Maybe the app contributed to that feeling. 

(Parent 3, MHH) 
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The MyPal-Child App also offered patients an alternative way to express their feelings and 

reflect on their well-being without the pressure of direct conversation with HCPs. Additionally, 

it provided a form of distraction: 

The app gives children the opportunity to distract themselves and to deal with 

questions on how they feel without having the typical conversation with the doctor, to 

express themselves in another context. (Parent 3, MHH)  

However, not all participants experienced substantial effects. Some reported that the MyPal-

Child App had little impact when their condition was stable. In these cases, the app’s influence 

was described as subtle but still positive in raising awareness of emotional states: 

The app didn't have a significant effect on me. Just when my mood was off, it made 

me become aware of it, I would say. (Patient 1, MHH) 

Others highlighted that simply being asked questions through the MyPal-Carer App helped 

them become more attentive to their child's well-being, even if the perceived impact remained 

minimal: 

I would say that the effect is interdependent. That alone the fact that I'm asked those 

questions makes me become more sensitive about my child's well-being. The effect of 

the app is not uncomforting, it’s minimal and rather positive. (Parent 4, MHH) 

Compliance 

Participants described varying degrees of regularity in app usage, with enjoyment and 

entertainment value playing an important role. Many reported forgetting to use the apps unless 

it was engaging or integrated into their daily routine. The context of usage, such as waiting 

times or spare moments, also influenced frequency: 

I tried to use the app at least once weekly. However, when I noticed mood changes or 

deteriorations in my child, I used it more frequently. (Parent 1, MHH) 

 

I tried playing once a week or during my medical appointments. (Patient 2, FNBRNO) 

 

I used the app whenever I had some spare time on the bus, train or in the car.  

(Patient 3, USAAR) 

Some participants used the MyPal-Child App during hospital stays but less at home, where 

daily distractions were more likely to take priority. Several highlighted the convenience of 

briefly completing ePROs between other activities: 

My child used it mostly on the ward during waiting times when there was nothing to do. 

At home there was always something else to do. (Parent 2, USAAR) 

 

With the app I could stay right there on the tablet and briefly answer questionnaires 

and then continue playing. (Patient 2, MHH) 



 

44  Results 
 

Feedback from HCPs was identified as a key factor for sustained engagement. Many 

participants felt demotivated when their reports were not acknowledged: 

It was a pity that the doctors didn't react to my reports. If they did, you would have even 

more reason to use the app. (Patient 1, MHH) 

 

I would have used the app more regularly if there had been consequences with the 

follow-up medical appointments. Otherwise, it was only for self-reflection, but the reach 

of the app is broader. (Parent 2, MHH)  

If participants received follow-up from the HCPs involved in the study, it motivated ongoing 

use: 

I knew the MyPal team was expecting my involvement. They regularly checked-up on 

us and that also worked as a reminder that I had to use the app. I would have perhaps 

forgotten otherwise. (Parent 3, MHH) 

 

It was more like a to-do I had on my list, until I got a call from a MyPal Team member 

because I had reported a symptom conspicuously often. That is when I realized there 

is a feedback loop. [...]. I understood the purpose of the app and this purpose became 

tangible when I got the call. (Parent 4, MHH) 

Influences on Motivation 

Beyond perceived benefits and HCP feedback, additional motivational factors emerged. Many 

participants were driven by the sense of contributing to research: 

We were not just doing it for ourselves, but to benefit others through our participation 

in the study. (Parent 3, MHH) 

External reminders (from parents or HCPs) also influenced motivation, as did competing 

priorities such as school or personal needs, e.g., the need for digital breaks. 

User Experience 

User experiences varied. While some parents found the MyPal-Child App too complex, the 

flexibility of offline access and features like the read-aloud function were appreciated by 

patients: 

Something positive was that you could also use the app without the internet, and I 

could play in the car or while on the train. (Patient 3, USAAR) 

 

I don't enjoy reading very much, so I liked the read-aloud function. (Patient 2, MHH) 

Communication 

The apps’ influence on communication with HCPs and within families was mixed. While for 

some it provided a valuable starting point for discussions, many participants reported that they 

had not perceived substantial changes in how they communicated. 
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It was considered particularly useful during follow-up care when direct contact with clinicals 

was less frequent. Having tools like the apps helped to maintain a sense of connection. 

For some patients, the MyPal-Child App also created a less intimidating, more comfortable 

way to share feelings compared to direct, face-to-face conversations: 

I like that you can just write something down or express your feelings without having 

to talk directly to someone, it's kind of anonymous. (Patient 3, USAAR) 

For a patient, the app is an easy way to talk about your problems, for me easier than 

doing it face-to-face. (Patient 2, MHH) 

 

The app is a safe place, where you can tell the truth. In the app I can give free rein to 

my feelings. (Patient 3, USAAR) 

Parents highlighted that the MyPal-Child App sometimes lowered barriers for their children. 

One parent observed: 

It was better for my child to share things through the app. For me, it was the same. I 

would share through the app things I wouldn’t share face-to-face. When something 

was worrying me at a specific moment, I got it out of my chest and moved on.  

(Parent 3, FNBRNO) 

Other parents noted that this effect might vary depending on the child’s personality, with one 

remarking: 

Unlike my child, an introverted child would feel more comfortable sharing things 

through the game. (Parent 1, FNBRNO) 

However, other participants expressed that they did not perceive a difference in 

communication, in particular if they were generally comfortable discussing their health directly. 

Family Communication 

The apps’ impact on communication within families depended largely on pre-existing 

communication routines. For some families, the apps had little or no perceived effect on how 

they discussed health-related issues, as such conversations were already part of their 

communication culture: 

I couldn't detect much of a difference with the app. We often talk about the state of 

health anyway; I couldn't say that the app has had an impact there. (Parent 1, USAAR) 

Others, however, reported that the apps allowed them to express emotions more freely or 

communicate in a less intensive way: 

Our communication does not depend on the app. We communicate about the fears 

and griefs we are currently going through. However, I reported stronger feelings like 

aggression freely in the app. Privately we talked differently. (Parent 1, MHH) 
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A patient similarly reflected that completing reports provided a way to communicate without 

overly burdening family members: 

I think it's better this way than speaking to my mum about it for 2 hours.  

(Patient 3, MHH) 

The apps also fostered shared moments of interactions for some, as reflected by one parent: 

My child would ask me sometimes how to proceed, if there were any doubts on how to 

answer. (Parent 2, USAAR) 

 

Sometimes I would sit down with my mum, and we did it together, we filled it out, 

because I knew more than she did, I knew best what was hurting me.  

(Patient 2, FNBRNO) 

Nonetheless, participants emphasized that broader changes in family communication were 

often tied more to the experience of the diagnosis than to the apps themselves: 

As a consequence of the diagnosis, we now talk differently about health, with or without 

an app. I can´t be certain that this difference was only due to the app. (Parent 4, MHH) 

HCP-Patient Communication 

The degree to which the information provided via the apps was incorporated into clinical 

encounters varied considerably. While some reports were reviewed and discussed during 

consultations, others were not, leading to divergent experiences among participants. 

Several participants expressed disappointment when their reports were not acknowledged or 

addressed during appointments: 

The doctors did ask me if I had used the app, but my reports were not discussed. 

(Patient 4, MHH) 

 

The lack of reactions from HCPs was disappointing. (Patient 1, MHH) 

 

It was a pity that the doctors didn't react to my reports. If they did, you would have all 

the more reason to use the app. (Patient 1, MHH) 

For others, the absence of discussion was not perceived as problematic, as they felt that either 

personal visits already covered the necessary aspects of care, or they were not expecting to 

be asked specifically as reaction to reports: 

The fact that you need to attend the hospital frequently is enough, you don't need to 

share things via app. It’s all covered by personal visits. (Patient 2, FNBRNO) 

 

I would have answered if someone had asked. But it didn't necessarily have to be that 

way. (Patient 3, USAAR) 
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Some participants observed redundancies between the in-app questions and in-person 

consultations, but felt these duplications were reasonable for further clarification: 

In the doctor's consultation, the questions they make are in part redundant to the 

questions you get in the app. But it makes sense to talk about them again in person 

during appointments. (Patient 4, MHH) 

Impression  

Overall, the concept of the platform was well-received, though its game design and clinical 

integration were viewed as needing improvement: 

So, the concept and the idea were great, it's just the way it was carried out. (Parent 1, 

FNBRNO) 

 

For MyPal to work, you definitely have to try to get the whole clinical staff on board. A 

real exchange will only be possible if everyone is involved. (Parent 2, MHH) 

Recommendations 

Participants suggested extending the setting beyond oncology, enhancing cross-disciplinary 

information flow, and increasing the apps’ interactivity and customization: 

It would be great if the information that we entered into the app would also flow into 

other specialty departments and not just oncology. Maybe markers could be added to 

help identify when to start certain therapies or when to refer to another specialty. 

(Parent 4, MHH) 

 

It would be better to involve the entire staff of the clinic, the doctors and the 

psychosocial service. If this is not possible, there should be a MyPal team on site that 

is informed about everything, like in this case. (Parent 3, MHH) 

The participants offered several recommendations to enhance the game design, emphasizing 

the need for more game level variety expending the underwater theme, more interaction 

options, customizable and personalization features, game characters, and purchasable 

gimmicks:  

It would be cool if you could do something with the artifacts you collect, like building a 

house. (Patient 1, FNBRNO) 

More differentiated versions for different age groups and opportunities for social connection 

(e.g., a multiplayer game mode) were also highlighted: 

By sharing the game with other children who have the same illness, it builds a sort of 

community. (Parent 3, MHH)  

 

A function to enable communication with other parents and patients would be helpful. 

We are all going through the same and you should be able to talk to others who are in 

a comparable situation. (Parent 1, MHH) 
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One frequently mentioned suggestion concerned the ability to visualize the trajectory of self-

reports over time, enabling patients to monitor changes in their health status or emotional well-

being more independently on their own. A functionality which was limited to HCPs in the study. 

Another central recommendation was the implementation of a feedback mechanism that 

would provide patients with a response after submitting reports, particularly in cases where 

notable symptoms or concerns are reported. Such a feature was perceived as potentially 

reinforcing the sense that their input is being acknowledged, thereby fostering more consistent 

and candid engagement with the apps. 

3.5 Impact on HCPs Due to the Integration of ePROs in Care 

3.5.1 Follow-up Questionnaire 

A total of 10 HCPs actively involved in the study at the clinical sites completed the follow-up 

questionnaire regarding their experience with the MyPal platform. Of these, five were project-

internal and five were external HCPs. Responses to the twelve Likert-scale items are 

presented in Figure 18. No significant differences in responses were found between internal 

and external HCPs. Overall, responses indicated good general usability, while the platform 

was perceived as adding to the workload rather than reducing it. 

 

Figure 18 Distribution of the absolute frequencies of the HCPs’ responses to the items of the web-
based follow-up questionnaire (n = 10). ePROS = Electronic Patient-Reported 
Outcomes; HCPs = Healthcare Professionals. 

The free-text comment section at the end of the questionnaire was completed by half of the 

HCPs. Several of them emphasized the value of online communication, particularly during 

situations where in-person contact was limited, such as during the COVID-19 pandemic. 

However, personal contact with patients and their relatives was still considered essential and 

favored, also to detect subtle changes in patient condition that go unreported if children 
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disengaged from using the MyPal-Child App. Further suggestions addressed both structural 

and functional aspects of the platform’s components. HCPs recommended a more seamless 

integration into existing clinical infrastructures, for example through shared login systems, to 

reduce barriers to adoption. Additional proposals included enhancements to data visualization, 

such as more intuitive layout, clearer color coding for symptom severity, and a more engaging 

extension of the game elements to sustain children’s motivation over time. 

3.5.2 Focus Groups With HCPs 

A total of nine HCPs who had been involved in the study participated in focus groups 

conducted at the three clinical sites as conclusion of the study. This included four physicians 

(two from MHH, one from FNBRNO, one from USAAR), one nurse (MHH) and one 

psychologist (MHH) among the project-internal HCPs, as well as one physician (MHH), one 

psychologist (MHH) and one physician (FNBRNO) among the project-external HCPs. Figure 

19 and Figure 20 present the resulting coding system and frequencies of the code categories. 

 

Figure 19  Cloud map from focus groups with project-internal HCPs across all three study sites. 
Font size and emoji size reflect the frequency of coded statements, with emojis 
additionally indicating sentiment (positive, neutral, negative). ePROs = Electronic Patient-
Reported Outcomes; HCPs = Healthcare Professionals. 
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Figure 20 Cloud map from focus groups with project-external HCPs across all three study sites. 
Font size and emoji size reflect the frequency of coded statements, with emojis 
additionally indicating sentiment (positive, neutral, negative). ePROs = Electronic Patient-
Reported Outcomes; HCPs = Healthcare Professionals. 

The coding system largely corresponded to the one developed from focus groups with children 

and their parents. However, fewer statements by HCPs were assigned to the code categories 

‘Game design’ and ‘ePROs’, while ‘Influences on motivation’, ‘HCP-Patent Communication’ 

and ‘Compliance’ were more frequently addressed. In terms of content, project-external HCPs 

provided fewer negative statements compared to the internal counterparts. They focused 

more on sharing user experiences and making recommendations for improvement. An 

overview of the main thematic categories with brief summaries is provided in Supplement S5, 

while the following section presents a detailed analysis supported by illustrative paraphrased 

quotes. 

Project-Internal HCPs 

Game Design 

Similar to feedback from children and parents, HCPs observed that the game design failed to 

sustain engagement. While patients were initially motivated, many quickly lost interest, 

particularly if they were accustomed to more competitive or fast-paced games: 

They enjoy games that are competitive. They didn't find the purpose of this game; it 

was not catchy enough. (Physician, USAAR) 

Expectations 

HCPs described approaching the platform with both curiosity and skepticism prior to study 

initiation. They found the concept of gamified ePROs appealing but doubted whether the 

platform could maintain long-term engagement or integrate smoothly into their already 

demanding workflows: 

It would be interesting to see if the children would use and benefit from ePROs. Would 

it help them deal with the disease? What are the benefits for the HCPs? Would the 

parents be supportive? (Physician, USAAR) 

 

I had questions rather than expectations: how will it work? What are patients going to 

report to us? How are families going to deal with this? Is there skepticism? Can we 

establish this here in the clinic? Will it be accepted? (Physician, MHH) 

HCPs recalled speculating about whether differences in reporting behavior would be observed 

depending on care phase (acute vs. follow-up) or patients’ general media use and 

consumption habits. 
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ePROs 

HCPs noted that some patients avoided using the MyPal-Child App because they felt the 

regular questions served as a constant reminder of their illness, especially when they were at 

home: 

We had some patients that told us they didn't use the app because it reminded them 

of their disease. They didn't want to have anything to do with the hospital as long as 

they were at home. (Physician, MHH) 

Consequences of App Usage 

The perceived consequences of using the apps varied. Many HCPs felt that symptom reports 

were only reviewed when participants explicitly drew attention to them. For some, the time 

invested in logging in and reviewing reports seemed disproportionate to the benefit, though 

this depended on the volume of reports and the clinic’s communication culture: 

It didn't have an impact on the communication of the team. It was just an addition to 

the things we do directly. (Physician, MHH) 

Benefits 

Despite challenges, HCPs identified distinct benefits. The platform offered an additional 

communication channel, which could be particularly valuable for shy or anxious patients, 

particularly teenagers who preferred to express concerns in writing: 

Teenagers would write down things that they might not have brought up in front of their 

doctor. It offered them an easier path to let things out. [...]. They use it to avoid 

interactions, uncomfortable or intimate situations, especially if they are prone to 

shyness or anxiety. (Psychologist, MHH) 

It was also considered valuable in follow-up care, where direct contact was less frequent: 

Being in follow-up care gives you more certainty. You have less acute problems, the 

burden drops, you have more freedom. And in the background, you have this 

opportunity to make reports and communicate, to stay in contact. (Psychologist, MHH) 

HCPs also highlighted instances where the platform fostered trust and improved clinical 

interactions: 

When I reported something that a patient had notified through the app, the outpatient 

 

 clinic was actually very grateful for it. All my reports were well received. [....]. I 

remember a patient, a teenager, who reported something he didn't want to report face-

to-face. He thanked me afterwards. The feedback that I got was always positive. 

(Nurse, MHH) 

At the same time, frequent in-person visits in acute treatment phases reduced the need for 

using the MyPal-Child App for reports: 
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If I am already being treated acutely and I am there every other day, I don't need to 

overreport my status. (Psychologist, MHH) 

Others emphasized that, from a patient perspective, the platform fostered agency and active 

involvement: 

From the patient's point of view, it is different because you're involved in your 

diagnostic and treatment process, you have a completely different ability to act, your 

agency is completely different. It is a communication channel. It empowers. 

(Psychologist, MHH) 

Compliance 

HCPs generally found ten to fifteen minutes sufficient to check for new reports via the HCP-

Interface. However, both the frequency of reports and the frequency with which HCPs 

reviewed the HCP-Interface varied considerably. HCPs observed that some families used the 

apps regularly, while others hardly engaged, and the relevance of the reported information 

also varied between users. 

Influences on Motivation 

According to the HCPs, most patients and parents initially appeared motivated and willing to 

try the apps. The apps made a positive first impression, and their purpose was perceived as 

clear. One key motivator for their use, as reported by the HCPs, was the willingness to 

contribute to research by participating in the study and engaging with the apps:  

Using the diary function was motivating. They used it either to share something with 

us or to write something from the depths of their souls. (Psychologist, MHH) 

However, the game component was seen as insufficiently engaging to sustain motivation over 

time, and the lack of feedback on submitted reports discouraged continued use. Several HCPs 

observed that patients and parents questioned whether the effort was worthwhile when their 

reports appeared to go unnoticed: 

The return on investment is rather low. They are already overloaded, then they are 

supposed to do a lot and then they do not get much in return. It becomes a cost-benefit 

issue. Should I keep investing energy? It became a minor priority. (Psychologist, MHH) 

Some HCPs noted that reminders and regular contact helped maintain awareness of the apps, 

though there was concern that frequent prompting might bias usage. Others emphasized that 

intrinsic motivation was preferable: 

App usage depended on many factors, e.g., we reminded them regularly, we showed 

presence to let them know that the app has a purpose. That if you make a report, it's 

going to get somewhere, to someone, to the HCPs. (Psychologist, MHH) 

 



 

Results  53 
 

I could have reminded the patients to use the app, but I think it would bias the results. 

They should use it on a voluntary basis. The motivation should be different.  

(Physician, USAAR) 

Concerns were expressed that patients in poor health also were less inclined to use the MyPal-

Child App: 

At some moments, when we need most of the information from them, they are often 

so tired that they don't feel like playing the game. (Physician, FNBRNO) 

The timing of study inclusion also played a role: 

We had families who didn't agree to participate in the study, not because they didn't 

like the idea, but for other reasons: the resources were not available, or they were 

overwhelmed. There is too much strain and uncertainty shortly after the diagnosis. 

(Psychologist, MHH) 

Gender and care phase differences were speculated: 

Boys tend to play and gamble more. And girls, especially teenagers, are more prone 

to share emotion and social information. Communicating or being socially compliant 

because they are participating in a study. In that respect there could be a gender effect 

(Psychologist, MHH) 

 

I noted differences between patients in follow-up vs acute care. Follow-up patients 

tended to be more diligent. Perhaps they were doing a lot better or had more free time. 

However, most of them were girls. Is it an effect of health-status or of gender? 

(Physician, MHH) 

Some HCPs expressed frustration that the HCP-Interface was not integrated with existing 

clinical systems, which discouraged use. 

When you have something new, it is still inefficient, it comes with a risk, so people tend 

to use the tools they already are familiar with, because they are more reliable to use. 

(Psychologist, MHH) 

Some HCPs seemed to rely on the study team members to monitor and communicate relevant 

information, reducing their own need to log in: 

They knew that the MyPal team would read the patient notifications and would report 

if something was off. They knew that really life-threatening things wouldn't be shared 

through the app. (Physician, MHH)  

Staffing shortages, particularly during the pandemic, further reduced willingness to engage 

with the platform: 

Because of the pandemic, there were staff shortages. For example, the nurses were 

worried that with MyPal they would be assuming an extra responsibility that would cost 

them time. So, they didn't want to get involved. At first the nurses were in favor, then it 

became a time management issue. They are working overtime and have to cover the 
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shifts of sick colleagues. The project was already running, and they thought, if I already 

missed the start, why should I begin now? (Nurse, MHH) 

User Experience 

HCPs considered the apps to be well-designed for patients and parents but noted that the 

HCP-Interface intended for their own use required improvements in intuitiveness and technical 

stability. 

Communication 

Many HCPs felt that communication within their teams and with families remained largely 

unchanged by the platform, particularly when communication was already effective:  

The communication between HCP remained the same. When communication between 

all team members and with patients and their parents is already working optimally, then 

such apps become secondary. If communication is not working optimally, such apps 

could be helpful for children and their parents. I think this also has an influence on the 

motivation to use it. If the clinic offers good communication, then this is less important. 

(Physician, USAAR) 

HCP-Patient Communication 

Some HCPs reported that the platform offered value by helping to structure visits and serving 

as a conversational anchor, particularly when reports where actively reviewed: 

The app gave us material for conversation. We could ask about their symptoms and 

their context. It allowed us to develop better communication with patients and parents. 

They knew we were reading their notifications; we were keeping up. (Physician, MHH) 

 

We had something tangible. We would visit them with our tablet, we could see their 

reports, show them their progress. We had a basis for communication. It made things 

easier, a conversational anchor. (Psychologist, MHH) 

However, leveraging this potential required regular reports and consistent feedback on 

submitted reports. Several HCPs reflected that greater willingness among staff to engage with 

the platform could have increased its utility. One physician assumed that, because the clinical 

HCP teams understood the platform as part of a research study and not intended for 

emergency situations, some perceived its use as optional or less relevant. At times, some 

clinical staff members preferred to rely on established communication procedures rather than 

adopt the platform: 

Normally the patients have to report via phone call. In particular cases, if the patient 

reported something through the app, some of the staff at the clinic would tell them to 

report things by phone, not through the app. In our case, it was counterproductive. 

(Physician, MHH) 
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Impression of eHealth Solutions 

HCPs generally perceived eHealth solutions, like the MyPal platform, as valuable when used 

as a supplement rather than a replacement for existing care processes:  

It makes sense if it is supplementary and not substitutive. If it's complementary, it has 

its place and its context. (Psychologist, MHH) 

HCPs acknowledged the growing role of such digital health solutions, driven by policy 

initiatives, research and funding priorities. At the same time, they stressed the importance of 

quality assurance and careful implementation to avoid disrupting personal interactions or 

already efficient routines: 

eHealth is making an impact, as a fact. In politics, they talk about money to fund apps, 

as they are perhaps more profitable. It is also a big research topic. The question is how 

to assure their quality. The market is large. (Psychologist, MHH) 

 

It should become a tool for certain situations. We can't get around eHealth, we live in 

a digital world. But the quality with which it has to be done is yet to be defined. 

(Physician, MHH) 

Despite these acknowledgments, some HCPs remained skeptical regarding the actual impact 

of such tools on patient care. They noted that communication habits, such as phone calls, 

would persist regardless of such a platform, and expressed concerns about potentially 

negative effects if tools failed to ensure meaningful interaction: 

I am not sure that health care can really be improved with eHealth solutions. Parents 

and children will continue to make phone calls, regardless of such apps.  

(Physician, USAAR) 

 

It definitely has an impact, but in which direction? One would desire that the impact is 

favorable. But we have seen that if I communicate and nothing comes back, it can have 

the opposite effects. It depends on the conditions. (Psychologist, MHH) 

Another point of discussion concerned the blurring of professional and private boundaries. For 

example, one nurse highlighted the reluctance to use personal devices for work-related 

purposes: 

Why should I install this app on my private mobile? I keep work and private life apart 

from each other. (Nurse, MHH). 

While HCPs recognized that eHealth solutions could enhance communication and support 

patient self-management, many reiterated that these benefits could not replace the direct 

examination and personal bond between HCPs, patients, and their families. Some also noted 

the increasing prevalence of prescribed medical apps, which can offer patients more 

autonomy, but only when appropriately integrated into care. 
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Recommendations 

HCPs suggested improving the HCP-Interface by adding a triage function to prioritize urgent 

notifications, daily overviews, and the ability to track which reports have been reviewed and 

by whom, to streamline workflow and ensure timely follow-up. 

They also recommended enhancing such platforms by incorporating passive data collection 

(e.g., via wearables or sensors) to reduce the need for manual self-reporting: 

Sensors, pedometers, pulsometers, and such could give us information that you don't 

usually get from the patient directly [through self-reports]. These could motivate the 

HCP team to act. (Psychologist, MHH) 

 

Could you get information through other methods where the patient does not have to 

actively report something: (e.g., pain = heart rate increases)? The patient plays and 

we get information indirectly, e.g., counting steps to determine physical activity. 

(Physician, USAAR) 

Beyond improving reporting, HCPs highlighted that the integration of such data streams could 

also serve research by enabling more advanced predictive modeling. For example, this could 

facilitate early interventions before symptoms escalate: 

For research purposes it is important to create prediction models out of direct data, but 

also data out of social networks, step counts, pulse, wearables, is needed to make big 

data prediction models. E.g., if you could forecast pain, you could act up front 

(Psychologist, MHH) 

Project-External HCPs 

Game Design 

External HCPs shared similar views to internal HCPs regarding game design. They reported 

that the MyPal-Child App’s game component did not sustain patients’ engagement over time, 

as it lacked the complexity and stimulation typical of commercial games, which limited its 

appeal. HCPs acknowledged the competitive nature of the gaming market, emphasizing the 

challenge of holding children’s attention when they are accustomed to highly developed video 

games: 

The market these days is full of good video games and as such it's tricky. (Physician, 

FNBRNO) 

Expectations 

HCPs described their expectations toward the platform as being shaped by curiosity and 

optimism. They highlighted the app’s potential to offer constructive and purposeful activities, 

positioning it as a meaningful alternative to passive media consumption. They did not assume 

risks of overuse, as children uninterested in the app would likely not engage with it: 
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That it would be something where they don't mindlessly consume a game or video but 

do something meaningful with it. Children who don't know what to do with it probably 

wouldn't have used it anyway. So, we wouldn't have driven anyone into media 

consumption with it. (Psychologist, MHH) 

Consequences of App Usage 

Most HCPs noted that the apps had little impact on their daily routines, with occasional benefits 

for specific patient cases. While some found the symptom-tracking feature helpful, particularly 

when families used the apps to recall events more precisely, the platform was not used by all 

clinical staff members it had been offered: 

There was also a phase when I had a few patients for whom this was helpful because 

they sometimes entered something that I was looking after, especially in the outpatient 

clinic. [...]. Otherwise, it hasn't changed anything for my psychological work area, our 

social workers haven't actually used this app, so it doesn't seem to have any 

significance for their work either. And the nursery teacher didn't use it either. 

(Psychologist, MHH) 

 

One family once said that there were some symptoms, but they couldn't remember 

exactly. Then they took out the app and looked up for themselves when it actually 

happened. They were then able to sort it out a bit for themselves. (Physician, MHH) 

 

No, it didn't have any impact on daily practice. (Physician, FNBRNO) 

Compliance 

Integration into the routine and perceived utility of the platform emerged as crucial factors 

influencing HCP engagement. A lack of self-reports by patients or proxy-reports by parents 

led to inactivity among HCPs, while infrequent logins increased perceived workload due to the 

need to repeatedly recall login credentials and navigation steps:  

I've often had patients ask me specifically about a symptom and say: ‘I've entered that 

too.’ Then I looked it up. Otherwise, to be honest, the inhibition threshold was quite 

high, I simply didn't do that in everyday life, especially not in this routine of seeing acute 

outpatient children (Psychologist, MHH) 

 

There was no data to check, as the kids didn't play it. Therefore, I must admit I wasn't 

that active. (Physician, FNBRNO) 

 

It would probably have been less time-consuming if you had been in there more often. 

Because then you would have had more automatisms. It was time-consuming that way, 

if you're not in for a while you have to think about how to get there, what my password 

was, what my username was again. That was time-consuming. Yes. (Physician, MHH) 
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Influences on Motivation 

HCPs discussed potential contextual influences on usage habits and motivation to use the 

platform, including the patient health status, availability of alternative activities, parental 

engagement, and the age of the users: 

I imagine that the better the patients feel and the more active they can be, the fewer 

people use the app because they are sitting or lying around less and the more time 

patients spend in bed or resting, the more time they spend using their tablets and 

mobile phones. (Physician, MHH) 

 

Some children actually use tablets and mobile phones a lot in hospital and parents are 

happy that they are no longer so present at home. Maybe that's also because, nicely, 

other activities are available again and the mobile phone is no longer so attractive and 

no longer so present for some children. (Psychologist, MHH) 

 

I have the feeling that parents who were particularly interested in keeping a close eye 

on their children and also keeping a close eye on what is happening during the time 

they are at home so that they can make the best possible use of it for the therapy, so 

that their children can also be looked after in the best possible way. That was an 

incentive for them to simply write down what they might otherwise have brought with 

them on a piece of paper. (Psychologist, MHH) 

 

The older the users were, the more I had the feeling that it was less about playing and 

more about sharing information. (Physician, MHH) 

User Experience 

Most HCPs did not perceive usability as a major issue, though some admitted that they had 

not explored all the features of the HCP-Interface. Those who engaged more with it found 

specific updates, such as quick checks of progression of thematically related symptoms 

clusters, useful: 

That I could look very quickly if something was conspicuous in the psychological area, 

are there any physical symptoms which occur together? [...]. I actually found that a 

very practical update. (Psychologist, MHH) 

HCPs also reiterated that long-term patient engagement remained a challenge, despite initial 

enthusiasm. 

Communication 

HCPs noted that children, as digital natives, might find apps a more comfortable medium for 

expressing their emotions: 

I believe that exactly this kind of children, who are hooked on the apps, grow up on 

them, and it can be a more pleasant way for them to share their feelings.  

(Physician, FNBRNO) 
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HCP-Patient Communication 

While HCPs did not observe notable changes in parent-child communication, they highlighted 

that the platform could enhance in-person interactions by providing a discussion basis during 

consultations, especially when symptom fluctuations occurred between visits: 

There is added value if information is accessible in an easy way. I think I would actively 

ask certain questions in certain directions much more often if the patient directed me 

in this direction by describing their symptoms. Reports through the app could be used 

to guide the patient a little more towards certain issues that are perhaps being 

overlooked. (Physician, MHH)  

 

If I meet them once and they tell me they’re fine and then I meet them again in a few 

weeks and they're fine and that means everything is always okay. But if I saw an entry 

in the app that things were different for a while, then I could talk to them again and 

remind them: ‘Look, you entered something there, what was going on?’. Then we would 

be even more likely to get in touch again about an unpleasant topic.  

(Psychologist, MHH) 

Nevertheless, some underscored that digital reporting should not replace nuanced in-person 

conversations, as subtle meanings often become clear only during face-to-face discussions: 

An interaction is something else when I can personally correct something, meaning 

that something develops, or when I can personally ask again how things were meant. 

When you answer, you have to decide, for example on a categorization or something. 

And it only becomes clear in the conversation what is really meant by it. That is 

something that perhaps cannot be grasped in this way [i.e., the platform].  

(Psychologist, MHH) 

Impression of eHealth Solutions 

HCPs expressed a generally positive outlook on the growing role of eHealth and digitalization 

in clinical practice and medical care, acknowledging its potential to streamline care processes, 

reduce emergency service strain, and facilitate access to care, e.g., remote consultations for 

vulnerable patients, such as those with immunosuppression: 

I think that nowadays, digitalization makes sense and we're heading there in all areas 

of activity. I personally see a big boom in these things in medicine in general. 

(Physician, MHH) 

 

I see that e-medicine and e-counselling are really in nowadays, which I think is very 

useful to reduce the burden of emergency offices. You can discuss some things online 

instead of coming to the hospital in person with less severe issues. Overall, yes, it’s a 

way, in my opinion. (Physician, FNBRNO) 

 

In general, I do believe that many of the e-approaches improve medical care in terms 

of content, but also in terms of organization. There are certainly apps that remind you 

of appointments, for example, or that allow you to simply scan and send findings and 

know where to send them. (Physician, MHH) 
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However, they stressed again that digital health solutions must remain complementary to 

established care practices to avoid excluding families who face language barriers or lack the 

digital skills and infrastructure to engage effectively: 

It must be complementary, not substitutive. I couldn't imagine it any other way. 

Because with how many families do we need an interpreter to communicate with our 

hands and feet? They wouldn't be able to use it at all. They would no longer have 

access. (Psychologist, MHH) 

Additionally, it was pointed out that poor digital infrastructure and bureaucratic barriers posed 

substantial challenges to the widespread implementation of eHealth solutions. Their success 

hinges on user-friendliness and seamless integration into existing healthcare frameworks for 

which permit requirements need to be met. Both patients and HCPs need easy access to 

these tools for them to be effective. 

Practical challenges and barriers, including improvable digital infrastructure, administrative 

and data protection requirements, and a lack of integration into clinical routines, were seen as 

major hurdles to the broader adoption of eHealth solutions: 

You have to go through a lot of places again to really be able to use it and we would 

have to function much more digitally overall to really be able to use these e-health 

applications such that every patient is able to install an app on their mobile phone. I 

think that's a really big issue. Even if we could, the MHH would first have to say that it 

really is a program that is allowed to run. So, there are also administrative and data 

protection hurdles. They’re insanely high. (Physician, MHH) 

 

Both sides must have good access to it. I believe that the problematic side is less the 

patient side than the healthcare provider side. (Physician, MHH) 

 

As with some other things, it would have to become established. And that means it has 

to be uncomplicated. As uncomplicated as possible. (Psychologist, MHH) 

 

The flow of information in such large teams is quite difficult...well, I also experience this 

with other things, and it has to be repeated regularly, if it is not part of everyday life for 

the respective professional groups, it is not automatically considered during 

introduction. (Psychologist, MHH) 

Recommendations 

HCPs emphasized that investments in human resources and infrastructure should precede 

the large-scale implementation of eHealth solutions. To enhance the game’s engagement, 

they suggested incorporating more personalization options and dynamic features, such more 

diverse game modes or virtual companions, to encourage sustained use: 

Or these types of games where you build your own town every day. You just have to 

visit the app every day, because you collect money from the houses you've built. If you 
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don't collect it, you lose it. So, something of this kind, which makes you open the app 

at least once a day, even if it was for 5 minutes. (Physician, FNBRNO) 

 

Tamagotchi seems like a great idea, also because it can become sort of a buddy to 

you for the treatment. The questions on a health state, which, on the current app, were 

emerging anonymously from somewhere deep down, would be asked by your 

Tamagotchi. And you get a digital during the treatment. All we want from the app could 

be delivered by this virtual avatar, which you can also create, customize, etc. 

(Physician, FNBRNO) 

For the HCP-Interface, suggestions focused on improving usability and integration into 

existing workflows. Recommendations included highlighting new data since the last login, 

enabling installation on business mobile phones, embedding the HCP-Interface within clinical 

systems (e.g., as a quick-access button), and implementing a triage system (e.g., traffic light 

coding) to help prioritize urgent notifications. 
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4 Discussion 

4.1 Principal Findings 

The MyPal4Kids study evaluated the feasibility and acceptability of an ePRO-based digital 

health platform incorporating gamification in pediatric oncology and palliative care. The 

findings indicate that active participation of children and their families in symptom reporting is 

achievable, particularly when bidirectional communication and timely feedback from HCPs are 

ensured. Patient engagement was strongly shaped by the perceived utility of the platform, 

closely tied to the frequency and quality of HCP feedback and the game's ability to sustain 

motivation. Although usability was not identified as a significant barrier for patients and 

parents, it played a greater role for HCPs, many of whom viewed the platform as increasing 

their workload instead of facilitating their tasks. 

The core hypothesis that gamification would enhance the attractiveness of self-reporting for 

young patients was only partially supported. While initial interest and uptake were high, long-

term engagement declined over the study period. Participants and usage data alike suggested 

that the gamified elements, while initially motivating, lacked sufficient variation or progression 

to maintain users’ interest over time. Engagement with the MyPal platform appeared to follow 

a cyclical dynamic: reduced reporting by patients led to fewer platform reviews by HCPs, 

resulting in less direct feedback, which further discouraged patient participation. This 

reciprocal disengagement highlights the importance of sustained feedback loops and 

perceived clinical relevance for maintaining motivation over time. 

4.2 Recruitment and Enrollment Characteristics 

Recruitment was shaped by both contextual and procedural factors. Initial enrollment was 

facilitated by a broader pool of eligible patients, comprising both newly diagnosed children and 

those diagnosed within the previous twelve months. This procedural constraint coincided with 

the onset of COVID-19, which disrupted clinical routines and contributed to a marked decline 

in recruitment rates. Reduced face-to-face appointments and restrictions on parental presence 

during clinical visits complicated informed consent and onboarding. Despite these obstacles, 

83 patients were successfully enrolled (recruitment rate: 55%), which fell short of the original 

target of 100 patients but was acceptable under the circumstances.  

Intrinsic factors also played a role. Informal communication among families might have 

influenced willingness to participate, with both encouragement and discouragement reported 

by HCPs involved in the study. Emotional distress shortly after diagnosis often reduces 

willingness to participate in research, a phenomenon documented in qualitative and 
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methodological studies of pediatric oncology recruitment and discussed in systematic reviews 

of informed consent in pediatric oncology [117, 162, 170]. This underscores the importance of 

sensitive timing and tailored approaches to recruitment. 

The cohort’s demographic composition deviated from the broader pediatric oncology 

population: adolescents aged 14–17 were overrepresented, whereas children under four, the 

group with the highest incidence of pediatric cancers [173], were excluded due to literacy 

barriers. As most participants (84%) were newly diagnosed, generalizability to patients with 

chronic or relapsed disease trajectories is limited. 

Optional data fields (20% missing) showed inconsistencies in clinical descriptors (e.g., more 

patients listed as having metastatic disease than stage IV), likely reflecting incomplete or 

heterogeneous data rather than true discordance. Optional free text items also varied in detail 

and terminology, e.g., the description of handicaps, limiting standardization for analysis.  

4.3 Acceptability and Engagement With the MyPal Platform 

The acceptability and engagement of the MyPal platform were shaped by multiple interacting 

factors, encompassing design aspects, patient-HCP interactions, and gamification as an 

embedded motivational feature. This aligns with the Technology Acceptance Model, which 

suggests that the likelihood of adopting a technology is primarily influenced by users’ 

perceptions of its ease of use and practical value [135]. Overall, sustained engagement proved 

challenging, as reflected by the declining proportion of symptom reports and monthly ePROs 

completed across the study period.  

Several preventive measures were incorporated into the study design to mitigate missing data, 

a well-documented issue in patient-reported data collection [106]. These included a seven-

day completion window for monthly ePROs, retrospective completion of the baseline 

assessment during the first month of study participation, and offline functionality to 

accommodate inconsistent connectivity. In line with instrument-specific guidelines, 

established recommendations for handling missing items were also applied during data 

analysis, as described in Section 2.5. Despite these strategies, compliance only improved 

modestly. Gamification alone was insufficient to offset the overall decline in participation. 

As described in Section 4.1, patient engagement was closely tied to the feedback received 

from HCPs. Comparable feedback-engagement cycles, characterized by declining reporting 

and reduced feedback, have been observed in previous digital health research [4, 7, 8, 10, 

53, 76, 101]. This effect may be especially pronounced in pediatric oncology, as the emotional 

burden on children and their families combines with HCPs’ competing demands, together 

influencing communication [14, 163]. Several contextual likely contributed to this engagement 
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dynamic: Many assessed symptoms recorded through the platform reflected expected 

chemotherapy side effects [29, 38], about which patients and parents had received prior 

information. Consequently, limited feedback may have reflected clinical perception that many 

reports did not require additional discussion, or a broader lack of prioritization of symptom 

management within institutional workflows [45, 176]. However, clinically relevant symptoms, 

such as tingling or numbness in the extremities, can inform treatment adaptations [61, 104].  

While this study did not systematically analyze demographic or socioeconomic predictors of 

adherence, previous research using SSPedi found significant variability in usage patterns 

across such factors, including age, income, and ethnicity [44]. These findings suggest that 

engagement with symptom reporting tools may be influenced by broader contextual and 

individual factors, which could partly explain heterogeneous participation patterns observed in 

this study. 

Prior research has shown that ePRO data improve outcomes only when coupled with 

structured response mechanisms [10, 19, 137]. Dupuis et al. (2024) further demonstrated that 

linking pediatric symptom screening with predefined care pathways improved symptom control 

compared with usual care, although such interventions were implemented surprisingly 

infrequently. According to the authors, sustainable impact requires institutional prioritization, 

systematic implementation and ongoing monitoring is needed to ensure that reported 

symptoms consistently trigger appropriate clinical follow-up [45, 183]. These findings 

underscore that digital health solutions alone cannot ensure engagement, their perceived 

value depends on a functioning feedback loop between patients, parents, and clinicians. 

Strengthening this loop through automated notifications, structured review schedules, and 

visible feedback may help sustain motivation and reinforce the platform’s clinical relevance. 

Besides feedback, other motivational features embedded in the platform, such as gamification, 

were intended to sustain engagement. While usability itself did not emerge as a barrier, the 

gamified component of the platform was insufficient to sustain motivation over time, 

particularly among older children. The risk of waning engagement had been recognized during 

development, and engagement strategies of gamification, such as a reward system and 

competitive high score lists were integrated. However, while such mechanisms often show 

strong short-term engagement, it tends to still decline over time, especially in studies with 

smaller user bases [155], suggesting that social or competitive gamification features may 

require a sufficiently active community to maintain effectiveness [126]. The game was 

deliberately designed for brief daily use, age- and gender-neutral, and avoiding risk of overuse. 

In practice, underutilization rather than overuse became a challenge, suggesting that these 

development constraints for broad applicability and safety may have limited its overall appeal. 
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The game levels and activities were perceived as repetitive over time and provided limited 

novelty to sustain engagement. 

4.4 Feasibility of ePRO-Based Measures 

The use of ePRO-based assessments for monitoring symptom burden and related outcomes 

in pediatric oncology proved feasible overall, with some limitations. The platform captured 

symptom trajectories throughout the six-month study period in which around half of the 

participants reported at least one symptom with highest burden. Clinicians could review 

individual symptom patterns, highlighting the platform’s potential for patient-centered care. 

However, the feasibility of such measures depends strongly on sustained patient engagement 

(as previously discussed in Section 4.3). Reporting frequency declined over time, consistent 

with trends observed in other pediatric ePRO studies [41, 107, 147]. Such a decline may reflect 

both actual symptom improvement, individual patient conditions [97] and the practical 

challenges of maintaining regular platform use over time, which remains a limiting factor for 

wider implementation. 

One of the most consistent results across child self-reports was a general decrease in 

symptom burden over time for several physical symptoms such as headache, changes in 

taste, appearance, and nausea/vomiting, as captured with SSPedi. This improvement may 

partially reflect typical treatment trajectories, where acute side effects often decrease after the 

most intensive treatment phases, as well as children’s adaptation to treatment regimens and 

supportive care measures [43, 63, 67, 201]. However, as suggested in prior SSPedi research, 

repeated administration itself may also influence symptom perception, either through 

habituation or by encouraging reflection that reduces symptom distress over time. In this view, 

the act of regular self-reporting could contribute to symptom relief [45]. 

In parallel, children’s HRQoL, as assessed by the PedsQL™ total score, improved from 

baseline to study completion. These improvements appear to mirror the observed symptom 

burden reductions, highlighting how symptom management and adaptation over time 

contribute to overall well-being. Simultaneously, declining reporting frequency complicates 

interpretation of symptom and HRQoL trajectories, as observed improvements may partly 

reflect genuine clinical changes but also reduced data capture, with families more likely to 

report when burden was high and less likely when it was low. In addition, the broader COVID-

19 context may have influenced both reporting behaviors and self-reported experiences, 

further limiting interpretability. Systematic reviews and empirical studies have documented 

pandemic-associated declines or changes in HRQoL and disruptions to ePRO research in 

general and pediatric populations [65, 120, 122, 182]. 
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Beyond engagement, the interpretation of ePRO-based measures is also shaped by 

differences in self-reports by patients and proxy-reports by parents, which aligns with evidence 

in literature [26, 88, 99, 136, 181]. Correlation analyses showed measurable inconsistencies, 

suggesting that children and their parents may perceive or recall symptoms differently. Such 

differences highlight the importance of routinely comparing self- and proxy-reports in clinical 

assessments, as each perspective can provide unique and complementary insights. At the 

same time, several high correlation coefficients in our study did not reach statistical 

significance, which might be attributable to the relatively small sample sizes rather than an 

absence of true associations.  

Analyses of main and interaction effects further demonstrated the utility of ePRO-based 

measures data in detecting meaningful subgroup (demographic and clinical characteristics) 

and temporal differences. The findings of this study revealed several notable patterns in 

symptom burden, HRQoL, satisfaction with care, and the perceived impact of illness on the 

family. Female patients reported a higher burden for symptoms such as tiredness, appetite 

changes, and cognitive problems in agreement with literature [201]. Such gender-specific 

differences in symptom burden and HRQoL have also been reported in other studies [54, 87]. 

Children with leukemia experienced higher burden by mouth sores and procedural anxiety 

than those with solid tumors, a finding consistent with the aggressive nature of hematologic 

treatment regimens and their association with invasive procedures and mucositis [142]. Age-

related patterns were also evident. Younger children reported higher procedural anxiety, 

consistent with observation in pediatric oncology populations [26, 194]. In contrast, 

adolescents tend to report threats to life, such as the seriousness of diagnosis or 

ineffectiveness of treatment, more frequently than younger children [194]. The interaction of 

time with age and diagnosis highlighted the platform’s ability to capture nuanced symptom 

evolution.  

Parental outcomes showed similar complexity: In our study, parental satisfaction varied with 

the child’s age and time since diagnosis, suggesting that demographic and temporal factors 

may influence parents’ perceptions of care. In contrast, Stanek et al. (2015) found that after 

controlling for symptom burden, the parent-oncologist alliance was the only factor significantly 

explaining satisfaction with care, whereas demographic variables had no effect in their study, 

highlighting the crucial role of the therapeutic relationship [169]. Similarly, involvement of 

family doctors has been associated with higher emotional support scores among cancer 

patients, underscoring the importance of coordinated, relationship-based care [190]. More 

broadly, research indicates that factors such as clear communication, emotional support, 

involvement in care decisions, and access to information consistently contribute to parental 

satisfaction in pediatric oncology [160]. 
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4.5 Focus Groups with Children and Parents 

To complement quantitative insights, qualitative data from focus groups with children and 

parents provided a deeper understanding of engagement dynamics and perceived usability. 

In summary, the apps were valued by many for fostering reflection, providing a safe space for 

emotional expression, offering practical documentation of symptoms and concerns, and 

creating a subtle but meaningful sense of support. Several participants described that the 

process of completing symptom questionnaires encouraged them to think more consciously 

about how they and/or their family members felt, recognize changes over time, and prepare 

more effectively for clinical discussions. This reflective process was perceived as a benefit in 

itself, even when the platform did not directly influence clinical care, which aligns with findings 

in the literature [98]. However, several factors limited its long-term impact. As previously 

discussed in Section 4.3, gamification did not prevent the decline in ePRO completion over 

time. Focus group participants described similar experiences, noting that the novelty of the 

game component faded quickly and that its motivational impact was limited, especially among 

older children. These observations are consistent with studies on broader mHealth and digital 

game-based interventions, which also reported declining engagement after initial uptake [118, 

148, 189]. Participants further highlighted that engagement depended not only on gamification 

but also on timely feedback from HCPs, reinforcing the theme, first identified in Section 4.3, 

that interactive feedback is a key determinant of sustained participation.  

The sessions echoed earlier discussed quantitative findings from this study regarding 

discrepancies between child and parent symptom reports, with some parents perceiving that 

their children rated certain symptoms as less severe than they themselves would have 

estimated.  

Children and parents emphasized a preference for visually appealing, short, and age-

appropriate tools with brief recall periods, generally ranging from several days up to a week, 

supporting the notion that digital health applications such as MyPal should complement 

instead of replacing face-to-face interactions [32]. These insights underscore the importance 

of differentiated developmentally sensitive design to ensure sustained participation and 

perceived relevance [31, 184]. 

4.6 Impact on HCPs 

While the previous findings illuminate patient and caregiver experiences, understanding the 

platform’s impact on clinical staff is equally essential [95]. The generally positive quantitative 

feedback from HCPs regarding the MyPal platform, highlighting its usability, child-appropriate 

design, and helpful visualization of patient data, supports the technical feasibility and user-
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centered development of such a platform. However, results from the follow-up survey also 

revealed that many HCPs perceived the platform as increasing, rather than reducing, their 

daily workload. Nearly half were reluctant to fully endorse its wider adoption, reflecting 

concerns not only about technical usability but also about workflow integration and 

communication efficiency. This highlights a critical tension in care: digital health solutions, 

while promising for patient management, risk adding administrative burdens if not embedded 

seamlessly into clinical workflows [10, 20, 39, 85, 101, 150, 200]. Limited interoperability 

across both existing commercial clinical systems and ePRO-based platforms can hinder 

seamless integration into routine workflows [6, 157]. One potential solution would be to have 

dedicated staff for data review and the propagation of such digital health solutions [34]. As 

emphasized in the literature, “adequate resources should be allocated to this responsibility, 

rather than adding it on top of other duties” [100], especially in light of staff cuts and workload 

redistribution in healthcare settings. Without such structural support, even well-designed 

platforms risk reduced clinical utility and user fatigue. The HCPs’ feedback reflected the dual 

necessity of meeting both clinical and user experience needs. Engagement strategies must 

consider not only patient motivation but also provider efficiency and satisfaction, reinforcing 

the platform’s dual role in supporting individualized care and facilitating research. 

4.7 Focus Groups with HCPs 

The focus group discussions with internal and external HCPs highlighted tensions between 

the technological potential of the MyPal platform and its practical feasibility in routine care. 

Consistent with Section 4.1 and 4.3, both HCP groups highlighted the challenge of sustaining 

long-term engagement among pediatric patients. Importantly, these qualitative insights 

provided context for interpreting the quantitative ratings, clarifying the reasons behind HCPs’ 

assessments and the factors influencing their overall evaluation of the platform. HCPs’ 

reflections mirrored those of patients and parents. They observed that while gamification 

initially stimulated interest, its effect diminished over time. Participants highlighted the need 

for continuous content renewal and personalization to maintain engagement, emphasizing that 

motivational design must be supported by visible clinical responsiveness to remain 

meaningful. 

Divergent perspectives between project-internal and external HCPs highlight the complexities 

of digital health implementation. Internal HCPs, who were involved in the development, took 

a more critical stance, shaped by knowledge of the platform’s intended features and potential. 

External HCPs adopted a pragmatic view, emphasizing usability and workflow integration 

barriers. Both groups emphasized that digital health solutions should augment, not take the 

place of, direct clinical care, consistent with the perspectives of children and parents described 
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in Section 4.5, highlighting the importance of face-to-face interactions. These qualitative 

insights further contextualize the quantitative findings reported in Section 4.6 regarding 

perceived workload and integration challenges. Sustainable implementation requires a 

balance of engaging, developmentally tailored interfaces with intuitive data representation 

[166] and practical clinician-oriented solutions that respect workflow constraints. 

HCPs emphasized that the impact of digital health solutions like the MyPal platform also 

depends on the effectiveness of clinical communication, both within the ward and with patients 

and families. In settings where communication workflows are already suboptimal, such tools 

may help prevent loss of critical information during brief clinical encounters. Evidence 

suggests that the timing of symptom reporting is crucial for effective care [30]. For example, 

during periods with few in-person appointments, the MyPal platform enabled patients and 

parents to report symptoms remotely, potentially improving follow-up care, especially for 

outpatients. These qualitative insights illustrate the mechanisms underlying the feedback 

loops described in Section 4.1 and highlight how perceived clinical relevance can affect 

engagement. 

4.8 Platform Utility for Clinical Care and Research 

The quantitative and qualitative findings of this study indicate that ePRO-based systems like 

the MyPal platform offer dual functionality by supporting both individualized clinical care and 

pediatric oncology research. Achieving this potential depends on sustained user engagement, 

integration into clinical routines with adequate resource allocation, and continuous user-

centered refinement. Tracking individual symptom burden and other outcomes over time can 

help to bridge gaps between infrequent clinical visits, a feature particularly valuable for 

outpatient care [30, 158, 188].  

Larger datasets could strengthen the research utility of such platforms, for example by 

enabling comparisons of different treatment regimens regarding side effects or recovery 

profiles. While such analyses exceeded the scope of this feasibility study, they illustrate the 

potential to inform treatment optimization and evidence-based supportive care strategies.  

4.9 Contextual Factors Influencing Implementation 

Successful implementation of digital health solutions like MyPal is strongly influenced by 

contextual factors beyond technical design, notably the quality of communication within clinical 

teams and between HCPs and patients. In teams with strained communication, the platform 

may help bridging information gaps during brief clinical encounters, supporting both 

engagement and follow-up care. Conversely, in teams with effective communication, the 

platform’s added value could be perceived as more limited. This underscores that the 
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effectiveness of digital health solutions is contingent on the communicative culture into which 

they are introduced, complementing the feedback and engagement dynamics described in 

Sections 4.1 and 4.7. 

Technical infrastructure and institutional support are also critical. Unstable Wi-Fi connections 

on hospital wards posed a practical barrier, and although an offline mode was available, 

connectivity remains often essential for seamless operation. Data protection requirements 

often mandate internal hospital servers, increasing technical complexity and implementation 

effort, a challenge already identified during the study’s preparatory phase [109]. This highlights 

that even well-designed digital health solutions require a supportive technical environment to 

function optimally. 

Legal and ethical frameworks further shape usage and perception. The platform was not 

intended as an emergency alert system, clearly communicated during informed consent. While 

this avoided unrealistic expectations regarding real-time feedback, it may also have 

constrained perceived clinical relevance for some users. 

4.10 Strengths and Limitations 

This feasibility study benefited from several methodological and conceptual strengths. The 

MyPal project was a collaborative effort involving pediatric oncologists, palliative care experts, 

software engineers, and researchers. Its interdisciplinary and multicenter design enabled 

testing the MyPal platform across diverse clinical settings, including inpatient and outpatient 

care, accounting for local differences in care delivery and readiness for digital health solutions. 

Active involvement of patients, parents, and HCPs through mixed methods provided a 

comprehensive understanding of platform usability, engagement dynamics, and perceived 

value. This approach aligns with methodological recommendations emphasizing the 

importance of combining qualitative and quantitative methods to achieve a comprehensive 

assessment of eHealth usability [102], thereby allowing for a holistic evaluation across user 

groups and enhancing interpretability.  

Ethical safeguards supported the inclusion of pediatric cancer patients as a vulnerable 

population, including proxy reporting and parental presence during focus groups. Deployment 

was facilitated by on-site preparations, including tailored training materials, standard operating 

procedures, and technical infrastructure support from project partners, ensuring smooth 

implementation. The study contributes to the evidence base on integrating ePROs into 

gamified mobile applications in pediatric oncology and palliative care, offering insights into 

both conceptual promise and practical challenges. 
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Recruitment challenges, already outlined in Section 4.2, were amplified by COVID-19-related 

disruptions and the emotional strain of a recent cancer diagnosis, which likely reduced 

participation willingness. The resulting sample showed an overrepresentation of adolescents 

and the exclusion of younger children due to literacy constraints, limiting generalizability. 

Moreover, selection bias cannot be ruled out, as families with higher digital literacy or stronger 

engagement with clinical care may have favored participation [70]. The six-month study 

duration constrained assessment of long-term engagement.  

Optional data fields reduced granularity and limited analysis depth. However, this did not affect 

the present evaluation, as these fields were not required for the primary analyses. Measures 

such as flexible assessment windows and offline functionality only partially mitigated these 

engagement challenges. Treatment documentation by HCPs was not mandatory and no 

systematic recording of therapy regimens was implemented. Consequently, a detailed 

analysis of symptom-treatment relationships was not feasible, which limits interpretability of 

symptom trajectories and outcomes. Although the platform successfully tracked symptom 

burden and HRQoL over time and revealed subgroup patterns, declining participation further 

reduced the robustness of longitudinal analyses, highlighting the need for improved strategies 

to sustain engagement and ensure standardized data collection. Detailed analyses, such as 

correlations between symptom reports and treatment regimens or physical activity data, were 

not performed, as the primary objective of this feasibility study was to assess platform 

acceptability and implementation. Since treatment regimens were not systematically recorded, 

no comparisons by treatment scheme were conducted, further emphasizing the study’s focus 

on feasibility rather than treatment-specific effects.. Planned pre-/post-implementation 

comparisons could not be conducted due to pandemic disruptions. Broader contextual factors, 

including the COVID-19 pandemic, may have influenced self-reported outcomes, as discussed 

in Section 4.4.  

The sample size was sufficient to identify trends consistent with existing literature, but limited 

size and variable data completeness constrained subgroup and longitudinal analyses even 

after imputation and adherence to guidelines for missing data. For the same reasons, certain 

clinically relevant groups, such as patients with brain tumors, who are more prone to 

neurological symptoms [185], could not be analyzed separately.  

Dual reporting by children and parents was optional and inconsistently applied, constraining 

analyses of proxy validity. Parents of children with cancer often experience elevated levels of 

psychological distress [73], which may interfere with symptom monitoring and reporting. 

Parental presence during focus groups with children, though ethically justified, may have 

introduced a bias related to social desirability. The PedsQL™ 3.0 Cancer Module does not 

capture social support and psychological interventions as domains, which have been identified 
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as key predictors of HRQoL in pediatric cancer patients [125], while another key factor, 

procedural anxiety, is considered [154]. Limited perceived clinical relevance may have 

stemmed from the restricted set of outcomes visible to HCPs during the study, as certain 

measures, such as satisfaction with care, were collected for evaluative rather than clinical 

purposes. Broader access to selected outcome measures could potentially strengthen the 

feedback loop between families and HCPs. 

Technical barriers, such as unstable Wi-Fi and data protection requirements for internal 

servers, complicated implementation despite an available offline functionality for the apps. The 

cautious gamification design, motivated by ethical concerns over addictive or violent content, 

may have limited appeal, particularly for older children. Despite initial enthusiasm, gamification 

alone was insufficient to sustain long-term engagement. 

While this feasibility study identified important trends, it did not assess cost-benefit aspects or 

long-term impacts on care quality, which remain relevant topics for future research.  

4.11 Implications for Future Research and Clinical Practice 

Seamless integration into existing clinical processes and decision-making routines is essential 

for sustainability: this includes ensuring interoperability with Electronic Health Record (EHR) 

systems, establishing automated data flows, and providing clear guidelines for the use of 

ePRO-based platforms in pediatric populations [52, 69]. The importance of embedding digital 

interventions into routine care is supported by a recent review [71]. Implementation 

frameworks highlight that even feasible and well-designed technologies may fail to be adopted 

or sustained without alignment to clinical workflows and organizational context [55, 56, 175, 

197]. As discussed in Section 4.10, restricted visibility of certain patient-reported data may 

have limited perceived clinical relevance. Building on these findings, future implementations 

should also consider selectively granting HCPs access to additional outcome measures to 

enhance the feedback loop between patients and providers. 

A major strength of the MyPal platform lies in its modular and flexible architecture, enabling 

integration of diverse ePRO measures and gamification strategies, and allowing adaptation to 

different clinical contexts, institutional workflows, and patient subgroups. Future development 

should leverage this modularity to create more age-appropriate and culturally sensitive 

designs. Equally important is iterative refinement based on continuous user feedback along 

all phases of development [155]. Exploring emerging technologies, such as adaptive 

algorithms or wearable integration, could further enhance scalability and adaptability over time 

[184]. In this context, assessing children's conditions through automatically generated 

measures (e.g., from wearables or passive sensing) versus self-reports represents an 

important area for future investigation [90, 178]. This includes multimodal approaches, such 
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as combining symptom monitoring with exercise coaching [116]. Differences between proxy- 

and self-reports have been consistently demonstrated in the literature and were also evident 

in the present study, as discussed earlier. Evidence from prior studies shows that, when using 

age-appropriate instruments, children as young as five can provide valid and reliable self-

reports of their HRQoL [187], underscoring the importance of systematically capturing their 

perspectives rather than relying on parental reports. Expanding the diversity and complexity 

of gamification elements, while balancing ethical concerns [168] including addiction or 

inappropriate content, may help maintain children’s motivation and engagement over time. 

This includes the personalization of game features, items and adaptive feedback mechanisms 

according to developmental stages and individual user characteristics [70, 89, 97, 98]. It may 

also involve social interaction elements [119] as well as archetypes of gamification [159]. 

Ultimately, digital interventions in pediatric oncology need to integrate these motivational 

strategies into designs that also account for functional requirements, emotional and cognitive 

needs of children and families, as well as usability, data security, and trust [33] to ensure 

sustainable use. 

Longer-term studies with larger and more representative samples would allow for assessing 

the durability of engagement and the potential clinical benefits of platforms like MyPal, 

particularly in light of evidence that gamified interventions often exhibit an initial novelty effect 

followed by a familiarization phase [148]. Such studies would enable more nuanced analyses 

of behavioral changes over time and their relationship to treatment regimens, symptoms, and 

psychosocial outcomes. Future studies should build on this feasibility work by linking ePRO 

data with treatment regimens or physical activity measures to better understand treatment-

specific symptom patterns and inform individualized supportive care. Standardizing data 

collection (e.g., mandatory baseline characteristics, structured treatment documentation) will 

be critical to facilitate these analyses and increase comparability between studies [46]. 

Furthermore, randomized controlled trials (RCTs) should be conducted to examine the 

platform’s impact on patient-reported outcomes, care quality, and clinical endpoints. However, 

given the iterative and context-dependent nature of digital health interventions, traditional RCT 

frameworks may need to be complemented by more flexible and adaptive evaluation designs 

[58], also regarding validation [59]. Additionally, establishing benchmark datasets, such as the 

recent PedsQL™ cancer module evaluation in a large Dutch national cohort of pediatric cancer 

patients, could help to contextualize and compare HRQoL outcomes across populations [72]. 

Economic evaluations, such as cost-effectiveness and cost-benefit analyses, will also be 

necessary to support large-scale implementation. 

The platform was not intended as an emergency alert system, a limitation that was clearly 

communicated during the consent process. Due to legal concerns regarding accountability for 
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unmonitored or alarming reports, clinicians’ use of the platform remained non-obligatory, 

reflecting a broader challenge in digital health: balancing the added value of continuous data 

collection with realistic expectations about clinical responsibility and system responsiveness. 

As highlighted by Bull et al. (2022), the successful implementation of patient-reported outcome 

and experience measures requires clearly defined accountability structures, alignment with 

institutional priorities, and integration into existing health system processes to ensure 

sustainability [24]. Novel methods, such as Data-Enabled Design, present promising solutions 

by drawing on data generated by users to progressively adjust systems in response to real-

world application. While this approach supports flexible, context-aware solutions, its 

exploratory and iterative character may conflict with the strict, standardized protocols required 

for assessing safety and efficacy in clinical trial settings [123]. Future pediatric digital health 

solutions could benefit from such adaptive methodologies to align continuous data collection 

with feasible clinical workflows and responsiveness expectations. These approaches should 

also account for contextual factors and resource constraints, as technologies often face 

challenges in scale-up and sustainability if user, organizational, and system-level 

considerations are not addressed [56]. 

Beyond these operational considerations, the broader conceptual landscape of pediatric 

digital health solutions warrants reflection. While the field is rapidly evolving, tools either focus 

on narrow aspects of care or try to offer a comprehensive approach. This raises a fundamental 

question for future developments: should we pursue integrated platforms that combine 

multiple care functions (one-size-fits-all), such as symptom monitoring, psychosocial support, 

and communication facilitation, or rely on separate, specialized applications? Both strategies 

entail significant trade-offs. Holistic platforms promise convenience and continuity but risk 

becoming overly complex, insufficiently differentiating and difficult to maintain [47, 155]. 

Multiple specialized tools may create fragmentation, increase cognitive burden for families, 

complicate clinical workflows, and make the digital health landscape increasingly difficult to 

navigate [27]. These challenges are further amplified by concerns about whether ePRO-based 

measures, validated for research, are appropriate for other uses such as clinical decision-

making [27]. The lack of explicit guidelines for pediatric ePRO implementation adds another 

layer of complexity. This hampers standardization of practices and comparability across 

settings [34]. Future research must address not only which patient populations benefit most 

from continuous ePRO-based monitoring, but also which design paradigm, i.e., 

comprehensive versus modular, offers the greatest clinical and practical value. Adaptive 

strategies that balance coverage and usability while minimizing burden will be critical for 

optimizing outcomes and resource allocation [5]. Overly numerous or nonessential questions 

can cause participants to lose engagement and view the collection of PROs as burdensome 
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rather than advantageous [5, 161]. Inappropriate recall periods can further increase 

respondent burden [121]. The use of multiple ePROs similarly increases time demands and 

patient burden [141]. Tailored approaches, for example computer-adaptive testing utilizing 

item response theory, have been proposed to minimize irrelevant items for individual 

respondents [167]. Beyond instrument design, structured assessment of perceived response 

burden may help refine ePRO implementation. Atkinson et al. created the Response Burden 

Questionnaire, a six-item instrument designed to assess how patients perceive a 

questionnaire’s relevance, comfort, length, repetitiveness, and the extent to which it 

represents their health experiences [9]. Although originally validated in adult populations, such 

instruments could inform future pediatric-specific adaptations and evaluation of ePRO 

usability. Eventually, regulatory frameworks and professional guidelines must evolve to 

support safe and evidence-based integration of these digital health solutions. Taken together, 

these insights suggest pathways to optimize ePRO-based digital health platforms for pediatric 

oncology and palliative care. 

4.12 Conclusions 

MyPal4Kids represents one of the first efforts to evaluate a gamified, ePRO-based digital 

health platform for pediatric oncology and palliative care in real-world clinical settings. Beyond 

technical feasibility, this study examined how young patients, caregivers, and HCPs engaged 

with the platform and what factors influenced its usability and perceived value. 

A core aim of the MyPal platform was to promote patient-centered care by fostering active 

engagement and improving communication between patients, families, and clinicians. The 

study demonstrates that digital health solutions can support these goals, but only under 

specific conditions. Successful implementation and sustained engagement depend on three 

interrelated factors: developmentally sensitive design, mechanisms that validate and act upon 

reported data, and integration into clinical workflows with active clinician engagement. Timely 

feedback, perceived relevance, and motivational features further reinforce engagement, while 

personalized, age-appropriate design are essential for long-term adherence. Participant 

feedback also highlighted challenges such as heterogeneous engagement among patients 

and families and varying clinician time commitments, underscoring the need for adaptable, 

resource-sensitive integration strategies. 

Future iterations should leverage continuous user feedback, diversify engagement strategies, 

and ensure timely feedback from HCPs. Emerging technologies, such as wearable integration 

and adaptive algorithms, should be considered thoughtfully while maintaining scalability 

across care contexts. Comprehensiveness must be balanced with high usability to ensure 

accessibility and sustainability. 
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Larger, long-term studies, including randomized controlled trials, are necessary to determine 

clinical effectiveness, cost-efficiency, and optimal use cases. Ultimately, ePRO-based 

platforms like the one tested in the MyPal4Kids study can advance personalized, empathetic 

care if they remain user-centered, clinically integrated, and adaptable to needs of all users.  
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Supplement 1 System Usability Scale Adapted for Children 

Version for Children < 10 years 

Dear AquaScout! 

Thank you for taking part in the MyPal4Kids study! 

Please answer the following questions about the app: 

1. Did you like the game? Yes | No 

2. Was the game easy to play? Yes | No 

3. Did you enjoy answering questions in the game? Yes | No 

Please write a few words about what you liked or disliked about the app and the game: 

Free text answer 

 

Version for Children ≥ 10 years 

Dear AquaScout! 

Thank you for taking part in the MyPal4Kids study! 

Please answer the following questions about the app: 

1. Did you like the game? Yes | No 

2. Was the game easy to play? Yes | No 

3. Did you enjoy answering questions in the game? Yes | No 

4. Were the questions that were asked appropriate at the time? Yes | No 

5. Was the frequency of reminders to answer questions appropriate? Yes | No 

Please write a few words about what you liked or disliked about the app and the game:  

Free text answer 
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Supplement 2 Web-Based Questionnaire for HCPs 

The Impact on Healthcare Professionals Due to the Integration of ePROs in Palliative Care 

We are interested in understanding your experiences of using the MyPal platform. Below are a number 

of statements about the MyPal platform. Please indicate to what extent you agree or disagree with the 

following statements: 

1) Were you already involved in the MyPal project before the study period? 

o Yes 

o No 

 

2) The MyPal platform was easy for me to use. 

o Strongly agree 

o Agree 

o Neither agree nor disagree 

o Disagree 

o Strongly disagree 

 

3) I think that the MyPal platform was easy for children to use. 

o Strongly agree 

o Agree 

o Neither agree nor disagree 

o Disagree 

o Strongly disagree 

 

4) I think that the MyPal platform was easy for parents to use. 

o Strongly agree 

o Agree 

o Neither agree nor disagree 

o Disagree 

o Strongly disagree 

 

5) The MyPal platform facilitated communication with the children and their parents. 

o Strongly disagree 

o Disagree 

o Neither agree nor disagree 

o Agree 

o Strongly agree 

 

6) I think using the MyPal platform gave me more time to address actual care needs.  

o Strongly agree 

o Agree 

o Neither agree nor disagree 

o Disagree 

o Strongly disagree 

 

7) Using the MyPal platform resulted in an additional burden on my daily work. 

o Strongly agree 

o Agree 

o Neither agree nor disagree 

o Disagree 

o Strongly disagree 
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8) In my opinion, the amount of ePROs completed by the children was appropriate.  

o Strongly agree 

o Agree 

o Neither agree nor disagree 

o Disagree 

o Strongly disagree 

 

9) In my opinion, the amount of ePROs completed by the parents was appropriate.  

o Strongly agree 

o Agree 

o Neither agree nor disagree 

o Disagree 

o Strongly disagree 

 

10) The ePROs for children were designed well on the MyPal platform. 

o Strongly agree 

o Agree 

o Neither agree nor disagree 

o Disagree 

o Strongly disagree 

 

11) The ePROs for parents were designed well in the MyPal platform. 

o Strongly agree 

o Agree 

o Neither agree nor disagree 

o Disagree 

o Strongly disagree 

 

12) Being able to visualize patient data was helpful to me 

o Strongly agree 

o Agree 

o Neither agree nor disagree 

o Disagree 

o Strongly disagree 

 

13) I would recommend the MyPal platform to other colleagues 

o Strongly agree 

o Agree 

o Neither agree nor disagree 

o Disagree 

o Strongly disagree 

 

14)  Would you like to continue using the MyPal platform? 

o Yes 

o No 

 

15) Please provide further comments / suggestions / remarks about the MyPal platform and its 

features in the following box: Free text answer 

 



 

110  Supplement 
 

Supplement 3 Questions for Follow-Up Focus Groups with Patients and Parents 

1. If you had to explain to a friend in a few sentences your impression of the apps, what would 

you say? [children = c and parents = p] 

a. What did you like most and what least about the apps? [c and p] 

 

2. How did you find the questions and answer options that popped up during the game? [only c] 

a. Would you change any of them? If yes, what would you change? [only c] 

b. What did you find helpful? [only c] 

 

3. Talking about one’s state of health and mood often is not easy, sometimes even 

uncomfortable: How did you feel about frequently reporting about your mood and state of 

health? [only c] 

a. How much did the app help you with it? [only c] 

b. How would you describe the impact the app had for you, dealing with your condition 

and mood? [only c] 

c. Now that the study is over, can you identify any benefits or drawbacks for you or your 

child, of the app’s use?” [only p] 

d. Have you noticed any differences in the way your child communicates about his/her 

health? Would you say it improved or got worse? [only p] 

 

4. What should have been done so that you used the apps more often? [c and p] 

a. In your opinion, what extras should the apps have? [c and p] 

b. What would you leave out or change? [c and p] 

 

5. How much have the doctors and nurses responded to what you have shared through the 

app? [only c] 

a. What did you think of the frequency and the content when your physician referred to 

it? [only c] 

b. How did you wish it to be? [only c] 

 

6. Imagine you are an inventor, and you have the chance to invent your own app that helps you, 

other children and their relatives with the illness, what will your app look like? What would 

your app be able to do? [c and p] 

 

7. When we first introduced you to the app, you certainly had some thoughts or feelings towards 

it: What did you expect from the apps? [c and p] 

a. Have your expectations been met and why (not)? [c and p] 

b. What do you feel the apps are lacking, according to your preferences? [c and p] 

c. How time consuming was it for you to use the apps? [c and p] 

 

8. Sometimes we do not feel like playing or answering questions: But when you did use the app, 

what made you use the app? What motivated you? [only c] 

a. What were the reasons why you did NOT use the app regularly? [only c] 

 

9. You really helped us during the time of the project. Now the project is almost over. Could you 

imagine continuing to use the apps? [only c] 
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Supplement 4 Questions for Follow-Up Focus Group with HCPs 

1. When we first introduced you to the MyPal platform and the apps, what were your thoughts or 
feelings towards it: What did you expect from it? 
 

2. After using the MyPal platform and the apps, please tell us about the following: 
a. What would you leave out or change? 
b. What is missing that you think should be included?  

 
3. What is your impression of how the children and parents perceived and used the apps? 

a. Based on your experience, what encouraged people to use the apps regularly? 
b. Based on your experience, what discouraged people from using the apps regularly? 
c. Have you observed differences between certain groups of patients? If yes, can you 

think of possible explanations?  
 

4. What impact did the apps have on how the children and their parents communicated with your 
team, e.g., were there changes in the way they reported their symptoms? 
 

5. How frequently have you checked the answers of the patients? 
a. What impact did the apps have on your own communication with the children and 

their parents? 
b. What impact did the apps have on communication within your team? 

 
6. In your opinion, how do such eHealth solutions influence care? How else can these make a 

valuable contribution? 
 

Supplement 5 Summaries of all Focus Groups Conducted 

Table S5.1 Key findings from the focus groups with children and their parents.  

Code Category Summary 

Game Design Children frequently mentioned enjoying the customization features and underwater 
theme. Comments on gameplay included perceptions of repetitiveness and limited 
challenge. 

ePROs Parents appreciated symptom reporting but noted some children underreported, often 
due to fatigue. Both parents and children found the questions understandable, but 
some described the questions as repetitive or less relevant during symptom-free 
periods. 

Consequences of 
App Usage 

The app felt most beneficial at the treatment’s onset. However, engagement decreased 
over time. It was useful for self-reflection and documenting symptoms, particularly 
when direct communication with HCPs was limited. 

Communication The app was not commonly perceived as improving communication but was reported 
as enabling some children to express feelings outside face-to-face interactions. 
However, infrequent feedback from HCPs as response to symptom reports led to 
frustration. 

Recommendations Participants suggested expanding gameplay variety, customization options, tailoring 
the app for different age groups, and adding multiplayer modes and peer support as 
social interaction features as well as HCP feedback to enhance engagement. 

Note. ePROs = Electronic Patient-Reported Outcomes; HCPs = Healthcare Professionals. 
 

Table S5.2  Key findings from the focus groups with project-internal HCPs.  

Code Category Summary 

Game Design HCPs observed that older children were less engaged, mentioning limited variety and 
a perceived lack of competitiveness in the game. 

Expectations Initial expectations ranged from mixed curiosity to skepticism regarding the platform's 
ability to sustain engagement and seamlessly integrate into clinical workflows. 

Consequences of 
App Usage 

HCPs noted that some patients seemed to avoid the app as it reminded them of their 
illness, leading to disengagement, especially at home. 
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Communication The app served as an additional communication channel, particularly for teenagers 
who preferred expressing themselves digitally. However, its impact on team 
communication seemed to highly depend on the strength of existing communication 
between HCPs, patients, and families. In cases of weaker communication, digital tools 
were seen as helpful for capturing and preserving important information. 

Influences on 
Motivation 

Initial curiosity waned due to limited feedback. HCPs reported more consistent use 
among girls and follow-up patients compared to boys or those in acute care. 

Recommendations HCPs recommended incorporating automated data collection (e.g., wearables) and 
enhancing the HCP interface for better notification management. However, they also 
highlighted the need to address data protection and institutional barriers in general 
before effective implementation is possible. 

Note. HCPs = Healthcare Professionals. 
 

Table S5.2  Key findings from the focus groups with project-internal HCPs.  

Code Category Summary 

Game Design External HCPs found the game's long–term engagement insufficient, citing competition 
with highly stimulating commercial games as a major hurdle. 

Expectations Initially, HCPs were optimistic about the app providing a constructive, meaningful 
alternative to passive media consumption for children. 

Consequences of 
App Usage 

HCPs described limited changes in daily workflows, although some noted occasional 
use for symptom tracking. Families sometimes used it to recall symptoms during 
appointments, but it did not seem to substantially alter HCP working routines. 

Communication The app aided communication for children more comfortable with digital tools, though 
HCPs emphasized that digital reporting ought to supplement rather than substitute for 
face-to-face interactions. 

Influences on 
Motivation 

HCPs observed reduced engagement over time, particularly as patients’ health 
improved. Parents of younger children were more engaged in symptom tracking, while 
older children primarily used the diary function for information sharing. Participants 
described engagement as influenced by usage habits, perceived utility, and occasional 
technical challenges (e.g., login issues). 

Impression of 
eHealth Solutions 

HCPs were generally optimistic about the growing role of eHealth but stressed that 
such digital health solutions must complement traditional care. Challenges included 
administrative barriers and insufficient digital infrastructure. 

Recommendations External HCPs suggested additional personalized game features to increase long–term 
engagement and enhancing the app interface for HCPs, including a priority system to 
highlight urgent issues. 

Note. HCPs = Healthcare Professionals; eHealth = Electronic Health. 
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