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Background: The purpose of this study was to determine factors associated with chronic fatigue (CF) in childhood
cancer survivors (CCS).

Patients and methods: Participants were included from the Dutch Childhood Cancer Survivor Study (DCCSS) LATER
cohort, a nationwide cohort of CCS (>5 years after diagnosis) and siblings as controls. Fatigue severity was assessed
with the ‘fatigue severity subscale’ of the Checklist Individual Strength (‘CIS-fatigue’). CF was defined as scoring >35
on the ‘CIS-fatigue’ and having fatigue symptoms for >6 months. Twenty-four parameters were assessed,
categorized into assumed fatigue triggering, maintaining and moderating factors. Multivariable logistic regression
analyses were carried out to investigate the association of these factors with CF.

Results: A total of 1927 CCS participated in the study (40.7% of invited cohort), of whom 23.6% reported CF (compared
with 15.6% in sibling controls, P < 0.001). The following factors were associated with CF: obesity [versus healthy weight,
odds ratio (OR) 1.93; 95% confidence interval (Cl) 1.30-2.87], moderate physical inactivity (versus physical active, OR
2.36; 95% Cl 1.67-3.34), poor sleep (yes versus no, OR 2.03; 95% Cl 1.54-2.68), (sub)clinical anxiety (yes versus no,
OR 1.55; 95% Cl 1.10-2.19), (sub)clinical depression (yes versus no, OR 2.07; 95% Cl 1.20-3.59), pain (continuous, OR
1.49; 95% Cl 1.33-1.66), self-esteem (continuous, OR 0.95; 95% ClI 0.92-0.98), helplessness (continuous, OR 1.13;
95% Cl 1.08-1.19), social functioning (continuous, OR 0.98; 95% Cl 0.97-0.99) and female sex (versus male sex, OR
1.79; 95% Cl 1.36-2.37).

Conclusion: CF is a prevalent symptom in CCS that is associated with several assumed maintaining factors, with lifestyle
and psychosocial factors being the most prominent. These are modifiable factors and may therefore be beneficial to
prevent or reduce CF in CCS.
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INTRODUCTION childhood cancer treatment leading to an impaired quality
of life.” Few studies have investigated which factors are
associated with CF in childhood cancer survivors (CCS),>®
but these studies focused on a specific group of factors,
e.g., treatment-related factors or demographic factors only,
or included small subgroups of CCS participants, limited to

certain diagnoses or age groups. Various variables have

Chronic fatigue (CF), defined as severe fatigue that persists
for at least 6 months, is a common late effect following
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been associated with fatigue in CCS, including factors
related to the childhood cancer (e.g., type of diagnosis or
treatment), demographics (e.g., age and sex), and lifestyle
and psychosocial aspects (e.g., depression, sleeping
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Figure 1. Proposed model showing assumed relations between factors and CF in CCS. Figure shows assumed relations of study parameters that have previously been
found to be associated with CF."° Triggering factors are assumed to play a role at the onset of fatigue. Maintaining factors are assumed to perpetuate fatigue once
triggered. Moderating factors are assumed to have an effect on the strength of fatigue symptoms in individuals. The following change has been made compared with
the model presented in%: age at diagnosis is considered a triggering factor ensuring all treatment/diagnosis-related factors are categorized in one group of factors as
we assume childhood cancer and its treatment to be a triggering factor for fatigue. Also, we believe age at diagnosis to play a part at the onset of fatigue, which is the
definition of the assumed triggering factors, and not so much a moderating factor many years after diagnosis. Comorbidities are categorized following previously

published main organ system categories.'*
CF, chronic fatigue; CSS, childhood cancer survivors.

disorders, physical (in)activity).”” Due to methodological
differences between the studies, however, it is difficult to
draw conclusions regarding the strength of the association
of these factors with CF in CCS. To investigate the relative
relations with CF in CCS, these factors should be studied
together in a large cohort of CCS, including all childhood
cancer diagnoses.

We have proposed a model to arrange factors in one
comprehensive multivariable model in order to determine
associated factors for CF in CCS.'° In the model, factors are
categorized based on their assumed relation with CF
(Figure 1): triggering factors (thought to play a role at the
onset of CF), maintaining factors (thought to perpetuate
fatigue once triggered) and moderating factors (might in-
fluence the way fatigue expresses in individuals). In a pre-
vious questionnaire-based study, where the prevalence of
CF was determined in CCS and sibling controls, parts of the
proposed model were tested and female sex, being unem-
ployed, having comorbidities and CNS as a childhood cancer
diagnosis were associated with CF.! Based on the model
performance, however, it was concluded that additional

2 https://doi.org/10.1016/j.esmoop.2023.102044

factors need to be considered to explain CF in CCS." In the
current study we collected and analyzed all factors of the
proposed model in a large nationwide cohort of CCS, which
allowed us to determine the relative association of the
factors with CF, in an attempt to address the current
knowledge gap. The secondary aim of the study was to
confirm previous found prevalence rates of CF in a Dutch
nationwide cohort of CCS and sibling controls.

METHODS

Study design and participants

This study was part of the Dutch Childhood Cancer Survivor
Study Late Effect (DCCSS LATER) study part 2.'% Participants
were included from the DCCSS LATER cohort, a nationwide
cohort including all 5-year cancer survivors who were
diagnosed before the age of 18 between 1 January 1963
and 31 December 2001 in the Netherlands (n = 6165,
baseline characteristics described elsewhere®). Of this
cohort, CCS who were still alive and living in The
Netherlands and who were not lost to follow-up or had
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previously declined to participate in any research were
eligible to participate in the study (n = 4735).

In addition, siblings of the CCS participants were asked to
participate as a control group to compare CF prevalence
rates. Contact information was provided by the CCS par-
ticipants and siblings who had not had cancer who were
approached to participate (n = 1499).

All participants for the current study were 18 years or
older, were able to read and speak Dutch and gave written
informed consent to participate. The DCCSS LATER fatigue
study was approved by the Medical Research Ethics Com-
mittee of the Amsterdam University Medical Centers
(registered at toetsingonline.nl, NL34983.018.10).

Data collection

A detailed description of the methodology and data
collection was previously published.’® In short, data were
collected during a visit at the LATER outpatient clinic, which
took place between 2017 and 2020 in one of the seven
pediatric oncology centers in the Netherlands. Fatigue
severity was assessed with the ‘fatigue severity subscale’ of
the Checklist Individual Strength (CIS),"* a questionnaire
shown to have satisfying psychometric properties in CCS.>
CF was defined as a score of 35 or higher on the ‘CIS’ fa-
tigue severity subscale, indicating severe fatigue,'® which
persists for 6 months or longer (duration of fatigue symp-
toms was assessed in a separate item next to the CIS).
Participants were included if they had sufficient data to
determine their fatigue status: at least seven of the eight
CIS fatigue severity items completed (with one missing
value, the mean of the remaining completed items was
imputed) and the duration of fatigue symptoms known (if
fatigue severity subscale score >35).

Additionally, the following measures were completed as
previous research indicated these factors to be related to
fatigue’*°: height and weight to calculate body mass index
(BMI); social outcomes, e.g., level of education, employ-
ment status and relationship status, were assessed using a
questionnaire (see Supplementary Table S1, available at
https://doi.org/10.1016/j.esmoop.2023.102044 for specific
items); somatic comorbidities were assessed using a ques-
tionnaire (see Supplementary Table S1, available at https://
doi.org/10.1016/j.esmo0p.2023.102044 for details) and
categorized as having 0, 1-2 or >2 of previously defined
physical outcomes™’; pain was assessed using a six-point
Likert scale; physical activity was assessed using the Euro-
pean Prospective Investigation into Cancer and Nutrition
(EPIC) physical activity questionnaire and categorized
following the four-point physical activity index as being
active, moderately active, moderately inactive or inac-
tive'’'%; sleep quality was assessed using the Pittsburg
Sleep Quality Index (PSQIl) with a score of >5 to indicate
poor sleep’®?°; anxiety and depression were assessed using
the Hospital Anxiety and Depression Scale (HADS) with
subscale score of >8 indicating (sub)clinical anxiety and
depression®™?%; grip strength was measured with a hand
dynamometer to reflect muscle strength’®; social
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functioning was assessed using the TNO (Netherlands
Organisation for Applied Scientific Research) and AZL (Lei-
den University Medical Centre) Questionnaire for Adult’s
Quality of Life (TAAQOL) social functioning domain®*;
self-esteem was assessed using the Rosenberg Self-Esteem
Scale (RSES)**?; feelings of helplessness, acceptance and
perceived benefits were assessed using the Iliness Cognition
Questionnaire (1CQ)>"*%; as an inflammatory marker, C-
reactive protein (CRP) levels were analyzed from venous
blood samples. Treatment and diagnosis data of primary
diagnoses and all recurrences of the CCS participants were
collected from medical records by data managers using a
uniform protocol.”’ Details about data collection, categori-
zation and availability for each of these measures are given
in Supplementary Table S1, available at https://doi.org/10.
1016/j.esmoop.2023.102044. If participants were not able
to visit the outpatient clinic, questionnaires could be
completed from home digitally.

Statistical analyses

Differences in baseline characteristics between study par-
ticipants and non-participants, i.e., non-responders and
excluded participants because of missing/insufficient fa-
tigue data or age <18 years, were compared using chi-
square tests (with Cramér’s V effect size).

Prevalence rates of CF of CCS and sibling controls were
compared using a chi-square analysis and an additional
regression analysis to adjust for age and sex differences. To
determine which factors were associated with CF in CCS,
multivariable logistic regression analyses with CF (yes/no)
as dependent variable and the assumed triggering factors
(primary childhood cancer diagnosis and treatment, he-
matopoietic stem cell transplantation, cancer recurrence,
age at diagnosis), maintaining factors (BMl, physical activity
index, (sub)clinical anxiety, (sub)clinical depression, pain,
self-esteem, illness cognition, muscle strength, inflamma-
tory markers, social functioning, sleep problems, comor-
bidities), and moderating factors (sex, age at assessment,
educational level, employment status, relationship status)
as independent variables were conducted. Due to power
restrictions, we used a forward selection procedure to come
to a final model including the most strongly related factors.
Firstly, each group of factors—the assumed triggering,
maintaining and moderating factors—was analyzed sepa-
rately in a multivariable model, which ensured the relative
associations to be determined, as each analyzed variable
was adjusted for the other variables of the same group.
Variables that were significantly associated with CF (P <
0.05) in the separate models were included in one final
multivariable model. Area under the curve (AUC) was
calculated for the final model as an indication of model
performance, with >0.7 considered acceptable.?® Variance
inflation factors (VIF) were calculated for all independent
variables with a threshold of >5 to test for problematic
multicollinearity.®*

IBM SPSS (IBM Corp. Released 2017. IBM SPSS Statistics
for Windows, Version 25.0. Armonk, NY) was used for the
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Table 1. Demographic characteristics of CCS & sibling participants and
childhood cancer diagnostic and treatment characteristics of the CCS
participants
Characteristic CCS (n = Siblings (n = P value
1927) 449)
N (%) N (%)
Sex
Male 996 (51.7) 165 (36.7) <0.001°
Female 931 (48.3) 284 (63.3)
Age at assessment (years)
Mean (SD) 351(9.3)  36.8(10.2) 0.001"
18-29 599 (31.1) 118 (26.3) 0.023°
30-39 737 (38.2) 165 (36.7)
>40 591 (30.7) 166 (37.0)
CF
Yes 454 (23.6) 70 (15.6) <0.001°
No 1473 (76.4) 379 (84.4)
Age at diagnosis (years)
Mean (SD) 6.7 (4.7)
0-5 886 (46.0)
>5-10 519 (26.9)
>10-15 414 (21.5)
>15-18 108 (5.6)
Primary childhood cancer
diagnosis®
Leukemia 678 (35.3)
Non-Hodgkin’s lymphoma” 234 (12.1)
Hodgkin’s lymphoma 135 (7.0)
CNS 177 (9.2)
Neuroblastoma 111 (5.8)
Retinoblastoma 10 (0.5)
Renal tumors 220 (11.4)
Hepatic tumors 17 (0.9)
Bone tumors 109 (5.7)
Soft tissue tumors 141 (7.3)
Germ cell tumors 65 (3.4)
Other and unspecified” 30 (1.6)
Period of childhood cancer
diagnosis
1963-1969 29 (1.5)
1970-1979 255 (13.2)
1980-1989 607 (31.5)
>1990 1036 (53.6)
Childhood cancer treatment®
Surgery only 131 (6.8)
Chemotherapy, no 1047 (54.3)
radiotherapy
Radiotherapy, no 100 (5.2)
chemotherapy
Radiotherapy and 640 (33.2)
chemotherapy
No treatment/treatment 9 (0.5)
unknown
Stem cell transplantation
Yes 131 (6.8)
No 1783 (92.5)
Unknown 13 (0.7)
Cancer recurrence
No 1675 (86.9)
Yes 252 (13.1)

CCS, childhood cancer survivors; CF, chronic fatigue; CNS, central nervous system;
SD, standard deviation.

“Diagnostic groups included all malignancies covered by the third edition of the
International Classification of Childhood Cancer (ICCC-3) as well as multifocal
Langerhans cell histiocytosis.

PIncludes all morphology codes specified in the ICCC-3 under lymphomas and
reticuloendothelial neoplasms, except for Hodgkin’s lymphomas. Also includes
multifocal Langerhans cell histiocytosis.

“Includes all morphology codes specified in the ICC-3 under other malignant
epithelial neoplasms and malignant melanomas and other and unspecified
malignant neoplasms.

4Treatment data included primary treatment and all recurrences.

€Chi-square test.

4 https://doi.org/10.1016/j.esmoop.2023.102044
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findependent t-test.
8Chi-square test and logistic regression analysis to correct for age and sex.

analyses. Missing data of the independent variables,
assumed to be missing at random (no pattern observed),
were imputed with multiple imputation, using the Markov
chain Monte Carlo method to create 20 imputed datasets
and using Rubin’s rules to pool the analyses.**** Number of
missing values per study variable are shown in
Supplementary Table S1, available at https://doi.org/10.
1016/j.esmo0p.2023.102044. All study variables were
included in the multiple imputation process, including the
diagnosis and treatment-related variables which had no
missing values. Complete case analysis was done as a
sensitivity analysis.

RESULTS

Participant characteristics

A total of 2282 CCS and 506 siblings participated in the
DCCSS LATER fatigue study part 2 (48.2% and 33.8% of
eligible persons, respectively). Of these participants, 1927
CCS and 449 siblings completed the fatigue questionnaire
for the current study (‘CIS fatigue severity’ subscale score
and duration fatigue). The flowcharts are depicted in
Supplementary Figure S1, available at https://doi.org/10.
1016/j.esmoop.2023.102044. Participant characteristics are
shown in Table 1.

Compared with non-participants (non-responders, lack-
ing/missing fatigue questionnaire data or age <18 years),
participants were more often female (48.3% versus 39.9%, P
< 0.001), more often treated with a combination of
chemotherapy and radiotherapy (33.2% versus 24.4%, P <
0.001) and more often received hematopoietic stem cell
transplantation (6.8% versus 3.9%, P = 0.001), however
effect sizes for these differences were small (0.09, 0.13 and
0.07, respectively). An overview of participant and non-
participant characteristics is shown in Supplementary
Table S2, available at https://doi.org/10.1016/j.esmoop.
2023.102044.

Prevalence and associated factors

Prevalence of CF was 23.6% in CCS compared with 15.6% in
siblings (P < 0.001, also after correction for age and sex).
Table 2 shows the results of the multivariable logistic
regression analyses. Analyses of the separate multivariable
models showed no association with the triggering factors,
but several maintaining and moderating factors to be
associated with CF. The latter were included in the final
multivariable model in which obesity [versus healthy
weight, odds ratio (OR) 1.93; 95% confidence interval (Cl)
1.30-2.87], moderate physical inactivity (versus physical
active, OR 2.36; 95% Cl 1.67-3.34), poor sleep (yes versus
no, OR 2.03; 95% Cl 1.54-2.68), (sub)clinical anxiety (yes
versus no, OR 1.55; 95% Cl 1.10-2.19), (sub)clinical
depression (yes versus no, OR 2.07; 95% Cl 1.20-3.59), pain
(continuous, OR 1.49; 95% ClI 1.33-1.66), self-esteem
(continuous, OR 0.95; 95% CI 0.92-0.98), helplessness
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Table 2. Results of logistic regression analyses showing lifestyle and psychosocial and demographic factors to be associated with CF

Factor % Non CF participants* % CF participants* Separate models® Final model’
(n = 1473) (n = 454) OR 95% Cl OR 95% Cl
Triggering factors
Age at diagnosis (years)
0-5 47.1 42.3 ref ref
>5-10 26.6 28.0 1.15 0.88-1.52
>10-15 20.6 24.4 1.34 0.99-1.83
>15-18 5.7 5.3 1.02 0.61-1.72
Primary childhood cancer diagnosis®
Leukemia 36.3 31.5 ref ref
Non-Hodgkin’s lymphoma” 123 11.7 1.04 0.72-1.51
Hodgkin’s lymphoma 7.3 6.2 0.76 0.47-1.24
CNS 8.7 10.8 1.23 0.77-1.96
Neuroblastoma 5.5 6.6 1.37 0.83-2.28
Retinoblastoma 0.5 0.7 1.60 0.39-6.66
Renal tumors 11.3 11.9 1.16 0.80-1.69
Hepatic tumors 1.1 0.2 0.26 0.03-2.00
Bone tumors 5.4 6.6 1.25 0.77-2.03
Soft tissue tumors 6.8 9.0 1.37 0.90-2.10
Germ cell tumors 3.5 2.9 0.87 0.45-1.68
Other and unspecified® 14 2.0 1.38 0.59-3.23
Childhood cancer treatment®
Surgery only 6.5 7.7 ref ref
Chemotherapy, no radiotherapy 56.2 48.2 0.88 0.54-1.46
Radiotherapy, no chemotherapy 4.9 6.2 1.12 0.62-2.05
Radiotherapy and chemotherapy 31.8 37.7 1.25 0.76-2.05
No treatment/treatment unknown 0.5 0.2 0.37 0.05-3.12
Hematopoietic stem cell transplantation
No 92.0 94.3 ref ref
Autologous 2.4 2.6 1.14 0.57-2.28
Allogeneic 4.8 29 0.57 0.30-1.08
Unknown 0.8 0.2 0.23 0.03-1.81
Recurrence
No 86.6 87.9 ref ref
Yes 13.4 12.1 0.81 0.57-1.14
Maintaining factors
BMI
Healthy weight 55.2 44.7 ref ref ref ref
Underweight 2.7 4.0 1.26 0.56-2.85 1.36 0.61-3.04
Overweight 31.9 314 1.30 0.95-1.77 1.30 0.95-1.78
Obese 10.2 19.9 2.03 1.37-3.02 1.93 1.30-2.87
Physical activity index
Inactive 4.6 10.1 1.30 0.71-2.38 1.15 0.62-2.15
Moderately inactive 20.3 31.7 242 1.72-3.40 2.36 1.67-3.34
Moderately active 23.8 21.9 1.42 0.98-2.06 1.36 0.94-1.97
Active 51.3 36.3 ref ref ref ref
HADS
(Sub)clinical anxiety (no = ref) 13.4 43.3 1.53 1.09-2.15 1.55 1.10-2.19
(Sub)clinical Depression (no = ref) 3.2 224 2.01 1.15-3.51 2.07 1.20-3.59
Pain
Total score, 1-6 Likert scale 1.74 2.74 1.51 1.35-1.69 1.49 1.33-1.66
Self-esteem
RSES total score (continuous) 33.6 28.7 0.94 0.90-0.97 0.95 0.92-0.98
Iliness cognition (continuous)
Helplessness total score 7.4 10.3 1.11 1.05-1.17 1.13 1.08-1.19
Acceptance total score 20.3 17.9 0.98 0.94-1.02
Disease benefits total score 16.9 16.1 1.02 0.99-1.06
Muscle strength (continuous)
Handgrip strength in kg 40.7 36.1 0.99 0.98-1.00
Inflammatory markers
CRP in mg/| (continuous) 4.4 5.4 1.01 0.99-1.03
Social functioning (continuous)
TAAQOL subscale score 89.6 74.4 0.98 0.97-0.99 0.98 0.97-0.99
psQl
Poor sleeper (no = ref) 28.3 64.0 2.06 1.56-2.72 2.03 1.54-2.68
Comorbidities
0 48.0 33.7 ref
1-2 44.1 47.0 1.09 0.81-1.45
>2 7.9 19.3 131 0.83-2.08
Continued
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Table 2. Continued
Factor % Non CF participants* % CF participants™ Separate models® Final model’
(n = 1473) (n = 454) OR 95% Cl OR 95% Cl
Moderating factors
Sex
Male 56.5 36.1 ref ref ref ref
Female 43.5 63.9 2.29 1.83-2.87 1.79 1.36-2.37
Age at assessment (years)
18-29 329 25.1 ref ref ref ref
30-39 38.1 38.8 1.67 1.26-2.22 1.25 0.89-1.76
>40 29.0 36.1 1.91 1.42-2.56 1.23 0.86-1.77
Educational level
Low 124 16.4 ref ref
Middle 41.9 46.7 0.93 0.66-1.31
High 45.7 36.9 0.74 0.52-1.04
Employment status
Employed 88.8 72.3 ref ref ref ref
Not employed 11.2 27.7 2.79 2.10-3.72 1.34 0.92-1.95
Relationship status
In a relationship 77.8 73.0 0.72 0.54-0.97 0.95 0.67-1.34
Not in a relationship 22.2 27.0 ref ref ref ref

Values in bold indicate statistically significant associations.

95% Cl, 95% confidence interval; BMI, body mass index; CF, chronic fatigue; CNS, central nervous system; CRP, C-reactive protein; HADS, Hospital Anxiety and Depression Scale;
PSQl, Pittsburg Sleep Quality Index; RSES, Rosenberg Self-Esteem Scale; TAAQOL, TNO (Netherlands Organisation for Applied Scientific Research) and AZL (Leiden University

Medical Centre) Questionnaire for Adult’s Quality of Life.

“Diagnostic groups included all malignancies covered by the third edition of the International Classification of Childhood Cancer (ICCC-3) as well as multifocal Langerhans cell

histiocytosis.

PIncludes all morphology codes specified in the ICCC-3 under lymphomas and reticuloendothelial neoplasms, except for Hodgkin’s lymphomas. Also includes multifocal Langerhans

cell histiocytosis.

“Includes all morphology codes specified in the ICC-3 under other malignant epithelial neoplasms and malignant melanomas and other and unspecified malignant neoplasms.

4Treatment data included primary treatment and all recurrences.

“Three separate multivariable logistic regression models with chronic fatigue as dependent variable and the assumed triggering, maintaining and moderating factors as
independent variables. Each variable was adjusted for the other variables of the same group.
fChronic fatigue as dependent variable and the statistically significant (P < 0.05) factors from the separate models as independent variables in one ‘final model’. Each variable was

adjusted for the other variables included in this final model.
*Mean scores are shown for continuous variables.

(continuous, OR 1.13; 95% Cl 1.08-1.19), social functioning
(continuous, OR 0.98; 95% CI 0.97-0.99) and female sex
(versus male sex, OR 1.79; 95% Cl 1.36-2.37) were found to
be associated with CF.

AUC of this model was >0.86 for each imputed dataset
(20 imputations, pooled AUC could not be generated),
indicating excellent model performance. VIF were <2.0 for
all factors included in the analyses, suggesting no prob-
lematic multicollinearity to be present. Based on the found
associations, the proposed model that was presented in
Figure 1 was adjusted and now only includes the factors
that were found to be statistically significantly associated
with CF (Figure 2). Results of a post hoc analysis, investi-
gating in more detail the relation between CF and number
of comorbidities, are shown in Supplementary Table S3,
available at https://doi.org/10.1016/j.esmoop.2023.
102044.

Complete case analysis showed the same variables to be
associated with CF (see Supplementary Table S4, available
at https://doi.org/10.1016/j.esmoop.2023.102044), except
for depression. The complete case analysis lacks statistical
power, however, therefore reliability of these results is
questionable.

DISCUSSION

In the current study we present the prevalence rate and
associated factors of CF in a nationwide cohort of CCS.
Results showed various assumed maintaining factors to be

6 https://doi.org/10.1016/j.esmoop.2023.102044

associated with CF: lifestyle factors—e.g., physical inac-
tivity, obesity and poor sleep—, psychosocial factors—e.g.,
anxiety, depression, self-esteem, social functioning and
feelings of helplessness—and pain showed the most strong
associations with CF.

CF in CCS

We showed that approximately one in four CCS have CF,
emphasizing its magnitude in this population and repli-
cating previous findings.! The increased prevalence of CF in
CSS compared with sibling controls (23.6% versus 15.6%)
suggests the experience of having had cancer during
childhood to increase the likelihood of becoming chronically
fatigued. It could be that symptoms of fatigue persist from
the period of childhood diagnosis, where fatigue is an often
seen as a side-effect of cancer and its treatment,®>*° but
fatigue might also manifest at a later stage in life. In the
latter case, it may be due to the cancer and its treatment
that CCS are more prone to develop CF over time. Only
prospective studies, however, can inform us on how CF
develops over time.

No association between CF and diagnosis and treatment-
related factors was found. This suggests that not a particular
type of diagnosis or treatment triggers CF, but a history of
cancer in general (thus explaining the increased prevalence
in CCS compared with sibling controls). In previous studies,
relations between CF and specific diagnosis-related factors
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triggers fatigue, but a
history of cancer in general
increases the likelihood of
becoming chronically
fatigued
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(psychological)
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(illness cognition)
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J
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Figure 2. Adjusted model showing CF-associated factors in CCS. Figure shows the factors that were statistically significantly associated with CF in the final model.
Triggering factors are assumed to play a role at the onset of fatigue. No specific diagnosis or treatment was found to be associated with CF, still the prevalence of CF in
CCS was increased compared with sibling controls (23.6% versus 15.6%), suggesting that a history of cancer in general plays a role in triggering symptoms of fatigue.
Maintaining factors are assumed to perpetuate fatigue once triggered. Moderating factors are assumed to have an effect on the strength of fatigue symptoms in

individuals.
CF, chronic fatigue; CSS, childhood cancer survivors.

have been found, with an association of CF with CNS as a
childhood cancer diagnosis being the most illustrative.™>” It
was hypothesized that, as a result of treatment to the head/
cranium, these CCS are at increased risk for developing fa-
tigue, similar as they are at risk for neurocognitive impair-
ment.*>® Results showed no such association to be present,
however, when assessed in a large cohort including all
childhood diagnoses. Also, no significant association was
found between CF and radiotherapy locations involving the
head/cranium, i.e., head/cranium, spinal or total body
irradiation (univariable analyses, data not shown). Results
are in line with literature showing CNS tumor patients
treated with cranial/spinal irradiation to have normalized
levels of fatigue after treatment completion compared with
pre-treatment.*®

Lifestyle and psychosocial factors were found to be
associated with CF. Lifestyle and psychosocial factors are
potentially modifiable factors, in contrast to disease and
treatment-related factors. Therefore, focusing on these

Volume 8 m Issue 6 m 2023

modifiable factors for prevention or tailored interventions
might be beneficial to reduce CF. The recommendation
guideline for the surveillance of fatigue in childhood,
adolescent and young adult (CAYA) survivors, proposed by
the International Guideline Harmonization Group (IGHG),
stated that potential risk factors for fatigue are clinical, e.g.,
psychological distress, health issues or pain, and demo-
graphical factors, e.g., age, sex, employment and education,
not diagnosis or treatment-related factors.” Evidence to
support these findings was low to moderate, however,
mainly because of the lack of studies using a validated fa-
tigue measure.’ The current study, using a validated fatigue
measure,’® confirms that not diagnosis and treatment-
related factors, but lifestyle and psychosocial factors are
associated with CF in CCS. Our results are in concordance
with studies in other patient populations suggesting that
CF-related factors are not disease specific, i.e., diagnosis or
treatment-related, but are trans-diagnostic, i.e., are similar
for different long-term medical conditions, such as lifestyle
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and psychosocial-related factors.*®*? These studies found

that factors such as female sex, physical inactivity, sleep
disturbances, depression and pain, which were found to be
associated with CF in our study as well, were associated
with fatigue across different (chronic) diseases and to a
same extent in healthy subjects. This suggests that fatigue is
a generic symptom which expresses similarly over different
(patient) populations, and presumably asks for a generic
approach.

Clinical implications

We found that several assumed maintaining factors, i.e.,
psychosocial and lifestyle factors, were associated with CF.
Therefore, when CCS present with fatigue symptoms, it
might be good to screen for these associated factors or
discuss them during consultation. Symptoms tend to cluster,
as was shown in cancer patients and survivors of adult-
onset cancer,”>™*> therefore it is likely for CSS to present
with multiple symptoms simultaneously as well.

In addition, psychosocial and lifestyle factors are assumed
modifiable variables and are therefore potentially inter-
esting to target when aiming to reduce CF. For example,
previous studies have shown psychological interventions,
e.g., cognitive behavioral therapy (CBT), to be effective in-
terventions to reduce fatigue levels in survivors of adult-
onset cancer and also a pilot study with CBT in CCS
showed promising results.”**° Also, physical activity in-
terventions, e.g., lifestyle and exercise counseling and ex-
ercise or yoga programs, show promising results.’®>! Both
psychological and physical activity interventions are rec-
ommended by the American Society of Clinical Oncology
guideline to treat fatigue in survivors of adult-onset can-
cer’? and the IGHG recommendations for fatigue-
surveillance in CAYA survivors.” The current results show
that targeting psychological and/or lifestyle factors might
indeed be beneficial to reduce fatigue in CCS, thus
encouraging a similar recommendation to treat CF in CCS as
well. To determine the effect of CBT and physical activity
interventions in CCS, however, studies in larger sample sizes
and regional/cultural specific populations are needed to
confirm and validate these results before vast recommen-
dations can be made. Next to possible interventions that
tackle CF-related issues, prevention strategies might benefit
from focusing on CF-associated factors, such as lifestyle
factors, as they might reduce the risk of developing CF.

The role of comorbidities

Previous literature showed that having one or more
comorbidities was associated with fatigue in cancer
survivors.”**** In the current study, having (multiple)
comorbidities was not associated with CF. Post hoc analysis
did show a univariable relation between having comorbid-
ities and CF, however, suggesting other factors to mediate
this relation. Reduced physical activity, sleep problems,
pain, lower self-esteem, helplessness and problems with
social functioning were found as possible mediators
(Supplementary Table S3, available at https://doi.org/10.

8 https://doi.org/10.1016/j.esmoop.2023.102044

A. Penson et al.

1016/j.esmoop.2023.102044). A  plausible  pathway
explaining the relation between number of comorbidities
and CF could therefore be that having one or multiple
comorbidities negatively influences other factors such as
pain, helplessness, self-esteem, social functioning, physical
activity and sleep quality, which causes these patients to
experience more fatigue. As CCS are at increased risk for
various health issues,”>>° this hypothesis might also partly
explain the increased prevalence of CF in CCS.

Strengths and limitations

This study is part of a nationwide collaboration and includes
a large nationwide cohort consisting of all 5-year survivors
who were diagnosed between 1963 and 2002 including all
childhood malignancies, which contributes to the general-
izability of the results. Being one of 16 sub-studies of the
DCCSS LATER study'? ensured a lot of topics to be studied
at the same time in the same cohort. This unique study
design made it possible to include many factors that were
hypothesized to be associated with CF in CCS,*° which
ensured these factors to be analyzed relative to each other,
resulting in a more complete picture of CF and its associ-
ated factors. The high AUC of the model (>0.86 in all
imputed datasets), which can be interpreted as a proxy for
the completeness of the model, also reflects this as it shows
excellent performance of the final model.*® Compared with
the previously conducted questionnaire-based study where
only part of the proposed model was tested, the current
model shows improved model performance (0.86 versus
0.71 in previous study), suggesting the current model to be
more complete.

No information was available on current smoking habits
or alcohol consumption, which is considered a limitation.
Although current literature shows smoking is not associated
with fatigue,™” and therefore including it in the model
would probably not have affected the results, information
on alcohol consumption could have been of added value to
the model. Another limitation is that we cannot discard the
possibility of selection bias, as small differences between
participants and non-participants were seen. Therefore, it is
possible that certain subgroups of CCS were less/more in-
clined to participate in the current study. Effect sizes for
differences between participants and non-participants were
small, however, therefore it is unlikely for these differences
to have impacted the results of the study.

Lastly, we elaborated on assumed triggering, maintaining
and moderating factors of CF. As data were cross-sectional,
however, no causal inferences can be made based on these
findings. The exact relation between factors needs to be
confirmed in a longitudinal study.

CONCLUSION

CF is a prevalent symptom in CCS that is associated with
several assumed maintaining factors, with lifestyle and
psychosocial factors being the most prominent. These are
modifiable factors and may therefore be beneficial to pre-
vent or reduce CF in CCS.

Volume 8 m Issue 6 m 2023


https://doi.org/10.1016/j.esmoop.2023.102044
https://doi.org/10.1016/j.esmoop.2023.102044
https://doi.org/10.1016/j.esmoop.2023.102044
https://doi.org/10.1016/j.esmoop.2023.102044
https://doi.org/10.1016/j.esmoop.2023.102044
https://doi.org/10.1016/j.esmoop.2023.102044
https://doi.org/10.1016/j.esmoop.2023.102044
https://doi.org/10.1016/j.esmoop.2023.102044
https://doi.org/10.1016/j.esmoop.2023.102044
https://doi.org/10.1016/j.esmoop.2023.102044
https://doi.org/10.1016/j.esmoop.2023.102044

A. Penson et al.

ACKNOWLEDGEMENTS

We would like to thank all cancer survivors, their siblings
and parents for participating in the study and the VOKK and
VOX for their contribution to the DCCSS LATER study. We
thank the complete Dutch LATER Study Group for their
contribution to the study, including all physicians, research
nurses and data managers. A special thanks to Iridi Stollman
for helping design the figures for the study.

FUNDING

This work was supported by KiKa/ODAS [grant number 171
‘DCOG LATER program’) and the Dutch Cancer Society
(grant number KUN 2014-6985).

DISCLOSURE

The authors have declared no conflicts of interest.

REFERENCES

1.

10.

11.

12.

13.

van Deuren S, Penson A, van Dulmen-den Broeder E, et al. Prevalence
and risk factors of cancer-related fatigue in childhood cancer survivors:
a DCCSS LATER study. Cancer. 2022;128(5):1110-1121.

. Penson A, Walraven I, Bronkhorst E, et al. The impact of cancer-related

fatigue on HRQOL in survivors of childhood cancer: a DCCSS LATER
study. Cancers (Basel). 2022;14(12):2581.

. Johannsdottir IM, Hjermstad MJ, Moum T, et al. Increased prevalence

of chronic fatigue among survivors of childhood cancers: a population-
based study. Pediatr Blood Cancer. 2012;58(3):415-420.

. Puhr A, Ruud E, Anderson V, et al. Self-reported executive dysfunction,

fatigue, and psychological and emotional symptoms in physically well-
functioning long-term survivors of pediatric brain tumor. Dev Neuro-
psychol. 2019;44(1):88-103.

. Hamre H, Zeller B, Kanellopoulos A, et al. High prevalence of chronic

fatigue in adult long-term survivors of acute lymphoblastic leukemia
and lymphoma during childhood and adolescence. J Adolesc Young
Adult Oncol. 2013;2(1):2-9.

. Zeller B, Loge JH, Kanellopoulos A, et al. Chronic fatigue in long-term

survivors of childhood lymphomas and leukemia: persistence and
associated clinical factors. J Pediatr Hematol Oncol. 2014;36(6):438-
444,

. van Deuren S, Boonstra A, van Dulmen-den Broeder E, et al. Severe

fatigue after treatment for childhood cancer. Cochrane Database Syst
Rev. 2020;3(3):CD012681.

. Levesque A, Caru M, Duval M, et al. Cancer-related fatigue in child-

hood cancer survivors: a systematic scoping review on contributors of
fatigue and how they are targeted by non-pharmacological in-
terventions. Crit Rev Oncol Hematol. 2022;179:103804.

. Christen S, Roser K, Mulder RL, et al. Recommendations for the sur-

veillance of cancer-related fatigue in childhood, adolescent, and young
adult cancer survivors: a report from the International Late Effects of
Childhood Cancer Guideline Harmonization Group. J Cancer Surviv.
2020;14(6):923-938.

Penson A, van Deuren S, Bronkhorst E, et al. Methodology of the
DCCSS later fatigue study: a model to investigate chronic fatigue in
long-term survivors of childhood cancer. BMC Med Res Methodol.
2021;21(1):106.

Streefkerk N, Tissing WIJE, van der Heiden-van der Loo M, et al. The
Dutch LATER physical outcomes set for self-reported data in survivors
of childhood cancer. J Cancer Surviv. 2020;14(5):666-676.

Feijen EAM, Teepen JC, van Dulmen-den Broeder E, et al. Clinical
evaluation of late outcomes in Dutch childhood cancer survivors:
methodology of the DCCSS LATER 2 study. Pediatr Blood Cancer.
2023;70(5):€30212.

Teepen JC, van Leeuwen FE, Tissing WJ, et al. Long-term risk of sub-
sequent malignant neoplasms after treatment of childhood cancer in

Volume 8 m Issue 6 m 2023

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34,

35.

the DCOG LATER study cohort: role of chemotherapy. J Clin Oncol.
2017;35(20):2288-2298.

Vercoulen JH, Swanink CM, Fennis JF, Galama JM, van der Meer JW,
Bleijenberg G. Dimensional assessment of chronic fatigue syndrome.
J Psychosom Res. 1994;38(5):383-392.

Penson A, Walraven |, Bronkhorst E, et al. Assessing fatigue in child-
hood cancer survivors: psychometric properties of the Checklist Indi-
vidual Strength and the Short Fatigue Questionnaire—a DCCSS LATER
study. Cancer Med. 2022;11:1172-1180.

Worm-Smeitink M, Gielissen M, Bloot L, et al. The assessment of fa-
tigue: psychometric qualities and norms for the Checklist individual
strength. J Psychosom Res. 2017;98:40-46.

Wareham NJ, Jakes RW, Rennie KL, et al. Validity and repeatability of a
simple index derived from the short physical activity questionnaire
used in the European Prospective Investigation into Cancer and
Nutrition (EPIC) study. Public Health Nutr. 2003;6(4):407-413.
Ainsworth BE, Haskell WL, Leon AS, et al. Compendium of physical
activities: classification of energy costs of human physical activities.
Med Sci Sports Exerc. 1993;25(1):71-80.

Buysse DJ, Reynolds CF 3rd, Monk TH, et al. The Pittsburgh Sleep
Quality Index: a new instrument for psychiatric practice and research.
Psychiatry Res. 1989;28(2):193-213.

Beck SL, Schwartz AL, Towsley G, et al. Psychometric evaluation of the
Pittsburgh Sleep Quality Index in cancer patients. J Pain Symptom
Manage. 2004;27(2):140-148.

Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta
Psychiatr Scand. 1983;67(6):361-370.

Bjelland I, Dahl AA, Haug TT, Neckelmann D. The validity of the Hospital
Anxiety and Depression Scale. An updated literature review.
J Psychosom Res. 2002;52(2):69-77.

Trosclair D, Bellar D, Judge LW, Smith J, Mazerat N, Brignac A. Hand-
grip strength as a predictor of muscular strength and endurance.
J Strength Cond Res. 2011;25:599.

Bruil J, Fekkes M, Vogel T, Verrips GHW. TAAQOL Manual. 2004.
Available at https://www.tno.nl/media/4727/vragenlijsten_01032012.
pdf. Accessed July 6, 2022.

Rosenberg M. Society and the Adolescent Self-Image. Rev. Middeltown,
CT: Wesleyan University Press; 1989.

Sinclair SJ, Blais MA, Gansler DA, Sandberg E, Bistis K, LoCicero A.
Psychometric properties of the Rosenberg Self-Esteem Scale: overall
and across demographic groups living within the United States. Eval
Health Prof. 2010;33(1):56-80.

Evers AW, Kraaimaat FW, van Lankveld W, Jongen PJ, Jacobs JW,
Bijlsma JW. Beyond unfavorable thinking: the illness cognition ques-
tionnaire for chronic diseases. J Consult Clin Psychol. 2001;69(6):1026-
1036.

Lauwerier E, Crombez G, Van Damme S, Goubert L, Vogelaers D,
Evers AW. The construct validity of the illness cognition questionnaire:
the robustness of the three-factor structure across patients with
chronic pain and chronic fatigue. Int J Behav Med. 2010;17(2):90-96.
Teepen JC, Kok JL, Feijen EAM, et al. Questionnaire- and linkage-based
outcomes in Dutch childhood cancer survivors: methodology of the
DCCSS LATER study part 1. Cancer Med. 2023;12(6):7588-7602.
Mandrekar JN. Receiver operating characteristic curve in diagnostic
test assessment. J Thoracic Oncol. 2010;5(9):1315-1316.

Akinwande O, Dikko HG, Agboola S. Variance inflation factor: as a
condition for the inclusion of suppressor variable(s) in regression
analysis. Open J Stat. 2015;05:754-767.

Donders AR, van der Heijden GJ, Stijnen T, Moons KG. Review: a gentle
introduction to imputation of missing values. J Clin Epidemiol.
2006;59(10):1087-1091.

Rubin DB. Multiple Imputation for Nonresponse in Surveys., Vol. 81.
Hoboken, NJ: John Wiley & Sons; 2004.

Marshall A, Altman DG, Holder RL, Royston P. Combining estimates of
interest in prognostic modelling studies after multiple imputation:
current practice and guidelines. BMIC Med Res Methodol. 2009;9(1):57.
Daniel LC, Brumley LD, Schwartz LA. Fatigue in adolescents with cancer
compared to healthy adolescents. Pediatr Blood Cancer. 2013;60(11):
1902-1907.

https://doi.org/10.1016/j.esmoop.2023.102044 9


http://refhub.elsevier.com/S2059-7029(23)01285-1/sref1
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref1
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref1
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref2
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref2
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref2
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref3
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref3
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref3
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref4
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref4
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref4
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref4
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref5
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref5
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref5
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref5
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref6
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref6
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref6
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref6
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref7
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref7
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref7
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref8
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref8
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref8
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref8
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref9
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref9
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref9
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref9
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref9
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref10
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref10
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref10
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref10
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref11
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref11
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref11
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref12
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref12
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref12
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref12
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref13
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref13
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref13
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref13
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref14
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref14
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref14
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref15
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref15
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref15
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref15
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref16
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref16
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref16
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref17
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref17
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref17
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref17
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref18
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref18
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref18
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref19
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref19
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref19
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref20
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref20
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref20
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref21
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref21
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref22
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref22
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref22
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref23
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref23
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref23
https://www.tno.nl/media/4727/vragenlijsten_01032012.pdf
https://www.tno.nl/media/4727/vragenlijsten_01032012.pdf
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref25
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref25
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref26
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref26
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref26
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref26
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref27
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref27
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref27
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref27
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref28
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref28
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref28
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref28
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref29
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref29
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref29
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref30
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref30
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref31
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref31
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref31
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref32
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref32
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref32
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref57
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref57
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref34
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref34
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref34
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref35
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref35
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref35
https://doi.org/10.1016/j.esmoop.2023.102044
https://doi.org/10.1016/j.esmoop.2023.102044

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

10

Tomlinson D, Zupanec S, Jones H, O’Sullivan C, Hesser T, Sung L. The
lived experience of fatigue in children and adolescents with cancer: a
systematic review. Support Care Cancer. 2016;24(8):3623-3631.

Wood J, Verity SJ. Exploring evidence of fatigue in survivors of pediatric
brain tumors: a systematic review. Cancer Care Res Online. 2021;1(3):
e012.

Krull KR, Hardy KK, Kahalley LS, Schuitema I, Kesler SR. Neurocognitive
outcomes and interventions in long-term survivors of childhood cancer.
J Clin Oncol. 2018;36(21):2181-2189.

Abel E, Silander E, Nordstrom F, et al. Fatigue in patients with head and
neck cancer treated with radiation therapy: a prospective study of
patient-reported outcomes and their association with radiation dose to
the cerebellum. Adv Radiat Oncol. 2022;7(5):100960.

Goértz YMJ, Braamse AMJ, Spruit MA, et al. Fatigue in patients with
chronic disease: results from the population-based Lifelines Cohort
Study. Sci Rep. 2021;11(1):20977.

Menting J, Tack CJ, Bleijenberg G, et al. Is fatigue a disease-specific or
generic symptom in chronic medical conditions? Health Psychol.
2018;37(6):530-543.

Nap-van der Vlist MM, Dalmeijer GW, Grootenhuis MA, et al. Fatigue
among children with a chronic disease: a cross-sectional study. BMJ
Paediatr Open. 2021;5(1):e000958.

Donovan KA, Jacobsen PB. Fatigue, depression, and insomnia: evidence
for a symptom cluster in cancer. Semin Oncol Nurs. 2007;23(2):127-
135.

So WK, Marsh G, Ling WM, et al. The symptom cluster of fatigue, pain,
anxiety, and depression and the effect on the quality of life of women
receiving treatment for breast cancer: a multicenter study. Oncol Nurs
Forum. 2009;36(4):E205-E214.

Bjerkeset E, Rohrl K, Schou-Bredal I. Symptom cluster of pain, fatigue,
and psychological distress in breast cancer survivors: prevalence and
characteristics. Breast Cancer Res Treat. 2020;180(1):63-71.

Gielissen MF, Verhagen S, Witjes F, Bleijenberg G. Effects of cognitive
behavior therapy in severely fatigued disease-free cancer patients
compared with patients waiting for cognitive behavior therapy: a
randomized controlled trial. J Clin Oncol. 2006;24(30):4882-4887.

https://doi.org/10.1016/j.esmoop.2023.102044

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

A. Penson et al.

Blumenstein KG, Brose A, Kemp C, et al. Effectiveness of cognitive
behavioral therapy in improving functional health in cancer survivors: a
systematic review and meta-analysis. Crit Rev Oncol Hematol.
2022;175:103709.

Miiller F, Wijayanto F, Abrahams H, et al. Potential mechanisms of the
fatigue-reducing effect of cognitive-behavioral therapy in cancer sur-
vivors: three randomized controlled trials. Psychooncology. 2021;30(9):
1476-1484.

Boonstra A, Gielissen M, van Dulmen-den Broeder E, Blijlevens N,
Knoop H, Loonen J. Cognitive behavior therapy for persistent severe
fatigue in childhood cancer survivors: a pilot study. J Pediatr Hematol
Oncol. 2019;41(4):313-318.

Moberg L, Fritch J, Westmark D, et al. Effect of physical activity on
fatigue in childhood cancer survivors: a systematic review. Support
Care Cancer. 2022;30(8):6441-6449.

Blaauwbroek R, Bouma MJ, Tuinier W, et al. The effect of exercise
counselling with feedback from a pedometer on fatigue in adult sur-
vivors of childhood cancer: a pilot study. Support Care Cancer.
2009;17(8):1041-1048.

Bower JE, Bak K, Berger A, et al. Screening, assessment, and man-
agement of fatigue in adult survivors of cancer: an American Society of
Clinical oncology clinical practice guideline adaptation. J Clin Oncol.
2014;32(17):1840-1850.

Oerlemans S, Mols F, Issa DE, et al. A high level of fatigue among long-
term survivors of non-Hodgkin’s lymphoma: results from the longitu-
dinal population-based PROFILES registry in the south of the
Netherlands. Haematologica. 2013;98(3):479-486.

Ruiz-Casado A, Alvarez-Bustos A, de Pedro CG, Méndez-Otero M,
Romero-Elias M. Cancer-related fatigue in breast cancer survivors: a
review. Clin Breast Cancer. 2021;21(1):10-25.

Erdmann F, Frederiksen LE, Bonaventure A, et al. Childhood cancer:
survival, treatment modalities, late effects and improvements over
time. Cancer Epidemiol. 2021;71(Pt B):101733.

Geenen MM, Cardous-Ubbink MC, Kremer LC, et al. Medical assess-
ment of adverse health outcomes in long-term survivors of childhood
cancer. J Am Med Assoc. 2007;297(24):2705-2715.

Volume 8 m Issue 6 m 2023


http://refhub.elsevier.com/S2059-7029(23)01285-1/sref36
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref36
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref36
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref37
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref37
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref37
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref38
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref38
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref38
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref39
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref39
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref39
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref39
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref40
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref40
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref40
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref41
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref41
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref41
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref42
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref42
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref42
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref43
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref43
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref43
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref44
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref44
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref44
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref44
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref45
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref45
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref45
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref46
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref46
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref46
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref46
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref47
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref47
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref47
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref47
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref48
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref48
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref48
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref48
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref49
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref49
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref49
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref49
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref50
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref50
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref50
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref51
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref51
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref51
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref51
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref52
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref52
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref52
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref52
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref53
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref53
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref53
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref53
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref54
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref54
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref54
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref55
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref55
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref55
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref56
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref56
http://refhub.elsevier.com/S2059-7029(23)01285-1/sref56
https://doi.org/10.1016/j.esmoop.2023.102044
https://doi.org/10.1016/j.esmoop.2023.102044
https://doi.org/10.1016/j.esmoop.2023.102044
https://doi.org/10.1016/j.esmoop.2023.102044
https://doi.org/10.1016/j.esmoop.2023.102044
https://doi.org/10.1016/j.esmoop.2023.102044
https://doi.org/10.1016/j.esmoop.2023.102044
https://doi.org/10.1016/j.esmoop.2023.102044
https://doi.org/10.1016/j.esmoop.2023.102044

	Chronic fatigue in childhood cancer survivors is associated with lifestyle and psychosocial factors; a DCCSS LATER study
	Introduction
	Methods
	Study design and participants
	Data collection
	Statistical analyses

	Results
	Participant characteristics
	Prevalence and associated factors

	Discussion
	CF in CCS
	Clinical implications
	The role of comorbidities
	Strengths and limitations

	Conclusion
	Acknowledgements
	Funding
	Disclosure
	References


