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Abstract

Background

Although survival rates for children with brain tumors have improved, many face neuropsychological
challenges that can affect quality of life and daily functioning. Existing interventions are typically
standardized, with limited evidence supporting their effectiveness, and often do not explicitly target individual
or systemic needs. The ERNIE study aims to address these gaps by evaluating the efficacy and process of
an individualized, family-centered neuropsychological intervention. The primary research question is to
evaluate the efficacy of an individualized versus standardized neuropsychological intervention immediately

after treatment completion.

Methods:

The ERNIE study is a single-center, prospective, superiority randomized controlled trial at the Princess
Maxima Center for Pediatric Oncology in the Netherlands. Eligible participants are children aged 8 to 17
years with cognitive problems following completion of brain tumor treatment. Enrollment began in November
2024 and will continue for two years, with study team aiming to recruit 144 participants. Participants and
parents are randomly assigned (1:1) to an individualized or a standardized neuropsychological intervention,
each comprising six sessions of psychoeducation and strategy training over three months. Randomization is
stratified by age (8—-12/13-17 years) and cognitive impairment (mild/severe). Outcome assessors and

families are blinded to allocation, whereas therapists cannot be blinded due to the nature of the intervention.

The primary outcome is Goal Attainment Scaling (GAS), assessed through a patient and parent interview
post-intervention. Other outcomes are goal satisfaction, cognitive and psychosocial outcomes and measures
of the intervention process, including recruitment feasibility, intervention completion, data collection, and
implementation factors such as facilitators and barriers. A six-month internal pilot will provide an early
assessment to inform study procedures. Assessments occur pre-intervention, post-intervention (~3 months),

and follow-up (~12 months). Safety monitoring aligns with low-risk studies.

Discussion:

The ERNIE study compares an individualized neuropsychological approach with a standardized approach.



By integrating outcome assessment with process evaluation, the study seeks to generate evidence on both
efficacy and implementation feasibility. Findings may help shape future clinical practices by investigating the
impact of individualized neuropsychological interventions to improve daily functioning in this vulnerable group

of children.

Trial registration
ISRCTN trial registry ISRCTN30985676, registered 04 October 2024.

https://www.isrctn.com/ISRCTN30985676
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Introduction

Background and rationale {6a}

It is estimated that cancer impacts approximately 400,000 children around the world each year, making it a

major global health challenge. Among these, brain tumors account for approximately a quarter of cases (1,

2). For children with brain tumors, advances in treatment have led to 5-year survival rates of approximately

75% and thus the number of survivors is increasing worldwide(3). However, up to 50% of patients and

survivors have neuropsychological(4-10) difficulties that can impact their daily functioning and quality of life.

For example, they may have attention or memory difficulties that impact their ability to complete schoolwork,
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interact with peers, or participate in activities across home, school, and community settings(11-13). These
difficulties may arise from several factors, including the tumor’s direct impact on the brain, treatment (e.g.
surgery, radiation and chemotherapy), related complications, and the developmental vulnerability of the
maturing brain. Some challenges manifest shortly after treatment; others may emerge or worsen as children
mature and encounter more complex academic and social demands(8, 14, 15). Given the large impact of
neuropsychological difficulties on the brain tumor survivor and family, interventions that decrease the burden
of these challenges are essential for improving quality of life for these children.

Previous intervention studies have attempted to improve elements of children’s neuropsychological
functioning, such as through computerized cognitive training(16) or medications(17) to improve attention
skills. However, these interventions have important limitations, such that computerized training may not
generalize to real-world tasks(18) or parents may be hesitant to use medications for their child(17, 19, 20).
Other studies have examined cognitive or cognitive-behavioral approaches, such as through
psychoeducation(21), cognitive remediation(22), social skills training(23), or stress/coping skill training(24).
These studies have shown short-term benefits of these interventions, including medium improvements in
attention (d=-0.48, 95% CI -0.74 to -0.22 (22)) or social skills (f=0.30, CI not available (23)) when compared
to control groups. These studies provide some evidence for the efficacy of neuropsychological intervention in
pediatric groups, which could be potentially implemented into the clinic.

Most of the aforementioned interventions have targeted one specific neuropsychological domain,
such as attention or working memory. However, it is well established that pediatric brain tumor survivors
have difficulties in several neuropsychological domains (e.g., attention, memory, fatigue(4-10)), which
suggests that a more comprehensive intervention approach is needed. For example, studies that have
targeted multiple neuropsychological outcomes or have used multiple methods for treatment (e.g., teaching
attention, memory, or metacognitive strategies) have also been associated with improved cognitive
outcomes in pediatric cancer(22, 25). These interventions have been time-intensive, which may not be
needed for all survivors and may lead to non-completion of the intervention. Therefore, there is an urgent
need to evaluate comprehensive interventions that can also be conducted in a more efficient (or targeted)
format.

Another notable gap is the inconsistent inclusion of parents or caregivers in intervention studies(25-
27), despite evidence showing that their involvement adds value beyond the child-focused components.

Parents can play an essential role in supporting treatment adherence, as well as generalization and



maintenance of skills in children(28-33). The strongest evidence for efficacy in pediatric brain injury
populations comes from studies that have actively included the family in the intervention(28), such as
parents being involved in the intervention sessions with the child and/or supporting the completion of
homework. This type of approach aligns with systemic theory and family-centered approaches in pediatric
health care(34, 35). Overall, these studies highlight the importance of including parents or caregivers in
interventions with children, including those with brain tumors.

In recent years, there has been an increased focus on personalized or precision treatment,
particularly in oncology and rehabilitation. Personalized treatment may also be important in pediatric(36) or
adult(37) neuropsychological care, such as matching treatments to the personal characteristics of an
individual patient and family. Rehabilitation approaches emphasize using individualized goals and treatments
that are tailored to the person’s needs(31, 38); for example by developing treatment plans collaboratively
with patients and families to reflect their priorities and daily life needs. These approaches also enable
evaluating treatment efficacy based on individual goals. Individualized goals are increasingly being used as
an outcome measure in rehabilitation studies with adults(39) and children(40). For example,
neuropsychological rehabilitation research using psychoeducation, metacognitive and/or compensatory
strategy-training approach with brain injury groups provides some evidence that individualized goals and
treatment are also associated with increased attainment of goals and potentially neuropsychological
performance (e.g., (41, 42)). Through actively involving families in the development of goals and treatment,
the individualization may help to increase adherence to the treatment and improve maintenance of skills.
These results suggest that an individualized approach may be useful for addressing neuropsychological
difficulties in children with varied needs, including acquired brain injury and brain tumors.

Taken together, a family-centered and personalized approach that targets neuropsychological
difficulties may be the most effective method for improving outcomes for children with varied needs, including
pediatric brain tumors. Building on this rationale, recent reviews also highlight the need for multicomponent
interventions that include family members(28, 43). However, this type of family-centered and comprehensive
neuropsychological intervention has not been systematically evaluated in pediatric brain tumors. Additionally,
despite growing theoretical support, empirical studies are needed to determine whether individualized
approaches offer advantages over standardized approaches in this population. This is not only in terms of
goal attainment or neuropsychological outcomes, but there may also be differences in broader

implementation-related factors such as acceptance, costs and facilitators/barriers.



In response, the ERNIE study, detailed in this study protocol, aims to advance neuropsychological
care for pediatric brain tumor patients by addressing existing limitations in intervention approaches. Using a
randomized controlled trial (RCT) design, the study will evaluate the efficacy and process of an individualized
(vs. standardized), comprehensive and family-centered neuropsychological intervention. Results are
expected to inform best practices for tailoring interventions to individual needs, with the goal of improving

daily functioning and quality of life in this vulnerable group of children.

Objectives {7}

The primary research question of the ERNIE study is to examine how the efficacy of an individualized
neuropsychological intervention compares to a standardized intervention, in terms of goal attainment and
goal satisfaction immediately post-intervention (~3 months after baseline). We will also examine differences
between intervention groups on domains of daily functioning, fatigue, cognitive functioning, social-emotional
functioning, and parent/family outcomes at the immediate post-intervention phase.

The secondary research question is to examine how the effects of an individualized
neuropsychological intervention compare to a standardized intervention, in terms of the maintenance of goal
attainment and goal satisfaction at follow-up (~12 months after baseline, after a period of ~9 months without
intervention). We will also examine differences between groups on domains of daily functioning, fatigue,
cognitive functioning, social-emaotional functioning, and parent/family outcomes at the follow-up phase.

The tertiary research question is to examine the process of the neuropsychological interventions,
including completion of the intervention according to intended protocol, dose, reach, costs of the intervention,
experiences of families and therapists, and facilitators and barriers to implementation. Additionally, an
exploratory analysis will examine whether there are factors (e.g., patient or treatment variables) that impact
the completion of intervention materials, dose, reach, costs of the intervention, experiences of families and

therapists, and facilitators/barriers to implementation.

Trial design {8}

The present study is a single-center, parallel group, superiority RCT investigating the efficacy and process of
a neuropsychological intervention for pediatric brain tumor patients experiencing cognitive problems.

The study compares a standardized version of the intervention to an individualized (tailored) version,



delivered over a period of three months (see figure 1, further details in sections {12} an {13}). Randomization
to groups is based on a 1:1 ratio using stratification by age (8-12 or 13-17) and cognitive impairment (mild or
severe, see {16b}).

Furthermore, an internal pilot phase is included during the first six months to assess recruitment, completion
of intervention materials, and data collection, which may be used to adjust the implementation of the RCT

(see {12} and {21b}).
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Stakeholder involvement

The study was developed collaboratively with childhood cancer survivor representatives, psychosocial
professionals, and physicians (including pediatric oncologists and rehabilitation physicians), alongside
researchers. These contributors provided input on content, delivery, and practical feasibility to ensure the
study and intervention were clinically relevant, acceptable to families, and implementable in real-world

settings.

Methods: Participants, interventions and outcomes

Study setting {9}
This single-center study will be conducted in The Princess Maxima Center for Pediatric Oncology in Utrecht,

The Netherlands. The Princess Maxima Center is the national, centralized care setting for pediatric cancer

patients.

Eligibility criteria {10}
Patients must meet all of the following criteria to be included:
e Age between 8-17 years
e Diagnosed with a primary brain tumor
o Completed treatment for a primary brain tumor (patients who are considered "wait and see" and
have not received treatment are also eligible)
e Experiencing cognitive problems (=1 standard deviation below normative mean or estimated
Intelligence Quotient (1Q) on =2 scores, including Wechsler Intelligence Scale for Children — Fifth
Edition (WISC-V) / Wechsler Adult Intelligence Scale — Fourth Edition (WAIS-1V) (44, 45),
Intelligence and Development Scales - Second Edition (IDS-2)(46), Conners Continuous
Performance Test — Third Edition (CPT3)(47), 15-Word Test (15-WT)(48) tests and/or self- or proxy-
reported Pediatric Quality of Life Inventory — Cognitive Fatigue (PedsQL Cognitive Fatigue)(49) or
Behavior Rating Inventory of Executive Function — Second Edition (BRIEF-2)(50) questionnaires
(screening 2, see figures 1 and 2 and section {12})

e A parent/caregiver with whom they have regular contact to participate in the intervention



Patients will be excluded if they:

e Lack signed informed consent

e Cannot complete assessments and interventions due to language barriers (non-Dutch speakers)

e Are receiving palliative/end-of-life care

e Are currently receiving other neuropsychological treatment

e Have severe developmental or psychiatric disorders requiring alternative interventions (e.g., autism
spectrum disorder, schizophrenia, major depressive disorder)

e Have significant sensory, motor, or developmental problems necessitating alternative
neuropsychological assessments (e.g., blindness, deafness, developmental delay with Full-Scale

Intelligence Quotient (FSIQ) <55)

Psychologists delivering the intervention must either (1) be registered as a health care psychologist or
clinical (neuro)psychologist in the Dutch legal register for Professions in Individual Health Care (Beroepen in
de Individuele Gezondheidszorg; BIG); or (2) master’s level psychologist working under the supervision of a

registered health care psychologist.

Who will take informed consent? {26a}

Informed consent will be obtained by trained and certified research study staff. For potential participants,
parents/caregivers and patients (=12 years) will receive oral and written patient information and informed
consent forms. Thereafter, patients/families will be contacted after 1-2 weeks by telephone or during a
scheduled hospital visit to further discuss the study and answer any questions they may have. If

patients/families do not consent to the study, this will not impact their regular care.

Additional consent provisions for collection and use of participant data and
biological specimens {26b}

No biological specimens will be collected as part of this study. Participants will be asked to consent to the
potential use of their collected data for future or follow-up scientific research within the domain of pediatric
brain tumors. Collected data will be stored securely at the Princess M&xima Center for up to 15 years. Giving

consent for future or follow-up research is optional; declining will not affect eligibility for or participation in the



main ERNIE study, nor will it influence the standard of care received.

Interventions

Explanation for the choice of comparators {6b}

The interventions are based on existing psychoeducation and strategy training materials(51, 52) (see also
{11a}), and therefore the primary aim is not to validate the interventions themselves, but rather to assess the
added value of individualization to these existing materials. Most evidence-based interventions in
neuropsychology have been developed and tested in a standardized manner, yet few studies have directly
compared standardized and individualized approaches. This comparison addresses a key research gap (see
also {6a}).

A usual care control group was considered, but deemed unsuitable due to the heterogeneity of
standard services for pediatric brain tumor survivors, ranging from intensive rehabilitation to no structured
support. Similarly, a waitlist or no-treatment control group was deemed-not possible due to ethical and
practical reasons (i.e., the study is 12 months in length with the follow-up measurement and patients are
experiencing cognitive complaints and treatment should be provided). Furthermore, passive controls such as
waitlists may introduce methodological biases, including nocebo effects (where participants experience
worse outcomes due to negative expectations) and exaggerated treatment effects (53, 54).

Therefore, the standardized versus individualized intervention arms provide a more interpretable and
clinically relevant comparator, allowing for a rigorous assessment of the potential added value of

individualized neuropsychological care.

Intervention description {11a}

Intervention overview

Patients and parents will participate in a structured neuropsychological intervention designed to address
neuropsychological (i.e., cognitive and social-emotional) difficulties following pediatric brain tumor diagnosis
and treatment. The intervention consists of six sessions over approximately three months, delivered either
in-person at the Princess Maxima Center or online via a secure web portal, based on patient and family
preference. An overview of differences between the individualized and standardized interventions are shown

in Table 1; further details are described below.



Trained psychologists will serve as therapists (see {10}) and the PhD student will provide support as
needed (e.g. administrative support, providing materials, scheduling of appointments). Interventions will be
conducted with patients and one parent together, although components of sessions can be conducted

separately when desired.

Table 1. Outline of interventions

Individualized intervention Standardized intervention
Who Patient and one parent/caregiver; patient and parent/caregiver follow same program
Where In-person at hospital and/or online through secure server
When 6 sessions within ~3 months 6 sessions within ~3 months
What Modules on several neuropsychological domains
How Specific approach; individually tailored Generic approach; standard selection

selection and contents of modules, based and contents of modules
on individual neuropsychological profile and
intervention goals

Assessments (T1, T2, T3)

The study includes three assessments. Before starting the intervention, participants will complete a baseline
(T1) neuropsychological assessment, including measures of cognitive, social-emotional, daily functioning,
fatigue, and family domains. This is followed by a post-intervention assessment (T2) and a follow-up
assessment (T3), approximately 3 and 12 months after baseline, respectively. Further details are described

in section {8} and figure 1.

Defining goals (session 1 and 2)

In the first session, the patient, parent and therapist collaboratively identify up to three individualized goals
related to neuropsychological difficulties in daily life (home, school, or community settings). The Canadian
Occupational Performance Measure (COPM(55)) will be used to define goals. COPM is a semi-structured
interview with established validity and reliability, and it asks questions regarding functional performance in

home, school, or community environments (30-45 minutes). This qualitative information will then be



reformulated into a quantitative scale using Goal Attainment Scaling (GAS(56, 57)) based on established
guidelines(31).

GAS scales will be reviewed by an independent GAS expert for quality assurance. At the start of session
two, the therapist will review the refined GAS goals with the patient and parent to confirm that they agree

with the goals before continuing with the intervention sessions.

Goals and interventions will focus on neuropsychological domains (see below). Academic, speech, or motor
impairments will not be addressed by these interventions. If patients are (only) experiencing these problems,

they will be referred for services through their treating physician, psychologist, or school.

Intervention modules (sessions 2-6)

After defining and setting goals in the first intervention session, participants in both intervention arms will
continue with a psychoeducation session on the possible consequences of brain injury in session two.
Participants will learn about how the brain may be impacted after brain tumor diagnosis or treatment,
including a potential impact on thinking, feeling, or behavior. The psychoeducation part of session two is

followed by an explanation of the metacognitive strategy that will be applied in each session.

Sessions three to five focus on specific neuropsychological domains, depending on the intervention arm.
Modules are selected from the following list:

o Fatigue

e Attention and concentration

e Speed of information processing

e Learning and memory

e Planning, initiative and flexibility

e Sensory processing

e Emotions and behavior

These modules consist of psychoeducation about the specific domain, followed by tips and (meta)cognitive

strategy training. The sixth and final session of the neuropsychological intervention will serve as a concluding



session, encompassing a summary of the content covered throughout the intervention, facilitating closure,

and providing an opportunity for discussion and reflection.

Standardized intervention

In the standardized intervention, all participants receive the same set of modules. Following the
psychoeducation session (session two), a pre-determined, standard set of three modules is delivered (see
above for possible modules). One module is delivered per session. This set of modules is based on the most
common neuropsychological symptoms after pediatric brain tumor(58-60). Moreover, patients and parents
will choose tips and strategies to apply without explicit coaching from the therapist or information on their

neuropsychological profile.

Individualized intervention

By contrast, the individualized intervention is tailored to each participant's unigue neuropsychological profile
and goals, as identified through assessments (neuropsychological tests.and questionnaires) and interviews.
For session three to five, therapists may select modules from the full module list. This tailored set of modules
may therefore include both modules offered in the standardized intervention as well as additional modules, to
best address the patient’s needs. Sessions are flexible in structure: multiple modules may be covered in a
single session, or a single module may be explored across multiple sessions, depending on the needs of the
participant.

Furthermore, the therapists will explicitly target the specific psychoeducation (from session three
onwards) to the individual neuropsychological profile and the patient/family’s goals. For example, the
therapist will explicitly link the offered psychoeducation information to the specific neuropsychological
complaints or deficits that the patient experiences, and will discuss the specific situations in which the patient
experiences these complaints or deficits.

Lastly, the therapist, patient, and parent will collaboratively choose tips and strategies to apply that are

most fitting with the neuropsychological profile and goals.

Intervention techniques
The modules will start with psychoeducation about the specific domain, followed by tips and (meta)cognitive

strategy training (as described above). Through tips and strategy training, both the patient and parent will



learn skills or strategies to support the various neuropsychological domains. For example, setting a bedtime
routine for sleep, using a planner for organization, and using mnemonics for memory. The patient (together
with their parent) will be asked to practice these strategies at home, school, and/or community environments,
depending on their goals. In each session, the intervention team will review events in past weeks and how
specific strategies have been implemented. Next, they will learn new information or strategies, practice
strategies, and modify strategies as needed. The intervention will conclude with a summary of strategies

used and guidance to continue using those strategies.

Intervention materials

The intervention materials will be based on established psychoeducation and intervention materials for
children, but compiled specifically for this study. This includes psychoeducation and strategy training from
the Brains Ahead!(51) and BrainLevel (52) programs, which were developed by researchers and

rehabilitation specialists in the Netherlands.

Criteria for discontinuing or modifying allocated interventions {11b}

Discontinuation of the intervention may occur in the event of informed consent withdrawal, participant
request, or upon clinical recommendation by their care provider (e.g., due to changes in medical status or
recurrence of disease). The investigator can decide to withdraw a participant from the study for urgent
medical or psychiatric reasons; these participants will be referred for alternative treatment through their
treating physician or psychologist. In cases of disease recurrence or progression, participants can continue
in the neuropsychological intervention (if they are willing/able and there is no interference to their medical

treatment).

Strategies to improve adherence to interventions {11c}

To promote adherence, intervention sessions will be coordinated with regular care visits where possible.
After the first session for goal development, intervention sessions can be completed through video calls if
desired. Families will receive a binder in which they can add the intervention materials, which are either
given on paper or emailed after each session. The therapist will review past session progress and plan
actionable steps for the next session through homework assignments. Compliance with intervention sessions

and adherence to the protocol are recorded as part of the tertiary research question.



Relevant concomitant care permitted or prohibited during the trial {11d}

Within regular care, our center has a neuropsychological monitoring program for patients with brain tumors
(called Brain CARE program). The ERNIE study and the Brain CARE program have overlap in
neuropsychological assessments and most of the questionnaires. Therefore, this lessens the time burden for
participating in the ERNIE study for those within the Brain CARE program. Depending on the timing of the

appointments, this data from regular care can be used for the ERNIE study.

To avoid confounding effects, children who are currently receiving other neuropsychological treatments will
not be eligible to participate. In both groups, we will not interfere with other regular care in the hospital and/or
community. For example, patients may be receiving physiotherapy close to their home and they will be
allowed to continue these sessions during this study. These additional supports will be documented through

parent questionnaires.

Provisions for post-trial care {30}

After completion of the study, participants may returnto standard neuropsychological or psychosocial care
available at the Princess Méaxima Center or within the community. Any ongoing needs identified during the

study will be communicated with the participants and treating psychologist (with permission).

Outcomes {12}

Assessments will occur at 3 time points: baseline (O months; T1), post-intervention (3 months; T2), and
follow-up (12 months; T3) (figures 1 and 2). See table 2 for an overview of assessments. All measures are
available in Dutch, have age-standardized norms, and have adequate evidence for reliability/validity.

The neuropsychological assessments are performed by trained psychologists. Patients and parents
complete questionnaires through the online KLIK PROM portal (www.hetklikt.nu). This secure
environment is used for all assessments of patient-reported outcome measures (PROMS) in the Princess

Maxima Center.



Study parameters/endpoints for primary and secondary objectives

As noted in Objectives {7}, the same study parameters are used for both the primary and secondary
objectives and therefore are described together here. The difference is that the primary objective uses
parameters from the post-intervention timepoint (T2); whereas the secondary objective uses parameters
from all timepoints (T1/T2/T3).

The primary outcome will be Goal Attainment Scaling (GAS(56, 57)), which is assessed through
parent and patient interview (Table 2). This method allows for scoring and tracking of an individual’'s goals,
but in a standardized format. Therefore, each participant has their own outcome measure, but the scaling is
the same across participants to allow for statistical comparisons. Scores are expressed as standardized T-
scores with a mean (M) of 50 and standard deviation (SD) of 10, allowing comparison across participants,
where higher scores indicate greater goal attainment relative to expectations.

GAS scoring will be completed following established guidelines(56). In addition to goal attainment, goal
satisfaction will be measured. This will be assessed through parent/patient interview using the COPM (Table
2; and see section {11a}).

Neuropsychological tests and questionnaires will also be collected to assess cognitive, social-
emotional, daily functioning, fatigue, and family domains (Table 2). Neuropsychological tests with the patient
will assess estimated 1Q, working memory, processing speed, sustained attention, executive functioning,
memory, and social functioning (at T1/T3 timepoints). On these tests, children will be asked to define words,
complete puzzles, repeat numbers in a specific sequence, copy figures within a time limit, draw plans and
remember and repeat words. These measures will not be completed at post-intervention (T2) phase because
neuropsychological tests cannot be repeated within a short period (and to reduce burden).

Scores are either continuous or categorical (yes/no) depending on the metric. For example,
neuropsychological measures are continuous and are expressed as age standardized scores (e.g., IQ: M =
100, SD = 15), scaled scores (M = 10, SD = 3), T-scores (M =50, SD = 10) or Z-scores (M =0, SD =1).
These standardized formats are routinely used in psychological assessment to compare performance to age-
based normative samples. For analyses, scores will be converted to a common metric (Z-scores) so that

higher values consistently represent better outcomes.



Table 2. Study parameters/endpoints

Domain Type of Measure T1 | T2 | T3 | Measure Measurement units
Goal attainment Interview X X X | Goal attainment scaling Standardized T-score, M
(parent/patient) (GAS(56, 57)) = 50, SD = 10; higher
scores indicate greater
goal attainment
Goal satisfaction | Interview X X X | Canadian Occupational Scale of 1-10, higher
(parent/patient) Performance Measure scores indicate higher
(COPM(55)) importance, performance
or satisfaction.
Daily functioning | Questionnaire R X R | Adaptive behavior (ABAS- |Scaled scores, M=10
(parent) 3 (61)) and SD = 3 and standard
scores, M=100 and
SD=15. Higher scores
indicate better
functioning.
Fatigue Questionnaire R X R | Fatigue (PedsQL - Scale score of 0-100.
(parent/patient) MFS(49)) Higher scores indicate
more complaints.
Cognitive Questionnaire R X R | Executive functioning in T-scores, M=50, SD =
functioning (parent) daily life (BRIEF-2(50)) 10. Higher scores
indicate more
complaints.
Direct tests R - R | Estimated IQ (EIQ) (WISC- |Converted to Z-scores, M
(patient) VIWAIS-IV(44, 45) =0, SD = 1. Higher
Vocabulary, Matrices) scores indicate higher
R - R | Working memory (WISC- performance.

VIWAIS-IV(44, 45) Digit

Span)




Processing speed (WISC-

V/IWAIS-IV(44, 45) Coding)

Sustained attention

(CPT3(47) Task)

Executive functioning

(IDS2(46) Road Walking)

Verbal memory (15-

WT(48) List Learning)

Social functioning
(IDS2(46) Socially

Competent Behavior)

Social-emotional

functioning

Questionnaire

(parent/patient)

Emotional problems
(PROMIS® Anxiety and
Depressive Symptoms

Short Form 3.0)(62, 63)

T-scores, M=50, SD =
10. Higher scores
indicate more

complaints.

Social functioning
(PROMIS Peer
Relationships short form

3.0)(62, 64)

T-scores, M=50, SD =
10. Higher scores
indicate more

complaints.

Parent/ family

Questionnaire

(parent)

Parental stress (DT-P)(65)

Scale of 1-10, higher
scores indicate higher

distress.

Premorbid/

supports

Questionnaire

(parent)

Socioeconomic status,
birth, developmental,

psychiatric, school history

Categorical, Low/High,

Yes/No

Demographic/

clinical

Medical records

Demographic (age, sex)

Age in years. Sex:

Female, Male, Other.

Tumor (location, grade,

histology)

Location: categorical.

Grade: low, high or




unknown; 1-4. Histology:

categorical.
R R R | Treatment (surgery, Yes/No
radiotherapy,
chemotherapy)
R R R | Complications (e.g., Yes/No

mutism, hydrocephalus,

vision/hearing problems)

R: measure completed for regular care and/or Brain CARE

X: extra measure completed for study

- not obtained at time point

a. Adaptive Behavior Assessment System — Third Edition

b. Patient-Reported Outcomes Measurement Information System

c. Distress Thermometer for Parents

Study parameters/endpoints for the third objective

A process evaluation will be conducted forthe third objective (Table 3). This will include an internal

pilot phase embedded in the first 6 months of the study. The internal pilot allows for an assessment of
recruitment, completion of the intervention according to intended protocol, and data collection in an early
phase, and therefore, minor adjustments can be made to ensure greater success of the RCT. This internal
pilot phase is further detailed in Interim analyses {21b}, where the predefined progression criteria are
outlined. These criteria determine whether minor adjustments to the study design are required. There are no
formal stopping rules linked to the internal pilot, since the intervention is behavioural, non-invasive, and
considered low risk. The pilot is not intended to terminate the study but to optimize feasibility. Recruitment
cessation would only be considered under exceptional circumstances (e.g., inability to enroll any participants
despite adjustments). The internal pilot phase is ongoing and has not yet concluded

Also, an assessment of implementation, experiences, and facilitators/barriers will be conducted at the
3-month post-intervention phase (T2). The purpose of this assessment will be to evaluate quality of
implementation, family and therapists experiences, and other facilitators and barriers that may be

associated with implementing the intervention.




Table 3. Tertiary outcome measures

Purpose Type of Measure T1 | T2 | T3 | Name of Measure

Internal pilot Researcher records X X - Recruitment, completion of

intervention materials, outcome data

Process evaluation | Questionnaire - X - Experiences of families/therapists

(parent/patient/therapist)

Researcher records - X - Implementation (completion of
intervention
materials/dose/reach/costs) and

facilitators/barriers

X: extra measure completed for study

- not obtained at time point

Internal pilot
For the internal pilot phase, key components that will be evaluated include recruitment, completion of

intervention materials, and data collection rates.

Implementation

Development and training of the intervention will be conducted. First, we will use treatment manuals that
have already been established(51, 52) (see also section {11}) and any adaptations will have been completed
during the development phase. Second, the therapists will complete a short training program, highlighting
goal setting, core elements, and specific intervention contents.

Dose, reach, and costs of the interventions will also be described. These will be defined as follows:
dose will be the number and length (in minutes) of sessions completed; reach will be the number,
percentage, and demographics of patients who received the interventions (versus non-participants); and
costs will be calculated for materials, travel, and staff investment for the interventions.

In addition, researchers will document facilitators and barriers, including attendance,

frequency/location/length of sessions, which elements and modules were used in the interventions and any



issues encountered. The time to recruit sufficient participants, response rates, and attrition rates will also be

documented.

Experiences of families/therapists

Patients and parents who participated in the research will complete a questionnaire about overall satisfaction
and suggestions for improvement. For example, they can provide comments about their motivation, content,
location, accessibility (e.g., online and/or travelling to hospital), and frequency of sessions. Additionally, the
therapists will complete a questionnaire regarding their satisfaction, perceived (dis)advantages of the
interventions, time investment, any issues encountered, and suggestions for improvement. This information

will provide additional information about the facilitators and barriers of the interventions.

Other study parameters for all objectives

Demographic/clinical data will be identified from the medical record (Table 2). This will include
demographic (age, sex), tumor (location, grade, size, histology), treatment (surgery, radiotherapy,
chemotherapy, targeted therapies), and complications (cerebellar mutism syndrome, hydrocephalus,
meningitis, seizure, stroke, visual or hearing problems, neurological deficits). Premorbid history will be
collected at baseline (T1) through a parent questionnaire to obtain further information on pre-diagnosis
problems

(i.e., birth, developmental, psychiatric, school history). Information on parental distress will be obtained
through a parent questionnaire (DT-P(65)). These study parameters will be used for descriptive purposes
or as covariates (see section {20} for statistical plan). Scores are either continuous or categorical

(yes/no) depending on the metric.

Participant timeline {13}

The overview of enrollment, interventions and assessments is shown in the figure 1, as seen in section {8}

and figure 2 below.
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Sample size {14}

For the primary research objective, sample sizes were calculated that would be required to find differences
on the primary outcome (GAS) between groups at the post-intervention phase. The power analysis was
conducted in G*Power3(66) using an analysis of covariance for the primary objective (f=0.25, alpha=0.05,
power=0.80, 2 groups, 6 covariates). A medium effect size of f=0.25 was used as this would represent a
clinically meaningful difference in psychology (or 0.5 SD). The power analysis suggested that 128

participants would be needed to obtain sufficient power in this study.

There are approximately 1050 patients (8-17 years old) who would be followed in regular care over the span
of 15 years (e.g., estimated 70 patients/year diagnosed between 2012 and 2027 and could be eligible). It is
expected that approximately 197 patients can be included based on: 75% survival rate; 50% of patients
experiencing cognitive problems; and 50% of this group being interested in participating, based on current
studies and incidence and survival rates in the Netherlands(67). We will recruit 144 patients to obtain our
final sample size of 128 patients, accounting for 10% attrition. Therefore, we anticipate meeting sample size

requirements for this study.

Recruitment {15}

Investigators will receive a list of potential participants on a dashboard developed by the Data Intelligence
team at the Princess Maxima Center. This list includes all children in the electronic patient portal between
the ages of 8 and 17, with a central nervous system (CNS) cancer diagnosis and with a billing code within
neurology or pediatric oncology. For screening 1 (figure 1 and 2), potential participants will be invited to
participate based on age, treatment phase, and language status; all of these details are known through
regular care. Before inviting a child to participate, the treating physician and/or psychologist will be consulted
to ensure that approaching the family is appropriate. This allows consideration of factors such as the child's
medical condition, current treatment phase, and psychosocial situation.

In addition, the Vereniging Kinderkanker Nederland (VKKN) patient organization and the Princess
Méaxima Center will be requested to publish an announcement regarding the study on their respective
websites and/or newsletters. Leaflets will also be distributed in the outpatient clinic of the Princess Maxima
Center and/or by healthcare providers from the center. If interested in the intervention and study, parents

may contact the researchers by telephone or email.



Recruitment is expected to last 24 months.

Assignment of interventions: allocation

Sequence generation {16a}

Randomization is performed using the online randomization tool of the Castor Electronic Data Capture
(EDC) database. Participants will be allocated to one of two intervention groups (1:1 ratio, blocks of 4).
Stratification will be based on age groups (8-12 vs. 13-17) and severity of cognitive impairment based on the
neuropsychological tests and questionnaires (i.e., mild impairments 1-2 SDs below norms vs. severe

impairments >2 SDs below norms on 22 scores).

Concealment mechanism {16b}

Randomization/allocation will occur after informed consent, baseline (T1) assessments, and goal setting (in
intervention sessions 1 and 2) have been performed (see figure 1). Randomization/allocation sequence will
be generated and concealed using a secure web-based randomization tool within the Castor EDC system,
based on an independently generated sequence. This is managed by a researcher not involved in post-

intervention assessments.

Implementation {16c}

Group assignments will be performed centrally using the randomization system (described above). The
outcome is communicated to the therapist by a designated researcher, the study coordinator (PhD student)
or another researcher not involved in carrying out the intervention or the post-intervention assessment. The

therapist will then carry out the assigned arm of the intervention.

Assignment of interventions: Blinding

Who will be blinded {17a}

Post-intervention outcome assessors and patient and parent will be blinded to group allocation. Outcome
assessors cannot access the randomization tool in Castor and will not be involved in the intervention. To
prevent bias, data analysis will be performed on a dataset from which all direct identifiers, including the study

ID, have been removed. Due to the nature of the intervention, therapist blinding is not feasible.



Procedure for unblinding if needed {17b}

Unblinding is not anticipated due to the nature of the intervention. If necessary, the study coordinator will
facilitate disclosure of group allocation. The informed consent form includes a question asking participants

whether they would like to be informed of their assigned treatment arm after study completion.

Data collection and management

Plans for assessment and collection of outcomes {18a}

Details about the study instruments, along with relevant references, are provided in the 'Outcomes {12}’
section. All personnel responsible for data collection and handling will receive appropriate training and meet

guidelines of Good Clinical Practice (GCP).

Plans to promote participant retention and complete follow-up {18b}

Follow-up will be coordinated with routine care visits as much as possible to minimize burden. Reminders
and flexible scheduling will support participant retention. Partial data from discontinued participants will be

analyzed when available.

Data management {19}

A comprehensive data management plan has been developed in collaboration with data managers from the
Trial and Data Center (TDC) within the Princess Maxima Center. Data will be primarily collected on paper
using case report forms (CRFs) designed for each study visit, and subsequently entered into a secure,
validated electronic data capture system (Castor EDC). An electronic case report form (eCRF) is maintained
for each participant. The Castor database complies with all applicable legal and ethical standards and
includes features such as audit trails, user access controls, and range checks for data validation. Where
applicable, missing or ambiguous data will be queried and resolved in accordance with predefined data

validation procedures.



Confidentiality {27}

All potential and enrolled participant data will be handled confidentially. Data will be stored under a digit code
(which is not based on the patient’s initials or birth date) of which the key is safeguarded by the researchers.
Identifiable data will be stored separately and securely. Only researchers involved with this study will have
access to the source data. The data will be kept for at least 15 years, stored on secure databases that are
only accessible by the researchers. The handling of personal data complies with the EU General Data
Protection Regulation and the Dutch Act on Implementation of the General Data Protection Regulation

(Uitvoeringswet AVG).

Plans for collection, laboratory evaluation and storage of biological specimens for

genetic or molecular analysis in this trial/future use {33}

Not applicable. No biological specimens will be collected in this study.

Statistical methods

Statistical methods for primary and secondary outcomes {20a}

All data for the primary and secondary objectives will be presented quantitatively. All statistical analyses will
be two-tailed with an alpha of 0.05. Effect estimates will be reported with 95% confidence intervals.
Analyses will be conducted using IBM SPSS (Statistical Package for the Social Sciences) Statistics (68) or R

(69).

Primary objective

Immediate efficacy

Goal attainment scaling (GAS) immediately after intervention (~3 months after baseline) will be used as the
primary outcome, based on goals that were defined for each participant before the intervention started. In
this analysis, we will examine if there are differences between the individualized intervention group and the
standardized intervention group in terms of goal attainment. GAS scores are continuous (M=50, SD=10)
where higher scores indicate greater progression towards goals. Differences between groups at the post-
intervention phase will be compared with analysis of covariance (ANCOVA); GAS scores at baseline are the

same for all patients and thus, only a post-intervention comparison (at T2) is required for the primary



objective. Predictors in models will include the two intervention groups with covariates of age at diagnosis,
sex, time since diagnosis, treatment exposures (using the Neurological Predictor Scale)(70), and family
socioeconomic status(71). We will also examine goal satisfaction, cognitive, social-emotional, daily
functioning, fatigue, and family domains using similar ANCOVA models. Scores are continuous, e.g. Z-
scores (M=0, SD=1). These analyses will assess the immediate effect of the intervention, which is needed

for our primary objective. Changes over time and maintenance of goals will be assessed below.

Secondary objectives

Maintenance

Linear mixed modelling will be used to examine differences between intervention groups, changes over time,
and if various risk/protective factors are associated with outcome. Outcomes will include GAS scaling (for
maintenance of goals over time), goal satisfaction, cognitive, social-emotional, daily functioning, fatigue, and
family domains. Predictors in models will include group and the interaction between group and time.
Covariates in models will include age at diagnosis, sex, time since diagnosis, treatment exposures (using the
Neurological Predictor Scale)(70), and family socioeconomic status(71). Assumptions for linear models (e.g.,
normality/linearity of residuals) will be examined and corrections and/or alternative models will be used if

assumptions are not met(72).

Clinical significance

Clinical significance will also be examined with descriptive statistics. Differences between groups will be
expressed as effect sizes with Cohen’s d. This is calculated by group differences at the follow-up phase
divided by the pooled standard deviation. Effects sizes <0.5 are considered small, 0.5-0.8 are considered
moderate, and >0.8 are considered large(73). Furthermore, a reliable change index (RCI) between pre-test
(T1) and follow-up (T3) phase will also be calculated for measures that have standardized norms (i.e.,
cognitive, social-emotional, daily functioning, fatigue, and family domains). This adjusts for potential practice
effects based on standard error and test-reliability metrics (when available)(74, 75). Clinically significant

changes are based on an RCI value of 1.645 points(74).



Methods for additional analyses (e.g. subgroup analyses) {20b}

Tertiary objective

Implementation

Descriptive statistics for dose (number/length of sessions) and reach (number/percentage of patients who
received intervention vs. not) will be examined at the post-intervention timepoint (T2). Also, descriptive
statistics of costs for materials, travel for families, staff time investment (training, administrative support,
therapist team), and facilitators/barriers (e.g., attendance, frequency/length of sessions, recruitment rates,
attrition) will be calculated. Comments from therapists will be summarized qualitatively to examine other

facilitators or barriers encountered during the intervention sessions.

Experiences of families/therapists

Descriptive statistics for patient/parent satisfaction will be calculated at the post-intervention timepoint (T2).
Also, the comments from families and therapists regarding aspects such as motivation, content, location,
accessibility, frequency of sessions, any issues encountered, and suggestions for improvement will be
summarized qualitatively. Differences between the 2 intervention groups will be examined with parametric or

non-parametric tests where possible (e.g., t-tests to examine differences in satisfaction ratings).

Potential related factors

An assessment of potential factors that can impact the implementation variables and experiences will be
explored. For example, differences in dose, reach, and recruitment based on demographic factors (e.g., age,
sex) will be examined. Parametric tests will be used for continuous outcomes if normally distributed (e.g.,
linear correlation for assessing relationship between age and intervention dose). Non-parametric tests will be
used for categorical outcomes (e.g., Chi-square) or if continuous outcomes are non-normally distributed
(e.g., Mann-Whitney test). This analysis will determine whether certain groups or characteristics are

associated with greater dose, reach, or recruitment.

Methods to account for multiplicity
For analyses involving multiple comparisons, both uncorrected and corrected p-values will be reported.
Corrections for multiplicity will be performed using the False Discovery Rate (FDR) method, which controls

the expected proportion of false positives while maintaining statistical power. This approach will be applied



across relevant outcome measures where multiple testing occurs.

Descriptive statistics

Patient demographic and clinical information at baseline (T1) will be described using descriptive statistics:
mean, standard deviation, and range for continuous variables; frequency and percentage for categorical
variables. These variables are shown in Table 2. These characteristics will also be compared between the 2
groups at post-intervention (T2) and follow-up (T3) timepoints. T-tests or ANOVA will be used to compare
normally distributed, quantitative variables. For non-normally distributed variables, non-parametric tests will

be performed. Chi-square tests will be used to analyze categorical variables.

Raw data from the neuropsychological tests and questionnaires will be corrected for age/sex using published
norms (Table 2). Descriptive statistics and one-sample t-tests will be used to compare obtained results to
age expectations, which will determine whether the overall sample has different scores than would be
expected for their age (at each time point). Also, at-risk performance will be defined as <1 SD from the
standardized mean. Chi-square tests will be used to examine if the proportion of participants scoring in the
at-risk range is different than expected (i.e., 16%). These results will describe mean performance and
frequency of impairment in daily functioning, cognitive, social-emotional, fatigue, and family/parent domains

55,56

(for each time point). Also, descriptive statistics will be calculated for the GAS goal attainment score and

goal satisfaction (for each time point).

Methods in analysis to handle protocol non-adherence and any statistical methods

to handle missing data {20c}

Analyses will be conducted according to participants’ originally assigned intervention groups, as allocation
will not change. This is regardless of protocol adherence. All randomized participants who complete baseline
assessments (T1) will be included in the analyses; individuals who withdraw before T1 will be excluded, as
no outcome data will be available. Participants who discontinue the intervention or who have missing data at
one or more later time points will remain in their assigned group, and analyses will use all available observed
data. We will not impute missing data. Protocol adherence will be reported through the tertiary objective of
the intervention process (section {12}).

Linear mixed model analyses will accommodate missing data under the assumption of missing at



random. We will examine any baseline differences between participants with and without missing data; if
there are any significant differences, this will help to guide which predictors will be included in the models to
assess and address potential bias. If the assumption of missing at random is not tenable, we will examine
whether missingness differs between the two intervention arms. If the extent or pattern of missing data is

comparable across arms, the risk of bias is reduced.

Interim analyses {21b}

The first 6 months of the study will be the internal pilot phase. Key components that will be evaluated
include recruitment, completion of the intervention according to intended protocol, and data collection (Table
3). Progression criteria will be based on an average of 6 participants recruited per month, minimum 70%
completion of intervention materials, and minimum 90% of data collection for the primary outcome (GAS).
Based on these pre-defined criteria, this phase will examine whether minor adjustments to the study design
are required. For example, if recruitment rates are not progressing as expected, we will make minor
changes to the recruitment process (e.g., broaden inclusion criteria). Only when changes are
considered minor and not interfering with core elements of intervention, participants who are in the
pilot phase will be included in the analyses. These criteria serve as progression criteria only; no early
stopping rules are defined due to the minimal-risk behavioural nature of the intervention.

For the internal pilot evaluation, descriptive statistics will be used to summarize rates of recruitment,
completion of intervention materials, and outcome measures. This will be examined for both intervention

arms.

Plans to give access to the full protocol, participant level-data and statistical code

{31c}

Public access to participant-level data is not planned, due to the sensitive nature of patient information. The
statistical analysis plan and code will be made publicly accessible. Requests for further protocol details, data
or materials should be directed to the corresponding author and Biobank and Data Access Committee

(BDAC) of the Princess Maxima Center.



Oversight and monitoring

Composition of the coordinating centre and trial steering committee {5d}

The day-to-day management of the study will be conducted by a study coordination team at the Princess
Maxima Center, consisting of the principal investigator, study coordinator and research staff. This team will
meet regularly to discuss trial-related matters. Trial oversight is ensured by a trial manager, who is
independently appointed and not formally part of the study team. Oversight meetings with the study
coordinator will focus on key metrics such as enrolment, protocol adherence and serious adverse events

(SAES).

Composition of the data monitoring committee, its role and reporting structure {21a}

The study will be monitored an independent Contract Research Organization (CRO). The monitoring will be
executed according to the guidelines of the NFU (Nederlandse Federatie van Universitaire Medische Centra)
for studies classified as ‘low risk, similar to regular care’ and according to a monitoring plan. Monitoring
activities for this study will include oversight of enrolment progress, the informed consent process, source
data review and verification, safety reporting, and the completeness of both the trial master file (TMF) and

investigator site files (ISF).

Following each monitoring visit, the CRO will provide a written site monitoring report summarizing all
findings, discrepancies, and action points. The clinical research associates (CRAs) conducting the
monitoring are independent of the study team and have no competing interests, ensuring objective and

unbiased oversight.

Adverse event reporting and harms {22}

The study involves non-invasive, low-risk interventions such as neuropsychological assessments and
guestionnaires. As such, adverse events (AES) or serious adverse events (SAESs) related to study
procedures are not anticipated. However, given the clinical condition of participants, AES/SAEs may occur
during the study period.

Any spontaneously reported or observed AEs will be documented in the medical record and

reviewed by the principal investigator. SAEs related to study procedures and occurring within 24 hours of the



visit will be reported to the Sponsor, who will notify the ethics committee as per regulatory requirements.

Frequency and plans for auditing trial conduct {23}

In accordance with the monitoring plan (section {21a}), no audits are planned.

Plans for communicating important protocol amendments to relevant parties (e.g.

trial participants, ethical committees) {25}

Amendments to the study protocol will be submitted to the relevant ethics committee and communicated to
site staff, participants (if applicable), and trial registries. Minor administrative changes will be documented

and filed.

Dissemination plans {31a}

Study results will be communicated through peer-reviewed journals, conference and internal presentations,
and reports to stakeholders. No restrictions apply to the publication of this work. The results of the
randomized controlled trial will be reported according to the most recent CONSORT guidelines, including use

of the CONSORT flow diagram

Discussion

The ERNIE study represents an important step towards advancing neuropsychological treatment in pediatric
brain tumor survivors. By evaluating an individualized, comprehensive, and family-centered intervention
within a randomized controlled trial, this study addresses critical gaps from previous research in this
population.

A notable strength of the ERNIE study is its inclusion of both efficacy and process measures, such
as neuropsychological outcomes as well as feasibility, reach, and cost of the interventions. These measures
are critical not only for understanding whether the intervention is effective, but also for successful
implementation in routine care. Another key strength is the use of patient- and family-defined goals as
primary outcomes, which increases ecological validity and aligns with practices in pediatric rehabilitation.

Furthermore, the study is grounded in interdisciplinary collaboration. It brings together representatives of



childhood cancer survivors, psychosocial professionals, physicians (e.g. oncologists and rehabilitation
physicians) and researchers to develop and deliver a clinically relevant and feasible intervention.

Despite these strengths, some limitations must be acknowledged. The single-center design and
restriction to Dutch-speaking participants may limit the generalizability of findings, particularly in more
diverse or decentralized healthcare systems. In addition, blinding of therapists is not feasible, which could
introduce bias. However, blinded outcome assessors and the use of validated instruments enhance
methodological quality. Lastly, the resource intensity of a new intervention is challenging, which may hinder
therapist capacity and thus sample size. Insights from the study’s process evaluation, including identified
facilitators and barriers, can advance translation of the research findings into clinical practice.

Future research could address these limitations by adapting the intervention and outcome measures for use
in multicenter, multilingual, and more diverse settings to enhance reach and inclusivity. In addition,
alternative delivery models, such as fully digital, group-based, or stepped-care formats, could be explored to
increase flexibility and efficiency. Integrating interventions into existing school or community-based support
systems may further support broader adoption and long-term sustainability. A complementary area for future
research involves the family context. The ERNIE intervention includes parents as active partners to enhance
child outcomes, such as supporting generalization and skill use. Yet, family factors such as parental stress
and overall family functioning, though not directly targeted in this study, may shape intervention outcomes
and warrant attention in future work(76-78).

Looking forward, the ERNIE study has the potential to inform best practices not only within pediatric
neuro-oncology but also more broadly in pediatric rehabilitation and personalized medicine. Ultimately, this
line of research holds promise for improving neuropsychological functioning and broader quality of life for

pediatric cancer survivors and their families.

Trial status

Current protocol version is v1.1 (10 July 2024). Recruitment commenced in November 2024 and recruitment
completion is expected in November 2026. Given the 1-year follow-up assessment, data collection will be

completed around November 2027.
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Federatie van Universitaire Medische Centra

PedsQL Pediatric Quality of Life Inventory
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WISC-V Weschler Intelligence Scale for Children-V

15-WT 15-Word Test; in Dutch: 15-Woordentest

Declarations

Acknowledgements

We would like to sincerely thank the childhood cancer survivor representatives, neuro-oncology, psycho-
oncology, rehabilitation and LATER departments for their valuable feedback and contributions to this study
protocol. We specifically thank Eline Hoogers for her contributions to the study as a research assistant,
particularly regarding the intervention protocol and materials. We also extend our gratitude to Raphaéle van
Litsenburg and Martha Grootenhuis for their contributions regarding the development of the grant proposal
and study protocol as part of the project team. We thank our Trial and Data Center, in particular Thea
Godschalk, for her assistance with study logistics and regulatory matters. Lastly, we are grateful to the Dutch

Cancer Society (KWF) and the Princess Maxima Center for their support of this project.

Authors’ contributions {31b}

Roxanna Hofman (Conceptualization, Methodology, Writing—original draft, Writing—review & editing,
Visualization), Rachél Kemps (Conceptualization, Methodology, Writing—original draft, Writing—review &
editing, Supervision), Jeanine Voorman (Conceptualization, Methodology, Writing—review & editing), Femke

Aarsen (Conceptualization, Methodology, Writing—review & editing), and Marita Partanen



(Conceptualization, Methodology, Writing—original draft, Writing—review & editing, Supervision, Funding

acquisition). All authors read and approved the final manuscript.

Funding {4}

The study is funded by the Dutch Cancer Society (KWF #14645). The funder is not involved in collection,
analysis, and interpretation of data; writing of the report; and the decision to submit the report for publication.

Independent reviewers provided feedback on the study design during the grant review process.

Availability of data and materials {29}

See also 31c.

Ethics approval and consent to participate {24}

This study was approved by the Medical Research Ethics Committee NedMec (reference: 24-131/G). Written
informed consent to participate will be obtained from all patients (=12 years) and/or parents/guardian (child

<16 years).

Consent for publication {32}

Not applicable.

Competing interests {28}

The authors declare that they have no competing interests.

Authors’ information (optional)

Not applicable.

References

1. Johnston WT, Erdmann F, Newton R, Steliarova-Foucher E, Schiiz J, Roman E. Childhood cancer:
Estimating regional and global incidence. Cancer Epidemiology. 2021;71:101662.

2. Ward ZJ, Yeh JM, Bhakta N, Frazier AL, Atun R. Estimating the total incidence of global childhood
cancer: a simulation-based analysis. Lancet Oncol. 2019;20(4):483-93.



3. Patel AP, Fisher JL, Nichols E, Abd-Allah F, Abdela J, Abdelalim A, et al. Global, regional, and
national burden of brain and other CNS cancer, 1990-2016: a systematic analysis for the Global Burden of
Disease Study 2016. The Lancet Neurology. 2019;18(4):376-93.

4, Krull KR, Hardy KK, Kahalley LS, Schuitema |, Kesler KS. Neurocognitive outcomes and
interventions in long-term survivors of childhood cancer. Journal of Clinical Oncology. 2018;36(21):2181-9.
5. Puhr A, Ruud E, Anderson V, Due-Tonnessen BJ, Skarbo AB, Finset A, et al. Executive Function

and Psychosocial Adjustment in Adolescent Survivors of Pediatric Brain Tumor. Dev Neuropsychol.
2021;46(2):149-68.

6. van Kooten JAMC, Maurice-Stam H, Schouten AYN, van Vuurden DG, Granzen B, Gidding C, et al.
High occurrence of sleep problems in survivors of a childhood brain tumor with neurocognitive complaints:
The association with psychosocial and behavioral executive functioning. Pediatr Blood Cancer.
2019;66(11):e27947.

7. Kautiainen RJ, Fox ME, King TZ. The Neurological Predictor Scale Predicts Adaptive Functioning via
Executive Dysfunction in Young Adult Survivors of Childhood Brain Tumor. J Int Neuropsychol Soc.
2021;27(1):1-11.

8. de Ruiter MA, van Mourik R, Schouten-van Meeteren AY, Grootenhuis MA, Oosterlaan J.
Neurocognitive consequences of a paediatric brain tumour and its treatment: a meta-analysis. Dev Med
Child Neurol. 2013;55(5):408-17.

9. de Ruiter MA, Schouten-van Meeteren AYN, van Vuurden DG, Maurice-Stam H, Gidding C, Beek
LR, et al. Psychosocial profile of pediatric brain tumor survivors with neurocognitive complaints. Qual Life
Res. 2016;25(2):435-46.

10. Brinkman TM, Recklitis CJ, Michel G, Grootenhuis MA, Klosky JL. Psychological Symptoms, Social
Outcomes, Socioeconomic Attainment, and Health Behaviors Among Survivors of Childhood Cancer:
Current State of the Literature. J Clin Oncol. 2018;36:2190-7.

11. Ris MD, Beebe DW, Armstrong FD, Fontanesi J, Holmes E, Sanford RA, et al. Cognitive and
adaptive outcome in extracerebellar low-grade brain tumors in children: a report from the Children's
Oncology Group. J Clin Oncol. 2008;26(29):4765-70.

12. Willard VW, Cox LE, Russell KM, Kenney A, Jurbergs N, Molnar AE, Jr., et al. Cognitive and
psychosocial functioning of preschool-aged children with cancer. J Dev Behav Pediatr. 2017;38:638-45.

13. Verwaaijen EJ, Catsman-Berrevoets CE, Maurice-Stam H, Dessens AB, Waslander R, van den Adel
TPL, et al. Determinants of impairments in functioning, fatigue, and participation ability in pediatric brain
tumor survivors. Neurooncol Adv. 2021;3(1):vdab161.

14, Aarsen FK, Paquier PF, Arts W-F, Veelen M-LV, Michiels E, Lequin M, et al. Cognitive Deficits and
Predictors 3 Years After Diagnosis of a Pilocytic Astrocytoma in Childhood. Journal of Clinical Oncology.
2009;27(21):3526-32.

15. Duffner PK. Risk factors for cognitive decline in children treated for brain tumors. Eur J Paediatr
Neurol. 2010;14(2):106-15.

16. Conklin HM, Ogg RJ, Ashford JM, Scoggins MA, Zou P, Clark KN, et al. Computerized cognitive
training for amelioration of cognitive late effects among childhood cancer survivors: a randomized controlled
trial. J Clin Oncol. 2015;33(33):3894-902.

17. Conklin HM, Helton S, Ashford J, Mulhern RK, Reddick WE, Brown R, et al. Predicting
methylphenidate response in long-term survivors of childhood cancer: a randomized, double-blind, placebo-
controlled, crossover trial. J Pediatr Psychol. 2010;35(2):144-55.

18. van Heugten CM, Ponds RW, Kessels RP. Brain training: hype or hope? Neuropsychol Rehabil.
2016;26(5-6):639-44.

19. Castellino SM, Tooze JA, Flowers L, Hill DF, McMullen KP, Shaw EG, et al. Toxicity and efficacy of
the acetylcholinesterase (AChe) inhibitor donepezil in childhood brain tumor survivors: a pilot study. Pediatr
Blood Cancer. 2012;59(3):540-7.

20. Ayoub R, Ruddy RM, Cox E, Oyefiade A, Derkach D, Laughlin S, et al. Assessment of cognitive and
neural recovery in survivors of pediatric brain tumors in a pilot clinical trial using metformin. Nat Med.
2020;26(8):1285-94.

21. Renaud MI, van de Port IGL, Catsman-Berrevoets CE, Kohler S, Lambregts SAM, van Heugten CM.
Effectiveness of the Brains Ahead! Intervention: 6 Months Results of a Randomized Controlled Trial in
School-Aged Children With Mild Traumatic Brain Injury. J Head Trauma Rehabil. 2020;35(6):E490-E500.
22. Butler RW, Copeland DR, Fairclough DL, Mulhern RK, Katz ER, Kazak AE, et al. A multicenter,
randomized clinical trial of a cognitive remediation program for childhood survivors of a pediatric malignancy.
J Consult Clin Psychol. 2008;76(3):367-78.

23. Barrera M, Atenafu EG, Sung L, Bartels U, Schulte F, Chung J, et al. A randomized control
intervention trial to improve social skills and quality of life in pediatric brain tumor survivors. Psychooncology.
2018;27(1):91-8.



24, Kazak AE, Alderfer MA, Streisand R, Simms S, Rourke MT, Barakat LP, et al. Treatment of
posttraumatic stress symptoms in adolescent survivors of childhood cancer and their families: a randomized
clinical trial. J Fam Psychol. 2004;18(3):493-504.

25, Patel SK, Katz ER, Richardson R, Rimmer M, Kilian S. Cognitive and problem solving training in
children with cancer: a pilot project. J Pediatr Hematol Oncol. 2009;31:670-7.

26. van't Hooft I, Norberg AL. SMART cognitive training combined with a parental coaching programme
for three children treated for medulloblastoma. NeuroRehabilitation. 2010;26(2):105-13.

27. Olson K, Sands SA. Cognitive training programs for childhood cancer patients and survivors: A
critical review and future directions. Child Neuropsychol. 2016;22(5):509-36.

28. Laatsch L, Dodd J, Brown T, Ciccia A, Connor F, Davis K, et al. Evidence-based systematic review

of cognitive rehabilitation, emotional, and family treatment studies for children with acquired brain injury
literature: From 2006 to 2017. Neuropsychol Rehabil. 2020;30(1):130-61.

29. Kazak AE, Abrams AN, Banks J, Christofferson J, DiDonato S, Grootenhuis MA, et al. Psychosocial
assessment as a standard of care in pediatric cancer. Pediatr Blood Cancer. 2015;62 Suppl 5:5426-59.

30. Angeli JM, Schwab SM, Huijs L, Sheehan A, Harpster K. ICF-inspired goal-setting in developmental
rehabilitation: an innovative framework for pediatric therapists. Physiother Theory Pract. 2019:1-10.

31. Reed J, Byard K, Fine H. Neuropsychological Rehabilitation of Childhood Brain Injury: A Practical
Guide. London, UK: Palgrave Macmillan; 2015.

32. Heitzer AM, Ris D, Raghubar K, Kahalley LS, Hilliard ME, Gragert M. Facilitating Transitions to
Adulthood in Pediatric Brain Tumor Patients: the Role of Neuropsychology. Curr Oncol Rep.
2020;22(10):102.

33. Murdaugh DL, King TZ, O'Toole K. The efficacy of a pilot pediatric cognitive remediation summer
program to prepare for transition of care. Child Neuropsychol. 2019;25(2):131-51.

34. Rosenbaum P, King S, Law M, King G, Evans J. Family-Centred Service. Physical & Occupational
Therapy In Pediatrics. 2009;18(1):1-20.

35. Fisher A, Bellon M, Lawn S, Lennon S, Sohlberg M. Family-directed approach to brain injury (FAB)
model: a preliminary framework to guide family-directed intervention for.individuals with brain injury. Disabil
Rehabil. 2019;41(7):854-60.

36. Posner J. The Role of Precision Medicine in Child Psychiatry: What Can We Expect and When? J
Am Acad Child Adolesc Psychiatry. 2018;57(11):813-7.

37. Lorenzo-Luaces L, Peipert A, De Jesus Romero R, Rutter LA, Rodriguez-Quintana N. Personalized
Medicine and Cognitive Behavioral Therapies for Depression: Small Effects, Big Problems, and Bigger Data.
International Journal of Cognitive Therapy. 2020;14(1):59-85.

38. Bartolo M, Soffietti R, Klein M. Neurorehabilitation in Neuro-Oncology. Cham, Switzerland: Springer;
2019.
39. Logan B, Jegatheesan D, Viecelli A, Pascoe E, Hubbard R. Goal attainment scaling as an outcome

measure for randomised controlled trials: a scoping review. BMJ Open. 2022;12(7):e063061.

40. Harpster K, Sheehan A, Foster EA, Leffler E, Schwab SM, Angeli JM. The methodological
application of goal attainment scaling in pediatric rehabilitation research: a systematic review. Disabil
Rehabil. 2019;41(24):2855-64.

41. Holthe IL, Rohrer-Baumgartner N, Svendsen EJ, Hauger SL, Forslund MV, Borgen IMH, et al.
Feasibility and Acceptability of a Complex Telerehabilitation Intervention for Pediatric Acquired Brain Injury:
The Child in Context Intervention (CICI). J Clin Med. 2022;11(9).

42. Treble-Barna A, Sohlberg MM, Harn BE, Wade SL. Cognitive Intervention for Attention and
Executive Function Impairments in Children With Traumatic Brain Injury: A Pilot Study. J Head Trauma
Rehabil. 2016;31(6):407-18.

43. Hocking MC, Walsh KS, Hardy KK, Conklin HM. Addressing neurocognitive late effects in pediatric
cancer survivors: current approaches and future opportunities. J Clin Oncol. 2021.

44, Wechsler D. WISC-V-NL: Wechsler Intelligence Scale for Children - Fifth Edition - Nederlandstalige
bewerking. Technische handleiding. Amsterdam: Pearson Assessment and Information B.V.; 2018 2018.
45, Wechsler D. WAIS-IV-NL: Wechsler Adult Intelligence Scale - Fourth Edition - Nederlandse
Bewerking. Technische Handleiding. Amsterdam: Pearson Assessment and Information B.V.; 2012 2012.

46. Grob A, Hagmann-von Arx P, Ruiter S, Timmerman M, Visser L. IDS-2: Intelligentie- en
Ontwikkelingsschalen voor kinderen en jongeren. Amsterdam: Hogrefe Publishing; 2018 2018.
47. Conners CK. Conners Continuous Performance Test Third Edition (Conners CPT 3) & Connors

Continuous Auditory Test of Attention (Conners CATA): Technical Manual: Multi-Health Systems Inc.; 2014
2014.

48. Kingma A. 15-Woordentest voor Kinderen (15-WT-K): 3 parallelversies met recognitie. Handleiding
& Normering. 5 ed. Groningen: Stichting Kinderneuropsychologie Noord-Nederland; 2021 2021.



49, Varni JW, Burwinkle TM, Katz ER, Meeske K, Dickinson P. The PedsQL™ in pediatric cancer.
Cancer. 2002;94(7):2090-106.

50. Gioia GA, Isquith PK, Guy SC, Kenworthy L. Behavior Rating Inventory of Executive Function,
Second Edition (BRIEF-2). Lutz, FL: PAR, Inc.; 2015.

51. Renaud MI, van de Port IG, Catsman-Berrevoets CE, Bovens N, Lambregts SA, van Heugten CM.
The Brains Ahead! intervention for children and adolescents with mild traumatic brain injury and their
caregivers: rationale and description of the treatment protocol. Clin Rehabil. 2018;32(11):1440-8.

52. Resch C, Hurks P, de Kloet A, van Heugten C. Rationale and description of BrainLevel:
Computerized repeated practice with strategy use instruction for children with acquired brain injury. Clin
Rehabil. 2021;35(6):787-800.

53. Nye A, Delgadillo J, Barkham M. Efficacy of personalized psychological interventions: A systematic
review and meta-analysis. J Consult Clin Psychol. 2023;91(7):389-97.

54, Li W, Gleeson J, Fraser MI, Ciarrochi J, Hofmann SG, Hayes SC, et al. The efficacy of personalized
psychological interventions in adolescents: a scoping review and meta-analysis. Frontiers in Psychology.
2024;Volume 15 - 2024.

55. Law M, Baptiste S, Carswell A, McColl MA, Polatajko HJ, Pollock N. Canadian Occupational
Performance Measure. Ottawa, ON: CAOT Publications ACE; 2005.

56. Krasny-Pacini A, Evans J, Sohlberg MM, Chevignard M. Proposed Criteria for Appraising Goal
Attainment Scales Used as Outcome Measures in Rehabilitation Research. Arch Phys Med Rehabil.
2016;97(1):157-70.

57. Krasny-Pacini A, Hiebel J, Pauly F, Godon S, Chevignard M. Goal attainment scaling in
rehabilitation: a literature-based update. Ann Phys Rehabil Med. 2013;56(3):212-30.

58. Sharkey CM, Mullins LL, Clawson AH, Gioia A, Hawkins MAW, Chaney JM, et al. Assessing
neuropsychological phenotypes of pediatric brain tumor survivors. Psycho-Oncology. 2021;30(8):1366-74.
59. Sciancalepore F, Fabozzi F, Albino G, Del Baldo G, Di Ruscio V, Laus B, et al. Frequency and
characterization of cognitive impairments in patients diagnosed with paediatric central nervous system
tumours: a systematic review. Frontiers in Oncology. 2023;13.

60. Irestorm E, van Gorp M, Twisk J, Nijhof S, de Bont J, Grootenhuis M, et al. Longitudinal
development of fatigue after treatment for childhood cancer: a national cohort study. Acta Oncologica.
2023;62(10):1309-21.

61. Harrison PL, Oakland T. Adaptive Behavior Assessment System, Third Edition (ABAS-3-NL)
Amsterdam, NL: Hogrefe; 2020.

62. Irwin DE, Gross HE, Stucky BD, Thissen D, DeWitt EM, Lai JS, et al. Development of six PROMIS
pediatrics proxy-report item banks. Health and quality of life outcomes. 2012;10:1-13.
63. Irwin DE, Stucky B, Langer MM, Thissen D, DeWitt EM, Lai J-S, et al. An item response analysis of

the pediatric PROMIS anxiety and depressive symptoms scales. Quality of Life Research. 2010;19:595-607.
64. Dewalt DA, Thissen D, Stucky BD, Langer MM, Morgan Dewitt E, Irwin DE, et al. PROMIS Pediatric
Peer Relationships Scale: development of a peer relationships item bank as part of social health
measurement. Health Psychol. 2013;32(10):1093-103.

65. Haverman L, van Oers HA, Limperg PF, Houtzager BA, Huisman J, Darlington AS, et al.
Development and validation of the distress thermometer for parents of a chronically ill child. J Pediatr.
2013;163(4):1140-6.e2.

66. Faul F, Erdfelder E, Lang AG, Buchner A. G*Power 3: a flexible statistical power analysis program
for the social, behavioral, and biomedical sciences. Behav Res Methods. 2007;39(2):175-91.

67. (IKNL) NCCO. Netherlands Cancer Registry: Data & Figures 2025 [Available from:
https://iknl.nl/en/ncr/ncr-data-figures.

68. IBM CORP. IBM SPSS Statistics. Armonk, N.Y. USA: IBM Corp.

69. R Core Team. R: A Language and Environment for Statistical Computing. Vienna, Austria: R
Foundation for Statistical Computing.

70. Micklewright JL, King TZ, Morris RD, Krawiecki N. Quantifying pediatric neuro-oncology risk factors:
development of the neurological predictor scale. J Child Neurol. 2008;23(4):455-8.

71. Torres VA, Ashford JM, Wright E, Xu J, Zhang H, Merchant TE, et al. The impact of socioeconomic
status (SES) on cognitive outcomes following radiotherapy for pediatric brain tumors: a prospective,
longitudinal trial. Neuro Oncol. 2021;23(7):1173-82.

72. Singer JM, Rocha FMM, Nobre JS. Graphical Tools for Detecting Departures from Linear Mixed
Model Assumptions and Some Remedial Measures. International Statistical Review. 2017;85(2):290-324.
73. Cohen J. A power primer. Psychol Bull. 1992;112(1):155-9.

74. Duff K, Atkinson TJ, Suhrie KR, Dalley BC, Schaefer SY, Hammers DB. Short-term practice effects
in mild cognitive impairment: Evaluating different methods of change. J Clin Exp Neuropsychol.
2017;39(4):396-407.



https://iknl.nl/en/ncr/ncr-data-figures

75. Maassen GH, Bossema E, Brand N. Reliable change and practice effects: outcomes of various
indices compared. J Clin Exp Neuropsychol. 2009;31(3):339-52.

76. Moscato E, Patronick J, Wade SL. Family functioning and adaptation following pediatric brain tumor:
A systematic review. Pediatr Blood Cancer. 2022;69(2):€29470.

77. Hocking MC, Walsh KS, Hardy KK, Conklin HM. Addressing Neurocognitive Late Effects in Pediatric
Cancer Survivors: Current Approaches and Future Opportunities. J Clin Oncol. 2021;39(16):1824-32.

78. Moscato EL, Albee MV, Anil A, Hocking MC. The interaction of family functioning and disease- and
treatment-related factors on quality of life for children after cancer. J Psychosoc Oncol. 2025;43(1):143-55.





