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Abstract

Background: Survivors of childhood cancer represent a growing population with a long life expectancy but high risks of
treatment-induced morbidity and premature mortality. Regular physical activity (PA) may improvetheir long-term health; however,
high-quality empirical knowledge is sparse.

Objective: The Physical Activity and Fitnessin Childhood Cancer Survivors (PACCS) study comprises 4 work packages (WPs)
aiming for the objective determination of PA and self-reported health behavior, fatigue, and quality of life (WP 1); physical fitness
determination (WP 2); the evaluation of barriersto and facilitators of PA (WP 1 and 3); and the feasibility testing of anintervention
to increase PA and physical fitness (WP 4).
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Methods: The PACCS study will use a mixed methods design, combining patient-reported outcome measures and objective
clinical and physiological assessmentswith qualitative data gathering methods. A total of 500 survivors of childhood cancer aged
9 to 18 years with >1 year after treatment completion will be recruited in follow-up care clinics in Norway, Denmark, Finland,
Germany, and Switzerland. All participants will participate in WP 1, of which approximately 150, 40, and 30 will be recruited
to WP 2, WP3, and WP 4, respectively. The reference material for WP 1 is available from existing studies, whereas WP 2 will
recruit healthy controls. PA levels will be measured using ActiGraph accelerometers and self-reports. Validated questionnaires
will be used to assess hedlth behaviors, fatigue, and quality of life. Physical fitness will be measured by a cardiopulmonary
exercise test, isometric muscle strength tests, and muscle power and endurance tests. Limiting factors will be identified via
neurological, pulmonary, and cardiac evaluations and the assessment of body composition and muscle size. Semistructured,
qualitative interviews, analyzed using systematic text condensation, will identify the perceived barriers to and facilitators of PA
for survivors of childhood cancer. In WP 4, we will evaluate the feasibility of a 6-month personalized PA intervention with the
involvement of local structures.

Results: Ethical approvals have been secured at all participating sites (Norwegian Regional Committee for Medical Research
Ethics[2016/953 and 2018/739]; the Odl o University Hospital Data Protection Officer; equivalent ingtitutionsin Finland, Denmark
[file H-19032270], Germany, and Switzerland [Ethics Committee of Northwestern and Central Switzerland, project ID:
2019-00410]). Data collection for WP 1 to 3 is complete. This will be completed by July 2022 for WP 4. Several publications
are aready in preparation, and 2 have been published.

Conclusions: The PACCS study will generate high-quality knowledge that will contribute to the devel opment of an evidence-based
PA intervention for young survivors of childhood cancer to improve their long-term care and health. Wewill identify physiological,
psychological, and socia barriers to PA that can be targeted in interventions with immediate benefits for young survivors of

childhood cancer in need of rehabilitation.
International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2022;11(3):€35838) doi: 10.2196/35838
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Introduction

Background

Improved diagnostics and treatment of pediatric cancer over
the past decades have drastically increased 5-year survival rates
to >80% [1]. Therefore, the population of survivors is rapidly
growing, and there are currently an estimated >500,000 survivors
of childhood cancer in Europe[2]. Survivorsof childhood cancer
represent a vulnerable population, which is expected to face
high, long-term risks of morbidity [3,4] and early mortality
because of the late effects of cancer and itstreatment [5-7]. Late
effects can arise years or decades beyond treatment completion;
by the age of 50 years, approximately all survivorsof childhood
cancer experience multiple chronic health conditions [8]. Late
effects include, among others, cardiorespiratory disorders,
endocrine dysfunction, secondary cancers, musculoskeletal
deficits, metabolic syndrome, early frailty, neurocognitive
impairments, and fatigue, resulting in reduced quality of life
(QoL) [3,4,8]. Increased knowledge of the negative
consequences of treatment has prompted efforts to improve the
long-term QoL and health outcomes of survivors of childhood
cancer.

There is increasing evidence for a range of positive effects of
regular physical activity (PA) on reducing risks of late effects,
early mortality, and improving QoL in both adult [9-16] and
young survivors of childhood cancer [10,16,17]. However,
reduced levels of PA and physical fitness (PF) in survivors of
childhood cancer compared with control s have been consistently
reported, albeit with substantial heterogeneity across studies

https://www.researchprotocol s.org/2022/3/e35838

[9]. Objectively measured PA levels in childhood and early
adolescent survivors of childhood cancer support thesefindings,
suggesting considerably reduced PA levels compared with
controls in the small-scale studies that exist [18]. Moreover,
studies among adult survivors of childhood cancer suggest that
reduced PA levels persist for a substantial proportion of
survivors well into adulthood [19,20]. Thus, thereis aneed for
effective PA interventions among young survivors of childhood
cancer to establish healthy PA routines at an early age. A modest
body of research indicates the effectiveness of PA interventions
on PA behavior and physical, psychosocial, cognitive, and social
outcomes for groups of young survivors of childhood cancer
[10,16,17]; however, PA recommendationsare currently limited
by important knowledge gaps and methodol ogical shortcomings,
including low sample sizes, single-center samples, and large
heterogeneity across studies[9,10,16,17]. Datafrom large-scale
studies of survivors of childhood cancer representing multiple
diagnostic groups and countries, using device-based
measurements, are still lacking.

K nowledge gaps regarding PF in young survivors of childhood
cancer are even more prevalent than for PA [21]; however,
findingsindicate that PFisalso persistently poorer among young
survivors of childhood cancer with reduced cardiorespiratory
fitness (9%-23%) [ 22,23] and muscle strength (10%-20%) [9,24]
than the age-matched controls. Interestingly, the difference in
PF between survivors of childhood cancer and healthy controls
seems to progress years after treatment [22]. Research within
our group suggests that Norwegian adult survivors of childhood
leukemia and lymphoma experience reduced exercise capacity
because of the cardiotoxic effect of treatment [25] and lower
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QoL compared with cancer-free controls even >20 years after
diagnosis [26]. Thus, low levels of PA and PF may exacerbate
already increased risk of late effects, functional limitations, and
reduced QoL for survivors of childhood cancer well into
adulthood [27,28].

Research on young survivors' perspectives on what facilitates
and hinders participation in PA is also scarce [29,30]. The
observed lower levels of PA among young survivors of
childhood cancer than in the general population are often
attributed to a range of physical and psychosocia factors,
including (1) adverse consequences of cancer therapies on PF
and function [17]; (2) anxiety and overprotective attitudes
toward PA [31]; and (3) the cancer and treatment may coincide
with the period in lifewhen children start organized sports, thus
contributing to an ability gap to healthy peers[22]. Late effects
and PF deficitsinterfere with physical, psychological, and social
functioning and the ability to participate in daily and socia
activitiesin approximately 50% of adult survivors of childhood
cancer [32]. Therefore, limitationsto engaging in PA can create
a vicious circle of reduced activity levels, which further
negatively influence long-term development, health, and
functioning. Therefore, knowledge of perceived barriers and
facilitators for survivors of childhood cancer regarding PA and
exercise programsis needed to devel op effective and sustainable
PA interventions.

Objectives

The overal aim of the Physical Activity and Fitness in
Childhood Cancer Survivors (PACCS) study is to address the
abovementioned research gaps and generate knowledge that
will contribute to the development of an evidence-based PA
intervention for young survivors of childhood cancer. The
PACCS study is run by an international multidisciplinary
consortium, including Norway, Finland, Denmark, Germany,
and Switzerland, and includes four work packages (WPs) with
the following main objectives:

Lieeta

1 Objectively determine levels of PA and sedentary time
among survivors of childhood cancer compared with
reference data and identify physiological, psychological,
and socia correlates, including QoL and fatigue (WP 1)

2. Objectively determine PF and identify physical and
physiological factors limiting PF in survivors of childhood
cancer compared with controls (WP 2)

3. ldentify physical, psychological, social, and contextual
factorsthat act asbarriersto and facilitators for engagement
in PA in survivors of childhood cancer; furthermore, to
identify opportunities for collaboration between specialist
and municipality health care servicesto establish systematic
PA interventions locally for survivors of childhood cancer
(WP3)

4. Develop and feasibility test a PA intervention as a
preparation for a future well-designed large randomized
controlled trial based on results from WP 1 to 3 (WP 4)

Methods

Study Design, Study Population, and Inclusion Criteria

The PACCS study [33] is an international multicenter study
based on a mixed methods design that combines clinical and
physiological assessment methods, patient-reported outcome
measures, qualitative interviews, and afeasibility intervention.
WPs 1, 2, and 3 have a cross-sectional design, whereas WP 4
will be asingle-arm (intervention only), multicenter, open PA
feasibility trial. The study popul ation comprises young survivors
of childhood cancer (aged 9-18 years) recruited from seven
medical centersin Europe: 2in Norway (Oslo and Bergen) and
Finland (Turku and Tampere) and 1 in Denmark (Copenhagen),
Germany (Essen), and Switzerland (Basel). Survivors of
childhood cancer with any malignant disease, at least 1 year
after completion of cancer treatment, and those attending
outpatient follow-up care consultationsare digiblefor inclusion.
Survivors of childhood cancer will be excluded if there are
language difficulties or limited cognitive functioning. Figure 1
provides an overview of the different WPs.

Figure 1. Overview of the objectives and methods for the 4 work packages (WPs) of the Physical Activity and Fitnessin Childhood Cancer Survivors

study.

WP 1 (Norway, Denmark, Finland,

‘WP 2 (Norway, Switzerland)

‘WP 3 (Norway, Denmark)

Germany, Switzerland)
Objectn e: Determine levels of PA
among survivors of-childhood cancer
versus reference data and identify
associated correlates :
Sample: 500 survivors of cthdhood
cancer, aged 9-16 years :
Methods: Objective (Acthraphs) and
subjective measures of PA and -
sedentary time, health behaviors,
perceivéd barriers to PA, fatigué,

| Objective: Determine PF and identify

| physical and physiological factors

| limiting PF in survivors of childhood

| cancer versus matched controls :

1 Sample: 150 survivors of childhcod

| cancer aged 9-18 years from WP 1 and

| 150 age- and sex-matched controls

| Methods: Clinical and laboratory-based
1 measurements of VOi,.,, muscle:

| strength and body composition, and

| medical factors limiting PF
psychological adjustment, and QoL (| . o

Objective: Identify psychological. social
and contextual barriers and facilitators of
PA, and how to integrate an intervention in
existing municipality school and health care
systems - : :
Sample/methods:

Interviews: Appr0x1mately 40 purposely
sampled survivors of childhood cancer aged
0-18 years from WP 1 and their parents.
Focus groups: Approximately10 school
nurses and 10 physical education teachers

J

y

central and local coaches

WP 4. (N orway, Germany, leand)

Ohjectlw Develop a safe and effecme PA: intervention based on findings from WP 1-3 and assess its- feas1b1[1ry
Sample: 30 survivors of childhood cancer from WP 1 in the lowest tertile of objectively measured PA levels
Methods: Feasibility study of a personalized 6-month intervention, including coachmg of the survivor and ongoing support from
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We aimed to include a minimum of 500 survivors of childhood
cancer aged 9 to 16 yearsin WP 1. We aimed to consecutively
enroll approximately 150 participantsfrom WP 1to WP 2. The
age group in WP 2 will be 9 to 18 years, as 1 to 2 years may,
in some sites, elapse from inclusion into WP 1 to participation
in WP 2. In addition, in WP 2, 150 age- and sex-matched
controls will be enrolled. A subsample of 40 selected WP 1
participants and one of their parentswill beinvited to participate
inqualitativeinterviewsin WP 3. Participantswill be purposely
sampled to maximize the variation of key sociodemographic
and clinical factors, including activity levels and rural or urban
places of residence. Approximately 10 school nurses and 10
physical education teachers will also be recruited. In WP 4,
around 30 survivors of childhood cancer aged 12 to 18 years
within the lowest tertia of total PA, as assessed by the
accelerometer in WP 1, without contraindications for vigorous
PA, will be recruited among the participants of WP 1. As WP
4 is a pilot feasibility study, we aim to recruit survivors of

https://www.researchprotocol s.org/2022/3/e35838
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different diagnoses, age ranges, and genders. All countries and
study sites will participate in WP 1; Norway and Switzerland
will participatein WP 2; Norway and Denmark will participate
in WP 3; and Norway, Finland, and Germany will participate
inWP 4.

Assessments, Power Calculations, and Statistical
Analyses

WP 1

Overview

Outcomes of WP 1 include objective and subjective assessments
of PA and sedentary behavior, barriers to PA, fatigue,
psychological adjustment, and QoL . The self-reported measures,
as well as demographic variables, will be collected using
electronic questionnaires. An overview of the key variables
assessed in WP 1 is presented in Table 1.
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Table 1. Overview of factors assessed at each study site for WPs?1, 2, and 4.

Variables WP 1, al WP 2 WP 4; Oslo,
sites Bergen,
Turku, and
Essen

Oslo Bergen Basel

Objectively assessed
Physical activity (counts per minute; sedentary time; light, moderate, and vigorous [ O a ad ad
ax:tivity)b
Echocardiography
Lung function g g O

Neurological tests

Cardiopulmonary Exercise Testing e 0e O e
Knee extension strength o o g ne
Hand grip g O O

Chest press strength O a ad of
Countermovement jump

1-Minute sit-to-stand test O a ad a

O
O

Body composition (DXAY)

Muscle thickness (ultrasound)

Blood volume and hemoglobin mass

Anthropometric variables (height and weight) d
Puberty stage (Tanner)

O 0o o o o
O
O

Medical variables (diagnosis, time since diagnosis, treatment, time sincetreatment, [
medication use, and comorbidities)

Questionnaires
Demographic variables (age and gender)h'i 0 a O O O

Self-reported PAIK includi ng recreationa sports participation and active commuting 0
habits™

Physical educati on' 0

O
O

Perceived PA barriers: 15 items covering reasons for not being physical active™

Attitude toward PA (perceived physical competence, perceived enjoyment, and ad
motivation)

Television or screen time" O
Diet, including sugar rich beverages™® 0
Sleepi ad
Quality of life (PedsQLP) O 0
Fatigue (PedsQL MDFY scale) a 0

Psychological adjustment (SDQ") 0

AWP: work package.

BFor WP 1, 2, and 4: ActiGraph model GT3X+, ActiGraph LLC; for WP 4: real-time tracking of PA over 6 months (time spent in activity, type of
activity, and intensity and steps) using a Polar watch (Polar Global).

CCardiopulmonary exercise testing on a treadmill.
dCardiopul monary exercise testing on abike.
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€l sometric knee extension strength is tested on the custom-built strength ergometer similar to WP 2 in Bergen and Oslo and on sites own commercial

devicesin Turku and Essen.

fUpper arm strength is tested as isometric chest press on the custom-built strength ergometer similar to WP 2 in Bergen and Oslo and on sites own
commercial device in Essen. Turku performed a dynamic upper extremity lifting test in a standing position.

9DXA: dual-energy x-ray absorptiometry.

Pitems from the Health in Adolescents study [34].

'Items from the Physical Activity in Norwegian Children Study [35].
Ipa: physical activity.

KNumber of counts per minute (cpm; primary outcome); fulfillment of physical activity (PA) recommendations (>60 minutes of moderate to vigorous
PA per day); PA intensity categories (counts translated into metabolic energy equivalents of intensities): sedentary time (<100 cpm), light (100-1999

cpm), moderate (2000-5999 cpm), and vigorous (=6000 cpm).

litems from the Relevance of Physical Activity Contextsin the Everyday Life of Adolescents study [36].
MConstructed for the purpose of the Physical Activity and Fitness in Childhood Cancer Survivors study based on literature review and expert and user

input.

M tems from the Health Behavior in School-aged Children study [37].
%ltems from the UngKost [38].

PPedsQL : Pediatric Quality of Life Inventory [39].

9PedsQL MDF: Pediatric Quality of Life Inventory Multidimensional Fatigue scale [40].

'SDQ: Strength and Difficulties Questionnaire [41].

Assessment of PA and Sedentary Time by Accelerometer

PA and sedentary time will be assessed objectively by
accelerometers worn for 7 days during the awake time to
measure accelerations of +6 G to -6 G (ActiGraph model
GT3X+, ActiGraph LLC). The samplerate of the accelerometer
is set to measure the raw signals at 30 Hz. Total PA will be
described as the number of counts per minute (cpm), which is
ameasure of the volume of PA assessed by the accelerometer.
The accelerometer datawill be uploaded by all collaboratorsto
a central server located at the Norwegian School of Sport
Sciencesand analyzed at onesite. Accelerometer measurements
with at least four valid measurement days (=480 min/day) will
be included in the analysis.

The activity counts from the accelerometers will be translated
into metabolic energy equivalents of intensities as sedentary
time (<100 cpm), light (100-1999 cpm), moderate (2000-5999
cpm), and vigorous (>6000 cpm) PA [42]. Participants will be
categorized as reaching the international recommendations for
PA if they engagein at least 60 minutes of moderateto vigorous
PA (=2000 cpm) per day on average over valid accelerometer
measurement days.

Questionnaires

Overview

All questionnaireswill be completed electronically using tablet
computers. Different questionnaires are available for survivors
of childhood cancer aged 9 to 12 years and their parents (proxy
reports) and survivors of childhood cancer aged 13 to 16 years
and their parents. The questionnaires comprise mainly validated
and standardized questions (Table 1). Questionnaires will be
translated into local language if validated trandations do not
exist, following recommended forward—-backward trandation
procedures. Questionnaire data will be directly uploaded and
stored on the secured server for sensitive data at the University
of Oslo’s Center for Information Technology.

https://www.researchprotocol s.org/2022/3/e35838

Self-reported PA and Exercise

Items pertaining to exercisein leisuretime will be measured by
questions extracted from studies of age- and sex-stratified
reference material (the Health in Adolescents study, Physical
Activity among Norwegian Children study wave 2 [35], and
the Relevance of Physical Activity Contexts in the Everyday
Life of Adolescents [REPAC]; the REPAC study described
below [34-36]) to enable comparisons. The questionstarget PA
and include frequency, duration, and type of PA or exerciseand
active transportation (questionnaires are available upon request).

Physical Education in School

Questions regarding attitudes and participation toward physical
education before and after the cancer experience are based on
the questionnaire of an ongoing study of approximately 3000
Norwegian adolescents (REPAC study) [36].

Perceived PA Barriers

Perceived barriers to being physically active will be assessed
using a self-constructed questionnaire. Survivors of childhood
cancer will rate degree of agreement with 15 statements in
responseto the question | am less physically activethan | want
to because;....” The 15 statements reflect potential physical,
psychosocial, and mental barriers to PA and were designed
based on clinical experience, input from user representatives,
and pilot testing. Examples of statementsare“| don’'t havetime
for it; 1 don't know how active | can or should be; My body
feelstoo heavy; | am too fatigued; | have pain; My parents tell
me to be careful.” Each statement is scored on a 5-point
Likert-type scale ranging from totally disagreeto totally agree.

Screen Time

Screen time (time spent in front of a computer, watching
television, playing computer games, surfing on theinternet, and
chatting) will be assessed by 2 questions from a questionnaire
used in alarge international study on children and adolescents
(the Health Behavior in School-aged Children study) [37].
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Diet and Nutrition

A total of 3 questions regarding diet were extracted from a
nationally representative study on children and adolescents
dietary habits, called the Norwegian Ungkost study [38].

Sleep
Participants will report when they usually get out of bed and
when they go to bed on school days[43].

QoL Questionnaire

QoL will be measured using the Pediatric QoL Inventory
(PedsQL) core module [39]. The PedsQL includes four
subscales—physical, emotional, socia, and school
functioning—and has 2 different modules validated for children
aged 8 to 12 years and adolescents aged 13 to 18 years. The
PedsQL has been used in children with cancer [40]. In addition,
parents will be asked to complete the parent module (proxy
report) of the PedsQL.

Fatigue

Fatigue will be measured using the PedsQL Multidimensional
Fatigue Scale, which measures generadl fatigue, dleep/rest fatigue,
and cognitive fatigue [40]. Parents will complete the respective
parent modules.

Psychological Adjustment

The Strength and Difficulties Questionnaire (SDQ) will beused
to measure psychological adjustment and emotional problems.
The SDQ iswidely used in children aged 8 to 17 years [41].

Other Variables

Parents will provide sociodemographic variables in their
guestionnaire (child's age, child's sex, parents' education, and
parents’ income).

Information Extracted From Medical Records

Thefollowing variables will be collected from medical records
and stored on Services for Sensitive Data (TSD): sex, age at
diagnosis, cancer diagnosis, month and year of diagnosis, month
and year when completed treatment, type of treatment
(chemotherapy, surgery, radiation [dose—in Gy—and ared],
and stem cell transplantation), recurrence, diagnosis and
treatment before or after puberty, weight, and height at thetime
of the study.

Reference M aterial

Age- and sex-stratified reference material for the primary and
most of the secondary outcomes are available for comparison
of marginal meansand will be provided from several large-scale
studies among healthy children and adol escents. Referenceson
PA and sedentary time will be available from two Norwegian
studies—the Physical Activity among Norwegian Children
study wave 2 (N=3538; age 9 and 15 years) [35], Health in
Adolescents study (N=1528; age 11 and 13 years) [34]—and
one German study—the German Health study (N=1500-2000;
age 610 17 years) [44]. Age- and sex-dtratified national reference
materials are aso available for attitudes toward physical
education (REPAC) [36], screen time (Health Behavior in
School-aged Children study) [37], and psychosocial measures
(PedsQL [45], PedsQL Multidimensional Fatigue Scale [46],
and SDQ [47]).

https://www.researchprotocol s.org/2022/3/e35838
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Power Calculation and Statistical AnalysesWP 1

From studies in the general Norwegian population, we know
that children aged 9 to 15 years engage in an average of 549
(SD 180) cpm (measured by accelerometer) [35]. We assumed
reduced PA levelsin survivors of childhood cancer. To estimate
a difference of 10% in objectively measured PA between
survivors of childhood cancer and healthy controls (494 vs 549
cpm, SD 180 for both; power=80%; significance level P<.05,
one-sided), we need to include 250 survivors of childhood
cancer. Given the heterogeneity in the expected sample (age
and diagnoses) and to facilitate subgroup comparisons, weam
to include at least n=500 in WP 1 to facilitate subgroup
comparisons.

Descriptive statistics will be used to present the levels of PA
(including different intensity measures and activity patterns)
and sedentary time of survivors of childhood cancer compared
with the reference materials and PA recommendations.
Multilevel models (mixed models) will be used to adjust for the
different study sites as random intercepts. We will perform
univariable and multivariable multilevel regression models
(linear, logistic, or ordinal depending on the outcome) to (1)
assessthe clinical and sociodemographic factors associated with
meeting the PA recommendations in survivors of childhood
cancer; (2) assess clinical and sociodemographic factors
associated with different patterns or levels of PA and sedentary
time; and (3) assess the associations among PA patternsor levels
(exposure) and QoL fatigue, and other health behaviors.

WP 2
Overview

Measures

Outcomes of WP 2 include measurements of cardiorespiratory
fitness, muscle strength, power, and muscular endurance.
Norway (Oslo and Bergen) and Switzerland (Basel) will
participate in WP 2 (Table 1 provides an overview of tests and
self-reported measures performed at each site specific to WP
2). In Norway, age- and sex-matched controls will be the
same-age friend or sibling of the survivor of childhood cancer,
chosen and invited by the survivors of childhood cancer
themselves. In Switzerland, age- and sex-matched controlswill
be recruited from siblings or friends of survivors or within the
network of the Swiss PACCS study team.

Cardiorespiratory Fitness

Before testing, survivors of childhood cancer will undergo a
cardiological screening. Peak oxygen uptake (VO,peak) will
be assessed using a cardiopulmonary exercise test (CPET). In
Norway, the CPET will be performed by walking and running
on atreadmill using achild-friendly continuous graded treadmill
protocol until exhaustion [48], whereas in Switzerland, the
CPET will be performed on a cycle ergometer using an
incremental bike protocol from Godfrey [49]. The starting
workload after habituation to the treadmill will be 3.0 km/hour
at 0% inclination. The workload will then be increased every
minute by alternately increasing the speed by 1 km/hour and
theinclination by 2% every other minute. For the bike protocol,
the initial workload will be set to 10, 15, or 20 W depending
on the child’'s height and increased by 10, 15, or 20 W every
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minute, respectively. The participants will be encouraged to
keep a pedaling frequency of 60 to 90 revolutions per minute.
Gas exchange and ventilatory variables will be measured
continuously, breath by breath, using a Hans Rudolph 2-way
breathing mask (Hans Rudolph). Peak heart rate will be
measured through a 12-lead electrocardiogram, and blood
pressure and transcutaneous oxygen saturation will be measured
after 5 minutes of rest in the sitting position, during the test,
and shortly after termination. The Borg rating [50] of perceived
exertion will be assessed at the end of thetest. The VO,peak is
defined as the highest oxygen consumption value sampled over
a30-secondinterval. The ventilatory threshold will be calculated
using the ventilatory equivalent method, expressed as oxygen
uptake (VO,). The minute ventilation (VE) and carbon dioxide
responses during exercise will be used to calculate the
V E/carbon dioxide uptake slope. The breathing reserve will be
calculated using measured maximal voluntary ventilation
(MVV) and the maximal VE using the following equation:

(IMVV = VE]/MVV) x 100 (1)
The oxygen pulse will be calculated by dividing VO,peak (in
mL) by the peak heart rate [51].

| sometric Strength

Isometric bench press and isometric leg extension will be
performed using acustom-built strength ergometer (Gym 2000)
with astrain gauge (US2A 100 kg, Holtinger) and acustom-made
amplifier. The ergometer is specially designed for testing
children. In the bench press test, participants will be instructed
to push an (upward) static bar with maximal effort for 5 seconds.
The participants will lie on the ergometer with the bar height
adjusted so that the elbow angle is 90° to get the upper armin
a horizontal position and the lower arm in a vertical position.
The participants will be required to maintain the elbow angle
throughout the duration of the trial. Each participant will
perform at least three trialswith 2 minutes of rest between each
trial but will be allowed to continue with further trials as long
as improvements are observed. The highest value of the trials
will be used for later analysis. In the knee extension test, the
participant will be seated at the short end of the ergometer bench
with his or her back straight, arms down, and hands lightly
gripping the seat. During contraction, both hip and knee joint
angles will be flexed at 90° (180° will be fully extended),
respectively. For the knee extension isometric test, the
participants will also perform at |east three trial swith 2-minute
rest between trials but will be allowed to continue with further
trials as long as improvement is observed. The best result in
each test will be used for later analysis. Hand-grip strength will
be measured in the left and right hands (Baseline Life Hand
Dynamometer) while the participant will be standing and with
the arm extended and pointing down. Each hand will be
measured 3 times, with alternating sides, starting with the right
hand and approximately 30-second breaks between
measurements. The best result for each hand will be used for
later analysis.

Muscular Endurance

Muscular endurance will be tested using the 1-minute
sit-to-stand (STS) test [52]. The participantswill perform 1 test
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trial at least 20 minutes before the final test. The number of
repetitions of standing up and sitting down from a chair within
1 minutein thefinal test will be recorded. In addition, the Borg
rating [50] of perceived exertion will be assessed at the end of
thetest. Thetest will be performed on aheight-adjustable chair
to ensure a90° knee angle. The 1-minute STS test showed high
reliability and good criterion-related validity with other exercise
capacity tests such as the 6-minute walk test or stair climbing
[53-56].

Countermovement Jump

All jumps will be performed on a portable force plate (FP4;
HUR-Laboratories Oy). Hands will be placed on the hips
throughout the test, and the angular displacement of the knees
will be standardized so that the participants are instructed to
sguat down until the knees are bent at approximately 90° and
then immediately jump vertically as high as possible, landing
back on the force plate on both feet at the sametime. The jump
height and power will be measured [57]. The best result of at
least three attempts will be recorded; however, the participants
will be allowed to continue to jJump as long as improvements
are made. There will be 1 minute of rest between the trials.

Blood Volume and Hemoglobin Mass

A known carbon monoxide (CO) dose of approximately 1.2
mL/kg body mass will be administered and rebreathed for 2
minutes. Capillary fingertip blood samples will be collected
beforethe start of the test and 7 minutes after the administration
of the CO dose. Both blood samples will be measured a
minimum of 5 times to determine the percentage of
carboxyhemogl obin using an OSM 3 Hemoximeter (Radiometer).
Hemoglobin mass will be calculated from the mean change in
percentage of carboxyhemoglobin before and after rebreathing
CO [58]. Blood volume, plasma volume, and red cell volume
will be calculated from hemoglobin mass using venous
hemoglobin and venous hematocrit according to Burge and
Skinner [59] and Heinicke et al [60].

Lung Function

Lung function will be measured using the maximal expiratory
flow volume loops. Forced expiratory volume in 1 second,
forced vital capacity (FVC), maximal expiratory flow at 50%
of FVC (MEFs), peak expiratory flow, and the ratio of forced
expiratory volume in 1 second to FVC will be recorded. Lung
volumes (total lung capacity and residual volume) and airway
resistance will be measured using standardized whole-body
plethysmography. Diffusion capacity will be measured using
the single-breath method, and the result will be adjusted for
serum hemoglobin levels. All measurements are according to
the American Thoracic Society/European Respiratory Societies
guidelines. The Global Lung Function Initiative reference
equations will be used, and the outcomes will be expressed as
absolute values, percent predicted, and z scores and the lower
limit of normal.

Cardiac Examination

A full functional echocardiography protocol, including 2D,
color, pulsed, continuous, and tissue Doppler registrations, will
be performed using a GE Vivid E95 ultrasound machine (GE
Healthcare) with 4- and 5 MHz 2D probes (4Vc-D or M5Sc).
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3D volumes will be acquired as multi-beat fusions with breath
hold. Theframeratefor 2D imageswill be kept between 50 and
90 frames per second for 2D strain measurements. Automatic
image optimization will be used asthe default setting, supplied
by manual optimization, as required. Parasternal, apical,
selective right ventricular apical, and subcostal views will be
applied. For clinical use, left ventricular gjection fraction, as
calculated by the Simpson biplane method, fractional shortening
by m-mode (MediMatic Compacs software), and peak systolic
left ventricular global longitudina strain (GE EchoPac
software), will be reported in addition to any other positive
findings of clinical significance. Additional research-based
measurements will be performed as the mean value of 3
consecutive cardiac cycles. Left ventricular 4D volumes will
be measured using a semiautomatic method (EchoPac
Auto-LVQ).

Neurological Evaluation

Detailed patient history and clinical neurological examination
will be performed. The symptoms and findings relevant for
polyneuropathy and neuropathic pain will be scored according
to the Toronto Neuropathy Symptom Score, Douleur
Neuropathique 4, and Neupsig criteria for neuropathic pain
[61-63]. Standard nerve conduction studies on three motor
nerves (ulnar, peroneal, and tibial), four sensory nerves (ulnar,
radial, superficial peroneal, and sural), and one mixed motor or
sensory nerve (tibial plantar nerve) will be performed.
Assessment of small fiber function will be conducted by
guantitative thermal testing (cold perception threshold and
warmth perception threshold) on the hands and feet. All
measurements will be performed on the right extremities. The
temperature will be maintained at >30 °Cinfeet and >32°Cin
hand. Polyneuropathy will be diagnosed and classified according
to the criteria suggested by Tesfaye et al [64] as possible,
probable, or confirmed polyneuropathy (clinical grading) and
according to the Tesfaye neurophysiological criteria (stadium
0, 1la 1b, 2a and 2b), which includes subclinical
polyneuropathy.

Anthropometry and Maturity

Body weight will be measured using adigital scale (SECA 876
GmbH and Co), with participants wearing light clothing and no
shoes. Height will be measured using astadiometer (SECA 217
GmbH and Co). Body composition will be assessed by
dual-energy x-ray absorptiometry (Lunar iDXA GE Healthcare
using the enCORE software Version 14.10.022). Participants
will be scanned from head to toe in asupine position, providing
values for total lean tissue (kg), fat mass (kg), bone minera
content, and bone mineral density. In WP 2, the puberty stage
of survivors of childhood cancer will be assessed clinically by
amedical physician at the first visit in Norway. In addition, all
participants (survivor of childhood cancer and controls) will
self-assess their puberty stage using a modified Tanner method
[65].

Muscle Thickness

Muscle thickness and pennation angle of the musculus vastus
lateralis and thickness of the musculus biceps brachii will be
measured by B-mode ultrasound using alinear-array transducer
(50 mm, 5-12 MHz, HD11XE, Philips Ultrasound, revision
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2.0.3). The sites for the measurements will be on one-third of
the humerus length measured from the lateral epicondyle for
the musculus biceps brachii and on 40% of the femur length
measured from the lateral epicondyle for the musculus vastus
lateralis.

PA Measures

Whenever the time between participation in WP 1 and
recruitment in WP 2 exceeds 3 months, PA will be remeasured
by accelerometers as described above (WP 1).

Data Management

Study data will be collected and managed using REDCap
(Research Electronic Data Capture) electronic data capturetools
hosted at the Norwegian School of Sport Sciences [66,67].
REDCap is a secure, web-based software platform designed to
support data capture for research studies. Data from all sites
will be entered by the study sitesindependently in REDCap.

Power Calculation and Statistical Analyses WP 2

Sample size calculations and power assessment were based on
VO,peak. On the basis of results from international studies, we
expect to find a difference of 10% between survivors of
childhood cancer and controls [22]. To detect a difference of
10% in VO,peak between survivors and healthy controls, with
a datistical strength of 80%, the study needs to include 23
survivors of childhood cancer. The same number of patientsare
needed to get the same statistical power for the strength tests
assuming adifference of 10%. Owing to heterogeneity between
diagnostic groups and the need for subgroup analysis (diagnosis,
age, and gender), we plan to include 150 survivors aswe expect
the group size to be as small as 30 participants.

We will use descriptive statistics to present the current PF,
physiological determinants of PF, and PA of survivors of
childhood cancer compared with controls. Wewill use multilevel
(mixed) linear model sto compare PF and PA between survivors
of childhood cancer and controls and include an interaction term
(for instance, age group, gender, and diagnosis) to identify
differencesin physiological determinants between survivors of
childhood cancer and controls. All analyseswill be adjusted for
the study site by including sites as random intercepts in the
mixed models. Where available and depending on the research
guestion, the fitness outcomes will be transformed into z scores
according to the norm data. Depending on the outcome, we will
perform univariable and multivariable mixed logistic, linear, or
ordinal regression modelsto identify clinical and physiological
factors associated with PF in survivors.

WP 3

The outcomes of WP 3 include facilitators of and barriers to
PA. Norway (Oslo and Bergen) and Denmark (Copenhagen)
will participate in WP 3.

Theoretical Framework and Procedures

The World Health Organization’s International Classification
of Functioning, Disability, and Health for Children and Youth
(ICF-CY) illustrates the interrelationships between body
functions and structural impairments (eg, late effects), activity
limitations, and restricted ability to participate within an
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individual’s context of environmental and personal factors to
predict outcomes (eg, functioning and health) [68]. Therefore,
the ICF-CY is a suitable biopsychosocial framework to
systematically identify potential barriers to and facilitators of
PA among young survivors of childhood cancer. Inspired by
the ICF-CY model, we will explore facilitators of and barriers
to PA through in-depth interviews with young survivors of
childhood cancer and their parents. A semistructured interview
guidewill be devel oped based on current knowledge of barriers
toand facilitators of PA and inspired by the | CF-CY framework
(Multimedia Appendix 1) to beused at al 3 sites. Theinterviews
will follow the guide and last approximately 15 to 60 minutes.
All interviews will be audio recorded and transcribed ad
verbatim.

Data AnalysisWP 3

NVivo software will be used for data management and analysis
[69]. Analysiswill be conducted in parallel with data collection
to ensure that any new issues of interest arising are explored in
subsequent interviews. Interviews from survivors and parents
will beanalyzed separately. All datawill be analyzed according
to the principles of thematic anaysis [70,71]. After
familiarization with the initial interviews, a least two
researchers will analyze the data line by line, creating codes
reflecting the contents of each utterance to ensure objectivity
[72,73]. Any disagreements regarding the codes will be
discussed with the project group and settled. For analytical rigor,
codeswill be used and discussed by all members of the research
team to develop a codebook that will be used in all interviews
for all sites. Wewill follow the COREQ (Consolidated Criteria
for Reporting Qualitative Studies) guidelines for conducting
and reporting qualitative research [74].

WP 4

Overview

WP 4 aimsto develop and feasibility test a sustainable and safe
PA intervention for survivors of childhood cancer based on the
results obtained in WPs 1 to 3. Norway, Finland, and Germany
will participate in WP 4. The study will comprise two study
visits (baseline and after 6 months), including self-reported
guestionnaires, interviews, measurement of PA, and PF tests
(Table 1; Table S1 in Multimedia Appendix 1). In between, the
survivors will participate in a personalized PA intervention,
followed by central and local coaches.

In specific, we aim to do the following:

1. Describe the adherence to and acceptability, satisfaction,
and safety of the personalized PA intervention

2. Test the involvement of local structures (parents, school,
teachers, peers, community and school nurses, and sports
clubs) to improve the PA of survivors

3. Assesstheeffect of the intervention on PA, attitude toward
PA, QoL, fatigue, and PF

4. Explore the experiences of survivors of childhood cancer
and their parents of participating in the PA intervention

5. Explore the central coaches experiences providing the
intervention and collaborating with local structures
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Intervention

The exercise intervention will last 6 months and starts with a
personal motivationa interview (MI) session at the baseline
study visit. For each survivor, acentral study coach isappointed
who performsthe M1 and, together with the participant, defines
apersona target of duration and intensity of PAs per week. The
MI technique is a communication method that involves
enhancing a patient’sinternal motivation to change[75]. During
this session, local structures (local coaches) will be identified
that can help and support the survivor to reach their PA goals
and maintain a more active lifestyle after the intervention. On
the basis of this assessment, individualized PAs are defined and
implemented into asurvivor'sdaily life. Each survivor will get
awritten personalized plan at the end of the session and a Polar
watch (Polar Global) to track their behavior and provide
immediate feedback on their achievements.

The central study coach will follow up with the survivor and
local coaches with a phone call based on a predefined schedule
of decreasing frequency over time (Table S1 in Multimedia
Appendix 1). During the follow-up phone calls, the coach uses
MI-inspired techniques and a standardized guideline to discuss
adherence, motivation, progress, and possible problems. The
training program can be adapted, and solutions for solving
problems will be searched. The central coach will also follow
the PA behavior in real time based on the Polar watch and set
up an additional follow-up contact if the survivor struggles to
reach his or her activity goals. The central coaches will be
trained in the use of MI techniquesto be used in theinitial and
follow-up conversations with survivors.

Assessments

Table S1 in Multimedia Appendix 1 gives an overview of all
assessmentsin WP 4.

Feasibility Parameters

Recruitment

The number of contacted and recruited survivors with reasons
for nonrecruitment will be recorded by the study nurses at each
site.

PA Parameters

PA will be measured by an accelerometer as described for WP
1 at baseline and after 6 months. In addition, the PA will be
tracked continuously with the Polar watch (Polar Global). At
each follow-up discussion with the central coaches, the survivors
will be asked about their participation in the agreed PA program
and, if applicable, reasons for nonparticipation.

Compliance (Adherence and Retention)

Compliance with the PA intervention will be assessed based on
the PA measurements described above. In addition, we will
record the number of contacts of each survivor with the central
and local coaches and the number of missing information at
each study time point. Dropouts and reasons for dropout will
be assessed by the study nurses.

Safety

Safety and adverse eventswill be assessed by the central coaches
during follow-up calls.
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Subjective Rating of the I ntervention and Its Motivational
Features

At the end of the intervention, the survivors will give their
subjective rating of satisfaction with participation in and
intended sustainability of the PA intervention. The questions
will be developed specifically for this study.

Attitude Toward PA (Barriers, Percelved Physical Competence,
Perceived Enjoyment, and Moativation)

Attitudes toward PA will be assessed at baseline and at 2 and
6 months. The same questionsasin WP 1 will be used to assess
barriers to PA. Perceived physical competence (3 items) and
perceived enjoyment (5 items) will be measured by items from
the Children’s Attraction to PA scale [ 76-78]. Motivation toward
PA will be measured using the Behavioral Regulation in
Exercise Questionnaire 2 [79].

QoL and Fatigue

At baseline and 6 months, survivors will fill in the same
guestionnaires as in WP 1 to assess QoL and fatigue (only
self-reported version and no parent module).

PF Assessment

PF will be assessed during the study visits at baseline and after
6 months. All siteswill perform a CPET and 1-minute ST Stest
according to the same protocol as described for WP 2. In
addition, Odo and Bergen will perform the same isometric
strength tests (knee extension and chest press) asin WP 2. Turku
will perform the same knee extension test as WP2 but on its
own device as well as a dynamic upper extremity lifting test
(standing with 5 kg dumbbells for women and 10 kg for men;
number of repetitions are reported). Essen will perform the same
isometric knee extension and chest pressasin WP2 but on their
own devices.

QualitativelnterviewsWith Survivors, Parents, and Central
Coaches

Feasihility, acceptability, sustainability, and satisfaction with
the PA intervention will also be assessed by qualitative in-depth
interviews in a subsample of survivors and their parents from
the Odlo site at the 6-month visit (8-15 survivors and their
parents until information saturation is reached). Furthermore,
the central coaches will participate in afocus group interview
to explore their views on feasibility, acceptability, and
satisfaction. The interview guides are provided in Multimedia
Appendix 2.

Data Management

All self-reported questionnaireswill be answered electronically
either on the study tablet PCs during the study visits (baseline
and 6 months) or from home via a persona link (2 months).
The questionnaireswill be linked to the TSD secure data server
at the University of Odlo, where the data will be stored.
Device-measured data (Actigraph and Polar watch [Polar
Global]) will be downloaded and added to the folder on the
TSD. Information assessed by the study nurses, central coaches,
and assessors of the physical testing will be collected in
Microsoft Excel files and stored on TSD. All information will
then be merged into a master data file using the statistical
software STATA (version 17 or newer; StataCorp LLC).
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Data AnalysesWP 4

Quantitative Data

As this is a feasibility study, we will mainly use descriptive
statistics to present the study results. We will use numbers and
proportions to describe categorical variables and means, SDs
(or median and IQR if the data are skewed), and ranges to
describe continuous variables. P valueswill be calcul ated based
on appropriate univariable and multivariable model sdepending
on the outcome and adjusted for the study site by introducing
arandom intercept (mixed model). P values are interpreted as
flagging trends and not as hypothesis tests.

Qualitative Data

Qualitative content analyses of interview transcripts will be
performed [70].

Ethics Approval

The PACCS study has been approved by the Norwegian
Regional Committee for Medical Research Ethics (WP 1,3,4:
2016/953 and WP 2:2018/739), the Data Protection Officer at
Odlo University Hospital, and by the equivalent institutionsin
Finland, Denmark (file. H-19032270), Germany, and
Switzerland (Ethics Committee of Northwestern and Central
Switzerland; project ID: 2019-00410). Approvals from the
regional ethical committees for medical and health research at
all sites and the project owner institution are the assumptions
for theimplementation of the project. Asmost of the participants
will be too young to provide valid informed consent, they will
receive written and verbal information about the studies adapted
to their developmental stage. Parents or legal guardians will
provide written consent on their behal f. School nurses, physical
education teachers, and other relevant parties participating in
WP 3 will provide informed consent in writing. This protocol
is written according to the SPIRIT (Standard Protocol Items:
Recommendations for Interventional Trials) guidelines[80].

Results

Research activity for this study commenced in November 2016
with the piloting of questionnaires and recruitment to WP 1 at
the Odlo, Norway site. The project received funding from the
Research Council of Norway for the period from June 2018 to
June 2022. International collaboration was established after
June 2018. Data collection at all siteswas initiated by October
2020 for WP 1 and concluded on January 2021, with 517
survivors of childhood cancer included. Data cleaning and
analysis are currently underway. A total of articles are under
preparation for publication. Data collection for WP 2 was
initiated in January 2019 and concluded in December 2020,
with 157 survivors of childhood cancer and 113 controls
included. Data cleaning and analysis are currently being
conducted. A tota of 6 articles are planned based on the WP 2
data set. Datacollection for WP 3wasinitiated in January 2018.
Peatient and parent interviewswere concluded in July 2020, with
63 survivors of childhood cancer and 68 parents. Interviews
with local stakeholders were initiated in January 2020 and
concluded in October 2020, with a total of 18 participants
interviewed (teachers, special needsteachers, and school nurses).
Datafrom the patient and parent interviews have been analyzed
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and are currently being written for publication. A total of 2
articles have been published as of January 2022 [81,82], and 2
more are under preparation for publication. Datafrominterviews
with local stakeholders are currently being analyzed, and 1
articleis planned. WP 4 recruitment was initiated in May 2021
and is still ongoing as of January 2022. The study is planned to
be completed by July 2022. As of January 2022, 23 survivors
of childhood cancer have been included, of which 11 have
completed theintervention. Detailed plansfor dataanaysesfor
WPs 1 to 4 are described in the "Assessments, Power
Calculations, and Statistical Analyses' section.

Discussion

Principal Findings

Survivors of childhood cancer represent a constantly growing
population in society with high morbidity [4], premature
mortality [83], and increased uptake of socia benefits [84].
Owing to their disease and treatment exposure, they are at risk
of chronic medical conditions such as cardiovascular and
pulmonary diseases, secondary cancers, metabolic syndrome
and obesity, osteoporosis, fatigue, neurocognitive complaints,
and psychological distress, al of which can negatively affect
PF and function and, thereby, the survivors' ability to participate
in everyday and social activities[3,4,8]. Optionsfor preventing
late effects are currently limited; however, a few small-scale
intervention studies indicate promising effects of PA on
promoting physical functioning, health, and QoL [10-13].
However, important knowledge gaps and methodological
shortcomings remain, including heterogeneity of the samples,
lack of controls, quality of assessment methods, and outcome
measures used, limiting the generalizability of the results[17].
This applies to survivors of childhood cancer in general,
especially for young survivors of childhood cancer aged <18
years.

The PACCS study will generate high-quality, generaizable,
objective, and robust data on PA and PF in young survivors of
childhood cancer compared with controls, as well as on
physiological, psychological, and social factors associated with
PA and PF in young survivors of childhood cancer. These data
are crucial to establish the extent of the need for PA
interventions for young survivors of childhood cancer and for
the development and testing of evidence-based, safe, and
efficacious PA interventions. Moreover, the data generating
WPs and theintervention devel opment will follow abehavioral
science approach, supported by the theoretical framework of
the ICF-CY, to strengthen their methodological rigor [85].
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The resulting intervention will make use of and test behavioral
change strategies (M1) for feasibility as a means of tailoring
PAs and goals to the individual survivors, with adherence
monitored using activity-tracking watches. Thiswill contribute
to overcoming barriersto PA and low adherence rates, thereby
potentially increasing the sustainability of such interventions.
Crucialy, sustainability of the intervention is boosted by
anchoring it localy in the survivor's home environment, in
collaboration with key school, health, and sports activity
personnel to maintain focus on PA beyond the intervention
period.

PA is currently not a part of routine follow-up care in many
countries, and non—evidence-based PA programs are only
sporadically offered to survivors of childhood cancer. Thus, the
international, multidisciplinary nature of the PACCS consortium,
representing 6 European pediatric oncology institutions, will
aid the harmonization of PA programs and counseling.
Therefore, the project results may improve the current clinical
practice.

Promoting regular moderate to vigorous levels of PA in
survivors of childhood cancer islikely to reduce cardiovascul ar
morbidity [86] and mortality [14,87-89], osteoporosis, and
fatigue and increase psychological well-being. Moreover, as
PA is an important determinant of PF, both PA and PF are
essential for gaining developmental skills in children and
adolescents. Ensuring sufficient level s of PA inyoung survivors
of childhood cancer islikely to have long-reaching benefits for
their functioning and, therefore, the opportunity to be active
and participating members of society, including maintaining
friendshipsand participating in sports and recreational activities.
As such, systematic PA rehabilitation programs have the
potential to reduce the burden of survival on individual
survivors, aswell as reduce health care and socia costsfor the
survivors of childhood cancer.

Conclusions

Adolescence provides a golden period of life for the
establishment of healthy behaviors and is, therefore, the prime
target for intervention [27,42,90]. Our intention is to design a
rehabilitation program that uses already existing local expertise
and infrastructure. Moreover, if successful, the results of the
observational study and feasibility intervention may be
extrapolated to other groups of adolescents with chronic health
problems; for example, adolescents with congenital heart defects
or chronic pulmonary diseases. Thus, the project may benefit
larger patient groups.
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