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BACKGROUND: Cancer-related fatigue is a debilitating late effect after treatment for childhood cancer. The prevalence of fatigue in child-
hood cancer survivors (CCSs) and associated factors for fatigue has varied widely in previous studies. Two important aspects of cancer-
related fatigue, its severity and chronicity, are often not assessed. This study investigated the prevalence of, and risk factors for, severe
chronic fatigue (CF) in a national cohort of Dutch CCSs. METHODS: In this study, 2810 CCSs (5-year survivors of all childhood malignancies
diagnosed between 1963 and 2001 with a current age of 12-65 years) and 1040 sibling controls were included. CF was assessed with the
Short Fatigue Questionnaire and was defined as a score > 18 and persistence of fatigue for >6 months. Cancer- and treatment-related charac-
teristics, current health problems, and demographic and lifestyle variables were assessed as potential risk factors for CF via multivariable lo-
gistic regression analyses. RESULTS: In adult CCSs and sibling controls (>18 years old), the prevalence of CF was 26.1% and 14.1%, respectively
(P < .001). In adolescent CCSs and sibling controls (<18 years old), the prevalence of CF was 10.9% and 3.2%, respectively. Female gender
(odds ratio [OR], 2.13; 95% confidence interval [Cl], 1.73-2.62), unemployment (OR, 2.18; 95% Cl, 1.67-2.85), having 1 or more health problems
(OR for 1-2, 1.48; 95% ClI, 118-1.87; OR for >2, 2.20; 95% Cl, 1.50-3.21), and a central nervous system diagnosis (OR, 1.74; 95% Cl, 1.17-2.60) were
significantly associated with CF in adult CCSs. CONCLUSIONS: This study shows that CCSs, regardless of their cancer diagnosis, report CF
more often than sibling controls. This study provides new evidence for the prevalence of fatigue in CCSs. Cancer 2022;128:1110-1121. © 2021
The Authors. Cancer published by Wiley Periodicals LLC on behalf of American Cancer Society This is an open access article under the terms
of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the
original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
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INTRODUCTION
Cancer-related fatigue is a debilitating late effect in childhood cancer survivors (CCSs) that negatively affects their quality of
life."” It is defined as a distressing, persistent, subjective sense of physical, emotional, and/or cognitive tiredness or exhaus-
tion related to cancer or cancer treatment that is not proportional to recent activity and interferes with usual functioning.’
According to this definition, the severity and persistence of fatigue are elements to include for the assessment of fatigue.

In the literature, widely varying prevalence rates of fatigue, ranging from 0.0% to 61.7%, have been found.* The
variation in prevalence rates is probably due to differences in study methodology. Previous studies differed in the studied
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populations, sample sizes, and instruments used to assess
fatigue, and they did not assess both the severity and per-
sistence of fatigue.” Also, most studies did not include a
control group.*” It is likely that the differences in meth-
odology contributed to the variation in reported preva-
lence rates. Conflicting results have also been reported on
risk and associated factors for fatigue.4

In the Dutch Childhood Cancer Survivor Late Effect
Study (DCCSS LATER), a nationwide cohort study in-
cluding survivors of all childhood malignancies, we in-
vestigated the prevalence of chronic fatigue (CF), which
was defined as severe and persistent fatigue, among CCSs
and a sibling control group. By combining the strengths
of methodologies used in previously mentioned studies
(the use of a validated fatigue questionnaire with a vali-
dated cutoff score for severe fatigue and the inclusion of a
control group) and adding the duration of fatigue symp-
toms to the outcome measure, we aimed to investigate
the prevalence of clinically relevant CE By doing so in a
nationwide cohort including all childhood malignancies,
we believe the outcomes to be more broadly generalizable
then findings of previous studies. Also, we studied the re-
lationship between CF and cancer- and treatment-related
factors, demographic characteristics, health problems,

and lifestyle variables.

MATERIALS AND METHODS

Design and Participants
This study had a cross-sectional design and included data
for participants from the DCCSS LATER cohort. This
cohort included survivors of all childhood malignancies
who were treated before the age of 18 years at one of the
pediatric oncology centers in the Netherlands between
January 1, 1963, and December 31, 2001, and who
survived at least 5 years after their diagnosis (n = 6165;
Fig. 1). For all survivors, details on the prior cancer di-
agnosis and treatment were collected from medical files.®
More details of the DCCSS LATER cohort have been
described elsewhere.®

All CCSs who were alive, traceable, and living in the
Netherlands were eligible to participate in a questionnaire
survey called the DCCSS LATER general health question-
naire. Eligible survivors received an information package
in the period of September 2012 to April 2014 that in-
cluded an information form and an invitation to com-
plete the questionnaire. Survivors were included in the
current study if 1) the survivor or a parent (if the survivor
was younger than 16 years) signed an informed consent
form and 2) sufficient data were available to determine
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the fatigue status. In all, 5327 survivors of the total cohort
were eligible for the questionnaire survey, 3167 survivors
participated, and 2810 survivors were included in the cur-
rent study (response rate, 52.8%; Fig. 1).

Siblings of survivors were included as a control
group. Eligible siblings were at least 12 years old, alive,
and traceable and received in 2015 an information pack-
age similar to that sent to the survivors. In all, 1663 sib-
lings were eligible, 1072 siblings participated, and 1040
siblings were included in the current study (response rate,
62.5%; Fig. 1).

Measures

The DCCSS LATER general health questionnaire
evaluates self-reported medical conditions of partici-
pants since their cancer treatment, medication use, de-
mographic characteristics, lifestyle factors, fertility, and
fatigue. An overview of relevant questions that were ex-
tracted for this study is presented in Supporting Table 1.
Information about predefined, clinically relevant, self-
reported health problems’ was validated on the basis of
self-reported medication use and, if there was still un-
certainty, on the basis of medical files for survivors and
general practitioner data for siblings. Clinically relevant
health problems were defined as outcomes associated
with clinically relevant levels of symptoms or requiring
medical treatment.”

Fatigue was assessed with the Short Fatigue
Questionnaire (SFQ). The SFQ consists of 4 items rated
on a 7-point Likert scale, with the total score ranging
from 4 to0 28."° The validated cutoff score of 18 or higher
indicates the presence of severe fatigue.n’12 In a study
including 2 cancer survivor populations (breast cancer
survivors and survivors treated with stem cell transplanta-
tion), Penson et al'! showed that a cutoff score of 18 had
excellent positive and negative predictive values. The SFQ
is used in the Netherlands to screen for fatigue in routine
clinical care, including the survivorship care clinics for
survivors of childhood cancer. Preliminary results showed
the psychometric properties of the SFQ (including a cut-
off score of 18 to indicate severe fatigue) to be satisfactory
(good construct validity, structural validity, internal con-
sistency, and reliability) in CCSs (A. Penson, I. Walraven,
E. Bronkhorst et al, unpublished data, 2021). In the cur-
rent study, Cronbach’s & of the SFQ was 0.89, which in-
dicated high internal consistency. To assess the persistence
of fatigue, participants were asked to indicate the duration
of fatigue in weeks, months, or years. Participants who
filled in fewer than 3 items of the SFQ or did not report
the duration of fatigue were excluded. CF was defined as
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DCCSS LATER cohort
n=6165

Ineligble CCS (n=838):

. Deceased (n=611)

e Lostto follow-up (n=35)

e  Living abroad (n=142)

e Declined any contact by
LATER (n=45)

v . Other (n=5)

CCS eligible LATER
questionnaire
n=5327 (100%)

Nonparticipants
n=2160

No or insufficient fatigue data
available n=357:

Participants n=3167

. Shortend telephone
questionnaire (SFQ not
included, n=145)

e  Less than 3 items of the

4 SFQ filled in (n=149)

. Duration of fatigue is
unknown (n=63)

Included in fatigue study
n=2810 (52.8%)

Siblings signed up by
survivor
n=1746

Ineligible siblings (n=83):
. Minor, no consent parent (n=47)
e Sibling age < 12 years (n=11)
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. Other (n=11)
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questionnaire
n=1663 (100%)
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n=1072
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available n=32:

. Less than 3 items of the SFQ
filled in (n=25)

. Duration of fatigue is unknown
(n=7)

Included in fatigue study
n=1040 (62.5%)

|
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Age at fatigue assessment
<18 years
n=294

Age at fatigue assessment
>18 years
n=2516

Age at fatigue assessment
<18 years
n=62

Age at fatigue assessment
>18 years
n=978

Figure 1. Flowchart inclusion of CCSs and siblings of CCSs. CCS indicates childhood cancer survivor; DCCSS-LATER, Dutch Childhood
Cancer Survivor Late Effect Study; SFQ, Short Fatigue Questionnaire.

severe fatigue (SFQ score > 18) and a duration of fatigue
of at least 6 months.

For survivors, the following cancer-related variables
were included: type of cancer diagnosis, type of treatment
for the primary tumor and all recurrences (ie, surgery
[yes/no], chemotherapy [yes/no], and radiotherapy [yes/
no)), occurrence of recurrence, time since diagnosis, and
age at diagnosis.

Statistical Analyses
A comparison of included and nonincluded survivors
was made with respect to gender, birth decade, cancer
diagnosis, cancer treatment, treatment period, and age
at diagnosis to determine a possible selection bias ()
test).

For the included participants, descriptive statis-
tics and missing values were examined. Eleven survivors

(0.4%) and 3 siblings (0.3%) had 1 missing value on the

mz

SFQ. This missing value was imputed with the mean
score of the remaining 3 items.

The prevalence of CF in survivors and siblings, in-
cluding the overall prevalence, the prevalence per can-
cer diagnosis, and the prevalence separated by age at
assessment, was calculated and compared with the y*
test. To correct for differences between survivors and
siblings, a multivariable logistic regression analysis was
performed with participant characteristics as covariates.
Survivors of acute lymphoblastic leukemia (ALL) were
used as the reference group in the comparison between
cancer diagnostic groups because it was the largest
group and was previously identified to have a low prev-
alence of fatigue.*’

Because adolescent survivors (age at assessment
< 18 years) and adult survivors (age at assessment
> 18 years) were not comparable concerning demo-
graphic characteristics of interest (ie, employment
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status, educational level, and marital status), adults
and adolescents were analyzed and reported separately
with respect to risk and associated factors for CE In
addition, in the Netherlands, the transition from the
childhood-care system to the adult-care system occurs
at the age of 18 years.

To examine risk factors for and factors associated
with CF in adult CCSs, a multivariable logistic regres-
sion analysis was performed with CF as the dependent
variable. Survivors without data on cancer treatment
were excluded from the analysis. Independent variables
were entered into the model in 4 blocks: demographic
and general disease characteristics (gender, employment
status, educational level, marital status, time since diag-
nosis, and age at diagnosis), current health-related and
lifestyle factors (alcohol use, smoking, drug use in the
past year, body mass index, and number of health prob-
lems), cancer diagnosis, and cancer treatment. Cancer
diagnosis, cancer treatment, age at diagnosis, time since
diagnosis, and gender were considered potential risk
factors, and all others were considered associated fac-
tors because they may or may not have preceded the
onset of fatigue. Variance inflation factors were evalu-
ated to determine multicollinearity between factors. A
variance inflation factor score higher than 10 indicates
serious issues with multicollinearity."”> When this was
the case, correlating factors were visually inspected to
decide which factor should be deleted.

For adolescent CCSs, risk and associated factors
were analyzed in 2 smaller multivariable models be-
cause of the small sample size. The following factors
were examined: gender, age at diagnosis, time since di-
agnosis, health problems (yes/no), treatment, and can-
cer diagnosis.

For all analyses, a P value less than .05 was consid-
ered statistically significant. All analyses were conducted
with IBM SPSS version 25."

RESULTS

Survivors who were included in the study (n = 2810)
were more likely to be female and had received chem-
otherapy more often than nonincluded survivors
(Supporting Table 2). The 2 groups did not differ in
age at diagnosis, period of treatment, birth decade, or
cancer diagnosis.

Table 1 presents characteristics of the participating
survivors and siblings. The most frequent cancer diagnosis
was ALL (29.8%), and the majority of CCSs were treated
with chemotherapy with or without surgery (53.0%).
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The median time since diagnosis was 22.4 years (range,
11.0-50.1 years). Of the 2810 survivors, 2516 were >18
years old at the time of assessment, and 294 were <18
years at the time of assessment (see Supporting Table 3 for
characteristics per age group).

Compared with siblings, CCSs were slightly younger
(29.7 vs 31.9 years) and were significantly more often
male, unemployed, less educated, and unmarried. CCSs
reported more health problems and were less likely to
smoke and drink alcohol.

Prevalence of CF

The prevalence of CF was 24.4% in CCSs and 13.5%
in siblings (P < .001; Fig. 2). Also, after adjustments
for covariates in a multivariable model, CCSs had a
significantly higher risk for reporting CF than siblings
(odds ratio [OR], 2.19; 95% confidence interval [CI],
1.75-2.76; Table 2). The prevalence of CF separated
by the age at assessment was 26.1% (656 of 2516)
in adult CCSs and 10.9% (32 of 294) in adolescent
CCSs (P < .001; Fig. 2). Both adult and adolescent
CCSs reported a higher prevalence of CF than siblings
(adolescent siblings, 3.2%; adult siblings, 14.1%; Fig.
2), but this difference was only significant in adults
(Supporting Table 4). Supporting Figure 1 shows the
prevalence of CF in CCSs and siblings stratified by
the age at assessment. The prevalence of CF followed
an upside-down U parabola shape for both CCSs and
sibling controls, with higher prevalence rates for CCSs
throughout all age categories.

Figure 3 shows the prevalence of CF per cancer
diagnosis in CCSs. The prevalence rates ranged from
20.8% in survivors of ALL to 31.3% in survivors of
central nervous system (CNS) tumors. All diagnostic
groups reported a significantly higher prevalence of CF
in comparison with siblings (2 < .05; Fig. 3). When we
compared diagnostic groups, survivors of CNS tumors,
bone tumors, and other and unspecified malignancies
significantly more often reported CF than survivors of
ALL (P < .05; Fig. 3). For all other diagnostic groups,
the prevalence of CF did not differ significantly from
that of ALL survivors.

Risk and Associated Factors With CF

The results of the multivariable regression analysis in
adult CCSs are shown in Table 3. In model V, female gen-
der (OR, 2.11; 95% CI, 1.72-2.60), being unemployed
(OR, 2.20; 95% CI, 1.69-2.88), having 1 or 2 health
problems (OR, 1.49; 95% CI, 1.18-1.88), having more
than 2 health problems (OR, 2.18; 95% CI, 1.49-3.19),
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TABLE 1. Characteristics of Participating Survivors and Siblings

Survivors, No. (%) Siblings, No. (%) P?
Total 2810 (100) 1040 (100)
Demographic characteristics
Age at assessment, median (range), y 29.67 (11.75-65.00) 31.88 (12.42-73.00) <.001
<18y 294 (10.5) 62 (6.0)
>18y 2516 (89.5) 978 (94.0)
Gender <.001
Male 1464 (52.1) 437 (42.0)
Female 1346 (47.9) 603 (58.0)
Educational level® <.001
Low 512 (18.2) 79 (7.6)
Middle 1464 (52.1) 496 (47.7)
High 801 (28.5) 458 (44.0)
Employment status® <.001
Employed 1713 (61.0) 772 (74.2)
Unemployed 401 (14.3) 66 (6.3)
Student 646 (23.0) 196 (18.8)
Marital status® <.001
Married or living as married 1271 (45.2) 614 (59.0)
Not married 1457 (51.9) 339 (32.6)
Divorced or widowed 52 (1.9) 21 (2.0)
Health-related and lifestyle variables
BMI, median (IQR), kg/m?® 23.37 (20.98-26.04) 23.51 (21.55-25.97) 141
Current smoker’ <.001
Yes 366 (13.0) 395 (38.0)
No 2432 (86.5) 644 (61.9)
Current alcohol use® <.001
Yes 1183 (42.1) 518 (49.8)
No 1623 (57.8) 521 (50.1)
Drug use in past year" .002
Yes 262 (9.3) 118 (11.3)
No 2506 (89.2) 919 (88.4)
No. of health problems' <.001
0 1497 (53.3) 756 (72.7)
1-2 1069 (38.0) 228 (21.9)
>2 212 (7.5) 10 (1.0)
Cancer- and treatment-related variables
Age at diagnosis, median (range), y 5.42 (0.00-17.92)
0-4y 1069 (38.0)
5-9y 992 (35.3)
10-14y 574 (20.4)
15-17y 175 (6.2)
Time since diagnosis, median (range), y 22.42 (11.00-50.08)
10-19y 1150 (40.9)
20-29y 956 (34.0)
>30y 704 (25.1)
Diagnosis
ALL 837 (29.8)
Leukemia, not ALL 125 (4.4)
Non-Hodgkin lymphoma 278 (9.9)
Hodgkin lymphoma 186 (6.6)
CNS tumor 329 (11.7)
Neuroblastoma 158 (5.6)
Retinoblastoma 3(0.5)
Renal tumor 31 4(11.2)
Hepatic tumor 29 (1.0)
Bone tumor 163 (5.8)
Soft tissue and other sarcoma 198 (7.0)
Germ cell tumor 102 (3.6)
Other and unspecified malignant neoplasm 78 (2.8)
Treatment combinations
Surgery only 242 (8.6)
Chemotherapy (+ surgery) 1488 (53.0)
Radiotherapy (+ surgery) 195 (6.9)
Chemotherapy and radiotherapy (+ surgery) 876 (31.2)
No surgery, radiotherapy, or chemotherapy or unknown 9(0.3)
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TABLE 1. Continued

Survivors, No. (%)

Siblings, No. (%) P?

Recurrence
Yes
No

372 (13.2)

2438 (86.8)

Abbreviations: ALL, acute lymphoblastic leukemia; BMI, body mass index; CNS, central nervous system; IQR, interquartile range.

3A t test for continuous variables and a Pearson x? test for categorical variables were used.

bMissing: 33 survivors (1.2%) and 7 siblings (0.7%). The educational levels were low (up to and including lower technical and vocational education), middle (up to
and including secondary technical and vocational education), and high (up to and including higher professional education and university).

°Missing: 50 survivors (1.8%) and 6 siblings (0.6%).
dMissing: 8 survivors (0.3%) and 5 siblings (0.5%).
®Missing: 76 survivors (2.7%) and 17 siblings (1.6%).
fMissing: 12 survivors (0.4%) and 1 sibling (0.1%).
9Missing: 4 survivors (0.1%) and 1 sibling (0.1%).
"Missing: 42 survivors (1.5%) and 3 siblings (0.3%).

iMissing: 32 survivors (1.1%) and 46 siblings (4.4%). A description of the assessment of health problems is provided in Supporting Table 1.

40 .
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24.4

13.5
10.9
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3.2
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Bl Siblings

26.1

14.1
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all ages

0 [ 1

L)
<18 years

L)
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Figure 2. Prevalence of chronic fatigue in CCSs (n = 2810) and siblings (n =1040) for (Left) all participants and (Right) participants
separated by age at assessment (age at assessment < 18 years = adolescents; age at assessment > 18 years = adults). Chronic fatigue
was defined as severe (SFQ > 18) and persistent fatigue (duration of complaints > 6 months). *P < .001 ()(2 test). CCS indicates

childhood cancer survivor; SFQ, Short Fatigue Questionnaire.

and a CNS cancer diagnosis (OR, 1.73; 95% CI, 1.16-
2.58) were all significantly associated with an increased
risk of reporting CE Alcohol use was significantly associ-
ated with a lower risk of reporting CF (OR, 0.64; 95%
CI, 0.52-0.79).

Among adolescent CCSs, only female gender was
found to be significantly associated with increased CF

(OR, 3.56; 95% CI, 1.36-9.33; Supporting Table 5).

DISCUSSION

This study reports on the prevalence of and risk and
associated factors for CF in a national cohort of Dutch
CCS:s. By taking into account the duration of fatigue (CF
is defined as severe fatigue for a duration of 6 months
or longer), we build on the previous literature and en-
sure that the outcome measure is more in accordance
with the definition of cancer-related fatigue as stated
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by the National Comprehensive Cancer Network.” The
prevalence of CF was significantly higher in CCSs than
sibling controls. Other studies have also found elevated
prevalence rates of CF in CCSs compared with con-
trols.”®"> Hamre et al® found a prevalence rate in CCSs
comparable to that in the current study (28%), whereas
Johannsdorttir et al® and Puhr et al'® found lower preva-
lence rates (13.6% and 14.5%, respectively). Variations
in the study populations and assessment might explain
these differences in prevalence rates. Our study dem-
onstrates that the high prevalence of CF applies to all
childhood malignancies, but prevalence rates vary be-
tween age and diagnostic groups. This might explain the
lower prevalence rates found in the previous literature
in comparison with the current study. For example, our
study found the highest rates of fatigue in those aged
40 to 49 years; however, the study by Johannsdottir et
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TABLE 2. Multivariable Analysis Assessing

Differences in the Prevalence of Chronic Fatigue
Between Survivors and Siblings

OR (95% Cl) P
Cohort

Siblings (reference) 1.0

Survivors 2.194 (1.75-2.76) <.001
Gender

Male (reference) 1.0

Female 2.000 (1.68-2.38) <.001
Age at assessment (years)

<18y (reference) 1.0

18-29y 1.788 (1.10-2.90) .018

30-39y 1.905 (1.13-3.21) .015

>40y 1.666 (0.98-2.84) .060
No. of health problems

0 (reference) 1.0

1-2 1.481 (1.23-1.78) <.001

>2 2.246 (1.62-3.11) <.001
Educational level

Low (reference) 1.0

Middle 1.178 (0.89-1.56) .250

High 1.293 (0.95-1.76) .105
Employment status

Employed (reference) 1.0

Student 0.768 (0.57-1.04) .086

Unemployed 2.061 (1.63-2.61) <.001
Current smoker

No (reference) 1.0

Yes 1.304 (1.04-1.63) .020
Current alcohol use

No (reference) 1.0

Yes 0.697 (0.58-0.83) <.001
Drug use in past year

No (reference) 1.0

Yes 1.114 (0.82-1.51) .488
Marital status

Married or living as married 1.0

(reference)
Not married 0.959 (0.78-1.17) .681
Divorced/widowed 1.144 (0.66-1.98) .631

Abbreviations: Cl, confidence interval; OR, odds ratio.

Multivariable logistic regression analyses were used to compare the preva-
lence of chronic fatigue between childhood cancer survivors and sibling
controls; adjustments were made for gender, age at assessment, number
of health problems, educational level, employment status, smoking, alcohol
consumption, drug use, and marital status. Chronic fatigue was the depend-
ent variable.

al did not include participants with an age > 34 years
(most participants were younger than 25 years), and the
participants in the study by Puhr et al had a mean age
of 23.4 years (SD, £3.5 years).

In addition to the differences seen between stratified
age groups, the adult survivors (>18 years old) had a sig-
nificantly higher prevalence of CF than adolescents (<18
years old). A previous study that compared survivors
aged 13 to 18 years with survivors aged 19 to 34 years
also found a significantly higher prevalence in the older
group.® We also showed an increased risk for CF in adult
survivors who suffered from health problems. The risk for
having health problems in CCSs generally increases with

me

the duration of follow—uplG; thus, health problems might
have contributed to the difference in the prevalence of CF
between adolescents and adults and the finding that the
prevalence of CF was highest in those aged 40 to 49 years.
Also, adults generally have more responsibilities than
adolescents, and survivors may experience a discrepancy
between the demands of a successful transition to adult-
hood and their resources, which might lead to fatigue in
adults.'”'®

Our study showed that survivors of CNS tumors
had an elevated risk of reporting CF in comparison
with survivors of ALL, and this does not correspond
to 4 previous studies.'”** These studies assessed fatigue

. 19,20,22
on a continuous scale

or assessed fatigue status on
the basis of scores of controls,?! and this might explain
the different results. The current study used a validated
cutoff point to indicate severe fatigue rather than a con-
tinuous measure of fatigue to most effectively capture
those who are in need of services. CNS tumor survivors
more often report neurocognitive problems,'”?* which
have also been related to fatigue.24'27 In addition to the
fact that neurocognitive problems themselves might
trigger symptoms of fatigue, the 2 outcomes might also
exacerbate each other because it is likely that symptoms
of fatigue might influence a person’s attention or mem-
ory skills, for example. Therefore, it is plausible that
CNS survivors are at risk for both fatigue and neuro-
cognitive problems because both outcomes are highly
prevalent. It might be interesting for future studies to
more extensively study this relation.

In our study population, no association was found
between the type of treatment and CF This is consistent
with 7 previous studies showing the type of treatment to
not be related to (chronic) fatigue in multivariable anal-
yses® 1722831 this suggests that a strong role of treat-
ment is unlikely, and the increased prevalence rate of
CF in CCSs is likely related to other factors. This sug-
gestion is strengthened by contradictory results presented
by Mulrooney et al,>! who showed that CCSs treated
with radiation therapy were more likely to be fatigued.
However, only cancer- and treatment-related variables
were included in their multivariable analysis, whereas in
the current study, we also included sociodemographic,
health-related, and lifestyle factors in the analysis to en-
sure a possible interaction of these variables to be adjusted
for. Because the cancer treatment variables were not
shown to be associated with CF in the current study, it is,
therefore, likely that other factors play a more prominent
role. The results of Ho et al'” complement these thoughts
because they showed the type of cancer treatment to be
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Figure 3. Prevalence of chronic fatigue per diagnosis in CCSs. Diagnostic groups were classified according to the third edition of
the International Classification of Childhood Cancer. For the comparison between diagnostic groups, survivors of ALL served as
the reference group. *P < .05 ()(2 test); **P < .001 ()(2 test). ®Compared with siblings, all diagnostic groups except for RB were also
found to have a significantly higher risk for chronic fatigue (P values < .05; multivariable logistic regression corrected for gender,
age at assessment, employment status, educational level, marital status, number of health problems, current alcohol use, current
smoker, and drug use in the past year). ALL indicates acute lymphoblastic leukemia; AML/CML, acute myeloid leukemia and chronic
myeloid leukemia (leukemia, not acute lymphoblastic leukemia); BT, bone tumor; CCS, childhood cancer survivor; CNS, central
nervous system tumor; GCT, germ cell tumor; HL, Hodgkin lymphoma; HT, hepatic tumor; NB, neuroblastoma; NHL, non-Hodgkin
lymphoma; Other, other and unspecified malignant neoplasm, including severe Langerhans cell histiocytosis; RB, retinoblastoma;

RT, renal tumor; STS, soft tissue sarcoma.

related to fatigue in a univariate analysis; however, this
effect no longer occurred in a multivariable analysis when
it was adjusted for sociodemographic factors, depressive
symptoms, and physical activity level. Nonetheless, can-
cer treatment might have indirectly affected fatigue levels
by increasing the likelihood of health conditions (eg, heart
disease) that are associated with fatigue.az’33 The current
study showed, in accordance with other studies,””*?®
that CCSs having 1 or 2 health problems were associated
with CF, and this association became even stronger for
CCSs having 2 or more health problems. Combining
these results, we hypothesize that cancer treatment in
childhood can induce health problems at a later stage in
life that may increase the risk for CF.
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Gender (female) and employment status (unem-
ployment) were found to be associated with CE Five
and 2 studies, respectively, also reported that female
and unemployed survivors were at risk for reporting fa-
tigue.”"2#34%¢ [ general, females tend to more often
report physical symptoms such as fatigue,37’38 and this
might explain the association that we found. As for em-
ployment status, CCSs are more often unemployed than
healthy controls.” Higher fatigue levels in CCSs could
contribute to this higher unemployment rate, as sug-
gested for survivors of adult-onset cancer,40 but further
research is needed to investigate this relationship in CCSs.

Finally, we found that alcohol use was associated with
a decreased risk of CF. In our study, fatigued survivors less
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often consumed alcohol than nonfatigued survivors. Low
alcohol intake has also been described in patients with
persistent medically unexplained fatigue with the hy-
pothesis that alcohol intake is reduced or stopped because
of fatigue-related alcohol intolerance.*"** This might
explain the difference in alcohol consumption that we
found in our study.

The area under the curve of the regression models
indicates that additional factors need to be considered
for explaining the occurrence of CF in CSS. Factors to
consider are physical activity, % deplression,4 sleep prob-
lerns,44 fear of disease recurrence, and fatigue-related
cognitive-behavioral factors.® Not including these fac-
tors in the current study is considered a limitation.
Additionally, our results demonstrate a relationship be-
tween the number of clinically relevant health problems
and fatigue, but the influence of fatigue severity and spe-
cific health problems on fatigue needs to be assessed in
future studies. Longitudinal studies are necessary to assess
causal relations between associated factors and fatigue.

Our study has limitations. One limitation is the
lack of statistical power in the analysis of CF in adoles-
cent CCSs. We limited the number of predictors in the
regression analysis; subsequently, the results should be
interpreted with caution. Also, the general categorization
of cancer treatment does not exclude the possibility that
specific agents or combination regimens do contribute di-
rectly to fatigue in specific CCS subgroups. Furthermore,
no information was available to identify racial diversity in
our cohort because of Dutch law and regulations on regis-
tering personal information regarding race and ethnicity.
Finally, we did not assess to what extent fatigue leads to
limitations of daily life, which are part of the definition
of cancer-related fatigue. Unfortunately, this information
was not available.

In conclusion, the results of this study strongly sug-
gest that CCSs, regardless of their cancer diagnosis, re-
port CF more often than siblings. CF seems to be less
directly related to cancer diagnosis and treatment (only
survivors of CNS tumors showed an increased OR in the
multivariable analysis) and more related to demographic
and health-related factors (experiencing health problems,
being female, and being unemployed). Overall, this study
provides new evidence about the occurrence of fatigue in
CCSs.
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