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Abstract

Background: A debilitating late effect for childhood cancer survivors (CCS) is cancer-related fatigue (CRF). Little is
known about the prevalence and risk factors of fatigue in this population. Here we describe the methodology of
the Dutch Childhood Cancer Survivor Late Effect Study on fatigue (DCCSS LATER fatigue study). The aim of the
DCCSS LATER fatigue study is to examine the prevalence of and factors associated with CRF, proposing a model
which discerns predisposing, triggering, maintaining and moderating factors. Triggering factors are related to the
cancer diagnosis and treatment during childhood and are thought to trigger fatigue symptoms. Maintaining factors
are daily life- and psychosocial factors which may perpetuate fatigue once triggered. Moderating factors might
influence the way fatigue symptoms express in individuals. Predisposing factors already existed before the
diagnosis, such as genetic factors, and are thought to increase the vulnerability to develop fatigue. Methodology of
the participant inclusion, data collection and planned analyses of the DCCSS LATER fatigue study are presented.

Results: Data of 1955 CCS and 455 siblings was collected. Analysis of the data is planned and we aim to start
reporting the first results in 2022.

Conclusion: The DCCSS LATER fatigue study will provide information on the epidemiology of CRF and investigate
the role of a broad range of associated factors in CCS. Insight in associated factors for fatigue in survivors
experiencing severe and persistent fatigue may help identify individuals at risk for developing CRF and may aid in
the development of interventions.
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Background models to investigate associated factors of CRF have
Childhood cancer survival rate has improved signifi- focused on patients and survivors of adult-onset
cantly over the last few decades, with currently ancancer [L3, 14]. In the current study we will focus on
expected 5-year survival rate of more than 80%-8]. CRF in CCS using a model which distinguishes be-
Unfortunately, survival does not come without conse- tween predisposing, triggering, maintaining and mod-
guences of cancer treatment. Almost three quarters oferating factors (Figl).
Childhood Cancer Survivors (CCS) suffers from late ef- Here, we describe the methodology of the Dutch
fects following cancer treatment which can occur yearsChildhood Cancer Survivor Late Effect Study on fatigue
or even decades after treatmen#][ A debilitating late (DCCSS LATER fatigue study). The aim of the DCCSS
effect is Cancer-Related Fatigue (CRB).[The National LATER fatigue study is to examine the prevalence of
Comprehensive Cancer Network (NCCN) has definedand factors associated with CRF in CCS, based on the
CRF as a distressing, persistent, subjective sense of physresented model. Also, the impact of CRF on QoL in
ical, emotional, and/or cognitive tiredness or exhaustion CCS will be investigated. This is the first study to use a
related to cancer and/or cancer treatment that is not nationwide (Dutch) cohort including all tumor types to
proportional to recent activity and interferes with usual investigate the role of a broad range of associated factors
functioning [6]. It differs from fatigue experienced by of CRF in CCS. Combining these factors in one study
healthy individuals; CRF is more severe, more distreswill hopefully increase the knowledge of CRF in CCS
sing, leads to disability and is less likely to be relieved byand enable adequate identification of risk groups.
rest [7]. In addition, CRF most likely has a negative
impact on quality of life (QoL) but thus far this has only Methods
been investigated in subgroups of CC8, p]. Study design

Previous literature did not establish consensus aboutThe DCCSS LATER fatigue study is a cross-sectional
the prevalence and risk factors of CRF in CCS. Astudy in a nationwide cohort of Dutch CCS. It is part of
systematic review investigating CRF in CCS showed @ghe DCCSS LATER study which is a comprehensive,
wide range in prevalence rates {61.7%,»=18,682) multidisciplinary program for patient care and research
[1Q]. In addition, a recently published guideline for the into various late effects in CCS. Where the DCCSS
surveillance of CRF in childhood, adolescent, and yound ATER fatigue study focuses on fatigue as a late effect
adult cancer survivors also showed a wide range ofn CCS, other DCCSS LATER sub-studies focus on sec-
prevalence rates (£85%,n=11,628) L1]. Both studies ond primary malignancies, thyroid function, hormone
stated that clinical and statistical heterogeneity of previ-deficiency, metabolic syndrome, reproductive potential,
ous literature made it difficult to compare the results bone mineral density, sexuality and psychosexual devel-
and draw conclusions regarding CRF prevalence and rislopment, cardiovascular toxicity, renal effects, pulmonary
factors. To gain knowledge on the prevalence anddysfunction, psychosocial consequences, splenic func-
associated factors of CRF, a sufficiently large, systematiton, hyposalivation and benign sequalae. In all pediatric
and comprehensive multicenter collaborative project wasoncology centers in the Netherlands data was collected
suggested11]. from patient files, questionnaires and during a visit at

Fatigue is a subjective, multifactorial symptom. Diversethe expert clinic for late effects following cancer (LATE
factors such as age, sex, mental status and health statt® outpatient clinic). During the visit, which took place
have, among others, been shown to influence fatiguebetween 2017 and 2020, participants received regular
[12]. As these factors are closely related, it is desirable tanedical care and simultaneously data was collected for
evaluate their relationship with fatigue following cancer the DCCSS LATER study. The DCCSS LATER fatigue
in a multivariable model. In this way, possible associationsstudy was approved by the Medical Research Ethics
between factors are taken into account and confounding isCommittee of the Amsterdam University Medical Center
corrected for. An example of such a model was presentedregistered at toetsingonline.nl, NL34983.018.10). The
by Bower et al. 13, including diagnosis and treatment re- study was carried out in accordance with the declaration
lated factors and predisposing and maintaining factors toof Helsinki [15].
investigate the role of neuro-immune reactions on CRF in
survivors of adult-onset cancer (ACS). Another multivari- Objectives
able model was presented by Koornstra et al4 to The objectives of the DCCSS LATER fatigue study are
investigate CRF in cancer patients and included a vast arrajo 1) investigate the prevalence of CRF in a cohort of
of associated factors among which were comorbiditiesCCS including all cancer types and 2) determine factors
medication use and tumor related factors. Both modelswhich might be associated with CRF in CCS. This study
emphasize the importance of a multicausal and multidis-will provide an estimate of overall- and treatment
ciplinary approach to investigate CRF. Studies using suclspecific risks for CRF in CCS. This knowledge should
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DCOG-LATER cohort Ineligible CCS
n=6.165 n=1,430
Deceased n=710
Lost to follow-up n=55
> Living abroad n=179
v Refuser any research  n=401
Other n=85
CCS eligible DCCSS LATER study
n=4,735
Non-participants (58.7%)
n= 2,780
_—
4 Non-responder n=1,472
Refuser n=744
Participants (41.3%) IC - no participation n=237
n=1,955 No/missing fat. data n=327

Contacted siblings Ineligible siblings

=21
n=1,714 n=215
Deceased n=2
Lost to follow-up n=78
—_— L
Living abroad n=21
3 Refuser any research n=4
R . Oth =110
Siblings eligible DCCSS LATER e "
study
n=1,499 —
Non-participants (69.6%)
n=1044
—_—
\ 4 Non-responder n= 836
Refuser n=122
Participants (30.4%) IC - no participation n=135
n= 455 No/missing fat. data n=51

Fig. 2 Flowcharts. a: Flowchart of the CCS participants. b: Flowchart of the sibling participants. IC — no participation: Gave consent, however did
not participate. No/missing fat. Data: Did not complete the Checklist Individual Strength subscale fatigue (CIS-fatigue), or duration fatigue
symptoms was unknown. When only one item of the ClS-fatigue was missing, the missing value was imputed with the mean score of the other
seven items (n =5 survivors and n = 3 siblings). Participants with two or more missing values on the CIS-fatigue were excluded

their siblings which were used to invite them to psychological factors which contribute to health and
participate. Siblings, who have not had cancer anddisease of the general population. When we start data
who can read and speak Dutch, and who gave writtenanalysis for the DCCSS LATER fatigue studdifelines
informed consent, were approached to participate indata of approximately 90.000 participants will be made
the sibling control group (Fig.2b). available and will then be matched on age and sex with
the survivors. The Lifelines control group will be
Population controls Data of Dutch population controls substantially larger than the CCS study group, ensuring
participating in the Lifelines project will be used as a sec- sufficient power to analyze differences in prevalence
ond control group, since siblings may be affected by therates. Participants with a (self-reported) history of cancer
disease history of their brother or sister in some way.will not be included in this control group.
These participants broadly represent the general Dutch
population. Lifelines is a multi-disciplinary prospective Data collection
population-based cohort study examining in a unique Fatigue
three-generation design the health and health-relatedThe Checklist Individual Strength (CIS)1g], a 20-item
behaviors of approximately 167,000 persons living in thequestionnaire, scored on a 7-point Likert Scale, was used
North East of The Netherlands17]. It employs a broad to assess fatigue severity. The CIS measures several
range of investigative procedures in assessing thaspects of fatigue using the subscalggigue severity
biomedical, socio-demographic, behavioral, physical andCIS-fatigue; 8 items) concentration (5 items),
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