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Abstract

Background/objectives: Children treated for cancer are at risk to develop cogni-
tive problems. Insight in underlying associations with emotional functioning and
fatigue can be used to optimize interventions. We therefore aim to study emo-
tional functioning, fatigue, and cognitive functioning in children postcancer treatment
and investigate whether fatigue mediates the relationship between emotional and
cognitive functioning.

Design/methods: Emotional functioning, fatigue, and cognitive functioning were
assessed in children post-cancer treatment using subscales of the Pediatric Quality
of Life Inventory (PedsQL) Generic Core Scales, Multidimensional Fatigue Scale and
Cognitive Functioning Scale. A one sample t-test was used to compare outcomes with
general population peers and mediation analysis was used to address the effect of
fatigue on the relationship between emotional and cognitive functioning.

Results: A total of 137 children (mean age: 13.6, SD + 3.3 years; mean time since end
of treatment: 7.1 months, SD + 5.9) participated. Lower scores on emotional func-
tioning (Cohen’s d [D]: 0.4), fatigue (D: 0.8) and cognitive functioning (D: 0.6) were
found (p < .001) in children post-cancer treatment than in peers. A medium associa-
tion was found between emotional and cognitive functioning (standardized regression
coefficient [B]: 0.27, p < .001), which was mediated by fatigue (8 = 0.16).

Conclusions: Outcomes on emotional and cognitive functioning are decreased and
fatigue is increased in children postcancer treatment. Fatigue mediates the relation-
ship between emotional and cognitive functioning. Our results show the importance
to focus on fatigue amongst stress as a target for intervention to improve cognitive

functioning.
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1 | INTRODUCTION

Every year, about 600 children in the Netherlands are newly diag-
nosed with childhood cancer. Due to improved medical care over the
past decades, more children survive and are cured from cancer.! It is
evident that undergoing childhood cancer is a stressful life-event for
the child and family. Some children who receive treatment for can-
cer show vulnerabilities concerning emotional functioning, fatigue, and
cognitive functioning.2~> Whereas most research focuses on problems
in children during treatment and long-term survivors (>5 years after
treatment), less research is available in children before this transi-
tion (post-cancer treatment). However, these children are especially
vulnerable due to the discrepancy of finishing treatment but not yet
making the transition to survivorship® and they experience unmet
educational and psychosocial needs.”

Although the results are inconclusive,® children with cancer gener-
ally seem vulnerable to developing emotional problems such as depres-
sion and anxiety during different stages of and after treatment,2’
especially children treated for a pediatric brain tumor.> Furthermore,
although fatigue seems to decrease over time,” some children treated
for cancer still report higher levels of fatigue after treatment com-
pared with peers.*19 In addition to emotional functioning and fatigue,
there is also an increased focus on cognitive functioning in children
treated for childhood cancer. Cognitive problems seem evident in chil-
dren treated for a brain tumor,® and have also been described in other
cancer diagnosis groups such as long-term survivors of children treated
for a Wilms tumor.!?

In addition to the extent of problems that children undergoing treat-
ment for cancer experience, the relationship between these problems
has also been studied previously.2%12-15 For example, a review of
Marusak et al.1¢ described that stress seems to contribute to cognitive
problems in children treated for a brain tumor. Significant correlations
were also described between stress and fatigue in children during dif-
ferent stages of treatment and in survivors of childhood cancer.10:14.17
Furthermore, previous research has found an effect of fatigue on cogni-
tive functioning in children treated for cancer.*18 Given the amount of
reported vulnerabilities regarding emotional functioning, fatigue, and
cognitive functioning it is important to study the interplay between
these factors to provide more insight into interventions to improve
health-related quality of life in children post-cancer treatment. Under-
standing these underlying mechanisms is especially important because
effective interventions to improve cognitive functioning appear to be
scarce due to difficulties in generalizing outcomes of cognitive training
to daily functioning.1? It is therefore important to gain insight into the
role of other determinants for cognitive interventions such as fatigue
on the relationship between emotional and cognitive functioning.

Therefore, we aim (1) to investigate emotional functioning, fatigue,
and cognitive functioning in children post-cancer treatment. We
hypothesize that functioning in these domains will be significantly
lower compared with general population peers; (2) to assess the rela-
tionship between emotional and cognitive functioning; and (3) to inves-
tigate if this relationship is mediated by fatigue. We hypothesize that
the mediation effect can be different for children diagnosed with a cen-

tral nervous system (CNS) tumor, or relapse of the primary tumor, since
these specific groups show relatively more vulnerabilities.2%21 Finally,
we expect that sex, age, tumor type, relapse, and sleep can be con-
founders because different studies show the influence of these factors

on emotional functioning, fatigue, and cognitive functioning.#22-2>

2 | METHODS
2.1 | Design

This study is part of the larger PROactive study?® that investigated
fatigue in children with a chronic disease, including children from the
Wilhelmina Children’s Hospital and the Princess Maxima Center for
Pediatric Oncology (from September 2016 to December 2018). In the
current study, we focused solely on participants from the Princess
Maxima Center for Pediatric Oncology. The institutional review board
classified this study as an exemption of the Medical Research Involv-
ing Human subjects Act (16-707/C). Participating children >11 years
and their parents in those <16 years, provided informed consent for

participation and to extract data from their medical record separately.

2.2 | Participants

Eligible participants were children who completed treatment for child-
hood cancer, referred to as “children post-cancer treatment,” and were
approached within 1 year after treatment. Children were excluded
from the study in the following cases: (1) insufficient understanding of
the Dutch language to complete the questionnaires and (2) relapse of
the primary diagnosis during the study.

2.3 | Procedure

Three weeks before their regular appointment, patients and their par-
ents were approached via email. They were asked to register at home
through a web-based tool, the KLIK PROM portal (www.hetklikt.nu),
to complete digital questionnaires. In case of no response, they were
reminded once via email and once via telephone. A supportive team
was available to answer questions and help with the registration. Chil-
dren and adolescents aged 8—18 years completed the questionnaires
by themselves. Parents could give assistance to children aged 8—11 if

needed.

2.4 | Measures

We used subscales of the Dutch self-report version of the Pediatric
Quality of Life Inventory (PedsQL) Generic Core Scales 4.0 (PedsQL
GCS) and PedsQL Multidimensional Fatigue Scale (PedsQL MFS) to
asses emotional functioning and fatigue. The subscales emotional func-
tioning (five items, PedsQL GCS) and general fatigue (six items, PedsQL
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MFS) were used. The PedsQL cognitive functioning scale (six items,
PedsQL CFS) was used to asses cognitive functioning. The PedsQL
CFS was used as a stand-alone scale in various pediatric populations
and correlates sufficiently with cognitive testing.2”-28 Finally, we used
the subscale sleep/rest fatigue (six items, PedsQL MFS) to assess
sleep as a confounder. All questionnaires have good psychometric
properties.242529.30 |tems were scored with a one-week recall period
on a 5-point Likert scale from 1 “never a problem” to 5 “almost always a
problem.” Subscale items were rescored to a scale from O to 100, with
higher scores indicating better outcomes (higher emotional function-
ing and cognitive functioning, or less fatigue). We used the mean scores
of the subscales for further analyses. Previous research on outcomes
regarding the PedsQL questionnaires in general population peers was

available to compare with our sample.242>

2.5 | Sociodemographic and medical information

Diagnosis, type of treatment, relapse, time elapsed between diagno-
sis and time since end of treatment were extracted from medical

records.

2.6 | Data analyses

SPSS, version 26 was used for all analyses, with the PROCESS macro v3.
for mediation analyses.3! To investigate the difference between partic-
ipants and nonparticipants regarding age, we used a one sample t-test.
Descriptive statistics were used to study the demographic and clinical
variables of the group and the mean emotional functioning, fatigue, and
cognitive functioning. To compare the level of emotional functioning,
fatigue, and cognitive functioning of children post-cancer treatment
with general population peers,242> we used a one sample t-test. Mean
general population scores and standard deviations were weighted by
age and sex to match our sample. Differences were described using the
mean difference and Cohen’s d. We interpreted the effect sizes after
Cohen in which 0.2, 0.5, and 0.8 were considered small, medium, and
large.32 The relationship between emotional functioning and cognitive
functioning was assessed using linear regression analyses. Next, multi-
ple regression analyses was used to investigate mediation analyses and
evaluate if fatigue mediates the relationship between emotional func-
tioning and cognitive functioning. Differences were described using
standardized regression coefficients. Beta’s of continuous variables of
0.1 were considered small, 0.3 medium, and 0.5 large. Explorative anal-
yses were conducted to check the role of certain moderators (relapse
of the primary tumor and the diagnosis of a CNS tumor), which are
known factors to correlate with our outcomes.?21 We operationalized
this analysis by comparing children with a diagnosis of a CNS tumor
versus other diagnosis groups (solid tumor, lymphoma, leukemia). Con-
founding of relevant demographic and clinical variables was evaluated,
and the final mediation model was adjusted for sex, age, relapse of the
primary tumor, CNS tumor and sleep if a difference >10% in regression

coefficients was found.

TABLE 1 Study cohort characteristics of children post-cancer
treatment.

Filled out questionnaires (N) 137
Gender, N (%)

Male 69 (50.4)

Female 68 (49.6)
Age at follow up, years

Mean (SD) 13.6(3.3)
Information of the child’s medical record, N 130
Primary cancer diagnosis distribution, N (%)

Solid tumor 46 (35.4)

CNS tumor 13(10.0)

Leukemia 34 (26.2)

Lymphoma 37(28.5)
Treatment, N (%)

Surgery only 6(4.6)

Surgery and radiotherapy 1(0.8)

Surgery and chemotherapy 22(16.9)

Surgery, radiotherapy, and chemotherapy 23(17.7)

Chemotherapy only 64 (49.2)

Radiotherapy and chemotherapy 14(10.8)
Relapse, N (%)

Relapse tumor 12(9.2)
Time since diagnosis, months

Missing, N 12

Mean (SD) 19.3(12.6)
Time since end of treatment, months

Missing, N 6

Mean (SD) 7.1(5.9)

N, number; SD, standard deviation; CNS, central nervous system tumor.

3 | RESULTS

Of 220 eligible children (children post-cancer treatment) a total of
137 (62.4%) provided informed consent and participated by filling
out at least one of the questionnaires. There was no significant
difference between participants and nonparticipants regarding age.
The group with included children had a mean age of 13.6 years
(SD + 3.3) and consisted of 69 (50.4%) males and 68 (49.6%) females.
Of these children, 130 (94.9%) additionally consented to extract
information from their medical record. The mean time since diag-
nosis was 19.4 months (SD + 12.6) and the mean time since end
of treatment 7.1 months (SD + 5.9). Forty six (35.4%) children
were diagnosed with a solid tumor, 13 (10.0%) with a CNS tumor,
34 (26.2%) with leukemia and 37 (28.5%) with lymphoma. Table 1
summarizes the demographic and clinical characteristics of the par-
ticipants. A total of 12 children (9.2%) had a relapse of the primary
tumor. Regarding the type of treatment, the largest percentage of
the group of children (49.2%) received only chemotherapy and the
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TABLE 2 Results questionnaires comparing children post-cancer treatment with general population peers.

N Mean (SD)

Self reports®
Emotional functioning 136 72.0(19.6)
Fatigue 132 67.7 (23.4)
Cognitive functioning 132 66.1(25.6)

N, number; SD, standard deviation.

N mean (SD)P Effect size (mean difference)® p Value
96679.4(18.6) 0.4(7.4) <.001
29878.7(13.8) 0.8(11.0) <.001
29876.6(16.7) 0.6 (10.0) <.001

“Qutcomes measured with subscales of the Dutch self-report version of the PedsQL Generic Core Scales 4.0 (PedsQL GCS) and Pediatric Quality of Life
Inventory Multidimensional Fatigue Scale (PedsQL MFS); subscales emotional functioning (PedsQL GCS), general fatigue (PedsQL MFS) and cognitive fatigue

(PedsQL MFS).
bPeers from normative data on the PedsQL.2°
CEffect sizes (Cohen’s d).

others were treated with surgery, radiotherapy, and/or a combination

of treatments.

3.1 | Outcomes on emotional functioning, fatigue,
and cognitive functioning

Descriptive statistics of emotional functioning, fatigue, and cognitive
functioning of children post-cancer treatment and general population
peers are shown in Table 2. Children post-cancer treatment reported
significantly (p < .001) lower scores on emotional functioning (Cohen’s
d [D]: 0.4 points), fatigue (D: 0.8 points), and cognitive functioning (D:
0.6 points) compared with general population peers. The effect sizes of
the mean difference between children post-cancer treatment and gen-
eral population peers on emotional functioning, fatigue, and cognitive

functioning were considered medium, large, and medium.

3.2 | Association between emotional functioning
and cognitive functioning and mediation by fatigue

Results of the unadjusted and adjusted mediation models are pre-
sented in Figure 1. The model was adjusted for sleep, as this was the
only relevant confounder. Linear regression showed that there was a
significant positive medium association between emotional function-
ing and cognitive functioning (regression coefficient total effect [95%
Cl]; 0.36 [0.17-0.55], B = 0.27, p < .001), which means that better
emotional functioning is associated with better cognitive functioning.
The mediation analysis showed a positive medium association between
emotional functioning and fatigue (regression coefficient [95% ClI]:
0.36 [0.22-0.49], B = 0.30, p < .001) and positive large association
between fatigue and cognitive functioning (regression coefficient [95%
Cl]: 0.58 [0.36-0.80], B = 0.53, p < .001), this means higher levels of
emotional functioning and cognitive functioning were related to less
fatigue, which mediated the relationship between emotional function-
ing and cognitive functioning (indirect effect: regression coefficient
[95% ClI]: 0.21[0.09-0.36], 3 = 0.16). No significant moderation effects
were found between groups regarding relapse (children with relapse of
the primary tumor or other) and CNS tumor (children with a CNS tumor
or other).

4 | DISCUSSION

We examined emotional functioning, fatigue, and cognitive function-
ing and the interplay between these constructs in children post-cancer
treatment. The results showed that children post-cancer treatment
reported more problems on emotional functioning, fatigue, and cog-
nitive functioning compared with general population peers. Emotional
functioning and cognitive functioning had a medium association which
was mediated by fatigue.

Our findings on emotional functioning and cognitive functioning
in children post-cancer treatment are in line with previous research
that described more emotional problems and lower cognitive func-
tioning in children treated for cancer compared with the general
population.237:10.1220 Because most research concerning cognitive

20,33 our

functioning was described in childhood cancer survivors,
results underscore the need to focus on cognitive functioning in chil-
dren sooner after ending their treatment and in other cancer diagnosis
groups in addition to children with a brain tumor, where cognitive prob-
lems seem more evident.2® Regarding fatigue in children post-cancer
treatment, results of previous research are ambiguous. Whereas some
research described no significant differences compared with the gen-

eral population,?34

other studies reported significantly more fatigue
in children with cancer during and after treatment compared with
the general population.* These differences in results between stud-
ies could be explained by methodological factors such as measure-
ments at various time-points, differences in sample size and different
measures regarding self-report versus proxy-report questionnaires.3>
Considering the literature overall and our results, children post-cancer
treatment experience increased fatigue.

Our results showed associations between emotional functioning,
fatigue, and cognitive functioning in children post-cancer treatment,
which were previously found in subpopulations or different phases of
cancer treatment. In the current study, we found a positive association
between emotional functioning and cognitive functioning in children
post-cancer treatment, which indicates that more emotional stress
is related to more cognitive problems, as was previously described
in children treated for a pediatric brain tumor.'*1¢ Furthermore,
the significant positive association between emotional functioning

and fatigue found in our study is in line with previous research in
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Fatigue

9 Standardized regression coefficient (8)= 0.30, P <
0.001* (Regression cogfficient (B) = 0.36, 95%
confidence interval (Ci) 0.22 -0.49)

98 =053, P <0.001* (8 = 0.58, 95% Cf 0.36 - 0.80)
b8 =0.67, P <0.001* (8= 0.73, 95% CI 0.57 - 0.89)

Total effect

Emctional functioning

Indirect effect

98 =0.27, P <0.001* {8 = 0.36, 95% C/ 0.17 - 0.55)
b8 = 0.50, P < 0.001* (B = 0.65,95% I 0.45 - 0.85)

%8 =0.16, P <0.001* (B=0.21, 95% C/ 0.0 - 0.36)
8 =0.38, P <0.001* (B =0.50,95% C/0.34 - 0.70)

Cognitive functioning

FIGURE 1 Results of the mediation model of emotional functioning, fatigue, and cognitive functioning in children post-cancer treatment.
Linear regression showed a significant positive medium association between emotional functioning and cognitive functioning (regression
coefficient total effect [95% Cl]; 0.36 [0.17-0.55], 3= 0.27, p < .001). Mediation analysis showed a positive medium association between
emotional functioning and fatigue (regression coefficient [95% Cl]: 0.36 [0.22-0.49], 8 = 0.30, p < .001) and positive large association between
fatigue and cognitive functioning (regression coefficient [95% Cl]: 0.58 [0.36-0.80], 3 = 0.53, p < .001), which mediated the relationship between
emotional functioning and cognitive functioning (indirect effect: regression coefficient [95% Cl]: 0.21 [0.09-0.36], 3 = 0.16). ?Results of the
adjusted model when sleep was added as a covariate. PResults of the unadjusted model. 8, standardized regression coefficient; B, regression

coefficient; Cl, confidence interval.

10 and in childhood cancer

hospitalized children with cancer
survivors.l” The relationship we found between fatigue and cognitive
functioning was already evident in childhood cancer survivors and
especially in children treated for a brain tumor.33 An important finding
of our study that added to the existing knowledge is that fatigue medi-
ated the relationship between emotional and cognitive functioning.
The medium to large associations in our study between emotional func-
tioning, fatigue, and cognitive functioning implicate that the interrelat-
edness of these factors are of practical significance. The small indirect
effect of the mediation model suggests fatigue to be a target for treat-
ment in clinical practice, amongst other factors. The fact that no sig-
nificant differences were found between groups of moderation factors
(relapse of the primary tumor and a diagnosis of a CNS tumor) might be
explained by the small sample size of these specific groups in our study.

Based on our findings, we would like to emphasize the need for a
broad perspective on cognitive functioning including fatigue in chil-
dren post-cancer treatment. This is especially important because these
children seem to be at risk of developing cognitive problems which
can impede their development and effective interventions to improve
cognitive functioning seem scarce.’? Speculations on clinical inter-
ventions to improve cognitive functioning could include monitoring

and treating fatigue, since we found fatigue to be a mediator on the

association between emotional functioning and cognitive functioning.
Also, the association between fatigue and cognitive functioning in our
study was larger than that of emotional functioning on cognitive func-
tioning which emphasizes this factor as an important determinant for
interventions. Monitoring fatigue is in accordance with recent recom-
mendations from the International Late Effects of Childhood Cancer
Guideline Harmonization group to implement lifelong screening for
fatigue and current standards of care for children during treatment and
survivors.36=3¢ Concrete elements of interventions to reduce fatigue
could be to include cognitive behavioral therapy, relaxation, mindful-
ness, and physical exercise, as previous research showed some positive
effects in children with cancer.”®83% Furthermore, monitoring the
role of sleep in relation to fatigue seems to be an important ele-
ment regarding interventions, since we found sleep to explain part of
the associations when comparing our adjusted and unadjusted model.
This approach is strengthened by previous research which showed
positive associations between sleep and fatigue in childhood cancer

survivors*18:22

and sleep problems can negatively impact psychoso-
cial and physical health.#®#! Finally, when taking an individualized
approach to interventions in clinical practice, it is important to take all
factors into account, but to focus relatively more on fatigue in relation

to cognitive functioning.
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A strength of this study was the broader understanding it provided
in terms of relationships between emotional functioning, fatigue, and
cognitive functioning in children post-cancer treatment. This is con-
sistent with previous research that suggested to focus on multiple
factors to understand cognitive functioning’* and was also stressed
in adults with a post-COVID 19 condition where correlates were
found between neuropsychiatric symptoms, fatigue, and cognitive
outcomes.*2 However, our study also contained several limitations that
should be mentioned. First, we used self-report questionnaires only
which may have given less objective outcomes than if measured with
other tests. Although self-report questionnaires seem to give valid out-
comes in children with cancer,2 cognitive functioning especially could
be more reliably measured by neuropsychological testing. Therefore,
future research should include more (neuro)psychological tests in addi-
tion to self-report questionnaires to assess more objective results.
Whereas it could be speculated to study emotional functioning by
other questionnaires measuring anxiety and stress, we chose the sub-
scale “emotional functioning” of the PedsQL Generic Core Scales to
recognize vulnerabilities but not psychopathology as measured with
other instruments.*3 Emotional problems in children treated for cancer
could therefore be labeled as normal reactions to distressing circum-
stances such as the diagnosis with childhood cancer. Second, the group
of children post-cancer treatment reflected a different ratio in diag-
noses than reported in previous research.** Because we started the
centralization of childhood cancer care in the Princess Maxima Cen-
ter for children diagnosed with a solid tumor, our sample had relatively
more children with a solid tumor. Additionally, the relative smaller
number of children in our group with a diagnosis of a brain tumor**
could be explained because these children could have experienced
more difficulties filling out questionnaires due to cognitive problems*>
or due to severe visual and motor problems*® This might have given an
underrepresentation of the outcomes on cognitive functioning because
children with a brain tumor experience the highest amount of cognitive
problems in the pediatric oncology population.2° Finally, the assess-
ment of our study was at a single time-point and it is therefore difficult
to state confident conclusions of the direction of the associations
between emotional functioning, fatigue, and cognitive functioning. To
unravel the various pathways between emotional functioning, fatigue,
and cognitive functioning more longitudinal research is needed.

Children post-cancer treatment are more vulnerable regarding
emotional functioning, fatigue, and cognitive functioning compared
with general population peers. Fatigue mediates the relationship
between emotional and cognitive functioning. In conclusion, our study
emphasizes the need to focus on fatigue as an important determinant
for cognitive interventions. Future interventions should therefore con-
sider to systematically monitor and intervene on fatigue to improve

cognitive functioning in children postcancer treatment.

AUTHOR CONTRIBUTIONS

All authors contributed to the study in which data collection was per-
formed by Merel Nap-van der Vlist and supervised by Sanne Nijhof and
Martha Grootenhuis. Data analysis and interpretation was performed

by Juliette Greidanus, Marloes van Gorp and Martha Grootenhuis.

WILEY 12

The first draft of the manuscript was written by Juliette Greidanus
and supervised by Marloes van Gorp and Martha Grootenhuis and
all authors critically revised the manuscript for important intellectual
content. All authors read and approved the final manuscript.

CONFLICT OF INTEREST STATEMENT
The authors have no relevant financial or nonfinancial interests to

disclose.

FUNDING INFORMATION
The authors declare that no funds, grants, or other support were

received during the preparation of this manuscript.

CONSENT TO PARTICIPATE
Informed consent was obtained from all participants included in the
study >11 years of age. Informed consent was obtained from legal

guardians of participants <16 years of age.

REFERENCES

1. Miller KD, RL S, Jemal A, et al. Cancer treatment and survivorship
statistics, 2016. CA Cancer J Clin. 2016;66(4):271-289.

2. Kazak AE. Posttraumatic distress in childhood cancer survivors and
their parents. Med Pediatr Oncol. 1998;30(1):60-68.

3. Macartney G, Harrison MB, VanDenKerkhof E, Stacey D, McCarthy
P. Quality of life and symptoms in pediatric brain tumor survivors: a
systematic review. J Pediatr Oncol Nurs. 2014;31(2):65-77.

4. Walter LM, Nixon GM, Davey MJ, Downie PA. Sleep and fatigue
in pediatric oncology: a review of the literature. Sleep Med Rev.
2015;24:71-82.

5. Bruce M. A systematic and conceptual review of posttraumatic stress
in childhood cancer survivors and their parents. Clin Psychol Rev.
2006;26(3):233-256.

6. Duffey-Lind EC, O’'Holleran E, Healey M, Vettese M, Diller L, Park
ER. Transitioning to survivorship: a pilot study. J Pediatr Oncol Nurs.
2006;23(6):335-343.

7. Wakefield CE, McLoone J, Goodenough B, Lenthen K, Cairns DR,
Cohn RJ. The psychosocial impact of completing childhood cancer
treatment: a systematic review of the literature. J Pediatr Psychol.
2010;35(3):262-274.

8. Phipps S, Long A, Hudson M, Rai SN. Symptoms of post-traumatic
stress in children with cancer and their parents: effects of informant
and time from diagnosis. Pediatr Blood Cancer. 2005;45(7):952-959.

9. Van Dijk-Lokkart EM, Steur LMH, Braam K, et al. Longitudinal devel-
opment of cancer-related fatigue and physical activity in childhood
cancer patients. Pediatr Blood Cancer. 2019;66(12):e27949.

10. Nunes MDR, Jacob E, Bomfim EO, et al. Fatigue and health related
quality of life in children and adolescents with cancer. Eur J Oncol Nurs.
2017;29:39-46.

11. Tonning Olsson |, Brinkman TM, Hyun G, et al. Neurocognitive out-
comes in long-term survivors of Wilms tumor: a report from the St.
Jude Lifetime Cohort. J Cancer Surviv. 2019;13(4):570-579.

12. Desjardins L, Solomon A, Janzen L, Bartels U, et al. Executive functions
and social skills in pediatric brain tumor survivors. Appl Neuropsychol
Child. 2020;9(1):83-91.

13. Cheung YT, Brinkman TM, Mulrooney DA, et al. Impact of sleep,
fatigue, and systemic inflammation on neurocognitive and behavioral
outcomes in long-term survivors of childhood acute lymphoblastic
leukemia. Cancer. 2017;123(17):3410-3419.

14. Irestorm E, Tonning Olsson |, Johansson B, @ra |. Cognitive fatigue in
relation to depressive symptoms after treatment for childhood cancer.
BMC Psychol. 2020;8(1):31.

850807 SUOWIWOD A1) 3|eoldde ayy Aq peusenoh ae Sapife VO ‘8sn Jo sajn. 10} ArIqiT8uljuO A8|IM UO (SUORIPUOD-PUB-SWLBILI0D A8 | 1M ARIq 1 BuIUO//:SANY) SUOIIPUOD pue SWia | 8u1 88S *[£202/0T/20] uo AriqiTauliuo Ao ‘Ariqi AisieAIuN 1ydenn Aq ¥6S0€20d/Z00T 0T/10p/w0o A8 | Afeiq1jeujuo//sdny wiouy papeojumod ‘0T ‘€202 ‘LTOSSYST



77 | WILEY

15.
16.
17.

18.
19.
20.

21

22.
23.
24,

25.

26.

27.

28.

29.
30.

31

32.

GREIDANUS-JONGEJAN ET AL.

Clanton NR, Klosky JL, Li C, et al. Fatigue, vitality, sleep, and neurocog-
nitive functioning in adult survivors of childhood cancer: a report from
the Childhood Cancer Survivor Study. Cancer. 2011;117(11):2559-
2568.

Marusak H A, Ladipaolo AS, Rabinak CA, et al. Neurodevelopmen-
tal consequences of pediatric cancer and its treatment: applying an
early adversity framework to understanding cognitive, behavioral, and
emotional outcomes. Neuropsychol Rev. 2018;28(2):123-175.

Daniel LC, Wang M, Krul KR, et al. Sleep, emotional distress, and
physical health in survivors of childhood cancer: a report from the
Childhood Cancer Survivor Study. Psychooncology. 2019;28(4):903-
912.

Chiang JA, Feghali PT, Saavedra A, Whita AM. Effects of sleep dis-
turbance on neuropsychological functioning in patients with pediatric
brain tumor. J Neurooncol. 2022;157(1):129-135.

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

Butler RW, Haser JK. Neurocognitive effects of treatment for child-
hood cancer. Ment Retard Dev Disabil Res Rev. 2006;12(3):184-
191

Chow JCH, Au KH, Mang OWK, Cheung KM, Ngan RKC. Risk, pat-
tern and survival impact of second primary tumors in patients with
nasopharyngeal carcinoma following definitive intensity-modulated
radiotherapy. Asia Pac J Clin Oncol. 2019;15(1):48-55.

Mogavero MP, DelRosso LM, Fanfulla F, Bruni O, Ferri R. Sleep disor-
ders and cancer: state of the art and future perspectives. Sleep Med Rev.
2021;56:101409.

Steur LMH, Grootenhuis MA, Terwee CB, et al. Psychometric proper-
ties and norm scores of the sleep self report in Dutch children. Health
Qual Life Outcomes. 2019;17(1):15.

Gordijn MS, van Litsenburg RR, Gemke RJ, et al. Sleep, fatigue, depres-
sion, and quality of life in survivors of childhood acute lymphoblastic
leukemia. Pediatr Blood Cancer. 2013;60(3):479-485.

van Muilekom MM, Luijten MAJ, van Oers HA, et al. Paediatric
patients report lower health-related quality of life in daily clinical
practice compared to new normative PedsQL(TM) data. Acta Paediatr.
2021;110(7):2267-2279.

Nap-vanderVlist MM, Hoefnagels JW, Dalmeijer GW, et al. The
PROactive Cohort Study: rationale, design, and study procedures. Eur
J of Epidemiol. 2021;37:993-1002.

McCarthy ML, MacKenzie EJ, Durbin DR, Aitken ME, et al. The Pedi-
atric Quality of Life Inventory: an evaluation of its reliability and
validity for children with traumatic brain injury. Arch Phys Med Rehabil.
2005;86(10):1901-1909.

Varni JW, Junger KF, Kellermann T, Grossman LB, et al. PedsQL Cog-
nitive Functioning Scale in youth with epilepsy: reliability and validity.
Epilepsy Behav. 2020;103(Pt):106850.

Engelen V, Haentjens MM, Detmar SB, Koopman HM, Grootenhuis
MA. Health related quality of life of Dutch children: psychometric
properties of the PedsQL in the Netherlands. BMC Pediatr. 2009;9:
68.

Varni JW, Limbers CA, Burwinkle TM. How young can children reliably
and validly self-report their health-related quality of life?: an analysis
of 8,591 children across age subgroups with the PedsQL 4.0 Generic
Core Scales. Health Qual Life Outcomes. 2007;5(1):1-13.

Hayes AF. Introduction to mediation, moderation, and conditional process
analysis, second edition: A regression-based approach, Guilford Publica-
tions, 2017.

Cohen L, Manion L, Morrison K, Research methods in education, Taylor
& Francis, 2013.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Irestorm E, Ora |, Linge H, Tonning Olsson I. Cognitive fatigue and pro-
cessing speed in children treated for brain tumours. J Int Neuropsychol
Soc.2021;27(9):865-874.

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.

Chang PC, Yeh CH. Agreement between child self-report and par-
ent proxy-report to evaluate quality of life in children with cancer.
Psychooncology. 2005;14(2):125-134.

Wiener L, Kazak AE, Noll RB, Patenaude AF, Kupst MJ. Stan-
dards for the psychosocial care of children with cancer and their
families: an introduction to the special issue. Pediatr Blood Cancer.
2015;62(Suppl):S419-5424.

Daniel LC, Litsenburg RRL, Rogers VE, et al. A call to action for
expanded sleep research in pediatric oncology: a position paper on
behalf of the International Psycho-Oncology Society Pediatrics Special
Interest Group. Psychooncology. 2020;29(3):465-474.

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

Coleman EA, oodwin JA, Coon SK, et al. Fatigue, sleep, pain, mood, and
performance status in patients with multiple myeloma. Cancer Nurs.
2011;34(3):219-227.

Peersmann SHM, van Straten A, Kaspers GJL, et al. Does the guided
online cognitive behavioral therapy for insomnia “i-Sleep youth”
improve sleep of adolescents and young adults with insomnia after
childhood cancer? (MICADO-study): study protocol of a randomized
controlled trial. Trials. 2021;22(1):307.

van Kooten J, Maurice-Stam H, Schouten AYN, et al. High occurrence
of sleep problems in survivors of a childhood brain tumor with neu-
rocognitive complaints: the association with psychosocial and behav-
ioral executive functioning. Pediatr Blood Cancer.2019;66(11):e27947.
Calabria M, Garcia-Sanchez C, Grunden N, et al. Post-COVID-19
fatigue: the contribution of cognitive and neuropsychiatric symptoms.
J Neurol. 2022;269(8):3990-3999.

Lazor T, Tigelaar L, Pole JD, De Souza C, Tomlinson D, Sung
L. Instruments to measure anxiety in children, adolescents, and
young adults with cancer: a systematic review. Support Care Cancer.
2017;25(9):2921-2931.

Siegel DA, Li J, Henley SJ, Wilson RJ. Geographic variation in pediatric
cancer incidence - United States, 2003-2014. MMWR Morb Mortal
Wkly Rep. 2018;67(25):707-713.

Bull KS, Liossi C, Peacock JL, Yuen HM, Kennedy CR. Screening for cog-
nitive deficits in 8 to 14-year old children with cerebellar tumors using
self-report measures of executive and behavioral functioning and
health-related quality of life. Neuro Oncol. 2015;17(12):1628-1636.
Peeler CE, Edmond JC, Hollander J, et al. Visual and ocular motor
outcomes in children with posterior fossa tumors. J AAPOS.
2017;21(5):375-379.

How to cite this article: Greidanus-Jongejan JEM, van Gorp
M, van Litsenburg RRL, et al. Fatigue mediates the relationship
between emotional and cognitive functioning in children
post-cancer treatment. Pediatr Blood Cancer. 2023;70:30594.
https://doi.org/10.1002/pbc.30594

850807 SUOWIWOD A1) 3|eoldde ayy Aq peusenoh ae Sapife VO ‘8sn Jo sajn. 10} ArIqiT8uljuO A8|IM UO (SUORIPUOD-PUB-SWLBILI0D A8 | 1M ARIq 1 BuIUO//:SANY) SUOIIPUOD pue SWia | 8u1 88S *[£202/0T/20] uo AriqiTauliuo Ao ‘Ariqi AisieAIuN 1ydenn Aq ¥6S0€20d/Z00T 0T/10p/w0o A8 | Afeiq1jeujuo//sdny wiouy papeojumod ‘0T ‘€202 ‘LTOSSYST


https://doi.org/10.1002/pbc.30594

	Fatigue mediates the relationship between emotional and cognitive functioning in children post-cancer treatment
	Abstract
	1 | INTRODUCTION
	2 | METHODS
	2.1 | Design
	2.2 | Participants
	2.3 | Procedure
	2.4 | Measures
	2.5 | Sociodemographic and medical information
	2.6 | Data analyses

	3 | RESULTS
	3.1 | Outcomes on emotional functioning, fatigue, and cognitive functioning
	3.2 | Association between emotional functioning and cognitive functioning and mediation by fatigue

	4 | DISCUSSION
	AUTHOR CONTRIBUTIONS
	CONFLICT OF INTEREST STATEMENT
	FUNDING INFORMATION
	CONSENT TO PARTICIPATE
	REFERENCES


