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Abstract
Objective  Fatigue is one of the most prevalent and distressing symptoms reported by survivors of childhood cancer. There 
is currently a lack of longitudinal studies on cancer-related fatigue, and especially on the relationship between the course 
of fatigue during treatment and fatigue at follow-up. The purpose of the current study was therefore to investigate if the 
course of fatigue during treatment, treatment intensity, serious adverse events, sex, or age at diagnosis are associated with 
cancer-related fatigue after treatment.
Methods  Participants were 92 children and adolescents diagnosed with acute lymphoblastic leukemia (mean age at diagnosis 
was 6.26 years). Fatigue was measured with PedsQL multidimensional fatigue scale proxy reports 5 months after diagnosis, 
12 months after diagnosis, 24 months after diagnosis, and at follow-up 12 months after end of treatment. The effect of patient 
and treatment characteristics on fatigue reported at follow-up was tested through logistic regression analyses.
Results  The course of fatigue during treatment significantly predicted fatigue reported at follow-up for general fatigue 
(p = .038, OR = 9.20), sleep/rest fatigue (p = .011, OR = 15.48), and cognitive fatigue (p < .001, OR = 10.78). None of the 
other variables were associated with fatigue at follow-up for any of the subscales.
Conclusions  The findings demonstrate that fatigue reported during treatment can predict fatigue at follow-up. These results 
stress the need for longitudinal assessments. Healthcare professionals need to be aware that pediatric patients who are fatigued 
during treatment need to receive additional attention and timely interventions since cancer-related fatigue will not resolve 
by itself in the first year after end of treatment.
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Introduction

Cancer-related fatigue is a type of fatigue associated with 
either cancer or cancer treatment. It has consistently been 
found to be one of the most prevalent and distressing symp-
toms in childhood cancer survivors [1–3]. The National 
Cancer Institute has published recommendations for high-
priority research on cancer-related fatigue in both children 
and adults. For survivors of pediatric cancer, these identify a 
need for longitudinal studies to uncover the course of fatigue 
over time [4]. The International Late Effects of Childhood 
Cancer Guidelines Harmonization Group (IGHG) recently 
published recommendations regarding the surveillance of 
fatigue in survivors of childhood cancer [5]. These recom-
mendations include regular screenings of fatigue in survi-
vors of childhood cancer. Furthermore, they also identify 
a need for longitudinal studies to investigate the change of 
fatigue patterns over time.

Acute lymphoblastic leukemia (ALL) is the most com-
mon type of pediatric cancer, and previous cross-sectional 
research has shown that survivors of ALL suffer more from 
fatigue at follow-up than healthy controls [6–8]. During 
treatment itself, patients treated for ALL also suffer more 
from fatigue than healthy controls [9, 10]. Treatment for 
pediatric ALL begins with induction therapy with intensive 
chemotherapy to achieve complete remission. Consolidation 
therapy is started after a month. These intensive treatment 
blocks are followed by intensification chemotherapy. After 
that, most patients receive maintenance therapy for 2 years 
after initial diagnosis to prevent relapse. Maintenance is a 
relative stable phase in which most patients resume their 
normal daily activities. Nevertheless, in the Dutch proto-
col, maintenance therapy includes cyclic glucocorticoids 
treatment in the majority of patients. Glucocorticoids, and 
particularly dexamethasone, are known for their neurobe-
havioral side effects [11]. Dexamethasone is known to affect 
the level of fatigue in patients treated for ALL, with patients 
experiencing more fatigue during periods on dexamethasone 
than off dexamethasone [9, 12]. However, it is still unclear 
whether the effect on fatigue during treatment remains after 
end of treatment. Little is known about how fatigue transi-
tions from on treatment to off treatment, and more research 
is needed regarding which patients remain fatigued after the 
end of treatment. The etiology of cancer-related fatigue is 
not fully understood yet and is likely to be the result of an 
interaction of factors, where age at diagnosis and sex have 
been described as possible modulation factors [13]. Fatigue 
during treatment has been considered as an aspect of the 
toxicity of chemotherapy [14]. The IGHG recommendations 
include screening for underlying conditions that may cause 
fatigue, including conditions that can be effects of treatment 
[5].

There is currently a lack of research regarding the rela-
tionship between fatigue experienced during treatment and 
fatigue reported at follow-up in patients treated for ALL. 
Given that the survivors themselves consider fatigue to be a 
major cause of suffering, there is a need to better recognize 
who is at increased risk of fatigue in order to facilitate early 
recognition and intervention. Therefore, this study aimed to 
investigate if the course of fatigue during treatment, treat-
ment intensity, serious adverse events during treatment, sex, 
or age at diagnosis is associated with fatigue 1 year after end 
of treatment.

Methods

Participants

The results described here are part of the SLAAP [SLEEP] 
study (SLeep in children with Acute lymphoblastic leukemia 
And their Parents), which is an observational, longitudinal, 
multicenter study on sleep, sleep–wake rhythms, quality of 
life, and cancer-related fatigue in pediatric ALL patients and 
functioning of their parents [9, 10]. Patients were identified 
through the Dutch Childhood Oncology Group registry that 
includes all pediatric patients with a diagnosis of cancer 
in the Netherlands. Patients were eligible if they were (1) 
diagnosed with primary ALL and treated according to the 
Dutch national first-line treatment protocol ALL-11, open to 
patients aged 1 to 19 years, (2) ≥ 2 years of age at first assess-
ment, and (3) had participated in the follow-up assessment 
1 year after end of treatment. Exclusion criteria were (1) if 
either parent or patient did not master Dutch sufficiently to 
complete the questionnaires and (2) if the patient was con-
firmed as Ikaros-positive. According to the Dutch ALL-11 
protocol, treatment for Ikaros-positive patients (IKZF1 gene 
deletions) in the medium-risk group is 36 months instead of 
24 months, and the last assessment for these patients was 
therefore conducted at a time point when they were still 
receiving treatment.

Patients were recruited in the former Dutch pediatric 
oncology centers: Emma Children’s Hospital/Academic 
Medical Center and VU University Medical Center Amster-
dam, Wilhelmina’s Children’s Hospital/University Medical 
Center Utrecht, Sophia Children’s Hospital/Erasmus Medi-
cal Center Rotterdam, Beatrix Children’s Hospital/Univer-
sity Medical Center Groningen, and Amalia Children’s Hos-
pital/Radboud University Medical Center Nijmegen, as well 
as from the current national center Princess Máxima Center 
for pediatric oncology in Utrecht.

A total of 225 patients were invited to participate in 
the SLAAP study. Informed consent was provided for 151 
patients, out of which 127 patients were enrolled. Out of 
these, 92 participants were included in the final analysis for 
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this study. Sample size calculation of the SLAAP study was 
based on the primary outcome sleep. No additional sample 
size was calculated for the outcomes presented here. Regard-
ing non-participants, 18 were not included in the statistical 
analysis due to missing/incomplete data, 1 died during the 
study, and 16 dropped out. Age and sex were not statisti-
cally different between participants and non-participants and 
those not invited for the study [10].

Procedure

Fatigue was assessed at 4 time points: 5 months after diag-
nosis (T0), 12 months after diagnosis (T1), 24 months after 
diagnosis (T2), and 12 months after end of treatment (T3). 
Details regarding the assessment time points are described 
in Fig. 1. The first assessment (T0) was planned during 
consolidation therapy. The second measurement (T1) was 
1 year after diagnosis, during maintenance therapy. Based 
on response to treatment and cytogenetics, patients were 
stratified to the following risk groups: standard-risk group, 
medium-risk group, and high-risk group. During the main-
tenance phase, ALL treatment intensity depends on the risk 
group stratification. Standard-risk maintenance therapy con-
sisted of daily oral mercaptopurine and weekly oral metho-
trexate. Maintenance therapy for medium-risk group patients 
consisted of 21-day cycles including vincristine on day 1 of 
each cycle, weekly oral methotrexate, continuous oral mer-
captopurine, and dexamethasone orally on days 1–5. In addi-
tion, medium-risk patients received intrathecal chemother-
apy around once per 4 months. Assessments were planned 
during a week without intrathecal chemotherapy and without 

dexamethasone. The last two measurements were two (T2) 
and three (T3) years after diagnosis, respectively. An addi-
tional assessment point was included for medium-risk par-
ticipants (T1.5). This assessment was conducted during 
treatment with dexamethasone, and for the comparability 
with the standard-risk group, the data from this assessment 
was not included in any statistical model.

Measures

Information on time since diagnosis, risk group stratifica-
tion, Ikaros-status, and serious adverse events was collected 
through the Dutch Childhood Oncology Group registry. 
Serious adverse events are defined in the Dutch ALL-11 
protocol as events that are fatal or life-threatening, require 
prolonged hospitalization (for grade IV infections according 
to the NCI-CTC classification version 4, or invasive fungal 
infections, severe soft tissue infections, unexpected grade 
III/IV serious adverse events), result in persistent or signifi-
cant disability/incapacity, or are medically significant. At 
the baseline assessment (T0), parents filled out a survey to 
collect information regarding patient and parental age and 
sex, as well as highest parental education. The latter was 
classified as a binary variable, either as low-middle or higher 
education.

The Dutch parent-proxy version of the PedsQL™ mul-
tidimensional fatigue scale (PedsQL MFS) was used to 
assess cancer-related fatigue. The instrument is validated 
and demonstrates good psychometric properties, and Dutch 
references are available for healthy populations divided 
by age and sex [15, 16]. Furthermore, the instrument is 

Standard risk Induction   Standard risk maintenance     Off-treatment 

Diagnosis 1 year after diagnosis 

2 year after diagnosis/ 

end of treatment 

3 year after diagnosis/ 

1 year after end of treatment 

T0 T1

5 months after  

diagnosis 

(T1.5) T2 T3

Medium risk Induction Medium risk intensification and maintenance Off-treatment 

Fig. 1   Overview of the ALL-11 treatment protocol and the four study assessments. Medium risk patients were given a fifth assessment (T1.5) 
during treatment with dexamethasone

Page 3 of 9    1Supportive Care in Cancer (2023) 31:1



1 3

recommended for the assessment of fatigue in children 
and adolescents treated for childhood cancer [5, 13]. This 
18-item questionnaire allows for an overall fatigue score and 
three subscale scores: general fatigue, sleep-rest fatigue, and 
cognitive fatigue. The occurrence of problems is assessed 
over the past week on a 5-point Likert scale. Items are res-
cored to a 0–100 scale. A higher score indicates less fatigue. 
The questionnaire was completed paper–pencil or through a 
secured online web portal depending on parent preference. 
For the statistical analysis, only the three subscales were 
used as these represent different aspects of fatigue and the 
average of them was not considered meaningful for a lon-
gitudinal analysis. The parent-proxy reports were chosen 
over self-reports in order to enable consistent comparisons 
between age groups. Due to the low inclusion age in this 
study, self-reports would only have been available for a small 
portion of the sample. Furthermore, the use of parent-proxy 
reports also allowed for measurement when some partici-
pants were acutely ill during treatment.

Statistical methods

Comparisons between the study participants who completed 
the final assessment and the drop-out group were made with 
Student t test for continuous variables and χ2 for categorical 
variables.

Cut-offs for the PedsQL MFS were calculated based on 
the Dutch norms for healthy controls [16]. As there are only 
norms for ages 2–18 for the parent-proxy reports, for those 9 
participants who were over 18 at T3, the norms for 18-year-
olds were used. A score more than 1.5 standard deviations 
(SD) below the norm mean for the corresponding age group 
was considered to be an indicator of fatigue. The cut-off 
of − 1.5 SD was based on previous research on cancer-related 
fatigue [6, 17, 18]. The dichotomous results from assess-
ment T3 were used as outcome variables, with the course 
of fatigue during treatment, sex, risk group, serious adverse 
event, and age at diagnosis as independent variables. Seri-
ous adverse event was coded as 0 (no serious adverse event 
during treatment) or 1 (1 or more serious adverse event). The 
relationship between parental education and reported fatigue 
was explored in a univariate analysis. This variable was not 
included in the total model since it was based only on the 
highest educational level of the family’s main wage earner, 
which did not always correspond to the person filling out the 
questionnaires. Current profession and the educational level 
of a possible second wage earner were not available.

For each subscale of the PedsQL MFS, patients were 
divided into three different groups depending on their 
course of fatigue during treatment (assessments T0–T2): (1) 
fatigued at all available assessments, (2) changing fatigue 
status, and (3) never fatigued. To increase power and enable 

statistical analysis, the participants that were fatigued at all 
assessments and those with changing fatigue status were 
combined, thus creating a dichotomous independent vari-
able. This dichotomous variable created for each of the three 
sub-types of fatigue. The relationship of patient and treat-
ment characteristics with fatigue at follow-up was tested 
through logistic regression analyses. A regression model was 
formed for each subscale of the PedsQL MFS. All analyses 
of data were conducted using SPSS version 26.0.

Results

Drop-out rate from enrolment to follow-up did not differ 
depending on risk group, age at diagnosis, or sex. Out of 
the 92 participants, 23 (25%) were treated according to the 
ALL-11 standard-risk protocol and 69 (75%) according 
to the medium-risk protocol. Only one participant treated 
according to the high-risk protocol was originally enrolled 
but did not complete the assessment at T3. This patient was 
therefore not included, and there were hence no participants 
treated with a high-risk protocol. Regarding sex distribution, 
52 participants were male, and 40 were female. A total of 78 
serious adverse events were reported in 31 (34%) different 
participants. The most reported serious adverse event was a 
life-threatening or complicated infection. The mean age at 
diagnosis was 6.26 years (SD 4.33), and the median age was 
4.88 years. The mean age at T3 was 9.23 years (SD 4.35), 
and the median age was 7.31 years. Regarding parental edu-
cational level, the majority of families had at least one parent 
with a high education (70%).

Figure 2 illustrates the course of raw fatigue scores over 
time. For general fatigue and sleep/rest fatigue, the scores 
increased over time (indicating less problems at follow-up), 
while they decreased for cognitive fatigue (indicating more 
problems at follow-up). At the follow-up assessment T3, 
26% of patients experienced general fatigue, 16% sleep/rest 
fatigue, and 22% cognitive fatigue. Regarding the course of 
fatigue over time, patients frequently changed status during 
treatment for general fatigue and sleep/rest fatigue, whereas 
it was less common for cognitive fatigue. The groups are 
described in Table 1.

The course of fatigue during treatment was the only 
independently significant predictor for experiencing fatigue 
at follow-up. Neither sex, risk group, nor age at diagnosis 
contributed to the model for any of the three subtypes of 
fatigue. The results from the logistic regression are presented 
in Table 2. For general fatigue, patients who experienced 
fatigue during treatment were 9.20 times as likely (p = 0.037, 
95% CI 1.15–73.93) to experience fatigue at follow-up. 
The corresponding odds ratios for sleep/rest fatigue were 
15.48 (p = 0.011, 95% CI 1.90–126.27) and for cognitive 
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fatigue 10.79 (p < 0.001, 95% CI 3.12–37.26). Since the 
variable fatigue during treatment could have confounded 
the results for age and sex, a model was constructed with-
out the fatigue during treatment as a predictor. However, 
neither age at diagnosis nor sex was a significant predictor 
for the outcome at T3 for any of the 3 subscales. Neither 
was parental educational level related to the reported out-
come in the separate, univariate analysis.

Discussion

This study aimed to investigate if the course of fatigue 
during treatment, treatment intensity, sex, or age at 
diagnosis can predict fatigue at follow-up 12 months 
after end of treatment. This was the first study to sur-
vey the development of fatigue during the entire course 
of treatment, and the first study to investigate if the 
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Fig. 2   Graph of changes in parent-proxy reported fatigue over the course of treatment. Error bars: 95% confidence interval. Confidence intervals 
and means are reported for the whole group

Table 1   Description of the 
development of fatigue reported 
during treatment and at 
follow-up

Course of fatigue consisted of assessments at T0, T1, and T2. Cut-off was 1.5 standard deviation below the 
mean for healthy controls
n = 92

General fatigue Sleep/rest fatigue Cognitive fatigue

Course of fatigue during treat-
ment

n (%) n (%) n (%)

  Never fatigued 20 (22%) 40 (43%) 75 (82%)
  Fatigued 72 (78%) 52 (57%) 17 (18%)
  Always fatigued 22 (24%) 8 (9%) 2 (2%)
  Changing status 50 (54%) 44 (48%) 15 (16%)

Outcome at follow-up
  Not fatigued 68 (74%) 77 (84%) 72 (78%)
  Fatigued 24 (26%) 15 (16%) 20 (22%)
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course of fatigue during treatment is related to fatigue 
at follow-up. Fatigue was measured with multidimen-
sional fatigue scales at four different time points, and 
the logistic regression models showed that the course of 
fatigue during treatment was the only significant predic-
tor for all 3 subtypes of fatigue.

At follow-up, the prevalence of fatigue in our study was 
26% for general fatigue, 16% for sleep/rest fatigue, and 22% 
for cognitive fatigue. A Cochrane review on severe fatigue 
after treatment for childhood cancer reported that severe 
fatigue ranged from 0 (bone cancer) to 61% (heterogene-
ous sample) [13]. The IGHG recommendations screened 24 
studies with the prevalence of fatigue in survivors ranging 
from 10 to 85% [5]. For both reviews, the wide ranges in 
prevalence were explained by a variety in primary diagno-
sis and in screening instruments. Multidimensional fatigue 
instruments are recommended for both clinical practice [19, 
20] and research [13, 21]. Comparisons should therefore be 
made with other studies utilizing the PedsQL MFS after 
treatment for ALL. The mean values for the different sub-
scales reported in this study are comparable to those previ-
ously reported for parent-proxy ratings during [22] and at 
follow-up [6], respectively.

Cancer-related fatigue is considered a multifactorial pro-
cess, and while its exact causal mechanisms remain unclear, 
it is generally assumed to be the result of a complex interac-
tion between biological, psychological, and social factors. 
The child’s development can be considered a fourth factor 
that impacts this interaction, as it affects how fatigue is expe-
rienced and reported [4, 23]. Previous studies with mixed 
patient groups have reported that a large portion of the vari-
ance in fatigue can be explained by a biopsychosocial model 
[24]. The National Cancer Institute also identifies a need for 
longitudinal studies to uncover the medical, psychological, 
and social variables related to fatigue [4]. These longitudinal 
studies should also take the child’s ongoing development 
into account.

On a group level, our longitudinal data show that fatigue 
decreases during treatment for general as well as sleep-rest 
fatigue, which is in accordance with previous studies [25, 
26]. Interestingly, there was a different pattern for cognitive 
fatigue. Two possible explanations for this are that patients 
can be growing into their deficits and that the demands on 
cognitive abilities increase with age or as a result of coming 
off treatment. On an individual level, patients often changed 
fatigue status. Fatigue status in adult long-term survivors 

Table 2   Factors associated with 
fatigue at follow-up 12 months 
after end of treatment

SE, standard error; OR, odds ratio; CI, confidence interval. Higher ORs indicate greater odds of reporting 
fatigue at follow-up
* p < 0.05
** p < 0.01
Logistic regression, Coefficients of the model predicting whether a participant was fatigued at follow-up 
12 months after end of treatment

B SE Sig OR 95% CI for OR

General fatigue
Included
  Course of fatigue 2.22 1.06 .037* 9.20 1.15–73.93
  Sex  − 0.64 0.51 .211 0.53 0.19–1.45
  Risk group 0.20 0.60 .742 1.22 0.38–3.96
  Age at diagnosis
  Serious adverse event

 − 0.01
0.10

0.06
0.53

.843
0.16

0.98
1.11

0.88–1.11
0.39–3.13

Sleep/rest fatigue
Included
  Course of fatigue 2.41 1.07 .011* 15.48 1.90–126.27
  Sex  − 0.99 0.67 .138 0.37 0.10–1.38
  Risk group 0.39 0.76 .611 1.47 0.33–6.58
  Age at diagnosis
  Serious adverse event

0.03
 − 0.32

0.07
0.66

.715

.629
1.03
0.73

0.89–1.18
0.20–2.64

Cognitive fatigue
Included
  Course of fatigue 2.38 0.63  < .000** 10.79 3.12–37.26
  Sex  − 0.45 0.60 .455 0.64 0.20–2.06
  Risk group  − 0.17 0.65 .796 0.85 0.23–3.04
  Age at diagnosis
  Serious adverse event

 − 0.06
 − 1.14

0.07
0.63

.373

.607
0.94
0.72

0.83–1.08
0.21–2.48
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of ALL has previously been reported to change over time, 
with 30% of survivors changing their fatigue status between 
two assessments [27]. Patients with fatigue during treatment 
were at high risk of persisting fatigue at follow-up. Odds 
ratios ranged between 9.20 and 15.48 for the different sub-
types of fatigue. Furthermore, patients never experiencing 
fatigue during treatment were at lower risk at follow-up.

Biological factors such as cancer treatment intensity or 
time since diagnosis have been studied in mixed cancer 
groups, but not found to be related to fatigue [8, 28]. In 
a previous description of sleep–wake rhythms and cancer-
related fatigue, we demonstrated that sleep–wake outcomes 
were associated with fatigue during periods without dexa-
methasone, but not during periods with dexamethasone [9]. 
The authors of a study on the effect of dexamethasone on 
fatigue and sleep concluded that dexamethasone signifi-
cantly and adversely altered fatigue both during periods with 
and without dexamethasone [12]. This pattern is important 
for clinicians working with the patient group, as information 
on the neurobehavioral side effects of dexamethasone could 
help both patients and parents to cope with these effects. Our 
results indicate that this effect is temporary, since risk group 
did not affect fatigue reported at follow-up and standard-risk 
patients do not receive a cyclic dexamethasone treatment for 
a prolonged time like medium-risk patients do. The IGHG 
guidelines state an increased risk for fatigue in female sur-
vivors of ALL [5]. We therefore included sex in the models 
for all three fatigue subscales, but it did not significantly 
contribute to any of the three different models and neither 
did age at diagnosis.

Certain psychological problems have also been associated 
with cancer-related fatigue. A relationship between depres-
sive symptoms and fatigue has previously been reported in 
children and adolescent survivors of childhood cancer [6], 
and depression is also closely linked to fatigue in adult sur-
vivors [29]. One study of adult survivors of childhood ALL 
and lymphoma reported that the level of depressive symp-
toms was the strongest predictor of persisting fatigue that did 
not decrease with time since treatment [27].

Finally, social aspects such as family factors are impor-
tant to take into account, especially when using parent-proxy 
reports. A possible explanation for why the course of fatigue 
was a significant predictor for fatigue at follow-up is that 
parents who initially perceive their children as fatigued 
might continue to do so during and after treatment. Future 
research should therefore take parental functioning and well-
being into account when investigating the development of 
cancer-related fatigue.

Clinical implications

Our findings suggest that early interventions should be 
offered to those experiencing fatigue during treatment. 

However, most research regarding interventions for fatigue 
has been conducted in adult oncology patients. These 
include exercise, cognitive-behavioral therapy, and bright 
light therapy [21, 30–33]. In a recent study by Crabtree et al. 
[34], treatment with bright light therapy decreased fatigue 
in adolescents and young adults receiving cancer-directed 
therapy. Given the results from our study, more research 
is necessary regarding managing the fatigue experienced 
by participants during treatment in addition to follow-up 
[35]. A study on exercise and cancer-related fatigue during 
the final stages of therapy and the first period after end of 
therapy for childhood cancer reported that higher physical 
activity was related to less fatigue [35]. Physical activity 
generally increased over time, and increased physical activ-
ity was also associated with less cancer-related fatigue at 
follow-up. Given that children with cancer are less physi-
cally active than the average population, it is important to 
further explore the improvement of cancer-related fatigue 
through increased physical activity. Our results also show 
that participants never experiencing fatigue during treatment 
were at lower risk at follow-up. This has high clinical rel-
evance, as it indicates that at-risk patients can be identified 
already during treatment according to their development of 
fatigue over time. Patients who are persistently fatigued or 
with changing fatigue status during treatment need to receive 
additional attention since fatigue will not resolve by itself in 
the first year. Healthcare professionals should be trained to 
monitor fatigue and provide interventions. To detect fatigue 
in patients treated for cancer, clinical screening programs 
which facilitate patient-reported outcomes can be used. In 
the Netherlands, this is done through the KLIK portal, where 
patients and their parents regularly fill out questionnaires 
online [36].

Study limitations

Our study was the first to investigate the course of fatigue 
during the entire therapy and at follow-up and included a 
large sample of children and adolescents treated for ALL. 
In addition to a homogenous sample, only patients treated 
with chemotherapy were included. One limitation with this 
study was that almost 20% of participants were excluded due 
to missing data, which was probably caused by the many 
assessment points. However, these assessment points also 
made it possible to study the trajectory of cancer-related 
fatigue. Another limitation of this study was the use of only 
parent-proxy ratings of fatigue. Low interrater reliability 
between parent and child reports has been described in sev-
eral studies using PedsQL MFS [6, 16, 37, 38]. There is also 
a lack of norms for the parent-proxy reports for adults, and 
the upper age limit for inclusion in combination with the 
long treatment protocol meant that a small portion of the 
participants was over 18 at T3. However, the low minimum 

Page 7 of 9    1Supportive Care in Cancer (2023) 31:1



1 3

age for inclusion in this study meant that many of the par-
ticipants could not write and read at the time of assessment 
and the use of self-reports would not have been possible for 
a large part of the study group. Regardless of age, some par-
ticipants were also too ill to complete the self-reports during 
the first assessment, which made the use of parent-proxy 
reports a necessity. Another limitation is that only stand-
ard and medium-risk participants completed the study. The 
results are therefore not representative for high-risk patients. 
Patients treated with a high-risk protocol were not excluded 
from participation, but a selection bias might have caused 
them not to be invited at the different centers. As only 5% 
of patients are classified as high-risk according to the Dutch 
ALL-11 protocol, they are also fewer than the other two 
groups. As treatment is much more intensive for high-risk 
patients, the outcomes might be different for them. As the 
treatment is also different from the standard and medium-
risk protocol, the additional elements would warrant a dif-
ferent study design. Furthermore, another limitation was 
that parental mental health, and distress was not included in 
the study. As previously mentioned, future research should 
therefore take parental distress into account when investigat-
ing the development of fatigue.

Conclusions

The findings reported here have implications for both care 
and future research. The findings demonstrate that fatigue 
reported during treatment can predict the outcome. Our 
results stress the need for multiple assessments during treat-
ment, as a large proportion of participants changed fatigue 
status during the 24 months. The main conclusion is that 
patients who are continuously fatigued during treatment 
need to receive additional attention and timely interven-
tions to mitigate the course of fatigue. Future studies should 
also include the relationship between reported fatigue and 
psychosocial functioning. Given the results from our study, 
more research is also needed necessary regarding possible 
interventions to decrease fatigue during as well as after 
treatment. Longitudinal studies focusing on following the 
participants for a longer time-period after end of treatment 
are also warranted.

Acknowledgements  The authors thank all the participating families, 
and the research nurses of the participating medical centers for the 
inclusion and follow-up of patients.

Author contribution  Conceptualization and design: All authors. Analy-
sis and interpretation of data: EI, LS, RL. Acquisition of data: LS, GK, 
NE, IS, ND, CB, WT. Processing of data: LS, Drafting and critical 
revision: EI. Final approval of the version to be published: All authors. 
Accountable for all aspects of the work: All authors. Supervision and 
project administration: RL. Applying for funding: EI, RL, MG, GK.

Funding  The research project described in this paper was funded 
by the Dutch Cancer Society (grant number VU 2014–6703). Elin 
Irestorm is the receiver of a grant from the Swedish Research Council 
(grant number 2021–00328).

Data Availability  The datasets generated during and/or analysed 
during the current study are available from the corresponding author 
on reasonable request.

Declarations 

Ethics approval  The Institutional Review Board of the Erasmus 
Medical Center approved this study (study number 2012–287).

Consent to participate  Parents and patients (≥ 12 years) provided 
informed consent for participation.

Competing interests  RL is an associate editor of supportive care in 
cancer. The other authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, as 
long as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in the 
article's Creative Commons licence and your intended use is not permitted 
by statutory regulation or exceeds the permitted use, you will need to 
obtain permission directly from the copyright holder. To view a copy of 
this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Spathis A, Booth S, Grove S, Hatcher H, Kuhn I, Barclay S (2015) 
Teenage and young adult cancer-related fatigue is prevalent, dis-
tressing, and neglected: it is time to intervene. A systematic litera-
ture review and narrative synthesis. J Adolesc Young Adult Oncol 
4(1):3–17

	 2.	 Kanellopoulos A, Hamre HM, Dahl AA, Fosså SD, Ruud E (2013) 
Factors associated with poor quality of life in survivors of child-
hood acute lymphoblastic leukemia and lymphoma. Pediatr Blood 
Cancer 60(5):849–855

	 3.	 Meeske K, Patel S, Palmer SN, Nelson MB, Parow AM (2007) 
Factors associated with health-related quality of life in pediatric 
cancer survivors. Pediatr Blood Cancer 49(3):298–305

	 4.	 Barsevick AM, Irwin MR, Hinds P, Miller A, Berger A, Jacob-
sen P et al (2013) Recommendations for high-priority research 
on cancer-related fatigue in children and adults. J Natl Cancer 
Inst 105(19):1432–1440

	 5.	 Christen S, Roser K, Mulder RL, Ilic A, Lie HC, Loonen JJ 
et al (2020) Recommendations for the surveillance of cancer-
related fatigue in childhood, adolescent, and young adult cancer 
survivors: a report from the International Late Effects of Child-
hood Cancer Guideline Harmonization Group. J Cancer Surviv 
14(6):923–938

	 6.	 Irestorm E, Olsson IT, Johansson B, Øra I (2020) Cognitive 
fatigue in relation to depressive symptoms after treatment for 
childhood cancer. BMC Psych 8(1):1–9

1   Page 8 of 9 Supportive Care in Cancer (2023) 31:1

http://creativecommons.org/licenses/by/4.0/


1 3

	 7.	 Gordijn MS, van Litsenburg RR, Gemke RJ, Huisman J, Bierings 
MB, Hoogerbrugge PM et al (2013) Sleep, fatigue, depression, 
and quality of life in survivors of childhood acute lymphoblastic 
leukemia. Pediatr Blood Cancer 60(3):479–485

	 8.	 van Deuren S, Penson A, van Dulmen-den Broeder E, Grooten-
huis MA, van der Heiden-van der Loo M, Bronkhorst E, et al 
(2022) Prevalence and risk factors of cancer-related fatigue in 
childhood cancer survivors: A DCCSS LATER study. Cancer 
128(5):1110–1121

	 9.	 Steur L, Kaspers G, Van Someren E, Van Eijkelenburg N, Van der 
Sluis I, Dors N et al (2020) The impact of maintenance therapy on 
sleep-wake rhythms and cancer-related fatigue in pediatric acute 
lymphoblastic leukemia. Support Care Cancer 28(12):5983–5993

	10.	 Steur LM, Kaspers GJ, Van Someren EJ, Van Eijkelenburg NK, 
Van der Sluis IM, Dors N et al (2020) Sleep–wake rhythm disrup-
tion is associated with cancer-related fatigue in pediatric acute 
lymphoblastic leukemia. Sleep 43(6):zsz320

	11.	 Warris LT, van den Heuvel-Eibrink MM, den Hoed MAH, Aarsen 
FK, Pieters R, van den Akker ELT (2014) Does dexamethasone 
induce more neuropsychological side effects than prednisone in 
pediatric acute lymphoblastic leukemia? Syst Rev Pediatr Blood 
Cancer 61(7):1313–1318

	12.	 Hinds PS, Hockenberry MJ, Gattuso JS, Kumar Srivastava D, 
Tong X, Jones H et al (2007) Dexamethasone alters sleep and 
fatigue in pediatric patients with acute lymphoblastic leukemia. 
Cancer 110(10):2321–2330

	13.	 van Deuren S, Boonstra A, van Dulmen-den Broeder E, Blijlevens 
N, Knoop H, Loonen J (2020) Severe fatigue after treatment for 
childhood cancer. Cochrane Database Syst Rev 3:Cd012681

	14.	 Iop A, Manfredi AM, Bonura S (2004) Fatigue in cancer patients 
receiving chemotherapy: an analysis of published studies. Ann 
Oncol 15(5):712–720

	15.	 Varni JW, Burwinkle TM, Katz ER, Meeske K, Dickinson P 
(2002) The PedsQL in pediatric cancer: reliability and valid-
ity of the pediatric quality of life inventory generic core scales, 
multidimensional fatigue scale, and cancer module. Cancer 
94(7):2090–2106

	16.	 Gordijn M, Cremers EM, Kaspers GJ, Gemke RJ (2011) Fatigue 
in children: reliability and validity of the Dutch PedsQL multidi-
mensional fatigue scale. Qual Life Res 20(7):1103–1108

	17.	 Puhr A, Ruud E, Anderson V, Due-Tonnesen BJ, Skarbo AB, Fin-
set A et al (2019) Self-reported executive dysfunction, fatigue, 
and psychological and emotional symptoms in physically well-
functioning long-term survivors of pediatric brain tumor. Dev 
Neuropsychol 44(1):88–103

	18.	 Irestorm E, Ora I, Linge HM, Tonning OI (2021) Cognitive fatigue 
and processing speed in children treated for brain tumours. J Int 
Neuropsychol Soc 27:865–874

	19.	 Berger AM, Mitchell SA, Jacobsen PB, Pirl WF (2015) Screening, 
evaluation, and management of cancer-related fatigue: ready for 
implementation to practice? CA Cancer J Clin 65(3):190–211

	20.	 Berger AM, Mooney K, Alvarez-Perez A, Breitbart WS, Carpenter 
KM, Cella D et al (2015) Cancer-related fatigue, version 2.2015. 
J Natl Compr Canc Netw 13(8):1012–39

	21.	 Cramp F, Byron‐Daniel J (2012) Exercise for the management 
of cancer‐related fatigue in adults. Cochrane Database Syst Rev 
11(11):CD006145

	22.	 Meeske K, Katz ER, Palmer SN, Burwinkle T, Varni JW (2004) 
Parent proxy-reported health-related quality of life and fatigue in 
pediatric patients diagnosed with brain tumors and acute lympho-
blastic leukemia. Cancer 101(9):2116–2125

	23.	 Hockenberry-Eaton M, Hinds PS (2000) Fatigue in children and 
adolescents with cancer: evolution of a program of study. Semin 
Oncol Nurs 16(4):261–72 (discussion 72-8)

	24.	 Nap-van der Vlist MM, Dalmeijer GW, Grootenhuis MA, van der 
Ent K, van den Heuvel-Eibrink MM, Swart JF et al (2021) Fatigue 
among children with a chronic disease: a cross-sectional study. 
BMJ Paediatr Open 5(1):e000958

	25.	 Hockenberry MJ, Pan W, Moore IMK, Scheurer ME, Taylor 
OA, Hooke MC et al (2018) Influence of nitrosative stress on 
fatigue during childhood leukemia treatment. Biol Res Nurs 
20(4):403–409

	26.	 Crabtree VM, Rach AM, Schellinger KB, Russell KM, Ham-
marback T, Mandrell BN (2015) Changes in sleep and fatigue in 
newly treated pediatric oncology patients. Support Care Cancer 
23(2):393–401

	27.	 Zeller B, Loge JH, Kanellopoulos A, Hamre H, Wyller VB, Ruud 
E (2014) Chronic fatigue in long-term survivors of childhood lym-
phomas and leukemia: persistence and associated clinical factors. 
J Pediatr Hematol Oncol 36(6):438–444

	28.	 Daniel LC, Brumley LD, Schwartz LA (2013) Fatigue in adoles-
cents with cancer compared to healthy adolescents. Pediatr Blood 
Cancer 60(11):1902–1907

	29.	 Mulrooney DA, Ness KK, Neglia JP, Whitton JA, Green DM, 
Zeltzer LK et al (2008) Fatigue and sleep disturbance in adult 
survivors of childhood cancer: a report from the childhood cancer 
survivor study (CCSS). Sleep 31(2):271–281

	30.	 Goedendorp MM, Peters ME, Gielissen MF, Witjes JA, Leer JW, 
Verhagen CA et al (2010) Is increasing physical activity neces-
sary to diminish fatigue during cancer treatment? Comparing 
cognitive behavior therapy and a brief nursing intervention with 
usual care in a multicenter randomized controlled trial. Oncologist 
15(10):1122

	31.	 Neikrug AB, Rissling M, Trofimenko V, Liu L, Natarajan L, Law-
ton S et al (2012) Bright light therapy protects women from cir-
cadian rhythm desynchronization during chemotherapy for breast 
cancer. Behav Sleep Med 10(3):202–216

	32.	 Montgomery GH, David D, Kangas M, Green S, Sucala M, Bovb-
jerg DH et al (2014) Randomized controlled trial of a cognitive-
behavioral therapy plus hypnosis intervention to control fatigue in 
patients undergoing radiotherapy for breast cancer. J Clin Oncol 
32(6):557

	33.	 Van Der Lee ML, Garssen B (2012) Mindfulness-based cognitive 
therapy reduces chronic cancer-related fatigue: a treatment study. 
Psychooncology 21(3):264–272

	34.	 Crabtree VM, LaRosa KN, MacArthur E, Russell K, Wang F, 
Zhang H et al (2021) Feasibility and acceptability of light ther-
apy to reduce fatigue in adolescents and young adults receiving 
cancer-directed therapy. Behav Sleep Med 19(4):492–504

	35.	 Van Dijk-Lokkart EM, Steur LMH, Braam KI, Veening MA, Huis-
man J, Takken T et al (2019) Longitudinal development of cancer-
related fatigue and physical activity in childhood cancer patients. 
Pediatr Blood Cancer 66(12):e27949

	36.	 Haverman L, Engelen V, van Rossum MA, Heymans HS, Groot-
enhuis MA (2011) Monitoring health-related quality of life in 
paediatric practice: development of an innovative web-based 
application. BMC Pediatr 11(1):1–7

	37.	 Crichton AJ, Babl F, Oakley E, Greenham M, Hearps S, Delzoppo 
C et al (2017) Prediction of multidimensional fatigue after child-
hood brain injury. J Head Trauma Rehabil 32(2):107–116

	38.	 Nascimento LC, Nunes MD, Rocha EL, Bomfim EO, Floria-San-
tos M, Dos Santos CB et al (2015) High validity and reliability of 
the PedsQL multidimensional fatigue scale for Brazilian children 
with cancer. J Pediatr Oncol Nurs 32(1):57–64

Publisher's note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Page 9 of 9    1Supportive Care in Cancer (2023) 31:1


	Fatigue trajectories during pediatric ALL therapy are associated with fatigue after treatment: a national longitudinal cohort study
	Abstract
	Objective 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Participants
	Procedure
	Measures
	Statistical methods

	Results
	Discussion
	Clinical implications
	Study limitations

	Conclusions
	Acknowledgements 
	References


