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Abstract

Systematic assessments of cognition, fatigue, and mental health in survivors of
childhood cancer can serve two different purposes. One is to enable research about
development over time and medical predictors of cognitive deficits. The other is to
identify individual patients in need of rehabilitation or interventions. The overall aim
of this doctoral thesis was to contribute to the ongoing development of systematic
neuropsychological follow-up protocols for survivors of childhood cancer. The
included studies investigated whether cognitive deficits were present already at
diagnosis in children with brain tumours, the overlap between cognitive fatigue and
symptoms of depression, and the association between fatigue and cognitive
impairment.

The results showed that a pre-treatment assessment was feasible for the majority of
cases, and that some aspects of cognition were affected already at baseline. Assessment
of fatigue at follow-up revealed that cognitive fatigue was the fatigue domain most
affected in survivors, but also that survivors of brain tumours suffered more from fatigue
than survivors of acute lymphoblastic leukaemia. The results also indicated that
cognitive fatigue should not be assessed on its own, but that depressive symptoms and
cognitive processing speed should be considered as well. A decrease in cognitive
processing speed from the pre-treatment assessment to the follow-up was also associated
with experiencing more cognitive fatigue.

Overall, the results suggest that additional studies are warranted to further examine the
relationship between baseline and long-term cognitive deficits. Regarding fatigue, more
research is needed concerning the development over time, to see if it decreases or if
there instead is a risk of increasing symptoms. Future studies should also focus on
finding medical predictors and developing a biopsychosocial model of fatigue in
survivors of childhood cancer.
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“It has been said, ‘time heals all wounds.” I do not agree. The
wounds remain. In time, the mind, protecting its sanity, covers
them with scar tissue and the pain lessens. But it is never gone.’

Rose Fitzgerald Kennedy
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Preface

My thesis, like that of most clinical PhD students, originates in an urge to improve the
care of my patients and a desire to learn more about the diagnoses I work with. When
I enrolled in the psychologist programme at Lund University, I realised early on that
neuropsychology was something that I would specialise in. After I acquired my licence
to practise as a clinician, I started working at a department of neurology, where I
assessed cognition in adults with acquired brain injuries. The concept of cognitive
fatigue was something that was well known, and I felt confident in my own ability both
to assess this sequela and to offer psychoeducational interventions. In early 2015,
halfway through my specialisation in clinical neuropsychology, I started working at the
department of neuropaediatrics in Lund. Here, I met survivors of childhood cancer
who complained about the same impairment so well known amongst adult neurology
patients, and suddenly I was at loss about what to do. The major challenges were to
assess the impact of fatigue on cognition (or possibly the other way around), the overlap
with depression and how to differentiate between the two phenomena, and what
educational adjustments to recommend in order to help these patients manage school
days and teaching situations. The above-mentioned areas were (and still are, but to a
lesser extent now) what I struggled most with as a clinician, and in order to learn more
I started to read the available research. However, I soon realised that very little had been
published on the subject and I only managed to find a handful of relevant studies. This
left me frustrated and concerned, and my inability to ease my patients’ suffering made
me feel inadequate and incompetent. As a result, I wrote down a list of everything I
thought I needed to learn in order to be remotely satisfied with my own knowledge.
This list would later develop into my first draft of the research plan that was the origin
of this thesis. During the time I have spent on my own research, a few more studies
have been published. Defending my thesis will not be the last step on the journey
towards the so highly sought-after “subject expertise”, but hopefully some of the things
I have learned along the way will benefit both myself and my colleagues — and in the
end be useful in the follow-up care of childhood cancer survivors.
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Introduction

Background

Approximately 300 children are diagnosed with cancer in Sweden every year, with
leukaemia and central nervous system (CNS) tumours being the most common
paediatric cancer diagnoses [1]. Cancer is the most common cause of death in Swedish
children below the age of 15 [2], but the 5-year survival rate is now around 80% for
CNS tumours and around 90% for acute lymphoblastic leukaemia (ALL) [3].

100
50
PBTs
ALL 0
1955 1985 2015

Figure 1. Swedish survival rates for acute lymphoblastic leukaemia (ALL) and paediatric brain tumours
(PBTs) 1955-2015, percentage [3].

As survival rates have increased, so has the population of childhood cancer survivors.
This is as much a political challenge as it is an issue for childhood cancer centres. These
survivors are now a part of our society and face an educational system that is not adapted
to their disabilities and a labour market that offers fewer and fewer opportunities for
those without higher education [4]. Getting these survivors through school is not
necessarily sufficient to prepare them for an independent life, but in today’s society it
is without a doubt the most important first step. In Sweden, advancement from lower
secondary education to upper secondary education is dependent on grades (where it is
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especially important for the students to pass the “core” subjects Swedish, English, and
mathematics). In the general population, 92% are entitled to move on to upper
secondary education, whereas the corresponding rate for survivors of paediatric brain
tumours (PBTs) is 76%. [5] Almost a quarter of the survivors are hence unable to make
this transition. Swedish studies have revealed that both survivors of CNS tumours and
survivors of ALL are at risk of negative socioeconomic effects, attaining lower education
levels and exhibiting lower employment rates than healthy controls [6,7]. A recent
review on social and socioeconomic outcome amongst childhood cancers survivors
concluded that the health implications of adverse socioeconomic outcomes can vary
depending on different healthcare regulations and legislation in different regions [8].
At the same time, the late effects after treatment for childhood cancer may alter the
psychosocial trajectory of survivors and affect them across their entire life course [9].

The health care system has to identify late complications after childhood cancer, so that
survivors may be offered treatment or rehabilitation when possible, and other
adjustments when necessary. The psychological aspects of the long-term sequelae
require systematic assessments and follow-up protocols for these survivors.

Systematic psychological assessments of survivors

Cancer is one of the first areas where clinical paediatric psychologists established
themselves, and psychological research has been conducted in paediatric cancer settings
since the 1970s [10]. Neuropsychological screenings are recommended in order to
detect cognitive deficits, especially for survivors of PBTs [10-16], and it is also
recommended that follow-up of survivors of paediatric cancers should include
assessments of depression and anxiety [14,17]. While most protocols do not yet contain
measurements of fatigue, there is an increased demand for including it in follow-up
protocols for survivors of both paediatric and adult cancer [15,16,18,19]. Fatigue has
consistently been found to be one of the most prevalent and distressing symptoms in
childhood cancer survivors [17,20,21], but despite this it is frequently overlooked as a
long-term sequela to paediatric cancer diagnosis and treatment [20,22].

The current Nordic protocol

The national Swedish care programme for long-term follow-up after childhood cancer
(“Nationellt vardprogram for lingtidsuppfoljning efter barncancer”) was updated in
2019 and provides guidelines for most types of sequelae [23]. This care programme also
includes recommendations for a neuropsychological core battery (Table 1), which is
based on the Nordic protocol and has many similarities to the European guidelines

[16].
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Table 1. Swedish guidelines for follow-up after treatment for paediatric brain tumours, cognitive tests [23]

Domain

Core Battery

Alternative

Motoric speed

>5 years Grooved Pegboard

>3 years NEPSY II: Visuo-motor precision

Processing speed

>4 years Wechsler Coding
>4 years Wechsler Symbol Search

Verbal skills

>2:6 years Wechsler Vocabulary
>2:6 years Wechsler Similarities

Fluid intelligence

>2:6 years Wechsler Matrix
>2:6 years Wechsler Block Design

Working memory

<6 years Numbers (Children’s Memory Scale)
>6 years Wechsler Digit Span

>3 years NEPSY-II Sentence Repetition

Visual-motor integration

Beery Visual-Motor Integration

Sustained attention

>8 years Conner’s CPT IlI

>8 years D-KEFS TMT
>8 years D-KEFS Tower
5-8 years NEPSY II: Inhibition

Executive functions

Table 2. Swedish guidelines for follow-up after treatment for paediatric brain tumours, questionnaires [23]

Area Core Battery Alternative

Quality of life >2 years PedsQL General module Strengths and Difficulties Questionnaire

Development and Well-being Assessment
(given high scores on the Strengths and
Difficulties Questionnaire)

Psychosocial

>2 years BRIEF parent-proxy report

Executive functioning >11 years BRIEF self-report

Regarding psychological assessments, these guidelines recommend that age-appropriate
psychosocial support should be offered continuously after end of treatment.
Neuropsychological assessments should be conducted 1-2 years after diagnosis for
survivors diagnosed with PBT's or a cancer diagnosis that required cranial radiotherapy
and/or treatment with a chemotherapy known to cause cognitive sequelae. Depending
on the results and prognosis, these assessments should be repeated when necessary (for
example when preparing for educational transitions). One cognitive domain that is not
included in the protocol is long-term memory. Neither visual nor verbal long-term
memory is part of the screening. In this respect, the Swedish guidelines differ from
those found in Limond et al. [16]. St Jude Life is an American research study with long-
term childhood cancer survivors, and the neuropsychological protocol for these studies
also includes tests of long-term memory [24-27].

Cooperation between healthcare and educational systems

School liaison programmes, which include cooperation between schools, hospitals and
parents, have been reported to improve the educational progress in survivors of PBTs

17



[28,29]. A study that aimed to coordinate the neurocognitive, psychosocial, and
educational follow-up of children treated for PBTs in two different Swedish healthcare
regions concluded that these follow-up programmes must be structured and
coordinated and well anchored in the healthcare organisation [30].

A Danish study was recently published on school results in ninth grade during 2001—
2014. The study included 1320 childhood cancer survivors. In this study, survivors of
CNS tumours, neuroblastoma, lymphoma, leukaemia, other malignant neoplasm, and
germ-cell tumours were the most affected. Diagnosis at a young age was a predictor of
low grades for survivors of CNS tumours and leukaemia, but was not associated with
school results for other diagnoses. As expected, survivors of CNS tumours were the
most affected, with only 73% of this group receiving grades in the ninth grade. The
study did not find lower grades for survivors of other cancer types [31]. The results
regarding grades in ninth class and graduation from lower secondary school for
survivors of PBTs are in line with those reported from Sweden [5] and Finland [32],
which is not surprising considering the many similarities between the neighbouring
school systems.

Cognitive late effects

Risk factors for cognitive sequelae

Cognitive impairments are common in long-term survivors of paediatric cancers, with
up to 40% of survivors being affected [33]. Cognitive deficits can result in poor
academic and occupational outcome, affecting the socioeconomic status of the
survivors. Not surprisingly, survivors of PBTs have worse neuropsychological outcome
than other childhood cancer diagnoses [34-36], with several studies reporting cognitive
long-term effects in over 80% of survivors [37,38]. Severe cognitive deficits (usually
defined as results more than 2 standard deviations below the age-adjusted average) has
been reported in 20-30% of these survivors [39]. Treatment with radiotherapy is the
most documented risk factor [36,38-40], but younger age at diagnosis has also been
reported as a predictor of cognitive impairments [38,41-44]. The latter is in line with
research on acquired brain injury due to other aetiologies than PBTs, where research
has shown that the age at insult predicts outcome, with children below 2 years of age
sustaining the worst impairments in all cognitive domains [45].

While survivors of ALL generally have higher functioning at a group level than survivors
of PBTs, long-term cognitive effects is a documented outcome in this group as well.
Survivors exposed to radiotherapy are at particular risk of long-term effects, with
research indicating a dose-response effect [46,47]. Systematic reviews and meta-analyses
of cognitive deficits after treatment for ALL have concluded that although children

18



treated with radiotherapy suffer the worst deficits, children treated with chemotherapy
alone are also affected [48,49]. The direct effect of chemotherapy exposure has been
found to be the best predictor of cognitive deficits, both at the end of treatment and at
long-term follow-up [24].

Cognitive domains affected

Reduced processing speed has been reported in survivors of both PBTs and ALL
[35,50]. In survivors of PBTs, this is the most well-documented late cognitive effect
after diagnosis and treatment, with the mean processing speed index for the study
populations reported to be 1-1.5 SD below the age-adjusted mean [38,40,41,51,52].
Cognitive processing speed is included as an index in all Wechsler intelligence scales. It
also contributes to full-scale intelligence quotient (IQ), which is a composite score
based on 4-5 different indexes [53-55]. The subtests contributing to the processing
speed index in the Wechsler scales are not measures of simple reaction times or simple
visual discrimination, but a cognitive decision making or learning component is always
involved [56,57]. Processing speed is heavily dependent on white matter [58-61], and
radiotherapy causes white matter damage [40,62]. It is therefore not surprising that the
major risk factor for this cognitive deficit is radiotherapy (especially cranial radiation),
in survivors of both PBTs and ALL [38-40,50,63].

However, processing speed is not the only cognitive domain affected. Survivors of PBT's
usually perform significantly lower than controls or age-adjusted norms on most
neuropsychological tests. Attention, working memory, long-term memory, executive
functions, and full-scale IQ are domains typically investigated in such studies
[33,38,39,41,52]. The same results are also reported when academic abilities, such as
reading or mathematical skills, are tested [33,39,52,64]. A recent Swedish study
comparing comprehension and speed in both reading and mathematics found that
while comprehension skills did not differ significantly from age-equivalent norms, the
speed did for both reading and mathematics. The same study also reported that time
since diagnosis increased the risk of a poor performance, indicating that school results
could decline with time [65]. However, not all cognitive domains are equally affected.
Verbal intelligence, verbal reasoning, and vocabulary are areas that are less likely to be
affected than non-verbal skills [38,64,66]. Fewer studies have been conducted
regarding neuropsychological outcome after treatment for ALL than PBTs, but the
available results imply that this group is also at risk of cognitive deficits. In addition to
reduced processing speed, impairments have been reported regarding working memory,
full-scale IQ, executive functions, and attention [46,48,49,63,67].

One area that has received increased attention as survival rates have improved is that of
social perception. A Childhood Cancer Survivorship Study (CCSS) report on 665
adolescent survivors of CNS tumours found that only 53.4% were socially well-
adjusted, whereas 30.4% had poor peer relationships and 16.2% had social deficits.
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Treatment with cranial radiotherapy was a strong predictor, and the risk of having
social adjustment deficits or poor peer relationships increased with the radiation dose
[68]. A review on social adjustment and social interaction of survivors of PBTs
concluded that survivors generally show problems when compared to controls [69].
Social skills can be negatively affected by different cognitive disabilities. A recent study
using eye-tracking technology found that adolescent survivors of PBT's responded more
similar in youths diagnosed with autism than healthy controls in tasks measuring social
attention [70]. Executive dysfunction has been linked to social dysfunction in survivors
of PBTs [71-73]. Several studies have found attention problems to be an underlying
contributor to social deficits in survivors of both ALL and PBTSs [74-76]. It has also
been hypothesised that the non-verbal deficits usually found in the latter group could
cause problems with social perception [64]. Another possible cause is that these
survivors can express problems with facial recognition [77,78], which could further
complicate social interactions. Survivors of PBTs, especially females, also tend to
underestimate their own social difficulties [79].

Emerging research areas

For natural reasons, when it comes to neuropsychological research, cognition after
PBTs is the most well-documented field. The demand has also increased for research
on neuropsychological outcomes after treatment with contemporary protocols for ALL.
When it comes to cognitive late effects after other childhood cancer diagnosis, fewer
studies have been conducted. In recent years, however, this area has received more and
more attention and three large St Jude Life studies have been published. The first
reported neurocognitive outcomes and academic skills in survivors of non-Hodgkin
lymphoma. These survivors had intelligence and attention within normal limits, but
impaired memory, executive function, processing speed, and academic skills [80]. The
second investigated the same outcomes in long-term survivors of Wilms tumour. This
group of survivors demonstrated deficits regarding verbal reasoning, executive
functions, long-term memory, attention, and academic skills [25]. The third study
investigated neurocognitive and psychosocial consequences for survivors of soft-tissue
sarcoma, and concluded that these survivors are at risk of negative outcomes in both

areas [26].

Neurofibromatosis type 1

Neurofibromatosis type 1 (NF1) is a neurocutaneous syndrome, a genetically driven
syndrome that increases the likelihood of both tumours and cognitive impairments
[81]. Because of this, patients with NF1 are often excluded from studies on cognition
after PBT's [72,82,83], as it is difficult to determine whether the cognitive deficits are
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part of the syndrome or caused by the treatment. Nearly 80% of all patients with NF1
exhibit cognitive deficits and behavioural problems [84,85].

A recent review on cognitive and behavioural disorders in children with NF1 concluded
that the group is characterised by alterations in language, reading, visuospatial skills,
motor function, executive function, attention, behaviour, emotion, and social skills
[85]. Attention deficit hyperactivity disorder (ADHD) has been reported in 40-50%
of the patient group [81,85]. While executive dysfunction is an essential clinical feature
of ADHD, executive problems are also present in children with NF1 without a
comorbid diagnosis of ADHD [86,87]. Full-scale IQ has ranged between 86 and 91
[81,88,89], which is significantly lower than the normative mean of 100 (SD 15).
However, a recent study on genotypes on NF1 reported that while mean full-scale IQ
in a sample of 495 children with NF1 was 87.8, there was a large difference between
different genotype groups [90]. The group with the lowest mean full-scale I1Q (72.8)
and the smallest SD (9.9) was the genotype chromosomal microdeletion.

Depression and anxiety in survivors of childhood cancer

Children and adolescents

While it has been recommended that follow-up of survivors of paediatric cancers should
include depression and anxiety [14,17], few studies have been published on the subject.
The majority of the research is focused either on a paediatric population with ongoing
treatment or on adult survivors of childhood cancer instead of children and teenagers.
Many studies also look at either general psychological adjustment or depression/anxiety
as the same concept, and not as separate constructs. The complex interaction between
cancer and psychological symptoms also causes a challenge when diagnosing children
undergoing treatment for cancer. Dejong & Fombonne [91] discuss the
methodological problems that arise when investigating depression in a cancer
population, where exclusion of somatic symptoms can lead to a high rate of false
negatives, while inclusion can result in the opposite. Other methodological problems
include the exclusion of CNS tumours, limited sample sizes, and low statistical power.

A recent review by Mertens & Gilleland Marchak [92] emphasises the need for further
research on mental health in adolescent survivors of cancer. In one study, Swedish
children on and off cancer treatments were compared regarding self-esteem, depression,
and anxiety [93]. Children on treatment did not report significantly higher levels of
depression and anxiety than healthy children, while children off treatment did for both
measures. In this study, 17% of children off treatment reported high levels of
depression. The authors concluded that the period after the treatment has ceased is
characterised by a higher risk of psychosocial problems than the treatment period itself.
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Another Swedish study, looking at adolescents undergoing treatment, found that
paediatric oncology staff could reasonably identify patients with anxiety but not with
depression [94]. A review on updates in paediatric psycho-oncology concluded that it
is easier to diagnose anxiety than depression in children and adolescents undergoing
cancer treatment, but also that there also are more available treatment options for
anxiety [11]. If anxiety is easier both to detect and to treat than depression, this
implicates that patients suffering from anxiety are more likely to receive treatment than
those suffering from depression.

The CCSS is an American multicentre project with sibling controls. In one CCSS study
on behavioural and social outcomes in adolescent survivors of childhood cancer, the
authors reported that survivors were 1.5 times more likely to have symptoms of
depression/anxiety than sibling controls. Survivors treated for CNS tumours or
leukaemia were at increased risk compared to survivors of other cancer diagnoses.
Female gender, treatment with cranial radiotherapy, or disfigurements were the
strongest predictors of mental distress in this study [95]. Another CCSS study found
that internalising symptoms (i.e. depression, anxiety, social withdrawal, peer conflict)
were present amongst 31% of adolescent survivors treated with cranial radiotherapy,
compared to 16% of survivors who had not received this treatment [96].

Adult survivors of childhood cancer

There is more available research regarding mental status in adult survivors of childhood
cancers. Survivors of both PBTs and ALL have consistently been found to express more
problems with depression as adults than sibling controls in CCSS reports [97-99].
Studies regarding anxiety report more mixed results, with some finding increased
anxiety amongst survivors [97] and others reporting no difference [99].

A recent review by Sha et al. [100] provides a compilation of psychiatric consequences
in adult survivors of PBTs. The incidence of depression amongst survivors was over
19%, and survivors of PBT's were 2.6 times more likely to develop depression compared
to sibling counterparts. Anxiety incidence was also over 19%. Findings are similar
compared to studies on adolescents regarding female gender being a risk factor for
depression [97-100], and most studies additionally report treatment with cranial
radiotherapy as a risk factor [97,98,100]. Being diagnosed with cancer during
childhood or adolescence was similarly a risk factor for suicide in a Norwegian cohort
study. Compared to the reference group, survivors of CNS tumours had a hazard ratio
for suicide of 3.9 and the average for all cancer types was 2.5 [101]. Regarding suicidal
ideation, a CCSS report with 9126 survivors of childhood cancer reported increased
suicidal ideation for survivors compared to sibling controls, with survivors of CNS
tumours and survivors treated with radiation towards the head/brain having the highest

risk [102].
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Fatigue

While the classic definition of fatigue is an “extreme and persistent tiredness, weakness
or exhaustion” [103], the term is still complicated as there is no clear definition of when
it should be considered a disability. In a similar manner, there is no agreement on
whether it should be based on the patients’ subjective experience or on objective
measurements. Kluger, Krupp & Enoka [104] have proposed a unified taxonomy,
where fatigue describes the patient’s perception and farigability the actual performance.
Wylie & Flashman [105] argue that fatigue should be further divided into 6 different
dimensions. Their model is based on traumatic brain injuries, and for cancer patients
only two dimensions have been clearly established: physical fatigue and
cognitive/mental fatigue [106]. However, this division is not present in the
International Classification of Diseases, 10th edition (ICD-10).

Fatigue in cancer populations

Cancer-related fatigue (CRF) is a type of fatigue associated with either cancer or cancer
treatment, and has consistently been found to be one of the most prevalent and
distressing symptoms in childhood cancer survivors [17,20,21]. In the ICD-10, CRF
is included in R53.0 under the term neoplastic (malignant)-related fatigue [107]. There
are four diagnostic criteria:

A) 1. Ac least a 2-week period within the preceding month during which
significant fatigue was experienced each day, along with the experience of at
least 5 of 10 fatigue-symptoms (A2-11).

General weakness/heavy limbs.

Diminished concentration/attention.

Decreased motivation/interests.

Insomnia or hypersomnia.

Nonrestorative sleep.

Struggle to overcome inactivity.

Emotional reactivity to feeling fatigued.

9. Difficulties completing daily tasks.

10.  Problems with short-term memory.

11.  Post-exertional malaise.

PN AV

B) The fatigue results in significant distress or impairment.
C) The fatigue is a consequence of cancer or cancer therapy.

D) The fatigue is not primarily a consequence of a major depressive disorder.
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The diagnosis CRF is complicated by two factors: The first is the overlap with
depression, and the second the unidimensional construct.

Donovan etal. [108] conducted a systematic review on the diagnostic criteria of cancer-
related fatigue in order to describe the prevalence, reliability, and validity of each
criterion. They found that there was a large variability regarding how criterion D was
applied, and little evidence to support the number of symptoms selected for criterion
A. The symptoms with the highest prevalence were general weakness/heavy libs,
insomnia or hypersomnia, and unrefreshing sleep. The same 3 criteria were also found
to have both the highest sensitivity and the lowest specificity in a study on the screening
properties of diagnostic criteria for CRF [109].

The American National Comprehensive Cancer Network has published consensus
clinical practice guidelines in oncology [110], where CRF is defined as “a distressing,
persistent, subjective sense of physical, emotional and/or cognitive tiredness or
exhaustion related to cancer or cancer-treatment that is not proportional to recent
activity and interferes with usual functioning”. Both this description and the diagnostic
criteria hence define CRF as a unidimensional concept. A Cochrane review of 18
studies, with 14,573 participants, on severe fatigue after treatment for childhood cancer
reported that severe fatigue ranged from 0% (bone cancer) to 61% (heterogeneous
sample) [111]. However, the outcome measure in this study was severe fatigue rather
than CRF (due to inclusion criteria), and one limitation with the review was that many
studies used unidimensional rather than multidimensional instruments, which affected
the outcome.

Amongst cancer populations, most fatigue research is conducted on women treated for
breast cancer [110]. Although CRF usually decreases during the first year after end of
treatment in this group, 20-30% of breast cancer survivors experience persistent fatigue
that may last for more than 10 years after end of treatment [112]. In studies with mixed
cancer groups, breast cancer is usually the largest group, and this might exaggerate the
effect of gender on fatigue [113]. A study on 111 women treated with surgery, followed
by whole breast radiotherapy, found a strong correlation between inflammatory
markers, stress, sleep, depression, and fatigue. However, statistical analysis revealed that
depression was a mediator for both stress and sleep, and that only depressive symptoms
and inflammation were independent risk factors for fatigue [114]. Research has shown
a correlation between inflammatory markers and fatigue in adult cancer survivors [115].
Inflammation has emerged as a key biological pathway for CRF, and relationships
between inflammatory markers and fatigue have been reported before, during, and
particularly after treatment. Amongst breast cancer survivors with persistent post-
treatment fatigue, alterations in the pro-inflammatory cytokine network (including
elevations in inflammatory markers and increased intracellular cytokine production)
have been well-documented and replicated in larger samples of survivors of this type of
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cancer [116]. Additionally, it has been suggested that systemic inflammation may cause
neurocognitive impairments in survivors of paediatric ALL [49,117].

During treatment for breast cancer, both chemotherapy and radiotherapy are known
to increase fatigue [118-121]. However, several studies have reported that the therapy
scheme had no influence on fatigue scores at follow-up [113,118,122]. The relationship
between different treatment protocols and fatigue is less apparent than that between
treatment and cognition. A study on chronic fatigue in adult survivors of childhood
ALL and lymphoma reported that neither radiotherapy nor chemotherapy predicted
fatigue scores [123]. At the same time, a study on fatigue in adult survivors of PBT's
reported that the group treated with surgery only was less likely to exhibit severe fatigue
in adulthood than those who had received a combination of surgery, chemotherapy,

and radiotherapy [124].

The National Cancer Institute has published recommendations for high-priority
research on CRF in children and adults, and these identify a need for longitudinal
studies to uncover the biopsychosocial mechanisms of CRF [125]. These
recommendations summarise two crucial research gaps: 1) the course of fatigue over
time, and 2) medical, psychological and social variables related to fatigue.

Overlapping symptoms between depression and fatigue

Several studies have reported a strong correlation between fatigue and depression [126-
129], but a meta-analysis of CRF also concluded that there was a large variability in
research regarding how criterion D was applied when including participants [108].
Depression has been seen to be the strongest predictor of fatigue in breast cancer
survivors [114,130], and is also closely linked to fatigue in adult survivors of childhood
cancer [131]. One study of adult survivors of childhood ALL and lymphoma reported
that level of depressive symptoms was the strongest predictor of persisting fatigue that
did not decrease with time since treatment [123]. The diagnostic criteria of CRF should
hence be compared to those for F.32 Depressive episode in ICD-10 [132]:

A) A duration of at least 2 weeks.

B) Atleast 2 of the following symptoms for a mild or moderate episode, and 3 for
a severe episode: Depressed mood, loss of interest and enjoyment, reduced
energy leading to increased fatigability and diminished activity.

C) At least 2 of the following symptoms for a mild episode, and 4 for a moderate
or severe episode: Reduced concentration and activation, reduced self-esteem
and self-confidence, ideas of guilt and unworthiness, bleak and pessimistic view
of the future, ideas or acts of self-harm or suicide, disturbed sleep (hypersomnia
or insomnia), increased or decreased appetite.
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A comparison between the ICD-10 diagnostic criteria for CRF and depression is
illustrated in Figure 2. The compulsory key symptoms for depression all have an overlap
with CRF, and since none of the diagnoses requires more than half of the possible
symptoms this can make differential diagnosis difficult.

Many clinical psychologists in Sweden rely on the Diagnostic and Statistical Manual of
Mental Disorders, 5th edition (DSM-5) when diagnosing patients. It is therefore
relevant to look at diagnostic criteria for depression (296.20-296.36, depending on
type and severity) in DSM-5 [133]. There are only minor differences between the two
nosologies. DSM-5 requires at least 5 symptoms for a diagnosis, but there are only 2
key symptoms (depressed mood, and loss of interest and enjoyment) out of which only
1 is necessary for a diagnosis. This could make the potential overlap with CRF larger,
but DSM-5 also has several exclusion criteria, and one of them is that the symptoms
should not be attributable to a known medical condition. This has a specific purpose
in DSM-5, as depressive symptoms caused by a medical condition are coded as 293.83
(depressive disorder due to a known medical condition). This is similar to F06.31
(known physiological condition with depressive features) and F06.32 (known
physiological condition with major depressive-like episode) in ICD-10 [107].
However, this does not automatically make the differential diagnosis easier. What
determines when a patient, with a known history of cancer and cancer treatment in the
past, who is expressing the above-mentioned symptoms, should be diagnosed with CRF
and when depression is a more appropriate diagnosis? (Both at the same time is not an
option, due to the exclusion criteria included in CRF.) This distinction is important in
ensuring that the correct therapeutic strategies are offered, and to avoid unsatisfactory
outcomes. Misdiagnosis could potentially lead to either delayed treatment, complete
inaction from the health care providers, or non-specifically targeted interventions.

Cognitive fatigue

The second type of critique against CRF is that it is a unidimensional diagnosis. As
only 5 out of 10 symptoms are necessary to fulfil criteria A, and half of these symptoms
are cognitive and half of them physical, it is possible for patients to exhibit CRF with
entirely different symptom constellations. Research has also clearly established that
CREF consists of two separate dimensions: physical fatigue and cognitive/mental fatigue
[106]. Cognitive fatigue (without the presence of physical fatigue) is reported in both
adult and paediatric patient populations and is associated with acquired brain injuries,
inflammatory disease, infections, and degenerative neurological disorders [134-140].
Research on cognitive fatigue in breast cancer patients also indicates that cognitive
fatigue has different predictors than physical fatigue. In a study of 255 breast cancer
survivors, poor sleep quality was the strongest predictor of cognitive fatigue at the 12-
month follow-up [122]. Another study on 459 breast cancer survivors found that high
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cognitive function before treatment strongly reduced the risk of cognitive fatigue at the
follow-up 2 years after surgery [118].

Figure 3. For patients suffering from cognitive fatigue, prolonged cognitive tasks can cause mental
exhaustion. © John Holcroft/lkon Images (reproduced with permission)

Regarding symptoms, cognitive fatigue manifests as mental exhaustion caused by
sensory stimulation and/or prolonged cognitive tasks [134,141,142]. Sensitivity to
sound (and in some patient groups also sensitivity to light), as well as a specific diurnal
pattern are also clinical features of this sequela. The diurnal pattern is characterised by
performance decreasing continuously throughout the day [143-145]. The cognitive
symptoms associated with cognitive fatigue are especially a decreased processing speed
[143,146,147], but also impairments in attention, memory, and executive functions
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[49,148-152]. Just as with fatigue, the similarities between cognitive fatigue and
depression pose a problem for both clinicians and researchers, but previous studies
demonstrate that depression and cognitive fatigue are separate constructs [127,144].
The auditory and visual hypersensitivity described in cognitive fatigue serves to
distinguish, but the most striking difference is the diurnal pattern. The diurnal pattern
in depression is the direct opposite of that in cognitive fatigue, as mood and energy
increase during the day in people with depression [153-155].

Aetiology of cognitive fatigue

In children and adolescent suffering from cognitive fatigue due to acquired brain
damage, injuries with greater severity have been reported to be associated with higher
levels of fatigue and worse outcomes in some studies [156], but not in others [157,158].
Age at onset has been reported as a predictor in some studies [159], while others have
found no effect for age [157,158]. A Dutch study on acquired brain injuries in children
and adolescents found that participants reported more cognitive fatigue after non-
traumatic brain injuries (where brain tumours are included) than after traumatic brain
injuries, which could be caused by the additional impact of chemotherapy and
radiotherapy in survivors of PBT's [159].

Research on aetiology indicates that cognitive fatigue is caused by a neuroinflammation
in the astrocytes [105,160,161], and in the cancer population inflammatory cytokines
also seem to be a key factor [162]. Even though most chemotherapeutic molecules do
not pass the blood-brain barrier, they may still cause toxicity in the brain indirectly
through proinflammatory cytokine pathways. Proinflammatory cytokines impair
astroglial glutamate uptake, and increased levels of proinflammatory cytokines have
been reported in disorders associated with cognitive fatigue [160,163].

Considering the link between cognitive fatigue and neuroinflammation, this sequela
might also be the result of complex interactions between many underlying mechanisms.
One example is the bidirectional link between inflammation and depression [164].
Another is the pathway between neuroinflammation and obesity, and the role it plays
in cognitive decline [165]. Both adult [166] and adolescent [9] survivors of childhood
cancer are at increased risk of excessive weight, and many different treatment and
lifestyle factors contribute to this. Treatment with radiotherapy is a factor that is
associated with increased risk of both obesity [167-169] and neuroinflammation [170].
Because of this, complex underlying mechanisms could cause the symptoms associated
with both depression and cognitive fatigue in this patient group, and more research is
needed regarding biomarkers such as proinflammatory cytokines and other risk factors.

Treatment of cognitive fatigue and cognitive fatigability

The distinction between cognitive fatigue and cognitive fatigability is especially
important when it comes to evaluating the effects of different interventions. A review
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by Walker et al. [171] focused on interventions for cognitive fatigability in neurological
disorders, and the authors reported that studies on interventions for cognitive fatigue
are much more common than studies on interventions for cognitive fatigability. Some
studies combine measures of fatigue and fatigability, such as the research on
methylphenidate as a possible treatment for adults after traumatic brain injury [147].
A longitudinal follow-up of the same patients, after 5.5 years of treatment, also reported
that the effect was found to be stable over the years. A comparison was made between
those who had continued and those who had discontinued the treatment, and
withdrawal was reported to produce a pronounced and significant deterioration in both
objective and subjective measures [172]. A Cochrane review on the management of
fatigue in adults with primary brain tumours reported no difference between modafinil
and placebo for either subjective or objective measures of cognitive fatigue [173]. The
different results might be due to the different aetiologies of the two diagnoses, or due
to the different therapeutic mechanisms of the two medications.

Regardless of outcome measure, these types of studies are usually conducted on an adult
population. To date, only one study has been published on children and adolescents.
The population consisted of survivors of PBTs undergoing physical training as an
intervention, and the authors reported that exercise significantly reduced cognitive
fatigue, but not physical fatigue [174]. For adults, pharmacological treatments such as
monoaminergic stabilisers [175] and methylphenidate [147,172,176] have been
evaluated as treatments for cognitive fatigue after stroke and traumatic brain injury.
When it comes to psychological interventions, mindfulness has been reported to
decrease cognitive fatigue in adults after stroke or traumatic brain injury [177,178].

Lifestyle factors

The cognitive symptoms associated with cognitive fatigue can also be caused by a
suboptimal lifestyle. Lack of sleep and insufficient exercise can cause mental exhaustion,
memory problems, and attention problems. A government report on lifestyle factors
amongst Swedish school children concluded that both insufficient exercise and sleep
problems are common in this age group. Sleep problems are prevalent in 30% of
children and adolescents, which is twice as much as in 1985. At the same time, a
minority of Swedish school children (40% of boys and 30% of girls) get the minimum
amount of weekly exercise recommended by the World Health Organization [179].

Exercise

Exercise intolerance (the ability to complete physical tasks) has been reported in
survivors of ALL [180], and an association between exercise intolerance and
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neurocognitive outcomes has also been demonstrated in this group of survivors [181].
This association is not surprising, since it has been demonstrated that improved exercise
capacity positively impacts certain cognitive domains. Several neuropsychological
studies on adult cancer survivors have found physical activity to be associated with
processing speed, memory, executive functioning, and attention [182-186]. These
findings are in line with research on healthy populations, where increased exercise has
been found to improve cognition. Amongst different cognitive domains, executive
functions seem to benefit most from frequent exercise [186-191]. However, a gender
difference has also been reported, and in a study by Stern et al. [188] acrobic exercise
improved both executive function and processing speed in men, whereas the same effect
was not seen in women. At the same time, female elite football players outperformed
the healthy controls on the measures of processing speed in a study on cognitive ageing
in contact sports [192]. Thus, there seem to be an association between processing speed
and aerobic activity in both genders. Regarding school results, several Swedish studies
have concluded that physical interventions improve learning outcomes [193,194].

In adults, physical activity is also associated with a decreased risk of depression. This
has been reported in both observational [195,196] and intervention studies [197-199].
This is not only the case for the general population, but is also well-document in adult
cancer survivors [200]. However, this is an understudied area in the paediatric
population. Meta-reviews on exercise in prevention and treatment of depression in
children and adolescents have concluded that the same assumptions cannot be made
for the younger population due to a low number of studies [201,202]. One recent meta-
review compared the effect of exercise on cognition and on different aspects of mental
health (including depression), and found that while there is strong evidence for a causal
association between physical activity and cognitive functioning in children and
adolescents, there is only partial evidence for an association with depression [203].

Regarding the effect of exercise on fatigue, an intervention study on children and
adolescents with cancer reported that a 6-week walking exercise regime (with at least
five sessions a week) significantly reduced both cognitive fatigue and general fatigue,
but not sleep/rest fatigue [174]. In a Dutch study on fatigue and physical activity after
treatment for childhood cancer, both measures were assessed at baseline, and at 4
months and 12 months. Most PedsQL™ MFS scores improved from baseline to 12
months, and so did physical activity (measured with an accelerometer). More physically
active children experienced less fatigue, and the associations were not influenced by
diagnosis, type of treatment, time since diagnoses, percentage of body fati, or BMI score
at baseline [204].

For adults, there is much more available research regarding the impact of exercise on
fatigue, and reviews and meta-analyses have concluded that physical training (especially
aerobic training) can reduce fatigue both during and after treatment [205-207]. The
effect of exercise is strongest for moderate to vigorous intensity, whereas low-intensity
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training is unlikely to reduce fatigue [200]. In line with the recommendations regarding
using multidimensional fatigue scales in clinical practice [19,110], the same concern
was raised regarding research in a Cochrane review [206]. As some intervention studies
used unidimensional instruments and others multidimensional, this made it difficult
to compare the effect of exercise on different types of fatigue. The current American
guidelines for most adult cancer survivors (certain risk groups are excluded) recommend
at least 150 minutes of moderate intensity aerobic activity each week [205]. There is
insufficient evidence for a linear dose response, and increasing the aerobic exercise
beyond 150 minutes per week does not result in decreased fatigue [200].

Sleep

Inadequate sleep is defined as short and/or disrupted sleep patterns, and reports
regarding lifestyle factors amongst Swedish children and adolescents have revealed
unsatisfactory levels of sleep [208-210]. As sleep behaviour is related to both working
memory performance [211,212] and attention [213,214] in children and adolescents,
this is an important lifestyle factor to consider when assessing survivors with these
symptoms. A review on functional outcomes of inadequate sleep in adolescents by
Shochat et al. [215] summarises the role of sleep in several areas of health and
development. Not only does inadequate sleep affect cognition and school performance,
it also increases the risk of obesity, depressive symptoms, and fatigue. A meta-analysis
of the dose-response relationship between sleep and obesity found that with every
1 hour/day increase in sleep duration, the risk of overweight/obesity was reduced by
21% [216]. While the recommended duration of sleep for teenagers is 8 hours/night,
the average duration for Swedish teenagers is 7.28 hours and 26% sleep less than 6
hours [208].

Research on sleep, inflammation, fatigue, and neurocognitive outcomes in adult
survivors of childhood ALL found a gender difference regarding the relationship
between these outcomes. More consistent associations were found between
inflammatory biomarkers and neurocognitive outcomes in female survivors compared
with male survivors, and neurocognitive function in female survivors also appeared
more susceptible to the effects of sleep disturbances and fatigue [117]. In a German
study of 255 breast cancer survivors, poor sleep quality was the strongest predictor of
cognitive fatigue both during therapy and at the 12-month follow-up [122].
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The use of questionnaires in clinical practice

Direct and indirect measures

Questionnaires — both self-reports and parent-proxy reports — are indirect measures of
cognitive status, whereas neuropsychological tests are direct measures. Many larger
studies — for example CCSS — use either self-report or parent-proxy reports when
researching neurocognitive outcomes in survivors of childhood cancer [36,217-219].
While this is both less expensive and less time-consuming than neuropsychological
testing, agreement between direct and indirect measures is usually low. A comparison
of executive ratings and performance on executive tests in a sample of brain tumour
patients revealed no clear associations between the reported executive functions and the
test performance [220]. A review that examined the association between performance-
based and rating measures of executive function in 20 studies (13 child and 7 adult
samples) concluded that direct and indirect measures capture different underlying
cognitive constructs [221]. Discrepancies in direct and indirect cognitive measures have
been reported in many different clinical groups [222-225], and it is often concluded
that direct and indirect measures are complementary and that comprehensive
assessments require both.

One problem that often occurs when using research questionnaires in clinical practice
is the lack of a published cut-off. This dilemma was addressed in a recent Cochrane
review on severe fatigue after treatment for childhood cancer. For those questionnaires
that did not have a published cut-off, the criterion for severe fatigue was defined as a
score above or below two standard deviations of the mean from a healthy reference
group [111]. Another method is to use the 10th percentile of the control group as a
cut-off, as established for self-rating questionnaires used by both CCSS and other
cancer research projects [131,226,227]. This cut-off is also used in questionnaires like
the Behaviour Rating Inventory of Executive Function (BRIEF) and Beck Youth
Inventories (BYI) [228,229].

While fatigability is an objective performance, fatigue is the patient’s perception [104].
As the impact of fatigue is individual and a subjective experience, it is recommended to
use self-reports for the assessment of fatigue in cancer patients [110,162]. Self-report
instruments commonly used in studies on fatigue in survivors of childhood cancer are

listed in Table 3.
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Table 3. Self-report instruments used in studies on fatigue in survivors of childhood cancer [111,230].

Instrument Ages Dimensions Proxy versions
PedsQL ™ Multidimensional Fatigue Scale 2-4 3 (general, sleep, cognitive) Parent
5-7
8-12
13-18
19-25
Adults
The (Childhood Cancer) Fatigue Scale 7-12 1 Parent and staff
13-18
PROMIS® fatigue subscale 8-17 Parent
1
Adults
Short Form-36 vitality subscale All* 1** No
EORTC-QLQ symptom scale fatigue All* 3 (physical, emotional, cognitive) No
(Chalder) Fatigue Questionnaire All* 2 (physical, mental) No
FACIT-Fatigue Scale All* 1 No
Revised-Piper Fatigue Scale All* 4 (affective, behavioural, sensory, No
cognitive)
The Brief Fatigue Inventory All* 1 No
The Multidimensional Fatigue Inventory All* 5 (general, physical, mental, No
motivation, activity)

*No specific version for children and/or adolescents.
** The scale is multidimensional, but only 1 subscale covers fatigue.

Single-item screening measures for fatigue in survivors of PBT's have been reported to
have low accuracy compared to in-depth multidimensional scales [231]. Additionally,
multidimensional instruments are recommended in order to facilitate discrimination
between depression and fatigue [19,110], but also for evaluating the impact of
interventions [206]. The Pediatric Quality of Life Multidimensional Fatigue Scale
(PedsQL™ MES) is one such multidimensional instrument.

Reviews of existing fatigue instruments for children and adolescents have concluded
that PedsQL™ MES has strong evidence of reliability [230] and that its psychometric
properties make it suitable for incorporation in clinical research [18]. The inclusion of
PedsQL™ MES is also recommended in the European follow-up guidelines for
survivors of PBTs, for children both above and below 5 years of age [15,16]. An
alternative to PedsQL™ MEFS is the Fatigue Scale, which in earlier publications was
called the Childhood Cancer Fatigue Scale [232]. This instrument has specific versions
for children and adolescents, and offers both parent- and staff-proxy versions.
PedsQL™ MFS and the Fatigue Scale have equally strong measurement properties,
with similar attributes regarding internal consistency and responsiveness [18,230].
However, the Fatigue Scale is neither multidimensional nor (currently) available in a
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Swedish translation. Since PROMIS® is the most recently developed fatigue instrument
for children, the measurement properties have not yet been thoroughly evaluated [230].

Self-reports vs. proxy reports

Many instruments for children — including PedsQL™ MFS — allow for the use of both
self-reports and proxy reports. Parent-proxy means that the parent rates the child’s
problems. Usually, the two different forms contain the same items and may therefore
give the impression that they can be used interchangeably. But choosing whether to
rely on self-reports or parent-proxy reports is a delicate matter in both clinical practice
and research. Due to low agreement, it is recommended that children and parent report
instruments should not be compared directly [230]. When assessing children and
adolescents, it is sometimes possible to use teacher-proxy reports instead of (or as a
complement to) parent-proxy reports. Correlations between test performance and
questionnaires have been found to be much higher for teacher reports than parent
reports, regarding both adaptive skills and executive functions [233,234]. Low
interrater reliability between parent and child reports has been described in several
studies using PedsQL™ MFS [158,235,236]. A study on children and adolescents
coping with cancer also reported that the percentage of patients with elevated symptoms
of depression/anxiety was twice as high in the self-reports than in the parent-proxy
reports [237]. These results are thought-provoking, and highlight the need for further

discussions regarding the guidelines for assessment protocols.
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Aims and objectives

Main objectives of this work

Studies of cognitive sequelae in survivors of childhood cancer almost exclusively focus
on long-term cognitive impairments after treatment and do not take pre-treatment
cognitive status into account. Cognition at baseline is important to consider when
evaluating the effects of different kinds of treatment, but most studies on treatment-
related sequalae do not include a pre-treatment neuropsychological testing. Another
field of limited research is cognitive fatigue as a result of disease or treatment, and its
relationship to cognition and mental health. Additions to the body of knowledge in
these areas do not only have scientific value, but also clinical relevance. As the
population of survivors steadily increases, so does the demand on society, employment
agencies, schools, and hospitals. While many different institutions are responsible for
offering these survivors support, the health care system has an especially prominent role
when it comes to identifying survivors in need of rehabilitation. In order to do so
efficiently, structured protocols must be developed and implemented. While it is
essential for the survivors that all possible long-term deficits are assessed and evaluated,
it is equally important not to include too many variables as it would make the follow-
up assessment excessively time-consuming and mentally exhausting for the patient. The
hospitals and health care system need cost-effective protocols, but must at the same
time be able to rely on the screenings to properly identify individuals with additional
needs.

The main objectives of the work presented in this doctoral thesis were to investigate
whether cognitive deficits were present already at diagnosis in children with brain
tumours, and whether the development of such deficits over time was linked to
cognitive fatigue. The overall goals of the studies presented here were to contribute to
the ongoing development of systematic neuropsychological follow-up protocols for
survivors at risk of cognitive deficits or mental distress as sequalae after childhood
cancers.
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Brief descriptions of the studies and aims

Pre-treatment cognition

In study I, the objective was to extend our knowledge of cognitive impairment at
baseline and associated risk factors for the same. In this study, results were analysed
from a large sample of children and adolescents diagnosed with PBTs who underwent
a pre-treatment neuropsychological assessment.

Cognitive fatigue in relation to depressive symptoms

In study II, the aims were to investigate the prevalence of cognitive fatigue in survivors
of childhood cancer, the overlap between cognitive fatigue and depressive symptoms,
and some psychometric properties of the MFS. The study compared survivors of PBT's
and ALL with a sample of healthy controls.

Associations between cognitive fatigue and cognitive abilities

Previous studies have investigated the association between cognition and cognitive
fatigue in adults. Study III was carried out to examine whether the same cognitive
domains are affected in children and adolescents as in adults suffering from cognitive
fatigue. The study compared self-rated measures of fatigue with neuropsychological test
results in survivors of PBT's aged 8-18 years.
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Method

Design

All three studies in this thesis were observational and used quantitative methods, but
data collection and patient population differed. Table 4 gives an overview of the
participants and the design in the different studies. The Statistical Package for the Social
Sciences (software versions 23-26), was used to record, structure, and analyse study
data.

Table 4. Study overview

Study | Population Design Data collection
| 101 children and adolescents at Cross-sectional Neuropsychological assessment at baseline
diagnosis, before treatment for PBTs
I 30 survivors of PBTs, 30 survivors of | Cross-sectional Self-report and parent-proxy questionnaires
ALL, and 60 healthy controls
m 45 survivors of PBTs Cross-sectional, Neuropsychological assessment at baseline
longitudinal and follow-up, questionnaires

Abbreviations: PBTs: Survivors of paediatric brain tumours; ALL: Survivors of acute lymphoblastic leukaemia.

Participants and study setting

Patients in all three studies were children and adolescents living in the Southern
Hospital Region in Sweden. Skine University Hospital in Lund is the childhood cancer
centre for this region, which has a population of 1.8 million people. Participants in
study I were patients diagnosed with a PBT, who had undergone a pre-treatment
neuropsychological assessment (regardless of age at assessment). In study II, the
participants were survivors of PBTs or ALL who had received treatment at Skine
University Hospital, were participating in the follow-up programme there, and were
8—18 years old at the time of assessment. Children and adolescents from Lund and the
surrounding municipalities were recruited for the control group in study II. In study
111, the participants were survivors of PBTs who had received a neuropsychological
follow-up testing, and were 8—18 years old at the time of assessment.
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Ethical approvals and considerations

Two different ethical approvals were acquired for the studies included in this thesis.
Data for study I and III were collected as part of a larger clinical project (CogCan:
cognition after childhood cancer). The aim of this project is to identify PBT survivors
with cognitive impairments, to evaluate the relationship between the treatments
received, and to engage the child and the family with rehabilitative services.
Neuropsychological variables gathered during the testing are registered in a database
approved by the Regional Ethics Board in Lund (No 500/2007). As this database only
includes survivors of PBTs and revolves around neuropsychological assessments, a
second ethical approval was therefore needed for study II (No 2017/851).

Part of the requirements for getting the ethical approval for study II was to present a
plan for following up those patients who scored elevated or very elevated symptoms of
either depression or anxiety on the BYI. This was of particular importance as there was
a substantial staff shortage of psychologists when data for this study were collected, and
this affected the department of paediatric oncology (where survivors of ALL received
follow-up) more than the department of paediatric neurology (where survivors of PBT's
received follow-up). Detecting survivors in need of psychological treatment could
therefore potentially expose an under-staffed department to extra stress and a higher
workload. It could also cause resources to be relocated from one department to another,
meaning that other patient groups would get less psychological support than they
would have if the study had not been conducted. In comparison, not assessing these
survivors in the first place could also be considered unethical. Hence, the ethical
considerations of that study went beyond just applying for approval from the Regional
Ethics Board.

Statistical analysis

Study I

Study I was a cross-sectional registry study. Included in the project were patients
diagnosed with a PBT's at Skane University Hospital between 1 January 2006 and 31
December 2015. The inclusion criterion was to have undergone a neuropsychological
assessment at baseline, before the start of treatment (surgery, radiotherapy, or
chemotherapy). Exclusion criteria were a diagnosis of a neurocutaneous syndrome
(NF1 or tuberous sclerosis) or a previous diagnosis of PBTs. A total of 161 patients
were diagnosed with a PBT for the first time during this time period, of whom 31 had
neurocutaneous syndromes. Twenty-nine of the eligible patients had not undergone a
pre-treatment assessment, leaving 101 study participants. A pre-treatment assessment
had hence been conducted for 78% of all study participants. (If patients with
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neurocutaneous syndromes had been included in this analysis the total number would
have been 82%.)

Six different cognitive measures were included in the statistical analysis: Full-scale 1Q,
performance 1Q), verbal IQ, processing speed, working memory, and visual attention.
Scores on the cognitive measures were assessed for normality and outliers. Six clinical
variables were included in the analysis: age at diagnosis, gender, tumour size, increased
intracranial pressure as onset symptom, epilepsy as onset symptom, and tumour
location (supratentorial or infratentorial). A series of stepwise linear regressions was
carried out, where the six clinical variables were backwardly regressed in each of the six
cognitive variables separately. Variables were removed when p>0.05. Comparisons
between the 101 study participants and the 29 excluded patients were made with
Student’s t-test for continuous variables and x” for categorical variables.

Study II

Data for study II were collected 2017-2019. Survivors of PBTs and ALL, who were
aged between 8 and 18 years and who completed the treatment between 2 and 6 years
ago, were eligible to participate. Exclusion criteria were non-proficiency in Swedish, a
diagnosis of intellectual disability, or a diagnosis of Down syndrome. A total of 65
survivors were eligible, but three families declined to participate and a further two were
excluded due to relapse after inclusion, leaving 60 survivors in the study. A control
group of 60 healthy children, 8—18 years of age, was included for comparison. Parent-
proxy and self-report version of the PedsQL™ MEFS were administered to the
participants. The children and adolescents also completed Beck Youth Inventories
(BYI). Both the depression and anxiety subscales of BYI were administered, but only
the depression subscale was used in the analysis.

As several of the parent-proxy scales violated assumptions of parametric tests, the non-
parametric Kruskal-Wallis was used to analyse group differences. The Mann-Whitney
U test was used for post hoc analysis of the significant differences, and effect sizes were
calculated for the pairwise tests. Parent-child concordance was examined with intraclass
correlation coefficient (ICC), and Cronbach’s alpha was used for internal consistency
reliability. Gender differences were investigated with the Mann-Whitney U test. A
general linear model (factorial ANOVA) was used to analyse the effect of diagnosis and
symptoms of depression on the PedsQL™ self-rated cognitive fatigue subscale.
Diagnosis included three levels (controls, survivors of ALL, survivors of PBTs), and
depression included three levels (average symptoms, elevated symptoms, highly elevated
symptoms).
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Study III

Data for study III were collected 2017-2020. Survivors of PBTs who came for a
neuropsychological assessment (either 2 or 5 years after diagnosis) during that time
period were included in the study. A total of 56 survivors in the age group had follow-
up testing during that time period. Survivors were excluded if they had a diagnosis of
either autism or intellectual disability before being treated for PBTs, if they were
candidates for epilepsy surgery, if their sequalae prevented participation, or if they were
currently undergoing treatment for relapse. A total of 45 survivors were eligible for
inclusion. A pre-treatment assessment had been conducted with 37 of the 45 included
patients (82%). In order to investigate the relationship between cognition and fatigue,
results from the self-rate version of the PedsQL™ MFS were compared with results
from 9 different neuropsychological tests (2 measures of processing speed, 4 measures
of attention, 2 measures of executive function, and 1 measure of working memory).
Regression analysis, adjusted for treatment with radiotherapy and age at onset, was used
to investigate the associations between 9 cognitive variables and 3 different measures of
fatigue. All scores were transformed to Z-scores, and the scales for the Conners
Continuous Performance Test (CPT-3) were converted, so that a higher score on all
scales meant a better result. With the false discovery rate set at 0.05, the Benjamini—
Hochberg procedure was used to correct for multiple comparisons. Cognitive variables
with a significant association with fatigue were also exploratively assessed through
graphs and visual analysis. The difference in test scores between the pre-treatment
testing and the follow-up was examined in this analysis.
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Results

Comparisons between the three studies

While the 3 studies had different aims and methods, there were some similarities
between the findings. In study I, 78% of all patients diagnosed with a PBT had
undergone a pre-treatment neuropsychological assessment, but these numbers were
based on the exclusion of patients with neurocutaneous syndromes. When these
patients were included, 82% had been tested at baseline. Only a few patients were
included in both study I and III, but 82% of the participants in study III had also
received an assessment at diagnosis. Hence, these pre-treatment assessments were not
possible for all patients, but feasible in the majority of cases. Another similarity between
study I and III was that the average age at diagnosis of a PBT was 9.4 years in both
studies, and that there was a slight overrepresentation of males (54.5% in study I and
53.3% in study III). The somewhat higher incidence in males in Sweden has previously
been described by Lannering et al., together with equal survival rates for males and
females [238], and the same results were therefore expected at follow-up.

The PedsQL™ MFS was used in both study II and III, and for survivors of PBTs the
scores — both regarding distribution, mean, and SD — for the 3 different subscales were
similar in the two studies. Hence, increasing the sample by 50% did not affect the
results on a group level. The mean score for the cognitive fatigue subscale was lower
than for the other two fatigue subscales, indicating that the impact of fatigue differed
between different categories.

Study I

Opverall, cognitive performance was relatively intact at baseline. The results were close
to norm means for most variables, but impairments were found in memory and
cognitive processing speed. Male gender, older age, epilepsy, increased intracranial
pressure, and larger tumours were all associated with lower cognitive function at the
time of diagnosis. No demographic or clinical variable predicted perceptual IQ, but for
the remaining cognitive variables the models could predict lower cognitive function.
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However, explained variance was very modest for most cognitive variables except
attention. Patients with epilepsy as onset symptom also had significantly smaller
tumours than patients with other onset symptoms, and tumour size masked the effect
of epilepsy on cognition at baseline.

The main conclusions were that pre-treatment neuropsychologic assessments, with
some adjustments, can be carried out with children and adolescents diagnosed with
PBTs, but also that the relationship between baseline and longer-term cognitive deficits
requires further examination. The study was the largest published so far on the subject
of pre-treatment cognition, contributing one third of the total patient material in all
studies, and the findings regarding clinical predictors were consistent with previous
research. The result that pre-treatment processing speed was reduced (especially in
boys) was a new finding, and these impairments may partly explain the longer-term
deficits that commonly occur in survivors of PBTs.

Study II

When using the 10th percentile of the control group as a cut-off, 70% of PBTs
survivors and 30% of ALL survivors scored below this limit for cognitive fatigue. Very
elevated symptoms of depression were reported by 27% of the PBT survivors and 20%
of ALL survivors. Survivors of PBTs reported significantly more fatigue than healthy
controls on all fatigue subscales. Both diagnosis and depression level were significant
predictors of cognitive fatigue, but diagnosis was the stronger of these two. While
survivors of PBT's expressed more symptoms of depression than both survivors of ALL
and the healthy controls, there was no evidence for an interaction effect.

The study also evaluated some psychometric properties of the PedsQL™ MFS. While
children consistently rated greater problems than parents (resulting in lower mean
scores for the self-reported values than the parent-proxy values), the differences were
smaller for the cancer survivors than for the controls. Parent-child concordance was
better for survivors than for controls. Similarly, intraclass correlations were poor for the
controls, but moderate to good for the survivors. With the exception of the self-rated
sleep fatigue subscale, all other subscales showed satisfactory reliability, with
Cronbach’s alpha exceeding 0.70 for the total sample of survivors and controls.

Both the depression and anxiety subscales of BYI were administered to all participants,
but as anxiety has no symptom overlap with cognitive fatigue only the results for
depressive symptoms were included in the statistical analysis. The results for both
subscales are therefore presented in Table 5.
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Table 5. Results from the Beck Youth Inventories

PBTs ALL Controls
n (%) n (%) n (%)
Symptoms of anxiety
total 30 (100) 30 (100) 60 (100)
average 20 (66.7) 21 (70.0) 45 (75.0)
elevated 3(10.0) 4(13.1) 11(18.3)
highly elevated 7(23.3) 5(16.7) 4(6.7)
Symptoms of depression
total 30 (100) 30 (100) 60 (100)
average 18 (60.0) 21 (70.0) 46 (76.7)
elevated 4(13.3) 3(10.0) 7(11.7)
highly elevated 8(26.7) 6 (20.0) 7(11.7)

Abbreviations: PBTs: Survivors of paediatric brain tumours; ALL: Survivors of acute lymphoblastic leukaemia.
Swedish norms: percentile 0-74 average, percentile 75-89 elevated, above percentile 90 very elevated.

Study 111

The mean results for the survivors were lower than the normative means for cognitive
processing speed, working memory, and cognitive flexibility. The results for the fatigue
subscales were very similar to those in study II, regarding both scores and the pattern.
Of the 3 different fatigue subscales, cognitive fatigue had the lowest mean score
(indicating lower quality of life and more problems). Significant associations were
found for measures of cognitive processing speed and the cognitive fatigue self-rate
subscale, with slower processing speed associated with poorer results for cognitive
fatigue. No associations were found for the other cognitive domains or the other fatigue
subscales. In this respect, the results differ from those reported in adults, where
associations between cognitive fatigue and executive functions, working memory, and
attention have been reported.

The explorative analysis revealed that all survivors with impaired processing speed also
scored substantial problems with cognitive fatigue. The survivors experiencing the least
cognitive fatigue also had the best processing speed. While some survivors expressed
problems with cognitive fatigue without having an impairment in processing speed, the
opposite was not prevalent in any survivors. The change in processing speed between
baseline and follow-up was also plotted against the score in cognitive fatigue, and
revealed that survivors with the largest decrease in processing speed from baseline to
follow-up also experienced the most cognitive fatigue.

As in study I, processing speed was impaired already at baseline. When the patients
were split into two groups — radiated and non-radiated — this revealed an interesting
pattern. While the total group average was lower than the normative mean, there was a
striking difference between the two groups. The group that would receive radiotherapy
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after the assessment was more impaired than the group that would not receive this
treatment. In the manuscript, the results from the two groups were not separated but
combined into one variable. As this division adds information to the results from study
I, it is demonstrated in Figure 4.
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Figure 4. There was a large difference in processing speed (M 100, SD 15) between the two treatment groups
at both the baseline assessment and the follow-up assessment (n 37).
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Discussion

Improving psychological follow-up protocols

In a review of recommendations for neuropsychological follow-up protocols of
childhood cancer survivors, Annette et al. [239] discuss both which survivors to assess
and when those assessments should be conducted. They conclude that there are two
groups of survivors that should be considered: 1) children diagnosed with brain
tumours, and 2) children with other types of cancers that received CNS-directed
therapies (mainly survivors of ALL). Regarding the timing of the assessment, they
recommended that the intervals should be 2-3 years (or until change was identified).
When deciding on psychological follow-up protocols, there are two additional aspects
to consider. When the assessments should be conducted and which survivors to include
are only the first step, while the second consists of defining which domains to focus on
and which instruments to use for this. The challenge is to find a balance and a protocol
that focuses on the right aspects, while being efficient regarding both time and
economy, and tolerable for the patients.

When it comes to points in time for the assessments, the results from both studies I
and III show that pre-treatment assessments are feasible with the majority of patients
diagnosed with PBTs. Pre-treatment assessments can — if implemented — contribute to
research regarding the development of long term-deficits since they make it possible to
investigate comparisons between baseline impairments and sequelae caused by the
treatment. Merchant et al. [240] concluded that the long-term effects of radiotherapy
may be exaggerated when the baseline function of the patients is not assessed.
Establishing a baseline is hence important for longitudinal research, and Ris et al. [241]
list the advantages and disadvantages of different approaches. The major weakness with
the pre-treatment assessment is the small window of opportunity and, as demonstrated
in studies I and II1, this will not be possible with all patients. Conducting the “baseline”
assessment post-surgery, but before the start of radiotherapy or chemotherapy, will
allow for a larger window but means that post-surgical effects can influence the results.
Other commonly used methods are proxy
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Figure 5. The 5-year survival for paediatric brain tumours is currently 80% in Sweden, and 80% of those who
survive have long-term deficits as a consequence after the tumour and/or the treatment. The psychological
assessment protocols should identify survivors suffering from cognitive deficits, mental ailments,
behavioural problems, and/or fatigue.
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estimations (based on prediction formulas, taking for example socioeconomic status,
parental education, and parental occupation into consideration) or relative change
(where the mean of a group of survivors is compared to the normative mean). The latter
two methods are based on a “normality assumption”, i.e. that development follows the
average trajectory up to the point of symptom onset, and that normality assumption
has been questioned [83].

An observed change in performance on neurocognitive tests could be caused by a
practice effect, but can also reflect tumour- or treatment-related decline, altered
developmental trajectory, or recovery due to either intervention or spontaneous reasons
[242]. Statistical methods for determining whether the observed changes are reliable
and clinically meaningful are described by Duff [242] and were further adapted to assess
change in survivors of PBTs by Duda et al. [243]. Knowledge about the stability of test
scores and howto interpret observed change is important when deciding on the retest
interval. It is necessary to test often enough to detect a possible decline, but also not to
conduct them too often. This is both in order to avoid having the patients undergo
unnecessary testing sessions, but also due to the test-retest effect, which could
potentially mask a cognitive regression or stagnation. The short-term stability of the
different Wechsler scales is reported in the technical manuals for each test [56,57]. It is
worth mentioning that the reliability for the processing speed indexes is lower than for
other composite scores for the Wechsler intelligence scales for both children and adults.
While reliability for the other composite scores is based on split-half reliabilities, it is
based on test-retest reliabilities for the processing speed indexes (which tend to be

lower) [57,56].

In clinical practice, the retest-interval is usually longer than that used when the test was
standardised, but long-term stability is sometimes investigated in studies. One example
of this is that Watkins & Smith investigated the long-term stability of the fourth edition
of the Wechsler Intelligence Scale for Children, by comparing different studies that had
reported retest scores. Of the different indexes, processing speed had the most
variability in test-retest stability [244]. When non-clinical participants were retested
within weeks, the processing speed index (M 100, SD 15) increased with by 7.1 points
on average, with the largest difference being 9.9 points for 6-7-year-olds [245]. When
non-clinical participants were retested within a year, the average increase in processing
speed index was 2.3 points. When 344 children eligible for special education were
retested 2—3 years after the first testing, the processing scores instead decreased by 2.1
points [244]. This could mean that only typically developing children benefit from the
test-retest effect, or it could instead indicate that the effect fades with time. The large
increase in scores is not specific for the Wechsler processing speed tests. The National
Institutes of Health Toolbox also includes a processing speed test, and when 537
participants from the normative sample were retested after a week the mean increase in
processing speed was 5.5 scale scores (M 10, SD 3), with age groups between 7 and 19
years increasing more than the average [246]. This illustrates the importance of being
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familiar with the psychometric properties of a test when evaluating differences in
performance between two assessments.

While there are obvious challenges with repeated assessments, research has shown that
IQ has a tendency to decline in survivors of PBTs over time [44,247]. It is therefore
necessary to include more than one assessment in the follow-up protocols in order to
detect such a deterioration. Preferably, they should have at least 2-3 years between
them. A shorter interval would make it harder to detect a stagnation or regression, and
could allow for a potential practice effect to mask slighter deficits. Regarding the decline
in IQ, King et al. [248] developed a neurodevelopmental model of cognitive long-term
outcomes in survivors of PBTs. They found support for a model where processing speed
was significantly associated with attention span and working memory. All three
domains had unique relationships with IQ, but processing speed was concluded to be
the central cognitive ability that disrupted other core cognitive skills (the Wechsler
abbreviated scale of intelligence was used in this study, as this measure of IQ avoids
timed measures and therefore limits the impact of processing speed measures). Reduced
processing speed is especially common after radiotherapy, but survivors of ALL and
PBTs who did not receive this treatment can also exhibit this deficit [35,38-40,50,63].
This, together with the results from studies I and III, supports the inclusion of
processing speed tests in protocols, both at baseline and at follow-up.

The choice of instruments obviously relies on the included domains, but also on which
survivors are assessed. The results from study III did not indicate the kinds of attention
problems that the instrument CPT-3 was developed to identify [249]. A meta-analysis
by de Ruiter et al. [250] on the neurocognitive consequences of paediatric brain
tumours investigated studies where the CPT and CPT-2 had been administrated, and
reported that the only variable where survivors performed worse than the norms was
that they committed more errors of omission. In contrast to these results, the
participants in study III did not differ from the norms regarding errors of omission. At
the same time, 24% had impaired scores for hit reaction time — which was not found
in the meta-analysis. While different versions of the CPT were used, it is also possible
that these results are a consequence of a population-based sample (as opposed to the
studies included in the meta-analysis, which looked at specific tumour pathologies).
This test has a long administration time, and it could therefore be debated whether it
is efficient to include in a screening protocol. The CPT-3 was developed to facilitate
diagnosing of ADHD. As the prevalence of ADHD in patients with NF1 has been
reported to be 40-50% [81,85], survivors with a neurocutaneous disorder might need
different types of follow-ups compared to other survivors. Another group that might
need a more extensive protocol is survivors treated with radiotherapy, as this treatment
has been shown to increase the risk of both fatigue [124] and mental distress [95-
98,100]. While it might be easy to criticise the exclusion of long-term memory in the
contemporary follow-up protocol for survivors of PBTs, it must also be considered that
there currently is a lack of such tests for the age group 13-16 years in Sweden (meaning
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that there is either no Swedish translation at all, or a translation but no norms with
satisfactory psychometric properties). This makes it difficult to demand an inclusion of
that cognitive domain. Two areas that are easier to discuss are those of fatigue and
depression.

Assessment of fatigue

While multidimensional fatigue scales facilitate the assessment of fatigue and make it
easier for clinicians to distinguish between cognitive fatigue and depression, the
cognitive deficits associated with cognitive fatigue must also be considered. If the
instruments are too long and all-embracing, patients suffering from impaired working
memory or reduced processing speed might have problems answering the questions,
and the implementation of such questionnaires could therefore become
counterproductive. Another important consideration is whether to use parent-proxy or
self-report questionnaires. In the European guidelines for follow-up after PBTs the
PedsQL™ MES is included, but there is no recommendation regarding which version
to implement [16]. Parents under-reporting children’s fatigue is a phenomenon that
has been demonstrated in several studies applying the MES [158,236,251].
Considering the poor parent-child concordance in study II as well as previous studies
utilising the MES [158,235,236], the best solution ought to be to use both versions of
the instruments. This is something that should be clarified in the protocols.

While studies IT and III both clearly showed that cognitive fatigue was the most affected
fatigue dimension, CRF is still a unidimensional diagnosis. Neuropsychologists might
be more interested in cognitive fatigue, due to the natural connection to cognition, but
the diagnostic criteria must be considered. As with fatigue, the concept of cognitive
fatigue has been criticised for being used interchangeably to describe a symptom, a
consequence, and a cause [252]. Hence, cognitive fatigue should only be used to express
difficulties that are not included in or accounted for through more established models
of explanation. Even though studies II and III are both in line with previous research
demonstrating that fatigue consists of separate dimension, many of the deficits included
in cognitive fatigue are better described by other diagnoses/disabilities.

Depression and anxiety

As seen in Table 5, survivors reported elevated symptoms of both depression and
anxiety compared to both the control group and the national norms. Even though the
study sample was too small to conduct a statistical analysis or draw any major
conclusions from these results, other studies have reported similar numbers [95,253].
A CCSS publication on adolescent survivors reported that mental distress was present
in as many as 31% of survivors of childhood cancer, with survivors treated with cranial
radiotherapy being more affected than other survivors [96]. Other CCSS papers on
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mental health in adolescent survivors have also reported treatment with cranial
radiotherapy to be a risk factor [95]. The need for assessing mental health, depression,
and anxiety has been highlighted regarding both clinical practice [14,17] and research
[92]. Results from previous studies indicate that the risk of developing depression and
anxiety is higher after the treatment has been completed [93], which makes this an issue
for the follow-up protocols rather than at the ward.

How the assessment should be conducted is also a relevant issue. While a clinical
interview by an experienced psychologist will be more precise than just self-rated
symptoms, it is also far more time-consuming. A questionnaire will be more effective,
and in a study by Liptak et al. [253] where BYI was administered to survivors of brain
tumours, 90% reported no associated distress and 98% found the items easy to
understand. However, agreement with clinician report was low and the authors
concluded self-reports should not be used as a “stand-alone” assessment. Like fatigue
scales, these symptoms can be evaluated with both self-rate and parent-proxy
questionnaires, but the use of parent-proxy scales can be just as complicated when
screening for mental distress as when screening for fatigue. A study on children and
adolescents with cancer reported that elevated symptoms of depression/anxiety were
twice as common in the self-reports as in the parent-proxy reports [237]. This is in line
with previous research on the subject of parent-child concordance, which reported
lower agreement for internalising than externalising problems [254]. It is possible that
this phenomenon is generalisable to fatigue as well (which can be considered more of
an internalising than externalising problem), and could thus explain that parents
consistently scored fewer problems than the survivors in study II — even for the groups

with acceptable ICC.

The Swedish National Board of Health and Welfare (Socialstyrelsen) documents the
prevalence of psychiatric diagnoses in the population. In 2017, approximately 10
percent of citizens under the age of 18 (three times as many gitls as boys) had received
treatment through a psychiatric clinic (primary health care excluded), and the
diagnosed cases of depression in children and adolescents had tripled since 2006 [255].
This does not automatically indicate that mental illness has increased, as it could be a
consequence of more people seeking psychiatric help. A report from the Swedish Public
Health Agency (Folkhilsomyndigheten) on health in the age group 11-15 years stated
that self-rated psychological symptoms had doubled from 1985 to 2018. T'wice as many
gitls as boys reported these symptoms. If children and adolescents in general are
experiencing more psychological distress and are in need of treatment for depression,
this will very likely affect survivors of childhood cancer as the reason for the increase in
the general population will be relevant for this group as well. The gender differences in
these two reports are especially interesting when considering that female gender has
been found to be a risk factor for depression in survivors of childhood cancer [95,97-
100]. The guidelines from the Swedish National Board of Health and Welfare

recommend cognitive behavioural therapy (CBT) as first-line treatment for mild and
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moderate depression in children and adolescents. Regarding anxiety disorders, CBT is
recommended as first-line treatments for obsessive-compulsory disorder and post-
traumatic stress disorder, while a combination of CBT and pharmacological treatment
is recommended for social phobia, separation anxiety, and for generalised anxiety
disorder [256]. Interventions based on CBT have also shown promise in reducing
psychological distress in adolescent survivors of childhood cancer [257,258]. A few
studies have also investigated how to tailor CBT and adapt it to the specific needs of
this population [259,260]. These patients should hence be referred to the appropriate
health care provider, but in order to do so they must be properly identified.

Management of cognitive fatigue

There are two reasons for assessing cognition and cognitive fatigue in survivors of
childhood cancer, and for developing follow-up protocols for them. The first is for
research, and the other for clinical management. The studies in this thesis were part of
the CogCan project, and one purpose of that project was to identify those survivors in
need of treatment and rehabilitative services. When identifying survivors with different
types of long-term deficits, it is also important that there is a routine for managing these
deficits within the health-care system. Merely researching the different types of sequelae
is not enough for these survivors and the families; clinical implications and school
liaisons must also be considered.

Clinical implications

The lack of established cut-off scores for research questionnaires is a problem that must
be overcome before implementing such questionnaires in clinical practice. In study II,
we decided to use the 10th percentile of the control group as a cut-off. If we had instead
used the cut-off for “severe fatigue” utilised by van Deuren et al. [111], which is 2 SD
below the mean of the healthy controls, the threshold for the MES cognitive fatigue
subscale would have been 46 instead of 55. This would have slightly changed the
results, as 50% of the survivors of PBT's and 30% of the survivors of ALL would have
scored below the cut-off. Hence, for survivors of ALL the same patients would have
been considered suffering from cognitive fatigue. While clinical judgement is obviously
more important than blindly looking at a cut-off score, there is hardly any point in
asking the patients to fill out a questionnaire if you do not know what constitutes a
“poor” result. Hence, this is something to consider when using an instrument in clinical
practice. One solution could be to utilise two different cut-offs (like the BYI) and use
the 10th percentile as the threshold for “fatigue” and the 2nd percentile (in a normal
distribution, 25D below the mean corresponds to percentile 2.28) for “severe fatigue”.

53



As with the BYI, this would result in 3 groups where the scores correspond to either
average, elevated, or very elevated symptoms.

Figure 6. Clinical management of long-term deficits in survivors of childhood cancers should not only focus
on one type of symptoms, but rather on how they overlap, affect, and interact with each other.

The impact of fatigue on neurocognitive outcomes in adult survivors of childhood
cancer has been reported to be independent of the effects of both cranial radiotherapy
and chemotherapy [34]. Cognition in long-term survivors of childhood cancers
therefore seems to be vulnerable to the effects of fatigue. Even though the potential
impact of different treatment protocols is yet to be clarified [123,124], it is evident that
these survivors should be carefully monitored. The relationship between cognitive
fatigue, cognitive deficits, depressive symptoms, and sleep deprivation means that all
four areas should be covered in a systematic neuropsychological assessment. This is
illustrated in Figure 6. Not taking all of these into account when investigating the
patients’ symptoms means that a possible cause could easily be missed, potentially
leading to incorrect treatment or insufficient educational adjustments.

A pharmacological treatment option might seem desirable, but the effectiveness of such
therapies has not yet been established in children and adolescents. It is worth noting
that methylphenidate has been reported to improve both cognitive fatigue and
cognitive processing speed in adults [147,172]. However, exercise has been found to
result in improvement in the same two areas, even though the improvement in
processing speed is weaker than the improvement in fatigue [174,188,189]. Exercise
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has not been proven to have an effect on sleep fatigue in children and adolescents [174],
and this indicates that sleep problems ought to be monitored separately. Psychological
interventions have been used to treat cognitive fatigue in adults [177,178], and CBT is
commonly recommended as first-line treatment for insomnia in adults [261]. Only a
limited number of studies have been conducted on children and adolescents, but the
results show promising effects for this age group too [262]. The role of psychologists
within paediatric oncology is therefore not limited to neuropsychological assessments.

Educational adjustments and school liaison programmes

The compulsory education in Sweden spans over 10 years, from the “pre-school class”,
year 0, until the end of year 9. However, while upper secondary education (which
consists of an additional 3—4 years, depending on the programme) is voluntary, access
to the job market almost always requires it [4]. Recent research has shown that survivors
of PBTs are less likely than adolescents in general to make the transition to upper
secondary education. While the 92% share of the general population is entitled to make
this transition, only 76% of survivors of PBTs are able to do so [5]. This is a decrease
from earlier studies. Boman et al. [7] reported that the corresponding numbers were
91.2% for the general population and 84.5% for survivors of CNS tumours in 2002.
It is possible that this decrease was caused by the increase in survival rates [3], as it is
likely that more impaired children are now surviving, but it can also be due to a change
of grading system. The current grade system (used in years 6—9) has been criticised for
requiring a high capacity for critical thinking and abstract reasoning [263], thus making
it virtually impossible for children with low IQ to pass a subject regardless of how hard
they study. As low IQ is a well-known long-term deficit in survivors of PBTs
[38,39,42,52], they might have to look for other ways into the job market in order to
earn their living and provide for themselves. However, as the first 10 years of school are
compulsory, educational adjustments must be made for these survivors as far as it is
feasible. The goal might not be to pass all subjects, but rather to learn as much as
possible within their individual capacity and make the school days bearable. A thorough
neuropsychological assessment, where the survivor’s strengths and deficits are clarified
and described, could serve as the decision basis for such adjustments. As there is
currently no well-accepted treatment or evidence-based method for managing cognitive
fatigue in children and adolescents, cooperation between the health care system and the
schools is necessary when it comes to survivors of PBTs. School liaison programmes
have been developed in Sweden in order to provide a structured and coordinated
follow-up [30], but are currently not implemented in all regions. Cooperation between
schools, hospitals, and parents has been reported to improve the educational progress
in survivors of PBTs [28,29]. Even though there is some indication that fatigue can
decrease with time after end of treatment for PBTs [124], full-scale IQ is at the same
time known to decline over time in these survivors [44,247]. Therefore, this
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cooperation must not be restricted to a single event, but continue as long as the
survivors are attending school.

A study on family factors and academic achievement in survivors of PBTS reported that
survivors from families with poorer family resources had lower school results, and that
these associations remained after controlling for age at diagnosis, time since treatment,
and type of treatment [264]. These results indicate that educational resources might
not be sufficient to help these survivors, and that they might benefit from interventions
to enhance family functioning.

Limitations

The three studies had different study designs, and therefore different weaknesses and
limitations. Since study I was a register-based study, where data were collected from the
patients’ medical records retrospectively, the researchers had little control over test
selection and data recorded. In addition to this, the percentage of patients with epilepsy
in the study group was slightly higher than that in prior studies, which may have led to
an overestimation of epilepsy as a risk factor for baseline cognitive impairment.

A minor limitation for study II was an overrepresentation of male participants amongst
the survivors of ALL. More boys than girls are diagnosed, with a ratio of 1.1 for CNS
tumours and 1.3 for ALL, which can be compared to the ratio being 1.05 in the general
Swedish child population [1]. Previous Swedish studies have reported a higher
incidence of males in both paediatric ALL and PBT's [238,265], but the sex distribution
in this study was more skewed towards males for survivors of ALL than expected.
However, in line with previous research [266] we found no gender differences regarding
response patterns. It is therefore unlikely that the gender distribution affected the
results. Of more pressing concern was the relatively small sample sizes, which were
shared limitations in studies II and III, as the study cohorts were too small to allow for
comparisons between treatment modalities. Since Sweden is a small country with 6
different childhood cancers centres, no individual hospital will have enough patients to
investigate the impact of different types of treatment on fatigue as an outcome, even if
all eligible survivors agree to participate. This sort of study will therefore have to be
conducted as a multi-centre study. A larger sample would also enable research of the
development of fatigue over time, since results from the 2- and 5-year follow-ups could
be compared with each other.

The results from study III should also be interpreted in the light of the results from
study II. In study II, we concluded that self-rate and parent-proxy versions of
questionnaires cannot be used interchangeably and should be considered different types
of information sources, with both adding valuable information from separate
perspectives. While both versions were collected for all patients in study I1I, for practical
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reasons we had to settle on using one of the two types for the statistical analysis. As
concluded in study III, this obviously meant that some information might have been
lost and there is a possibility that using the other version would have rendered different
results.

Another possible limitation that must be considered for study III is that the structures
of most neuropsychological tests are not random. Instead, they are frequently based on
an increasing level of difficulty, where every item will be more complicated and
challenging than the previous one. They are arranged this way so that test subjects with
cognitive deficits will not have to face a large number of “impossible” tasks, and the
better score a test subject gets the longer the test session will become. Maller et al. [142]
discuss how this structure might punish people suffering from cognitive fatigue, as
exhaustion — rather than a lack of understanding or skill — might be what stops them
from reaching the more advanced items. At the same time, the one test where the
participants in study III did not perform more poorly than the standardised norms was
CPT-3. This test was administered last in every test session, where the survivors ought
to have been most depleted. Hence, it is unlikely that this had an impact on group level,
but it is something that should be taken into consideration with individual patients.
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Conclusions

Systematic assessments of cognition, fatigue, and mental health in survivors of
childhood cancer can serve two different purposes. One is to enable research on
development over time and medical predictors of cognitive deficits. The other is to
identify and help individual patients in need of treatment, rehabilitation, and
educational adjustments or interventions. A uniform national protocol would not only
enable multicentre studies, but also ensure equal care for all survivors, regardless of the
centre to which they belong. When settling on follow-up protocols, there are 4 different
aspects to consider: who, when, what, and how. Who should get these assessments,
when should they be conducted, what areas/domains should be included, and how
should they be measured?

The national Swedish care programme for long-term follow-up after childhood cancer
recommends that neuropsychological assessments should be offered to survivors
diagnosed with either PBT's or cancer diagnoses that required cranial radiotherapy
and/or treatment with a chemotherapy known to cause cognitive sequelae [23]. These
are almost identical to international recommendations, stating that survivors diagnosed
with PTBs or having received CNS-directed therapies should be included in the
protocols [239]. The results from the studies in this thesis support these
recommendations, but results from previous research indicate that survivors with an
additional diagnosis of NF1 might need a different protocol (focusing on the deficits
associated with the aetiology).

As for when the assessments should be scheduled, this could require more flexibility.
For research purposes, it is best if these assessments are conducted at the same intervals
for all patients. However, as not all patients are diagnosed at the same age, the need for
follow-ups due to school transitions might collide with a protocol that is too strict, and
school liaisons are important to consider when planning these. In study III, a quarter
of the survivors had been treated for relapse, and such an event will of course also have
an impact on the interval. The protocol should not only focus on follow-up, but also
on a baseline testing. These have a scientific purpose — as it improves the research on
the impact of different types of treatments and other medical predictors — but they can
also be seen as part of the survivor’s individual care plan. While statistical methods such
as proxy estimation or relative change [241] can contribute an estimated baseline for
longitudinal studies, the individual patient will not benefit from them. A pre-treatment
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assessment could help the survivors understand the changes they go through and how
the sequalae affect them, but also provide information that is important when deciding
on educational adjustments. In both study I and study III, we showed that pre-
treatment assessments are feasible with the majority of patients. Regarding processing
speed, the results from study I can also be re-evaluated in the light of Figure 4, which
demonstrates that the two groups (radiated vs. non-radiated) differed from each other
regarding the baseline mean for processing speed. In study I, we did not use treatment
as a variable as we did not consider this to be a baseline variable. However, as seen in
Figure 4, there is a striking difference between the two groups. While radiotherapy is
well known to cause impairments in processing speed [38-40], this group was already
more impaired before they had received that treatment. There must hence be an
additional factor or previously unknown variable that contributes to this impairment.
These results further demonstrate why baseline assessments are so important when
researching longitudinal changes, as they implicate that the impact of radiotherapy
might be smaller than previously assumed.

As for what domains to include, the results from studies II and III indicate that
cognitive fatigue is the fatigue domain most affected in survivors. This is worrying, as
cognitive fatigue has been reported to be frequently overlooked as a long-term sequela
to paediatric cancer diagnosis and treatment [20,22]. A multidimensional instrument
will include cognitive fatigue as well as other types of fatigue, and this is reasonable as
previous research has shown that fatigue can be one of the most prevalent and
distressing symptoms in childhood cancer survivors [20,267,268]. The results from
studies II and III indicate that cognitive fatigue should not be assessed on its own, but
that depressive symptoms and cognitive processing speed should be taken into account
as well. This is in line with previous research, demonstrating an overlap between
cognitive fatigue and both processing speed and depressive symptoms. The association
between processing speed and cognitive fatigue had not been previously demonstrated
in children and adolescents, but has been reported in several studies on adults
[143,146,147,269]. Regarding depression, previous studies demonstrate that
depression and cognitive fatigue are separate constructs [144,127], despite having
overlapping symptoms. However, there is also a strong correlation between fatigue and
depression [126-129], and depression is a strong predictor of fatigue in survivors of
both childhood and adult cancer [130,131]. Even though there is much to indicate
neuroinflammation and inflammatory cytokines as a probable cause of cognitive fatigue
[105,115,160-163], the underlying mechanisms are complex and lifestyle factors
cannot be ignored. Currently, there are not enough studies to conclude that exercise
has the same positive effect on fatigue and depression in children and adolescents as in
adults, but a strong causal association between physical activity and cognitive
functioning has been reported [203]. Several neuropsychological studies on adult
cancer survivors have also reported physical activity to be associated with better
cognitive performance [182-186]. It is therefore reasonable to include lifestyle factors
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as variables when assessing the impact of long-term sequelae in survivors of childhood
cancers. The unpublished data from study II — presented in Table 5 — revealed that
fewer survivors suffered from elevated symptoms of anxiety than depression, but the
percentages scoring above the cut-offs were high enough to argue that anxiety should
not be overlooked when assessing mental distress. The need to include both depression
and anxiety in these assessments was also accentuated by the authors of a review on the
psychiatric aspects of paediatric cancer [14].

How to measure the extent of potential sequelae is the final question. It has been
suggested that fatigue should be based on the patient’s experience [104]. Since this
makes the impact and symptom severity individual and subjective, it is reccommended
to use self-reports for the assessment of fatigue in cancer patients [110,162]. For
children and adolescents, there is additionally often a possibility to use parent-proxy
reports. However, despite identical items and scales, a parent-proxy report is not
automatically a replacement for a self-report. In study II, we reported a poor parent-
child concordance as well as a tendency for parents to under-report the survivors’
fatigue. Both phenomena have been demonstrated in previous studies using the MFS
[158,235,236,251]. As the different versions hence cannot be used interchangeably, the
best solution ought to be to use both and consider them as different sources of
information.

Suggestions for future research

It is evident that there currently is a research gap regarding mental health — especially
depression — in child and adolescent survivors of childhood cancer. This type of research
is mostly conducted on adult long-term survivors and the results are therefore not
necessarily relevant in a paediatric setting. More research is also needed concerning the
treatment of such disorders, and how to adapt it to the specific needs of the patient
group. While this was not the main focus of the thesis, the overlap between fatigue and
depression means that research on depression in this group of survivors will add to the
body of knowledge regarding fatigue. It is hence important to discuss these two topics
in relation to each other, and consider the biopsychosocial model recommended by the
National Cancer Institute as high-priority research [125].

Additionally, three important areas for future research were identified in studies I-II1I:

1) The relationship between baseline and long-term cognitive deficits requires
further examination. One necessary step in order to do so is to implement pre-
treatment neuropsychological testing in the research protocols.

2) Future studies should focus on finding medical predictors of fatigue in
survivors of ALL, and investigate the effect of surgery, radiotherapy, and
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chemotherapeutic agents, to further clarify the contribution of treatment
modality to cognitive fatigue.

3) More research is needed regarding the development of fatigue over time, to see
if it decreases or if there instead is a risk of increasing symptoms. Longitudinal
studies are also necessary to uncover the biopsychosocial mechanism of CRF.

In order to enable the above, fatigue must be included in the follow-up protocols. If
this research is to be conducted in Sweden, which has a large number of childhood
cancer centres for its population, a uniform protocol must be agreed upon, and a
database established for registering these variables.
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Svensk sammanfattning

Begrepp

En del av introduktionen i denna avhandling och tvi av delstudierna kretsar kring
begreppet fatigue. En direktdversittning frin engelska skulle vara rrdsther, men i
medicinska sammanhang innebir fatigue en mer omfattande kraftléshet och hastigare
uttrttbarhet 4n vad man menar i vardagligt tal. Dérfér anvinds som regel fatigue dven
pd svenska inom sjukvirden. Pa engelska skiljer man ocksi mellan farigue (den
subjektiva upplevelsen) och fatigability (det som ir objektivt mitbart). Svenskan saknar
dock en motsvarighet till begreppet fatigabilizy. Hir anvinds istillet fatigue om bade
den subjektiva och objektiva definitionen. Det gor att man dé méste fortydliga om man
menar subjektiv eller objektiv fatigue for att undvika begreppsférvirring. Av de olika
typer av fatigue som finns sa ir det framforallt den som kallas f6r cognitive fatigue eller
mental fatigue som ir av intresse ur ett neuropsykologiskt perspektiv. Pa svenska brukar
det oversittas med hjirntrocthet, mental trocchet eller kognitiv fatigue. Jag upplever att
barn och ungdomar har littare for att ta till sig uttrycket hjiarntrotthet dn de andra v,
varpd det ir detta jag anvinder i min kliniska vardag. I denna sammanfattning viljer
jag dock att anvinda direktéversittningen kognitiv fatigue, for att det littare ska ga att
referera till de olika studierna.

Ett annat begrepp som skiljer sig at mellan svenska och engelska ir den baslinjemitning
som gjordes i studie I. En sidan baslinjemitning kallas pd svenska for preoperativ
bedémning, dven om behandlingen blir en annan 4n operation. P4 engelska kallas det
istillet pretreatment assessment, vilket fortydligar att det inkluderar alla typer av
behandlingar.

Bakgrund

I takt med att allt fler dverlever barncancer si 6kar ocksd kravet pd omhindertagandet
av 6verlevarna. En stor del av dessa fir kognitiva seneffekter — i synnerhet de som har
behandlats for en hjirntumor eller fir en behandling som péverkar centrala
nervsystemet. Dessa overlevare fir svarigheter med kunskapsinhimtning och
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pedagogisk utveckling och riskerar att inte kunna fi en gymnasieexamen, vilket
paverkar deras mojligheter att etablera sig pd arbetsmarknaden och att forsorja sig sjilva.
Dessa seneffekter kriver ett samarbete mellan sjukvédrd och skola s att dverlevarna ska
kunna fi pedagogiska anpassningar som underlittar deras skolging. Som underlag for
extra anpassningar och stdd behovs en neuropsykologisk utredning, som faststiller vilka
styrkor och svagheter overlevarna har. De psykologiska uppfoljningarna kan ocksa
fungera som ett sitt att finga upp Gverlevare som lider av psykisk ohilsa, s att de kan
erbjudas behandling f6r denna, och kan dven anvindas vid forskning om olika typer av
seneffeker. For att forsikra sig om atc alla patienter fir likvirdig vard och ate
forskningen  fir anvindbara variabler behdver dock de  psykologiska
uppfoljningsprotokollen vara strukturerade och etablerade. I Sverige finns ett nationellt
vardprogram for lingtidsuppf6ljning efter barncancer, men riktinjerna for
neuropsykologiska utredningar 4r dir otillrickliga pa flera punkter. Bland annat ingir
varken psykisk ohilsa eller fatigue i riktlinjerna. Vissa barncanceroverlevare (i synnerhet
de som har behandlats for hjarntumér eller har fatt strilning mot hjirnan) har en 6kad
risk for bade depression och kognitiv fatigue. Symptoméverlappningen mellan
depression och kognitiv fatigue ir stor, vilket gor att det differentialdiagnostiskt finns
en risk for sammanblandning, samtidigt som depression ocksa dr en av de starkaste
prediktorerna for fatigue. Det finns séledes stora risker med att bedoma fatigue utan att

ocksa ta psykisk ohilsa i beaktande.

Syfte med avhandlingen och delstudierna

Det 6vergripande syftet med denna avhandling var att bidra till arbetet med att etablera
och  forbattra  strukturerade  psykologiska  uppféljningsprotokoll — for
barncancerdverlevare, vilket skulle gynna bide det kliniska omhindertagandet av
barncancerdverlevare och forskningen.

De tre ingdende delstudierna var alla kvantitativa och data bearbetades statistiskt.
Mycket av forskningen kring kognition och cancer kretsar kring seneffekter efter
specifika behandlingar. For att kunna utvirdera detta behéver man dock veta vilken
kognitiv nivd barnen och ungdomarna lag pa innan behandlingen startade — den sd
kallade baslinjen. Vildigt lite forskning finns dock kring eventuell kognitiv paverkan
vid diagnos. Syftet med studie I var dirfor att kartligga om en sidan paverkan fanns
innan patienterna pabérjade behandling fér en hjarntumér. I studie II var syftet att
underséka prevalens av kognitiv fatigue hos barn och ungdomar som behandlats for
hjarntumér respektive akut lymfatisk leukemi, samt Gverlappningen med symptom pa
depression. I denna delstudie utvirderades ocksd de psykometriska egenskaperna for
sjalvskattningsformuliret multidimensional fatigue scale (MFS). 1 studie III var syftet att
analysera sambandet mellan olika sorters fatigue och kognitiva nedsittningar hos barn
och ungdomar som behandlats for hjirntumér. Medan bade studie I och II var
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tvirsnittsstudier sd ingick dven longitidunella data i studie III, dir dven den kognitiva
utvecklingen sedan diagnos ingick i analysen.

Resultat

Resultaten frin studie I visade att kognitiv funktion var relativt intake vid den
preoperativa beddmningen, men pd gruppniva var resultaten ligre 4n normgruppens
for arbetsminne och processhastighet. Manligt kon, hégre dlder, tumérstorlek, epilepsi
och forhéjt intrakraniellt tryck predicerade ligre kognitiv funktion. Forklaringsvirdet
for de flesta modeller var dock ligt. Diremot var en av slutsatserna fran studien att
preoperativa bedémningar 4r majliga for majoriteten av patienter.

Resultaten fran studie I var att en majoritet av de som behandlats f6r hjarntumér
upplevde (subjektiv) kognitiv fatigue vid uppfoljningen, och att dven en del av de som
behandlats for akut lymfatisk leukemi hade denna seneffeke. Symptom pa depression
var vanligt i bida grupperna, och férhojda symptom pa depression var ocksd en
prediktor for kognitiv fatigue. Typ av diagnos var dock en starkare prediktor. Vad gillde
de psykometriska egenskaperna hos MES si var intern reliabilitet tillfredsstillande for
alla delskalor utom en. Diremot var interbedémarreliabiliteten (samstimmigheten
mellan forildra- och barnskattningar) varierande. Genomgaende sé skattade férildrarna
ocksd att barnen hade mindre svarigheter 4n vad barnen sjilva uppgav att de hade.

Resultaten frin studie III var att kognitiv fatigue var den enda av delskalorna i MFS
som hade en signifikant association med nigon kognitiv domin, nimligen ett starke
samband med processhastighet. Aven i denna studie hade en majoritet av deltagarna
kunnat genomga en preoperativ beddmning och forindringarna frin den preoperativa
bedémningen till uppfoljningen ingick i en explorativ analys. De patienter som hade
tappat mest i processhastighet efter att ha genomgitt behandling for hjirntumor var
ocksd de som rapporterade mest kognitiv fatigue.

Slutsatser

Resultaten fran studie I och III visar att en preoperativ neuropsykologisk beddmning
ar mojlig for de flesta patienter. Sddana preoperativa bedomningar dr virdefulla nir
man ska undersoka eventuella kognitiva seneffekter och den kognitiva utvecklingen pa
sikt. Om fatigue ska ingd som ett omréade i uppfoljningsprotokollet si rekommenderas
ett multidimensionellt formulir, eftersom resultaten fran studie IT och III visar pa stora
skillnader mellan olika typer av fatigue. Det behéver ocksd klargdras om det ér forildra-
eller sjilvskattningarna som ska anvindas, eftersom resultaten fran dessa skiljer sig
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mycket at och de inte dr utbytbara. Vad giller kognitiv fatigue si kan detta inte screenas
ensamt, utan Overlappningen med bade depressiva symptom och sinkt kognitiv
processhastighet maste tas i beaktande.
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Errata

Study I

Discussion, paragraph 5, first sentence should be: “In contrast to two previous, smaller
studies, hydrocephalus was associated with baseline attention.”

Study II

Abstract, Results, first sentence under should be “Cognitive fatigue was prevalent in
70% of survivors of BT and in 30% of survivors of ALL."
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