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ABSTRACT 
Background: Fatigue is a distressing and prevalent long-term sequela of treatment for childhood can
cer, and there is a need for longitudinal studies to investigate the development of fatigue over time. 
The objective of this study was to calculate growth-curves for the longitudinal development of fatigue 
after treatment for childhood cancer, and to investigate the effects of biopsychosocial predictors.
Materials and methods: Participants were recruited from a patient monitoring program and data 
extracted from medical records. Parent-proxy and self-report versions of PedsQLTM Multidimensional 
Fatigue Scale were used to repeatedly assess fatigue up to 5 years after the end of treatment for child
hood cancer. Fatigue was assessed 2440 times for 761 participants (median:3) with proxy-reports (age 
2–8 years) and 2657 times for 990 participants with self-reports (above 8 years) (median:2). Mixed mod
els were used to establish growth-curves and to analyze the effect of predictors separately for partici
pants with solid tumors (ST), hemato-oncological malignancies and central nervous system- 
tumors (CNS).
Results: CNS-tumors were associated with more cognitive fatigue than ST at the end of treatment, for 
both proxy-reports (� 11.30, p<.001) and self-reports (� 6.78, p¼.002), and for proxy-reports of general 
fatigue (� 6.78, p¼.002). The only significant difference in change over time was for self-reports of 
sleep-rest fatigue. The raw scores for the CNS-group decreased with � 0.87 per year (95% CI � 1.64; 
� 0.81, p¼.031) compared to the ST-group. Parental distress was overall the variable most associated 
with increased fatigue, while immunotherapy was the most frequent medical predictor. National cen
tralization of childhood cancer care decreased fatigue for the CNS-group, but not for other diagnoses.
Discussion: Children and adolescents treated for CNS-tumors reported more fatigue than other partici
pants after the end of treatment, and this difference remained over time. Results from this study may 
help to facilitate the early recognition of children with insufficient recovery of fatigue symptoms.
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Background

Cancer-related fatigue has repeatedly and consistently been 
found to be one of the most prevalent and distressing symp
toms in survivors of childhood cancer [1]. Despite this, 
fatigue is frequently overlooked as a long-term sequela of 
pediatric cancer disease and treatment [1,2]. While most fol
low-up protocols after cancer treatment do not yet include 
measurements of fatigue, there is an increased demand for 
including it in follow-up protocols after both pediatric and 
adult cancer [3,4]. The National Cancer Institute has pub
lished recommendations for high-priority research on cancer- 
related fatigue in children and adults, and these identify a 
need for longitudinal studies to uncover the biopsychosocial 
mechanisms of cancer-related fatigue [5]. The International 

Late Effects of Childhood Cancer Guidelines Harmonization 
Group recently published recommendations regarding the 
surveillance of fatigue after treatment for childhood cancer 
[6]. These recommendations include regular screenings of 
fatigue, and also identify a need for longitudinal studies to 
investigate the change of fatigue patterns over time. 
Research in adults has demonstrated that fatigue status can 
change between two assessments [7,8], which further dem
onstrates the importance of repeated measures of fatigue.

Evidence on risk factors for fatigue after treatment for 
childhood cancer is limited and contradictory. While previous 
research has shown that children and adolescents experience 
more fatigue after pediatric brain tumors than after acute 
lymphoblastic leukemia (ALL) [4,9,10], the effect of different 
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treatments on fatigue after childhood cancer remains to be 
elucidated. A study on chronic fatigue in adult survivors of 
childhood leukemia and lymphomas reported that neither 
radiotherapy nor chemotherapy predicted fatigue scores [7]. 
One study showed that surgery in combination with both 
chemotherapy and radiotherapy increased the risk for severe 
fatigue in adult survivors of pediatric brain tumors [11], while 
another study on fatigue in a heterogeneous sample of 
childhood cancer survivors reported that radiotherapy – but 
not chemotherapy – increased the risk for fatigue [10]. In 
adult long-term survivors, the presence of a co-existing 
health condition requiring medication is associated with 
more fatigue [12]. In children with chronic diseases, almost 
three quarters of the variance in fatigue scores has been 
explained by a biopsychosocial model, and it is recommended 
to take biological, psychological and social factors into 
account [13]. Family functioning is also important in childhood 
cancer, as parents experiencing more psychosocial difficulties 
have children with lower quality of life (QoL) [14]. It is evident 
that a diagnosis of childhood cancer is associated with a risk 
for experiencing fatigue and that patients therefore should be 
carefully monitored. However, as there is a lack of longitudinal 
research regarding the development of fatigue over time, it is 
difficult to predict the course of fatigue after end of treat
ment. Knowing this course may help early recognition of 
patients at risk. The aim of this study is therefore: 1) to deter
mine the course in fatigue over time after treatment for child
hood cancer, and 2) investigate the effects of biopsychosocial 
predictors for the course of fatigue.

Material and methods

Participants and materials

In 2018, all care for children with cancer in the Netherlands 
was centralized at the Princess M�axima Center for pediatric 
oncology in Utrecht. The participants in the study were 
treated either before or after centralization of care, but all 
received followed-up care at our center. National centraliza
tion of childhood cancer care has led to a more specialized 
medical team and the opportunity to provide more system
atic psychosocial support. Apart from the large psychosocial 
team, an additional team for supportive care and exercise 
with a focus on developmentally oriented care is also avail
able. Furthermore, there is a multidisciplinary clinical team in 
both direct care and at the follow-up clinic, with a broad 
range of specialists. Improving QoL is part of the core mis
sion, and psychosocial screenings and monitoring of QoL is 
implemented as a standard of care. Dutch-speaking families 
are offered to participate in a patient-reported outcome 
monitoring program called the KLIK program, which includes 
repeated assessments of patients’ QoL and fatigue [15]. Out 
of all patients diagnosed at the hospital, approximately 70% 
of the regularly scheduled psychosocial monitoring and 
screening questionnaires in clinical care are completed [16].

The national version of the PedsQLTM Multidimensional 
Fatigue Scale (MFS) was used to assess fatigue in all patients 
aged 2 years and above, and the questionnaire was filled out 
through a secured online portal after the end of treatment 

and then offered in combination with outpatient visits (with 
a minimum of 3 months between every assessment). The 
MFS is validated, demonstrates good psychometric proper
ties, and national references are available for healthy popula
tions divided by age and sex [17,18]. Furthermore, the 
instrument is recommended for the assessment of fatigue 
after treatment for childhood cancer [6,19]. This 18-item 
questionnaire consists of three subscale scores: cognitive 
fatigue, sleep-rest fatigue, and general fatigue. The cognitive 
fatigue subscale focuses on problems with memory, atten
tion, and processing speed; the sleep/rest fatigue subscale 
focuses on quality and amount of sleep; and the general 
fatigue subscale covers problems due to lack of energy 
(including specific executive difficulties). The occurrence of 
problems is assessed over the past week on a 5-point Likert 
scale. Items are rescored to a 0–100 scale. A higher score 
indicates less fatigue. For children above the age of 8, the 
self-report was used, and for younger children the parent- 
proxy report was used.

Additionally, parental distress is also assessed in the moni
toring program, with the distress thermometer for parents 
(DTP). Parents filled out the DTP every 6 months, independ
ently of whether they were proxy-respondents for their 
young child’s fatigue assessment. The DTP is an instrument 
for caregivers to self-report their overall distress regarding 
physical, emotional, social and practical issues on a 0-10 
scaled thermometer, with scores of 4 or higher indicating 
clinical distress [20]. The psychometric properties of the DTP 
score are good [21].

Data was extracted from the patient-reported outcome 
monitoring program for all patients for whom informed con
sent was given. Information regarding the medical variables 
was collected through the national childhood oncology 
registry and from medical records. The following independ
ent predictors were included: sex, age at assessment, age at 
diagnosis, treatment (chemotherapy, radiotherapy, immuno
therapy, brain surgery, and allogenic stem cell therapy), 
treatment period (before or after centralization of care), 
relapse, and parental distress. Age at diagnosis was a con
tinuous variable, while age at assessment was dichotomous 
for parent-proxy-reports (2–4 years, or 5–7 years) and trichot
omous for self-reports (8–12 years, 13–18 years, or above 
18 years). All treatment-related variables, including relapse, 
were dichotomous. In case of relapse after the end of treat
ment, the end-date for the final treatment was used for the 
time variable and the 5 years started after this. The closest 
assessment with the DTP (clinical or non-clinical), was 
included as a psychosocial predictor. Parental educational 
level was defined according to national standards and then 
divided into low, middle or high educational level.

Statistical methods

The self-reports and the parent-proxy reports were analyzed 
separately. Linear mixed models were used to estimate 
growth-curves for the different subscales, using data 
assessed during the first 5 years after end of treatment. The 
main independent variable was time since end of treatment, 
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and quadratic and cubic polynomial time variables were 
included if significant according to the Wald statistic. The 
models account for within-subject dependency of longitu
dinal observations using a random intercept and if necessary 
random slopes for the time variables. Necessity was eval
uated by Likelihood ratio tests. After the best fitting growth- 
curve was defined, differences between the main diagnostic 
groups were determined. The groups were hemato-oncology 
(HO), solid tumors (ST), and central nervous system (CNS) 
tumors. Thereafter, the effects of variables were investigated 
by adding potential predictors to the best fitting growth- 
curve model. If p< 0.1 in the univariable models, the variable 

was selected for the multivariable models. All calculations 
were made with SPSS version 26.

Results

Out of all patients that participated in the monitoring pro
gram, 94.0% (N¼ 761) consented to the use of the parent- 
proxy questionnaires, which resulted in 2440 observations. 
For the self-reports, 90.2% (N¼ 990) consented, which 
resulted in 2657 observations. The total number of partici
pants in both datasets was 1600, with 151 participants 

Table 1. Patient demographics for the proxy-reports of the PedsQLTM Multidimensional Fatigue Scales.

Individuals Observations

Number of participants 761 2440
Assessments per patient – median, range, interquartiles Median 3, range 1–11, interquartiles 1–5
Sex, N (%)

Female 342 (44.9%) 1079 (44.4%)
Proxy-reporter sex, N (%)

Female 590 (77.5%) 1906 (78.1%)
Diagnosis before or after centralization of care

After 496 (65.2%) 1615 (66.2%)
Age at diagnosis – mean years (SD) 2.95 (1.75) 2.75 (1.61)
Range 0.01 � 7.62 0.01 � 7.62
Age at assessment, N (%)

2–4 Years 251 (33.0%) 585 (24.0%)
5–7 Years 510 (67.0%) 1855 (76.0%)

Treatment, N (%)
Chemotherapy 614 (80.7%) 2098 (86.0%)
Radiotherapy 154 (20.2%) 584 (23.9%)
Allogenic stem cell therapy 13 (1.7%) 35 (1.4%)
Brain surgery 138 (18.1%) 358 (14.7%)
Immunotherapy 147 (19.3%) 434 (17.8%)

Diagnoses, N (%)
Hemato-oncology 297 (39.0%) 869 (35.6%)

Acute lymphoblastic leukemia 177 (23.3%) 514 (21.1%)
Acute myeloid leukemia 48 (6.3%) 151 (6.2%)
Langerhans cell histiocytosis 39 (5.1%) 100 (4.1%)
Non-Hodgkin lymphoma 24 (3.2%) 86 (3.5%)
Hodgkin lymphoma 7 (0.9%) 14 (0.6%)
Hemato-oncology other 2 (0.3%) 4 (0.2%)

Solid tumors 291 (38.4%) 1132 (46.4%)
Kidney tumor 110 (14.5%) 503 (20.6%)
Neuroblastoma 82 (10.8%) 301 (12.3%)
Soft tissue tumor 40 (5.3%) 137 (5.6%)
Germ cell tumor non-central nervous system 26 (3.4%) 74 (3.0%)
Liver tumor 17 (2.2%) 77 (3.2%)
Bone tumor 12 (1.6%) 34 (1.4%)
Solid tumor other 5 (0.7%) 6 (0.2%)

Central nervous system tumors 172 (22.6%) 439 (18.0%)
Low grade gliomas 97 (12.7%) 230 (9.4%)
Ependymoma and choroid plexus papilloma 27 (3.5%) 64 (2.6%)
Medulloblastoma 19 (2.5%) 68 (2.8%)
Craniopharyngioma 12 (1.6%) 27 (1.1%)
High grade gliomas 6 (0.8%) 9 (0.4%)
Embryonal tumor 5 (0.7%) 24 (1.0%)
PNET 3 (0.4%) 3 (0.1%)
CNS germ cell tumor 2 (0.3%) 8 (0.3%)
CNS Other 1 (0.1%) 6 (0.2%)

Relapse 84 (11.0%) 243 (10.0%)
Parental education levela, N (%) Missing: 159 Missing: 311

Low 19 (3%) 67 (3%)
Medium 196 (33%) 663 (31%)
High 387 (64%) 1399 (66%)

Parental distress risk thermometer, N (%) Missing: 36 Missing: 47
Not clinical 381 (52.6%) 1348 (53.3%)
Clinical 344 (47.4%) 1045 (43.4%)

aLow: primary education, lower vocational education, lower and middle secondary education; medium: middle vocational education, 
higher secondary education, pre-university education; high: higher vocational education, university.
Italic values indicate that they belong to the main diagnostic group.
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participating both before and after 8 years of age. The 
median number of assessments were 3 for proxy-reports 
(range 1–11) and 2 for self-reports (range 1–12). The distribu
tion of diagnoses differed between self and proxy-respond
ents, with ST being the most common diagnosis for the 
parent-proxy reports (age below 8 years), while HO was the 
most common for self-reports. Clinical distress was prevalent 
in less than half of the parents at baseline. The participant 
demographics are described in Table 1 for parent-proxy 
reports and Table 2 for self-reports. Immunotherapy had 
been given before 17.8% of the assessments in younger chil
dren and 12.3% in older children, and always in combination 
with chemotherapy. In both groups, the sub diagnoses most 

commonly treated with immunotherapy were ALL, neuro
blastoma, and non-Hodkin lymphoma. This group was further 
characterized by a higher number of relapse compared to 
the group not treated with immunotherapy. Fifteen percent 
of the younger children treated with immunotherapy had 
relapsed before study start, compared to 8.8% in the group 
not treated with immunotherapy. Corresponding number for 
the older children were 29.4% with relapse in the group 
treated with immunotherapy compared to 29.4%.

For the total group, cognitive fatigue was stable over 
time for both younger and older children (no significant 
change). For proxy-reported sleep-rest fatigue the scores 
increased over time (p<.001), indicating less problems. For 

Table 2. Patient demographics for the self-reports of the PedsQLTM Multidimensional fatigue Scales.

Individuals Observations

Number of participants 990 2657
Assessments per patient - median, range, interquartiles Median 2, range 1–12, interquartiles 1–4
Sex, N (%)

Female 463 (46.1%) 1347 (50.7%)
Diagnosis before or after centralization of care

After 456 (46.1%) 1221 (46.0%)
Age at diagnosis – mean (SD) 10.18 (4.65) 10.60 (4.49)
Range 0.02 � 18.73 0.02 � 18.73
Age at assessment

8–12 Years 480 (48.5%) 1149 (43.2%)
13–18 Years 454 (45.9%) 1071 (40.3%)
Above 18 years 56 (5.7%) 437 (16.4%)

Treatment, N (%)
Chemotherapy 739 (74.6%) 2073 (78.0%)
Radiotherapy 266 (26.9%) 767 (28.9%)
Allogenic stem cell therapy 27 (2.7%) 61 (2.3%)
Brain surgery 246 (24.8%) 590 (22.2%)
Immunotherapy 123 (12.4%) 327 (12.3%)

Diagnoses, N (%)
Hemato-oncology 435 (43.9%) 1198 (45.1%)

Acute lymphoblastic leukemia 190 (19.2%) 454 (17.1%)
Hodgkin lymphoma 115 (11.6%) 380 (14.3%)
Non-Hodgkin lymphoma 75 (7.6%) 230 (8.7)
Acute myeloid leukemia 41 (4.1%) 107 (4.0%)
Langerhans cell histiocytosis 13 (1.3%) 25 (0.9%)
Hemato-oncology other 1 (0.1%) 2 (0.1%)

Solid tumors 256 (25.9%) 743 (28.0%)
Soft tissue tumor 67 (6.8%) 202 (7.6%)
Bone tumor 64 (6.5%) 191 (7.2%)
Kidney tumor 41 (4.1%) 107 (4.0%)
Germ cell tumour non-central nervous system 32 (3.2%) 118 (4.4%)
Solid tumor other 26 (2.6%) 69 (2.6%)
Neuroblastoma 19 (1.9%) 44 (1.7%)
Liver tumor 7 (0.7%) 12 (0.5%)

Central nervous system tumors 299 (30.2%) 716 (26.9%)
Low grade gliomas 155 (15.7%) 357 (13.4%)
Medulloblastoma 50 (5.1%) 146 (5.5%)
Craniopharyngioma 26 (2.6%) 48 (1.8%)
CNS germ cell tumor 20 (2.0%) 46 (1.7%)
Ependymoma and choroid plexus papilloma 20 (2.0%) 49 (1.8%)
CNS other 13 (1.3%) 31 (1.2%)
High grade gliomas 8 (0.9%) 25 (0.9%)
PNET 2 (0.2%) 4 (0.2%)
Embryonal tumor 2 (0.2%) 4 (0.2%)

Relapse 103 (10.4%) 296 (11.1%)
Parental education level,a N (%) Missing: 403 Missing: 869

Low 28 (4.8%) 88 (4.9%)
Medium 205 (34.9%) 562 (31.4%)
High 354 (60.3%) 1138 (63.6%)

Parental distress thermometer, N (%) Missing: 200 Missing: 400
Not clinical 398 (50.4%) 1257 (55.7%)
Clinical 392 (49.6%) 1000 (44.3%)

aLow: primary education, lower vocational education, lower and middle secondary education; medium: middle vocational education, 
higher secondary education, pre-university education; high: higher vocational education, university.
Italic values indicate that they belong to the main diagnostic group.
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self-reported sleep-rest fatigue (p<.001), proxy reported gen
eral fatigue (p¼.048), and self-reported general fatigue 
(p¼.010), the scores first improved and then deteriorated. 
When stratified by main diagnostic group, participants with 
CNS-tumors had significantly lower scores for cognitive 

fatigue than ST at the end of treatment. This was significant 
for both parent-proxy (� 11.30, p<.001) and self-reports 
(� 6.78, p¼.002), as well as for parent-proxy reports of gen
eral fatigue (� 6.78, p¼.002). Participants treated for HO also 
scored significantly more cognitive fatigue for parent-proxy 

Figure 1. (A,B) Growth-curves for cognitive fatigue, with predicted means and 95% confidence intervals. None of the groups have a significant interaction with 
time.
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reports than ST (� 6.63, p<.001). The change over time was 
only significantly different between groups for self-reports of 
sleep-rest fatigue, where the CNS-group decreased signifi
cantly more over time than ST with � 0.87 raw scores per 
year (95% CI � 1.64; � 0.81, p¼.031). The course of fatigue for 

the different diagnostic groups are shown in Figures 1–3. 
The best fitting growth-curves for the whole sample, with 
means and standard deviations, are shown in Supplemental 
Figures 1–3. In addition, a line indicating the age and sex- 
weighted mean of cross-sectional norm data was calculated 

Figure 2. (A,B) Growth-curves for sleep-rest fatigue, with predicted means and 95% confidence intervals. The self-reports for the central-nervous-system group has 
a significant interaction with time and the scores are decreasing more over time than solid tumors (p¼.031).
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to provide context to the height of the curves for the whole 
sample in the Supplemental Figures.

The results from the multivariable analyses are reported in 
Table 3 for proxy-reports and Table 4 for self-reports. Neither 
allogenic stem cell-therapy nor brain surgery were significant 
in any of the univariable analyses, and sex not for any of the 

self-reports, and were therefore not included in the corre
sponding multivariable analyses. For the parent-proxy 
reports, clinical parental distress was significantly associated 
with more fatigue for almost all outcomes for all three 
patient-groups. For the self-reports, the DTP was also signifi
cant for all outcomes for the CNS-group. Being diagnosed 

Figure 3. (A,B) Growth-curves for general fatigue, with predicted means and 95% confidence intervals. None of the groups have a significant interaction with time.
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after the centralization of care was significantly associated 
with less fatigue after treatment for CNS-tumors for almost 
all outcomes, but not for any of the outcomes for the other 
two diagnostic groups. Younger age at diagnosis was not 
significantly associated with any of the outcomes, while older 
age at age at assessment frequently predicted more fatigue, 
especially for self-reports. All associations between treatment 
and fatigue had a negative direction, meaning that receiving 
that type of treatment was associated with more fatigue. The 
self-reports were characterized by immunotherapy being the 
only significant treatment predictor, with a negative relation
ship with three of the outcomes. For the parent-proxy 
reports, chemotherapy, immunotherapy, and radiotherapy 
had a negative relationship, but only for a few outcomes. 
Relapse was associated with more sleep-rest fatigue and gen
eral fatigue, but not with cognitive fatigue. Due to missing 
data for many participants, parental educational level could 
not be included in the analysis.

Discussion

In this study, the development of fatigue after treatment of 
childhood cancer was explored through repeated assess
ments from end of treatment up to 5 years later. We provide 
growth-curves demonstrating the expected trajectory after 
end of treatment, and investigated biopsychosocial determi
nants as predictors for fatigue.

We demonstrate that cognitive fatigue was stable over 
time, with neither increase nor decrease. For proxy-reported 
sleep-rest fatigue, scores increased over time, indicating less 
fatigue. For self-reported sleep-rest fatigue and both reports 
of general fatigue the scores first increased and then 
decreased. However, the change in raw scores was small 
compared to confidence intervals and standard deviations 
(SD). For proxy-reports of sleep-rest fatigue there was an 
improvement with 14 raw scores (compared to the SD of 
10.3), while for the remaining outcomes this change was 4 
raw scores or less.

Earlier studies have shown survivors of childhood cancer 
have fatigue scores that are substantially poorer than healthy 
norms [4,18]. It is of clinical importance to recognize patients 
at risk as early as possible, as childhood fatigue has the pro
pensity to become chronic. Approximately one-third of 
fatigued adolescents in the general population will keep per
sistent symptoms in adulthood [22], and the duration of 
fatigue is one of the strongest predictors of treatment suc
cess [23]. In children with ALL, it has been shown that 
fatigue during treatment predicts fatigue one year after the 
end of therapy [8]. For early recognition, it is essential to 
know the expected ‘normal’ course of fatigue after childhood 
cancer. Our study demonstrates that specific oncology curves 
fulfils an important purpose when evaluating fatigue in indi
vidual patients. The next step will be to import these pre
dicted trajectories as reference curves into the monitoring 
system and use them in clinical practice. Early identification 
of patients at risk will enable faster access to clinical 
interventions.

A diagnosis of a CNS-tumor has previously been reported 
as a risk factor for fatigue in cross-sectional studies 
[4,9,10,12], and we confirm these results in a longitudinal set
ting. That HO had significantly lower scores than ST for 2 out 
of 3 parent-proxy subscales and not for any of the self- 
reports subscales might indicate that this group recovers 
over time, whereas no such pattern was seen for the CNS- 
group. Overall, the difference between diagnostic groups 
was most evident for cognitive fatigue, while for sleep-rest 
fatigue there were no differences. Considering that cognitive 
fatigue is related to lower neuropsychological functioning in 
survivors of childhood cancer [24,25], it is possible that cog
nitive deficits in the CNS-group explain these differences. In 
our current study with data up to 5 years after end of treat
ment, the difference between the CNS-group and other diag
nostic groups did not increase with time for cognitive 
fatigue.

The effect of tumor group can also be discussed in rela
tion to treatment type. There was no clear pattern regarding 
type of treatment, but in the case of allogenic stem cell ther
apy this could have been caused by a very small group 
receiving this treatment. Immunotherapy was the most fre
quent treatment-related predictor, and for the self-reports it 
was the only treatment to be associated with fatigue. It is 
possible that these participants had received second or third 
line treatment, and that immunotherapy was therefore a 
marker of disease severity. More fatigue after treatment with 
immunotherapy might therefore not be a result of that spe
cific treatment, but of disease components. Research on the 
association between immunotherapy and fatigue is currently 
lacking, but will gain importance as the use of these agents 
is likely to increase over the coming years. Most surprising is 
perhaps that radiotherapy only predicted lower scores for 1 
out of 18 outcomes. A study on chronic fatigue in adult sur
vivors of childhood leukemia and lymphomas reported that 
neither radiotherapy nor chemotherapy predicted fatigue 
scores [7]. This is in line with our results, where radiotherapy 
did not predict any outcome for the HO-group and chemo
therapy only one. However, as older research on cognitive 
deficits in survivors of CNS-tumors showed that radiotherapy 
was associated with a decrease of 2–4 intelligence quotient 
points per year per year [26–28], and a recent study by 
S€oderstr€om et al. indicates that it takes 3–5 years after treat
ment with radiotherapy until the full impact of cognitive def
icits are seen [29], it is possible that a longer follow-up time 
is necessary to fully explore the impact of radiotherapy in 
the CNS-group.

The centralization of care did not affect the outcomes for 
ST and HO, but did so for CNS. The CNS-group diagnosed 
after the centralization of care reported less fatigue for 5 out 
of 6 outcomes. Since the CNS-group consistently reported 
more fatigue than HO and ST, it is reasonable that this group 
benefitted more from the centralization, as this meant a 
more specialized medical team in addition to both more sys
tematic attention for QoL and fatigue, as well as more multi
disciplinary support was offered. The centralization of care 
further affects the generalizability of the study. While partici
pation rate in KLIK was 70% on average, it is higher after the 
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centralization than it was before it. The participation rate is 
therefore expected to increase even further in the future. 
Even though not all patients participate in KLIK, and not all 
give consent for research, the unique patient monitoring 
program at the Princess M�axima Centrum provides a robust 
data set. The longitudinal design in combination with the 
size of the study sample means that our findings can be 
applied to the broader population of children treated for 
childhood cancer. While we had an underrepresentation of 
parents with low educational level, the clinical patient demo
graphics in our study were in line with what could be 
expected when comparing the distribution of these variables 
with the entire Dutch cohort of children diagnosed with can
cer [30].

Previous studies on fatigue in survivors of childhood can
cer utilizing the MFS have not reported a sex difference 
[4,8,9,17]. These studies were cross-sectional, and we here 
report similar results for the development over time.

In a Dutch study on persistent fatigue for more than 
6 months in both adult and adolescent survivors of child
hood cancer, the prevalence was higher in the adult group 
than in the adolescent group [12]. This might indicate that 
the prevalence of fatigue can increase over time. Similarly, 
we reported older age at assessment to be associated with 
more fatigue. That older study participants self-report more 
fatigue can possibly be explained by the higher demands 
and responsibilities that come with adulthood. A review on 
transition to adulthood for survivors of childhood cancer 
concluded that this group has unique medical, developmen
tal, and psychosocial challenges [31]. The combined burden 
of these can explain why the older participants self-reported 
more fatigue than younger participants. Lower age at diag
nosis did not predict lower scores for any of the outcomes. 
While no other study has reported growth-curves for fatigue 
after treatment for childhood cancer before, this can still be 
considered unexpected due to lower age at diagnosis gener
ally being a risk factor for many different types of outcomes 
[32–34].

Concerning parental distress, this was overall the most 
frequent significant predictor. The clinical level of parental 
distress at baseline in our study was in line with what has 
previously been reported for ill children [20,21]. Previous 
studies on fatigue in other patient groups have also reported 
similar associations [35,36]. This indicates that parental dis
tress should be taken into account when interpreting the 
results of parent-proxy reports as there is a chance that this 
might influence their response pattern. However, from our 
results it is not possible to determine whether parents 
reported more distress because the children were fatigued, 
or that they reported that the children were fatigued 
because they themselves were distressed. Still, it is interest
ing that the results from the DTP predicted the scores for 8 
out of 9 parent-proxy outcomes, and for 4 of the self-report 
outcomes. There is high-quality evidence that psychosocial 
assessments should be standard care in pediatric oncology 
[37], and our results indicate that parental stress also needs 
to be considered in interventions.

While the presence a co-existing medical condition is 
related to fatigue in adult long-term survivors of childhood 
cancer [12], we did not explore this variable. The risk for hav
ing health problems after end of treatment generally 
increases with the duration of follow-up [38], which can 
explain why the highest prevalence of fatigue has been 
reported in survivors aged 40–49 years [12]. Cancer treatment 
might indirectly affect fatigue levels by increasing the likeli
hood of health conditions (for example heart disease) that 
are associated with fatigue [39]. However, it is important to 
acknowledge that cancer treatment in childhood has been 
hypothesized to induce health problems at a later stage in 
life that may increase the risk for fatigue [12], and that side 
effects and health problems that are subclinical at the end of 
treatment might manifest many years later [40].

Limitations

The strengths of this study is the longitudinal design, with a 
uniquely large and robust dataset. While this was an exten
sive study, utilizing both parent-proxy reports and self- 
reports, and including more than 5000 observations, some 
limitations must be mentioned. Firstly, it was not possible to 
extract information on surgery (apart from brain surgery) 
from the medical records, meaning that surgery could not be 
included as a predictor in our model. Secondly, the results 
may not be representative for patients not participating in 
KLIK. Participation in the monitoring system is a voluntary 
intervention, and it is possible that this is a protective factor 
that in itself increases QoL. The monitoring system is (cur
rently) only available to Dutch-speaking families, which 
means that immigrant families are participating to a lower 
extent. Additionally, there were very few participants with 
low parental education, and these numbers were below 
what could be expected when considering the distribution in 
the country. It was therefore not possible to include educa
tional level as a measure of socio-economic status and 
explore its relationship with fatigue.

Conclusion

The main conclusion of this study is that the main diagnosis 
affects the longitudinal development of fatigue over time. 
Participants treated for CNS-tumors reported significantly 
more fatigue than other diagnoses, and this difference was 
observed in both younger and older children. In accordance 
with previous studies, older age at assessment was found to 
be a risk factor. Parental distress was the most frequent pre
dictor for fatigue scores, for both self-reports and parent- 
proxy reports, implying a strong relationship between 
psychosocial variables and reported fatigue. The centraliza
tion of care, meaning increased psychosocial interventions 
and support in addition to a multidisciplinary care team and 
rehabilitation specialists, benefitted those treated for CNS- 
tumors but not the other two groups. The lower baseline 
scores for the CNS-group, together with precious research on 
cognitive decline, indicates that a follow-up time of 5 years 
might not be enough to fully explore the impact of fatigue 
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in this group. Future studies should therefore focus on lon
ger follow-up time and investigate the outcomes for differ
ent types of CNS-tumors. More research regarding the effects 
of different types of immunotherapy is also necessary.
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